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Foreword

Computed Tomography, in contrast to other imaging modalities, has long been

regarded as a not very attractive working horse in diagnostic imaging. This

notion greatly changed when Spiral-CT and Multislice-CT (MSCT) came up.

A large number of acquisition parameters, reconstruction modes and contrast

media protocols are available and have to be scientifically explored. Since

MSCT proved so effective and versatile, there was a steep increase in the uti-

lization of this modality. The consequence was a considerable increase of

radiation exposure of the population which in turn provoked criticism that

resulted in reconsidering the use of MSCT by the radiological community.

In this edition of Medical Radiology/Diagnostic Imaging recognized experts

in the field will elucidate the technique and physical background, future tech-

nological developments, radiation dose as well as contrast media application in

protocols in MSCT of the abdomen.

I would like to express my sincere gratitude to the editors of this volume for

gathering such a unique group of authors covering the fields of technique, liver

and biliary system, pancreas and spleen, kidney and urogenital system as well as

bowel and peritoneal cavity. The different sections are organized according to

pathologic mechanisms, such as inflammatory lesions, tumors, traumatic and

post-surgical findings. In this way, an excellent overview on aspects important

for the daily clinical practice could be achieved.

I am confident, that this monograph will become indispensable for all those

who are involved in abdominal imaging and will provide an excellent guideline

for performing state-of-the-art MSCT examinations of the abdomen with

adequate technique following diligent selection of the patients and for inter-

pretation of MSCT scans.

This volume of Medical Radiology/Diagnostic Imaging also is in line with

the mission and vision of the series—to bring together well known experts in the

field, in order to offer our readers an up-to-date and scientifically based over-

view. I would also like to thank Springer Publishers for their great support and

continuous enthusiasm in promoting this important endeavour.

Prof. Dr. med. Dr. h.c. Maximilian F. Reiser FACR, FRCR

Professor and Chairman

Institute of Clinical Radiology

Ludwig-Maximilians-University Hospital Munich
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Preface

Diagnostic imaging of abdominal pathologies represents a large amount of the

daily workload in radiology facilities worldwide. The impact of Radiology in

the management of such patients is clearly evidenced by the fact that most

clinical decisions in abdominal disease depend on the outcome of imaging

procedures in ambulatory and hospital settings. Computed tomography (CT)

has evolved over the past 40 years and become the widely acknowledged key

component in the diagnostic work-up of patients with abdominal diseases. The

development of multislice CT (MSCT) has been a major contributing factor

adding to the breadth and depth of abdominal evaluation possible with imag-

ing. It is therefore natural and timely to develop a book solely dedicated to

current techniques and applications of MSCT in the abdomen.
While other modalities such as ultrasound or magnetic resonance imaging

have proved to be superior in certain specific situations, MSCT remains the

most used and relied upon technique as a general abdominal imaging tool,

offering robust versatility with detailed anatomic and physiologic information ,

equally applicable in unstable patients. Due to developments in scanner tech-

nology and reconstruction algorithms, the radiation dose is continuing to

decrease. All these unique properties make MSCT the backbone of abdominal

evaluation for most institutions.

The concept for this book is to provide a broad overview of relevant

abdominal pathologies and associated CT findings. In order to keep the length

of the book within reasonable limits we focused on frequent and relevant

findings to provide a practical educational and clinical tool. Our aim is to help

radiologists in daily practice meet their practical clinical needs in determining

the examination strategy, optimizing the examination protocol and interpre-

tation of the images rather than being another encyclopaedia of abdominal

pathologies.
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We want to thank all contributing authors, internationally known experts in
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Abstract

We explain the physical background of multi
detector row CT (MDCT) technology. We demon-
strate the clinical benefits of MDCT, which are
faster scan time, increased volume coverage and
improved through-plane resolution. We discuss the
design of X-ray tubes and MDCT detectors as well
as scan and image reconstruction techniques and
their specific properties. Finally, we give an outlook
to modern high-pitch acquisition techniques.

1 History of MDCT

The introduction of spiral (helical) CT in the early
nineties was a major step in the ongoing development
of CT-imaging techniques (Kalender et al. 1990,
Crawford and King 1990). Entire organs, such as lung
or liver, could now be examined within one breath-
hold and without the danger of mis- or double-
registration of anatomical details. Images could be
reconstructed with an increment smaller than the slice
width to improve through-plane resolution. The
through-plane direction, also called z-direction, is
the cranio-caudal or caudo-cranial direction of the
patient. Spiral CT was a pre-requisite for the devel-
opment of three-dimensional image processing tech-
niques such as multi-planar reformations (MPR),
maximum intensity projections (MIP), surface shaded
displays or volume rendering techniques (VRT)
(Napel et al. 1993).

Nevertheless, single-slice spiral CT suffered from
insufficient through-plane resolution as a consequence
of wide slice collimation if larger anatomical volumes

T. Flohr (&)
Computed Tomography and Radiation Oncology,
Siemens Healthcare,
Ingolstädter Landstrasse 1, 91301
Forchheim, Germany
e-mail: thomas.flohr@siemens.com

C. J. Zech et al. (eds.), Multislice-CT of the Abdomen, Medical Radiology. Diagnostic Imaging,
DOI: 10.1007/174_2011_404, � Springer-Verlag Berlin Heidelberg 2012

1



had to be examined within one breath-hold. Isotropic
resolution, i.e. equal resolution in all three spatial
axes, was only possible for very limited scan ranges
(Kalender 1995).

In 1998, all major vendors introduced multi
detector row CT (MDCT) systems into the market.
These systems offered simultaneous acquisition of 4
slices with 1 or 1.25 mm collimated slice width at
a rotation time of down to 0.5 s, which resulted in
faster scan speed, improved through-plane resolution
and better utilization of the available X-ray power
(Klingenbeck-Regn et al. 1999; McCollough and Zink
1999; Hu et al. 2000). MDCT also expanded into new
clinical areas, such as CT angiography of the coro-
nary arteries with the addition of ECG gating capa-
bility (Kachelriess et al. 2000; Ohnesorge et al. 2000).
Despite all promising advances, clinical challenges
and limitations remained for 4-slice CT systems. True
isotropic resolution could not be achieved in many
routine applications, and often scan times were still
too long. An examination of the entire thorax with
1 mm collimated slice width at 0.5 s gantry rotation
time, for example, required a 25–30 s breath-hold of
the patient. Reliable CT angiography of the coronary
arteries was not possible in patients with higher heart
rates because of limited temporal resolution.

An 8-slice CT system, introduced in 2000, enabled
shorter examination times, but no improved spatial
resolution (thinnest collimation 8 9 1.25 mm). Since
2001, 16-slice CT systems (Flohr et al. 2002a, b) have
been commercially available, with a thinnest collima-
tion of 16 9 0.5, 16 9 0.625 or 16 9 0.75 mm and
faster gantry rotation (down to 0.42 s and later 0.375 s).
With the use of these systems routine examinations of
larger anatomical volumes at isotropic sub-millimeter
spatial resolution became possible, such as CT-angio-
graphic studies of the entire thorax and abdomen. ECG-
gated cardiac scanning was enhanced by both,
improved temporal resolution and improved spatial
resolution (Nieman et al. 2002; Ropers et al. 2003).
Figure 1 illustrates the improvements in clinical per-
formance from single-slice CT to 16-slice CT.

In 2004, all major CT manufacturers introduced
MDCT-systems with simultaneous acquisition of
64-slices at 0.5, 0.6 or 0.625 mm collimated slice
width, and further reduced rotation times (down to
0.33 s). GE, Philips and Toshiba aimed at an increase in
volume coverage speed by using detectors with 64 rows
instead of 16, thus providing 32–40 mm z-coverage.

Siemens used 32 physical detector rows in combination
with double z-sampling, a refined z-sampling technique
enabled by a z-flying focal spot (see ‘‘MDCT Scan and
Image Reconstruction Techniques’’), to simulta-
neously acquire 64 overlapping 0.6 mm slices with the
goal of pitch-independent increase of through-plane
resolution and reduction of spiral artifacts (Flohr et al.
2004, 2005). With 64-slice CT systems, CT scans with
sub-mm resolution became feasible even for extended
anatomical ranges. The improved temporal resolution
due to faster gantry rotation increased clinical robust-
ness of ECG-gated scanning, thereby facilitating the
successful integration of CT coronary angiography into
routine clinical algorithms (Leber et al. 2005; Raff et al.
2005), although higher and irregular heart rates were
still problematic.

In 2007, one vendor introduced a MDCT-system
with 128 simultaneously acquired slices, based on a
64-row detector with 0.6 mm collimated slice width
and double z-sampling by means of a z-flying focal
spot. Recently, simultaneous acquisition of 256 slices
has become available, with a CT system equipped
with a 128-row detector (0.625 mm collimated slice
width) and double z-sampling.

Clinical experience with 64-, 128- or 256-slice CT
indicates that adding even more detector rows will not
by itself translate into increased clinical benefit.
Instead, developments are ongoing to solve remaining
limitations of MDCT.

A remaining challenge for MDCT is the visualization
of dynamic processes in extended anatomical ranges, e.
g. volume perfusion studies. In 2007, a CT system with
320 9 0.5 mm detector collimation and 0.35 s gantry
rotation time was introduced, after a long evaluation
phase using prototype systems with 256 9 0.5 mm
collimation and 0.5 s gantry rotation time (Mori et al.
2004, 2006; Kondo et al. 2005). This system has the
potential to cover the heart, the kidneys or the brain in
one single sequential acquisition (Rybicki et al. 2008;
Dewey et al. 2009; Shankar et al. 2010). Another way to
acquire dynamic volume data is the introduction of
‘‘shuttle modes’’ with periodic table movement between
two z-positions (e. g. Goetti et al. 2010).

Motion artifacts due to insufficient temporal reso-
lution remain the most important challenge for coro-
nary CTA even with the latest generation of MDCT.
In 2006, a Dual Source CT (DSCT) system, i. e. a CT
with two X-ray tubes and two corresponding detectors
offset by 90�, was introduced by one vendor (Flohr
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et al. 2006), followed by a second generation DSCT
in 2009 (Flohr et al. 2009). The key benefit of
DSCT for cardio-thoracic examinations and coronary
CT angiography is improved temporal resolution.
A scanner of this type provides temporal resolution of
a quarter of the gantry rotation time, independent of
the patient’s heart rate (83 ms with the first generation
DSCT, 75 ms with the second generation DSCT).
DSCT scanners also show promising properties for
general radiology applications, such as the potential
of dual energy acquisitions.

2 Clinical Benefits of MDCT

The introduction of MDCT has been the clinically
most important innovation in CT since the develop-
ment of spiral CT. Clinical applications benefit from
MDCT technology in several ways:

• Shorter scan time. Examination times for standard
protocols can be significantly reduced. This is of
immediate clinical benefit for the examination of
non-cooperative patients, such as trauma victims
or pediatric cases, or in CT angiography.

• Extended scan range. Larger scan ranges can be
examined within one breath-hold time of the
patient. This is relevant for CT angiography with
extended coverage and for oncological staging.
Chest and abdomen, as an example, can be exam-
ined in one scan with one contrast bolus.

• Improved through-plane resolution. The most
important clinical benefit is the ability to examine
a scan range of interest within a breath-hold
time of the patient with substantially thinner
slices than in single-slice CT. The significantly
improved through-plane resolution is beneficial for
all reconstructions, in particular when 3D post-
processing is part of the clinical protocol.

Fig. 1 Axial slices and coronal reformats of a thorax scan to
illustrate the image quality improvement with different gener-
ations of CT systems. Single-slice CT with 8 mm slice width,
scan time for the entire thorax about 25–30 s (left), 4-slice CT
with 1.25 mm slice width, scan time with 0.5 s rotation about
25–30 s (center), and 16-slice CT with 0.75 mm slice width,

scan time with 0.5 s rotation about 8–10 s (right). The
differences are most obvious in the reformats. 16-slice CT
approaches the ideal of isotropic resolution. The single-slice
and 4-slice images were synthesised from a 16-slice scan
(courtesy of Dr. U. J. Schöpf, Medical University of South
Carolina, USA)
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In clinical practice, most scan protocols benefit from
a combination of these advantages. The close-to or true
isotropic spatial resolution in routine examinations—
depending on the scanner generation—enables 3D
renderings of diagnostic quality and oblique MPRs and
MIPs with a resolution comparable to the axial images.
The wide availability of MDCT-systems has trans-
formed CT from a modality acquiring cross-sectional
slices of the patient to a volume imaging modality. In
many scan protocols, the use of narrow collimation is
recommended independently of what slice width is
desired for primary viewing. In practice, different slice
widths are commonly reconstructed by default: thick
slices for PACS archiving and primary viewing and thin
slices for 3D post-processing and evaluation. The
image noise in close-to-isotropic high-resolution vol-
umes can be limited by making use of slab MPRs or
slab MIPs (Fig. 2).

As a consequence, the traditional viewing of axial
slices is being replaced by interactive manipulation of
volume images, with only the key slices or views in
arbitrary directions stored for a demonstration of the
diagnosis.

3 MDCT-System Design

The basic system components of a modern MDCT-
system are shown in Fig. 3. Both the X-ray tube and
the detector rotate about the patient. The detector

comprises several rows of 700 and more detector
elements which cover a scan field of view (SFOV) of
usually 50 cm in diameter. The X-ray attenuation of
the object is measured by the individual detector
elements. All measurement values acquired at the
same angular position of the measurement system are

Fig. 2 Coronal MPR based on a 16-slice data set with 1 mm
axial slices (left) and 3 mm axial slices (center). Using thicker
primary slices reduces the image noise in the reformats, but
degrades spatial resolution (center). This can be avoided by

using thin primary slices (1 mm) in combination with slab
MPRs or slab MIPs (a 3 mm slab MIP in the example on the
right)

Fig. 3 Basic system components of a modern MDCT-system.
The X-ray fan beam is indicated in yellow, it covers a SFOV of
typically 50 cm in diameter. The data measurement system
consists of detector and detector electronics
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a ‘‘projection’’ or ‘‘reading’’. During each 360� rota-
tion about 1,000 projections are acquired.

State-of-the-art X-ray tube/generator combinations
provide a peak power of 60–120 kW at various, user-
selectable voltages, e. g. 80, 100, 120 and 140 kV. Dif-
ferent clinical applications require different X-ray
spectra and hence different kV-settings. Low tube volt-
age (80 or 100 kV) is favorable for contrast enhanced
examinations because the CT number of iodine signifi-
cantly increases at lower kV. Vessels filled with iodine
appear brighter in the images, and higher image noise
can be tolerated to maintain the contrast-to-noise ratio.
This opens the potential to reduce the radiation dose to
the patient (Schaller et al. 2001a; Wintersperger et al.
2005; McCollough et al. 2009). On the other hand, CT
images suffer from more pronounced beam hardening
artifacts at lower kV. At high tube voltage (120 or
140 kV) more power reserves are available, which is
beneficial for the examination of obese patients.

In a conventional tube design, an anode plate of
typically 160–220 mm diameter rotates in a vacuum
housing (Fig. 4). The heat storage capacity of anode
plate and tube housing—measured in mega heat units
(MHU)—as well as the heat dissipation rate deter-
mine the performance level: they limit the rate at
which scans can be repeated and the maximum

available power for each scan. An alternative design
(Schardt et al. 2004) is the rotating envelope tube
(STRATON, Siemens, Forchheim, Germany). The
anode plate forms an outer wall of the rotating tube
housing, it is in direct contact with the cooling oil and
can be efficiently cooled by thermal conduction
(Fig. 4). This way, a very high heat dissipation rate of
5 MHU/min is achieved, eliminating the need for heat
storage in the anode which consequently has a heat
storage capacity close to zero. Due to the central
rotating cathode permanent electro-magnetic deflec-
tion of the electron beam is needed to position the
focal spot on the anode.

MDCT-systems are equipped with solid state
detectors. Each detector element consists of a radia-
tion-sensitive solid state material (such as Cadmium
Tungstate, Gadolinium-oxide or Gadolinium oxi-
sulfide) with suitable dopings, which converts the
absorbed X-rays into visible light. The light is then
detected by an attached Si photodiode. The resulting
electrical current is amplified and converted into a
digital signal. Key requirements for a suitable detec-
tor material are good detection efficiency, i. e. high
atomic number, and very short afterglow time to
enable the fast gantry rotation speeds that are essential
for ECG-gated cardiac imaging.

Fig. 4 Schematic drawings of a conventional X-ray tube (left)
and a rotating envelope tube (right). A high voltage is applied
between cathode and anode. The electrons emitted by the
cathode are shown as green lines, the X-rays generated in the
anode as purple arrows. In a conventional X-ray tube the anode
plate rotates in a vacuum housing. In a rotating envelope tube,

the anode plate forms an outer wall of the tube housing and is in
direct contact with the cooling oil. Heat is dissipated by thermal
conduction, and the cooling rate is significantly increased.
Rotating envelope tubes have no moving parts and no bearings
in the vacuum
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A CT detector must provide different slice widths
to adapt scan speed and through-plane resolution to
the clinical requirements of different scan protocols.
In single-slice CT the collimated slice width is
adjusted by pre-patient collimation of the X-ray
beam.1 This principle can be extended to 2-slice CT
if the detector is separated midway along the z-extent
of the X-ray beam. To simultaneously acquire more
than 2 slices at different slice widths, however,
detectors with a larger number of detector rows than
finally read-out slices have to be used. The required
total beam width in the z-direction is adjusted by pre-
patient collimation, and the signals of every two (or
more) detectors along the z-axis are electronically

combined to thicker slices. The detector of a 16-slice
CT (Siemens SOMATOM Emotion 16) as an example
consists of 16 central rows, each with 0.6 mm colli-
mated slice width, and 4 outer rows on either side, each
with 1.2 mm collimated slice width—in total, 24 rows
with a z-width of 19.2 mm at iso-center (Fig. 5). If only
the central 16 rows are irradiated, they are read-out
individually, and the detector provides 16 collimated
0.6 mm slices (Fig. 5, top). To obtain 16 collimated
1.2 mm slices, the pre-patient collimator is opened.
The full z-width of the detector is irradiated, and the
signals of every 2 central rows are electronically
combined. This results in 8 central 1.2 mm slices plus 4
outer 1.2 mm slices on either side of the detector, in
total 16 collimated 1.2 mm slices (Fig 5, bottom). The
16-slice detectors of other vendors are similarly
designed, providing e. g. 16 collimated 0.625 mm
slices or 16 collimated 1.25 mm slices.

Fig. 5 MDCT slice
collimation. Example of a 16-
slice detector, which consists
of 24 detector rows and
provides either 16 collimated
0.6 mm slices (top) or—by
combination of the signals of
every 2 central rows—16
collimated 1.2 mm slices
(bottom)

1 Note that the slice width is always measured at the iso-center
of the CT system.
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MDCT detectors with 64 detector rows provide
0.5, 0.6 or 0.625 mm collimated slice width,
depending on the manufacturer. They allow acquisi-
tion of thicker slices by electronic combination of
every 2 detector rows. This results in 32 collimated
1.0, 1.2 or 1.25 mm slices. One CT system has a
detector with 128 collimated 0.625 mm slices (total
z-width 8 cm at iso-center). The widest commercially
available CT detector covers 16 cm at iso-center, it
acquires 320 collimated 0.5 mm slices.

Some CT systems double the number of simulta-
neously acquired slices by means of a z-flying focal
spot. Fast electromagnetic deflection of the electron
beam in the X-ray tube is used to periodically shift the
focal spot between two z-positions on the anode plate
(Flohr et al. 2004, 2005). At iso-center, two consec-
utive readings are shifted by half a collimated slice
width in the patient’s through-plane direction, e. g. by
0.3 mm for 0.6 mm collimated slice width (Fig. 6).
The measurement rays of every two consecutive
readings are interleaved to one projection with double
the number of slices, but half the z-sampling distance.
Two 64-slice readings with 0.6 mm slice width and
0.6 mm z-sampling distance, as an example, are
combined to one projection with 128 overlapping
0.6 mm slices at 0.3 mm z-sampling distance.

The z-flying focal spot provides better data sam-
pling in the z-direction, this improves through-plane
resolution and reduces spiral windmill-artifacts which
typically are more pronounced at higher table-feed
(Fig. 7).

The collimated slice width is the slice width
at which the measurement data are acquired. Practi-
cally all MDCT-systems allow reconstruction of
images with different reconstructed slice widths from
the same CT raw data, e. g. by means of modern
spiral interpolation methods such as z-filtering (see
Chapter 4). This way, several image volumes with
different reconstructed slice widths can be obtained
from the same raw data set. The reconstructed slice
width, however, cannot be smaller than the collimated
slice width.

4 MDCT Scan and Image
Reconstruction Techniques

With the advent of MDCT, axial ‘‘step-and-shoot’’
scanning has remained in use for only few clinical
applications, such as examinations of the brain, high-
resolution examinations of the lung, perfusion CT and
interventional applications. A recent renaissance of

Fig. 6 Principle of a z-flying
focal spot. Consecutive
readings are shifted by half a
collimated slice width (at iso-
center) by means of a periodic
motion of the focal spot on the
anode plate. Every two
readings are interleaved to
one projection with double the
number of slices and half the
z-sampling distance
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step-and-shoot scanning in ECG-controlled cardiac
examinations has mainly been caused by the low
radiation dose associated with ECG-triggered
sequential CT (Earls et al. 2008; Scheffel et al. 2008).
For the vast majority of all MDCT examinations,
however, spiral scanning is the method of choice.

An important parameter to characterize a spiral
scan is the pitch. According to IEC specifications
(International Electrotechnical Commission 2002) the
pitch p is given by p = tablefeed per rotation/total
z-width of the collimated beam.

This definition applies to single-slice CT as well as
to MDCT. It indicates whether data acquisition occurs
with gaps (p [ 1) or with overlap (p \ 1) in the
through-plane direction. With e. g. 16 9 0.75 mm
collimation and a table-feed of 15 mm/rotation, the
pitch is p = 15/(16 9 0.75) = 15/12 = 1.25.

During the past 10 years image reconstruction
techniques have been developed that cope with the
technical challenges of MDCT scanning, such as the
complicated z-sampling patterns or the cone-angle
problem. Two-dimensional image reconstruction
approaches used in single-slice CT systems require all
measurement rays that contribute to an image to be
perpendicular to the z-axis. In MDCT-systems this
requirement is obviously violated: the measurement

rays are tilted by the so-called cone-angle with respect
to a plane perpendicular to the z-axis. The cone-angle
is largest for the detector rows at the outer edges of
the detector and it increases with increasing number
of rows if their width is kept constant (Fig. 8).

It has to be carefully analyzed if and to which extent
single-slice reconstruction approaches can be extended
to MDCT. MDCT spiral algorithms have to provide
images without severe cone-beam artifacts, they should
allow for a certain variation of the pitch to adjust the
table-feed of the scanner to clinical requirements, and
they should make full use of the available data, i. e. they
should not waste radiation dose.

For CT systems with up to 8 simultaneously
acquired slices, cone-beam artifacts stay at a clini-
cally acceptable level if the cone-angle of the mea-
surement rays is neglected in the image reconstruction
algorithms. The rays are then treated as if they were
perpendicular to the z-axis, and 2D filtered back-
projection is used to reconstruct the images after
spiral interpolation. For CT systems with more than 8
slices the cone-angle has to be taken into account at
least approximately.

Pertinent algorithms neglecting the cone-angle of
the measurement rays are the 180 and 360�MLI
multi-slice linear spiral interpolation approaches

Fig. 7 Reduction of spiral artifacts by means of a z-flying
focal spot. Right Thorax scan with 32 9 0.6 mm collimation in
a 64-slice acquisition mode with z-flying focal spot at pitch 1.5.
Left same scan, using only one focus position of the z-flying
focal spot for image reconstruction. This corresponds to 32-

slice acquisition without z-flying focal spot. Due to the
improved sampling in the z-direction with z-flying focal spot
spiral interpolation artifacts (windmill structures at high-
contrast objects) are suppressed without degradation of
through-plane resolution
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(Hu 1999; Hsieh 2003) and z-filter techniques
(Taguchi and Aradate 1998; Schaller et al. 2000).

Multi-slice linear interpolation (180 and 360�MLI)
is characterized by a projection-wise linear interpo-
lation between two rays on either side of the image
plane. MDCT-systems using this technique offer
selected discrete pitch values to the operator, such as
0.75 and 1.5 for 4-slice scanning (Hu 1999) or 0.5625,
0.9375, 1.375 and 1.75 for 16-slice scanning (Hsieh
2003). At low pitch (p = 0.5625 or 0.9375 for 16
slices), the effective slice width, i. e. the reconstructed
slice width after spiral interpolation, equals the col-
limated slice width. A collimated 1.25 mm slice,
e. g., results in an effective 1.25 mm slice. The nar-
row slice sensitivity profile is achieved by 180�MLI
reconstruction using conjugate interpolation at the
price of increased image noise (Hu 1999; Hsieh

2003). At high pitch (at p = 1.375 or 1.75 for 16
slices), spiral interpolation results in wider effective
slices. A collimated 1.25 mm slice, e. g., turns out to
be an effective 1.6 mm slice. Image noise at identical
tube current (identical mA), however, is reduced
compared with the situation at low pitch. Scanners
offering discrete optimized pitch values based on 180
and 360�MLI techniques are comparable to single-
slice CT systems in some core aspects: at high pitch
the slice widens and through-plane resolution
degrades. At low pitch narrow effective slices are
obtained, but higher dose is necessary to maintain low
image noise. Scanning at low pitch optimizes image
quality and through-plane resolution at a given col-
limation, yet at the expense of increased radiation
dose to the patient. To reduce patient dose, high-pitch
values should be chosen.

Fig. 8 Geometry of a 4-slice
CT-scanner demonstrating the
cone-angle problem: the
measurement rays are tilted
by the so-called cone-angle
with respect to the center
plane. Top and bottom
Illustration of two projections
of an axial scan which are half
a rotation (180�) apart so that
the positions of X-ray tube
and detector are interchanged.
With a single-slice CT system
identical measurement values
would be acquired. With a
MDCT-system, different
measurement values are
acquired, and the data are
inconsistent (see the red ray,
which hits the bone in the top
position but not in the bottom
position)
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In a z-filter multi-slice spiral reconstruction, the
spiral interpolation for each projection is no longer
restricted to the two rays in closest proximity to the
image plane. Instead, all direct and complementary
rays within a selectable distance from the image plane
contribute to the image. Images with different slice
widths can be retrospectively reconstructed from the
same CT raw data. Hence, z-filtering allows the sys-
tem to trade-off z-axis resolution with image noise
(which directly correlates with required dose). The
reconstructed slice width cannot be smaller than the
collimated slice width. Some z-filter approaches, e. g.
the Adaptive Axial Interpolation used by Siemens
(Schaller et al. 2000), provide a continuous range of
user-selectable pitch values (e.g. from 0.4 to 1.5), and

the effective slice width is kept constant at any pitch.
Therefore, through-plane resolution is independent of
the pitch. CT-scanners with Adaptive Axial Interpo-
lation rely on an ‘‘effective mAs’’ concept. The user
selects an effective mAs-value, and the tube current
(mA) is automatically adapted to the spiral pitch
according to

mA ¼ eff: mAs � p=trot

p is the pitch, trot is the rotation time. As a conse-
quence, radiation dose is independent of the spiral
pitch and equals the dose of an axial scan with the
same mA and the same rotation time. Using higher
pitch does not result in a reduction of radiation dose,
but through-plane resolution is maintained. This is a

Fig. 9 Coronal reformats of
a thorax-abdomen scan
(16 9 1.5 mm collimation,
2 mm reconstructed slice
width, pitch 1.25). Left 2D
filtered back-projection
neglecting the cone-angle of
the measurement rays. cone-
beam artifacts are indicated
by arrows. Right Nutating
slice reconstruction AMPR.
Cone-beam artifacts are
reduced
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major difference to single-slice CT or MDCT with
180/360�MLI reconstruction.

Some other manufacturers who use z-filter approa-
ches, such as the MUSCOT algorithm developed by
Toshiba, do not provide completely free selection of the
spiral pitch, but recommend a selection of fixed pitch
values which are aimed at optimizing the z-sampling
scheme and reducing spiral artifacts, such as 0.625,
0.75, 0.875, 1.125, 1.25, 1.375 and 1.5 for 4-slice
scanning (Taguchi and Aradate 1998).

Commonly used reconstruction methods consider-
ing the cone-beam geometry in an approximate way are
nutating slice algorithms and 3D filtered back-projec-
tion. In the early days of 16-slice CT, nutating slice
algorithms were used that split the 3D reconstruction
task into a series of conventional 2D reconstructions on
tilted intermediate image planes optimally adapted to
the spiral path, e.g. the AMPR used by Siemens
(Schaller et al. 2001b; Flohr et al. 2003), see Fig. 9.
This allowed the use of efficient and simple 2D back-
projectors, however, image quality was not sufficient
for CT systems with 64 slices and more.

Nowadays, 3D filtered back-projection is the
reconstruction method of choice for most MDCT-sys-
tems (Grass et al. 2000; Hein et al. 2003; Stierstorfer
et al. 2004). With this approach, the measurement rays
are back-projected into a 3D volume along the lines of
measurement, this way accounting for their cone-beam
geometry. 3D filtered back-projection, even though it is
an approximate algorithm, can significantly reduce
cone-beam artifacts (Fig. 10). Techniques used in z-
filtering to reconstruct different slice widths from the
same CT raw data can be extended to 3D filtered back-
projection. The characteristics of Adaptive Axial
Interpolation, as an example, originally developed for
4-slice CT, also apply to newer generations of 64-slice
and 128-slice CT systems.

Regardless of the specific reconstruction algorithm
used in a particular CT-scanner, narrow collimation
scanning is recommended because it leads to better
suppression of partial volume artifacts, even if the
pitch has to be increased for equivalent volume cov-
erage. Similar to single-slice spiral CT, narrow col-
limation scanning is the key to reduce artifacts and

Fig. 10 Axial slices and MPRs of an anthropomorphic thorax
phantom. Scan data for 16 9 0.75 mm collimation (left) and
32 9 0.75 mm collimation (right) at pitch 1 were reconstructed
at 1 mm slice width, with 2D back-projection neglecting the
cone-angle of the measurement rays (top), with the nutating
slice algorithm AMPR (center) and with 3D back-projection

(bottom). Neglecting the cone-angle leads to cone-beam
artifacts at high-contrast objects (top) that increase with
increasing number of detector rows. Both AMPR and 3D
back-projection reduce cone-beam artifacts and are practically
equivalent for CT systems with up to 32 detector rows. At
higher number of detector rows, 3D back-projection is superior
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improve image quality. Best suppression of spiral
artifacts is achieved by using both narrow collimation
relative to the desired slice width and reducing the
spiral pitch.

5 Volume Coverage in Spiral MDCT

In MDCT spiral scans, the volume coverage speed
can be increased by selecting wider collimated slice
widths S, by reducing the gantry rotation time trot, by
increasing the pitch p and by increasing the number
M of simultaneously acquired slices. A simple equa-
tion relates the volume coverage speed v to these
parameters:

v ¼ MSp

trot

A scanner with M = 64 collimated detector rows,
S = 0.625 mm, p = 1.375 and trot = 0.5 s can be as
fast as 110 mm/s.

Dual source CT (DSCT) systems offer a way to
significantly increase the volume coverage speed
without using wider detectors. With a single-source
CT, the spiral pitch p is limited to p B 1.5 to ensure
gapless volume coverage along the z-axis. If the pitch
is increased to p [ 1.5, sampling gaps occur that
hamper the reconstruction of images without exces-
sive image artifacts. With DSCT systems, however,
data acquired with the second measurement system
can be used to fill these gaps. In this way, the pitch
can be increased up to p = 3.4 in a limited SFOV that
is covered by both detectors (Petersilka et al. 2008;
Flohr et al. 2009). At a pitch of 3.4 and 0.28 s gantry
rotation, the table-feed with 38.4 mm detector
z-coverage (2nd generation DSCT) is 450 mm/s.

Fig. 11 CT scans of a moving doll phantom simulating motion
of a child without sedation. a and b VRTs and MPRs of the
phantom scanned with a standard spiral (pitch 1, 0.33 s rotation

time) show significant motion artifacts. c and d Using the
DSCT high-pitch spiral (pitch 3.4, 0.33 s rotation time) motion
artifacts are significantly reduced
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Meanwhile, several clinical studies have demon-
strated the successful use of the high-pitch scan tech-
nique for coronary CT angiography in patients with
sufficiently low and stable heart rate, with the potential
to scan the entire heart in one beat at very low radiation
dose (Achenbach et al. 2009; Lell et al. 2009; Leschka
et al. 2009). In a non-ECG-gated version the high-
pitch mode has been used for the examination of larger
anatomical volumes in very short scan times, e.g. when
the patient has limited ability to cooperate, such as in
pediatric radiology (Fig. 11)
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Abstract

Development and engineering are continually pro-
gressing and it would not be the first time in the
evolution of computed tomography that some believe
we have reached the zenith. Radiologists see techni-
cal improvements year after year Chen et al. (Med
Phys 38(2):584–588, 2011), sometimes even quan-
tum leaps and breakthroughs in all fields including
data acquisition, image processing and post-proces-
sing Liu et al. (Radiology 253(1):98–105, 2009).
Hounsfield’s CT prototype featured a rotation time
of about 300 s with a maximum image matrix of
80 9 80 pixels Hounsfield (Br J Radiol 68(815):
H166–H172, 1995). In comparison, today’s 320-slice
scanner delivers rotation times of 350 ms and an
image matrix of 512 9 512 pixels Rogalla et al.
(Radiol Clin North Am 47(1):1–11, 2009). The pace
is breathtaking and technological advances appear
limitless if there was not radiation exposure that
sets clear boundaries to uncontrolled expansion or
unrestrained utilisation of CT in humans. However,
priorities regarding the direction of development are
laid out clearly: more diagnostic information with
less radiation in a shorter scanning time and higher
resolution. We may look into a crystal ball in an
attempt to predict the future, but let us rather take a
step-wise approach to illustrate where technological
improvements are clinically desired and where short-
and long-term advances can be expected.
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1 Speed of Scanning

1.1 Clinical Demand

Speed of scanning reflects several aspects during the
examination procedure. It might refer to the overall
duration of diagnostic procedure in its entirety; it
might simply reflect body coverage per time, or even
refer to temporal resolution both in-plane (i.e., within
a given axial slice) and through-plane (i.e., larger
body coverage per time).
– Overall duration

Most abdominal imaging protocols in CT are driven
by the need to capture specific perfusion phases, thus
the overall duration of a CT examination is primarily
determined by physiology. Faster scanning would
not necessarily result in shorter procedure times.

– Body coverage per rotation time
Clinical necessity to increase body coverage per unit
time predominantly arises from the fact that most CT
images are acquired during breath-hold in order to
reduce motion artefacts. Faster CT scanners achieve
greater anatomical coverage during a single breath-hold
period. Modern 64-slice scanners need only a few
seconds to complete an abdominopelvic CT, however,
combined chest, abdomen and pelvis protocols may still
exceed the possible breath-hold length for some patients.
In addition, new CT applications in perfusion imaging
greatly benefit from faster and wider coverage no matter
whether helical or axial scanning modes are used.

– In-plane and through-plane (Z-axis) temporal
resolution
Dramatic improvements in through-plane resolution
have been achieved with the advent of helical scanning
technique, but the hunger for further increases in in-
plane resolution is mainly driven by cardiac imaging in
need of short exposure times to allow motion free
images. For abdominal applications, in-plane temporal
resolution plays a less important role with the exception
of motion artefact reduction in patients who cannot hold
their breath or physically move during data acquisition.

1.2 Technological Development

Most modern CT scanners revolve the gantry at least
twice per second. It seems appealing to have faster
gantry revolving times, however centrifugal forces

physically set mechanical limits given current gantry
and more importantly, X-ray tube designs. G-forces
already exceed 30 g in some current CT scanners.
Smaller and lighter X-ray generating tubes are a
prerequisite for faster gantry revolving times. It is
hard to predict, but minimal gantry revolving times of
150–200 ms may well be a physical limit given
today’s system components. Such revolving times
combined with dual-source technology will lower the
exposure window for an axial slice (often inaccurately
referred to as in-plane temporal resolution) to less
than 40 ms, likely sufficient for virtually all potential
cardiac applications.

Another problem becomes more evident with fas-
ter scan speeds: the shorter the exposure, the higher
the necessary tube output in order to ensure sufficient
photon flux on the detector side. Maximum tube
power ranges around 100 kW in most CT current
scanners. Distributing the energy to two focal spots is
current practice and predominantly designed to
increase spatial resolution; at the same time, the heat
is distributed to a larger area on the anode that helps
prevent heat damage to the tube.

Will more tubes, maybe a triple-source CT, solve
the problem of limited temporal resolution? Likely
not. Unless alternative sources of X-rays such as
carbon nanotubes (Fig. 1) will emit enough power
sufficient for clinical use, it appears unlikely that
more than two conventional tubes (based on a heated
tungsten filament) will find space within a given
gantry geometry, not to mention subsequent issues
with detector position and respective configuration,
anti-scatter grids and many more. Inverse geometry
CT technology composed of a large distributed
X-ray source with an array of discrete electron emit-
ters and focal spots is believed to carry the potential

Fig. 1 Simplified principle of carbon nanotubes (CNT). CNTs
offer unique advantages for a new generation of X-ray tubes
including low power consumption, long lifetime and pulse
capability
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breakthrough in volumetric coverage, dose efficiency,
temporal and spatial resolution (Mazin et al. 2007).

Faster helical scanning—including dual source
helical scanning—has been a quantum leap towards
rapid longitudinal coverage, albeit a small ‘‘overall’’
enhancement. Apart from the fact that patient accel-
eration and deceleration may set boundaries to further
increase in table speed, faster coverage is beneficial in
recently developed scanning techniques for perfusion
imaging of the abdomen. The so-called ‘‘shuttle
mode’’ enables coverage of larger body areas for
perfusion imaging not limited to the effective detector
width (Okada et al. 2011).

Sixteen centimetre effective detector coverage rep-
resents the current pinnacle in area detector CT and
allows for complete organ imaging without table motion
in less than 350 ms. Further increases in volumetric
coverage inevitably result in increased scattered radia-
tion, cone-beam artefacts, heel effect and over beaming.
It remains to be determined where the acceptable
boundaries are, however, 20–25 cm coverage appear
reasonable and would relevantly reduce scanning time.
The entire abdomen, for instance, could be examined
using a single gantry rotation.

2 Spatial Resolution

2.1 Clinical Demand

Higher spatial resolution appears to be key to success in
CT imaging. In abdominal imaging, both low- and
high-contrast resolution are of equal and critical impor-
tance. As a classical example: detecting contrast material
washout in hepatocellular carcinoma on delayed
imaging requires low-contrast resolution, detecting
small arterial branches within the liver on arterial per-
fusion phase images requires high-contrast resolution.

2.2 Technological Development

Many factors influence the maximum achievable
spatial resolution. In XY-direction (axial plane), high-
contrast spatial resolution is predominantly determined
by the number of projections (sampling frequency) and
the number and size of detector elements. High-
resolution scans should not be acquired with the fastest
gantry rotation on any of the currently available CT

scanners, because the sampling rate usually stays con-
stant thereby limiting spatial resolution; conversely,
longer gantry rotation times facilitate an increased
number of projections. The spatial resolution currently
achieved on scanners from all manufacturers varies
from 0.33 to 0.47 mm (with a high-frequency recon-
struction kernel). The higher the sampling frequency,
the more data are to be collected, stored and eventually
transmitted to the reconstruction unit. Managing the
sheer amount of raw-data signifies a technological
challenge, and further advancements in data transmis-
sion will facilitate faster sampling rates, provided the
detector material allows for respective limiting after-
glow effects.

Minimising detector element apertures continues
to marshal engineering efforts given extremely high
physical demands. As anti-scatter grids and optical
barriers (to prevent detector cross-talk) remain nec-
essary, the overall geometrical efficiency of detector
arrays may suffer even further using smaller elements.
On the other hand, higher resolution aperture should
dramatically improve mid- to high- frequency perfor-
mance allowing for image reconstruction with higher
spatial resolution, especially in unification with iterative
reconstruction methods to overcome associated increa-
ses in image noise (see below). Reconstructible axial
slice widths of less than 0.3 mm will become clinical
reality in the future.

Image noise represents the limiting factor for low-
contrast resolution. Radiation dose concerns in the
public and amongst professionals have shifted research
and development in CT towards dose reduction tech-
niques. Fewer photons inevitably lead to a lower signal
above baseline noise, subsequently resulting in noisier
images. A myriad of techniques to confine image noise
have been developed, amongst which the recently
introduced iterative image reconstruction method
attracts the most attention. Currently, model-based
iterative reconstruction techniques in both the image
and data domain (Fig. 2) are being evaluated (Mieville
et al. 2012) and partially implemented into clinical
practice. It is foreseeable that further advances in
purely raw-data-based iterative reconstruction methods
and improved modelling of scanner properties into the
algorithm will dramatically improve image quality thus
allowing for very low-dose CT imaging in most
abdominal indications. Both low- and high-contrast
resolution will likely be improved using these new
methods.
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Fig. 2 Schematic drawing of the data flow in raw-data-based iterative reconstruction

3 Temporal Resolution

3.1 Clinical Demand

Improvements in temporal resolution may not lie in
the forefront of priorities in abdominal imaging, the
demand is mainly driven by cardiac CT. On the other
hand, shorter in-plane exposure times will reduce
in-plane motion artefacts from breathing, bowel
movements, vessel pulsation or patient unrest during
scanning.

3.2 Technological Development

Accelerating the gantry is an appealing proposal,
however, as described above, basic physical
constrains limit faster gantry revolving times. Nev-
ertheless, with the advent of lighter tubes and further
miniaturization of all electronic components, revol-
ving times of 150–200 ms are feasible and likely to
become reality soon.

Mounting more than one tube within the gantry
represents another solution; dual-source CT units
have been on the market since 2007 and have sig-
nificantly contributed to the success story of cardiac
CT. Mounting more than two conventional tubes
within a gantry might not only be challenging from

the engineering point of view as the gantry becomes
even heavier, the diagnostic value might be rather
limited in light of subsequent problems including
scattered radiation and geometrical constraints (lim-
ited fields-of view for each tube-detector system).

Why not remove mechanical constraints as the
limiting factor entirely for enhanced temporal resolu-
tion? Electron-beam CT with its unrivalled exposure
time of 50 ms per sweep has been extensively evalu-
ated for cardiac imaging (Enzweiler et al. 2004). Image
quality never reached the standard of conventional
gantry designs and output restrictions of the X-ray gun
limited its ubiquitous use in abdominal imaging. The
scenario might change again as soon as alternative
small X-ray sources in fixed position within the gantry
(such as CNTs) will produce sufficient power for clin-
ical imaging needs. Prototype scanners, albeit for non-
clinical applications, are currently being developed and
tested. Preliminary results are promising (inverse
geometry CT) (Mazin et al. 2007; Schmidt 2011).

4 Image Quality

4.1 Clinical Demand

Generating artefact-free high-quality images is the
essence of research and development in CT technology.
Apart from high-contrast, low-contrast, temporal
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resolution and artefact reduction: pixel noise—often
referred to as ‘‘image noise’’—is perceived as the
leading parameter that determines overall image
quality. With the current focus on radiation dose
amongst the public and professionals, dose reduction
has attracted a lot of attention and evolved as a deter-
mining factor for modality decision making. Unfortu-
nately, radiation dose reduction, unless compensated
for by other methods, inevitably leads to noisier images
which is why a significant volume of research is
devoted towards noise reduction methods. High image
noise and severe artefacts may render CT images non-
diagnostic (Barrett and Keat 2004).

4.2 Technological Development

Currently, the key to success in noise reduction is
iterative image reconstruction techniques (Yu et al.
2011). Be they based on image data, raw-data domain
or a combination of both, iterative methods have
already demonstrated their effectiveness in noise sup-
pression while maintaining diagnostic image quality.
Although available clinical data are still preliminary,
it seems that radiation dose reduction of more than
50% is clinically achievable without jeopardising
overall diagnostic image quality (Fig. 3). Since image
noise predominantly degrades low-contrast resolution,

one might expect relevant improvements in low-
contrast resolution using the new reconstruction
methods. It is expected that in the near future, raw-
data-based iterative reconstruction algorithms with
improved modelling will become the standard method
in CT imaging.

Reduction of artefacts mainly from radio-dense
implants such as metallic prostheses has been a focus of
research for decades. Many mathematical approaches
for metal artefact reduction (MAR) have been devel-
oped and explored of which the most simple, linear
interpolation to gap the metal shadow, performed not
dissimilar as more complex approaches (Kalender et al.
1987). However, all previously assessed MAR algo-
rithms, besides removing the metal artefacts, intro-
duced new artefacts and cannot completely recover the
information from the metal trace. More advanced
methods such as empirical beam-hardening correction
(EBHC) and normalised MAR (NMAR) are currently
under investigation; both have proven to be quite
effective in phantom studies and initial clinical appli-
cations (Kyriakou et al. 2010; Meyer et al. 2010)
(Fig. 4). Without doubt, these or similar mathematical
methods will be integrated into future CT reconstruc-
tion algorithms and thus will contribute to further
image quality improvements in abdominal imaging.

Motion plays a minor role in abdominal CT,
although pulsation artefacts may occur in the aorta or

Fig. 3 Example of image quality improvement by means of
model-based iterative reconstruction. Note: Not only contains
image (b) less image noise (translating into *50% radiation
dose reduction), the vascular contrast (best seen within the

kidney) is perceptibly increased at the same time. a Conven-
tional filtered back-projection (FBP). b Model-based iterative
econstruction (AIDR 3)
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renal arteries and thus reduce conspicuity of small
vascular details. In cardiac imaging, repeated (and to
the major part predictable) motion occurs. In principle,
feeding preexisting anatomical knowledge into the
reconstruction process may be utilised in many ways,
contributing to improved temporal resolution and
motion correction (Tang et al. 2010). Prior image
constrained compressed sensing (PICCS) has been
shown to improve temporal resolution especially in
cardiac CT. One might expect improvements of tem-
poral resolution by a factor of 2 without modification of
scanner hardware, however, evaluation of these meth-
ods are necessary in order to assess their applicability
and usefulness in general body CT.

5 Radiation Dose

5.1 Clinical Demand

Exposure to radiation has become a major public
concern (see following chapter) in particular as
hypothetical risks have been falsely perceived as
evidenced-based knowledge. In any event, radiation
dose concerns have driven research endeavours in CT
for the past decade and we are about to see major
technological steps towards low-dose and ultra-
low-dose imaging strategies. Radiation dose reduction
today is all about increased dose efficiency along
the chain of detectors, amplifiers (data acquisition
system, DAS), data transmission and reconstruction
algorithms. The goal however is to utilise the least
amount of radiation in order to obtain an image quality

that is believed to be diagnostically sufficient. For that
reason, dose reduction may be achieved in many ways
including image noise reduction alone or improving
low-contrast resolution. Improved temporal resolution
may translate into lower radiation doses if shorter
exposure times can be applied for motion capture.

5.2 Technological Development

Image noise reduction is the most obvious method for
dose reduction as one can afford less radiation dose to
achieve similar noise levels in the final image.
Quantum noise dominates at higher doses, whereas
electronic noise (i.e., noise originating from all elec-
tronic components within the detector and amplifier
chain) typically dominates at low-dose levels.
Increased integration and further miniaturisation of
electronic components will contribute to a lower elec-
tronic noise floor allowing for improved signal-to-noise
ratio in ultra-low-dose applications.

Another development for further noise reduction at
the detector side is to reduce the number of steps
required for conversion of X-ray photons into an
electrical signal. In current solid-state detectors,
X-ray photons are converted to light and light is
converted to an electrical signal. Photon-counting
detectors convert X-ray photons directly into an
electrical charge (Fig. 5). The pulses created in the
detector by the incident photons are easily detected,
since the pulse height is typically an order of mag-
nitude higher than the electronic noise in the detector.
Thus the detector counts the number of peak pulses

Fig. 4 Axial scan though the hip. The original uncorrected
image (a) exhibits severe amounts of streak artefacts caused
by the metallic hip implant. Diagnostic image quality may be

restored image (b) using normalised metallic artefact reduction
(NMAR) (courtesy Marc Kachelriess)
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and virtually no other signal. Following processing
steps including pulse shaping and height analysis, the
electric signal may be assigned to more than one
energy bin, allowing for spectral analysis of the
original X-ray signal(s) (Mieville et al. 2012; Wang
et al. 2011). The lack of electronic noise and the
ability to perform spectral analysis are paired with
other advantages of photon-counting detectors, such
as nearly 100% geometric efficiency (in comparison:
current CT detector arrays range between 60 and 80%
geometric efficiency), potentially higher spatial reso-
lution and contrast-to-noise optimisation. Although
the advantages of photon-counting detectors are
appealing and obvious, their utilisation in clinical
scanners remains far down the road as many chal-
lenges are to be overcome, including count-rate
capability and count-rate-dependent energy response,
not to mention the increased cost of this technology.

The current and near future perspective is that
iterative reconstruction techniques, as described
above, will continue to be the frontrunner of all dose
reduction efforts. The impact of iterative methods is
highest when data quality is poor such as with low-
dose protocols or in large patients. Dose reduction

without loss of diagnostic image quality has already
been proven to be possible by means of statistical
reconstruction and simple iterations in the image
domain. Further sophistication predominantly in the
field of modelling scanner characteristics into the
reconstruction process invigorate the assumption that
dose reduction of more than 75% will be clinically
manageable.

6 And Even More …

Many current and future developments aim at
improving image quality, reducing artefacts and
radiation dose at the same time. kV adaptation serves
as a good example. Based on the fact that X-ray
penetration depends on its energy, kV adaptation to
body size, similar to tube current modulation, will
reduce artefacts and thereby improve image quality
(Pinho et al. 2011). This will likely translate into
some radiation dose savings.

Refinements in dual-energy CT regardless of its
technical implementation (kV switching, dual-source,
back-to-back or dual-energy helical scanning) are
imminent and will make this interesting application
even more suitable for general clinical use.
New scintillator material that features a negligible
afterglow in conjunction with a 100-fold faster reac-
tion time allows for recording of 7,000 views per
second and may be one of the prerequisites for single-
source ultra-fast dual-energy switching, promising
almost simultaneous spatial and temporal registration
and material decomposition without limiting the
scan field-of-view. Fewer beam-hardening artefacts,
metal artefact reduction and further improvements
in contrast-to-noise ratio are some of the benefits
resulting from new scintillator material.

As photon-counting detectors are far from being
introduced into clinical scanners, a simple but effective
solution for post-patient energy separation lies in a
double-layer detector design (Rogalla et al. 2009). The
upper layer predominantly receives photons with lower
energy and the lower layer receives photons with higher
energy. Summing the signal from both detector layers
returns the full signal as in a single-layer detector, but
separate readouts from both layers allow for simple
spectral analysis of the X-ray beam. This technology
remains currently under clinical evaluation.

Fig. 5 Conventional detector design. a Incident photons are
converted to light within the solid-state detector material, and
in a second process, light is converted to an electrical charge.
The charge is then integrated and stored in a capacitor. Photon-
counting detectors (b) directly convert X-ray photons to charge
that is amplified, counted and processed
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Although in its earliest stage of development from
the clinical perspective, phase-contrast CT carries a lot
of clinical potential (Donath et al. 2010). Promising
experimental results have recently been obtained in
material science, biological applications (Bronnikov
2002) and in smaller body parts (Fig. 6). Moving away
from absorption CT might sound revolutionary: various
human tissues demonstrate very weak absorption con-
trast, however, produce significant phase shifts in the
X-ray beam. The use of phase information for imaging
purposes therefore appears to be a suitable alternative
for imaging, likely contributing to further radiation
dose reduction in the future.

7 Summary

MSCT has—without doubt—reached a very high
degree of maturity, mastering almost all clinical
demands. Nevertheless, it would be foolish to believe
that technology has reached its true pinnacle. Whilst
acknowledging the risks of drifting into speculation,
the following technological advances are likely to
become clinical reality in the near future:

– faster gantry revolving times, likely around
200 ms,

– improved temporal resolution, probably around
40–50 ms,

– larger area-detectors for extended anatomical
coverage without table motion,

– smaller detector elements leading to higher spatial
resolution,

– improved image quality by metal and motion
artefact reduction,

– drastic radiation dose reduction, predominantly by
improved iterative reconstruction methods.
Technological advances currently on the horizon

are:
– new detector materials and designs, photon-counting

detectors,
– alternative X-ray sources such as carbon nano-

tubes,
– inverse geometry CT,
– phase-contrast CT.

In light of most recent quantum leaps in CT
technology and all of the above, computed tomogra-
phy remains one of the most fascinating fields
of technological evolution and will undoubtedly

Fig. 6 Initial imaging experience in human tissue using phase-contrast CT (from: Donath et al. 2010)
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continue to play a pace-maker role for advances in
medical imaging on the whole.
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Abstract

Medical imaging procedures using ionizing radia-
tion always pose some risk of adverse health
effects to the persons examined–in particular
radiation-induced cancer. It is thus necessary to
carefully balance the benefits and risks of these
examinations. This particularly applies to CT
examinations being a major source of patient and
man-made population exposure. This chapter
briefly reviews the evidence on health effects
induced by ionizing radiation, presents the essen-
tial concepts to estimate radiation doses and risks
related to CT examinations, identifies technology-
specific factors influencing patient exposure and,
finally, outlines application-specific measures to
reduce radiation risks to patients undergoing CT
procedures.

Medical imaging procedures using ionizing radiation
always pose some risk of adverse health effects to the
persons examined–in particular radiation-induced
cancer. It is thus necessary to carefully balance the
benefits and risks of these examinations. This partic-
ularly applies to CT examinations because interna-
tional reviews and recent results from various
countries reveal the steadily increasing impact of CT
as a major source of patient and man-made population
exposure to ionizing radiation (Amis et al. 2007; Brenner
and Hall 2007; UNSCEAR 2010). In Germany, for
example, CT procedures accounted for 7% of all
X-ray examinations conducted in 2008, but for nearly
60% of the resultant collective effective dose which
corresponds to a per capita effective dose of 1 mSv
(Nekolla et al. 2010). Even higher numbers of per
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capita effective doses due to CT are reported for Japan
(Nishizawa et al. 2004) and the USA (Mettler et al.
2009). This chapter briefly reviews the evidence on
health effects induced by ionizing radiation, presents
the essential concepts to estimate radiation doses and
risks related to CT examinations, identifies technol-
ogy-specific factors influencing patient exposure and,
finally, outlines application-specific measures to
reduce radiation risks to patients undergoing CT
procedures.

1 Health Effects Induced by Ionizing
Radiation and Principles
of Radiation Protection

Exposure to ionizing radiation may lead to early or
late health effects which may be either non-stochastic
or stochastic. A non-stochastic (or deterministic)
effect is an effect where the severity increases with
increasing dose (e.g., damage of the skin: erythema at
low doses, severe tissue damage at high doses). A
stochastic effect, on the other hand, is an effect where
the severity is independent of dose, but the proba-
bility of inducing the effect does increase with
increasing dose. Examples for stochastic effects are
cancer or hereditary disorders.

Cancers caused by ionizing radiation occur several
years to decades after the exposure has taken place
(latency time). They do not differ in their clinical
appearance from cancers that are caused by other
factors. A radiation-induced cancer cannot be recog-
nized as such, and it is only by means of epidemio-
logical studies that increases in the spontaneous
cancer incidence rates of irradiated groups can be
detected. Ionizing radiation is the carcinogen that has
been studied most intensely.

Increased cancer rates have been demonstrated in
humans through various radio-epidemiological
studies at moderate or high doses, i.e. organ or
whole-body doses exceeding 50–100 mSv, delivered
acutely or over a prolonged period. The so-called
Life Span Study (LSS) of the survivors of the
atomic bombings in Hiroshima and Nagasaki is the
most important of these studies (Preston et al.
2007). The follow-up of the atomic bomb survivors
has provided detailed knowledge of the relationships
between radiation risk and a variety of factors,
such as the absorbed dose, the age at exposure, the

age at diagnosis and other parameters. The LSS
provides data with good radio-epidemiologic
evidence due to the large size of the study popu-
lation (about 86,600 individuals with individual
dose estimates), the broad age- and dose-distribu-
tion, the long follow-up period (about half a cen-
tury) and an internal control group (individuals
exposed only at a minute level or not at all) (BEIR-
VII 2006). The LSS is, therefore, the major source
for predicting radiation-induced risks for the general
population.

However, radiation risk estimates are not merely
based on the follow-up of the atomic bomb survivors.
They are also largely supported by a multitude of
smaller studies, mostly on groups of persons exposed
for medical reasons, both in diagnostics and therapy
(BEIR-VII 2006).

There is considerable controversy regarding the
risk of low levels of radiation, typical for diagnostic
radiation exposures, since radiation risks evaluated at
low dose levels are not based on experimental and
epidemiological evidence. Given this lack of evi-
dence, estimates on risk, derived from high doses,
have been extrapolated down to low dose levels by
various scientific bodies, including the ‘International
Commission on Radiological Protection’ (ICRP-103
2007), the ‘United Nations Scientific Committee on
the Effects of Atomic Radiation’ (UNSCEAR 2000),
and the ‘Biological Effects on Ionizing Radiation’
committee (BEIR-VII 2006). Estimates on risk per
unit of dose have been derived using the so-called
linear, non-threshold (LNT) hypothesis, which is
based on the assumptions that (a) any radiation dose–
no matter how small–may cause an increase in risk
and (b) the probability of this increase is proportional
to the dose absorbed in the tissue. Although the risk
evaluated at low dose levels is thus hypothetical, it is
prudent to assume that it exists and that the LNT
model represents an upper bound for it. It is for this
reason that current radiation protection standards as
well as risk assessments are based on the LNT
hypothesis (ICRP-103 2007).

In line with this philosophy, the ICRP emphasizes
that proper justification and optimization of medical
procedures are indispensable principles of radiation
protection in medicine (ICRP-105 2007):

(66) Justification of a procedure for an individual
patient should include checking that the required
information is not already available. Usually, no
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additional justification is needed for the application of
a simple diagnostic procedure to an individual patient
with the symptoms or indications for which the pro-
cedure has already been justified in general. For high-
dose examinations, such as complex diagnostic and
interventional procedures, individual justification by
the practitioner is particularly important and should
take account of all the available information. This
includes the details of the proposed procedure and of
alternative procedures, the characteristics of the
individual patient, the expected dose to the patient,
and the availability of information on previous or
expected examinations or treatment.

(69) Optimization of radiological protection means
the same as keeping the doses ‘as low as reasonably
achievable, economic and societal factors being taken
into account,’ (ALARA) and is best described as
management of the radiation dose to the patient to be
commensurate with the medical purpose’’. (70)
Although ‘‘dose constraints for patients are inappro-
priate … management of patient dose is important and
often can be facilitated for diagnostic and interven-
tional procedures by use of a diagnostic reference
level, which is a method for evaluating whether the
patient dose is unusually high or low for a particular
medical imaging procedure.

2 CT Dosimetry

2.1 Fundamental Dose Quantities

It is generally assumed that the probability of detri-
mental radiation effects is directly proportional to the
energy deposited by ionizing radiation in a specified
organ or tissue, T. Therefore, the fundamental dosi-
metric quantity is the absorbed dose, which is defined
as the radiation energy absorbed in a small volume
element of matter divided by its mass. In the SI sys-
tem the absorbed dose, D, is given in the unit Gray
(1 Gy = 1 J/kg). For radiological protection pur-
poses, the absorbed dose is averaged over an organ or
tissue and weighted by a dimensionless radiation
weighting factor, wR, to reflect the higher biological
effectiveness of high-LET as compared to low-LET
radiations. The resulting weighted dose is designated
as the organ or equivalent dose, HT, and given in the
unit Sievert (1 Sv = 1 J/kg). For low-LET radiation,

such as X-rays, wR is equal to 1. Whenever an organ
is only partially irradiated, as in the case of an organ
extending over the whole body (e.g., red bone marrow
or skin) or an organ situated at the border of the
irradiated body region, the organ dose may differ
markedly from the absorbed dose at different posi-
tions within that organ.

Tissues and organs are not equally sensitive to the
effects of ionizing radiation. Due to this reason, tissue
weighting factors, wT, are provided by the ICRP for a
reference population of equal numbers of both sexes
and a wide range of ages (ICRP-60 1991, ICRP-103
2007). These factors indicate the relative proportion
of each organ or tissue to the total health detriment
resulting from a uniform irradiation of the whole
body. Detriment is a multidimensional concept: its
principal components are the stochastic quantities
probability of the attributable fatal cancer, the
weighted probability of attributable non-fatal cancer,
the weighted probability of severe heritable effects,
and the length of life lost if the harm occurs (ICRP-
103 2007). If the body is exposed in a nonuniform
manner, as for example in a patient undergoing a CT
examination, the sum of the products of the organ
doses and the corresponding tissue weighting factors
determined for each of the various organ or tissue
exposed has to be computed.

E ¼
X

T

wT � HT with
X

T

wT ¼ 1: ð1Þ

The resulting quantity is denoted as effective dose E
(in Sv). Based on this dose quantity, it is possible to
assess and to compare the probability of stochastic
radiation effects resulting from different radiation
exposures–as for example diverse X-ray procedures
yielding a different pattern of dose distribution in the
body. It should be noted, however, that the concept of
the effective dose facilitates only an over-all, not an
organ-specific assessment of stochastic radiation risks
and is aimed at large, age and gender averaged collec-
tives such as the working population or the whole pop-
ulation in a country. Nevertheless, this generic approach
provides a rational framework for the justification and
optimization of radiological imaging procedures.

Based on the latest available scientific information,
the tissue weighting factors, wT, have been modified in
2007 by the ICRP (ICRP-103 2007). As Table 1
reveals, the most significant changes from the previous
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held values (ICRP-60 1991) relate to breast
(0.05 ? 0.12), gonads (0.2 ? 0.08), and the remain-
der tissues (0.05 ? 0.12 using a simplified additive
system). These modifications lead to a decrease of the
effective dose of CT examinations performed in the
pelvis region and to an increase in case of examinations
performed in the breast/thorax region (Table 2).

2.2 Dose Descriptors

In practice, neither organ nor effective doses can be
measured directly. In order to overcome this diffi-
culty, dose descriptors are frequently used, which can

easily be measured with an appropriate phantom.
These quantities can be used for comparison of dif-
ferent devices and parameter settings within a par-
ticular diagnostic modality (e.g., CT). Moreover, they
form the basis for the estimation of organ and effec-
tive doses.

The basic dose descriptor in CT is the computed
tomography dose index, CTDI (given in mGy). As
illustrated in Fig. 1a, the CTDI indicates the dose
value inside an irradiated slice that would result if the
dose profile were entirely concentrated in a rectan-
gular profile of width equal to the nominal slice
thickness. Accordingly, all dose contributions from

Table 1 Tissue weighting factors, wT, given by the ICRP in 1990 and 2007. They characterize the relative susceptibility of
various tissues and organs, T, to ionizing radiation

Tissue or organ wT

ICRP-60 1991

Gonads 0.20

Bone marrow, lungs, colon, stomach 0.12

Liver, thyroid, esophagus, breast, bladder 0.05

Bone surface, skin 0.01

Remainder tissuesa 0.05

ICRP-103 2007

Bone marrow (red), colon, lung, stomach, breast, remainder tissuesb 0.12

Gonads 0.08

Bladder, esophagus, liver, thyroid, 0.04

Bone surface, brain, salivary glands, skin 0.01

The ‘remainder tissues’ consists of the following group of additional organs and tissues with a lower sensitivity for radiation-
induced effects for which the mass-weighted average combined with a ‘splitting rule’ (ICRP-60) or the simple arithmetic average
(ICRP-103) of organ doses must be used
a adrenals, brain, extrathoracic airways, small intestine, kidneys, muscle, pancreas, spleen, thymus, and uterus
b adrenals, extrathoracic region, gall bladder, heart, kidneys, lymphatic nodes, muscle, oral mucosa, pancreas, prostate, small
intestine, spleen, thymus, uterus/cervix

Table 2 Representative dose values for CT scans frequently carried-out in Germany in 2008/09

Examination CTDIvol (mGy) DLP (mGy cm) Ea (mSv)

Median Inter-quartile range Median Inter-quartile range ICRP-60 ICRP-103

Brain 55.1 46.8–62.4 763 611–888 1.9 1.9

Thorax 9.3 6.9–11.1 292 235–378 4.6 6.1

Upper abdomen 11.5 10.5–13.4 408 309–539 7.4 7.9

Abdomen 13.4 10.4–18.3 631 485–905 10.9 10.0

Lumbar spine 31.5 27.1–42.0 290 221–397 4.4–6.3b 5.0–6.5b

Pelvis 14.4 10.6–18.9 331 250–456 6.1 4.3
a Effective dose derived from organ doses estimated with CT-Expo (V.1.5)
b The effective dose depends on the position of the scan range within the lumbar spine
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outside the nominal slice width, i.e. the areas under
the tails of the real dose profile, are added to the area
inside the slice.

Measurements of the CTDI are usually performed
with a pencil ionization chamber with an active length
of 100 mm, which is positioned at the center
(CTDI100,c) and at the periphery (CTDI100,p) of either
a standard body or head CT dosimetry phantom
(Fig. 2). On the assumption that the dose decreases
linearly with the radial position from the surface to
the center of the phantom, the average dose is given
by the weighted CTDI.

CTDIw ¼
1
3

CTDI100;c þ
2
3

CTDI100;p : ð2Þ

Because the CTDIw is directly proportional to the
electrical current–time product (Qel in mAs) chosen
for the scan, it has to be measured only for a single
Qel value but for all combinations of tube potentials
(U in kV) and slice collimations (hcol) that can be
realized at the specific type of scanner.

Whenever several adjacent slices are scanned
instead of a single slice—as is usually the case in
spiral CT—the dose for a particular slice is increased
due to the contributions from slices in its neighbor-
hood (see Figs. 1b, c). Due to this reason, the dose in
the central portion of the superimposed dose profile is
markedly larger than the peak value for a single slice.
In this case, the average dose is given by the volume
CTDI.

CTDIvol ¼
CTDIw

p
ð3Þ

with p being the pitch factor that characterizes the
degree of overlap (or packing) of the slice profiles. In
multi-slice CT (MSCT) this factor is defined as.

p ¼ TF

hcol � N
ð4Þ

where TF is the table feed, hcol the slice (or detector)
collimation, and N the number of simultaneously
acquired slices. For p \ 1 the slices overlap, which
results in an increase of the local dose. To obtain the
average dose for a multiple-slice CT scan performed
over a larger body region, it is thus sufficient to
measure the CTDIw from a single rotation by
acquiring the dose over the entire dose profile. The
situation is illustrated in Figs. 1b, c for the case of two

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
axial position [cm]

CTDIvol=CTDIw

CTDIvol=CTDIw /p

single-slice scan multi-slice scan:  p = 1.0 multi-slice scan:  p = 0.7
do

se
  [

a.
u.

]

CTDIwCTDIw

axial position [cm] axial position [cm]

Fig. 1 Axial dose profiles for (a) a single-slice CT scan, (b) a
CT scan series with 15 slices acquired with a pitch of p = 1.0
and (c) a CT scan series with 21 slices acquired with p = 0.7.

The nominal slice thickness is 10 mm in each case. Indicated
are the weighted CT dose index, CTDIw, as well as the volume
CT dose index, CTDIvol, in case of the multi-slice scans

Fig. 2 Cylindrical standard CT dosimetry phantoms made
from Perspex. The phantoms with a diameter of 16 cm and
32 cm are used for representative CTDI measurements of the
head and trunk, respectively. For dose measurement the pencil
ionization chamber with an active length of 100 mm is inserted
into the holes
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CT series carried out over the same scan length with
p = 1 (CTDvol = CTDIw) and p \ 1(CTDIvol

[ CTDIw). respectively. The CTDIvol is the principal
dose descriptor in CT, reflecting not only the com-
bined effect of the scan parameters Qel, U, p, and hcol

on the local dose level, but also of scanner specific
factors such as beam filtration, beam shaping filter,
geometry, and overbeaming.

Besides the CTDIvol, the length of the scan region
is the second important parameter that determines
radiation exposure of patients undergoing a CT pro-
cedure. Therefore, the dose-length product

DLP ¼ CTDIvol � L ð5Þ

(given in mGy�cm) is used as a further dose descriptor
that characterizes the integral dose delivered to the
patient.

According to the revised IEC-standard 60601-2-
44, the CTDIvol and DLP value of a CT scan have to
be displayed at the operator’s console of the system.
Table 2 summarizes median values and inter-quartile
ranges of both parameters for CT examinations fre-
quently carried-out in Germany in 2008/09.

2.3 Estimation of Organ and Effective
Doses

As already mentioned, the relevant quantity for gen-
eric risk assessment is the effective dose, which takes
not only the organ doses into account but also the
relative radiation susceptibility of the various organs
and tissues within the scanned body region. Accord-
ing to the generic method presented in the ‘European
Guidelines for Multislice Computed Tomography’
(Bongartz et al. 2004), estimates of the effective dose
(defined according to ICRP-60)

E ¼ KE � DLP ð6Þ

can be derived from the DLP by using appropriately
conversion factors KE (in mSv/mGy/cm) given in that
report for six body regions, namely head (0.0023), neck
(0.0054), chest (0.019), abdomen (0.017), pelvis (0.017)
and legs (0.0008). The practical applicability of this
approach is, however, limited since it does not allow
estimating the effective dose for different scan regions.

In order to calculate organ and effective doses for
arbitrary scan protocols, complex radiation transport

calculations by means of Monte-Carlo techniques
were performed for anthropomorphic phantoms sim-
ulating the male and female body. The results have
been implemented in PC programs that can easily be
used to estimate organ dose and effective dose for a
given CT scanner and protocol (Kalender et al. 1999;
Stamm and Nagel 2002; ImPACT 2010). For one of
these software tools (CT-EXPO, Stamm and Nagel
2002), the accuracy of the implemented theoretical
formalism has been evaluated by means of dose
measurements performed at an anthropomorphic
Alderson phantom for a variety of scanners and
representative scan protocols (Brix et al. 2004). As
Fig. 3 demonstrates, the values of the computed
effective dose agree quite well with the values mea-
sured by thermoluminescent dosimetry at an Alderson
phantom. The currently available dosimetry programs,
however, do not account for varying tube currents
when using current-modulated automatic exposure
control. In these cases, estimates of at least the
effective dose can be obtained with an acceptable
accuracy when using the average tube current

Fig. 3 Correlation between effective doses determined by the
program CT-EXPO (V 1.5) and thermoluminescent dosimetry
at an anthropomorphic Alderson phantom for 36 CT scans
(head, thorax, abdomen, whole-body) performed at 12 different
scanners (four 1-slice, four 4-slice, two 16-slice and two
64-slice systems). The solid line give the result of a linear
regression analysis (slope, 1.02; correlation coefficient, 0.943)
and the dotted curves the 95% confidence interval, which
includes the line of identity
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displayed after the scan on the operator’s console
(Lechel et al. 2009).

For some frequently performed CT examinations,
effective doses computed for both the old and the new
ICRP tissue weighting factors are given in Table 2.
Depending on the exact position of the scan range,
they can vary to some extent in individual patients.
CT scans of the brain yield the highest local dose
levels (CTDIvol) but only a relatively low effective
dose—and, in turn, radiation risk (see below)—
because the irradiated tissues have a low tissue
weighting factor. Examinations of the abdomen, on
the other hand, result in much lower local doses but in
a high effective dose due to both an extended scan
range and higher tissue weighting factors of the
exposed tissues.

2.4 Diagnostic Reference Levels

In its publication on ‘Radiological Protection in
Medicine’ (ICRP-105) the ICRP recommends the use
of diagnostic reference levels (DRLs) for patient
examinations as a measure of optimization of pro-
tection. As a form of investigation level, they apply to
easily measurable dose quantities (in case of CT
examinations the CTDIvol and/or DLP) and are
intended for use as a simple test for evaluating whe-
ther the patient dose (with regard to stochastic effects)

is unusually high for a particular imaging or inter-
ventional procedure. It should be noted, that they do
not apply to individual patients but rather to the mean
dose value determined in practice for a suitable ref-
erence group (comprising at least 10 patients). If
patient doses related to a specific procedure are con-
sistently exceeding the corresponding DRL, there
should be a local review (clinical audit) of the pro-
cedures and equipment. Actions aimed at the reduc-
tion of dose levels should be taken, if necessary.

Reference levels are defined on the base of dose
data from surveys performed in hospitals and private
practices in a particular region or state. Generally, the
third quartile of the mean dose levels evaluated in
these facilities for a particular X-ray procedure
becomes the corresponding reference level. They
should be set by professional medical bodies in con-
junction with national health or radiological protec-
tion authorities and reviewed at intervals that
represent a compromise between the necessary sta-
bility of the protection system and the changes in the
observed dose distributions. Figure 4 demonstrates
the procedure at the example of CT examinations of
the abdomen.

3 Assessment of the Radiation Risk
Related to CT Examinations

The effective dose is not recommended for epidemi-
ological evaluations, nor should it be used for detailed
specific retrospective investigations of individual
exposure and risk (ICRP-103 2007). For the estima-
tion of the potential consequences of a radiation
exposure to individual patients (or asymptomatic
persons in case of screening and preventive diagno-
sis), it is necessary to use specific data characterizing
the exposed individual.

The standard approaches to generate age, gender
and organ specific risk estimates are based on the
so-called excess absolute risk, ear. It denotes the
additional risk of a person of gender S, after an expo-
sure to organ dose D at the age e, to be clinically dis-
eased with a specific radiation-induced cancer at the
age a or, more specifically, in the interval [a, a ? 1). It
is commonly calculated from

arðe; a;D; SÞ ¼ r0ða; SÞ þ earðe; a;D; SÞ ð7Þ

Fig. 4 Distribution of mean DLP values for CT examinations
of the abdomen determined in 115 German hospitals and
private practices (at least 10 patients per facility). Even if the
two outliers are neglected, the dose values varied considerably
by a factor of more than 5. The vertical line gives the third
quartile that was set as DRL for this particular examination. The
25% of X-ray facilities with dose levels above the DRL (red
area) have to optimize their procedures or equipment
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where ar denotes the absolute risk and r0 the normal
or baseline risk of a person of gender S to be diseased
with a specific cancer in the interval [a, a ? 1). If a
relative risk model is used, Eq. (7) can be written as

arðe; a;D; SÞ ¼ r0ða; SÞ � 1þ errðe; a;D; SÞ½ � ð8Þ

with err (e,a,D,S) representing the excess relative risk.
For example, an err (e,a,D,S) = 1 means that the
additional, radiation-induced cancer risk for a person
of gender S who was exposed at age e to an organ
dose D and attained age a is as high as his normal
cancer risk. Estimates of the excess (relative) risk for
specific organs are usually derived from cancer inci-
dence data of the LSS, where a linear dose depen-
dence is commonly assumed for solid tumors, while a
linear-quadratic approach provides better results for
leukaemia. The most recent models are summarized
in the BEIR-VII report (2006).

The site-specific excess absolute lifetime risk or
lifetime attributable risk, LAR, for a person of gender

S who was exposed at age e to an organ dose D is
calculated by summing up all ear (e,a,D,S) values
between e ? Dt (with Dt being the minimum latency
period) and the age of, e.g., 85 years, commonly used
for lifetime risk estimates. The ear should be cor-
rected for competing risks by the conditional proba-
bility P (e, a), i.e. the probability that a person of age
e survives beyond the age a

LARðe;D; SÞ ¼
Z85

a¼eþDt

earðe; a;D; SÞ � Pðe; aÞda :

ð9Þ

The minimum latency period Dt is the time during
which the radiation-induced cancer typically does not
show clinical symptoms. A Dt of about 5 years for
carcinoma and of about 2 years for leukaemia is
widely applied for incidence data. To determine the
total LAR for a CT examination, all site-specific LAR

Fig. 5 Lifetime attributable risk (LAR) for an organ dose of
HT = 100 mSv in dependence on the age at exposure for those
cancer sites attributing most to the total lifetime risk for
females (left) and males (right). Risks were estimated according
to BEIR-VII models as well as German life tables and cancer

incidence rates. For other organ doses, the LAR can be derived
by assuming a linear dose relationship for solid tumors and a
linear-quadratic relationship for leukaemia (multiplication of
the given LAR values by 9.2HT ? 8HT

2, HT in Sv)
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estimates (i.e. for sites with appreciable organ doses)
have to be summed up.

Applying the BEIR-VII risk models as well as
German disease and life table data (DeStatis 2004,
2010; GEKID 2010), Fig. 5 gives LAR estimates for
cancer incidence for organ doses of HT = 100 mSv
for those cancer sites contributing most to the total
LAR in dependence on age at exposure. For all organs,
the LAR decreases with increasing age at exposure.
The plots reveal that the female breasts and lungs are
particularly susceptible for the induction of cancer at
ages below 40 years. For example, a breast dose of
HT = 100 mSv at an age of 20 years is associated
with a risk of 0.63% to develop a breast cancer in the
remaining life. On the other hand, the LAR for radi-
ation-induced leukaemia is comparable for both sexes
and almost constant when the exposure occurs during
adolescence and adulthood.

Figure 6 gives for female and male patients in
Germany, estimates of total LAR for representative
CT examinations of the head, thorax, abdomen, and
pelvis in dependence on the age the CT is performed.
The LAR estimates are based on organ doses calcu-
lated from the median CTDIvol and DLP values given
in Table 2, using the age at exposure and site specific
LAR estimates plotted in Fig. 5. For both sexes, the
highest LAR is associated with CT examinations of
the abdomen. The LAR for an abdomen CT performed
at the age of 20 years is about 0.18% for a female
patient and about 0.15% for a male patient. The LAR

for an abdomen CT carried-out at the age of 60 years
is about half the value (0.08% for both sexes). For
female patients, the LAR associated with a thorax CT
performed before 30 years of age is virtually the same
as the LAR due to an abdomen CT. This examination
results in a considerably higher LAR for females
compared to male patients due to the higher radiation
risk per dose unit for breast and lung cancer (Fig. 5).
The LAR for a thorax CT performed at the age of
20/60 years is about 0.18/0.05% for a female patient
and about 0.05/0.025% for a male patient. A CT of
the pelvis results in about the same radiation risk for
both sexes. For a CT at the age of 20/60 years the
LAR is about 0.085/0.045% for a female patient and
about 0.08/0.05% for a male patient. A CT of the
brain is associated with a low radiation risk, with LAR
values of less than 0.01% for both sexes.

These LAR values can be compared with estimates
of the lifetime baseline cancer risk, i.e. the ‘‘normal’’
risk to incur cancer during the remaining lifetime
from, e.g., age 20 years. In Germany, the lifetime
baseline cancer risk for all cancers (excluding skin
cancer) is about 39% for women, and about 47% for
men. The values for lifetime baseline risk for, e.g.,
lung, colon, and stomach cancer are about 2/7, 4/4,
and 2/3% for women/men, and for female breast
cancer it is about 10% (GEKID 2010).

It has to be emphasized that a reliable assessment
of both beneficial and detrimental effects from med-
ical X-rays, particularly from CT examinations, can

Fig. 6 Lifetime attributable
risks (LAR) for representative
CT examinations of the head,
thorax, abdomen, and pelvis
performed at different ages in
adult female (left) and male
(right) patients. Risks were
estimated for the median
CTDIvol and DLP values
given in Table 2 using the
BEIR-VII models as well as
German life tables and cancer
incidence rates

Radiation Exposure and Risk Associated with CT Examinations 33



only be performed for well-defined diagnosis-related
subgroups of patients. An overall assessment based
solely on the average dose per patient (or even
inhabitant of a country, Berrington de Gonzalez and
Darby 2004) without considering the underlying dis-
ease is inadequate, because neither the disease-spe-
cific exposure level, age, and life expectancy of the
patients nor their diagnostic and therapeutic benefit
from the examinations are taken into account. Cancer
patients, for example, constitute a small but highly
exposed subgroup of the population. According to a
study by Brix et al. (2009), 6.8 (1.4) % of the cancer
patients in their representative study group received a
cumulative 5-year effective dose from medical X-rays
of more than 100 (200) mSv, with a dose contribution
of about 80% from CT procedures. Nevertheless, the
associated radiation risk is low compared to the
individual benefit of the patients from the examina-
tions and the much higher detrimental effects asso-
ciated with an effective tumor treatment. In the
majority of cancer patients, radiation exposure is
radiobiologically even completely ineffective in the
long term due to their reduced life expectancy. More
critical are, of course, frequent CT procedures per-
formed in younger cancer patients suffering, for
example, from lymphoma (Beyan et al. 2007) or in
patients with chronic but not life-threatening condi-
tions and symptoms (Sodickson et al. 2009).

4 Technology-Specific Factors
Influencing Patient Exposure in CT

There are various technical factors related either to
the hardware design of modern MSCT systems or
inherent to the principle of spiral scanning that
systematically affect radiation exposure of patients
(Nagel et al. 2002):

Detector efficiency. Individual detectors in a multi-
row, solid state detector array are separated by narrow
strips (‘septa’) which are not sensitive to radiation and
thus do not contribute to the detector signal. Due to
the large number of strips, these inactive zones result
in geometrical losses, the degree of which depends on
the design of the detector array. In addition, further
losses occur due to a decrease in sensitivity at the
edges of each row that results from cutting the scin-
tillator crystal. In contrast to a single-row detector

array whose width can be larger than the maximum
slice thickness, the edges of the rows in a multi-row
detector array are located inside the beam. Both
effects result in a decrease of the net efficiency of a
solid-state detector array.

Beam geometry. By using cone beams instead of
fan beams, the incidence of scatter is increased and
requires the use of either more dose to preserve the
contrast-to-noise ratio or technical means associated
with a decrease in geometric efficiency. Scatter radi-
ation also plays a crucial role in systems with two
sources (‘dual-source CT’), where it is not only
recorded by the detector opposite to the source, but
also by the second detector.

Overbeaming. In MSCT, data from each detector
contribute to every reconstructed image. Therefore,
the image noise and the slice sensitivity profile for
each slice need to be similar to reduce image artifacts.
To accommodate this condition for MSCT systems
with more than two detector rows, beam collimation
is usually adjusted in such a way that the focal spot-
collimator blade penumbra falls outside the edge
detectors. The resulting overbeaming causes an
increase of the radiation dose as compared to single-
slice scanners, where the collimator width was in
general smaller than the maximum detector width.
With the availability of MSCT systems capable of
scanning 16 or more slices simultaneously the over-
beaming effect becomes less important.

Overranging. In spiral CT, the actual scan range is
larger than the range defined at the operator’s console,
because additional data are required for interpolation
at the beginning and the end of the body region to be
scanned. The additional exposure of patients resulting
from this effect increases with an increasing width of
the detector arrays. This constitutes a particular
problem when using a limited scan length, as for
example in case of CT examinations of a newborn
baby or a small child.

Tube output and rotation time. The improved output
of modern X-ray tubes in combination with a reduced
rotation time allows for significant changes in scan
protocol settings. The ability to scan a given volume in
a reduced time with a smaller slice thickness, thus
enabling the production of ‘isotropic voxels’, is the
most prominent implication that may considerably
increase patient exposure if not adequately handled
(see below).
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5 Application-Specific Measures
to Reduce Patient Exposure in CT

The primary measure to reduce radiation risks to
patients, notably in the case of CT, is the avoidance of
unjustified examinations—whether because the
expected diagnostic benefit is low or because the
relevant diagnostic information can be obtained by
imaging techniques not using ionizing radiation (such
as magnetic resonance imaging or sonography). When
a particular examination is justified, the emphasis
must be on dose optimization. The key factors toward
optimization of CT protocols are (Nagel et al. 2002;
Brix et al. 2003; Kalra et al. 2005; Catalano et al.
2007; Nievelstein et al. 2010):
– Limiting the region of the body to be scanned to the

smallest necessary area, in particular in case of
multiphase and follow-up studies.

– Reducing the number of scan series to the bare
minimum. For example, multiphase scans of the
liver should be avoided unless they are likely to
yield useful and relevant information.

– Adaptation of the current–time product and if
appropriate of the tube voltage to the size of the
patient, particularly in case of children.

– Using a pitch greater than 1 where it is clinically
appropriate (at least when the electrical current–
time product is not automatically adapted when the
pitch is changed).

– Acceptance of a higher noise-level when using a
narrow slice collimation. Detail contrast of small
lesions is enhanced with narrow slice collimation
due to the reduction of partial volume effects in
axial direction and thus the contrast-to-noise ratio
is considerably improved even in the presence of an
increased noise level.

– Shielding of radiation-sensitive organs.
Optimization can further be facilitated by technical

means (Kalender et al. 2008). Meanwhile, all CT
manufacturers have developed systems for automatic
exposure control, which allows reducing the dose to
patients of between 20 and 50% (depending on the
imaged body region) without sacrificing image qual-
ity (Kalra 2004; Gudjónsdóttir et al. 2010). The
principal idea of this approach is to adapt the tube
current to the changing anatomy of the patient, both,
in the transverse plane as well as axial direction.
Further solutions are under development or clinical

evaluation—such as adaptive collimation (Deak et al.
2009), scatter reduction, adaptive post-processing
image filtration (Leander et al. 2010) or iterative
image reconstruction (Silva et al. 2010).

However, technical means are only a prerequisite
not a guarantee for dose reduction. Of greatest
importance is an appropriate training and guidance of
both the medical and technical staff operating a CT
system with respect to the various factors determining
patient exposure at the particular scanner and of its
reduction.
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Abstract

Contrast enhanced MDCT is a powerful and
continuously evolving technology for non-invasive
imaging of the abdomen. As for contrast media
application in general, there is a variety of patient-
related and injection-related factors that can affect
the magnitude and timing of intravenous contrast
agent attenuation for abdominal CT scans. MDCT,
with its dramatically shorter image acquisition
times, permits images with a much better utiliza-
tion of the peak contrast attenuation. High iodine
flux rates—e.g. required by modern angiographic
applications—can be achieved with newly devel-
oped high concentration iodine contrast agents. In
contrast low concentration iodine agents need to be
injected at very high flow rates resulting in high
volumes administered to meet these requirements.
Sporadic failure, though, is unpreventable at the
current stage of development. This is due to the
fact that the patient’s cardiac output is not known
prior to scan initiation in most cases. Contrast
media administration is an integral part of the
ongoing evolution of MDCT and needs to be
continuously adopted and optimized to take full
advantage of this technology. The purpose of this
chapter is to give a basic understanding of
physiologic and pharmacokinetic principles, as
well as an understanding of the effects of injection
parameters on vascular and parenchymal enhance-
ment. This will enable the development of opti-
mized contrast agent delivery protocols for current
and future MDCT abdominal scans.M. S. Juchems (&)
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University Hospitals Ulm, Steinhoevelstrasse 9,
89075 Ulm, Germany
e-mail: markus.juchems@uniulm.de

C. J. Zech et al. (eds.), Multislice-CT of the Abdomen, Medical Radiology. Diagnostic Imaging,
DOI: 10.1007/174_2011_406, � Springer-Verlag Berlin Heidelberg 2012

37



1 Basic Principles

MDCT technology continues to evolve rapidly. At the
current stage of development, improvements con-
centrate on gantry rotational speed (up to 270 ms for
a single rotation) and detector width (up to 16 cm
with a collimation of 320 9 0.5 mm). This allows for
a rapid acquisition of large volumes in short time
along the patient’s z-axis. Subsequently, contrast
agent application is an increasingly demanding task
that has to synchronize the timely co-incidence of
peak enhancement of the tissue at interest and the
scan acquisition. For parenchymal imaging such as
liver tissue, a wide peak plateau ensues with enough
room for securing adequate contrast enhancement.
Vascular imaging, on the other hand, has changed
tremendously. The peak of contrast attenuation has
shortened substantially in order to utilize the contrast
agent (CA) efficiently. This is coupled with and
enabled by a rapid acquisition of today’s scanner
generations in \10 s. From the aforementioned it is
easily deductible that the timing of a scan in relation
to the contrast peak is crucial. It demands both semi-
automated scanner protocols and individual protocol
adaptation.

2 Factors Affecting Contrast
Attenuation

The factors affecting contrast agent attenuation of the
tissue of interest can be separated into three general
categories: patient related, injection of contrast and
CT parameters. The former two factors directly
determine and affect the contrast attenuation process
itself. CT parameters, only indirectly affecting con-
trast attenuation, are critical in permitting optimal
timing of the acquisition to visualize the peak
enhancement of the tissue of interest.

2.1 Patient-Related Factors

The two relevant patient-derived factors that affect
contrast enhancement most are body weight and
cardiac output (or cardiovascular circulation time).

2.1.1 Body-Weight
Body weight (BW) affects the magnitude of both
vascular and parenchyma contrast enhancement
(Heiken et al. 1995; Kormano et al. 1983). CA
administered to the larger blood volume of a heavy
patient is more diluted than that administered to a
slim patient. Patient weight and the magnitude of
contrast attenuation are inversely related in a linear
fashion. However, the timing of enhancement is lar-
gely unaffected, due to a concomitant increase of
body weight (Kirchner et al. 2000).

Hence, for daily clinical application, overall iodine
dose should be increased with increasing body weight
of the individual patient. This can be effectively
achieved by multiplying the body weight with a
constant amount of contrast per kg of BW, keeping
the iodine flux rate constant [e.g., 1.2 ml CA
(370mgI/ml) 9 BW, 1.0 ml CA (400mgI/ml) 9 BW].
The linear increase of CA volume predominantly
applies to all parenchymal imaging with a more
limited effect on vascular attenuation.

2.1.2 Cardiac Output
Global cardiac function (measured as cardiac output
or cardiovascular circulation time) critically affects
the timing of contrast attenuation (Bae et al. 1998b).
Decreased cardiac function results in a delay of peak
vascular and parenchymal attenuation. But this is only
one parameter affected by cardiac function. The other
one critically affected for all vascular or early
enhancing scan applications is magnitude of CA
enhancement. CA is typically injected via an ante-
cubital vein and therefore arrives at the right heart via
the superior vena cava (SVC). For patients with good
to high cardiac output, the densely contrasted blood
volume is mixed with 1.5–2 times the volume of non-
contrasted blood drained from the inferior vena cava
(IVC). For a patient with non-compromised cardiac
function at rest, the volume relation of blood drained
from IVC and SVC is 1.3:1 or higher (Cheng et al.
2004). For patients with compromised cardiac func-
tion this ratio may drop below 1. It is therefore readily
apparent that a patient with a low cardiac output sit-
uation will mix the densely contrasted blood volume
drained from the SVC with a substantially lower
amount of unenhanced blood from the IVC.

In patients with reduced cardiac output, once the
contrast bolus arrives in the central blood compart-
ment, it is obviously more slowly, resulting in a
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higher, prolonged enhancement. A consequence of
the slower contrast bolus clearance in patients with
reduced cardiac output is an increased magnitude and
duration of peak aortic and parenchymal enhancement
(Coursey et al. 2009). The rate of increase, however,
is different in the aorta and liver. Whereas the mag-
nitude of peak aortic enhancement increases sub-
stantially in patients with reduced cardiac output, the
magnitude of peak hepatic enhancement increases
only slightly. For higher cardiac output which can
occur for example in patients with anemia, some
stages of sepsis, and in patients with cirrhosis and
portal hypertension, contrast material distribution
behaves contrariwise.

Global cardiac function parameters are usually
unknown at CT scan initiation. The test bolus has
shown some potential to predict contrast attenuation
in situations of variable cardiac output, but the indi-
vidualization of the scan delay according to automatic
bolus tracking is the much more practical approach
applied today. The parameters to be adjusted for the
individual patient to correct for variable cardiac
functions are contrast flow rate and bolus length.
Adjustments should be carried out as outlined in
Table 1.

2.1.3 Central Venous Return
Central venous blood flow is subject to intrathoracic
pressure changes due to respiration (Gosselin et al.
2004). In the setting of CA-enhanced CT, this may be
particularly harmful if a patient performs an ambi-
tious Valsalva maneuver during breath holding.
During a Valsalva maneuver, the intrathoracic pres-
sure increases, which causes a temporary interruption
of venous return from the superior vena cava and a
temporary increase of (non-contrasted) venous blood
flow from the inferior vena cava. The effect of this
flow alteration is a temporary decrease of vascular
opacification. In some cases (especially with fast scan
times), this may cause non-diagnostic opacification of
the entire pulmonary arterial tree.

Avoiding initial deep inspiration before scanning
is suggested as a way to limit the transient interruption

of the contrast bolus artifact. Although this may
result in minor breath holding artifacts, these may be
much more tolerable than the loss of diagnostic
quality.

2.2 Contrast Injection Parameters

Duration of CA injection and iodine administration
rate (iodine flux rate) are the main parameters that
determine attenuation within the tissue of interest.
The programing of power injectors on the other hand
requires volume and rate to be affixed prior to scan
initialization. Volume can be easily calculated by
multiplying CA flow with duration of injection for
that purpose. Another factor that has emerged with
the advent of double-barrel injectors is the use of a
saline flush for a more efficient utilization of a com-
pact iodine bolus.

2.2.1 Duration and Flow Rate
The duration of iodine injection critically affects both
magnitude and timing of contrast attenuation (Awai
et al. 2004) (Fig. 1). Increased injection duration at a
fixed flow rate leads to a greater deposition of iodine.
This is particularly important for parenchyma imag-
ing with the magnitude of enhancement increased by
the amount of iodine administered (Megibow et al.
2001). Peak parenchymal enhancement occurs much
later than arterial vascular attenuation. Hence, for
dedicated parenchymal protocols, the time frame
allowed for contrast agent administration is long and
ideally suited for a bolus with a long duration at a
reasonable flow rate.

In contrast, arterial enhancement depends on
iodine administration rate and can be controlled by
the injection flow rate (ml/s) (Fig. 2) (Fleischmann
et al. 2000). Thus, most of the angiography protocols
used on modern MDCT scanners with 64 detector
rows or more utilize very high flow rates in order to
yield a compact bolus with steep flanks and a high
peak.

Table 1 Effects of cardiac output on contrast material distribution

Cardiac output Attenuation Flow rate Homogeneity Bolus length

low : ; ; :

high ; : : ;
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2.2.2 Iodine Concentration
The availability of contrast agents with high iodine
concentrations (above 350 mgI/ml) has recently
attracted a great deal of interest (Becker et al. 2003;
Roos et al. 2004; Suzuki et al. 2004). For injections
performed with a fixed duration and flow, a contrast
agent with a high iodine concentration will deliver a
larger total iodine load more rapidly. The resulting
magnitude of peak contrast enhancement is increased
(Fig 3). The temporal window at a given level of
enhancement is wider. Conversely, time-to-peak
enhancement is unaffected because duration and rate
of injection remain constant.

On the other hand, contrast agents with a higher
concentration deliver a constant total iodine mass at a
given flow rate in a shorter duration of time. For daily
clinical routine, a contrast agent with high iodine
concentrations is an alternative approach to using an
increased injection rate in order to increase iodine
delivery rate. The rapid improvement of current
MDCT generations allows an ever increasing scan
speed. This consequently allows utilizing shorter and
higher contrast peaks, especially for angiographic
applications. In other words, higher iodine concen-
trations are an ideal match for increasing scan speeds.
Many of the rapid angiographic acquisitions amena-
ble on newest scanner generations can only be utilized
relying on the highest iodine concentrations (370–400
mgI/ml) available today.

2.2.3 Saline Flush
Current double-barrel power injectors are equipped
with two syringes. One is filled with non-diluted
contrast agent, the other with normal saline. The
saline syringe is activated and injects after the con-
trast bolus has been administered completely. The
arm veins can hold up to 10–15 ml of CA, which is
not used for arterial enhancement. Flushing the
venous system with saline immediately after
the injection pushes the CA column completely into
the circulation (Haage et al. 2000). Saline flushing
therefore prolongs and slightly increases arterial and
parenchymal enhancement (Fig. 4) and allows for the
reduced amount of CM (Tatsugami et al. 2007). The
favorable effect of saline flushing is relatively greater
if high injection rates, small total amounts of CA, and
high-concentration CA are used.

2.2.4 Bolus Geometry
During the ‘‘first pass’’ intravenously administered
contrast agents will travel to the right heart, lung and
left heart before reaching the arterial system. When
the contrast medium is distributed in the intravascular
and interstitial space and reenters the right heart,
recirculation occurs (Fleischmann 2003b). Both the
first pass and recirculation account for the shape, or
bolus geometry, of the enhancement curve. In ideal
bolus geometry, there is an immediate increase in
arterial enhancement at the start of the CT acquisition
and uniform enhancement during the data acquisition.

Fig. 1 Simulated contrast enhancement curves of the aorta.
The effect of injection duration on contrast accumulation and
peak is demonstrated with three different contrast medium
volumes (solid line: 75 ml; dashed line: 125 ml; dotted line:
175 ml). Time-to-peak and magnitude of enhancement peak
increases with contrast medium volume (Modified after Bae
and Heiken 2000)

Fig. 2 Simulated contrast enhancement curves of the aorta
(dashed line) and liver parenchyma (solid line). Effect of
contrast material injection rate on magnitude and peak
enhancement. In contrast to parenchymal enhancement,
increasing injection rate leads to substantially higher intralu-
minal enhancement (Modified after Bae and Heiken 2000)
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With a uniphasic injection (injection at a constant
rate), the enhancement increases to a peak and then
declines (Fleischmann 2003b). Because CTA will
typically be performed during both the up slope and
down slope of the curve, enhancement is not uniform
throughout the acquisition. Biphasic injection tech-
niques (fast injection followed by slow injection) and
exponentially decelerating injection techniques that
can increase uniformity of contrast attenuation have
been described (Bae et al. 2000, 2004). However, with
short scan times, uniformity of contrast attenuation
may be less important for a well-defined application,

e.g., for coronary angiography (Cademartiri et al.
2004a). Clinical applications that intend to cover a
wider range of vascular territories, though, may well
ask for more uniformity with a long plateau phase
(Vrachliotis et al. 2007).

2.3 CT Parameters

The patient- and injection-related parameters shape
the arrival time and distribution of the contrast agent
within the organ, tissue or vessel of interest. In order
to succeed with an ideally contrasted CT scan that
efficiently utilizes the amount of contrast agent
administered and that addresses all individualization
necessary to account for patient-related factors, the
last thing to do correctly is to start the scan at the right
time. Inadequately implemented CT parameters will
result in a poorly enhanced CT scan, even with per-
fectly determined patient and injection factors.
Scanning parameters such as scan duration, scan
delay and, multiphasic acquisitions during different
phases of contrast enhancement critically affect con-
trast enhancement.

Formerly, for scanners with one to four detectors,
the determination of scan start times was fairly easy.
The scan and subsequently the breath-hold duration
was so long that the scan had to be started early. The
scan start time was equal to the contrast arrival time
determined in a simple test bolus procedure. With the
advent of 16 and more detectors in a CT scanner,

Fig. 3 Contrast enhancement curves of (a) the abdominal
aorta and (b) the liver parenchyma (fixed volume and fixed
injection rate). Iodine concentration is 300 (crosses), 350
(squares) and 400 (dots) mg/ml. Contrast medium with a higher
concentration delivers a larger dose of iodine faster and with a
higher magnitude of peak contrast enhancement (Modified after
Bae 2010)

Fig. 4 Graph shows liver parenchyma enhancement. Higher
HU values are achieved with saline flush protocols (dots
and square curves) than without (triangles) (Modified after
Tatsugami et al. 2007)
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scans became shorter and shorter, allowing for utili-
zation of the maximum height of the contrast bolus
peak. These technical developments rendered scan
timing much more complicated and demanding.

2.3.1 Scan Timing
The time interval for an intravenously injected bolus
of contrast medium to appear in the arterial territory
of interest is generally referred to as the contrast
medium arrival time (TCMT). As mentioned above,
TCMT can vary substantially between patients, due to
patient-related factors, namely if the cardiac output is
restricted. The scanning delay therefore needs to be
individualized relative to the patient’s TCMT. The
TCMT can be determined by either using a test bolus
injection or using automated bolus-triggering tech-
niques. Both approaches measure contrast arrival time
and therefore adapt for varying cardiac output. The
bolus tracking method is the most efficient, according
to our experience. However, the test bolus has the
advantage of testing the venous access line with a
small volume of contrast before applying the full
volume and flow needed for the scan itself. Both
techniques utilize a region of interest (ROI) that is
placed in a vessel proximal to the organ of interest.

Traditionally, for slow CTA studies (single-row
and four-detector-row scanners), the scan start was
chosen to equal a patient’s TCMT. The scan time of
these scanners was not fast enough to allow capturing

the peak of contrast enhancement, but rather to
position acquisition around the peak (Fig. 5). Logi-
cally, this fact resulted in somewhat inhomogeneous
contrast distributions in the acquired axial stack.

Faster helical acquisitions available on newer
scanner generations (16-64-row detectors and
beyond) allow to better utilize the bolus peak (Fig. 5).

A patient’s TCMT may be used as an individual
landmark, with an additional time delay (‘diagnostic
delay’, DT in Fig 5) before initiation of CT data
acquisition. For example,a scanning delay of TCMT

+8 s means that scanning will begin 8 s after arrival
of the bolus in a patient’s aorta (Bae 2003; Fleisch-
mann 2003a).

It has been proven both empirically (Cademartiri
et al. 2004b) and theoretically (Bae 2005) that an
accurate DT may significantly improve CT image
quality. Determination of the additional delay, which
is related to scan speed and injection duration, is
critical for fast MDCT. DT can be calculated using
complex models either assuming normal cardiac
function (so-called ‘‘variable’’ approach) or they can
be more or less empirically determined (Bae et al.
1998a). As a rule of thumb DT for bolus tracking
should be sufficiently long enough to apply breath-
hold commands for the patient. The additional delay
has to be longer for faster scanners (e.g., for a
64-detector-row scanner, it is in the range of 6–7 s
and should be longer for both faster gantry rotation
and larger detectors).

3 Sample Protocols

According to the numerous clinical indications for
abdominal MDCT, some general considerations have
to be made to ensure sufficient arterial and/or paren-
chymal contrast opacification.

With modern MDCT, it is possible to achieve two
arterial contrast phases—the early, which occurs
approximately 20 s after injection, and the late arte-
rial phase (30–35 s after injection). In the early arte-
rial phase there is high enhancement in the arterial
vessels but relatively little enhancement of the
parenchyma or hypervascular lesions.

In the late arterial phase, solid, hypervascular neo-
plasms, e.g. hepatocellular carcinoma, will enhance
maximally, whereas the parenchyma will enhance
little due to predominantly portal venous supply.

Fig. 5 Aortic contrast enhancement curve with two different
scan delays designated for the fast and the slow scans. For
given duration of contrast enhancement or injection, the shorter
the scan duration, the longer the additional delay. TCMT

indicates contrast material arrival time to reach a certain
threshold (Modified after Bae)
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The pancreatic parenchymal phase starts 30–70 s
(with a peak at 40–45 s) post injection and provides
the highest rates of enhancement of the pancreas.

The portal venous phase or hepatic parenchymal
phase occurs 60–70 s after the start of CA injection
with maximum enhancement of the hepatic
parenchyma.

Hypovascular tumors, such as colorectal metasta-
ses are seen best in this contrast phase as they appear
hypodense to the enhanced parenchyma.

For an elective diagnosis of the bowel wall, the
portal venous phase (60 s post injection) with med-
ium flow velocity is suitable for optimal visualization
of the layers of the bowel wall.

3.1 CT Angiography

CT angiography has a wide range of applications in
the abdomen including vascular pathologies either
occlusive or aneurysmal (Fig. 6), detection of gas-
trointestinal and peritoneal bleeding as well as the
illustration of vascular disorders and variants. It
enables the radiologist to produce vascular mapping
that clearly show tumor invasion of vasculature and
the relationship of vessels to mass lesions. It is often
helpful in preoperative planning for hepatic resection
and preoperative evaluation and planning for liver
transplantation.

The scan delay is best achieved with an ROI
placed in the descending aorta. The diagnostic delay
time (DT) should equal peak enhancement for one to
four detector rows and is consecutively longer for
faster scanners (e.g. 16–64 rows) (Fig. 5).

Arterial enhancement continuously increases over
time with longer injection durations due to the
cumulative effects of bolus broadening and recircu-
lation. Thus, increasing the injection duration also
improves vascular opacification. In order to utilize
this mechanism in situations with inappropriate vas-
cular access or other reasons restricting injection flow
rates, the scan delay has to be adjusted accordingly.
DT should be substantially longer to catch the later
occurring and higher bolus peak (Fig. 5). Provided
that a suitable vascular access allows rapid flow rates
the injection duration should be timed according to
the equation: 15 s ? (scan duration/2). This applies to
injections with a saline chaser of 30–40 ml adminis-
tered at the same flow rate as the preceding contrast
agent. For injections without a saline chaster, the
above equation should be lengthened by another 5 s.

The strength of an individual’s attenuation
response to intravenously injected contrast dye is
controlled by cardiac output and blood volume, both
correlate with body weight. An individual contrast
application protocol should therefore be adapted to
patient body weight. Lower flux rates apply for slim
patients and higher flux rates for heavier ones.
Weight-adapted protocols however are less important
for vascular attenuation than for parenchymal contrast
imaging, but should nevertheless be used in order not
to overdose slim patients.

3.2 Hepatic Multi-Phasic Imaging

Hepatic multi-phasic imaging is typically conducted
at three discrete phases, namely, early arterial phase,
late arterial/portal vein inflow phase and hepatic
parenchymal phase. The early arterial phase of
enhancement is useful primarily for the acquisition of
a pure arterial dataset for CTA and has only limited
value for liver evaluations. The late arterial or portal
inflow phase is preferred for the detection of hyper-
vascular primary or metastatic liver lesions (Awai
et al. 2002). The early phase is acquired with a
diagnostic delay (DT) equivalent to arterial aortic
scanning. The late arterial phase is best centered at

Fig. 6 Arterial scan of the abdominal vessels showing a
patient with pseudoaneurysm of the lienal artery after pancre-
atitis (arrow). The scan was performed on a 64-row MDCT.
Due to patient related factors, TCMT was long in this case with
28 s to reach 150HU in the abdominal aorta, the additional
diagnostic delay was 15 s
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DT = 20 s (Laghi 2007). During this phase, the
hypervascular hepatic lesions enhance maximally,
while the hepatic parenchyma remains relatively un-
enhanced, correlating to the relatively small contri-
bution of the hepatic artery to the total blood supply
of the organ.

The hepatic parenchymal phase, the period of peak
hepatic enhancement, is the phase used for routine
abdominal CT imaging. Most hepatic lesions, includ-
ing most metastases, are hypovascular and are there-
fore best depicted against the maximally enhanced
hepatic parenchyma during this phase. The typical
delay for this phase is dependent on indication.
A fixed delay preceded by a rather slow (typically
2.5–3 ml/s) injection would suffice for single-phase
parenchymal imaging. For a bolus tracking approach
that interleaves multiple-phase imaging with an early
enhancing arterial and a later parenchymal phase, the
typical delay post threshold of the bolus tracker would
be in the range of 55–65 s. This delay is dependent on
the duration of CA injection.

For some dedicated indications it may be useful to
acquire an even later phase of parenchymal imaging
([3 min). This phase has shown potential to discern
hepatocellular carcinoma (hypoattenuating) and
cholangiocarcinoma (delayed contrast enhancement).

Overall, the most important parameter affecting
total peak contrast enhancement for liver and paren-
chymal imaging is the total iodine mass administered.
The administration of iodine is governed by
the parameters: total CA volume and iodine
concentration.

Subsequently the most important patient-related
parameter that affects the magnitude of parenchymal
attenuation is patient weight. For parenchymal
imaging per se, it is much more important to adjust
the total amount of deposited iodine to the patient
weight than for any vascular application. A multi-
center study found that 30 HU was the lowest
acceptable diagnostic threshold to allow hepatic
enhancement beyond 50 HU. Hence, the recom-
mended iodine dose of 0.5 gl should be injected per
kg of patient’s body weight to yield the most efficient
diagnostic peak enhancement of 50 HU. Hepatic
parenchymal enhancement is much less dependent on
flow rate than vascular enhancement (Bae et al.
1998c) (Fig. 2), but if combined in multiple-phase
imaging, rapid injection rates apply for the early
phase. For a single phase application aimed at

parenchymal imaging, an injection rate of &3 ml/s is
sufficient (Fig. 2).

3.3 Pancreatic Multi-Phasic Imaging

MDCT of the pancreas is usually conducted in a
biphasic (pancreatic parenchymal phase and por-
talveneous phase) protocol (Fig. 7). However, an
arterial phase (scan delay 20 s after start of injec-
tion) for the detection of neuroendocrinal tumors and
possible vessel infiltrations of tumors as well as an
unenhanced phase (for detection of calcifications),
resulting in a quadruple-phase scanning protocol, can
be helpful.

As the pancreatic parenchyma shows—in contrast
to liver parenchyma for example—a higher vascu-
larization, it is necessary to adopt a dedicated pan-
creatic parenchymal phase.

In helical CT era, a fixed delay for the pancreatic
phase of 30–70 s (with a peak at 40–45 s) after con-
trast agent injection was recommended. This was
appropriate for longer scan times (approx. 20 s for a
helical scan of the pancreas). MDCT provides much
faster acquisition times and needs no longer than
3–5 s for a pancreatic CT. This renders a fixed scan
delay suboptimal to catch the peak enhancement of
the pancreatic parenchyma. It is well known that an
individualized scan delay is superior to a fixed scan

Fig. 7 Optimized pancreatic parenchymal phase. Pancreatic
head shows HU values of up to 125. The scan was performed
on a 64-row MDCT. TCMT was 22 s, the additional diagnostic
delay was 20 s. CM concentration was 1.2 ml CA/kg PW
(370mgI/ml) with a flow rate of 3.5 ml/s
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delay (Schueller et al. 2006). Using a 16-row MDCT
and a flow rate of 4 ml/s (140 ml, 300 mg/ml), a scan
delay of aortic transit time plus a DT of 28 s provided
optimal parenchymal contrast. In the same study the
authors showed superior parenchmyal contrast at a
flow rate of 8 ml/s compared to 4 ml/s. Furthermore,
it was shown that higher concentrated contrast media
(400 mg/ml) provides better opacification of the
pancreatic parenchym than lower concentrated
(300 mg/ml) (Fenchel et al. 2004).

4 Summary

Many patient-related and injection-related factors can
affect the magnitude and timing of intravenous con-
trast agent attenuation, but these factors may be
grossly separated into two categories: (1) factors that
predominantly affect the magnitude of contrast
attenuation (body size, contrast volume, iodine con-
centration and saline flush) and (2) factors that pre-
dominantly affect the temporal pattern of contrast
attenuation (cardiac output, contrast injection dura-
tion and contrast injection rate).

MDCT, with its dramatically shorter image
acquisition times, permits images with a much better
utilization of peak contrast attenuation. High iodine
concentrations of contrast media and newer scanner
generations are mutually conditional. The very high
iodine flux rates required by angiographic applica-
tions can be met by low concentration iodine agents
only at very high flow rates resulting in high volumes
administered, which is not compatible with compro-
mised cardiac output.

Sporadic failure, though, is unpreventable at the
current stage of development. This is simply due to
the fact that the patient’s cardiac output is not known
prior to scan initiation in most cases.

MDCT is a powerful and continuously evolving
technology for non-invasive imaging. CA adminis-
tration is an integral part of this evolution and needs to
be continuously adopted and optimized to take full
advantage of this technology. A basic understanding
of physiologic and pharmacokinetic principles, as well
as an understanding of the effects of injection
parameters on vascular and parenchymal enhance-
ment, allows the development of optimized contrast
agent delivery protocols for current and future MDCT.
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Abstract

The role of imaging in patients with cirrhosis is to
characterize the morphologic manifestations of
the disease, evaluate the hepatic and extrahepatic
vasculature, assess the effects of portal hyperten-
sion, and detect and characterize hepatic tumors,
especially differentiating hepatocellular caricnoma
(HCC) from other tumors. CT plays a major role
in the imaging of the liver. The recent develop-
ment of multidetector row CT (MDCT) technol-
ogy has helped CT to continue to excel in its
currently established indications such as detection
and characterization of hepatic lesions. HCC is
the fifth most common tumor in the world and the
incidence is expected to increase in the future due
to hepatitis viral infections and increasing cirrho-
sis incidence. Approximately 90% of patients
with HCC have cirrhosis. The imaging criteria of
HCC are usually based on the vascular findings
of HCC (e.g. arterial enhancement followed by
washout in the portovenous and equilibrium phase).
To understand the hemodynamics of HCC is
important for the precise imaging diagnosis and
treatment since there is a good correlation between
their hemodynamics and pathophysiology. In this
chapter, the most important and prevalent findings
of HCC which can be evaluated by CT scans, and
current diagnostic criteria were discussed. In addi-
tion, the imaging features of atypical HCC as well
as frequent HCC mimickers in cirrhotic liver
were also discussed.
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1 Cirrhosis

1.1 Epidemiology

Cirrhosis is the common end response of the liver to a
variety of insults and injuries and defined as the
histological development of regenerative nodules
surrounded by fibrous bands, which leads to portal
hypertension and end-stage liver disease (Schuppan
and Afdhal 2008). Histologically, cirrhosis is char-
acterized by vascularized fibrotic septa that link portal
tracts with each other and with central veins, resulting
in hepatocyte islands surrounded by fibrotic septa and
that are devoid of a central vein. The major clinical
consequences of cirrhosis are impaired hepatocyte
(liver) function, an increased intrahepatic resistance
(portal hypertension), and the development of hepa-
tocellular carcinoma (HCC). Cirrhosis is the four-
teenth and tenth leading causes of death in the world
and in developed countries (Mathers 2006). Although
any chronic liver disease may progress to cirrhosis,
the most common causes of cirrhosis globally are
thought to be hepatitis B virus (HBV), hepatitis C
virus (HCV), and alcohol. Hepatitis B is the prevail-
ing cause in most parts of Asia and sub-Saharan
Africa, whereas alcoholic liver disease and hepatitis
C, and more recently, nonalcoholic steatohepatitis
(NASH) are the most significant causes in developed
countries (Lim and Kim 2008). Nonalcoholic fatty
liver disease (NAFLD) is now recognized as an
important clinical entity, affecting approximately
20–30% of the adult population in the Western world
(Greenfield et al. 2008).

1.2 Pathophysiology

Cirrhosis is the ultimate result of hepatic injury and
hepatic fibrosis causes architectural distortion and
results in a diffuse disorganization of hepatic mor-
phology with the development of a spectrum of
nodules which are classified into regenerative, dys-
plastic, and neoplastic (Popper 1986). Cirrhosis has
traditionally been divided into three categories: (1)
micronodular cirrhosis, in which less than 3 mm in
diameter, nodules evenly involve every lobule
(Fig. 1); (2) macronodular cirrhosis characterized by
variable-sized nodules (3 mm-a few cm) that are focal

and do not involve every lobule (Fig. 1); and (3)
mixed cirrhosis (Gore 2008). Alcoholism, hepatitis C,
and biliary cirrhosis are frequently associated with the
micronodular pattern whereas virial hepatitis B is
associated with the macronodular pattern. When
regenerative nodules contain iron they are called
siderotic nodules.

As cirrhosis develops, intrahepatic vascular resis-
tance increases and portal perfusion decreases, which
accompanies with increased arterial flow, capillar-
ization of the sinusoid (Schuppan and Afdhal 2008).
Consequently, portal hypertension may develop sec-
ondary to cirrhosis. In patients with portal hyperten-
sion, some of the portal blood may reversely flow
and pass through portosystemic collaterals such as
left gastric vein, esophageal varices, short gastric
vein, umbilical vein, and splenorenal shunt (Fig. 1)
(Perez-Johnston et al. 2010; Moubarak et al. 2011).

1.3 CT Features of Liver Cirrhosis

In general, CT is not sensitive enough to detect early
changes of cirrhosis, but their specificity is high if the
cause obvious (Saygili et al. 2005). Therefore, the
primary role of imaging in patients with cirrhosis is to
characterize the morphologic manifestations of the
disease, evaluate the hepatic and extrahepatic vascu-
lature, assess the effects of portal hypertension, detect
and characterize hepatic tumors, especially differen-
tiating hepatocellular caricnoma (HCC) from other
tumors (Kamel et al. 2005).

1.3.1 Liver Morphology
At an early stage of cirrhosis, the liver may appear
normal on cross-sectional imaging. With disease
progression, heterogeneity of liver parenchyma and
surface nodularity are observed (Brancatelli et al.
2007). In addition, it gives rise to several intra- and
extra-hepatic changes, including regional morpho-
logic changes in the liver, nodularity of the liver
surface, splenomegaly, regenerative nodules, iron and
fat deposition, and ascites, and the development of
varices and collaterals (Fisher and Gore 1985).
Although the classically described findings of cir-
rhosis are common in advanced cirrhosis, they are
seen less frequently in the early stage of the disease,
at which time the liver may appear nodular on CT (Ito
et al. 2000). Enlargement of the hilar periportal space
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and expansion of the major interlobar fissure are seen
in patients with early cirrhosis (Fig. 2) (Ito and
Mitchell 2004). These findings are attributed to atro-
phy of the medial segment of the left lobe, suggesting
that medial segment atrophy may be an initial mor-
phologic change in early cirrhosis (Lafortune et al.
1998).

Although all patients pathologically demonstrate
regenerative nodules, those regenerative nodules are
infrequently seen at CT. Nodularity of the liver con-
tour caused by regenerative nodules, fibrous scarring,
and non-uniform atrophy or hypertrophy could be
demonstrated, especially when ascites is present
(Fig. 2). Caudate lobe hypertrophy is the most char-
acteristic morphologic feature of liver cirrhosis
(Giorgio et al. 1986). The caudate lobe is often spared
from atrophic process in cirrhosis because of its dual
arterial blood supply and a shorter intrahepatic course
of hepatic arteries and portal veins supplying the

caudate lobe (Awaya et al. 2002). A ratio of trans-
verse caudate lobe width to right lobe width greater
than or equal to 0.65 constitutes a positive indicator
for the diagnosis of cirrhosis with high level of
accuracy (Fig. 3) (Harbin et al. 1980; Giorgio et al.
1986; Valls et al. 2002). A modified caudate lobe
width to right lobe width ratio, using the right portal
vein instead of the main portal vein to set the lateral
boundary has recently been proposed (Awaya et al.
2002). Other regional changes in hepatic morphology
typically seen in advanced cirrhosis are segmental
hypertrophy involving the lateral segments (2, 3) of
the left lobe (Awaya et al. 2002), and segmental
atrophy affecting both the posterior segments (6, 7) of
the right lobe and medial segment (4) of the left lobe
(Fig. 2) (Lafortune et al. 1998). Enlargement of hilar
periportal space, the notch-sign (Ito et al. 2003) an
expanded gallbladder fossa (Ito et al. 1999a, b, 2000,
2003), pericaval fat collections (Gibo et al. 2001) and

Fig. 1 Cirrhosis: pathologic and CT findings. a Micronodular
cirrhosis in a patient with alcoholic cirrhosis. b Corresponding
CT image of micronodular cirrhosis. c Macronodular cirrhosis

in a patient with hepatitis B cirrhosis. d Corresponding CT
image of macronodular cirrhosis with nodular contour and the
dilated left gastric vein (arrowheads)
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generalized widening of the interlobar fissures are
also considered typical findings of cirrhosis (Figs. 2
and 3) (Gibo et al. 2001; Brancatelli et al. 2007). In
advanced liver cirrhosis, colonic interposition
between the liver and the anterior-lateral abdominal
wall is frequently seen (Fig. 3).

Although the patterns of hepatic morphologic
changes overlap among the different causes of
cirrhosis, certain imaging features may suggest par-
ticular etiologic factors. For example, enlargement of
the lateral segment accompanied by shrinkage of both
right anterior segment and left medial segment is
frequently shown in patients with viral-induced cir-
rhosis (Khatri et al. 2010; Ozaki et al. 2010). Marked
caudate lobe enlargement is typically associated
with alcoholic cirrhosis and enlargement of caudate
lobe and the presence of the right posterior hepatic
notch on MR imaging are more frequent findings of
alcoholic cirrhosis than of virus-induced cirrhosis
(Okazaki et al. 2000). Primary sclerosing cholangitis
(PSC) and primary biliary cirrhosis are frequently
associated with hypertrophy of caudate lobe and
atrophy of other areas (Ito et al. 1999a, b).

1.3.2 Portal Hypertension and Mesenteric
Edema

Advanced cirrhosis is also accompanied by alteration
in hepatic blood flow. Periportal fibrosis and regener-
ative nodules cause extrinsic compression and tapering

of the intrahepatic portal and venous branches
(Kamel et al. 2005). The decreased portal venous
supply that occurs as a result of liver fibrosis is par-
tially compensated by an increase in arterial blood
supply. Such an increase in arterial perfusion may be
demonstrated by pronounced patchy liver enhance-
ment during the arterial phase (Kim et al. 2009a;
Kang et al. 2011). Therefore, cirrhotic liver paren-
chyma often demonstrates less contrast enhancement
than normal liver and appears inhomogeneous due to
underlying regeneration, fibrosis, and the altered
portal venous flow. Portal hypertension causes com-
plications such as ascites and the development of
engorged and tortuous collateral vessels such as left
gastric vein, esophageal varices, short gastric vein,
paraumbilical vein, and splenorenal shunt (Fig. 4)
(Perez-Johnston et al. 2010; Moubarak et al. 2011).
The paraumbilical veins and the left gastric vein, both
draining into the portal vein, also reopen to form
portosystemic shunts. Other shunts between the portal
and the systemic circulation include splenorenal
collaterals, hemorrhoidal veins, abdominal wall, and
retroperitoneal collaterals. In addition, increased
venous pressure is also responsible for the prominent
mesenteric edema and stranding occurring in 86%
of patients with cirrhosis (Chopra et al. 1999).
Mesenteric edema can be shown as an increase in
the density of the mesenteric fat compared with the
retroperitoneal fat.

Fig. 2 Cirrhosis: CT findings. a Contrast-enhanced CT image
shows enlargement of the hilar periportal space (arrowheads)
and hypertrophy of left hepatic lobe. b On portal phase CT
image, expansion of the major interlobar fissure (arrowheads)

and widening of the periportal space are seen. Note enlarge-
ment of left hepatic lobe and nodularity of the liver contour
(arrows)
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1.3.3 Fibrosis
Fibrosis is an inherent part of hepatic cirrhosis, and is
typically detected as patchy fibrosis, as a lacelike pat-
tern, or as a confluent mass. The lacelike type offibrosis
is best described as thin or thick bands that surround
regenerative nodules. This pattern is best visualized on
non-enhanced CT, and is usually not well visualized on
portal venous phase images (Dodd et al. 1999a, b).
Focal confluent fibrosis is observed in end-stage liver
disease and is usually a wedge-shaped lesion located in
the subcapsular portion of segment 4, 5, or 8, with
associated capsular retraction (Ohtomo et al. 1993a, b).
Delayed, persistent contrast enhancement, along with

the characteristic capsular retraction and typical loca-
tion and shape help to distinguish confluent fibrosis
from HCC (Brancatelli et al. 2009).

2 Hepatocarcinogenesis

2.1 Multi-Step Hepatocarcinogenesis

HCC is the most common primary hepatic malignant
tumor and the fifth most common tumor worldwide
and is the third most common cause of cancer-related
death (Parkin et al. 2001; Schutte et al. 2009; Yang

Fig. 3 Advanced Cirrhosis: CT findings. a Contrast-enhanced
CT image demonstrates enlargement of lateral segment of the
left lobe, atrophy of the medial segment of the left lobe (arrow),
and widening of gallbladder fossa (arrowheads). b Contrast-
enhanced CT image shows caudate lobe hypertrophy and right
lobe atrophy. Diagram demonstrates the method of determining
caudate lobe/right lobe ratio. A dashed arrow indicates
transverse diameter of the right lobe whereas solid arrow

depicts transverse diameter of the caudate lobe. c Contrast-
enhanced CT image demonstrates widening of the gallbladder
fossa (expanded gallbladder fossa sign), enlargement of caudate
lobe, and a characteristic notch in the right posterior surface of
the liver (arrowhead). d Coronal reformatted MDCT image
shows interposition of colon between the liver and right
abdominal wall (white arrowheads) due to atrophy of the right
lobe and ascites
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and Roberts 2010). One of major risk factors for
developing HCC is chronic hepatitis B and C and
alcohol abuse, especially if the liver cirrhosis is
already present (Gomaa et al. 2008). In case of
underlying cirrhosis, multistep hepatocarcinogenesis
from areas of regeneration to overt HCC has been
reported (Fig. 5) (Choi et al. 1993; Fan et al. 2011).
According to this multistep carcinogenesis, the most
common terminology of the International Working
Party of the World Congress of Gastroenterology
(ICGHN) defined regenerating nodules (RNs), low-
grade dysplastic nodules (DNs), high-grade DNs, and
HCC as steps from regeneration to HCC (Ferrell et al.
1993, 1995; Hytiroglou et al. 2007, 2009; Desmet
2009; Roncalli et al. 2011). In addition, small HCCs
measuring less than 2 cm in diameter are of two
types: vaguely nodular, well-differentiated tumors,
also known as ‘‘early’’ HCCs, and distinctly nodular
tumors, with histologic features of ‘‘classic’’ HCC.
The precancerous lesions include dysplastic foci and
DNs (Park and Kim 2011).

As there is progression along this pathway of mul-
tistep hepatocarcinogenesis, there is a corresponding

decrease in hepatocyte function, Kupffer cell density,
decreased biliary function, progressive sinusoidal
capillarization, and recruitment of unpaired arterioles
(Khatri et al. 2010). Small-sized nodules detected in
cirrhotic liver by imaging include large regenerative
nodules, DNs (low- or high-grade), and small HCCs
(early or progressed). Recently, the clinical detection
rate of these nodules has increased by the development
of cross-sectional imaging modalities. However, the
differential diagnosis of these lesions by imaging
studies may be difficult and even the histological
interpretation of these nodules may be difficult, espe-
cially for the biopsy tissue (Park and Kim 2011).

A DN is a precancerous nodular hepatocellular
region that contains dysplastic features without his-
tologic evidence for malignancy (Earls et al. 1996;
Hytiroglou 2004; Libbrecht et al. 2005). DNs are
subclassified on the basis of the degree of cellular
abnormalities: low-grade (containing hepatocytes
with mild atypia) and high-grade (when the degree
of atypia is moderate, but insufficient for the
diagnosis of malignancy). High-grade DNs are more
likely to progress to HCC than are low-grade DNs

Fig. 4 Portal hypertension and mesenteric edema. a and
b Axial contrast-enhanced CT images demonstrate dilated
and tortuous left coronary vein (arrowhead) (a), and retroperi-
toneal vein (arrowhead) (b). c Axial contrast-enhanced CT
image demonstrates mesenteric edema (arrowheads). d and
e Coronal reformatted CT images show decreased caliber of the

main portal vein (white arrowhead) and dilated left coronary
veins (black arrowhead) (d) and paraesophageal veins (white
arrowheads) (e). f Maximum intensity projection image in
portal phase after contrast injection shows developments of
collateral veins in end-stage cirrhosis
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(Borzio et al. 2003). A DN that contains a micro-
scopic focus of HCC is called ‘‘DN with subfocus of
HCC’’ (Earls et al. 1996). DNs may contain cells with
features suggestive of a clonal population, such as
accumulation of fat, hemosiderin or copper (Terada
and Nakanuma 1989; Terada et al. 1989). The high-
grade DNs are featured with increased cell density of
these lesions, mildly thickened cell plates and foci of
increased cell proliferation may be evident, forming
subnodules within DNs. DNs usually contain portal
tracts, and often contain small numbers of nontriadal
(also called ‘‘unpaired’’) arteries, and also demon-
strate variable degrees of sinusoidal capillarization,
which is detectable by immunohistochemical stains
for CD31 and CD34 antigens (Park et al. 2000). On
the contrary, the cell density within early HCC is at
least two times greater than that of the surrounding
parenchyma. The tumor cells grow in a replacing
fashion, and portal tracts may be present within these
lesions. Tumor-cell invasion into the intralesional
portal tracts (stromal invasion) is frequently seen
(Nakashima et al. 1999). Detection of heat shock
protein-70 and glypican-3 by immunohistochemical
stains has been suggested as a useful adjunct in dis-
tinguishing early HCC from DNs (Sakamoto et al.
1991; Llovet et al. 2006). Early HCCs receive blood
supply from two sources: vessels of entrapped portal
tracts (branches of the hepatic artery and portal vein),

as well as newly formed (nontriadal) arteries.
However, the number of intratumoral portal tracts is
less than one-third of that in the surrounding liver
tissue, while the nontriadal arteries of these lesions
are insufficiently developed (Nakashima et al. 1999;
Kojiro and Roskams 2005). Therefore, cell crowding
and low blood supply may result in hypoxia (Kutami
et al. 2000). Sometimes, nodular aggregates of less
differentiated tumor cells are seen to arise within the
well-differentiated cell population of early HCCs
(Kojiro and Nakashima 1999). Finally, small HCCs of
distinctly nodular type are well-demarcated, often
encapsulated nodules. Approximately 80% of these
lesions are moderately differentiated histologically,
the remaining contains both moderately and well-
differentiated areas (Nakashima et al. 1995, 1999;
Kojiro and Roskams 2005). Portal tracts are not
present within small HCCs of distinctly nodular type,
whereas nontriadal arteries are often plentiful, and
sinusoidal capillarization is well-developed. There-
fore, the blood supply of these lesions is basically
derived from nontriadal arteries (Ito et al. 1999a, b;
Kojiro and Nakashima 1999; Hytiroglou et al. 2007).
In addition, a de novo development of HCC can
occur, and it has been usually seen on normal liver
parenchyma without evidence of cirrhosis or nodules
in Europeans and Americans who have the low inci-
dence of chronic liver disease (Freeny et al. 1992;

: WDHCC :          MD or PDHCC
(classical HCC)

De novo Pathway

?
?

LGDN

Multistep pathway

: EHCCHGDN

Fig. 5 Hepatocarcinogenesis: there are two pathways of
carcinogenesis for hepatocellular carcinoma in cirrhosis: mul-
tistep pathway and de novo pathway. One or more regenerative
nodules may show a number of changes in shape and size of
nuclei and the cytoplasm of the hepatocytes (signs of atypia)
and change into dysplastic nodules. Dysplastic nodules show an

increased number of cells and cellular density. In addition,
atypia within dysplastic nodules can give rise to early
hepatocellular carcinoma, which represents an early stage of
HCC development with indistinct margin, and finally devel-
oped into small and progressed HCC with different degree of
differentiation
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Fernandez and Redvanly 1998; Taguchi et al. 2005).
The challenge for the radiologists is to detect pre-
malignant and malignant lesion early, to distinguish
HCC from RNs or DNs in patients with liver cirrho-
sis, and to allocate the patients with HCC properly to
the treatment options which are nowadays available
(Hytiroglou 2004; Zech et al. 2009).

2.2 Multistep Changes of Intranodular
Blood Supply and Drainage Vessels
During Hepatocarcinogenesis

As the progression of multistep carcinogenesis from
regeneration to HCC, increased arterial neovascular-
ization combined with decreased portal blood flow
are the key features of change occurring within the
nodules, and these features were reported by some

investigators with CT during hepatic arteriography
(CTHA) and CT during arterial portography (CTAP)
(Hayashi et al. 1999; Matsui 2004). According to the
results of previous studies on CTAP and CTHA, it has
been suggested that the intranodular portal supply
relative to the surrounding liver parenchyma is
decreased, whereas the intranodular arterial supply
is first decreased during the early stage of hepato-
carcinogenesis and then increased in parallel with
increasing grade of malignancy of the nodules
(Matsui et al. 2011). More specifically, normal
hepatic artery decreases in accordance with increasing
grade of malignancy and is virtually absent in HCC,
but abnormal arteries due to tumor angiogenesis
develop in high-grade DN during the course of he-
patocarcinogenesis, and are markedly increased in
number in moderately differentiated HCCs (Figs. 6, 7)
(Kitao et al. 2009). However, there is a fairly wide

Fig. 6 Multi-step hepatocarcinogenesis and changes of in-
tranodular blood supply. As malignancy grade progresses,
intranodular portal supply gradually decreases during early
stage of hepatocarcinogenesis and finally disappears in mod-
erately differentiated HCCs. On the contrary, arterial supply

first decreases during the early stage of hepatocarcinogenesis
and then acutely increases, and finally the entire nodule is fed
only by artery in moderately differentiated HCCs (Courtesy of
Matsui et al. 2011)
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range of overlap in blood supply patterns among the
various types of hepatocellular nodules (Nakamura
et al. 2007). Nevertheless, small HCCs sometimes
display characteristic radiologic features, such as
‘‘nodule-in-nodule’’ configuration (Fig. 8) and ‘‘corona
enhancement’’ pattern (Fig. 9) (Efremidis et al. 2007).
It should be noted that a lesion demonstrating hyper-
vascularity (throughout the lesion) on any contrast-
enhanced arterial phase images should be defined as
progressed HCC per the ICGHN criteria, even if the
lesion is less than 2 cm in diameter.

Furthermore, according to a recent study using
CTAP and CTHA, the main drainage vessels of
hepatocellular nodules change from hepatic veins to
hepatic sinusoids and then to portal veins during
multi-step hepatocarcinogenesis, mainly due to dis-
appearance of the hepatic veins from the nodules
(Kitao et al. 2009).

3 Imaging Features of Cirrhotic
Nodules

3.1 Regenerative Nodules

In the cirrhotic liver, RNs are macronodular
(C3 mm), as usually seen in chronic hepatitis B, or
micronodular (\3 mm), as seen in other causes of
cirrhosis. Most RNs are difficult to detect at CT
because they are too small or are too similar to sur-
rounding liver parenchyma (Krinsky and Lee 2000;
Kamel et al. 2005; Brancatelli et al. 2007). CT detects
RNs when they are surrounded by hyperdense fibrotic
bands on delayed phase CT (Fig. 10). Siderotic RNs
are typically hyperattenuating to liver parenchyma on
non-enhanced CT and are isoattenuating to liver, and
therefore difficult to detect, after contrast injection

Fig. 7 Multi-step changes of drainage vessels and peritumoral
enhancement during hepatocarcinogenesis. In dysplastic nod-
ules or early HCCs, the main drainage route from the tumor is
intranodular or perinodular hepatic vein, but during early stage
of hepatocarcinogenesis hepatic veins disappear from the
tumor, and drainage vessels change to hepatic sinusoids. In
moderately differentiated HCC with pseudocapsule formation,

the communication between tumor sinusoids and the surround-
ing hepatic sinusoids are also blocked, and then, the portal
venules in the pseudocapsule finally become the main drainage
vessel from the tumor. In accordance with the changes of the
drainage vessels, thin to thick corona enhancement appears
surrounding the tumor (Courtesy of Matsui et al. 2011)
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(Ito et al. 1996; Baron and Peterson 2001). However,
in the setting of Budd-Chiari syndrome with cirrhosis,
RNs can have features suggestive of HCC, including a
size larger than 2 cm, and arterial hyperenhancement
(Imaeda et al. 1994; Vilgrain et al. 1999; Brancatelli
et al. 2002). On portal venous phase images, a hyp-
oattenuated peripheral rim or presence of central scar
have also been reported in patients with Budd-Chiari
syndrome (Vilgrain et al. 1999). Although HCC and
RNs may be difficult to distinguish based on imaging
characteristics in the setting of Budd-Chiari, the
presence of more than 10 nodules measuring up to
4 cm in diameter, should favor the diagnosis of RNs
(Vilgrain et al. 1999).

3.2 Dysplastic Nodules

DNs are seen in 15–25% of patients with cirrhosis
(Krinsky and Lee 2000), although are not seen on
imaging as frequently, possibly because they appear
similar to RNs or the surrounding liver (Baron and
Peterson 2001). DNs receive predominantly portal
venous flow with decreased hepatic arterial flow and
therefore, such low-grade DNs may be indistin-
guishable from RNs based on enhancement charac-
teristics (Lim et al. 2004). Although there have been
some reports that described increased hepatic arterial
blood supply of high-grade DNs and consequent
arterial hyperenhancement mimicking HCC, most

Fig. 8 Small HCC with nodule-in-nodule appearance. a
Contrast-enhanced arterial phase CT scan shows two enhancing
nodules in segment 5 and segment 1 (arrowheads). b On
the portal venous phase CT scan, the lesion in segment
5 becomes hypoattenuated to the adjacent liver parenchyma. In
addition, the lesion in segment 1 shows much bigger area with

hypoattenuation, which represents so-called ‘‘nodule in nodule’’
appearance (arrows). c Photograph of the specimen shows a
small classic HCC (arrowhead) in segment 5. d Photograph of
segment 1 lesion shows a small HCC (arrowhead) developed in
the background of dysplastic nodule (arrows)
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DNs show slightly low or similar degree cumulative
arterial vascularity due to diminished normal hepatic
arterial flow despite of increased neovascularity
(Krinsky et al. 2001; Taouli et al. 2004; Efremidis
et al. 2007; Willatt et al. 2008). On CT imaging, only
10% of DNs were depicted on CT, and most of them
showed hypoattenuation during arterial and/or portal
venous phase (Fig. 11) (Lim et al. 2004). This low
sensitivity of CT for depiction of dysplastic nodule
could be explained by that DNs possess approxi-
mately the same amount of arterial supply as the
surrounding hepatic parenchyma and a normal or
slightly decreased portal venous supply (Ueda et al.
1992). Therefore, in a practical point of view,
since most DNs do not usually demonstrate bright
enhancement on arterial phase CT, marked arterial
phase enhancement should suggest HCC rather than

dysplastic nodule. A further distinguishing feature of
DNs from HCC is that DNs typically lack a capsule
(Willatt et al. 2008). However, there is still much
overlap in imaging features among regenerative
nodules, DNs and well-differentiated HCC (Branca-
telli et al. 2007). The difficulty in distinguishing
between high-grade dysplastic nodule and well-dif-
ferentiated HCC on CT is paralleled in their histologic
appearance (Khatri et al. 2010). Therefore, triple
phase helical dynamic CT is insensitive for detection
of DNs in cirrhotic livers, and DNs are detected and
characterized better by MR than by CT; however,
accurate diagnosis may be made in only about 15% of
cases (Krinsky et al. 2001).

3.3 Small Hepatocellular Carcinoma

By definition, small HCCs measure less than 2 cm in
diameter (1995). Careful morphologic studies from
Japan have shown that these lesions can be classified
into two types: (1) small HCC of indistinctly
(vaguely) nodular type (early HCC) (Fig. 12) and (2)
small HCC of distinctly nodular type (small pro-
gressed HCC) (Figs. 13 and 14) (Sakamoto et al.
1991; Hytiroglou et al. 2007). Microscopic invasion
of stroma and portal tracts is the primary diagnostic
feature used to differentiate well-differentiated HCC
from DNs (Wanless 1995; Kondo et al. 2009).
Although early HCCs receive blood supply from
both the hepatic artery and portal vein branches,
the number of intratumoral portal tracts is less than
one-third of that in the surrounding liver tissue and
the nontriadal arteries are insufficiently developed
(Nakashima et al. 1999; Kojiro and Roskams 2005).
Therefore, cell crowding and low blood supply may

Fig. 9 HCC with corona enhancement. a Contrast-enhanced
arterial phase CT scan shows hypervascular tumor (asterisk) with
peritumoral corona enhancement (arrowheads). b Contrast-

enhanced portal phase CT scan shows washout of the tumor
(asterisk) ith perilesional enhancement. c Specimen photograph
shows a well encapsulated HCC lesion

Fig. 10 Regenerative nodule: CT appearance. Delayed phase
CT scan also shows multiple nodules which are separated by
hyperenhancing fibrous tissues in the liver. Note nodularity of
liver contour, splenomegaly and small amount of ascites
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result in hypovascularity of those nodules on CT
(Bolog et al. 2011; Matsui et al. 2011; Sano et al.
2011). On the contrary, small HCCs of distinctly
nodular type are similar to larger examples of classic
HCC not only at the macroscopic, but also at the
microscopic level. Portal tracts are not present within
small HCCs of distinctly nodular type, whereas non-
triadal arteries are often plentiful, and sinusoidal
capillarization is well-developed. Therefore, the
blood supply of these lesions is basically derived from
nontriadal arteries (Ito et al. 1999a, b; Kojiro and
Nakashima 1999; Hytiroglou et al. 2007).

Distinction among RNs, DNs, and HCC with vary-
ing degrees of differentiation requires an assessment of
the hemodynamic nature of the mass (arterioportal
imbalance). In the diagnosis of HCC in patients with
liver cirrhosis using MDCT, the detection of vascular
changes within the hepatic nodules is crucial since there
are no other reliable criteria to detect or characterize
HCC (Zech et al. 2009). The presence of early arterial
enhancement with rapid washout during the portal

venous phase should be regarded as highly suspicious
for the presence of HCC (Luca et al. 2010; Lee et al.
2011). Characteristically, HCC is hypoattenuating to
liver on unenhanced CT, and manifests as a heteroge-
neous, moderately enhancing lesion during the arterial
phase, with washout on portal venous and delayed
phase (Fig. 15). Other useful characteristics of HCC
are heterogeneity, mosaic appearance, multiplicity,
encapsulation, and portovenous or hepatovenous
invasion (Brancatelli et al. 2007). However, unfortu-
nately, early HCCs are often lack of sufficient arterial
neovascularization, and show isoattenuation to hepatic
parenchyma on arterial-dominant phase (Takayasu
et al. 1995; Bolog et al. 2011; Sano et al. 2011). This
feature can cause the difficulty in differential diagnosis
of hepatic nodule with the liver cirrhosis patients. As
the MDCT images can only show the vascular changes
of lesions, differentiation among the simple RNs,
high-grade DNs, and well-differentiated early HCC
in the cirrhotic liver can be difficult, and this is
the main limitation of MDCT (Burrel et al. 2003;

Fig. 11 Dysplastic nodule: CT appearance. a Arterial (a) and
portal (b) phase CT scans demonstrate a nodule with subtle
hypoenhancement (arrowhead). c Delayed phase CT scan

shows a hypoattenuated nodule compared with the surrounding
liver parenchyma (arrowhead)

Fig. 12 Small HCC of indistinctly nodular type (early HCC).
a Arterial phase CT scan demonstrates a nodule with subtle
hypoenhancement in segment 6 (arrowhead). b Portal phase

CT scan demonstrates a nodule with isoenhancement (arrow-
head). c Delayed phase CT scan shows a hypoattenuated nodule
compared with the surrounding liver parenchyma (arrowhead)
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Bartolozzi et al. 2007). This so-called ‘grey zone of
hepatocarcinogenesis’ remains still unclear for imag-
ing [not only MDCT but also magnetic resonance
imaging (MRI)] as well as even sometimes for
pathology (Bartolozzi et al. 2007). However, radiologic
criteria favoring malignancy are as follows: size larger
than 2 cm, washout on delayed phase, delayed
enhancing tumor capsule, and rapid interval growth
(Choi et al. 1993; Krinsky and Lee 2000; Willatt et al.
2008; Lee et al. 2011).

3.4 Classification of Nodules
on the Imaging Workup

For de novo 1- to 2-cm nodules in a cirrhotic liver, the
specificity and positive predictive power of the typical

radiological pattern of HCC, which is characterized
by increased contrast enhancement (wash-in) during
the late arterial phase and then by wash-out during the
portal venous or delayed phase with a single dynamic
technique (CT or MRI), have been found to be high in
single-center studies, although the negative predictive
values have been only 42–50% (Fournier et al. 2004;
Luca et al. 2010; Sangiovanni et al. 2010). Therefore,
any new nodule that is greater than 1 cm and shows
this combination of imaging findings can be consid-
ered HCC when it is observed in a cirrhotic liver
(Sherman 2010; Lee et al. 2011). The sensitivity of
this single-technique policy to the malignancy of tiny
lesions is 65%, whereas the sensitivity of the two-
technique policy (suggested by the 2005 guidelines
from the American Association for the Study of Liver
Diseases) is only 35% (Fournier et al. 2004; Bruix and

Fig. 13 Small HCC of distinctly nodular type (small progressed
HCC) showing atypical enhancement pattern. a Arterial phase
CT scan shows a small hyperenhancing nodule (arrowhead) with

distinct margin in segment 5. b and c Portal phase (b) and delayed
phase (c) CT scans show no washout (arrowheads). d Specimen
photograph shows a well encapsulated HCC lesion
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Fig. 14 Small HCC of distinctly nodular type (small pro-
gressed HCC) showing typical enhancement pattern. a Arterial
phase CT scan demonstrates a hyperenhancing nodule in
segment 3 (arrowhead). b and c Portal phase (b) and delayed

phase (c) CT scan shows washout of the lesion. d Specimen
photograph shows a well encapsulated HCC lesion with a small
necrotic portion

Fig. 15 Small HCC showing heterogeneous arterial hyperen-
hancement. a Arterial phase CT scan shows a heterogeneously

enhancing nodule in segment 3. b Portal phase CT scan shows
washout of the nodule
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Sherman 2005); thus, the adoption of the single-
technique policy could eliminate the use of fine needle
biopsy (FNB) for a final diagnosis in one-third of
patients (Sangiovanni et al. 2010). For hypervascular
nodules without washout that are greater than 1 cm,
the chance of being HCC is as high as 66% (Luca
et al. 2010). Hence, this radiological pattern can be
considered worrisome for the diagnosis of HCC. In
these cases, an additional imaging technique for
detecting washout is advisable so that the malignancy
can be confirmed without FNB.

Additional imaging observations that are more
commonly found in association with HCC include
peripheral rim enhancement during the delayed
phase (Fig. 16), intralesional fat (Fig. 17), an internal

mosaic pattern (Fig. 18), the presence of a tumor
capsul (Fig. 18), vascular invasion on any dynamic
postcontrast imaging (Fig. 19) and interval growth
(maximum diameter increase) of 50% or more on
serial MRI or CT images obtained less than 6 months
apart (Choi and Lee 2010; Pomfret et al. 2010). The
presence of one or several of these features may
increase the confidence of the radiological diagnosis
of HCC. However, hypovascular or isovascular HCC
cannot be diagnosed with the aforementioned radio-
logical criteria. Therefore, image-guided FNB or
follow-up imaging needs to be considered for nodules
that do not meet the qualitative criteria for HCC but
raise concerns about HCC (e.g., there is documented
interval growth) (Lee et al. 2011).

Fig. 16 Advanced HCC: typical appearance. a Arterial phase CT scan shows a heterogeneously enhancing nodule in segment 7
(arrowhead). b Delayed phase CT scan shows washout and a hyperattenuating capsule

Fig. 17 Hypovascular HCC with fatty metamorphosis. a Pre-
contrast CT scan demonstrates an exophytic, fat containing
mass lesion in segment 3. b Arterial phase CT scan shows faint

internal enhancement of the lesion (arrowheads). c Portal phase
CT scan shows similar appearance to the arterial phase image
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Fig. 18 Hypervascular HCC with a mosaic appearance and a
peripheral capsule. a Arterial phase CT scan shows a 7-cm
lesion that is heterogeneously hyperenhancing to the liver and
shows a mosaic appearance (arrowheads). b Delayed phase CT
scan shows washout of the lesion with capsular enhancement,

typical of HCC (arrowheads). c Specimen photograph shows
a well encapsulated HCC lesion with necrosis and confluent
areas of tumor nodularity separated by fibrous septations and
necrotic area

Fig. 19 Diffuse HCC with portal vein thrombosis. a Precon-
trast CT scan shows that the right lobe is hypoattenuated
(arrowheads) compared with the left lobe. b Arterial phase CT
scan shows enhancing thrombus (arrows) within the portal vein
that appears expanded. The presence of tumor thrombus
suggests an underlying mass. Patchy enhancement is noted in
the right lobe mass lesion (arrowheads). c Portal phase CT scan

shows washout of the diffuse HCC (arrowheads), as well as
tumor thrombus (arrows) within the portal vein. d Coronal CT
scan that was obtained during arterial phase shows heteroge-
neous enhancement of the mass (arrowheads), and increased
vascularity within the tumor thrombus (arrow). e Specimen
photograph shows a diffuse HCC with portal vein invasion
(arrows)
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4 MDCT Findings of HCC

4.1 Characteristic CT Features of HCC

Imaging finding of HCC seen on MDCT can
be classified as two main categories, i.e. nodular
(Figs. 14 and 19) diffuse infiltrative. Although
nodular HCCs frequently show well-demarcated,
hypoattenuated masses in liver parenchyma on
noncontrast image, sometimes tumor-liver contrast is
insufficient for the detection of HCC on noncontrast
image, and the contour change of hepatic surface is
the only clue for the presence of HCC. In the setting
of cirrhosis, heterogeneity and nodularity of back-
ground liver may make it difficult to detect HCC on
precontrast CT images. Intratumoral calcification,
hemorrhage or necrosis can also be present, and
these may change the attenuation of hepatic nodule
on noncontrast image (Fig. 20). However, for
imaging of HCC and lesions in the cirrhotic liver,

the main diagnostic criterion in CT is the detection
of changes in the vascular supply of hepatic nodules
due to arterial neovascularization descried on mul-
tistep hepatocarcinogenesis.

4.1.1 Arterial Enhancement and Washout
As DNs progress to develop malignant foci, the tumor
recruits unpaired arteries and sinusoidal capillaries,
with resultant avid arterial enhancement that is
best detected on arterial phase (Lee et al. 2000;
Hammerstingl and Vogl 2005). Approximately
80–90% of HCCs are hypervascular during the arte-
rial phase (Kim et al. 2011a, b, c, d), whereas
approximately 10–20% of HCCs may be hypovascu-
lar to the surrounding parenchyma on the arterial
phase images and they are generally seen in smaller
tumors \2 cm (Honda et al. 1993; Yoon et al. 2009;
Matsui et al. 2011). Hypovascularity (or hypovascular
enhancement) in small tumors may be related to lack
of arterialization of the tumor. However, large HCC
can be also hypovascular on the arterial phase and

Fig. 20 HCC with intratumoral hemorrhage. a Precontrast CT
scan demonstrates a large tumor with internal hemorrhage,
which resulted in hyperattenuation in the central portion of the
main tumor with hypoattenuation (arrowheads). b Arterial

phase CT scan shows patchy enhancement of the tumor with
dilated tumor vessels. c Specimen photograph shows a well
encapsulated HCC lesion with intratumoral hemorrhage

Fig. 21 A poorly differentiated HCC with atypical enhance-
ment. a Arterial phase CT scan shows a tumor (arrows) with
isoenhancement to adjacent liver parenchyma. b and c Portal

phase (b) and delayed phase (c) CT scans show hypoenhance-
ment of the lesion (arrows). Two small nodules in the right lobe
were diagnosed as dysplastic nodules
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may appear more heterogeneous in enhancement
(Figs. 21 and 22).

HCC typically shows as a hyperattenuated nodular
lesion on the arterial-dominant phase with following
washout to iso- or mostly low attenuated nodule on
portal venous or delayed phase (Figs. 15, 16, and 18)
(Choi et al. 1997; Furlan et al. 2011). The presence of
pathologic washout can be better shown on delayed
phase images than on portal phase images with
improved diagnostic accuracy for detecting HCCs
(Hwang et al. 1997; Loyer et al. 1999; Iannaccone
et al. 2005; Furlan et al. 2011; Serste et al. 2011).
Unfortunately, however, in cirrhotic liver, although
for de novo 1–2 cm nodules ensuing in a cirrhotic
context the specificity and positive predictive power
of the ‘‘typical’’ radiological pattern of HCC at one
dynamic techniques (US, CT, or MRI) were found to
be high in single-center studies, the negative predic-
tive value was only 42–50% as there are many HCCs
showing atypical enhancement pattern (Figs. 13 and
17) (Forner et al. 2008; Luca et al. 2010; Sangiovanni
et al. 2010). Therefore, delayed hypoattenuation
(washout) increases diagnostic accuracy for diagnosis
of HCC, the lack of washout does not exclude HCC.
In a series by Luca et al. (Hayashi et al. 1999), 43% of
HCCs were hypoattenuated on the portal or delayed
phase images, whereas 45% were iso- or hyper-
attenuated on the delayed phase images. Indeed,
according to a recent study, hypervascular nodules
[1 cm without wash-out in cirrhotic liver on CT have
a risk of being HCC up to 66% (Fig. 13) (Luca et al.

2010). Hence, this radiological pattern can be con-
sidered being worrisome for HCC diagnosis. Arterial
enhancing false-positive lesions such as arterioportal
shunt are also frequently seen in advanced cirrhotic
liver, as the compensatory arterial hyperperfusion
can be developed. Therefore, differentiating this
atypically hyperenahncing small HCC from early
enhancing pseudolesions such as arterioportal shunt is
a clinical dilemma (Sun et al. 2010). In such cases of
hypervascular nodule [1 cm, an additional imaging
technique such as dynamic MRI aimed at detecting
the washout is advisable, in order to confirm malig-
nancy without fine needle biopsy (FNB) (Khalili et al.
2011; Lee et al. 2011).

The detection rates of HCC using MDCT reported
in the literature are highly variable. One trial with a
very strict methodology and whole liver explants
correlation showed sensitivity of 49.4% and positive
predictive value of 57.9% for detection of HCC using
triphasic CT (Lee et al. 2009). A subgroup analysis in
this study showed a strong influence of the lesion size
to the diagnostic performance of MDCT. While
lesions [2 cm showed the detection rate of 74.1%,
lesions\2 cm were only detected in 37.3% (Lee et al.
2009). Another trial with a four-row MDCT showed
an overall sensitivity of 73% for detecting HCC, with
also markedly decreased detection rates (approxi-
mately 33%) for lesions lesser than 1 cm in diameter
(Kawata et al. 2002). Maetani et al. (2008) reported a
sensitivity, positive predictive value, and accuracy for
HCC detection using MDCT with 87, 96, and 84%,

Fig. 22 Poorly differentiated HCC with central necrosis.
a Arterial phase CT scan shows a heterogeneously enhancing
tumor (arrowheads) with central necrosis (asterisk). b Delayed

phase CT scan shows non-enhancing, central necrotic area
(asterisk) as well as washout of peripheral viable portion of the
tumor (arrowheads)
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respectively. Considering these reports, lesion sizes
combined with degree of vascular change within
nodule are strongly influenced to the diagnostic per-
formance of MDCT for detecting HCC.

4.1.2 Capsule or Pseudocapsule
A tumor capsule or pseudocapsule is most often seen
in large HCCs and may be present in 24–90% of cases
in the Asian population and 12–42% of cases in the
non-Asian population (Freeny et al. 1992; Stevens
et al. 1994). Larger tumors tend to demonstrate
thicker capsules which may be hypoattenuated on
precontrast CT images (Khatri et al. 2010). Histo-
logically, the capsule consists of an inner fibrous
layer and an outer layer composed of compressed
vessels and bile duct (Ishigami et al. 2009). The
capsule frequently demonstrates persistent or delayed
enhancement (Fig. 18) (Freeny et al. 1992). These
features are highly specific for HCC and the presence
of a capsule or pseudocapsule strongly suggests a
diagnosis of HCC (Grazioli et al. 1999; Choi and Lee
2010; Khatri et al. 2010; Matsui et al. 2011). Lower
grade tumors are more likely to be encapsulated
(Stevens et al. 1994). Extracapsular extension or
daughter nodule formation has been shown to be
a negative prognostic factor seen pathologically in
43–77% of HCCs (Imaeda et al. 1994).

4.1.3 Mosaic Appearance
HCC can exhibit a mosaic appearance as manifested
by variable unenhanced and contrast-enhanced
attenuation within a single lesion. Pathologically, the
mosaic appearance reflects multiple confluent areas
of tumor nodularity interspersed with fibrous septa-
tions, necrosis, hemorrhage, copper deposition, and
fatty infiltration as well as varying degrees of his-
tologic differentiations (Stevens et al. 1996). The
mosaic appearance has been seen in 28–63% of
cases and is more common in larger tumors and
nodular type tumors (Stevens et al. 1994; Loyer
et al. 1999; van den Bos et al. 2007). The mosaic
appearance is well seen on contrast-enhanced CT, as
some higher grade poorly differentiated HCCs may
have decreased arterial blood supply whereas other
large atypical well-differentiated HCCs may be
characterized by areas of portal perfusion (Kudo
2004; van den Bos et al. 2007; Asayama et al.
2008).

4.1.4 Vascular Invasion
Vascular invasion of the portal vein or hepatic vein by
HCC is frequently seen in the setting of HCC and has
been reported to occur in as many as 6.5–48% of
cases (Freeny et al. 1992; Stevens et al. 1994; Loyer
et al. 1999). Vascular invasion has been found to be
more common in patients with larger tumors or poorly
differentiated HCC or diffuse type HCC (Fig. 18)
(Kanematsu et al. 2003; Khatri et al. 2010). Vascular
extension involves the portal venous system more
frequently than the hepatic veins, and is thought to be
related to the portal venous drainage of HCC (Stevens
et al. 1994; Hayashi et al. 2002; Kanematsu et al.
2005; Matsui et al. 2011). Extension of HCC into the
hepatic veins is often associated with invasion of
the portal vein and when tumor thrombus develops in
the hepatic vein, it frequently predisposes to tumor
thrombus extension into the inferior vena cava and
right atrium. However, patients with cirrhosis can also
develop benign portal vein thrombosis secondary to
portal hypertension and venous stasis (Hall et al.
2011). The distinction between tumor and bland
thrombosis is important due to the associated man-
agement implications (Tublin et al. 1997; Lee et al.
2008; Poddar et al. 2010). Patients with tumor
thrombosis are typically not candidates for surgical
resection or transplantation (Piscaglia et al. 2010).
Malignant tumor thrombus is typically seen in con-
tiguity with or in close proximity to the primary tumor
and characteristically exhibits luminal expansion of
the involved vessels, arterial enhancement (neovas-
cularity) with washout, and frequently shows similar
imaging features with the primary tumor (Fig. 18)
(Tarantino et al. 2006; Piscaglia et al. 2010). On the
contrary, benign PVTs show a lack of vascularization
of the thrombus on CT and absence of mass-forming
features of PVT (near normal caliber) (Fig. 23)
(Tarantino et al. 2006; Piscaglia et al. 2010). In some
cases of diffuse or infiltrating HCC, the presence of
tumor thrombus may be the only clue to suggest that
there is an underlying malignancy and is commonly
associated marked elevation in serum alpha-fetopro-
tein levels (Kanematsu et al. 2003; Poddar et al.
2010). While macrovascular invasion can be easily
detected at imaging, microvascular invasion is almost
impossible to visualize, but fortunately, it does not
constitute a contraindication to curative treatment
although it is often associated with tumor recurrence
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following resection or transplantation (Kim et al.
2008a; Sumie et al. 2008; Chou et al. 2011).

4.2 Uncommon Features of HCC

4.2.1 Diffuse Infiltrative HCC
Diffuse type HCC constitutes up to 13% of cases of HCC
and appears as an extensive, heterogeneous, permeative
hepatic tumor with portal venous thrombosis, often
associated with an elevated serum alpha-fetoprotein
level (Kanematsu et al. 2003). These tumors have a
patchy or nodular early enhancement pattern and can be
difficult to detect on arterial phase, but they become
hypoattenuated in the late equilibrium phase images

(Fig. 24) (Kanematsu et al. 2003). For the diffuse infil-
trative HCCs, margin of the lesions is indistinct in many
cases, and it often combines with vascular invasion
(i.e. portal vein or hepatic vein). Tumor thrombi within
the portal vein or hepatic vein are also present on MDCT
images, and these tumor thrombi also show the
arterial neovascularization (Fig. 19). Hepatic paren-
chymal changes secondary to the vascular invasion such
as arterioportal shunt in portal vein tumor invasion or
hepatic congestion in hepatic vein invasion can also be
seen (Freeny et al. 1992; Baron and Peterson 2001).

4.2.2 Nodule Within Nodule Appearance
When foci of HCC develop within a preexisting dys-
plastic nodule, the typical appearance of an arterially

Fig. 23 Liver cirrhosis with benign portal vein thrombosis.
a Arterial phase CT scan shows a hypoattenuated thrombus in
the right lobar branch of the portal vein (arrowheads). b Portal

phase CT scan shows the thrombus (arrowheads) in the portal
vein with normal caliber, with better conspicuity compared
with the arterial phase image

Fig. 24 Diffuse HCC. a Arterial phase CT scan shows a very
heterogeneously enhancing right hepatic lobe (arrowheads).
b Portal phase CT scan shows an inhomogeneous hypoattenuation

of the lesion (arrowheads). c Specimen photograph shows
a diffuse infiltrative type HCC having similar appearance of
macronodular cirrhosis
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hyperenhancing nodule within a hypoattenuated nod-
ule is termed a ‘‘nodule within nodule’’ appearance
(Fig. 8) (Kojiro 1998; Goshima et al. 2004; Zheng et al.
2004; Kim et al. 2007b; Ishida et al. 2008; Kudo and
Tochio 2008; Sano et al. 2011). The appearance on
CT may be of an overt hypervascular HCC within a
hypovascular dysplastic nodule (Fig. 25) (Onaya
et al. 2000; Takayasu et al. 2007). HCC that occurs
within a preneoplastic focus and exhibits such imaging
features has been shown to have potential for rapid
growth (Sadek et al. 1995). A different nodule-
in-nodule appearance can also be seen on contrast-
enhanced CT when necrotic HCCs contain foci of
viable enhancing tumor.

4.2.3 Fatty Metamorphosis
HCCs may sometimes contain fat (Stevens et al.
1994). HCCs with fatty metamorphosis show low
attenuation with negative Hounsfield units on CT
images and the presence of fat within a lesion favors
a primary HCC (Fig. 17) (Yoshikawa et al. 1988;
Tsunetomi et al. 1989; Martin et al. 1995; Prasad et al.
2005). Although fatty components have been descri-
bed in regernative nodules and focal nodular hyper-
plasia, such an observation is quite rare and possibly
related with underlying liver steatosis (Valls et al.
2006). Other hepatic lesions that contain fat include
adenomas, rare tumors such as angiomyolipomas,
lipomas, and certain metastases such as those from

Fig. 25 Small HCC in dysplastic nodule showing ‘‘nodule in
nodule’’ appearance. a Arterial phase CT scan shows a small
enhancing focus with a hypoattenuated nodule in segment 8
(arrowheads). b and c Portal phase (b) and delayed phase (c) CT
scans show a central enhancing focus within a hypoattenuated
nodule. d Dyna-CT scan shows two enhancing foci (arrows)

within the hypovascular nodule (arrowheads) in segment 8.
Note that Dyna-CT scan with contrast injection through the
hepatic artery can provide much high spatial resolution and
better contrast enhancement of the small HCC foci within
the dysplastic nodule compared with MDCT scan
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liposarcomas, teratomas, ovarian dermoids, Wilms
tumors, and certain renal cell carcinomas (Basaran
et al. 2005; Prasad et al. 2005). In the cirrhotic liver, a
fat containing lesion should raise suspicion for HCC
over these other diseases, which are not typically seen
in cirrhotic liver (Khatri et al. 2010).

4.2.4 HCC with Bile Duct Invasion
HCC may grow in major bile ducts, causing
obstructive jaundice, and is frequently associated with
concomitant intraportal tumor growth (Kim et al.
2011d). Tumor growth into the bile duct is found in
6% of cases of HCC at autopsy. The imaging features
that help differentiating HCC with bile duct invasion
from cholangiocarcinoma of the bile duct include the
presence of parenchymal mass, liver cirrhosis, and the
hyperattenuating intraductal tumor on the hepatic
arterial phase (Fig. 26) (Minagawa et al. 2007; Ike-
naga et al. 2009; Liu et al. 2010; Kim et al. 2011d).
HCC with bile duct invasion has an infiltrative nature
and a high risk of intrahepatic recurrence, resulting in
poor prognosis (Ikenaga et al. 2009).

4.2.5 HCC Variants
Classic HCCs with atypical histologic features dem-
onstrate atypical imaging features. These include
cancers with marked fatty metamorphosis, massive
necrosis, abundant fibrous stroma (scirrhous type),
sarcomatous change, and copper accumulation. Path-
ologically, there are several variant types of HCC:

clear cell type HCC, fibrolamellar HCC, sarcomatoid
HCC, combined HCC-cholangiocarcinoma, and scle-
rosing HCC (Ichikawa et al. 1999; McLarney et al.
1999; Okuda 2002; Lao et al. 2007; Kim et al. 2009b).
Clinically, sarcomatoid HCC and combined HCC-
cholangiocarcinoma show poorer prognosis than
classic HCC, whereas fibrolamellar HCC shows better
prognosis and sclerosing HCC shows prognosis similar
to classic HCC (Ariizumi et al. 2011a, b).

Radiologically, these variants do not share imaging
characteristics typical of HCC (Chung et al. 2009).
Clear cell HCCs frequently showed decreased atten-
uation on unenhanced CT and hypovascularity on
contrast-enhanced CT, which are non specific.
(Monzawa et al. 1999). Sclerosing or scirrhous HCC
is a rare hepatic tumor characterized by intense
fibrosis which shows very similar CT appearance to
cholangiocarcinoma (Fig. 27) (Kim et al. 2009b).
Fibrolamellar HCC is a distinctive HCC variant that is
not associated with hepatitis or cirrhosis. This tumor
occurs in young adults (second or third decade of life)
without sex predominance (Ichikawa et al. 1999;
McLarney et al. 1999; Okuda 2002). Pathologically,
fibrolamellar HCC usually presents as a single, large,
well-demarcated, but non-encapsulated tumor with a
fibrous band infiltrating throughout. The fibrotic tis-
sue coalesces to form a central scar, which is reported
in 20–60% of cases (Ichikawa et al. 1999; McLarney
et al. 1999). On unenhanced CT, the tumor is low-
attenuating compared with the surrounding liver,

Fig. 26 HCC with bile duct invasion and tumor thrombus in
the portal vein. a Arterial phase CT scan shows a faintly
enhancing HCC lesion (arrows) in right anterior segment with
lipiodol and enhancing tumor thrombus in the bile duct (open

arrow) and in the portal vein (arrowheads). b Portal phase CT
scan shows washout of the main tumor (arrows) as well as the
tumor thrombi in the bile duct (open arrow) and the portal vein
(arrowheads)
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whereas on dynamic contrast-enhanced CT it has
predominant heterogeneous enhancement. Intratu-
moral calcification (68%), a central scar (71%), and
pseudocapsule (35%) are visible on CT (Ichikawa
et al. 1999; McLarney et al. 1999). Sarcomatous HCC
is an aggressive variant of HCC with an incidence of
3.9–9.4%, with either a sarcomatous change in part of
the HCC or coexistence of a sarcoma and HCC
(Honda et al. 1996; Da Ines et al. 2009).

Combined HCC-cholangiocarcinoma is composed
of elements from both entities (Fukukura et al. 1997).

The characteristics of these tumors, as visualized by
contrast-enhanced dynamic imaging, depend on the
proportions of tumor components (Shin et al. 2007).
On contrast-enhanced CT, the HCC-dominant tumor
is well enhanced in the early phase and washed out in
the late phase, and the cholangiocarcinoma-dominant
tumor shows peripheral and delayed enhancement
(Fig. 28) (Murakami et al. 1997). Sometimes, these
mixed tumors appear heterogeneously enhanced
because the HCC component appears hyperenhanced,
whereas the cholangiocarcinoma component appears

Fig. 27 Schirrhous type HCC showing atypical enhancement
pattern. a Arterial phase CT scan demonstrates a hypovas-
cular nodule with peripheral rim-like enhancement (arrows),
which is similar to the typical enhancement pattern of

cholangiocarcinoma. b Portal phase CT scans demonstrate a
tumor with peripheral enhancement (arrows), similar to the
arterial phase image

Fig. 28 Combined HCC-cholangiocarcinoma. a Arterial phase
CT scan shows a heterogeneously enhancing tumor (arrow-
heads) with lobulated margin in segment 6. b Portal phase

CT scan shows washout of the arterially enhancing portion
along the lateral side (white arrowhead) as well as centripetal
enhancement along the medial side (black arrowhead)
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hypoenhanced relative to the surrounding liver
(Fukukura et al. 1997; Murakami et al. 1997; Shin
et al. 2007; Ariizumi et al. 2011a, b). On dynamic
contrast-enhanced CT, sclerosing HCC shows hyper-
vascularity and remarkable progressive and prolonged
enhancement (Yamashita et al. 1993). The adjacent
liver capsule may retract, especially in highly fibrotic
tumors (Kim et al. 2009).

5 Hepatocellular Carcinoma Mimics

While considered the most consistent feature of HCC,
arterial enhancement is also a feature of other non-
malignant lesions that can be found in the cirrhotic
liver, especially those measuring smaller than 2 cm,
which explains the high incidence of false-positive
results for HCC (Brancatelli et al. 2003; Wiesner et al.
2004). Enhancing lesions seen only on the hepatic
arterial phase on MR imaging are a daily challenge.
Common hypervascular liver lesions include heman-
gioma, focal nodular hyperplasia, hepatocellular
adenoma, HCC, fibrolamellar carcinoma, and metas-
tases from primary tumors such as neuroendocrine
tumor (Fig. 29), renal cell carcinoma, melanoma,
and thyroid carcinoma (Namasivayam et al. 2007).
Helical CT screening for HCC in patients with cir-
rhosis has a substantial false-positive detection rate
(Brancatelli et al. 2003). Among several causes of
false-positive diagnosis, transient hepatic attenuation
differences (THADs) is the most common in cirrhotic

liver (Desser 2009). THADs are typically wedge-
shaped hypervascular regions visible on the hepatic
arterial phase, and fade to isodense on venous and
delayed phases. They are commonly seen in the
setting of locally diminished portal venous inflow.
Familiarity with the characteristic appearance of
arterially enhancing liver lesions should permit
discrimination of these lesions from true HCCs
(Desser 2009).

5.1 Transient Hepatic Attenuation
Difference

THADs are the imaging manifestation of regional
variations in the balance between hepatic arterial,
portal venous, and third inflow sources of hepatic
blood flow. THADs due to nontumorous arterioportal
shunt or focal obstruction of a distal parenchymal
portal vein are a common finding seen in the cirrhotic
liver on arterial phase CT images (Baron 1994; Yu
et al. 1997, 2000a). They are typically seen as well-
defined areas of enhancement only on the arterial
phase and not on other phases. Most cases of THADs
not usually seen on the noncontrast images, they can
occasionally have a corresponding area of hypoat-
tenuation when a focal fat deposit occurs, and
associated with mild prolonged parenchymal
enhancement (Fig. 31) (Yu et al. 1997). Shunts are
usually triangular or fan-shaped, peripherally located,
and have straight margins. They may follow the

Fig. 29 Transient hepatic attenuation difference. a Arterial
phase CT scan shows a triangular-shaped hyperenhancing
lesion (arrowheads) with central enhancing vascular structure

and straight margins in segment 3. b Portal phase CT scan
shows that the lesion becomes isoattenuated
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segmental anatomy of the liver. However, occasion-
ally, they can be nodular or irregularly outline and
mimic a hypervascular lesion (Fig. 30) (Yu et al.
2000a, b). Shunts characteristically do not demon-
strate delayed postcontrast washout, and may have
normal vessels coursing through them (Figs. 30 and
31) (Choi et al. 2002; Colagrande et al. 2007a, b). The
waxing and waning of the size of a hypervascular
lesion in cirrhosis at 2- to 3-month follow-up imaging
also favors a pseudolesion (Ahn et al. 2010).

Moreover, THADs may be caused by underlying
focal lesions such as hemangioma or HCC because of
a siphoning or sump effect of the lesion, from portal
hypoperfusion either attributable to compression or
thrombosis from the lesion, or because of arterioportal
shunting related to the lesion causing diversion of
flow (Colagrande et al. 2007a, b). In addition, THADs
can also be induced by portal hypoperfusion attrib-
utable to nontumoral causes, anomalous blood supply,
or arterioportal shunting not related to focal lesions,
and inflammation of biliary vessels or adjacent organs
(Choi et al. 2002). Because HCC is frequently
associated with a THAD, even when an arterially
enhancing focus is deemed to be a THAD, in the
setting of cirrhosis, the radiologist should look closely
for an associated HCC (Choi et al. 2002; Kim et al.
2005; Khatri et al. 2010). Besides shunts and perfu-
sion abnormalities, hemangiomas and high-grade
DNs are differential considerations for small arterial
phase enhancing lesions (Kim et al. 2005)

However, although small HCCs smaller than or
equal to 1.5 cm in size are frequently isoattenuated
on precontrast CT images, and may only be seen as
diffuse homogeneously enhancing lesions on the arterial

enhanced phase, it is important not to consider such
arterially enhancing lesions as specific for HCC (Khatri
et al. 2010; Sun et al. 2010). Several previous studies of
CT or MRI demonstrated that the majority of hepatic
arterial phase enhancing lesions that are occult at portal
and/or equilibrium phase CT imaging are non-neo-
plastic, even in patients with pathologically proved
HCC (Tsuchiyama et al. 2002; Holland et al. 2005).
Several investigators have recommended similar
approaches to hepatic lesions seen on the arterial phase
which is to check the other phases to confirm that they
are only seen on the hepatic arterial phase and do not
have other features of HCC such as washout, capsular
enhancement, and low attenuation on precontrast sug-
gesting microscopic fat (Willatt et al. 2008; Sano et al.
2011). When the abnormality is peripheral, wedge-
shaped, and seen only on the hepatic arterial phase, it is
more likely to represent a perfusional phenomenon
(Choi et al. 2002). However, if the abnormality is round,
oval, or masslike in shape, but small (\2 cm), and seen
only on the arterial phase without other features of HCC,
close interval follow-up CT examination (3–6 months)
may be considered to assess for growth or features more
suggestive of HCC on follow-up examination.

5.2 Hemangiomas

Hypervascular HCC must be differentiated from
various other hypervascular hepatic lesions. Among
them, cavernous hemangioma is the most common.
Although common in the general population,
hemangiomas occur less frequently in the setting of
cirrhosis, probably because the process of cirrhosis

Fig. 30 Nodular-shaped transient hepatic attenuation differ-
ence. a Precontrast CT scan does not demonstrate any nodular
lesions in the liver. b Arterial phase CT scan demonstrates
multiple, hyperenhancing nodular lesions in both hepatic lobes.
c On portal phase CT scan, the lesions become isoattenuated.

Isoattenuation of the lesions on precontrast as well as absence
of washout of those lesions suggest high probability of
arterially enhancing pseudolesion rather than small HCC with
atypical enhancement
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obliterates existing hemangiomas (Khatri et al. 2010).
When hemangioma shows typical enhancing features
(peripheral globular enhancement and centripetal
enhancement) on multiphase CT, it can be easily
distinguished from HCC. However, hemangiomas are
often atypical in appearance in cirrhotic livers and
contain large regions of fibrosis (Dodd et al. 1999a,
b). When hemangiomas do occur in the cirrhotic liver,
they are commonly solitary, and small in size, and
in many contrast-enhanced dynamic CT imaging
demonstrates rapid enhancement (Fig. 31) (Yu et al.
2000a, b; Mastropasqua et al. 2004). Preexisting

hemangiomas likely undergo obliteration from fibro-
sis and necrosis (Dodd et al. 1999a, b). Either related
to fibrosis (Dodd et al. 1999a, b; Brancatelli et al.
2001) or alterations in blood flow (Mastropasqua et al.
2004) hemangiomas in cirrhotic livers have also been
shown to progressively decrease in size and display
more atypical imaging characteristics, including loss
of the peripheral nodular enhancement (Brancatelli
et al. 2001). In addition, hemangiomas in the cirrhotic
patients may also be associated with adjacent capsular
retraction (Vilgrain et al. 2000; Brancatelli et al.
2001; Blachar et al. 2002).

Fig. 31 Flash-filling hemangioma with shunt and dysplastic
nodule. a Arterial phase CT scan shows a hyperenhancing
nodule (arrow) with peritumoral shunt (arrowheads). Another
hypoattenuated nodule (open arrow) was detected in segment 8

which was diagnosed as dysplastic nodule. b, and c Portal phase
(b) and delayed phase (c) CT scans show persistent enhance-
ment of the hemangioma (arrowhead), and a hypoattenuated
dysplastic nodule (open arrow)

Fig. 32 Confluent Fibrosis:
typical appearance.
a Precontrast CT scan
shows a wedge-shaped,
hypoattenuated lesion in
segment 8 (arrowheads).
b Arterial phase CT scan
shows hypoenhancement
of the lesion (arrowheads).
c Portal phase CT scan shows
hypoenhancement of the
lesion (arrowheads).
d Delayed phase CT scan
shows subtle delayed
enhancement of the lesion
(arrowheads)
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Among hemangiomas, small flash-filling heman-
giomas may simulate HCC, as they demonstrate
early homogeneous arterial phase enhancement
(Fig. 31) (Semelka et al. 1994; Yu et al. 2000a, b;
Baron and Peterson 2001; Mastropasqua et al. 2004).
Although persistent enhancement on delayed images
rather than washout is suggestive of hemangioma,
these may be associated with minimal central
enhancement (Semelka et al. 1994; Jang et al. 1998).
Therefore, HCC should be considered more likely
than hemangioma in cirrhosis if the nodular area of
enhancement demonstrates washout. On the contrary,
peliotic HCC contains multiple blood-filled sinu-
soids, which may result persistent peripheral
enhancement that progresses centrally (Kadoya et al.
1992; Hoshimoto et al. 2009). Although peliotic
change within HCC is rare, it may lead to misdiag-
nosis as hemangioma. Prior imaging (predevelop-
ment of cirrhosis) showing more typical hemangioma
features and stability or sclerosis of the lesion over
time facilitates correct diagnosis. Alternatively, if an
indeterminate lesion demonstrates interval increase
in size in a cirrhotic liver, HCC should be suspected
(Khatri et al. 2010).

5.3 Confluent Hepatic Fibrosis

Confluent hepatic fibrosis is typically seen in the
setting of advanced cirrhosis, most commonly in
cases secondary to PSC (Ohtomo et al. 1993a, b;
Dodd et al. 1999a, b; Blachar et al. 2002; Brancatelli
et al. 2009). Confluent hepatic fibrosis usually dem-
onstrates low attenuation on precontrast CT images

(Fig. 32) (Ohtomo et al. 1993a, b; Dodd et al. 1999a,
b; Baron and Peterson 2001). Although it typically
exhibits delayed enhancement, (Ohtomo et al. 1993a,
b; Dodd et al. 1999a, b; Blachar et al. 2002) hepatic
fibrosis can occasionally enhance in the arterial phase
(Fig. 33) (Ahn and de Lange 1998). Hepatic fibrosis
may present as a confluent mass (Dodd et al. 1999a, b;
Baron and Peterson 2001) or may be poorly margin-
ated, mimicking infiltrating HCC (Krinsky et al.
2001). However, imaging features which are helpful
for distinguishing hepatic fibrosis from HCC is that
confluent hepatic fibrosis is generally wedge-shaped,
has linear margins, and is typically seen in the ante-
rior segment of the right lobe and medial segment of
the left lobe (segments 8 and 4) (Fig. 32) (Khatri et al.
2010). It characteristically demonstrates volume loss
with focal capsular retraction of the adjacent liver
surface, unlike HCC, which generally has mass effect
and often expands the contour (Ohtomo et al. 1993a,
b; Dodd et al. 1999a, b; Baron and Peterson 2001;
Blachar et al. 2002). In troublesome cases where
confluent mass-like fibrosis simulates a neoplasm,
biopsy may be necessary for differentiation (Dodd
et al. 1999a, b). Because hepatic fibrosis and chol-
angiocarcinoma share features such as delayed or
persistent enhancement, associated capsular retrac-
tion, and common occurrence in patients with PSC,
these two entities may also be confused. However, the
characteristic location and geographic morphology
(Ohtomo et al. 1993a, b; Dodd et al. 1999a, b; Baron
and Peterson 2001; Blachar et al. 2002) in conjunc-
tion with the absence of biliary duct dilation may help
to distinguish confluent fibrosis from cholangiocarci-
noma in cirrhosis (Blachar et al. Blachar et al. 2002).

Fig. 33 Confluent fibrosis showing arterial and delayed
enhancement. a Arterial phase CT scan reveals nodular contour
of the liver, and an indistinct, subtle enhancing area (arrow) in
right anterior segment of the liver. b Portal phase CT scan
shows a poorly marginated, delayed enhancing central zone

(arrows) compared with the peripheral zone of the liver. Note
hepatic vessels traverse the central enhancing area. c Specimen
photograph shows an ill-defined, fibrotic area (arrows) in
central portion of the right hepatic lobe which contains multiple
hepatic vessels without luminal obliteration
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5.4 Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (IHC) may some-
times be difficult to distinguish from HCC. Particu-
larly when IHC is smaller than 3 cm, it may mimic
HCC as it can show arterial enhancement, while when
large, it may mimic diffuse infiltrating HCC (Fig. 33)
(Kim et al. 2007a, 2011a, b, c; Ariizumi et al. 2011a,
b). Although there is overlap of imaging features, IHC

is more likely to appear as a discrete mass than diffuse
infiltrating HCC. Contrast enhancement characteris-
tics may provide the strongest differentiation between
the two entities. IHCs usually exhibit thick irregular
peripheral enhancement with progressive central
enhancement on more delayed images, which is a
pattern that is rarely seen in HCC (Fig. 34) (Loyer
et al. 1999). The persistent enhancement seen with
IHC is generally a function of the fibrotic nature of

Fig. 34 A small intrahepatic cholangiocarcinoma showing
arterial enhancement. a Arterial phase CT scan demonstrates a
2 cm, arterially enhancing nodule (arrow) in segment 3 of the
liver. Note the peripheral intrahepatic ducts are dilated, which

suggests a liver fluke infestation. b On portal phase CT scan, the
nodule (arrow) becomes isoattenuated. The tumor involves
adjacent bile duct (open arrow)

Fig. 35 Intrahepatic
cholangiocarcinoma: typical
enhancement pattern.
a Arterial phase CT scan
shows a hypovascular mass
(arrow) with irregular
peripheral enhancement.
b and c Portal phase (b) and
delayed phase (c) CT scans
show progressive central
enhancement of the tumor
(arrow). d Specimen
photograph shows a well-
defined, firm, whitish tumor
with lobulated contour
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the tumor. However, approximately 6–10% of IHC
can demonstrate atypical enhancement pattern con-
sisting of arterial enhancement and washout, which is
similar appearance to HCC (Kim et al. 2007a, 2011a,
b, c). Unlike hemangiomas, the peripheral enhance-
ment of IHCs is not nodular or cloudlike and is not
similar to the blood pool enhancement (Kim et al.
2011a, b, c; Sano et al. 2011). As arterially enhancing
small IHCs were not rare; thus, enhancement pattern
analysis of arterially enhancing IHCs will be helpful
in differentiating them from HCC or hemangiomas
(Kim et al. 2011a, b, c). In addition, presence of
peripheral biliary ductal dilation (Fig. 34), encase-
ment or compression of the portal vein rather than
direct invasion or tumor thrombus formation, and
associated capsular retraction would suggest higher
probability of IHC more than HCC (Kim et al.
2009c). However, when small (\3 cm) IHCs are
developed in cirrhotic liver, since stable arterial
enhancement pattern without washout also can be
registered in small HCC nodules, the evaluation of
delayed phase is mandatory for a proper nodule
characterization. If washout is not seen on CT, a
biopsy should be mandatory for diagnosis, if trans-
plantation is considered for treating cirrhosis (Rimola
et al. 2009) (Fig. 35).

5.5 Hyperplastic Nodules or Focal
Nodular Hyperplasia Like Nodules

In the setting of Budd-Chiari syndrome with cirrhosis
or alcoholic cirrhosis or autoimmune hepatitis,
hypervascular hyperplastic nodules or focal nodular
hyperplasia like nodules can have features suggestive

of HCC, including a size larger than 2 cm, and
arterial phase enhancement (Fig. 36) (Vilgrain et al.
1999; Brancatelli et al. 2002; Maetani et al. 2002;
Ibarrola et al. 2004; Nakashima et al. 2004; Qayyum
et al. 2004; Namasivayam et al. 2007; Kim et al.
2008b; Takahashi et al. 2008). Such hypervascular
regenerative nodules have also been shown to have a
central scar, and therefore show similar appearance of
HCC (Maetani et al. 2002). On portal venous phase
of enhancement, the appearance may be variable.
A hypointense regenerative nodule rim has also been
reported in patients with Budd-Chiari (Vilgrain et al.
1999). The incidence of HCC in patients with Budd-
Chiari is approximately 4% (Moucari et al. 2008).
Although HCC and regenerative nodules may be
difficult to distinguish based on imaging characteris-
tics in the setting of Budd-Chiari, the presence of
more than 10 nodules measuring up to 4 cm in
diameter should favor the diagnosis of regenerative
nodules (Vilgrain et al. 1999). In addition, increased
levels of serum AFP were highly accurate in distin-
guishing HCC from benign nodules (Moucari et al.
2008). However, in alcoholic cirrhosis of autoim-
mune hepatitis, it is very difficult to differentiate
FNH-like nodules radiologically, pathologically, and
clinically from HCC (Kobayashi et al. 2007; Lee
et al. 2007).

6 New Approaches of MDCT
for Evaluation of HCC

Although detection rate of HCC reported in the lit-
erature are highly variable, the sensitivity and speci-
ficity of HCC detection using multiphasic MDCT in

Fig. 36 Focal nodular hyperplasia like nodule in patients
with membranous obstruction of the inferior vena cava.
a Arterial phase CT scan shows a hyperenhancing nodule
(arrow) in segment 3. b Portal phase CT scan shows a slightly

hyperenhancement of the nodule (arrow). c Delayed phase CT
scan shows isoenhancement of the lesion (arrow) compared
with the surrounding parenchyma
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cirrhotic patients were reported in the range of
65–75% and 47–88%, respectively, when explanted
liver was used as a standard of reference (Burrel et al.
2003; Kim et al. 2008c; Lee et al. 2009; Addley et al.
2011). However, the sensitivity can be decreased to

48–57% for lesions of size \2 cm in diameter (Kim
et al. 2008c; Addley et al. 2011) and 10–33% for
lesions of size \1 cm (Kawata et al. 2002; Burrel
et al. 2003). There have been several approaches to
improve diagnostic performance of CT for detection

Fig. 37 Low-kVp scanning with high tube current for improv-
ing sensitivity for detection of iodine contrast media in hyper-
vascular HCCs. a Low-kVp (80 kVp) scan with high tube current
(600 mAs) shows two hypervascular HCCs in segment 8

(arrowheads) b Standard 120 kVp scan shows one of the two
lesions(black arrowhead) by faint arterial enhancement. The
other lesion(white arrowhead) is not well depicted

Fig. 38 Perfusion CT for quantification of tissue perfusion
in patient with HCC in the left lateral segment of the liver.
a Arterial phase CT scan shows a 2 cm hyperenhancing
HCC (arrow) in the left hepatic lobe. b Portal phase CT scans

washout of the nodule (arrow). c–e Perfusion CT maps indicates
increased blood volume, arterial flow, and hepatic perfusion
index (ratio of arterial to portal blood flow) of the tumor
(arrow), which represents hemodynamic change of HCC
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of HCC. A recent study demonstrated that quantita-
tive color mapping of the arterial enhancement frac-
tion (AEF) using a registration and subtraction of
precontrast, arterial, and portal venous phase images,
can increase the sensitivity and diagnostic perfor-
mance of multiphasic MDCT for detecting HCC (Kim
et al. 2009a). In addition, multiphasic MDCT scans
combined multiplanar reconstruction images are very
effective in the detection of HCCs [ 1 cm in diame-
ter with a very low false-positive rate: sensitivity,
positive predictive value, and accuracy for HCC
detection were 87, 96, and 84% for all lesions,
respectively, but only 46, 76, and 41% for tumors
\1 cm, respectively (Maetani et al. 2008).

Other approaches for increasing sensitivity of CT
for detecting hypervascular HCC may include a low-
kVp CT scanning technique with high tube current
(Fig. 37) and dual energy CT scanning method with
iodine map or sigmoidal blending technique (Marin
et al. 2009). Several previous studies have demon-
strated that low-kVp images are more sensitive in
detecting hypervascular liver lesions, despite of lower
image quality of low-kVp images (Marin et al. 2009;
Kim et al. 2010; Altenbernd et al. 2011).

Recently, Sorafenib (Nexavar_, Bayer Schering
Pharma AG, Berlin, Germany), an orally active
multikinase inhibitor with effects on tumor-cell pro-
liferation and tumor angiogenesis, is a promising
therapy that demonstrates superior survival in
advanced HCC (Llovet et al. 2008). Although thera-
peutic response of solid tumors to chemotherapy has
been assessed based on tumor size measurement using
the Response Evaluation Criteria in Solid Tumors
(RECIST), this assessment for response to Sorafenib
therapy, however, has highlighted the limitations
associated with morphologic measurement (Kim et al.
2011a, b, c). Perfusion CT quantifies not only tumor
biologic behavior, but also changes in liver paren-
chyma (without tumor) caused by Sorafenib therapy
in patients with advanced HCC (Okada et al. 2011), as
it can provide non-invasive quantification of tumor
blood supply, permeability, leakage space and blood
volume related to the formation of new arterial
structures (neoangiogenesis) (Fig. 38) (Choi and Lee
2010; Ippolito et al. 2011; International Consensus
Group for Hepatocellular NeoplasiaThe International
Consensus Group for Hepatocellular Neoplasia 2011;
Okada et al. 2011). In the future, although new
advanced technologies enable larger volumetric

datasets and promising functional data to be obtained
using CT, it will be necessary to reduce the radiation
dose level of abdominal CT imaging for a variety of
diagnostic purposes. Currently, various dose iterative
reconstruction techniques have developed (Martinsen
et al. 2011; Schindera et al. 2011; Mitsumori et al.
2012), and the use of those techniques for lowering
noise and radiation dose will be more widely accepted
at many centers.
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Abstract

With the widespread use of cross-sectional
imaging examinations, physicians from a wide array
of specialties are becoming involved with questions
regarding the management of patients with focal
liver lesions. To formulate a practical approach to
these patients, several factors must be incorporated
into a clinical decision-making algorithm, including
the clinical setting (e.g., known comorbidities,
underlying cirrhosis or a known primary neoplasm),
the presence of clinical signs and symptoms, the
results of laboratory tests, and the critical informa-
tion provided by imaging studies. In this chapter, we
will briefly review important technical factors for
optimization of CT protocols for the evaluation of
focal liver lesions in non-cirrhotic liver. We will
emphasize key features and common pitfalls of most
common liver lesions in the setting of non-cirrhotic
liver and provide examples about benign and
malignant tumors in non-cirrhotic liver.

1 MSCT Technique

Multi-slice CT (MSCT) has become the most com-
monly used modality in the preoperative diagnosis,
staging, treatment planning, and follow-up of patients
with known or suspected hepatic tumors (Sahani
and Kalva 2004). With the recent advent of MSCT
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scanners, substantial anatomic volumes can be
acquired within a short scan time, with submillimeter
section thickness and virtually no penalty in increased
radiation dose. Clinically, these technologic advances
have led to image acquisition during peak vascular
enhancement with almost uniform enhancement along
the entire scanned volume, reduced motion artifacts,
and the capability to generate high resolution refor-
mations in any desired plane. In a single examination,
MDCT provides detailed morphologic and hemody-
namic information on the number, size, distribution,
and vascularity of liver lesions, all of which are vital
in guiding the clinical decision-making and thera-
peutic plan.

To maximize the detection and characterization of
liver tumors, the CT protocol must be designed
according to the diagnostic task. To increase the
attenuation difference (i.e., conspicuity) between the
hepatic parenchyma and liver tumors, several injec-
tion factors need to be optimized, including the
volume and iodine concentration of contrast media,
the injection rate (4–5 mL/s), and the scanning delay
from the start of contrast media administration. Image
acquisition should be obtained during the period of
maximum vascular and/or hepatic parenchymal
enhancement (Baron 1994). This requires application
of contrast agent bolus timing methods—either
automatic computer-assisted bolus tracking or test
bolus—to correct for differences in circulation times
in individual patients.

Unlike hepatic parenchyma, predominantly fed by
the portal vein, liver tumors receive blood supply
from the hepatic arterial system. Most tumors are best
seen during the hepatic venous phase (HVP)
(approximately 60–70 s after the start of contrast
media injection), when the maximal difference in
attenuation is attained between the vividly enhancing
hepatic parenchyma and hypo attenuating lesions
(Foley et al. 2000).

For certain specific clinical settings, HVP imaging
must be preceded by a contrast-enhanced acquisition
during the hepatic arterial dominant phase (HAP).
This phase is crucial in the detection of those liver
tumors (most notably, hepatocellular nodules, hyper-
vascular liver metastases, and hemangiomas) that
receive abundant arterial supply (Foley et al. 2000).
These lesions manifest as hyperattenuating foci dur-
ing HAP, but may not be detected during the HVP

due to increasing liver enhancement from portal
venous blood supply.

By taking advantage of two-dimensional (2D)
reformation and three-dimensional (3D) rendering
techniques, the HAP images also enable noninvasive
preoperative mapping of the normal hepatic arterial
anatomy and common anatomic variants. This infor-
mation is crucial in patients who are candidates for
liver surgery (e.g., transplantation, tumor resection
or laparoscopic hepatobiliary surgery), transcatheter
arterial chemoembolization, or hepatic arterial infu-
sion chemotherapy (Catalano et al. 2008; Kapoor
et al. 2003).

In selected cases, CT protocol should include
additional acquisitions either before or after contrast
material administration, during a more delayed phase
of enhancement, approximately 3–10 min after the
start of contrast injection. Unenhanced acquisitions
are helpful for the characterization of liver lesions
with inherently high attenuation due to calcification,
hemorrhage, and iron or glycogen increased accu-
mulation. Unenhanced images are also necessary for
detection of areas of lower attenuation, such as in the
setting of fat deposition, edema, and necrosis. Many
institutions recommend acquisition of unenhanced
images in addition to post-contrast acquisitions for
patients with cirrhosis and during baseline evaluation
of oncology patients (Baron and Brancatelli 2004;
Oliver et al. 1997).

Delayed phase images plays a key role in the
diagnosis of liver lesions with a prominent fibrous
component, such as cholangiocarcinoma, focal con-
fluent fibrosis, cavernous hemangioma, and other liver
tumors that may manifest with a central scar. On
delayed phase images, these lesions demonstrate
prolonged enhancement in the fibrous tissue compo-
nent, which appears relatively hyperattenuating
compared to the surrounding liver (Lacomis et al.
1997; Ohtomo et al. 1993).

2 Benign Liver Lesions
in Non-Cirrhotic Liver

With the widespread use of sensitive imaging studies,
benign hepatic tumors are increasingly reported. Most
benign hepatic tumors are an incidental finding in
asymptomatic patients during imaging work-up for an

86 D. Marin and G. Brancatelli



unrelated medical problem. Notably, even in patients
with a known primary malignancy, about 50% of
small (\2.0 cm) hepatic lesions are benign (Khalil
et al. 2005).

Besides lesion detection, the main goal of CT is to
firmly establish a diagnosis of benign hepatic tumors.
Mistaking an incidental benign lesion for a malignant
tumor may lead to unnecessary, aggressive manage-
ment, or possibly preclude surgery when benign and
malignant lesions coexist within the same liver. In the
great majority of cases, imaging provides important
clues for a confident diagnosis of frequently encoun-
tered benign lesions. Occasionally, imaging findings
may remain indeterminate or suggestive of malig-
nancy. In these cases, liver biopsy is often necessary
to establish a definite diagnosis.

3 Simple (Nonparasitic) Cysts

Simple (nonparasitic) cyst is the result of a congenital
defective development of the intrahepatic biliary ducts.
Simple cysts are among the most common liver lesion
with an estimated incidence of 3% in the general pop-
ulation. Typically, cysts are an incidental finding in
asymptomatic patients. These lesions may be solitary
or multiple and manifest as well-defined fluid attenu-
ating lesions, varying in size from few millimeters to
several centimeters. When more than ten simple cysts

are identified in the liver, fibropolycystic disease
should be considered, such as biliary hamartomas or
autosomal dominant fibropolycystic liver disease.
Cysts do not communicate with the biliary tree and
typically contain clear fluid. At histology, the cyst
lining consists of a single layer of bile duct epithelium.

At unenhanced CT, cysts manifest as rounded or
oval shaped, thin-walled, well-defined, water attenu-
ating (from -10 to +10 HU) lesions (Fig. 1). When
cysts are smaller than 1.0 cm, reliable attenuation
measurements cannot be obtained and lesions remain
indeterminate at imaging (Mortelé et al. 2001). The
majority of hepatic cysts are unilocular, although
occasionally one or two thin septa may be seen.
Rarely, cysts may demonstrate increased attenuation
and heterogeneous appearance due to hemorrhage or
infection. In these cases, differential diagnosis with
hepatic abscess or cystic liver tumors (e.g., biliary
cystadenoma or cystadenocarcinoma, and cystic
metastases) cannot be made at imaging. Cyst may also
show relatively higher attenuation compared to the
surrounding liver in the setting of severe fatty liver
disease (Fig. 1). At contrast-enhanced CT, no contrast
enhancement is demonstrated in both the cystic con-
tent and peripheral wall (Mortelé et al. 2001; Fig. 1).

Simple cysts should be managed conservatively.
Surgery or percutaneous catheter drainage with
alcohol sclerosis may be indicated in rare cases of
patients with large, symptomatic cysts.

Fig. 1 Simple hepatic cyst in fatty liver. a Transverse unen-
hanced CT image demonstrates a 4 cm lesion in segment 4
showing isoattenuation compared to the surrounding liver.
Lesion attenuation measured +9 HU, compatible with simple
fluid. Note diffuse low attenuation of the liver relative to the

spleen (S), consistent with hepatic steatosis. Also note
the peripheral hyperattenuating rim of fatty sparing around
the lesion. b Corresponding contrast-enhanced CT image shows
no enhancement, internal debris, or wall irregularities in the
lesion
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4 Hepatic Cavernous Hemangioma

Hepatic cavernous hemangioma is a common benign
congenital lesion. With an estimated incidence of
5–20% in the general population, hemangioma is the
most common benign hepatic tumor. This tumor is
more frequently encountered in middle-aged women,
suggesting a possible causative effect of female sex
hormones. In most cases, hemangioma is an inci-
dental finding in asymptomatic patients. Occasion-
ally, larger lesions may cause signs and symptoms
related to mass effect, such as upper abdominal mass,
abdominal discomfort, and pain. Giant hemangiomas

(defined as lesions [10 cm) may also cause throm-
bocytopenia and consumptive coagulopathy due to
blood pooling within the dilated sinusoids of the
tumor.

With the exception of patients with fatty liver dis-
ease, hemangioma manifests as hypoattenuating lesion
relative to the liver at unenhanced CT. Central coarse
calcifications may be identified in giant hemangiomas.
At contrast-enhanced CT, hemangioma demonstrate a
characteristic enhancement pattern with early, discon-
tinuous, peripheral nodular enhancement, which pro-
gresses centripetally toward uniform filling (Nelson
et al. 1990; Quinn and Radiology 1992; Fig. 2). By
definition, the areas of contrast enhancement are

Fig. 2 Hepatic hemangioma and simple hepatic cysts. a Trans-
verse unenhanced CT image demonstrates two water density
lesions (white arrows), consistent with simple hepatic cysts,
and a third low attenuation indeterminate lesion (black arrow)
in the right liver. b Corresponding contrast-enhanced CT image
during hepatic arterial phase shows lack of enhancement of the

two cysts and early, discontinuous, peripheral nodular enhance-
ment of the third lesion, which progresses centripetally toward
near complete filling during the (c) hepatic venous and
(d) delayed phases. Findings are characteristic of hepatic
cavernous hemangioma

88 D. Marin and G. Brancatelli



isodense to the blood pool vessels. Giant hemangiomas
usually lack complete enhancement on delayed phase
images due to thrombosis or sclerosis of the central
portion of the tumor.

Small hemangiomas (\2.0 cm)—commonly refer-
red to as capillary hemangiomas or flash filling heman-
giomas—may enhance rapidly and homogeneously
during HAP (Fig. 3), mimicking other either benign or
malignant hypervascular liver tumors (Kim et al. 2001).
Transient peritumoral enhancement during the HAP is
frequently observed due to associated arterio-venous
shunt (Byun et al. 2004; Fig. 3).

Hepatic cavernous hemangiomas should be man-
aged conservatively. Larger lesions may require
surgery (i.e., enucleation or liver resection) if clinically
symptomatic.

5 Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is a hyperplastic
response of the hepatic parenchyma to a congenital or
acquired anomaly of the arterial blood supply leading
to focal hyperperfusion (Wanless et al. 1985). FNH

Fig. 3 Capillary (flash filling) hemangioma. a Transverse
unenhanced CT image demonstrates a low attenuation lesion
in segment V, adjacent to the gallbladder fossa. b Correspond-
ing contrast-enhanced CT image during hepatic arterial phase
shows uniform vivid enhancement of the lesion. Note periph-
eral wedge-shaped homogeneously hyperattenuating area adja-
cent to the lesion, consistent with a transient hepatic attenuation

difference due to arterioportal shunt. c Corresponding contrast-
enhanced CT image during hepatic venous phase demonstrates
sustained enhancement of the lesion comparable to the vessels.
Findings are suggestive of capillary (flash filling) hemangioma.
Note the perilesional area of transient hepatic attenuation
difference is not discernible on this more delayed contrast-
enhanced phase

Fig. 4 Focal nodular hyperplasia and hepatic hemangioma.
a Transverse unenhanced CT image demonstrates two hyper-
dense lesions, one lesion in the right hepatic lobe (black arrow)
and the other in the left hepatic lobe (white arrow). Note
attenuation of the liver is lower than that of the intrahepatic
vessels, consistent with hepatic steatosis. b Corresponding
contrast-enhanced CT image during hepatic arterial phase
shows early, discontinuous, peripheral nodular enhancement of
the lesion on the right lobe, suggestive of hepatic hemangioma,
and uniform vivid enhancement of the lesion on the left lobe.

c Corresponding contrast-enhanced CT image during hepatic
venous phase demonstrates nearly homogenous enhancement of
the lesion on the right lobe, which is consistent with heman-
gioma. The lesion on the left lobe shows sustained enhance-
ment, fading toward isoattenuation compared to the
surrounding liver. Findings are suggestive of focal nodular
hyperplasia. No central scar is identified likely due to the small
size (\3.0 cm) of the tumor. Association of hepatic hemangi-
oma and focal nodular hyperplasia is not uncommon on cross-
sectional imaging
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occurs most frequently in childbearing women (male-
to-female ratio is 1:8). After hemangioma, FNH is the
second most common benign tumor of the liver with
an estimated incidence of 3–8% in the general
population. Unlike hepatic adenoma, oral contra-
ceptives do not play a causative role in the develop-
ment of FNH, although data suggests possible lesion
growth in patients taking oral contraceptives or ana-
bolic hormones. Typically, FNH is an incidental
finding in asymptomatic patients. Larger lesions may
cause abdominal discomfort and pain due to mass
effect.

At unenhanced CT, FNH is generally isoattenuating
relative to the surrounding liver. In the setting of diffuse
fatty liver disease, FNH may show high attenuation due
to decreased density of the surrounding liver (Fig. 4).
FNH demonstrates a characteristic enhancement pat-
tern with vivid enhancement during the HAP followed
by isoattenuation relative to the adjacent liver during
the HVP and delayed phase (Brancatelli et al. 2001;
Choi et al. 1998; Figs. 4, 5). This enhancement pattern
reflects the rich arterial blood supply of FNH and dif-
ferentiates this benign lesion from common malignant
hypervascular liver tumors, which show faster contrast

Fig. 5 Classic focal nodular hyperplasia. a Transverse unen-
hanced CT image demonstrates an expanding mass in the
inferior tip of the right liver lobe. Lesion shows isoattenuation
relative to the surrounding liver. b Corresponding contrast-
enhanced CT image during hepatic arterial phase shows
uniform vivid enhancement of a large hepatic lesion. Note
irregular central scar and radiating septa manifesting as linear

hypodense areas within the tumor. Corresponding contrast-
enhanced CT image during (c) hepatic venous and (d) delayed
phases demonstrate with isoattenuation relative to the sur-
rounding liver, consistent with focal nodular hyperplasia. Note
delayed increased enhancement of the central scar relative to
the lesion
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washout compared to the liver over time. Delayed
enhancement of a central fibrous scar (frequently seen
in larger lesions) is another characteristic imaging
finding of FNH (Fig. 5).

Although most lesions can be confidently diag-
nosed based on characteristic imaging appearance,
occasionally FNH may show atypical imaging find-
ings, including washout (i.e., hypoattenuating to liver
parenchyma) during the PVP and equilibrium phases,
peripheral rim enhancement, absence of a central scar
(particularly for lesions \3.0 cm), or lack of delayed

enhancement of the central scar (Fig. 6). Atypical
FNH may simulate either primary or secondary
hypervascular malignant liver tumors, thus prompting
further investigation with close imaging follow-up or,
in some cases, liver biopsy. Recently, liver-specific
MR contrast agents have shown the potential to pro-
vide additional clues, which may help in the diagnosis
of atypical FNH lesions (Grazioli et al. 2001; Fig. 7).

Due to the lack of malignant potential and extre-
mely low complication-rate, FNH is managed
conservatively.

Fig. 7 Atypical focal nodular hyperplasia. a Transverse con-
trast-enhanced CT image during hepatic arterial phase demon-
strates a large lesion in the posterior right hepatic lobe, which
demonstrates uniform vivid enhancement. No central scar is
identified. b Corresponding contrast-enhanced CT image during
hepatic venous shows isoattenuation of the lesion relative to the
surrounding liver and thin peripheral hyperattenuating rim

mimicking a pseudocapsule. c Transverse gadoexetate dimeg-
lumine-enhanced fat-suppressed T1-weighted gradient-echo
image during the liver-specific phase demonstrates homoge-
nous uptake of the hepatobiliary contrast agent by the lesion,
which is comparable with that of the surrounding liver.
Findings are consistent with focal nodular hyperplasia

Fig. 6 Atypical focal nodular hyperplasia. a Transverse con-
trast-enhanced CT image during hepatic arterial phase demon-
strates a large lesion in the right hepatic lobe, which shows
uniform vivid enhancement with the exception of a central scar.

b Corresponding contrast-enhanced CT image during delayed
phase (5 min after intravenous contrast material administration)
shows isoattenuation of the lesion relative to the surrounding
liver, but no delayed enhancement of the central scar
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6 Large Regenerative Nodules

Large regenerative nodules (LRN) represent a com-
pensatory response of the liver in the setting of
impaired hepatic perfusion. Several hepatic vascular
disorders may foster the development of LRN, most
notably Budd–Chiari syndrome, hereditary hemor-
rhagic telangectasia, congenital portosystemic shunt,
and congenital hepatic fibrosis (Kondo 2001).
Although LRN nodules are relatively rare, their
reported frequency is raising as a result of higher-
resolution contrast-enhanced CT and MR imaging
performed with multiphasic acquisition protocols.
Patients with LRN are generally asymptomatic,
although portal hypertension and hepatic failure have
been reported in rare cases.

Imaging findings of LRN closely overlap with those
of FNH. At unenhanced CT, LRN are isoattenuating
compared with the surrounding liver. At contrast-
enhanced CT, lesions demonstrate vivid, homogeneous
enhancement during the HAP with sustained
enhancement during HVP and delayed phase
(Brancatelli et al. 2002a, c; Vilgrain et al. 1999; Fig. 8).
Other common, but less distinctive features of LRN are
the tendency to multifocality, well-circumscribed
margins, smooth surface, and homogeneous appear-
ance. Another characteristic, although not always
identified finding of LRN is a thin perilesional hypo-
intense halo, best seen during HAP. This finding differs

from the pseudocapsule of HCC, which manifests as a
thin rim of perilesional enhancement, only seen during
HVP and delayed phase.

LRN are managed conservatively.

7 Hepatocellular Adenoma
and Adenomatosis

Hepatocellular adenoma is a typical lesion of repro-
ductive age women (male-to-female ratio is 1:10).
Although the pathogenesis of adenoma remains
uncertain, estrogen-containing or androgen-containing
medications have shown to play an important in
lesion development and growth. The incidence of
adenoma is also increased in patients with glycogen
storage disease for unknown reasons. Liver adeno-
matosis is a clinical syndrome characterized by mul-
tiple adenomas (by definition more than 10) without
known predisposing factors (Grazioli et al. 2000).
Although generally asymptomatic, patients with large
lesions may present with abdominal pain or, in rare
cases, hypovolemic shock secondary to hemorrhage.
Malignant degeneration may rarely develop within
adenoma. Lesion complications occur more fre-
quently with a subgroup of adenomas, called telan-
giectatic adenomas.

At precontrast CT, adenoma manifest as a large,
heterogeneous mass due to variable extent of hemor-
rhage, necrosis, and calcification (Ichikawa et al. 2000).

Fig. 8 Large regenerative nodules. a Transverse contrast-
enhanced CT image during hepatic arterial phase demonstrates
two liver lesions showing uniform vivid enhancement. b Cor-
responding contrast-enhanced CT image during hepatic venous

shows isoattenuation relative to the surrounding liver. Focal
nodular hyperplasia would demonstrate identical appearance on
dynamic CT. When imaging findings are typical, no follow-up
or aggressive management is warranted

92 D. Marin and G. Brancatelli



Small lesions tend to be homogeneous in appearance
and are commonly iso or slightly hypoattenuating
relative to the surrounding normal liver. Lesions may
be hyperattenuating in the setting of diffuse fatty liver
disease. The presence of internal areas of fat deposi-
tion is another distinctive feature of adenoma. MR
imaging using in-phase and opposed-phase chemical
shift gradient-echo imaging is more sensitive than CT
for the detection of intracellular fat. At contrast-
enhanced CT, adenomas demonstrate heteroge-
neously mildly increased enhancement compared
with the surrounding liver during HAP with incon-
sistent washout during PVP and delayed phase
(Ichikawa et al. 2000; Fig. 9). Differential diagnosis
between adenomas and hepatocellular carcinoma or

other malignant hypervascular lesions is not possible
based on imaging findings, thus warranting lesion
biopsy in most cases.

Discontinuation of steroid medication may be
indicated for conservative management of small
adenomas. Due to increased risk of complications
(i.e., rupture or malignant transformation), surgical
resection is warranted for larger lesions.

8 Angiomyolipoma and Lipoma

Angiomyolipoma and lipoma are rare benign mes-
enchymal tumors of the liver. Angiomyolipoma is
composed of variable amounts of smooth muscle, fat,

Fig. 10 Hepatic lipoma. a Transverse unenhanced CT image
demonstrates a small, well-circumscribed, fat density lesion in
the right hepatic lobe. b Corresponding contrast-enhanced CT

image during hepatic venous shows lack of enhancement of the
lesion, consistent with lipoma. Purely fat containing angiomy-
olipoma would have identical appearance on CT

Fig. 9 Hepatic adenoma. a Transverse unenhanced CT image
demonstrates no definite liver abnormalities. b Corresponding
contrast-enhanced CT image during hepatic arterial phase
shows a small (\3.0 cm) subcapsular lesion in segment 4,
which demonstrates mild uniform enhancement. c Correspond-
ing contrast-enhanced CT image during delayed phase

demonstrates lesion washout with relative hypoattenuation
compared to the surrounding liver. The latter findings was
concerning for a malignant hypervascular liver tumor and
prompted further investigation with biopsy. Hepatic adenoma
with no signs of malignant degeneration was demonstrated at
histopathological analysis
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and proliferating blood vessels. Association with
tuberous sclerosis is described in 10% of cases.

At unenhanced CT, angiomyolipoma demonstrate
coexistence of both fat and soft tissue components
that vary in relative extent in different patients.
Occasionally, tumor may demonstrate dominance of a
single component, mimicking either hepatic lipoma
(dominance of fat tissue) or other hypervascular liver
tumors (dominance of smooth muscle and blood
vessels component) (Fig. 10).

9 Malignant Liver Lesions in
Non-Cirrhotic Liver

Thin-section contrast-enhanced MSCT is the pre-
ferred imaging modality for the preoperative detec-
tion, staging, treatment planning, and follow-up of
patients with malignant liver lesions. Furthermore,
MSCT plays a pivotal role during imaging follow-up
of patients with treated liver tumors, where it allows

Fig. 11 Calcified metastatic liver lesions from mucinous
colorectal cancer. a Transverse unenhanced CT image demon-
strates two large predominantly calcified masses and a subtle,
noncalcified, low attenuation lesion in the right hepatic lobe.
b Corresponding contrast-enhanced CT image during hepatic
venous shows increased conspicuity of the noncalcified lesion

and peripheral hypodense rim in the two calcified lesions.
Findings are suggestive of metastatic disease from a primary
mucinous tumor (e.g., colon or ovarian cancer). Metastatic
disease from other primary tumors could also demonstrate a
similar appearance after chemotherapy treatment

Fig. 12 Hypervascular metastatic liver lesions from neuroen-
docrine tumor of the pancreas. a Transverse unenhanced CT
image demonstrates two subtle low attenuation lesions in the
right liver lobe. b Corresponding contrast-enhanced CT image

during hepatic arterial phase shows vivid enhancement of the
lesions, as well as a third subcentimeter lesion in the left
hepatic lobe
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prompt identification of procedure-related complica-
tions, tumor recurrence, and differentiation of therapy
responders from nonresponders (Valls et al. 2001).
The latter information is critical for timely discon-
tinuation or change of chemotherapy regimen,
resulting in improved patient’s survival, quality of
life, and decreased costs.

10 Hepatic Metastases

Metastases are by far the most common malignant
neoplasm of the liver, with an incidence of 40% in
cancer patients at the time of death. The most com-
mon primary sites for liver metastases include the
gastrointestinal tract, pancreas, gallbladder, breast,
lung, eye, and carcinoids. Although liver metastases
are fed primarily by arterial blood supply, they have
been arbitrarily classified as hypervascular or hypo-
vascular according to their enhancement pattern rel-
ative to that of the surrounding liver at MSCT (Foley
et al. 2000).

At unenhanced CT, metastases are commonly dif-
ficult to identify demonstrating variable appearance
(Namasivayam et al. 2007; Kanematsu et al. 2006).
Two notable exceptions are the presence of prominent
areas of calcifications in mucinous adenocarcinoma
metastases (i.e., colon-rectum or ovary) (Fig. 11) and
the nearly complete cystic degeneration that may
occur after chemotherapy, particularly in gastrointes-
tinal stromal tumors treated with new antiangiogenic
therapies. At contrast-enhanced CT, hypervascular

metastases, such as those from neuroendocrine
tumors, thyroid, renal cell carcinoma, pheocromocy-
toma, and occasionally, breast, melanoma, and gas-
trointestinal stromal tumors, are best depicted during
the HAP as hyperattenuating foci compared with the
surrounding liver (Fig. 12). Hypovascular liver
metastases, which encompass the vast majority of
cases (e.g., colorectal tumor metastases), manifest as
hypoattenuating lesions best seen during the HVP
when the maximum enhancement of hepatic paren-
chyma is attained (Fig. 13). An early, continuous,

Fig. 13 Hypovascular metastatic liver lesions from cutaneous
melanoma. a Transverse unenhanced CT image demonstrates
subtle heterogeneous appearance of the liver without discrete
lesions. b Corresponding contrast-enhanced CT image during

hepatic arterial phase shows multiple low attenuation lesions in
both hepatic lobes, which increase in both number and conspi-
cuity during (c) the hepatic venous phase. Findings are consistent
with multifocal disseminated hypovascular liver metastases

Fig. 14 Ring enhancement of metastatic liver lesions from
breast cancer. Transverse contrast-enhanced CT image during
hepatic venous demonstrates multiple liver lesions showing
continuous peripheral rim of enhancement and hypodense
necrotic center, consistent with multifocal metastatic liver
disease. This enhancement pattern differs substantially from the
discontinuous nodular enhancement pattern of hepatic
hemangioma
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peripheral rim of enhancement is also a classic finding
of hypovascular liver metastases, reflecting highly
vascularised viable tumor at the periphery of the lesion
(Yu et al. 2006; Fig. 14). This sign differs from the
typically discontinuous nodular peripheral enhance-
ment of hemangiomas.

11 Hepatocellular Carcinoma
in Non-Cirrhotic Liver

Hepatocellular carcinoma (HCC) is the most common
primary malignant liver tumor. Although HCC devel-
ops classically in the setting of cirrhosis, particularly in
patients with chronic hepatitis viral infection, recent
evidence suggests that in a significant minority of cases
(approximately 20%) HCC may arise in an otherwise
normal liver (Brancatelli et al. 2002b). The demo-
graphic characteristics, imaging manifestations, and
prognosis of HCC in non-cirrhotic liver differ sub-
stantially from those of HCC in cirrhosis. Patients are
generally younger and have a longer survival rate.
Since the disease course is generally indolent and tumor
surveillance is not performed, HCC in non-cirrhotic
liver tend to manifest as large lesions at diagnosis.
Abdominal pain due to mass effect, weight loss, and
anorexia are common symptoms referred by patients at
diagnosis. In a consistent number of patients, HCC may
be incidentally discovered at imaging studies for
unrelated reasons. Despite the large size, most
HCC arising in non-cirrhotic liver are well to moder-
ately differentiated at histopathological analysis, thus

explaining the generally favorably prognosis in these
patients.

At unenhanced CT, HCC manifest as a large domi-
nant lesion that is hypoattenuating compared with the
surrounding liver (Fig. 15; Brancatelli et al. 2002b).
Peripheral calcification may be seen. At contrast-
enhanced CT, lesions show mild, heterogeneous
enhancement during HAP followed by washout during
HVP and delayed phase (Fig. 15; Brancatelli et al.
2002). Areas of necrosis or hemorrhage are common
findings within these lesions, which are best seen on
unenhanced CT images. Tumor invasion of the portal
vein, hepatic veins, and biliary ducts are common.

Radical surgery with curative intent is the treat-
ment of choice for HCC in non-cirrhotic liver.

12 Fibrolamellar HCC

Fibrolamellar HCC is a rare primary hepatic malig-
nancy. Although this tumor differs from conventional
HCC at histopathological analysis, fibrolamellar HCC
demonstrates many overlapping clinical and imaging
characteristics with HCC in non-cirrhotic liver
(McLarney et al. 1999). Fibrolamellar HCC occurs in
young patients without cirrhosis. Although tumor is
generally identified at more advanced stages due to its
indolent slow growth, it is associated with more
favorable prognosis than that of HCC in cirrhosis.

At unenhanced CT, fibrolamellar HCC manifest as
hypoattenuating large liver mass (McLarney et al.
1999; Ichikawa et al. 1999). Demonstration of a

Fig. 15 Hepatocellular carcinoma in noncirrothic liver.
a Transverse unenhanced CT image demonstrates a large
hypodense mass occupying most of the right hepatic lobe as
well as a smaller lesion with similar appearance in the left hepatic
lobe. b Corresponding contrast-enhanced CT image during
hepatic arterial phase shows mild heterogeneous enhancement of

the tumor due to presence of areas of viable tissue and necrosis.
Note smaller hypervascular satellite lesion in the left liver lobe.
c On hepatic venous phase, both lesions demonstrate unequiv-
ocal washout showing hypoattenuation compared to the sur-
rounding liver, a classic finding of hepatocellular carcinoma
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central fibrous scar with radiating septa and coarse
calcifications is a very distinctive feature of fibrola-
mellar HCC. At contrast-enhanced CT, fibrolamellar
HCC shows well-defined contour and lobulated mar-
gins with heterogeneous enhancement (McLarney
et al. 1999; Ichikawa et al. 1999). During HVP and
delayed phase, tumor demonstrates washout becom-
ing hypoattenuating compared with the surrounding
liver. Notably, unlike other benign liver tumors with a
central scar (e.g., FNH), there is no delayed
enhancement of the central fibrous scar in fibrola-
mellar HCC (Blachar et al. 2002). Coexistence of
multiple bulky lymphadenopathy in the porta hepatis
and the anterior cardiophrenic angles is identified in
more 50% of patients at the time of diagnosis.

Radical surgery with curative intent is the treat-
ment of choice for fibrolamellar HCC.

13 Hepatocellular
Cholangiocarcinoma

Combined hepatocellular cholangiocarcinoma (cHCC-CC)
is an uncommon tumor accounting for 1–7% of the
primary hepatic cancers. This tumor may occur in the
setting of cirrhosis and demonstrates an aggressive
course with almost invariably poor outcome (Jarnagin
et al. 2002). Diagnosis of cHCC-CC is based on
demonstration within the same lesion of areas of both
hepatocellular differentiation and cholangiocellular
differentiation at histopathological analysis.

At imaging shows nonspecific imaging findings
(Ebied et al. 2003). Typically, there is coexistence of
areas of arterial enhancement, suggestive of HCC,
along with other areas of delayed enhancement and
capsular retraction consistent with cholangiocarci-
noma. The relative extent of these two components
may vary substantially among different patients.

Radical surgery with curative intent is the treat-
ment of choice for cHCC-CC.

14 Epithelioid
Haemangioendothelioma

Epithelioid haemangioendothelioma (EHE) is a low-
grade malignant vascular neoplasm with an interme-
diate clinical course between that of cavernous
hemangioma and malignant angiosarcoma. EHE

shows slight female predominance (male-to-female
ratio is 2:3) and peak incidence around 50 years of
age. Clinical signs and symptoms are nonspecific,
including weakness, anorexia, weight loss, and upper
abdominal discomfort.

At unenhanced CT, EHE manifests as multiple
hypoattenuating masses compared with the liver
(Miller et al. 1992; Mermuys et al. 2004; Fig. 16).
With increasing size, lesions may become partially
confluent. Capsular retraction is a common distinctive
finding of EHE that occur when lesions abut the liver
surface. At contrast-enhanced CT, EHE shows
characteristic target-type enhancement pattern (the
so-called, bull’s eye appearance) with a central hyp-
oattenuating area, corresponding to central fibrous
core, surrounded by a peripheral thick enhancing ring
and outer hypoattenuating halo, corresponding to
peripheral viable tumor and avascular transition zone,
respectively (Miller et al. 1992; Mermuys et al. 2004).

Liver transplantation is sometimes offered to
patients with EHE.

15 Angiosarcoma

Angiosarcoma is the most common sarcoma of the
liver. The peak age incidence is in the sixth and
seventh decades, with a male-to-female ratio of 3:1.

Fig. 16 Epithelioid haemangioendothelioma. Transverse con-
trast-enhanced CT image during the hepatic venous demon-
strates multiple peripheral liver lesions showing characteristic
target-type enhancement pattern (the so-called, bull’s eye
appearance), with central hypoattenuating area surrounded by
a peripheral thick enhancing ring and outer hypoattenuating
halo
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Several conditions have been associated with the
development of angiosarcoma of the liver, including
hemochromatosis, von Recklinghausen’s disease, and
environmental carcinogens (i.e., vinyl chloride tho-
rium dioxide and arsenic). However, tumor develops
in patients without known associated risk factors.

At unenhanced CT, angiosarcoma demonstrates
isoattenuation to the abdominal vessels. Focal
hyperattenuating areas can be seen due to hemor-
rhage. At contrast-enhanced CT, tumor shows vari-
able, nonspecific enhancement patterns (Peterson
et al. 2000; Koyama et al. 2002; Fig. 17). Diagnosis is
rarely suggested at imaging, thus prompting further
evaluation with lesion biopsy.

Surgery can be performed with curative intent
when tumor involves one hepatic lobe. Involvement
of both liver lobes precludes any surgical intervention
making the patient a candidate for palliative therapies
including, systemic or hepatic arterial chemotherapy.
Note small hepatic hemangioma in the left liver lobe
(curved arrow).
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Abstract

Liver resection consists of the removal of a lobe or
segment of the liver, and is usually followed by
subsequent regeneration of the remnant parenchyma.
Liver resection is mostly indicated not only in
malignant tumors, but also in some benign liver
conditions. Most of liver resections are ‘‘anatomical’’
which means that they are ruled by vascular
landmarks such as portal and hepatic veins. Imaging,
especially multiphasic CT, plays a major role in
diagnosing and staging the liver disease, helping in
surgical treatment planning, and in evaluating post-
operative regeneration. CT is also crucial in the
postoperative course for diagnosing complications.
Most common complications are fluid collections
(hematoma, biloma), and vascular complications.
Postoperative imaging of the bile ducts is nowadays
primarily based on non-invasive imaging modalities
and invasive approach should be restricted to inter-
ventional procedures. CT scan has several advanta-
ges: complete overview of the abdomen, excellent
vessels analysis, and pneumobilia depiction. Lapa-
roscopic cholecystectomy is the most common
biliary surgery, usually for acute or chronic calculous
disease. Bile leakages are the most common compli-
cations, usually due to an incomplete cystic duct
stump or to an injury because of an anatomical biliary
duct variant. They may be revealed early with biliary
collection, or lately with bile duct stenosis. Other
common biliary surgical procedures are gallbladder
resection and bile duct resection for cancer, inflam-
matory or traumatic lesions. Most early complica-
tions are biliary or enteric leaks or hemorrhage, all
of them easily diagnosed by CT scan. Most late
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complications are secondary cholangitis due to
stenosis, reflux, or dysfunction, for which CT plays
an important role in assessing changes in liver
morphology and searching vascular complications.

1 Postoperative Liver

Liver resection consists of the removal of a lobe or
segment of a liver. It is usually followed by subsequent
regeneration of the residual parenchyma within a few
weeks which allows resection up to 80% of the liver
volume in healthy livers. Liver resection is still consid-
ered as one of the most difficult and challenging opera-
tions in general surgery. The explosion in liver resection
over the last 20 years has been due to refinements of
surgical techniques, appropriate patient selection,
optimal anesthesia and proper postoperative care leading
to significant reduction of mortality and morbidity.
Despite the advances in non-surgical ablative treatments,
surgery is still the curative treatment for metastatic liver
tumors combined with perioperative chemotherapy. In
hepatocellular carcinoma, there are more therapeutic
options from non-surgical treatments, the most common
being radiofrequency tumor ablation and chemoembo-
lization to liver transplantation. Liver resection is best
indicated in large tumors developing in patients with no
or minimal liver insufficiency. Liver resection is also
widely performed in resectable peripheral cholangio-
carcinomas and in some benign liver tumors. The most
current indications of liver resection in benign liver
neoplasms are hepatocellular adenomas at risk of com-
plications and hydatid cyst. Liver resection could also be
indicated in symptomatic patients with polycystic liver
disease. Conversely, there are no indications for liver
resection in patients with asymptomatic hemangioma or
focal nodular hyperplasia. Imaging plays a major role in
diagnosing and staging the liver disease and helping in
treatment planning. It is also crucial in the postoperative
course for diagnosing complications.

1.1 Anatomical Versus Non-Anatomical
Resection

Developments in the understanding of hepatic anat-
omy have been of vital importance in liver resection.
It is now well known that the external morphology of

the liver does not correspond to the functional anat-
omy. Thanks to Couinaud who has been a pioneer in
this field by showing two major advances (Couinaud
1957). First, liver can be subdivided in hemilivers,
sectors and segments using venous landmarks: portal
branches and hepatic veins. Second, each segment has
its own hepatic artery, portal vein and biliary drainage
and therefore can be removed or kept safely.
Resection of liver lesions can thus be planned and
carried out according to the segmental distribution.
This carries the advantage of less bleeding as it avoids
major vessels and also reduces the likelihood of
leaving ischemic liver tissues behind, since the blood
supply to the remnants is preserved. Non-anatomical
or wedge-resection has a place for peripheral or
superficial lesions, or when the lesion crosses the
boundary of multiple segments, or in situations where
the preservation of liver substance is of paramount
importance.

A resection of less than three liver segments is
regarded as a minor hepatectomy while resection of
three or more liver segments is termed major hepa-
tectomy. Resections involving five or more liver
segments are regarded as extended hepatectomy
(Huynh-Charlier et al. 2009).

1.2 Preoperative Imaging

The role of preoperative imaging is not only to give
diagnostic clues but also to give all the information for
safe surgery including anatomical landmarks, abnormal
variants that could make the resection difficult and
assess the future liver remnant volume in major
resection. Ultrasound, CT and MR imaging are the
most useful tools. Multiphasic CT is really the key
imaging by showing 2D and 3D high resolution
images. Liver volume can be measured easily either
automatically or semi-automatically from CT and MR
images. The minimal future liver remnant volume
varies with the liver function. Twenty-five to 30% are
sufficient in normal livers whereas 40–50% are needed
in cirrhotic livers (Tanaka et al. 1993). Presence of
portal hypertension in cirrhotic patients should also be
searched and often contra-indicates liver resection.
When future liver remnant volume is insufficient, portal
vein embolization of the future resected liver can be
performed. It induces significant increase of the future
liver remnant allowing safer surgery (Abdalla 2010).
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1.3 Surgical Techniques

Basically, there are two approaches in anatomical
resections. In the conventional approach, hepatectomy
starts by mobilizing the liver to be resected. This con-
sists of division of the falciform ligament, the right or
left triangular ligament. An alternate anterior approach
has been advocated especially in right hepatectomy. It
starts with hilar dissection, ligation and division of the
right hepatic artery and portal vein. Liver transection
then begins over the anterior surface of the liver, toward
the IVC along the principal plane using the hanging
maneuvre (Belghiti et al. 2001). Bleeding remains the
major problem associated with liver resection. Bleed-
ing and the subsequent blood transfusion have been
shown to increase postoperative morbidity and mor-
tality (Kooby et al. 2003). Thus, reducing blood loss
and avoidance of transfusion are the primary objectives
of most liver surgeons. Hepatic vascular control
(Pringle maneuvre and other more recent techniques) is
an effective way to achieve these goals.

Intra-operative ultrasound is an essential tool for
hepato-biliary surgeons. It is used to locate knownliver
lesions, to detect further liver lesions on-table, to guide
the line of transection and to mark important vascular
patterns. Intraoperative contrast-enhanced ultrasound
may help to visualize poorly visible lesions on con-
ventional intra-operative ultrasound either to resect
them or to perform combined ablation procedures.

Liver resection can be performed laparoscopically
however the development of laparoscopic techniques
for liver resection has been relatively slow. The best
indications for laparoscopic liver resection nowadays
are that tumors located at segment II, III, IVb, V or VI,
of size 5 cm or less; lesions which are not close to major
vascular trunks; and when there is no need for vascular
or biliary reconstruction (Gagner et al. 2004).

1.3.1 Most Common Anatomical Liver
Resections

The majority of hepatic resections involve the right or
left hemiliver and the inflow of the resected hemiliver
must be ligated at some point during the resection
(Fig. 1). The same is true of resections of a sector or
of a segment. The outflow must also be controlled and
divided at some point. Right hepatectomy involves
the resection of segment V, VI, VII and VIII which
approximately represents 65% of the total liver
volume (Chen et al. 1991). The right pedicles are

ligated. The section plane courses parallel to the
middle hepatic vein which might be preserved.

Left hepatectomy involves the resection of segment
II, III and IV which approximately represents 35% of
the total liver volume (Chen et al. 1991). The left
pedicles are ligated. The section plane courses parallel
to the middle hepatic vein which might be preserved.

Extended right hepatectomy involves the resection
of segments IV to VIII and can include resection of the

Fig. 1 Top Right hepatectomy (anterior and inferior view): The
section plane courses parallel to the middle hepatic vein. Below
Left hepatectomy (anterior and inferior view): The section plane
courses parallel to the middle hepatic vein. Below Extended right
hepatectomy (anterior and inferior view): The section plane is the
umbilical fissure. Bottom Left lobectomy (anterior and inferior
view): The section plane is the umbilical fissure
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caudate lobe (segment I). This resection is necessary to
treat right-sided tumors that extend into segment IV.
The umbilical fissure is opened, and all vascular and
biliary branches to segments IVa and IVb are ligated.
This resection represents approximately 80% of the
total liver volume (Chen et al. 1991). The outflow is
maintained via the left hepatic vein.

Left lobectomy involves the resection of segment
II and III which approximately represents 20% of the
total liver volume (Chen et al. 1991). The section
plane is the umbilical fissure. The left pedicles are
ligated at the left side of the umbilical fissure while
preserving the left branch of the portal vein.

1.3.2 Other Surgical Procedures
Caudate lobe (segment I) resection: The caudate lobe
represents less than 5% of the total liver volume and
is deeply located between the inferior vena cava, the
hepatic hilum and the distal portion of the middle
and left hepatic veins. This explains why isolated
resection of the caudate lobe is rarely performed
(Katsihuko et al. 1994). Right or left hepatectomy
may be associated to resection of the caudate lobe.

Right anterior hepatectomy involves the resection
of segment II, III, IV, V and VIII which approxi-
mately represents 65% of the total liver volume (Chen
et al. 1991). The section plane courses parallel to the
right hepatic vein which has to be preserved.

Central hepatectomy involves the resection of
segment IV, V and VIII which approximately repre-
sents 50% of the total liver volume (Chen et al. 1991).
This resection might be indicated in central tumors
that do not invade primary biliary confluence. The
middle hepatic vein is removed. The drawback of this
surgical procedure is to have two liver sections which
potentially increase the postoperative complications.

Posterior sectorectomy involves the resection of
segment VI and VIII which approximately represents
35% of the total liver volume (Chen et al. 1991). This
resection is mainly performed when liver volume
should be preserved as much as possible especially in
patients with chronic liver disease.

1.4 Normal Postoperative Course

Liver regeneration allows restoration of the liver
function within two or three weeks. During the first
week, prothrombin time and serum bilirubin can be

profoundly altered. The ‘‘50–50 Criteria’’ on postop-
erative day 5 (defined by the association of prothrombin
time \50% and serum bilirubin [50 lml/L) have been
shown an accurate predictor of liver failure and death
after hepatectomy (Balzan et al. 2005). After right
hepatectomy, the liver remnant at day 7 shows a mean
increase in the volume of 64% from the future liver
remnant. The most important factors that significantly
alter liver regeneration are the presence of liver fibrosis
or cirrhosis and disturbance of the outflow. Patients
with harvesting of the middle hepatic vein have volume
and segmental regeneration index significantly lower
than in other patients, for both the caudate lobe and
segment IV (Zappa et al. 2009).

Shape and location of the postoperative liver
depends on the type of liver resection. After right
hepatectomy, the left hepatic lobe extends in epigas-
trium and becomes ovoid with round contours.
The caudate lobe may increase in volume or not. The
umbilical fissure is displaced to the right, whereas
inferior vena cava is displaced posteriorly. Right
colon and ileum may occupy the right hypocondrium
(Fig. 2). After extended right hepatectomy, findings
are similar but the segment IV is no longer visible
(Couanet et al. 1984).

After left hepatectomy, right liver becomes
hypertrophic extending below the costal skeleton and
has round contours. The caudate lobe may enlarge
or not. The portal vein is displaced to the left.
The stomach and transverse colon are next to the right
liver (Couanet et al. 1984) (Fig. 3).

Fig. 2 Contrast-enhanced CT after right hepatectomy: the left
hepatic lobe extends in the epigastrium and becomes ovoid with
round contours. Inferior vena cava is displaced posteriorly.
Right colon occupies the right hypocondrium
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After left lobectomy, the left portal branch is the
inner border of the liver. The left portal branch
usually decreases in size over time. Morphologic
changes of the remnant liver are minimal (Couanet
et al. 1984).

After wedge-resection, a peripheral capsular
retraction may be seen at the site of the resection.
Surgeons may use or not metallic clips (Couanet et al.
1984) (Fig. 4).

Some findings are common to all liver resections:
presence of air or fluid collection may be depicted in
the early postoperative course up to two months;
hypoattenuating linear band adjacent to the liver
resection is seen in 30–50% of the cases and corre-
sponds to bile or blood accumulation, fibrous infil-
tration, focal steatosis or devascularized parenchyma.
This abnormality disappears over time; fat-density
area related to epiploplasty can be seen next to the
liver. Last, pleural effusion is noticed in 50–80% of
the cases, in particular after right hepatectomy
(Letourneau et al. 1988; Quinn et al. 1988).

1.5 Early Complications

The most common complications encountered after
liver resection are liver insufficiency, fluid collections
and vascular complications. Diagnosis of liver insuf-
ficiency is based on clinical and biological findings

such as ascites and abnormal blood liver tests.
Imaging in this setting is performed to exclude any
other complication.

Conversely, imaging plays a major role in detect-
ing the other early complications. Imaging is indi-
cated in early postoperative course in patients who
present with fever, abdominal pain, jaundice or sus-
picion of bleeding. Doppler ultrasound is the first step
in intensive care unit because it is easily performed at
bedside. Multiphasic CT is more accurate than
Doppler ultrasound for showing active bleeding,
hematoma and abscess. Indeed, CT protocol includes
unenhanced and contrast-enhanced acquisitions with
one obtained at the arterial-dominant phase and the
other at the portal venous-phase.

1.5.1 Fluid Collections
Fluid collections are mostly due to vessel or bile leaks
along the liver section. If they do not stop, they may
lead to large fluid collections that can be either hema-
toma, biloma or mixed (Fig. 5). Detection of fluid
collections is easy on imaging, but conversely fluid
characterization is often difficult. Findings suggestive
of hematoma are heterogeneous collections containing
septa and hyperattenuating fluid collections on unen-
hanced CT scan. Bilomas are typically more homoge-
neous. Presence of a peripheral hyperenhancing rim or
large amount of air should raise the possibility of
abscesses. Ponction aspiration is indicated if the
fluid collection is poorly tolerated. Drainage of the

Fig. 4 Contrast-enhanced CT after wedge-resection: a periph-
eral capsular retraction is seen at the site of the resection. Note
the presence of metallic clips and of a small amount of fluid in
the resection site

Fig. 3 Contrast-enhanced CT after left hepatectomy: the right
liver becomes hypertrophic extending below the costal skeleton
and has round contours. The portal vein is displaced to the left.
The duodenum and the transverse colon are next to the right
liver

Liver and Biliary System: Postoperative Findings 105



collection will be performed in abscesses or bilomas
(Letourneau et al. 1988). In bilomas, MR imaging
could be helpful to look for biliary confluence abnor-
mality that could require biliary drainage.

1.5.2 Vascular Complications
Liver surgery increases the risk of portal vein throm-
bosis and Budd-Chiari syndrome. Portal vein throm-
bosis appears as an echogenic vessel with absence of
flow on Doppler ultrasound. Contrast-enhanced CT
shows lack of enhancement of the obstructed vessel.
Budd-Chiari syndrome is mostly observed after right
hepatectomy. As the remnant liver is displaced to the
right, middle or left hepatic veins may be compressed or
have kinking appearance (Pitre et al. 1992) (Fig. 6).
Postoperative Budd-chiari syndrome is suspected by
persistent blood liver tests abnormalities and ascites.
Doppler ultrasound is the modality of choice for diag-
nosing hepatic venous abnormalities and demonstrates
flow demodulation in the remnant hepatic veins as well
as decreased portal vein flow velocity. Incidence of
pulmonary embolism is known to be increased after
general abdominal surgery, reported from 1% to 5%
(Geerts et al. 2004). In our experience, the risk of
pulmonary embolism after liver surgery has an incidence
of 2.4% (personal data). Three factors were strongly
associated with this risk in multivariate analysis: BMI
of 27 kg/m2, patients with benign liver disease, and
resections performed on liver with a fibrosis score no
more than F2 (healthy liver parenchyma).

1.6 Late Complications

Late complications are mostly related to tumor
recurrence in patients with liver malignancies. Diag-
nosis of recurrence is based on clinical, biological and
imaging findings. If the diagnosis remains difficult
after extensive imaging work-up, biopsy of the lesion
is indicated (Letourneau et al. 1988; Abir et al. 2006).

2 Postoperative Bile Ducts

For years, postoperative imaging of the bile ducts was
invasive. It is nowadays primarily based on non-
invasive imaging modalities and invasive approach
shoud be restricted to interventional procedures.
Knowledge of normal postoperative findings is

Fig. 6 Contrast-enhanced CT after right hepatectomy:
Postoperative Budd-Chiari syndrome. a axial view at the portal
venous-phase; note the left liver congestion because of
compromise of hepatic venous outflow. b coronal MIP view
at the portal venous-phase; note the stenosis of the distal part of
the left hepatic vein

Fig. 5 Contrast-enhanced CT after left hepatectomy. Presence
of a fluid collection. On CT the collection appears hypoattenu-
ating and heterogeneous with gas formation on the section plane
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mandatory to avoid misdiagnosis. The choice of one
imaging modality is guided by symptoms, patient
disease and surgical procedure (Laurent et al. 2009).
Ultrasound has been considered as a key imaging for
bile ducts diseases but appears insufficient in post-
operative context. CT has three main advantages:
first, CT allows complete overview of the abdomen;
second, vessel analysis is excellent; third, CT easily
depicts pneumobilia. CT technique includes multi-
phasic contrast-enhanced acquisitions performed in
the late arterial, portal venous and delayed phases.
Contrast-enhanced images should provide details on
the liver vasculature. Delayed phase imaging is
interesting when looking for wall enhancement of the
bile ducts or bilioenteric anastomosis (Laurent et al.
2009). When active bleeding is suspected, it is
recommended to perform an early arterial phase.

MR cholangiography is used without any contrast
agent administration. 2D and 3D acquisitions are
complementary tools. MR cholangiography is also
accurate when bile ducts are not dilated. In patients
with bile ducts stenosis, both downstream and
upstream bile ducts can be seen. MR imaging can also
be performed after intravenous administration of
hepatospecific contrast agents such as Gadoxetic acid
(Primovist, Bayer). One of the leading indications of
contrast-enhanced MR cholangiography is the diag-
nosis of biliary leaks (Laurent et al. 2009).

Surgical procedures of the bile ducts are various
from simple cholecystectomy to complex treatment of
the extrahepatic or hilar tumors. Normal postoperative
imaging findings and complications depend upon the
surgical procedure

2.1 Cholecystectomy

Cholecystectomy is one of the most common opera-
tions in general surgery. Cholecystectomy was first
performed in 1882 and has traditionally been done
by the conventional open technique. Laparoscopic
cholecystectomy was developed in the 80ties and has
become the surgical procedure of choice, now being
employed in over 80% of cases. The advantages of
laparoscopic over open cholecystectomy include a
significant reduction in hospitalization time and
recovery period, less pain and minimal scarring.
Overall postoperative complications rates for laparo-
scopic approach are comparable to those for open

cholecystectomy, although there is a slightly higher
incidence of biliary injury with laparoscopic approach
(Walker 2008).

Cholecystectomy is mostly performed for acute or
chronic calculous diseases and their complications.
Other indications include gallbladder polyps and
porcelain gallbladder. This surgical procedure
includes a gallbladder dissection from the liver and
dissection of the cystic artery and cystic duct toward
the porta hepatis. Cystic artery, veins and cystic duct
are then ligated. Last the gallbladder bed and porta
hepatis are checked for haemostasis and bile leaks.

2.1.1 Normal Postoperative Findings
Imaging is not indicated in asymptomatic patients.
On early ultrasound or CT, it is usual to observe a
small fluid collection in the gallbladder bed that could
mimic the gallbladder itself ‘‘pseudogallbladder
sign’’. Free fluid effusion may be seen as well. These
findings disappear in less than two weeks (Thurley
and Dhingsa 2008). Such fluid may result from
interruption of accessory cystohepatic ducts, which
are persistent embryological remnants between the
liver and the gallbladder. Pneumoperitoneum is also
common and can be observed up to 3 weeks (Gayer
et al. 2000). However, after laparoscopic cholecys-
tectomy, pneumoperitoneum disappears more quickly
and should not be seen after day 2 (Feingold et al.
2003). Similarly, increased density in the abdominal
wall fat at the site of the laparoscopic ports is also
often present after laparoscopic cholecystectomy
(Thurley and Dhingsa 2008). Another potential pitfall
is the use of hemostatic agents in the gallbladder bed.
Surgicel is a bio absorbable hemostatic agent with
bactericidal properties that is used in laparoscopic
cholecystectomy and other surgical procedures to
control hemorrhage. When imaging is performed on
postoperative patients, the appearances of Surgicel
can mimic those of hematoma that is a mass of 40–55
HU containing foci of air (Laurent et al. 2009).

Lately, the gallbladder bed appears empty and may
have surgical clips (Fig. 7).

2.1.2 Complications
The reported overall complication rate after chole-
cystectomy ranges from 4.5 to 21% (Gilliland and
Traverso 1990). Early complications are mostly fluid
collections and hemorrhage whereas late complica-
tions are essentially of biliary origin.
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2.1.2.1 Early Complications

Fluid collections are equivocal and are considered
abnormal if they extend beyond the gallbladder bed.
Presence of free fluid effusion should raise the pos-
sibility of biliary leak and therefore be related to
intraoperative bile duct injury, yet fortunately most
fluid collections are not bilomas. Most of them are
seromas. Free fluid may also be due to clinical
decompensation of chronic liver disease (McAlister
2000).

Imaging findings are nonspecific. Among imaging
modalities, CT should be performed widely when a
fluid collection is suspected clinically because CT is
more sensitive than ultrasound and a normal ultra-
sound does not rule out fluid collections in particular
when conditions are difficult. (Lee et al. 2000). The
diagnosis is made by biochemical analysis of the fluid
including bilirubin and amylase after ultrasound-

guided ponction of the collection. The ponction is
completed by a drainage in infected collections or in
patients with bilomas (Sibert 2010).

Hemorrhagic complications are rare. A review of
14,243 laparoscopic procedures showed a rate of
hemorrhage of 4.1%, with bleeding rates of 2.3%
intraoperatively and 1.8% postoperatively (Schäffer
et al. 2000). They are related to direct trocar injury or
insufficient hemostasis. They might appear as hema-
tomas which predominate in the abdominal wall or in
the gallbladder bed. On imaging, hematomas are
usually heterogeneous and have characteristic pat-
terns: hyperechoic on ultrasound and areas of higher
attenuation on unenhanced CT phase. In some
patients, the bleeding is clinically severe and multi-
phasic CT is required in emergency looking for active
bleeding or pseudoaneurism (Fig. 8). These arterial
complications usually occur in the right hepatic artery
or the cystic artery stump and may result from thermal
or mechanical injury of these arteries, which are
occasionally associated with bile duct injury (Thurley
and Dhingsa 2008; Lohan et al. 2005). If present,
selective embolization of the artery should be per-
formed (Kim et al. 2008).

2.1.2.2 Biliary Complications

Biliary complications are more common after lapa-
roscopic than after open cholecystectomy. They
should be suspected when patients are referred with
symptoms of abdominal pain, sepsis, or jaundice soon
after cholecystectomy (Lohan et al. 2005).

Bile leakage is the most common complication of
laparoscopic cholecystectomy. Most leaks occur from
the cystic duct stump or from the gallbladder bed.
Bile leaks at the cystic duct may occur when clips on
the cystic duct remnant become dislodged or do not
encompass the entire duct. Leaks from the gallbladder
bed are observed when small accessory right hepatic
ducts or ducts of Luschka, which connect the gall-
bladder directly to the right lobe of the liver are
injured (Laurent et al. 2009; Hoeffel et al. 2006).
These bile leaks can nearly always be treated
successfully with endoscopic sphincterotomy.

Other bile leaks are due to inadvertent ligation of
an aberrant right hepatic duct or common bile duct
injury which varies from a tear in the common bile
duct to complete section of the common bile duct
(Hoeffel et al. 2006). More rarely, the ductal conflu-
ence, the right hepatic duct and the left hepatic duct

Fig. 7 Contrast-enhanced CT after cholecystectomy: normal
appearance. Axial view (a) and coronal view (b). Note the
metallic clips on the right side of the hepatoduodenal ligament
(cystic duct and cystic artery ligation)
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may be involved. Indeed, treatment will be different.
As most tears are partial and may be treated with
endoscopic stent placement, treatment of complete
section of the common bile duct often requires sur-
gery (Fig. 9).

Clinically, bile leaks usually present with shoulder
pain, abdominal pain, leukocytosis and fever with
mildly elevated bilirubin and transaminase levels, or
bilious drainage from a drain, if present. In bile leaks,
CT can show fluid collections but identification of the
biliary origin and the precise site is often difficult.
Bile collections are usually close to the site of the
leak, and the presence of free fluid on the right side
of the abdomen, with or without a fluid collection
adjacent to the injured bile duct, should be considered
suggestive of bile leakage. When bile leakage is rapid
and is not contained by peritoneal adhesions, the bile
spreads in the peritoneum ‘‘Bile peritonitis’’ and can
be a cause of postoperative mortality. MR cholangi-
ography is mandatory but may fail to demonstrate
biliary communication. Contrast-enhanced MR chol-
angiography can be very helpful for the diagnosis of
biliary leaks (Vitellas et al. 2001). In some countries,
hepatobiliary scintigraphy is part of the workup.
Endoscopic retrograde cholangiography and/or per-
cutaneous transhepatic cholangiography are often
necessary for the staging and treatment planning.

Biliary complications may be revealed lately. Late
strictures of extrahepatic ducts are often due to mild

injury which results in fibrosis months or years after
cholecystectomy. Clinical findings vary from abnor-
mal blood liver tests to obstructive jaundice. CT
shows dilatation of intrahepatic bile ducts (defined as
a diameter of more than 3 mm) with stenosis of the
common bile duct. It is interesting to note that the
stenosis often extends to the primary biliary conflu-
ence. MR cholangiography is needed for accurate
diagnosis and staging according to the Bismuth clas-
sification system. This system relates to the level of
the stricture. Bismuth type I is a stricture in the
common duct [2 cm from the hepatic bifurcation, a
type II is a stricture in the common hepatic
duct \2 cm from the bifurcation, a type III is at the
bifurcation, a type IV is above the bifurcation of the
right and left hepatic ducts and a type V is a stricture
of a right sectorial duct that comes off the common
hepatic duct before the main hepatic duct bifurcation.
This classification has proven useful in determining
the difficulty of the reconstruction and comparing
surgical results. CT has an additional role in identi-
fying vascular complications (Fig. 10); the most
common being portal vein thrombosis and thrombosis
of the right hepatic artery (Alves et al. 2003). Arterial
supply is then provided by the left hepatic artery at
the hilum.

Some patients may suffer from complications
associated with the long cystic duct remnant such as
stasis and stones that tend to re-form.

Fig. 8 CT scan after laparoscopic cholecystectomy. a areas of higher attenuation on unenhanced CT in the gallbladder bed. b CT
during the arterial phase demonstrating a pseudoaneurism of the cystic artery
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Retained stones are another cause of biliary
obstruction. They may be identified on CT if the
stones are of a differing density from bile. If CT is
equivocal, MRCP is indicated and can show stones as
small as 2 mm in the biliary tree (Laurent et al. 2009).

Dropped gallstones occur commonly during lapa-
roscopic cholecystectomy, with a reported incidence
of 0.1–20% (Brockmann et al. 2002). Fortunately,
most of these stones do not cause symptoms, yet the
most common complication is abscess formation
which can occur after a period of months to years
after the laparoscopic cholecystectomy, making
diagnosis challenging. Spilled gallstones are mostly
seen in the subdiaphragmatic or subhepatic spaces but
they may occur anywhere in the peritoneal cavity.

If they are calcified, gallstones may also be visible on
CT as hyperattenuating areas. Abscess formation has
also been described in the abdominal wall (Fig. 11).
The diagnosis of abscess formation complicating
dropped gallstones should be raised when a central or
eccentric nidus with calcific or metallic density is
observed on CT (Morrin et al. 2000).

2.1.2.3 Other Complications

Several less common complications of cholecystec-
tomy have been reported that may be diagnosed on

Fig. 10 CT scan postcholecystectomy obtained during arterial
phase. Inadvertent ligation of the right hepatic during chole-
cystectomy which has not been diagnosed intraoperatively.
Axial (a) and coronal CT images (b) show arterial supply
provided by the left hepatic artery to the intrahepatic right
hepatic arteries

Fig. 9 a contrast-enhanced CT scan (coronal plane): pneumo-
bilia post ERCP; note the metallic clip postcholecystectomy
just below the primary biliary confluence, responsible for the
stenosis. b MR cholangiography: Complete stenosis of the
common bile duct below the primary biliary confluence which
occured lately after a postcholecystectomy bile duct leak
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imaging. Indeed, laparoscopic cholecystecomy favors
the incidence of port site hernia. Although hernias
can be clinically suspected, the diagnosis can be
confirmed using CT. Diaphragmatic hernias are less
common and CT is helpful by depicting a defect in
the diaphragm or herniation of peritoneal fat into the
chest (Thurley and Dhingsa 2008). Other complica-
tions are very unusual such as portal vein thrombosis,
splenic rupture, intestinal ischemia and delayed bowel
perforation due to thermal injury after laparoscopic
cholecystectomy.

2.2 Other Surgical Techniques
of the Biliary Tree

In this section, we will only consider the most com-
mon surgical techniques for the biliary tree (Clavien
et al. 2007). Simple choledochotomy and sphincter-
otomy will not be covered.

2.2.1 Resection of Gallbladder Cancer
The extent of resection of gallbladder cancer varies
according to stage. Patients with N2 or M1 are not
eligible to curative surgery but may have palliation by
biliary or gastric bypass. The curative resection
includes a radical cholecystectomy (including seg-
ments 4b and 5) and lymph node dissection (Fig. 12).
An extended lobectomy can be necessary because of
the bulk of the tumor or because of vascular invasion.

With gallbladder cancer, when an extended resection
is necessary, it is usually an extended right lobec-
tomy. The resection of the common duct is usually
performed and allows dissection and inspection of the
portal vein and hepatic arteries behind the tumor and
in the hilar area. A Roux-en-Y jejunal loop is lifted
and anastomosed to the left and right hepatic ducts.
Portal vein can be reconstructed when the portal vein
is encased or to facilitate the resection (Fong et al.
2006).

2.2.2 Resection of Bile Duct
Resection of tumors at the bifurcation of the left
and right hepatic duct is one of the most difficult
operations. The surgical procedure requires not only a
portal lymphadenectomy and bile duct resection, but
almost always a liver resection. This surgical procedure
is indicated in primary malignancies (intrahepatic
cholangiocarcinoma involving the hepatic hilus, hilar
cholangiocarcinoma, gallbladder carcinoma involving
the hepatic hilus, or diffuse carcinoma of the extrahe-
patic bile duct), benign diseases (such as primary
sclerosing cholangitis, inflammatory pseudotumor) or
traumatic lesion at the hepatic hilus.

The goals of this operation are threefold: resection
of the primary tumor (including removal of the entire
supraduodenal bile duct, gallbladder, cystic duct and

Fig. 12 Contrast-enhanced CT scan after surgery for gallblad-
der cancer. Normal appearance showing resection of the
gallbladder and the segments 4 and 5. Filling of the gallbladder
bed by small bowel

Fig. 11 Contrast-enhanced CT scan 4 years after cholecystec-
tomy: Calcified dropped gallstones in the perihepatic space,
with abscess formation

Liver and Biliary System: Postoperative Findings 111



extrahepatic hepatic ducts), resection of the lymphatic
drainage of the liver and reestablishment of biliary
continuity. The distal bile duct is dissected down
to the head of the pancreas and divided above the
pancreas. Roux-en-Y jejunal loop is lifted and anas-
tomosed to the remnant hepatic ducts.

Concomitant hepatectomy including caudate
lobectomy is often necessary to achieve negative
margins. In most patients, there is intrahepatic
extension of the tumor, and right or left portal vein
involvement. In these cases, en bloc liver resection,
often with caudate lobectomy, is necessary to achieve
tumor clearance (Igami et al. 2010).

2.2.3 Resection of Mid Bile Duct
True mid bile duct tumors are very rare. Indications
for this surgical procedure are biliary strictures
without confirmed malignancy, diagnosis of sus-
pected benign disease or confirmed malignant disease
confined to mid common bile duct in patients unfit for
more extensive resection (pancreaticoduodenectomy
or liver resection). Roux-en-Y hepaticojejunostomy
has the best success rate (80–99%) for the repair of an
injury of the common duct or common hepatic duct
(Clavien et al. 2007).

The gallbladder is dissected free from its liver bed.
The distal common bile is ligated above the superior
edge of the pancreas. The proximal duct is transected at
the confluence of the right and left hepatic ducts. The
biliary-enteric continuity is restored with a Roux-en-Y
hepaticojejunostomy. This procedure requires the
preparation of a segment of the gastro-intestinal tract
and a direct end-to-side mucosa to mucosa anastomosis
between the bile duct and the bowel. The blind end of
the jejunal loop is closed and kept in the abdominal
cavity. In some cases and especially when patients have
extensive calculi formation within the common bile
duct or within intrahepatic bile ducts, the blind end is
kept long and brought to abdominal wall and can be
further used as an avenue for subsequent interventional
maneuvres (Clavien et al. 2007).

2.2.4 Normal Postoperative Findings
Imaging is not indicated in asymptomatic patients
with no or minimal liver resection. On CT, it is
usual to observe pneumobilia in the non dependent
liver segments (Fig. 13). It may not be easy to iden-
tify the jejunal loop. Multiplanar reconstructions
that can follow extrahepatic bile ducts joining the

biliary-enteric anastomosis are helpful. Some teams
have proposed CT using biliary contrast medium in
order to improve visibility of the jejunal loops
(Stumpp et al. 2005). Analysis should also look at
the remnant common bile duct in the head of the
pancreas. Associated liver resection is detailed above
(see Sect. 1.3). Extensive lymph node dissection may
cause densification of the porta hepatis.

2.2.5 Early Complications
Early complications are mostly biliary or enteric leaks
or hemorrhage. As in other postoperative settings, CT
is accurate in diagnosing fluid collections but precise
diagnosis often requires direct ponction. In patients
with liver resection, fluid collections may come
from resection site or from bilioenteric anastomosis.
In patients with extensive lymph node resection,
lymphocele may occur. They predominate in the hep-
atoduodenal ligament and around the pancreatic head.
They usually do not require any treatment. Presence
of spontaneous hyperattenuating collection on unen-
hanced CT is synonymous of hematoma and multi-
phasic CT is indicated for excluding acute bleeding.

Patients with extensive liver resection may have
liver insufficiency (see Sect. 1.3). Notably, liver
parenchyma is often abnormal in those patients either
cholestatic or fibrotic explaining that liver regenera-
tion might be altered (Hirano et al. 2010).

Portal vein thrombosis is a rare complication
which can be favored by extensive dissection of
the portal hepatis and/or portal vein reconstruction.

Fig. 13 Contrast-enhanced CT scan after biliary-enteric anas-
tomosis demonstrating pneumobilia in the left bile ducts
(arrow)
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Color Doppler ultrasound and multiphasic examina-
tion are the modalities of choice for diagnosing this
complication which requires prompt anticoagulation.

2.2.6 Late Complications
The most typical complications are secondary cholan-
gitis. Although biliary-enteric patency should be
checked, cholangitis may be observed without any
stenosis due to reflux, or dysfunction. Imaging is dif-
ficult because bile duct dilatation may be absent even in
patients with stenosis. Furthermore, pneumobilia may
still be seen in patients with stenosis. Beside the biliary
dilatation, CT plays an important role in assessing
changes in liver morphology and searching vascular
complications. It also may show complications such as
marked enhancement of the bile duct wall on enhanced
CT images, abscess formation within the liver, and
upstream bile duct calculi (Sibert 2010).

Late complications in patients with history of
gallbladder or bile duct cancer are dominated by
recurrence which is commonly seen close to the sur-
gical resection (Kitagawa et al. 2001).

Sump syndrome in an uncommon (0.14–1.30%)
complication of side-to-side choledochoduode-
nostomy (Hawes et al. 1992). The segment of common
bile duct between the anastomosis and the ampulla of
Vater may act as a stagnant reservoir or sump. When
debris, stones or infected bile accumulate in the sump,
usually because of malfunction of the ampulla of Vater,
recurrent abdominal pain or symptoms of cholangitis,
pancreatitis or biliary obstruction may develop.
Although, very rare, sump syndrome has also been
described after hepaticojejunostomy. CT may show
debris or stones in the common bile duct. Upstream
dilated bile or pancreatic ducts may be seen. Compli-
cations of sump syndrome are pancreatitis, cholangitis
and liver abscess. Endoscopic treatment is the primary
therapeutic approach in those patients.
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Abstract

The liver and bile ducts and gallbladder are common
organs to be affected by inflammatory processes. This
chapter summarizes the range of common benign
disease processes that involve these organs. The most
common of these diseases involve biliary stones,
which may lodge in the gallbladder or intra- or extra-
hepatic ducts. Bile duct and gallbladder obstruction
lead to inflammation and infection. Ascending or
idiopathic causes of biliary inflammation are also
not uncommon and typically affect characteristic
populations. Infection of the liver parenchyma is
most commonly related to viral hepatitis, but can also
be related to bacterial, fungal, and parasitic infection.
Idiopathic causes, such as autoimmune hepatitis may
also occur. Most of these benign entities predispose
the patient to develop hepatobiliary malignancies,
and so the evaluation of CT scans for these patients
should include a search for possible tumor.

1 General Considerations

This chapter will summarize the major benign
inflammatory conditions of the liver and biliary tract
which cover a wide range of entities, from hepatitis to
abscesses to cholangitis. A critical consideration is
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that many of these benign hepatobiliary conditions are
risk factors for the development of hepatobiliary
malignancy, and so a search for possible malignancy
should be made if an inflammatory process is noted.
Hepatobiliary malignancies are covered in ‘‘Imaging
Findings of Cirrhotic Liver’’ and ‘‘Neoplastic Processes
in Biliary System’’.

1.1 Normal Appearance of the Liver
and Biliary Tract

At unenhanced CT, the normal liver parenchyma shows
a homogeneous CT attenuation between approximately
35–60 Hounsfield units when imaged at a tube potential
of 120 kVp. The contour of the liver is smooth and
regular, particularly along the dome of the diaphragm,
although muscular slips of the diaphragm may cause
indentations, and mild irregularity may be normal
along the undersurface of the liver. With intravenous
contrast material enhancement, the parenchyma of the
liver should be homogeneous in attenuation without
regional variation in any phase of CT contrast
enhancement. The intrahepatic bile ducts almost
always are parallel the portal veins and normal ducts
should be imperceptible or only barely visible as
scattered, noncontinuous low attenuation foci. The
common hepatic and common bile ducts in most cases
measure less than 7 mm in diameter and the bile duct
wall either imperceptible or less than 1.5 mm thick
without associated fat stranding.

The normal common bile duct usually is less than
7 mm in diameter, though larger diameters may be seen
in some patients with a prominent cystic duct in close
apposition with the common bile duct and in some
patients with prior cholecystectomy. Regardless of
size, a normal common bile duct should gradually taper
just as it approaches the ampulla. The wall of the
extrahepatic bile duct while often imperceptible can be
visualized up to 1.5 mm thick, usually on intravenous
contrast enhanced CT (Schulte et al. 1990).

The gallbladder is a cystic structure which sits in
the gallbladder fossa between the right and left lobes
of the liver. The wall of the normal gallbladder should
either be nonvisible or, if seen, should enhance to a
similar degree as liver parenchyma and be less than
3 mm in thickness. The gallbladder should not be
larger than 5 cm in diameter. There should be no
surrounding fat stranding and the internal contents

(bile) should be of fluid attenuation (between -10
and 20 HU).

1.2 Effect of Inflammation and Bile
Duct Obstruction on Appearances

While occasionally inflammation of the liver paren-
chyma and biliary tract may occur in the absence of
visible findings at CT, in the majority of cases CT
findings are evident. Geographic or heterogeneous
hyperenhancement of the associated liver paren-
chyma, particularly during the late arterial phase
of contrast enhancement, may be identified due to
increased arterial and decreased portal venous frac-
tional flow. These transient hepatic attenuation dif-
ferences may be related to increased overall vascular
flow related to the inflammation, or may be due to
edema-related local increased hepatic interstitial
pressure which limits low pressure portal venous
inflow. Intraparenchymal gas or pneumobilia may be
seen due to the presence of gas forming organisms,
but such findings are most commonly related to prior
instrumentation. Periportal edema may be seen with
biliary disease or with vascular processes. Affected
bile duct segments may be dilated and show a visibly
thickened enhancing bile duct wall.

1.3 MSCT Technique

CT is often the first imaging study performed on
patients with abnormal liver function tests or upper
quadrant pain. Unenhanced CT may be helpful for the
identification of biliary stones, but the use of intrave-
nous iodinated contrast is required for optimal assess-
ment of the liver parenchyma and biliary tract. Portal
venous phase imaging (obtained after a 60–90 s delay
following injection of contrast) is often adequate for
preliminary assessment of possible hepatobiliary
pathology. The use of high attenuation oral contrast is
usually unnecessary and may result in image artifacts or
limited evaluation of the distal duct and associated
bowel wall perfusion abnormalities. The use of near
water attenuation contrast agents which distend the
duodenum can be helpful to evaluate the distal duct.
Coronal and sagittal reformats are often useful for
delineating anatomy and to problem solve questionable
abnormalities seen on the axial source images.
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Thin section (2.5 mm or thinner) imaging with
multiplanar reformations assists in the evaluation of
the biliary tract. In particular, coronal reformations
assist with common bile and common hepatic duct
visualization. High tube potential settings (140 kVp)
may improve the visualization of biliary stones.

2 Biliary Stone Disease

2.1 Epidemiology

Cholelithiasis affects approximately 25 million adults in
the United States, particularly in women. Higher rates of
cholelithiasis occur in Caucasian, Hispanic, and Native
American populations while lower rates have been
reported in African American, eastern European, and
Japanese populations. Roughly 70% of gallstones are
predominantly cholesterol and 30% pigment.

2.2 Appearance of Stones

Ultrasonography is the imaging technique of choice for
detection of gallstones in the gallbladder. However,
the sensitivity markedly decreases for the direct
depiction of stones in the common bile duct (as low as
25%). Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) remains the gold standard for detecting
biliary stones outside of the gallbladder, but is invasive
and associated with major complication rates of 1.4%
or higher. MRCP provides outstanding sensitivity for
biliary stones, but may miss small stones \3 mm and
may be limited when pneumobilia is present.

Reports of CT sensitivity have varied from 25
to 88% for direct depiction of gallstones. Biliary
stones are more conspicuous on noncontrast than on
intravenous contrast enhanced CT of the abdomen
(Neitlich et al. 1997). Biliary stones can have a
surprisingly varied appearance at CT, though for any
given patient stones tend to resemble each other.
Occasionally stones may have markedly different
imaging features even within the same patient.
Non-calcified pure cholesterol stones can appear
slightly hypodense when compared to the surrounding
bile, particularly when low kVp settings are used.
Pigment stones and calcified stones usually appear
hyperdense to bile. Stones containing a mixture of
cholesterol and calcium carbonate/bilirubinate often
demonstrate a laminated appearance with alternating
low and high density rings (Fig. 1). Occasionally,
stones can dehydrate and become internally filled
with nitrogen gas which can be depicted on CT
imaging (Fig. 2). The gas often has a stellate config-
uration and may be the only finding to indicate the
presence of stones. Gallstones almost always appear
in the dependent portion of the gallbladder, but
occasionally adherent stones may be nondependent.

Potential mimics of stones at CT include gallbladder
sludge, blood clots, and dense proteinaceous mucus
can simulate multiple small stones on CT. Ultrasound
or MRCP can be used to problem solve in cases
where accurate determination of gallbladder content is
needed.

Choledocholithiasis, which is the presence of
stones in the common bile duct, is frequently a
delayed diagnosis and should be considered for any
patient with recurrent colicky upper abdominal pain.

Fig. 1 a Axial image
of a lamellated gallstone.
b Coronal view

Inflammatory Processes in the Liver and Biliary Tract 117



Choledocholithiasis may be missed at US owing to the
poor acoustic window for the common bile duct and the
fact that up to 50% of cases of choledocholithiasis
occur in the setting of nondilated bile ducts. For this
reason, careful evaluation of the common bile duct for
stones should be made. In particular, the observation of
a dependent focus that may be less or more dense than
bile and that shows an anterior crescent of bile or gas
should prompt further work up by MRCP or possibly
ERCP to confirm the presence of a common duct stone.
With careful observation, CT has a sensitivity of up to
75–88% for choledocholithiasis.

3 Inflammatory Biliary Conditions

3.1 Acute Cholecystitis

Cholecystitis refers to inflammation of the gallbladder
and can occur in both acute and chronic forms. In acute
cholecysitis, patients often present with right upper
quadrant pain, tenderness over the gallbladder fossa, and
a positive Murphy’s sign. Approximately 90–95% of all
cases of acute cholecystitis are related to gallstone
disease, where classically, a stone becomes impacted
at the gallbladder neck or cystic duct causing
obstruction of the normal bile drainage of the gallbladder.
Trapped concentrated bile has an inflammatory effect on
the gallbladder, and gallbladder distension itself may

cause increased translocation of bacteria into the wall.
Cholecystitis ranges in severity from mild inflammation
to gangrene.

CT findings of cholecystitis are similar to that seen
with ultrasound. An inflamed and obstructed gallbladder
will appear distended ([10 cm in long axis), demon-
strate a thickened wall ([3 mm), and show evidence of
pericholecytic fat stranding (Fig. 3). Pericholecytic fluid
may be present and internal bile can show increased
attenuation ([20 HU) (Fidler et al. 1996). Gallbladder
wall hyperenhancement is an unreliable finding.
Adjacent inflammation to the liver (perihepatitis) can
manifest as ill-defined low attenuation in the liver
adjacent to the gallbladder fossa at unenhanced or portal
venous phase imaging. On arterial phase imaging, this
area may demonstrate increased hepatic attenuation
around the gallbladder fossa due to increased arterial
flow. An obstructing gallstone within the gallbladder
neck or cystic duct may not be directly visualized on CT
but should be sought as a cause of acute cholecystitis.

Gallbladder wall thickening can be sometimes
difficult to distinguish from pericholecystic fluid.
In these cases, one should look for the presence of a
crossing vessel through the area of low density
‘‘thickening’’ which is more indicative of gallbladder
wall thickening. It is important to remember that iso-
lated gallbladder wall thickening is nonspecific and
may be caused by many non-inflammatory etiologies
such as portal hypertension, hence other signs of
local inflammation should be sought. A nondistended
gallbladder virtually excludes a diagnosis of acute
cholecystitis, with the exception being perforated acute
cholecystitis leading to a decompressed gallbladder.

Acute cholecystitis can rarely be complicated by
the presence of gas forming bacteria and/or ischemia
of the gallbladder wall may result in emphysematous
cholecysitits. Up to 38% of such cases are associated
with diabetes and are more common in men than
women (7:3). Cholelithiasis is often absent. There is a
much higher (five times) risk for development of
gangrenous cholecysitis and/or perforation when
compared to conventional acute cholecytitis. Mortality
is high (approximately 15%), therefore accurate and
timely diagnosis is important.

On CT, the main finding is the presence of gas either
in the gallbladder wall or lumen (Fig. 4). Gas in the
gallbladder wall often has a curvilinear appearance
similar to that of bowel pneumatosis. Gas may also
extend out of the gallbladder and track along fistulas.

Fig. 2 Multiple nitrogen-gas-containing gallstones. Note the
stellate configuration of the gas in the gallstones
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3.2 Acalculous Cholecystitis

Acalculous cholecystitis comprises up to 15% of all
cases of acute cholecystitis and 47% of all post-
operative cholecystitis. It occurs most commonly in
critically ill, burned, traumatic, and post-surgical
patients who are chronically fasted. Other risk
factors include vasculitis, total parenteral nutrition,
and diabetes mellitus. The exact etiology is
unknown but it may be related to overdistension of
the gallbladder which may lead to reduced mural
perfusion or other causes of reduced resistance to
infection.

CT findings are similar to those of acute chole-
cystitis associated with stone disease and include
gallbladder wall thickening, gallbladder distention,
and pericholecystic inflammatory changes.

3.3 Gangrenous Cholecystitis

Gangrenous cholecystitis, where the gallbladder wall
becomes ischemic and necrotic, may complicate both
acute and chronic cholecystitis. There is an increased
rate of perforation with an associated mortality
ranging from 15 to 40%. It occurs in 2–38% of all
acute cholecystitis cases.

A critical CT finding is absence of or markedly
decreased gallbladder wall enhancement compared
to that of the liver parenchyma in the presence of
gallbladder wall thickening. Other suggestive findings
include the presence of gas in the gallbladder
wall or lumen, irregular gallbladder wall thickening,
the presence of intraluminal sloughed membranes, and

pericholecystic collections (Fig. 5). The degree of gall-
bladder distention and wall thickening tends to be greater
than that seen with uncomplicated acute cholecystitis.
Clinically, the patient’s symptoms often will shift away
from the right upper quadrant and gallbladder fossa.

Rarely, bleeding may occur into the gallbladder
wall and lumen resulting in a variant of gangrenous
cholecystitis termed hemorrhagic cholecysititis. On
CT, the presence of mural or luminal high density
compatible with acute blood product suggests the
presence of hemorrhagic cholecytitis. Both gangrenous
and hemorrhagic cholecysititis require urgent surgical
intervention as they are at high risk for perforation.

Fig. 3 Axial and coronal
views of acute cholecystitis

Fig. 4 Axial view of emphysematous cholecystitis. Note the
presence of gas in the gallbladder wall. There is also evidence
of rupture with a locule of free air at the anterior liver tip
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3.4 Gallbladder Perforation

If untreated, acute cholecystitis may progress to
perforation. There is a higher rate of perforation
in the setting of gangrenous and emphysematous
cholecystitis. Perforation occurs in approximately
5–10% of all cases of acute cholecystitis with an
associated mortality of 19–24%. Acute perforation
often presents as generalized peritonitis. On CT, the
gallbladder may appear decompressed with a marked
amount of pericholecytic fluid. Extraluminal gall-
stones may also been seen outside of the gallbladder
in the peritoneal cavity. If untreated, abscesses may
occur locally around the gallbladder, liver, colon, or
small bowel. In chronic perforation, biliary fistulas
cause abnormal communication between the biliary
system/gallbladder and the GI tract and rarely to the
abdominal wall. On CT, a fistulous tract may be seen
connecting the gallbladder and stomach or right colon.

3.5 Chronic Cholecystitis

Chronic cholecystitis refers to repeated transient
gallbladder obstruction by gallstones which, over
time, leads to low-grade chronic inflammation and
fibrosis. CT findings are nonspecific demonstrating

gallbladder wall thickening with cholelithiasis. The
clinical history of long-standing symptomology
would point toward chronic over acute cholecystitis.

Xanthogranulomatous cholecystitis is a rare disease
related to chronic cholecystitis with a pathogenesis
similar to xanthogranulomatous pyelonephritis. In this
entity, chronic gallbladder inflammation leads to infil-
tration of the gallbladder by multiple lipid-laden
inflammatory cells. On CT, the gallbladder wall is often
markedly thickened and deformed. The wall may
contain multiple low density areas caused by foci of
fatty inflammation or abscesses (Fig. 6). The appear-
ance can mimic that of gallbladder carcinoma.

3.6 Porcelain Gallbladder

Porcelain gallbladder is a rare disorder related to
chronic cholecystitis causing gallbladder wall calcifi-
cation. On CT, there will be varying amounts of high
density calcification in the gallbladder wall (Fig. 7).
Special care should be made to look for any underlying
soft tissue mass as there is a controversial reported
association with gallbladder carcinoma. For this

Fig. 5 Axial image of gangrenous cholecystitis. Note lack of
mural enhancement and intraluminal membranes

Fig. 6 Axial view of xanthogranulomatous cholecystitis.
Note the marked gallbladder wall thickening and presence of
low density foci in the wall. Gallbladder carcinoma can have a
similar appearance
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reason, prophylatic cholecystectomy has been advo-
cated in cases of porcelain gallbladder, though more
recent studies show the risk of malignancy may not be
substantially greater than for the general population.

3.7 Mirrizi Syndrome

Mirrizi syndrome is rare and occurs when extrinsic
obstruction of the common hepatic duct is caused by
an impacted gallstone in the cystic duct or gallbladder
neck. In the majority of cases, the distal cystic duct
and common hepatic duct are parallel and encased in
a common sheath. On CT, careful assessment of the
hepatic duct may demonstrate an area of extrinsic
narrowing by an adjacent gallstone with upstream
duct dilation.

3.8 Choledocholithiasis

Choledocholithiasis refers to the presence of a stone
in the intra or extrahepatic bile ducts and represents
the most common cause for biliary obstruction. This
can occur from the passage of gallstones from the
gallbladder to the common bile duct or from stone
development directly within the biliary tract. This
can lead to obstruction and cholangitis. Stones

lodged in the distal bile duct near the ampulla can
also obstruct the main pancreatic duct and cause
pancreatitis.

On CT, stone visualization has been reported
between 75 and 88% (Neitlich, Anderson). Several
signs have been described for choledocholithiasis
(Baron et al. 1983; Baron 1987; Baron 1991). The
target sign refers to a stone visible as a central density
surrounded by a complete halo of hypodense bile. The
rim sign refers to a complete rim of increased density
around the periphery of a low density stone. A cresent
sign is seen when a high density calculus is eccen-
trically and dependently located within the duct with
an anterior cresent of hypodense bile. Indirect signs of
choledocholithiasis include bile duct dilation and
abrupt termination of the bile duct. Indirect findings
on their own are nonspecific and are not definitive of
stone disease. MRCP and ERCP are often the imaging
modality of choice in the setting of suspected
choledocholithiasis. Notably, even with these modali-
ties, small stones \ 3 mm in diameter may be missed
by imaging.

3.9 Gallbladder Polyps

Gallbladder polyps are small enhancing soft tissue
lesions projecting from the gallbladder wall into the
lumen (Fig. 8). Most are cholesterol polyps which are

Fig. 7 Axial unenhanced image of porcelain gallbladder

Fig. 8 Multiple small gallbladder polyps. Note the non-
dependent polyps along the anterior gallbladder wall
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often multiple. A single polyp is often a benign
adenoma. There is a slight associated malignant
degeneration of polyps and cholecystectomy is often
advocated for polyps larger than 10 mm in size.
Polyps between 5 and 10 mm are often followed by
ultrasound. When seen in the dependent portion of the
gallbladder, they can be difficult to be distinguished
from small gallstones by CT.

3.10 Adenomyomatosis

Adenomyomatosis of the gallbladder is a benign
hyperplastic cholecystosis marked by tiny macroscopic
diverticula (dilated Rokitansky-Aschoff sinuses) and
thickening of the gallbladder wall. Adenomyomatosis
is relatively common, found in up to 8.7% of chole-
cystectomy specimens (Williams et al. 1986) and is
associated with gallstones. Often, it is an incidental
finding with surgery only indicated if the patient is
symptomatic.

Most commonly, adenomyomatosis is localized to
the gallbladder fundus and may appear to be mass-
like with characteristic small * 5 mm cystic spaces
representing the dilated sinuses (Fig. 9a). More
extensive involvement of the gallbladder fundus may
result in an ‘‘hourglass’’ configuration of the gall-
bladder. In the diffuse form, there is global gallblad-
der wall thickening and hyperenhancement (Fig. 9b).
The presence of small cystic spaces in the thickened
area of gallbladder wall helps distinguish benign
adenomyomatosis from malignant disease (Ching
et al. 2007).

4 Bile Duct Inflammation

4.1 Acute Cholangitis

Acute cholangitis refers to acute infection of the
biliary tract, usually by gram negative bacteria, and is
usually associated bile duct obstruction from stric-
tures or stone disease. Acute cholangitis classically
presents with right upper quadrant pain, jaundice, and
fever.

The diagnosis of acute cholangitis relies heavily
on clinical signs and symptoms. CT may show intra
and extra-hepatic bile ductal dilation with mural
enhancement of the intra and extrahepatic bile ducts.
Periportal hyperenhancement may occur and reflect
local hyperemia. Advanced cases can be complicated
by the formation of hepatic biliary absesses which
are often multiple. Chronic infection can also lead to
secondary sclerosing cholangitis.

4.2 Sclerosing Cholangitis

Sclerosing cholangitis refers to an inflammatory
disease of the biliary tract that results in stricturing of
the affected ducts. There are two major forms: pri-
mary sclerosing cholangitis (PSC) refers to idiopathic
inflammation of the biliary system. Primary scleros-
ing cholangitis is seen mostly in young adult men
and has a high association with inflammatory bowel
disease. Up to 75% of cases are associated with ulcer-
ative colitis. However, only a minority of patients with

Fig. 9 Axial images of
adenomyomatosis. a diffuse
type b focal fundal type
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ulcerative colitis show clinical sclerosing cholangitis.
This disease is eventually leads to cirrhosis and liver
failure over a period of 5–10 years. Secondary scleros-
ing cholangitis occurs due to an identifiable cause
and may be related to chronic infection from bile
duct strictures or stones, previous surgery, drug use, or
congenital biliary anomalies. Typically, involvement of
both the intra- and extrahepatic ducts is seen, though
rarely only one of these sites may be involved. The cystic
duct is also less commonly involved (18% or less).

At ERCP, highly suggestive findings of sclerosing
cholangitis are diffuse irregularity of the biliary tract
with alternating areas of structuring and mild bile duct
dilatation. Findings at CT are nonspecific and include
focal, discontinuous areas of mild or moderate bile
duct dilation without an obvious underling mass
(Rahn et al. 1983) (Fig. 10). If the inflammation is
advanced, CT may show marked biliary mural
thickening, nodularity, and hyperenhancement, par-
ticularly of the common bile duct wall (Fig. 11).
Lymphadenopathy may also be seen, but is nonspe-
cific. As the inflammatory process progresses into the
more chronic phase, secondary findings can be seen in
the adjacent liver with fibrosis and atrophy of affected
segments of the liver and more pronounced dilation
of the intra and extrahepatic bile ducts (Fig. 12).
Cholangiocarcinoma is a feared complication of
sclerosing cholangitis and special care should be

taken to evaluate for the presence of soft tissue
masses in these patients or for secondary signs of
focal areas of increasing focal bile duct dilatation
suggesting evolving stricutres.

Mimics of sclerosing cholangitis include AIDS cho-
langitis and ischemic biliary stricture. AIDS cholangitis
may be related to opportunistic infection in the AIDS
population that cause biliary inflammation and can lead
to biliary structuring and obstruction. Common organisms

Fig. 10 Primary sclerosing cholangitis. There is irregular and
discontinuous dilatation and structuring of the intrahepatic
biliary tract

Fig. 11 Primary sclerosing cholangitis changes in the CBD.
On this coronal contrast enhanced image, there is marked
nodular mural thickening of the CBD with irregular luminal
narrowing

Fig. 12 Chronic primary sclerosing cholangitis. Irregular
dilated intrahepatic ducts are seen most prominently in
segments 8 and 4a. There is atrophy of the affected segments
with nodularity to the liver contour due to fibrosis

Inflammatory Processes in the Liver and Biliary Tract 123



include Cryptosporidium and Cytomegalovirus (CMV).
AIDS cholangitis can have an identical appearance to
sclerosing cholangitis on all imaging modalities, but
papillary stenosis is distinctly more common in AIDS
cholangitis. Ischemic biliary strictures typically occur
only after hepatobiliary surgery, hepatic arterial
chemoembolization, or trauma.

4.3 Primary Biliary Cirrhosis

Primary biliary cirrhosis (PBC) describes an
idiopathic progressive destruction of intrahepatic bile
ducts leading to portal fibrosis and hepatic scarring.
Typically it affects middle aged women and leads
inexhorably to liver failure, at times as quickly as in
two years. PBC is associated with a number of sys-
temic autoimmune disorders including rheumatoid
arthritis and thyroiditis.

The diagnosis of PBC is made by biopsy. Imaging
findings serve to help stage the severity of disease and
to assess for complications. Initially, the liver may be
enlarged and smooth in contour. As disease progresses,
the liver begins to atrophy and becomes more nodular.
Asymmetric hypertrophy and hyperattenuation of
the caudate lobe may be seen in the majority of cases.
As disease progresses to cirrhosis, liver parenchymal
heterogeneity with lacelike low density areas of fibrosis
are seen (Blachar et al. 2001). Lymphadenopathy can
be very prominent with multiple enlarged enhancing
lymph nodes seen in the upper abdomen. In advanced
disease, there will be CT findings of portal hyperten-
sion such as splenomegaly, ascites, and varices. As
with other chronic liver diseases, patients with PBC

have an increased risk of hepatocellular cancer, but
with a lower frequency when compared to that of
alcoholic and viral cirrhosis.

4.4 Recurrent Pyogenic Cholangitis

Recurrent pyogenic cholangitis (RPC) is a chronic
inflammatory disorder characterized by a cycle of
intra- and extrahepatic bile duct pigment stone for-
mation leading to biliary obstruction that causes bile
stasis and pyogenic cholangitis. RPC is almost always
associated with Gram negative bacterial infections
and may also be related to chronic parasitic infection
such as by Ascaris or Clonorchis sinesis. This disease
is endemic in Southeast Asia, and relatively rare
elsewhere. Repeated mechanical extraction of recur-
rent putty-like stones is often required, and partial
hepatectomy may be considered for intractable dis-
ease. Over time, repeated cholangitis can lead to liver
failure and patients are at an increased risk for
developing cholangiocarcinomas.

The classic CT finding of RPC is intrahepatic
biliary ductal dilation with hyperdense intrahepatic
ductal stones, which can be seen in up to 75% of cases
(Fig. 13). The common bile duct may also demon-
strate dilation and increased tortuosity. In contrast to
PSC, bile duct stricture is relatively rare in RPC
(22%) (Chan et al. 1989). Fibrosis and lobar atrophy
can be seen in advanced cases, reportedly more
commonly affecting the left lobe. When RPC is a
diagnostic consideration, special care should be made
to assess for any associated soft tissue masses which
may indicate cholangiocarcinoma.

Fig. 13 Recurrent pyogenic
cholangitis. Axial contrast
enhanced images from the
same patient demonstrate
marked intrahepatic biliary
ductal dilation, predominantly
in the left lobe. There are also
multiple hyperdense
intraductal filling defects
(arrows) seen in keeping with
pigment stones
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5 Inflammatory Hepatic Conditions

5.1 Hepatitis

Inflammation of the liver most commonly occurs as
result of viral infection, alcohol, or acetaminophen
overdose. The CT findings of acute hepatitis are
nonspecific and clinical history and liver function
tests are often the key to making the accurate diag-
nosis. CT findings include hepatomegaly, heteroge-
nous parenchymal enhancement, periportal edema,
and marked gallbladder wall thickening (Fig. 14).
The liver is often diffusely hypodense in alcoholic
hepatitis due to fatty infiltration. Lymphadenopathy
in the porta hepatis is also often seen. In chronic
hepatitis, regenerative nodules maybe seen and can
progress to cirrhosis. Careful assessment should be
made to identify possible hepatocellular carcinoma in
patients with chronic hepatitis, particularly when
cirrhosis is present.

5.2 Autoimmune Hepatitis

Autoimmune hepatitis is a rare and poorly understood
chronic inflammatory disease that may have systemic
manifestations. It affects women more frequently than
men and is associated with primary biliary cirrhosis and
sclerosing cholangitis. As there is no definite diagnostic
test, the diagnosis is often made by combining clinical,
biochemical, and pathologic findings. CT findings are
nonspecific with a wide number of findings which
overlap with that of conventional hepatitis.

5.3 Intrahepatic Abscess

Infections of the liver can lead to localized collections
damaging parenchyma. Bacterial abscesses account
for the majority of liver abscess with Clostidium and
E. Coli being the most common offending organisms.
Fungal, mycobacterial, and amebic abscesses repre-
sent other, less common, causes of intrahepatic
abscess. Organisms may migrate into the liver
parenchyma from the biliary tract, portal vein, hepatic
artery, or by direct extension. Abscesses may be
clustered and multiloculated (‘‘cluster sign’’), or may
be unilocular.

On CT, hepatic pyogenic abscesses are often well
defined, round, hypodense parenchymal masses. They
will often demonstrate peripheral wall enhancement
and may also have internal enhancing septations.
A second peripheral rim of different enhancement in
the surrounding liver parenchyma may create a
‘double target’ appearance (Mathieu et al. 1985). The
presence of internal air within a cavity occurs in 20%
of all cases and, in the absence of instrumentation,
is highly suggestive of infection by gas-producing
bacteria and often diagnostic for pyogenic abscess
(Fig. 15). Occasionally, a cluster of smaller abscesses
can coalesce into a single large collection resulting in
a multiseptated cystic mass which can mimic a cystic
neoplasm. Secondary edema in the surrounding liver
parenchyma can be seen manifesting as ill-defined
hypodensity surrounding an abscess. Secondary signs
include right sided pleural effusions and ascites.
When a pyogenic liver abscess is seen, special care
should be made to interrogate the remainder of the
abdomen for a source of infection such as appendi-
citis, diverticulitis, or biliary obstruction.

Amoebic abscesses are similar in CT appearance
to pyogenic abscess. One differentiating feature is
the presence of gas which should not be present in
amoebic infection unless a fistula is present. Clinical
and biochemical markers are helpful to confirm
amebic infection.

Fungal microabscesses are often small and multiple,
and are seen in the setting of immunocompromised

Fig. 14 Acute hepatitis. Coronal CT demonstrating hepato-
megaly, heterogenous parenchymal enhancement, and gallblad-
der wall thickening
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patients. On CT, they may be imperceptible, but larger
abscesses appear as multiple small hypodense lesions
thoughout the liver which may or may not have
peripheral rim enhancement (Fig. 16). They may
contain a central small focus of high density due to
accumulation of hyphae, termed the central dot sign.
Simultaneous involvement of the spleen is often seen.
Chronic healed abscesses may calcify.

5.4 Hydatid Disease

Hydatid disease refers to parasitic infection by the larval
form of Echinococcus granulosis or multilocularis with
E. granulosis seen more commonly in the western
hemisphere. While the disease is rare in the developed
world, it should always be considered, especially in areas
with large immigrant populations exposed to sheep and
dogs. Liver involvement is seen in up to 60% of cases
(lungs are involved in 20%). Humans are accidental
intermediate hosts and are infected by oral ingestion of
food contaminated with eggs, usually from feces.

CT findings of hydatid disease differ according to
the stage of infection. The right liver lobe is most
often involved. Initially, hydatid cysts appear as well-
defined fluid-density lesions which do not demon-
strate any internal enhancement. There may be mild

enhancement of the cyst wall. Curvilinear crescentic
peripheral calcification can be seen in up to 50% of
cases (Fig. 17). As the cyst matures, internal septa-
tions can develop and the internal contents can
become slightly increased in density due to the pres-
ence of internal debris. The pericyst membranes can
detach and float within the cyst visualized as linear

Fig. 15 Intrahepatic abscess. Large round rim enhancing
cavity containing an air-fluid level in the dome of the liver

Fig. 16 Fungal abscesses. Multiple small hypodense lesions
throughout all segments of the liver in this patient with
candidiasis. Note that many lesions contain a pinpoint focus of
central high attenuation, representing the central dot sign

Fig. 17 Hydatid cyst. Multiloculated cystic lesions in the left
lobe of the liver with peripheral calcification
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areas of high density. The presence of multiple
smaller ‘daughter’ cysts located peripherally within
the larger ‘mother’ cyst is a characteristic finding and
highly suggestive of hydatid disease when present.
The daughter cysts often have a lower density than
that of the mother cyst. As the cyst heals, dense cal-
cification of the entire cyst may occur and imply
death of the parasite.

It is important to note that biopsy of hydatid cysts
should be performed with caution as leakage of the
cyst contents into the peritoneal cavity can result in
life-threatening anaphylaxis.

5.5 Peliosis

Peliosis hepatis is a rare disorder where multiple
blood-filled cavities are seen throughout the liver.
It is a benign entity and is thought to be related to
sinusoidal damage and dilation. It is often asymp-
tomatic and can affect other organs such as the spleen
and lymph nodes. There are multiple associations
including AIDS, renal transplantation, and drug use
(including anabolic steroids).

On CT, peliosis appears as multiple small areas of
low density throughout the liver. If the cavities are
smaller than 1 cm in diameter, CT images may be
normal. On unenhanced CT, some of the cavities may
be hyperdense to liver due to internal hemorrhage. On
arterial phase, the lesions may have central globular
enhancement similar in attenuation to that of blood pool.
The enhancement radiates outward on portal venous
phase and eventually fills the cavity on delayed phase
(Gouya et al. 2001). However, peripheral globular
enhancement may occasionally be seen. Over time fol-
lowing an acute inflammation these lesions evolve and
fibrose, with appropriate evolving CT characteristics.

5.6 Hepatic Sarcoidosis

Sarcoidosis is a systemic illness that can cause
multiple noncaseating granulomas throughout the
liver parenchyma. The most common CT finding of
sarcoidosis is that of hepatomegaly with diffuse
heterogeneity to the liver. Nonenhanced CT may
show innumerable small low density lesions (less
than 2 cm in diameter) throughout the liver which
become isodense to liver after intravenous contrast

administration. The spleen is often similarly affected
and lymphadenopathy is very common.

5.7 Hepatic Infarct

Infarcts of the liver are rare due to dual blood supply
to the liver from the hepatic artery and portal vein.
The liver also has a rich network of collateral pathways
which help to maintain perfusion. Liver infarction
can occur after hepatic instrumentation or surgery,
including cholecystectomy, placement of a transjugular
intrahepatic portosystemic shunt (TIPS), chemoembo-
lization, partial hepatectomy, blunt trauma, and liver
transplantation.

On CT, infarcts can have multiple appearance,
including wedge-shaped, irregular geographic distri-
bution or rounded (oval) areas, of low density or poor
enhancement. Acutely, infarcts show ill-defined bor-
ders and these borders become more distinct as the
infarct evolves. It has been shown that the varied
appearances of infarcts is due to their evolution from
wedge-shaped or irregular geographic zones of low
attenuation with poor perfusion to round or oval col-
lections, often cystic (Holbert et al. 1996). Infarcts are
more apparent on contrast enhanced CT when com-
pared to unenhanced, and the infracted tissue remains
hypodense to normal perfused liver on all phases.
Blood vessels within an infarct are non-enhancing and

Fig. 18 Hepatic infarct. Coronal reformat in portal venous
phase demonstrating a large well-defined geographic area of
hypodensity in the left hepatic lobe in keeping with infarct.
The patient was post liver transplantation
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may appear iso- or hypodense. Gas can be occasionally
seen within the area of infarct due to necrosis and does
not necessarily indicate superinfection. Rarely, infarcts
can appear rounded, mimicking intrahepatic abscess
(Lev-Toaff et al. 1987).

5.8 Venoocclusive Disease

Venocclusive disease is a life-threatening complica-
tion of bone marrow transplantation. Small hepatic
veins become clotted/obstructed leading to liver
failure. Clinically, patients present with painful
hepatomegaly, ascites, and jaundice often four to
five weeks after transplantation. The CT findings
include narrowing of the hepatic veins, periportal
edema, ascites, and heterogeneous liver enhancement.
The presence of small bowel thickening should raise
the possibility of graft-versus-host disease rather than
venoocclusive disease (Erturk et al. 2006).

6 Conclusion

The liver and bile ducts may be affected by a range
of inflammatory processes that may be focal, diffuse,
or systemic. Clinical correlation complements radio-
logical signs for the accurate diagnosis and treatment
monitoring of these diseases. A continued search for
possible hepatobiliary malignancy must be performed
at each cross-sectional scan of the liver when benign
inflammatory disease is suspected.
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Abstract

Cholangiocarcinoma (CC) is a malignant tumor
arising from biliary epithelium. Clinical manifes-
tations vary depending on the location of the
tumor. Understanding of different morphologic
types of CC is useful for accurate staging and
predicting prognosis. Gallbladder carcinoma usu-
ally presents with advanced disease because of the
absence of specific symptoms. Multislice CT
(MSCT) is presently the most commonly used
imaging modality for the diagnosis and staging of
the neoplasms involving the biliary system by
demonstrating the tumor and abdominal vessels on
any desired imaging planes with high spatial
resolution. This chapter reviews imaging findings
of neoplasms in the biliary system, focusing on
typical imaging findings of biliary neoplasms and
clinical applications of MSCT.

1 Introduction

Most neoplasms that arise from the bile duct and
Gallbladder (GB) are malignant and have a poor
prognosis. Clinical symptoms vary depending on the
location and morphologic types of the tumor. Intra-
hepatic Cholangiocarcinoma (CC) or GB carcinomas
usually present with a large, advanced tumor because
clinical symptoms do not appear until the tumor
progresses to an advanced stage. Hilar and distal
extrahepatic CC, on the other hand, are relatively
small at the time of detection as they typically present
with symptoms of biliary obstruction.
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Radiological imaging is performed for the diag-
nosis and staging of the tumor. The most important
role of imaging is to determine the exact location,
extent, and spread of the tumor, thereby differentiat-
ing resectable and unresectable tumors. Resectability
is limited by extent of the tumor in the liver and bile
duct, and tumor invasion of the major hilar vessels,
distant metastases to the lymph nodes and perito-
neum, and underlying liver or biliary tract disease.

Multislice CT (MSCT) is presently the most com-
monly used imaging modality for the diagnosis and
staging of neoplasms in the biliary system. With the
advent of MSCT, abdominal CT scanning has become
remarkably faster and the results of multiplanar refor-
mat (MPR) images have remarkably improved. MSCT
can accurately provide the tumor extent and provide
detailed information of the vascular anatomy and
relationship between the tumor and major abdominal
vessels which is crucial for surgical planning.

2 Prevalence and Etiology

2.1 Cholangiocarcinoma

The incidence of CC varies greatly depending on the
geographic regions, with the highest reported in South-
east Asia (Charbel and Al-Kawas 2011). Recent studies
from most world regions have shown the incidence and
mortality rate of intrahepatic CC are continuously
increasing whereas those of extrahepatic CC remain
constant or decreasing. Large differences in incidence
and mortality between intrahepatic and extrahepatic CC
suggest that these two types of CC develop from largely
different etiologic factors (Cardinale et al. 2010).

Risk factors for CC include primary sclerosing
cholangitis (PSC), chronic hepatolithiasis, recurrent
pyogenic cholangitis (RPC), choledocholithiasis,
parasitic biliary infestation, viral hepatitis, bile duct
adenoma, biliary papillomatosis, Caroli’s disease,
choledochal cyst, thorotrast, smoking, and chronic
typhoid carrier state. However, no risk factor can be
identified in a large number of cases. There are sub-
stantial differences between the risk factors for both
Western and Eastern geographic regions and also with
respect to the anatomic location of the tumor. PSC is a
major risk factor for CC in the West where the lifetime
risk is 7–20% with an annual incidence of 0.6–1.5%
(Burak et al. 2004). On the other hand, liver fluke

infestation by Clonorchis sinensis and Opisthorchis
viverrini, is a major risk factor for both intrahepatic and
extrahepatic CC in the East and Southeast Asia (Choi
et al. 2006; Marcos et al. 2008). Chronic hepatitis C and
B virus infection has recently been reported as a risk
factor for intrahepatic CC in both East and West (Malhi
and Gores 2006).

2.2 Gallbladder Carcinoma

GB carcinoma affects women three times more
commonly than men, and the vast majority patients
are older than 40 years of age (Miller and Jarnagin
2008). GB carcinoma has a worldwide geographic
distribution that correlates with the prevalence of
gallstone disease. High prevalence has been reported
in South America, Northern India, Japan, and Central
European countries (Reid et al. 2007).

Cholelithiasis is the most important risk factor for GB
carcinoma. The vast majority of patients with GB
carcinoma have gallstones. The risk of GB carcinoma is
2.3–34.4 times higher in patients with gallstones than in
individuals without gallstones (Lowenfels et al. 1999;
Miller and Jarnagin 2008). Factors associated with
gallstone disease, such as obesity, a high fat and
carbohydrate diet, multiple pregnancies, and the use
of estrogens, correlate with an increased risk of GB
carcinoma. The mechanism by which cholelithiasis
predisposes to GB carcinoma has not been clarified.
Chronic inflammation of the GB mucosa by gall-
stones may predispose to malignant transformation
through a sequence evolving from atypia to dysplasia
to carcinoma in situ and, finally, to invasive carci-
noma (Reid et al. 2007). Other risk factors of GB
carcinoma include porcelain GB (Stephen and Berger
2001), anomalous junction of the pancreaticobiliary
duct (Elmer et al. 2001), gallbladder polyps, chronic
typhoid fever, adenomyomatosis, and inflammatory
bowel disease (Reid et al. 2007).

3 Pathology and Clinical Features

3.1 Cholangiocarcinoma

CC can be classified as intrahepatic and extrahepatic
CC by anatomic location. Extrahepatic CC can be
further divided into hilar CC and distal extrahepatic
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CC (Cardinale et al. 2010). Morphologic classification
of CC is useful for interpreting images as well as
predicting tumor behavior, prognosis and planning
appropriate surgery. The morphologic classification
proposed by the Liver Cancer Study Group of Japan
(Yamasaki 2003) classifies intrahepatic CC as mass-
forming, periductal-infiltrating, and intraductal-
growing types. Lim (Lim and Park 2004) suggested
that the classification can be used for both intrahepatic
and extrahepatic CC. The most common histologic
type of mass-forming and periductal-infiltrating CC is
a well to poorly differentiated tubular adenocarcinoma
which is often accompanied by abundant fibrous
stroma. On the other hand, the majority of intraductal-
growing CC are papillary adenocarcinomas.

Mass-forming CC is the most common type in
intrahepatic CC. The tumor easily invades and
penetrates the bile duct wall and grows outward to form
a nodular mass in the liver parenchyma. Bile duct
narrowing is common and obstructive jaundice occurs
when the tumor involves the hepatic hilum. periductal-
infiltrating CC is the most common type in hilar CC.
The tumor grows along the bile duct wall, resulting in
concentric thickening of the bile duct wall to form an
elongated, spiculated appearance. The involved bile
ducts are narrowed or obstructed and the upstream bile
ducts are dilated. The tumors are usually small because
they are discovered early due to obstructive jaundice.
intraductal-growing CC is characterized by intralumi-
nal papillary tumors anywhere in the biliary system
associated with partial bile duct obstruction or dilata-
tion. The tumors are usually small and often spread
along the mucosal surface of the bile duct resulting in
multiple tumors (papillomatosis). The tumor produces
a variable amount of mucin which may impede the file
flow causing biliary dilatation because of viscous
mucin (Lim and Park 2004).

Clinical presentation of CC primarily depends on
anatomic location. Intrahepatic mass-forming CC
frequently presents with nonspecific right upper
quadrant abdominal pain. Obstructive symptoms are
uncommon. Fever, night sweats, and weight loss may
occur. On the contrary, extrahepatic CC present with
symptoms of biliary obstruction, cholangitis and right
upper quadrant pain. Other symptoms may coexist,
related to hepatitis, cirrhosis, or systemic metastases
(Malhi and Gores 2006). intraductal-growing CC is
usually less invasive and shows better prognosis than
mass-forming or periductal-infiltrating CC.

3.2 Gallbladder Carcinoma

The vast majority of GB carcinomas are adenocarci-
nomas. Less common variants include papillary,
mucinous, squamous, and adenosquamous subtypes.
Papillary carcinomas tend to fill the lumen of the
gallbladder before invading the gallbladder wall;
therefore, they are associated with a better prognosis
than other variants (Levy et al. 2001). The majority
(60%) of GB carcinomas arise in the fundus, whereas
30% occur in the body and 10% in the neck
(Reid et al. 2007). Invasion to adjacent organs,
metastatic lymphadenopathy, and distant metastases
are common.

The majority of patients with GB carcinoma
present with advanced disease because of the absence
of specific symptoms. GB carcinomas usually present
with nonspecific symptoms that include abdominal
pain, nausea, vomiting, jaundice, anorexia, and
weight loss. As a result, the prognosis for GB carci-
noma remains poor, with the curative resection rate
less than 30% (Miller and Jarnagin 2008).

4 MSCT Imaging Techniques

For diagnosis and staging of neoplasms in the biliary
system with MSCT, unenhanced and dual-phase
contrast-enhanced scanning in the arterial phase (AP)
and portal venous phase (PVP) is most commonly
used. Unenhanced CT scan is helpful to differentiate
between an intraductal tumor and calculi. AP scan is
performed 25–40 s after the initiation of a contrast
bolus or using a bolus-triggering technique. Scan
delay should be optimized depending on the type of
MSCT scanners and the amount and rate of contrast
injection (Johnson and Fishman 2006). AP imaging is
useful for understanding the arterial anatomy and
evaluating the relationship between the arteries and
tumor. PVP images are typically obtained at 70–80 s
after initiation of a contrast bolus. It is important to
ensure hepatic veins as well as portal veins are ade-
quately enhanced as hepatic veins function as an
important landmark for planes of liver resection. PVP
images are most important to determine the tumor
extent, venous invasion, and metastases. Delayed
phase scanning at 3–5 min may be performed to
demonstrate typical late enhancement of CC, but it is
not widely used as dual-phase scanning (i.e. AP and
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PVP) is sufficient for characterization and staging of
the tumor in most cases.

Thin slice thickness of 1–2.5 mm with a variable
degree of scan overlaps (typically 50%) is important
for accurate tumor staging. High-end MSCT scanners,
such as 32- or 64-slice MSCT scanners, are preferred
for preoperative staging as they have an advantage of
larger anatomic coverage during a single breath-hold.
MPR images with coronal and sagittal planes are
helpful to evaluate the tumor extent and relationship
between the tumor and adjacent important anatomic
structures. Three-dimensional (3D) reconstructions by
using a maximum intensity projection or volume-
rendering technique can be easily performed on var-
ious commercially available 3D workstations. 3D
images provide a comprehensive delineation of
hepatic vascular architecture that is particularly
helpful for surgical planning, thereby reducing the
risk of vascular injury during tumor resection
(Catalano et al. 2008; Sahani et al. 2002, 2008).

5 MSCT Imaging Findings

5.1 Intrahepatic CC

Mass-forming intrahepatic CC usually presents with a
large mass because it does not cause any symptoms
when the mass is small. However, small mass-
forming CC is occasionally found during the imaging
surveillance for HCC in cirrhotic liver or imaging
tests for other abdominal indications (Fig. 1) (Kim
et al. 2007). The mass typically shows marked
hypoattenuation in the AP and PVP with or without
thin rim-like enhancement (Kim et al. 1997). The
central portion of the tumor shows substantial
enhancement in the delayed phase ([4–6 min after
contrast injection) (Fig. 2) that may persist for hours
due to abundant fibrous stroma and large interstitial
spaces of the tumor (Asayama et al. 2006). Mass-
forming CC infrequently shows hypervascularity in
the AP which mimics the appearance of HCC (Fig. 2)
(Kim et al. 2007, 1997). The absence of washout
(negative enhancement) and persistent positive
enhancement of CC may help to differentiate it from
HCC that typically shows later washout.

Small intrahepatic metastases are frequently seen
adjacent to the main mass, but they can be seen in
other parts of the liver. Capsular retraction is an

uncommon, but a unique feature of mass-forming CC
which typically has a prominent desmoplastic reac-
tion (Fig. 1). Dilatation of intrahepatic bile ducts
peripheral to the tumor is occasionally seen. Diffuse
mild dilatation of the intrahepatic bile ducts is often
seen because of associated liver fluke infection in
endemic areas (Choi et al. 1998, 2006). If the tumor
invades the hilar bile duct confluence, the intrahepatic
ducts in both lobes of the liver are severely dilated
(Fig. 3). Narrowing or obstruction of the portal or
hepatic vein by tumor invasion or extrinsic com-
pression or arterial encasement by infiltrative tumor is
often seen when the tumor is centrally located.
Careful and detailed evaluation of axial and MPR
images is crucial to detect vascular invasion. Meta-
static lymphadenopathy in the hepatoduodenal liga-
ment or retroperitoneum or peritoneal metastasis is
commonly seen (Fig. 3).

CC is a serious complication of primary sclerosing
cholangitis (PSC). It is often difficult to diagnose
because of preexisting bile duct strictures and thick-
ening. CC in PSC is most commonly seen as a hepatic
parenchymal mass associated with progressive biliary
dilatation or a dominant stricture of the bile duct on
MSCT (Fig. 4). Less common manifestations include
focally thickened bile duct or a polypoid mass
(Campbell et al. 1998). It is important to carefully
assess any interval changes of the degree of biliary
dilatation and thickening between follow-up imaging
studies.

Recurrent pyogenic cholangitis (RPC) is charac-
terized by intrahepatic biliary calculi, bile duct dila-
tation and strictures, segmental hepatic atrophy, and
recurrent episodes of cholangitis and liver abscesses.
CC in RPC most commonly manifests as a mass-
forming intrahepatic CC and predominantly localizes
in segments with severe atrophy (Fig. 5). CC can be
easily misdiagnosed as an abscess or inflammatory
mass because the mass typically shows marked
hypoattenuation on CT scan. Hilar or distal extra-
hepatic CC is less commonly associated with RPC
(Kim et al. 2006a, b, c)

Preoperative staging of intrahepatic mass-forming
CC with MSCT should primarily focus on determining
tumor extent in the liver and extrahepatic metastases
that are best demonstrated on PVP images. It becomes
important to assess the relationship between the tumor
and perihilar vessels and bile ducts using axial and
MPR images if the tumor invades the hepatic hilum.
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5.2 Hilar and Distal Extrahepatic
Cholangiocarcinoma

Hilar CC most commonly has a periductal-infiltrating
morphologic type. Distal extrahepatic CC most
commonly manifests as a small (1–2 cm in size)

mass-forming type although other morphologic types
can be seen (Seo et al. 2009). MSCT is excellent to
localize the tumor by demonstrating a focal bile duct
thickening or a mass with substantial enhancement
accompanied by upstream biliary dilatation. The
mucosal/submucosal component of the tumor is often

Fig. 1 Spectrum of MSCT findings of mass-forming intrahe-
patic CC. a, b Small hypervascular tumor discovered during
surveillance in patient with hepatitis B induced cirrhosis. a A
homogeneously enhancing tumor (I) is seen in the arterial
phase. b Tumor becomes isoattenuating to the liver parenchyma

during the portal venous phase. c, d Common appearance of
tumor, presenting as a large, hypoattenuating mass with thin
peripheral rim of enhancement in the arterial phase (c, arrow)
and capsular retraction shown in the portal venous phase
(d, arrow)

Neoplastic Processes in Biliary System 133



slightly hyperattenuating or isoattenuating relative to
the liver on both AP and PVP images (Fig. 6) (Han
et al. 2002). MSCT is also useful to assess the rela-
tionship between the tumor and perihilar structures
that can be best evaluated on thin-section images
facilitated by MPR images and 3D reconstructions
(Chen et al. 2006; Uchida et al. 2005). Hepatic arterial

anatomic variations and arterial tumor invasion can be
better evaluated in the AP than PVP (Fig. 6).

The evaluation of MSCT of hilar and distal extra-
hepatic CC should focus on tumor resectability because
surgical resection with histologically negative resec-
tion margin can offer the best chance of long-term
survival. Resection of hilar CC includes a partial

Fig. 2 Enhancement pattern of mass-forming CC. Variable
degree of enhancement of the tumor is seen in the arterial
phase. The tumor is heterogeneously hypervascular in this
particular case (a) with the tumor becoming hypoattenuating in

the portal venous phase (b). During the delayed phase (c) the
tumor shows progressive hyperenhancement in its central
portion (arrow) due to abundant fibrous stroma and large
interstitial spaces

Fig. 3 Biliary obstruction in mass-forming CC. a Central invasion of the tumor results in obstruction of the biliary tree
(arrowhead). b Nodal metastases are seen in the gastrohepatic ligament (arrow)
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hepatectomy of the predominantly involved lobe of the
liver. Tumor extension to the bilateral secondary biliary
confluence or tumor invasion to bilateral hilar vessels
had been considered unresectable. However, a curative
resection is now often performed depending on the
remaining liver volume, the length of vascular inva-
sion, and anatomic configurations of the bile ducts with

successful outcome (Chung et al. 2008; Lee et al. 2006).
A longitudinal tumor extent of the distal extrahepatic
CC is critical to determine the surgical planning and is
best evaluated by coronal or oblique coronal MPR
images (Fig. 7). Tumor involvement of intrapancreatic
segment of bile duct indicates pancreaticoduodenec-
tomy whereas a tumor close to the hepatic hilum may
indicate partial liver resection.

MSCT might be limited to determine the exact
tumor extent of hilar CC within the bile duct espe-
cially after insertion of biliary drainage or stent.
However, it is often possible to determine the level
and extent of obstruction by a careful tracing of the
individual segmental bile ducts and identifying a focal
wall thickening with enhancement which obliterates
the lumen. A detailed evaluation of axial and coronal
thin-section CT images enables a reliable evaluation
of the tumor involvement of the primary and sec-
ondary bile duct confluence (Fig. 8). MSCT tends to
underestimate the longitudinal tumor extent of distal
extrahepatic CC due to submucosal tumor extension
along the bile duct (Seo et al. 2009). Additional
imaging with MR cholangiopancreatography or per-
cutaneous transhepatic cholangiography is often per-
formed for a comprehensive visualization of the
tumor extent in the bile duct (Choi et al. 2008; Lee
et al. 2002). MSCT cholangiography using an

Fig. 5 CC in recurrent pyogenic cholangitis. Note the typical
changes of the underlying disease, including right lobar
atrophy, ductal dilatation, and intraductal stones (arrowhead).
Mass-like areas (arrow) in these patients should be viewed with
high suspicion for CC

Fig. 4 Mass-forming CC in primary sclerosing cholangitis.
a Coronal thick-slab MRCP sequence depicts the typical diffuse
ductal changes of primary sclerosing cholangitis with numerous

alternating areas of strictures and dilatations. b Axial arterial
phase CT scan shows a hypoattenuating mass with faint rim
enhancement (arrows)
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injection of contrast material through biliary drainage
tubes is an excellent imaging method; however, this
technique is only available when percutaneous biliary
drainage tubes are placed (Kim et al. 2006a, b, c).

Vascular invasion is diagnosed when there is ves-
sel occlusion (Fig. 9), stenosis, or contour deformity
associated with tumor contact, or greater than 50%
perimeter contact with the tumor (Lee et al. 2006). It
is important to estimate the length of involved hilar
portal vein as it is important for surgical planning
including resection and anastomosis of the portal vein
(Sugiura et al. 2008). MSCT tends to underestimate
nodal metastasis and peritoneal metastasis which is
less common in extrahepatic CC than intrahepatic
mass-forming CC. The presence of equivocal lymph
nodes on CT scan cannot be used as a criterion for
unresectability as the lymph node status cannot be
reliably determined on current imaging system
(Chung et al. 2008). The use of MSCT has markedly
improved the detection and staging of hilar CC
compared with conventional CT scan (Cha et al.
2000; Chen et al. 2006; Lee et al. 2006). Lee et al.
(2006) recently reported an overall accuracy of 74.5%
for prediction of resectability for hilar HCC. The
main causes of inaccuracies were underestimation of
biliary and vascular invasion.

5.3 Intraductal-growing
Cholangiocarcinoma

Intraductal-growing CC is the least common mor-
phologic type and occurs in both intrahepatic and
extrahepatic bile ducts. The tumors are usually small
papillary or polypoid lesions, often spreading super-
ficially along the mucosal surface. The tumors are
often confined within the bile duct without invasion to
adjacent liver parenchyma. A large amount of mucin
is occasionally produced and excreted to the bile duct,
resulting in partial biliary obstruction and aneurysmal
biliary dilatation due to thick mucin (Lim 2003).

Intraductal-growing CC may show various imaging
patterns on CT scan determined by the location, size,
and the presence or absence of mucin hypersecretion.
Diagnosis of the tumor may be difficult if the tumor is
small and located in the peripheral intrahepatic bile
duct without mucin hypersecretion. MSCT may show a
nonspecific hypoattenuating tubular structure in the
liver that can be easily dismissed or misdiagnosed as
biliary calculi (Fig. 10) (Lee et al. 2000). It is important
to carefully assess any lesional enhancement on con-
trast-enhanced scan by comparing with unenhanced
images. When the tumor produces mucin, a focally
dilated intrahepatic bile duct that harbors multiple

Fig. 6 Periductal-infiltrating hilar CC. The encasement of both
right and left hepatic arteries (white arrowhead) is best seen
during the arterial phase (a). Similarly, the portal venous phase
(b) allows for improved assessment of the portal veins, the left

portal vein being narrowed by tumor (black arrowhead).
In both phases, the mucosal/submucosal component of the
tumor appears as hyperattenuating to the liver parenchyma
(black arrow)
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polypoid enhancing nodules is visualized. An aneu-
rysm-like cystic biliary dilatation can be misdiagnosed
as a biliary cystic neoplasm (Fig. 11). A tubular
appearance and identification of communication with
the bile duct may help to lead to a correct diagnosis.
A diffuse dilatation of the entire biliary system occurs if
the tumor produces a profuse amount of mucin. Papil-
lary tumors are occasionally very small in size and may
not be clearly seen even on the state-of-the-art MSCT

scan, resulting in a diagnostic dilemma in cases with
diffuse or focal dilatation of the bile duct without vis-
ible mass or obstruction (Chung et al. 2009; Lim et al.
2008). Careful evaluation of thin-section contrast-
enhanced axial and MPR images is critical to detect any
tiny polypoid lesions or focally thickened bile duct wall
that may represent small papillary tumors. Vascular
invasion or distant metastasis is not common in intra-
ductal growing type of CC.

Fig. 7 Spectrum of MSCT findings of extrahepatic CC. a A
periductal-infiltrating tumor (arrow) in mid common bile duct
causing short-length stricture which ends cranial to the
pancreas. b Larger mass-forming tumor affecting the mid and
distal common bile duct with invasion of the pancreas

(arrowheads). c Periductal-infiltrating tumor affecting the
entire intrapancreatic portion of common bile duct. d Distal
common bile duct tumor (arrowhead) causing short-length
high-grade stricture
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5.4 Gallbladder Carcinoma

Imaging patterns of gallbladder carcinoma of CT scan
have been described as a mass replacing the GB in
40–65% of cases (Fig. 12), focal or diffuse GB wall
thickening in 20–30% (Fig. 13), and an intraluminal
polypoid mass in 15–25% (Fig. 14) (Levy et al. 2001).
In the imaging pattern of a mass replacing the GB,
contrast-enhanced CT scan shows a heterogeneous
solid mass replacing the GB fossa often associated with

soft-tissue extension to the adjacent liver, perichole-
cystic fat, and porta hepatis as well as metastatic lym-
phadenopathy. The mass frequently contains gallstones
and areas of hypoattenuating necrosis. After regional
lymph nodes, the most common sites of distant
metastasis are the peritoneum and liver. Local staging
of GB carcinoma by MSCT scan is somewhat limited
with overall T-staging accuracy of 71% reported by
Kim (Kim et al. 2002). MSCT has an important benefit
to provide MPR images in any axis that can improve the

Fig. 8 MSCT assessment of bile ducts in hilar CC. a Axial
image shows the confluence of right anterior (segment 5/8),
right posterior (segment 6/7) ,and left hepatic ducts. Note the
anomalous insertion of the right posterior duct into the left
hepatic duct. b Coronal image showing the confluence of the
right anterior and left hepatic ducts. c However, on a more

anterior coronal image, obstruction of both an accessory
segment 5 duct (Ac 5) and anomalous segment 4 duct (4) are
noted indicating bilateral second-order branch involvement.
d Thick-slab MRCP image with annotations confirms the
complex ductal anatomy showed by the high-resolution MSCT

138 T. K. Kim et al.



T-staging accuracy of GB carcinoma compared with
axial images alone (Fig. 12) (Kim et al. 2008a, b).
MSCT with MRP images and 3D volume-rendering
techniques is also useful to evaluate the relationship

between the tumor and major hilar vessels which is
critical to determine resectability and surgical planning
(Kalra et al. 2006). MSCT can demonstrate anatomic
variation of the hepatic vessels which is needed to

Fig. 9 Vascular invasion in hilar CC. Thick-slab maximum intensity projection (a) and volume-rendering (b) images of portal
venous phase MSCT scan show an obstruction of the left portal vein (arrow) by tumor invasion

Fig. 10 Intraductal-growing intrahepatic CC. a A tubular
hypoattenuating lesion is noted in segment 5 (arrow) on
unenhanced scan. b The lesion remains hypoattenuating to the
liver parenchyma in the portal venous phase. Only by

measurement of the attenuation of the lesion can enhancement,
from 22 HU in the precontrast to 45 HU in the portal venous
phase, be appreciated
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provide a vascular road map before surgery.
The anatomy of the hepatic veins helps surgeons
determine the plane of partial hepatectomy.

Diagnosis of focal or diffuse wall thickening pat-
tern of GB carcinoma can be challenging because
benign GB wall thickening such as cholecystitis

or adenomyomatosis can show similar findings.
Enhancement pattern of thickened GB wall on MSCT
may help to differentiate the two conditions (Fig. 13).
A recent study by Kim (Kim et al. 2008a, b) reported
that a strongly enhancing thick inner layer and weakly
enhancing outer layer are typical for GB carcinoma.

Fig. 11 Intraductal-growing intrahepatic CC. a, b Axial CT
images show multiple papillary tumors (arrow) that aneurys-
mally distend the affected duct due to excess mucin production.

This can be mistaken for a biliary cystadenoma which does not
communicate with the bile ducts

Fig. 12 Mass-forming gallbladder carcinoma. a An axial
image shows a large hypoattenuating mass and irregular
thickening of the gallbladder wall which is disrupted (arrow)

and in contiguity with the mass. b Coronal image shows
extension of the tumor inferiorly through Gleason’s capsule and
invasion of the colon (arrow)
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Intraluminal polypoid GB carcinoma is least
common and is seen as a well-defined mass with
round or oval shape on CT scan (Fig. 14). The

presence of contrast enhancement of the mass can
distinguish tumor mass from tumefactive sludge or
stones. MSCT scan with MRP images is helpful to

Fig. 13 Gallbladder carcinoma with diffuse wall thickening.
a Axial image through the gallbladder shows an irregularly
thickened and enhancing gallbladder wall and gallstones. b The

corresponding image of the gross specimen shows diffuse
infiltration of the wall with fleshy white tumor (arrow)

Fig. 14 Intraluminal polypoid gallbladder carcinoma. Axial (a) and coronal images (b) show a polypoid mass within the
gallbladder with no evidence of gross invasion of the adjacent liver parenchyma
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demonstrate extension of the tumor beyond the wall
of the GB. Vascular invasion or distant metastasis is
uncommon (Kim et al. 2006a, b, c).

5.5 Other Neoplastic Processes in Biliary
System

Biliary obstruction is frequently caused by metastatic
disease. Frequent primary cancers include carcinomas
from the stomach, colon, lung, and breast. The level of
biliary obstruction is most commonly at the proximal
extrahepatic bile duct or hepatic hilum. Obstruction is
mostly caused by periductal nodal masses that are
readily visualized on MSCT scan; however, biliary
metastasis infrequently manifests as a focal thickening
and enhancement of the bile duct or a nodular intra-
ductal mass that is indistinguishable from primary CC
(Fig. 15) (Moon et al. 2003). History of primary
malignancy is the key to the differential diagnosis.

Hepatocellular carcinoma (HCC) infrequently
invades into the bile duct and develops an intraductal
polypoid mass that can mimic the appearance of
intraductal-growing CC on CT scan. The presence of a
parenchymal mass that is contiguous with the intra-
ductal mass, liver cirrhosis, and hyperattenuation of the
tumor in the AP are typical imaging findings on CT scan
that help to diagnose HCC (Fig. 16) (Jung et al. 2006).

Intraductal metastasis in the liver is an uncommon
manifestation of colorectal carcinoma (Riopel et al.
1997). The intraductal tumor usually shows an
expansile, tubular lesion within the bile duct
(Fig. 17), mimicking the appearance of intraductal-
growing CC, and is often associated with parenchy-
mal mass that is contiguous with the intraductal tumor
(Lee et al. 2009).

Fig. 15 Gastric carcinoma metastasis to the bile ducts. Axial
image shows marked thickening and obstruction of the central
right hepatic duct (black arrowhead), identical to hilar CC.
Note the diffusely thickening gastric pylorus (white arrow) and
posterior wall, hinting at the origin of the tumor

Fig. 16 Hepatocellular carcinoma with bile duct invasion.
a Axial arterial phase image shows a hyper-enhancing right
lobe mass with central extension (arrow). b Coronal portal
venous phase image shows extension of the tumor into the
common bile duct (arrow)
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6 Conclusion

MSCT enables thin-section multiphasic contrast-
enhanced images with any desired imaging planes,
which improve the diagnosis and staging of CC and
GB carcinoma. Detailed evaluation of high-resolution
axial and MPR MSCT images is important to assess
tumor extent, vascular invasion, and distant metasta-
ses that are critical for surgical planning. Under-
standing of morphologic types of CC and GB
carcinoma and their biological behaviors is useful to
determine tumor extent, tumor staging, and predicting
prognosis.
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Abstract

Multidetector computed tomography angiography
(MDCTA) is an established, noninvasive and
effective imaging method to evaluate the liver
primarily for neoplasm staging and presurgical
planning. However, its role has also extended into
variety of other clinical indications. Technological
advances in MDCT scanners and post processing
now offer new opportunities with CTA but the
challenges of protocol optimization should be
confronted. In this article, we will focus on the
technical details with MDCTA protocols for the
liver and discuss the common pathologic condi-
tions where CTA is now considered integral to
patient management.

1 Introduction

The technological development of multidetector
scanner (MDCT) allows not only a more rapid
acquisition of axial images but also volumetric scan-
ning in a desired anatomical area during a phase of
contrast enhancement. MDCT angiography (MDCTA)
has become an established noninvasive imaging
method to define vascular anatomy, pathology affecting
vascular structures and for presurgical treatment
planning (Frenchel et al. 2003; Kamel et al. 2005).
The liver is part of the mesenteric circulation and has
an inherently complex vascular anatomy. Therefore,
to facilitate the treatment decisions for tumors and
minimizing inadvertent surgical complications,
adequate definition of the vascular structures of the
hepatic circulation is crucial.
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The MDCT technology itself is constantly evolving
and to exploit the full potential of these new develop-
ments in MDCT, protocol optimization has become
paramount. This article will focus on technical factors
to MDCT protocols for CTA applications in the liver
(Table 1).

2 MDCT Techniques

Recent advances in MDCT scanners have improved
its capabilities in multiphasic acquisition of larger
territories in optimal phases of organ enhancement
with improved 2D and 3D image display. In general,
faster acquisition with reasonably thinner slices and
appropriate scanning delay are crucial components of
an optimal MDCTA protocol.

2.1 Imaging Techniques

Distention of the stomach and duodenum is usually
beneficial. In our practice patients drink from 500 to
1000 ml of water 20–30 min prior to the scan, and an
additional 300–500 ml should be administered
immediately before the scan.

In order to sustain a fast injection, a good intra-
venous access with an 18–20 gauge catheter is rec-
ommended. Typically 100–120 ml of nonionic
iodinated contrast material (CM) (300–370 mg of
iodine/ml) is bolus-injected at a rate of 4–5 ml/s in
order to obtain optimal vascular enhancement (Pannu
et al. 2001; Horton and Fishman 2000; Tanikake et al.
2003).

In specific patients, the rate of injection and the
volume should be adjusted. In patient with large body
size and weight (over 300 pounds) the CM injection
rate is increased by 0.5–1 ml/s faster than the existing
rate of injection.

In order to minimize the risk of CM induced
nephropathy in patients with an estimated glomerular
filtration rate (eGFR) under 45 ml/min/m2, volume
load of contrast should be decreased by 20–30% of
the calculated dose and adequate intravenous hydra-
tion before and after the injection should be
administered.

Irrespective of the use rate of CM injection,
it is generally agreed that a saline chaser/flush of
30–40 ml improves the iodine flux and provides
more uniform vascular enhancement (Tatsugami et al.
2006).

The technical parameters of acquisition are listed
in Table 2.

An empiric delay that is fixed based on the organ
circulation time for the given CM injection rate is the
most commonly used approach (as in our institution)
(Table 3).

However, the rate of CM injection and patient
cardiac output variability are not always factored into
the equation by fixed delay and as a result, in select
patients this can impact the quality of vascular/organ
enhancement. In order to avoid this variability, many
centers with high volume MDCTA practice a test
bolus or automated scanning trigger technique. With
automated bolus-tracking technique, the acquisition
of the scan is performed during the plateau of atten-
uation, which offers a more homogenous enhance-
ment in the main branches of the aorta (Thomas and
Bernhard 2005).

The use of dual-energy acquisition has recently
been introduced for hepatic and MDCTA studies. The
advantage of this dual-acquisition (usually 80 and 140
kVp) is the use of the lower energy images to provide
better vascular enhancement and also better detection
of hypervascular lesions of the liver (Marin et al.
2009; Nakayama et al. 2005). This effect occurs
because iodine is more attenuating at lower energies
(closer to the iodine k-edge) than at higher energies,
and therefore gives better vascular enhancement
(Fig. 1).

2.1.1 Image Acquisition
The dual blood supply of the liver must be taken into
consideration for protocol optimization, acknowl-
edging that the liver typically derives around 20–25%
of its supply from arterial circulation and the
remaining dominant 75–80% of blood flow from the
portal venous system.

Table 1 Major Indications of MDCTA of the liver

Indications for MDCTA of the liver

Surgical Planning: Hepatic transplant and neoplasms

Vascular pathology: Arterial (aneurysms), Portal venous
(thrombosis), Hepatic venous (Budd-Chiari Syndrome)

Pseudolesions: arterial and venous shunts

Neoplasms: HCC

HCC hepatocellular carcinoma
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In our institution, unenhanced images are acquired
first, using 5–10 mm slice thickness to cover the
organ of interest. The role of unenhanced CT is
controversial but usually helps with selecting the
coverage for the CTA portion. It is agreed that it has a
limited diagnostic role.

Early or true arterial phase images are generally
preferred for vascular/arterial imaging to map
vascular anatomy. A late arterial phase is advocated
when hypervascular lesions of the liver are suspected.

The maximal enhancement of the liver paren-
chyma occurs in the portal phase, approximately
40–50 s after aortic enhancement or approximately
65–75 s after start of injection.

A delayed/equilibrium phase at 3–5 min after
injection can complement the previous phases

improving the characterization and differentiation of
certain liver lesions such as hepatocellular carcinomas
and vascular shunts.

The different phases for the liver acquisitions are
summarized in Fig. 2.

2.2 PostProcessing Techniques

The liver has complex diagnostic and management
needs; therefore imaging postprocessing is now
integral to all MDCTA applications in these organs.
Although a variety of postprocessing protocols have
been advocated, the most frequently used approaches
include multiplanar reconstruction (MPR), maximum
intensity projections (MIP), minimum intensity

Table 2 Technical parameter for scanning of MDCTA used in our institution

Slice thickness (mm) Slice interval (mm) kV mA/mAs Pitch-Tube rotation (s)

Unenhanced 5–10 5–10 100–120 150–250 1–1.5

MDCTA 1–3 0.5–1 80–100 300–600 1–1.5

Venous phase 2.5–5 2.5–5 100–120 150–250 1–1.5

Table 3 Fixed scanning delays according to vascular phases at MDCT

Injection rate (ml/s) Arterial phases (s) Portal venous phase (s)

Vascular mapping Liver parenchyma arterial phase

3 30 45 70

4 25 40 65

5 20 35 60

Fig. 1 Virtual monochromatic images generated from an abdominal MDCTA performed with dual-energy acquisition. Image
a (70 keV) shows better vascular enhancement than image b (100 keV)
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projections (MinIP), volume rendering (VR), and 3D
and curved planar reformation (CPR). Each of these
processing protocols has a specific role for assessing
regional anatomy and the relationship of lesions to
vascular structures. The postprocessing protocols
used in our institution are listed in Table 4.

The post processing techniques applied to dual-
energy acquisitions have been shown to add value
for liver imaging. It is possible to generate from
set acquisitions of 80 and 140 kVp, an additional set
of virtual monochromatic images of lower energies
(50–80 keV), which have shown to improve contrast
of vascular structures and detection of hypervascular
lesions (Lv et al. 2011).

3 Anatomy

Modern hepatic surgery is based on knowledge of the
distribution and variations of vasculature. Preopera-
tive MDCTA has provided essential information

for planning the surgical procedures and routes of
access.

3.1 Branches of the Aorta

The celiac trunk is the first major branch of the aorta
below the level of the diaphragm. In the majority of
patients, the celiac artery gives rise to three vessels:
common hepatic artery, splenic artery, and left gastric
artery. The superior mesenteric artery is the next
major branch of the aorta, followed by the inferior
mesenteric artery.

3.2 Liver Vasculature

The hepatic artery originates from the celiac trunk
and divides into right and left branches; its branches
classically follow the portal vein and bile duct
distribution (Fig. 3). The most frequent anatomical
variation of the arterial hepatic system is a replaced
right hepatic artery (arising from the superior
mesenteric artery), present in up to 18% of patients
(Fig. 4).

The portal vein is formed by the confluence of the
superior mesenteric vein (SMV) and splenic vein
posterior to the neck of the pancreas. Most
commonly, it divides into the right and left portal
veins at the porta hepatis (Fig. 1). The right portal
vein first branches within the caudate lobe into ante-
rior and posterior branches and both subdivide into
superior and inferior branches to supply the segments
of the right lobe. The left portal vein initially has a
horizontal course to the left and then turns medially
toward the ligamentum teres, supplying the lateral
segments of the left lobe. It courses anteriorly in a
concave curve to end in the superior and inferior
branches supplying the medial segments of the left
lobe.

In the hepatic venous anatomy, three main hepatic
veins drain into the inferior vena cava (IVC). The
right hepatic vein drain segments V, VI and VII; the
middle hepatic vein drains segments IV, V and VIII;
and the left vein drains segments II and III. In over
60% of the population, the middle and left hepatic
veins form a common vessel, which drains directly
into the IVC. This anatomical variant is important to
acknowledge prior to hepatic transplantation.

Arterial Mapping- 
Aneurysms, thrombosis 

tCMT +8s 

Portal venous phase- Hypodense liver 
lesions, portal invasion, hepatic veins 

assessment  
tCMT +50s 

Late arterial phase- Assessment of 
hypervascular liver lesions  

tCMT+15s 

Delayed-Equilibrium phase – Well 
differentiated HCC, assessment of shunts 

tCMT + 3min 

Fig. 2 Phases of imaging acquisition with bolus tracking for
liver MDCTA. tCMT is the time interval needed for the
contrast material to arrive in the arterial territory of interest
tCMT ? 8 s: scan starts 8 s after CM arrives in the aorta, as
established with automated bolus triggering

Table 4 Postprocessed views for liver MDCTA

Liver Best postprocessing view

Hepatic artery 3D vascular maps

Portal pedicle Coronal MPR and VR

Hepatic veins and IVC Axial and coronal MPR and MIP
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Fig. 3 Normal anatomy of hepatic vessels. a Arterial anatomy:
the common hepatic artery (CH) is a branch of the celiac artery
(CA) and bifurcates in right (RHA) and left (LHA) hepatic
arteries. b Portal anatomy: the portal vein is formed by the

union of superior mesenteric vein (SMV) and splenic vein (SV).
The portal vein bifurcates in right portal (RPV) and left portal
vein (LPV)

Fig. 4 Anatomic variants of hepatic vasculature. a Right
replaced hepatic artery (short arrow) originating from the
superior mesenteric artery. The left hepatic artery (long arrow)
originates from the celiac axis (CA) b Accessory hepatic vein in
segment VII (long arrow) drains directly to the inferior vena

cava. c Trifurcation of the portal vein, formed by the left portal
vein (LPV, *) and by the anterior (RAPV, arrowhead) and
posterior (LPPV, arrow) left portal veins. d 3D reformat image
showing the trifurcation (curved arrow), LPV (*), RAPV
(arrowhead) and LPPV (arrow)
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4 Surgical Planning and Outcome
Evaluation

4.1 Hepatic Transplant

Liver transplantation is a last resource surgical
procedure in end-stage liver disease and acute liver
failure when no alternative treatment options are
available. Advanced chronic liver disease, acute liver
failure, unresectable hepatic malignancy and inherited
metabolic disease are the major categories for which
liver transplantation is performed in adult patients.
The most common indications for liver transplanta-
tion in adults are chronic hepatitis C and alcoholic
cirrhosis, accounting for approximately 40–50% of
the cases.

MDCTA is now the standard of care in the
evaluation and surgical planning of living liver
donors, where part of the liver along with its vascular
structures and ducts are removed for transplantation
in the recipient. Defining the liver anatomy for the
benefit of surgical planning as well as acknowledging
the anatomic variants is of immense clinical signifi-
cance both for better outcome in the recipient as well
as minimizing risk to the donor (Table 5; Fig. 4). It is
paramount that the residual liver in the donor has an
intact vascular supply and drainage to sustain its
metabolic needs (Catalano et al. 2008).

In addition, the assessment of the total and
segmental volumes is important in order to assure
appropriate graft size, which is one of the predictor
factors for a successful outcome in the donor and the
recipient. It is established that a remnant measuring
30–40% of the original liver is required for donor
survival (Lo et al. 1997). MDCT is an accurate non-
invasive tool for volumetric assessment, either with
manual or automated techniques (Suzuki et al. 2011)
(Fig. 5).

In addition to the pretransplant assessment of the
hepatic vasculature, in recent year MDCTA has been
used to evaluate complications from the surgical
procedure. Vascular complications occur in around
9% of all orthotopic liver transplantations being the
most common cause of graft loss. The most common
complication is hepatic artery thrombosis occurring in
2–12% of transplants, followed by hepatic artery
stenosis reported in 5% of cases and portal vein
thrombosis 1–3% (Glockner and Forauer 1999;
Tzakis et al. 1985; Legmann et al. 1995) (Fig. 6).

Most authors routinely perform Doppler ultraso-
nography as initial imaging study to evaluate graft
vessels since it can be performed at the bedside and it
is widely available, but carries significant incidence
of false negative results (Platt et al. 1997).

Hence, MDCTA has become a valuable tech-
nique in patients with suspected vascular complica-
tion, avoiding the need for diagnostic angiography

Table 5 Relevant anatomical variants of hepatic vasculature for pretransplant assessment and tumor resection planning

Transplant donor Transplant recipient Liver neoplasms

Hepatic
arterial
variants

MHA from RHA Short RHA Replaced LHA and RHA

CHA trifurcation into
RHA, LHA and SDA

Replaced LHA Accessory RHA and LHA

Replaced hepatic trunk arising
from SMA

Origin of hepatic trunk from SMA or LGA

Hepatic
venous
variants

Accessory inferior RHV Accessory inferior RHV Segment VIII drainage into MHV

Early confluence of hepatic
veins

Accessory MHV draining directly into IVC

Anomalous drainage of
segments V and VII into MHV

Accessory inferior hepatic veins of segments V
and VI draining directly into IVC

Portal
variants

Trifurcation of portal
vein

Trifurcation of portal vein -Trifurcation of portal vein

Short portal vein Right and left portal veins supplying segment
VIII

Acute angle of portal vein
branching

CHA common hepatic artery, RHA and LHA right and left hepatic arteries, RHV, MHV and LHV right, middle and left hepatic
veins, SMA superior mesenteric artery, IVC inferior vena cava, LGA left gastric artery
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(Katyal et al. 2000; Kim et al. 2007). In addition to
the vascular evaluation, it also reveals parenchymal
abnormalities and to a lesser extent bile ducts.

4.2 Other Surgical Procedures

In patients requiring major hepatectomies for primary
neoplasms or metastatic disease, detailed assessment
of the tumor and its relationship to critical vascular
structures and the biliary tree are often needed to
facilitate successful liver resection and obviate

inadvertent injury to remaining liver parenchyma
(Sahani et al. 2004).

Few metastatic cancers are treated successfully by
surgery. Different techniques of hepatic resection
have been reported, which include wedge resection,
segmentectomy, lobectomy and extended lobectomy
(e.g. trisegmetnectomy), all of which need adequate
presurgical evaluation of the vasculature.

Surgical therapy for isolated hepatic metastasis
from colorectal cancer has been proposed to be a safe
and potentially curable treatment. However contro-
versy exists on which factors predict the outcome.

Fig. 5 Volumetric assessment of liver for surgical planning. 3D images displaying manual processing of the volumetric images
for planning a left lobe resection of liver metastasis in a 45 year-old male with a primary colon cancer

Fig. 6 MDCT coronal (a) and axial (b) images of a 57-year-
old patient who underwent a hepatic transplant 2 months prior
to this study. There is abrupt cut-off the hepatic artery (a, long

arrow) in the coronal reformats, which correlates with a filling
defect on axial images (b, long arrow) resulting from a
thrombosed hepatic artery
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The significant prognostic factors are surgical
margins, number of metastases, and preresection
CEA. With accurate selection of patients, the 5 year
disease free survival rate ranges from 25–35% for
surgical treated metastases (Cady et al. 1998; Wagner
et al. 1984).

In the setting of unresectable liver metastases,
another therapeutic alternative is hepatic artery
chemotherapy, which has demonstrated response rates
of 50–70% (Buyse 1996). In patients considered for
intraarterial (IA) chemotherapy pump placement,
arterial anatomy is required for optimal placement of
the chemotherapy pump catheter in the hepatic artery
to maximize the success of chemotherapy (Allen et al.
2005). Anomalous arteries may require ligation/
embolization or might render a patient unsuitable for
IA pump placement.

4.3 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most frequent
liver malignancy. Although not a prerequisite, the
majority of HCCs develop in the setting of chronic
liver disease or cirrhotic livers. HCC may be present
as a solitary mass, multifocal nodules or diffuse
disease throughout the liver. When infiltrative, HCCs

usually have irregular borders and indistinct margins
with invasion of the portal or hepatic veins.

Recent studies have reported an overall sensitivity
of dual-phase MDCT for HCC detection of about
86%. However, the MDCT performance is dependent
on tumor size, as sensitivity decreases to about 60%
for tumors with a diameter of 2 cm or smaller
(Murakami et al. 2001; Lim et al. 2000).

On MDCT, an early arterial phase enhancement
with a rapid washout in the portal venous phase with
or without a pseudocapsule is a typical presentation.
(Fig. 7). However the tumor’s vascularity is depen-
dent on the grade of malignancy and neoangiogenesis.
(Tajima et al. 2002). Small low-grade tumors
([2 cm) may have poor arterial blood supply and
receive portal venous blood supply, demonstrating a
delayed enhancement in the early portal phase. Some
authors advocate routinely utilizing delayed images,
since it increases the diagnostic performance and
helps differentiate HCC from arterioportal shunts,
especially in cirrhotic livers (Iannaccone et al. 2005).

Twenty percent of patients develop HCC in the
absence of cirrhosis or known risk factors. However,
they are present in younger patients and have been
described as larger, solitary and encapsulated tumors
or as a dominant lesion with satellite tumors
(Brancatelli et al. 2002a).

Fig. 7 Axial MDCT images from a 63-year-old male patient
with cirrhosis. a Arterial phase image shows a well-circum-
scribed hypervascular lesion in segment VI of the liver (long
arrow). b Delayed phase image shows wash-out in the lesion

(long arrow) highly suspicious for a hepatocelullar carcinoma.
The imaging diagnosis was posteriorly confirmed after a
hepatectomy
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Hepatic resection is widely accepted as the mainstay
of curative therapy for localized HCC. MDCTA is the
first line imaging modality for assessing candidates for
hepatic resection by demonstrating the relationship of
the tumor to major intrahepatic vessels, tumor invasion
of the inferior vena cava or main portal vein, and the
presence of satellite tumor nodules.

In recent years, liver transplantation has evolved as
the main treatment for early-stage HCC because it can
be curative, minimize the risk of recurrence and avoid
the complications of cirrhosis (Befeler et al. 2005).

The United Network of Organ Sharing (UNOS)
has adopted criteria proposed by the Milan group as a
selection guideline for orthotopic liver transplantation
in patient with HCC. In order to be a candidate
according to the Milan criteria, the patient should
have a solitary tumor B5 cm or three or fewer lesions
none [3 cm (Mazzaferro et al.1996; UNOS 2011). If
the size and number of HCC exceeds that of the Milan
criteria, the patient is considered ineligible for trans-
plant. In the case of a single lesion which is \2 cm in
size, it is usually followed by imaging until it meets
the UNOS requirement.

While a pre-listing biopsy is not mandatory, it is
required that candidates meet certain CT or MRI
imaging criteria, which in addition to the criteria
detailed above regarding tumor size and number, also
include the absence of extrahepatic spread and of
macrovascular invasion UNOS (2011).

Other studies have proposed an expanded version
of the Milan criteria, the so-called UCSF criteria, in
which a single tumor B 6.5 cm, 3 or fewer tumors
with the largest being 4.5 cm, or a total tumor bur-
den B 8.0 cm without gross vascular involvement,
achieving the same long-term results as the Milan
criteria Yao et al. (2001).

5 Vascular Liver Pathology

5.1 Hepatic Artery Aneurysm

Hepatic artery aneurysms are the second most com-
mon visceral artery aneurysms. The most common
causes reported are medial degeneration, trauma,
iatrogenic and mycotic aneurysms (Shanley et al.
1996) (Fig. 8). Up to 80% of spontaneous hepatic
artery aneurysms are solitary and have an extrahepatic
location at the level of the common hepatic or right

hepatic artery. Often, these are incidentally detected
on imaging studies, but when symptomatic they are
frequently present due to rupture or bleed in the bowel
as right upper quadrant/epigastric pain or GI bleeding.
Intrahepatic aneurysms may rupture into the hepa-
tobiliary system leading to the classic triad of biliary
colic, hematobilia and jaundice (Pasha et al. 2007).
On MDCTA, aneurysms of the hepatic artery may be
viewed as fusiform dilatation of the vessel or as a
sacular arterial enhancing structure connecting with
the hepatic artery.

The management is usually dependent on the size
of the lesion and the regional vascular anatomy.
Catheter-based endovascular approaches including
embolization and endograft exclusion, are increas-
ingly being used over surgical intervention (Rossi
et al. 2008). Large proximal aneurysms may require
liver resection. On the other hand, extrahepatic
aneurysm may undergo aneurysmorrhaphy, resection
and interposition or bypass grafting.

Pseudoaneurysms, are a rare but potentially fatal
complication of liver transplant, reported in up to
0.6% of cases. Pseudoaneurysms usually occur at the
sites of vascular anastomosis but can also be intra-
hepatic (Stange et al. 2000) (Fig. 8).

5.2 Portal Vein Thrombosis

Thrombosis of the portal vein is frequently a com-
plication of preexisting abdominal malignancy (such
as hepatocellular carcinoma or pancreatic carcinoma)
or abdominal inflammation such as pancreatitis,
diverticulitis, or appendicitis (Choen et al. 1992).

On MDCTA, in an acute setting, recently formed
thrombus can be hyperdense and obscured on contrast
enhanced images. More chronic thrombus can be iso
or hypodense relative to adjacent soft tissues,
presenting as a filling defect within the lumen of
the portal vein. The hepatic segment supplied by the
occluded venous branch appears hyperdense on arte-
rial phase due to compensatory arterial flow, and
more hypodense on the portal venous phase compared
to the rest of the parenchyma (Parvey et al. 1994).

Diagnosing portal venous invasion by tumor
thrombus is thought to be one of the most important
prognostic factors regulating recurrence and survival
after surgical resection of hepatic malignancies
(Ikai et al. 2004). In order to diagnose neoplastic
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invasion, expansion of the main portal vein (diameter
over 25 mm), as well as thrombus enhancement and
neovascularity should be observed (Tublin et al. 1997).
Intense enhancement is more associated with HCC over
other malignancies (Shah et al. 2007) (Fig. 9).

When segmental occlusion of the portal venous
system occurs, local collateral pathways of flow arise
to bypass the obstruction. Cavernous transformation
of the portal vein is defined as a mass-like network of
intertwined veins in the hepatoduodenal ligament and
porta hepatis that provide an alternative pathway
around an occluded main portal vein or lobar branch.

In these patients, increased arterial flow to the
portions deprived of portal venous flow is depicted,
showing hyperattenuation of the periphery of the
parenchyma in the arterial phase. The central portion
of the liver demonstrates normal enhancement
because the cavernous collateral vessels provide
adequate flow.

Other than in the setting of portal venous throm-
bosis, cavernous transformation has also been repor-
ted as a congenital malformation in a nondeveloped
portal vein and as a hemangioma of the portal vein
(De Gaetano et al. 1995).

Fig. 9 Tumoral thrombus in the portal vein. Axial (a) and
sagittal (b) images of a 67-year-old male patient with history of
chronic hepatitis C infection and cirrhosis. On both images,
expansion of the left portal vein and an intraluminal arterial

enhancing thrombus (arrows) is observed. The patient under-
went percutaneous biopsy of the thrombosed portal vein, which
proved to be secondary to hepatocellular carcinoma invasion
(arrows)

Fig. 8 Hepatic artery aneurysms. a MDCT axial image of a
65-year-old male asymptomatic patient, who had undergone
liver transplant 7 years prior to this study. On follow-up
imaging, the patient demonstrated a chronic aneurysm of the
common hepatic artery with calcified walls (arrow). b Mycotic

aneurysm in a 36-year-old male patient, with history of IV drug
abuse. Coronal MDCT image shows a large sacular, partially
thrombosed aneurysm (white arrow) arising from the common
hepatic artery (black arrow)
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5.3 Budd-Chiari Syndrome

Budd-Chiari syndrome represents a spectrum of
disease resulting from hepatic venous outflow
obstruction, which can occur at the level of the
hepatic veins, IVC or right atrium. The most common
causes are myeloproliferative disorders such as
polycythemia vera and use of oral contraceptives.
Other less common associated pathologies are
hepatitis, hepatic abscesses, trauma, polycystic liver
disease and idiopathic (Denninger et al. 2000).

The MDCTA imaging findings of Budd-Chiari
syndrome depend on whether the disease is acute or
chronic. In acute presentation, the parenchyma is
enlarged and diffusely hypodense in the unenhanced
phase. The IVC and hepatic veins can be hyperdense
due to the presence of thrombus and on contrast
enhanced images inadequate opacification or an
intraluminal filling defect can be observed.

On arterial phase, there is early enhancement of the
caudate lobe and central portion of the liver, as well as
decreased peripheral enhancement. On portal venous
phase, no collateral veins are present and there is a
reverse pattern of enhancement, in which the central
area of the liver is hypodense and the periphery displays
increased attenuation with accumulation of contrast
material in the subcapsular veins (Fig. 10).

In chronic Budd-Chiari syndrome, the liver
appears irregular, with caudate lobe hypertrophy and

atrophy of the peripheral segments, resulting in a
caudate lobe to right lobe ratio of [0.55 (Kim et al.
1999). On arterial phase, there is heterogeneous
enhancement of the parenchyma, with regenerative
macronodules (ranging from 1 to 4 cm) which
enhance homogenously with or without a hypoatten-
uating rim (Brancatelli et al. 2002b).

Collateral circulatory portosystemic and intrahe-
patic pathways develop, with obliteration of the IVC,
hepatic veins or both. Other extrahepatic findings are
ascites and splenomegaly.

In the setting of chronic disease, it is important to
distinguish macronodules from small HCC, which
usually enhance heterogeneously in the arterial phase
and demonstrate washout in the portal venous phase.
The morphological characteristics of the liver and the
clinical setting should help in differentiating them
(Brancatelli et al. 2002).

It is critical to adequately diagnose Budd-Chiari
syndrome, since if untreated, it has a mortality rate of
80%, with liver failure as the primary cause of death
(Valla 2003). If patients with Budd-Chiari deteriorate
despite medical treatment, decompressive portosys-
temic transjugular or surgical shunting must be
considered. Prior to these procedures, patients need
accurate vascular mapping and evaluation with
MDCTA or magnetic resonance angiography to
evaluate patency of hepatic, portal and splachnic
veins (Mancuso et al. 2003).

Fig. 10 Budd-Chiari Syndrome. Axial images from a 46-year-
old female patient with history of leukemia. a There is
heterogeneous hypoenhancement of the periphery of the liver
(*). Note a filling defect in the inferior vena cava in the dome of

the liver (arrow). In lower slices b, there is hypertrophy of the
caudate lobe (*). Note the mild subcapsular enhancement
(arrow) and moderate amount of ascitis
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5.4 Passive Hepatic Congestion

The clinical condition of right heart failure effectively
produces a degree of hepatic venous outflow
obstruction. While there is no thrombus within the
venous circulation such as in Budd-Chiari syndrome,
the diminished pumping activity of the heart prevents
normal outflow of hepatic venous blood from the liver
into the hepatic veins, IVC and right heart.

The MDCT appearance of passive hepatic
congestion is termed ‘‘nutmeg’’ liver, due to the het-
erogeneous perfusion in the liver, which resembles
the cut surface of a nutmeg. On MDCT exam, the
findings of acute passive congestion include a

diffusely mottled appearance of the liver involving all
segments including the caudate, and early opacification
of the hepatic veins and IVC due to retrograde flow
from the right atrium into these vessels rather than
into the failing right ventricle (Moulton et al. 1988).
Additional features may include hepatomegaly, cardi-
omegaly, pleural effusions and ascites (Fig. 11).

It is important to recognize these findings and
correctly attribute them to right heart failure as
the heterogeneous appearance may be mistaken
for pseudolesions or a diffuse infiltrative process.
In chronic passive congestion, the liver can develop
cirrhosis (termed ‘‘cardiac cirrhosis’’) (Gore et al.
1994).

Fig. 11 Hepatic congestion secondary to cardiac heart failure.
a Axial images of the lower thorax show cardiomegaly and
right pleural effusion (*). b Dilation of the inferior vena cava

and hepatic veins (arrows) with early opacification due to
retrograde flow from the right atrium

Fig. 12 Arterioportal shunt. Axial (a) and coronal (b) MDCT
images from a 75-year-old male patient who underwent a
percutaneous radiofrequency ablation of small hepatocellular
carcinoma. The images are acquired during the arterial phase, in

which early enhancement of the right portal vein (*) is
noted. Adjacent to the right portal vein there is a branch of
the right hepatic artery (arrow), suggesting an arterioportal
communication
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5.5 Pseudolesions/Shunts

5.5.1 Arterioportal Shunts
An arterioportal (AP) shunt is defined as a direct
communication between a hepatic arterial branch and
a portal vein. It can occur at the level of trunk,
sinusoids, or peribiliary venules (Quiroga et al. 2001).

AP shunts can occur following trauma, instru-
mentation, in association with a liver lesion, or can

be congenital (as in Rendu-Osler-Weber disease).
Spontaneous small arterioportal shunts may occur in a
cirrhotic liver. In the setting of a liver lesion, they are
associated usually with hepatocellular carcinoma and
small hemangiomas.

On MDCTA, the arterial phase shows small,
peripheral, enhancing foci, occasionally wedge-
shaped, displaying early enhancement of the portal
vein prior to the opacification of the main portal vein

Table 6 Clinical Implications of vascular abnormalities

Vascular
abnormality

Imaging findings Clinical impact Management

Anatomical
variants

Multiple variants of: Presurgical assessment to
avoid prolonged surgical
time and complications

Adequate vascular
mappinghepatic arteries

hepatic veins

portal veins

Hepatic artery
aneurysms

Fusiform or sacular arterial enhancing dilatation
originating from hepatic artery

Rupture Endovascular

GI bleed Embolization

Jaundice Surgical resection

Shunts Arterio-portal: Differentiate from HCC If definitive diagnosis
and small: nonesmall peripheral arterial enhancing focus

wedge shaped If diagnostic
uncertainty: follow-up
or evaluate with MRI

early enhancement of portal vein

When large can cause portal
hypertension

If large: transarterial
embolization, surgical
resection

Porto-systemic: Low flow shunt:
asymptomatic

None

early enhancement of hepatic vein High flow: encephalopathy Medical treatment,
surgical resection

TIPS: assess patency Recurrence of symptoms of
portal hypertension

Balloon angioplasty

Insertion of new stent
or parallel TIPS

Hypervascular
tumor- HCC

Arterial enhancing mass with portal venous phase
washout

Assess portal vein invasion Presurgical planning

Satellite nodules Assess transplant
candidateMilan criteria/UCSF criteria

Portal vein
thrombosis

Bland thrombus: Filling defect in portal vein;
Cavernous transformation

Assess cause: cirrhosis,
pancreatitis, diverticulitis,
appendicitis

Medical or surgical
treatment according to
specific etiology

Malignant thrombosis: enhancing thrombus with
expansion of vein

Prognostic factor Prognostic factor for
recurrence after
surgical resection

Budd chiari Acute: hyperdense IVC and hepatic veins on non
contrast images; filling defect in IVC or hepatic
veins; early enhancement of caudate lobe
Chronic: irregular liver; hypertrophy of caudate
lobe; macronodules

Liver failure Medical treatment
Surgical or transjugular
shunt
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(Fig. 12). The shunt then becomes isoattenuating to
the liver and vasculature in the portal venous phase
(Quiroga et al. 2001). The most important role of
imaging when an early enhancing focus is observed,
is to differentiate it from a small hepatocellular car-
cinoma, which tend to be more hypodense when
compared to the parenchyma on portal venous phases.
When doubt persists, either a follow-up CT in
6 months or complementary imaging with MR is
recommended (Torabi et al. 2008).

5.5.2 Portosystemic Shunts
Intrahepatic portosystemic venous shunt is a rare
condition defined as communication between a
systemic vein and a portal vein via an anomalous
channel. It may be congenital or acquired from
trauma or portal hypertension. The most frequent
portosystemic shunt occurs between the right portal
vein and the inferior vena cava (Lane et al. 2000).

Clinical manifestation depends on the shunt flow:
a low flow shunt can be asymptomatic, whereas a
high-flow shunt can cause encephalopathy and
hypoglycemia. On MDCTA, the most common
finding on a portal venous phase is early enhancement
of the involved hepatic vein compared with the other
hepatic veins, and in some cases the communication
between the portal vein branch and the hepatic vein
can be observed.

Transjugular intrahepatic postosystemic shunt
(TIPS) is a percutaneous interventional procedure
used to control symptomatic complications of portal
hypertension, such as variceal bleeding and refractory
ascitis. In most cases TIPS is created between the
right portal vein and the right or middle hepatic vein.
Regular shunt surveillance allows detection of early
shunt failure as stenosis or thrombosis. There is no
established consensus of what is the optimal surveil-
lance protocol for TIPS. Ultrasound is widely
accepted as the imaging modality of choice for TIPS
surveillance, but the use of MDCTA has been
described with high sensitivity for depicting signifi-
cant shunt abnormalities (Chopra et al. 2000).

6 Conclusion

In summary, MDCTA is an effective, high resolution,
noninvasive imaging technique, which readily dem-
onstrates the presence of vascular and neoplastic

pathology in the liver, with a direct impact on treat-
ment decision and patient selection for medical or
surgical management (Table 6).
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Abstract

Multi-slice computed tomography (MSCT) has
improved evaluation in a variety of abdominal
applications over the older single slice era. Multi-
slice technology allows for large volumetric acqui-
sition of data which in turn leads to faster imaging
with thinner collimation during optimal contrast
enhancement. Regarding the pancreas, it has
allowed improved depiction of this gland and the
various processes that can affect it. For example,
whereas the development of pancreatic necrosis
complicating acute pancreatitis may have been less
apparent with single slice scanner protocols, MSCT
can more accurately detect this important compli-
cation for confident diagnosis by the interpreting
radiologist. This chapter discusses the current
capabilities and role of MSCT imaging in the
evaluation of acute and chronic pancreatitis. In
particular, the manner in which MSCT integrates
within the clinical evaluation to affect management
for acute pancreatitis will be stressed. In addition,
autoimmune pancreatitis and the evolving views of
this disease process will be covered.

Abbreviations

APFCs Acute pancreatic/peripancreatic fluid
collections

PNPFCs Post necrotic pancreatic/peripancreatic
fluid collections

WOPN Infected necrosis and walled off pancre-
atic necrosis
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1 Acute Pancreatitis

Acute pancreatitis is a disease process characterized
by acute inflammation and autodigestion of the
pancreatic gland, resulting from premature activation
of pancreatic exocrine enzymes. It can be limited to
the gland proper or extend considerably beyond the
pancreas via the retroperitoneal interfascial planes,
subperitoneal ligaments, and mesenteries. Likewise,
the clinical spectrum may range from a mild presen-
tation where the process is largely self limited with
little or no long term sequelae to severe outcomes
complicated by a prolonged hospital course with
multi-system organ failure, pancreatic necrosis,
pseudocysts, and vascular aneurysms/thrombosis.
Although most episodes of acute pancreatitis result in
recovery, overall mortality is not insignificant and has
been reported at 5% (Banks and Freeman 2006). Due
to this wide spectrum of outcomes, many clinically-
based (i.e., Ranson criteria—Ranson et al. 1974,
Apache score—Knaus et al. 1985, Bisap—Singh et al.
2009) and imaging-based (i.e., the CT severity index;
Balthazar et al. 1990) classification systems have been
develop to help predict the future clinical course. The
clinically-based systems are typically more useful in
the first days of an acute pancreatitis episode where
the presence of organ failure is a major determinant in
future prognosis, whereas the imaging-based systems
may be more helpful later in the disease as structural
complications become of primary importance to
determine clinical course (and treatment; Acute
pancreatitis classification working group 2008).

The Atlanta classification (Atlanta, Ga, Interna-
tional Symposium on acute pancreatitis 1992; Bradley
1993) has helped to standardize the terminology
regarding acute pancreatitis as well as help summa-
rize the current views and theories on this disease.
More recently, this classification scheme has under-
gone a suggested revision by the Acute Pancreatitis
Classification Working Group (2008). Severity is
defined in terms of the absence or presence of per-
sistent organ failure (greater than 48 h in duration).
Mild (nonsevere) acute pancreatitis is characterized
by the absence of organ failure and leads to an
uneventful recovery, while severe pancreatitis is
defined as pancreatitis in association with organ
failure. Overall, most presentations are mild in
severity, as approximately 20% are categorized as

severe pancreatitis (Swaroop et al. 2004; Russo
et al. 2004). Within this classification, interstitial
(edematous) pancreatitis is a specific diagnosis that is
defined in terms of contrast-enhanced CT imaging as
focal or diffuse enlargement of the pancreas with
homogenous enhancement of the parenchyma without
necrosis. Mild soft tissue stranding extending into the
peripancreatic tissues may be seen (Fig. 1). On the
other end of the spectrum is necrotizing pancreatitis
which is also defined by imaging criteria. Necrosis is
defined as the presence of nonenhancing parenchyma
(categorized by \30, 30–50 and [50% of gland
involvement; Fig. 2). CT-confirmed interstitial pan-
creatitis typically equates to mild (nonsevere) acute
pancreatitis, although a small percentage may mani-
fest with severe presentation, whereas necrotizing
pancreatitis almost always occurs in the setting of
severe acute pancreatitis. Overall, mortality in inter-
stitial pancreatitis is low at 3% whereas necrosis holds
an overall mortality of 17% (Banks and Freeman 2006).
The Atlanta classification also standardized definitions
for terms of acute pancreatic/peripancreatic fluid
collections (APFCs), pseudocysts, pancreatic absces-
ses, post necrotic pancreatic/peripancreatic fluid
collections (PNPFCs), infected necrosis, and walled off
pancreatic necrosis (WOPN).

Imaging in acute pancreatitis is predominantly
undertaken by computed tomography. Multi-slice
computed tomography (MSCT) has improved the
ability over single slice scanners to delineate the
various findings in pancreatitis to help aid in clinical
decision making. The advantages are related to the
faster volumetric acquisition of data with MSCT,
which allows for imaging during the optimal contrast
enhancement of the pancreas. The imaging appear-
ance of acute pancreatitis at computed tomography is
dependent on the severity of the disease process. In
mild acute pancreatitis, the pancreas may appear
normal, maintaining a characteristic parenchymal
texture without enlargement, edema, or surrounding
soft tissue stranding. Thus, a normal appearing gland
should not dissuade the diagnosis of acute pancreatitis
in the face of suggestive clinical presentation and
corroborating laboratory values (i.e., elevated serum
amylase and lipase levels). As the intensity of the
inflammatory process increases, the pancreas will
demonstrate evidence of edema, with enlargement,
low attenuation infiltration of the parenchyma, and
decreased enhancement. The borders of the pancreas
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may become indistinct with hazy soft tissue stranding
related to the inflammatory exudate (Fig. 1). Such an
appearance would be consistent with the image-
defined diagnosis of interstitial (edematous) pancre-
atitis. The appearance of homogenous but decreased
enhancement is indicative of an intact capillary net-
work and argues against necrosis. In more severe
cases, the inflammatory stranding and fluid may
extend from the pancreas along predefined retroperi-
toneal interfascial planes (Fig. 1), dissect into the
lesser sac, small bowel and transverse colon mesen-
teries, and various subperitoneal ligaments (Molmenti
et al. 1996; Meyers and Evans 1973). The inflam-
matory products may break through tissue planes into
the peritoneal cavity as well as traverse across the
layers of the body wall. Typically in the setting of
severe pancreatitis, gland necrosis can result related
to thrombosis of the microcirculation of the pancreas.
Necrosis can present as zones of low attenuation
representing nonenhancing parenchyma or fluid-filled
areas replacing the expected position of pancreatic
parenchyma, which represent liquefied necrosis
(Fig. 2).

CT imaging of acute pancreatitis can typically be
accomplished by a standard abdomino-pelvic protocol
for MSCT. Although thinner collimation (i.e., 2.5 mm
or less) may be employed, thicker reading slices typ-
ically used in generic protocols (i.e., 5 mm) are more
than adequate from a diagnostic standpoint. Thicker
slices also allow for potential dose reduction relative
to thinner slices; a consideration not insignificant as
this patient population may receive numerous exams
during recurrent bouts of pancreatitis. Intravenous
contrast administration should be undertaken as a rule

whenever possible. Many important complications
such as pancreatic necrosis or vascular sequelae may
be difficult to detect without the use of contrast. The
historic concern of intravenous contrast use exacer-
bating pancreatic necrosis if present has been largely
discounted. Such a phenomenon was suggested in one
animal model (Foitzik et al. 1994) but has not been
seen in other animal models nor is clinically evident in
people (Uhl et al. 2002a). The timing of image
acquisition during contrast administration can be at a
standard abdominal delay of 70–90 s. However,
imaging at an earlier time frame of 40–45 s can
optimize pancreatic enhancement (i.e., ‘‘pancreatic
phase’’; Balthazar et al. 1994; McNulty et al. 2001;
Fletcher et al. 2003) and may improve detection of
subtle presentations of developing pancreatic necrosis.

Awareness of the clinical course and pathophysi-
ology of pancreatitis is helpful to understand how
MSCT may best impact decision making and treat-
ment choice. There are two apparent clinical phases
with a bimodal distribution of mortality (Acute
pancreatitis classification working group 2008; Uhl
et al. 2002b). In the first phase of the disease which
covers the first week, mortality is determined by the
systemic response to the inciting inflammatory pan-
creatic and peripancreatic process; the development
of persistent organ failure leads to increased mortal-
ity. This is in distinction to the second phase which
occurs over the next weeks to months where mortality
is related to the sequelae of pancreatic necrosis, par-
ticularly in regards to subsequent superinfection.

In the first phase, there are variable degrees of
pancreatic and peripancreatic inflammation, ischemia,
and fluid collection development. The process either

Fig. 1 Gallstone pancreatitis. a–c Axial CECT images in a
patient with edematous (interstitial) pancreatitis secondary to
choledocholithiasis (c, arrow). Note the intrahepatic biliary

ductal dilatation (a, b) and moderate peripancreatic inflamma-
tion and associated thickening of the adjacent fascial planes
(518761)
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resolves or may progress into necrosis. When organ
failure has occurred, it typically resolves by the first
week or becomes more severe. In general, the severity
and extent of the inflammatory process correlates to the
severity of the organ failure although this is not absolute.
In the second phase, the disease process may improve
and resolve, as in the case of interstitial (edematous)
pancreatitis, or enter a more protracted course over
weeks to months related to necrosis and subsequent
complications. Mortality is largely determined by
whether necrosis becomes superinfected (Fig. 3).

Thus, the roles for CT imaging are dependent on
when the exam is acquired in relation to disease
presentation. Early in the first week, the major pur-
pose is not so much to assess the location and extent
of the inflammatory process but for the detection of
pancreatic necrosis. The extent of the inflammatory
process can be assessed at imaging but generally, the
severity (and presumed extent) can be judged fairly
well on clinical grounds; mortality is largely influ-
enced by the presence or absence of organ failure.
However, whether or not the inflammatory process

Fig. 2 Necrotizing pancreatitis. a Axial CECT image shows
areas of non-enhancing pancreatic parenchyma consistent with
pancreatic necrosis, most notably involving the neck (arrow)
and body regions. There is peripancreatic inflammation and
fluid extending along the anterior left pararenal fascia plane
and surrounding the inferior spleen; b CECT obtained 3 weeks
later shows progressive pancreatic necrosis with an organized,

rim-enhancing fluid collection now encompassing the pancre-
atic bed (1540631007); coronal (c) and axial (d) CECT images
in a different patient initially show pancreatic necrosis
(HU \ 30) within the neck/proximal body (c). Later image
(d) shows a circumscribed rim-enhancing fluid collection in
the region of pancreatic necrosis, consistent with an intra-
pancreatic pseudocyst (1928397)
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and ischemia has progressed into irreversible necrosis
is an important finding that holds important prognostic
information regarding future disease course. The
presence of pancreatic necrosis significantly increases
the likelihood of significant morbidity and mortality,
whereas its absence suggests a more benign clinical
course. One series showed rates of 23% mortality and
82% morbidity in necrotizing pancreatitis, whereas
patients without necrosis had rates of 0% mortality and
6% morbidity (Balthazar et al. 1990).

Pancreatic necrosis typically occurs within the first
24–48 h of the disease course and is well established
at 96 h; the extent of pancreatic involvement is usu-
ally defined at this point without significant delayed
progression (Isenmann et al. 1993). The appearance at
CT is characterized by zones of nonenhancing
parenchyma and may evolve over time to fluid-filled
spaces in the expected region of the pancreas (Fig. 2).
Hounsfield unit measurements in necrotic areas are
typically B30. Ischemia and necrosis may be difficult
to detect within the first 12 h and are much more
evident on delayed imaging after the first 24–48 h. If
equivocal on the initial CT, it may be helpful to
reassess several days later for confirmation, at which
time any necrosis will likely be more apparent.

The development of infected necrosis is a serious
finding. It has been reported to occur in approximately
one-third of patients with necrotizing pancreatitis
(Perez et al. 2002) with a typical time frame toward the

end of the second week (Swaroop et al. 2004). The
presence of superinfection raises mortality from 12%
in sterile necrosis to 30% with infected necrosis
(Banks and Freeman 2006). This is often mediated by
the associated organ failure in these patients which has
been reported to occur in half of infected cases (Perez
et al. 2002). Infection may be suggested at CT by the
development of gas bubbles within the necrotic
parenchyma (Fig. 3) although fistulous connection
between the pancreatic bed and bowel may give a
similar appearance (Fig. 4). Treatment of choice for
infected necrosis is surgical debridement; percutane-
ous drainage is ineffective unless the necrosis is
completely liquefied which is typically not the case.

Another potential contribution for imaging during
early presentation can be to confirm the diagnosis of
acute pancreatitis. In the setting of straightforward
clinical presentation and laboratory studies, imaging
confirmation is not required. However, MSCT can
be helpful when the diagnosis is unsuspected or the
presentation is confusing. In this clinical scenario, the
diagnosis can potentially be established at cross-
sectional imaging or an alternative condition may be
offered. At times, duodenal ulceration or perforation,
ruptured aortic aneurysm or mesenteric ischemia can
be mistaken for acute pancreatitis on clinical grounds.

After the first few days and extending into weeks,
MSCT is helpful to assess for a variety of structural
complications that may arise from the inflammatory

Fig. 3 Infected pancreatic necrosis. a Axial CECT image
shows multifocal areas of non-enhancing pancreatic paren-
chyma consistent with pancreatic necrosis; b image of the same

patient obtained 2 months later shows superinfection of the
necrotic pancreas with associated gas formation (Rotzoll WG)
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process and necrosis (if present). Identification of
these complications is important in the subacute set-
ting as they impact on the overall disease course.
Alongside the presence of pancreatic necrosis (par-
ticularly with infection), these processes impact
overall mortality. As defined in the revised Atlanta
classification, they include APFCs, pseudocysts,
pancreatic abscesses, PNPFCs, infected necrosis,

WOPN, and vascular complications such as splenic
vein thrombosis and arterial pseudoaneurysm forma-
tion (Acute pancreatitis classification working group
2008).

Acute peripancreatic fluid collections represent
collections of pancreatic fluid and enzymes without
any necrotic components. These collections may also
consist of nonspecific inflammation and hemorrhage.

Fig. 4 Pancreatic necrosis with duodenal fistula formation. a,
b Axial CECT images show diffuse pancreatic necrosis with a
large amount of gas throughout the necrotic parenchyma;
b shows a direct communication with the adjacent proximal

duodenum (arrow) consistent with fistula formation. As
opposed to patients with infected necrosis, this patient was
relatively asymptomatic (2502477)

Fig. 5 Acute peripancreatic fluid collections. a Axial CECT image shows edematous (interstitial) pancreatitis with peripancreatic
inflammation; b short term follow-up shows acute intrapancreatic and peripancreatic fluid collections
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Phlegmon represents an older, discarded term for
APFC (Bradley 1993). APFC typically are sterile and
resolve spontaneously in the majority of cases
(Lenhart and Balthazar 2008). Those that persist
develop into a pseudocyst (Balthazar et al. 1985). At
CT, they present as low attenuation collections about
the pancreas without a discrete border (Fig. 5). Typ-
ical locations include the anterior pararenal space or
lesser sac (Fig. 5). Potentially, they may dissect
through various subperitoneal ligaments (including
the gastrohepatic, gastrosplenic and gastrocolic liga-
ments), as well as along predetermined retroperitoneal
fascial planes. APFC can also dissect into the root of
the small bowel mesentery. These fluid collections
and associated inflammation may cause pain as well
as mass effect resulting in biliary obstruction or
mechanical bowel obstruction.

Pseudocysts represent persistent APFCs which
have developed a surrounding non-epithelialized
capsule. This capsule forms as a result of the
inflammatory process at its periphery and typically
occurs over a time frame of about four weeks.
Pseudocysts are seen in approximately 10–20% of

cases of pancreatitis (Memis and Parildar 2002). At
CT, they present as low attenuation fluid collections
with a definable wall, typically rounded or ovoid in
shape (Fig. 6). The wall of the pseudocyst can be
barely perceptible or have a thick enhancing rind
(Balthazar et al. 1994). Pseudocysts are usually
located in a peripancreatic location but can dissect
into the same retroperitoneal planes, subperitoneal
ligaments, and mesenteries that acute fluid collections
can. Over time, approximately one-half of all pseud-
ocysts resolve. Of the remainder, the majority are
stable in appearance and asymptomatic. A few may
progress with clinical sequelae including pain, hem-
orrhage, infection, or even gastrointestinal obstruction
requiring intervention (Yeo et al. 1990). A pancreatic
abscess is defined as an infected pseudocyst. Percu-
taneous drainage with imaging guidance has become
a viable treatment option in addition to surgical
debridement and endoscopic drainage (Fig. 7). It is
important to note that the prognosis of an infected
pseudocyst (‘‘pancreatic abscess’’) is much better than
infected post necrotic fluid collections/infected
necrosis (Baril et al. 2000).

Fig. 6 Pseudocysts. a Coronal CECT image at initial presen-
tation shows a large amount of ill-defined inflammatory
exudate throughout the right abdomen and pelvis. Note marked
hepatic steatosis; b coronal CECT obtained 7 weeks later,
shows interval evolution of large complex pseudocyst.
(1610164); c–g axial CECT image (a) in a different patient
shows a pseudocyst in the region of the pancreatic head. ERCP

(d) and EUS (e) images from the same patient show contrast
filling the pseudocyst (asterisk), which has a simple sono-
graphic appearance (calipers). MRCP (f) and axial T2-
weighted MR (g) images in the same patient show the T2
hyperintense pseudocyst. Note the pancreatic ductal dilatation
on MRCP (f; 1969484)
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PNPFCs represent fluid collections in the setting of
necrotizing pancreatitis (Acute pancreatitis classifi-
cation working group 2008). They represent evolving
collections of fluid, liquefying necrosis, and necrotic
debris. Often, they occur in the setting of necrosis of a
portion of the main pancreatic duct and can commu-
nicate with the ductal system. Superinfection
(‘‘infected necrosis’’) is an ominous complication and
increases mortality. Over time, PNPFC may develop a
non-epithelialized wall (akin to the process of APFC
to pseudocysts) to form WOPN. Other previous terms
for WOPN include organized necrosis, necroma, and
pancreatic sequestration. Again, superinfection is a

poor prognostic complication, leading to a doubling of
mortality rates (Beger et al. 1986). Even sterile WOPN
may lead to a persistently ill and debilitated patient.

Vascular complications in acute pancreatitis
include venous thrombosis and arterial pseudoaneu-
rysm formation. Both entities can result in significant
morbidity and even mortality in the case of a ruptured
pseudoaneurysm. Venous thrombosis may result from
the intense inflammatory process associated with
acute pancreatitis. The splenic vein is a commonly
affected venous structure given its proximity to the
pancreas (Mortele et al. 2004), which then can lead to
collateral formation and gastric varices (Fig. 8).

Fig. 7 Endoscopic drainage of pseudocyst. a, b Axial CECT
images show a pseudocyst in the region of the pancreatic head
before (a) and after (b) endoscopically-guided pigtail drain
placement; c endoscopic image showing endoluminal pigtail in

the proximal duodenum; d corresponding fluoroscopic image
following drain placement. Note indwelling biliary drain
(arrows; 2380258)
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Other affected venous structures include the superior
mesenteric vein. On the arterial side, pseudoaneu-
rysms can result from vessel damage from extrava-
sated activated pancreatic enzymes. Typical vessels
of involvement include the splenic artery or branches
of the pancreatico-duodenal arcade. Rupture can be
catastrophic with mortality rates of 20%, even with
treatment (Bergert et al. 2005). At CT, the pseudo-
aneurysm presents as a focal, rounded enhancing
collection, often with crescentic mural thrombus, in
communication with the adjacent artery (Fig. 9). With
rupture, adjacent stranding and high-attenuation
intraperitoneal fluid (hemoperitoneum) can be seen.

2 Chronic Pancreatitis

Chronic pancreatitis is a progressive pancreatic dis-
ease characterized by increasing fibrosis with an end-
stage result of exocrine and endocrine insufficiency.
Chronic pancreatitis has been postulated to represent
a distinct clinical entity separate from acute pancre-
atitis where acute episodes do not lead to a chronic
presentation (Singer et al. 1985). However, there is
growing evidence that indeed chronic pancreatitis
results from repeated episodes of acute necroinflam-
mation (Witt et al. 2007). There is a variable sub-
clinical phase, after which the disease is marked by
recurrent bouts of severe abdominal pain and ulti-
mately with disease manifestations related to exocrine
and endocrine insufficiency. Alcohol is the most

common cause of chronic pancreatitis in the US
(Etemad and Whitcomb 2001).

Because of the variable clinical presentations, the
diagnosis of chronic pancreatitis can be difficult to
establish, particularly in the early stages of the dis-
ease. Random pancreatic biopsies are rarely per-
formed and thus, the diagnosis is established by a
combination of clinical factors, imaging appearance,
and functional studies. From an imaging standpoint,
although the morphologic changes present in chronic
pancreatitis are often evident in advanced disease,
they are variably so in early disease, decreasing the
sensitivity during the time when the clinical presen-
tation may be equivocal or not suspected. Also, the
structural changes with chronic pancreatitis have not
been shown to correlate with the level of gland
functioning (Bozkurt et al. 1994). Thus, it requires a
synthesis of the specific clinical presentation, the
imaging findings, and other functional studies (not
discussed here) to establish this diagnosis.

The imaging findings reflect the pathologic pro-
cesses of this disease. Histopathologic features of
chronic pancreatitis include acinar atrophy, pancreatic
fibrosis, distorted ducts with eosinophilic protein
plugs and calcium deposits. The process is typically
diffuse in distribution but at times can be more focal.
Thus, at CT, the pancreas may appear atrophic with
parenchymal stippling of calcifications in a focal or
diffuse pattern. The calcifications represent inspis-
sated intraductal protein plugs which subsequently
calcify (Figs. 8, 10; Luetmer et al. 1989; Owens and

Fig. 8 Chronic pancreatitis with associated splenic vein
thrombosis. Axial CECT (a) and ERCP (b) images show
irregular pancreatic ductal dilatation with dilated side-branches.
CT demonstrates isolated gastric varices in the setting of
splenic vein thrombosis. Note filling of a pseudocyst near the
pancreatic tail on the ERCP image. (1769462); c axial CECT

image in a different patient with chronic pancreatitis and
splenic vein thrombosis shows punctate calcifications through-
out the visualized pancreas, as well as biliary and pancreatic
ductal dilatation. Again, numerous isolated gastric varices
secondary to splenic vein thrombosis are present
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Howard 1958). These intraductal calcifications
strongly suggest the diagnosis of chronic pancreatitis
but unfortunately present late in the disease course
(Luetmer et al. 1989; Remer and Baker 2002). Due to
the ongoing fibrosis, there is also worsening dilation
and distortion of the pancreatic ducts over time. In
general, there is first beading and ectasia of the side

branches, then ultimately enlargement of the main
pancreatic duct (Figs. 8, 10). These ductal abnor-
malities can be detected at CT; the ability is certainly
improved with MSCT protocols over the single slice
versions. However, ERCP and MRCP hold consid-
erable advantages and are considered the main
imaging methods in this area of assessment.

Fig. 9 Pseudoaneurysm formation following pancreatitis.
Axial arterial phase CECT image (a) and corresponding DSA
image (b) show dense focus of enhancement in the pancreatic
head region (arrow in a), consistent with a pseudoanerysm of
the gastroduodenal artery (GDA); initial axial CECT image

(c) in a different patient demonstrates areas of pancreatic
necrosis without evidence of pseudoaneuysm. CECT image of
the same patient obtained 3 months later (d) shows develop-
ment of a splenic artery pseudoaneurysm (arrow) surrounded
by a pseudocyst (1823745)
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As stated above, the imaging findings in chronic
pancreatitis are usually distributed diffusely through-
out the gland. However, at times, they can manifest as
a more focal abnormality that can mimic the
appearance of a carcinoma. Patients with chronic
pancreatitis hold a higher risk for cancer, with an
overall lifetime risk of 4% (Lowenfels et al. 1993).
Distinguishing between focal chronic pancreatitis and
adenocarcinoma can be difficult at imaging and ulti-
mately a biopsy may be needed to differentiate
between the two. There is also some degree of overlap
in CT imaging findings between chronic pancreatitis
and main duct IPMN.

Imaging is also utilized to gauge the severity of
chronic pancreatitis by assessing the degree of
abnormality of the ductal anatomy. Currently, CT is
typically not utilized but rather ERCP or MRCP is
employed given their improved abilities to evaluate
the ducts. The Cambridge classification grades the
severity of chronic pancreatitis based on structural
changes to the main pancreatic duct and side branches
(Axon et al. 1984). As the number of involved side
branches and as the main pancreatic duct is involved,
severity grade increases. Although generally helpful,
the scoring system may not correlate with disease
severity in all cases.

CT is useful in assessing the complications seen in
chronic pancreatitis which mirror those that may
occur in acute pancreatitis. These include pseudocyst
formation, pseudoaneurysms of the visceral arteries,
and splenic vein thrombosis.

3 Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) is a distinct subtype
of chronic pancreatitis that is pathologically charac-
terized by a lymphoplasmocytic infiltrate, storiform
fibrosis, and an obliterative phlebitis. In contrast to
standard chronic pancreatitis, there is a differing
clinical presentation, course, and treatment. It has
become apparent in recent years that AIP is one end
organ manifestation of a larger systemic process now
termed IgG4-related systemic disease (IgG4-RSD).

AIP is a heterogeneous disease with two separate
subtypes (Deshpande et al. 2011; Notohara et al.
2003). AIP type 1 represents the classically described
disease which can include extrapancreatic manifes-
tations (i.e., IgG4-RSD) while type 2 is limited to the
pancreas only (with differing demographics and
clinical course). Although imaging characteristics of
the pancreatic process may overlap, histology
between the two types differs. Type 1 exhibits a
periductal lymphoplasmocytic inflammation with
a preserved duct epithelium, while type 2 shows a
prominent intraepithelial granulocytic infiltration with
a damaged epithelium (Smyrk 2011). Much more is
known in regards to AIP type 1 as opposed to type 2.
The remainder of the section will address AIP type 1
(‘‘classic form’’).

AIP is at least twice as common in men, with most
patients older than 50 years (Chari et al. 2006;
Finkelberg et al. 2006). Severe abdominal pain in AIP

Fig. 10 Chronic pancreatitis. a, b Axial CECT images shows punctuate calcifications throughout a diffusely atrophic pancreas.
Pancreatic ductal dilatation is seen within the pancreatic body and tail (2412938)
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is unusual, although individuals with AIP typically
report mild abdominal pain, often in association with
acute obstructive jaundice (Chari et al. 2006).
Recurrent bouts of acute pancreatitis are uncommon.
Weight loss over a few weeks to months can be seen
in up to 40% of patients (Raina et al. 2009).

Extrapancreatic manifestations, which can occur in
over a half of AIP cases, affect a variety of organs
including bile ducts (inflammatory strictures), medi-
astinum (adenopathy, pericarditis), salivary/lacrimal
glands, thyroid, retroperitoneum, lung (inflammatory
pseudotumor, interstitial pneumonias), liver (inflam-
matory pseudotumor, portal inflammation), and
kidney (pseudotumors, tubulointerstitial nephritis;
Smyrk 2011; Forcione and Brugge 2010). Of these, the
most common extrapancreatic manifestation involves
the biliary system resulting in steroid-responsive
strictures where the imaging appearance can mimic

primary sclerosing cholangitis. In the past, these
extrapancreatic presentations have been considered
separate disease entities (i.e., Mikulicz’s disease,
Sjogren’s-like syndrome, Riedel’s thyroiditis, orbital
pseudotumor, retroperitoneal fibrosis, sclerosing cho-
langitis, etc.) but more recent evidence suggests that
they may in part represent differing organ manifesta-
tions of the systemic disease process of IgG-4 RSD
(Khosroshahi and Stone 2011). As with the pancreatic
lesions, these manifestations typically respond to
steroid treatment.

Imaging can be critical in the diagnosis of auto-
immune pancreatitis. For both diagnostic classifica-
tion schemas currently in use (the Asian Consensus
Criteria—Otsuki et al. 2008) and the Mayo clinic
HISORt—Chari et al. 2006), imaging is one of the
major diagnostic categories in addition to serologic
and pathologic information. The classic appearance

Fig. 11 Classic appearance of autoimmune pancreatitis (AIP)
with positive response to treatment. Axial CECT images show
intrahepatic (a) and extrahepatic (b) biliary ductal dilatation
secondary to downstream obstruction related to the patient’s
AIP. There is diffuse homogeneous enlargement of the pancreas
demonstrating the classic ‘‘sausage shape’’ seen with AIP (b);

c ERCP image from the same patient shows narrowing of the
distal common bile duct; axial CECT (d) and ERCP (e) images
obtained after treatment show return of the pancreas to normal
size (d) and near-total resolution of the distal common bile duct
stricture (e; 1203076)
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on CT is sausage-shaped enlargement and homoge-
neous attenuation of the pancreas with a peripheral
rim (‘‘halo’’) of low attenuation (Fig. 11). The
enhancement of the pancreatic parenchyma may be
decreased and the peripheral rim halo may demon-
strate increased enhancement on delayed images.
Loss of the normal pancreatic lobulations is fre-
quently seen and in extreme examples can result in a
‘‘featureless’’ pancreas (Fig. 11). In addition, a fore-
shortened or retracted pancreatic tail can be seen.
Important diagnostic clues include lack of significant
peripancreatic inflammatory stranding and nearly
universal involvement of the pancreatic tail in the
more chronic form.

A focal form of AIP can mimic pancreatic ade-
nocarcinoma where the pancreatic head is more
commonly involved and can contain a low attenuating
or isoattenuating mass (Fig. 12). It is important to
note that marked improvement or complete resolution
of the mass is needed after medical treatment for the
diagnosis of AIP to exclude pancreatic adenocarci-
noma which can respond to steroid treatment. A key
diagnostic clue involves the diffuse narrowing of the
pancreatic duct resulting from the swelling of the
surrounding pancreatic parenchyma. Extrinsic mass
effect on the distal common bile duct can also result
from swelling at the level of the pancreatic head,
sometimes necessitating the need for biliary stent

placement (Fig. 11). Another clue signaling AIP is
resolution of the other sites of involvement with the
administration of corticosteroids.

Given the rapid and profound improvement that
can be seen by initiating corticosteroid treatment,
several advocate the timely use of CT to evaluate the
response to treatment. It has been suggested that
the range of appearances of AIP on imaging and the
variable response to therapy indicate different stages
of AIP (Sahani et al. 2009). Furthermore, certain CT
features can be used to predict response to medical
treatment. The early, inflammatory stage of the dis-
ease presents with pancreatic swelling and peripan-
creatic changes such as the hypoattenuating halo. It is
thought that these acute findings are more amenable
to corticosteroid treatment. CT features seen with
fibrotic changes in the later stages of the disease
include focal mass-like swelling, persistent pancreatic
tail retraction, and ductal strictures (Sahani et al.
2009).

Diagnosis of AIP by other imaging modalities are
less established. The classic appearance on ERCP
includes focal, segmental or diffuse attenuation of the
main pancreatic duct and the loss of right-angled
branches (Finkelberg et al. 2006). Diagnosis can be
achieved with endoscopic ultrasound and fine needle
aspiration. However, surgical exploration is some-
times needed to make the diagnosis.

Fig. 12 Focal AIP mimicking pancreatic adenocarcinoma.
Initial axial CECT image (a) shows heterogeneous enlargement
of the pancreatic head and neck that was concerning for
malignancy. CECT image (b) obtained after treatment shows

near complete resolution of the mass-like enlargement with
persistence of low attenuation. There has been interval
placement of a biliary stent (2605446)
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4 Summary

MSCT plays an important role in the assessment of
acute and chronic pancreatitis. In acute pancreatitis, the
most important contribution involves the evaluation for
pancreatic necrosis and for other potential complica-
tions. When appropriately integrated with the clinical
data, MSCT can help to optimally direct care and
treatment. In chronic pancreatitis, MSCT is helpful in
assessing morphologic changes associated with this
disease process, both in diagnosis and assessment of
disease severity. Unfortunately, many of the pancreatic
changes are more evident late in the disease course as
opposed to early when the diagnosis is equivocal or
unsuspected. MSCT remains a useful modality to
assess for potential complications including the
development of adenocarcinoma. Finally, radiologists
should be familiar with both the clinical and CT fea-
tures of autoimmune pancreatitis, as recognition could
significantly change patient management and outcome.
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Abstract

There is a wide variety of solid neoplasms that
affect the pancreas. The vast majority of them will
be ductal adenocarcinoma and neuroendocrine
tumors. MSCT has significantly increased both
the detection and improved preoperative staging of
pancreatic adenocarcinoma. Volume acquisitions
facilitate the creation of high-quality 3D images
that provide superior depiction of peripancreatic
extension of disease allowing appropriate thera-
peutic decision making; however pancreas specific
multiphase MSCT protocols are required to
achieve these results. Additionally, multiphase
MSCT has increased the detection of small neu-
roendocrine tumors. Finally, although there are
several much more unusual pancreatic tumors,
both primary and secondary that may be infre-
quently encountered in clinical practice, a more
detailed discussion of metastases to the pancreas
and non-neoplastic focal pancreatic masses is
offered.

1 MSCT Technique

1.1 Clinical Indications for Specialized
Pancreatic MSCT Technique

CT scanning is established as the imaging procedure
of choice for the investigation of patients suspected of
pancreatic cancer (Callery et al. 2009; Tempero et al.
2010). MSCT affords significant advantages compared
with single slice CT for the detection and assessment
of suspected pancreatic neoplasms. Optimal utilization
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of MSCT technology requires protocol modifications
from standard approaches. Protocol modifications
result from (a) differing times of peak pancreatic
enhancement versus other solid abdominal organs,
most notably liver; (b) differential enhancement of
peripancreatic arteries versus veins. Protocols that are
designed to acquire isotropic voxels allow 3D evalu-
ation of the relation of a pancreatic tumor to adjacent
vessels, organs and ducts maximizing therapeutic
decision making in individual cases. This is achieved
by using multiphase acquisitions combined with thin
detectors.

Because a multiphase protocol is required (and
hence some additional radiation), routine use is
inappropriate, therefore clinical history is critical. At
our institution, we perform ‘‘pancreatic protocols’’ on
all patients referred with the following indications: (a)
jaundice; (b) recent onset of diabetes; (c) gallstones/
cholecystitis. Our experience, and that of others,
suggests that because referring clinicians may not
wish to alarm patients by telling them they suspect
pancreatic cancer, the clinical indication supplied by
the referring physician is indirect. Therefore, when
we receive a referral for a patient with either severe
epigastric pain or weight loss we will also utilize the
pancreatic protocol.

1.2 Acquisition Timing and Parameters

The pancreatic phase (phase 1) is directed at evalua-
tion of the pancreas and peripancreatic arteries; the
portal phase (phase 2) is directed at the peripancreatic
veins other abdominal viscera, including the liver.
The phases are related to the timing of data acquisi-
tion in relation to the initiation of the intravenous
contrast bolus. We administer 1.25 of 370 mgI/ml of
non-ionic iodinated medium delivered through a
power injector. The higher concentration of contrast
medium provides improved depiction of peripancre-
atic arteries and higher parenchymal enhancement
when compared with lower concentrations. Assuming
venous integrity, we administer the contrast at
4–5 ml/sec, although improved parenchymal to tumor
attenuation differences have been reported with flow
rates as high as 8 ml/sec (Schueller et al. 2006). We
acquire pancreatic phase images at approximately
45 s following initiation; portal phase images are
acquired at 75 s from initiation of the bolus. This

timing has been shown to result in maximal pancre-
atic parenchymal and arterial enhancement in the
pancreatic phase, whereas peak hepatic enhancement
and homogeneous venous filling is obtained in the
portal phase, optimizing tumor detection and staging
(McNulty et al. 2001; Fletcher et al. 2003) (Fig. 1). At
the time of this writing, early experience with dual
energy MSCT documents increased parenchymal to

Fig. 1 a Importance of pancreatic phase: an infiltrating tumor
(asterisks) is recognized in the pancreatic head on this
pancreatic phase acquisition. b Importance of pancreatic phase:
Same patient, same examination but images acquired 30 s later
(portal phase). The tumor (asterisks) is barely visible. Despite
the fact that the tumor is located in the head of the pancreas, the
common bile duct (arrow) is unaffected
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tumor attenuation differences by using data from the
lower kVp acquisition (Macari et al. 2010).

We utilize the thinnest available detector config-
uration for each acquisition. For most clinical systems
this will mean using a 0.6–0.625 mm detector. The
pancreatic phase extends from the xiphoid through the
transverse duodenum and the portal phase extends
from the xiphoid through the pubic symphisis.

For each acquisition we create two separate sets of
images, a ‘‘thin section’’ data set and a ‘‘thick sec-
tion’’ data set. The thin sections are reconstructed as
contiguous 0.75 mm slices with a 20% overlap. Two
data sets (one from the pancreatic and the second
from the portal phase) are sent to either a dedicated
work station or to a server that supports thin-client 3D
analysis. The thick sections are reconstructed as
3 mm continuous sections in the axial and coronal
plane for the pancreatic phase and as 4 mm continu-
ous sections for the portal phase data set. These
‘‘thick section’’ images are sent to PACS for viewing
and reading. This supports the basic workflow by
having ‘‘traditional’’ multiplanar slice data presented
for reading with thin section data available for 3D
evaluation (Ichikawa et al. 2006).

1.3 Angiographic and Ductal Displays

The major benefit of MSCT is the ability to rapidly
acquire images composed of isotropic voxels with
virtually no limits in z-axis coverage. This facilitates
high-quality 3D displays without loss of spatial
resolution (Dalrymple et al. 2007). Combined with
post-processing capabilities such as multiplanar
reformatting (MPR), maximal intensity projection
(MIP), minimum intensity projection (MinIP) and
volume rendering (VRT) the radiologist has the
ability to extend the diagnostic utility of the CT study.
MPR imaging is most widely used technique; all of
the CT gray scale data can be preserved but the dis-
play is constrained to within a 2D representation.
High-quality CT angiograms can be created from
pancreatic phase data that can display normal and
variant arterial anatomy as well as reproduce radio-
logic signs of vessel involvement as depicted by
catheter angiography (Fishman and Horton 2001;
Kalra et al. 2003) (Fig. 2), similarly high-quality
venograms can be created from the portal phase data.
MIP images provide the highest quality angiographic

displays at the sacrifice of soft tissue detail. VRT can
be used to visualize the pancreas in 3D with preserved
soft tissue contrast. By projecting the lowest attenu-
ation pixel along the ray of sight, MinIP is excellent
for displaying the main pancreatic duct and biliary
tree (Salles et al. 2007) (Fig. 3). Angiographic and
ductal displays can be further enhanced by the use of
curved multiplanar reformatting (Prokesch et al.
2002a, b; Fukushima et al. 2006). Radiologists who
are familiar with all of these techniques will find

Fig. 2 MIP MSCT angiogram in patient with carcinoma of
pancreatic head reveals smooth encasement of a replaced right
hepatic artery (arrows)

Fig. 3 MinIP MSCT pancreatogram reveals a uniform caliber
main pancreatic duct. Volume rendering displays allow the
entire duct to be visualized
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themselves to be valued consultants in the care of
patients with pancreatic diseases.

2 Ductal Adenocarcinoma

2.1 Epidemiology

Pancreatic adenocarcinoma is the fourth leading cause
of cancer death; the five-year survival rate remains at
5%, most patients dying within 2 years of diagnosis.
In the United States, 43,000 new cases and 37,000
deaths were expected in 2010 (Jemal et al. 2010).
In 2005, 32,000 new cases were suspected (Jemal
et al. 2005). Multiple risk factors have been identified
including smoking, chronic pancreatitis, hereditary
pancreatitis, familial history, long standing diabetes,
BRCA2 gene mutations, Peutz–Jehgers syndrome
among others (Tempero and Brand 2008; Raimondi
et al. 2009).

Ductal adenocarcinoma accounts for 85–90% of all
pancreatic tumors. About 60–70% of them arise in the
head (defined as that portion of the pancreas to the
right of the portal confluence), 5–10% in the body and
15% in the tail. Based on autopsy series, pancreatic
head tumors average between 2.5 and 3 cm, whereas
tumors in the body and tail average between 5 and
7 cm (Jimenez and Fernandez-del Castillo 2010).

2.2 MSCT Imaging Features

2.2.1 Primary Tumor
The classic MSCT appearance of ductal adenocarci-
noma is that of a poorly marginated mass, hypodense
to surrounding enhanced pancreatic parenchyma.
Images acquired in the pancreatic phase will assure
that there is maximal enhancement of normal pan-
creatic parenchyma maximizing lesion conspicuity.
The differences in tumor to parenchymal attenuation
will decrease or may disappear in the portal phase. It
is estimated that between 5 and 13% of pancreatic
tumors will be isoattenauting with background pan-
creas even on MSCT studies performed with opti-
mized protocols (Prokesch et al. 2002a, b; Kim et al.
2010). The frequency of isoattenauting, better differ-
entiated tumors is higher when masses are \2 cm
(27%) as opposed to larger lesions (13%). Not
unexpectedly, secondary signs are more prevalent

when the tumor is small, isoattenauting and otherwise
undetectable (Yoon et al. 2010, 2011) (Fig. 4).

Secondary imaging features of pancreatic adeno-
carcinoma include: textural parenchymal alterations
with loss of the lobular architecture; upstream
parenchymal atrophy, usually associated with a dila-
ted pancreatic duct; rounding of the normal pointed
appearance of the uncinate process for tumors located
in that area (Stephens 1997) (Fig. 5). Biliary dilata-
tion is not invariable when the tumor is within the
head of the gland, biliary dilatation does not exclude a
pancreatic neoplasm. When the common bile duct is
dilated, mural enhancement can be seen on high-
quality contrast-enhanced studies. If the common duct
is narrowed as a result of a stricture within the in-
trapancreatic portion in the absence of visible mass,
differentiation between a primary tumor arising for
the pancreas or common bile duct cannot be differ-
entiated by imaging.

2.2.2 Pancreatic Duct
Earliest CT descriptions of CT assessment of the
pancreatic duct suggested that visualization was
always a result of pathologic dilatation, although it
was realized that there were technological limitations
to visualizing a normal duct (Berland et al. 1981).
With current MSCT technology, the main pancreatic
duct (MPD) can be seen in the majority of cases. Itoh
reported 94–95% a normal duct seen in 94–95% of

Fig. 4 Isodense pancreatic adenocarcinoma. The tumor
(asterisks) is recognized because it has led to pancreatic duct
obstruction and obliterated the lobular parenchymal
architecture
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cases in the head and body of the gland, with 75%
visualization in the tail. This improvement was the
direct result of the ability to acquire sub-millimeter
isotropic slices coupled with MPR and curved-MPR
visualization (Itoh et al. 2003).

The pancreatic duct should be specifically evalu-
ated in any patient suspected of pancreatic disease.
This is best done by viewing thin slice images on a
workstation or thin-client 3D imaging server. The
normal duct is \6 mm in width, although in the vast
majority of normal patients, the duct will be\3 mm.
The normal duct should be of uniform caliber. The
finding of a dilated duct must be explained. In cases
where the entire duct is dilated differential diagnosis
includes age-related atrophy, chronic pancreatitis,
main duct IPMN or small periampullary neoplasm.
When there is segmental duct obstruction, the etiol-
ogy is frequently neoplastic, either from a pancreatic
neoplasm or from segmental main duct IPMN. Iso-
lated duct strictures may occur in patients with
autoimmune pancreatitis or following pancreatic
trauma. Strictures from chronic pancreatitis will fre-
quently be associated with a dilated downstream
MPD.

Despite the wide number of possible causes of an
isolated MPD stricture, the majority will be neoplastic
(Uehara et al. 2009). The presence of an isolated

stricture may predate the development of a macro-
scopic pancreatic mass. In a series of patients pre-
senting with advanced pancreatic adenocarcinoma
from whom prior imaging studies were available,
50% had imaging findings suggestive of pancreatic
cancer on those prior examinations. Most studies
reviewed were obtained up to 18 months prior to
diagnosis; although in one patient findings were
present even longer than 18 months. Unfortunately,
these findings were recognized in a small percentage
of cases (Gangi et al. 2004). Similar results were
reproduced in a study of 16 patients who presented
with pancreatic cancer in whom prior CT studies were
available for review (Ahn et al. 2009) (Fig. 6). In a
study of 1,058 patients with mean follow-up time of
75.5 months, the presence of MPD dilatation
[2.5 mm was predictive of development of pancre-
atic cancer, with the likelihood significantly increased
when there was an associated cyst (Tanaka et al.
2010). As stated in Sect. 2.1, tumors \2 cm (those
having greater likelihood of improved survival) will
most likely be isodense on optimized imaging studies,
and therefore only recognized by visualizing seg-
mental pancreatic duct dilatation.

When CT findings of acute pancreatitis are present
in combination with an isolated duct stricture, a
comprehensive workup should be initiated to exclude
the presence of an underlying cancer (Imamura et al.
2002). Underlying pancreatic cancer may also be
suspected in acute pancreatitis patients with soft tis-
sue attenuation extrapancreatic masses, lymphade-
nopathy or focal CT findings restricted to a portion of
the gland (Balthazar 2005).

2.2.3 Extrapancreatic Extension
The presence or absence of extrapancreatic extension
is a critical component of the interpretation of the
MSCT study. Locally advanced pancreatic cancer is
defined by the presence of major arterial or peripan-
creatic venous extension. In most cases, the tumor
will extend to the surrounding vessels, contacting but
not encasing them. Larger tumors ([2 cm) are more
likely to have extended beyond the pancreatic margin
than smaller lesions, although small aggressive
lesions are frequently encountered. Pancreatic ade-
nocarcinoma extends through lymphatics (Sai et al.
2010) and along extrapancreatic nerve plexi
(Deshmukh et al. 2010; Mochizuki et al. 2010).
Knowledge of the anatomic relationships of these

Fig. 5 Ductal pancreatic adenocarcinoma. The tumor
(asterisks) obliterates the lobular pancreatic architecture. There
is upstream parenchymal atrophy (arrow). The tumor surrounds
the splenic artery and extends into the peripancreatic fat along
the inferior margin

Solid Pancreatic Masses 181



pathways increases the radiologist’s specificity in
determining extra-glandular extension (Fig. 7).

Arterial involvement is diagnosed when soft tissue
attenuating tissue makes direct contact with a peri-
pancreatic artery. Based on correlation with surgical
confirmation of imaging findings, the likelihood of
arterial involvement is graded as follows: 0 = nor-
mal, with a fat plane or normal pancreas between
tumor and vessel (no tumor contiguity); 1 = loss of
fat plane between tumor and vessel, with or without
smooth (\quarter circumference); 2 = flattening and/

or slight irregularity of one side of the vessel (25–
50% circumferential involvement); 3 = encased
vessel with tumor extending around at least two sides
altering its contour and producing concentric or
eccentric lumen narrowing (50–75% circumferential
involvement); 4 = at least one major occluded vessel
(or [75% circumferential involvement) (Lu et al.
1997; Zamboni et al. 2007). Use of CT angiographic
displays has significantly increased the sensitivity
while preserving specificity (Manak et al. 2009).

Involvement of major peripancreatic veins, most
frequently the superior mesenteric vein (SMV), may
be seen without detectable arterial involvement.
Venous involvement is best detected on portal phase
images because the veins are more homogeneously
enhanced (Fletcher et al. 2003). SMV involvement as
depicted by MSCT is graded as follows: I = normal;
II = smooth shift; III = narrowing along pancreatic
border; IV = circumferential narrowing; V = cir-
cumferential narrowing with collaterals (Ishikawa
et al. 1992). Grade IV or V SMV involvement dem-
onstrates flattening of the vein circumference or a
‘‘teardrop’’ configuration (Hough et al. 1999;
O’Malley et al. 1999). The pattern of venous collat-
erals, particularly distended posterior pancreatico–
duodenal veins, has been shown to be significant in

Fig. 7 Perineural invasion. A mass is present in the pancreatic
head. Although there is no distortion of the SMV, nor any
contact with the SMA, tongue of tissue has surrounded a
pancreaticoduodenal arterial branch (arrow). This mode of
spread has been shown to occur along peripancreatic nerve
plexi. CBD stent is present

Fig. 6 a Stage IV pancreatic adenocarcinoma. The tumor is in
the body of the pancreas resulting in upstream duct obstruction
and parenchymal atrophy. It extends into the SMA and the
aorta. Portal venous thrombosis has resulted in cavernous
transformation. Hepatic metastasis (arrow) is seen. b Same
patient as in (a) 2 years earlier. Segmental main pancreatic duct
obstruction was present. There was no other evidence of
extrapancreatic disease
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predicting venous involvement even when the SMV
itself appears normal (Hommeyer et al. 1995, Yamada
et al. 2000).

Pancreatic carcinoma can metastasize to regional
or distant lymphnodes, liver, other abdominal viscera
and peritoneal cavity. MSCT is poor in predicting
lymphnode involvement. Peripancreatic nodes are not
important in the imaging evaluation of these patients
as they will be resected in the surgical field. Particular
care should be directed at the porta hepatis and ret-
roperitoneum as both are frequent sites of lymphnode
involvement that will not be seen at the time of sur-
gical resection, however as with peripancreatic
lymphnodes, disease can only be recognized in them
when they become enlarged (Roche et al. 2003).
Hepatic metastases are evaluated on portal phase
images. Hepatic metastases are frequently quite small
\1.5 cm), raising the index of suspicion for small
hepatic lucencies that are difficult to characterize.
Peritoneal implants are estimated to be present in 20%
of patients in whom CT assessment suggests locally
advanced disease. Their presence upstages patients to
stage IV disease. They are often microscopic, present
only in peritoneal washings; therefore most pancreatic
centers will perform diagnostic laparoscopy prior to
undertaking formal pancreatic resection even when no
implants are detected on the preoperative imaging
study (Callery et al. 2009; Clark and Traverso 2010).
The combination of pancreatic dedicated MSCT and
diagnostic laparoscopy is the most cost-effective
strategy for imaging patients who may be surgical
candidates (McMahon et al. 2001).

2.3 Assessment of Surgical Resectability

The relationship between small tumor size and suc-
cessful therapy is established (Ariyama et al. 1998). By
current AJCC staging criteria, tumors\2 cm in diam-
eter are considered as T1 lesions, those [2 cm are
considered as T2 lesions when confined to the pancreas,
with increasing T stage based on extrapancreatic
extension (Byrd et al. 2010). The 5-year survival rates
are sharply different between T1 (27–31%) and T2
tumors (8–16%) (Bilimoria et al. 2007), highlighting
the critical need to optimize imaging protocols in all
patients suspected of pancreatic cancer.

National comprehensive cancer network (NCCN)
guidelines define resectable pancreatic tumors as

those with no distant metastases; no SMV, portal
venous abutment, distortion or encasement; clear fat
planes surrounding peripancreatic arteries. The tumor
is borderline resectable when there are: no distant
metastases; venous involvement with suitable normal
vein proximal and distal to site allowing for safe
reconstruction; (Tempero et al. 2010) involvement of
SMA. The tumor is unresectable when there are dis-
tant metastases; any celiac abutment; unsalvageable
venous involvement, greater than 180� SMA
involvement, aortic invasion; lymphnode disease
beyond the field of resection (Tempero et al. 2010).
MSCT is recommended as the imaging procedure of
choice for the initial assessment of a patient suspected
with pancreatic cancer. Most guidelines that are fol-
lowed in the United States go further in advising the
study be performed with a ‘‘specialized pancreatic
protocol’’ (Callery et al. 2009; Simianu et al. 2010;
Tempero et al. 2010).

The sensitivity of CT for diagnosis of pancreatic
adenocarcinoma (89–97%) and its positive predictive
value for predicting unresectability (89–100%) are
high. The positive predictive value of CT for pre-
dicting resectability (45–79%) is low because the
diagnostic criteria for diagnosing vascular invasion by
tumor favors specificity over sensitivity to avoid
denying surgery to patients with potentially resectable
tumor (Wong and Lu 2008). In a meta-analysis
looking at pooled data from 18 studies revealed a
pooled sensitivity and specificity of CT in diagnosing
vascular invasion of 77 and 81%. Since CT technol-
ogy improved over the period of the analysis, when
only studies published between 2004 and 2008 were
considered, the pooled sensitivity and specificity
increased to 85 and 82%, respectively (Zhao et al.
2009). When studies are equivocal, accuracy is
improved if interpreted as unresectable as opposed to
resectable (Kaneko et al. 2010). Analysis of resect-
ability may be more difficult in patients who are being
re-evaluated following neoadjuvant chemotherapy
(Morgan et al. 2010).

3 Neuroendocrine Tumors

Pancreatic neuroendocrine tumors (PNET) can be
divided into either non-functioning (non-secreting,
inactive) and functioning (secreting, active) types.
Benign or malignant tumors can exist within each
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group. PNET accounts for 1–2% of all pancreatic
neoplasms. They occur with equal frequency in men
and women, peak age in the 50 and 60s, and they can
be located anywhere within the gland (Solcia et al.
1997). They can occur sporadically or be inherited as
in patients with the autosomal dominant multiple
endocrine neoplasia (MEN I) syndrome.

PNET have similar imaging features regardless of
their secretory activity (Fig. 8). The typical appear-
ance is that of a hypervascular focus best seen in the
arterial phase of enhancement on MSCT. Current
imaging techniques will detect up to 90% of func-
tioning PNET.

3.1 Functioning Tumors

Insulinoma is the most common PNET occurring with
a yearly frequency of approximately 1/100,000 cases.
About 50% of the lesions are found in the head of the
pancreas; 85% are solitary; 0.5% of the lesions are
extrapancreatic. Most lesions are 1–2 cm and 10% are
malignant; malignant insulinomas are larger (mea-
suring up to 8 cm) which produce extremely high
levels of insulin or pro-insulin. When the lesion is
solitary and localized, enucleation is sufficient for
treatment. In advanced cases, surgery must attempt to
completely remove the tumor and debulk metastases
for adequate control of the hypoglycemia. Arterial
phase images obtained during multiphase MSCT

significantly improves detection (Fidler et al. 2003;
Liu et al. 2009).

Gastrinoma is the second most common function-
ing PNET. Most are located in the anatomic region
between the pancreatic head and common bile duct
and within the first or second portion of the duode-
num, the so-called ‘‘gastrinoma triangle’’ (Stabile
et al. 1984). About 50–70% of sporadic cases of Z–E
syndrome are usually the result of tumors within the
pancreas whereas the remaining cases are secondary
to tumors located within the duodenum. At diagnosis,
60% of gastrinomas already have metastasized to
peripancreatic lymphnodes or, less frequently, the
liver.

3.2 Non-Functioning Tumors

These lesions have a peak incidence in the 50 and 60s
with an equal distribution between men and women.
They can be sporadic, seen in MEN I or von Hippel–
Lindau syndrome. The masses are usually larger than
seen in functioning PNET; 60–83% of lesions are
malignant at the time of diagnosis. Five-year survival
rates are significantly better than for ductal adeno-
carcinoma with 5-year survival rates approaching
70% and 10-year survival rates approaching 50% of
patients. Non-functioning islet cell tumors display a
wide variety of imaging appearances, but the most
common appearance is that of a hyperdense

Fig. 8 Typical PNET. Arterial enhancing mass in pancreatic
neck (arrow) is seen adjacent to CBD. No associated endocri-
nopathy was detected by laboratory or clinical evaluation

Fig. 9 Non-functioning PNET. Tumor mass in the tail of the
pancreas is hypodense compared with pancreatic parenchyma.
The presence of dense calcification should raise the suspicion
of PNET
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pancreatic mass with hypervascular hepatic metasta-
ses. Calcifications can be present in as many as 20%
of masses; the presence of calcification in a solid
pancreatic mass makes PNET as the primary diag-
nostic consideration (Fig. 9). Approximately 3% of
PNET will be ‘‘cystic’’, indistinguishable from other
cystic neoplasms (Procacci et al. 2001; Lee et al.
2009). Non-functioning PNET may be clinically
silent but do secrete hormones; these hormones may:
(a) be secreted in tiny amounts; (b) be substances
which are rapidly degraded; (c) be biologically inac-
tive. Some patients with so-called non-functioning
PNET come to attention due to MPD obstruction. It
has been shown that these tumors will often produce
serotonin (Powell et al. 2008; Shi et al. 2010).

4 Other Solid Pancreatic Tumors

More than 95% of pancreatic neoplasms arise from or
within the exocrine pancreas, ductal adenocarcinoma
accounting for 85–90%. A wide variety of ‘‘other’’
solid neoplasms can be encountered in clinical prac-
tice, each individual histologic type accounting for
approximately 1–2% of pancreatic tumors, therefore
extremely rare (Jimenez and Fernandez-del Castillo
2010). These include such rare tumors as acinar cell
carcinoma, primary pancreatic lymphoma, adeno-
squamous carcinoma. They cannot be reliably dis-
tinguished from ductal pancreatic adenocarcinoma at
MSCT or with other imaging methods (Megibow and
Francis 2003). Two of these ‘‘other’’ types of pan-
creatic tumors will be encountered in clinical practice
and are discussed in more detail below.

4.1 Metastatic Disease to the Pancreas

The pancreas can be secondarily involved by neo-
plasm by either (i) direct extension from a contiguous
primary tumor (e.g. gastric carcinoma); (ii) invasion
from local metastatic lymphnodes (e.g. invasion of
the pancreatic head by metastatic peripancreatic
lymphnodes draining a primary tumor of the right
colon); and (iii) by hematogenous dissemination.

Renal cell cancer is the most likely primary tumor
to metastasize to the pancreas, followed by colorectal,
lung, breast, melanoma and carcinoid. Renal cell
cancer is widely reported to metastasize several years

following nephrectomy (Moussa et al. 2004). Renal
cell metastases to the pancreas present as hyperen-
hancing nodules simulating PNET. They can obstruct
the pancreatic duct. They rarely extend into the
peripancreatic fat or vessels. Surgical resection is
reported to improve survival (Ghavamian et al. 2000).
The imaging appearance of other metastases from
other primary tumors is variable. As with any pan-
creatic tumor they may obstruct the pancreatic duct.
Multiple foci are not infrequent (Fig. 10).

Fig. 10 Lung cancer metastasis to pancreas. Curved MinIP
image reveals segmental pancreatic duct obstruction secondary
to a low attenuation mass in the pancreatic body (arrow).
A second mass in the pancreatic neck is partially visible
(arrowhead)

Fig. 11 IPAS, pancreatic tail. Distinguishing a lesion such as
this hypervascular mass in the pancreatic tail from PNET or
metastasis is difficult. Location and enhancement mimicking
spleen are suggestive. We have found MRI helpful in these cases
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4.2 Non-Neoplastic Solid Pancreatic
Masses

Two types of non-neoplastic solid pancreatic masses
are likely to be encountered in clinical practice; the
intrapancreatic accessory spleen and pancreatitis-
related masses.

The tail of the pancreas is the most common site of
intrapancreatic accessory spleen (IPAS). An IPAS has
similar characteristics to those of the spleen on the
precontrast and contrast-enhanced images of all the
imaging modalities, displaying inhomogeneous
(moiré type) enhancement on early phases may be a
diagnostic clue (Kim et al. 2008) (Fig. 11). In our
practice, we rely on MR imaging to characterize this
lesion when detected on MSCT. The multi-sequence
protocols used in MR are sufficient to confirm that the
lesion ‘‘tracks’’ with spleen on all sequences.

Focal masses in patients with pancreatitis, espe-
cially chronic pancreatitis are much more difficult to
distinguish from solid neoplasms. Focal pancreatitis
masses account for a significant percentage of
pathologies that are resected in large surgical series
(Yeo et al. 1997). From early descriptions, this
imaging issue is not yet definitively resolved
(Lammer et al. 1985). No single test can stand alone
in differentiating benign from malignant masses in
these patients. When a mass is detected in a patient
with chronic pancreatitis, MRCP to evaluate for duct
penetration is recommended (Ichikawa et al. 2001). If
there is no duct penetration, EUS with FNA is rec-
ommended to confirm diagnosis of malignancy. If this
is equivocal, PET-CT is utilized (Gerstenmaier and
Malone 2011). In patients with autoimmune pancre-
atitis, the pancreatic parenchyma and the suspicious
mass will demonstrate a reversal of the typical
enhancement pattern, specifically, the pancreas and
the mass will be relatively hypodense in the pancre-
atic phase with a rise in attenuation in the portal phase
(Takahashi et al. 2009) (Fig. 12).
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Abstract

Cystic neoplasms of the pancreas have been recog-
nized for almost two centuries. In 1830, Becourt
described the first cystic neoplasm of the pancreas as
a tumor, ‘‘with the size of a child’s head and
composed of very strong walls’’ (Verbesey and
Munson in Surg Clin North America 90(2):
411–425, 2010). Especially after 1990s, cystic
lesions of the pancreas are being increasingly
identified primarily due to wide-spread use of CT
and other state-of-the-art imaging methods. It is now
estimated that they can be detected in approximately
1.2% of abdominal CT scans with increasing
prevalence with age and up to 24% of patients have
pancreatic cystic lesions at autopsy (Spinelli et al. in
Ann Surg 239(5):651–657, 2004; Kimura et al. in Int
J Pancreatol 18(3):197–206, 1995). As they encom-
pass a variety of processes of neoplastic, develop-
mental and inflammatory in origin, their discovery
prompts management concerns and their accurate
characterization is necessary for appropriate patient
triage. Many patients with a pancreatic cystic
neoplasm (PCN) present with no relevant signs or
symptoms and most of these lesions are incidentally
diagnosed (Bassi et al. in World J Surg 27:319–323,
2003; Kerlin et al. in Surg Gynecol Obstet 165:
475–478, 1987). The proportion of pancreatic
resections that were performed for PCN has doubled
in the last two decades (Fernandez-del Castillo and
Warshaw in Adv Surg 34:237–248, 2000). Multi-
detector row CT (MDCT) is the most commonly
utilized imaging modality for pancreas imaging and
has the capability to provide high resolution images
of the pancreas and can depict even small pancreatic
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cysts. MDCT can also provide information about
characterization of pancreatic cystic lesions, their
follow-up and staging (Curry et al. in Am J
Roentgenol 175(1):99–103, 2000). In this chapter,
we will provide an overview of pancreatic cystic
lesions and their clinical management and then
describe the CT imaging features of common PCN.

1 Cystic Lesions of Pancreas

Cysts of the pancreas constitute a broad spectrum of
entities from non-neoplastic to malignant cysts
(Verbesey and Munson 2010; Spinelli et al. 2004;
Kimura et al. 1995; Bassi et al. 2003; Kerlin et al.
1987; Fernandez-del Castillo and Warshaw 2000;
Curry et al. 2000; Pitman et al. 2010). Despite the
increasing number of intraductal papillary mucinous
neoplasms (IPMN), the large majority of pancreatic
cystic lesions remain to be pseudocysts. Other non-
neoplastic cysts of the pancreas include retention
cysts, congenital cysts, foregut cysts and endometri-
otic cysts and constitute a relatively small percentage
of pancreatic cystic lesions.

The World Health Organization (WHO) classifi-
cation system divided pancreatic cystic neoplasms
into three categories: benign (adenomas), low grade
malignant (borderline) and malignant (carcinoma in
situ and invasive cancer) (Hamilton and Aaltonen
2000). Microcystic, serous tumors are almost uni-
versally benign (other than case reports of malignant
variants) and mucinous neoplasms are accepted as
either premalignant or malignant. In addition to the
truly cystic pancreatic neoplasms, some of the solid
pancreatic lesions can demonstrate cystic degenera-
tion or may have cystic components. Necrosis within
some of the solid neoplasms may also mimic a cystic
lesion on CT.

In the absence of systemic cystic disease such as von
Hippel-Lindau disease, polycystic kidney disease or
cystic fibrosis, true epithelial cysts are considered rare
and are assumed to be neoplasms (Handrich et al.
2005). However, morbidity and mortality due to small
cysts B3 cm is very unlikely and observation appears to
be a safe management option (Handrich et al. 2005).
Sahani et al. (2006a) showed that majority (87%) of the
small pancreatic cysts in their series of 111 pathologi-
cally verified cysts were benign (Sahani et al. 2006).

2 Clinical Overview

More than 70% of PCN are found in asymptomatic
patients, usually as an incidental finding on scans
obtained for another reason (Verbesey and Munson
2010). In an autopsy study, it was found that almost
25% o f the 300 cadavers had small cystic lesions
(Kimura et al. 1995). Increasing age was directly
related to the probability of finding a lesion. Most
published studies agree that the ratio of benign to
malignant lesions is approximately 2:1 and cystic
neoplasms are more common in females at a ratio of
2:1 to 3:1 (Verbesey and Munson 2010). Identifica-
tion of a pancreatic cyst requires the clinician to focus
on the main clinical challenge of determination of
benign or malignant nature of the cyst. Differentiation
of pseudocyst from neoplastic cystic lesions, mucin-
ous cystic neoplasms (MCN) from serous cystic
neoplasms (SCN) and branch type IPMN from main
duct or combined IPMN are the common crucial
questions that need to be answered in patients with
pancreatic cystic lesions. The approach to the patient
with a pancreatic cystic lesion begins with a detailed
history seeking for previous episodes of pancreatitis
or abdominal trauma, which may predispose the
patient for a pseudocyst.

Imaging is usually the first step in detection and
characterization of PCN’s; however, most of the time
it cannot provide a definite answer regarding the
benign or malignant nature of the lesions. When
cross-sectional imaging is not conclusive, depending
on the lesion size, appearance, patient symptoms and
age, follow-up with imaging or a more aggressive
approach to characterize the lesion is pursued.

Endoscopic US (EUS) and EUS-guided fine needle
aspiration of the cystic lesion is usually the next step
for lesion characterization. EUS is very sensitive for
detecting small cysts, however, EUS morphology
alone has limitations in differentiating between
mucinous and non-mucinous as well as benign and
malignant lesions (Stelow et al. 2003; Ahmad et al.
2001). Detection of focal nodules and invasive lesions
on EUS may facilitate the diagnosis of a malignant
lesion by directing the fine needle aspiration biopsy to
these suspicious areas. Aspirated fluid from the cyst is
sent for chemical and cytological analysis. A large
prospective study concluded that carcinoembryonic
antigen (CEA) was the most useful tumor marker for
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differentiating mucinous from non-mucinous lesions
(Brugge et al. 2004a). CEA, however, does not dis-
tinguish benign from malignant mucinous neoplasms
(Pitman et al. 2010). Amylase may be another helpful
marker as it is typically very high (in thousands) in
pseudocysts but low in serous cysts. In the same
prospective, multicentre study, the accuracy of
cytology was found to be poor (59%) in differentia-
tion of benign and malignant cystic lesions (Brugge
et al. 2004a). Only inflammatory cells should be
present in fluid aspirated from pseudocysts (Nguyen
et al. 1997). Molecular testing can be considered to
look for the presence of KRAS, p53 mutations and
loss of p16 and SMAD4 in malignant lesions (Pitman
et al. 2010; Brugge et al. 2004b).

Endoscopic retrograde cholangiopancreatography
(ERCP) can be useful in detection of IPMN’s.
On endoscopy, visualization of mucin coming out from
a widely patent ampulla is pathognomonic for IPMN.

In the past, resection was the recommended treat-
ment for all PCN’s. With the increasing number of
incidentally discovered PCN’s and recent data sug-
gesting that many tumors are benign or have a low
malignant potential, other treatment strategies such as
follow-up with imaging have started to be commonly
utilized (Verbesey and Munson 2010). Age, female
gender, weight loss, jaundice and elevated amino-
transferase levels were found to be significant pre-
dictors of malignancy (Gomez et al. 2008; Javle et al.
2007). The presence of symptoms is another critical
factor in deciding appropriate therapy. The frequency
of malignancy in small cysts is significantly higher in
symptomatic patients. Imaging findings and cyst fluid
analysis also contribute in risk stratification process.
If a lesion is determined to be a pseudocyst, based on
its size, it can be drained or followed up with imaging
(usually if less than 6 cm). Serous lesions can be
followed up with imaging if the patient is asymp-
tomatic. MCN, on the other hand, require resection.
In 2006, the International Association of Pancreatol-
ogy working group consensus guidelines were estab-
lished to help guide the management of PCN’s
(Tanaka et al. 2006). Unless there is a contraindica-
tion for surgery, all MCN’s and main duct and com-
bined type IPMN’s should be resected. Small
(B3 cm) branch type IPMN’s can be followed up by
imaging. There is no universally accepted follow-up
protocol. Surveillance interval can be increased if
the lesions remain stable in size after two years of

follow-up. A cost analysis using the consensus
guidelines suggested that although immediate surgical
resection was the most effective method, its cost was
prohibitive (Huang et al. 2010). Imaging surveillance
was found to be a cost-effective option when com-
pared with no surveillance.

3 Imaging of Cystic Pancreatic
Lesions

The characterization of cystic pancreatic lesions relies
heavily on imaging. Main aims of the imaging are to
differentiate pseudocysts from true cysts, MCN from
non-MCN and benign lesions from malignant lesions.
Sahani et al. 2005 proposed a simple but useful
imaging-based classification system differentiating
pancreatic cystic lesions into four different types:
(1) unilocular (pseudocysts, MCN, lymhoepithelial
cysts, small IPMN’s and small serous tumors), (2)
microcystic (serous cystadenomas and lymhoepithe-
lial cysts), (3) macrocystic (MCN, oligocystic serous
tumors and IPMN’s) and (4) cysts with solid com-
ponents (solid appearing tumors, solid-pseudopapil-
lary neoplasms (SPEN) and cystic islet cell tumors).
MDCT is the most commonly utilized imaging test
for their detection and characterization by visualizing
the calcification of the cyst wall, septa, mural nodules
and findings suggestive of pancreatitis (Curry et al.
2000; Minami et al. 1989). Two-dimensional curved
reformations can provide additional imaging details
of IPMN which include display of the ductal anatomy
and of the communication between the cystic lesion
and pancreatic ductal system (Sahani et al. 2006b).
Two-dimensional curved reformation is a very valu-
able, comprehensive evaluation tool for analysis of
MDCT data to characterize pancreatic cystic lesions.

MRCP is becoming increasingly popular for the
diagnosis of pancreatic cystic lesions. MRCP offers
better depiction of pancreatic duct and displays the
relation between the pancreatic duct and the cystic
lesion (Berland et al. 2010). Secretin administration
may facilitate the visualization of the communication
between a cystic lesion and pancreatic duct
(Carbognin et al. 2007). In the ACR white paper, the
Incidental Findings Committee suggested dedicated
MRI as the imaging procedure of choice to charac-
terize a pancreatic cyst (Berland et al. 2010). Superior
contrast resolution of MRI facilitates the recognition
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of septae, nodules, and duct communication (Waters
et al. 2008). Sainani et al. (2009) compared the per-
formance of MDCT with MRCP in a retrospective
analysis of 30 patients with 38 pathologically con-
firmed cysts. They concluded that MRI enabled more
confident assessment of the morphology of small
cysts than MDCT, but the accuracy of the two
imaging techniques for cyst characterization was
comparable. Although, there is no clear consensus
among pancreatic experts regarding the optimal
imaging test for follow-up of pancreatic cysts,
a limited MRI examination relying exclusively on
T2-weighted images has been proposed as a practical
follow-up strategy (Macari et al. 2009).

Regardless of the imaging test, large size and
presence of mural nodules, dilatation of the common
bile duct, and lymphadenopathy are accepted as
worrisome features for malignancy (Berland et al.
2010). Morphologic features that aid in a diagnosis of
a mucinous tumor include (Verbesey and Munson
2010) the presence or absence of septae (MCN’s are
multilocular, with large cysts), (Spinelli et al. 2004)
the location of calcification (MCN’s typically have
peripheral calcification, whereas SCN’s have central
calcification), (Kimura et al. 1995) location within the
pancreas, and (Bassi et al. 2003) the presence of main
duct involvement (Procacci et al. 1997, 1999, 2001;
Rautou et al. 2008). MCN can also be suspected when
a cyst is present in the tail of pancreas in a pre-
menopausal woman (Sperti et al. 2001).

Despite some promising results, the role of PET/
CT in the evaluation of pancreatic cystic lesions is
still investigational and not established. Sperti et al.
(2007) showed that Positive criteria of increased
uptake on 18-FDG PET was absent in 13 of 13
adenomas and 7 of 8 borderline IPMNs, but was present
in 4 of 5 carcinoma in situ (80%) and in 20 of 21
invasive cancers (95%). Pitfalls include false-positive
18-FDG uptake of pseudocysts due to inflammation
and lack of uptake in some of the malignant PCN’s.

4 CT Findings of Common PCN

4.1 Serous Cystic Neoplasms

Serous tumors represent approximately 1–2% of
all pancreatic neoplasms and almost 25% of PCN
(Phillips et al. 2008). They predominantly occur in

middle aged woman (average age: 61 years) and are
distributed evenly throughout the pancreas. They are
almost always incidentally discovered and can cause
symptoms (such as abdominal pain or jaundice) only
if they reach a large size. Especially large cystade-
nomas may demonstrate progressive enlargement at
serial follow-up imaging examinations (Tseng et al.
2005). Multiple serous cystadenomas may occur in
von Hippel-Lindau disease (Mohr et al. 2000). Serous
cystadenomas are typically benign tumors. However,
there are several case reports in the literature
describing serous cystadenomas that presented with
metastases (Verbesey and Munson 2010).

Serous cystadenomas have characteristic imaging
and histologic features that may differentiate them
from other potentially malignant CPN (Colonna et al.
2008; Kim et al. 2008). In 90% of cases, (Fig. 1)
serous cystadenomas are characterized by a polycys-
tic pattern (70%, multiple cysts measuring 2 cm or
smaller) or honey comb pattern (20%, subcentimeter
cysts that are difficult to be individually distinguished
by imaging). On MDCT, the appearance of serous
cystadenoma is similar to gross pathology. In the
polycystic form, multiple large cysts separated by
enhancing fibrous septa can easily be identified. In the
honeycomb pattern, due to the small size of the cysts,
the lesion may appear as well-marginated with soft
tissue or mixed attenuation and a sharp interface with
vascular structures (Fig. 1) (Choi et al. 2009). This
pattern can be difficult to differentiate from solid
tumors on MDCT. Fine, external surface lobulations
are considered to be suggestive of serous cystade-
noma (Cohen-Scali et al. 2003; Kim et al. 2006).
Enhancement of the septae and central scar can be
best appreciated on delayed images (Choi et al. 2009).
The presence of central scar is considered to be
pathognomonic for SCN, even when there is no dis-
tinct microcystic appearance (Curry et al. 2000).
It was observed from 30–45% of SCN with the
percentage increasing with increasing size (Curry
et al. 2000; Yasuhara et al. 2002). Central scar may
also demonstrate calcifications which can be easily
depicted on MDCT.

Various atypical manifestations of SCN may lead
incorrect diagnosis. These include oligocystic (macr-
ocystic) pattern (seen in 10% of SCN) (Fig. 2), giant
tumors with ductal dilatation, intratumoral hemor-
rhage, solid variants, unilocular cystic tumors and
disseminated form (Choi et al. 2009). Oligocystic
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pattern exhibits fewer, large ([2 cm) cysts. It may
appear as a multicystic or lobulated cystic lesion with
septations in the head of the pancreas, whereas, MCN
have either a pleomorphic or a clubbed, finger-like,
cystic shape (Yasuhara et al. 2002). These lesions can
be differentiated from pseudocysts by external lobu-
lations and from a SPEN by its lack of a thick,
peripheral wall and hemorrhage in the cystic com-
ponent (Cohen-Scali et al. 2003; Choi et al. 2006).
However, its differentiation from other PCN can be
sometimes difficult due to an overlap of morphology.
The accuracy of CT in diagnosis of SCN was shown
to be better than MCN (Procacci et al. 1999).

Surgical treatment is not indicated for serous
neoplasms unless the patient has symptoms secondary
to compression of the surrounding structures by the

mass (Verbesey and Munson 2010). For tumors 4 cm
or larger, which can grow as much as 2 cm per year,
surgical resection can be a reasonable option.

4.2 Mucinous Cystic Neoplasms

Before the description of IPMN’s, MCN’s were
accepted as the most common PCN’s and account for
10–45% of all PCN (Kalb et al. 2009; Balcom et al.
2000). They occur much more commonly in women
(80%) in their fifth or sixth decade of life (Balcom
et al. 2000). MCN’s are located in the body and tail of
the pancreas in more than two-thirds of the cases.
They are increasingly discovered incidentally but can
also present with abdominal pain, mass or weight

Fig. 1 Serous cystadenoma. Axial (a) and coronal (b) MDCT
images show a cystic mass in the head of pancreas (arrow) with
central stellate calcifications (arrowhead). Multiple, small cysts

within the lesion are better delineated on the T2W Axial MRI
image (c) compared to CT images. Calcification on MR image
appears hypointense (arrowhead)

Fig. 2 Macrocystic serous cystadenoma. Axial (a) and coronal
(b) MDCT images show a multiloculated cystic mass (white
arrows) in the tail of pancreas with internal septations. The size
of the individual cysts is larger than 2 cm; however, the wall is

very thin and there are external lobulations suggestive of
macrocystic variant of serous cystadenoma. Note the incidental
hepatic cyst in the caudate lobe (black arrow)

Cystic Pancreatic Masses 193



loss. MCN are well-circumscribed unilocular or
multilocular cysts with no communication with the
pancreatic duct. Their content may be hemorrhagic,
necrotic or watery (Garcea et al. 2008). It is suspected
that MCN may arise from ovarian rests in pancreas.
Tanaka et al. reported the presence of ovarian type
stroma in MCN of both women and men and ovarian
type stroma is accepted as a histologic requirement
for diagnosis of MCN (Tanaka et al. 2006). MCN are
lined by columnar cells staining positive for mucin
and with a spectrum ranging from normal to varying
degrees of dysplasia to in situ or invasive carcinoma.
Since the separation between benign, borderline and
malignant lesions may be indistinct, these tumors are
collectively considered as MCN with the under-
standing that most will develop malignant character-
istics if left untreated (Balcom et al. 2000).
Malignancy risk is directly related to an increase in
size and duration of existence (Verbesey and Munson
2010). Since all MCN’s are considered premalignant
and can undergo malignant transformation at any
time, the general recommendation is to resect MCN,
given the patient poses an acceptable surgical risk
(Verbesey and Munson 2010).

On MDCT, MCN present as well-encapsulated
multilocular, macrocystic ([2 cm) lesions with
apparent wall enhancement (Fig. 3) (Scott et al.
2000). Enhancing internal septations may be visual-
ized. Peripheral, ‘‘egg shell’’ calcifications (as
opposed to central stellate calcifications of SCN) have
been reported in 10–25% of these tumors (Scott et al.
2000) but are specific finding for MCN’s and

predictive of malignancy. Other CT findings sugges-
tive of malignancy are presence of solid components,
thick wall, mural nodules and papillary projections
(Fig. 4) (Procacci et al. 2001; Bassi et al. 2008;
Biankin et al. 2004). Mucinous cystadenocarcinoma
can be locally aggressive and may present with liver
metastases, ascites or peritoneal carcinomatosis. The
most important differential diagnosis of MCN is
pseudocyst. Differentiation of pseudocyst from MCN
or malignant MCN from benign MCN can be difficult
based on imaging findings alone. FNAB of cystic
fluid may be helpful in these cases. While levels of
amylase are elevated in pseudocysts, CEA levels are
elevated in MCN. The presence of mucinous cyst is
often confirmed when thick, viscous mucus is aspi-
rated. Cytology, on the other hand, may underestimate
the final histologic grade of neoplastic mucinous cyst
(Pitman et al. 2010).

4.3 Intraductal Papillary Mucinous
Neoplasms

In 2000, World Health Organization classified cystic
mucin producing pancreatic neoplasms into two dis-
tinct entities: IPMN and mucinous cystic neoplasms.
IPMN was first described by Ohashi et al. (1982).
They are characterized by cystic dilatation of the
main and/or branches of the pancreatic duct. They
originate from the epithelium surrounding the pan-
creatic ducts and can evolve all the biological stages
from slight dysplasia to carcinoma that can be
simultaneously present in the same lesion (Gourgiotis
et al. 2007). They should be considered premalignant
in all clinical situations. Communication of the neo-
plasm with the pancreatic ductal system is an
important feature that differentiates IPMN from
MCN. Thick mucin produced by the tumor cells
causes obstruction of the pancreatic duct and can be
seen pouring from a patulous ampulla by the endos-
copist. It mainly occurs in the sixth and seventh
decades of life, affecting males slightly more than
females and is more commonly located in the head
(Gourgiotis et al. 2007).

IPMNs are classified into three types according to
the site and extent of involvement: main duct, branch
duct and combined type (Kobari et al. 1999).
This classification is based on imaging findings and
has prognostic implications. Malignancy is reported

Fig. 3 Mucinous cystadenoma. Axial contrast-enhanced MDCT
image shows a unilocular, nonlobulated cystic mass (arrow) in
the body of pancreas with a thick wall characteristic of unilocular
MCN. No communication with pancreatic duct can be seen
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in 57–92% of main duct tumors but only in 6–46% of
branch duct tumors (Gourgiotis et al. 2007). Main
duct type IPMN is characterized by diffusely dilated
main pancreatic duct filled with mucin. The duct can
be partially ectatic in some cases. The branch type
IPMN affects one or more of the branches of the
pancreatic duct and the dilated duct may contain
solitary or multiple tumors or mucin (Gourgiotis et al.
2007). It is most commonly located in the uncinate
process and can be multiple. Any combination of the
above types is considered as combined type and is
considered as main duct type for the purpose of
prognosis and treatment.

Histologically, there is papillary hyperplasia and
neoplasia of the involved ductal epithelium, often
with large quantities of intracellular and intraductal
mucin (Balcom et al. 2000). Depending on the degree
of atypia, IPMNs are classified into various categories
such as adenoma, borderline, carcinoma in situ or
invasive carcinoma. With the exception of the cases
with invasive carcinoma, it is uncommon for the other
histologic types of IPMN to exhibit radial pancreatic
or peripancreatic extension or invasion (Azar et al.
1996). An association between IPMN and non-pan-
creatic malignancies has been reported with a rate
range from 23–32% (Sugiyama and Atomi 1999).

Majority of the patients with IPMN do not present
with symptoms related to the tumor. Common pre-
senting symptoms are acute pancreatitis, abdominal
pain, weight loss, diabetes and jaundice (Salvia
et al. 2004; D’Angelica et al. 2004). In addition
to radiological imaging methods, ERCP, EUS and

EUS-guided fine needle aspiration biopsy are
commonly utilized in the diagnosis of IPMN’s.
Management options range from watchful waiting to
radical pancreatectomy depending on the malignancy
risk and patient-related factors (symptoms, age, sur-
gery risk etc.). Clinical variables indicating malignancy
risk include tumor size, sex, diabetes, pancreatitis,
steatorrhea, abdominal mass, weight loss, serum CA
19-9 level and serum CEA level (Gourgiotis et al.
2007). Sugiyama et al. found with multivariate analysis
that the size [30 mm and presence of mural nodules
were the strongest predictors of malignancy in branch
type IPMN’s (Sugiyama et al. 2003).

In main duct type IPMN, CT shows diffuse or
segmental dilatation of the main pancreatic duct
without a transition point, bulging papilla and pro-
portional atrophy of the pancreas (Figs. 5, 6, 7; Taouli
et al. 2000). Differential diagnosis of this appearance
includes chronic pancreatitis. Although presence of
calcifications suggest chronic pancreatitis, it is
important to note that they can also be encountered in
IPMN and sometimes, differential diagnosis between
these two entities may not be possible. Branch type
IPMN’s present as lobulated or septated cystic lesions
communicating with the pancreatic duct (Fig. 8).
Communication of IPMN with main pancreatic duct
is one of the most reliable imaging finding for the
diagnosis of IPMN (Sahani et al. 2006b). Two-
dimensional curved reformations are useful for
establishment of a clear communication which is
not obvious on the axial images. MDCT was shown
to provide useful information for prediction of

Fig. 4 Mucinous cystadenocarcinoma. Axial contrast-
enhanced MDCT images (a, b) show an exophytic cystic
pancreatic mass (white arrow) with enhancing mural solid

nodular component (black arrowhead). Multiple hypodense
lesions in the liver (black arrows) represent metastatic disease
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malignancy in IPMN (Kawamoto et al. 2006). Pre-
dictive features for the presence of invasive carci-
noma at preoperative CT and other imaging studies
include involvement of the main pancreatic duct,
marked dilatation of the main pancreatic duct, diffuse
or multifocal involvement, the presence of a large
mural nodule or solid mass, large size of the mass,
calcified intraluminal contents, and obstruction of the
common bile duct (Taouli et al. 2000; Kawamoto
et al. 2005, 2006; Ogawa et al. 2008). Recently,
Vuillerme et al. (2007) reported that most solid
masses are associated with invasive carcinomas and
most intraductal nodules correspond to in situ carci-
nomas. Ogawa et al. (2008) reported that abnormal

attenuating area in the surrounding parenchyma may
reflect the earlier feature of parenchymal invasion.
Multiphase, contrast-enhanced MDCT is currently the
primary imaging modality for evaluation of candi-
dates for surgical resection of pancreas. Locally
recurrent IPMN of the pancreas tend to be either
extrapancreatic and solid at the resection margin or
intrapancreatic and cystic (Christensen et al. 2004).
MDCT can detect most recurrent IPMN of the pan-
creas with moderate to substantial interobserver
agreement (Christensen et al. 2004).

MRI with MRCP can potentially provide better
depiction of ductal communication with CT (Kalb
et al. 2009). Secretin administration may enhance the

Fig. 5 Main duct type IPMN. Contrast-enhanced axial MDCT
image shows a cystic mass in the head of pancreas (black
arrow) with diffuse dilation of main pancreatic duct (white

arrows) and atrophy of pancreatic parenchyma. On EUS (b),
the mass in the pancreatic head appears multicystic (arrow)

Fig. 6 Axial MDCT image showing calcification (arrow head)
within main duct IPMN. A hypoattenuating lesion in the liver
represents metastasis (black arrow)

Fig. 7 Axial MDCT image shows bulging papilla (black
arrow) in a patient with main duct type IPMN
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ability of MRI to visualize this communication. Lack
of exposure to ionizing radiation makes MRI a more
suitable test for the follow-up of IPMN’s.

4.4 Solid and Pseudopapillary Epithelial
Neoplasms

Solid-pseudopapillary tumors of the pancreas are
uncommon neoplasms with low malignant potential
and which most frequently occur in young women
(Papavramidis and Papavramidis 2005). SPEN consti-
tutes 1–3% of pancreatic neoplasms and 10–15% of
cystic tumors of the pancreas (Butte et al. 2011). This
neoplasm is also known by other names including solid
and papillary epithelial neoplasm, solid and cystic
tumor, papillary–cystic neoplasm of the pancreas,
Frantz tumor and Hamoudi tumor (Hamoudi et al.
1970). In 1996, the World Health Organization
renamed this tumor as solid-pseudopapillary and this
name is now uniformly accepted (Kloppel et al. 1996).
A more aggressive course has been reported in
approximately 10–20% of patients with locally
advanced tumors at the time of presentation, distant
metastases and local or distant recurrence (Papavram-
idis and Papavramidis 2005; Reddy and Wolfgang
2009). In recent years, there has been a reported
increase in the number of cases of SPEN. This increase
probably reflects an increase in incidental diagnosis
associated with better quality imaging studies
(Machado et al. 2008). Most common symptoms are
abdominal pain and jaundice. Some patients are
asymptomatic and SPEN is discovered incidentally. On
histopathology, SPENs are well-circumscribed, large
masses with a pseudocapsule of compressed pancreatic
tissue and fibrous change. They frequently show

extensive hemorrhage and necrotic changes that result
in its inhomogeneous texture (Buetow et al. 1996).
A mixture of solid, cystic and necrotic areas can be
found in the tumor. Treatment is surgical resection and
there is a low chance of recurrence following surgery
(Butte et al. 2011).

CT findings reflect the histopathologic features of
the tumor and include a well-defined mass with varying
degrees of solid and cystic components depending on
the degree of necrosis and degeneration of the tumor
(Fig. 9) (Kawamoto et al. 2011). Less commonly, they
can be mostly cystic or mostly solid and may mimic
MCN and pancreatic adenocarcinoma (Kawamoto
et al. 2011). The attenuation of the cystic areas is usu-
ally higher in SPEN compared to other cystic neo-
plasms (Kawamoto et al. 2011). Solid areas are usually
located in the periphery of the tumor, and cystic areas
are usually located centrally (Buetow et al. (1996);
Friedman et al. 1985; Dong et al. 1996). CT numbers in
cystic regions vary from fluid attenuation equal to that
of water to soft tissue attenuation in areas rich in blood
(Buetow et al. 1996; Friedman et al. 1985). Fluid-debris
levels corresponding to cystic hemorrhagic cavities
have been reported on CT, MR imaging and ultrasound.
In a study by Buetow et al. 1996 16 of 56 patients (29%)
had calcifications. There may be dense, peripheral rim
calcifications or central stippled calcifications (Buetow
et al. 1996; Friedman et al. 1985; Dong et al. 1996;
Ohtomo et al. 1992). Some SPENs may demonstrate
atypical manifestations such as upstream pancreatic
ductal dilatation mimicking pancreatic adenocarci-
noma (Kawamoto et al. 2011). Liver metastases can be
seen in a small number of cases (Choi et al. 2006).
Invasion into the adjacent normal pancreatic paren-
chyma, adjacent organs or vascular structures, may also
be seen on CT (Choi et al. 2006). Rarely, SPEN of the

Fig. 8 Branch type IPMN.
Axial (a) and coronal
(b) contrast-enhanced MDCT
images show a cystic mass in
the head of pancreas (long
arrow), communicating with
the pancreatic duct (small
arrow). The pancreatic duct is
normal in size. These features
are representative of Branch
duct IPMN
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pancreas may present acutely with rupture of the cap-
sule and resulting hemoperitoneum, and those patients
may require urgent surgery (Mao et al. 1995). Com-
pared with large solid-pseudopapillary tumors, small
SPENs (B3 cm in diameter) have different imaging
features; small SPENs usually appear as completely
solid tumors with a sharp margin and gradual
enhancement (Baek et al. 2010).

4.5 Cystic Pancreatic Neuroendocrine
Tumors

Cystic pancreatic neuroendocrine tumors (CPNT) are
typically considered as an uncommon subgroup of
pancreatic neuroendocrine tumors; however, recent
data shows that they are more common than previ-
ously thought and should be included in the differ-
ential diagnosis of the cystic lesions of the pancreas
(Bordeianou et al. 2008). CPNT’s are usually
nonfunctional although cystic gastrinomas, insulino-
mas and glucagonomas are occasionally reported
(Goh et al. 2006; Ligneau et al. 2001). These tumors
are associated with hereditary multiple endocrine
neoplasia syndrome (most commonly MEN-1). Sus-
picion of CPNT should be very high in a patient with
a personal or family history of MEN-1 Syndrome.
They are usually well described and exhibit either a
unilocular cyst or a multilocular cystic pattern
(Basturk et al. 2009). The cysts are lined with neo-
plastic endocrine cells and filled with serosanguine-
ous fluid instead of necrotic debris (Basturk et al.
2009). Cyst formation in neuroendocrine tumors is
believed to be secondary to tumor degeneration. Their
malignant behavior is not as high as their solid
counterparts despite their large size. Treatment

includes surgical resection and the prognosis of
patients with CPNT is usually good with overall five
year survival of 87% (Bordeianou et al. 2008).

On CT, CPNT’s appear as well-defined mixed
solid-cystic or purely cystic tumors (Fig. 10)
(Bordeianou et al. 2008; Goh et al. 2006; Ligneau
et al. 2001). They can be unilocular or multilocular
cysts with thick walls and internal septations. Solid
portion of the tumor (when present) demonstrates
intense contrast enhancement. Due to their non-spe-
cific imaging features, they are difficult to differenti-
ate from other CPN and pseudocysts, especially if
they are not hormonally functional (Ahrendt et al.
2002). Preoperative diagnosis of CPNT could only be
made in 3/13 patients (23%) with CT (Bordeianou
et al. 2008). In this series, one patient presented with
ductal obstruction without a visible mass and all other
CT scans revealed neoplasms which are partially
cystic with or without a solid component (Bordeianou
et al. 2008; Goh et al. 2006; Ligneau et al. 2001).
Calcifications were rarely present.

4.6 Solid Tumors Mimicking PCN

Solid tumors such as pancreatic adenocarcinoma and
acinar cell carcinoma can present as cystic or mixed
solid-cystic lesions Three mechanisms have been
suggested for the development of this uncommon
phenomenon in pancreatic adenocarcinoma: Necrosis
of the tumor, cystic dilatation of the obstructed ducts
by the tumor and an uncommon variant of ductal
adenocarcinoma referred to as large duct type
(Fig. 11). (Adsay and Klimstra 2000). This variant is
characterized by microcystic ectasia of the invasive
gland, sometimes achieving the size of grossly visible

Fig. 9 SPEN. Contrast-
enhanced axial (a) and
coronal (b) MDCT images
show a heterogeneous,
predominantly cystic mass
(arrow) with solid component
(arrowhead) in the head of
pancreas
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cysts (Park et al. 2005). Mucinous adenocarcinoma is
another, uncommon variant of (about 2% of non-
endocrine pancreatic malignancies) of pancreatic duct
cell origin (Cohen-Scali et al. 2003). It is character-
ized by large amount of mucin and histologically is
composed of large cystic spaces filled with mucin and
surrounded by connective tissue (Park et al. 2005).
It is important to differentiate central necrosis of
pancreatic adenocarcinoma from a cystic neoplasm
since treatment options can be different and delay in
diagnosis may lead to an important delay in the sur-
gical treatment of pancreatic adenocarcinoma.

Acinar cell carcinomas are rare pancreatic tumors
characterized by pancreatic enzyme production by the
tumor cells. It occurs more often in women, with peak
incidence in seventh decade (Solcia et al. 1997). They
represent approximately 1% of exocrine pancreatic
tumors (Solcia et al. 1997). They are relatively
aggressive tumors with prognosis better than adeno-
carcinoma but worse than neuroendocrine tumors
(Klimstra et al. 1992). Surgery is the treatment of
choice. Pure acinar cell carcinoma of the pancreas is
usually an exophytic, oval or round, well-marginated
and hypovascular mass on CT and MRI (Fig. 12)

(Tatli et al. 2004). Typically, it is completely solid
when small and contains cystic areas due to necrosis
when large (Tatli et al. 2004). Partial or complete
enhancing capsules were also reported surrounding
these tumors (Hsu et al. 2010). Central necrosis is
common and may be responsible for the cystic
appearance of the tumor. Occasional central hemor-
rhage and calcifications have also been reported
(Hsu et al. 2010).

4.7 Pseudocysts and Other Rare Benign
Mimicks of PCN

A number of non-neoplastic cystic lesions can mimic
PCN. Pseudocysts are the most common cystic lesions
of the pancreas accounting for approximately 75% of
pancreatic cysts (Kloppel 2000). They are fully
encapsulated pancreatic fluid collections, usually
located within or adjacent to the pancreas and require at
least four weeks to develop following acute pancrea-
titis (Balthazar 2002). Histologically, the pseudocyst
wall is non-epithelialized, and composed of granula-
tion or fibrotic tissue and contains amylase-rich,

Fig. 10 Non-functional
cystic neuroendocrine
neoplasm. Contrast-enhanced
MDCT axial (a) and coronal
(b) images demonstrate a
complex cystic mass (arrows)
in the tail of the pancreas with
thick internal septations

Fig. 11 Adenocarcinoma of
the pancreas. Axial MDCT
image (a) shows a
hypoattenuating mass lesion
in head of pancreas
mimicking a cystic lesion
(arrow). The mass was
biopsied under EUS guidance
(b). Arowhead shows the
needle within the mass. The
cytology confirmed the
diagnosis of adenocarcinoma
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possibly hemorrhagic debris (Balthazar 2002).
Previous or ongoing history of acute pancreatitis is
very helpful for diagnosis. They develop as a com-
plication of alcoholic, biliary or traumatic acute
pancreatitis. The clinical diagnosis of pseudocyst is
straightforward; however, occasionally, they have to
be differentiated from neoplastic cysts. The primary
mimic of pseudocyst is mucinous cystadenoma and
there may be significant overlap of imaging features
between two entities, especially when pseudocyst is
intrapancreatic in location (Kalb et al. 2009).
Pancreatic pseudocysts may dissect along abdomi-
nopelvic fascia remote from pancreas and fistuliza-
tion may occur between a pseudocyst and organs or
vascular structures (Kalb et al. 2009). Typical
symptoms include epigastric pain and an abdominal
mass, along with clinical sequela of gastric outlet
and biliary obstruction (Balthazar 2002). On CT,
pseudocysts are round or oval in shape and have a
relatively thin or thick capsule, which can calcify
(Fig. 13). They contain fluid which is less than 15
Hounsfield units (HU); higher fluid attenuation val-
ues of 40–50 HU indicate intracystic hemorrhage
(Balthazar 2002). Macari et al. reported that detec-
tion of internal, dependent debris within a cystic

lesion on MR imaging is a very specific finding for
diagnosis of a pseudocyst (Sahani et al. 2006b).
Pseudocysts vary significantly in size and may
communicate with the pancreatic duct. Surgical or
percutaneous drainage is preformed on pseudocysts
larger than 5 cm and older than six weeks, along
with enlarging, symptomatic or infected pseudocysts
(Balthazar 2002).

Other non-neoplastic cystic lesions include reten-
tion cysts, benign epithelial cysts, abscesses, duodenal
wall cysts, duodenal diverticuli, lymphoepithelial
cysts, foregut cyts and mucinous non-neoplastic cyst
(Kosmahl et al. 2004). Lymphoepithelial cysts are
rare lesions, constituting about 0.5% of pancreatic
cysts, which predominately occur in middle age men
(mean age, 55; M/F: 4:1) (Adsay et al. 2002). On CT,
pancreatic lesions are well-circumscribed low-atten-
uation masses with a thin enhancing rim; septations
and focal calcification are often present (Fig. 14)
(Kim et al. 1998). Intracystic contents usually
measure 20–30 HU due to high levels of keratin
(Kim et al. 1998). No recurrences or malignant
degeneration of lymphoepithelial cysts are reported
in the literature (Adsay et al. 2002). However, given
the difficulty in making a confident preoperative

Fig. 12 Acinar cell
carcinoma. Contrast-enhanced
MDCT axial images (a and
b) show a low density mass in
head of pancreas mimicking a
cystic mass (white arrow)
with multiple liver metastasis
(black arrows). It was
confirmed to be an acinar cell
carcinoma on histopathology

Fig. 13 Pseudocyst.
Contrast-enhanced MDCT
axial (a) and coronal
(b) images reveal a well-
circumscribed, unilocular,
thick walled pseudocyst
(arrows) in the body of the
pancreas. Stomach is
designated by ‘‘s’’ on the
coronal view
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diagnosis most are treated with surgical resection
(Adsay et al. 2002). Mucinous non-neoplastic cysts
are a recently described entity by Kosmahl et al.
(2002). Microscopically, these cysts are characterized
by mucinous differentiation of lining epithelium, lack
of cellular atypia or increased proliferation, and a thin
rim of supporting, almost acellular, stroma (Kosmahl
et al. 2002). On imaging, MNCs appear as circum-
scribed unilocular or multilocular fluid collections,
which do not communicate with the pancreatic duct.
Cysts range in size from 3–12 cm and usually occur
in the pancreatic head (Kosmahl et al. 2002).
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Abstract

The spleen is an intraperitoneal organ which is
composed of a trabecular network of vessels,
nerves and lymphatic tissue. Anatomical variants
with regard to the shape and accessory spleens are
seen. Systemic lymphatic diseases often result in
splenomegaly. There are a number of different
focal cystic or solid lesions, which can be found in
the spleen in various pathological conditions.
These are often inflammatory, but also neoplastic
or developmental lesions are found. The following
chapter will present the most common focal and
diffuse pathologies of the spleen with special
emphasis on their CT appearance.

1 Normal Anatomy and Variant

The spleen is an intraperitoneal organ with a smooth
serosal surface normally located in the left upper
quadrant of the abdomen, supported by the gastro-
splenic ligaments. The capsule is penetrated at the
hilus by blood vessels, lymphatics, and nerves.
Branches of arteries, veins, nerves, and lymphatics
travel through the spleen in the trabecular network
(Weiss 1983). The spleen contains two distinct
tissues: red pulp and white pulp. There is a large
volume of erythrocytes within the red pulp owing to
the four types of vascular structures within the pulp.
The red pulp is composed of slender and nonanasto-
mosing arterial vessels, thin-walled venous vessels
called splenic sinuses, plates of cells called splenic
cords that lie between sinusoids, and red pulp veins
that drain the sinusoids (Warnke et al. 1995).
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The white pulp is composed of lymphatic tissue. The
organization of lymphoid cells within the white pulp
is similar to that found in the cortex of a lymph node.
T cells are usually found in the periarteriolar sheath,
and B cells are found in primary and secondary
follicles. Lymphoid follicles (malpighian corpuscles)
have a central artery that is surrounded by a germinal
center, mantle zone, and marginal zone. The marginal
zone is the transition between the red and white pulp.
In normal condition the spleen measures approxi-
mately 12 cm in length, 7 cm in AP diameter, and
4 cm in thickness. However, due to high variability in
the shape of the spleen, these measurements are not
useful in evaluating splenic size. A more accurate
approach to the assessment of splenic volume is the
splenic index, a product of length, width and thick-
ness of the spleen, expressed in centimeters. Length is
determined by summing the number of contiguous
sections on which the spleen is visible or more sim-
pler the caudo-cranial length in coronal reconstruc-
tion. Width is the longest splenic diameter in the
transverse image. Thickness is the distance between
the inner and outer borders of the spleen, as measured
at the level of the splenic hilum (normal splenic size
corresponds to an index of 120–480 cm3) (Koehler
1989).

On precontrastographic CT images the normal
spleen appears homogeneous in attenuation, with
values slightly less than those of a normal liver. With
rapid intravenous injection of iodinated contrast
media, most patients initially exhibit an inhomoge-
neous pattern of splenic attenuation, reflecting vari-
able blood flow within different compartments of the
spleen. Care must be taken not to misinterpret the

early postinjection inhomogeneity of splenic attenu-
ation as an indication of focal abnormality. Only after
a minute or more does the splenic parenchyma
achieve a uniform, homogeneous appearance (Fig. 1).

2 Splenomegaly

Is a condition characterized by a pathological
enlargement of the spleen. Can result from congestion
(portal hypertension, splenic vein occlusion or throm-
bosis), infiltrative disease (Gaucher’s disease), hema-
tologic disorders (polycitemia vera, myelofibrosis),
inflammatory disease (CMV or mycobacterial infec-
tions), rheumatic disease, cyst or tumours (leukemia,
lymphoma, metastases).

3 Congenital Variations

3.1 Accessory Spleen

An accessory spleen refers to a congenital focus of
normal splenic tissue that is separate from the main
body of the spleen. Accessory spleens are found in
10–30% of cases at autopsy examination, and their
size varies from a few millimeters to several centi-
meters in diameter. They occur most frequently in the
hilar region and usually have no clinical significance.
However, if the location is atypical, an accessory
spleen may be mistaken for a tumor. After splenec-
tomy, an accessory spleen may enlarge dramatically,
sometimes appearing as a left upper quadrant mass or
causing recurrence of problems in patients who have

Fig. 1 Normal spleen. MDCT, arterial (a), venous (b) and
distribution phase (c). During arterial phase (a), the spleen shows an
inhomogeneous pattern of splenic attenuation, reflecting variable

blood flow within different compartments of the spleen; during
the venous (b) and distribution phase (c), the spleen shows an
homogeneous enhancement
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undergone splenectomy for hematologic or other
disorders. CT is useful in the accurate diagnosis of
accessory spleens. Around or ovoid mass near the
splenic hilum, with the same attenuation as that of a
normal spleen both before and after intravenous
administration of contrast material, is virtually
pathognomonic. Intrapancreatic location of an acces-
sory spleen can simulate an hypervascular tumor of
the pancreas; a CT pattern of contrast enhancement
similar to that of the spleen can lead to the suspicious
of an accessory spleen: in these cases nuclear scin-
tigraphy with technetium-99 sulfur colloid is useful
diagnostically, demonstrating functioning splenic
tissue in the area of concern (Rolfes and Ros 1990a, b)
or MRI with superparamagnetic contrast media, which
demonstrate a decrease of signal intensity of the lesion
after contrast media administration (Fig. 2).

3.2 Wandering Spleen

Wandering spleen refers to a normal spleen that does
not have its fixed ligamentous attachments and
therefore can change position within the abdomen. It

may be noticed clinically as an unexplained abdom-
inal mass or as acute abdominal pain secondary to
splenic torsion. The etiology is controversial. In many
case the origin is related to a congenital abnormal
fusion of the posterior mesogastrium (Costello
et al. 1985). This condition may be acquired as in
multiparous women is described a higher incidence,
which suggest an etiologic role of hormonal effects
and abdominal laxity associated with pregnancy.
Wandering spleen has also been reported in ‘‘Prune-
belly’’ syndrome, malaria, Hodgkin’s disease and
lymphangiomatosis (Solbiati et al. 1983; Balthazar
et al. 1985). In patients with a wandering spleen,
imaging CT show a change of splenic location or
apparent changes in shape. CT scans have also shown
an enlarged wandering spleen in a normal position.
Torsion may produce a whorled appearance to the
splenic pedicle (Warshauer et al. 1995). In case of
infarction of the spleen a portion or the entire organ
may become hypodense after administration of con-
trast media. Ascites or necrosis of pancreatic tail
can also be detected (Parker and Mittelstaeedt 1984).
The chronic torsion with venous congestion may
cause splenomegaly and gastric varices.

Fig. 2 Intrapancreatic spleen. MDCT, arterial (a), venous
(b) and distribution phase (c). During arterial phase (a) a
hypervascular lesion in the tail of the pancreas can be
appreciated, which shows the same contrast enhancement
behaviour of the spleen in the different phases. (d) MRI, T2w

TSE sequence. The lesion has the same signal intensity of the
spleen. GRE T2w before (e) and after (f) SPIO administration.
After superparamagnetic CM administration a dramatic signal
drop can be appreciated either in the liver and in the spleen and
intrapancreatic lesion
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3.3 Splenic Cystic Lesions

Many focal lesions may appear to be cystic on cross-
sectional imaging. Cystic lesions can be classified as
primary (‘true’) or secondary (‘false’), based on the
presence of a cellular or fibrous lining. Primary cysts
can be divided into non-parasitic or parasitic (i.e. ech-
inococcal). True non-parasitic cysts include congenital
(i.e. epithelial) and neoplastic (lymphangioma, metas-
tases, haemangioma) cysts. False cysts may develop
secondary to trauma, haemorrhage, infarction-degen-
eration and inflammation (Andrea et al. 2005).

3.3.1 Congenital or Epithelial Splenic Cysts
(True Cyst)

Congenital or epithelial splenic cysts comprise
approximately 25% of true cysts of the spleen. They
are mainly seen in children and young adults and are
usually solitary, but can be multiple. The exact
mechanism of the aetiology, pathogenesis and
development of congenital splenic cysts is unknown.
Generally, congenital splenic cysts are asymptomatic
and the prognosis is good. Occasionally, congenital
cysts may become symptomatic because of enlarge-
ment (Fig. 3) which may be secondary to trauma,
hemorrhage from the cyst wall, an increase in the
osmolality of the cystic fluid. Associated complica-
tions include infection, rupture and hemorrhage. The
therapy of choice for a symptomatic splenic cyst is an

interventional procedure such as partial or total
splenectomy. On CT, splenic cysts are typically
spherical, well defined lesions with an attenuation
value near water and a thin or imperceptible wall
which demonstrates no enhancement after injection of
contrast medium (Dachman et al. 1986a, b). Internal
debris, haemorrhage and peripheral cyst wall calcifi-
cations may contribute to a more complex picture.
Epidermoid cyst has a complex pattern with irregu-
larity and thickening of the posterior wall because of
epithelial peripheral trabeculation, and internal blood
clots.

3.3.2 False (Pseudo) Cyst
False (pseudo) cysts account for approximately 75%
of the non-parasitic cysts of the spleen. They are
secondary to trauma, infarction or infection. Trauma
is the most probable etiologic factor. The majority of
these cysts are solitary and asymptomatic. Micro-
scopically, the wall of these cysts is composed of
dense, often calcified fibrous tissue with no epithelial
lining. They contain a mixture of blood and necrotic
debris. It is often impossible to distinguish radiolog-
ically between primary and secondary cysts (Fig. 4).
The clinical presentation and patient history may help
to narrow the differential diagnosis.

4 Inflammatory Masses

4.1 Pyogenic Abscess

Splenic abscess is an uncommon condition, whose
frequency has grown as a result of an increasing
number of immunosuppressed patients because of
aggressive chemotherapy, bone marrow transplants
and AIDS. A splenic abscess is a localized collection
of pus that most commonly is caused by the hema-
togenous spread of infection (75% of cases).
This infections are due to aerobic organism, with
Staphylococcus, Streptococcus, Escherichia coli and
Salmonella being the predominant flora. Other causes
include penetrating trauma (15%) and prior splenic
infarction (10%) (Freeman et al. 1993a, b). Pyogenic
abscesses can be single or multiple. The clinical
findings of fever, chills, and left-upper-quadrant pain
and tenderness arc seen in less than half of the cases.
The factors leading to involvement of the spleen are
metastatic infection (bacterial endocarditis, sepsis),

Fig. 3 Splenic cyst. MDCT, venous phase. A large homoge-
neous hypodense lesion with thin walls can be appreciated in
the anterior aspect of the spleen (Courtesy of Ruedi F. Thoeni,
M.D., Department of Radiology and Biomedical Imaging,
UCSF, San Francisco, CA, USA)
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contiguous infection (pancreatitis, periphrenic
abscess), embolic non-infection events causing
ischemia and superinfection, trauma and immunode-
ficiency (Ooi and Leong 1997).

CT can be used for a precise localization of the
lesions and for giving information about the peri-
splenic area and contiguous viscera to guide
any interventional and surgical procedures (Van der
Lanan et al. 1989). CT scans show a unilocular or
multilocular well-defined lesion, solitary or multiple.
Bacterial abscess is suggested by thick, irregular,
dense peripheral rim with internal nonenhancing area
(Fig. 5). Attenuation measurements range from 20 to

40 HU; layers of different attenuation values, sec-
ondary to layering of the proteinaceous material
within the abscess, are frequently noted. Rim
enhancement after contrast administration, may be
shown, in venous phase, although it is seen less often
than in hepatic abscesses; small amounts of gas can be
found (Dachman et al. 1986a, b; Rabushka et al.
1994) (Fig. 6). In the differential diagnosis the splenic
lymphoma, in particular diffuse histiocityc or immu-
noblastic types, may appear as ill-defined masses of

Fig. 4 Pseudocyst (surgical resection). MDCT, unenhanced (a) and late venous phase (b). A large cyst with lobulated margins,
better seen after contrast media administration (b), is appreciated in the context of the spleen with thin walls and no mural nodules

Fig. 5 Splenic abscess. MDCT, venous phase. A unilocular
solitary well-defined lesion with thick peripheral rim with
internal hypodense content can be appreciated in the context of
the spleen (Courtesy of Rita Golfieri, M.D.. Radiology Unit, St.
Orsola-Malpighi University Hospital, Bologna, Italy)

Fig. 6 Splenic abscess. MDCT, venous phase. A subcapsular
ill-defined lesion with internal gas can be appreciated (Courtesy
of Grazia Bitti, M.D., Brotzu Hospital, Cagliari, Italy)
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low density with or without a thick rim mimicking an
abscess.

4.2 Fungal Microabscess

Fungal abscesses are lesions that occur mainly
in immunocompromised patients. Renal transplanta-
tion, neoplasms, abdominal surgery, leukemia and
lymphoproliferative disorders are risk factor in adult
patients. In children is most often associated with
leukemia or chronic granulomatous disease. The most
frequently encountered pathogens are Candida albi-
cans, Aspergillus fumigatus, and Cryptococcus neo-
formans (Chew et al. 1991). Because the lesions are
small, fungal abscesses in neutropenic patients may
not be detectable by any imaging modality, even in
the presence of disseminated infection. Small, low-
attenuation areas that are usually well demarcated and
that range from a few millimeters to 2 cm in size are
shown at CT (Judy et al. 1993a, b, c). Rim enhance-
ment is not seen. Occasionally CT may demonstrate a
central focus of higher attenuation or a wheel within a
wheel pattern corresponding to ultrasound findings
(echoic lesion with central hypoechoic nidus due to
necrosis containing fungal elements). The differential
diagnosis includes metastases, lymphoma and dis-
seminated mycobacterial infection.

4.3 Hydatid Disease

Splenic involvement of hydatid disease is uncommon,
most frequent in endemic areas. It is almost always
caused by Echinococcus granulosus (Freeman et al.
1993a, b). Clinical findings are nonspecific and fre-
quently include abdominal pain, fever and spleno-
megaly. CT demonstrates a sharply marginated, round
or ovoid mass with attenuation values in the range of
that of water. The presence of daughter cysts give a
multilocular apperance (Fig. 7). Higher attenuation
within the lesion is frequently encountered and may
occur secondary to the formation of daughter cysts or
as a result of the collection of dense debris (hydatid
sand) within the cyst. Ringlike calcifications may be
seen in the periphery, within the pericyst (Fig. 8). The
differential diagnosis includes prior trauma, intras-
plenicic aneurysm and infection.

5 Other Inflammatory Disease

5.1 Inflammatory Pseudotumor

Is a rare condition characterized by well-circum-
scribed, solitary mass composed of area of inflam-
matory and reparative fibroblastic changes around
foci of necrosis and hemorrhage with a peripheral

Fig. 7 Hydatid disease. MDCT, venous phase. Three large
mass with low attenuation values with multilocular apperance
due to the presence of daughter cysts (Courtesy of Rita Golfieri,
M.D., Radiology Unit, St. Orsola-Malpighi University Hospital,
Bologna, Italy)

Fig. 8 Hydatid disease. CT, venous phase. A small lesion
with low attenuation values and thick calcified walls (Courtesy
of Charikleia C Triantopoulou, M.D., Department of Radiol-
ogy, Konstantopouleion General Hospital, Athens, Greece)
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granulomatous component. On unenhanced CT this
lesion reveal a rounded mass with low attenuation
with or without calcification. After contrast adminis-
tration observed progressive opacification of the
lesion and may persist within the mass central, stel-
late, low-density areas, corresponding hystologically
to focal areas of fibrosis (Fig. 9) (Franquet et al.
1989).

5.2 Sarcoidosis

Although histologic evidence of sarcoidosis involving
the liver and spleen is seen in 50–80% of autopsy
specimens, dysfunction of these organs is uncommon.
The most frequent finding is splenomegaly. On CT
low-density intrasplenic lesions is rare. At CT or MR
imaging, hepatic sarcoidosis usually manifests with
minimal organomegaly. In only 5–15% of patients,
coalescing granulomas become apparent as multiple
hypointense or hypoattenuating nodules (Fig. 10).
Multisistemic involvement makes more confident the
diagnosis with splenic nodules larger and more
common than hepatic lesions (Koyama et al. 2004)
(Fig. 11).

5.3 Splenosis

Splenosis is a post-traumatic autotransplantation and
proliferation of splenic tissue in ectopic sites. These
implants may mimic malignancy in healthy patients
or peritoneal metastases in oncological patients.
When a previous history of splenic injury is known,

the finding of soft tissue nodules in many thoracic and
abdominal locations might raise the suspicion of the
benign condition of splenosis, in order to avoid
unnecessary surgery or chemotherapy. If the splenic
implant is intra-hepatic, CT imaging may show
hypodense masses with strong enhancement at the
early phase and pooling enhancement at delayed
phase (Nakajima et al. 2008; Grande et al. 2008;
Imbriaco et al. 2008).

5.4 Splenic Infarction

Splenic infarct is an uncommon form of pathology. It
is the result of arterial or venous damage and is
associated with a heterogeneous group of disease
including thromboembolic disorders, atrial
fibrillation, myocardial infarction hematological
malignant diseases, sepsis and coagulation disorders.
Unenhanced CT show heterogeneous, poorly mar-
ginated, hypodense areas, which appear sharply
demarcated wedge-shaped after contrast agent
administration (Fig. 12).

The shape and size of infarct show a temporal evo-
lution: in the hyperacute phase, CT may show areas of
increased attenuation, representing the hemorrhagic
infarcts, in the acute (days 2–4) and subacute (days 4–8)
phases, there are focal well-demarcated areas of
decreased attenuation that become progressively more
defined and demonstrate no contrast enhancement.
In the chronic phase (2–4 weeks), the infarct gradually
decreases in size, and attenuation may return to normal
on scans obtained both before and after contrast
enhancement (Judy et al. 1993a, b, c).

Fig. 9 Inflammatory pseudotumor. MDCT unenhanced (a),
venous (b) and distribution phase (c). On unenhanced CT a
bulging of the margin of the spleen slightly hypodense can be
observed. After contrast administration (b) a hypondense aspect

of the lesion with progressive opacification, better seen in
distribution phase (c). (Courtesy of Giulia Zamboni, M.D.,
Department of Radiology, University of Verona, Italy)
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5.5 Hamartoma

Hamartomas, also known as splenomas, splenadeno-
mas or nodular hyperplasia of the spleen, are rare
benign malformations composed of an anomalous
mixture of normal splenic red pulp elements. The
hamartoma is thought to be congenital in origin,
reflecting a focal developmental disturbance in the
spleen. Some Authors consider a splenic hamartoma
to be a neoplasm (a form of hemangioma or
lymphangioma) or possibly a posttraumatic lesion
(Silverman and LiVolsi 1978). Others Authors
believe that splenic hamartoma might arise from an
acquired proliferative process, a theory that supports
the association of hamartoma with malignancy
(Steinberg et al. 1991). At CT, hamartomas appear as
well-demarcated, solid, hypodense or isodense mas-
ses, although a hyperattenuating appearance due to
haemosiderin deposition has been reported. In large
lesions is evident a central area of low attenuation
which represent a region of necrosis with focal cal-
cification. It demonstrates inhomogeneous and mod-
erate contrast enhancement in arterial and portal
phases of the lesions but the pattern is variable
(Fig. 13). In many cases is evident a uniform contrast
enhancement in late phase (Ohtomo et al. 1992;
Giovagnoni 2005).

5.6 Hemangioma

Splenic hemangioma is a rare disorder, but still the
most common benign neoplasm of the spleen (Bailez
2004). Splenectomy can be indicated if large because
spontaneous rupture with massive hemorrhage can
occur (Disler and Chew 1991). They are mostly
solitary but may be multiple or associated with
haemangiomas of other sites (Klippel-Trenaunay-
Weber syndrome). Hemangioma ranges from solid to
cystic and may appear as complex masses corre-
sponding to solid and cystic areas (Urrutia et al.
1996). CT demonstrates homogeneously solid masses
or multiple cystic masses with slight hypodensity on
unenhanced scans. In some cases it may be demon-
strated a central, punctuate, peripheral or curvilinear
calcification (Ferrozzi et al. 1996). On unenhanced
CT scans, capillary hemangiomas appear as hypoat-
tenuating or isoattenuating, well-marginated masses
with homogeneous and marked contrast enhancement
occuring after intravenous contrast administration
(Fig. 14). Cavernous hemangiomas instead have a
combination of solid and cystic components. The
lesions with a predominant solid component appear
isoattenuating or hypoattenuating relative to normal
spleen, with tipical enhancement. They demonstrate
early peripheral nodular enhancement with progres-
sive fill-in and are homogeneous on delayed images
(with a similar behavior to hemangioma of the liver)
(Fig. 15). Howewer, the behavior after contrast
administration is often nonspecific and other lesions
appear cystic or heterogeneous depending on the
extent of cystic and relatively avascular components
(Robert 2004).

5.7 Lymphangioma

Cystic lymphangioma is a very rare condition. It is
usually seen in children in whom it is frequently
discovered incidentally. Most splenic lymphangiomas
occur in children, more frequently in female and
80-90% are detected before the end of the second
year of life (Wadsworth et al. 1997). The neck (75%)
and axillary regions (20%) are the most common
locations of lymphangioma, but it can occur in the
retroperitoneum, mediastinum, mesentery, omentum,
colon, pelvis, groin, bone, skin, scrotum and spleen.

Fig. 10 Sarcoidosis. MDCT, venous phase. Multiple hypoat-
tenuating nodules secondary to coalescing granulomas can be
seen (Courtesy of Chitra Viswanathan, M.D., Department of
Diagnostic Radiology, University of Texas MD Anderson
Cancer Center, Houston, TX, USA)
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Fig. 11 Sistemic sarcoidosis. (a) Chest X-ray. Enlarged ilar
lymphnodes (*). MDCT of the thorax. Multiple hypoattenuat-
ing lymphnodes can be appreciated in the mediastinum (b) with
small peribronchial nodules in the lung (c). In the abdomen

(d) several hypoattenuating nodules can be appreciated both in
the liver and spleen, with splenic nodules larger than hepatic
lesions (Courtesy of Borut Marinchek, M.D., Department of
Radiology, Zurich University Hospital, Switzerland)

Fig. 12 Splenic infarction. MDCT, unenhanced (a), later arterial (b) and venous (c) phase. Unenhanced CT show heterogeneous,
poorly marginated, slightly hypodense areas, which appear sharply demarcated wedge-shaped after contrast agent administration

Imaging CT of the Spleen 213



Lymphangioma of the spleen can involve the spleen
alone, or it can be a part of multivisceral involvement;
when diffuse it is termed systemic cystic angiomatosis
(Seckler et al. 1964). Patients with splenic lymphan-
gioma may be asymptomatic or symptomatic at
diagnosis. CT typically reveal splenic cysts of various
sizes, ranging from a few millimeters to several
centimeters in diameter. On CT scans, lymphangio-
mas appear as single (lymphangioma) or multiple
(lymphangiomatosis) thin-walled low-attenuation
masses with sharp margins typically subcapsular in
location with no contrast enhancement (Fig. 16). The
presence of curvilinear peripheral mural calcifications
suggests the diagnosis of cystic lymphangioma
(Robert 2004; Pyatt et al. 1981).

5.8 Littoral Cell Angioma

Littoral cell angioma is a rare primary vascular
neoplasm of the spleen, as described by Falk et al.
(1991). This neoplasm is composed of anastomosing
vascular channels resembling splenic sinuses and it is
thought to arise from littoral cells, which normally
line the splenic sinuses of the red pulp, because it has
morphologic and immunophenotypic features that
reflect the dual endothelial and histiocytic potential
of splenic sinus-lining cells. The clinical presentation
of LCA ranges from being completely asymp-
tomatic and discovered incidentally, to presenting
with a constellation of signs and symptoms such as
abdominal pain, vague constitutional symptoms,

Fig. 13 Hamartoma. MDCT, arterial (a) and venous (b) phase.
A large well-demarcated, solid, hypodense mass with inhomo-
geneous and moderate contrast enhancement in arterial and portal

phases is evident (Courtesy of Orlando Catalano, M.D.,
Computed Tomography Unit, Department of Radiology, Pascale
Hospital, Naples, Italy)

Fig. 14 Capillary hemangioma. MDCT, arterial (a) venous (b) and distribution (c) phase. A small hyperattenuating well-marginated
lesion with no washout during the venous (b) and distribution (c) phase can be appreciated in the lower pole of the spleen
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splenomegaly, and hypersplenism (Dascalescu and
Wendum 2001; Ben-Izhak et al. 2001). Although first
described as benign, LCA has recently been shown to
exhibit malignant potential (May et al. 2008) and may
also be associated with other visceral malignancies.
On abdominal CT scans obtained without contrast
material, littoral cell angioma typically manifests as
multiple hypoattenuating lesions (Fig. 17). Lesions
with this appearance have a broad differential diag-
nosis, including other primary vascular tumors of the
spleen, other neoplastic entities, infection and sys-
temic diseases such as sarcoidosis. However, on
delayed contrast-enhanced images, this lesions
homogeneously enhance and become isoattenuating
relative to the remaining splenic parenchyma, a
finding that may help in the differential diagnosis
(Angela 2004). Rarely, littoral cell angioma may
present as a solitary large mass of the spleen, making
correct diagnosis more difficult (Tatli et al. 2008)
(Fig. 18).

5.9 Hemangiopericytoma

Hemangiopericytoma is a perivascular tumor origi-
nating from pericytes located along capillaries and

venules. Tumor may have a benign or malignant
behavior. Hemangiopericytoma of the spleen is rare
and may be single or multifocal. Reported CT find-
ings in hemangiopericytoma include a large splenic
mass with polylobular contours and smaller dissemi-
nated lesions throughout the spleen. In addition,
speckled calcification may be seen on CT scans, and
contrast-enhanced studies show discrete hyperattenu-
ation of solid portions and septations (Mortele 2000).

5.10 Hemangioendothelioma

Hemangioendothelioma is a very rare primary vas-
cular tumor of the spleen and has variable malignant
potential. The diagnosis of splenic hemangioendo-
thelioma is not likely to be made on the basis of
imaging characteristics alone, since these findings are
nonspecific. The typical CT appearance is that of a
low attenuation mass with enhancement of the solid
portions of the tumor that may appear hypovascular
relative to the normal splenic parenchyma. Findings
suggestive of malignancy, such as areas of necrosis
and hemorrhage, may be present and will not show
evidence of enhancement. Signs of infiltration of the
surrounding splenic parenchyma and evidence of

Fig. 15 Cavernous
hemangiomas. MDCT,
unenhanced (a), arterial
(b) venous (c) and distribution
(d) phase. In unenhanced
phase (a) no lesions can be
appreciated. During arterial
phase (b) multiple
hypervascular lesions with
peripheral enhancement and
progressive centripetal fill-in
at venous (c) and distribution
(d) phase can be seen
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metastatic disease may also be identified on CT scans.
Calcification has not been described as a specific
feature of this tumor (Miller et al. 1992).

5.11 Hemolymphangiomiomatosis

Hemolynphangioma is a tumor composed of lym-
phatic and hematic cells. Many different localizations
are described (orbit, tongue, esophagus, neck, heart,
liver, pancreas, uterine cervicx and adrenal glands)
but involvement of the spleen is a rare condition. In
this cases more frequently the lesions is solitary and
only one case of diffuse pattern has been described

(Santoro et al. 2005) (Fig. 19). In pre-contrasto-
graphic phases CT the spleen is increased of volume
with the inhomogeneous density in relation to the
presence of diffuse hypodense areas with variable
diameters (from 1 mm to 4-5 cm). After intravenous
administration these lesions appears hypodense in
venous phase in relation of enhancement of the sur-
rounding parenchyma and isodense with the normal
spleen in the late phase.

5.11.1 Angiosarcoma
Primary splenic angiosarcoma is a rare but highly
malignant vascular neoplasm and it represents the
most common nonlymphoid malignant tumor of the

Fig. 17 Multiple littoral cell angiomas. MDCT, venous phase, two different levels. Multiple hypoattenuating lesions in the spleen
(Courtesy of Harriet C. Thoeny, M.D., University of Bern, Switzerland)

Fig. 16 Lymphangioma. MDCT, unenhanced (a) and late
arterial (b) phase. A subcapsular single thin-walled low-attenu-
ation mass with sharp margins and no contrast enhancement

can be appreciated (Courtesy of Giuseppe Brancatelli, M.D.,
Radiological Department, University of Palermo, Italy)
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spleen. It is a highly aggressive malignancy with a
poor prognosis. Distant metastases occur most fre-
quently in the liver (70% of cases), lung, pleura,
lymph nodes, bone, and brain (Neuhauser et al. 2000).
There have been case reports of splenic angiosarcoma
associated with previous chemotherapy for lymphoma
and radiation therapy for breast cancer (Zwi et al.
1986).

This lesions appear as either solitary (Fig. 20) or
multiple nodular masses in enlarged spleen. Some of
these masses show peripheral enhancement, and the
margins of the lesions are often irregular or poorly
marginated. On precontrast CT scans, the tumors may
appear hyperattenuating, which corresponds to acute
hemorrhage. On dynamic contrast-enhanced CT scans,
the lesions may exhibit substantial peripheral contrast
enhancement similar to that of hepatic hemangiomas
(Rabushka et al. 1994; Mortele et al. 2000), although
only minimal contrast enhancement, with areas of

decreased attenuation suggesting necrosis has been
described (Fig. 20) (William et al. 2005). Calcifica-
tions are not frequent but possible (Fig. 20).

5.12 Lymphoma

Lymphoma is the most common malignant tumor of the
spleen. Lymphomatous involvement of the spleen as a
manifestation of systemic lymphoma is quite common,
whereas primary splenic lymphoma is relatively
uncommon. CT has not been proved to be an accurate
modality in the diagnosis of splenic lymphoma because
of the variety of appearances and the possibility of a
normal-appearing spleen despite the presence of tumor
cells. Moreover, splenomegaly is not a reliable sign of
lymphomatous involvement: although splenomegaly in
most patients with nonHodgkin lymphoma indicates
splenic involvement, up to one-third of patients with

Fig. 18 Solitary littoral cell angioma. MDCT, unenhanced (a), arterial (b) venous (c) and distribution (d) phase. A large
well-defined mass with inhomogeneous progressive peripheral enhancement and late homogeneous appearance
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splenomegaly have no evidence of splenic lymphoma
at histologic examination. In addition, up to one-third
of patients with lymphoma of any kind have histologic
involvement of the spleen without splenomegaly

(Rolfes and Ros 1990a, b). The accuracy of CT in
diagnosing splenic lymphoma is related to demon-
strating a inhomogeneous splenic enhancement
(Fig. 21a) and adenopathy in the splenic hilum in
addition to splenomegaly (Fig. 21b). Focal lesions can
be solitary or multiple of decreased attenuation and
variable size (Fig. 22). Calcification are occasionally
detected and considered secondary to necrosis or
hemorrhage with subsequent fibrosis (Dachman et al.
1998; Rini et al. 2003; Judy et al. 1993a, b, c).

5.13 Metastatic Disease

The incidence of splenic metastases is between
2.3 and 7.1%. Solitary metastasis to the spleen is
secondary to hematogenous dissemination and is
confined to the splenic parenchyma. The most com-
mon primary sources include breast, lung, stomach,
ovarian, colorectal cancers, melanoma and prostate
(Berge 1974). Skin melanoma has the highest rate of
splenic metastases per primary tumor. More than 30%
of patients with skin melanoma have splenic metas-
tasis at autopsy (Lam 2000).

Fig. 20 Angiosarcoma. MDCT, venous phase. A large
hypondense mass with huge calcifications can be appreciated
in the spleen. Multiple secondary hypodense lesions are visible
in the liver (Courtesy of Harriet C. Thoeny, M.D., University of
Bern, Switzerland)

Fig. 19 Hemolymphangiomiomatosis. MDCT, unenhanced
(a), arterial (b) venous (c) and distribution (d) phase. In pre-
contrastographic phases (a) the spleen is increased of volume
with the inhomogeneous density due to the presence of multiple
hypodense areas. After intravenous administration these lesions

appears hypodense both in arterial (b) and venous phase (c) and
isodense with the normal spleen in the late phase (d).
(e) surgical specimen (Courtesy of Stefano Colagrande, M.D.,
Radiological Department, University of Florence, Italy)
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Fig. 22 Non Hodgkin lymphoma. MDCT, late arterial phase,
different levels. Multiple hypodense lesions can be appreciated
in the spleen. A severe periaortic lymph node involvement can

be appreciated (Courtesy of Orlando Catalano, M.D., Com-
puted Tomography Unit, Department of Radiology, Pascale
Hospital, Naples, Italy)

Fig. 23 Metastases from carcinoid. MDCT, arterial (a) and
venous (b) phase. Multiple hypervascular lesions can be
appreciated either in the spleen and in the abdomen (a); during
the venous phase (b), the lesion in the spleen shows a washout

(Courtesy of Paul M. Silverman, M.D., Department of Diag-
nostic Radiology, University of Texas MD Anderson Cancer
Center, Houston, TX, USA)

Fig. 21 Non Hodgkin lymphoma. MDCT, arterial (a) and venous (b) phase. A large spleen in a patient with NH lymphoma with
inhomogeneous arterial enhancement (a) and a enlarged lymph node at the hilum (arrow in b)
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At CT, splenic metastases typically appear as
hypodense lesions which may be solid or cystic with
inhomogeneous contrast enhancement indicating a
mixture of vascularisation and necrosis (Freeman
et al. 1993a, b). Enhancement pattern is dependent on
the primitive tumor, with either hypervascular
(Fig. 23) and hypovascular appearance (Fig. 24)
(Thompson et al. 2005).
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Abstract

Imaging plays an important role in pancreatic post-
surgery patients. Because of its high spatial
resolution, Multi Detector-row Computed Tomog-
raphy (MDCT) is the most appropriate Imaging
modality for evaluation of the normal aspects of
pancreas and pancreatic region after surgery, for
detection of post-surgery complications in early
post-operative period and disease progression in
neoplastic patients submitted to surgery treatment
in delayed post-operative period. For these rea-
sons, MDCT examination is performed routinely
in pancreatic post-surgical patients. Magnetic
Resonance (MR) alternatively can be used in case
of hypersensibility reaction to CT intravenous
iodinated contrast medium, renal insufficiency or
when biliary ducts examination is necessary.
MDCT study is performed in patients who have
undergone pancreatic surgery in early post-surgery
period, when there is clinical, laboratory and/or
ultrasound suspicion of complications and later,
for follow-up imaging, generally at 3–6 months
intervals in neoplastic patients depending on their
clinical situation. Thin detector collimation thick-
ness (ideally 1 mm), axial, multiplanar (coronal,
sagittal, curve) and 3D reconstruction images
analysis is recommended to extensively evaluate
post-surgery normal vascular anatomy, site of
gastro-intestinal and biliary anastomosis and
complications.
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1 Normal Anatomic Post-Surgery
Imaging Findings of the Pancreas

The knowledge of different surgical procedures,
identification of post-surgery normal new anatomy
and anastomosis are important for a correct detection
of complications and pattern of recurrent diseases in
neoplastic patients.

The Pancreaticoduodenectomy (PD) with Whipple
procedure (Lepanto et al. 1994; Mortele et al. 2000;
Johnson et al. 2002; Singh et al. 2004; Scialpi et al.
2005; Graziani et al. 2007, 2008; Tani et al. 2005;
Coombs et al. 1990; Bluemke et al. 1992; Smith et al.

2008) is the most common pancreatic surgical pro-
cedure considering the standard surgical resection for
pancreatic head and periampullary region lesions.
PD is primarily indicated in two disease entities:
neoplastic lesions in the periampullary region (cancer
of the pancreatic head, of Ampulla of Vater, of the
common bile duct and of the duodenum) and some
form of chronic pancreatitis involving the pancreatic
head and the uncinate process.

In PD with Whipple procedure (Fig. 1a, b), surgical
dissection consists of resection of pancreatic head,
duodenum, gastric antrum, gallbladder and intra-
pancreatic bile duct. Surgical reconstruction of
this procedure involves the multiple anastomoses:

Fig. 1 Normal anatomy post pancreatic surgery. MDCT tech-
nique. Coronal (a–c) and curved (d) multiplanar reconstruction
images after intravenous contrast medium administration during
pancreatic phase. After Pancreaticoduodenectomy with Whipple
procedure (a, b) the atrophic pancreatic parenchyma (arrow) and
collapsed jejunal loop (short arrow), anastomized to pancreatic
remnant and hepatic duct at the level of porta hepatis, are visible.
In more anterior coronal plane (b) usually on the right of gastric

remnant, the gastrojejunostomy (short arrow) with metallic
staples, can be seen. After Spleno-Pancreatectomy (c), pancre-
atic tail and spleen are absent. The cut edge of pancreatic
remnant is sutured with metallic staples (arrowhead). After
Central Pancreatectomy (d), pancreatic body and neck are
resected. The atrophic distal pancreatic remnant is anastomized
to jejunal loop (arrow)
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pancreaticojejunostomy (PJ), hepaticojejunostomy
(HJ) and gastrojejunostomy (GJ).

In axial, coronal or curved multiplanar recon-
structions MDCT images, PJ appears as tubular loop
with endoluminal fluid or unopacified and frequently
collapsed jejunal loop, attached to remnant, atrophic
pancreatic body-tail (Fig. 1a). This anastomosis is
located anterior to superior mesenteric artery, at the
level of splenic vein. On the right side, at the level of
porta hepatis, the jejunal loop is anastomized to
hepatic duct (HJ: Fig. 1a). More anteriorly, the
gastro-jejunostomy (GJ) is usually visible to the right
of gastric remnant (Fig. 1b). Automated staple devi-
ces using metallic staples are frequently used for
gastrojejunostomy.

The Whipple procedure has some technical varia-
tions, depending on extension of dissection or surgical
modality of gastrointestinal tract reconstruction.

Pylorus-preserving—PD with Traverso and
Longmires technique (Trerotola et al. 1989) is pro-
posed as alternative to Whipple procedure in selec-
tive cases because it has been demonstrated to lead
to a long-term improvement in gastrointestinal
function. It involves preservation of the pylorus and
the first portion of duodenum. In this type of pan-
creatic surgery, a duodenum-jejunal anastomosis is
performed.

Other technical variation of Whipple procedure is
PD with Pancreo-Gastro anastomosis (Tamm et al.
1995), that allows easy endoscopic follow–up of the
anastomosis, particularly useful to identify recurrence
in pancreatic intraductal papillary mucinous neoplams
(IPMNs).

Several MDCT non-pathological appearances may
be commonly present in asymptomatic patients
undergoing PD procedure (Mortele et al. 2000), such
as pneumobilia (70–80%), perivascular cuffing or
increased attenuation of fat tissue around vascular
structure (60%), probably due to inflammatory or
fibrotic changes, reactive enlarged lymph nodes
(32%), transient fluid film or fluid collections in
pancreatic bed and adjacent to the anastomosis (28%).
MDCT alone is unable to distinguish transient, reac-
tive fluid from infected fluid collections: in septic
patients, percutaneous aspiration is useful to confirm
the diagnosis.

The post-surgical anatomy is more simple in other
types of pancreatic surgery procedures than PD
because the anatomic changes are less complicated.

Spleno-Pancreasectomy (SP) consists in open
distal pancreatectomy and splenectomy and it is
performed for pancreatic body-tail’s neoplasms. In SP
surgical procedure, MDCT easily recognizes the
absence of the pancreatic tail and spleen (Fig. 1c).
After removal of pancreatic tail, the cut edge of the
pancreatic parenchyma is often sutured with metallic
staples to prevent leakage of pancreatic juice in this
area. In Distal Pancreatectomy only the pancreatic tail
is resected whereas the spleen is preserved.

In Central Pancreatectomy (CP) the body and the
neck of the pancreas are resected and a Roux-en-Y
pancreaticojejunostomy to the distal pancreatic
remnant is performed (Fig. 1d). This surgical proce-
dure is indicated to treat lesions of the pancreatic
body and neck, preserving endocrine and exocrine
pancreatic function; however it has a higher incidence
of post-surgical complications compared to other
types of pancreatic surgery (Christein et al. 2002).

Total Pancreatectomy (TP), is most frequently
performed in cases of diffuse central Intraductal
Papillary Mucinous Neoplasms (IPMNs). In these
cases, the entire pancreatic gland, the spleen, part of
the stomach and of the small intestine, the common
bile duct and the gallbladder are removed.

Few anatomic changes follow the surgical proce-
dures of Anastomosis between main pancreatic duct
and intestinal loops, indicated in Chronic Pancreatitis
(Pancreaticojejunostomy or Main pancreatic duct
jejunostomy), between Pseudocyst and gastrointestinal
structure, indicated in Pancreatic Pseudocysts
(Pseudocysto-gastro or Pseudocysto-duodenum,
or Pseudocysto-jejuno anastomosis) and of Surgical
toilette with Necrosectomy, indicated in the sequelae
of Severe Acute Pancreatitis (Zins et al. 2009).

2 Early Post-Surgery Imaging
Findings of the Pancreas

In the early post-surgery period, within 30 days after
surgical procedure, imaging findings of the pancreas
are represented by some MDCT pattern of post-
operative complications that may follow pancreatic
surgery treatment. These MDCT findings depend on
clinical presentation of patients submitted to pancreatic
surgery: infective, acute abdominal bleeding, biliary
and gastrointestinal functional presentation. All
complications are more frequent in the elderly and in
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patients with a prolonged surgery time and high vol-
ume intraoperative blood loss (Smith et al. 2008;
Miedema et al. 1992).

2.1 Infective Clinical Presentation

It is the most frequent clinical presentation in the
early period after surgical pancreatic procedure, with
persistent fever, symptoms of sepsis and increase of
laboratory inflammatory markers.

The most common complication in this period in
patients with infective clinical presentation is the
presence of infected fluid collections or abdominal
abscess, due to bacterial infection of retroperitoneal
fluid film. Infected collections are frequently local-
ized in pancreatic bed, near the site of pancreatic
gland resection and in subphrenic spaces, but they
can occur anywhere in abdomen and pelvis, some-
times localized also in intraperitoneal abdomen
when the abdominal infective process is very
extensive.

Fig. 2 Early post-surgical pancreatic findings. Infective fluid
collections or abscess in patients with infective clinical
presentation 6 days after pancreatic surgical resection. MDCT
technique. Axial (a), coronal (b, c) and curved (d) multiplanar
reconstruction images after intravenous contrast medium
administration during pancreatic phase. After Pancreatico-
duodenectomy with Whipple procedure (a) fluid collection,
homogeneously hypodense, with thin peripheral wall is present
in right anterior pararenal retroperitoneal space (arrow). After
Spleno-Pancreatectomy (b) little rounded fluid collection

(arrow), homogeneously hypodense, with thin peripheral wall
is present on the left anterior pararenal retroperitoneal space,
near surgery metallic staples of pancreatic remnant cut edge
(arrowhead). After Distal Pancreatectomy with spleen preserv-
ing (c), a large homogeneous fluid collection on left anterior
pararenal retroperitoneal space, near the spleen and along left
colon fascial plane is present (arrow). After Central Pancrea-
tectomy (d) fluid collection (arrow) between pancreatic rem-
nant (arrowhead) and pancreatic head is visible
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MDCT identifies this complication (Lepanto et al.
1994; Mortele et al. 2000; Johnson et al. 2002; Singh
et al. 2004; Scialpi et al. 2005; Graziani et al. 2007,
2008; Tani et al. 2005; Coombs et al. 1990; Bluemke
et al. 1992; Smith et al. 2008; Tamm et al. 1995; Zins
et al. 2009; Miedema et al. 1992; Gervais et al. 2001;
Butturini et al. 2006; DeOliveira et al. 2006; Cheng
et al. 2007; Topal et al. 2007; Poon et al. 2007) as
collections with fluid density, hypodense before and
after intravenous contrast medium administration,
(Fig. 2), with presence of gas bubbles in case of
infection by anaerobic bacterial agents.

These infected fluid collections are typically local-
ized in retroperitoneum on the right site (in anterior or
posterior right pararenal space, near the right mesen-
tery) after PD procedure (Fig. 2a), on the left site (in the
anterior or posterior left pararenal space, in the splenic
region, near the gastro-splenic ligament) after SP
(Fig. 2b) or SP with spleen preservation (Fig. 2c) and
in the peri-pancreatic space, after CP (Fig. 2d).

If infective reactions reach the intraperitoneal
abdomen, causing peritonitis, MDCT technique
shows presence of fluid in the subphrenic spaces,
in Morrison’s and in Douglas pouch. Frequently mul-
tiple abscesses in different abdominal areas are present.

In infective early post-surgery pancreatic patients,
because of wound infection and/or dehiscence, with
negative Ultrasound examination for abdominal col-
lections, MDCT can easily shows superficial, extra-
peritoneal abdominal infected fluid collections, fre-
quently missed by Ultrasound (Scialpi et al. 2005;
Smith et al. 2008; Gervais et al. 2001).

MDCT is also able to correctly evaluate intra-
abominal abscesses because it easily depicts abdominal
extension, number and intraparenchymal collections
(hepatic abscess, biloma and splenic abscess).

MDCT is useful in the follow-up of patients
suffering from this type of complications because it
can demonstrate their progression or reduction after
surgery or percutaneous TC-guided drainage (Singh
et al. 2004; Scialpi et al. 2005; Graziani et al. 2007,
2008; Tani et al. 2005; Trerotola et al. 1989; Tamm
et al. 1995; Christein et al. 2002; Gervais et al. 2001).

In early post-surgery period of septic patients,
especially 7–10 days after PD (with Whipple proce-
dure or Piloro-preserving) and CP, in presence of
retroperitoneal infected fluid collections demonstrated
by MDCT, a surgical anasthomosis leakage or
dehiscence may be present (Lepanto et al. 1994;

Mortele et al. 2000; Johnson et al. 2002; Singh et al.
2004; Scialpi et al. 2005; Graziani et al. 2007, 2008;
Tani et al. 2005; Coombs et al. 1990; Bluemke et al.
1992; Smith et al. 2008; Tamm et al. 1995; Zins et al.
2009; Gervais et al. 2001; Butturini et al. 2006;
DeOliveira et al. 2006; Cheng et al. 2007; Topal et al.
2007; Poon et al. 2007; Buchler et al. 2000). The
leakage from pancreaticojejunostomy or from
pancreatic remnant consequently causes retroperito-
neal and/or intraperitoneal infected fluid collections.
MDCT technique can demonstrates some indirect
findings, that coupled with clinical symptoms and
laboratory data, can be suggestive of anastomosis
dehiscence. An increase of abdominal free gas, the
presence of perianastomotic fluid and ascites should
suggest diagnosis of this complications (Smith et al.
2008). MDCT technique directly identifies a dehis-
cence of surgical pancreojejunostomy (Graziani 2007,
2008; Smith et al. 2008) only after diluted iodinate
contrast medium administration through percutaneous
drainage catheters positioned in the retroperitoneal
space. In this case axial, coronal and curved multi-
planar reconstruction MDCT images show iodinate
contrast medium inside the retroperitoneal fluid col-
lection, thin fistulous tract and, at the same time,
inside lumen of jejunal loop anastomosis and distal
small bowel loops (Fig. 3a, b).

In about 20% of surgery procedure of PD (Buchler
et al. 2000) and CP (Christein et al. 2002), 10–20 days
after resection, infected patients may have pancreatic
fistula. Diagnosis of pancreatic fistula is clinical. It is
defined as concentration of amylase in the drainage
output in the 3 days following surgery larger than
50 ml/die and drainage volume larger than 10 ml/die.
MDCT study is indicated to exclude infected fluid
collections. In 80% of cases medical treatment is suf-
ficient to resolve post-surgery pancreatic fistula.

In 5% of complications in early period of post-
pancreatic surgery especially after PD procedure,
septic patients may be affected by acute pacreatitis of
remnant pancreas (Lepanto et al. 1994; Mortele et al.
2000; Johnson et al. 2002; Singh et al. 2004; Scialpi
et al. 2005; Graziani 2007, 2008; Tani et al. 2005;
Coombs et al. 1990; Bluemke et al. 1992; Smith et al.
2008; Tamm et al. 1995; Zins et al. 2009; Miedema
et al. 1992; Gervais et al. 2001; Butturini et al. 2006;
DeOliveira et al. 2006; Cheng et al. 2007; Topal et al.
2007; Poon et al. 2007). This disease is clinically
suspected when more than threefold increase in serum
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amylase and lipase is present three days following
surgery. MDCT is the best imaging modality to
rule out this complication because it demonstrates
remnant parenchyma necrosis and typical peripan-
creatic and left pararenal retroperitoneal fluid collec-
tions (Fig. 3c, d).

2.2 Abdominal Acute Bleeding
Clinical Presentation

Abdominal bleeding is suspected when in early
period after surgical pancreatic procedure, patients
present signs and symptoms of hypovolemic shock,

Fig. 3 Early post-surgical pancreatic findings. Pancreatic
anastomosis dehiscence (a, b). Acute pancreatitis of the
residual parenchyma (c, d) in patients with infective and septic
clinical presentation after pancreatic surgery resection. MDCT
technique. Axial (c), and coronal multiplanar reconstruction
(a, b ,d) images, before (a) and after intravenous contrast
medium administration during pancreatic (c, d) and portal venous
(b) phases. Pancreatic anastomosis dehiscence (a, b) 10 days
after Pancreaticoduodenectomy with Whipple procedure, a thin
fluid film near pancreaticojejunostomy appears (a short arrows).
Gas bubbles are not visible. After diluted iodinate contrast
medium administration into retroperitoneal drainage catheters
(b arrowhead), iodinate contrast medium appears inside the

lumen of pancreo-jejunostomy (long arrow) and fluid collection
(short arrow) between pancreojejunostomy and pancreatic
remnant (black arrow). It indirectly demonstrates presence of
surgical pancreojejunostomy dehiscence. Acute pancreatitis of
the remaining pancreatic parenchyma (c, d). Six days after
Pancreaticoduodenectomy with Whipple procedure a septic
patient shows a threefold increase in serum amylase and lipase.
Amylase also appears in the drenaige output. MDCT images
show pancreatic stranding or fluid film around the remaining
pancreatic parenchyma (arrowhead), extensive retroperitoneal
fluid collections, (short arrows) large hemorrhagic collection
(arrow) with hyperdense areas due to blood clots and perihepatic
peritoneal fluid (curve arrows)
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hemoglobin and hematocrit decrease, fresh blood
comparing in drainage catheters fluid and replacement
of more than three units of blood is necessary in the
24 h following the end of surgery.

If fresh blood compares in drains catheters fluid
before 24–48 h after surgical procedure, bleeding is
generally caused by leakage of venous vessels or little
arteries, localized in abdominal wound or superficial
tissue of abdominal wall or in mesenteric fat tissue,
especially along drains catheters. Frequently this
complication is self-limiting. MDCT technique rec-
ognizes the presence of abdominal hematomas, that

appear like fluid collections with increase of attenu-
ation, hyperdense before and after intravenous
iodinate contrast medium administration. Vascular
acute bleeding during arterial phase of MDCT study
is absent.

If fresh blood compares in drains catheters fluid
after 48 h of end of surgical procedure, bleeding is
caused by ‘‘arterial disruption’’ or pseudoaneurysm
formation. Frequently from the gastro-duodenal
artery, the superior mesenteric artery or the pancre-
aticoduodenal arteries. Both these pathological situa-
tions are due to previous Acute Pancreatitis of

Fig. 4 Early findings post pancreatic surgery. Abdominal
acute bleeding in patients with clinical presentation of hypo-
volemic shock and fresh blood comparing in the drainage
catheters output. MDCT technique. Axial (a, c) and maximum
intensity projection (MIP: d) reconstruction images, before
(a) and after intravenous contrast medium administration
during pancreatic (b, d) and portal venous phases (c). Forty-
eight hours after Pancreaticoduodenectomy with Whipple pro-
cedure, MDCT study shows a large abdominal hemorrhagic
collection (arrows) with hyperdense areas due to blood clots

presence. During pancreatic phase of MDCT study in axial
images a small hyperdense, vascular lesion compares near the
splenic artery, inside the hemorrhagic collection, due to arterial
leakage (b short arrow). MIP reconstruction image better
demonstrates the presence of splenic artery Pseudoaneurysm
with arterial leakage (d short arrow). The output of vascular
contrast medium (c) is visible also during portal venous phase
(arterial abdominal bleeding in Pseudoaneurysm of splenic
artery)
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remnant pancreas and/or pancreaticojejunostomy
dehiscence. This hemorrhagic complication, follow-
ing pancreatic surgery that occurs approximatively in
7% of the cases, is easily and quickly demonstrated
by axial, multiplanar and 3D reconstruction MDCT
images (Lepanto et al. 1994; Mortele et al. 2000;
Johnson et al. 2002; Singh et al. 2004; Scialpi et al.
2005; Graziani et al. 2007, 2008; Tani et al. 2005;
Coombs et al. 1990; Bluemke et al. 1992; Smith et al.
2008; Tamm et al. 1995; Zins et al. 2009; Miedema
et al. 1992; Gervais et al. 2001), before and after
intravenous contrast medium administration with
quadriphasic study (Fig. 4a–d). When MDCT arterial
phase recognizes acute bleeding from arterial vessels
(Fig. 4b, d), Angiography is the modality of choice in
defining arterial anatomy, site of bleeding and trying
non-invasive treatment of this hemorrhage compli-
cation with vascular embolization.

2.3 Biliary Ducts Lesion
Clinical Presentation

In 10–30% DP, patients may clinically present signs
and symptoms of a biliary tract lesion, most frequently
caused by leakage of hepaticojejunostomy or stenosis
of bilio-digestive anastomosis, during the early post-
surgery period.

MDCT can try to recognize these complications
only using multiplanar with MinIP technique and
coronal 3D reconstruction images (Lepanto et al.
1994; Mortele et al. 2000; Johnson et al. 2002; Singh
et al. 2004; Scialpi et al. 2005; Graziani et al. 2007,
2008; Tani et al. 2005; Coombs et al. 1990; Bluemke
et al. 1992; Smith et al. 2008; Tamm et al. 1995; Zins
et al. 2009; Miedema et al. 1992; Gervais et al. 2001;
Butturini et al. 2006). Imaging modalities of choice
for biliary complication study are Magnetic Reso-
nance (MR) and MR-Cholangiopancreatography
(MRCP).

2.4 Abdominal Functional
Clinical Presentation

During early post-surgical period 10–30% of patients
undergoing DP, especially with Whipple technique,
suffer of delayed gastric emptying, defined as gastric

tube presence, for more than 10 days after the end of
surgery procedure.

MDCT is not an useful Imaging technique for
diagnosis of this complication because distension of
gastric remnant is just visible with X-ray film of
Abdomen. Oral-contrast X-ray study may be needed
to differentiate a mechanical from a dynamic
obstruction disease. This complication may be tran-
sient but frequent medical treatment with motility-
enhancing agents is necessary (Smith et al. 2008).

3 Delayed Post-Surgery Imaging
Findings of the Pancreas

Delayed post-surgery Imaging findings of the pan-
creas are represented by neoplastic disease progres-
sion after complete or not-radical (palliative)
resective surgery procedure for presence of tumor
recurrence, liver metastasis or peritoneal carcinoma-
tosis. Imaging modality of choice to identify,
characterize and follow-up of these lesions is MDCT,
associated in some neoplastic forms to MR.

In ductal adenocarcinoma, the survival rate of
patients who undergo PD is about 4–5% at 5 years. In
patients with small adenocarcinoma (\2 cm of max-
imum diameter), localized disease with no extension
beyond pancreatic capsule, no lymph node metastasis,
five-year survival rate after complete surgical resec-
tion is reported in about 26% (Ferrone et al. 2008). In
patients submitted to pancreatic surgery for ductal
adenocarcinoma, disease progression occurs in 60%
of cases locally (Lepanto et al. 1994; Scialpi et al.
2005; Graziani et al. 2007, 2008; Smith et al. 2008;
Bluemke et al. 1997; Dalla Valle et al. 2006). The risk
of tumor recurrence is thought to be depending on
tumor diameter (inferior or superior to 2 cm), absence
or presence of malignancy in pancreatic resection
margins, absence or presence of lymph node metas-
tasis and presence or absence of K-ras mutation that
seems to be correlated with micro-metastasis.

Detection of recurrent pancreatic carcinoma after
surgery and liver metastasis is important for assessing
patients’ prognosis, and selecting patients who may
be candidate to adjuvant and additional treatment.

At imaging follow-up, performed by MDCT
(Fig. 5a) and MR techniques, local pancreatic
recurrent disease appears as infiltrating soft-tissue
mass, hypovascular after intravenous contrast
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medium administration, with irregular morphology,
generally localized near the surgical margins, with
encasement of mesenteric and/or splenic vessels,
celiac artery or portal vein and invasion of mesen-
teric fat tissue. Also intestinal loops and hepati-
cojejunostomy may be infiltrated by recurrent
neoplasm with intestinal occlusion and upstream
biliary ducts dilatation respectively (Smith et al.

2008; Zins et al. 2009; Bluemke et al. 1997; Dalla
Valle et al. 2006).

In 20% of patients submitted to pancreatic surgery
for ductal adenocarcinoma, disease progression is
represented by liver metastasis. In the remaining 20%
of the patients, disease progression after surgery is
due to both local recurrence and liver metastasis
(Bluemke et al. 1997).

Fig. 5 Findings of delayed recurrent disease post- pancreatic
surgery MDCT technique: axial images after intravenous
contrast medium administration during pancreatic (a, b) and
portal venous (c) phases. MR imaging: T2-weighted axial
image before intravenous contrast medium administration (d).
a Seven months after Pancreaticoduodenectomy with Whipple
procedure for pancreatic head adenocarcinoma, MDCT
imaging follow-up shows hypovascular infiltrating soft-tissue
mass (arrow) with encasement of celiac artery, localized
on pancreatic bed, on the right side of atrophic residual
pancreatic parenchyma (short arrow). b One year after Spleno-
Pancreasectomy for Non-Functioning Neuroendocrine tumor of
pancreatic tail, MDCT imaging follow-up shows irregular soft-
tissue mass (arrow) with gastric infiltration, near metallic
staples of pancreatic remnant cut edge (curve arrow).

Hypervascular liver metastasis (arrowhead) and retroperitoneal
lymph nodes (short arrows) are visible. c Two years after
Spleno-Pancreasectomy for IPMN of pancreatic tail, MDCT
imaging follow-up shows fluid cystic lesion (arrow) at the level
of pancreatic remnant cut edge, with thickened peripheral wall,
and posterior parietal solid nodule. d Five years after Spleno-
Pancreasectomy for IPMN of pancreatic tail, MR imaging
follow-up shows abnormal dilatation of pancreatic remnant
main duct that appears like large fluid cystic lesion (arrow),
with high signal intensity on T2-weighted sequence and some
small endoluminal filling defects due to neoplastic nodules.
Abnormal distention of a intestinal loop (arrowhead) near the
pancreatic lesion, showing high signal intensity on T2-weighted
sequence, is visible (malignant IPMN pancreatic recurrent with
neoplastic intestinal diffusion)
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The MDCT accuracy in disease recurrence detection
is reported to be 93% (Bluemke et al. 1997; Dalla Valle
et al. 2006). This accuracy values decrease in patients
undergoing to Radio- and Chemo-therapy after surgery
treatment because the differential diagnosis between
tumor recurrence and post-Radio-therapy fibrosis may
be difficult on diagnostic imaging. PET–TC seems
more useful in addressing this issue (Bares et al. 1994;
Delbeke et al. 1999; Ruf et al. 2005).

In malignant pancreatic neuroendocrine tumors,
functioning or nonfunctioning, the disease progres-
sion after surgery treatment is usually suspected by
clinical presentation and laboratory tests. It is usually
detected by Nuclear Medicine technique.

MDCT (Fig. 5b) and MR are imaging modalities
useful to demonstrate site and dimension of recurrent
lesions, liver metastasis and abdominal metastatic
lymph nodes.

In malignant pancreatic cystic neoplasms
(mucinous cystoadenoma/cystadenocarcinoma and
IPMN) diagnostic accuracy of MR is superior than
MDCT because MR has a better tissue contrast
resolution than CT.

Imaging techniques identify disease progression
after surgery treatment because it recognizes fluid–
solid lesions, compared to adjacent pancreas, at level
of pancreojejunostomy or in distal retroperitoneum.
These lesions are small post surgery showing a large
solid-cystic mass appearance (Fig. 5c, d), and tend to
enlarge with time.
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Abstract

The widespread use of diagnostic ultrasound and
MDCT for a variety of clinical entities has led to
an increase in the detection of renal masses (Smith
et al. in Radiology 170(3 Pt 1):699–703, 1989).
The earlier a mass is detected on imaging, the
higher the likelihood of it being early stage and
low grade (Tsui et al. in J Urol 163(4):1090–1095,
2000), and therefore amenable to nephron-sparing
surgery as opposed to total nephrectomy. Various
therapeutic options exist for treatment of localized
renal cell carcinoma: Open or laparoscopic total or
partial nephrectomy, laparoscopic and percutane-
ous ablational therapies such as radiofrequency
ablation (RFA) and cryotherapy, or minimally
invasive catheter techniques like super selective
chemoembolization. Against this background, the
imaging-based selection of the right therapeutic
strategy for each individual patient becomes more
and more important. Furthermore, prognosis and
outcome are influenced by tumor stage and grade
at the time of diagnosis. Because of its high
diagnostic power, MDCT can be applied as the
primary and definitive diagnostic imaging method
in differentiation of renal masses that are inde-
terminate or suspicious at IVU or ultrasound,
e.g., cystic lesions, tumors, pseudotumors, calcifi-
cations, or arteriovenous malformations. Recent
advances in MDCT technology, namely the intro-
duction of dual energy CT (DECT), iterative
reconstruction of image data, and associated
advanced dose reduction strategies have a great
impact on the routine use of MDCT for the workup
of patients with renal masses. This chapter will
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focus on both state-of-the-art MDCT applications
and recent developments in patients with renal
tumors. Furthermore, the TNM staging system will
be reviewed.

1 MDCT Technology and Radiation
Exposure

MDCT provides the ability to detect, characterize,
and stage renal tumors in one single fast high reso-
lution examination, if a specially tailored multiphasic
examination protocol is used (Catalano et al. 2003).
To allow for multiplanar reformatting of raw data,
a narrow detector collimation should be employed,
which is typically going to be 64, 128, or up to
320 9 0.5–0.625 mm, depending on the number of
the detector rows and detector configuration of the
scanner.

2 Post Processing Techniques

State-of-the-art MDCT scanners provide isotropic
volume element (voxel) sizes of less than 0.4 mm,
enabling high quality sagittal and coronal multiplanar
reformats (MPR) as well as reconstruction of three-
dimensional volume rendering technique (VRT)
images. These different displays of image data sets of
the kidneys facilitate large data volume handling and
communication of findings to the urologist. In our
institution, coronal MPR views are routinely obtained
in all scans performed for assessment of renal
pathologies; VRT views are helpful for evaluation of
renal vasculature and detection of extrarenal tumor
spread. In addition, they can be useful for visualiza-
tion of the relationship between a tumor and the renal
vessels and pelvis. If there is suspicion of renal vein
invasion, loading the thin-slice dataset into a dedi-
cated 3-D viewing software often facilitates diagnosis.
Delayed phase (excretory phase) scans can be dis-
played using coronal multiplanar reformations (MPR)
at a slice thickness of 2–3 mm (Dillman et al. 2008).
This display is not useful for detection of small lesions
within the renal pelvis and ureters as these may be
masked by bright contrast within the renal collecting
system.

3 Radiation Dose Considerations

As a renal mass examination protocol should consist of
at least two or even three different phases (unenhanced,
nephrographic, and delayed phases), radiation expo-
sure is of concern. It can be kept to a minimum using
low-dose techniques for unenhanced and delayed
phases. In modern scanners, further decrease of radia-
tion dose can be achieved by means of sophisticated
dose modulation algorithms that adjust the X-ray tube
current to the patient’s individual anatomy in x and y
plane as well as the patient’s length axis (z-axis). Fur-
thermore, the delivery of several contrast agent boluses
to the patient leads to inclusion of several phases of
contrast media excretion by the kidneys in just one CT
scan. Although this technique elegantly saves radiation
dose, it decreases contrast between renal arteries,
parenchyma, and renal pelvis when compared to mul-
tiphasic imaging. Also, it may impair image interpre-
tation whenever renal function deviates from the
expected normal range or when the two kidneys differ
functionally. Therefore, indications should be carefully
evaluated; generally, if benign conditions like hydro-
nephrosis of benign causes or congenital anomalies are
assumed, a combined nephrographic-excretory phase
approach should be chosen, while suspected TCC in
patients with macroscopic hematuria should be evalu-
ated by consecutive nephrographic and excretory phase
scans (Van Der Molen et al. 2008).

For multiphasic examinations, there are new ways
of reducing radiation exposure to the patient. By
means of iterative reconstruction of image data,
image quality can be kept constant at significantly
reduced tube current–time product values (‘‘reference
mAs’’) when tube current modulation techniques are
used. The technology was only recently introduced
and since had a significant impact on abdominal CT
protocols. Several studies show that an up to 45%
dose reduction can be achieved without negative
effects on image quality (Lee et al. 2011; Winklehner
et al. 2011). Furthermore, new scanner software
allows for abdominal MDCT scanning at lower kVp
values; the scanner will—based on the attenuation
profile of the patient on the topogram scan—suggest
to acquire images at 80 or 100 kVp rather than at 120
kVp, thereby dramatically reducing dose and better
exploiting contrast characteristics of iodine.
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4 Dual Energy CT of the Kidneys

A recent technological advance in CT has been the
introduction of different technical approaches to dual
energy CT scanning, namely using a dual source CT
scanner (Siemens Healthcare), rapid kV switching
(GE Healthcare), and use of a dual layer detector
(Philips Healthcare). On this scanner, two X-ray tubes
can be operated at different tube potentials, making
‘‘dual energy’’ scanning possible. Dual energy scan-
ning implies simultaneously acquiring data sets at two
different photon spectra in a single CT acquisition
(Chiro et al. 1979; Cann et al. 1982). By scanning at
different photon energies, differences in material
composition can be detected based on differences in
photon absorption. This technique exploits attenua-
tion differences of materials with large atomic num-
bers like iodine. For example, the attenuation of
iodine will be much greater at 80 or 100 kVp than at
140 kVp. Importantly, based on the reconstruction of
complete 80 and 140 kVp image data sets from the
raw data, ‘‘virtual non contrast’’ data sets and ‘‘virtual
angiographic’’ data sets can be generated utilizing
various dual energy post processing algorithms which
are based on three-material decomposition principles.
In the abdomen, the three materials usually analyzed
are soft tissue, fat, and iodine (Johnson et al. 2007).

Generation of virtual non-contrast images obviates
the routine need for non-contrast acquisitions. That is,
a single contrast-enhanced acquisition can yield both
contrast-enhanced and non-contrast CT data. This is
of great importance when evaluating the adrenal
glands and kidneys and can be utilized to decrease
radiation exposure to patients.

Dual energy scanning can be used for the differ-
entiation of high density cysts from solid renal masses
(Fig. 1). Using dual energy post processing software,
the contrast agent can be digitally subtracted from the
image. This can be done because the dual energy index
of iodine is significantly different from the dual energy
index of soft tissue and fat. The dual energy data can
also be used to generate a color coded image that
shows the distribution of iodine within the scan field.
This color coded display is sensitive to subtle enhance-
ment and can aid in detecting enhancement in solid
lesions, see Fig. 2. In our experience, high density renal
cysts with a density greater than the renal parenchyma
(e.g., 60 HU for a hemorrhagic cyst) will be reliably

identified and characterized based on measured HU
values as those correlate well between true non-contrast
and virtual non-contrast datasets (Graser et al. 2009).

A study comparing a dual energy to a single
energy approach showed that renal masses can be
reliably characterized as being cystic or solid using a
single-phase DECT acquisition, thereby reducing
radiation exposure to the patient by almost 50%
(Graser et al. 2010).

5 Examination Protocols

5.1 Patient Preparation

To guarantee optimal excretion of contrast media
during renal CT, sufficient hydration of the patient is
essential. This can be achieved by oral or intravenous
administration of fluid volume. However, concomitant
disease, such as cardiac or renal insufficiency, has to
be considered. Hydration may also minimize neph-
rotoxic effects of intravenous contrast media. Simul-
taneous filling of the gastro-intestinal tract with
negative or neutral oral contrast media may be useful.
Interfering effects may occur with CT arteriography
or CT urography and the application of positive oral
contrast media which is therefore not recommended
(Coppenrath and Mueller-Lisse 2006).

5.2 Phases of Renal Contrast

Unenhanced CT can be used for the detection of
stones within the urinary tract. A low-dose technique
may be applied for this indication. In CT protocols
including different phases of contrast enhancement
(e.g., protocols for tumor characterization) an unen-
hanced scan is helpful for verification of fat (for
instance, in angiomyolipoma or adenoma), detection
of blood (increased CT density and lack of contrast
enhancement), and detection of calcifications (e.g.,
complex cystic lesions or renal cell carcinoma)
(Coppenrath and Mueller-Lisse 2006).

Fast modern MDCT scanning requires exact timing
of contrast bolus injection and acquisition of images in
adequate contrast phases. Usually, about 80–150 ml of
non-ionic, iodinated contrast media are injected into a
large antecubital vein with a power injector. The
delivery rate is set to 2–4 ml/s, and the contrast media is
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administered as a single bolus. The phases of dynamic,
contrast-enhanced renal CT are the same that account
for the quality and appearance of renal angiography and
of the nephrogram and pyelogram during IVU. In
principle, radio-opaque contrast media passes through

the three renal compartments: blood vessels, interstit-
ium, and tubules. Since the renal interstitial space is
very small, contrast in the kidney at each time point
after bolus administration of contrast media is pri-
marily a function of renal perfusion and renal excretion.

Fig. 1 Intraparenchymal mass on the anterior aspect of the left
kidney. The nephrographic phase contrast-enhanced image
(a) shows the mass as isoattenuated to the renal medulla. The

virtual nonenhanced (VNE) image from this dual energy CT
scan clearly shows that the lesion is hyperdense, a finding that
is consistent with a complex cyst

Fig. 2 Visualization of enhancement on single-phase DECT.
The color coded iodine map shows orange color, representative
of iodine, with a 3.5 cm mass on the dorsal left kidney. The

virtual nonenhanced image (b) demonstrates the mass to be
isoattenuating to renal parenchyma. Note intravertebral hem-
angioma at the same level

238 A. Graser and U. G. Mueller-Lisse



Imaging of the kidneys in different phases after
intravenous contrast media administration depends on
sequential arrival of blood carrying contrast media in
different parts of the renal parenchyma. Imaging
phases have to be selected carefully in accordance
with clinical indication (Table 1).

Protocols concentrating on macroscopic renal
arteries (e.g., to rule out renovascular disorders in
patients with arterial hypertension, or to rule out
anatomic variants of renal vascular anatomy in living
kidney donors) will start scanning early after com-
mencement of intravenous contrast injection (Yuh
and Cohan 1999). Depending on circulation time,
heart rate, ejection volume, circulating blood volume,
and other parameters, peak renal arterial enhancement
is variable. Frequently, it occurs 10–25 s after injec-
tion, but a test bolus imaging series that covers the
abdominal aorta at the level of the renal artery take-
offs may be necessary to precisely determine the most
appropriate delay for CT angiography.

While the renal cortex enhances strongly between
40 and 70 s after intravenous bolus adminstration of
contrast media as described above, the renal medulla
usually trails behind (cortico-medullary phase of
enhancement) (Yuh and Cohan 1999). Contrast
equilibrium between cortex and medulla can be
expected between 80 and 100 s after commencement
of bolus injection of contrast media (nephrographic
phase of contrast enhancement). At longer delays,
bright contrast from excreted contrast media is first
demonstrated in the excretory tubules within the renal
medulla (excretory phase). After approximately
120 s, the renal calices and pelvis start to fill with

excreted contrast media. As in IVU, contrast in the
renal collecting system is usually strongest within
3–5 min after bolus injection when renal excretory
function is normal and post renal transport of excre-
tory products is unimpeded. The ureters may be best
visualized after 7–10 min, while it may take up to
20 min until the bladder fully opacifies with contrast
media (Mueller-Lisse 2004). It has been suggested to
follow the injection of intravenous contrast media
with 250 ml of normal saline solution after the
nephrographic phase images to improve delineation
of the ureters (McTavish et al. 2002).

For most imaging purposes other than CT angi-
ography, contrast-enhanced images should be
obtained in the parenchymal and excretory phases
(Fig. 2). Since it may be more difficult to recognize
parenchymal lesions when contrast is strong between
renal cortex and medulla in the early phase of
parenchymal enhancement (cortico-medullary phase),
preference should be given to imaging in the neph-
rographic phase, with a delay of 80–100 s. On the
other hand, imaging of lesions arising from or
extending into the renal calices and pelvis may benefit
from strong contrast between soft tissue and excretory
products. For the renal calices and pelvis, a delay of
3–5 min may therefore be chosen.

Complete evaluation of the kidney requires both
pre- and post contrast CT imaging, unless the acquisi-
tion has been performed in the dual energy mode
(Graser et al. 2010). Exact delineation of calcifications,
and the recognition of small amounts of fat or blood
within parenchymal lesions may provide important
diagnostic clues and determine patient management.

Table 1 The Bosniak classifiation system for cystic renal masses (Coppenrath et al. 2006)

Bosniak
category

Malignancy Features

I Benign Hair thin wall, no septa, no calcification, no contrast enhancement,
no solid components, cyst content with water density

II Probably benign Hair thin wall, few hairline thin septa, fine calcification, no contrast
enhancement, no solid components, cyst content [20 HU

II F Probably benign More hairline thin septa, minor contrast enhancement, nodular
calcification, no solid components, cyst content [20 HU

III Malignant in approximately 30% of
cases = potentially malignant

Indeterminate cystic masses, irregular thickened wall, irregular septa,
contrast enhancement, no solid components

IV Malignant Clearly malignant cystic lesions, contrast enhancement, solid
components

Renal Masses 239



6 Imaging of Renal Masses

6.1 Enhancement Patterns of Renal
Tumors

Renal tumors may appear isodense to the renal
parenchyma on unenhanced images, while necrotic
tumor parts are hypo attenuating. If a solid lesion
appears hyperdense in the corticomedullary phase, it
has to be considered to be malignant because renal
cell carcinoma is often hypervascularized. Never-
theless, the cortico-medullary phase is not manda-
tory for the tumor protocol (Table 1), since the
nephrographic phase is more sensitive for tumor
detection (Cohan et al. 1995; Szolar et al. 1997).
The nephrographic CT phase (80–120 s) shows
renal cortex and medulla with equal enhancement.
Solid renal lesions usually appear hypodense. This
phase is recommended for tumor detection (Muel-
ler-Lisse 2004). For optimization of nephrographic
phase imaging, some authors prefer the bolus-
tracking technique (Birnbaum et al. 1999).

In the excretory phase of enhancement, most
malignant tumors of the kidney—except clear cell
RCC—show significant washout of contrast agent
(Shebel et al. 2011). Transitional cell cancer (TCC)
can be depicted well in this phase as a hypodense
filling defect within the renal collecting system.

6.2 Cystic Renal Masses

Simple renal cysts are found frequently and do not
have pathological significance. The criteria of a simple
cyst that does not need follow-up are water-like CT
density, no contrast enhancement (\10 HU), no septa,
no solid parts, no rim enhancement, no calcification.
Solitary renal cysts are generally classified according
to Bosniak (Table 1) (Bosniak 1997). A cyst with
hemorrhage (Fig. 1) may be suspected to represent a
solid lesion when no unenhanced scan has been per-
formed. Such a cyst has a CT density of approximately
40–60 HU ([20 HU). Contrast opacity or hemorrhage
cannot be differentiated by contrast-enhanced CT.
Differentiation of these types of lesions can be easily
archived by single-phase dual energy CT (DECT) as
material-specific post processing allows for direct
visualization of enhancement and generation of virtual
nonenhanced (VNE) images (Graser et al. 2009). Also,
dual energy CT greatly facilitates the diagnostic
workup of patients with polycystic kidneys (Arndt
et al. 2011). As cysts often show septa, hemorrhage of
different age, or calcifications, comparison of non-
contrast and nephrographic phase images may be
tedious, and DECT helps to overcome this problem by
direct visualization of enhancement within malignant
lesions. The classification of Potter describes con-
genital anomalies of the kidneys with predominantly
polycystic malformations.

Fig. 3 Benign renal masses.
Angiomyolipoma (a),
oncocytoma (b), renal abscess
(c), and renal hematoma (d)
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Even unilateral and bilateral agenesis of the kidney
is described by this classification. CT investigations
of adults may reveal the adult form of polycystic
disease (Potter type III) with autosomal dominant
trait. Cysts often demonstrate hemorrhage (in about
70%) and calcifications, thereby making evaluation at
both MDCT and MRI difficult. Long-time dialysis is a
reason for acquired polycystic kidneys with increased
risk of renal cell carcinoma (Choyke 2000).

6.3 Solid Tumors

6.3.1 Oncocytoma
Oncocytomas are benign tumors (3–5% of all renal
tumors; Fig. 3). The typical spoke-wheel pattern is
characteristic, but the discrimination from renal cell
carcinoma is not possible in all cases (McGahan et al.
2011).

6.3.2 Angiomyolipoma
Angiomyolipoma is a benign hamartosis (Fig. 3).
Angiomyolipoma consists of atypical muscle fibers,
blood vessels, and fat tissue. If a solid lesion reveals
CT density values of fat, angiomyolipoma is highly
probable. Only if the fatty regions are very small
(Obuz et al. 2000) or the solid part is growing in fol-
low-up investigations, renal cell carcinoma has to be
considered as a differential diagnosis. Calcifications

may indicate malignant tumors. Angiomyolipoma of
the kidneys can be associated with lymphangiolei-
omyomatosis of the lung and with tuberous sclerosis
(Bourneville-Pringle syndrome).

6.3.3 Renal Cell Cancer
Renal cell carcinoma (RCC) represents the most
common malignant lesion of the kidney and accounts
for about 3% of all adult neoplasms. The survival of
patients with RCC is directly related to the extent of
disease at the time of treatment. Independent of tumor
grade, patients with stages T1 or T2 of RCC have
excellent chances of survival. However, once malig-
nancy extends beyond the kidney, survival depends
on whether the tumor progresses by direct extension
or has the ability to deposit at distant metastatic sites.
In extensive RCC, survival is closely related to tumor
grade and degree of malignancy (Hermanek and
Schrott 1990; Paulson 1996). Due to the increased use
of ultrasonography and abdominal CT in patient
management, asymptomatic RCCs that are confined
within the renal capsule are now more oftenly dis-
covered and treated by curative surgery (Tsui et al.
2000).

The nephrographic phase can define tumorous
areas in most cases. Studies have shown that speci-
ficity and accuracy increase when both nephrographic
and excretory phases are combined. During tumor
staging, tumor thrombus in the renal vein or v. cava

Fig. 4 Differential diagnosis
of malignant solid renal
masses: renal cell carcinoma
(a), metastasis of lung cancer
(b), lymphomatous infiltration
of the kidney (c), and
transitional cell carcinoma (d)
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has to be considered (Hallscheidt et al. 2005).
Multidetector-row CT and MR imaging achieve sim-
ilar accuracy in tumor staging of renal cell carcinoma
(Hallscheidt et al. 2004). A better differentiation of T2
and T3a tumors (perirenal fat infiltration) is decisive
for surgical procedure (nephron-sparing surgery or
radical nephrectomy) (Catalano et al. 2003). Further-
more, CT can help to characterize malignant lesions of
the kidney like renal cell carcinoma, transitional cell
carcinoma, lymphomatous involvement of the kidney,
and metastases to the kidney from solid tumors like
lung or thyroid cancer (see Fig. 4).

6.3.4 Urothelial Carcinoma (Transitional Cell
Carcinoma)

Tumors of the renal pelvis and ureter can be reliably
detected by CT. A CT examination in the excretory
phase with a reconstructed slice thickness of 3 mm in
both coronal and axial planes is useful. Structures of
soft-tissue density bulge against the hyperdense renal
pelvis, or the wall may be partially thickened. Radi-
ation dose should not be selected too low in order to
provide reliable tumor detection; up-to-date scanning
protocols employ automated dose modulation tech-
niques as well as kV adaptation and iterative recon-
struction of image data.

7 Staging of Renal Cell Cancer

Technological advances in multi-detector-row computed
tomography facilitate precise, reliable, accurate non-
invasive detection, localization, characterization, and
staging of both primary RCC and distant metastasis
(Coppenrath and Mueller-Lisse 2006; Mueller-Lisse et al.
2007). Imaging findings are formally summarized into
significant prognostic information by means of the TNM
classification and staging system (Table 2) (Mueller-
Lisse et al. 2007). Preoperative staging helps to assess
surgical options and to optimize the surgical approach.

Since partial nephrectomy represents the new
therapeutic standard for locally confined RCC (Shuch
et al. 2006), one key issue in cross-sectional imaging
is to distinguish between patients suited for nephron-
sparing surgery and those requiring other therapies.

8 Organ-Confined RCC (TNM Stage
T1, T2)

TNM classes T1 and T2 include all primary RCCs
that are confined to the renal capsule (Smith et al.
1989). The current TNM classification of 2002

Table 2 TNM Staging system for renal cell cancer (Mueller-Lisse et al. 2007)

Classification Description

T-classification

T1 Confined to kidney, T1a \ 4 cm, T1b \ 7 cm

T2 Confined to kidney, [7 cm

T3 Confined to Gerota’s fascia

T3a: extending to ipsilateral adrenal or perirenal fat

T3b: extending to renal vein or IVC below diaphragm

T3c: extending to IVC above diaphragm

T4 Extending beyond Gerota’s fascia

N-classification

N0 No regional lymph node metastasis

N1 Metastasis in one regional lymph node

N2 Metastasis in more than one regional lymph node

Nx Regional lymph nodes cannot be evaluated

M-classification

M0 No distant metastasis

M1 Distant metastasis

Mx Distant metastasis cannot be evaluated

242 A. Graser and U. G. Mueller-Lisse



distinguishes between T1a, which defines an RCC
with a maximum diameter of 4 cm or less, and T1b,
which defines an RCC whose maximum diameter is
larger than 4 cm but smaller than 7 cm. Exact deter-
mination of the size of a renal mass and its relation-
ship to renal vessels and collecting system is
important because it has been repeatedly demon-
strated that the oncologic efficacy and safety of
nephron-sparing surgery (NSS) for the treatment of
stage-T1 and T2 renal tumors is equivalent to radical
nephrectomy (Shuch et al. 2006).

9 Recognition of Extra-capsular
Extension of RCC (TNM Stage T3)

Distinction between RCC with and without confine-
ment to the kidney (Table 3) can be difficult for cross-
sectional maging, since RCC induces inflammatory
reactions within the kidney and perirenal fat layer that
may produce pseudocapsular structures which mimic
the presence of an intact renal capsule when in fact
the RCC has broken through. Although it remains
unclear if differences between test quality parameters

among individual radiological studies are due to
patient selection, imaging modalities and techniques,
image interpretation, or interpretation of pathology
specimens, it appears that the reliability of radiolog-
ical recognition of RCC extension into perirenal fat is
variable. MDCT examinations in 40 patients with
RCC diagnosed perirenal fat infiltration on 1-mm
primary reconstructions with 96% sensitivity, 93%
specificity, and 95% accuracy (Catalano et al. 2003).
Among 46 RCCs of T-classes T1 to T3a, with
2–15 cm in diameter, MDCT correctly recognized
perirenal disease in 9 of 14 patients (sensitivity, 64%)
and confinement to the kidney in 32 of 32 (specificity,
100%), with excellent agreement between MDCT and
surgical pathology (kappa score, 0.87) (Turkvatan
et al. 2009). Currently, cross-sectional imaging results
should therefore be individually reviewed for each
patient with RCC prior to treatment planning. How-
ever, it remains controversial if perirenal fat infiltra-
tion has an impact on survival in patients with RCC.
Recently, a retrospective analysis of 783 patients with
pT1-2 (cN0M0) and 77 patients with pT3a (cN0M0)
RCC, respectively, demonstrated tumor size to be
the strongest prognostic factor of disease-free and

Table 3 Phases of renal contrast and examination protocols for renal MDCT. (Coppenrath et al. 2006)

Parameters Unenhanced Portal venous
phase

Nephrographic
phase

Excretory
phase

Tube voltage (kV) 120 120 120 120

Pitch 0.9–1.5 0.9–1.5 0.9–1.5 0.9–1.5

Tube current time product
(mAs)

150–200 (S) 30–50
(L)

150–200 (S) 150–200 (S) 150–200 (S) 30–50
(L)

CTDIw(mGy) 12–14 (S) 2–3 (L) 12–14 (S) 12–14 (S) 12–14 (S) 2–3 (L)

Reconstructured slice
thickness (mm)

3.0 3.0 3.0 3.0

Contrast media volume (ml) 120 80–120

Delay(s) Appr. 70 80–100 Appr. 600

Indications

Urolithiasis Low dose – – –

Renal tumor Standard
dose

– Standard dose Low dose

Ureteral tumor Standard
dose

– Standard dose Standard
dose

Pelvic tumor – Standard dose – Low dose

Staging – Standard dose – Low dose

(S) standard notes, (L) low dose
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cancer-specific survival in pT3a RCC, while perirenal
fat infiltration was an independent prognostic factor
only for disease-free survival (Yoo et al. 2008). Thus,
both tumor size and perirenal fat infiltration should be
reported in RCC staging. MDCT examinations with
1-mm primary reconstructions in 40 patients with
RCC demonstrated complete agreement of tumor size
estimates with surgical pathology (Catalano et al.
2003).

Adrenal metastasis of RCC is found in up to 10%
of patients, particularly after nephrectomy. Demon-
stration of a normal adrenal gland at MDCT in
patients with RCC has been associated with 100%
negative predictive value for metastasis, confirmed by
subsequent histology (Griffin et al. 2007).

10 Invasion of Renal Veins
and Inferior Vena Cava
(Stages T3 b, c)

Differential therapy of RCC with renal vein (RV)
extension or extension into the inferior vena cava
(IVC) below or above the diaphragm (Table 3)
remains a challenge to modern urology. Tasks for
cross-sectional imaging include recognition of the
tumor thrombus and its extent (Figs. 1, 2). MDCT is
able to correctly identify tumor thrombus and localize
its extent, based on signs of direct continuity of the
thrombus with the renal tumor and enhancement after
administration of contrast medium (Gupta et al. 2004;
Turkvatan et al. 2009). When there is doubt about the
extent of the tumor thrombus in RCC, combining
different cross-sectional imaging modalities is rec-
ommended as a diagnostic strategy. Prognosis for
patients after surgery for RCC with venous involve-
ment remains controversial; for the radiologist, it is
recommended to report the exact level to which
venous tumor thrombus of RCC is demonstrated by
means of cross-sectional imaging than to apply TNM
T-classes T3b or T3c (Mueller-Lisse et al. 2007).

11 Extension Beyond Gerota’s Fascia
(Stage T4)

Extension of RCC beyond Gerota’s fascia may be
a challenge to cross-sectional imaging when the
fascia is barely transgressed. In such cases, it may be

difficult to determine if RCC has come close to the
fascia and caused an inflammatory reaction with
facial thickening, or if it has reached the fascia
without penetrating it, or if there is minimal extension
beyond Gerota’s fascia. However, for the urologic
surgeon, resection of the fascia will probably be the
only solution, at least in those parts were the radio-
logical situation remains unclear. Direct invasion of
neighboring organs such as the spleen, psoas muscle,
or spine, is readily identified on modern high reso-
lution MDCT scans. As these stages are often asso-
ciated with distant metastases, most patients
nowadays will undergo neo-adjuvant systemic anti-
angiogenic treatment; even in these advanced stages,
local tumor debulking improves survival, and repe-
ated follow-up imaging on these patients will help to
determine the optimum time point for local resection
(Mueller-Lisse et al. 2007).

12 Summary

Imaging of renal masses is an important clinical
indication for abdominal MDCT. At present, high
spatial resolution and fast image acquisition makes it
ideally suited for patients with suspected or proven
renal pathologies. Advances like dual energy CT,
iterative reconstruction of image data, and anatomical
dose modulation strategies enable significant reduc-
tions of radiation exposure to the patient. Improved
soft-tissue contrast and direct visualization of contrast
enhancement by color coded DECT and low kVp
scanning allow for detection and characterization of
near-isoattenuating renal tumors. MDCT also enables
accurate staging of localized and metastasized renal
cell cancers.
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Abstract

The adrenal gland is a common site of disease,
involved in a spectrum of pathology. Multi-slice
computed tomography (MSCT) is an essential tool
in adrenal imaging due to its high accuracy in both
the detection and characterization of adrenal
masses. As a result, MSCT can make specific
diagnoses, separating inconsequential adrenal
masses from those that require intervention. This
chapter discusses contemporary adrenal imaging
by MSCT of commonly encountered adrenal
masses in key clinical scenarios: detection of a
biochemically active adrenal tumor, characteriza-
tion of an adrenal mass in staging of patients with
primary malignancy, and evaluation of an inciden-
tally discovered adrenal mass.

The adrenal gland is a common site of disease,
involved in a range of pathology. As the use of cross-
sectional imaging continues to rise, adrenal masses
are frequently discovered incidentally, and most are
benign lesions. However, the adrenal gland is also a
common site for metastasis in patients with an
underlying malignancy. Also of clinical importance
are primary adrenal neoplasms that are hormonally
active, and, more rarely, primary malignant neo-
plasms that require intervention. Contemporary multi-
slice computed tomography (MSCT) is ideally suited
for the evaluation of adrenal pathology. Detection of
an abnormality is ‘‘finding the lesion.’’ Characteriza-
tion of an abnormality is determining what the lesion
is. CT is highly accurate in both the detection of
adrenal masses and the characterization of adrenal
masses leading to a specific diagnosis. This chapter
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discusses contemporary adrenal imaging by MSCT,
focusing on commonly encountered pathologic enti-
ties and their CT appearances in adult population in
three key clinical settings:
1. Detection of an adrenal mass in patients with

biochemical evidence of hormonal excess,
2. characterization of an adrenal mass as part of

staging in oncology patients, and
3. evaluation of an incidentally discovered adrenal

mass.

1 Normal Adrenal Gland

The adrenal glands are well visualized on abdominal
MSCT. They are located anterosuperiorly to the kid-
neys within the perirenal space, enclosed by perirenal
fascia. The normal adrenal glands have an inverted V or
Y shape (Fig. 1). When a kidney is ectopic or con-
genitally absent, the adrenal gland remains in the nor-
mal position, however it may assume a discoid shape on
CT (Fig. 2) (Kenney et al. 1985). The adrenal gland is
composed of the adrenal cortex and medulla, two
functioning units with different embryologic origin and
endocrine functions. The adrenal cortex secretes
cortisol, aldosterone, and androgen, and the adrenal
medulla secretes epinephrine and norepinephrine.

2 CT Technique

Most adrenal masses are detectable on routine chest
or abdominal CT, typically reconstructed at 5-mm
thickness on MSCT. Dedicated adrenal CT is usually
employed when it is necessary to further characterize
a known adrenal mass. The protocol consists of
unenhanced sections through the adrenal gland at

0.6–2.5 mm collimation, depending on the type of
MSCT, with image reconstruction at 2.5 mm in axial
and 3 mm in coronal planes. An elliptical region of
interest (ROI) is placed in an adrenal mass. If the
density of the adrenal mass measures B10 hounsfield
units (HU), the adrenal mass is a lipid-rich benign
adenoma and no intravenous contrast is required. If
the density of the adrenal mass measures [10 HU,
then 100 mL of low osmolar contrast material is
injected. Using the same CT acquisition parameters,
the next data sets are acquired 60 s and 15 min after
the start of contrast injection, and the images are
reconstructed in the same slice thickness as the
unenhanced series. Using the measured densities of
the adrenal mass on unenhanced, dynamic, and
delayed imaging, washout calculations can be per-
formed which can accurately characterize lipid-poor
adenomas as described below.

3 Detection of Hyperfunctioning
Adrenal Neoplasm

Hyperfunctioning diseases of the adrenal glands
originate from the adrenal cortex or the adrenal
medulla. Investigation of functioning adrenal mass is
usually prompted by the clinical presentation of
hormonal excess, which is confirmed by abnormal
biochemical assay. The role of CT is then primarily to
detect the adrenal mass, such as a cortisol-producing
adenoma, an aldosteronoma, or a pheochromocytoma.

3.1 Hyperfunctioning Adrenal Adenoma

Cushing syndrome is a clinical manifestation of
gluco-corticoid excess and is most frequently caused

Fig. 1 Normal adrenal
glands in 45-year-old male.
Coronal reformatted contrast-
enhanced CT image shows
normal adrenal glands in
inverted Y configuration
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by an exogenous source of steroid. In endogenous
Cushing syndrome, there is overproduction of cortisol
by the adrenal cortex, and approximately 80% are due
to ACTH-dependent overstimulation of the adrenal
glands, usually by a pituitary adenoma (Cushing
disease) and rarely by an ectopic source in the chest
or the abdomen. The adrenal glands are hyperplastic
on CT in 70% of ACTH-dependent Cushing syn-
drome, sometimes with nodularity; however, up to
30% have normal appearance (Sohaib et al. 1999).
ACTH-independent Cushing syndrome (20%) is
caused by a primary adrenal disease, most commonly
an adrenal adenoma. Cortisol-producing adenomas
are readily detected on CT as they are typically larger
than 2 cm (Mayo-Smith et al. 2001; Rockall et al.
2004). These adenomas have similar CT appearance
to non-functioning adenomas with abundant intra-
cellular lipid causing a low density adrenal mass
(Korobkin et al. 1996a; Rockall et al. 2004).

Conn syndrome (primary aldosteronism) is the
sequela of elevated aldosterone level. It is caused by
an adrenal adenoma in 80% of patients, bilateral
adrenal hyperplasia in 20% of patients, and rarely by
adrenocortical carcinoma. The diagnosis is suspected
in patients with hypertension, hypokalemia, and
sodium retention, and is confirmed by elevated serum
aldosterone to renin levels. Aldosterone-producing
adenomas are typically smaller than 2 cm with a
significant portion less than 1 cm (Fig. 3) (Dunnick
et al. 1993; Patel et al. 2007). When the diagnosis is

suspected clinically, adrenal CT with thin collimation
is helpful to determine the cause, separating an ade-
noma from hyperplasia. Adrenal vein sampling may
still be necessary to localize and lateralize the site of
adrenal hypersecretion when CT findings are
equivocal.

3.2 Adrenocortical Carcinoma

Adrenocortical carcinoma is a rare, highly aggressive
tumor with prevalence of 0.6–2 per million population
(Mansmann et al. 2004). Approximately 50% of the
carcinomas are hormonally active, most commonly
producing cortisol, leading to Cushing syndrome. On
CT, an adrenocortical carcinoma is a large (usually
[6 cm) heterogeneously enhancing mass. It is fre-
quently associated with central necrosis and hemor-
rhage, and calcifications are present in 20–30%
(Fig. 4) (Dunnick et al. 1982; Fishman et al. 1987).
Venous invasion into IVC is a common feature, often
a diagnostic clue, and defining the superior extent of
tumor thrombus is important for surgical planning to
define the point for vascular control.

3.3 Pheochromocytoma

Pheochromocytoma is an uncommon, catecholamine-
producing tumor derived from chromaffin cells in the
adrenal medulla. These tumors are solitary and
occur sporadically in 90% of cases. 10% of

Fig. 2 Anomalous adrenal gland in 30-year-old female. Axial
contrast-enhanced CT image shows the left adrenal gland
(arrow) in discoid configuration. An ectopic, left pelvic kidney
was present more inferiorly (not shown)

Fig. 3 Aldosteronoma in 60-year-old male with hypertension.
Axial contrast-enhanced CT image shows a well-defined
1.3 cm mass (arrow) arising from the lateral limb of right
adrenal gland

Adrenal Masses 249



pheochromocytomas are multiple or associated with
hereditary syndromes. The classic presentation for a
patient with a pheochromocytoma is palpitations,
headache, and diaphoresis associated with episodic
hypertension. Approximately 10% of pheochromo-
cytomas are silent, although the number of inciden-
tally discovered pheochromocytomas has been
reported to be rising (Baguet et al. 2004; Motta-
Ramirez et al. 2005). Once a pheochromocytoma is
suspected clinically, biochemical investigation ensues
and the diagnosis is confirmed by elevated urine or
plasma metanephrine levels. 98% of pheochromocy-
tomas arise in the abdomen, mostly from the adrenal
gland manifesting as a mass. Thus pheochromocyto-
mas are readily detected on CT or MR without con-
trast. However, contrast may be helpful in the
detection of small extra-adrenal pheochromocytomas
(paragangliomas). Traditionally, the use of intrave-
nous contrast was controversial in the setting of
pheochromocytoma as it was thought to induce
hypertensive crisis. However, recent reports have
shown that non-ionic intravenous contrast is safe and
unlikely to cause adrenergic crisis (Mukherjee et al.
1997; Bessell-Browne and O’Malley 2007). Pheo-
chromocytomas have variable imaging appearances
(Blake et al. 2004). On CT, they are round masses of
soft tissue density and enhance avidly after contrast
enhancement. Small lesions are homogenous, but
large masses are often heterogeneous with areas of

necrosis or hemorrhage (Fig. 5). Calcifications are
occasionally present in pheochromocytomas.
Approximately 10% of pheochromocytomas are
malignant, but there are no specific radiologic fea-
tures to diagnose malignancy other than invasion of
local structures or distant metastases.

4 Staging Patients with Known
Carcinoma: Adrenal Adenoma
Versus Metastasis

In oncology patients, the presence of an adrenal mass
may pose a clinical challenge as the adrenal gland is a
common site for both metastasis and benign adeno-
mas. Thus presence of an adrenal mass does not
necessarily imply metastasis. An isolated adrenal
mass is, in fact, more likely benign than malignant in
patients with a known primary extra-adrenal malig-
nancy (Dunnick and Korobkin 2002). In patients with
evidence of metastasis elsewhere, distinguishing a
benign from metastatic adrenal mass is not crucial for
staging. However, in a patient with the adrenal gland
as the only potential site of metastasis, it is critical to
make the distinction because the diagnosis may alter
the prognosis and treatment options, such as poten-
tially curative resection vs. chemotherapy in a patient
with lung carcinoma. In these patients, a new or an
enlarging adrenal mass at CT suggests malignancy
until proven otherwise. Metastatic masses, especially
when large, can be heterogeneous with irregular
margins (Fig. 6); however, in general, morphologic

Fig. 4 Adrenocortical carcinoma in 39-year-old male. Coronal
reformatted contrast-enhanced CT image shows a 14 cm left
adrenal mass with central heterogeneous attenuation and
multiple punctuate calcifications. Note its mass effect on the
left kidney

Fig. 5 Pheochromocytoma in 59-year-old male. Axial con-
trast-enhanced CT image shows a heterogeneous 4 cm right
adrenal mass
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features are helpful but non-specific. The role of
imaging is then to not only detect, but also accurately
characterize and differentiate a benign mass, usually
an adenoma, from metastasis. Currently two physio-
logic characteristics of adenomas are used at CT to
diagnose and separate them from malignant masses:
intracytoplasmic lipid content and washout of intra-
venous contrast.

Adrenal adenomas have varying amount of intra-
cytoplasmic lipid, which is inversely related to their
density measurement on CT (Korobkin et al. 1996a).
Most metastases lack intracellular lipid. Using this
principle, adenomas can be separated from malignant
masses using unenhanced CT density measurements
(Lee et al. 1991; Korobkin et al. 1996b). A threshold
of 10 HU allowed adenoma to be diagnosed with 71%
sensitivity and 98% specificity on a meta-analysis and
is the standard threshold used to diagnose a lipid-rich
adenoma on CT (Fig. 7) (Boland et al. 1998). Another
method of detecting intracytoplasmic lipid is CT
histogram analysis, where the percentage of negative
pixels is measured within the ROI. Bae et al. showed
increased sensitivity in diagnosing adenoma com-
pared with the 10-HU threshold method and also
showed its potential application in contrast-enhanced
CT (Bae et al. 2003). This technique is available on
most CT scanners, but is not routinely used as sub-
sequent studies have shown differing results (Remer
et al. 2006; Jhaveri et al. 2006). The diagnosis of
adenoma on chemical shift MR also relies on the

presence of intracytoplasmic lipid, which leads to
signal cancellation of adenoma on opposed-phase
compared to in-phase images (Mitchell et al. 1992;
Outwater et al. 1995).

Approximately 30% of adrenal adenomas do not
contain a sufficient amount of lipid to be diagnosed
based on the density measurement. However, after
enhancement with intravenous contrast, adenomas
lose contrast rapidly while the washout of metastases
is more prolonged. This difference in washout char-
acteristics can be exploited to distinguish between
adenomas and non-adenomas (Korobkin et al. 1998;
Szolar and Kammerhuber 1998). A widely used
technique is that of Korobkin et al. who calculated
washout percentages using a delayed phase, optimally
15 min after contrast injection (Korobkin et al. 1998).
The absolute percentage of enhancement washout
(APW) is calculated using the following formula and
a value of 60% or greater is diagnostic of an adenoma
(Fig. 8).

APW ¼ ðenhanced HUÞ � ð15 min delayed HUÞ
ðenhanced HU)� ðunenhanced HU)

� 100%

In the absence of the initial unenhanced phase, a
relative percentage washout (RPW), an approxima-
tion of true washout, can be calculated as follows:

RPW¼ ðenhanced HUÞ � ð15 min delayed HUÞ
ðenhanced HU)

� 100%

Fig. 6 Adrenal metastasis in 57-year-old male with non-small
cell lung cancer. Axial contrast-enhanced CT image shows a
heterogeneous 2.5 cm left adrenal mass (arrow) with irregular
margins and central low attenuation

Fig. 7 Lipid-rich adenoma in 60-year-old female. Axial
unenhanced CT image shows a well-defined 1.7 cm left adrenal
mass (arrow) with attenuation of -6 HU, diagnostic of a lipid-
rich adenoma
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An RPW value of 40% or greater is diagnostic of
an adenoma. The accuracy of washout analysis has
been corroborated on multiple studies (Peña et al.
2000; Caoili et al. 2000, 2002; Blake et al. 2006).
Moreover, studies have also demonstrated that diag-
nostic accuracy is independent of lipid content (Peña
et al. 2000; Caoili et al. 2000).

In a patient with extra-adrenal malignancy, if an
adrenal mass does not meet these imaging criteria of a
benign lesion, then biopsy should be considered to
exclude metastasis. Rarely, metastasis can involve an
adrenal gland with a pre-existing adenoma, a so-
called collision tumor.

Similar to metastasis, lymphomatous involvement
of adrenal glands may need to be separated from a
benign lesion. Adrenal involvement of lymphoma is
usually secondary, mostly from non-Hodgkin’s sub-
type. Approximately 4% of patients with non-
Hodgkin’s lymphoma have adrenal involvement, often
bilateral and accompanied by retroperitoneal adenop-
athy or other site of metastasis (Mayo-Smith et al. 2001;
Dunnick and Korobkin 2002). Its CT appearance is
non-specific and may present as a discrete or an
infiltrative mass (Paling and Williamson 1983).

5 Incidentally Discovered Adrenal
Mass

The increased clinical indications for performing
abdominal MSCT and its improved spatial resolution
have led to the detection of incidental adrenal masses,
the so-called ‘‘adrenal incidentaloma.’’ The preva-
lence of an incidental adrenal mass at CT is approx-
imately 4–5% (Kloos et al. 1995; Bovio et al. 2006;
Song et al. 2008) comparable to the estimated

prevalence in the general population of 3–7% based
on the pathology literature (NIH 2002; Grumbach
et al. 2003; Young 2007). The overwhelming majority
of the incidentally discovered adrenal masses are
benign, and adenomas account for most of these
benign masses. Certain adrenal lesions have specific
benign imaging features that are diagnostic at detec-
tion and require no further evaluation. For other
lesions, the evaluation of an incidental adrenal mass
depends on several factors related to the risk of
malignancy as discussed below. Of note, imaging
studies do not address the functional status of an
adrenal incidentaloma. Subclinical hyperfunction of
an incidental adrenal mass is an uncommon but rec-
ognized phenomenon, and some endocrinologists
recommend excluding occult, asymptomatic hyper-
functioning neoplasms in all adrenal incidentalomas
(NIH 2002; Grumbach et al. 2003; Young 2007).
However, because biochemical work up is costly,
others reserve full endocrine work up for the patients
with clinical findings supportive of a hyperfunction-
ing neoplasm (Berland et al. 2010). Several recent
publications addressed the management of incidental
adrenal mass with recommended algorithms (Boland
et al. 2008; Francis et al. 2009; Berland et al. 2010).
In patients with no history of malignancy, an
exhaustive workup is not indicated for most small
(\4 cm) asymptomatic incidental adrenal masses.

5.1 Specific Benign Imaging Features

5.1.1 Adrenal Myelolipoma
Adrenal myelolipomas are benign tumors composed
of mature fat and hematopoietic tissue, resembling
bone marrow. Adrenal myelolipomas are usually

Fig. 8 Lipid-poor adenoma in 58-year-old female. a Axial
unenhanced scan shows 3.6 cm right adrenal mass with
attenuation of 19 HU; b on dynamic contrast-enhanced phase

scan, adrenal mass enhances to 107 HU; c on 15-minute-
delayed scan, adrenal mass attenuation is 44 HU. APW and
RPW are 72 and 59%, respectively, diagnostic of an adenoma
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incidentally found asymptomatic masses with no
endocrine function, but large masses may rarely cause
pain due to spontaneous hemorrhage. Adrenal myel-
olipomas are reported to be uncommon, accounting
for 2.6% of all adrenal tumors in pathology series
(Lam and Lo 2001) and prevalence of 0.08–0.2% in
autopsy series (Olsson et al. 1973). With the wide-
spread use of cross-sectional imaging, incidental
detection of myelolipoma has increased. In one study,
6% of incidentally found adrenal masses were myel-
olipomas (Song et al. 2008). On CT, these lesions are
easily recognized because they contain macroscopic
fat, although the amount of fat and soft tissue is
variable (Fig. 9). Pseudocapsules are common and
calcifications are present in 24% of adrenal myelo-
lipomas (Kenney et al. 1998).

5.1.2 Adrenal Cyst
Adrenal cysts are uncommon lesions, usually asymp-
tomatic and incidentally found, unless they produce
mass effects on adjacent organs or are complicated by
hemorrhage or infection. There are four histologic
subtypes of adrenal cysts: endothelial cysts, pseud-
ocysts, parasitic cysts, and epithelial cysts (Cheema
et al. 1981). Of these, the endothelial subtype is the
most frequently seen at pathologic analysis, and the
pseudocyst the most common type to manifest clini-
cally. Adrenal cysts are well-defined homogeneous
round masses of near-water attenuation and a thin wall
(Fig. 10). The wall may contain thin calcification and
may also enhance with contrast (Rozenblit et al. 1996).
Adrenal pseudocyst, which results from a previous
episode of hemorrhage, may appear more complex with

higher density, thicker wall, internal septations, and
calcifications (Rozenblit et al. 1996).

5.1.3 Adrenal Hemorrhage
Adrenal hemorrhage results from trauma, anticoag-
ulation, blood dyscrasia, sepsis, hypotension, renal
vein thrombosis, and severe stress such as surgery.
Adrenal hemorrhage has also been described in the
distinct settings of liver transplant and nephrectomy
(Solomon and Sumkin 1988; Bowen et al. 1990;
Sasiwimonphan et al. 2010). Trauma accounts for
80% of adrenal hemorrhage. Adrenal injury has been
reported in 28% of autopsy series of severe trauma
(Sevitt 1955), but a much smaller prevalence of 2%
has been reported in CT series of patients with
severe abdominal injury (Burks et al. 1992; Rana
et al. 2004). Adrenal hemorrhage in trauma is usu-
ally unilateral, typically on the right. On CT, acute
adrenal hematoma is round or oval with increased
density of 50–90 HU on unenhanced MSCT
(Fig. 11). The size and density of the mass decrease
over time and usually resolve spontaneously or cal-
cify, although some may liquefy and persist as
pseudocysts. Unilateral adrenal hemorrhage may be
followed to exclude an underlying mass when there
is no identifiable cause (Dunnick and Korobkin
2002; Boland et al. 2008).

5.2 Non-Specific Imaging Features

When an incidental adrenal mass does not have spe-
cific diagnostic imaging features, several factors
determine the imaging work-up as related to the risk

Fig. 9 Myelolipoma in 69-year-old female. Axial contrast-
enhanced CT image shows a 6 cm encapsulated right adrenal
mass predominantly consisting macroscopic fat

Fig. 10 Adrenal cyst in 50-year-old male. Axial contrast-
enhanced CT image shows a 2 cm homogeneous right adrenal
mass (arrow) of near-water attenuation and imperceptible wall
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of malignancy. One of the most important determi-
nants is patient history of malignancy as it is extre-
mely rare for an incidental adrenal mass to be
metastasis of an unknown primary malignancy
(Herrera et al. 1991; Lee et al. 1998; Song et al.
2008). The size of the adrenal mass is also an
important factor, as the risk of malignancy increases
with the mass size. Unless a definitive benign diag-
nosis is made, adrenal masses larger than 4 cm are
generally resected in patients without history of
malignancy. An enlarging adrenal mass also indicates
malignancy. Certain morphologic features are also
worrisome for malignancy such as central necrosis,
heterogeneous attenuation, and irregular margins. In
patients with history of malignancy or imaging fea-
tures suspicious for a malignant mass, further imaging
characterization can be performed using unenhanced
CT, chemical shift MR, or PET-CT (usually in on-
cologic patients). If these are not diagnostic, then
adrenal CT with washout analysis may be helpful.

6 Adrenal Biopsy

The need for imaging-guided biopsy to diagnose an
adrenal mass has decreased in recent years as
advances in adrenal imaging now allow accurate
characterization of most adrenal masses (Paulsen
et al. 2004). However, biopsy may still be necessary
in oncology patients when imaging findings are
inconclusive or when confirming a suspected solitary

adrenal metastasis. Biopsy is also performed if an
indeterminate adrenal mass is enlarging in a patient
without malignancy, unless surgical resection is
planned. Adrenal biopsy is usually performed with
CT guidance and has been shown to be safe, with 85–
96% diagnostic accuracy and 3–9% complication rate
(Silverman et al. 1993; Welch et al. 1994). If there is a
possibility that the adrenal mass is a pheochromocy-
toma, the plasma-free metanephrine level should be
obtained prior to biopsy to avoid potential hyperten-
sive crisis.
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Abstract

Inflammatory and infectious disease of the kidney
and urinary collecting system is a frequent reason for
consultations both in general practice and in clinical
specialist clinics. The diagnosis of urinary tract
infection (UTI) as the most frequent cause of disease
relies on clinical findings, including a combination
of symptoms, and urinalysis, unless patients present
with recurrent or complicated UTI, UTI that does
not respond to typical pharmacological treatment
within the expected time interval, with signs and
symptoms that are unexpectedly severe or atypical,
with urinalysis returning atypical pathogens, or with
other disease predisposing to complicated UTI,
such as chronic infectious or inflammatory condi-
tions, immunosuppression, or diabetes mellitus.
MDCT, rather than ultrasonography or intravenous
(excretory) urography, has been widely accepted as
the imaging modality of choice under those condi-
tions, due to its wide availability and its capability of
finding and characterizing both acute and chronic
infectious disease and post-infectious tissue alter-
ation and their respective sequels within and around
the upper urinary tract. Patient preparation includes
serum creatine level, GFR, and basal TSH tests,
adequate pain medication and oral or intravenous
hydration, and sufficient antecubital venous access
for intravenous administration of contrast media.
MDCT is adapted to the clinical question, with
a full protocol including unenhanced and contrast-
enhanced images obtained in the nephrographic and
excretory phases of contrast processing by the
kidneys. MDCT detects and localizes urolithiasis,
pus and fluid collections, inflammatory streaking or
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stranding, hemorrhage, gas or air, and signs of
decreased renal function both within the kidney
parenchyma and in the sinus fat and extrarenal fat
which are associated with inflammatory or infec-
tious disease of the urianry tract. Extension of
disease to other tissues and organs can be assessed,
e.g., in abscess formation extending into or through
the abdominal wall. Although not entirely specific,
signs associated with atypical acute pyelonephritis,
such as tuberculosis, mucor-mycosis, or emphyse-
matous pyelonephritis may be recognized in the
urinary tract. Those signs may be distinguished from
signs of chronic pyelonephritis, including xantho-
granulomatous pyelonephritis as a rare condition,
and signs associated with renal papillary necrosis.

1 Introduction

In diagnostic uroradiology, computed tomography
(CT) has proved to be useful for the entire spectrum of
renal and ureteral disease. Particularly since the event
of multidetector-row CT (MDCT) in clinical practice,
the entire urinary tract can be examined with high
spatial and temporal resolution of CT images. Clearly
distinct phases of contrast processing by the kidneys
can be distinguished, including the unenhanced, arte-
rial (20–35 s after commencement of intravenous
administration of iodinated contrast media), cortico-
medullary (40–70 s), nephrographic (80–120 s), and
excretory (more than 180 s) phases, may be depicted by
MDCT and allow for detailed characterization of
lesions (Mueller-Lisse and Mueller-Lisse 2004).
Multiplanar reformatting (MPR), maximum intensity
projection (MIP), and volume rendering (VR) tech-
niques also help to find and characterize lesions.
Although less expensive imaging methods, including
intravenous urography (IVU) and sonography, are
widely available, patients are oftentimes referred for
definitive evaluation with MDCT when lesions are
suspected in clinical examinations or other imaging
studies. Because of its high diagnostic power, MDCT
can be applied as the primary and definitive diagnostic
imaging method in various disorders.

Indications for MDCT of the kidney and urinary
collecting system in inflammatory and infective disease
particularly include complications of acute and chronic
pyelonephritis, renal abscess, xanthogranulomatous

pyelonephritis, tuberculosis, mycosis, and inflamma-
tory or infectious complications of urolithiasis or injury
to the urinary tract or its neighboring structures
(Mueller-Lisse and Coppenrath 2006; Mueller-Lisse
and Mueller-Lisse 2004).

2 Patient Preparation and MDCT
Examination

While physiological hydration of the patient is
desirbale, whether by means of oral hydration
(e.g., water, tea), or intravenous hydration (e.g. nor-
mal saline solution), care should be taken to not
overburden patients with acute trauma, acute renal or
ureteral colic, or acute septic disease. In those
instances, pre- and post-scan hydration should be
carefully discussed with emergency room or intensive
care physicians or nephrologists.

Serum creatinine level, (calculated) glomerular
filtration rate (GFR), and thyroid stimulating hormone
(TSH) level should be available to estimate the risk of
a contrast-enhanced MDCT examination.

Adequate pain medication should be prescribed
and administered by emergency room or intensive
care physicians if necessary to ensure adequate image
quality.

An antecubital venous access should be established
(unless suitable central venous access is available) to
allow for injection of contrast media and normal
saline solution by means of an automated pump, with
an injection speed of at least 2–3 ml/s. Usually, this
requires an access diameter of at least 20 G.

If possible, patients are examined in the supine
position, head first, with arms elevated over head.

For examinations focusing on the region of the
kidneys and adrenals, the topogram should extend
from the diaphragm to the iliac crest (caveat: more
extensive when pelvic position of at least one kidney
is known or anticipated). For examination of the
entire upper urinary tract, the topogram extends from
the diaphragm to the symphysis pubis (Mueller-Lisse
and Coppenrath 2006).

Standard examination parameters frequently used
for MDCT of the kidneys and upper urinary tracts are
listed in Table 1. Depending on the clinical situation
and specific situation of the individual patient, param-
eters may have to be adapted for optimal imaging
results. With MPRs in the coronal or sagittal planes of
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view, it may be easier to assess the extent of sequels of
renal infection than with axial MDCT images alone.
Both extrarenal inflammation and abscess may be
better visualized by MPRs, particularly at the renal
poles (Mueller-Lisse and Mueller-Lisse 2004).

3 Acute Pyelonephritis

Acute pyelonephritis and upper urinary tract infection
are very common reasons for primary care physician
visits or emergency room consultations. In adults,
diagnosis of urinary tract infection (UTI) is typically
based on characteristic clinical features and abnormal
laboratory values that suggest infectious disease
(Craig et al. 2008). The need for imaging in the

diagnosis and follow-up of pyelonephritis and upper
UTI is determined by the specific clinical situation.

3.1 Simple Acute Pyelonephritis

Simple, uncomplicated UTI usually does not require
radiological evaluation (Browne et al. 2004), because
both the diagnosis and the follow-up can be provided by
clinical signs and symptoms and laboratory findings
(Craig et al. 2008). However, recurrent UTI may warrant
radiological investigation (Browne et al. 2004), partic-
ularly to rule out urinary tract anomalies or other disease
affecting or involving the urinary tract as a cause.

MDCT in the nephrographic phase typically
demonstrates solitary or multifocal wedge-shaped
areas of decreased or missing enhancement in acute

Table 1 Examination parameters for standard multidetector-row computed tomography (MDCT) of the kidneys and upper
urinary tract (modified from (Mueller-Lisse and Coppenrath 2006)

Parameter 4–8 detector rows 10–16 detector rows 32–64 detector rows

MDCT examination parameters

Tube charge (kV) 120 120 120

Rotation time (s) 0.5 0.5 0.5

Tube current–time product (mAs) 130–340 130–340 130–340

Pitch-adapted tube current–Time
product (eff. mAs)

150–250, low
dose, 30–50

150–250, low dose, 30–50 150–250, low-dose, 30–50

Collimation (mm) 2.5 1.25/1.5 0.6/0.625

Normalized pitch 0.9–1.5 0.9–1.5 0.9–1.5

Primary reconstruction intervall (mm) 3 3, for secondary
reconstructions, 1

3, for secondary
reconstructions, 0.6

Primary reconstruction slice thickness
(mm)

3–5 3–5, for secondary
reconstructions, 1.5–2

3–5, for secondary
reconstructions, 0.75–1

Kernel standard standard standard

Contrast media administration

Concentration (mg iodine/ml) 300–350 300–350 300–350

Mono-/biphasic mono-phasic mono-phasic mono-phasic

Typical injection volume (ml) 100–120 70–110 70–100

Injection speed (ml/s) 2.5–3 2.5–3 2.5–3

Normal saline solution (ml, ml/s) optional optional optional

Phase and delay (s) portal venous, 70,
nephrographic,
80–120,
excretory,
600–960

portal venous, 70,
nephrographic, 80–120,
excretory, 600–960

portal venous, 70,
nephrographic, 80–120,
excretory, 600–960

Depending on the specific vendor and MDCT scanner, modifications of parameter settings may be necessary to optimize the
protocol. Parameters listed do not include dose modulation options as available for different MDCT scanners. Injection volume of
iodinated contrast media should be body weight-adapted
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pyelonephritis (Figs. 1, 2). Corticomedullary differ-
entiation may be blurred or lost in affected areas. CT
images obtained approximately 3 h after intravenous
contrast administration may demonstrate streaky,
band-like, or cone-shaped enhancement in areas of
renal parenchyma demonstrating decreased enhance-
ment in the nephrographic phase. Associated micro-
abscesses and macroabscesses may retain contrast
media and demonstrate a hyperdense rim in much
delayed post-contrast images (Dalla-Palma et al. 1997).

Compared to CT images obtained early in the course
of acute pyelonephritis, parenchymal abnormalities
usually show little change while perirenal inflamma-
tory infiltrates often increase during the first week
(Fig. 2). Over the next two to eight weeks after the
onset of acute pyelonephritis, signs of acute inflam-
mation subside, while typical changes of parenchymal
contrast enhancement may persist for up to two months.
Renal enlargement may be an early but persistent
finding for up to four months. New parenchymal scars
may be found in about half of the patients as a sequel of
acute pyelonephritis (Soulen et al. 1989).

3.2 Complex Acute Pyelonephritis

Acute pyelonephritis may be complex for different
reasons. While acute pyelonephritis usually presents
as an infection ascending from the urinary bladder
into the upper urinary tract to affect the renal col-
lecting system and, secondarily, the intramedullary
collecting tubules of the kidney, other routes of
infection are possible. Partial or complete obstruction
of a previously infected upper urinary tract by
urolithiasis or of a previously non-infected upper
urinary tract with urolithiasis and subsequent infec-
tion represents one kind of complex acute UTI
(Fig. 3). In such cases, increasing pressure within the
urinary tract proximal to the occlusion contributes to
infectious spread into the renal parenchyma and,
potentially, beyond into perirenal tissues.

Other routes may include direct spread to the
kidney of infectious disease primarily affecting
extrarenal tissue or organs, e.g. retroperitoneal fat,
pancreas (i.e., in pancreatitis complicated by infec-
tion), or large or small intestine, or septic spread in
case of overwhelming infectious disease in remote

Fig. 1 Simple acute pyelonephritis in ascending urinary tract
infection. Axial MDCT images in the nephrographic phase
(a) show strands of decreased contrast enhancement where
infectious fluid or pus within the collecting tubules, inflamma-
tion, and tissue edema increase intrarenal pressure and decrease
perfusion (arrows). Coronal MDCT images in the excretory
phase (b) show strands of contrast retention, predominantly in the
renal medulla, caused by obstruction of collecting tubules
(arrows) From: Mueller-Lisse and Mueller-Lisse 2004 (Fig. 17)

Fig. 2 Early perirenal inflammation (arrows) as a common
sequel of acute pyelonephritis with wedge-shaped areas of
decreased or missing enhancement (arrowhead) in a 67-year-
old immuno-competent patient. Axial MDCT image in the
nephrographic phase of contrast enhancement
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tissues or organs. Injury or trauma to the kidney or
upper urinary tract, whether iatrogenic or other in
nature, may carry infectious microorganisms to the
urinary tract, potentially leaving abscesses along the
entry route (Fig. 4).

Conversely, infection primarily originating in the
urinary tract may spread loco-regionally, to perirenal
fat and connective tissue, and on to the abdominal
wall, or into the peritoneal cavity and on to intra-
peritoneal organs, when infectious strands or fistulae
or abscesses develop (Fig. 5). Acute pyelonephritis
may be the infectious focus causing septic disease
with high fever and subsequent organ failure when
septicemia occurs (Fig. 6). Finally, abscess develop-
ing within the kidney parenchyma, e.g., as a sequel of
acute pyelonephritis, may secondarily break into the
renal collecting system and subsequently destroy
renal and pelvicaliceal architecture (Fig. 7), or induce
new caliceal diverticula which then remain as a per-
sistent finding (Soulen et al. 1989).

Diagnostic imaging, preferably applying MDCT in
adult patients unless there are contraindications, aims
at establishing the local extent of infectious disease,
potential foci of origin of infections deemed to have
come from outside the urinary tract, potential routes
of infection, and the presence of septic metastases to
distant organs or tissues. Patterns of local extent and
distant spread of infectious disease govern the

therapeutic approach. Surgical or interventional
radiological measures may be minimally invasive,
e.g., in cases of catheter drainage of renal or peri- and
para-renal abscesses (Browne et al. 2004), or even
resective, e.g., in cases of septic nephrectomy when
there is overwhelming renal abscess. Antibiotic
treatment may be the only therapeutic measure, or an
adjunct to surgical or radiological intervention.
Measures of intensive care or supportive therapy may
have to be taken depending on the patient’s general
state, e.g. in patients suffering from generalized septic
disease of urogenital origin.

The differential diagnosis of perirenal fluid col-
lections associated with signs of inflammation, if not
necessarily with signs of infection, should include
urinoma, seroma, and lymphocele, particularly in
patients with previous abdominal, retroperitoneal, or
pelvic surgery (Fig. 8).

Complex courses, or complications of acute pyelo-
nephritis, may be anticipated in patients suffering from
diabetes mellitus or in immuno-compromised patients,
such that the decision on diagnostic imaging should be
made early in these patients (Browne et al. 2004).
Imaging in patients with severe septic disease or septic
shock and clinical suspicion of an abdominal or retro-
peritoneal focus may demonstrate renal perfusion
deficits as a sequel, whether with or without renal
or pelvicaliceal foci of infection (Fig. 6). Although

Fig. 3 A 66-year-old patient presenting with septicaemia and
suspicion of abdominal focus. Coronal MDCT images in the
nephrographic phase of contrast enhancement demonstrate
previously undiagnosed left ureteral stone (arrow in a) with left
renal enlargement and pelvicocaliceal dilation (arrowhead in

b). Compared to the right kidney, the left kidney shows delayed
contrast enhancement and subtle parenchymal stranding
(curved arrows), suggesting increased renal pressure and,
potentially, pyelonephritis
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contrast-enhanced MDCT imaging in diabetic,
immuno-compromised, or septic patients may be
helpful in finding the focus of infectious disease and

planning access routes to eliminate that focus, the
drawback lies in the additional burden the contrast
media puts on the patient’s kidneys. Thus, renal failure
may not only prevail as a consequence of chronic or
septic disease, but it may also develop subsequent to

Fig. 4 Complex renal,
retroperitoneal, and
abdominal wall abscess as a
sequel of nephrostomy
(arrows). Sagittally (a) and
coronally (b) reformatted
MDCT images in the
nephrographic phase of
contrast enhancement

Fig. 5 Right-sided pyelonephritis with obstruction of collecting
tubules with pus. Increasing tubular pressure spreads inflamma-
tory products and decreases peritubular blood perfusion. Intra-
renal abscess may develop which penetrates the renal capsule and
extends into perirenal fat tissue as pressure increases (arrow).
Axial MDCT image in the early excretory phase with increased
contrast within the renal medulla (arrowhead)

Fig. 6 A 61-year-old patient in septic shock, abdominal septic
focus assumed. Perfusion deficits affecting the medulla more
than the cortex in both kidneys (arrows) may be due to primary
ascending pyelonephritis, secondary pyelonephritis after septic
spread of infection, or septic shock. Axial MDCT image in the
nephrographic phase of contrast enhancement
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imaging. In the individual patient, the risks of contrast-
enhanced MDCT imaging therefore have to be care-
fully weighed against the potential benefits.

3.3 Atypical Acute Pyelonephritis

Acute pyelonephritis may be atypical when there is an
atypical microorganism causing infectious disease
that involves the upper urinary tract. While atypical
UTI may occur when the immune reaction of the host

is compromised, or when the patient suffers from
severe diabetes mellitus, atypical acute pyelonephritis
is not necessarily restricted to immuno-compromised
patients. Tuberculosis and mucor mycosis of the
upper urinary tract represent particular kinds of
atypical renal and pelvicaliceal infection that are
characterized by both acute and chronic sequels
(Figueiredo et al. 2008; Sheibanifar et al. 2007).
Emphysematous pyelonephritis is a rare infectious
disease which has been described in diabetic patients
(Rocher et al. 1999).

Fig. 7 Acute, right-sided pyelonephritis with intrarenal
abscess extending into renal sinus fat (arrows) and accompa-
nying extrarenal daughter abscesses (arrowheads), a axially

reformatted MDCT in the nephrographic phase, b coronally
reformatted MDCT in the excretory phase

Fig. 8 A 67-year-old patient with status post-retroperitoneal
lymphadenectomy for ovarian cancer. Perirenal inflammatory
reaction (arrowhead in a) and perirenal fluid collections with a
differential diagnosis of lymphocele, seroma, urinoma, or, less

likely, abscess (arrows in a and b) without evidence of renal
parenchymal involvement. Axially (a) and coronally (b) refor-
matted MDCT images in the nephrographic phases of contrast
enhancement
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3.3.1 Tuberculosis
While tuberculosis (TBC) most often affects the chest,
the urinary tract represents the most common extra-
pulmonary site of TBC manifestation (Figueiredo
et al. 2008). The urinary tract can be infected with
TBC in various ways. Primary urogenital tuberculosis
may be acquired as an ascending infection of the
urinary tract in ways similar to typical acute cystitis
and pyelonephritis, or as an ascending infection of the
genital tract in ways similar to other sexually trans-
mitted disease. It may occur as a post-primary dis-
ease, when TBC spreads from one urogenital focus to
another after a time interval. TBC may also affect the
urogenital system secondarily, following primary
manifestation in the lung, the urogenital tract, or in
other organs, through hematogenous spread of infec-
tious matter. The latter has been referred to as miliary
spread or miliary TBC of the urogenital tract.

Depending on the access route and the duration of
TBC in the kidney, imaging findings, particularly at
MDCT, include scarring and strictures in the renal
pelvicaliceal system, renal papillary necrosis, and
renal cortical masses of decreased density, renal
cortical scarring, or renal calcification.

Although urogenital TBC may affect immuno-
competent individuals, immuno-compromised
patients, e.g., with status post organ transplants, or
with AIDS, appear to be particularly vulnerable to
acquire urogenital TBC. In all instances, the clinical
goal is to recognize urogenital TBC early in order to
prevent from organ failure, organ loss, or even fatal
outcome (Figueiredo et al. 2008).

While radiological presentation may differ,
according to the specific site of the urogenital system
being affected by TBC and the duration of the disease
process, TBC infection is a destructive process which
usually alters tissue and organ morphology. Figueiredo
and co-workers (Figueiredo et al. 2008) describe seven
different radiological patterns of urogenital TBC that
reflect both the different access routes of infection to the
urogenital system and the respective stage of the
disease process in terms of the site and extent of
destruction.

Pathological alteration may be absent or limited,
e.g., to one upper urinary tract which demonstrates
calyx deformity or renal calcification, when patients
present with or without a history of previous pul-
monary TBC, symptoms of UTI, and signs of hema-
turia along with TBC mycobacteria at urinalysis. In

such instances, pharmacological therapy may suffice
to control the disease (Figueiredo et al. 2008).

Pathological alteration may be unilateral in TBC
affecting the upper urinary tract, with one upper tract
being normal at imaging and the other being affected
by stenosis and prestenotic dilatation in parts of or
throughout the pelvicaliceal system. Treatment is
usually surgical in those instances, with partial or
complete nephrectomy, depending on the extent of
destruction (Figueiredo et al. 2008).

Unilateral TBC of the upper urinary tract with
associated loss of renal function due to stenosis and
dilatation of the renal pelvicaliceal system may be
frequently found along with a contracted urinary
bladder. In such cases, vesicoureteral reflux, as
demonstrated by voiding cysturethrogrpahy, is a
common finding which affects either the side of the
non-functioning kidney, or the side of the functional
kidney (particularly when there is structural alteration
of the functional upper urinary tract, such as hydro-
nephrosis or ureteral dilatation), or both. Treatment is
usually surgical, with bladder augmentation and, in
cases of ureteral reflux, with re-implantation of the
ureter. Chronic renal failure despite treatment is an
undesired outcome to be apprehended.

When urogenital TBC is diagnosed late, end-stage
renal failure may be found along with a contracted
urinary bladder (Figueiredo et al. 2008).

In patients with foci of TBC in other organs, along
with fever and malaise, signs of miliary TBC may be
found in the kidneys that may include multiple, usu-
ally bilateral renal parenchymal lesions, which may
prevail in the absence of urologic symptoms. Miliary
renal TBC is frequently associated with immunosup-
pression, e.g. due to AIDS (Fig. 9). Also, Miliary
TBC with renal involvement is oftentimes a fatal
disease (Figueiredo et al. 2008).

Urinary tract TBC may affect a transplant kidney,
which is oftentimes associated with loss of function
and/or loss of the transplant organ.

Finally, TBC may be confined to the genital tract,
involving the prostate or epididymis without extending
to the upper urinary tract (Figueiredo et al. 2008).

3.3.2 Mucor-Mycosis
Among immunocompromised patients, particularly
those with a status post bone marrow transplantation,
mucor-mycosis represents a rare but serious,
life-threatening differential diagnosis when there is
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suspicion of infectious disease. Although mucor-
mycosis usually affects the lung, the infection may
disseminate to involve other organs, such as the kid-
neys, liver, spleen, or thyroid gland. Mucor-mycosis is
destructive to tissues affected, or even invasive, with
hallmark signs of low-density (at MDCT), low-signal
intensity (at MRI), or low-echogenicity (at ultraso-
nography) lesions which demonstrate rapid growth and
little or no peripheral uptake of contrast media. Imag-
ing helps to find and localize the lesions, but it remains
unspecific, such that pathological diagnosis is neces-
sary. Attempts at therapy are surgical, with combined
intensive medical therapy. However, mucor-mycosis is
frequently lethal (Sheibanifar et al. 2007).

3.3.3 Emphysematous Pyelonephritis
Emphysematous pyelonephritis is a rare but life-
threatening infection that typically occurs in diabetic
patients. Although gas within the kidney may be
demonstrated by plain film radiographs, or rarely by
ultrasonography, its location and extent are best

evaluated by MDCT, with both unenhanced and
contrast-enhanced images being obtained in different
phases of contrast processing by the kidneys (Browne
et al. 2004; Craig et al. 2008; Rocher et al. 1999).

4 Chronic Pyelonephritis

Longstanding, ongoing, or recurrent pyelonephritis
may as well not re-constitute to integrity of the kidney
and pelvicaliceal system, but leave typical marks
of destruction. Those marks, in turn, may be detected
at subsequent imaging examinations, including ultra-
sonography, intravenous pyelography or urography,
MDCT, and MRI. Typical features associated with
chronic pyelonephritis include renal cortical scarring,
renal cortical retraction, renal cortical atrophy, renal
contour deformity, renal atrophy, renal papillary
scarring, renal papillary destruction, renal caliceal
clubbing, renal caliceal scarring, and renal caliceal
diverticula (Fig. 10). Persistent perirenal stranding

Fig. 9 A 43-year-old HIV-positive patient with polymerase
chain reaction (PCR) tests positive for Mycobacterium-tuber-
culosis complex. Coronally reformatted MDCT of the chest
(a) demonstrates multiple miliary nodules suggestive of miliary
tuberculosis (arrows). Coronally reformatted MDCT images of
the retroperitoneum in the nephrographic phase of contrast

enhancement show partially necrotizing focus in left kidney
(arrow in b) and partially necrotizing para-aortic lymphade-
nopathy (arrow in c) suggestive of miliary spread to the left
kidney and associated lymph nodes. Urinalysis was negative for
Mycobacterium tuberculosis
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and scarring, with or without loss of perirenal fat
tissue, may be accompanying features.

Unlike renal cortical renculation, which is some-
times encountered in children and adults as a per-
sisting feature of embryonic development of the
kidneys and goes along with a lobulated outer renal
contour, with the renal cortex and capsule being
drawn inward between individual renal medullary
pyramids and their respective cortical cover, renal
cortical scarring with retraction is characterized by a
focal loss of renal cortical width and in-drawing of the
renal capsule which centers on one renal medullary
pyramid (Fig. 10). Renal cortical atrophy, with or
without contour deformity of the kidney, may be a
more generalized feature of chronic nephritis.

Renal papillary scarring, atrophy, or necrosis (see
also below) may be features of chronic ascending
pyelonephritis, when either the blood supply or the
immune mechanisms at the distal end of the renal
medullary pyramid do not withstand an infectious
process affecting the renal collecting system. How-
ever, those features may also precede chronic pyelo-
nephritis, particularly the infectious nephritic part,
e.g., in patients with renal papillary necrosis of dia-
betic or toxic origin. One hypothesis holds that the
loss of the tip of the renal medullary pyramid, which
is closest to the renal pelvicaliceal system, is associ-
ated with a loss of certain valve mechanisms that

usually prevent urine to press back from the pelvi-
caliceal system into the renal medullary collecting
tubules. Loss of the valve mechanisms thus increases
the risk of renal parenchymal involvement in cases of
ascending pyelonephritis.

Renal caliceal clubbing may occur when there is a
loss of renal medullary tissue at the tip, such that the
affected renal calyx is drawn out to fill the gap.
At imaging, particularly during the excretion of contrast
media from the renal parenchyma into the pelvicaliceal
system, the drawn-out calices demonstrate with a loss of
their typical, cup-like shape and rather show with a shape
reminiscent of a club. However, scar tissue may also lead
to focal narrowing of the renal pelvicaliceal system, and
there may be focal, pre-stenotic dilatation of the pelvi-
caliceal system. Finally, probably as a sequel of tissue
necrosis within the renal parenchyma caused either by
infection or abscess or by increased parenchymal pres-
sure and decreased blood perfusion, renal caliceal
diverticula may develop that fill with contrast media in
the excretory phase of contrast-enhanced imaging just as
the renal pelvicaliceal system does.

Perirenal stranding or scarring, which may accom-
pany acute pyelonephritis as an inflammatory reaction
within the perirenal fat tissue, may become a persistent
feature in the presence of chronic pyelonephritis.
Depending on the previous extent of active pyelone-
phritis and perinephritis, there may be a focal or even

Fig. 10 Renal cortical scarring and retraction affecting renal
parenchyma covering a renal calyx and associated renal
papillary necrosis with blunting of the renal calyx (arrows in
a and b, compare with normal renal calices, arrows in c), most

likely due to chronic pyelonephritis, with a differential
diagnosis of status post-focal renal cortical infarction. Axially
reformatted MDCT images in the nephrographic (a) and
excretory (b and c) phases of contrast enhancement
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more extensive loss of perirenal fat tissue associated
with scarring. However, in abdominal or retroperitoneal
trauma or iatrogenic injury, perirenal inflammation may
occur in the absence of pyelonephritis (Fig. 8).

4.1 Xanthogranulomatous
Pyelonephritis

Xanthogranulomatous pyelonephritis is another rare,
chronic, and granulomatous inflammatory condition
affecting structures of the kidney and pelvicaliceal sys-
tem. It may affect male and female patients of all age
groups. Lipid-containing inflammatory granulomas
along with scar tissue may develop within the renal
parenchyma, and in fat tissue of the renal sinus, hilus, and
perirenal regions. Usually, only one kidney is affected,
but loss of renal function frequently occurs in kidneys
involved with xanthogranulomatous pyelonephritis
(Browne et al. 2004; Craig et al. 2008). Recurrent bac-
terial UTI has been identified as a predisposing factor for
xanthogranulomatous pyelonephritis (Craig et al. 2008).
MDCT represents the mainstay of diagnostic imaging in
xanthogranulomatous pyelonephritis, since it provides
highly specific findings and accurate assessment of the
extrarenal extent of disease, which is essential for sur-
gical planning. (Craig et al. 2008). However, sarcoma-
tous tumor involving fat tissue within and around the
kidney, and, eventually, the kidney parenchyma, is a rare
but important differential diagnosis, due to its malignant
character (Browne et al. 2004).

5 Renal Papillary Necrosis

Papillary necrosis of the kidney is deemed to represent
an ischemic event whose origin may be infectious,
septic, toxic, vascular, or pressure-related. Infectious
and septic causes include pyelonephritis and tubercu-
losis, while toxic causes have primarily been associated
with overuse of analgesic drugs. Vascular reasons are
manifold, particularly including impaired arterial
blood supply, such as in severe or long-standing dia-
betes mellitus, impaired venous drainage, such as in
renal vein thrombosis, or impaired red blood cell
function, such as in sickle cell anemia. Increased
pressure within the renal pelvicaliceal system, such as
in obstructive uropathy, is another reason for renal
papillary necrosis. Due to the peculiar structure of their

arterial blood supply pathways and the hypertonic
environment of their tissue parenchyma, the renal
medulla, and papillae are particularly vulnerable to
ischemic necrosis (Jung et al. 2006).

It has been hypothesized that due to tissue necrosis
and loss of parenchyma at the tip of the renal med-
ullary pyramid, certain valve mechanisms fail or are
being lost that usually prevent urine reflux from the
renal pelvicaliceal system back into the collecting
tubules of the renal medullary parenchyma. Loss of
the valve function therefore predisposes to nephritic
exacerbation of ascending infection of the renal
pelvicaliceal system (see Sect. 4). Thus, infectious
pyelonephritis may not only be the cause (see above)
but also the consequence of renal papillary necrosis.

Although IVU and ultrasonography may diagnose
renal papillary necrosis, MDCT, particularly when
applied in the nephrographic and excretory phases of
imaging, may cover all of its typical features, including
clefts within the renal medullary parenchyma that fill
with contrast media, non-enhancing medullary lesions
outlined by excreted contrast media, and high-density
medullary calcifications. Papillary sloughing, i.e. the
acute process of tissue loss at the renal medullary
papillae with shedding of necrotic tissue into the pelvi-
caliceal system, may present with filling defects in the
collecting system, and, eventually, with hydronephrosis
in cases of urinary obstruction. Obstructive tissue may
include post-inflammatory calcifications. Chronic renal
papillary necrosis may show with blunting of the tip of
the renal medullary papillae, such that the typical cup- or
calyx-like appearance of the collecting system is being
lost, and with renal parenchymal scarring or atrophy
(similar to Sect. 4) (Jung et al. 2006).

6 Summary and Conclusions

While the diagnosis of UTI primarily relies on clinical
findings, including a combination of symptoms
and urinalysis, diagnostic imaging comes into play
whenever there is reason to assume a complex or
complicated course of disease. Such assumptions are
warranted when UTI frequently recurs, when it does not
respond to typical pharmacological treatment within
the expected time interval, when signs and symptoms
are unexpectedly severe or atypical, when urinalysis
returns atypical pathogens, when UTI affects an
immuno-compromised, or septic, or post-surgical, or
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otherwise severely ill host, or when there are any other
medical or environmental conditions that predispose
the patient to a complicated healing process. MDCT,
rather than ultrasonography or intravenous (excretory)
urography, has been widely accepted as the imaging
modality of choice under those conditions, due to its
wide availability and its capability of finding and
characterizing both acute and chronic infectious dis-
ease and post-infectious tissue alteration and their
respective sequels within and around the upper urinary
tract.
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Abstract

Multi-slice computed tomography (MSCT) is
frequently employed for imaging the stomach
and perigastric vasculature. The benefits of this
modality include short acquisition times, enhanced
temporal and spatial resolution, longer anatomic
coverage, and reduced image artifacts. Thin-slice
collimation protocols are implemented to acquire
isotropic volume data allowing superior multipla-
nar reformation (MPR) and three-dimensional
(3D) reconstruction of gastric images. Addition-
ally, protocol optimization enables accurate detec-
tion of complex gastric and extragastric pathology
on multi-phase imaging. This chapter will discuss
CT technique and review clinicopathological and
radiological characterization of benign and malig-
nant gastric masses, as well as inflammatory
gastric conditions. MSCT is a valuable tool for
detection, staging, surveillance, and post-treatment
evaluation of gastric disease.

1 Technique

Dual-phase (arterial and venous) IV contrast-enhanced
CT is used for diagnosis and staging of gastric tumors.
The enhancement pattern varies according to pathol-
ogy, as discussed below. Several studies have
demonstrated the utility of water as an oral contrast
agent for detecting and staging gastric cancers (Dux
et al. 1999; Rossi et al. 1997; Hori et al. 1992). Water
is inexpensive, generally well tolerated, and allows
for adequate stomach distension. In one study of 250
hydro-CT cases, Hori et al. (1992) detected 95% of
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advanced carcinomas, 93% of elevated early tumors,
and 18% of depressed early tumors. Although early
adenocarcinomas are subtle, they are relatively easier
to detect with so-called neutral oral contrast material,
which allows better visualization of subtle alterations
in contrast enhancement of tumors.

2 Gastric Adenocarcinoma

Adenocarcinoma is the most common gastric cancer,
representing over 95% of all malignant tumors of the
stomach (Fishman et al. 1996). Globally, it is the
fourth most common cancer (900,000 new cases per
year) and the second most common cause of death
from cancer (700,000 deaths annually), with inci-
dence and mortality rates approximately twice as high
in men than women (Brenner et al. 2009). However,

there is considerable geographic variation with
greatest burden of disease in East Asia, Eastern
Europe, and parts of Latin America (Brenner et al.
2009). Most patients are between 50 and 70 years of
age at time of diagnosis (Moore 1986). Risk factors
include Helicobacter pylori infection, excess salt and
nitrite consumption, smoking, pernicious anemia
(Fig. 1), gastric polyps, and Ménétrier disease (Brenner
et al. 2009; Ba-Ssalamah et al. 2003). Although the
overall five year survival rate remains below 20%, early
gastric cancers are curable with surgical resection
([90% five year survival), underscoring the impor-
tance of accurate radiographic imaging in early diag-
nosis and treatment (Ba-Ssalamah et al. 2003).

MSCT is employed for both detection and radio-
logical staging of gastric adenocarcinomas, given
its ability to accurately characterize the primary
neoplasm, assess local spread of disease, and identify

Fig. 1 38-year-old man with longstanding pernicious anemia
complicated by iron deficiency anemia due to gastric adeno-
carcinoma. Axial section (a), axial volume rendering (b) and

coronal volume rendering (c) from IV contrast-enhanced CT
show a lobulated heterogeneously enhancing polypoid mass,
with vasculature well defined on a coronal MIP rendering (d)
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nodal involvement and distant metastases. The classic
presentation of weight loss, anorexia, dysphagia,
anemia, and gastrointestinal bleeding typically man-
ifests in advanced disease when the possibility of
surgical resection is limited (Axon 2006).

Although 10% of cancers present diffusely through-
out the stomach, most lesions are localized in the gastric
antrum, body, fundus, or cardia (Ba-Ssalamah et al.
2003). The incidence of cancers in the distal portion has
declined in recent years, while proximally located
tumors seem to be on a constant rise (Brenner et al.
2009). Adenocarcinomas primarily originate from
mucous cells and only 5–15% are of the signet-ring
type associated with scirrhous infiltration of the distal
stomach (Balthazar et al. 1980).

On dual-phase dynamic MSCT, gastric adenocarci-
nomas can appear hypervascular (Fig. 1) or hypovascu-
lar (Fig. 2), depending on the histology (Johnson et al.
2010; Lee et al. 2006). Most non-signet-ring lesions show
moderate (73%) or strong (1%) enhancement patterns
(Fig. 1). Hypovascularity is associated more commonly
with mucinous histology (Lee et al. 2006). Early ade-
nocarcinomas may present as a hyperattenuating polyp-
oid mass with an intact submucosa, a hyperenhancing
thickened mucosa, or a mucosal defect (Johnson et al.
2010). The inner mucosal layer of the tumor enhances in
the late arterial phase, whereas the outer margin will peak
in enhancement during the delayed contrast-enhanced
acquisition (Chen et al. 2007).

CT is currently the staging modality of choice
for adenocarcinoma (Chen et al. 2007; Horton and
Fishman 2003; Kim et al. 2005; Kumano et al. 2005).
When using water as an oral contrast agent, gastric
tumors demonstrate focal thickening (C6 mm) or
enhancement of the gastric wall. Early gastric cancers

are limited to the mucosa or submucosa (BT1),
regardless of nodal involvement. In a T1 lesion, the
thickened inner surface of the gastric wall enhances
with contrast and the low-attenuation submucosal
layer is preserved. Invasion of the muscularis propria
and subserosa constitutes T2 disease. A T2 lesion
shows focal or diffuse thickening of the gastric wall
(Fig. 3) with disruption of the low-attenuation strip,
but a smooth outer wall border and a clear fat plane
surrounding the lesion are still present. Tumors
penetrating the serosa (T3) may have a nodular or
irregularly thickened outer gastric wall and/or peri-
gastric fat infiltration. T4 lesions obliterate the fat
plane between the tumor and adjacent organs or
extend directly into a neighboring structure.

Multiplanar (MPR) (Figs. 1, 2, 3) and 3D recon-
struction techniques provide valuable information for
characterizing gastric adenocarcinomas and preoper-
ative staging (Johnson et al. 2010; Chen et al.
2007). Chen et al. (2007) demonstrated substantial
improvement in assessing tumor invasion of the gas-
tric wall (T stage) with MPR images (89% accuracy)
compared with axial images alone (73% accuracy).
They also achieved lymph node staging accuracies
of 78% and 71% with MSCT MPR and axial
imaging, respectively. Volumetric CT has particularly
increased the detection of early adenocarcinomas
(T1 stage). In a study of 44 patients evaluated with
64-MSCT, Yang et al. (2007) detected 90% of early
tumors and 100% of advanced disease (95% accuracy
overall). Virtual gastroscopy is the creation of three-
dimensional volume rendered images, which simulate
endoscopic viewing. Studies have shown that this
technique increases sensitivity for detecting early
gastric cancer and improves sensitivity for identifying

Fig. 2 70-year-old man with poorly differentiated adenocar-
cinoma with signet-ring features involving the gastric body.
Axial image (a), sagittal MPR (b) and coronal MPR (c) from

IV contrast-enhanced MDCT show low density tumor infiltra-
tion of the gastric body with ulceration (arrow)
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malignant features of ulcers, when compared to
interpretation of 2D axial sections or multiplanar
reconstructions (Kim et al. 2007; Chen et al. 2008).

3 Gastric Lymphoma

Gastrointestinal lymphoma occurs most frequently in
the stomach, with non-Hodgkin’s lymphoma of B-cell
origin being the most common subtype (Gossios et al.
2000). However, primary gastric lymphoma accounts
for only 1–5% of gastric malignancies (Gossios et al.
2000). Mucosa associated lymphoid tissue (MALT)
lymphoma is a distinct type of extranodal B-cell

lymphoma associated with Helicobacter pylori infec-
tion and chronic gastritis (Horton and Fishman 2003).
MALT lymphoma typically has an indolent course
and an overall five year survival rate of 50–60%
(Ba-Ssalamah et al. 2003). Cases of MALT lymphoma
progressing to high-grade large B-cell lymphoma have
been reported in the literature (Chan et al. 1990).

Gastric lymphoma affects men more frequently
than women and the median age at the time of diag-
nosis is 55 years (Gossios et al. 2000). Patients may
present with epigastric pain, bleeding, early satiety, or
fatigue. An endoscopic biopsy is required for defini-
tive diagnosis. Treatment primarily involves eradica-
tion of H. pylori infection and surgical resection of

Fig. 3 65-year-old man with cancer in the gastric cardia and in
the prepyloric region. Gastrectomy disclosed moderately
differentiated adenocarcinoma invading the muscularis, and 1
positive node. Axial section (a), and sagittal volume rendering
(b) from IV contrast-enhanced MDCT show heterogeneous

enhancement reflecting tumor infiltration of the distal stomach
wall. Axial section (c) and coronal MPR (d) demonstrate the
wall thickening of the proximal lesser curvature (arrow), with
enlarged gastrohepatic ligament node (arrowhead)
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localized disease (Gossios et al. 2000). Radiation
and chemotherapy are used in treating advanced
lymphomas (Levine et al. 1997).

Gastric lymphoma is well characterized on MSCT
with five radiologic classifications: infiltrative
(Fig. 4), ulcerative, polypoid, nodular, or combined
(Ba-Ssalamah et al. 2003; Horton and Fishman 2003;
Gossios et al. 2000; Park et al. 2002). Lesions may
appear infiltrative with focal or diffuse enlargement of
gastric folds with or without luminal narrowing,
including a linitis plastica appearance. However,
this rarely results in gastric outlet obstruction.
Ulcerative lymphoma can present as shallow or
deep lesions and may have surrounding thickened,
irregular folds. Polypoid lymphoma is characterized
by an intraluminal mass with or without ulceration,
which may mimic polypoid carcinoma. The nodular
form appears as multiple, discrete, submucosal
lesions of varying sizes. Early gastric lymphoma is
on average 3.5 cm in diameter and limited to the
mucosa or submucosa, while more advanced lesions
have a mean diameter of 10 cm (Ba-Ssalamah et al.
2003; Sato et al. 1986).

The differential diagnosis should include adeno-
carcinoma, gastritis, Crohn’s disease, and peptic ulcer
disease. Features favoring lymphoma over adenocar-
cinoma are diffuse lesions in the stomach, intact
perigastric fat plane, enlarged lymph nodes on either
side of the mesenteric vessels (sandwich sign), and
extension of nodal involvement below the renal hila
(Ba-Ssalamah et al. 2003; Park et al. 1999).

4 Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GISTs) are a heteroge-
neous group of mesenchymal neoplasms that typically
originate from the muscularis propria of the gastrointes-
tinal (GI) tract (Ulusan et al. 2008). The most frequent site
of occurrence is the stomach (60–70% of cases), followed
by the small bowel (30%) (Horton et al. 2004). They are
pathologically characterized as benign, borderline, or
with low- or high-malignant potential. Although most
GISTs are benign (70–80%), the risk of malignancy is
heightened with increasing size, extragastric location
(i.e. small bowel), and spread into adjacent organs

Fig. 4 60-year-old man with
diffuse B cell lymphoma.
Arterial phase coronal MPRs
(a, b), axial venous phase
image (c) and coronal
venous phase MPR (d) show
a segment of gastric wall
with differential decreased
enhancement (arrow),
consistent with
lymphomatous infiltration
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(Horton et al. 2004; Burkill et al. 2003). While most are
found in the gastric body, lesions located in the cardia or
fundus are prone to have a more aggressive histology
(Johnson et al. 2010). Metastatic disease usually involves
liver or peritoneum, as opposed to lymph nodes (Davis
et al. 2000; Sandrasegaran et al. 2005).

Patients are typically between 50 and 60 years of
age at time of diagnosis, but familial tumors may
occur in younger individuals (Horton et al. 2004). The
clinical presentation can include GI bleeding, anemia,
abdominal pain, dyspepsia, or a palpable abdominal
mass; larger tumors are more likely to be symptom-
atic (Nishida and Hirota 2000).

MSCT is critical in diagnosis, staging, and post-
treatment follow-up of gastric GISTs. It typically
appears as a well-demarcated, heterogeneously
enhancing, exophytic mass (Figs. 5 and 6) (Johnson
et al. 2010; Sandrasegaran et al. 2005). The lesions

sometimes grow into the gastric lumen and appear as an
intraluminal mass. Small lesions (usually \3 cm)
show intense, homogenous enhancement with admin-
istration of IV contrast (Nishida et al. 2003). Gastric
GISTs commonly extend into the gastrohepatic liga-
ment, gastrosplenic ligament, and lesser sac (Horton
et al. 2004). In a study of 271 patients, Nishida et al.
(2003) found that hemorrhage and central necrosis on
CT were frequently observed in larger masses, with the
latter being most common in lesions greater than 6 cm
in diameter. Central gas, mural calcifications, and
ascites are uncommon findings (Horton et al. 2004).

CT features favoring malignancy are large ulcer-
ations, calcifications, and size greater than 5 cm
(Ulusan et al. 2008; Ba-Ssalamah et al. 2003). Benign
lesions usually have smooth borders and are limited
to the submucosa with a preserved mucosal lining
(Ba-Ssalamah et al. 2003).

Fig. 5 83-year-old woman with gastrointestinal stromal. Axial
section (a) and coronal volume rendering (b) from IV contrast-
enhanced CT show an 8.5 cm exophytic, necrotic mass arising

from the gastric fundus. Pathology revealed an uncertain
malignant potential, with \5/50 HPF mitotic figures

Fig. 6 63-year-old man with gastrointestinal stromal tumor
and pancreatic adenocarcinoma (not shown). Axial section (a),
coronal MPR (b) and coronal volume rendering (c) show a
5 cm exophytic heterogeneously enhancing mass arising from

the gastric fundus. Pathology revealed extensive hemorrhage
and degenerative necrosis and mitotic rate of \5/50 HPF,
consistent with an intermediate risk of malignancy
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5 Metastases

Gastric metastases from solid malignant tumors are
rare. In a study of 6380 autopsy cases with known
primary cancers, Oda et al. (2001) demonstrated
gastric metastases in only 5% of cases. Melanoma
was the most frequent tumor to metastasize to the
stomach (29.6% of patients), followed by breast
(11.6%), esophagus (11.5%), and lung (6.8%) (Oda
et al. 2001). Clinical symptoms that usually prompt an
upper endoscopy are anemia, bleeding, dyspepsia, and
epigastric pain (De Palma et al. 2006).

On fluoroscopy studies, metastases to the stomach
classically exhibit multiple lesions and a ‘‘bull’s-eye-
sign’’ that represents a submucosal tumor with a central
depression (Pomerantz and Margolin 1962). More than
60% of gastric metastases are solitary masses, and most
are located in the middle or upper third of the stomach
(Oda et al. 2001; De Palma et al. 2006). The majority of
lesions are hypovascular on CT. The differential diag-
nosis for hypervascular metastases (Fig. 7) should
include renal cell carcinoma and melanoma (Johnson
et al. 2010). Direct invasion into the stomach can
be seen from tumors originating in adjacent organs
(Ba-Ssalamah et al. 2003).

6 Rare Tumors

Uncommon lesions arising in the stomach, which
should be included in the differential diagnosis of
small hyperenhancing masses, are carcinoid tumors
and glomus tumors (Fig. 8). Carcinoids of the stom-
ach are rare neuroendocrine lesions (0.3% prevalence)

that originate from histamine-containing enter-
chromaffin-like (ECL) cells of the embryonic foregut
(Rindi et al. 1993). Representing 1.8% of all gastric
cancers and 7% of all carcinoids, this lesion is usually
discovered incidentally during endoscopy or CT
imaging (Pinchot et al. 2008) and are associated with
hypergastrinemia. Unlike other locations in the gas-
trointestinal tract, three clinicopathologic variants of
gastric carcinoid are recognized (Rindi et al. 1993).
Carcinoids can be single or multiple and vary in size
and malignant potential, depending on the subtype
(Johnson et al. 2010; Oda et al. 2001; Pomerantz and
Margolin 1962).

Fig. 7 63-year-old man with metastatic renal cell carcinoma.
Axial precontrast (a), arterial (b) and venous (c) phase images
from IV contrast-enhanced MDCT show a hyperenhancing

polypoid intraluminal mass arising from the gastric fundus.
(Image b reproduced with permission from Johnson et al. 2010)

Fig. 8 76-year-old man with glomus tumor incidentally dis-
covered during CT for renal calculus. Axial image from IV
contrast-enhanced CT shows hypervascular submucosal mass
(arrow) in the gastric fundus. (Reproduced with permission
from Johnson et al. 2010)
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Glomus tumors (Fig. 8) arise from proliferations
of perivascular glomus bodies, which are normal
arteriovenous shunts controlling variations in skin
temperature (Cha et al. 2000). This is a rare, sub-
mucosal neoplasm that may arise in the stomach
(Johnson et al. 2010; Kim et al. 2001). The mean age
of diagnosis is approximately 50 years, with signifi-
cant female predominance ([70% in women) (Lee
et al. 2006; Miettinen et al. 2002). Patients are gen-
erally asymptomatic, but around one-third of cases
present with acute (potentially life-threatening) or
chronic GI bleeding (Lee et al. 2006; Miettinen et al.
2002). Although most lesions are benign, tumors with
metastatic potential are described in the literature
(Lee et al. 2006; Miettinen et al. 2002).

7 Gastric Polyps

Approximately 1–4% of patients who undergo gastric
endoscopy have polyps, usually with distinct clinical
characteristics that allow for categorization in major
subclasses (Carmack et al. 2009a). Although most are
discovered incidentally, lesions may present with
hemorrhage, anemia, GERD, or dyspepsia (Carmack
et al. 2009b). The median age of diagnosis is
about 60 years, with a slight predilection for females
(Carmack et al. 2009b). Larger polyps with malignant
potential should be excised, but most are managed
conservatively and may even regress over time
(Johnson et al. 2010; Park do and Lauwers 2008).

Fundic-gland polyps, primarily associated with PPI
therapy, are now the most common type in the US,
accounting for over 70% of lesions (Carmack et al.
2009a). They can also arise sporadically or in patients
with familial polyposis syndromes (Bianchi et al.
2008). Histologically, they are characterized as cys-
tically dilated oxyntic glands lined by fundic epithelial
cells. They are usually multiple, sessile masses mea-
suring \1 cm in diameter on CT (Johnson et al. 2010).

Arising in the setting of gastritis associated with
Helicobacter pylori infection, hyperplastic (inflam-
matory) polyps are not true neoplasms and represent
about 15% of lesions (Carmack et al. 2009a).
The proportion of hyperplastic lesions is much
higher (70%) in non-industrialized regions due to
higher prevalence of H. pylori infection (Carmack
et al.2009). The risk of neoplastic transformation
within hyperplastic polyps is greater with increasing
age, size [2 cm, and location in the lower third of the
stomach; this occurs in up to 3% of lesions (Park do
and Lauwers 2008; Hizawa et al. 1995; Dean et al.
1998). On MSCT (Fig. 9), they appear as smooth,
sessile, round, or oval masses that may enhance with
administration of IV contrast (Ba-Ssalamah et al.
2003; Johnson et al. 2010). Hyperplastic polyps of
varying sizes (5–10 mm on average) are usually
multiple and clustered in the body or fundus
(Ba-Ssalamah et al. 2003; Johnson et al. 2010).

Accounting for \1% of gastric polyps in the US,
adenomatous lesions occur sporadically or in associ-
ation with familial adenomatous polyposis (FAP)

Fig. 9 66-year-old woman with Cronkhite Canada syndrome. Axial image (a) and coronal MPR (b) show numerous inflammatory
polyps throughout the stomach and colon
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syndrome, atrophic gastritis, and intestinal meta-
plasia (Johnson et al. 2010; Carmack et al. 2009b).
Adenomatous polyps are larger than the hyperplastic
type, and usually appear on MSCT as pedunculated,
solitary masses adjacent to the antrum. Larger lesions
containing carcinomatous foci (40% of cases) are ses-
sile or pedunculated, with a more lobulated contour
(Ba-Ssalamah et al. 2003).

8 Gastric Varices

Gastric varices are a prominent cause of GI bleeding,
occurring in up to one-third of patients with portal
hypertension, and have a poorer prognosis than
esophageal varices (Zhu et al. 2010). An elevated risk
of hemorrhage is associated with lesions measur-
ing [5 mm, fundal location, and advanced Child-Pugh
stage (Zhu et al. 2010). Although gastric and esopha-
geal varices tend to present simultaneously in cirrhosis,
isolated varices in the stomach may result from splenic
vein thrombosis or occlusion in cases of pancreatitis
and pancreatic cancer (Horton and Fishman 2003).

MSCT is an increasingly accepted non-invasive
alternative to esophagogastroduodenoscopy (EGD)
for detecting and characterizing gastric varices. They
appear as polypoid masses in the arterial phase
(Fig. 10), primarily along the body and fundus of the
stomach (Horton and Fishman 2003; Zhu et al. 2010)
and sometimes are mistaken for nodes or masses.

On the portal venous acquisition, discrete, enhancing
tubular lesions abutting the luminal edge of the gastric
wall or protruding into the luminal space are seen
(Fig. 10) (Johnson et al. 2010; Zhu et al. 2010).
Collateral vasculature is observed along the gastro-
hepatic ligament and left gastric vein (Horton and
Fishman 2003). In a study 127 cirrhotic patients, the
accuracy of MSCT in identifying gastric varices
exceeded 90%, and its performance was comparable
to EGD (Zhu et al. 2010).

CT angiography with 3D reconstruction delineates
gastric varices and perigastric vessels with great
precision. In a study of 33 patients by Chen et al.
(2010), fundic varices were detected in 97% of cases
and results were in close agreement with conventional
angiography. Matsumoto et al. (2001) were able to
detect 100% of gastric varices (30 patients total) using
3D CT, including four cases where posterior or
short gastric veins were only seen on CT imaging.
These studies elucidate the utility of this technique in
evaluating complex gastric vasculature in diseased
conditions, as well as anatomic variants.

9 Gastritis

Gastritis is an inflammation of the lining of the
stomach with several well-known risk factors,
including alcohol, Helicobacter pylori infection,
aspirin, non-steroidal anti-inflammatory drugs, and

Fig. 10 62-year-old man with gastric varices. Arterial phase (a) and venous phase (b) axial images demonstrate how gastric
varices (arrow) enhance during the venous acquisition, and appear as soft tissue masses during the arterial phase
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smoking. This condition is quite common and usually
presents with abdominal pain, nausea, vomiting, and
loss of appetite. Helicobacter gastritis may result in
gastric carcinoma or lymphoma, especially in those
with severe gastric atrophy, corpus-predominant
gastritis, and intestinal metaplasia (Uemura et al.
2001; Stolte 1992).

The most common CT finding is a thickened
gastric wall, which may demonstrate hypodense
regions of submucosal edema and inflammation
(Horton and Fishman 2003). Arterial phase enhance-
ment due to hyperemia appears as layering of the
gastric wall (Fig. 11) (Horton and Fishman 2003).
Lesions are most commonly found in the antrum as
focal or segmental thickening. Polypoid and lobulated
gastric folds can sometimes mimic malignant condi-
tions and may warrant biopsy (Urban et al. 1991). The
utility of 3D reconstruction techniques, including CT
gastric virtual endoscopy, has been demonstrated in
the literature and may play a key role in distin-
guishing benign and malignant conditions (Horton
and Fishman 2003; Inamoto et al. 2005).

Emphysematous gastritis is a rare, life-threatening
condition primarily resulting from gas-producing
bacteria (eg. Escherichia coli) infecting the gastric
wall (Horton and Fishman 2003). Key features on CT
are thickening of the stomach and air within the
gastric wall. The differential diagnosis for air in the
stomach wall (Fig. 12) includes gastric emphysema,
caustic ingestion, and gastric infarction.

10 Peptic Ulcer Disease

Peptic ulcer disease occurs in the setting of elevated
acid secretion, which causes ulceration of the esoph-
agus, duodenum, or stomach. Prominent, potentially
lethal, complications of lesions in the stomach are
perforation, penetration of adjacent tissue or the lesser
sac, hemorrhage, and obstruction. Risk factors include
Helicobacter pylori infection and usage of non-
steroidal anti-inflammatory drugs (Chan and Leung
2002).

Most gastric ulcers affecting only the superficial
layers are difficult to visualize on CT, but deeper
lesions with associated complications can be detected
(Fig. 13) (Horton and Fishman 2003). Gastric ulcers
are typically located along the lesser curvature or
posterior wall of the antrum or body (Ba-Ssalamah
et al. 2003). Perforation manifests as inflammatory
changes, extraluminal air, or pneumoperitoneum.
Inflammation of adjacent tissues resulting from
penetration is also observed in CT imaging.

11 Conclusion

Diseases of the stomach are common worldwide and
require early, accurate characterization for proper
clinical management. Recent advances in MSCT,
especially 3D reconstruction techniques, allow detailed

Fig. 11 45-year-old man with gastrinomas of the pancreas and duodenum. Axial (a) and coronal (b) 3D volume renderings show
thickened enhancing gastric folds consistent with Zollinger Ellison syndrome
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visualization of gastric conditions and extra-luminal
manifestations of disease. It is essential that the radi-
ologist select appropriate oral and IV contrast agents, as
well as optimize scanning protocols to delineate gastric
pathology and vascular architecture. The radiologist
should also be familiar with both common and
uncommon presentations of gastric lesions on CT to
maximize the utility of this robust technology.
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Abstract

Multidetector CT (MDCT), over the past decade,
has become the primary imaging modality for
evaluating gastrointestinal tract disorders, particu-
larly in the small bowel. MDCT offers panoramic
and high-resolution images, it is widespread
available and the technique is robust, reproducible
and accurate. Careful patient preparation is
required, because of the need for bowel distension,
achievable through the use of an enteral contrast
agent (neutral or positive) delivered either orally
(MDCT-enterography) or through a naso-jejunal
tube (MDCT-enteroclysis). Scanning protocol is
fast and thanks to new devices (automatic dose
modulator systems) and/or new image reconstruc-
tion methods (iterative algorithms) able to deliver
a very low amount of radiation, especially impor-
tant when imaging young individuals. The most
common clinical indication is represented by the
evaluation of patients with Inflammatory Bowel
Disease, both at the time of the diagnosis and in
follow-up, where MDCT is able to provide an
accurate balance of the disease: extent of the bowel
involvement, assessment of disease activity and
potential complications. The detection of small
bowel tumours is another important indication
where MDCT represents, in some cases, the only
method to investigate small bowel loops and in any
case the best method for staging neoplastic lesions.
An additional reason to perform MDCT of the
small bowel is the evaluation of malabsorption
syndromes.
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1 Introduction

Cross-sectional imaging modalities (i.e., sonography,
MDCT and MRI) have completely replaced conven-
tional X-ray barium studies in the diagnosis and
assessment of small bowel diseases. The reason is
simple: any cross-sectional imaging method offers
direct visualization of the bowel wall and does not
suffer the limitations of superimposed bowel loops
typical of projectional studies which might impair the
diagnostic process. This is a major change dramati-
cally affecting image interpretation: Radiologists are
called to shift their attention from the analysis of
mucosal profile and lumen calibre to direct evaluation
of bowel wall thickness and parietal inflammatory
changes. The outcome of this cultural radiological
challenge is radically altering management of patients
with suspected small bowel disease.

Among the different cross-sectional imaging tests,
over the past decade, MDCT has become the primary
imaging modality for evaluating gastrointestinal tract
disorders, particularly in the small bowel. MDCT
offers panoramic and high-resolution images, it is
widespread available, scanning time is fast, and the
technique is robust, reproducible and accurate.

In the subsequent paragraphs, the study technique,
with emphasis on bowel distension and enteral contrast
agents, as well as relevant clinical indications will be
discussed, trying not to forget the existence of com-
petitive techniques and discussing the respective role of
each of these techniques in different clinical settings.

2 Study Protocol

2.1 Scanning Parameters, Optimization
of Dose Exposure and Image
Reconstruction

MDCT of the small bowel requires high spatial
resolution, thus, it must be performed with scanners
equipped with at least 16 or better 64 rows or over.
The rationale is to have a wide anatomical coverage
and fast scan times to image the entire abdomen and
pelvis within a single breath-hold. The faster the
scanner, the better the image quality because of
freezing of motion and, in particular, peristaltic
artefacts.

Imaging protocol includes the use of the thinnest
detector collimation (0.6–1.0 mm) available on the
scanner with a reconstruction interval of 1.0–1.5 mm.
Thin collimation maximizes the quality of reformatted
images, because it allows to acquire isotropic voxels,
which is necessary to generate high quality multiplanar
reformats. Coronal and sagittal reformatted images are
particularly useful in the evaluation of fistulas or
abscesses as well as complex structures as tumours or
extraenteric abnormalities (Jaffe et al. 2007). Since the
evaluation of mesenteric vessels is also extremely
important, in this setting the use of maximum intensity
projection (MIP) algorithm is particularly helpful.

Scanning parameters are of paramount importance
to optimize dose exposure (McCollough et al. 2006).
In fact, most of the patients undergoing MDCT of the
small bowel are young, thus, the potential risk derived
from radiation exposure is cumbersome (Brenner and
Hall 2007). Although risk of radiation-induced cancer
at low dose exposure has not been proven and the
debate is still on going, radiological societies are
convinced that radiation doses should be kept as low
as reasonably achievable (ALARA principle) to
maximize patient benefit and reduce potential harm.
Several strategies can be applied to minimize radia-
tion exposure. The most commonly used dose
reduction technique is the automatic tube current
modulation (ATCM) technique (Leng et al. 2010),
adjusted according to regional body anatomy, to
maintain a constant image quality regardless of
patient size. Tube voltage is another fundamental
parameter to be optimized because it has been dem-
onstrated that by using lower kV values the radiation
burden is reduced (Kalra et al. 2002). There is an
exponential relationship between kilovolt and radia-
tion dose; dose is reduced by the square of the tube
voltage change, and image noise is approximately
inversely proportional. A standard tube voltage of
120 kV can be used for patients with body mass index
(BMI) higher than 25–100 kV for patients with a BMI
lower than 25 (McCollough et al. 2009).

Recently, new methods to reduce dose exposure
have been developed based on iterative reconstruction
algorithm. This algorithm, differently from the current
reconstruction method, the filtered back projections,
has the potential to reduce image noise on low dose
images preserving and enhancing image quality. This
method can be modulated according to the percentage
of desired dose reduction; as a drawback the higher
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the percentage used, the longer, up to more than 30%,
the time required for image reconstruction (Silva et al.
2010).

2.2 Intravenous Injection of Contrast
Medium

The use of IV contrast media (CM) is somewhat
crucial for the assessment of inflammatory and
neoplastic small bowel diseases. In particular, among
the most important findings to be evaluated are bowel
wall enhancement pattern and mesenteric vessels
whose quality depends respectively on parenchymal
and vascular enhancements. Vascular enhancement is
directly influenced by the Iodine delivered per second
(Iodine Delivery Rate; IDR), while parenchymal
enhancement is proportional to the total volume of
Iodine administered to the patient. These parameters
should be optimized according to patients’ charac-
teristics, in particular lean body weight (LBW).
To obtain an effective parenchymal enhancement,
around 600 mg of iodine should be injected per kg of
LBW. As an example a regular man of 70 kg has
around 15% of body fat, thus, his lean body weight is
around 59 kg and 35.4 gr of iodine (101 mL using a
CM with a concentration of 350 mgI/mL) should be
injected. While a male individual of the same weight
but obese has around 32% of body fat, thus, only
82 mL of CM are needed (LBW: 47.6 kg; total iodine
dose: 28.5 gr).

Vascular enhancement should also be optimized
according to patient size. Flow rates for contrast
medium with different iodine concentrations and
TBW are suggested in Table 1.

These values can be virtually obtained with any
concentration of contrast medium according to the
following formula:

IDR = ([I]/1000) * FR
where [I] is the contrast medium concentration

(expressed in mgI/mL) and FR is the injection flow
rate.

Referring to the previous example for a man of
70 kg an IDR of 1.6 gI/sec, thus, a 350 CM should be
injected at 4.6 mL/sec.

Another fundamental factor, affecting both vascular
and parenchymal enhancement, is the synchronization
between CM injection and bolus arrival in the vas-
cular region of interest (CM Transit time; tCMT).
Many CT scanners have an automatic bolus triggering
software built into their system. This method consists
in real-time detection of bolus by placing a circular
ROI into the target vessel on a non-enhanced image.
After 5–10 s from the start of the CM injection,
a series of low-dose sequential scans are acquired
every 1–3 s, whereas the attenuation within the ROI is
monitored or inspected visually. The tCMT equals the
time when a predefined enhancement threshold is
reached (e.g., 100 HU), plus a diagnostic delay,
which should be determined according to the specific
organ to be studied. The diagnostic delay is the time
between the reach of a predefined enhancement
threshold and the start of the MDCT acquisition; it
depends on the scanner model and on the longitudinal
distance between the monitoring series and the start-
ing position of the actual MDCT series. For the
acquisition of the enteric phase a diagnostic delay of
14 s should be used (Schindera 2007). Usually a
second acquisition, with a delay of 75 s after intra-
venous injection of contrast material is obtained in

Table 1 Suggestions for injection flow rates of contrast medium, with different iodine concentrations, according to TBW

Iodine concentration (mgI/ml) TBW \55 56–65 66–85 86–95 [95

IDR (gI/sec) 1.2 1.4 1.6 1.8 2.0

300 FR (ml/sec) 4 4.7 5.3 6 6.7

320 3.7 4.4 5 5.6 6.2

350 3.4 4 4.6 5.1 5.7

370 3.2 3.8 4.3 4.8 5.4

400 3 3.5 4 4.5 5

TBW total body weight, IDR iodine delivery rate, FR flow rate
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order to have a precise evaluation of other abdominal
organs.

2.3 Small Bowel Distension

Bowel distension is a fundamental requisite for any
imaging method of the small intestine, as revealed by
decades of experience with X-ray barium studies. In
fact, a collapsed bowel loop can hide lesions or
simulate pathological wall thickenings. The presence
of a lesion generating small bowel obstruction creates
a natural distension of the lumen and the possibility of
examining the patient without the need for any
previous preparation. In contrast, the relative collapse
of bowel loops, both in standard conditions and in
different non-obstructive pathologies, has led
researchers to study a variety of methods of luminal
distension.

Today, there are two main approaches to MDCT of
the small bowel: (1) Study following oral adminis-
tration of contrast material (‘‘MDCT enterography’’);
(2) Study with distension of the lumen obtained with
contrast material introduced through a naso-jejunal
tube (‘‘MDCT enteroclysis’’). Before entering into the
details of the two techniques, a brief review of major
contrast agents for small bowel study is provided.

2.3.1 Enteral Contrast Agents
Different types of enteral contrast agents are used to
obtain a proper distension of the small bowel loops.
According to their density they can be classified into
neutral (with density similar to water, 0–10 HU),
positive (with high density, [100 HU) and negative
(with low density, \0 HU).

Neutral contrast agents, which possess X-ray
attenuation similar to water, are preferred for most of
the clinical indications. In particular the association
with intravenous iodinate contrast allows a better
depiction of wall enhancement thanks to the higher
attenuation difference with the hypodensity of the
lumen. This is particularly important for the evalua-
tion of IBD and neoplastic diseases or when angiog-
raphy-like 3D reconstructions are required
(Minordi et al. 2009). Although water is the safest and
cheapest agent, it suffers the limitation of intestinal
absorption, which compromises an adequate disten-
sion of the distal ileum in a large number of patients
(Winter et al. 1996). To minimize absorption, water is

usually mixed with high molecular size compounds
which do not alter water density and taste. Thus,
neutral contrast agents are mainly water solutions of
osmotic compounds such as polyethylene glycole
(PEG), mannitol, sugar alcohols or sorbitol. Lately a
neutral oral contrast agent, a low concentration
barium sulphate (0.1%) containing sorbitol, has been
expressly developed for CT enteral studies (Maglinte
et al. 2007).

Positive contrast agents, which have high X-ray
attenuation, are usually a mixture of barium sulphate
(1–2%) or iodinate contrast agents (2–3%). These
enteral agents are preferred for all the situations
where high intraluminal density is recommended such
as the evaluation of perforations or fistulas, as com-
plication of Crohn’s disease, or for the evaluation of
intraluminal masses, such as polyps or tumours
(Kambadakone et al. 2010). Because the high intra-
luminal density reduces contrast resolution with
enhancing structures, these contrast agents are con-
traindicated when the evaluation of wall enhancement
patterns is required as in IBD. On the other hand
positive CM can be used when intravenous contrast
agents do not influence disease conspicuity or in the
setting of difficult intravenous access or renal failure.

Negative contrast agents have also been developed
but for several limitations they are not routinely used.
Oil emulsions provide lower density values than
water, but their taste, which reduces patient’s accep-
tance, and the high cost are the main limitations. Air
administration, either orally through delayed-release
effervescent substances or rectally, for the study of the
terminal ileum, has produced satisfactory results in
the demonstration of intraluminal and mural diseases,
but the excessive difference between its density
(2,800 HU) and enhancing intestinal wall
(100–135 HU) often generates artefacts, which limit
the clinical use (Minordi et al. 2011).

2.3.2 Enterography: Technique
MDCT enterography consists in the oral administration
of a contrast agent in an adequate amount. Usually for an
average size adult the dose is around 1,500–2,000 mL
of enteral contrast agent. Optimal timing of the
administration is fundamental. It is likely easier for the
patient to ingest the oral volume over a longer period of
time. However, if ingested over too long a period, the
contrast material may be in the colon and if insufficient
volume is ingested, a suboptimal small bowel distention
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limits CT enterography examination. (Macari et al.
2007). This is the reason why contrast agent is usually
divided into three aliquots administered starting around
60 min before CT scanning.

In order to minimize motion artefacts, a spasmo-
lytic agent is administered intravenously immediately
before the examination, whilst the patient is lying on
the table inside the scanner room (Fletcher 2009). The
two agents mainly used in clinical routine are gluca-
gon and hyoscine N-butylbromide. Their effect, fol-
lowing an intravenous injection, starts approximately
30 s after the administration. One milligram of
glucagon is enough to reach the desired effect while
around 40 mg of hyoscine N-butylbromide is needed
to achieve the same results. Some experiences in the
literature found glucagon to have a more reliable and
longer effect (Froehlich et al. 2008).

2.3.3 Enteroclysis: Technique
MDCT enteroclysis is a method developed in the early
1990s in which variable amounts of low density
(methylcellulose or water) or high-density (4–5%
sodium diatrizoate, 1% barium sulphate) contrast
material are infused by hand or by a peristaltic pump
through a naso-jejunal tube before the CT scan. Manual
infusion is limiting because the distension is better
when the peristaltic pump is used, even if its use does
not always allow optimal distension of the entire bowel
loops (Maglinte et al. 2007; Mako et al. 2000).

The placement of the naso-jejunal tube is per-
formed under fluoroscopic guidance in order to avoid
a time-consuming procedure inside the CT scanner.
It is also advisable to use a tube with an anti-reflux
balloon, in order to prevent duodeno-gastric reflux.

Volume and infusion rate is crucial for the success
of the examination, as it is the case in conventional
enteroclysis (Rajesh et al. 2006). Volume is variable
among different subjects, ranging between 1500 and
3000 ml. Infusion rate varies between 80 and 150
ml/min. The use of spasmolytics to reduce abdominal
discomfort is controversial, since higher infusion rates
(in the order of 200 ml/min) induce natural small
bowel reflexive atony without the need for any
pharmaceutical (Minordi et al. 2006).

2.3.4 Enterography Versus Enteroclysis
The choice between enterography and enteroclysis has
always represented a matter of discussion, since the
times of conventional X-ray studies (Ott et al. 1985).

From a purely technical point of view, there is no
doubt about the superiority of intestinal distension
obtained with enteroclysis, particularly if considering
jejunal loops (Soyer et al. 2009; Colombel et al. 2006;
Elsayes et al. 2010). But, on the other side, it cannot be
forgotten the invasiveness of intestinal intubation and
the relatively poor patient acceptance, especially in
those individuals who require multiple repetitive
examinations, as in the case of complicated Crohn’s
disease. Moreover, intestinal intubation requires
specific radiological expertise and it must be performed
under fluoroscopic guidance: as a consequence an
additional exposure to ionizing radiations is delivered
to patients and considerations about a smooth workflow
to combine the schedule of fluoroscopy and MDCT
rooms are necessary (Dave-Verma et al. 2008).

From a clinical point of view, there are some clear
clinical evidences showing that both tests, enterog-
raphy and enteroclysis, have similar accuracy and
reproducibility in the evaluation of ileal Crohn’s
disease, which is probably the most common indica-
tion to perform a cross-sectional study of the small
bowel (Negaard et al. 2007; Kerr 2008; Dave-Verma
et al. 2008). This is the reason why enterography
represents now, in most centres, the first approach to
the study of the small bowel, particularly in patients
affected by IBD. But it is also true and definitely clear
that ‘‘unless enteroclysis is performed, there is no oral
contrast material that adequately distends the small
intestine if the small bowel has not already been
distended by an inflammatory process or other
obstructing abnormality’’ (Maglinte et al. 2000).
Consequently, in selected cases, and especially when
a non-obstructing small bowel tumour is suspected,
enteroclysis represents the imaging modality of
choice.

3 Clinical Indications

3.1 Inflammatory Bowel Diseases (IBD)

The initial diagnosis of IBD is based on a combina-
tion of clinical, laboratory, histologic and imaging
findings. No single diagnostic test allows unequivocal
diagnosis. Therefore imaging plays a critical role in
the initial diagnosis of IBD by providing evidence of
the presence and the extension of disease (Patak et al.
2005; Mackalski and Bernstein 2006).

Small Bowel 287



Additionally, imaging characteristics and distribution
provide supportive evidence for distinguishing CD
from other entities, like ulcerative colitis. In the past
decade, many new therapeutic strategies have been
developed to allow gastroenterologists and surgeons
to treat all forms of IBD (Glick 1987). The success of
these treatments depends on accurate diagnosis of the
nature and extent of disease. Currently, MDCT of the
small bowel has a potential impact on three aspects of
patient care: diagnosis, management, and long-term
surveillance.

3.1.1 Spectrum of Findings
In MDCT of the small bowel, two major criteria for
the diagnosis of CD are the degree of mural thick-
ening and the pattern of mural enhancement.
Secondary findings are the site and number of
abnormal altered bowel segments, presence of fibro-
fatty proliferation (increased attenuation value of
mesenteric fat to 20–60 HU), vascular engorgement
(comb sign), lymphadenopathy and presence of
complications such as stenosis, fistulas and abscesses
(Minordi et al. 2009) (Table 2) (Fig. 1). The normal
wall thickness of the small intestine is between 1 mm
and 3 mm, so any portion of the bowel wall exceeding
4–5 mm is considered abnormal (Macari and Bal-
thazar 2001). The presence of well-distended loops is
fundamental to evaluate accurately both wall thick-
ening and wall enhancement because non-dilated
loops are potential source of pitfalls, mimicking
affected loops and hiding fistulas, abscesses or
enlarged lymph nodes (Fig. 2). CT imaging is able to
detect early inflammatory changes of the bowel wall,
based on enhancement following intravenous injec-
tion of contrast medium. There are two patterns of
enhancement of a pathologic bowel segment:
‘‘homogeneous’’ and ‘‘stratified’’. Homogeneous
enhancement is a diffuse transmural enhancement
with no recognition of different bowel layers.
A stratification of the bowel wall (the so-called
‘‘target’’ or ‘‘double halo’’ appearance) is related to
mucosal enhancement with hypoenhancing outer
layer (Fig. 2). The target sign was first described as a
specific sign for CD (Frager et al. 1983), but it is now
recognized that any non-neoplastic condition may
lead to a target appearance in the small bowel.
Common causes include CD, infection, ischemia,
radiation enteritis, angioedema and hemorrhage (De
Backer et al. 2001; Macari et al. 2003). When a target

sign is visualized on CT, the differential diagnosis can
be narrowed by observing the degree of thickening,
the length of the abnormal segment, associated
imaging abnormalities and the clinical history.
Another criterion used to evaluate an abnormal small
bowel loop is the length of involvement. Determina-
tion of the length of involvement is particularly
facilitated by using coronal multiplanar reformatted
and 3D volume-rendered images obtained with
MDCT (Fig. 3) (Caoili and Paulson 2000). Finally,
the location of the abnormality should be determined
(Boudiaf et al. 2004).

3.1.2 Assessment of Disease Activity
and Complications

Classification of disease activity based on imaging
criteria divides CD into different subtypes: active
inflammatory, fibrostenotic, fistulizing/perforating
and reparative (Wold et al. 2003). An assessment of
disease activity is extremely important, given its
influence on the choice of therapy. Mural thickening
and mural enhancement associated with at least one of
extra-enteric findings such as increased attenuation of
the perienteric fat, the comb sign and complications
like fistulas have been reported to indicate active
inflammatory CD (Fig. 4) (Zissin et al. 2004). Wall
thickening is found in 82% of patients with CD and
homogeneous and symmetrical wall thickening are
reported in patients with active disease (Madureira
2004). The most sensitive visual CT finding of Crohn
disease activity is wall enhancement, with a reported
sensitivity between 73 and 80% (Hara et al. 2006).
When acute inflammation is present, the thickened
wall often shows the target sign in which the inter-
mediate low-density ring represents submucosal
edema or fat, while the inner ring of mucosa and the
outer ring of muscle layer and serosa show intense
enhancement (Kelvin and Herlinger 1999) (Fig. 5).
It is also necessary to evaluate the grade of
enhancement; in fact if the enhancement is mild and
the attenuation is similar to muscle, it should be
considered as chronic inflammatory conditions. The
milder homogeneous enhancement in these cases is
likely related to the development of fibrosis
(Macari et al. 2007). Mesentery is frequently involved
in active inflammation and CT allows to evaluate the
different types of mesenteric processes that cause
separation of loops such as fibro-fatty proliferation,
vascular engorgement on the mesenteric side of the
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bowel and mesenteric lymphadenopathy. Chronic
inflammation of the mesenteric fatty tissue induces a
proliferation of the fat tissue itself together
with a fibrotic component that is called fibro-fatty

proliferation; it is visualized as increased attenuation
value of mesenteric fat with a loss of the normal sharp
interface between the bowel wall and mesentery
(Maglinte et al. 2003).

Table 2 Spectrum of findings

CT findings Notes Type

Wall thickness ([5 mm) Transmural and segmental wall thickening (skip lesions)
Target or sandwich appearance in axial and longitudinal projection
respectively. D.D. Lymphoma presents bulky nodular wall thickening
(thickness [ 1 cm) because of cell proliferation

All type

Cobblestoning Intersecting deep longitudinal and transverse ulcers with intervening
protruding edematous mucosa

–

Mesenteric fat stranding Transumral extension of the inflammation along the adjacent mesentery of an
inflamed bowel loop When present, it is typically associated with bowel wall
edema and intense enhancement

Active
inflammatory
subtype

Comb sign It corresponds to increased mesenteric vascularity and results from vascular
engorgement of vasa recta. It usually depicted at mesenteric borde of a
diseased loop. It resembles the teeth of a comb

Active
inflammatory
subtype

Layered wall
enhancement

Trilaminar appearance, with enhanced outer serosal and inner mucosal layers
and an inter-posed submucosal layer of lower attenuation (submucosal
edema)

Active
inflammatory
subtype

Homogeneous diffuse
wall enhancement

Represents transmural inflammation, manifesting as intense homogeneous
enhancement affecting the entire wall thickness

Moderate chronic
inflammatory

Inhomogeneous diffuse
wall enhancement

Low-entity inho-mogeneous enhancement is often seen in fibrosis Chronic
inflammation.
Fibrosis

Lymph nodes Enlargement and homogeneous enhancement are highly suggestive of active
disease. Usually located along the vascular supply of affected segment. No
enhancement suggests alternative diagnosis (necrotic caseating node in TBC)

–

Pseudosacculation
Pseudodiverticula

Fibrosis and retraction of the diseased mesenteric wall lead to apparent
dila-tation of the opposing normal bowel wall

Longstanding
inactive subtype

Fat wrapping (fat
hypertrophy)

Increased mesenteric fat producing a mass effect. It frequently involves the
mesenteric border even if it may encircles the diseased loops

Longstanding
inactive subtype

Submucosal fat
deposition

Usually associated with longstanding inactive Crohn Disease. It has to be
distinguished from mural stratification and submucosal fibrosis (overlapping
HU values)

Longstanding
inactive subtype

Stenosis To distinguish between reversible and irreversible stricture is the hallmark. Complication
Fibro-stenotic
subtype

Fistulas Deep transmural ulcers that ultimately communicate with an adjacent
epithelial surface

Complication
Fistulizing/
perforating
subtype

Sinuses A blind-ending tract that arises from bowel but does not reach another
epithelial surface. It is often associated with abscess

Complication
Fistulizing/
perforating
subtype

Abscess It is a well-defined, encapsulated, collection of pus. Heterogenus content such
as solid, fluid and gas components

Complication
Fistulizing/
perforating
subtype
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The ‘‘comb sign’’ arises from the combination of
vascular engorgement of vasa recta and fibro-fatty
proliferation and it is demonstrated as multiple
tubular, tortuous opacities on the mesenteric side of
the ileum, aligned as the teeth of a comb (Fig. 6)
(Madureira 2004). Mesenteric lymphadenopathies,
ranging in size between 3 and 8 mm, are well
depicted with MDCT: when lymph nodes are multiple
and larger than 10 mm, lymphoma and carcinoma
should be excluded (Gore et al. 1996).

Common complications of CD include stenosis,
fistulas and abscesses. A stenosis is present when
wall thickening determines a luminal narrowing;
stenosis may be due to acute inflammation, spasm
or chronic fixed lesions and it causes a dilatation
upstream. It is important to determine the degree of
small bowel dilatation because generally stenosies
caused by active inflammatory determine little
upstream bowel dilation while strictures caused

by chronic disease cause more significant dilation
(Figs. 7, 8).

3.1.3 Clinical Role of Different Imaging
Modalities

Diagnostic imaging plays a major role in the decision-
making process of patients affected by IBDs. Several
techniques are available, including X-rays studies,
capsule endoscopy, US, MDCT and MRI.

A residual role for X-ray exams is in the emer-
gency setting, when a plain film of the abdomen can
be fundamental for a prompt diagnosis of bowel
obstruction or perforation, referring the acute patient
for emergency surgery.

For elective patients, dedicated studies are needed.
Traditional barium examinations (i.e., small bowel
follow-through and enteroclysis) have completely lost
any interest since they have been completely replaced
by cross-sectional imaging modalities. The advantage

Fig. 1 Contrast-enhanced axial (a) and coronal (b, c, d) CT
scan show Crohn disease ‘‘skip’’ involvement of ileum
(arrows). The multiple segmental thickenings (arrows) of

small bowel wall present alternating layers of higher or lower
attenuation in a concentric pattern

Fig. 2 Contrast-enhanced axial (a), coronal with MIP (b) and coronal (c) CT image showing mural ‘‘skip’’ lesion thickening of
ileum (arrow) with submucosal edema and dilated proximal loops
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of cross-sectional imaging is in the possibility to study
the bowel wall, and not only the lumen, as well as the
peri-intestinal extension of the inflammatory process.

Among the cross-sectional imaging modalities, US
is a first-line examination, often performed by clini-
cians during the first visit of the patients, in order to
confirm a suspected diagnosis. US is easily accessible,
widely available and relatively inexpensive. The use
of Doppler-US might provide helpful additional
information about IBD, particularly about the degree
of disease activity. Using Doppler-US vascularity of
the bowel wall can be assessed according to the
intensity of colour signals and/or by the analysis of
Doppler curves (measurement of resistive index)
obtained from vessels detected within the bowel wall
(Migleddu et al. 2008). However, these changes in
wall vascularity are due to large arteries feeding the
microvascular bed and therefore resolution for slow
flow is limited. This is the reason why there is no
clear correlation between the extent of vascularisation
visible by Doppler techniques and clinical scores of
disease activity (Drews et al. 2009). Moreover, even
chronic inflammatory changes can show an increased
vascularisation. Contrast-Enhanced Ultrasound
(CEUS) is rapidly entering the field of bowel US in
order to assess perfusion abnormalities in the bowel
wall, especially in CD (Weskott 2008). The hallmark
of active CD is not only an increased parietal macro-
vascularisation, but also proliferation of microvessels,
clearly detected by CEUS.

Despite technological advances, CD localized in
duodenum, jejunum, distal sigmoid colon and rectum
is often missed by US because of inherent difficulties.
And the contrast resolution of US is not high enough
to permit the detection of extramural extent and
complications of CD (Marmo et al. 2005). Moreover,
US lacks panoramic evaluation of the bowel loops,
preventing a complete assessment of the disease.

MR and CT are accepted more and more as first-
line modalities for the evaluation of suspected IBD
(Schreyer et al. 2004; Chiorean et al. 2007). While in
the USA the technique of choice is CT, in Europe the
focus is more on MRI. Each technique has unique
advantages and limitations in clinical practice. MR of
the small bowel offers a perfect evaluation of CD and
its complications such as fistulas and abscesses; it has
the unique advantage of the lack of ionizing radiation
and the possibility to be performed without intrave-
nous injection of contrast material in patients with
impaired renal function. Limitations of MR include
longer examination time, higher cost and lower
availability. Moreover, MR is not suitable in severely
ill patients because of breathing artefacts resulting in
blurred images.

MDCT of the small bowel is more widely avail-
able and cheaper than MR enterography; examination
time is extremely fast and multiplanar projections
improve the detection of extramural complications
(Paulsen et al. 2006). MDCT has been shown to
change the management of CD in 28% of patients,

Fig. 3 Contrast-enhanced axial (a), coronal (b) and sagittal (c) CT image showing mural thickening of ileum (arrow) with
submucosal edema and mesenteric hypervascularity (‘‘comb sign’’) indicated active disease
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while MDCT enteroclysis changed the management
in 62% of patients with symptomatic CD (Turetschek
et al. 2002). Despite the fact that CT enterography is a

very accurate technique and is used in many institu-
tions, its role in IBD is limited by the ionizing radi-
ation, especially because of the repetitive use for

Fig. 4 Contrast-enhanced axial, sagittal and coronal reformat-
ted CT scans demonstrate luminal narrowing at the distal ileum
in a relatively long bowel segment (arrows) associated with

prominent dilated proximal loops in a patient with previous
surgery for Crohn disease. The wall of the involved segment
has a stratified appearance, typical of recurrence of disease
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follow-up in young individuals. On the other side,
although MRE is the favoured examination for
assessing the small bowel in young patients with CD,
a routine abdominal CT is first performed in patients
with known CD and suffering from abdominal pain
(Schreyer et al. 2010).

3.2 Small Bowel Tumours

Primary neoplasms of the small bowel are quite
uncommon, representing only about 3% of all neo-
plasms of the digestive tract, although the small
bowel accounts for more than 90% of the intestinal
mucosal surface (Good 1963). Patients may present
with aspecific symptoms such as pain, obstruction,

bleeding, anorexia, weight loss, perforation or
jaundice. The nonspecific nature of these symptoms
and the lack of reliable clinical findings provides that
most small bowel tumours are not diagnosed until
complications occur with associated significant delay
in the diagnosis (Maglinte et al. 1991; Ciresi and
Scholten 1995). Many studies have been proposed for
the investigation of small bowel tumours, and thanks
to recent technical improvements of MRI and MDCT,
the radiologist plays a major role in the detection of
small bowel tumours due to the fact that CT has been
shown to demonstrate abnormalities associated with
small bowel tumours in 90% of patients (Minardi
et al. 1998; North and Pack 2000; Ramachandran
et al. 2007). The best visualisation of small lesions is
achieved with CT enteroclysis. Lipoma accounts for

Fig. 5 Contrast-enhanced axial (a) and coronal (b) CT image
show recurrent Crohn disease with prominent, strongly
enhanced mural thickenings and intense surrounding fibrofatty
proliferation (arrows). Ultrasound (c) demonstrates wall

thickening characterize by hypervascularity and vessels
engorgement due to inflammation. Barium enema (d) image
showing stenosis of distal ileal loop suggestive for crohn
recurrence
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Fig. 6 Contrast-enhanced axial (a), coronal (b) and sagittal
(c) reformatted CT scans clearly showing bowel wall thicken-
ings at the distal ileum (arrows). The thickened wall has a
stratified appearance. Increased mesenteric vascularity known

as ‘‘comb sign’’ (curved arrow) and several lymphadenopathies
(arrowhead) are evident around the involved segment. These
findings are suggestive of active lesions from Crohn disease

Fig. 7 Contrast-enhanced axial (a, b) and coronal (c) CT scan
showing recurrent Crohn disease some years following surgical
resection. Images show mural thickenings (arrow) involving

adjacent small bowel loops and severe dilatation of a proximal
loop (star). The presence of entero-enteric fistula (arrowhead)
and surrounding fibrous tissue are clearly visible

Fig. 8 Contrast-enhanced axial (a) and sagittal (b) CT scan of the lower pelvis show a diseased segment of the distal ileum
(arrow) with stratified mural thickening, mural ulceration and fibrofatty proliferation (arrowhead)
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the most frequent benign polypoid lesion easily
recognizable on MDCT due to the presence of a
polypoid lesion with fat density (Fig. 9). Adenocar-
cinoma represents the most common small bowel
tumours, followed by carcinoid tumor, lymphoma and
gastrointestinal stromal tumor. Adenocarcinomas
assume a variety of shapes but are generally located in
the proximal small bowel appearing as a focal intra-
luminal mass or as small bowel wall thickening usu-
ally associated with an increased mural enhancement
(Fig. 10). A pedunculated mass with exoenteric
appearance and arterial hypervascular enhancement is
strongly suggestive of gastrointestinal stromal tumour
(GIST) (Fig. 11) whilst a mass with extraluminal
appearance and several locoregional lympahedenop-
aties is strongly suggestive for lymphoma. The pres-
ence of polypoid lesion or endoluminal polypoid
filling defect with hypervascular enhancement on
arterial phase is suggestive of the presence of carci-
noid tumour (Fig. 12). When the presence of small

bowel tumor is suspected, the use of MDCT offers the
unique simultaneous advantage of a panoramic view
of the entire gastrointestinal tract as well as the
evaluation of abdominal organs.

3.3 Malabsorption Syndromes

Malabsorption syndromes, and among them celiac
disease, are another possible indication for MDCT
imaging of the small bowel (Minordi et al. 2006;
Boudiaf et al. 2004).

Celiac disease is a chronic inflammatory disease
affecting the GI tract of genetically predisposed sub-
jects. It is relatively common in European countries,
with an incidence in the order of 1 case for every 250–
300 people. The role of diagnostic imaging in celiac
disease is usually limited since the diagnosis is obtained
by jejunal biopsy (Green and Cellier 2007). However, it
is well known that 75% of patients present with

Fig. 9 Axial (a), coronal (b) and sagittal (c) CT image showing, within the last small bowel loop, a well-circumscribed ovoid
mass with fat attenuation (arrow) and short stalk (arrowhead), suggestive for lipoma

Fig. 10 Contrast-enhanced axial (a), coronal (b) and sagittal (c) CT scan of the abdomen show a stenosing lesion (arrow) of distal
mall bowel loop with severe and diffuse dilation of proximal small bowel loops due to the presence of small bowel adenocarcinoma
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radiologically detectable abnormalities represented by
intestinal athonia, changes of mucosal fold pattern
(ileal jejunalization and the so-called reversal fold
pattern) (Fig. 13), and that radiological examinations
may be useful to detect complications such as intestinal
intussusception; MDCT is an useful tool both for
diagnosis and follow-up, since it is able to provide,

uninvasively, morphologic information such as bowel
dilatation, ileal jejunization, jejuno-ileal reversal pat-
tern and, at the same time, extra-intestinal findings such
as mesenteric vascular congestion, lymphadenopathies
and hyposplenism (Tomei et al. 2005).

Intestinal atonia is an aspecific sign of intestinal
disease; it presents as diffuse dilatation (greater than

Fig. 12 Contrast-enhanced axial (a) and coronal (b) CT image show a small hyperenhanced nodular lesion (arrow) of the small
bowel wall suggestive for GIST. Note how the lesion (arrow) is better appreciable on arterial phase (a) than in venous phase (b)

Fig. 11 Contrast-enhanced axial (a, b), coronal (c, d) and
sagittal (e) CT image showing a well circumscribed hyper-
enhanced submucosal mass (arrow) extending exophytically
from small bowel loop and related to GIST. Contrasted

enhanced axial CT image shows the presence of a short stalk
(curved arrow) connecting the exophytic mass to small bowel
wall
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3 cm) of the small intestine without the evidence of
any obstructing lesion. The most specific signs of
celiac disease are the alterations of fold pattern: a
decrease in the number of mucosal jejuneal folds
(less than three per inch) and an increase of ileal
mucosal folds (over four per inch) is the so-called
‘‘ileal jejunization’’. A smooth appereance of jejuneal
mucosal profile together with ileal jejunization is
known as ‘‘reversal fold’’ pattern (Tomei et al. 2000).

Complications of celiac disease are represented by
transient intestinal intussusception secondary to
intestinal atonia. (Kim et al. 2006). MDCT appear-
ance is the so-called ‘‘double halo’’ or ‘‘target’’ sign,
with different stratified layers representing bowel wall
and peritoneal fat tissue (Horton et al. 2003).

An extra-intestinal finding of celiac patients is
represented by mesenteric adenopathies. The evalua-
tion and follow-up of enlarged nodes in celiac patients
non-responding to gluten-free diet is a radiological
challenge considering that a few number of celiac
patients might develop lymphoma (Jones et al. 1984).

4 Conclusions

MDCT is a powerful tool in the evaluation of different
small bowel diseases. Adequate technique is manda-
tory, in particular optimal luminal distension, to be
achieved either with oral ingestion of a large volume of
neutral enteric contrast material or through naso-jejunal
intubation. The main indication is the assessment of
Crohn’s disease, followed by detection of small bowel
tumours and evaluation of malabsorption syndromes.
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Abstract

The advent of MSCT represented a real turning
point in the field of CT image acquisition and
processing, particularly because of the innovative
volumetric study by three-dimensional images.
MSCT holds several advantages as compared with
single-slice spiral CT. Indeed it allows to drasti-
cally reduce the scan time, motion artifacts (i.e.,
vascular pulse, breathing, peristalsis), radiation
exposure, and intravenous dose of contrast med-
ium, while yielding, at the same time, higher
spatial resolution. An important application of
MSCT concerns the assessment of colon. In
particular, the advent and wide spread of CT
colonography has resulted in a substantial favor-
able impact on the diagnostic approach to polypoid
lesions and colorectal cancer. This chapter aims to
review the most important imaging findings of CT
imaging of the colon including CT-colonography
and describes the current standards of acquisition
techniques and image interpretation.

1 Introdution

The advent of Multislice Computed Tomography
(MSCT) in 1998 represented a real turning point in the
field of CT image acquisition and processing, particu-
larly because of the innovative volumetric study by
three-dimensional images. MSCT holds several advan-
tages as compared with single-slice spiral CT. Indeed it
allows to drastically reduce the scan time, motion
artifacts (i.e., vascular pulse, breathing, peristalsis),
radiation exposure, and intravenous dose of contrast
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medium, while yielding, at the same time, higher spatial
resolution (Marin et al. 2010). Thin section acquisitions
by MSCT allows to produce three-dimensional isotropic
images by means of post-processing techniques, which
mostly used are multiplanar reformations (MPR), max-
imum intensity projections (MIP), and volume render-
ings (VR) (Cahir et al. 2004; Aschoff 2006).

The application of MSCT to abdominal evaluation
has provided significant improvements, with particular
regard for the characterization of neoplastic lesions, the
non-invasive depiction of vascular structures, including
small caliber vascular branches, and the management of
polytraumatized patients with abdominal injuries.

An important application of MSCT concerns the
assessment of colon. In particular, the advent and wide
spread of CT colonography has resulted in a substantial
favorable impact on the diagnostic approach to polypoid
lesions and colorectal cancer. The major advantage
offered by MSCT consists of the simultaneous evalua-
tion of bowel wall and extra-luminal compartment,
including the adjacent structures and parenchymal
organs. By contrast, conventional radiology (i.e.,
double-contrast barium enema) and endoscopy, while
enabling an accurate assessment of the mucosal layer,
can provide only indirect signs ascribable to a possible
involvement of colonic wall and adjacent structures.

2 MSCT of the Colon: Technical
Approach

An optimal CT study of the colon should be primarily
preceded by an adequate patient preparation (cathartics
and low residue diet), in order to ensure the bowel
cleansing. In addition, a detailed colon evaluation
requires a preliminary intestinal distension, thus
enhancing the contrast between bowel wall and lumen
and preventing the loops from collapsing. Bowel filling
and distension can be achieved by means of different
contrast media (positive or negative), which can be
administered per os or enema, depending on on-site
protocols and requirements of individual patients.
Positive contrasts, such as diatrizoate meglumine and
diatrizoate sodium solution (Gastrografin), are
employed to differentiate bowel loops from eventual
extra-colonic masses as well as to assess complications
(e.g., peritoneal collections, fistulous tracts, anasto-
motic dehiscences, or bowel perforations). Negative
contrasts can be grouped into liquids (water, isotonic

solutions, methylcellulose), used mainly for colonic
wall assessment, and gaseous (room air or carbon
dioxide), mostly for the evaluation of the mucosal layer
and colonic wall. Negative contrast media (water or
gas) are usually preferred over positive ones, as the
former do not interfere with three-dimensional image
performing and post-processing (i.e., CT angiography
and CT colonography) (Horton et al. 2000a). However,
the decision about the type of contrast medium to
employ is basically driven by the clinical query.

The procedure that, over several past years, has
allowed to investigate the colon is represented by
water enema CT (WE-CT). This is a simple and safe
examination, characterized by a good patient’s toler-
ance and compliance, which ensures an accurate
evaluation of the gut wall and pericolonic structures.
(Ridereau-Zins et al. 2010; Gossios et al. 1992;
Gazelle et al. 1995). Approximately 15 min before
the enema, intramuscular or intravenous Buscopan
administration (scopolamine butyl-bromide, 20 mg)
is recommended, in order to relax the bowel wall,
reduce the peristaltic motility, delay evacuative
urgency, and improve colon coverage by the contrast
medium and patient’s tolerance. Subsequently, a
certain amount of water (about 2 l) is introduced into
the colon through a rectal probe, thus ensuring a
complete coverage of the whole colon.

The intravenous administration of iodinated con-
trast medium is essential to complete the study, par-
ticularly for the assessment of neoplastic,
inflammatory, and vascular disorders.

The enhancement of gut wall allows to identify
possible abnormalities, to characterize them, accord-
ing to the contrast medium behavior, and to stage
malignancies. On routine abdominal CT, general
image acquisitions are carried out at baseline, and
then after an intravenous bolus of iodinated contrast
medium (about 100–130 ml infused at a rate of
3–4 ml/s). According to the clinical query, the most
appropriate protocol must be chosen. The mono-
phasic protocol is accomplished by a single acquisi-
tion during the portovenous phase (50–70 s delay),
while the biphasic one consists of an arterial phase
after 30 s, and a venous phase with a scanning delay
of 70 s. The axial reconstruction interval is at 2.5/5 mm,
with retro-reconstruction at 1.25/0.625 mm. The
scanning volume extends from the diaphragm to the
symphysis pubis. Notably, image acquisitions in both
supine and prone positions allow to shift colonic fluid,
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which may obscure the underlying lesions, and to
identify fecal material by demonstrating its mobility
(Horton et al. 2000a).

3 MSCT in Emergency

MSCT plays a major role in the management of
emergency conditions, such as acute diverticulitis,
bowel obstruction, gastrointestinal bleeding, and
ischemic bowel disease.

3.1 Diverticulitis

Colonic diverticula are very common findings in
elderly patients. They vary in size (from 2 mm up to
2 cm), are located most frequently in the sigmoid, and
consist of small outpouchings of both colonic mucosal
and submucosal layers through the muscular layers of
the enteric wall (Horton et al. 2000b).

Acute diverticulitis arises as a consequence of
obstruction of the diverticular lumen by stools and food
residues. Such an obstruction facilitates bacterial
overgrowth, which then triggers an inflammatory
response that tends to spread towards the surrounding
tissues (peri-diverticulitis), thus promoting the onset of
complications, such as confined perforation, with sub-
sequent abscess formation and possible occurrence of
bleeding, fistulas, strictures, and pneumo-peritoneum.

The CT findings ascribable to diverticulitis include
the presence of diverticula, wall thickening, and
adjacent fat stranding (Fig. 1). MSCT represents the
first line procedure in cases of suspected acute

diverticulitis as well as in the detection of complica-
tions, allowing a better definition of the abscess
extension, the involvement of surrounding tissues,
and the visualization of fistulous tracts.

MPR and 3D reconstructions provide images of
high quality, which are quite useful for planning
adequate therapeutic strategies (Werner et al. 2003).
The current literature supports the notion that, in
patients with suspected acute diverticulitis, low-dose
unenhanced MSCT displays a similar diagnostic
performance as compared with contrast-enhanced
standard-dose MSCT (Tack et al. 2005).

In some instances, colonic cancer and diverticulitis
can yield similar CT patterns. In such a circumstance,
the differential diagnosis is based on the length of
colonic involvement and the presence of diverticula or
in the detection of a luminal mass with pericolic lymph
nodes. However, in more difficult cases, where these
diagnostic criteria might not be sufficient, CT perfusion
measurements could enable the differentiation and a
better discrimination between cancer and diverticulitis.
Perfusion CT with dynamic contrast enhancement
allows the quantitative measurement of tissue perfu-
sion, and thus of tissue vascularity. On this ground,
patients with cancer display the highest blood volume,
blood flow, and permeability in concomitance with the
shortest transit time (Goh et al. 2007).

3.2 Bowel Obstruction

Bowel obstruction is one of the most frequent and
insidious clinical conditions in the emergency room,
giving rise to a large degree of perplexity in the

Fig. 1 Unenhanced MSCT shows wall thickening of descend-
ing and sigmoid colon (arrows) with multiple diverticula and
contiguous fat stranding, ascribable to peri-diverticulitis.

a Axial view. b Coronal MPR view. c Double-contrast barium
enema shows diverticular outpouchings of the descending and
sigmoid colon
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therapeutic management. Small bowel is the most
frequently involved site. However, any bowel seg-
ment can be affected. Various causes can account for
the onset of bowel obstruction, including adhesion,
neoplasm, hernia, intussusception, volvulus, inflam-
matory disease, fecal impaction, phytobezoar, trauma,
ischemia, and congenital lesion (Ji et al. 2009).

MSCT shows with high accuracy the presence and
site of obstruction, which consists of a compressed
bowel segment (transition zone), bound by dilated
loops upstream and by collapsed loops downstream.
In addition, MSCT can assess the degree and extent of
intestinal obstruction, thus helping to better identify
the underlying cause (Angelelli et al. 2010).

The image reconstruction techniques allow to dis-
play in detail the site of obstruction and its character-
istics, particularly in ambiguous cases, along with an
early diagnosis of obstructive complications (strangu-
lation and bowel ischemia). MSCT performs better
than single-slice CT (SSCT) both in the evaluation of
bowel obstruction and in the detection of intestinal
necrosis, edema, twisting, and/or thickening of mes-
enteric vessels (Assenza et al. 2007). MSCT also pro-
vides useful information for prognosis, since the
presence of air or fluid intestinal content is related with
a better outcome. By contrast, the visualization of air
fluid levels and/or the evidence of pneumatosis is pre-
dictive of a poor prognosis (Angelelli et al. 2010). In
addition, MSCT scanning is essential to set up an
adequate treatment plan and a correct surgical timing.

3.3 Bowel Ischemia

Mesenteric ischemia is a very threatening pathologi-
cal condition, characterized by a severe impairment of
arterial or venous blood flow. It can be distinguished
into an acute and chronic form. The causes underlying
acute ischemia include: mesenteric arterial

obstruction (thrombosis or embolism); mesenteric
venous thrombosis related to thrombophilia, portal
hypertension, extrinsic compression, or surgery; non-
occlusive ischemia associated with sepsis, hypotension,
heart failure, familial dysautonomic syndrome, or
pheochromocytoma (Woodward et al. 1998). Acute
bowel ischemia is a disorder most frequently associ-
ated with high mortality, and it is clinically charac-
terized by a number of both specific and nonspecific
symptoms, which can make the diagnosis quite difficult
(Wiesner et al. 2003). Instead, chronic mesenteric
ischemia results mainly from atherosclerotic stenosis,
thrombo-embolism, or extrinsic compression.

The introduction of MSCT has largely changed the
diagnostic approach to mesenteric ischemia, with a
strong impact on both prognosis and therapeutic
management. Typical CT findings include the pres-
ence of vascular occlusion, portal or mesenteric vein
gas, pneumatosis, bowel wall thickening with
decreased or absent wall-enhancement; the so-called
‘‘target sign’’ (typical of other inflammatory condi-
tions), can also be appreciated (Fig. 2), (Moschetta
2009; Chen et al. 2006).

MSCT angiography allows a non-invasive study of
the mesenteric vascular system, yielding results which
are comparable to angiography, owing to its ability to
accurately identify the site of vascular occlusion by
means of post-processing techniques, which will be
useful to plan endovascular immediate treatment
(Kirkpatrick et al. 2003; Cademartiri et al. 2008).

3.4 Gastrointestinal Bleeding

Gastrointestinal bleeding is an emergency condition,
burdened by high mortality (up to 40%) particularly
in hemodynamically unstable patients. It can be
classified into acute and chronic forms, as well as in
upper or lower bleeding, depending on whether

Fig. 2 MSCT in a patient with
acute pancreatitis associated
with ischemic colitis—
thickening of the pancreatic tail
with peripancreatic fluid
collections (arrow heads)
(a)—‘‘target sign’’ in the
ascending and descending
colon (a and b) due to
fatinfiltration caused by colitis
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the bleeding source is located proximally or distally
to the ligament of Treitz (Jaeckle et al. 2008).
Gastrointestinal bleeding can result from a variety of
causes, including polyps, malignancies, inflammatory
diseases, pseudo-aneurysms, varices, and diverticula.
Before starting the diagnostic procedures and adequate
therapeutic approaches, it is mandatory to stabilize the
patient’s vital signs (Scheffel et al. 2007). A wide range
of diagnostic procedures is available for detecting
intestinal bleeding, such as endoscopy, 99mTc-red
blood cell (RBC) scintigraphy, or conventional arteri-
ography (Jaeckle et al. 2008; Scheffel et al. 2007; Tew
et al. 2004).

MSCT plays a pivotal role in the diagnosis of
gastrointestinal bleeding, since, in most cases, it
allows to identify the underlying cause and bleeding
source, even in bowel segments which can be difficult
to access and explore by means of endoscopy (e.g.,
small bowel loops) (Lim et al. 2006; Duchat et al.
2010). In cases of suspected gastrointestinal bleeding,
MSCT study does not require any oral administration
of contrast medium or water, which might interfere
with the diagnosis (Scheffel et al. 2007). Unenhanced
CT scans can display the presence of hyperdense
material within the bowel lumen, indicating a condi-
tion of ongoing bleeding. The arterial phase could
demonstrate contrast medium extravasation, ascrib-
able to acute bleeding, through a fast and non-inva-
sive approach. Furthermore, the portal-venous phase
improves the accuracy of detection and localization of
the bleeding sites, particularly in patients with bowel
tumors (Yoon et al. 2006).

MSCT is usually performed in the setting of
emergency, as a preliminary study, in order to guide
the interventional procedure (angiography and
embolization), thanks to high resolution images,
MPR, and MIP reformations (Duchat et al. 2010).

4 MSCT Under Elective Conditions

4.1 Inflammatory Bowel Disease

Acute intestinal inflammations are characterized
mainly by a modest and fairly reversible mucosal
edema, associated with an enhanced tissue perfusion,
which usually does not require a CT study. By con-
trast, chronic inflammatory diseases determine bowel
alterations, which deserve an accurate CT assessment

in order to define the affected site, the extension, and
the occurrence of complications. In this context, the
term ‘‘inflammatory bowel disease’’ (IBD) refers
mainly to two specific forms of chronic inflammatory
disorders, designated as ‘Crohn’s disease’ and
‘ulcerative colitis’. Both conditions are idiopathic
inflammatory diseases of unknown etiologic origin,
which display distinct features (Viscido et al. 2005).

4.1.1 Crohn’s Disease
Crohn’s disease is a chronic granulomatous disorder,
consisting of a transmural inflammatory process, with
possible extensions towards the surrounding peri-
enteric fat and mesentery. It can involve any segment
of the gastrointestinal tract, although the terminal
ileum and proximal colon are most frequently affected.

Based on symptoms, Crohn’s Disease Activity
Index (CDAI), endoscopic evaluations, and CT/MRI
findings, Crohn’s disease can clinically present as
acute or chronic disease. Active flares are character-
ized by the appearance of focal granulomatous
inflammation, enlarged lymphoid follicles, and aphtoid
ulcers. In this setting, the inflammatory process tends
to affect transmurally the whole thickness of bowel
wall, as well as to involve the surrounding tissues,
leading to the onset of complications such as fistulas,
abscessual collections, and phlegmons. Chronic pha-
ses are characterized by a persistent desmoplastic
reaction, resulting in fibrosis, adhesions, and luminal
stenosis (Gore et al. 1996).

Since terminal ileum is the most frequently
involved bowel segment, CT-enteroclysis represents
the most suitable imaging method to evaluate this gut
region. Following adequate patient’s preparation
(8–12 h fasting before examination, low-residue diet,
and cathartics) and intravenous administration of
Buscopan� (scopolamine butylbromide, 20 mg) or, if
contraindicated, Glucagon (1 mg), the enteral contrast
medium (neutral or positive) is introduced into the gut
lumen through a naso-jejunal tube. Neutral opacifi-
cation (by means of polyethylenglycol, methylcellu-
lose, or water) allows a good small bowel distension
and depiction of the contrast-enhanced mucosal layer,
which highly contrasts with the hypodense lumen
(Schmidt et al. 2006; Lo Re et al. 2007). Instead,
positive contrast medium (i.e., a iodinated hydrosol-
uble agent) is used to identify bowel fistulas or
leakages, without the aid of intravenous contrast
enhancement. CT-enterography, following oral
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hyperhydration with isotonic solution, is a suitable
alternative for patients not accepting naso-jejunal
intubation (Lo Re et al. 2007). As compared to SDCT,
MDCT improves the accuracy and depiction of the
pathological patterns of Crohn’s disease by means of
a better spatial resolution (Minordi et al. 2007).

Typical CT findings of the acute phase include:
segmental and concentric bowel wall thickening
(11–13 mm), with marked contrast enhancement, and
mural stratification characterized by the ‘‘double halo’’
or ‘‘target’’ sign (i.e., the mucosa and muscularis
propria appear hyperdense and delimit a low density
internal layer, corresponding to the submucosal
edema) (Ahualli 2005). Other signs consist of reactive
mesenteric hypervascularity with enlarged diameters
of the vasa recta (‘‘comb sign’’), inflammatory
involvement and hyperdensity of the mesenteric adi-
pose tissue, and enlarged limph nodes with increased
contrast enhancement (Madureira 2004). Instead, the
appearance of the chronic form is characterized by
mild wall thickening and diffuse parietal contrast
enhancement without mural stratification, indicating a
condition of irreversible transmural fibrosis (Schmidt
et al. 2006). Moreover, MSCT allows to accurately
evaluate complications, such as fistulas, abscesses,
phlegmons, strictures, and conglomerate bowel loops
(Nagamata et al. 2002) (Fig. 3).

4.1.2 Ulcerative Colitis
Ulcerative colitis is a chronic inflammatory disease
which involves primarily the mucosa of large bowel,
although, in its advanced stage, can extend to all
layers of the bowel wall. This disease is characterized
by a chronic and progressive involvement of the
rectum, resulting in a retrograde spreading up to the
cecum (pancolitis) (Di Sabatino et al. 2011). The
highest incidence of ulcerative colitis has been
recorded in highly urbanized Western countries,
mainly North Europe and North America, and it can
affect several members within the same family
(Roggeveen et al. 2006; Orholm et al. 1991). The
etiology of ulcerative colitis remains unknown, but it
has been found to depend on genetic, immunologic
(abnormal immune response of bowel mucosa to
resident gut flora), and environmental factors (oral
contraceptives, non-steroidal anti-inflammatory
drugs, dietary sugar intake, breastfeeding, and peri-
natal paramyxoviral infections). Protective factors
include appendectomy and smoking, although former

smokers hold a higher risk than non-smokers
(Di Sabatino et al. 2011; Roggeveen et al. 2006; Or-
holm et al. 1991; Boyko et al. 1988). As anticipated
above for Crohn’s Disease, ulcerative colitis too can
be distinguished into acute and chronic forms. The
active phase of the disease is characterized by
superficial ulcers with ragged and undetermined
margins, immune cell infiltration, and cryptic
abscesses. The chronic form results instead in parietal
fibrosis associated with stiffness, stenosis, and
pseudopolyposis, ascribable to persistent abnormal
stimuli to mucosal regeneration. In addition, ulcera-
tive colitis is associated with several complications
such as perforation, peritonitis, toxic megacolon,
venous thrombosis, and increased susceptibility to
colorectal carcinoma, due to chronic inflammation
and persistent proliferative rearrangement of the
colonic mucosa (Lefèvre et al. 2011; Lakatos and
Lakatos 2008).

Toxic megacolon is a very threatening complica-
tion associated with IBD, due to spreading of the
inflammatory process through the whole thickness of
the bowel wall. This complication occurs particularly
in patients with severe or fulminant ulcerative colitis.
It is characterized by a marked colonic dilatation
([5.5 cm in the transverse colon), wall thinning,
pneumatosis, and increased risk of perforation
(Autenrieth and Baumgart 2011).

As for Crohn’s disease, the symptoms of ulcerative
colitis are nonspecific in nature, and consist mainly in
diarrhea, tenesmus, urgency to defecation, rectal
bleeding, weight loss, fever, and abdominal pain
(Patel et al. 2011). In this context, the diagnostic
approach takes advantage by the combination of
optical colonoscopy, histopathological analysis, and
radiological examinations. MSCT allows to evaluate
the intramural extension of ulcerative colitis with high
accuracy and sensitivity, particularly when colonos-
copy or barium enema are contraindicated (e.g.,
severe colitis) (Roggeveen et al. 2006). Furthermore,
MSCT plays a pivotal role in the detection of extra-
intestinal manifestations and complications, which is
useful to plan therapeutic managements, as well as to
assess treatment response and prognosis (Patel et al.
2011; Bitterling et al. 2003; Lefèvre et al. 2011).
Specific CT findings in the acute phase include cir-
cular and symmetric wall thickening (about 7.8 mm),
ulcers, enlarged lymph nodes, mucosal hyper-
enhancement, reflecting a hyperemic and
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hypervascular conditions, and mural stratification with
‘‘double halo’’ or ‘‘target’’ sign, which can be found
more frequently than in Crohn’s disease (Horton et al.
2000b).

As far as the chronic phase is concerned, it is hall-
marked by thickening of mesenteric and retroperitoneal
fat, widening of the pre-sacral space, due to mural
thickening and proliferation of peri-rectal fat, loss of

Fig. 3 Pelvic abscess in Crohn’s disease with rectum-sigmoid
and rectum-bladder fistulas. Prone MSCT scan obtained after
rectal enema by water mixed with Gastrografin. a Large abscess
(arrow heads), containing gas bubbles and fistulized with
sigmoid colon and rectum (arrows). b Air-fluidlevel (arrow
heads) and thickening of the posterior wall of the bladder due to
the fistula with the pelvic abscess. Nodular thickening of the

left lateral wall of the rectum due to the rectum-sigmoid fistula
(arrow). c Axial contrast-enhanced GRE at 3T MRI demon-
strates the large abscess (arrow heads) fistulized with sigmoid
colon and rectum (arrows). d As with MSCT, MRI shows the
nodular thickening of the left lateral wall of the rectum and the
posterior wall of the bladder (arrows)
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austrature, and rectal luminal narrowing up to a
condition of stenosis (Patel et al. 2011).

4.2 Appendicitis

Acute appendicitis has higher incidence in children
and young adults, and in order to avoid complications
it requires early detection and most frequently
abdominal surgery (Horton et al. 2000b). The main
causes of this inflammatory process are lymphoid
hyperplasia and/or appendiceal lumen obstruction by
fecal material.

Typical clinical signs and symptoms include peri-
umbilical or right lower quadrant pain, abdominal
cramps, nausea, vomiting, point tenderness in the
right lower quadrant, rebound tenderness, leukocyto-
sis and fever. However, in a third of cases the acute
appendicitis occurs with atypical signs. This may
result in a delayed diagnosis with the appearance of
severe complications, such as appendiceal perfora-
tion, abscess formation, peritonitis, sepsis, bowel
obstruction, and death (Sivit et al. 2001). Among
various available clinical scoring systems employed
to diagnose acute appendicitis, the most widely used
is the Alvorado score, which is characterized by 10
components (Table 1).

Nevertheless, in suspected cases of acute appen-
dicitis associated with atypical symptoms and uncer-
tain diagnosis, radiological examinations (i.e., US and
CT) should be used (Yildirim et al. 2008).

MSCT provides a rapid and accurate identification
and staging of appendicitis also in suspected cases or
in those with negative ultrasonographic findings,
thanks to the thin-slice acquisition and MPR recon-
structions (Johnson et al. 2009).

Typical CT findings include distended appendix
(diameter [ 7 mm), with a thickened wall character-
ized by homogeneous enhancement after intravenous
contrast media administration, periappendiceal fat
stranding, an appendicolith, and circumferential or
focal thickening of the cecum. The identification of an
appendicolith without other inflammation signs is not
indicative of appendicitis. The presence of extralu-
minal air or rarely pneumoperitoneum is suggestive
for appendiceal perforation; while an abscess appears

as peri-appendiceal fluid collections that may contain
air or necrotic debris surrounded by inflammatory
changes (Horton et al. 2000b; Sivit et al. 2001; Kim
et al. 2008).

4.3 Colorectal Cancer

Colorectal cancer (CRC) is the third neoplasm, in
terms of incidence and mortality, in the world
(American Cancer Society 2011). This malignant
disease occurs more frequently in industrialized
countries, and has a great relevance both from a social
and healthcare standpoint. CRC develops rarely
before the age of 40, and the majority of cases are
diagnosed after 50 years. The incidence of CRC is
slightly higher in males than in females, with partic-
ular regard for rectal carcinoma (Gao et al. 2008).
Although the aetiology of CRC remains unknown,
there is evidence that its onset is promoted by a
variety of environmental factors (e.g., Western-type
diet, characterized by low-fibre and high-fat content,
smoke, alcohol abuse, metabolic syndrome) and
genetic determinants (familiarity, hereditary syn-
dromes) (Liu et al. 2011; McKeown-Eyssen 1994).

Among African populations, the incidence of CRC
is significantly lower than in Western Countries,
likely as a consequence of higher fruit and vegetable
intake by the former. Moreover, it has been observed
that immigrants to industrialized countries tend to
acquire the same CRC incidence rates of the host
country, thus supporting the contention that

Table 1 Alvorado score

Clinical findings Score

Migration of pain 1

Anorexia 1

Nausea/vomiting 1

Tenderness in right iliac fossa 1

Rebound pain 1

Elevated temperature ([37.3�C) 1

Leucocyte count C 10 9 109/L 1

Differential white cell count with neutrophils[75% 1

Total 10

308 E. Neri et al.



geographic differences in CRC incidence depend
more on dietary habits than on different genetic
patterns.

Hereditary syndromes can be distinguished into
polyposis and non-polyposis CRC:
1. Familiar adenomatous polyposis (FAP): this is a

rare autosomal dominant disorder characterized by
the presence of hundreds or thousands of ade-
nomatous polyps in the large bowel. It is associ-
ated with a deletion in the long arm of
chromosome 5, which contains also the APC
oncosuppressor gene (Curia et al. 2011; Scholer-
Dahirel et al. 2011). In this setting, CRC develops
in almost all affected patients under the age of
40 years. There is a classic form of FAP, in which
patients typically harbor between 500 and 2500
colonic adenomas, as well as an attenuated form,
characterized by a lower number of polyps (typi-
cally 30) that are predominantly located in the
proximal colon.

2. Gardner syndrome: it is characterized by a com-
bination of intestinal polyposis (identical to those
developing in subjects with FAP) with several
osteomas, epidermal cysts and fibromatosis, as
well as thyroid and duodenal carcinomas (Juhn and
Khachemoune 2010; Brucoli et al. 2011).

3. Turcot syndrome: this is a rare condition charac-
terized by the association of FAP with tumors of
the central nervous system (such as medulloblas-
toma and glyoblastoma) (Hegde et al. 2005).

4. Hereditary Non-Polyposis Colorectal Cancer
(HNPCC, also known as Lynch syndrome): it is an
autosomal-dominant inherited cancer syndrome.
This disease is associated with mutations in the
germinal line of various genes (in particular,
MSH2, MLH1, PMS, and PMS2), which cause
instability of microsatellite DNA and impaired
mismatch repair, leading to increased DNA insta-
bility and increased risk of cancer development
(Kaur et al. 2011). There is also a strong associa-
tion between endometrial and ovarian carcinoma
and HNPCC (Backes and Cohn 2011). In HNPCC
patients, CRC occurs typically at an age younger
than 50 years, and it is more frequently localized
in the cecum or ascending colon.
Moreover, CRC has been shown to develop with

higher incidence in patients with Chronic Inflammatory
Bowel Diseases (CIBD) ulcerative colitis, due to a
condition of chronic inflammation and persistent

proliferative rearrangement of colonic mucosa. In this
setting, the continuous generation of free oxygen
radicals leads to the dysregulation of important
oncogenes and onco-suppressors, thus promoting the
onset of CRC (Rizzo et al. 2011).

The prognosis and treatment of CRC is strictly
driven by histopathological findings. The most com-
mon histological type of CRC is represented by ade-
nocarcinoma, followed by carcinoid, small cell
carcinoma, anaplastic carcinoma, epidermoid carci-
noma, sarcoma, and rarely, lymphoma. Adenocarci-
nomas often arise from the neoplastic transformation
of benign adenomatous polyps, and are located
mainly in the rectum and sigmoid colon (Stewart et al.
2006). In addition, adenocarcinomas may present as
vegetating masses, affecting mainly the right colon, or
as a ring-stenosing lesions, which are frequent in the
left colon and result from the circumferential spread
of tumor within the lymphatic vessels of the inner
circular layer of the muscularis propria. Other rare
forms of growth include saddle lesions, ulcerating
masses and infiltrating tumors.

The clinical appearance of CRC depends mostly on
the location and size of the tumor. In this respect, the
vegetating forms tend to be silent in their early stages,
while, when they become clinically evident, their size
is usually very large and distant metastases has
already occurred. By contrast, the stenosing forms
usually present with sub-occlusive symptoms in their
early stages. The most common clinical symptoms of
CRC include: asthenia, iron deficiency anemia,
abdominal pain, change in bowel habits, and bowel
sub-obstruction (Buetow et al. 1995).

The diagnosis of CRC is aided by TNM classifi-
cation (tumor, node, metastasis), issued by the
American Joint Committee on Cancer (AJCC), which
is a worldwide used system for CRC staging and has
almost completely replaced the previous Duke’s
classification (Table 2).

The advent of MSCT has significantly improved
the accuracy in both detection and staging of CRC, by
virtue of the high quality and spatial resolution of
acquired images. On CT scan, vegetating tumors
appear as soft-tissue intraluminal masses, sometimes
with a hypodense central area, due to necrosis, asso-
ciated with narrowing of the bowel lumen. By con-
trast, the typical CT signs of anular-stenosing CRC
forms consist of irregular and asymmetric colonic
wall thickening, either focal or circumferential in
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nature, characterized by contrast enhancement, with
bowel lumen stenosis and subsequent dilation of the
upstream intestinal tract (Horton et al. 2000a).

Preoperative CT staging represents a valuable
method both to evaluate the loco-regional and distant
tumor extension, as well as to plan surgery and/or
neo-adjuvant therapy (Shin et al. 2008). Despite CT
limitations in discriminating between T1 and T2,
multiplanar reconstruction (MPR) images allow a
detailed assessment of extra-mural, lymph node, and
adjacent structures involvement, as well as the
detection of complications (i.e., bowel perforation,
obstruction, intussusception, and fistulization). MSCT
represents also the modality of choice for local
recurrence detection after surgical resection, and it is
widely employed for post-operative follow-up
(Horton et al. 2000a).

As far as the staging of rectal cancer is concerned,
the most preferred procedure is based on the perfor-
mance of a multi-modal study, which includes MSCT,

transrectal ultrasound (TRUS), and magnetic reso-
nance imaging (MRI).

TRUS is the most accurate tool to distinguish T1
from T2, and to evaluate the perirectal spread of the
tumor (T3). However, this method is of limited value
for assessing the involvement of mesorectum and
mesorectal fascia (MRF) (Ahmetoğlu et al. 2011). On
the other hand, MRI allows a detailed study of peri-
rectal soft tissues, mesorectum and mesorectal fascia,
and it is very useful for the therapeutic management
through the prediction of circumferential resection
margins (CRM) (Klessen et al. 2007).

As compared to MRI, MSCT has the advantage of
being less costly and time-consuming, as well as to
allow a whole-body staging in a single study. Nev-
ertheless, MSCT displays a poor accuracy for the
identification MRF invasion in tumors located in the
low-anterior rectum, while its accuracy improves
significantly when examining tumors located in the
mid-to-high rectum (Vliegen et al. 2008).

Several studies have been performed for the eval-
uation of tumor neovascularization by CT perfusion,
particularly as a consequence of the increasing use of
anti-angiogenic drugs (Bevacizumab) (Bellomi et al.
2007). Perfusion CT may have an important clinical
application in the therapeutic management of rectal
cancer, as it allows the monitoring of response to
therapy. However, it is noteworthy that changes in
tumor vascularity, following radiotherapy, are
inconsistent, with some patients showing a reduction
and others an increase in blood flow (Goh et al. 2009).
Of note, at present, there are no specific guidelines
regarding the use of CT perfusion monitoring and
prognosis of CRC.

5 CT Colonography

CT colonography (CTC) is a valuable non-invasive
technique for the detection and classification of
colonic lesions in both symptomatic and non-symp-
tomatic patients. Over the recent years, this technique
has been subjected to widespread diffusion and is
currently acknowledged as a screening method for the
diagnosis of colorectal cancer or polyps, due to its
high degrees of sensitivity and specificity (Halligan
et al. 2005). The main clinical indications to perform
CTC as a screening investigation include patients
with severe or moderate risk related to age (older than

Table 2 TNM staging system for colorectal cancer

Stage Definition

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial or invasion of
lamina propria

T1 Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria into
the subserosa, or into non-peritonealized pericolic or
perirectal tissues

T4 Tumor directly invades other organs or structures,
and/or perforates visceral peritoneum

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastases in 1–3 regional lymph nodes

N2 Metastases in 4 or more regional lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis
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50 years), family history, or following incomplete-
ness of optical colonoscopy. By contrast, CTC is
contraindicated under particularly pathological con-
ditions, such as acute diverticulitis, acute colitis,
recent colorectal surgery or polypectomy, symptom-
atic abdominal hernia, bowel perforation or obstruction
(ACR 2009). Of note, an excellent performance of
CTC depends on a number of variables, including the
quality of colonic preparation (e.g., adequate bowel
toilet and distension), CT scanning protocol, reading
approach, and interpretation skills of colonic findings.

6 Bowel Preparation

The initial step to ensure an optimal quality of CTC is
represented by an accurate bowel preparation, aimed
at removing any luminal fecal residue or fluid which
might obscure or mimic colonic lesions. As for tra-
ditional colonoscopy, CTC requires an adequate
colonic cleansing, which can be accomplished by
means of a low-residue diet and cathartic cleansing
(with oral administration of PEG, magnesium citrate,
or phosphosoda). However, despite efforts for
achieving a thorough cleansing, some fecal residuals
or fluids may remain (Keedy et al. 2011; Barish et al.
2005). For this reason, fecal tagging, by oral admin-
istration of barium and/or iodinated contrast material
at each meal, is usually recommended during the day
preceding CTC, in order to distinguish polyps from
fecal material and to detect lesions in the presence of
fluid (Lefere et al. 2005). The choice of how to obtain
fecal tagging is optional and depends mostly on site
experience and patient’s history of allergy. According
to a prospective study carried out by Nagata et al.,
both full-laxative (2 l of PEG solution with 20 ml of
sodium diatrizoate) and minimum-laxative fecal tag-
ging (45 ml of sodium diatrizoate over the 3 days
preceding CTC, and 10 ml of sodium picosulfate
solution the night before CTC) yielded a comparable
high sensitivity in the detection of polyps [ or =
6 mm. However, in this study, CTC based on full-
laxative fecal tagging yielded a better specificity, as
compared with the minimum-laxative tagging (92 vs.
68%, respectively) (Nagata et al. 2009). Therefore,
despite the tentatives to reduce bowel catharsis in
order to increase patient’s tolerance to the exam, a full
laxative regimen is still the ideal preparation.

7 Colonic Distension

Colonic distention is essential to prevent bowel loop
collapse, which can hamper the detection of bowel
lesions. With the exception of some contraindicated
conditions, the induction of distension is aided by intra-
venous administration of Buscopan� (scopolamine bu-
tylbromide, 20 mg), which facilitates the relaxation of
bowel smooth muscle. Colonic distension can be
accomplished by room air or, preferably, carbon dioxide,
to allow for less discomfort and better absorption (Taylor
et al. 2007). Bowel insufflation can be performed either
manually or by means of an automatic insufflator, upon
placement of a thin rectal probe. The latter procedure is
widely preferred, owing to the possibility of monitoring
both the intraluminal and insufflation pressure. Changes
in patient’s decubitus, during insufflation, could be
required to ensure a homogeneousgas distribution as well
as to visualize the whole extension of large bowel, from
the rectum up to the cecum. Achieving such a com-
pleteness is particularly useful in cases of optical colon-
oscopy incompleteness, as a consequence of patient’s
intolerance, poor bowel cleansing, or dolicocolon.

8 Technique

MSCT allows the acquisition of thin-slice images
(1.25 mm), delivering very low radiation doses. Thin
section images are very helpful for 3D reconstruc-
tions. However, they lead inevitably to an increment
of image noise indices. This drawback can be over-
come by the application of appropriate filters to raw
data reconstructions (high pass filters, as smoothing)
and wide window settings thus reducing the image
noise (Mang et al. 2007).

If the colon has been adequately distended, fol-
lowing an initial scanogram, the CTC standard pro-
tocol requires the acquisition of images in both supine
and prone positions, to improve the sensitivity on
polyp detection. The combination of supine and prone
scanning helps to differentiate polyps from mobile
fecal residues, allows the distension of collapsed
loops by gas redistribution, and facilitates the visu-
alization of colon segments obscured by intraluminal
fluids (Chen et al. 1999; Yee et al. 2003). In addition,
the administration of intravenous contrast medium is
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performed in symptomatic patients with suspected or
definite diagnosis of colorectal cancer.

9 Reading

The phase of CTC interpretation, reading, and
reporting is very complex, requiring highly special-
ized and experienced readers. Indeed, substantial
difference has been documented when comparing the
data set interpretation from experienced radiologists
(who have evaluated and reported at least 500 cases)
with those from novice radiologists. Consistently with
these observations, training programs in CTC are
increasingly required, and they consist mostly in
hands-on educational courses, concerning all the CTC
aspects, under direct supervision by experienced
radiologists (European Society of Gastrointestinal and
Abdominal Radiology CT Colonography Study
Group Investigators 2007; Boone et al. 2011).

The reading method can be selected subjectively
by the radiologist and consists of both 2D and 3D
views to achieve an optimal identification of the
colonic findings. The best way of performing a 2D
analysis relies on both supine and prone synchronized
views, allowing their comparability by means of
horizontal and vertical flip of prone sequences. Bone
window and MPRs should be used whenever deemed
necessary. The 3D perspective consists in different
approaches: traditional endoscopic view, virtual
colonic dissection, unfolded cube projection, and
tissue transition projection (or simulation of Double
Contrast Barium Enema). The 3D analysis enables
endoluminal fly-through with both anterograde and
retrograde views, while virtual dissection allows
unrolling and opening the colon with a 360� view of
mucosal layer, where the haustral folds appear as
vertically oriented lines. Despite the above advatages,
both 2D and 3D images are affected by some limita-
tions. Indeed, convoluted folds and diverticula can
impair the 2D analysis, while the 3D endoluminal
view can be negatively influenced by diverticula and
fecal or fluid residuals, and it does not allow the
evaluation of blind spots hidden by colonic folds
(Neri et al. 2006; Kim et al. 2007). It is also worth
mentioning that virtual dissection could distort the
appearance of colonic findings and anatomic details,
leading to a misinterpretation of polyps. For this
reason, the possibility of employing alternative 3D

views (e.g., virtual dissection, cube, etc.) needs to be
evaluated by an experienced reader. A recommended
reading strategy of CTC data sets should comprise an
integration of 2D analysis and 3D views, in order to
avoid errors in the interpretation of colonic findings.
Moreover, the use of computer-aided detection
(CAD) software allows the automatic depiction of
colonic polyps, thus improving the diagnostic sensi-
tivity of inexperienced readers, with particular regard
for lesions over 6 mm in diameter. However, it must
be noted that the CAD software cannot entirely
compensate for the lack of reading experience, since
it can generate a high number of false positives, and it
is also characterized by limited sensitivity for flat
lesions. Anyway a CAD should be used to support the
primary diagnosis of the radiologist, therefore the
most appropriate approach is the second reader par-
adigm (Neri et al. 2010; Zhang et al. 2011).

10 Clinical Results

In 2005, the Working Group on Virtual Colonoscopy
developed a practical guideline for the interpretation
and standardization of CTC findings, designated as
‘‘CT Colonography Reporting and Data System’’ or
‘‘C-RADS’’ (Zalis et al. 2005). Based on this guide,
an initial distinction can be made between polyp
lesions and colonic masses. The ‘‘polyp’’ is defined as
a solid structure consisting of a homogeneous soft-
tissue attenuation, arising from the mucosa, anchored
to the bowel wall at a fixed site and the lesion pro-
truding into the lumen. Polypoid lesions can be
distinguished in sessile, pedunculated or flat (Figs. 4
and 5). The term ‘‘mass’’ refers to any colonic lesion
larger than 3 cm (Figs. 6 and 7).

The C-RADS classification includes five catego-
ries: C0, inadequate study; C1, normal colon or
benign lesion (no polyps C 6 mm); C2, [3 interme-
diate polyps (6–9 mm); C3, more than 3 intermediate
polyps or at least 1 advanced adenoma (maximum
diameter: 1–3 cm); C4, likely malignant colonic
mass. However, this classification system is currently
under revision and not employed in the clinical
practice.

As indicated by C-RADS, diminutive lesions
(\6 mm) should not be mentioned in the CTC report,
since they often consist of hyperplastic polyps, which
are endowed with a very low risk of carcinogenesis,
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Fig. 5 CT Colonography
(supine decubitus)
Pedunculated polyp with
cephalic portion measuring
11 mm in diameter, located in
the middle third of the
descending colon. The polyp
is displayed in sagittal MPR
(red arrow), endoluminal
(black arrow) and 3D
panoramic perspectives (white
arrow)

Fig. 4 CT Colonography (supine decubitus) Sessile polyp
(1 cm in maximum diameter) located in the proximal third of
the transverse colon. The polyp is displayed in coronal MPR

(red arrow), endoluminal (white arrow) and virtual dissection
perspectives (black arrow)
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and characterized by a very slow growth rate and poor
clinical relevance. This is one of the most contro-
versial assumptions of the CRADs since the absence
of dysplasia is not evidence-based in such lesions. By
contrast, polyps with a diameter of 6–9 mm may be
hyperplastic or adenomatous in nature, while polyps
C10 mm are often adenomas, with an increased risk
of neoplastic transformation, which is related to their
large size.

As reported by various studies, CTC allows for a
high accuracy in the diagnosis of polyps and colo-
rectal cancer (CRC) lesions, both in terms of sensi-
bility and specificity. The major studies in this field
are listed in Table 3, and can be summarized as
follows:

• IMPACT study (Italian Multicenter Polyps Accu-
racy CTC study): 937 asymptomatic individuals,
with family history of CRC, personal history of
colorectal adenomas, or positive results from fecal
occult blood test (FOBT). Each participant under-
went CTC followed by optical colonoscopy on the
same day. For cases of advanced cancer lesions of
6 mm in size or larger the CTC sensibility and
specificity were 85.3 and 87.8%, respectively,
while for findings of advanced neoplastic lesions of
10 mm in size or larger the CTC sensibility and
specificity were 90.8 and 84.5%, respectively
(Regge et al. 2009).

• ACRIN (American College of Radiology Imaging
Network study): This trial included 2531

Fig. 6 Contrast-enhanced
CT Colonography with fecal
tagging. Axial supine (a) and
prone MPR (b). A large (6 cm
extension) annular stenosing
cancer can be appreciated in
the proximal third of the
sigmoid colon (arrow heads)
with pericolonic fat
infiltration

Fig. 7 Contrast-enhanced
CT Colonography with fecal
tagging. Axial scan in supine
decubitus (a) and endoluminal
view in prone (b). Vegetating
cancer (5 cm in largest
diameter) located in the
cecum with involvement of
the ileo-cecal valve and
adjacent peri-colonic tissue
(arrow heads)
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asymptomatic partecipants at average risk and older
than 50 years. Optical colonoscopy and histologic
review were used as the reference standard. In the
detection of small colorectal lesions (6–9 mm in
size) the CTC sensibility and specificity amounted
to 78–87 and 86–89%, respectively, while in cases
of large adenomas and adenocarcinomas (larger
than 10 mm) the sensibility was 90% and speci-
ficity 86% (Johnson et al. 2008).

• Munich Trial (by Graser et al.) which included 300
asymptomatic subjects with average risk of

colorectal cancer. The study compared CTC versus
colonoscopy, flexible sigmoidoscopy, and ImHB.
Sensitivity was 90% for advanced adenomas
(Graser et al. 2009).

• Pichkardt’s (et al.) study: This investigation was
conducted on 1233 asymptomatic individuals at
average risk (mean age: 57.8 years), who under-
went CTC and optical colonoscopy on the same
day. The CTC sensibility for adenomatous polyps
larger than 6 mm ranged from 88.7 to 93%, and the
specificity from 79.6 to 94.9%. For polyps at least

Table 3 Summary of CTC comparative studies

Trial
(Country)

Data Techniques Population Subjects
(n)

Risk Target
pathology

Sensitivity Specificity

IMPACT
(Italy)

JAMA
2009

CC versus
CTC

Asymptomatic 937 Average Adenomatous
polyps (AP)

Size
6–9 mm:
85.3%
Size
[10 mm:
90.8%

Size
6–9 mm:
87.8%
Size
[10 mm:
84.5%

ACRIN
(USA)

NEJM
2008

CC versus
CTC

Asymptomatic 2531 Higher than
average

Adenomatous
polyps (AP)

Size
6–9 mm:
78–87%
Size
[10 mm:
90%

Size
6–9 mm:
86-89%
Size
[10 mm:
86%

MUNICH
(D)

GUT
Jan
2009

CTC
versus CC,
FS, FOBT,
ImHb

Asymptomatic 300 Average Adenomatous
polyp (AP)

78-84%
for AP
\6 mm;
90% for
AP
[10 mm

[85%
regardless
of lesion
size

COTTON
et al.
(USA)

JAMA
2004

CC versus
CTC

Asymptomatic
and
symptomatic

615 Average
(FOBT+, change
in stool
habit, abdominal
pain,
surveillance
after
polypectomy)

Adenomatous
polyps (AP)

Size
6–9 mm:
39%
Size
[10 mm:
55%

Size
6–9 mm:
90.5%
Size
[10 mm:
96%

ROCKEY
et al.
(USA)

The
Lancet
2005

CTC
versus CC;
CTC
versus
ACBE

Asymptomatic
and
symptomatic

614 Average
(FOBT+,
haematochezia,
iron-deficiency
anaemia, or a
family history of
colonic cancer)

Adenomatous
polyps (AP)

Size
6–9 mm:
ACBE:
35% CTC:
51%
CC: 99%
Size
[10 mm:
ACBE:
48% CTC:
59%
CC: 98%

Size
6–9 mm:
ACBE:
82% CTC:
89%
CC: 99%
Size
[10 mm:
ACBE:
90% CTC:
96%
CC:
99.6%

ACBE Air contrast barium enema
CC Conventional colonoscopy
CTC Computed tomographic colonography
FOBT Fecal occult blood test
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10 mm in diameter, the CTC sensibility was 93.8%
and specificity 96% (Pickhardt et al. 2003).

• Cotton’s (et al.) study: 615 participants, aged
50 years or older, were enrolled in order to com-
pare CTC with standard colonoscopy in the detec-
tion of colonic lesions. For lesions sized at least
6 mm, the CTC sensibility was 39% and specificity
90.5%; for lesions larger than 10 mm the sensibility
was 55% and specificity 96%. However, the study
by 3D image view did increase CTC sensitivity
from 12 to 67% for lesions at least 10 mm in size
(Cotton et al. 2004).

• Rockey’s (et al.) study: This study included 614
participants with positive FOBT, haematochezia,
iron-deficiency anaemia, or family history of colo-
rectal cancer, who underwent air contrast barium
enema (ACBE), and, approximately a week later,
CTC and conventional colonoscopy (CC) performed
on the same day. For lesions 6–9 mm in size the
sensitivity of ACBE was 35%, CTC 51%, and
colonoscopy 99%. With regard for lesions larger
than 10 mm, the sensitivity of ACBE was 48%, CTC
59%, and colonoscopy 98% (Rockey et al. 2005).
Overall, as shown by the comparative studies listed

in Table 3, CTC is characterized by high sensitivity
and specificity for the screening of colonic lesions,
particularly by integration with 3D analysis.

During CTC screening, the detection of extra-colo-
nic findings, such as renal and hepatic cysts, skeletal
lesions, pulmonary nodules, adnexal lesions, renal car-
cinoma, arterial aneurysms, is very frequent (Pickhardt
et al. 2008). Moreover, CTC is an accurate technique for
preoperative local staging of colorectal cancers, with
particular regard for T (tumor) and N (lymph-nodes)
staging. Indeed, it allows to distinguish T2 from T3 on
the basis of pericolonic fat infiltration; and T3 from T4
by the presence of adjacent viscera involvement. The
combined evaluation of axial and MPR evaluation
improves the sensitivity and specificity on N stage. As
far as the assessment of M (metastasis) parameter is
concerned, the venous phase scanning can identify liver
or peritoneal lesions (Filippone et al. 2004). CTC can
also be employed for the post-surgical follow-up of
colorectal cancer, allowing the detection of cancer
relapse, metachronous disease, and distant metastases in
one single study (contrast-enhanced CTC), and it rep-
resents a valid alternative to conventional colonoscopy
in this subpopulation of patients (Neri et al. 2010).
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Ahmetoğlu A, Cansu A, Baki D, Kul S, Cobanoğlu U, Alhan E,
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Abstract

The abdominal cavity is subdivided into the
peritoneal cavity and the extra or retroperitoneal
space. Mesenteries are reflections of the perito-
neum on the bowel surface; therefore, they support
loops of the small bowel and colon. They also
serve as boundaries for disease process and
conduits for disease spread. At Computed Tomog-
raphy (CT) normal mesenteric fat appears homo-
geneous and has an attenuation similar to that
of subcutaneous tissues and retroperitoneum.
An alteration in the attenuation of mesenteric fat
is often an important clue in determining the
underlying cause of an abdominal abnormality.
CT represents the main diagnostic tool for imaging
the mesenteric pathologies which appear as an
increased attenuation known with the term of
‘‘misty mesentery’’. When considering the retro-
peritoneal pathologies, the signs and symptoms of
retroperitoneal diseases are often subtle. Cross-
sectional imaging techniques therefore have a
major impact on retroperitoneal diagnosis: CT is
currently the standard imaging method for evalu-
ating the retroperitoneum. This chapter reviews
mesenteries and retroperitoneum anatomy as well
as their most common diseases. Hereafter, the
main causes of ‘‘misty mesentery’’ and primary
retroperitoneal masses are discussed along with
their CT imaging characteristics.
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1 Mesenteric Diseases

1.1 Anatomy of the Mesenteries

Mesenteries (small bowel mesentery, mesocolon and
sigmoid mesentery) are reflections of the peritoneum
on the bowel surface and suspend large and small
bowel loops from the posterior abdominal wall. They
consist of two fat-laden peritoneal layers, which
enclose arteries, veins, lymphatics, nodes, and nerves
(Fig. 1).

The basic functions of the mesenteries are to hold
the bowel loops and to connect them with the retro-
peritoneum, acting as a barrier or conduit of diseases
(Meyers et al. 2005; Oliphant et al. 1993).

At CT, normal mesenteric fat appears homoge-
neous and shows attenuation values ranging between
-100 to -160 HU, similar to those of retroperitoneal
or subcutaneous fat.

1.2 Mesenteric Diseases

Pathological processes involving large or small bowel
mesentery cause an increase of mesenteric fat density
at CT. This finding is known as ‘‘misty mesentery’’,
a term coined by Mindelzun in 1996 (Mindelzun et al.
1996). Non-neoplastic diseases usually leads to a
diffuse or segmental involvement with ill-defined

edges and stranding of mesentery, whereas primary or
secondary neoplasms or mesenteric panniculitis result
in a mass-like increased attenuation of mesenteric fat.

The analysis of pattern of mesenteric involvement
with specific associated findings and patient’s clinical
history allows to narrow the range of differential
diagnosis (Table 1) (Filippone et al. 2011).

1.3 Non-Neoplastic Mesenteric Diseases

Many non-neoplastic pathologies may cause a
misty mesentery, owing to infiltration by fluids
(edema, lymph, or blood), inflammatory cells or
fibrosis. The involved mesentery shows a shading
increased attenuation, without mass effect or vessel
displacement.

1.3.1 Mesenteric Edema
Mesenteric edema may be related to systemic diseases
(hypoproteinemia, heart failure, nephrosis), cirrhosis,
and portal or mesenteric vein thrombosis.

The misty mesentery caused by systemic diseases
is usually associated with increased density of the
subcutaneous fat, relative sparing of the retroperito-
neal fat, ascites, and pleural effusion.

Mesenteric edema is a common finding in patients
with liver cirrhosis, owing to hypoalbuminemia or
portal hypertension; this latter increases the pressure
within mesenteric veins, causing fluids to seep out

Fig. 1 Coronal view of small
bowel mesentery (*),
mesocolon (r) and sigmoid
mesentery (.) in a schematic
drawing (a) and in a
reformatted multidetector-row
CT image (b)
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into the mesentery. The resulting diffuse mesenteric
haziness is commonly associated with findings
indicative of portal hypertension, such as varices,
splenomegaly, and ascites.

As reported by Chopra et al. (1999), in the setting of
cirrhosis there is a characteristic progression from
mesenteric edema alone, through a combination of
mesenteric and omental edema to a combination of
mesenteric, omental, and retroperitoneal edema.
Neither omental nor retroperitoneal edema occur with-
out mesenteric edema, and retroperitoneal edema does
not occur without omental edema. Therefore, in patients
with cirrhosis, the presence of omental or retroperitoneal
edema without mesenteric edema should suggest
other pathological conditions, such as inflammation
or malignant infiltration. Moreover, a severe ascites

without misty mesentery should be considered indica-
tive of other conditions that could complicate hepatic
cirrhosis, such as portal or hepatic venous occlusion,
bacterial peritonitis, or peritoneal carcinomatosis.

The misty mesentery resulting from systemic dis-
eases and cirrhosis tends to be diffuse, extending from
the bowel surface to the root of the mesentery at the
origin of mesenteric vessels.

On the other hand, mesenteric edema caused by
mesenteric vein thrombosis has a segmental distri-
bution corresponding to that portion of mesentery
which is tributary of the ischemic bowel loop (Fig. 2)
(Okino et al. 2001). Similarly, a focal mesenteric
haziness in patients with ‘‘closed-loop’’ bowel
obstruction may indicate a vascular impairment of the
involved bowel wall (Di Mizio and Scaglione 2007).

Table 1 Misty mesentery in most common non-neoplastic and neoplastic diseases

CT features of misty
mesentery

Associated findings Diagnosis

Ill-defined increased CT
attenuation of mesenteric fat
(Non-neoplastic diseases)

Ascites; subcutaneous fluid; pleural effusion Edema- systemic
disease

Cirrhosis; ascites; varices; splenomegaly Edema- portal
hypertension

Clots within mesenteric vein; bowel wall thickening Edema- mesenteric
vein thrombosis

Hemorrhage (40–60 HU) Trauma
Bowel ischemia
Anticoagulation
therapy

CT features of cholecystitis, pancreatitis, appendicitis, enterocolitis,
diverticulitis

Reactive
inflammation

Stratified wall thickening of the terminal ileum; mesenteric fibrofatty
proliferation; increased vascularity of the vasa recta (comb sign);
mesenteric adenopathy; fistulas; phlegmons and/or abscesses

Reactive
inflammation
Crohn’s disease

Smooth (wet-type), nodular (fixed-type), or irregular (dry type)
peritoneal thickening; wall thickening of the terminal ileum or cecum;
enlarged lymph nodes with central hypodensity due to caseous necrosis;
hyperattenuating ascites

Tuberculous
disease

Mass-like increased CT
attenuation of mesenteric fat
(Non-neoplastic diseases)

‘‘Fat-ring sign’’; pseudocapsule Sclerosing
mesenteritis

Mass-like increased CT
attenuation of mesenteric fat
(Neoplastic diseases)

Multilocular cystic mass Lymphangioma

Well demarcated mass with attenuation values similar to that of muscle Desmoid tumor

Mass with radiating bands and calcifications, with or without regional
intestinal wall thickening

Carcinoid tumor

Encasement of mesenteric vessels; bulky retroperitoneal adenopathy Lymphoma

Stellate appearance; peritoneal thickening Carcinomatosis
Peritoneal
mesothelioma
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1.3.2 Mesenteric Hemorrage
Acute hemorrhage is characterized by high CT
attenuation values (40–60 HU). It may be diffuse or
focal and is commonly associated with a traumatic
event (Fig. 3), anticoagulation therapy, blood dys-
crasia, mesenteric ischemia, or with a ruptured
vascular aneurysm.

1.3.3 Mesenteric Inflammation
Many inflammatory diseases of the gastrointestinal
tract may cause a misty mesentery. In severe acute
pancreatitis, pancreatic fluid can spread along the
anterior pararenal space into the small bowel mes-
entery or along the transverse mesocolon. Acute
cholecystitis, appendicitis, infectious enterocolitis,
and diverticulitis may produce local inflammation
within the adjacent mesenteries (Horton et al. 2000).

In patients with Crohn’s disease mesenteric hazi-
ness is indicative of extraluminal spread of the
inflammatory process, usually characterized by fistu-
las, phlegmons and/or abscesses. In these cases the
‘‘misty mesentery’’ is commonly associated with
bowel wall thickening with a target appearance,
mesenteric fibrofatty proliferation, increased vascu-
larity of the vasa recta (comb sign), and mesenteric
adenopathy (Furukawa et al. 2004).

As an integral part of the peritoneum, mesenteries
are involved in most patients with tuberculous peri-
tonitis. This pathology may be considered as ‘‘the
great mimicker’’, because it may show a CT appear-
ance similar to that of many other benign or

malignant diseases. Nevertheless, the tuberculous
involvement of the mesentery can be considered when
the following findings are present on CT (Akhan and
Pringot 2002; Sheth et al. 2003):
1. smooth (wet-type), nodular (fixed-type), or irreg-

ular (dry type) peritoneal thickening;
2. stranding or nodularity within mesenteric fat;
3. wall thickening of the terminal ileum or cecum;
4. enlarged mesenteric and retroperitoneal lymph

nodes with central hypodensity due to caseous
necrosis (Fig. 4);

5. ascites, which is characteristically of relatively
high density due to the high protein content

1.3.4 Sclerosing Mesenteritis
Sclerosing mesenteritis is a complex chronic mesen-
teric fibro-inflammatory disorder (Daskalogiannaki
et al. 2000; Horton et al. 2003).

The cause of this disease is still unknown, and it has
been related to a wide spectrum of conditions, such as
autoimmunity, infection, trauma, ischemia, malig-
nancy, and previous abdominal surgery. It is frequently
associated with other idiopathic pathologies charac-
terized by chronic inflammation and fibrosis, such as
retroperitoneal fibrosis, sclerosing cholangitis, Riedel
thyroiditis, and orbital pseudotumor.

Sclerosing mesenteritis can be classified into three
subgroups on the basis of the underlying predominant
pathological process: mesenteric panniculitis,
characterized by chronic inflammation, mesenteric
lypodystrophy, characterized by fat necrosis, and
retractile mesenteritis, characterized by fibrosis.
These different conditions may coexist in the same
patient.

At CT, chronic mesenteric inflammation usually
appears as a focal area of increased attenuation within
the mesenteric fat, which extends along the root of the
jejunal mesentery, thereby showing a leftward orien-
tation. It contains scattered well-defined small lymph
nodes. Typically the normal fat density around vessels
and nodes is preserved: this finding is known as
‘‘fat-ring sign’’. A peripheral band with soft-tissue
attenuation may wrap around the inflammatory mesen-
teric process as a pseudocapsule, which delimits it from
the surrounding normal fat (Fig. 5) (Horton et al. 2003).

When fibrosis predominates, sclerosing mesenter-
itis may manifests itself as infiltrative masses with
soft-tissue attenuation, which may contain calcifica-
tions and cause vascular thrombosis or bowel

Fig. 2 Axial multidetector-row CT image of a patient with
surgically proven small bowel venous ischemia, showing
haziness of the mesentery which is tributary of the ischemic
bowel loops (arrows)
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obstruction. This condition often requires extensive
histological sampling for accurate diagnosis, because
the imaging findings may be identical to those of
mesenteric tumors (i.e. carcinoid or lymphoma)
(Horton et al. 2003).

As sclerosing mesenteritis has been reported to
coexist with malignancies including lymphoma,
breast cancer, lung cancer, melanoma, and colon
cancer (Daskalogiannaki et al. 2000; Zissin et al.
2006), close follow-up to search for hidden tumoral
lesions is warranted for patients who show it without
a demonstrable underlying cause at CT.

1.4 Neoplastic Mesenteric Diseases

The hallmark of neoplastic involvement of the mes-
enteries at CT is the presence of mesenteric soft-tissue
masses, which can appear round and well-defined,
irregular and ill-defined, or stellate.

1.4.1 Primary Tumors
Primary neoplasms of the mesentery are rare; usually
they have a mesenchymal origin and may derive from
lymphatic, vascular, fibrous, neuromuscular, or fatty
tissues (Sheth et al. 2003).

Fig. 3 Axial multidetector-row CT images of a patient with a
traumatic lesion of the mesentery. Non-enhanced image
(a) shows high attenuation of the mesentery (arrow) due to

hemorrhage. On contrast-enhanced image (b) a traumatic lesion
of a mesenteric vessel is identified thanks to the visualization of
contrast-blush (open arrow)

Fig. 4 Axial multidetector-row CT images of a patient with
abdominal tuberculosis, showing stranding of the mesenteric
fat, associated with mesenteric (arrows in a) and retroperitoneal

(arrows in b) enlarged nodes characterized by central hypo-
density due to caseous necrosis
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Lymphangiomas typically appear as large, thin-
walled, multiloculated cysts at CT, which may show
an attenuation less than that of water due to chylous
content.

Cavernous hemangiomas involving the mesentery
generally lack a well-defined border; the presence of
phleboliths is highly suggestive of the diagnosis.

Lipomas show uniform fat attenuation, without a
prominent soft-tissue component.

Nerve sheath tumors, such as schwannomas or
neurofibromas, arising from the mesentery are
uncommon. At CT, they have a multifocal, branching
or coalescent appearance and may mimic low atten-
uation lymphadenopathy or even a cystic lesion.

Leiomyomatosis peritonealis disseminata is a rare
benign condition characterized by the presence of
multiple well-defined nodules composed of smooth
muscle cells. It primarily affects women of repro-
ductive age and it is associated with uterine fibroids,
pregnancy, and contraceptive steroids.

Desmoid tumors are rare, locally aggressive, non-
encapsulated masses resulting from a benign prolifer-
ation offibrous tissue and may occur in association with
Gardner’s syndrome, post-partum or post-surgery.
They appear as soft-tissue masses with well-demar-
cated or poorly defined borders, and strands radiating
into the adjacent mesenteric fat, or a ‘‘whorled
appearance’’ offibrosis growing into the mesenteric fat.
Most mesenteric desmoids are isoattenuating relative

to muscle, although large lesions may display areas of
low attenuation caused by necrosis (Fig. 6).

Primary sarcomas of the peritoneal spaces, such as
liposarcoma, malignant fibrous histiocytoma, and
leiomyosarcoma, occur less frequently than their
retroperitoneal counterparts. CT findings are non-
specific and include masses with a cystic component
or cystic necrosis, calcifications, prominent contrast
material enhancement, or fat attenuation.

1.4.2 Secondary Tumors
Mesenteries are frequent pathways of dissemination
for malignant neoplasms through the peritoneal
cavity and between the peritoneal spaces and the
retroperitoneum.

Secondary tumors can spread to the mesenteries
along four major ways: direct spread, via the mes-
enteric lymphatic, embolic hematogeneous spread,
intraperitoneal seeding (Raptopoulos and Gourtsoy-
iannis 2001; Sheth et al. 2003).

1.4.3 Direct Spread
• Gastrointestinal carcinoid tumors arise from

neuroendocrine cells in the intestinal mucosa or
submucosa. The release of serotonin and other
hormones from the tumor causes a desmoplastic
reaction, which appears at CT as a soft-tissue mass
with linear bands radiating into the mesenteric fat.

Fig. 6 Axial multidetector-row CT image of a patient with
histological diagnosis of abdominal desmoid tumor, showing
large soft-tissue masses growing in the mesentery (arrows)

Fig. 5 Axial multidetector-row CT image of a patient with
sclerosing mesenteritis, showing a well-circumscribed, mass-
like increased attenuation of the mesenteric fat (arrows),
containing some small nodes. The typical pseudocapsule and
fat ring sign are also evident

326 A. Filippone et al.



Calcifications are visible in up to 70% of lesions.
Sclerosis or angulation of mesenteric vessels may
cause bowel ischemia. Occasionally, the primary
tumor may appear as a focal bowel wall thickening,
but, in the majority, it is hardly detectable on CT,
giving its too small diameter (Fig. 7) (Pantongrag-
Brown et al. 1995).

• Gastric, pancreatic, biliary and colon cancer may
extend in the contiguous mesenteries or throw
mesenteric reflections and ligaments.

1.4.4 Extension Via the Mesenteric
Lymphatic

• Lymphoma is the most common malignant neo-
plasm affecting the mesentery. CT features include:
a. multiple, rounded, mildly enhancing masses, that

usually encase the mesenteric vessels without per-
ivascular fat preservation, producing the ‘‘sand-
wich sign’’ and displacing bowel loops (Fig. 8);

b. a large lobulated mass, rarely presenting with
necrosis;

c. an ill-defined infiltration of the mesenteric fat.
Bulky retroperitoneal adenopathy is frequently

associated.
• Metastases from colon cancer, ovarian carci-

noma, breast cancer, lung cancer, carcinoid, and
melanoma can spread to mesenteric lymph nodes.
The nodal enlargement is less pronounced and
more localized than that seen in mesenteric
lymphoma.

Fig. 7 Axial multidetector-row CT images of a patient with a carcinoid tumor of the terminal ileum (arrow in b), showing a
mesenteric soft-tissue mass with radiating septa and small calcifications (arrow in a)

Fig. 8 Coronal reformatted multidetector-row CT image of a
patient with abdominal lymphoma showing multiple soft-tissue
masses encasing mesenteric vessels associated with ascites
(asterisks)
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1.4.5 Embolic Hematogeneous Spread
• Melanoma, breast or lung cancer metastases can

reach the bowel throw mesenteric arterial branches.

1.4.6 Intraperitoneal Seeding
• Carcinomatosis is common in breast, gastrointes-

tinal tract, or ovarian cancers. Soft-tissue tumors
replacing normal mesenteric fat may produce the
characteristic pleated or stellate patterns. The
mesenteries become stiff and lose their normal
undulations, causing straightening of mesenteric
vessels. Moreover, owing to the infiltration of the
perivascular spaces, mesenteric vessels may appear
denser than the adjacent normal mesenteric fat
(Fig. 9). Peritoneal and mesenteric implants cause a
fibrotic response, which corresponds to a delayed
enhancement on contrast-enhanced CT (Levy et al.
2009).

• Malignant peritoneal mesothelioma is a rare and
aggressive tumor that arises from the mesothelial
cells lining the serosal surface of the peritoneal
cavity. CT features vary from a ‘‘dry’’ appearance
consisting of large or confluent masses, to a ‘‘wet’’
appearance consisting of ascites and associated
nodular or diffuse peritoneal thickening. Spread to
the mesentery appears as increased attenuation of
the mesenteric fat, rigidity of the vascular bundles
and perivascular soft-tissue thickening. Scalloping

of or mass effect on adjacent abdominal organs may
be seen. Calcifications are uncommon (Pickhardt
and Bhalla 2005).

2 Retroperitoneal Diseases

2.1 Anatomy of the Retroperitoneum

The retroperitoneum lies between the posterior parietal
peritoneum anteriorly and the transversalis fascia
posteriorly. It is divided into three compartments,
named according to their relationship to the kidney and
the anterior (Gerota’s) and posterior (Zuckerkandl’s)
renal fascias: the anterior pararenal space, which lies
behind the parietal posterior peritoneum and the
anterior renal fascia; the perirenal space, which is
surrounded by the anterior and posterior renal fascias;
the posterior pararenal space, which is bounded by the
posterior renal fascia anteriorly and the trasversalis
fascia posteriorly. The posterior pararenal space is
separated from the anterior pararenal space by the
lateroconal fascia (Fig. 10) (Burkill and Healy 2000;
Meyers et al. 2005).

The retroperitoneal spaces contain adrenal glands,
kidneys, and ureters; they also include posterior
structures partially covered by the peritoneum, such
as the aorta, the inferior vena cava, the pancreas,

Fig. 9 Axial (a) and coronal reformatted (b) multidetector-
row CT images of a patient with peritoneal carcinomatosis
showing a stellate appearance and distortion of the mesentery,

associated with omental soft-tissue masses (arrows in a),
ascites (asterisks) and peritoneal thickening (arrows in b)
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the duodenum, the right and left colon, nerves, and
lymphatics.

2.2 Retroperitoneal Diseases

Most of the pathological processes involving the ret-
roperitoneum arise from the major retroperitoneal
organs described above and, therefore, represent
secondary injuries.

Primary diseases of the retroperitoneum are rare
and their diagnosis is difficult because the clinical
presentation is often insidious (Koh and Moskovic
2000). There are many benign and malignant
pathologies arising within the retroperitoneal spaces
but outside the major retroperitoneal organs; these
diseases could be classified according the tissue of
origin (Table 2) (Fletcher et al. 2002).

2.3 CT Diagnosis of Retroperitoneal
Diseases

Although CT is highly sensitive in the detection of
retroperitoneal masses, the correct differentiation
of these lesions is often challenging, because most of
retroperitoneal diseases do not have specific imaging
features (Sanyal and Remer 2009).

Nevertheless, the knowledge of retroperitoneal anat-
omy, the analysis of pattern of spread, lesion compo-
nents, and type of enhancement together with patient’s
clinical characteristics may narrow the differential

diagnosis and help to distinguish primary from second-
ary tumors and other retroperitoneal entities.

The correct approach to diagnosis consists of
several steps, as follows (Nishino et al. 2003):
A. to determine lesion location into the retroperito-

neal spaces;
B. to identify the organ of origin;
C. to analyze the pattern of growth;
D. to recognize specific lesion components;
E. to evaluate vascularization and pattern of

enhancement.

Table 2 Classification of most common retroperitoneal dis-
eases according to the tissue of origin

Tissue of origin Pathologies

Fat tissue Lipoma/Liposarcoma

Connective tissue Malignant fibrous histiocytoma

Muscular tissue Leiomyoma/Leiomyosarcoma

Vascular tissue Hemangioma
Malignant hemangiopericytoma

Lymphatic tissue Cystic lymphangioma

Ganglion cell Ganglioneuroma
Ganglioneuroblastoma
Neuroblastoma

Paraganglionic system Paraganglioma/Pheocromocitoma

Nerve sheath Neurilemmoma or Schwannoma
Neurofibroma
Malignant nerve sheaths tumors

Embrionary tissue Teratoma
Mucinous Cystoadenoma

Fig. 10 Anatomy of the
retroperitoneum
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A. To determine lesion location into the
retroperitoneal spaces

Once a mass is identified on CT, the first step for
the diagnosis is to determine whether it is located
within the retroperitoneal spaces. Anterior displace-
ment of major vessels and retroperitoneal organs
(kidneys, adrenal glands, ascending and descending
colon, duodenum, and ureters) indicates that the
lesion arises in the retroperitoneum (Fig. 11).

In the pelvis, displacement of major vessels and
infiltration of psoas muscles are typical signs of
retroperitoneal masses.

B. To identify the organ of origin
To define a lesion as primarily retroperitoneal, the

possibility that it originates from a retroperitoneal
organ must be excluded.

There are some radiologic signs that help to
determine the organ of origin of the lesion (Nishino
et al. 2003; Sanyal and Remer 2009):
1. The ‘‘beak sign’’: when a mass deforms the edge of

an adjacent organ into a ‘‘beak’’ shape, it is likely
that the mass arises from that organ (Fig. 12).

2. The ‘‘negative beak sign’’: when a mass deforms
an adjacent organ with dull edges, it suggests that
the mass compresses the organ, but does not arise
from it (Fig. 13).

3. The ‘‘phantom (invisible) organ sign’’: when a
large mass arises from a small organ, the organ of
origin sometimes becomes undetectable.

4. The ‘‘embedded organ sign’’: when a mass arises
from an organ, part of the organ is embedded in the

mass; the mass is in close contact with the organ
and the contact surface is sclerotic with desmo-
plastic reaction or ulcerative. On the other hand,

Fig. 11 Axial multidetector-row CT image of a patient with
retroperitoneal liposarcoma (asterisks) showing the anterior and
medial displacement of the right kidney by the mass

Fig. 12 Axial multidetector-row CT image showing the ‘‘beak
sign’’ (arrows) inacystic lesion(asterisk) arisingfromthe rightkidney

Fig. 13 Axial multidetector-row CT image showing the
‘‘negative beak sign’’ (arrow) in a retroperitoneal ganglioneu-
roma (asterisk): the lesion does not originate from the left kidney
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when a mass compresses an adjacent plastic organ
(such as hollow viscera or inferior vena cava) that
is not the organ of origin, the organ is deformed
into a crescent shape (Fig. 14).

5. The ‘‘prominent feeding artery sign’’: feeding
arteries coming from an organ support mass origin
from that organ.
C. To analyze the pattern of growth
Some retroperitoneal masses show characteristic

pattern of growth and spread.
Lymphangiomas and ganglioneuromas (Fig. 15)

extend into retroperitoneal spaces modeling on the
surface of pre-existing structures, and surrounding
vessels without compressing their lumina.

Paragangliomas and ganglioneuromas follow the
distribution of the sympathetic ganglia along parasp-
inal areas. Extension into the intervertebral foramen
suggests a neurogenic neoplasm.

D. To recognize specific lesion components
Some retroperitoneal masses show specific com-

ponents which could be clearly demonstrated at CT
and provide strong clues for the diagnosis (Nishimura
et al. 2001; Nishino et al. 2003).

Fat: the presence of fat could be easily recognized
showing the characteristic low attenuation value at
CT. Lesions containing fat have a wide spectrum of
biologic behaviors, as they range from completely
benign to malignant with full metastatic potential
(Craig et al. 2009).

If a fatty mass appears homogeneous and well-
defined, with smooth borders, it could be considered as a
lipoma. This benign lesion may grow to large propor-
tions, causing symptoms related to mass effect and
compression on adjacent structures. Although the
lipoma have no propensity to malignant degeneration, it
is prudent to assume that the lesion represents a well-
differentiated liposarcoma and to treat it accordingly.

A mass that is irregular and ill-defined but contains
fat, represents a liposarcoma. Liposarcomas are the most
common sarcomas arising in the retroperitoneum,
representing 35% of all malignant retroperitoneal soft-
tissue tumors in adults (Kransdorf 1995). They can be
classified into well-differentiated, myxoid, pleomorphic,
and dedifferentiated. Well-differentiated liposarcomas
usually contains an appreciable amount of fat and can
demonstrate internal enhancing fibrous septa (Fig. 16),

Fig. 14 Axial multidetector-row CT image showing a retro-
peritoneal pleomorphic liposarcoma (asterisk) compressing and
deforming the inferior vena cava into a crescent shape (arrow)

Fig. 15 Axial multidetector-row CT image of a patient with
retroperitoneal ganglioneuroma (asterisk)

Fig. 16 Axial multidetector-row CT image of a patient with
retroperitoneal liposarcoma (asterisks)
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whereas dedifferentiated lesions may not demonstrate
appreciable fat, may show heterogeneous aspect, with
nodular areas of contrast enhancement, thus appearing
similar to other sarcomas.

CT features that suggest malignancy include diameter
larger than 10 cm, presence of thick septa, presence of
globular and/or nodular non-fatty areas, and percent-
age of fat composition less than 75% (Kransdorf et al.
2002).

Myxoid liposarcomas show almost water-like
attenuation, lower than that of the muscle, and
delayed enhancement; [50% have no macroscopic
fat.

Most pleomorphic liposarcomas have little or no
macroscopic fat and show intense and eterogeneous
enhancement with areas of necrosis; they commonly
invades adjacent structures.

Cystic lesions: some retroperitoneal tumors may
appear as completely cystic or solid with focal int-
ralesional cystic changes (Yang et al. 2004). Cystic
lymphangiomas are congenital benign tumors which
occur owing to failure of the developing lymphatic
tissue to establish normal communication with
the remainder of the lymphatic system. At CT, lym-
phangioma typically appears as a large, thin-walled,
multiseptate completely cystic mass, which has an
elongated shape and extends between normal ana-
tomic structures, eventually from a compartment to
another (Fig. 17). Rarely, cystic lymphangiomas may
have wall calcification. Surgical excision is the
treatment of choice (Davidson and Hartman 1990).

Mucinous cystadenoma affects womens with nor-
mal ovaries and presents as a homogeneous unilocular
cystic mass, which is difficult to differentiate from
other retroperitoneal cystic masses purely on the basis
of CT findings. Therefore, surgical intervention with
complete excision of the cyst is usually indicated for
diagnosis and treatment (Pennell and Gusdon 1989).

A retroperitoneal cystic teratoma should be sus-
pected when a complex mass containing a well-
circumscribed fluid component, fat tissue, and calci-
fications is found.

Neurogenic tumors, such as schwannomas or
paragangliomas, may present intralesional cystic
areas, often resulting from necrotic changes.

Myxoid stroma: myxoid stroma is characterized by
a mucoid matrix, rich in acid mucopolysaccharides.
Lesions with myxoid stroma show hypodensity
on CT images and delayed enhancement after con-
trast medium administration. Tumors that commonly
contain a myxoid stroma include neurogenic
tumors, mixoid liposarcomas, and malignant fibrous
histiocytoma.

Various types of neurogenic tumors can affect the
retroperitoneum (Rha et al. 2003). These tumors may
arise from ganglion cells (ganglioneuromas, ganglio-
neuroblastomas, neuroblastomas), paraganglionic
system (pheocromocytomas and paragangliomas), or
nerve sheath (neurilemmomas or schwannomas,
neurofibromas, malignant nerve sheath tumors).

Ganglioneuromas are benign tumors that derive
from sympathetic ganglia, and are composed of
mature Schwann cells, ganglion cells, and nerve
fibers. They predominantly affect children and young
adults. At CT ganglioneuromas appear as well-
circumscribed oval or lobulated masses, which tend to
partially or completely surround major blood vessels,
with little or no compromise of the lumen. They
show a gradually increasing enhancement (Fig. 18)
(Ichikawa et al. 1996).

Neuroblastomas are malignant tumors composed
of small, dark neuroepithelial cells that may show
glial or ganglionic differentiation and contain nests of
primitive round cells with dark-staining nuclei and
scant cytoplasm. They most commonly occur during
the first 10 years of life. Neuroblastomas tend to
metastasize to bone, bone marrow, liver, lymph
nodes, and skin. The majority are irregularly shaped,
lobulated, and unencapsulated; they tend to be inho-
mogeneous, owing to necrosis and hemorrhage.

Fig. 17 Axial multidetector-row CT image of a patient with a
mesenteric and retroperitoneal lymphangioma (asterisks)
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Sometimes they invade adjacent organs or encase
adjacent vessels. In approximately 85% of cases they
contain calcifications that are usually coarse, amor-
phous, and mottled in appearance, as opposed to
the discrete and punctate calcifications observed in
ganglioneuromas (Bousvaros et al. 1986).

Retroperitoneal paragangliomas may be found in a
para-aortic location from the renal arteries to the
aortic bifurcation. The benign tumors are small and of
muscle density, the malignant tumors are larger and
contain low-density regions representing necrosis.
Metastasis is the criterion for malignancy. Extra-
adrenal paragangliomas are more aggressive than
adrenal pheocromocytomas, and tend to disseminate
both lymphatically and hematogenously to the
regional lymph nodes, bone, liver, and lung. They
often cause clinical symptoms because of the cate-
cholamines they produce (Lane et al. 1989).

Neurilemmomas, or schwannomas, are benign
neurogenic tumors that arise from the nerve sheaths
of peripheral nerves and predominantly occur in
females. They comprise 6% of primary retroperito-
neal neoplasms (Lane et al. 1989) and are usually
located in the paravertebral regions, adjacent to the
kidney, or in the presacral pelvic retroperitoneum.
At CT, neurilemmomas appear as well demarcated

round or oval masses, that frequently demonstrate
prominent cystic degeneration or calcification which
are punctate, mottled, or curvilinear and distributed
along the lesion’s walls.

Neurofibromas can manifest as a solitary tumor or
as a component of neurofibromatosis. They occur
more frequently in men than in women. In contrast to
neurilemmomas, neurofibromas are solid tumors,
which have a homogeneous, smooth, and round
appearance at CT. They have attenuation values of
20–25 HU on unenhanced scans as well as homo-
geneous enhancement with attenuation values of
30–50 HU on contrast-enhanced scans. Low
attenuation on unenhanced CT scans is due to lipid-
rich Schwann cells, adipocytes, and entrapment of the
surrounding fat, whereas the high attenuation on
contrast-enhanced scans represents dense collagen
bands (Kumar et al. 1983).

At CT, neurofibromas and schwannomas occa-
sionally demonstrate a target-like appearance, with a
lower attenuation at the periphery of the lesion
resulting from myxoid degeneration.

Malignant fibrous histiocytomas represent the third
sarcomas of the retroperitoneum. They appear as
large heterogeneous retroperitoneal masses, with an
admixture of solid components, cystic degeneration,

Fig. 18 Axial contrast-enhanced multidetector-row CT
images during portal-venous (a) and equilibrium (b) phases
showing a retroperitoneal well-circumscribed mass with

delayed enhancement (arrows), which resulted to be a
ganglioneuroma at histological analysis
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hemorrhage, myxoid stroma, and fibrous tissue.
Associated lymphadenopathy is common (Nishimura
et al. 2001).

Calcifications: there are many retroperitoneal
masses that contain calcifications, including either
benign (ganglioneuromas, hemangiomas) or malig-
nant (neuroblastoma, osteosarcoma, malignant fibrous
histiocytoma) entities (Nishimura et al. 2001).

The analysis of all lesion components and patter
of enhancement allow to narrow the differential
diagnosis.

Necrosis: necrosis within a mass appear as a low
attenuation area, without contrast enhancement on
CT. It is usually indicative of high-grade malignancy
tumors, such as leiomyosarcomas.

Leiomyosarcomas, the second sarcomas of the
retroperitoneum, originate from smooth muscle, par-
ticularly from that of the retroperitoneal vessel walls;
they may spread to lung, muscles, liver and kidney by
means of hematogenous dissemination.

Leiomyosarcomas appear as solid lesions with
lobular contours and various grade of necrosis
according to tumor size and aggressiveness. The
delayed enhancement allow to distinguish this type of
sarcomas from other extremely hypervascularized
tumors such as the hemangiopericytoma.

Leiomyosarcomas affecting the inferior vena cava
typically present as masses with irregular enhance-
ment, which cause a dilatation of the vein.

Hemorrage: extremely hypervascular tumors such
as paragangliomas sometimes show fluid–fluid levels
due to hemorrhagic necrosis (Nishino et al. 2003).
An extensive intratumoral hemorrhage, which fre-
quently occurs in malignant fibrous histiocytoma,
may simulate a hematoma; an accurate evaluation of
other mass components is mandatory to avoid an
incorrect diagnosis (Nishimura et al. 2001).

E. To evaluate vascularization and pattern
of enhancement

Paragangliomas and hemangyopericytomas are
extremely hypervascular tumors. Malignant fibrous
histiocytomas, leiomiosarcomas and many other
sarcomas show a moderate hypervascularization.
Low-grade liposarcomas and benign tumors appear as
hypovascular (Nishino et al. 2003). In detail, four
major patterns of enhancement may be identified
(Nishimura et al. 2001):
1. no enhancement: seen in benign masses, such as

lipomas, lymphangiomas, and cysts;

2. early enhancement with quick washout: seen in
benign masses;

3. early enhancement with slow washout or without
an obvious washout: seen in most malignant
masses and a few benign masses (eg, some para-
gangliomas and schwannomas);

4. delayed enhancement: seen in benign masses
(eg, neurogenic tumors, desmoids, hemangiomas,
and leiomyomas) and a few malignant masses
(eg, myxoid liposarcomas, leiomyosarcomas).

2.4 Main Differential Diagnoses

Primary retroperitoneal diseases should be distin-
guished from many other pathologies involving the
retroperitoneal spaces. Hereafter the criteria for the
differential diagnosis are briefly reported.

Lymphoma: although lymphoma shows the same
growth-pattern of lymphangiomas and ganglioneuro-
mas, extending between normal retroperitoneal
structures, surrounding and engulfing vessels and
preserving vascular patency, the differential diagnosis
can be made according to the different density. As a
matter of fact, lymphoma appears as homogeneous
and poorly enhancing para-aortic or pelvic soft-tissue
masses (Fig. 19). Necrosis and calcification are
uncommon (Nishino et al. 2003).

Metastatic lymph nodes: metastatic lymph nodes
from various neoplasms may appear as heterogeneous
masses, with variable amount of necrosis. The
knowledge of the primary disease is crucial for
diagnosis (Fig. 20).

Fig. 19 Axial multidetector-row CT image of a patient with
abdominal lymphoma (asterisks)
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Infectious lymph nodes: tuberculous disease may
cause enlarged retroperitoneal lymph nodes with
central hypodensity due to caseous necrosis, poten-
tially mimicking neoplastic masses (Akhan and
Pringot 2002). Clinical and laboratory data may assist
in the differential diagnosis.

Retroperitoneal fibrosis: the cause of retroperito-
neal fibrosis is unknown. In its early stages, histologic
analysis shows inflammatory cells and edema in a
loose collagen network; the advanced pattern consists
of dense fibrosis with a minimal cellular infiltration
(Amis 1991). It usually manifests as an isolated
fibrotic plaque located anterior to the lumbar spine;

the great vessels are surrounded and encased. The
plaque shows attenuation values similar to those of
adjacent muscles and demonstrates a characteristic
delayed enhancement, depending on the fibrotic
content (Fig. 21). Owing to the overlapping CT fea-
tures and pattern of enhancement between retroperi-
toneal fibrosis and many other retroperitoneal
diseases, the diagnosis may require histological
sampling.

Miscellaneous: many inflammatory conditions
(pancreatitis, pyelonephritis, and diverticulitis.), iat-
rogenic or traumatic events may result in fluid collec-
tions (pancreatic pseudocyst, lymphocele, urinoma,

Fig. 20 Axial multidetector-row CT (a) and ultrasound (b) images of a patient with a retroperitoneal lymph node metastasis
(asterisk in a) from a testicular neoplasm (arrow in b)

Fig. 21 Axial contrast-enhanced multidetector-row CT
images during portal-venous (a) and equilibrium (b) phases
of a patient with retroperitoneal fibrosis showing a soft-tissue

mass with a delayed enhancement around and above the aorta
(arrows). The lesion extends towards the left kidney, causing
urinary tract obstruction and hydronefrosis (asterisks)
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and hematoma) spreading into the retroperitoneal
spaces or dissecting retroperitoneal fascias. Knowing
patient’s clinical history and evaluating associated CT
findings helps to achieve the correct diagnosis.
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Abstract

Multislice CT has evolved as the first-line imaging
modality in patients with an acute abdomen.
Multiple studies have shown that its utilization
increases diagnostic accuracy and decreases
morbidity and mortality. The imaging findings
and the pathophysiological background of the most
frequently encountered etiologies or life-threatening
conditions are reviewed, including appendicitis,
diverticulitis, bowel obstruction, bowel ischemia,
and gastrointestinal perforation.

1 Introduction

The term ‘‘acute abdomen’’ refers to a sudden onset of
severe abdominal pain of unknown etiology requiring
prompt diagnosis and early medical or surgical
treatment. The majority of severe abdominal pains
that ensue in patients who have been previously fairly
well, and that last as long as 6 h, are caused by
conditions of surgical import (Silen 2010).

Modern radiologic examinations, of which ultra-
sonography (US) and computed tomography (CT) are
the most often used, are helpful when triaging patients
with an acute abdomen. CT in the emergency room
for patients with acute abdominal pain increases the
physician’s level of certainty, reduces the hospital
admission rates and leads to more timely surgical
intervention (Rosen et al. 2000). As a single imaging
strategy, CT is better overall than US in detecting
urgent conditions according to a prospective multi-
centre study of more than 1,000 adult patients in the
Netherlands; a conditional CT strategy, however,
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with US in all patients and CT only after negative or
inconclusive US, yields the highest sensitivity for
detecting urgent conditions (Laméris et al. 2009).
Although a large number of potentially life-threaten-
ing diseases can cause acute abdominal pain, in this
multicentre study seven conditions only accounted
for 60% of patients with the final diagnoses classified
as urgent (needing treatment within 24 h): acute
appendicitis (28%), acute diverticultis (12%), bowel
obstruction (7%), acute cholecystitis (5%), acute
pancreatitis (3%), gynecological diseases (3%),
and urological diseases (2%) (Laméris et al. 2009).
Abscess, perforated viscus, bowel ischemia,
pneumonia, and retroperitoneal or abdominal wall
bleeding accounted in each case for 1%. In another
recent prospective investigation among more than 500
adult patients presenting with nontraumatic abdomi-
nal complaints to the emergency department, CT
altered the leading diagnosis in 49% and the
management plan in 42% of patients; the five most
common diagnoses after CT were no acute condition,
renal colic, intestinal obstruction, abscess, and
appendicitis, in order of decreasing frequency
(Abujudeh et al. 2011).

In many centers plain abdominal radiography,
despite significant diagnostic limitations, tradition-
ally serves as the first step in the diagnostic work-up
of patients with an acute abdomen. The lack of
positive findings at conventional radiography, how-
ever, is falsely reassuring or further imaging is often
required to better characterize abnormalities identi-
fied at abdominal radiography (Kellow et al. 2008).
US has gained widespread acceptance, but it is a
notoriously patient and operator-dependent technique
and its use as the only imaging investigation gives
an unacceptably high number of missed urgent
conditions (Laméris et al. 2009). Therefore, CT is
considered by many authors as first-line imaging
modality and the advancement of helical CT to
multislice CT (multi-detector CT) has further
increased its role in patients with acute abdominal
pain (Urban and Fishman 2000; Gore et al. 2000;
Marincek 2002; Leschka et al. 2005; Stoker et al.
2009). In spite of increasing concerns regarding
expenditures and radiation dose cited in the medical
literature and reported by the popular media, a study
performed in the United States found no evidence
that in the emergency department the growth of CT

from 1995 to 2007 for evaluation of abdominal pain
had begun to taper by 2007 (Larson et al. 2011).

CT protocols for the evaluation of patients with an
acute abdomen are variable. Most routine protocols
include the intravenous contrast agent administration
for good accuracy. Reported studies vary in the
necessity of oral or rectal contrast medium.
In accordance with other reviews, a prospective
comparison suggests that the impact of oral contrast
to improve conspicuity of pathology is minor (Lee
et al. 2006).

2 Appendicitis

2.1 Background

Appendicitis is generally considered as the most
common cause of acute abdominal pain. It is typically
seen with obstruction of the appendiceal lumen and
secondary bacterial invasion. The luminal obstruction
is often due to a fecalith or lymphoid hyperplasia.
Persisting obstruction is followed by fluid accumula-
tion, luminal distention, and increased intraluminal
and intramural pressure to the point of venous and
lymphatic obstruction. Ineffective venous and lym-
phatic drainage leads to bacterial invasion of the
appendiceal wall. This phlegmonous stage may
resolve spontaneously, but usually it progresses to
ulceration and necrosis of the wall and a pus-filled
lumen. Perforation and spillage of pus into the peri-
toneal cavity can then occur. The tip of the appendix
is often the first site of inflammation and perforation.
Depending on the patient’s own defense mechanism
the perforation may result in a surrounding periap-
pendiceal abscess or in diffuse peritonitis.

Patients with appendicitis are traditionally managed
by surgery. The preoperative knowledge of perforated
appendicitis is important, because localized perforation
and diffuse peritonitis are frequent reasons—second
and third to dense adhesions due to inflammation—for
conversion from laparoscopic to open appendectomy
(Liu et al. 2002). Several recent studies, however,
support the practice of conservative treatment with
antibiotics and image-guided percutaneous drainage
with or without interval appendectomy in patients in
whom a prolonged illness with abscess formation is
detected (Andersson and Petzold 2007).
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2.2 Imaging Findings

The exact role of imaging in patients with suspected
appendicitis is still a matter of debate, particularly
in patient groups where ionising radiation is not
desirable or contraindicated, such as the pediatric
population and pregnant women. US is the first line
modality for evaluation of abdominal pain in pregnant
patients, but acute appendicitis can be difficult to
diagnose, particularly late in pregnancy, due to the
size of the gravid uterus and upwards displacement of
the cecum and therefore the appendix and omentum.
MRI is considered as a valuable adjunct to US in
pregnant patients when doubt persists following
US examination; the visualization of a normal
appendix on MRI virtually excludes the diagnosis of
appendicitis and CT-associated radiation exposure
can be markedly reduced by using MRI in this patient
population (Pedrosa et al. 2009).

CT benefits from high diagnostic accuracy for
appendicitis. It is often used when clinical findings
and US results are equivocal. In elderly or obese
patients, CT may be the initial imaging examination.
In a recent retrospective study during an 18-year
period, a 93% reduction in negative appendectomy
rate correlated with an increase in the proportion of
patients undergoing preoperative CT from 1 to 97.5%
(Raja et al. 2010).

Because the length and orientation of the appendix
vary among individuals, patients with appendicitis
often present with atypical clinical signs and symp-
toms. The cecum is also a highly mobile structure that
can vary on position due to variations in its posterior
peritoneal attachment. The appendix arises from the
posteromedial wall of the cecum, approximately
2.5–3 cm below the ileocecal valve. The anatomical
position of its tip is in decreasing order of frequency
retrocecal (28%), pelvic (19%), subileal (15%), sub-
cecal (13%), paracecal (13%), postileal (7%) and
preileal (5%) (O’Connor and Reed 1994). Thus, axial
CT images alone have limitations for tracing the
course of the appendix. Additional reformatted mul-
tiplanar images are helpful in recognizing the location
of the base and tip of the appendix.

Key diagnostic CT findings of appendicitis include
completely visualized appendix, thickened appendix,
hyperdense appendiceal wall, calcified appendicolith,
and periappendiceal fat infiltration. When two or
more of these five imaging features are present, very

good accuracy can be achieved (van Randen et al.
2010) (Fig. 1). Appendiceal thickening has been
defined as transverse diameter [6 mm. However, the
recent literature suggests that because of considerable
overlap between the normal and abnormal appendix
the appendiceal diameter should be interpreted in the
context of clinical findings: in symptomatic patients a
diameter measuring [10 mm correlates with definite
appendicitis, whereas a diameter measuring 6–10 mm
has to be considerd as indeterminate (Pinto Leite et al.
2005; Keyzer et al. 2005). If an appendiceal lumen
contains gas, contrast material, or both, the appendix
is often considered normal, regardless of the trans-
verse diameter.

On unenhanced CT a hyperdense appendiceal wall
due to mucosal hemorrhage secondary to ischemia
appears to be a very specific sign and is seen in
approximately 30% of patients with appendicitis
(Ng et al. 2007). The detection of an isolated calcified
appendicolith is a less helpful sign, because an
appendicolith may be present in the absence of
appendicits (Daly et al. 2005). If appendicitis is present
the lumen of the appendix will not opacify with orally
or rectally introduced positive contrast material.

Periappendiceal inflammatory changes include
periappendiceal fat infiltration and periappendiceal
fluid (van Randen et al. 2010; Daly et al. 2005).
Periappendiceal fat infiltration and a completely visu-
alized appendix have the highest weights for the final
diagnosis of appendicitis (van Randen et al. 2010).

Defect in enhancing appendiceal wall, phlegmon,
abscess, extraluminal gas, and extraluminal appendi-
colith are specific CT findings indicating appendiceal
perforation. Among these five specific findings a
defect in the enhancing appendiceal wall is the most
accurate (Tsuboi et al. 2008) (Fig. 2).

Rare types of appendicitis are tip appendicitis
(inflammatory changes involving the distal appendix)
(Mazeh et al. 2009) (Fig. 3), stump appendicitis
(inflammation involving post appendectomy stump)
(Shin et al. 2005), or appendicitis within a hernia sac
(D’Ambrosio et al. 2006).

The range of diagnoses that can mimic appendi-
citis is wide and includes intestinal conditions
(mesenteric adenitis, ileocecal Crohn disease, cecal
diverticulitis, cecal carcinoma) and urogenital condi-
tions (ureteral stones with acute obstruction, pelvic
inflammatory disease, hemorrhagic ovarian cyst,
rupture of ectopic pregnancy). Primary neoplasms of
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the appendix are uncommon, but approximately 40%
of patients also present clinically with symptoms of
acute appendicitis, most often due to occlusion of the
appendiceal lumen by tumor (Pickhardt et al. 2002).
Primary appendiceal neoplasms comprise adenoma,
carcinoma, carcinoid, malignant lymphoma, and other
rare neoplastic conditions. CT findings of concern for
an underlying appendiceal neoplasm in patients with
secondary appendicitis include cystic dilatation of the
appendix, presence of a soft-tissue mass, and an
appendiceal diameter [15 mm (Fig. 4). Mucinous
appendiceal neoplasms generally form mucoceles
(descriptive term for cystic dilatation of the appen-
diceal lumen). Mucoceles form slowly as a result of
chronic luminal obstruction and may exhibit internal
septations and thin mural calfication (Pickhardt et al.

2002) (Fig. 5). Once formed, they can become
superinfected and the clinical symptomes can mimic
those of acute appendicitis.

3 Diverticulitis

3.1 Background

Diverticulitis is a frequent cause of acute abdominal
pain. The term ‘‘diverticulitis’’ indicates the inflam-
mation of a diverticulum or diverticula. Diverticulitis
primarily affects the left-sided colon where divertic-
ula are usually found. This finding is in contrast to
that seen in Asian populations, in which right-sided
diverticular involvement is more prominent (Stollman

Fig. 1 Appendicitis and walled-off perforation in a 69-year-old
female, contrast-enhanced CT with reformatted sagittal image
(right panel). Thickened appendix in retrocecal position
with contrast-enhancing wall, periappendiceal fat infiltration,
and a calcified appendicolith in the appendiceal base (long

arrow). A hypodense mass (short arrows) indicates a compli-
cating retroperitoneal phlegmon following walled-off perfora-
tion at the tip of the appendix. The sagittal view highlights the
value of multiplanar images in identifying the anatomical
position of the appendix
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and Raskin 2004). Colonic diverticular disease is
typically found in Western and industrialized socie-
ties, and its prevalence increases with age. Contrib-
uting factors to its development include altered
colonic motility and dietary deficiencies, especially
fiber. Diverticula vary in number and are typically
5–10 mm in diameter. Most individuals affected
remain asymptomatic. Of the few who develop
complications, diverticulitis is the most frequent
clinical syndrome, followed by diverticular hemor-
rhage. Diverticulitis is caused by fecal impaction at

Fig. 2 Appendicitis and free perforation in a 56-year-old
female, contrast-enhanced CT. Thickened appendix in pelvic
position with intraluminal fluid, intraluminal hyperdensity
indicating hemorrhage (arrowhead), a calcified appendicolith
at the appendiceal base (long arrow), and defects in the
enhancing wall (short arrow). Intraperitoneal fluid in the pelvis
(not shown) indicates peritonitis secondary to free perforation

Fig. 3 Tip appendicitis and free perforation in a 34-year-old
male, contrast-enhanced CT. Thickened appendix in subileal
position with inhomogeneous mural enhancement and a
partially calcified appendicolith at the tip of the appendix
(arrow). Intraperitoneal fluid (double arrows) indicates perito-
nitis secondary to free perforation

Fig. 4 Appendiceal carcinoma pT3pN2 in a 79-year-old male,
coronal reformatted contrast-enhanced CT. Thickening and
cystic dilatation of the appendix with a focal soft-tissue mass at
the appendiceal base (long arrows). Enlarged regional lymph
nodes due to metastatic disease (short arrows)
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the mouth of diverticula, leading to bacterial
overgrowth, local tissue ischemia, and subsequent
perforation, findings that are similar to those descri-
bed in appendicitis. Most perforated diverticula are
contained perforations and episodes of diverticulitis
are often self-limiting. Complications of diverticulitis
include abscess formation, free perforation into the
peritoneal cavity, fistula, or bowel obstruction.

3.2 Imaging Findings

CT has replaced barium enema studies as initial
radiologic examination in diverticulitis due to its
superior sensitivity. It demonstrates in particular the
presence, location, and size of complicating absces-
ses, which were not appreciated in the past. CT scans
typically involve the use of intravenous and rectal
contrast. Rectal contrast is administered to distend the
distal colon. Pericolonic fat stranding and concentric
mural thickening ([4 mm) of the involved colon in

the presence of multiple gas or contrast agent or stool-
containing diverticula are salient CT findings (Fig. 6).
Typically, a long segment ([10 cm) of sigmoid colon
is involved.

The range of complications in diverticulitis is often
determined with the use of the modified Hinchey
classification (Kaiser et al. 2005). This classification
guides surgeons as to how conservative they can be in
emergency surgery. Patients with stage I disease
have a confined pericolic phlegmon or abscesses,
whereas those with stage II disease have pelvic,
distant intra-abdominal, or retroperitoneal abscesses.
Abscesses [4 cm can be treated with percutaneous
image-guided drainage. This may allow for sub-
sequent elective surgery. Stage III disease is present
when a peridiverticular abscess has ruptured and
caused purulent peritonitis. Fecal peritonitis signifies
stage 4 disease and carries the highest risk of an
adverse outcome. Fecal contamination results after
free perforation into the peritoneal cavity and open
communication with the bowel lumen.

When a diverticular abscess extends into an adja-
cent organ, fistulas can arise, the most typical being
colovesicular (Fig. 7). Such fistulas have a male

Fig. 5 Mucocele of the appendix in a 29-year-old male,
coronal reformatted contrast-enhanced CT. Appendicitis was
suspected clinically. Cystic dilatation of the appendix (A) with
internal septations and small mural calcification (arrow)

Fig. 6 Complicated sigmoid diverticulitis in a 56-year-old
male, contrast-enhanced CT. Long segment involvement with
pericolonic fat stranding, concentric mural thickening, and
multiple small diverticula containing gas, stool or contrast
agent. Edema is also present at the root of the sigmoid
mesentery (arrow)
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predominance, attributable to protection of the
urinary bladder by the uterus (Stollman and Raskin
2004). Colovaginal fistulas are the next most frequent.

During an episode of diverticulitis partial colonic
obstruction can occur because of relative lumenal
narrowing from pericolic inflammation or compres-
sion from abscess formation (Stollman and Raskin
2004). Diverticulitis might cause small bowel
obstruction if a loop of small bowel becomes incor-
porated in the inflammatory mass. Recurrent episodes
of diverticulitis can initiate progressive fibrosis and
stricturing of the colonic wall without persisting
inflammation.

Occasionally it can be difficult to distinguish
between diverticulitis and colonic carcinoma and a
high-grade colonic obstruction due to diverticulitis
may mimic colon cancer. CT findings favoring cancer
are asymmetric or eccentric wall thickening, a short
segment (\10 cm) of colon involvement and presence
of mesenteric lymphadenopathy or metastases.

A condition that may be mistaken clinically for
diverticulitis but has highly characteristic CT features

is epiploic appendagitis. Epiploic appendages are
pedunculated pouches of the peritoneum containing fat
and small vessels. They protrude from the serosal sur-
face of the colon and extend from the cecum to the
rectsigmoid junction with their greatest concentration
at the sigmoid colon. The focal inflammation of an
epiploic appendage is caused by torsion and thrombosis
of the epiploic appendage central draining vein result-
ing in vascular occlusion. The CT findings include an
oval fat-density lesion 1.5–3.5 cm in diameter, with
surrounding hyperdense rim (thickened visceral peri-
toneum) and associated inflammatory changes of the
pericolic fat, that abuts the anterior sigmoid colon wall
(Singh et al. 2004) (Fig. 8). A central increased atten-
uation ‘‘dot’’ within the inflamed appendage indicates
the thrombosed vein.

Epiploic appendagitis is relatively uncommon
and a self-limited process with spontaneous clinical
resolution seen within 1 week of onset. If the disease
occurs in the proximal colon it may simulate
appendicitis.

Fig. 7 Complicated sigmoid diverticulitis in a 74-year-old
female, oblique reformatted contrast-enhanced CT. Pericolic
abscess (short arrow). Gas in the urinary bladder (long arrow)
indicates colovesicular fistula

Fig. 8 Epiploic appendagitis in an 89-year-old male, contrast-
enhanced CT. Oval, fatty mass adjacent to the anterior wall of
the normal appearing sigmoid colon (arrow). Surrounding
hyperdense rim and stranding of the pericolic fat. Central ‘‘dot’’
of increased attenuation
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Giant colonic diverticulum is a rare presentation of
colonic diverticular disease and defined as a diver-
ticulum greater than 4 cm in diameter. More than
90% of cases arise from the sigmoid colon and occur
in isolation. Giant colonic diverticula are usually
asymptomatic; however, 15–20% of patients may
present with an acute complication, such as perfora-
tion, focal wall infarction, volvulus, or small bowel
obstruction (Abou-Nukta et al. 2005) (Fig. 9).

4 Bowel Obstruction

4.1 Background

Bowel obstruction is a common diagnosis in patients
presenting to the emergency department. It is classi-
fied as complete mechanical obstruction, as partial
mechanical obstruction, or as functional obstruction
attributable to failure of motility. Differentiation
between these entities is critical because the first
generally requires surgery, whereas the latter two
entitites are often treated conservatively. In partial
mechanical obstruction gas or liquid stool can pass
through the point of narrowing; in complete
mechanical obstruction no substance can pass. Partial
mechanical obstruction is further characterized as
high grade or low grade according to the severity of
the narrowing.

On the basis of the anatomic level, mechanical
obstruction is categorized as small bowel obstruction
(SBO) versus large bowel obstruction (LBO). On the
basis of pathophysiology, mechanical obstruction is
divided into simple obstruction and closed-loop
obstruction.

In simple obstruction the bowel is obstructed at
one or several points along its course. Fluid and
chyme accumulate proximal to the obstruction. This
leads to bacterial overgrowth and increased produc-
tion of gas because of luminal stasis, bowel dilatation
from accumulated fluid and gas, and decreasing bowel
motility. Bowel dilatation gradually compromises
vascular perfusion of the bowel wall.

In closed-loop obstruction, a bowel segment is
occluded at two separate points. A common form is
volvulus. An LBO may form a closed loop, if the
ileocecal valve is competent; if the ileocecal valve is
incompetent, LBO produces simple obstruction as the
colon is decompressed via the small bowel. A closed
loop of bowel rapidly dilates because of lacking
proximal and distal outlet for accumulated fluid and
gas. Consequently, bowel wall ischemia rapidly
develops and necrosis with subsequent perforation
can result. A closed-loop obstruction associated with
intestinal ischemia is defined as strangulation.

In LBO, the mural tension increases in proportion
with the colonic radius, according to Laplace’s Law.
The tension is therefore greatest in the cecum, where

Fig. 9 Giant rectosigmoid diverticulum in a 46-year-old
female, contrast-enhanced CT. Left panel: the giant diverticu-
lum is filled with feces and is thin walled (arrow; urinary

bladder, B). Right panel: after perforation and intraperitoneal
abscess formation (A) 1 week later, the diverticulum is
decreased in size and contains less feces (arrow)
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the colonic radius is greatest. The cecum is therefore
most often the site of colonic ischemia or perforation
when it is involved in a mechanical obstruction with a
competent ileocecal valve (Cappell and Batke 2008).

The majority of patients presenting with bowel
obstruction have a mechanical SBO. Mechanical SBO
is mostly caused by benign lesions, whereas mechani-
cal LBO is often caused by cancer.

4.2 Imaging Findings

4.2.1 Mechanical Small Bowel Obstruction
Imaging studies are essential for the diagnosis of SBO
because the clinical presentation is nonspecific. In
order to ensure appropriate treatment, the goal of
imaging in a patient with suspected SBO is to determine
the site and cause of obstruction and the presence of
strangulation. According to the ACR Appropriateness
Criteria CT without oral contrast/with iv contrast
medium has emerged as the preeminent imaging
modality and should be considered in the initial eval-
uation of suspected complete or partial high-grade
obstruction (Ros and Huprich 2006). These patients do
not require additional oral contrast, because the fluid in
the bowel provides adequate contrast. In suspected
intermittent or low-grade obstruction oral and iv con-
trast medium administration is appropriate, because CT
is somewhat less reliable (Ros and Huprich 2006).

The main CT criterion for SBO is the presence of
dilated small bowel loops (outer diameter [2.5 cm)
proximally to normal-caliber loops (Silva et al. 2009).
The degree of obstruction (low-grade partial, high-
grade partial, complete) can be determined by the dis-
crepancy in caliber between proximal and distal bowel
loops. A complete SBO is present when the ascending
colon is collapsed without fluid or gas in its lumen.

An important CT finding is the transition point,
determined by identifying a clear change in bowel
diameter between dilated proximal and collapsed
distal small bowel loops (Marincek 2002; Stoker et al.
2009; Silva et al. 2009) (Fig. 10). A useful sign, when
present, for locating the transition point is the ‘‘small
bowel feces’’ sign, i.e. intraluminal feces-like partic-
ulate material is recognized proximal to the obstruc-
tion. The sign is likely caused by stasis within the
obstructed loop and is seen more frequently in mod-
erate and high-grade SBO (Lazarus et al. 2004). The
detection of the transition point can be further

facilitated by exploiting the multiplanar and three-
dimensional capabilities of MSCT than by simply
relying on scrolling through axial images (Marincek
2002; Silva et al. 2009) (Fig. 10).

The transition point is the site of the cause of SBO.
The causes can be
• extrinsic (postoperative or postinflammatory peri-

toneal adhesions; incarcerated hernias; peritoneal
carcinomatosis, particularly in colon or ovarian
carcinoma; endometriosis),

• intrinsic (Crohn disease, primary neoplasia, intra-
mural hematoma, radiation enteropathy),

• intraluminal (gallstone, bezoar, foreign body,
intussusception).
Postoperative peritoneal adhesions are the most

frequent predisposing cause of SBO in adults. Adhe-
sive bands, however, are usually not visualized at CT.
Identification of adhesions as a cause of SBO is cur-
rently a diagnosis of exclusion based on the absence

Fig. 10 SBO of distal ileum due to peritoneal adhesions 2
weeks after appendectomy in a 52-year-old male, coronal
reformatted contrast-enhanced CT. Fluid-filled and dilated
proximal small bowel (outer diameter [2.5 cm), collapsed
distal small bowel (short arrow). No mass is visible at the
transition point (long arrow)
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of another visible cause at the transition point.
This finding combined with the patient history
(80% of patients with adhesive SBO have a history of
abdominal surgery) usually suggest the diagnosis
(Marincek 2002; Silva et al. 2009; Petrovic et al.
2006) (Fig. 10).

Incarcerated external and internal hernias are the
second most common cause of SBO. An external
hernia results from herniation of viscera through a
defect in the abdominal or pelvic wall and in most
cases is obvious at clinical examination. CT is used
for the detection of unsuspected sites or complications
or in obese patients (Fig. 11). Internal hernias are less
common and occur after herniation of viscera through

a defect of the peritoneum or mesentery into a com-
partment within the peritoneal cavity. Their diagnosis
is almost always based on radiology (Silva et al.
2009; Martin et al. 2006) (Fig. 12).

Postoperative adhesive bands may cause a closed-
loop obstruction. Less common causes of closed-loop
obstruction are incarcerated hernias, congenital
bands, and twists of the mesentery. At CT the findings
depend on the length and degree of distention of the
closed loop. A torsion along the axis of a closed-loop
results in a volvulus. Various signs are used to
recognize a closed-loop obstruction: U-shaped or
C-shaped dilated bowel loop; beak sign of dilated
bowel loop toward the point of torsion; radial array of
mesenteric vessels converging toward the point
of torsion (Fig. 13); whirl sign secondary to twisting
of mesentery and bowel (Elsayes et al. 2007).

Strangulation ischemia is associated with closed-
loop obstruction and seen in approximately 10% of
patients with SBO (Silva et al. 2009). Typically, the
venous mesenteric blood flow is compromised first,
causing increasing vascular pressure and vessel
engorgement with continuing arterial influx; hemor-
rhage into the bowel wall and lumen can occur;
finally, the arterial supply ceases, due to arterial
spasm following increasing vascular resistance.
Various findings have been reported in strangulation

Fig. 11 SBO due to incarcerated ventral paraumbilical hernia
in a 35-year-old obese multipara, sagittal reformatted contrast-
enhanced CT. Hernia contains dilated small bowel and omental
fat. Poststenotic collapsed small bowel (arrow)

Fig. 12 SBO due to incarcerated internal pericecal hernia in a
63-year-old female, contrast-enhanced CT. A loop of ileum has
prolapsed through a mesenteric defect behind the cecum into the
right paracolic gutter. Dilated proximal small bowel and
clustered loops of ileum with decreased or absent wall enhance-
ment posterior and lateral to the collapsed cecum (arrow) in
the right paracolic gutter. Collapsed distal ileal segments were
identified in the pelvis (not shown). In perical hernias a rapid
progression to strangulation obstruction is common. Surgery
confirmed 20 cm of strangulated ileum with ischemic necrosis
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ischemia of the bowel wall, such as thickening and
hypoattenuation of bowel wall representing edema
in mesenteric venous occlusion, hyperattenuation
of thickened bowel wall caused by intramural
hemorrhage and infarction, mesenteric fat stranding,
ascites, pneumatosis and portomesenteric gas
(Wiesner et al. 2003). However, these findings are not
specific. A specific finding for ischemia is absence of
wall enhancement (see Sect. 5.2 in this chapter)
(Figs. 12, 13).

4.2.2 Mechanical Large Bowel Obstruction
Just as in patients with SBO, the goal of imaging in
suspected LBO is to determine the site and cause of
obstruction and the presence of a complicating wall
ischemia. Plain abdominal radiography frequently
confirms the presence of an LBO, but in the majority
of cases it does not yield information about the site
and cause of obstruction. CT is highly effective in the
diagnosis of mechanical LBO and has replaced con-
trast enema as the initial imaging method (Beattie
et al. 2007).

LBO is diagnosed at CT if the diameter of the
colon is [8 cm (Taourel et al. 2003). The dilated
lumen proximally to the transition point is filled with
gas, feces or fluid, after which the lumen is collapsed
distally (Fig. 14).

Fig. 13 Strangulating small bowel volvulus 5 weeks after
surgery for rectum prolapse in a 76-year-old female, contrast-
enhanced CT. Mesenteric fat stranding and ascites indicate
primarily compromised venous drainage. The wall of
obstructed small bowel loops shows varying degrees of
thickening and attenuation. Wall hyperattenuation from intra-
mural hemorrhage and/or hyperenhancement from hyperemia
(arrow) is seen in venous occlusion. In other bowel loops the
enhancement is decreased or absent. Radial array of mesenteric
vessels converging toward the point of torsion. Surgery
confirmed ischemia and infarction of the ileum secondary to
an adhesive band

Fig. 14 Decompensated LBO due to short segment high-grade
stenosis adenocarcinoma of the transverse colon (short arrow)
in a 61-year-old male, coronal reformatted contrast-enhanced
CT after rectal contrast medium administration (upper panel).
The maximum colon dilatation is in the cecum (lower panel,
axial view). Pneumatosis indicates prestenotic overdistention
ischemia (long arrow). Intraoperatively two small cecal
perforations were found. The small bowel is dilated because
of incompetence of the ileocecal valve
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The causes of LBO can be
• extrinsic (volvulus, direct infiltration or peritoneal

carcinomatosis from extracolonic neoplasm, endo-
metriosis, hernia),

• intrinsic (primary neoplasm, diverticulitis, inflam-
matory, and ischemic colitis),

• intraluminal (fecal impaction, intussusception,
foreign body).
Colorectal carcinoma is the most frequent cause of

LBO, followed by volvulus and diverticulitis. About
10% of colon cancers present with LBO. The
descending colon and rectosigmoid are the most
common sites of malignant obstruction because of the
narrow lumen in these segments. CT shows an
asymmetric and short segment thickening of the colon
wall or an enhancing mass (Fig. 14). CT can also be
used to demonstrate the spread of disease and to stage
rectal tumors. The appearance of colonic cancer may
mimic diverticultis, especially if the tumor has infil-
trated the pericolonic fat. The use of iv contrast can
provide further information regarding the possibility
of associated liver metastases (Beattie et al. 2007).

A volvulus is more common in the large bowel
than in the small bowel. The sigmoid is the most
frequently involved segment, followed by the cecum
(Fig. 15). The CT criteria for diagnosis and compli-
cating wall ischemia are similar to those described
with small bowel volvulus (see Sect. 4.2.1 in this
chapter). When a cecal volvulus is suspected,
the absence of distal colonic decompression makes
the diagnosis very unlikely (Rosenblat et al. 2010).

Acute colonic pseudoobstruction is a transient
reversible condition occuring in conjunction with
severe medical illness or major surgical procedures.
The colon may become massively dilated without any
evidence of mechanical obstruction. The cecum is
usually the site of the largest dilatation and if not
decompressed, the risk of perforation is high. Colonic
pseudoobstruction may be suggested on the basis of
CT as a diagnosis of exclusion (Choi et al. 2008).

5 Bowel Ischemia

5.1 Background

Bowel ischemia encompasses a broad range of
conditions that range from significant wall necrosis to
more localized transient ischemia. The small bowel

alone, the colon alone, or occasionally both may sustain
a hypoxic injury. These hypoxic bowel injuries are
designated by the terms acute mesenteric ischemia
(syn. small bowel ischemia) and ischemic colitis (syn.
colonic ischemia). Colonic ischemia is the most com-
mon vascular bowel disease in elderly patients and
often self-limiting, whereas acute mesenteric ischemia
has a high mortality rate and accounts for approxi-
mately 1% of patients presenting with acute abdomen
(Laméris et al. 2009; Abujudeh et al. 2011; Wiesner
et al. 2003; Oldenburg et al. 2004).

Bowel ischemia can be classified into primary and
secondary ischemia. Secondary ischemia has an
extravascular origin, such as strangulation in closed-
loop bowel obstruction or prestenotic colonic over-
distention. Primary ischemia is caused by a vascular
disease and is divided into subgroups defined by the
mechanism of bowel ischemia (Wiesner et al. 2003;
Oldenburg et al. 2004):

Fig. 15 Cecal volvulus in a 24-year-old female, coronal
reformatted contrast-enhanced CT. Dilated, fluid filled cecum
(C), ectopically located and directed toward the left upper
abdominal quadrant. Twisting of mesenteric fat and vessels at
base of cecal twist (whirl sign, arrow). The small bowel loops
appear normal, there is a small amount of ascites. Sigmoid
colon after rectal contrast medium administration
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1. Occlusion of the vascular supply or drainage in
which the collaterals are not adequate to maintain
bowel integrity. There are three specific causes:
arterial embolism, arterial thrombosis, and venous
thrombosis.
Arterial embolism is the most frequent cause of
acute mesenteric ischemia and most emboli are of
cardiac origin. They lodge preferentially in the
superior mesenteric artery (SMA) because its take-
off from the aorta is at an oblique angle. SMA
emboli are pushed to a point where arborization
reduces the lumen to a diameter less than that of
the embolus. Larger emboli lodging near the
division of the middle colic artery and jejunal
branches may affect the distal jejunum and the rest
of the small bowel, whereas smaller emboli lod-
ging more distally may affect only short small
bowel segments. Isolated proximal embolic
occlusion, however, may be compensated for by
means of collateral circulation.
Arterial thrombosis almost always occurs in the
setting of severe atherosclerosis. Because the
occlusion typically occurs at or within 2 cm of
the origin of the SMA, the extent of bowel ischemia is
typically greater than that with embolism, extending
from the duodenum to the transverse colon.
Venous thrombosis is distinctly uncommon and
usually related to a known hypercoagulable disorder.
The superior mesenteric vein (SMV) is affected in the
vast majority of cases, with involvement of the colon
being unusual.

2. Hypoperfusion of the SMA as a result of a com-
bination of low flow and vasoconstriction (= non-
occlusive mesenteric ischemia, NOMI). NOMI is
secondary to a variety of causes, including hem-
orrhagic or cardiogenic shock, dehydration, or
vasoactive drugs. Colonic ischemia is typically
seen without occlusion of a major blood vessel.
Regardless of the mechanism, the morphologic

pattern of bowel ischemia can be subdivided into
three stages of impaired blood supply (Wiesner et al.
2003):
1. Mucosal infarction in which the necrosis is con-

fined to the mucosa.
2. Mural infarction in which the necrosis extends

from the mucosa into the muscular layers.
3. Transmural infarction in which the bowel wall

breakdown is followed by intestinal bleeding, bac-
terial contamination, perforation, and peritonitis.

Both mucosal and mural infarction is usually the
result of hypoperfusion rather than occlusive disease
and potentially reversible. Shock and cardiac failure are
major causative factors. This type of hypoxic injury
may involve any part of the gut and is in general patchy
and segmental. The watershed areas in the colonic
blood supply (ileocecal junction, splenic flexure,
rectosigmoid), which result from incomplete anastomo-
ses of the marginal arteries, are more vulnerable to non-
occlusive ischemic injury than other parts of the colon.

Transmural infarction is usually the result of vas-
cular occlusion and more common in the small bowel
because it is entirely dependent on the mesenteric
blood supply, whereas the large bowel is near the
posterior abdominal wall from where it may acquire
collateral blood supply and venous drainage. Trans-
mural infarction involves a long segment of bowel
and requires immediate surgery.

5.2 Imaging Findings

Although catheter angiography is considered as the
standard of reference technique for the diagnosis of
bowel ischemia, CT is currently the first-step imaging
modality because of its non-invasiveness and its
ability to visualize the mesenteric vasculature, the
bowel wall, and to exclude other causes of acute
abdominal conditions. Contrast-enhanced MSCT
allows the diagnosis of acute mesenteric ischemia
with high sensitivity and specificity, similar to
those of conventional angiography (Menke 2010).
A biphasic acquisition performed during the arterial
and portal-venous phase is required. The arterial
phase facilitates the evaluation of the celiac trunk and
mesenteric arteries. The portal-venous phase can also
visualize occlusions of mesenteric arteries, but it is
mainly used to evaluate the mesenteric veins, the
bowel wall, and other pathologic changes in the
abdomen. Positive oral contrast should not be given,
because the wall enhancement may be obscured.
Reformatted multiplanar images allow accurate
delineation of vessel abnormalities. In positive cases,
volume rendering of the arterial anatomy may be
performed (Wildermuth et al. 2005).

The CT appearance of bowel ischemia depends on
its cause, degree of severity, localization, and exten-
sion. Because the morphologic changes are similar
regardless of the primary cause and may even
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simulate inflammatory or neoplastic conditions, most
CT findings are nonspecific; specific CT findings are
rather uncommon. CT abnormalities are grouped with
regard to the bowel or the mesentery (Wiesner et al.
2003; Wildermuth et al. 2005; Furukawa et al. 2009;
Horton and Fishman 2010).

Abnormalities of the bowel include:
1. Wall thickness. The normal bowel wall thickness

ranges from 3 to 5 mm depending on the degree of
bowel distention. The ischemic bowel is typically
8–9 mm thick. A circumferential wall thickening
is the most frequent, but the least specific sign. It is
caused by edema, hemorrhage, or superinfection
and often found in venous occlusion or reperfusion
of ischemic bowel (Fig. 16). Bowel wall thicken-
ing is more pronounced in cases of venous
thrombosis than in cases of arterial thrombosis
(Horton and Fishman 2010). Conversely, wall
thinning or ‘‘paper-thin wall’’ is found in dominant
bowel lumen dilatation.

2. Lumen. Luminal dilatation results from fluid-filled
and/or gas-filled bowel loops and is secondary to
interruption of normal peristalsis and increased
secretion.

3. Wall attenuation. Low attenuation is secondary to
submucosal edema, high attenuation is caused by
intramural hemorrhage.

4. Wall enhancement. Hyperenhancement of muco-
sal-submucosal and serosal-subserosal layers is
caused by (a) hyperemia in venous occlusion
(Fig. 13), or (b) hyperperfusion during reperfusion
of ischemic bowel (Fig. 16), or (c) hyperperfusion
resulting from superinfection and subsequent
inflammation. Hyperemia und hyperperfusion may
cause the ‘‘target sign’’ in addition to the sur-
rounding submucosal edema (Fig. 17). In contrast,
hyperenhancement in shock bowel is due to
increased plasma concentration of the contrast
medium because of reduced circulating plasma
volume and slowed tissue perfusion. Absent or
diminshed enhancement, on the other hand, is
thought to be the most specific finding for bowel
ischemia.

5. Pneumatosis intestinalis is a less common but a
relatively specific sign of transmural infarction
(Figs. 14, 18), particularly in the presence of
portomesenteric venous gas (Fig. 19).

Fig. 16 Mucosal and mural infarction in an 83-year-old male
with coronary artery disease and cardiac failure, contrast-
enhanced CT. Wall thickening, high attenuation of the mucosa
caused by hemorrhage and/or contrast enhancement due to
reperfusion, and submucosal edema in the ascending colon
(arrow). The bowel ischemia is secondary to hypoperfusion.
The patient fully recovered

Fig. 17 Small bowel ischemia in a 76-year-old male, coronal
reformatted contrast-enhanced CT. Isolated proximal SMA
embolus (long arrow), target sign of the small bowel wall
(short arrow). There is only mild bowel ischemia because of
retrograde perfusion of the SMA via collaterals from the celiac
artery
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Abnormalities of the mesentery include:
1. Mesenteric vessels. A contrast filling defect

due to embolus or thrombus in the lumen of a
mesenteric vessel is a clear sign of bowel ischemia
(Figs. 17, 18).

2. Mesenteric fat stranding (edema), ascites. They
are nonspecific findings and caused by (a) elevated
venous pressure, commonly seen in ischemia due
to venous thrombosis or strangulating bowel
obstruction (Fig. 13), or (b) superinfection of
colonic segments frequently seen in colonic
ischemia.
CT findings of bowel ischemia may be misleading

in the case of unusual presentation and mimic various
nonischemic conditions. The differential diagnoses of
wall thickening and abnormal enhancement in the
small bowel primarily includes Crohn disease,
whereas in the large bowel one has to consider
infectious colitis, pseudomembranous colitis, Crohn
disease, and ulcerative colitis. Likewise, pneumatosis
intestinalis is also reported in necrotizing enterocoli-
tis, mucosal disruption (endoscopy, obstruction),
increased mucosal permeability (steroids, immuno-
deficiency states), autoimmune diseases, and
obstructive pulmonary disease. Gas trapped against
the mucosal bowel surface by feces (pseudopneuma-
tosis) may mimic intramural gas and is most com-
monly seen in the ascending colon.

6 Gastrointestinal Perforation

6.1 Background

Perforation of the gastrointestinal wall causes
intra-abdominal contamination with peritonitis or
abscess formation. The anatomic site of perforation
significantly affects the type and burden of enteric
contamination. Gastric and duodenal perforation tend

Fig. 18 Transmural small bowel infarction in a 33-year-old
male with hypercoagulopathy (factor V Leiden thrombophilia),
contrast-enhanced CT. Luminal dilatation and pneumatosis
intestinalis of the terminal ileum. Contrast filling defect in the
lumen of the SMV due to thrombus (arrow). The patient
developed peritonitis and a septic shock after perforation of the
terminal ileum

Fig. 19 Transmural small bowel infarction due to hemor-
rhagic shock following massive GI bleeding 7 weeks after
biliodigestive anastomosis for pancreatic carcinoma in a
56-year-old male, coronal reformatted contrast-enhanced CT.
The bleeding source is a large pseudoaneurysm of the hepatic
artery (short arrow), contrast medium extravasation into the
biliodigestive anastomosis (long arrow). Absent contrast
enhancement and pneumatosis of the terminal ileum, portal
venous gas in the liver. The formation of the pseudoaneurysm is
secondary to postoperative visceral inflammation adjacent to
the arterial wall. Such pseudoaneurysms are prone to rupture
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to present with highly acute pain due to a rapid
chemical peritonitis because of acidic contents or
erosive biliary and pancreatic fluids. Colonic perfo-
rations may present without immediate perforation
associated pain and tend to have slower clinical pro-
gression, with the development of a secondary bac-
terial peritonitis or localized abscess formation
(Langell and Mulvihill 2008). The underlying causes
of perforation are categorized according to the
mechanisms as 1. foreign body perforation (iatro-
genic, ingestion), 2. extrinsic bowel obstruction
(neoplasm, hernia, volvulus), 3. intrinsic bowel
obstruction (appendicitis, diverticulitis, neoplasm), 4.
loss of gastrointestinal wall integrity (peptic ulcer,
Crohn disease), 5. gastrointestinal ischemia (arterial
embolism or thrombosis, venous thrombosis, hypo-
perfusion), 6. infection (Langell and Mulvihill 2008).
The most common causes of gastrointestinal perfo-
ration are gastroduodenal peptic ulcer, appendicitis
and diverticulitis. In perforated appendicitis a pneu-
moperitoneum is infrequent because appendicitis is
typically initiated by luminal obstruction. Similarly,
extraluminal gas is rare in diverticulitis because most
perforated diverticula are contained perforations.

6.2 Imaging Findings

The hallmark finding of gastrointestinal perforation is
the presence of extraluminal gas. CT is known to be
far more superior to conventional radiography for
assessing gastrointestinal perforation because it
allows not only the detection of small amounts of
extraluminal gas, but it can also demonstrate the
perforation site and the underlying cause (Ghekiere
et al. 2007; Cho et al. 2009; Oguro et al. 2010).
Viewing on a wide-window setting enhances the
sensitivity for subtle extraluminal gas by distin-
guishing it from fat densities.

Identification of the perforation site may have a
strong impact on the subsequent treatment strategy.
Upper gastrointestinal perforations due to ulcer are
generally corrected using a laparoscopic approach
instead of a laparotomy. Contrarily, a laparotomy
is required for small bowel and large bowel
perforations.

Useful signs for identifying the site of a gastroin-
testinal perforation comprise direct and indirect
findings. The visualization of a gastrointestinal wall

discontinuity represents a direct finding. This direct
finding is evident with a high sensitivity and speci-
ficity especially in upper gastrointestinal perforations
by using thin slice (2-mm) axial images in combina-
tion with 1-mm multiplanar reformations (Oguro et al.
2010). Indirect findings for assessing the perforation
site include the presence of extraluminal gas and
ascites in the different compartments of the peritoneal
cavity, local thickening and enhancement of the
gastrointestinal wall (Fig. 20), fat stranding along
the gastrointestinal tract, abscess, and extraluminal
feces.

The distribution of free extraluminal gas helps
to determine the perforation site. Free gas in

Fig. 20 Perforated prepyloric ulcer secondary to nonsteroidal
anti-inflammatory drugs in an 82-year-old male, contrast-
enhanced CT. Ulcer perforation site at the prepyloric gastric
region with local wall thickening and fat stranding (arrow).
Perihepatic and perisplenic ascites. The same image on the wide-
window setting (lower panel) better depicts the extraluminal gas
in the supramesocolic compartment
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supramesocolic compartments around the liver and
stomach suggests a gastroduodenal peptic ulcer
perforation (Fig. 20). In particular, when free gas is
surrounding the lesser omentum (periportal free gas)
an upper gastrointestinal perforation is highly proba-
ble (Cho et al. 2009). Free gas detected in both the
infracolic and supramesocolic compartments or in
the infracolic only makes a small or large bowel
perforation very likely.

Ascites in the right perihepatic space and local
fluid between the duodenum and the pancreatic head
are very useful findings for diagnosing a gastroduo-
denal ulcer perforation (Ghekiere et al. 2007)
(Fig. 20). On the other hand, the lack of local wall
thickening is atypical for gastroduodenal perforation.

Abscess and/or extraluminal feces are frequently
seen and are reliable findings of small or large bowel
perforation. Their presence rules out the possibility of
a gastroduodenal perforation (Ghekiere et al. 2007).
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‘‘nutmeg’’ liver, 156
‘daughter’ cysts, 126
‘double target’ appearance, 125
2D filtered back-projection, 8
3D filtered back-projection, 11
3D reconstruction techniques, 280
99mTc-red blood cell (RBC) scintigraphy, 306

A
Abdominal abscess, 226
Abscess(es), 120, 261, 263, 338
Acalculous cholecystitis, 118
Accessory spleen, 206
Acinar cell carcinoma(s), 185, 198–200
ACR Appropriateness Criteria, 345
ACRIN (American College of Radiology

Imaging Network study), 314
ACTH-dependent cushing syndrome, 249
Acute abdomen, 337
Acute and chronic pancreatitis, 161
Acute cholangitis, 122
Acute cholecystitis, 118
Acute colonic pseudoobstruction, 348
Acute diverticulitis, 303
Acute pancreatitis, 161, 162, 227
Acute peripancreatic fluid collections, 166
Acute pyelonephritis, 259–261
Acute septic disease, 258
Adaptive collimation, 35
Adaptive post-processing image filteration, 35
Adenocarcinoma of the pancreas, 199
Adenomatous polyps, 309
Adenomyomatosis, 121
Adenopathy, 218
Adenosquamous carcinoma, 185
Adhesion, 304
Adrenal Adenoma, 250
Adrenal cortex, 248
Adrenal cyst, 253
Adrenal gland, 247
Adrenal Hemorrhage, 253
Adrenal incidentaloma, 252
Adrenal injury, 253
Adrenal Myelolipoma, 252
Adrenal vein sampling, 249
Adrenergic crisis, 250

Adrenocortical carcinoma, 249
AIDS cholangitis, 123
AIDS, 126, 208, 264
Air contrast barium enema (ACBE), 316
AJCC staging criteria, 183
ALARA, 27, 284
Alcoholic cirrhosis, 50, 75
Alderson phantom, 30
Aldosterone, 248
Alvorado score, 308
Amebic abscesses, 125
American Association for the Study of Liver Diseases, 59
American Joint Committee on Cancer (AJCC), 309
Anabolic steroids, 126
Anastomotic dehiscence(s), 227, 302
Anatomical resections, 102
Androgen, 248
Angiomyolipoma(s), 67, 93, 240, 241
Angiosarcoma, 97, 216
Anomaly of the arterial blood supply, 89
Antecubital venous access, 258
Anterior pararenal space, 328
Anthropomorphic phantoms, 30
Anti-angiogenic drugs (Bevacizumab), 310
Antibiotic treatment, 261
Anticoagulation, 253
Appendiceal neoplasms, 340
Appendiceal perforation, 339
Appendiceal thickening, 339
Appendicitis, 125, 308, 338
Appendicolith, 339
Appendix, 339
Artefact-free, 18
Arterial blood supply, 95
Arterial embolism, 349
Arterial enhancement frac-tion(AEF), 76
Arterial enhancement, 39, 43, 63
Arterial involvement, 182
Arterial pseudoaneurysm, 166
Arterial thrombosis, 349
Arterioportal shunt(s), 64, 152, 157
Ascaris, 124
Ascending infection, 264
Ascending pyelonephritis, 262
Ascites, 48, 124
Asian consensus criteria, 172
Aspergillus fumigatus, 210
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Aspirin, 278
Atherosclerotic stenosis, 304
Atlanta classification, 162
Atrophic gastritis, 276
Atypical acute pyelonephritis, 258, 263
Atypical FNH, 91
Atypical microorganism, 263
Atypical UTI, 263
Autoimmune disorders, 123
Autoimmune hepatitis, 75, 115, 124
Autoimmune pancreatitis, 161, 171, 172
Automated bolus-tracking technique, 146
Automatic bolus triggering, 42, 285
Automatic tube current modulation (ATCM) technique, 284
Autosomal dominant fibropolycystic liver disease, 87

B
B cells, 206
Bacterial abscess, 209
Barium enema, 307
Basal TSH, 257
Beak sign, 330
Bezoar, 345
Bilateral renal parenchymal lesions, 264
Bile collections, 108
Bile duct cancer, 112
Bile duct epithelium, 87
Bile duct invasion, 68
Bile duct obstruction, 116
Bile duct resection, 111
Bile duct(s), 106, 115
Bile ducts stenosis, 106
Bile leakage, 108
Bile peritonitis, 108
Biliary cirrhosis, 48
Biliary complications, 108
Biliary cystadenoma, 87
Biliary fistulas, 120
Biliary hamartomas, 87
Biliary metastasis, 142
Biliary neoplasms, 129
Biliary obstruction, 125, 142
Biliary or enteric leaks, 112
Biliary stone(s), 115, 117
Biliary strictures, 111
Biliary system, 129
Bilio-digestive anastomosis, 230
Bilioenteric anastomosis, 106, 112
Biloma, 105
Biphasic injection, 41
Bismuth classification system, 109
Blending technique, 77
Blood dyscrasia, 253
Blood flow, 303
Blood perfusion, 266
Blood volume, 303
Bolus Geometry, 40
Bone marrow transplantation, 128, 264
Bone marrow, 252

Bosniak, 240
Bowel distension, 286
Bowel ischemia, 304, 338, 348
Bowel obstruction, 303, 338, 344
Bowel perforations, 302
Bowel preparation, 311
Branch type IPMN, 190, 195, 197
Budd-Chiari syndrome, 56, 75, 92, 105, 106, 146, 155
Bull’s eye appearance, 97
Bull’s-eye-sign, 275
Buscopan, 302, 306, 311

C
Calcification, 92, 194
Calcified stones, 117
Caliceal clubbing, 265
Caliceal diverticula, 261, 265
Caliceal scarring, 265
Cambridge classification, 171
Candida albicans, 210
Capillary (flash filling) hemangioma, 89
Capsular enhancement, 71
Capsular retraction, 75, 97, 132
Capsule endoscopy, 290
Carbon nano-tubes, 22
Carbonate/bilirubinate, 117
Carcinogens, 98
Carcinoid tumor(s), 275, 295, 323, 326
Carcinomatosis, 323
Cardiac cirrhosis, 156
Cardiac output, 38
Catecholamine-producing tumor, 249
Catheter drainage, 261
Caudate lobe (segment I) resection, 103
Caustic ingestion, 278
Cavernous hemangioma(s), 71, 212, 326
Cavernous transformation, 154
CD31, 53
CD34, 53
Celiac disease, 295
Celiac trunk, 148
Central blood compartment, 38
Central fibrous scar, 96
Central hepatectomy, 103
Central Pancreatectomy, 225
Central scar, 68, 86, 192
Central stellate calcifications, 194
Central veins, 48
Central venous return, 39
Centripetal enhancement, 71
CEUS, 291
Changes of parenchymal contrast enhancement, 260
Characterization of liver tumors, 86
Chemical shift MR, 254
Chemotherapy, 217
Child-pugh stage, 277
Cholangiocarcinoma(s), 68, 86, 122, 124, 129
Cholangitis, 121
Cholecystectomy, 107
Cholecystitis, 118, 338

356 Index



Choledocholithiasis, 117, 121
Cholelithiasis, 117, 130
Cholesterol polyps, 121
Cholesterol stones, 117
Chromaffin cells, 249
Chronic ascending pyelonephritis, 266
Chronic Cholecystitis, 120
Chronic inflammatory bowel diseases (CIBD), 309
Chronic pancreatitis, 169, 171, 195
Chronic pyelonephritis, 258, 265, 266
Chronic renal papillary necrosis, 267
Chronic sequels, 263
Circumferential resection margins (CRM), 310
Cirrhosis, 47, 48, 124
Classic HCC, 52
Classification of Potter, 240
Clear cell RCC, 240
Clonorchis sinesis, 124
Closed-loop obstruction, 344
Clostidium, 125
Cluster sign, 125
CMV, 206
Cobblestoning, 289
Collateral path-ways, 127
Collateral vasculature, 278
Collision tumor, 252
Colorectal cancer, 301, 308, 343, 348
Comb sign, 288–290, 307
Combined HCC-cholangiocarcinoma, 68
Combined IPMN, 190
Combined nephrographic-excretory phase, 236
Common bile ducts, 116
Common duct stone, 118
Complex acute pyelonephritis, 260
Complicated UTI, 257
Complications of acute and chronic pyelonephritis, 258
Computed tomography dose index, CTDI, 28
Computer-aided detection (CAD), 312
Cone-angle, 8
Cone-beam artifacts, 8, 17
Confluent fibrosis, 51
Confluent hepatic fibrosis, 73
Congenital cysts, 190
Congenital hepatic fibrosis, 92
Congenital portosystemic shunt, 92
Conn syndrome (primary aldosteronism), 249
Contour deformity, 265
Contracted urinary bladder, 264
Contrast agent application, 37
Contrast attenuation, 38
Contrast bolus, 38
Contrast medium arrival time, 42
Contrast processing, 258
Contrast retention, 260
Cortisol, 248
Corona enhancement, 55
Cortical atrophy, 265
Cortical retraction, 265
Cortical scarring, 265
Corticomedullary differentiation, 260
Cortico-medullary, 258

Cortisol-producing adenomas, 249
C-RADS, 312
Creatine, 257
Crohn’s disease activity index (CDAI), 306
Crohn’s disease, 273, 287, 306
Cryptococcus neoformans, 210
CT angiography, 43, 278, 302
CT colonography reporting and data system, 312
CT Colonography, 301, 302, 310
CT Dosimetry, 27
CT during arterial portography (CTAP), 54
CT perfusion, 310
CT urography, 237
CTDI, 29
CT-enteroclysis, 306
CTHA, 54
Curative treatment, 101
Curved planar reformation (CPR), 148
Cushing syndrome, 248
Cystadenocarcinoma, 87
Cystic degeneration, 95
Cystic duct, 118
Cystic liver tumors, 87
Cystic lymphangioma, 212
Cystic metastases, 87
Cystic neoplasms of the pancreas, 189
Cystic neuroendocrine neoplasm, 199
Cystic pancreatic neuroendocrine tumors, 198

D
Daughter nodule, 65
Decreased renal function, 258
Defined regenerating nodules (RNs), 52
Delay, 42
Delayed bowel perforation, 110
Delayed enhancement of a central fibrous scar, 91
Delayed enhancement, 69
Delayed phases, 236
Desmoid, 323, 326
Desmoplastic reaction, 132
Detector efficiency, 34
Detector element, 5
Detector materials, 22
Detector, 4
Diabetes mellitus, 261, 267
Diagnostic radiation exposures, 26
Diagnostic uroradiology, 258
Diaphoresis, 250
Diaphragmatic hernias, 110
Diatrizoate meglumine, 302
Diatrizoate sodium solution (Gastrografin), 302
Diffuse type HCC, 65
Dilatation of intrahepatic bile ducts, 109
Direct spread, 260
Distal extrahepatic CC, 130, 133
Distension, 283
Diverticula, 303, 305, 340
Diverticular hemorrhage, 341
Diverticulitis, 125, 303, 338, 340
DLP, 30
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D (cont.)
Dose modulation, 259
Dose values, 28
Dose, 27
Dose-length product, 30
Double contrast barium enema, 312
Double halo, 307
Double-layer detector design, 21
Dual Energy CT (DECT), 77, 235, 237
Dual source CT, 12, 18, 237
Dual-energy acquisition, 146
Ductal adenocarcinoma, 177, 180, 230
Duke’s classification, 309
Dysplastic foci, 52
Dysplastic nodules, 56

E
Early adenocarcinomas, 270
Early arterial phase, 43
Early HCC, 53
Early perirenal inflammation, 260
Echinococcal, 208
Echinococcus granulosis, 126, 210
Effective dose, 25, 27
Egg shell, 194
Electronic noise, 20
Embryonic development, 266
Emphysematous cholecysitits, 119
Emphysematous gastritis, 278
Emphysematous pyelonephritis, 258, 263, 265
Empirical beam-hardening correction, 19
En bloc liver resection, 111
Encapsulation, 58
Encasement or compression of the portal vein, 75
Endocrine functions, 248
Endometriotic cysts, 190
Endoscopic retrograde

cholangiopancreatography (ERCP), 117
Endoscopic view, 312
Endothelial cysts, 253
Enlargement of hilar periportal space, 49
Epidermoid cyst, 208
Epididymis, 264
Epinephrine, 248
Epiploic appendagitis, 343
Episodi hypertension, 250
Epithelial cysts, 253
Epithelial splenic cysts, 208
Epithelioid haemangioendothelioma, 97
Escherichia coli, 125, 208, 278
Esophageal varices, 50, 277
Esophagogastroduodenoscopy (EGD), 277
Excretory phase, 239, 262
Exocrine and endocrine insufficiency, 169
Expanded gallbladder fossa, 49
Extended hepatectomy, 102
Extended lobectomy, 111
Extended right hepatectomy, 103
External hernia, 346
Extracapsular extension, 65

Extrahepatic CC, 130, 137
Extraluminal air, 280
Extraluminal gallstones, 120
Extrapancreatic manifestations, 172
Extrarenal fat, 258
Extravasation, 306

F
False (Pseudo) Cyst, 208
Familial adenomatous polyposis (FAP) syndrome, 276
Familial dysautonomic syndrome, 304
Familiar adenomatous polyposis (FAP), 308
Fat deposition, 48, 93
Fat stranding, 116, 303
Fat-ring sign, 323, 324
Fatty inflammation, 120
Fatty metamorphosis, 67
Fecal impaction, 304
Fecal occult blood test (FOBT), 314
Fecal peritonitis, 342
Fecalith, 338
Fibro-fatty proliferation, 288
Fibrolamellar HCC, 68, 96
Fibropolycystic disease, 87
Fibrosis, 51, 120, 218
Fibrotic septa, 48
Filtered back projections, 284
Fine needle biopsy (FNB), 61
Fistulae or Fistulas, 261, 342
Fistulous tracts, 302
Flow rate, 39
Fluid collections in the setting of necrotizing

pancreatitis, 168
Fluid collections, 105, 257
Fluke infection, 132
Fluke infestation, 130
FNH-like nodules, 75
Focal confluent fibrosis, 86
Focal fat deposit, 70
Focal hyperperfusion, 89
Focal liver lesions, 85
Focal nodular hyperplasia like nodules, 75
Focal nodular hyperplasia, 70, 89, 91
Focal pancreatitis masses, 186
Focal pancreatitis, 186
Fold pattern, 297
Foregut cysts, 190
Fundic epithelial cells, 276
Fundic-gland polyps, 276
Fungal microabscess, 126, 210

G
Gallbladder carcinoma, 129, 138, 141
Gallbladder fossa, 118
Gallbladder neck, 118
Gallbladder obstruction, 115
Gallbladder perforation, 120
Gallbladder polyps, 107, 121
Gallbladder wall thickening, 124
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Gallstone pancreatitis, 163
Ganglio-neuroblastomas, 332
Ganglioneuromas, 332
Gangrenous cholecystitis, 119
Gantry rotation, 17
Gardner syndrome, 309
Gas forming bacteria, 119
Gas-producing bacteria, 125, 278
Gastric adenocarcinoma, 270
Gastric carcinoma, 278
Gastric emphysema, 278
Gastric infarction, 278
Gastric lymphoma, 272
Gastric metastases, 275
Gastric polyps, 270, 276
Gastric varices, 207
Gastrinoma triangle, 184
Gastritis, 278
Gastro-intestinal stromal tumor (GIST), 274, 295
Gastrointestinal bleeding, 274, 303, 304
Gastrointestinal carcinoid tumors, 326
Gastrointestinal perforation, 351
Gastrojejunostomy, 225
Gaucher’s disease, 206
GB carcinoma, 130, 131
GERD, 276
Germinal center, 206
Giant colonic diverticulum, 344
Giant hemangiomas, 88
Glomus tumors, 275
Glucagon, 287, 306
Glycogen storage disease, 92
Graft-versus-host disease, 128
Granulomatous inflammatory condition, 267

H
Haemosiderin, 212
Halo, 92, 173
Hamartoma, 212
HCC hepatocellular carcinoma, 146
HCC Variants, 68
Heat shock protein-70, 53
Heated tungsten filament, 16
Heel effect, 17
Helicobacter gastritis, 278
Helicobacter pylori infection, 278, 279
Helicobacter pylori, 270, 276
Hemangioendothelioma, 215
Hemangioma, 71, 86, 212
Hemangiopericytoma, 215, 334
Hematogenous spread, 264
Hematoma, 105
Hematopoietic tissue, 252
Hemochromatosis, 98
Hemody-namic information, 86
Hemolymphangiomiomatosis, 216
Hemorrhage, 86, 92, 96, 112, 218, 258
Hemorrhagic cholecysititis, 119
Hepatic abscess, 87
Hepatic adenoma, 93

Hepatic anatomy, 102
Hepatic arterial chemoembolization, 123
Hepatic arterial system, 86
Hepatic arteriography, 54
Hepatic artery aneurysm, 153
Hepatic artery stenosis, 150
Hepatic artery thrombosis, 150
Hepatic artery, 148
Hepatic cavernous hemangioma, 88
Hepatic hemangioma, 89
Hepatic Infarct, 127
Hepatic lipoma, 93
Hepatic metastases, 183
Hepatic multi-phasic imaging, 43
Hepatic parenchymal phase, 44
Hepatic sarcoidosis, 127
Hepatic transplant, 146
Hepatic veins, 148
Hepatic venous outflow obstruction, 155
Hepatic venous phase, 86
Hepaticojejunostomy, 111, 225
Hepatitis B virus (HBV), 48
Hepatitis C virus (HBV), 48
Hepatitis, 124
Hepatocarcinogenesis, 51
Hepatocellular adenoma, 70, 92, 101
Hepatocellular carcinoma (HCC), 47, 96, 101, 124, 142, 152
Hepatocellular cholangiocarcinoma, 97
Hepatocyte function, 52
Hepatomegaly, 124, 127
Hereditary hemorrhagic telangectasia, 92
Hereditary non-polyposis colorectal cancer (HNPCC), 309
Hereditary syndromes, 308
Hernia, 304
Heterogeneous enhancement, 96, 97
Heterogeneous mass, 92
High attenuation oral contrast, 116
High concentration iodine contrast agents, 37
High tube potential settings, 117
High tube voltage, 5
High-grade DNs, 52, 56
Hilar CC, 130, 133, 138, 139
Hinchey classification, 342
Histamine-containing enterchromaffin-like (ECL) cells, 275
Hodgkin’s disease, 207
Hodgkin’s lymphoma, 252
Hormonally active, 247
Hydatid cyst, 101, 126
Hydatid Disease, 126, 210
Hydration, 258
Hydro-CT, 269
Hydro-nephrosis, 264, 267
Hyoscine N-butylbromide, 287
Hyperfunctioning Adrenal Neoplasm, 248
Hyperplastic (inflammatory) polyps, 276
Hyperplastic Nodules, 75
Hypersplenism, 215
Hypertensive crisis, 250
Hypervascular metastases, 95
Hypervascularity, 55
Hypoattenuating lesion, 88
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H (cont.)
Hypokalemia, 249
Hypotension, 253
Hypovascular liver metastases, 95
Hypoxia, 53

I
Iatrogenic injury, 267
Ileal jejunization, 297
Image noise, 17, 19
Image quality, 18
Immune reaction, 263
Immunocompromised patients, 126, 261, 264
Immunosuppressed patients, 208
Immunosuppression, 264
IMPACT study (Italian Multicenter Polyps

Accuracy CTC study), 314
Impaired hepatic perfusion, 92
Incarcerated hernias, 345
Include multiplanar reconstruction (MPR), 147
Indistinctly (vaguely) nodular type (early HCC), 57
Infarction-degeneration, 208
Infected pancreatic necrosis, 165
Infected upper urinary, 260
Infectious complication, 258
Infectious disease, 257
Infectious spread, 260
Inflammation, 208
Inflammatory and infective disease, 258
Inflammatory Bowel Diseases (IBD), 283, 287, 306
Inflammatory disease, 304
Inflammatory pseudotumor, 210
Inflammatory streaking, 257
Injection volume, 259
Injury, 261
Insulinoma, 184
Internal hernias, 346
International Working Party of the World Congress

of Gastroenterology (ICGHN), 52
Interstitial (edematous), 161
Intestinal atonia, 296
Intestinal ischemia, 110
Intestinal metaplasia, 276
Intestine, 260
Intraductal papillary mucinous neoplasms

(IPMN), 190, 194, 225
Intraductal-growing CC, 131, 136
Intraductal-growing intrahepatic CC, 139, 140
Intrahepatic abscess, 125
Intrahepatic and extrahepatic CC, 130
Intrahepatic biliary ducts, 87
Intrahepatic cholangiocarcinoma, 73
Intralesional fat, 61
Intraluminal polypoid gallbladder (GB) carcinoma, 141
Intramedullary collecting tubules, 260
Intra-operative ultrasound, 102
Intrapancreatic accessory spleen (IPAS), 186
Intra-renal abscess, 262, 263
Intratumoral calcification, 63
Intussusception, 297, 304

Inverse geometry CT, 22
Iodinate contrast agents, 286
Iodine administration rate, 39
Iodine bolus, 39
Iodine concentration, 40
iodine dose, 38
Iodine flux rate, 39
Iodine map, 77
Ionizing radiation, 25
IPMN, 194, 231, 232
Iron, 86
Ischemia of the gallbladder, 119
Ischemic biliary stricture, 123
Ischemic bowel disease, 303
Ischemic colitis, 348
Iterative reconstruction techniques, 17, 19, 35, 236, 284

K
Kidney parenchyma, 261
Kidneys, 258
Kupffer cell, 52

L
Laplace’s Law, 344
Large bowel obstruction, 344
Large regenerative nodules, 92
Late arterial phase, 42
Lateroconal fascia, 328
Left gastric vein, 50
Left hepatectomy, 103–105
Leiomyomatosis peritonealis disseminata, 326
Leiomyosarcoma, 326, 334, 335
Leukemia, 206
Lifetime attributable risk, 32, 33
Ligament of Treitz, 305
Lipid-containing inflammatory granulomas, 267
Lipid-laden inflammatory cells, 120
Lipid-poor adenomas, 248
Lipid-rich benign adenoma, 248
Lipoma, 67, 93, 293, 326
Liposarcoma, 67, 326
Liquefying necrosis, 168
Littoral cell angioma, 214, 215
Liver failure, 124
Liver insufficiency, 105
Liver regeneration, 104
Liver resection, 101, 102
Liver steatosis, 67
Liver transplantation, 150
Living liver donors, 150
Locally advanced pancreatic cancer, 181
Loss of perirenal fat, 266
Low concentration iodine agents, 37
Low tube voltage, 5
Low-dose CT, 17
Low-dose unenhanced MSCT, 303
Low-grade chronic inflammation, 120
Low-grade DNs, 56
Low-grade dysplastic nodules (DNs), 52
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Low-kVp CT scanning technique, 77
Lymphangioleiomyomatosis, 241
Lymphangioma, 21, 208, 323, 326
Lymphangiomatosis, 207, 214
Lymphnode involvement, 183
Lymphocele, 261, 263
Lymphoid hyperplasia, 308
Lymphoma, 206, 217, 273, 278, 295, 323
Lymphomatous involvement, 252
Lynch syndrome, 309
Lypodystrophy, 324

M
Macroabscesses, 260
Macrocystic serous cystadenoma, 193
Magnesium citrate, 311
Main duct type IPMN, 195, 196
Major hepatectomy, 102
Malabsorption syndromes, 283, 295
Malaria, 207
Malformations, 212
Malignant degeneration, 92
Malignant fibrous histiocytoma, 326, 333
Malignant liver lesions, 94
Malignant pancreatic neuroendocrine tumors, 232
Malignant peritoneal mesothelioma, 328
Malignant nerve sheath tumors, 332
Malignant vascular neoplasm, 216
Mannitol, 286
Mantle zone, 206
Mass-forming CC, 131, 134, 135
Mass-forming gallbladder carcinoma, 140
Mature fat, 252
Maximum intensity projections (MIP), 147, 302
MDCT enteroclysis, 283, 286, 287
Mechanical obstruction, 344
Medullary calcifications, 267
Melanoma, 275
MEN I, 184
Ménétrier disease, 270
Mesenchymal tumors, 93
Mesenteric Edema, 50, 322
Mesenteric fat stranding, 351
Mesenteric ischemia, 304, 348
Mesocolon, 322
Mesorectal fascia (MRF), 310
Mesothelioma, 323, 328
Metal artefact reduction, 19
Metastasis(es), 95, 206, 208, 250
Metastatic disease to the pancreas, 185
Metastatic disease, 142
Metastatic liver lesions, 94
Metastatic liver tumors, 101
Microabscesses, 260
Microscopic fat, 71
Milan criteria, 153
Mild (nonsevere) acute pancreatitis, 162
Miliary tuberculosis, 264, 265
MinIP MSCT pancreatogram, 179
Minor hepatectomy, 102

Mirrizi syndrome, 121
Misty mesentery, 321, 322
Monte-Carlo techniques, 30
Mosaic appearance, 58, 65
MR cholangiography, 106
MR enterography, 291
MR-Cholangiopancreatography (MRCP), 117, 230
Mucin hypersecretion, 136
Mucinous adenocarcinoma metastases, 95
Mucinous cystic neoplasms (MCN), 190, 193, 194
Mucinous cystoadenoma/cystadenocarcinoma, 232
Mucoceles, 340
Mucor mycosis, 263, 258, 264
Mucosa associated lymphoid tissue (MALT), 273
Multilocularis, 126
Multiple endocrine neoplasia (MEN I), 184, 198
Multi-Step Hepatocarcinogenesis, 51
Mural enhancement, 288
Mural nodules, 194
Mural thickening, 288, 342
Murphy’s sign, 118
Muscularis propria, 271
Mycobacterial infections, 206
Mycobacterial, 125
Mycosis, 258
Myelofibrosis, 206

N
Naso-jejunal tube, 286
National comprehensive cancer network

(NCCN) guidelines, 183
Necrosis, 92, 96, 218, 266
Necrotizing pancreatitis, 162, 164, 165
Negative beak sign, 330
Negative contrast media, 302
Negative enhancement, 132
Neoplastic cystic lesions, 190
Neoplastic transformation, 276, 309, 312
Nephrographic phase of contrast enhancement, 239
Nephrographic phase, 259, 260
Nephron-sparing surgery, 242
Nerve sheath tumors, 326, 332
Neurilemmomas or schwannomas, 332
Neurofibromas, 332
Neuroendocrine tumor, 70, 177
Neutral contrast agents, 286
Neutral oral contrast material, 270
Nitrogen gas, 117
Nodular enhancement, 88
Nodular HCCs, 63
Nodule-in-nodule appearance, 55, 67
Non- occlusive mesenteric ischemia, NOMI, 349
Nonalcoholic fatty liver disease (NAFLD), 48
Nonalcoholic steatohepatitis(NASH), 48
Non-cirrhotic liver, 85
Non-enhancing medullary lesions, 267
Non-functioning islet cell tumors, 184
NonHodgkin lymphoma, 217, 272
Non-MCN, 191
Non-neoplastic solid pancreatic masses, 186
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N (cont.)
Non-occlusive ischemia, 304
Non-parasitic, 208
Non-signet-ring lesions, 271
Non-steroidal anti-inflammatory drugs, 278
Norepinephrine, 248
Notch-sign, 49

O
Obstruction of collecting tubules, 262
Obstructive uropathy, 267
Oncocytoma, 240, 241
Ovarian dermoids, 67
Over beaming, 17, 34
Overdistension of the gallbladder, 118
Overranging, 34

P
Palpitations, 250
Pancolitis, 307
Pancreatic abscesses, 166, 167
Pancreatic adenocarcinoma, 177, 180, 182, 198
Pancreatic cystic neoplasm (PCN), 189
Pancreatic duct, 180
Pancreatic enhancement, 163
Pancreatic fibrosis, 169
Pancreatic fistula, 227
Pancreatic multi-phasic imaging, 44
Pancreatic necrosis, 161, 162, 166
Pancreatic neuroendocrine tumors (PNET), 183, 198
Pancreatic parenchyma, 44
Pancreatic parenchymal phase, 43
Pancreatic phase, 44, 163, 178
Pancreatic protocols, 178
Pancreatic tumors, 177
Pancreaticoduodenectomy, 224
Pancreaticojejunostomy, 225
Pancreatitis, 121, 162, 260, 338
Pancreatitisrelated masses, 186
Panniculitis, 324
Papillary destruction, 265
Papillary necrosis, 266
Papillary projections, 194
Papillary scarring, 265, 266
Papillary sloughing, 267
Parasitic cysts, 253
Parasitic infection, 126
Parasitic, 208
Paraumbilical vein, 50
Parenchymal pressure, 266
Parenchymal scars, 260
Parenchymal stranding, 261
Partial or complete obstruction, 260
Passive hepatic congestion, 156
Patient preparation and MDCT examination, 258
Patient preparation, 257
PEG, 311
Peliosis, 126
Peliotic HCC, 73

Pelvicaliceal foci, 261
Pelvicocaliceal dilation, 261
Peptic ulcer disease, 279
Peptic ulcer, 352
Perforation, 307, 338
Perfusion CT, 77, 303
Perfusion deficits, 261
Periappendiceal abscess, 338
Pericaval fat collections, 49
Pericholecytic fat stranding, 118
Pericolonic fat stranding, 342
Pericytes, 215
Periductal-infiltrating CC, 131
Periductal-infiltrating morphologic type, 133
Perihepatitis, 118
Perilesional enhancement, 92
Perineural invasion, 182
Peripancreatic fluid collections, 166
Peripancreatic inflammation, 163
Peripheral biliary ductal dilation, 75
Peripheral calcification, 96
Peripheral cholangiocarcinomas, 101
Peripheral globular enhancement, 71
Peripheral rim, 95
Periportal edema, 116, 124
Periportal hyperenhancement, 122
Perirenal fat tissue, 266
Perirenal fluid collections, 263
Perirenal inflammation, 267
Perirenal inflammatory reaction, 263
Perirenal stranding, 266
Perirenal tissues, 260
Peristaltic pump, 287
Peritoneal adhesions, 345
Peritoneal implants, 183
Peritonitis, 307, 338
Permeability, 303
Persistent perirenal stranding, 265
PET-CT, 254
Phantom (invisible) organ sign, 330
Phase-contrast CT, 22
Pheochromocytoma, 249, 304
Pheocromocytomas and paragangliomas, 332
Phosphosoda, 311
Photon counting detectors, 20, 22
Phytobezoar, 304
PICCS, 20
Pigment stone, 124
Pitch, 9, 35
Pixel noise, 19
Plain abdominal radiography, 338
PNET, 184
Pneumoperitoneum, 107, 280, 303, 352
Pneumatosis intestinalis, 350
Pneumatosis, 304, 347
Pneumobilia, 106, 112, 116
Polycitemia vera, 206
Polycystic kidneys, 240
Polycystic liver disease, 101
Polyethylene glycole (PEG), 286
Polypoid lesions, 301
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Polypoid lymphoma, 273
Poorly differentiated HCC, 65
Porcelain gallbladder, 107, 120
Port site hernia, 110
Porta hepatis, 148
Portal hypertension, 47, 124, 206, 304
Portal inflow phase, 43
Portal lymphadenectomy, 111
Portal or mesenteric vein gas, 304
Portal vein thrombosis, 109, 110, 150, 153
Portal venous drainage, 65
Portal venous phase, 43
Portomesenteric gas, 347
Portosystemic shunts, 50, 158
Portovenous or hepatovenous invasion, 58
Positive contrast agents, 286
Post organ transplants, 264
Posterior mesogastrium, 207
Posterior or short gastric veins, 278
Posterior pararenal space, 328
Posterior parietal peritoneum, 328
Posterior sectorectomy, 104
Post-primary disease, 264
Power injectors, 39
PPI therapy, 276
Prestenotic dilatation, 264
Primary adrenal neoplasms, 247
Primary biliary cirrhosis, 123, 124
Primary malignant liver tumor, 96
Primary pancreatic lymphoma, 185
Primary sclerosing cholangitis (PSC), 50, 122, 132, 135
Primary urogenital tuberculosis, 264
Progressed HCC, 55
Prominent cystic duct, 116
Prostate, 264
PSC, 73, 130
Pseudoaneurysms, 153, 170, 229, 305
Pseudocapsule, 65, 68, 253
Pseudocyst, 65, 68, 162, 166–168, 190–191,

199–200, 225, 253
Pseudogallbladdersign, 107
Pseudopolyposis, 307
Pulsation artefacts, 19
Pus, 257
Pyelonephritis, 262, 263, 267
Pylorus-preserving—PD, 225
Pyogenic abscess(es), 125, 208
Pyogenic cholangitis, 124

R
Radiating septa, 96
Radiation dose, 17, 19, 20, 77
Radiation protection, 26
Radiation risks, 25
Radiation therapy, 217
Radiation weighting factor, 27
Radiation-induced cancer, 26
Radical cholecystectomy, 111
Radical nephrectomy, 242
Recurrent pyogenic cholangitis (RPC), 124, 132

Recurrent UTI, 259
Red pulp, 205
Reference levels, 31
Regenerative nodules, 48, 55
Renal abscess, 258
Renal atrophy, 265
Renal calcification, 264
Renal caliceal clubbing, 266
Renal caliceal diverticula, 266
Renal cell carcinoma (RCC), 67, 70, 241, 275
Renal colic, 338
Renal collecting system, 260
Renal cortical atrophy, 266
Renal cortical masses, 264
Renal cortical renculation, 266
Renal cortical scarring, 266
Renal enlargement, 260, 261
Renal failure, 262
Renal papillary necrosis, 258, 264, 267
Renal transplantation, 126, 210
Renal vein thrombosis, 253, 267
Resection of gallbladder cancer, 111
Response evaluation criteria in solid tumors (RECIST), 77
Retention cysts, 190
Retractile mesenteritis, 324
Retroperitoneal fat, 50
Retroperitoneal cystic teratoma, 332
Retroperitoneal fibrosis, 335
Retroperitoneal paragangliomas, 334
Rheumatic disease, 206
Right anterior hepatectomy, 103
Right hepatectomy, 103
Rim enhancement, 209
Rim sign, 121
Ringlike calcifications, 210
Ring-stenosing lesions, 309
Rokitansky-Aschoff sinuses, 121
Rotation time, 15, 34
Routes of infection, 261
Roux-en-Y, 111

S
Saline flush, 39, 40
Salmonella, 208
Sampling frequency, 17
Sandwich sign, 273
Sarcoidosis, 211
Sarcomatoid HCC, 68
Sarcomatous change, 68
Sarcomatous tumor, 267
Scan timing, 42
Scarring, 264, 266
Scintillator material, 21
Sclerosing cholangitis, 122, 124
Sclerosing HCC, 68
Sclerosing Mesenteritis, 324
Scopolamine butylbromide, 302, 306, 311
Scrrious type, 68
Secondary cholangitis, 112
Secondary pyelonephritis, 262
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S (cont.)
Secondary sclerosing cholangitis, 122
Sepsis, 253, 261, 304
Septic metastases, 261
Septic nephrectomy, 261
Septic shock, 262
Septicemia, 261
Seroma, 261, 263
Serosa, 271
Serous cystadenoma, 192, 193
Serous cystic neoplasms (SCN), 190, 192
Severe pancreatitis, 162
Shielding, 35
Short gastric vein, 50
Shuttle modes, 3, 17
Sickle cell anemia, 267
Siderotic nodules, 48
Siderotic RNs, 55
Signet-ring type, 271
Simple (nonparasitic) cyst, 87
Simple acute pyelonephritis, 259, 260
Sinusoidal capillarization, 52, 53
Skin melanoma, 218
Skip lesions, 289
Slice sensitivity profile, 9
Small bowel obstruction (SBO), 344
Small bowel tumours, 293
Small bowel, 283
Small hemangiomas, 89
Small hepatocellular carcinoma, 57
Small progressed HCC, 57
Sodium diatrizoate, 311
Sodium picosulfate solution, 311
Sodium retension, 249
Solid tumors, 198
Solid-pseudopapillary tumors, 197
Solid-state detectors, 20
Sorafenib, 77
Spatial resolution, 17
Speed of scanning, 16
SPEN, 197, 198
Spilled gallstones, 110
Spiral scanning, 8
Spleen, 205
Splenectomy, 207, 212
Splenic abscess, 208
Splenic cords, 205
Splenic cystic lesions, 208
Splenic hamartoma, 212
Splenic infarction, 211
Splenic lymphoma, 209
Splenic metastases, 218
Splenic rupture, 110
Splenicvein thrombosis, 166
Splenomegaly, 124, 205, 206, 211
Spleno-Pancreasectomy, 224, 225
Splenorenal shunt, 50
Splenosis, 211
Spoke-wheel pattern, 241
Spontaneous hemorrhage, 253
Staphylococcus, 208

Stenosis of the common bile duct, 109
Strangulation, 344, 346
Streptococcus, 208
Strictures of extrahepatic ducts, 109
Strictures, 264, 290
Stump appendicitis, 339
Submucosal layer, 271
Subserosa, 271
Sump syndrome, 112
Superimposed dose profile, 29
Superior multi planar reformation (MPR), 269

T
T cells, 206
Table-feed, 8
Target sign, 288, 304, 307, 350
Technetium-99 Sulfur colloid, 207
Temporal resolution, 16, 18
Teratomas, 67
Test bolus, 42
The perirenal space, 328
Three-material decomposition, 237
Thrombo-embolism, 304
Thrombophilia, 304
Thrombosis of the right hepatic artery, 109
Thyroid carcinoma, 70
Timing of intravenous contrast, 37
Tissue weighting factors, 27
TNM Staging system, 242, 309
Topogram, 258
Torsion, 207
Toxic causes, 267
Toxic megacolon, 307
Toxic origin, 266
Transient hepatic attenuation differences(THADS), 70
Transient peritumoral, 89
Transit time, 303
Transition point, 345
Transitional cell cancer (TCC), 240
Transjugular intrahepatic portosystemic

shunt (TIPS), 127, 158
Transplant kidney, 264
Transrectal ultrasound (TRUS), 310
Transversalis fascia posteriorly, 328
Trauma, 208, 253, 261, 267, 304
True epithelial cysts, 190
Tube output, 34
Tube, 16
Tuberculosis, 258, 263, 264, 267
Tuberculous peritonitis, 325
Tuberous sclerosis (Bourneville-Pringle syndrome), 94, 241
Tumor thrombus formation, 75
Tumor thrombus, 65
Turcot syndrome, 309

U
UCSF criteria, 153
Ulcerative colitis, 122, 288, 306, 307
Unenhanced, 236, 258
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Unfolded cube projection, 312
Unilateral TBC, 264
Uniphasic injection, 41
United network of organ sharing (UNOS), 153
Unpaired arteries, 63
Unpaired arterioles, 52
Upper urinary tract infection, 259
Upper urinary tract, 264, 258
Ureteral colic, 258
Ureteral dilatation, 264
Ureteral disease, 258
Ureteral stone, 261
Urinary collecting system, 257, 258
Urinary tract anomalies, 259
Urinary tract infection, 257
Urinoma, 261, 263
Urogenital TBC, 264
Urolithiasis, 257, 260
Urothelial carcinoma (transitional cell carcinoma), 242

V
Valsalva maneuver, 39
Valve mechanisms, 267
Varices, 48, 124, 305
Vascular aneurysms/thrombosis, 162
Vascular complications in acute pancreatitis, 168
Vascular complications, 105
Vascular invasion, 61, 65, 136
Vascular neoplasm, 97
Vascular opacification, 39
Vasculitis, 118
Venoocclusive disease, 128
Venous involvement, 182
Venous thrombosis, 168, 307, 349
Vesicoureteral reflux, 264
Vessel or bile leaks, 105
Virtual colonic dissection, 312
Virtual endoscopy, 278

Virtual non-contrast images, 237
Virus-induced cirrhosis, 50
Visceral malignancies, 215
Voiding cysturethrogrpahy, 264
Volume perfusion studies, 3
Volume rendering (VR), 148, 302
Volumetric assessment, 150
Volvulus, 304, 344, 346, 348
von Hippel Lindau disease, 192
von Hippel Lindau syndrome, 184
von Recklinghausen’s disease, 98

W
Wash-in, 59
Washout, 47, 59, 63, 96, 152
Water attenuation contrast agents, 116
Water enema CT (WE-CT), 302
Wedge-resection, 102, 105
Weighted CTDI, 29
Well-differentiated HCC, 57
Whipple, 224
Whirl sign, 346
White pulp, 205
Wilms tumors, 67
World Health Organization (WHO)

classification system, 190

X
Xanthogranulomatous cholecystitis, 120
Xanthogranulomatous pyelonephritis, 120, 258, 267
X-ray tube, 4

Z
Z-flying foca spot, 3, 7
Zuckerkandl’s, 328
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