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Preface

The discovery of X-rays by Konrad Roentgen is one of the major milestones in the his-
tory of modern medicine, allowing for the first time a noninvasive look inside the pa-
tient. Two-dimensional X-ray images remained the basis of clinical radiology until the
early 1970s when computerized cross-sectional imaging with computed tomography
(CT) and ultrasound became routinely available.

Cross-sectional imaging did indeed dramatically change our knowledge of the inci-
dence and the evolution of many diseases. It rapidly became the basic clinical tool for di-
agnosis and follow-up and had a fundamental impact on medicine.

A second revolution started in the early 1980s with the clinical introduction of magnetic
resonance imaging (MRI). At that time the excitement among radiologists was such that
many believed MRI would rapidly replace CT and even ultrasound for most of the diag-
nostic work. MRI with its fantastic soft-tissue contrast, its multiplanar imaging capabil-
ity, the potential of tissue- or organ-specific contrast agents, and last but not least the ab-
sence of ionizing radiation seemed a technique difficult to beat. On top of this, the evo-
lution of MR technology was so fast, that most limitations which characterized the ear-
ly MR systems were rapidly overcome, and this evolution is still ongoing. CT seemed
completely outperformed and outdated even though volumetric acquisition with spiral
technology was already widely available at that time.

Even the introduction of the first dual-slice spiral scanner did not receive too much
attention. On the contrary, most radiology departments invested massively in the acqui-
sition of MR magnets and many changed their name from “radiology” to “imaging” de-
partments.

However, things started to change with the introduction of the first four-slice spiral
CT scanners in 1998. Multidetector-row technology caused a worldwide revival of CT.
The reason for this revival resides in the amazing technical advancements in the hard-
ware and software offered by these new devices.

Today, the latest multidetector-row CT (MDCT) scanners offer the possibility to per-
form volumetric submillimetric isotropic imaging of large body areas in only a few sec-
onds. These data can be reviewed and even directly reconstructed in any arbitrary plane.

If needed, the acquisitions can be gated to freeze the cardiac motion, and if multi-
phase images are reconstructed, functional information can be extracted from the time
sequences. As a result many of the features which were considered typical advantages of
MRI are today also available on a standard MDCT scanner.

However, CT remains X-ray based and therefore unfortunately still has a number of
weak points compared to MRI, including the lower soft-tissue contrast and the use of
ionizing radiation. On the other hand, CT has the advantage of being less complicated to
perform and to interpret.

Still, to take full advantage of modern MDCT technology, radiologists have to recon-
sider their acquisition protocols, particularly regarding timing and the administration of
contrast media.

It is obvious that once the total acquisition time of an examination is reduced to on-
ly a few seconds, one has to take into account the normal and/or abnormal vascular
physiology of the patient.

Acquisition parameters, injection regimes, timing, and contrast concentrations have
to be individually optimized. Without a very careful approach many of the benefits of a
fast CT scan are often lost and the images become suboptimal or even unreadable.
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VI Preface

The workflow of CT also has to be reengineered. Currently, patient preparation and
data acquisition represent only a minor part of the total workflow. Efficient data transfer,
archiving, three-dimensional processing, and image interpretation become increasingly
demanding on hard- and software because of the massive amounts of data produced.

The goal of the present volume is to provide practical answers to the questions most
often raised. The authors sought to come up with state-of-the-art protocols and solu-
tions for the different generations of MDCT scanners currently available on the market
and in doing so, they hope that this book will help the readers to get the most out of their
equipment.

January 2005 Guy Marchal
Dept. of Radiology

Leuven, Belgium
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Multidetector row computed tomography (MDCT)
has modified the imaging approach for the asses-
sment of many diseases. The technique enables the
acquisition of a volume of data, rather than slices.
The most recent clinical developments involving
this technique include the screening of colorectal
polyps, the detection of lung nodules, the scree-
ning for cardiac and coronary artery diseases, and
the easy three-dimensional rendering of various
vessels in any part of the body.

Advantages of the technique include the rapid
acquisition and three-dimensional rendering of
images even of the pulsating heart or vessels. The
spatial resolution is improving and so is the dia-
gnostic confidence. Due to the faster acquisition
time, we are moving towards automated procedu-
res of acquisition and image reading.

However, there are several challenges that ra-
diology departments face in the use of this rapidly
evolving technique. These challenges include
(among others).

• Management of the workload of a CT suite; to-
day it takes more time to position patients than
to acquire the images. The organization of the
day-to-day work must be optimized.

• The number of images to be read by the radio-
logist has dramatically increased. The time ne-
cessary for their interpretation is also increa-
sing. In the very near future, automatic three-
dimensional rendering of the raw data will
simplify this.

• The rapid translation of the table may increase
the number of motion artifacts. Various me-
thods have already been developed to reduce
motion artifacts.

• The rate of injection and volume of contrast
needed for the examinations have to be adap-
ted. High-concentration contrast media are
now preferable.

Of utmost importance is the control of the ra-

diation delivered during a MDCT examination,
both in children and in adults. The manufacturers
are progressively introducing methods that will al-
low the radiation dose to be reduced. For instance,
attenuation-based online modulation of the tube
current in order to reduce the milliampere settings
has now become commercially available and this
permits a dose reduction without loss of image
quality.

Important questions that need to be answered
soon concern the evaluation of the clinical impact
of systematic screenings that all radiologists tend
to perform (i.e., for pulmonary nodules). Are we
doing better? Are we improving the medical care
and outcome?

Finally, other techniques are also able to provi-
de the same or similar clinical information; com-
parisons are necessary in order to choose the best
technique and to reduce cost and optimize patient
management.

Suggested Reading

Fleischmann D (2003) Use of high-concentration con-
trast media in multiple-detector-row CT: principles
and rationale. Eur Radiol 13 [Suppl 5]:M14-M20

Akbar SA, Mortele KJ, Baeyens K et al (2004) Multidetec-
tor CT urography: techniques, clinical applications,
and pitfalls. Semin Ultrasound CT MR 25:41-54

Kelly DM, Hasegawa I, Borders R et al (2004) High-re-
solution CT using MDCT: comparison of degree of
motion artifact between volumetric and axial me-
thods. AJR Am J Roentgenol 182:757-759

Roos JE, Desbiolles LM, Weishaupt D et al (2004) Multi-
detector row CT: effect of iodine dose reduction on
hepatic and vascular enhancement. Rofo Fortschr
Geb Rontgenstr Neuen Bildgeb Verfahr 176:556-563

Schoellnast H, Tillich M, Deutschmann HA et al (2004)
Improvement of parenchymal and vascular enhan-
cement using saline flush and power injection for
multiple-detector-row abdominal CT. Eur Radiol
14:659-664
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Introduction

Multidetector-row computed tomography (MDCT),
also known as multislice, multidetector CT, or mul-
tisection CT, is the latest breakthrough in CT tech-
nology. It has transformed CT from a transaxial
cross-sectional technique into a truly three-di-
mensional imaging modality. While dual-slice 
spiral scanning has been available since 1992, the
first four-slice units were introduced in 1998 [1, 2].
Systems with 6-, 8-, 10-, and 16-detector arrays
have become available over the past few years, and
scanners with 32-, 40-, and 64-detector rows will
be introduced in 2004. MDCT has been more rap-
idly accepted in the radiological community than
single-slice spiral CT, with exponential growth in
the use of these scanners in clinical practice
worldwide, from 10 scanners in 1998 to 100 in
1999, to 1,000 in 2000, and over 5,000 by 2002.

Advantages of MDCT

The main problem with spiral CT scanning is the
inverse relationship between scan length and spa-
tial resolution along the patient axis (z-axis resolu-
tion). Thus, a volumetric acquisition with high
spatial resolution in all spatial directions can only
cover small areas during one breath hold.

The solution to this problem is to acquire mul-
tiple simultaneous slices and use a higher speed of
rotation. As a result, a four-detector row scanner
with 0.5-s rotation, for example, has a performance
that is up to eight times greater than a convention-
al 1-s single-slice scanner. This allows high spatial
resolution to be achieved over a long scan range.
However, scan duration cannot be reduced with
four-slice systems with this approach. If the scan
duration is decreased with four-slice systems, then
either the scan length or z-axis resolution must be
reduced. With 8- to 16-detector rows, however, re-

duced scan durations can be achieved despite high
z-axis resolution.

The advantages of MDCT compared with sin-
gle-detector-row CT are summarized in Table 1.
With faster scans, a smaller than usual quantity of
contrast medium can be used for indications in
which only opacification of vascular structures is
important [e.g., CT angiography (CTA)] [3]. Move-
ment artifacts are less problematic with MDCT, in
particular with 8- to 16-slice scanners. Longer scan
ranges are the prerequisite for high-resolution CT
(HRCT) of the entire chest or for peripheral CTA
(Fig. 1). The main breakthrough of MDCT has
been in the area of thinner sections, which makes
it possible to acquire a (near) isotropic data vol-

I.1
MDCT: Technical Principles and Future Trends

Mathias Prokop

Table 1. Advantages of MDCT

Shorter scan duration
Reduced movement artifacts:
• Children
• Trauma patients
• Acutely ill or dyspneic patients
• Multiplanar reformations
Improved contrast-enhanced scans:
• Well-defined phase of contrast enhancement
• Reduced contrast volume for CTA
• More-homogeneous enhancement
Longer scan ranges
CTA
• Aorta and peripheral run-off
• Thoraco-abdominal aorta
• Carotids from arch to intracerebral circulation
Trauma
• Full spine examinations
Thinner sections
Near-isotropic imaging (any application):
• Arbitrary imaging planes
• Multiplanar reformations
• Three-dimensional rendering
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6 MDCT: Scanning and Contrast Protocols

ume [4, 5]. As a consequence, arbitrary cross-sec-
tional planes [multiplanar reformations (MPR)]
can be reconstructed from the data volume and
excellent three-dimensional displays become pos-
sible.

Disadvantages of MDCT

The advantages of MDCT come with the problem
of a markedly increased data load. More than
1,000 images can be produced (Fig. 1), particularly
with near-isotropic volume acquisition techniques
[6]. While such a volumetric acquisition is used
less frequently with most 4-slice scanners, it is a
standard technique for 16-slice scanners. The
number of images depends on the scan range, the

reconstruction interval, and the number of series
to be reconstructed. The large data load means
that new ways of viewing, processing, archiving,
and demonstrating images are necessary, and
more time is needed to analyze the data than with
single-slice spiral CT.

Image noise grows as the section collimation is
reduced. To keep the noise low, either the radia-
tion dose needs to be raised or thicker sections
have to be reconstructed. In addition, the geomet-
ric efficiency of the detectors deteriorates with
very thin collimation. This effect is most promi-
nent for four-slice scanners at 0.5–0.625-mm colli-
mation and accounts for an increase in dose re-
quirements (volume CT dose index, CTDIvol) by a
factor of more than 2. Even at 1–1.25-mm collima-
tion, the CT dose index is still 30%–50% larger
than at a 5-mm collimation or a single-slice scan-
ner under otherwise identical conditions [7]. The
increase in dose requirements varies between
scanner manufacturers and depends on the imple-
mentation of beam collimation and image inter-
polation algorithms. With 8- and 16-row scanners
there is a substantial improvement in dose effi-
ciency. The increase in CTDIvol in 16-slice units is
well below 10% and can therefore be neglected in
clinical practice.

Radiation dose is substantially increased in
MDCT if the same milliampere settings are used as
in single-slice scanning [8], but careful choice of
scanning parameters can avoid this problem. In-
creased radiation dose per milliampere compared
with single-slice CT can be due to differences in
scanner geometry (such as a reduced tube-detec-
tor distance in GE units), pre-filtering, or the dis-
play of effective milliampere settings instead of the
real milliampere settings on the user interface (on
Philips and Siemens units). The latter approach is
based on the concept that the effective milliampere
(mA/pitch) is by definition independent of the
pitch factor and therefore serves as a better indica-
tor of the patient dose [1]. However, if a user im-
plements an MDCT protocol with identical set-
tings as on a single-slice scanner by the same man-
ufacturer, he will actually increase the patient dose
(by the pitch factor he had used on his single-slice
unit) because the milliampere indicated on the
MDCT interface actually represents the effective
milliampere.

For these reasons, it is advisable to design
scanning protocols that are not based on previ-
ous milliampere settings but on actual dose val-
ues as indicated by the CTDIvol, which are now dis-
played on the user interface of all MDCT scanners
(in some countries this option is only made avail-
able upon request by the customer). As a conse-
quence of prudent selection of parameters, an in-
creased radiation dose with MDCT is only needed
if thin-section images of high quality are re-

Fig. 1. CTA of the whole aorta and
peripheral run-off vessels in a 
patient with Leriche syndrome
(16×0.75 mm), reconstructed at
0.7-mm intervals, resulted in over
2,000 axial images
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I.1 • MDCT: Technical Principles and Future Trends 7

quired. If scanning parameters are chosen care-
fully, MDCT requires a lower radiation dose than
conventional CT or a similar dose to spiral CT
with a pitch of 2. It is therefore essential to opti-
mize scan protocols. Doses should be as low as
possible for scans of children (Fig. 2) and patients
of small stature [7].

A low kVp setting can be used to increase the
CT attenuation of iodinated contrast material and
thus improve the contrast of perfused structures
[9]. The resulting gain in signal-to-noise ratio can
be used to save dose while maintaining a reason-
ably good image quality. The technique works best
in the chest (e.g., CTA of pulmonary embolism
[10]) but can also be used in the head, neck, or in
the abdomen of slim patients (Fig. 3). It is particu-
larly useful for the examination of children. In re-
gions with increased X-ray attenuation, such as the
abdomen or in obese patients, the attenuation be-
comes disproportionately high and a low kVp
technique should not be applied.

Detector Types

The current MDCT scanners acquire 2, 4, 6, 8, 10,
or 16 simultaneous sections. Scanners with 32–,
40–, or 64– detector rows are now also available.
The actual number of detector rows is usually
much larger than the active number of detector
rows in order to achieve more than one collima-
tion setting. This is achieved by collimating and
adding together the signals of neighboring detec-
tor rows.

There are three types of detector arrays: matrix
detectors, which consist of parallel rows of equal
thickness, hybrid detectors with smaller detector
rows in the center, and adaptive array detectors
that consist of detector rows with varying thick-
ness (Fig. 4). While GE uses a matrix detector for
their four- and eight-slice systems, Philips and
Siemens have opted for an adaptive array configu-
ration for their four-slice systems (Siemens also
for their six-slice system). Hybrid detectors have

Fig. 2. Low-dose scan (CTDIvol <3 mGy) in a non-anesthetized
child using 4×1-mm collimation. Two accessory bronchial buds (ar-
rows) are visible on the volume-rendered image

Fig. 3. Low-dose CTA using 80 kVp (CTDIvol >2.5 mGy) on a 4-slice
scanner (4×1-mm collimation) demostrates multiple pulmonary
emboli, some of which are already partially resorbed

Fig. 4. Examples of a 4-slice matrix detector (GE LightSpeed), a 6-slice adaptive array detector (Siemens Emotion-6), and a 16-slice hybrid
detector (Toshiba Aquilion-16)
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8 MDCT: Scanning and Contrast Protocols

been adopted by Toshiba for their 4- to 16-slice
systems, but are also used in all 10- to 16-row scan-
ners from other manufacturers.

The coming generation of 32- to 64-slice scan-
ners is based on matrix geometry (GE, Toshiba)
or hybrid geometry (Philips, Siemens). Since
many of these systems are still under develop-
ment, specifications may be changed before final
release. GE will provide a scanner with 64×0.625-
mm collimation that can also acquire data with
32×1.25-mm collimation. Philips uses a hybrid
configuration that provides 40×0.625-mm and
32×1.25-mm collimation for their Brilliance-40
and -64 scanners. Siemens uses a hybrid configu-
ration that provides 32×0.6-mm and 20×1.2-mm
sections on their Sensation-64 scanner. In addi-
tion, they use a flying focal spot along the z-axis
that results in a second set of projectional data
that is precisely offset by half the detector width.
While this does not provide more than 32 detector
rows, it does improve z-axis resolution and re-
duces artifacts. Toshiba uses a matrix configura-
tion on their Aquilion-32 and -64, which provides
32 to 64×0.5 mm and 32 to 64×1 mm collimation,
respectively. This new generation of 32- to 64-slice
scanners will provide not only isotropic resolu-
tion and fast scan durations (<10 s for almost any
body region), but will also improve cardiac gating
options, which should further enhance the cardiac
capabilities of these scanners.

Cone Beam Geometry and
Data Reconstruction

Cone beam geometry is a problem that becomes
important as the number of active detector chan-
nels grows (e.g., 16×1 mm) or the total active de-
tector width increases (e.g., 4×5 mm). Under such
conditions, the cone angle of the X-ray beam can
no longer be assumed to pass in a parallel fashion
from the tube to the detector [11]. As the tube ro-
tates around the patient, structures may be “seen”
by different detector rows during one rotation. If
this incongruence is not corrected it can lead to
considerable cone beam artifacts. Artifacts in-
crease with higher pitch factors in most systems,
but are less pronounced if a smaller field of view is
used. Cone beam artifacts are most prominent at
high-contrast interfaces that are almost parallel to
the scan plane. They can best be seen on MPR.
Typical regions that suffer most from such arti-
facts are the skull base or the ribs.

While linear interpolation algorithms are used
to good advantage for four-slice systems, more ad-
vanced cone beam algorithms are necessary to
cope with this problem and to reduce artifacts to a
minimum.

Multislice Interpolation

For multislice interpolation at low cone angles, al-
gorithms that are analogous to 180°LI and 360°LI
from spiral CT can be used. They are called 180°MLI
(multislice linear interpolation) and 360°MLI. For
each projection angle, they use the projection data
from the two detectors that are closest to the scan-
ning plane (360°MLI only real trajectories,
180°MLI also virtual trajectories from the detector
to the X-ray tube). Section profiles with these algo-
rithms vary between those from conventional
180°LI and 360°LI spiral CT interpolation, but the
dependence on the pitch factor is more complex
because of the varying overlap of beam trajecto-
ries with increasing pitch.

Z-filter interpolation is the technique used to
create a planar transaxial image from the projec-
tional raw data in four to eight-slice scanners. Z-fil-
ter interpolation neglects the cone beam effect and
therefore leads to an increased amount of artifact,
as more than four detector rows are used. Z-filter-
ing uses a similar concept as higher-order interpo-
lation algorithms for conventional spiral CT [12,
13]. In addition to using two projections that are
closest to the scan plane for image formation, adja-
cent projections (multipoint interpolation) are
weighted according to their distance from the scan
plane. Z-filtering is now available from all manu-
facturers and is used to control the width of the
slice profile (section width, SW) of the reconstruct-
ed images. In principle, the only restraint is that the
section width must be larger than the collimation.

Depending on the manufacturers, the slice pro-
file and image noise may depend on the pitch fac-
tor (GE, Toshiba), while others (Siemens, Philips)
maintain the section width independent of the
pitch. While GE only allows for certain pitch fac-
tors (two choices for 4-slice scanners, four choices
for 8- and 16-slice scanners), other manufacturers
suggest preferential pitch factors (Philips, Toshiba)
or arbitrary pitch factors (Siemens).

Cone Beam Interpolation

Real cone beam corrections are mandatory with 16
or more detector rows because cone beam artifacts
increase substantially with wider detector arrays.
Most of these algorithms are still being refined,
and use various types of compensation techniques
for the cone beam geometry. Variants of three-di-
mensional back projection (e.g., n-Pi reconstruc-
tion or COBRA, Philips; ConeView, Toshiba)
should yield the fewest artifacts [11, 16]. Other
techniques (e.g., Adaptive Multiple Plane Recon-
struction, Siemens) shift the plane of interpolation
from an axial orientation to an oblique position
with a maximum angulation determined by the
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cone angle [17, 18]. This yields a set of oblique
planes (as an intermediate step) that rotate with
different z-positions. Interpolation between these
oblique planes then creates axial, coronal, or arbi-
trarily oriented sections of any desired section
width without necessarily having to produce a real
reconstruction of an orthogonal three-dimension-
al data set.

Practical Approach

Scan Parameters

In MDCT the same acquired raw data set can be
used to reconstruct two or more image data sets of
varying thickness (Fig. 5). For this reason, one
must distinguish between acquisition parameters
(SC and TF) and reconstruction parameters (SW
and RI).

To simplify notation, the acquisition parame-
ters can be expressed as (N×SC/TF), where N is the
number of detector rows. The table feed (TF) can
be varied independently of the slice collimation
(SC) as long as the pitch P is ≤2. However, the defi-
nition of pitch (P) varies between scanner manu-
facturers. Philips uses the definition preferred by
most physicists and adopted as an international
(IEC) standard, P=TF/(N×SC), where the table feed
is related to the whole width of the active detector
elements. GE, Siemens, and Toshiba, on the other
hand, use P*=TF/SC (volume pitch, helical pitch,
or beam pitch), at least on their four-slice units.
This pitch definition relates the table feed to a sin-
gle section width. The asterisk is used to differen-
tiate the volume pitch from the international stan-
dard definition. The pitch P is now becoming in-
creasingly more common as scanners with six or
more detector rows enter the market.

The reconstruction parameters in MDCT can be
expressed as one pair of numbers (SW/RI) per re-

constructed image data set. The slice width (SW)
can be varied independently of how the data set
has been acquired (at least in theory), as long as it
is greater than the slice collimation (SC). If thick
slices (SC) are used for scanning, it is not possible
to reconstruct thinner slices (SW) for smaller de-
tail later, while it is easy to reconstruct thick slices
for clinical viewing if thin slices have been used for
scanning. The reconstruction increment should
then be about half the slice width in clinical prac-
tice, but need not be smaller than the pixel size
(0.5–0.8-mm). More than one set of reconstruc-
tions (e.g., thin and thick sections) can be obtained
from the same raw data set.

Choosing Scan Parameters

There are two different ways of choosing the scan
parameters for MDCT (see Table 2). One is to pre-
serve the workflow of single-slice spiral CT (“fast
spiral acquisition”), while the other is to acquire a
new isotropic three-dimensional volume that can
be further processed (“volumetric imaging”) [19].

For a fast spiral acquisition, axial sections of a
thickness of about 5 mm are reconstructed for
many indications in an analogous manner to con-
ventional spiral CT. MPR and three-dimensional
imaging are only carried out if necessary, depend-
ing on the clinical findings. This method is time-
and cost-efficient, simple, and involves a known
workflow [20]. However, the real opportunities in-
herent to MDCT are not optimally used.As 16-slice
scanners become more widely available, this is un-
likely to be the future method of choice.

Volumetric imaging relies on data acquisition
using thin slices (small SC), which are then recon-
structed to yield a nearly isotropic “secondary raw
data set” that consists of thin, overlapping axial
images [21]. Any other images (axial or multipla-
nar) that are required for clinical reporting can

Fig. 5. Multislice scanning with thin sections (4×1-mm collimation) allows for reconstruction of conventional 5-mm-thick sections (a) as
well as the reconstruction of thin (HRCT) sections (b) that can also be used to create a secondary raw data set for two- and three-dimen-
sional imaging (compare with Fig. 6)

a b
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subsequently be constructed from this secondary
raw data set.

Most frequently 3- to 6-mm axial sections are
reconstructed for clinical viewing, which is very
similar to the sections reconstructed from a fast
spiral acquisition. However, the “added value” of
multislice scanning is provided by coronal or
sagittal multiplanar reformations, curved planar
reformations, or reformations of arbitrary orienta-
tion through the data volume. Which of these sec-
tions are best suited, will depend on the clinical in-
dication. Further processing such as various three-
dimensional rendering techniques (volume ren-
dering or maximum intensity projections) may
prove beneficial, especially when it comes to the
display of vascular or skeletal structures. Increas-
ing the thickness of the MPR improves the signal-
to-noise ratio (SNR). The thickness needed for
MPR depends on the indication.

Volumetric imaging relies on a completely new
workflow that is more similar to MRI than conven-
tional CT techniques. Only when the scanner and
workstation software can handle large amounts of
data quickly and easily will volumetric imaging be-
come a time- and cost-effective alternative to fast
spiral scanning. However, volumetric imaging
makes optimum use of MDCT capabilities (Fig. 6)
and is already well suited to complex cases, partic-

ularly vascular or skeletal studies. Scanner manu-
facturers realize that volumetric imaging is likely
to become the preferred method in the future and
are working to improve the workflow for this situ-
ation.

Future Trends

There are a number of main avenues for technical
improvement in multislice scanning.

1. Faster rotation speed of the X-ray tube will
allow for better cardiac imaging. In this context,
combinations of electron beam CT with multislice
detectors may be seen in the future.

2. Wider detectors with more detector rows will
allow for more coverage per rotation. However, if the
irradiated volume becomes too large, scattered radi-
ation can substantially reduce image quality. Scatter
correction, however, requires an additional dose for
adequate SNR. For this reason, some manufacturers
consider very wide detectors mainly for use in a hy-
brid mode, in which the CT scanner can be used al-
so for fluoroscopy while the tube stands still.

3. Higher isotropic resolution will be possible
with smaller detector elements. Preliminary studies
using area detectors or “micro-CT” units have been

Table 2. Suggested acquisition parameters for MDCT of the body (adapted from [19]). Note that the borders between fast spiral acqui-
sitions and volumetric imaging blur for 16-slice units. For skeletal imaging, pitch factors lower than 1 should be used to minimize artifacts
on multiplanar reformation

Scanner type Fast spiral scanning Volumetric imaging
SC (mm) TF (mm) P SC (mm) TF (mm) P

4-slice (GE) 2.5 15 1.5 1.25 7.5 1.5
4-slice (Philips) 2.5 15 1.5 1 6 1.5
4-slice (Siemens) 2.5 15 1.5 1 6 1.5
4-slice (Toshiba) 2–3 11–16.5 1.375 1 5.5 1.375
6-slice (Siemens) 3 22.5 1.5 1 9 1.5
8-slice (GE) 2.5 27 1.35 1.25 13.5 1.35
10-slice (Siemens) 1.5 22.5 1.5 0.75 11.25 1.5
16-slice (GE) 1.25 27.5 1.375 0.625 13.75 1.375
16-slice (Philips) 1.5 30 1.25 0.75 15 1.25
16-slice (Siemens) 1.5 36 1.5 0.75 18 1.5
16-slice (Toshiba) 2 30 0.9375 0.5–1 11.5–23 1.4375

Indication

Neck Standard, lymph node staging Tumor staging

Chest Metastases, mediastinum Tumor staging, interstitial disease

Abdomen Standard abdomen, liver (non-contrast), Pancreas, liver, biliary system,
kidneys (benign disease) bowel, preoperative evaluation

CTA Aorta, dyspneic patients, veins Carotids, pulmonary vessels,
abdominal arteries

Skeleton Pelvis, lumbar spine, long bones Small joints, small bones, C- and T-spine
SC=slice collimation, TF=table feed/rotation, P=pitch=TF/(n×SC), n=number of active detector rows
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very successful for small animal experiments and
explanted organs. Because image noise increases
extremely rapidly (with a power of 2), dose require-
ments for constant SNR increase even faster (with a
power of 4). This means that one needs 24(=16)
times more dose to increase resolution from 1 mm3

to 0.5 mm3. This will substantially restrict possible
applications in body CT imaging in humans. Most
manufacturers have now chosen detector widths
between 0.5 and 0.625 mm, resulting in minimum
effective section widths of 0.6–0.67 mm. The result-
ing spatial resolution in high-contrast phantoms is
in the range of 0.4 mm in the z-direction and
0.4–0.6 mm in the scan plane (Fig. 7).

4. Larger image matrices are required in order
to take advantage of this improved spatial resolu-
tion. For a standard chest or abdomen, a FOV of
300–400 mm is chosen, resulting in pixel sizes of
0.6–0.8 mm. In order to take advantage of the im-
proved resolution, larger matrices (e.g., 7682 or
1,0242) are required (Fig. 7).

5. Functional imaging and perfusion imaging
will be of interest if low-dose techniques can be
combined with wider detectors.Already brain per-
fusion in stroke patients is a major clinical indica-
tion. Philips, for example, will provide a “jog
mode” on their 40-slice unit, in which the scanner
alternates between two table positions and thus is
able to cover a range of 80 mm.

6. Image processing and computer-aided diag-
nosis tools are being developed that will help with
tedious imaging tasks such as nodule detection,
polyp detection, and volume quantification. They
are a prerequisite for bronchial cancer or colon
cancer screening if performed on a population ba-
sis. In addition, volumetric analysis will present
new opportunities for treatment and follow-up of
patients with malignant disease, thus allowing for
fine-tuning and individualized therapy.

Fig. 6. Coronal images of the common
bile duct reformatted from 3-mm-thick 
axial sections (a) and 1.25-mm-thick sec-
tions (b). Note the increase in clarity of the
images derived from the thinner slices,
where hyperdense material (arrows) can
be seen in the common bile duct of this
patient with hemobiliaa b

Fig. 7. Coronal thin-slab maximum inten-
sity projection (MIP) in a patient with mul-
tiple tiny pulmonary metastases from
medullary thyroid cancer. Data were ac-
quired with 40×0.625-mm collimation and
a matrix size of 7682, resulting in isotropic
0.45-mm resolution
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Introduction

As computed tomography (CT) technology has
evolved from single-slice imaging to 4- and 16-slice
scanners, the speed at which the patient is passed
through the gantry has increased up to eight-fold,
depending on the technique used (Table 1). There-
fore, the time to scan a body part or the entire
body has been reduced substantially. For example,
a chest scan that used to require 36 s on a single-
slice scanner with 3-mm collimation now takes
5–10 s on a 16-slice scanner with 0.625 - 1.5 mm de-
tector collimation; a chest–abdomen–pelvis exam-
ination, which was not really feasible with single-
slice scanners (requiring 80 s), is now possible in
10-20 s.

The markedly reduced scan durations for mul-
tidetector–row CT (MDCT) examinations have
made scan timing more critical than for single-de-
tector CT. At the same time, these short scan times
have provided radiologists with an opportunity to
improve contrast enhancement with MDCT. It is
therefore important for radiologists and technolo-
gists to: (1) understand the factors that determine
both the timing and magnitude of arterial and he-
patic parenchymal contrast enhancement for CT,
and (2) identify the modifications needed to opti-
mize contrast enhancement for 4-, 8-, 16-, and the
new 64-row MDCT scanners.

Scan Timing

Technical Factors

The most important technical factor that affects
scan timing is the duration of contrast medium in-
jection [1-3], which is determined by the volume of
contrast medium and the rate at which it is admin-
istered. In patients with normal cardiac output,
peak arterial contrast enhancement is achieved
shortly after the termination of injection of con-
trast medium [4]. As the contrast medium volume
increases, the time it takes to reach the peaks of ar-
terial and hepatic parenchymal contrast enhance-
ment also increases (Fig. 1) [5]. Conversely, an in-
crease in injection rate results in a shorter time to
peak enhancement (Fig. 2) [5]. Therefore, a short
injection duration (i.e., small volume or high in-
jection rate) results in earlier peak arterial and he-
patic parenchymal enhancement, which requires a
short scan delay. A long injection duration (i.e.,
large volume or low injection rate) results in later
peak enhancement, requiring a long scan delay.

Patient-Related Factors

The most important patient-related factor that af-
fects scan timing is cardiac output [6]. Decreased
cardiac output (i.e., increased cardiovascular tran-
sit time) results in delayed arrival of the contrast
bolus in the aorta, which leads to delayed arterial
and hepatic parenchymal enhancement (Fig. 3).
Because of substantial variation in cardiac output
among patients, it is important to individualize the
scan delay for imaging studies in which scan tim-
ing is critical, e.g., CT angiography (CTA). Scan de-
lay can be individualized by using a test bolus [7,
8] or a bolus-tracking software program [9].

The test bolus method (Fig. 4) is the more com-
monly used technique, but it must be adapted for
use with the faster scanners. Typically, we give a

I.2
Contrast Medium Administration and
Scan Timing for MDCT

Jay P. Heiken and Kyongtae T. Bae

Table 1. Changes in table feed with evolution in CT technology

Detector configuration Table feed,
mm/s

Single row (3-5 mm detector collimation) 8
4 detector rows (1-mm detector collimation) 10
4 detector rows (2.5-mm detector collimation) 24
16 detector rows (0.75-mm detector collimation) 30
16 detector rows (1.5-mm detector collimation) 60
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14 MDCT: Scanning and Contrast Protocols

Fig. 1a, b. Simulated contrast enhancement curves with three different contrast medium volumes. Simulated enhancement curves of a
the aorta and b the liver based on a hypothetical adult male with a fixed height (5’8” or 173 cm) and body weight (150 lb or 68 kg), subject
to injection of 75, 125, and 175 ml of 320 mg I/ml contrast medium at 2 ml/s. The time to peak enhancement and the magnitude of peak
enhancement increase with increased contrast medium volume. (Reprinted from [28])

Fig. 2a, b. Simulated contrast enhancement curves with three different contrast medium injection rates. Simulated enhancement curves
of a the aorta and b the liver based on a hypothetical adult male with a fixed height (5'8” or 173 cm) and body weight (150 lb or 68 kg), sub-
ject to 150 ml of 320 mg I/ml contrast medium injected at 1, 3, and 5 ml/s. The curves show that for a constant volume of contrast medi-
um, as the rate of injection increases, the time it takes to reach the peak of enhancement decreases and the magnitude of peak enhance-
ment increases. (Reprinted from [29])

Fig. 3. Simulated contrast enhancement curves at baseline and
reduced cardiac outputs. Simulated enhancement curves of the
aorta based on a hypothetical adult male with a fixed height (5'8”
or 173 cm) and body weight (150 lb or 68 kg), subject to injection
of 120 ml of 320 mg I/ml contrast medium at 4 ml/s. A set of aortic
and hepatic contrast enhancement curves were generated from
the model by reducing the baseline cardiac output, i.e. 6500
ml/min, by 20%, 40%, and 60%. (Reprinted from [29])
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small bolus (15–20 ml) of contrast medium at the
rate to be used for the diagnostic examination, and
we determine when aortic enhancement peaks. For
single- and 4-detector-row scanners, the time of
peak aortic enhancement after a small bolus is
used as the scan delay for the diagnostic examina-
tion; this assures that diagnostic scanning is per-
formed during the peak of aortic enhancement af-
ter administration of a full bolus of contrast medi-
um. However, with faster scanners and thus short-
er scan durations, scanning must be delayed even
further if imaging is to be performed during the

peak of aortic enhancement. This is done by
adding an additional delay (α) to that calculated
on the basis of the test bolus. The test bolus
method is effective for determining the scan delay
for a single patient, but it is not an efficient method
because it requires an additional volume of con-
trast medium and is time-consuming.

A more efficient and elegant method to deter-
mine the correct timing of scanning after contrast
medium administration involves the use of bolus-
tracking software with a region of interest (ROI)
placed over the aorta (Fig. 5). A regular bolus of

0
0 25 50 75 100 125 150 175

Time (sec)Time (sec)

16

α

TDELAY = TTEST +α;
16-slice CT

1,4

TDELAY = TTEST ; 1-, 4-slice CT

Time to peak CE test bolus: TTEST

Fig. 4. Test bolus method for individualizing the scan
delay. On single- or 4-detector-row scanners, the scan
delay (the time between the start of contrast medium
administration and that of scanning) is determined as
the time necessary for aortic enhancement to peak after
a small bolus injection of contrast medium. With faster
scanners, scanning must be delayed further (α) if imag-
ing is to be performed during the peak enhancement of
the aorta. Horizontal lines, scanning period for 1- or 4-
detector-row scanners (red) and for 16-detector-row
scanners (blue)

Fig. 5a, b. Determination of scan delay using bolus-tracking software. a Patient with normal cardiac output: the 100 HU threshold is
reached at about 25 s. b Patient with poor cardiac output: the 100 HU threshold is not reached until 50 s after bolus injection. Had this ex-
amination been started at 25 s (the scan delay typically used for patients with normal cardiac output), the bolus would have been missed
and imaging would have been performed too early

ba
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16 MDCT: Scanning and Contrast Protocols

contrast medium is administered and, approximate-
ly 10 s after the bolus injection is begun, low-dose
monitoring scans are made to track enhancement in
the aorta.When a predetermined threshold (e.g. 100
HU) is reached, regular scanning is triggered. This
method makes it possible to appropriately deter-
mine the scan delay for individual patients with on-
ly a single injection of contrast medium.

Increasing the scan delay is one approach to op-
timizing scan timing when working with faster CT
scanners. Alternatively, with 8- and 16-row MDCT,
one can take advantage of the very short scan du-
rations by reducing the volume of contrast medi-
um administered; for example, using a 16-detector-
row scanner, excellent images can be obtained us-
ing only 75 ml of iodinated contrast medium

(Fig. 6). The new 64-row scanner may allow a fur-
ther reduction in the volume of contrast medium.
Nonetheless, the use of smaller volumes of contrast
medium may require that the scanning protocol be
optimized to overcome the possibility of reduced
enhancement.

Contrast Enhancement Magnitude

Technical Factors

Arterial Enhancement. The magnitude of arterial
enhancement is determined by the rate of iodine
delivery into the vascular system. The rate of io-
dine delivery depends upon three factors: (1) the

a

Fig. 6. Endoluminal stent graft repair of an abdominal
aortic aneurysm. CTA performed on a 16-row multide-
tector CT scanner using only 75 ml of contrast medium. a
Transaxial image. b Volume-rendered image. c Maxi-
mum intensity projection imageb c
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concentration of iodine in the contrast medium,
(2) the injection rate (Fig. 7), and (3) the injection
volume (primarily through recirculation of con-
trast medium already in the vascular system). In-
creases in iodine concentration [10], injection rate
[1, 11], and volume [10] all result in increased arte-
rial enhancement. Use of contrast material with a
higher iodine concentration produces more aortic
contrast enhancement, even if the total iodine dose
and injection rate are unchanged, by virtue of in-
creasing the rate of iodine delivery to the vascular
system (Fig. 8).When the contrast medium volume
is reduced for CTA with 8- and 16-row (and in fu-
ture 64-row) MDCT, an increased injection rate
and high iodine concentration can compensate for
the somewhat decreased magnitude of aortic en-

hancement achieved with the smaller contrast
medium volume.

Hepatic Parenchymal Enhancement. Hepatic
parenchymal enhancement is determined by the
total iodine dose administered [3, 12–18], which in
turn is determined by the contrast medium vol-
ume and iodine concentration. Use of contrast ma-
terial with a higher iodine concentration improves
hepatic parenchymal enhancement to the extent
that it increases overall iodine dose [19]. The injec-
tion rate plays a more limited role in hepatic
parenchymal contrast enhancement (Fig. 7); the
concentration of iodine in the contrast medium
has little effect on hepatic parenchymal enhance-
ment if the total dose is constant (Fig. 8).

Fig. 7. Effect of contrast medium injection rate on the magnitude
of peak contrast enhancement (from simulated contrast enhance-
ment curves). Peak aortic and hepatic contrast enhancements at
different injection rates are simulated based on a hypothetical
adult male with a fixed height (5'8” or 173 cm) and body weight
(150 lb or 68 kg), subject to injection of 120 ml of 320 mgI/ml con-
trast medium. (Reprinted from [1])
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Although a rapid injection rate (e.g. 5 ml/s)
does not increase the magnitude of hepatic
parenchymal enhancement compared with an in-
termediate injection rate (e.g. 2–3 ml/s), it does in-
crease the magnitude of hepatic arterial enhance-
ment and it separates the peaks of hepatic arterial
and hepatic parenchymal enhancement [1], thus
improving detection of hypervascular liver masses
[20]. Similarly, a rapid injection rate increases pan-
creatic parenchymal enhancement [21, 22]. There-
fore a rapid injection rate is useful for dedicated
hepatic and pancreatic imaging protocols. Use of
higher-concentration contrast material increases
tumor-to-liver contrast of hepatocellular carcino-
ma during the arterial phase of enhancement, and
therefore is also useful for detecting hypervascular
liver masses [23].

Patient-Related Factors

The most important patient-related factor that af-
fects the magnitude of both arterial and hepatic
parenchymal contrast enhancement is body
weight [14, 24], which is inversely related to the
magnitude of enhancement. In larger, heavier pa-
tients, less contrast enhancement is achieved for a
given iodine dose compared with smaller patients
(Fig. 9). Therefore, when imaging heavy patients,
one should consider modifying the contrast ad-
ministration protocol by increasing the contrast
medium concentration, volume, or injection rate.

Scanning Protocol Modifications 
for MDCT

As stated previously, with MDCT, the shorter scan
duration requires a longer scan delay to image dur-
ing the peak parenchymal enhancement (Fig. 10).
For CT angiography a preferable alternative to de-
layed imaging with the standard injection protocol
is to reduce the volume of contrast medium.With a
smaller volume, we can image during the peak of

Fig. 9a, b. Simulated contrast enhancement curves with four different body weights. Simulated enhancement curves of a the aorta and
b liver based on a hypothetical adult male with a fixed height (5'8” or 173 cm) and varying body weight (110, 160, 200, and 260 lb), sub-
ject to injection of 125 ml of 320 mg I/ml contrast medium at 5 ml/s. The magnitude of contrast enhancement is inversely proportional to
the body weight. (Reprinted from [28])
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aortic enhancement using a scan delay similar to
that of the traditional injection protocol. While a
reduced volume of contrast medium is advanta-
geous for many reasons, the magnitude of peak
contrast enhancement is reduced. This disadvan-
tage may be compensated for by injecting at a
faster rate or by using a contrast medium with an
increased iodine concentration.

Saline Flush

Use of a saline flush immediately after contrast
medium injection has several advantages. It in-
creases peak aortic enhancement by: (1) pushing
into the cardiovascular system contrast material
that otherwise would be left in the injection tub-
ing, and (2) improving bolus geometry by limiting
contrast medium dispersion. Thus, when a saline
flush is employed, one can achieve an equivalent
magnitude of contrast enhancement with a small-
er contrast medium volume [25-27]. An additional
advantage of a saline flush is that it minimizes
streak artifact from dense contrast material in the
brachiocephalic vein and superior vena cava on
thoracic CT examinations [25, 26].

Conclusions

With MDCT, scan timing is even more critical than
with single-detector CT, and will continue to be so
as the number of detector rows increases to 32 and
64. For CTA, in which scan timing is particularly
critical, the scan delay can be accurately deter-
mined by use of a test bolus or bolus-tracking soft-
ware.

The magnitude of arterial enhancement is de-
termined primarily by iodine flux (g/s) and there-
fore is strongly and directly correlated with injec-
tion rate and contrast medium concentration.
With fast scanners (e.g., 8 and 16 detector rows),
the short scan duration requires a longer scan de-
lay for CTA and hepatic parenchymal imaging. Al-
ternatively, we can modify the injection protocol,
taking into consideration the type of imaging to
be performed. For arterial imaging, it is possible to
decrease the volume of contrast medium when us-
ing rapid injection rates and high contrast medi-
um concentrations. However, for hepatic
parenchymal imaging, the magnitude of enhance-
ment is mainly determined by the total iodine
dose, and injection rate makes only a limited con-
tribution. Therefore, when performing hepatic im-
aging with fast CT scanners, only limited reduc-
tion of iodine dose is feasible. Contrast volume can
be reduced to a greater extent if a higher concen-
tration contrast medium is used.
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Multidetector-row helical computed tomography
(MDCT) has the potential to improve the diagnos-
tic assessment of the abdomen. CT colonography
is an emerging method to screen for colonic
polyps [1] and CT remains one of the main diag-
nostic methods for imaging the hepatobiliary sys-
tem and the pancreas. The high speed of MDCT
can be used to cover larger anatomical volumes, to
increase the spatial resolution along the z-axis, and
to decrease the acquisition time. With a short ac-
quisition time, the different phases of enhance-
ment in the liver and pancreas can be easily sepa-
rated, and with thin collimation, high-quality mul-
tiplanar and three-dimensional images can be ob-
tained. This may be particularly important to as-
sess vascular invasion in pancreatic tumors [2].

Optimization of the injection of contrast me-
dia in MDCT requires an understanding of con-
trast media dynamics. The magnitude of enhance-
ment of an organ is determined by the net iodine
flux into the organ. During the early phase after
injection, enhancement depends on both intrinsic
factors, i.e., circulation time and central volume,
and extrinsic factors, i.e., contrast medium vol-
ume, contrast medium concentration, and injec-
tion rate. Increasing the injection rate improves
the enhancement of the arteries and organs with
arterial perfusion, such as the pancreas, by in-
creasing the iodine flux into these organs. In con-
trast, increasing the injection rate has little effect
on the enhancement of the liver, which is mainly
perfused through the portal vein. Indeed, the dis-
persion of the bolus in an additional capillary bed
before reaching the liver through the portal vein
has a buffering effect opposing that of the in-
creased injection rate. Therefore, a rapid injection
rate (5 ml/s) does not increase the magnitude of
hepatic enhancement compared with an interme-
diate rate (2–3 ml/s) [3]. As the liver enhancement
depends only on the contrast agent volume and
concentration, higher-concentration contrast

agents should be used to improve the enhance-
ment of the liver, without increasing the volume of
the contrast agent [4, 5]. In contrast, the enhance-
ment of vessels, pancreas, and hypervascular liver
tumors can be improved by increasing the injec-
tion rate or the concentration of the contrast
agent [6].

In addition, parenchymal and vascular en-
hancement can be improved by using a double-sy-
ringe injector with saline flush following contrast
material bolus [7]. This improvement is explained
by the fact that the saline pushes the contrast ma-
terial that otherwise would be retained in the
brachial vein and the superior vena cava.

With MDCT, automated coordination of con-
trast material arrival and initiation of scanning is
useful. For arterial-phase imaging, CT examina-
tions are triggered after aortic enhancement of
150 HU. Triggering can also be performed during
the hepatic portal venous phase at 55-HU hepatic
enhancement [8].

In conclusion, optimization of the scanning
technique and contrast material injection is im-
portant for MDCT of the abdomen. The protocols
will continue to evolve with the development of
new CT scanners with increased detector rows.
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Introduction

Multidetector-row computed tomography (MDCT)
is a state of the art technology that provides high-
resolution diagnostic images and facilitates the
generation of three-dimensional displays.Whether
these enhanced imaging capabilities will translate
into improved diagnosis of liver neoplasms is cur-
rently an area of investigation, requiring both
technical optimization of the technique and atten-
tion to the clinical objectives of the imaging exam-
ination.

The improved resolution of MDCT is achieved
not only by the use of multiple detectors but also
by the imaging protocol that involves thinner slices
and faster acquisition times. These technical char-
acteristics render the MDCT modality particularly
sensitive to the way contrast medium is adminis-
tered, so that clinicians face new challenges in op-
timizing the contrast medium injection and the
image acquisition protocols for specific clinical sit-
uations.

The clinical objectives of a diagnostic imaging
examination of the liver depend on the type of le-
sion expected. In patients with suspected benign
liver tumors, imaging serves to characterize the le-
sion in order to confidently formulate a diagnostic
hypothesis; in such cases an imaging modality with
high specificity is essential. In contrast, in patients
with a known primary malignancy of non-hepatic
tissue, imaging is used to determine the presence or
absence of secondary hepatic metastases; in these
cases, the imaging modality must offer high sensi-
tivity as well as high negative predictive value.

Technical Aspects of MDCT

The ability to detect liver lesions after the adminis-
tration of contrast medium depends on the extent
to which lesions differ from normal liver tissue in

taking up the contrast agent. Hypervascular tu-
mors take up more contrast agent than normal tis-
sue and thus appear brighter (hyperintense),
whereas hypovascular lesions are darker (hy-
pointense). Diagnostic information is also ob-
tained from the pattern of enhancement of hyper-
vascular tumors compared to that of the sur-
rounding liver tissue.

As a result of the liver’s dual blood supply, con-
trast-enhanced imaging of the liver is performed
during several vascular phases defined in relation
to the moment when contrast medium is injected
(Fig. 1) [1, 2]. Within the first 20 s after an intra-
venous bolus injection, there is relatively little ef-
fect of contrast agent on the imaging appearance
of liver tissue; this early arterial phase is useful in
defining the hepatic arterial anatomy before sur-
gery but has little value in detecting and character-
izing tumors. Between 30 and 35 s, during the late
arterial phase, a sufficient amount of the contrast
medium bolus reaches the liver and results in an
enhanced appearance of liver tissues; areas of in-
creased vascular density such as hypervascular le-
sions appear more conspicuous and hyperintense
to the surrounding liver tissue. After 1 min, con-
trast agent is also brought to the liver by the portal
venous blood supply; during this portal venous
phase the distinction between normal liver tissue
and hypervascular lesions is lost, while hypovascu-
lar lesions become clearly visible as areas that are
hypointense to normal tissue. Imaging during the
late phase, after several minutes, is useful to
demonstrate persistent enhancement of some tu-
mors (e.g., hemangiomas) and fibrotic lesions
when contrast agent has been eliminated from
normal liver tissue. Since the increased vascularity
of tumors, relative to normal tissue, develops from
the arterial blood supply, these lesions are best im-
aged during the brief arterial phase after the ad-
ministration of contrast medium; therefore, it is
important to carefully time the image acquisition
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26 MDCT: Scanning and Contrast Protocols

to the moment when the hypervascular lesions are
most conspicuous, in order to obtain the most di-
agnostic information.

One advantage of MDCT over single-slice heli-
cal CT is that acquisition of images is faster. Thus,
with MDCT it is possible to scan the entire liver
during the brief late arterial phase. This should
improve our ability to explore the liver for hyper-
vascular lesions, which are hyperintense to normal
liver tissue during this phase, but will not have a
major impact on the detection of hypovascular le-
sions. Nonetheless, the increased resolution of
MDCT afforded by thinner slices should also im-
prove the detection of small hypovascular nodules.

Several studies have now clearly shown that the
ability to detect lesions at contrast-enhanced MDCT
depends on the parameters of contrast medium in-
jection, especially the concentration and volume of
contrast medium and the injection rate [3-6]. The
best visualization of hypervascular tumors is ob-
tained during the arterial phase with the use of
highly concentrated contrast media (small vol-
ume) and high injection rate. Enhancement of liv-

er tissue during the portal phase depends mostly
on the total dose of contrast medium.

Another advantage of MDCT is the ability to
reduce the effective slice thickness without requir-
ing a longer scan duration or a shorter scan length
[7]. Slice thickness varies with acquisition param-
eters such as collimation, table feed per rotation,
and pitch; depending on the scanner model and on
the protocols for multislice data interpolation and
reconstruction, a defined selection of slice thick-
nesses is available. However, multiple data sets
with different slice thicknesses may be recon-
structed from the same raw data with the only re-
quirement that the slice thicknesses be larger than
or equal to the collimation. The choice of slice
thickness for the reconstructed data sets, dictated
by the clinical situation, involves a compromise be-
tween spatial resolution (which is improved with
thin slices) and image noise (which is dispropor-
tionately high when the slice thickness is chosen to
equal the collimation).

The typical MDCT protocol (Table 1) starts
with a bolus injection of iodinated contrast medi-
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Fig. 1a, b. Enhancement profiles of normal liver and liver tumors during the three vascular phases of contrast-enhanced CT. The vascu-
lar phases are defined in relation to the moment of injection (time 0), and are the arterial phase (20–35 s), portal venous phase (50–60 s),
and late (parenchymal) phase (after several minutes). a Normal liver and typical hypervascular tumor (e.g., focal nodular hyperplasia, ade-
noma). b Normal liver and typical hypovascular tumor (e.g., hypovascular metastasis) (Reproduced from [21], with permission)
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Table 1. Typical parameters for MDCT of the liver

X-ray generation
Kilovolt 120 kV
Effective current 160 mA

Scan parameters
Rotation time 0.5 s
Collimation 2.5 mm
Table feed per rotation 12.5 mm
Slice thickness 5 mm
Increment 3 mm

Contrast medium administration
Iodine concentration 400 mg/ml
Volume 1.7–2.0 ml/kg body weight
Flow rate 4 ml/s

II.1 Valette okok  30-06-2005  9:21  Pagina 26



II.1 • Imaging Benign and Metastatic Liver Tumors with MDCT 27

um at a flow rate of 4 ml/s. The slice thickness is
commonly 5 mm. For hypervascular lesions (both
benign tumors and hypervascular metastases), a
dual-phase acquisition is performed. First, the liv-
er is imaged during the late arterial phase 35 s after
injection; use of a bolus-triggering system is ad-
vantageous for precise timing. Then, imaging is
performed during the portal phase, 60 s after injec-
tion, with the same scanning parameters. When
appropriate, imaging is also performed in the late
phase, after 3 min. Alternatively, for hypovascular
metastases, a single acquisition 60 s after the ad-
ministration of contrast medium is often sufficient.

Diagnosis of Benign Liver Tumors

Benign tumors are often discovered incidentally
when patients undergo imaging examinations for
other reasons. Hemangioma, the most frequently
encountered benign liver tumor, has a prevalence
of 2%–20% in the general population. Focal nodu-
lar hyperplasia (FNH) is the second most common
benign tumor, but its prevalence is much lower
than that of hemangioma. While adenoma of the
liver ranks third in prevalence among benign tu-
mors, it is rare. Nonetheless, it is important to
clearly distinguish adenoma from the more com-
mon benign tumors because adenoma poses a risk
of rupture and thus requires surgical excision,
while hemangioma and FNH can be managed con-
servatively. Furthermore, since adenoma may be
confused with malignant hepatocellular carcino-
ma, a tissue specimen must be obtained for a con-
fident histopathological diagnosis.

When a benign tumor is suspected on the basis
of a previous imaging examination, further imag-
ing is usually performed to confirm its benign na-
ture and to rule out malignancy. However, differ-
entiating some malignant and benign tumors is

difficult, especially in the case of adenoma.A prac-
tical first approach consists of trying to confident-
ly diagnose those benign tumors that can be man-
aged conservatively. In fact, 90% of benign liver tu-
mors are hemangiomas or FNHs, which do not re-
quire surgical treatment. If a highly specific imag-
ing protocol can provide an unequivocal diagnosis
of these lesions, the patient does not need to un-
dergo surgery. Thus, when a benign liver tumor is
suspected, the imaging strategy can be simplified
to obtaining a confident diagnosis of hemangioma
or FNH. This strategy resolves over 90% of cases of
benign liver tumors.

Hemangiomas

Most cavernous hemangiomas are easily diag-
nosed on the basis of their characteristic imaging
appearance (Fig. 2): on unenhanced CT images,
they have an attenuation value near that of blood;
after the bolus administration of contrast medium,
they exhibit globular or nodular peripheral en-
hancement, again with attentuation similar to that
of blood; finally, during the late imaging phase,
they appear opaque. This typical presentation has
been seen with monodetector CT for many years,
and multidetector technology does not seem to
provide additional diagnostic information.
Nonetheless, some hemangiomas present atypical
characteristics and may be confused with other le-
sions, resulting in a misdiagnosis [8]. Atypical en-
hancement at CT is observed in cases of large het-
erogeneous hemangiomas with incomplete late
filling, in hyalinized hemangiomas without pe-
ripheral enhancement, and in cystic heman-
giomas, small hemangiomas, and hemangiomas
with adjacent arterioportal shunts.With the excep-
tion of small hemangiomas, the atypical appear-
ances are caused by lesion characteristics that can-

Fig. 2a-c. Typical CT appearance of hemangioma. a The arterial-phase CT image reveals globular enhancement with attenuation similar
to that of blood. b The portal-phase image shows the progressive filling of the tumor. c Persistent opacification is seen in the late vascular
phase (Reproduced from [21], with permission)

a b c
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not be visualized in the arterial phase; therefore, it
is unlikely that MDCT will prove advantageous in
these situations. Moreover, most atypical heman-
giomas can be readily diagnosed at magnetic res-
onance imaging (MRI) on the basis of the rela-
tively strong hyperintensity on T2-weighted im-
ages. Since the sensitivity and specificity of MRI
in detecting atypical hemangiomas are greater
than 90%, CT does not play a big role in the diag-
nosis of these lesions (Fig. 3).

The diagnosis of small hemangiomas may be
improved with the use of multiphase CT. The atyp-
ical enhancement pattern of these benign tumors
consists in a homogeneous, rapid filling with con-

trast agent during the arterial phase (Figs. 4, 5),
rather than the usual early globular enhancement
and opacification in the late phase. Kim et al. [9]
assessed the accuracy of three-phase helical CT in
differentiating 37 small hemangiomas from 49
other small hypervascular malignancies in 86 pa-
tients. The authors confirmed the atypical en-
hancement pattern of small hemangiomas. They
also reported that the specificity of the technique
for the differentiation of small hemangiomas from
malignant lesions was as high as 95% when the le-
sions had the same attenuation as the blood pool
in the combined nonenhanced, arterial and portal
phases.

a b c

d

Fig. 3a-d. Typical appearance of a hemangioma at MRI. The tumor is the same as that
shown in Fig. 2. The enhancement pattern seen at MRI is similar to that observed with CT. a-
c T1-weighted MR images. a Arterial phase image after contrast medium administration. b
Portal-phase image. c Late-phase image. d Contrast-enhanced T2-weighted MR image re-
veals marked hyperintensity of the lesion (Reproduced from [21], with permission)

Fig. 4a, b. Small hemangioma with atyp-
ical appearance at CT (arrows). a The arteri-
al-phase image reveals a global enhance-
ment of the hemangioma. Because of tu-
mor size, progressive filling is not present. b
The portal-phase image shows persistant
hyperattenuation. Because of this atypical
presentation, it is often difficult to distin-
guish small hemangiomas from other hy-
pervascular tumors (Reproduced from [21],
with permission)a b
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Focal Nodular Hyperplasia

Although FNH is a rare tumor, its incidence is in-
creasing as a result of the improved diagnostic ca-
pabilities offered by modern cross-sectional imag-
ing techniques. FNH probably results from a hy-
perplastic response to a local vascular abnormality.
Since these benign lesions contain normal hepato-
cytes, needle biopsy is unlikely to be diagnostic and
imaging is necessary to make a specific diagnosis.

The appearance of FNH at CT is well described
[10, 11]. These lesions are usually homogeneous
and isoattenuating to the normal liver on baseline
CT images. After the administration of contrast
medium, FNHs typically exhibit homogeneous
bright enhancement and a hypoattenuating central
scar in the late arterial phase (Fig. 6). Radiating hy-
pointense fibrous bands and septa arising from the
central scar are less frequently observed but are al-
so characteristic of FNH. During the portal phase,
the attenuation returns to that of normal liver,
making the lesions difficult to detect. In the late
vascular phase, the central scar and septa are often

hyperattenuating due to their fibrotic contents. Di-
lated feeding arteries penetrating the central scar
and draining veins running along the surface of the
lesion may be seen in large FNH. Additional com-
mon features of FNH are a homogeneous enhance-
ment pattern except for the scar area, well-defined
margins, lack of capsule and lobulated contours.

The diagnosis of FNH is definitive when all the
common imaging features are present. Since the
most reliable appearance of FNH is the hyperat-
tenuation relative to normal liver tissue in the ar-
terial phase, the use of MDCT could be advanta-
geous for rapidly surveying the entire liver for
FNH. However, the current imaging modality of
choice for detecting FNH is MRI. On noncontrast-
ed T2-weighted MR images, FNHs are isointense
to normal liver with the exception of the central
scar which is hyperintense (Fig. 7). On contrast-
enhanced MR images, FNHs have the same imag-
ing characteristics as they do on contrast-en-
hanced CT. Thus, MRI is preferred to CT for these
lesions since it does not imply an exposure to iod-
inated contrast agent nor to irradiation.

a b c

Fig. 5a-c. Small hemangioma with atypical appearance at MRI (arrows). The tumor is the same as that shown in Figure 4. a, b T1-weight-
ed MR images reveal global enhancement during the arterial phase (a) and portal phase (b) similarly to CT. c T2-weighted image shows that
the lesion is typically hyperintense relative to normal liver tissue, confirming the diagnosis of hemangioma (Reproduced from [21], with
permission)

a b c

Fig. 6a-c. Typical appearance of focal nodular nyperplasia (FNH) at contrast-enhanced CT. a The late arterial-phase image reveals a lesion
with homogeneous bright enhancement and a hypoattenuating central scar containing feeding arteries. b On the portal-phase image, the
lesion is isoattenuating to normal liver tissue while the central scar is hypoattenuating. c At delayed-phase imaging, the central scar be-
comes hyperattenuating and the draining peripheral veins are visible (arrows) (Reproduced from [21], with permission)

II.1 Valette okok  30-06-2005  9:21  Pagina 29



30 MDCT: Scanning and Contrast Protocols

The diagnosis of FNH is more difficult when
atypical imaging features are observed. Almost
50% of FNHs are considered atypical, and these
fall into two main groups.
• One subset of atypical FNH lacks the central

scar, while all other usual imaging characteris-
tics are present. A central scar may be missing
in small FNHs or in very large FNH when the
scar is thin, near the surface of the tumor, or
simply absent. The differential diagnosis of
these atypical FNHs includes all hypervascular
tumors, including adenomas and hepatocellu-
lar carcinomas. The diagnosis is confirmed
with MRI, which may often reveal the thin cen-
tral scar not seen on CT. It is also easier to
demonstrate the homogeneity of the tumor
and the isointensity to normal liver with MRI

than with CT (Figs. 8, 9). The use of liver-spe-
cific MR contrast agents may better delineate
the central scar [12]. Finally, large-needle per-
cutaneous biopsy permits a histopathological
diagnosis when radiological features are non-
specific but compatible with the diagnosis of
FNH; the use of biopsy in addition to imaging
techniques resulted in a confident diagnosis of
FNH in over 90% of cases and avoided unnec-
essary surgery [13].

• A second atypical presentation of FNH consists
of pseudocapsule or inhomogeneous content
due to focal telangiectatic areas, fat deposits, or
necrosis. A confident diagnosis is almost im-
possible to make on the basis of imaging re-
sults, and the tumor should be surgically re-
sected.

a

c d

b

Fig. 7a-d. Typical appear-
ance of FNH at MRI. a, b The
tumor mass is homoge-
neously isointense to normal
liver on T1-weighted (a) 
and T2-weighted (b) non-
contrasted images. The 
central scar (arrow) is hy-
pointense on the T1-weight-
ed image and hyperintense
on the T2-weighted image.
c, d With contrast-enhanced
MRI, the tumor exhibits ho-
mogeneous hyperintensity
during the arterial phase of
T1-weighted imaging (c);
during the portal phase the
tumor mass becomes isoin-
tense while the central scar
(arrow) is hyperintense (d)
(Reproduced from [21], with
permission)

a b

Fig. 8a, b. Atypical ap-
pearance of FNH at con-
trast-enhanced CT. a On
the arterial-phase image,
the tumor (straight arrows)
appears hypervascular; a
pseudocapule is seen while
the central scar is not de-
picted. In addition, there is
abnormal peritumoral ar-
terial perfusion (curved ar-
row). b In the portal phase,
the tumor is no longer visi-
ble (Reproduced from [21],
with permission)
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Liver Adenoma

Like FNH, adenoma also typically presents as a hy-
perattenuating area on contrast-enhanced CT dur-
ing the late arterial phase. Ruppert-Kohlmayr et al.
[14] found that differences in attenuation value
during the arterial phase of helical CT, but not dur-

ing the unenhanced and portal venous phases,
could distinguish 45 FNHs from 18 hepatocellular
adenomas. During the arterial phase, the mean at-
tenuation value of FNH was significantly higher
than that of adenoma. An enhancement threshold
value of 1.6 correctly distinguished FNHs from
adenomas (all FNHs were positioned above and

Fig. 9a, b. Atypical appearance of FNH at MRI. The tumor is the same as that shown in Figure 8. a Uncontrasted T1-weighted image. b T2-
weighted image. The lesion is quite undetectable, because it is almost isointense to normal liver tissue. The lesion is therefore most likely
FNH although the central scar is not detectable; a diagnosis is only possible with percutaneous biopsy (Reproduced from [21], with per-
mission)

a b

Fig. 10a, b. Liver ade-
noma imaged with con-
trast-enhanced CT. The tu-
mor (arrows) is moderate-
ly hypervascular and is
heterogeneous during the
late arterial (a) and portal
(b) phases. A false image
of central scar is visible
(arrowhead) (Reproduced
from [21], with permission)

Fig. 11a-d. Liver ade-
noma imaged with MRI.
The tumor is the same as
that shown in Fig. 10. a
Uncontrasted T1-weight-
ed image. b T2-weighted
image. Both images show
an inhomogeneous tumor
with nodular pattern (ar-
rows) that precludes the
diagnosis of FNH. c, d T1-
weighted images after
gadolinium injection re-
veal slight heterogeneous
enhancement in the arte-
rial phase, while during
the portal phase the tu-
mor mass becomes isoin-
tense (Reproduced from
[21], with permission)

a

a b

b

c d
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87% of adenomas were positioned below this en-
hancement value); the accuracy of this approach
was 96%. The clinical usefulness of these promis-
ing results is, however, limited since they do not
refer to small tumors. Moreover, most large ade-
nomas can be distinguished from FNH when they
contain a fibrotic capsule, subcapsular feeding ar-
teries, and necrotic or fatty areas (Figs. 10, 11).

The imaging appearance of adenoma is often
similar to that of a hepatocellular carcinoma de-
veloping in an otherwise healthy liver. Therefore,
the final diagnosis of adenoma cannot be made
with imaging alone, and suspected adenomas must
be surgically removed.

Diagnosis of Liver Metastases

When a patient is diagnosed with a non-hepatic
primary malignancy, both the initial therapeutic
approach and the subsequent management are
conditioned by the results of a liver survey for
metastases. In such cases, the liver survey is usual-
ly performed using CT. If liver metastases are
found, CT is then used to determine the number of
lesions and to characterize them for size and loca-
tion. On this basis, treatment with resection or
percutaneous radiofrequency ablation may be
considered, and chemotherapy regimens are tai-
lored according to lesion size.

The characteristics of an ideal imaging modal-
ity to screen for liver metastases [15] include:

• High negative predictive value, to confidently
rule out metastatic disease in patients appar-
ently free of liver lesions,

• High sensitivity, to detect small metastases dis-
tant from lesions that can otherwise be treated
by resection, and 

• Minimal invasiveness, since these patients re-
quire numerous imaging examinations during
the course of the disease

Depending on the type of primary tumor, a liv-
er metastasis can be hypervascular or hypovascu-
lar compared to normal liver tissue; this main
characteristic determines the choice of imaging
protocol.

Hypervascular Metastases

Liver metastases tend to be hypervascular in cases
of primary tumors of the thyroid or pancreatic
islet cells, carcinoid tumors, renal cell carcinoma,
some breast tumors and melanoma. These tumors
are best detected during the late arterial phase on
contrast-enhanced CT, when they are hyperattenu-
ating relative to the surrounding liver tissue. Al-

though MDCT has not yet been investigated as a
technique for diagnosing hypervascular metas-
tases, the arterial phase of helical CT was effective
in detecting carcinoid liver metastases [16].

Hypovascular Metastases

The majority of liver metastases is hypovascular,
and develop from primary tumors of the colon
and rectum (most frequent), pancreas, lung,
urothelium, prostate, and from gynecological ma-
lignancies (except choriocarcinoma). At CT, these
metastases are hypoattenuating during the arterial
and portal phases. Thin peripheral enhancement,
necrosis, and calcification may also be seen, de-
pending on the type of primary tumor. Hypovas-
cular metastases are best detected during the por-
tal phase, when the difference in attenuation be-
tween lesion and normal tissue is greatest. There-
fore, the timing of imaging for hypovascular le-
sions is less crucial than that required for hyper-
vascular lesions which are best detected in the
brief arterial phase.

Currently, hypovascular metastases are effi-
ciently diagnosed with helical CT. Valls et al. [17]
used single-detector helical CT to prospectively
screen 157 patients with hepatic metastases. Heli-
cal CT detected 247 of 290 liver metastases for an
overall detection rate of 85%; the false-positive
rate was 4%. It is unlikely that MDCT will improve
these results overall, but the systematic use of thin
slices and the high resolution of MDCT may aug-
ment the detection of small metastases (Fig. 12). In
fact, the false-negative findings of Valls et al. [17]
were all due to lesions smaller than 1 cm.

The advantage of the thin collimation of MDCT
for detecting small hypoattenuating lesions was
studied by Haider et al. [18]: when 88 lesions
smaller than or equal to 1.5 cm were imaged at two
different collimation widths, the sensitivity for le-
sion detection was significantly better at 2.5 mm
(82%) than at 5.0 mm (66%). However, when only
metastatic lesions were considered, the sensitivi-
ties for detection were 80% for both collimation
values [18]. These results raise two important is-
sues:

• First, with the same contrast medium injection
parameters and scan timing, thinner collima-
tion did not improve the detection of small liv-
er metastases. This finding may be due to in-
creased image noise or failure to improve tu-
mor conspicuousness. The most important de-
terminant of the conspicuousness of small tu-
mors is considered to be the dose of iodinated
contrast agent, as illustrated by the high sensi-
tivity of CT during arterial portography [19].

• Second, thinner collimation did improve the
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detection of small hypoattenuating lesions un-
related to metastatic disease. This issue has
been more recently investigated by Jang et al.
[20], who retrospectively reviewed the results
of preoperative single-phase helical CT per-
formed on 1,133 patients with known gastric or
colorectal cancer; with this technique, 881
small (≤1.5 cm) hypoattenuating lesions were
found in 268 patients. A final diagnosis of be-
nignity was made for 693 lesions (78%) while
188 lesions (21%) were determined to be
metastatic. The prevalence of small hypoatten-
uating lesions (25.5%) determined with helical
CT was greater than that obtained with conven-
tional CT, while metastases presenting as small
hypoattenuating lesions were rare (2%). These
results confirm that the increase in number of
hypoattenuating lesions observed with recent
CT techniques is attributable to improved visi-
bility of small benign tumors rather than better
detection of small metastases. From a clinical
point of view, detecting more metastases but al-
so more benign lesions easily confused with
small metastases is not useful, unless a differ-
ential diagnosis is possible. Most of these small
benign tumors were cystic lesions including
biliary hamartomas and focal fatty sparing.

Jang et al. [20] suggested that the differential
diagnosis between true metastases and cysts
(based on water attenuation and sharp mar-
gins) or fatty infiltration (angular margins and
typical location) is possible with careful analy-
sis of CT findings.

On the basis of the current evidence, the use of
collimation of less than 5 mm for the diagnosis of
small metastases is questionable. One imaging
strategy could involve the use of thin-collimation
MDCT to detect lesions followed by MRI to char-
acterize them, especially since small cysts are bet-
ter demonstrated on T2-weighted MR images (Fig.
13) and focal fatty infiltration is well detected on
T1-weighted MR sequences.

Conclusions

The advantages of MDCT include a reduced image
acquisition time, easier timing of scanning in syn-
chronization with liver vascular phases, and better
spatial resolution (from the systematic use of 5-
mm slices). The reduced acquisition time allows
more images to be obtained within one breath
hold. In clinical practice, these technical advances

a b

Fig. 12a, b. Small liver
metastasis derived from a
primary tumor of the
colon. Images were ob-
tained with MDCT. a Im-
age obtained with 8-mm
slice thickness; the lesion
is not detected. b Image
obtained with 5-mm slice
thickness; a hypoattenuat-
ing lesion is seen (arrow).
The smaller slice thickness
is necessary to detect
small hypoattenuating le-
sions

a b

Fig. 13a, b. False small
metastasis in the right
lobe of the liver, detected
during preoperative imag-
ing examination for a
colon cancer metastasis in
the left lobe (not shown).
a The possible small
metastasis is hypoattenu-
ating as depicted on con-
trast-enhanced MDCT (ar-
row). b It is hyperintense
on the T2-weighted MR
image (arrow), suggesting
a cystic nature. At surgery,
the lesion was found to be
a biliary hamartoma
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result in high-quality CT images and improved re-
producibility. However, they have not yet translat-
ed into improvements in the diagnosis of benign
and metastatic liver tumors, so that no significant
changes in the diagnostic approaches may be ad-
vanced at the present time. MRI remains the gold
standard examination for the investigation of sus-
pected benign liver tumors, and it is unlikely that
future technical refinements of the MDCT tech-
nique will change this. CT is nonetheless an im-
portant technique for the detection of hepatic
metastases. Whether thinner collimation, more
concentrated contrast medium, post-bolus saline
“pushes”, or other innovative protocols for con-
trast medium administration will improve the de-
tection of liver metastases with CT remains the
topic of future investigations.
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Introduction

In daily practice, common indications for abdom-
inal computed tomography (CT) include detection
of liver malignancies, characterization of liver le-
sions suggested by other imaging tests, and evalu-
ation of chronic liver diseases. Hepatocellular car-
cinoma (HCC) is the most common primary ma-
lignant hepatic neoplasm and its incidence is in-
creasing. HCC accounts for 6% of all human can-
cers worldwide, being the fifth most common ma-
lignancy in men and the tenth in women [1]. HCC
usually occurs as a complication of chronic liver
disease and most often arises in patients with he-
patic cirrhosis. Imaging the cirrhotic liver is a
technical challenge for CT. Cirrhosis alters the nor-
mal parenchyma with various degenerative
processes such as fibrosis, scarring, and nodular
regeneration. Not only are these tumors difficult to
detect in patients with cirrhosis, but the alterations
inherent in cirrhosis create lesions that may simu-

late a tumor. Most HCCs are hypervascular lesions
that typically enhance during the phase of maxi-
mum hepatic arterial enhancement. Therefore,
such lesions have often been difficult to detect
with conventional CT of the liver, in which only
portal venous-phase imaging was performed be-
cause of the long scanning time.

During the past decade, the introduction of
helical CT technology has opened the door to new
approaches to liver imaging.With its short acquisi-
tion time, spiral CT allows imaging of the entire
liver twice, before equilibrium: a hepatic arterial
dominant phase and a portal venous phase of en-
hancement [2]. Several studies have demonstrated
that this biphasic approach to scanning greatly im-
proves the detection of HCC (Fig. 1). Because of
the vascular nature of these lesions, there is evi-
dence that a greater number of HCC nodules are
detected when images are acquired with dual-
phase CT compared with portal venous phase im-
aging alone [3, 4].

II.2
MDCT of Primary Liver Malignancy

Alfonso Marchianò

Fig. 1a-c. Unenhanced CT of the liver in a patient with cirrhosis: no lesion is seen. (a) During the arterial phase a hypervascular hepato-
cellular carcinoma (HCC) is well depicted (arrow in b). The portal venous phase (c) missed the lesion

a b c
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Dual-phase CT has become the most common
screening tool for depicting HCC, including
screening the population at risk, confirming the
diagnosis, planning treatment, and follow-up after
treatment. Magnetic resonance imaging is used
primarily to evaluate liver lesions with indetermi-
nate findings on CT and to image patients with a
contraindication for iodinated contrast material.

Multidetector row-CT (MDCT) offers consider-
able advantages, which include improved temporal
resolution, improved spatial resolution in the z-
axis, and larger anatomical coverage.As a result we
can scan the abdomen within reasonable breath-
hold times, with decreased respiratory and motion
artifacts and higher image quality. With the im-
provement in technology, optimization of the
scanning techniques is needed to maximize the
benefit of new imaging capabilities.

MDCT Parameters

Scanning protocols for liver MDCT are character-
ized by a combination of thin slices and high
pitches. The use of the fastest gantry rotation
speed (0.4–0.5 s) is advantageous, with the excep-
tion of patients with a large habitus, who could
require a slower gantry rotation speed in order to
achieve adequate image quality. Typical scanning

protocols for liver MDCT are shown in Table 1.
High spatial resolution along the z-axis with

nearly isotropic voxels reduces volume averaging
effects and is the basis for multiplanar reforma-
tions of high quality. Coronal and sagittal reforma-
tions are very helpful for planning of surgery and
for the localization of lesions in relation to the liv-
er segments (Fig. 2).

The excellent quality of the three-dimensional
data sets obtained with thin collimation improves
the quality of CT angiography (CTA) [5] of the liver
and mesenteric vessels. This technique can be im-
portant in patients that are candidates for hepatic
resection, liver transplantation, or transarterial
chemoembolization. In this respect, CT porto-an-
giography is probably superior to classic angiogra-
phy. CTA can provide a complete picture of the
complex collaterization of the portal vein in poten-
tial liver transplantation recipients (Fig. 3).

Axial images can be prospectively reconstruct-
ed thicker than the collimation used during the da-
ta acquisition in order to reduce image noise. In-
deed, thinner slices have a major impact on radiol-
ogist productivity and operating costs (film print-
ing or Picture Archiving Communication System,
PACS) and there is some evidence that the routine
use of a slice thickness of less than 5 mm does not
improve the sensitivity of CT for detecting small
HCC in patients with cirrhosis [6].

Fig. 2a, b. Hepatic
MDCT. a A hypervascular
lesion (arrow) in the dome
of the liver is seen in the
late arterial phase. b
Coronal multiplanar refor-
mation (MPR) allows a
better anatomical delin-
eation of this subcapsular
lesiona b

Table 1. Protocols for liver MDCT

Number of detector rows 4 16
Detector configuration (mm) 4×2.5 16×0.75
kV/effective mA/rotation time 140/200/0.5 140/200/0.5
Pitch 1.5 1.75
Reconstruction thickness (mm)
Axial 5 5
3D/MPR 2.5 0.75
IV contrast volume 100 ml/30 ml 100 ml/ 30 ml
(400 mg I/ml saline)
Injection rate 4 ml/s 4 ml/s
Scan/delay (s) 35 s/55 s 35 s/55 s
MPR = multiplanar reformations
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Scan Protocols

Foley and Mallisee [7] proposed a triple-pass tech-
nique with MDCT for the detection of hypervascu-
lar neoplasms. The ability to scan through the en-
tire liver in 10 s or less allows the acquisition of
two separate sets of CT images of the liver within
the time generally regarded as the hepatic arterial
dominant phase in single-slice CT. Early and late
arterial-phase images can be acquired during the
hepatic arterial dominant phase within a single
breath hold. The first acquisition provides a true
arterial phase with no admixture of enhanced por-
tal venous blood, whereas in the late arterial phase
an initial opacification of the portal venous blood
occurs (portal venous inflow phase). The third
pass, acquired with a delay of 60 s after the start of
infusion of contrast material, corresponds to the
portal venous phase of the conventional biphasic
protocol used with a single-detector scanner.

Foley and Mallisee [7] concluded that, although
hypervascular lesions are best detected during the
late arterial phase, early arterial-phase images
were useful for providing a volume data set for CT
arteriography of the hepatic and mesenteric arte-
rial road map. Murakami et al. [8] reported a slight
advantage of the early arterial phase in terms of
the detection rate of lesions. Therefore the authors
found a distinct benefit in the combined analysis
of the early and later arterial-phase images for the
recognition of the so-called pseudolesions, an im-
portant problem of cirrhotic liver imaging.

A large number of benign lesions that simulate
HCC can be encountered in patients with cirrhosis;
these include arterial-portal venous shunts, focal
confluent fibrosis, transient hepatic attenuation
difference, and flash filling hemangiomas. In two
more-recent papers, double arterial-phase CT

showed no significant improvement compared
with single arterial-phase CT alone for detecting
hypervascular HCC [9, 10]. Therefore the role of
double arterial-phase CT remains controversial
and it is not yet routinely included in CT protocols.

In clinical practice the acquisition of an addi-
tional late image, during the equilibrium phase, is
considered optional, although it can help to better
characterize indeterminate hepatic lesions. This
phase begins approximately 90–120 s after initia-
tion of bolus injection. During this phase the dif-
ference in concentration of the iodinated contrast
agent between the intravascular and the extravas-
cular extracellular space is progressively reduced.
Hence a large proportion of liver tumors tend to
disappear during this phase. Nevertheless, delayed
contrast-enhanced CT can improve the detection
of cholangiocarcinoma. This is probably related to
the larger extracellular diffusion space in the fi-
brous tumoral stroma [11]. Delayed peripheral en-
hancement of cholangiocarcinoma and “filling-in”
patterns of hemangioma are well known signs in
the differential diagnosis of hepatic masses (Fig. 4).

Finally some well-differentiated HCCs, which
have a normal or only slightly increased arterial
supply but a decreased portal supply, are only visi-
ble on delayed-phase images [12] as low-attenua-
tion nodules.

Contrast Medium

One of the major advantages of MDCT over stan-
dard helical CT is that it takes significantly less
time to scan a target organ and we can obtain 
better differentiation of arterial and portal venous
perfusion phases. Frederick et al. [13] postulated
that the time window for the hepatic arterial dom-

Fig. 3a, b. Severe portal hypertension in a cirrhotic patient.  Anterior (a) and right lateral maximum intensity projection (b) images show
a recanalized paraumbilical vein and large left gastric and esophageal varix that drains the portal vein circulation

a b
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inant phase is too brief to image properly using
conventional helical CT technology. With scan
times in the range of 10 s, pure arterial phase im-
aging without venous overlay can be achieved.
With the evolution of MDCT, the time required to
scan the liver is further reduced. However, the
schemes of contrast medium administration need
to be revised with regard to the optimal timing, to-
tal volume, rate of administration, and the ideal io-
dine concentration.

Ideal imaging of the hepatic arterial phase re-
quires the scan delay to be optimized.A number of
techniques are available to achieve this, including a
fixed time delay, a test bolus, and automated scan-
ning technology. At many institutions, CT is per-
formed with the same empirically determined de-
lay. This occasionally leads to incorrect timing

(Fig. 5), as with short acquisition times one may
completely miss the bolus if the delay is not prop-
erly chosen. For dedicated liver imaging, a test bo-
lus injection or automatic bolus triggering is
strongly recommended. The test bolus is accurate,
but it does need an additional 12–20 ml of contrast
material and time to be performed. The computer-
assisted bolus-tracking techniques offered by dif-
ferent CT manufacturers provide major advan-
tages, including automatic initiation of the scan
once a contrast threshold is reached.

The recommended dose of iodine to be inject-
ed ranges between 40 and 45 g. Although in hepat-
ic imaging a good arterial phase can be obtained at
a lower dose, the total dose should not be reduced,
since the principal determinant of parenchymal
enhancement is the total iodine dose.

Fig. 5a, b. Axial CT scans
during the arterial domi-
nant phase performed in
two different sessions in
the same patient. The
same contrast medium
protocol was used in both,
but a different delay was
chosen. With an incorrect
delay, scan lesion con-
spicuity is significantly
decreased: compare (a) 
to (b)a b

a b

c d

Fig. 4a-d. Hepatic MDCT
with acquisitions in differ-
ent enhancement phases .
Two distinctive hepatic
lesions are clearly depict-
ed. A typical hemangioma
with a globular enhance-
ment and a progressive
and persistent opacifica-
tion (yellow arrow) and a
malignant hypervascular
lesion, barely hyperdense
in the portal venous and
delayed phases (cholangio-
carcinoma) (white arrow)
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With shorter scan time windows, it is absolute-
ly critical to increase the arterial enhancement
more rapidly. The main injection parameter influ-
encing arterial enhancement is iodine flux (mil-
ligrams of iodine per second). Two injection pa-
rameters can be adjusted to increase arterial en-
hancement: the flow rate and the concentration of
the contrast medium.

In dual-phase CT, a high flow rate of at least
4–5 ml/s is recommended. Although hepatic en-
hancement is relatively insensitive to flow rate (be-
cause it is essentially correlated with the total
amount of iodine used), a higher flow rate guaran-
tees an earlier as well as a greater peak arterial en-
hancement. Therefore a high flow rate improves
the temporal separation of arterial and portal
phases [14].

The rates at which contrast media are adminis-
tered have increased significantly over the past few
years and there is no doubt that this trend will
continue when shorter scan time windows become
available. High infusion rates, however, are limited
by the quality of the intravenous access and
greater attention must be paid to the inherent risks
of contrast medium extravasation [15].

A higher concentration of contrast medium is
an effective alternative. Several data in the litera-
ture support the hypothesis that an increase in
contrast medium concentration results in a greater
degree of enhancement and diagnostic efficacy for
hypervascular lesions. Several studies include the
comparison of different concentrations of contrast

agents, with the same volume of contrast or the
same total iodine dose. Hanninen et al. [16] com-
pared two different protocols of biphasic liver im-
aging with Iopromide at two different iodine con-
centrations (300 mg/ml vs. 370 mg/ml) adopting
the same delivery rate and scan delay time. In pa-
tients with HCC, a significantly higher contrast en-
hancement of the lesions was observed. However,
since a fixed volume (180 ml) was chosen, a larger
amount of iodine was administered with the more
concentrated contrast medium. In a more recent
report, Awai et al. [17] compared two iodine con-
centrations of Iopamidol (300 mg/ml and
370 mg/ml) with the same total iodine load per pa-
tient per kilogram body weight.A triple-pass MDCT
technique was used in patients with HCC. During
the first arterial phase the attenuation differences
between the hepatic tumors and the hepatic
parenchyma were significantly higher with the
more concentrated contrast medium.

In both reports there was no significant differ-
ence in the mean hepatic enhancement between
the two different concentrations during the arteri-
al phase. This finding is not unexpected since dur-
ing the arterial dominant phase the liver parenchy-
ma receives only a small amount of contrast mate-
rial, compared with the majority of the hypervas-
cular HCCs. Therefore these lesions appear hyper-
enhanced against a minimally enhanced parenchy-
mal background. Unfortunately, even with these
optimized protocols there is still a large inter-pa-
tient variability regarding the degree of tumor en-

Fig. 6a-c. Higher-concentration of contrast medium
(400 mg I/ml) (a) compared with a more conventional
concentration (300 mg I/ml) (b) in the same patient leads
to higher contrast enhancement of a nodule of hepato-
cellular carcinoma (HCC). Quantitative analysis (c) during
the arterial phase shows that the mean hepatic enhance-
ment was similar, while the difference in lesion density
was about 40 Hounsfield units

a

b

c
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hancement that can be obtained [18, 19]. We re-
ported our experience in biphasic CT studies using
a non-ionic contrast medium at an iodine concen-
tration of 400 mg/ml [20]. A cross-over study de-
sign was chosen. Following local ethics committee
approval, 22 consecutive patients with HCC under-
went two complete sessions of biphasic spiral CT
within a brief period, one scan with Iomeprol 300,
the other with Iomeprol 400 as contrast agent.
Comparison was made of patients given an equal
iodine dose (45 g/patient) at a fixed rate of delivery
(4 ml/s). Both lesion density, expressed as absolute
value in Hounsfield units, and lesion-to-liver con-
trast (the difference of lesion density and
parenchyma density in the same contrast phase)
increased significantly more during the arterial
phase at higher contrast medium concentration
(P=0.0016 and P=0.0005, respectively, using ANO-
VA) (Fig. 6). In this limited number of patients,
more lesions were detected with the more concen-
trated contrast medium during the arterial phase
(42 vs. 37); however, this difference was not statisti-
cally significant (Fig. 7). During the portal venous
phase no significant differences were observed.
When the total iodine dose is fixed but a higher
concentration and a lower volume of contrast
medium is used, an earlier and higher arterial en-
hancement is obtained. Venous phase enhance-
ment does not change because it is determined by
the total given dose of iodine. As a result with this

technique a greater diagnostic efficacy can be ob-
tained without an increase in cost. A smaller vol-
ume of a more concentrated contrast medium
seems to be the answer to a narrow time window
for scanning [21].

A further approach to the optimization of spi-
ral CT of the liver is the so-called saline push tech-
nique [22].A substantial amount of contrast medi-
um remains in the dead space of the injector tub-
ing, peripheral veins, and central circulation. This
amount of contrast does not contribute to image
quality and is wasted. With the saline push tech-
nique a similar enhancement can be obtained with
a lower volume or the enhancement can be im-
proved if the amount is kept constant. Manufac-
turers have recently introduced a new line of pow-
er injectors specifically designed for use with a
saline chaser.

Conclusions

In liver imaging, MDCT has many advantages over
single-row CT. The high speed offers the possibili-
ty of thin-slice imaging during clearly defined con-
trast phases. With fast scanners, it is necessary to
increase iodine administration rates but this rate is
limited by the quality of the venous access. There-
fore lower volumes at higher concentrations are
likely to represent a good compromise.

Fig. 7a-d. Comparison
of 300 (a, c) and 400 (b, d)
mg I/ml of contrast medi-
um in the same patient.
The enhancement of a
large HCC is significantly
higher with the more con-
centrated contrast medi-
um (compare b and a).
Moreover, two additional
satellite nodules are
demonstrated with the
higher concentration (b, d)

a b

c d
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Introduction

With multidetector-row computed tomography
(MDCT), images of the pancreas can be acquired
with less than 1-mm collimation and viewed with
reconstructed slice thickness ranging from 1 to
5 mm. Thus images are reconstructed from
isotropic or nearly isotropic voxels, depending up-
on the specific acquisition parameters used. This
technique enables very high-quality three-dimen-
sional, multiplanar and curved planar reconstruc-
tions to be acquired. Consequently, large CT data
sets can be viewed efficiently as volumes, rather
than as individual transverse slices. The ability to
view the image data as a volume also makes it eas-
ier to communicate the results efficiently to refer-
ring physicians, using a limited number of selected
volume-rendered or multiplanar images. These
images can be reconstructed to demonstrate the
pancreatic duct, bile ducts, and peripancreatic ves-
sels in a clinically relevant fashion.

MDCT Technique

Prior to imaging, patients drink approximately 
1 l of fluid to opacify the stomach, duodenum, and
jejunum. Water is preferred, rather than iodine or
barium-based positive contrast materials, to avoid
interference with volume-rendered reconstruc-
tions of the peripancreatic vessels. For the detec-
tion or staging of pancreatic adenocarcinoma, a
volume of 150 ml of low-osmolar contrast materi-
al is administered at a rate of 5 ml/s [1, 2]. Images
are acquired in two phases: a pancreatic parenchy-
mal phase (beginning at 40–45 s from the start of
contrast medium injection) and a venous or hepat-
ic parenchymal phase (beginning 70 s from the
start of contrast medium injection) [3, 4]. The pan-
creatic phase images are acquired with less than
1 mm collimation, whereas the venous phase im-

ages are acquired with 1.5-mm or 2.5-mm collima-
tion, depending upon whether 4-detector or 16-de-
tector CT is used (Tables 1 and 2). The images are
reconstructed with 3-mm slice thickness at 2-mm
intervals (1-mm slice thinkness at 1-mm intervals
for 3D reconstructions). The data can be viewed
on a workstation where three-dimensional vol-
ume-rendered, maximum intensity projection and
multiplanar images can be viewed [5-9]. In addi-
tion, curved planar images can be constructed
through key anatomical structures, such as the
peripancreatic arteries and veins, the common bile
duct, and the pancreatic duct [10, 11] (Figs. 1–5).

Adenocarcinoma of the Pancreas

MDCT is established as the primary initial imag-
ing method for both the detection and staging of
suspected pancreatic carcinoma. Most studies have
found that CT is highly reliable when it demon-
strates features indicating that a tumor is unre-
sectable [12, 13]. The positive predictive value of a
diagnosis of unresectability with single-detector
helical CT (SDCT) has ranged from 92% to 100%
[14, 18]. SDCT is less reliable, however, for predict-
ing whether a tumor is resectable [negative predic-
tive value (NPV) 76%–90%] [14–19]. In a recent
study using eight-detector MDCT, the NPV and ac-
curacy for vascular invasion were 100% and 99%,
respectively [20]. The overall NPV in this study,
however, was 87% due to undetected small hepatic
and peritoneal metastases, which continue to be a
limitation of CT, even MDCT.

Although criteria for unresectability vary
among surgeons, imaging features that generally
indicate unresectability include vascular invasion,
lymph node metastases beyond those in the im-
mediate vicinity of the pancreas, and distant
metastases. Metastases most commonly involve
the liver or peritoneum.

II.3
MDCT of the Pancreas
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Recent studies have demonstrated the useful-
ness of CT for evaluating vascular invasion by pan-
creatic carcinomas [20-24]. When a pancreatic tu-
mor is not contiguous with a critical peripancreat-
ic vessel such as the hepatic artery, superior mesen-
teric artery, superior mesenteric vein, or portal vein
(i.e., when an intervening fat plane is present), vas-

cular invasion is almost never present. When the
tumor is contiguous with less than one-quarter of
the vessel circumference, it is resectable in the ma-
jority of cases, but when the tumor is contiguous
with one-quarter to one-half of the vessel circum-
ference, it is unresectable in the majority of cases. It
is in the group of patients in which the tumor con-

a b c

Fig. 1a-c. Unresectable pancreatic cancer. a The transaxial image demonstrates a large heterogeneous mass (m) involving the tail of the
pancreas. The posterior superior pancreatoduodenal vein (yellow arrow) and the gastroepiploic vein (white arrow) are dilated, indicating
invasion of the superior mesenteric vein and splenic vein, respectively. b A coronal maximum intensity projection image shows the dilat-
ed posterior superior pancreaticoduodenal vein (black arrow) and gastroepiploic vein (yellow arrows). The portal vein is occluded at its con-
fluence with the superior mesenteric vein (white arrow). c A transaxial maximum intensity projection image also demonstrates the dilat-
ed posterior superior pancreaticoduodenal (white arrow) and gastroepiploic (yellow arrows) veins

Table 1. 4-row MDCT

Pancreas: Dual Phase
Indications Evaluation of known or suspected pancreatic neoplasms

Evaluation for complications of pancreatitis

Scan range Pre-contrast: Standard abdomen
Arterial: (craniocaudal) from third duodenum or inferior tip of liver,
whichever is more caudal to the top of the pancreas.
For suspected islet cell tumors, scan up to the diaphragm
Venous: (craniocaudal) from iliac crest to diaphragm

mA selection 180-250 mA-adjust for patient size

Detector collimation Pre-contrast: 2.5 mm
Arterial: 1 mm
Venous: 2.5 mm

Rotation time 0.5 s

Table speed (pitch) Pre-contrast: 10–18 mm/rot (1-1.75)
Arterial: 4–7 mm/rot (1-1.75)
Venous: 13–18 mm/rot (1-1.75)

Slice thickness Pre-contrast 5 mm
Arterial: 3 mm and 1.25 mm (3-D)
Venous: 3 mm

Reconstruction int. 3 mm for the 5-mm slices
1 mm for the 1.25-mm slices

IV contrast type 350–370 mgI/ml
Volume: 150 ml
Injection rate: 5 ml/s

Scan delay Arterial: 40 s (for suspected islet cell tumors, this should be decreased to 30 s)
Venous: 60 s (or ASAP)
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tacts up to one-half of the vessel circumference that
endoscopic ultrasonography may be of value in as-
sessing vascular invasion. Otherwise, surgical ex-
ploration is needed to determine resectability. Tu-
mors contacting more than one-half of the circum-
ference of the vessel are nearly always unresectable.
Another sign of unresectability of adenocarcinoma

of the head of the pancreas is a teardrop shape of
the superior mesenteric vein, which represents ei-
ther direct tumor infiltration of the vein or peritu-
moral fibrosis adherent to the vessel [25].

Assessment of the peripancreatic veins can also
provide information regarding the likelihood of
vascular invasion by pancreatic carcinoma. In pa-

Table 2. 16-row MDCT

Pancreas: Dual Phase
Indications Evaluation of known or suspected pancreatic neoplasms

Evaluation for complications of pancreatitis

Scan range Pre-contrast: standard abdomen
Arterial: (craniocaudal) from diaphragm to bottom of liver
Venous: (craniocaudal) from diaphragm to iliac crest

Effective mA 180

Detector collimation Pre-contrast: 1.5 mm
Arterial: 0.75 mm
Venous: 1.5 mm

Rotation time 0.5 s

Table speed (pitch) Pre-contrast: 24–30 mm/rot (1–1.25)
Arterial: 12–15 mm/rot (1–1.25)
Venous: 24–30 mm/rot (1–1.25)

Slice thickness Pre-contrast 5 mm
Arterial: 3 mm and 1 mm (3-D)
Venous: 3 mm

Reconstruction int. 3 mm for the 5-mm slices
0.8 mm for the 1-mm slices

IV contrast type 350–370 mgI/ml
Volume: 150 ml
Injection rate: 5 ml/s

Scan delay Arterial: 45 s (for suspected islet cell tumors, this should be decreased to 35 s)
Venous: 65 s (or ASAP)

Fig. 2. Resectable pancreatic cancer. Curved planar reformation
through the pancreatic duct demonstrates a mass (m) in the body
of the pancreas. The tail of the pancreas is atrophic with a dilated
pancreatic duct (yellow arrows). The pancreatic duct in the head
and neck of the pancreas (white arrow) is normal

Fig. 3. Pancreatic adenocarcinoma. Curved planar reformatted
image through the common bile duct (white arrow) and pancreat-
ic duct (black arrow) shows obstruction of both ducts by an adeno-
carcinoma that diffusely infiltrates the pancreatic head
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tients with pancreatic carcinoma, dilatation of the
posterior superior pancreaticoduodenal vein or
the gastrocolic trunk is a sign of portal or superior
mesenteric vein invasion [26-29] (Fig. 1). However,
a dilated gastrocolic trunk should not be used as
an independent sign of surgical unresectability
[24].

Pancreatitis

MDCT is the imaging method of choice for evalu-
ating complications of acute and chronic pancre-
atitis. Three-dimensional, multiplanar, and curved
planar reconstructions of the data are useful for
demonstrating the extent of pancreatic necrosis
(Fig. 5) and peripancreatic fluid collections, and
for demonstrating intraductal pancreatic calculi.
CT angiography is an excellent technique for de-
lineating pseudoaneurysms of the peripancreatic
vessels.
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Introduction

Computed tomography (CT) remains one of the
main techniques for imaging of the hepatobiliary
and pancreatic systems and for the diagnosis of fo-
cal liver lesions. It is still the most commonly used
modality for the evaluation of focal liver lesions af-
ter initial sonography [1]. With the increasing use
of CT, diagnostic accuracy has been dramatically
enhanced resulting in detection rates of up to 95%
for liver lesions larger than 1 cm. CT scanning of
the pancreas is most commonly performed to im-
age inflammatory pancreatic disease with its asso-
ciated complications and to detect and character-
ize benign versus malignant pancreatic tumors [2].

Abdominal Imaging in MDCT

Since its clinical introduction in 1989, volumetric
CT scanning has resulted in a revolution in diag-
nostic imaging. Spiral CT has improved over the
last few years, with faster gantry rotation, more
powerful X-ray tubes, and improved interpolation
algorithms, but the greatest advance has been the
introduction of multidetector-row CT (MDCT).
Currently capable of acquiring 64 channels of hel-
ical data simultaneously, MDCT scanners have
achieved the greatest incremental gain in scan
speed and now enable rapid thin-section imaging
of regional body anatomy [3]. Faster scanning cre-
ates the opportunity to image with increased
speed, more reasonable breath-hold times, better
image quality, and improved three-dimensional
and multiplanar reconstructions (Table 1).

MDCT is adapted to hepatic and pancreatic im-
aging to produce, under the appropriate clinical
circumstances, a multipass multiplanar study ob-
tained during defined circulatory phases so as to
best outline the vasculature and to detect and
characterize focal parenchymal lesions.

This results in improved lesion detection of ab-
dominal tumors, relating to aspects of tumor size
and to tissue-to-tumor contrast ratio. Enhance-
ment characteristics of three-phasic scanning as
well as thinner reconstructed sections allow an im-
proved lesion characterization in MDCT imaging
of the abdomen.

Phases of Scanning in MDCT

Detection of abdominal lesions is determined by
conspicuity and is related to the degree of tumor-
to-tissue contrast [4]. Since tumor characterization
is mainly based on the lesion contrast, uptake dur-
ing the different enhancement phases and scan-
ning in sufficient phases are absolutely mandatory
(Fig. 1).

With MDCT, the ability to scan through the en-
tire upper abdomen in a few seconds allows acqui-
sition of two separate imaging sets of the upper
tract within the time generally regarded as the
dominant arterial phase.

During the early arterial phase (~20 s after the
start of injection), there is avid enhancement in
the arterial vessels but relatively little enhance-

II.4
Abdominal Imaging: Use of High-
Concentration Contrast Media

Renate M. Hammerstingl

Table 1. Diagnostic advantages of MDCT of the hepatobiliary system

Shorter scan duration
Improved scanning of parenchymal organs:

• well-defined phase of enhancement, perfusion

Longer scan ranges
CT angiography:

• aorta, hepatic arteries, portal vein, mesenteric
vessels

Thinner sections
Near-isotropic imaging:

• arbitrary imaging planes, MPR, 3D rendering
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ment of the parenchyma or hypervascular lesions.
Accurate CT angiography (CTA) with optimal ves-
sel opacification can be performed for presurgical
evaluation [5]. CTA provides detailed information
on the vessel architecture and vascular character-
istics of hypervascular lesions such as feeding ar-
teries. Accurate delineation of the hepatic vascular
anatomy allows segmental localization and assists
in surgical and nonsurgical planning [6].

In the late arterial phase or portal venous in-
flow phase, which occurs approximately at 30-35 s
after injection, solid neoplasms will be maximally
enhanced, whereas the parenchyma will be only
minimally enhanced due to predominantly portal
venous supply. Therefore this phase is optimal for
detection of hypervascular primary liver tumors
and hypervascular metastatic infiltration. The
pancreatic parenchymal phase begins at ~40–45 s
after injection and provides the highest rates of
enhancement of the pancreatic parenchyma.

The phase of portal venous dominance, the he-
patic venous phase or portal venous phase or he-
patic parenchymal phase, occurs ~60–70 s after the
start of injection, with maximum enhancement of
the hepatic parenchyma and high enhancement
rates in the pancreatic parenchyma. During this
phase, the detection of relatively hypovascular tu-
mors is possible, such as colorectal metastases or
adenocarcinoma of the pancreas, which may be
unsuspected and in some cases poorly imaged
during the other two phases.

Delayed-phase imaging (~8–10 min after injec-
tion) is used to provide additional information for
the characterization of hypervascular lesions, such
as hepatocellular or cholangiocellular carcinomas.

Multiphasic Contrast-Enhanced MDCT
Imaging in the Liver

Detection

Optimal delineation of hypervascular liver lesions
compared to surrounding liver parenchyma is es-
tablished in the arterial phase of MDCT. Early ar-
terial-phase imaging is distinguished from late ar-
terial-phase scanning by an increase of sensitivity
for small hypervascular tumors. Foley et al. [7] pi-
loted the use of triple-phase contrast-enhanced
hepatic imaging. They described three distinct cir-
culatory phases: (a) the hepatic arterial phase; (b)
the portal venous inflow phase or late arterial
phase; and (c) the hepatic venous phase with a
maximum of tumor-to-liver contrast, making this
phase optimal for lesion detection. Using double
arterial imaging, Murakami et al. [8], reported an
increased detection rate of hepatocellular carcino-
ma (HCC), with a sensitivity of up to 86% and a
positive predictive value of 92% (Fig. 2). Kadota
and coworkers [9] described the use of both early
and late arterial phases, with an increased detec-
tion rate of small HCC (87% sensitivity). Contrary
to that, Ichikawa et al. [10] and Laghi et al. [11]
found no significant improvement of double arte-
rial-phase imaging compared to single late arteri-
al-phase imaging. In a recently published study,
Zhao et al. [12] highlighted these results, and in
their series they observed no statistically signifi-
cant difference between a double compared to a
single arterial protocol in the late phase regarding
the detection rate of HCC nodules.

Characterization

Enhancement patterns such as homogeneous fill-
in, abnormal internal vessels, peripheral puddles,
and a complete ring help to characterize lesions
more precisely. According to Nino-Murcia and
coworkers [13], abnormal internal vessels are asso-
ciated with HCC, peripheral puddles with heman-
gioma, and a complete ring with metastasis with
high sensitivity and specificity in arterial-phase
CT studies (Fig. 3).

Triple-phase protocols in MDCT [14] depict the
most common enhancement patterns of HCC,
with hypervascularity in the arterial phase as well
as a mosaic pattern on both arterial and portal ve-
nous images demonstrating wash-out.

Delayed-phase imaging is particularly impor-
tant for differentiating HCC from cholangiocellu-
lar carcinoma (CCC) due to an increased tumor at-
tenuation of CCC on delayed images compared to
most HCCs [15].

According to Lim and coworkers [16], delayed-
phase images were helpful in the characterization

    Early     Late Venous

 20                 40 60 80

arterial enhancement

venous enhancement

hypervascular tumor

Start of 
imaging

hold:
HU

parenchyma

Fig. 1. Phases of scanning. Time-attenuation curves of different
phases of hepatobiliary imaging. Arterial enhancement beginning
at start of injection, venous enhancement at start of scanning
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of HCC in 14% of their patient population, espe-
cially for hypovascular carcinomas (well differen-
tiated or early HCC).

Multiphasic Contrast-Enhanced MDCT
Imaging in the Pancreas

One main goal of pancreatic imaging is to identify
the complications of acute pancreatitis after the
disease has been diagnosed from laboratory test
results [17]. There are three main complications of

acute pancreatitis: pancreatic necrosis, pseudocyst
formation, and pancreatic abscess [18]. Another
aim of pancreatic imaging is tumor imaging (Fig. 4).
The detection of tumorous tissue and visualization
of organ as well as vessel infiltration, particularly
in the superior mesenteric artery and vein, is im-
portant so as to determine whether a tumor is re-
sectable or not [19]. For visualization of organ in-
filtration, a good contrast-to-noise ratio is manda-
tory (Fig. 5). To diagnose vessel infiltration, the op-
timal imaging phase must be timed.

According to Aschoff et al. [20], there is no need

Fig. 2a-c. MDCT imaging of the liver: HCC and known hep-
atitis C. The early arterial phase (a) after i.v. injection of
iomeprol 400 reveals a hypervascular HCC nodule (black
arrowhead) in segment 8/7 of the right liver lobe. This nod-
ule demonstrates increased density in the late arterial phase
(b) and typical washout in the venous phase (c). A second
HCC nodule (white arrowhead) is apparent on the late arteri-
al (arterial inflow) phase image (b) but not on the early arte-
rial (a) or venous (c) phase images. Additional high density
regions suspicious for HCC are apparent only on the late arte-
rial phase image

a b

c

Fig. 3a, b. MDCT imaging of the liver: Simple cyst and FNH. In the arterial phase (a) a highly flushing tumor (white arrow) is depicted
near the inferior vena cava. A second non-enhancing lesion (black arrow) is visualized in the right liver lobe. During the venous phase (b)
the previously flushing lesion (white arrow) demonstrates near isodensity due to a significant decrease of attenuation which is typical of
FNH. The second lesion (black arrow) shows no enhancement and is identified as a simple liver cyst

a b
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to administer butylscopolamine to reduce bowel
motion when using dual or multislice scanners,
since there is no improvement in image quality.

A triple-phase protocol (unenhanced, arterial,
and portal venous phases) is generally used for
imaging of the pancreas. A more modern concept
for pretherapeutic staging includes quadruple-
phase scanning carrying out unenhanced, arterial,
pancreatic parenchymal, and portal venous-phase
imaging. The additional pancreatic parenchymal
phase with a delay of ~35 s after contrast medium
administration provides an optimal contrast-to-
noise ratio of pancreatic tumors versus surround-
ing tissue. McNulty and coworkers [21] reported
that the highest attenuation of normal pancreatic
tissue occurred in the pancreatic parenchymal
phase compared to the arterial and portal venous

phases, with a statistically significant difference
compared to the arterial phase but not to the por-
tal venous phase. The greatest enhancement in the
celiac and superior mesenteric arteries occurs in
the pancreatic parenchymal phase. For the superi-
or mesenteric vein and the portal vein, contrast
enhancement was highest in the portal venous
phase. The tumors show up best in the pancreatic
parenchymal phase and quite well in the portal ve-
nous phase. Imaging in the arterial phase is re-
quired for CTA to depict the vascular anatomy and
diagnose disease [22]. According to Fishman and
coworkers [23], a combination of CTA techniques
and three-dimensional volume rendering allows
one to create unique displays for evaluating pan-
creatic cancer and for accurate staging in these pa-
tients (Tables 2, 3).

a b

Fig. 4a, b. MDCT imaging of the pancreas: pancreatic carcinoma. A hypodense tumorous mass (white arrow) in the head of the pancreas
with compression of the coelical trunk is appartent on both the arterial phase (a) and portal venous phase (b) images. Use of a high con-
centration contrast medium (Iomeprol 400 i.v.) permits the additional identification of a small hypodense liver metastasis (black arrow)

a b

Fig. 5a, b. MDCT-Imaging
of the pancreas: compari-
son of chronic pancreatitis
and pancreatic carcinoma.
Documentation of local
chronic pancreatitis within
the pancreatic corpus (a).
There is no infiltration of
the superior mesenteric
artery. Delineation of enca-
sement of the superior men-
senteric artery in a pancre-
atic carcinoma (b)
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Contrast Optimization

When imaging the abdomen, the depiction of soft
tissue requires a certain amount of total iodine for
appropriate scanning. The optimal amount of io-
dine should be around 35–45 g total volume of io-
dine. Taking a middle rate of 40 g of iodine per im-
aging into consideration, the following parameters
should be used: For a lower-concentrated contrast

agent (300 mg I/ml), an overall volume of 130 ml is
necessary for adequate imaging quality; for
350 mg I/ml, 115 ml of contrast medium is needed;
for 400 mg I/ml, 100 ml is used.

In addition, we should be aware of the fact that
advances in CT technology also open the door to new
approaches in the administration of iodinated con-
trast medium. Due to faster scanning in MDCT ap-
plications, the traditional concept for hepatic imag-

Table 2. Scanning protocol in MDCT of the hepatobiliary system (4-slice scanner)

Scan Arterial phase Portal venous phase
Collimation 4×1 mm 4×2.5 mm
Normalised pitch 1.5 1
Table feed/ gantry rotation 6 mm 10 mm
kV 120 120
Tube current (effective mAs) 150–180 150–180
Time of rotation (s) 0.5 0.5
Scan duration (s) 15 10

Scan delay: CB (120 HU threshold)
(post cm injection start) ~30 s ~60 s
Contrast concentration (mg l/ml) 370–400
Contrast material (Volume in ml) 80 40
Injection rate (ml/s) 4 3
Saline flush (Volume in ml) 30–50

MPR:
Reconstruction (mm) 2 3
Increment (mm) 1 2
Scanner: Siemens Volume Zoom

Table 3. Scanning protocol in MDCT of the hepatobiliary system (16-slice scanner)

Scan Early arterial phase Late arterial phase Portal venous phase
Collimation 16×0.75 mm 16×1.5 mm 16×1.5 mm
Normalised pitch 1 1 1
Table feed/ gantry rotation 12 mm 24 mm 24 mm
kV 120 120 120 mm
Tube current (effective mAs) 150–180 150–180 50–180
Time of rotation (s) 0.5 0.5 0.5
Scan duration (s) 10 5 5

Scan delay: CB (140 HU threshold)
(post cm injection start) ~22 s ~40 s ~60 s

Contrast concentration (mg l/ml) 400
Contrast material (Volume in ml) 60 30
Injection rate (ml/s) 4.5 2.5
Saline flush (Volume in ml) 30-50

MPR:
Reconstruction (mm) 1 2 2
Increment (mm) 0.5 1 1
Scanner: Siemens Sensation 16
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ing, where the injection duration equals the speed of
scanning, is no longer applicable.With this decreased
period of scanning, the injection duration also has to
be shortened and the iodine has to be delivered with-
in seconds to ensure adequate vessel opacification as
well as optimal parenchymal imaging (Table 4). One
way of achieving this is to increase the injection
speed, which is limited because of issues related to
intravenous access. Another possibility to increase
the iodine administration rate is to use a high con-
centration of lower-volume contrast agents [24-26].

Use of High-Concentration Contrast
Media: Liver Imaging

According to Hanninen and colleagues [27], a de-
crease in iodine concentration significantly affects
aortic and hepatic contrast enhancement and im-
pairs the delineation of focal liver lesions during
biphasic spiral CT. Hepatic time-attenuation
curves and mean hepatic enhancement in the por-
tal venous phase and aortic time-attenuation
curves in both arterial and portal venous phases
were statistically superior using Iopromide at a
concentration of 370 mg Iodine/ml compared to
300 mg Iodine/ml. The same volumes were used in
both groups, and therefore the total iodine amount
was different.

Regarding the vascular system of the liver, a
greater enhancement in the arterial vessels was
documented with 300 mg I/ml versus 370 mg I/ml
according to Spielmann and coworkers [28]. In this
study, the total iodine dose was equal per group.

Concerning tumor imaging, Kim et al. [29]
found a greater enhancement of HCC using high-
er-concentrated contrast media (P<0.05) in a pro-
tocol of 100 ml 370 mg I/ml and a flow rate of
4 ml/s compared to 100 ml of 300 mg I/ml and the
same flow rate. A higher iodine delivery rate was
administered to the patients using 1.48 compared
to 1.2 g iodine per second.

Awai and coworkers [30] found that a higher

concentration of contrast material is effective for a
significantly higher tumor-to-liver contrast in ar-
terial-phase imaging. An iodine concentration of
300 mg I/ml was compared with 370 mg I/ml. The
same total load of iodine was used per patient and
per body weight of patient. In the early arterial
phase, a significant increase of aortic enhancement
was documented (P<0.01) with a superior depic-
tion of hepatic arteries and an increased tumor-
to-liver contrast for the high-concentration con-
trast media.

In chronic liver disease, a higher iodine con-
centration (370 mg I/ml) was helpful for diagnos-
tic imaging in the liver. Contrast enhancement of
liver parenchyma was improved in the portal-
phase and late-phase images with better overall
image quality [31].

In a recent multicenter study presented at the
2003 annual meeting of the Radiological Society of
North America, we reported our experience [32]
from an abdominal study using a non-ionic con-
trast medium (Iomeprol) with an iodine concen-
tration of 400 mg/ml compared to 300 and
350 mg/ml. In this double-blind, randomized, paral-
lel-group comparison clinical study, 91 patients
with the diagnosis of abdominal tumors were in-
cluded. All patients underwent MDCT using a
biphasic contrast-enhanced technique. Iomeprol
was administered intravenously at three different
concentrations via an automatic power injector.
The overall iodine dose (36 g) was equal for each
group. The injection rate for all three groups was
4 ml/s for arterial-phase imaging and 2 ml/s for
portal venous-phase imaging. Higher contrast den-
sity values of normal liver tissue enhancement
(P<0.012; Fig. 6) and pancreatic tissue (P=0.471;
Fig. 7) were calculated in the arterial phase for high-
concentration contrast medium. For hypervascular
tumors, the maximum of absolute contrast to sur-
rounding tissue was increased, providing a better
delineation of the vascularity of lesions (Fig. 8).

Contrary to our data, there was no significant
increase in hepatic enhancement for arterial-phase
imaging according to Engeroff and coworkers [33],
who used a concentration of 370 mg I/ml in their
study.

Use of High-Concentration Contrast
Media: Pancreatic Imaging

In a study by Kim and coworkers [34], the effects
of the intravenous injection rate and dose of con-
trast material on pancreatic CT were evaluated.
Both a higher dose and a faster injection rate in-
creased the maximum pancreatic enhancement
value. Accordingly, studies were performed using
higher-concentrated contrast media for imaging of
the pancreas.

Table 4. Effects of contrast media in CT

Modulation of arterial enhancement
Injection rate of CM (iodine administration rate):

- doubling causes twice of enhancement
Injection duration:

- first pass and recirculation effects
- longer injections lead to continuously 

increase of enhancement

Modulation of parenchymal enhancement
Determination of total CM volume (total iodine dose)
Independent of injection flow rate
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Merkle and coworkers [35] documented in
their series a statistically significant difference in
contrast enhancement using high-concentration
contrast medium (Iomeprol 400 mg I/ml). In arte-
rial-phase imaging, higher attenuation values were
calculated for the superior mesenteric artery and
celiac trunk (P<0.01) as well as for the pancreas,
right and left kidney, and spleen (P<0.01) in addi-
tion to the portal vein and liver (P>0.01). In ve-

nous-phase scanning, a significant difference in
pancreatic enhancement was depicted. There was
an improvement in the contribution of high-con-
centration contrast media toward diagnostic value
(P=0.02), technical quality (P=0.02), and evaluabil-
ity of vessels in arterial-phase imaging.

Fenchel et al. [36] evaluated the influence of
two different iodine concentrations of the nonion-
ic contrast agent Iomeprol, in iodine concentra-

Fig. 6. Contrast density of normal liver tissue in
the arterial phase. There was a statistically signifi-
cant (P=0.012) increase of density of normal liver
parenchyma in the arterial phase of imaging using
the highest concentration of Iomeprol. The
ANOVA test procedure was used for statistical
analysis

lomeprol 300 lomeprol 400lomeprol 350

Fig. 7. Contrast density of pancreatic tissue in the
arterial phase. There was an increase of density of
pancreatic parenchyma in the arterial phase of
imaging using the highest concentration of
Iomeprol, although the results were not statisti-
cally significant (P=0.471). The Anova test proce-
dure was used for statistical analysis

lomeprol 300 lomeprol 400lomeprol 350

a b c

Fig. 8a-c. MDCT imaging of the liver: cholangiocellular carcinoma. Use of a high concentration contrast medium (Iomeprol 400 i.v.) per-
mits clear depiction of both the feeding vessels and the hypervascularized rim of the tumor on the arterial phase image (a). The venous
phase image (b) reveals a hypodense lesion with moderate enhancement in the periphery. The inner vascular perfusion is best visualized
using thinner slices (c)
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tions of 300 mg/ml and 400 mg/ml, on contrast en-
hancement of the pancreas. The overall iodine
amount was equal per group. Iomeprol 400 led to
significantly greater enhancement in the aorta, su-
perior mesenteric artery, celiac trunk, pancreas,
pancreatic carcinomas, kidneys, spleen, and wall of
the small intestine than did Iomeprol 300. Portal
venous-phase enhancement was significantly
greater in the pancreas, pancreatic carcinomas,
wall of the small intestine, and portal vein with
Iomeprol 400. Two independent readers consid-
ered Iomeprol 400 superior to Iomeprol 300 con-
cerning the contribution of the contrast agent to
the diagnostic value in pancreatic imaging.

The group of Shinagawa et al. [37] evaluated the
maximum of enhancement in the pancreas using
CT in patients with abdominal disease. The peak
enhancement value of the pancreas was signifi-
cantly greater with a concentration of 370 mg I/ml,
a dose of 1.5 ml/kg, and a flow rate of 5 ml/s. High-
er attenuation values were documented using a
higher injection rate and higher iodine concentra-
tion due to the fact that pancreatic CT enhance-
ment is more dependent on the dose of iodine per
second than on the total iodine.

In conclusion, a fast injection rate and use of
high-concentrated contrast medium provides a
greater enhancement of the pancreas and allows
better diagnostic imaging (Fig. 9).

Optimization of Injection Technique

Determination of the circulation time is of great im-
portance. In patients with low cardiac output, fixed
scan delays are not appropriate for optimal phase
scanning and characterization of focal liver lesions.
A change in cardiac output affects aortic and hepat-
ic enhancement. A decrease in cardiac output will
delay aortic and hepatic peak enhancement.

A test bolus can be used to calculate the circu-
lation time. It is more convenient to use a care bo-
lus technique either with automatic thresholds (re-
gion of interest in the abdominal aorta; automatic
start of injection, approximately 140 HU) (Table 5)
or manually by viewing the contrast in the abdom-
inal aorta and personally activating the scanning.
The delay of the start of the spiral should be kept
in mind, which depends on the scanner system it-
self (approximately 6-7 s), as well as the time to be
included for breath-hold commands.

Saline flushing should be performed after con-
trast medium injection. A saline bolus washes out
the residual contrast in the venous system, effec-
tively leading to an increase of hepatic contrast en-
hancement for the same amount of contrast medi-
um.A new line of power injectors has recently been
introduced, designed specifically to permit the dou-
ble injection of both contrast medium and saline
flush. Zandrino and coworkers [38] documented
similar timing for maximum aortic enhancement
but a greater peak enhancement using a saline
flush. In the liver there was earlier and greater en-
hancement. The administration of a saline bolus al-
lowed for contrast dose reduction (Table 6).

Optimization of Slice Thickness

Thin sections can now be used on a routine basis
in a single-breath-hold technique. Weg and
coworkers [39] reported an increase in detection
rates of 46% using thin sections for diagnostic im-
aging. However, Haider et al. [40] and Kawata et al.
[41] found no improvement in the detection of fo-
cal liver lesions for slices thinner than 5 mm due to
the increased noise. Kopka et al. [42] documented
an overall detection rate of 96% and a characteri-
zation of focal liver lesions with a specificity of
87% using sections of 2- to 4-mm slice thickness

a b c

Fig. 9. MDCT-Imaging of the pancreas: pancreatic carcinoma. Distal parts of the pancreatic tail demonstrate on infiltrating adenocarci-
noma (white arrow) in the arterial phase (a) and venous phase (b) of imaging (Iomeprol 400). Curved reconstruction of the pancreatic duct
system documents very well the occlusion of the ductal parts due to tumour infiltration in venous imaging (c)
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due to better visualization of enhancement of the
inner structures, boundary, and rim. The higher
noise is one drawback in the use of thinner sec-
tions, which has to be overcome (Fig. 10). Normal-
ization of noise is mandatory for further study.

3D Imaging

Routine use of thin collimation and near-isotropic
image acquisition allows the reconstruction of

high-resolution multiplanar slices with the advan-
tage of precise delineation of focal liver lesions.
The capabilities of workstations make feasible the
practical use of advanced post-processing tech-
niques to create high-quality volumetric imaging:
maximum intensity projections, volume render-
ing, curved planar reformations, and multiplanar
reconstructions [43].

Kamel et al. [44] reported on the additional val-
ue of advanced image processing of multiplanar
volume rendering and maximum intensity projec-

Table 5. Timing of scanning. Optimization of injection technique

Determination of circulation time
Test bolus: - precontrast scanning (20 ml of 

contrast media)
- calculation of circulation time

Care bolus technique:
Manual: - viewing of contrast in abdominal aorta
Automatic: - region of interest: abdominal aorta

- positioning: level of the coeliac trunc
- treshold: approx. 140 HU

Delay of scanner to start imaging: approx 6–7 s

Saline flushing post contrast media
injection: 30-50 ml

Table 6. Spiral CT: abdominal imaging. Comparison of single slice
and multislice CT regarding contrast material administration

Scanner 1-SCT 4-SCT 16-SCT

Contrast material 150 120 90-120
volume (ml)

Contrast material 300–350 350–400 370–400
concentration (mg l/ml)

Saline volume (ml) 30–50 30–50 30–50

Injection rate (ml/s) 3–4 ml 3–4 ml 3–5 ml
arterial/venous 2 ml 2 ml

Fig. 10. MDCT-Imaging of the liver: hepatocellular carcino-
ma. Reduction of noise by using reduced effective slice thick-
ness from 1 mm (a) to 3 mm (b) to 5 mm (c)

a b

c
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tion for hepatic imaging. Early detection of neo-
vascularity and tumor stain as well as tumor bur-
den is assessed better with these images than with
routine axial images. Lesion characterization was
also potentially improved with an accurate delin-
eation of the hepatic vascular anatomy allowing
segmental localization and providing assistance in
surgical and nonsurgical planning (Fig. 11).

Prokesch and coworkers [45] found that the ad-
ditional information of curved reformations great-
ly improved the diagnosis of pancreatic disease,
but these reconstruction should not substitute
transverse imaging (Fig. 12).

Conclusions

Over the last decade, major advances have oc-
curred in CT. The speed and flexibility of MDCT
have led to improvements in abdominal imaging,
particularly related to the detection and character-
ization of abdominal masses.

MDCT scanning times may vary substantially
in daily clinical routine use depending on the scan-
ner type, and therefore acquisition parameters have
to be modified. To ensure adequate vessel opacifi-
cation as well as optimal detection and classifica-
tion of hepatobiliary disease with fast MDCT ac-
quisitions, the iodine administration rate needs to
be increased. This can be achieved either by an in-
crease of injection flow rate or - more conveniently
- by using a higher iodine concentration of the con-
trast medium. These agents produce better en-
hancement of vascular structures and improved
overall display of soft-issue tumors. This results in
improved lesion detection relating to aspects of tu-
mor size and to the surrounding tissue-to-tumor
contrast ratio.Accurate scanning in optimal phases
as well as thinner slices allow better characteriza-
tion of hepatobiliary lesions. High-concentration
contrast media show advantages in the demarca-
tion and delineation of lesions compared to lower
iodine-concentrated contrast agents, especially for
the diagnosis of hypervascularized lesions.

Abdomen  60-70 s
     (portal venous)

Liver

Liver  ~35 s
 (late arterial phase)

MPR
Cine viewing

Film documentation
Clinical demonstration

Collimation: 16 x 1.5 mm
Slice thickness:   2.00 mm        5 mm
Increment:           1.00 mm        5 mm

Collimation: 16 x 0.75 mm
Slice thickness:   1.0/1.25 mm   5 mm
Increment:           0.5/0.6 mm     5 mm

16

Fig. 11. MDCT-Imaging in the liver.
Standard scanning protocol using 16-
slice Scanner (Sensation 16, Siemens).
Documentation of effective slice thick-
ness for clinical demonstration, film
documentation, cine viewing, and MPR
reconstructions

Abdomen      60 s
     (portal venous)

Pancreas

Pancreas ~40-45 s
 (parenchymal phase)

MPR
Cine viewing

Film documentation
Clinical demonstration

Collimation: 16 x 0.75 mm
Slice thickness:   1.00 mm        5 mm
Increment:           0.50 mm        5 mm

Collimation: 16 x 0.75 mm
Slice thickness:   1.00 mm        3 mm
Increment:           0.50 mm        3 mm

16

Fig. 12. MDCT-Imaging in the pan-
creas. Standard scanning protocol
using a 16-slice Scanner (Sensation 16,
Siemens). Documentation of effective
slice thickness for clinical demonstra-
tion, film documentation, cine viewing,
and MPR reconstructions
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In the past few years multidetector-row computed
tomography (MDCT) systems with simultaneous
acquisition of multiple thin collimated slices and
half-second scanner rotation have become widely
available. CT scanners with 4 or more, and even up
to 64 detector rows are widely used in clinical
practice. MDCT represents a significant advance
over single-slice detector CT since it allows rapid
assessment of large areas of the body. The in-
creased number of simultaneously acquired slices
and sub-millimeter collimation allows true
isotropic scanning with higher spatial, contrast,
and temporal resolution. Experimental prototypes
of flat-panel CT scans can already depict the entire
heart in one simple gantry rotation with a pitch
factor of 0.2 mm. MDCT has changed CT from a
cross-sectional to a three-dimensional tool. It has
become the new CT standard and its technical
abilities are rapidly expanding the spectrum of ap-
plication with clinically relevant examinations that
were previously not possible with conventional
scanning.

Due to the increased number of slices in 16-
slice and 64-slice CT systems, dose utilization is
improved compared with 4-slice CT scanners, and
sub-millimeter collimation need no longer be re-
stricted to special applications. Isotropic voxel da-
ta enable us to obtain sagittal and coronal images
with a spatial resolution that is identical to axial
images. Excellent volume data, which are acquired
by MDCT, generate serviceable three-dimensional
images using various reconstruction methods,
such as multiplanar reconstruction (MPR), maxi-
mum intensity projection (MIP), minimum inten-
sity projection, surface rendering, volume render-
ing, and virtual endoscopy.

The increased scan speed of MDCT systems
can be used to cover an entire cardiac volume in
one single, short breath-hold period, producing an
isotropic data set free of cardiac motion if com-
bined with retrospective cardiac triggering. Al-

though the usefulness of MDCT for visualization
of coronary arteries has been reported with 4- or
8-row CT systems, initial results from studies with
16-slice MDCT systems suggest that this technolo-
gy not only offers the possibility of accurately vi-
sualizing coronary stenoses non-invasively but al-
so of studying plaque morphology. The clinical
performance of coronary CT angiography has cer-
tainly been substantially improved, allowing visu-
alization of smaller coronary segments, coronary
calcifications, and coronary stents. In the future,
MDCT will be used to screen patients prior to car-
diac catherization and to eliminate many unwar-
ranted invasive procedures.

The technical developments of MDCT have al-
so dramatically changed the application of CTA
outside of the heart. The possibility of acquiring a
large isotropic scanning range with thin slices
without any loss in spatial resolution has revolu-
tionized the assessment of abdominal vascular
pathologies. With 4-detector row CT scanners the
scan volume had to be focused on one specific ab-
dominal vessel territory; 16-detector row technol-
ogy now allows full abdominal coverage from the
diaphragm to the groin with full spatial resolution.
Therefore, comprehensive CTA of the abdomen
can be performed without the necessity of focus-
ing on any vascular territory. This technique en-
ables the evaluation of the whole arterial visceral
vasculature (e.g., hepatic vessels, mesenteric ves-
sels, renal arteries) and the aortic–iliac axis in a
single data acquisition. It allows investigation of
the entire aorta and branch vessels in the evalua-
tion of aneurysm, the thoracic aorta and the coro-
nary arteries in cases of dissection, or the vascular
and non-vascular chest in those with acute chest
pain. MDCT has become critical for the pre-proce-
dure planning and follow-up of several endovascu-
lar procedures, including endovascular aneurysm
repair, lower extremity revascularization, and re-
nal artery revascularization. The high sensitivity
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and negative predictive values reported in the lit-
erature are particularly promising for the use of
MDCT in the evaluation of abdominal artery
stenosis.

Limitations of single-splice spiral CT in the ac-
curate diagnosis of isolated peripheral pulmonary
embolism (PE) have so far prevented the accept-
ance of spiral CT as the new standard of reference
for imaging PE. Concerns about the accuracy of
spiral CT for the detection of PE may be overcome
by the use of MDCT. The high spatial resolutional-
lows evaluation of pulmonary vessels down to
sixth-order branches and significantly increases
the detection rate of segmental and subsegmental
pulmonary emboli. Shorter breath-hold times also
benefit patients with underlying lung disease and
reduce the percentage of non-diagnostic CT scans.
The true accuracy of multidetector-row spiral CT
for the detection of small peripheral emboli in pa-
tients with suspected PE remains, however, diffi-
cult to determine, since as a direct result of high-
resolution imaging capabilities, small peripheral
clots that may have gone unnoticed in the past are
now frequently seen, often in patients with minor
symptoms. MDCT has nevertheless become an at-
tractive means for a safe, highly accurate, cost-ef-
fective diagnosis of acute PE and may provide al-
ternative diagnoses and explanations for symp-
toms in the absence of PE. It is emerging as a pre-
ferred modality for imaging patientswith suspect-
ed acute PE and now challenges catheter pul-
monary angiography, once the standard of refer-
ence, for the accurate detection of PE.

With increasingly faster acquisition speeds,
contrast medium delivery is becoming increasing-
ly difficult. The volume, concentration, and rate of
injection, all affect the degree of enhancement that
is achieved with an injection of contrast material.
While the arterial enhancement is governed by in-
jection speed and iodine concentration, the mag-
nitude of enhancement in parenchymal organs is
related primarily to the amount of iodine that ac-
cumulates in the extravascular space, independent
of the speed of the CT scanner. Since the high
speed of the MDCT scanner allows the recording
of image data over a short time period, modifica-
tions of total iodine dose are best achieved by in-
creasing iodine contrast concentration, rather than
increasing the total volume of medium injected.
Particular attention to methods of automated
saline flushing and dual injection speed protocols
can further refine the quality of MDCT examina-
tions.

Many clinicians and researchers working in the
cardiovascular field are still unfamiliar with the ra-
diation doses that are received during MDCT ex-
aminations. Radiation doses received from specif-
ic MDCT protocols need to be evaluated. A second
consideration is what to do with the detected
pathology; are those small solitary vessel occlu-
sions in pulmonary or other regions really rele-
vant? More studies are necessary. We as radiolo-
gists must be careful to make a diagnosis with the
least radiation possible and not to focus on beauti-
ful images alone.

Although MDCT offers a decreased scan time,
the reporting time is the main problem in the new
radiological department. Huge amounts of data
necessitate intelligent computer-aided viewing, re-
construction, quantification, and even real diag-
nostic support. MPR and MIP are still the standard
tools but are insufficient for real vascular imaging.
MDCT and a workstation with volume-rendering
techniques can provide image quality that is supe-
rior to conventional angiography. Dedicated ves-
sel-viewing tools can help to reduce reporting time
and can aid in lesion quantification. It can be cost
effective and it can improve diagnostic quality to
invest in these workstations as well as three-di-
mensional vessel-viewing software and quantifica-
tion tools.

MDCT continues to make amazing technical
advancements in cardiovascular and body imag-
ing and is currently experiencing a steadily in-
creasing popularity based on the increase in diag-
nostic capabilities it has presented.
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Introduction

Optimal intravenous CM injection remains one
of the most crucial but difficult aspects of MDCT.
Since the introduction of 8- and 16-channel MDCT
systems, it has become evident that faster acquisi-
tions can be used to advantage, but that they are
less forgiving at the same time, and one may com-
pletely miss the bolus (e.g., in CTA) if CM injec-
tions are not adapted to the new scanner capabili-
ties. This problem will become even more relevant
with recently introduced 32-, 40-, and 64-channel
scanners.

The purpose of this chapter is to review the
physiological and pharmacokinetic principles gov-
erning vascular enhancement after intravenous
CM administration.As opposed to the rapid evolu-
tion of scanner technology, these principles have
not changed in the past, and most likely will not do
so in the future. The effects of user-selectable in-
jection parameters (CM injection rate, injection
duration, and volume), CM concentration, injec-
tion devices (power injectors, saline flushing), and
tools for scan timing (bolus triggering) will all be
discussed, in order to provide the reader with the
necessary tools for optimizing injection strategies
for current and future cardiovascular applications
of MDCT.

Pharmacokinetic and Physiological
Principles

From a pharmacokinetic point of view, all angio-
graphic X-ray CM represent extracellular fluid
markers. After intravenous administration these
agents are rapidly distributed between the vascu-
lar and interstitial compartments of the extracellu-
lar space [1]. For the time frame relevant to car-
diovascular MDCT and CTA, it is this particularly
complex early distribution/redistribution phase –

or early CM dynamics – that determines vascular
enhancement.

At this point it is essential to bear in mind the
fundamental difference between injections aimed
at vascular enhancement (CTA) and those aimed
at parenchymal (e.g., hepatic) enhancement:
Whereas early vascular enhancement is con-
trolled by the relationship between iodine admin-
istration per unit of time (mg I/s) and blood flow
per unit of time [i.e., cardiac output (l/min)],
parenchymal enhancement is governed by the re-
lationship between total iodine dose (mg I) and
the total volume of distribution [i.e., body weight
(kg)].

Recently, mathematical models have been de-
veloped to describe early vascular and parenchy-
mal CM dynamics [2-4]. Such models are particu-
larly useful to predict and illustrate the effects of
different injection strategies, thus allowing for a
more rational design of empiric, routinely appli-
cable injection techniques.

Early Arterial CM Dynamics

Whereas time attenuation responses to intra-
venously injected CM vary widely between vascu-
lar territories and across individuals, some basic
principles apply to all arterial (pulmonary and sys-
temic) vessels.A first step towards a more intuitive
understanding of the effects of vascular enhance-
ment is to think in terms of CM injection rate and
injection duration, rather than injection rate and
CM volume.

Figure 1 illustrates the early arterial CM dynam-
ics as observed in the abdominal aorta [5]. When a
16-ml test bolus of CM is injected intravenously, it
causes an arterial enhancement response in the aor-
ta (Fig. 1a, b). The time interval needed for the CM
to arrive in the arterial territory of interest is re-
ferred to as the CM transit time (tCMT). The first peak
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in the enhancement response is referred to as the
“first pass”effect. The tail of the enhancement curve
is due to bolus broadening and in part to recircula-
tion. For a given individual and vascular territory,
this enhancement response is proportional to the
iodine injection rate. Hence, doubling the injection
rate leads to twice the enhancement and requires
twice the CM volume (Fig. 1c, d).

After the CM is distributed throughout the in-
travascular and interstitial fluid compartments of
the body, a certain proportion of CM reenters the
right heart (“recirculation”). This occurs fairly rap-
idly and therefore one will not only observe the
first pass of contrast material but also its recircula-
tion effect within the time frame of a CTA acquisi-
tion. Recirculation and bolus broadening have a
profound effect on vascular enhancement when
prolonged injections – such as in CT – are used.
Figure 1e, f shows that a larger (128 ml), prolonged
(32 s) bolus of CM can be viewed as the sum of
eight subsequent injections of small “test boluses”
of 16 ml each. Each of these eight “test boluses” has
its own effect (first pass and recirculation) on arte-
rial enhancement. Thus, the cumulative enhance-
ment response to the entire 128-ml injection equals
the sum (time integral) of each enhancement re-

sponse to each of the eight test boluses [5]. The re-
circulation effects of the earlier test boluses overlap
(and thus are additive) with the first pass effects of
later test boluses. This elucidates the effect of the
injection duration on vascular enhancement:
When CM is administered intravenously over a
prolonged period of time (say 15–40 s), the arterial
enhancement will continuously increase over time,
before it decreases rapidly after the end of the in-
jection. One important consequence for CTA is that
the general rule that the injection duration equals
scanning duration is not universally valid, particu-
larly with faster acquisitions.

The key rules that determine arterial enhance-
ment following an intravenous CM injection in
CTA are summarized in Table 1. The derived (user
selectable) parameters that control arterial en-
hancement are therefore:
– The iodine administration rate. Vascular en-

hancement is proportional to the iodine ad-
ministration rate. Twice the iodine administra-
tion rate (for a given injection duration) gives
twice the enhancement (and requires twice the
CM volume). The iodine administration rate
can be varied either by varying the injection
flow rate or the concentration of the CM.

Fig. 1a-f. Relationship be-
tween contrast medium (CM)
injection and arterial en-
hancement. Simple “additive
model” illustrates the effects
of injection flow rate and in-
jection duration on arterial
enhancement. Intravenous
CM injection (a) causes an ar-
terial enhancement response
(b), which consists of an early
“first pass” peak, and a lower
“recirculation” effect. Dou-
bling the injection flow rate
(doubling the iodine adminis-
tration rate) (c) results in ap-
proximately twice the arterial
enhancement (d). The effect
of the injection duration (e)
can be regarded as the sum
(time integral) of several en-
hancement responses (f).
Note that due to the asym-
metric shape of the test en-
hancement curve and due to
recirculation effects, arterial
enhancement following an
injection of 128 ml (the “time
integral of 8 consecutive 16-
ml injections”) increases con-
tinuously over time (Adapted
from [5], with permission)

a b

c d

e f
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– The injection duration. Because of recirculation
and bolus-broadening effects, longer injection
durations lead to continuously increasing and
stronger vascular enhancement than shorter
injections. Too short injection durations (even
with comparably high flow rates) may not
reach adequate enhancement levels. Injection
durations should be longer than the scanning
time with fast acquisitions.
Both the iodine administration rate and the in-

jection duration must be chosen carefully when
CTA injection strategies for different scanners and
different vascular territories (with different acqui-
sition times) are developed.

Physiological Parameters Affecting
Vascular Enhancement

There is a considerable variation between individ-
uals with respect to the degree and time-course of
vascular enhancement. For example, the CM tran-
sit time (tCMT) from the intravenous injection site to
the aorta may vary between 8 and ≥30 s, depend-
ing on the injection site and – primarily – on
blood flow (cardiac output). Mid-aortic enhance-
ment may range from 140 HU to 440 HU (a factor
of 3) between different patients undergoing ab-
dominal CTA [6]. The key physiological parame-
ters affecting individual arterial enhancement are
cardiac output and the central blood volume.

Cardiac output is inversely related to the degree
of arterial enhancement, particularly in first-pass
dynamics [7]. If more blood is ejected per unit of
time, the CM injected per unit of time will be more
diluted. Hence, arterial enhancement is lower in
patients with high cardiac output, but is stronger
in patients with low cardiac output (despite the in-
creased tCMT in the latter).

The central blood volume is also inversely related

to arterial enhancement – but presumably affects
recirculation and tissue enhancement rather than
the first-pass effect [1]. The central blood volume
correlates with body weight. However, adjusting the
CM dose to body weight will not eliminate the in-
terindividual variability of arterial enhancement
[8]; flow rate adjustments for subjects with body
weight under 60 kg and over 90 kg are advisable.

Instrumentation and Technique

Power Injectors and Saline Flushing

MDCT generally requires the use of a power injec-
tor. Recently, new programmable double-piston
power injectors (one syringe for contrast material,
one for saline) similar to those used in magnetic
resonance angiography have become commercial-
ly available. Flushing the venous system with saline
immediately after the injection of CM pushes the
CM column (approximately 15 ml) from the arm
veins, where it may otherwise remain for up to 1
min, into the circulation. Saline flushing improves
CM utilization by prolonging and slightly increas-
ing arterial enhancement. Furthermore, it reduces
perivenous streak artifacts by removing dense CM
from the brachiocephalic veins and the superior
vena cava in thoracic and cardiac CT [9].

Accurate Scan Timing Relative to the CM
Transit Time tCMT

With faster scanning times, synchronizing the CT
acquisition with the desired phase of enhancement
is becoming even more critical. With scan times as
short as 5–10 s (or less), one may completely miss
the bolus if the delay is not properly chosen. Scan
timing is individualized according to the respec-

Table 1. Key rules for arterial enhancement in MDCT

1 . Arterial enhancement is proportional to the iodine administration rate (iodine flux), and thus can be
contolled by
• Injection rate (ml / s)
• Iodine concentration of CM (mg I / ml)

2 . Arterial enhancement increases (“cumulative”) with prolonged injection duration, and thus can also be
controlled by
• Increasing the scanning delay (relative to CM arrival in the target vessel) and the injection duration

3 . An individual’s arterial enhancement is inversely related to a patient’s cardiac output and central blood
volume, both of which are usually unknown, but correlate with body weight
• Injection volumes and (!) flow rates should be adjusted to body weight [at least for patients with a

body weight >90 kg (increase volume and flow rate 20%) and patients with a body weight <60 kg (decrease
volume and flow rate 20%)]

CM = contrast medium
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tive CM transit time (tCMT). The tCMT can be deter-
mined using either a test bolus injection or auto-
matic bolus triggering.

Test Bolus

The injection of a small test bolus (15–20 ml)
while acquiring a low-dose dynamic (non-incre-
mental) CT acquisition is a reliable means of de-
termining the tCMT [10]. The tCMT equals the time-to-
peak enhancement interval measured from a time-
attenuation curve derived from a region of interest
(ROI) placed within a reference vessel. The scan-
ning delay of a subsequent full-bolus acquisition is
then chosen relative to the tCMT.

Bolus Triggering

Automated bolus triggering is a standard feature
of modern MDCT scanners. A ROI is placed into
the target vessel on a non-enhanced image.While a
full bolus of CM is injected, a series of low-dose
non-incremental (“monitoring”) images is ac-
quired every 2–3 s, and the enhancement is moni-
tored within ROIs placed in the target vessel. As
soon as a predefined enhancement threshold is
reached (e.g., 100 HU), the actual MDCT acquisi-
tion can be initiated.

While bolus triggering is a clinically useful and
robust technique, it is important to be aware of the
following technical details: (a) overestimation of
the true tCMT inherently occurs due to the sampling
rate of the monitoring images; (b) dependent on
the scanner type, the image reconstruction time of
the monitoring slices may require up to 3 s (“what
you see is 3 s old”); and (c) there is a minimum
“trigger delay” or “diagnostic delay” needed for
preparation of the actual CT acquisition as soon
as the threshold is reached. This minimal trigger

delay depends on the scanner model and on the
longitudinal distance between the monitoring se-
ries and the starting position of the actual CT se-
ries (Table 2).

As a practical example, for many four- and
eight-channel GE scanner models, the earliest time
for initiating an MDCT acquisition is approxi-
mately 8 s after the true tCMT (~2 s sampling error
plus 3 s image reconstruction time plus 3 s mini-
mum diagnostic delay). Given the previously dis-
cussed early CM dynamics, this improves rather
than reduces vascular enhancement. However, the
relatively delayed acquisition has to be accounted
for by increasing the injection duration according-
ly (in this example, for 8 s). Otherwise one may run
out of CM at the end of the scan.When the proper-
ties of a scanner are known and understood, one
can use a prolonged scanning delay to advantage
(Fig. 2).

CM Concentration

Vascular enhancement (over time) is generally de-
termined by the number of iodine molecules ad-
ministered (over time). This iodine administration
rate can therefore be increased either by increasing
the injection flow rate and/or by increasing the io-
dine concentration of the CM used (Table 1). Thus,
if one aims at a certain iodine administration rate
(e.g., 1.2 g/s), this requires a faster (e.g., 4 ml/s) in-
jection flow rate with standard (300 mg I/ml) CM
compared with a slower (e.g., 3 ml/s) flow rate with
high-concentration (400 mg I/ml) CM. Very high
iodine administration rates, up to 2.4 g/s or more,
can be safely injected with a 400 mg I/ml solution
at 6 ml/s, whereas an injection flow rate of 8 ml/s
would be required using a standard (300 mg I/ml)
solution. High iodine administration rates are de-
sirable in CTA, notably in patients with a shallow
enhancement response due to an underlying car-

Fig. 2a, b. CTA with increased delay and increased iodine flux for
short acquisition time. Volume rendered image (a) of a thoracic CT
angiogram (16×1.25 mm) obtained in an 84-year-old man with a
saccular descending thoracic aortic aneurysm. Adequate opacifica-
tion is mandatory to identify very small vessels, such as the anterior
medullary artery and the great radiculo-medullary artery of
Adamkiewicz (arrow) in this thin-slab (3-mm) maximum intensity
projection image (b). The artery of Adamkiewicz is fed by the left
11th intercostals artery (arrow). For an acquisition time of only 12 s,
a total of 100 ml of CM (350 mg I/ml) was injected at 5 ml/s (injec-
tion duration 20 s). The scanning delay was determined using auto-
matic bolus triggering, with initiation of the scan 8 s after CM arriv-
ing in the aortaa b
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diocirculatory disease, and for visualizing very
small vessels (Fig. 2). High iodine administration
rates are also desirable for non-vascular imaging
purposes, e.g., for detecting hypervascular liver le-
sions or in organ perfusion studies.

Practical Injection Strategies for CTA

Depending on the scanner type, the acquisition
parameters, and the vascular territory of interest,
MDCT scanning times may vary substantially.
Whereas high-resolution acquisitions of large
anatomical volumes such as peripheral CTA
(Fig. 3) and ECG-gated acquisitions (coronary
CTA) have scan times in the order of 30 s, a tho-
racic CTA may be acquired within 5 s with a 16-

channel MDCT scanner. For practical purposes it
is therefore useful to (arbitrarily) categorize injec-
tion strategies for CTA according to the acquisi-
tion time. Long acquisition times benefit from
biphasic injections, because they lead to a more fa-
vorable uniform enhancement plateau. Fast acqui-
sitions require meticulous scan-timing relative to
the tCMT and benefit from high injection (iodine ad-
ministration) rates.

CM Administration for Slow CTA
Acquisitions

When MDCT acquisition times are greater than
15 s, injection durations can be chosen in the tra-
ditional way, i.e., equal to the scan time. As a con-

Table 2. Important facts regarding scan timing with bolus-triggering

• Bolus triggering is generally a robust technique to determine the contrast medium transit time (tCMT)

• Bolus triggering inherently delays the start of a CT acquisition, when compared to a test-bolus, because 
of several factors (sampling rate, image reconstruction time, switching of parameter settings, table movement)

• This inherent delay differs substantially between scanner models

• The inherent delay improves arterial enhancement, but requires an appropriate increase 
of the injection duration.

Fig. 3a, b. CTA with biphasic CM injection for prolonged acquisition time. Max-
imum intensity projection image (a) and multi-path curved planar reformation
(b) of a peripheral CTA data set from a 58-year-old man (16×0.75 mm, 33 s injec-
tion duration). Note the patent right external iliac artery stent, the diffuse
aneurysmal dilatation of the bilateral popliteal arteries (re>lt) with presumably
embolic focal occlusions of the crural arteries. Note the homogeneous arterial
opacification of the entire peripheral arterial tree achieved with a biphasic injec-
tion using 95 ml of high-concentration CM (400 mg I/ml). The first 25 ml was in-
jected at 4.5 ml/s, the following 70 ml was injected at 2.5 ml/sa b

III.1 Fleischmann  30-06-2005  9:33  Pagina 69



70 MDCT: Scanning and Contrast Protocols

tinuous injection of CM leads to a continuous in-
crease of enhancement, vascular opacification will
be non-uniform over time, with the brightest en-
hancement occurring at the end of the acquisi-
tion. A more uniform prolonged enhancement
can be achieved if biphasic (or multiphasic) injec-
tion profiles are employed [3]. Such injections
consist of an initial high-rate injection, followed
by a longer slow-rate injection phase. Examples
are shown in Table 3 and Figure 3. The scanning
delay is chosen equal to (or only slightly longer)
than the tCMT (tCMT plus 2 s). The minimum trigger
delay with Siemens scanners, for example, is cur-
rently 2 s.

CM Administration for Fast CTA
Acquisitions

Standard injection flow rates (e.g., 4 ml/s of
300 mg I/ml CM) cannot achieve the desired en-
hancement when the injection duration is too
short. To ensure adequate vessel opacification with
fast MDCT acquisitions (<15 s), the iodine admin-
istration rate needs to be increased if the rule “in-
jection duration equals scanning duration” is fol-
lowed (Table 4). This is achieved either by an in-
crease of the injection flow rate or – more conve-
niently – by using a higher iodine concentration of
the CM. Alternatively, one can also increase the

scanning delay in order to allow the enhancement
to increase as well. This strategy is particularly
useful for very short acquisition times; however, it
requires that the injection duration is also pro-
longed, which – in return – increases the total CM
volume.

Examples of “increased delay protocols” are
shown in Table 4 and Figure 1. In this example of a
12-s CTA acquisition, both of the above strategies
(increased iodine administration rate and in-
creased delay) are simultaneously applied: For a
12-s CTA acquisition, a delay of tCMT plus 8 s is cho-
sen [this means, the acquisition begins 8 s after the
tCMT (a “must” with certain GE scanner models)].
The injection rate is increased to 5 ml/s and a
moderately high-concentration contrast agent
(350 mg I/ml) used. The injection duration is 20 s
(12+8), in order to avoid running out of CM at the
end of the scan. This results in a total CM volume
of 100 ml (Table 3).

Conclusions

CM-enhanced MDCT has evolved into a powerful
imaging modality for non-invasive (minimally in-
vasive) vascular imaging and has replaced diag-
nostic intra-arterial angiography in many clinical
settings. Whereas MDCT technology is continu-
ously evolving, and expanding the diagnostic po-

Table 3. Biphasic Injection Protocols for CTA with ‘Long’ Acquisition Times

Iodine 300 mg I/ml CM 400 mg I/ml CM
Acquisition Scanning Total Biphasic Total Biphasic Total Biphasic
time delay dose iodine flux volume injections volume injections
(s) (s) (g) (g at g/s) (ml)a (ml at ml/s)a (ml)b (ml at ml/s)b

40 tCMT+2 42 9 at 1.8 140 30 at 6 105 23 at 4.5
+ 33 at 0.95 + 110 at 3.1 + 82 at 2.4

35 tCMT+2 39 9 at 1.8 130 30 at 6 100 23 at 4.5
+ 30 at 1.0 + 100 at 3.3 + 77 at 2.5

30 tCMT+2 36 9 at 1.8 120 30 at 6 90 23 at 4.5
+ 27 at 1.1 + 90 at 3.6 + 67 at 2.7

25 tCMT+2 33 9 at 1.8 110 30 at 6 85 23 at 4.5
+ 24 at 1.2 + 80 at 4.0 + 62 at 3.0

20 tCMT+2 30 9 at 1.8 100 30 at 6 75 23 at 4.5
+ 21 at 1.25 + 70 at 4.2 + 52 at 3.1

15 tCMT+2 27 9 at 1.8 90 30 at 6 70 23 at 4.5
+ 18 at 1.35 + 60 at 4.5 + 47 at 3.4

tCMT = CM transit time, as established with a test-bolus or bolus-triggering technique
a Volume and flow rate calculated for 300 mg I/ml concentration CM
b Volume and flow rate calculated for 400 mg I/ml concentration CM
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tential of MDCT, it is also becoming more com-
plex, particularly with respect to CM administra-
tion. A basic understanding of the physiological
and pharmacokinetic principles governing vascu-
lar enhancement following an intravenous CM in-
jection will allow us to adapt and optimize injec-
tion strategies for current as well as future MDCT
applications.
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Table 4. Injection protocols for fast CTA acquisitions (“increased delay protocols”)

Iodine 300 mg I/ml CM 400 mg I/ml CM
Acquisition Scanning Iodine Iodine CM volume CM  volume
time delay Dose flux at inj. rate at inj. rate
(s) (s) (g) (g/s) (ml at ml/s)a (ml at ml/s)b

25 tCMT+8 42 1.2 135 at 4.0 100 at 3.0

20 tCMT+8 39 1.35 125 at 4.5 95 at 3.4

15 tCMT+8 36 1.5 115 at 5 90 at 3.8

10 tCMT+8 33 1.8 110 at 6 85 at 4.5

5 tCMT+10 27 1.8 90 at 6 70 at 4.5

1 tCMT+10 23 1.8 75 at 6 60 at 4.5
tCMT = CM transit time, as established with a test-bolus or bolus-triggering technique
a Volume and flow rate calculated for 300 mg I/ml concentration CM
b Volume and flow rate calculated for 400 mg I/ml concentration CM
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Introduction

Multidetector-row computed tomography (MDCT)
scanners with fast gantry rotation and simultane-
ous acquisition of an electrocardiogram (ECG) al-
low for investigations with high spatial and tem-
poral resolution mandatory for the heart and coro-
nary arteries. The scan mode dedicated to cardiac
MDCT is called retrospective ECG gating [1]. For
this technique the spiral CT scan is acquired with a
slow table feed and image reconstruction is per-
formed in the slow-motion diastole phase of the
cardiac cycle.

Cardiac MDCT can be applied for coronary cal-
cium screening and plaque imaging, coronary CT
angiography (CTA), and assessment of myocardial
function. Different scan protocols exist for various
clinical questions. Coronary calcium screening re-
quires investigation of the entire heart without
contrast medium and with 3-mm slices. Overlap-
ping slice reconstruction improves reproducibility
of the coronary calcium quantification [2]. As a
fundamental requirement for screening, the radia-
tion exposure for coronary calcium scanning is re-
duced to a minimum (approximately 2 mSv). ECG
pulsing allows for further reduction by 50% of the
redundant exposure occurring during systole [3].

Coronary CTA for plaque imaging and detec-
tion of coronary artery stenoses requires the high-
est temporal and spatial resolution. Depending on
the technical possibilities, scan and contrast proto-
cols are different for every MDCT scanner (Table 1).

Current Clinical Applications

Coronary Calcium Screening

Coronary atherosclerosis begins as early as the 1st
decade of life with endothelia dysfunction, prolif-
eration of smooth muscle cells, and accumulation
of fat (fatty streaks) in the coronary artery wall [4].
During the later stage of the disease, these lesions
may further accumulate cholesterol within the in-
timal and media layer of the coronary artery wall,
with a fibrous cap separating the lipid pool from
the coronary artery lumen [5]. Inflammatory
processes with invasion of macrophages and acti-
vation of matrix metalloproteases cause consecu-
tive weakening of the fibrous cap [6]. This vulner-
able plaque may rupture when exposed to shear
stress and its thrombogenic lipid material may en-
ter the bloodstream. In the worst scenario, throm-
bus progression may turn the vulnerable plaque

III.2
Current and Future Indications of
Cardiac MDCT

Christoph R. Becker

Table 1. Scan and contrast parameters for coronary CTA

4-detector CT 1 6-detector CT 6 4-detector CT
Collimation 4×1 mm 16×0.75 mm a2×32×0.6 mm
Gantry rotation 500 ms 420–370b ms 330 ms
Scan time ~40 s ~20 s ~10 s
Iomeprol (Iomeron 400) 80/60c ml 80 ml 40 ml
Flow 4/3c ml/s 4 ml/s 4 ml/s
aDual z-focus
bWith Straton tube
cFirst/second phase
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into a culprit lesion that occludes the coronary
vessel, leading to myocardial ischemia, ventricular
fibrillation, and death [7].

In many patients, unheralded myocardial in-
farction associated with a mortality of approxi-
mately 20% is the first sign of coronary artery dis-
ease (CAD). The risk of an event strongly depends
on risk factors, such as hypertension, hypercholes-
teremia, smoking habits, family history, age, and
gender. Based of these risk factors, the Framing-
ham [8] and PROCAM [9] algorithms provide an
estimation of the midterm (10-year) risk for an in-
dividual subject to experience a cardiac event. Ac-
cording to international guidelines, subjects with a
midterm risk of less than 10% are considered to
be at low risk and usually do not require any spe-
cific therapy. Patients with a midterm risk of more
than 20% are considered to be at high risk and
therefore may also be called subjects with a CAD
equivalent. Similar to patients with established
CAD, these asymptomatic subjects may require in-
tensive therapy, such as lifestyle changes and life-
time medical treatment.

Approximately 40% of the population is consid-
ered to have a moderate midterm risk of
10%–20%. All of the stratification schemes suffer
from a lack of accuracy in correctly determining
the risk, and uncertainty exists as to how to treat
subjects who have been identified to be at interme-
diate risk. Other tools providing information about
the necessity to either reassure or to treat these
subjects are warranted. Currently, assessment of
the atherosclerotic plaque burden is considered to
provide valid information for this cohort [10].

Arad et al. were the first to report attempts to
predict cardiac events with coronary calcium as
detected by electron beam CT (EBCT). The calcifi-
cations were quantified according to the algorithm
of Agatston et al. [11]. In their cohort of 1,173 pa-
tients, they observed 26 soft (PTCA and bypass
grafting) and hard (myocardial infarction and
death) events over a period of 19 months. If the
Agatston score was above 160 the odds ratio for an
event was 20–35.4. Raggi et al. [12] used age- and
gender-specific percentiles derived from nearly
10,000 patients to identify patients at increased
risk for an event; 70% of patients with an unher-
alded myocardial infarction (n=172) had a calcium
score above the 75th percentile compared with an
asymptomatic cohort (n=632).

One of the major limitations of the Agatston
score is its low reproducibility [13]. Callister et al.
[14] introduced the volume equivalent with
isotropic interpolation for improved reproducibil-
ity. With this quantification algorithm they were
able to determine the progression rates of coro-
nary calcium in patients with hypercholes-
terolemia under statin therapy. Untreated patients
with a low-density lipoprotein (LDL) level of

over120 mg/dl had an annual calcium volume pro-
gression of 52%. Patients treated with statins with
an LDL level above and below 120 mg/dl had an
annual progression rate of 25% and –7%, respec-
tively [15].Although other authors have confirmed
this observation, it is as yet unclear how the
changes of the calcified plaque burden affect the
cardiac event risk.

Because of different acquisition mode and im-
age quality, the Agatston score and volume equiva-
lent are not comparable and reproducible between
EBCT and MDCT. An international consortium of
all CT vendors (Siemens, Toshiba, Philips, General
Electric) and some leading research and clinical
institutions has recently agreed upon a standard-
ized measurement for coronary calcium. The con-
sortium provides guidelines for standardized CT
scan protocols for any company, as well as guide-
lines for calibration, quantification, and quality as-
surance. In addition, the consortium has agreed
upon the absolute mass quantification as the algo-
rithm with the highest inter-scanner reproducibil-
ity. Once finalized, the consortium will also pro-
vide a web-based database entry allowing estima-
tion of the event risk based on Framingham, PRO-
CAM, and other algorithms, as well as for age- and
gender-specific percentile ranking of the calcium
mass [16].

Currently, all these strategies provide two dif-
ferent numbers for the risk according to the con-
ventional risk assessment and the amount of coro-
nary calcium. It has recently been reported that
the combined use of the Framingham risk assess-
ment and the calcium measurement is superior to
the selected use of the Framingham risk assess-
ment alone [17]. The weak point of the Framing-
ham risk algorithm is that higher age becomes the
predominant factor above all others. This assump-
tion certainly does not fit all subjects. Therefore,
Grundy [18] proposed an alternative scheme in
which the age score in Framingham is replaced by
a scheme that takes into account the coronary cal-
cium percentiles. If the amount of coronary calci-
um is between the 25th and 75th percentiles, the
Framingham risk score remains unchanged. If the
amount of calcium is below the 25th or above the
75th percentile, the score is the same as for sub-
jects approximately 10 years younger or older, re-
spectively.

Coronary CTA

Contrast-enhanced CTA of the coronary arteries is
a new application of MDCT. Coronary artery en-
hancement mainly depends on the contrast medi-
um density and injection rate [19]. With shorter
scan times, as with the 16- and 64-detector row CT
scanners, a mono-phase bolus of 80 and 40 ml
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Iomeprol (Iomeron 400) may be administered, re-
spectively. With longer scan times, as for the four-
detector-row CT, a dual-phase contrast protocol is
required to compensate for contrast recirculation
in the later phase of the injection and to maintain
constant and homogeneous enhancement of ap-
proximately 300 HU for the entire scan range
(Table 1). Iomeprol should always be administered
at body temperature (37°C).

The use of a dual-head injector for the sequen-
tial injection of contrast medium and saline is
mandatory to keep the contrast bolus compact. In
MDCT scanners with shorter scan times, a saline
chaser bolus also results in a wash-out of contrast
medium from the right ventricle, helping to reduce
artifacts caused by the influx of undiluted contrast
medium from the superior vena cava [20].

First reports comparing coronary CTA and
conventional catheter-based coronary angiogra-
phy for the detection of coronary artery stenoses
were encouraging [21-23]. In particular, for the 16-
detector row CT, sensitivity and specificity values
between 86% and 95% have been reported [24, 25].
However, such high values can only be achieved if
non-evaluable coronary segments are excluded
from analysis. In fact, most of the coronary seg-
ments were excluded because of motion artifacts.
Motion-free images have only been achieved in pa-
tients with low and regular heart rates. The admin-
istration of metoprolol (Beloc) at the start of the
investigation may help to reduce the heart rate and
hence improve the image quality.

One of the other limitations in the detection of
stenoses and plaques with coronary MDCT an-

giography is related to calcium or any other dense
material such as metallic stents. These components
are exaggerated by CT and prevent assessment of
the coronary artery wall and lumen. For this rea-
son, patients with chronic stable angina who may
have extensive calcifications or patients after coro-
nary stent placement should currently not be con-
sidered for a CTA investigation.

However, coronary CTA has a high negative
predictive value compared with cardiac catheteri-
zation. In patients with non-specific complaints or
ambiguous stress tests, CTA may serve as a reliable
non-invasive alternative to rule out CAD (Fig. 1).

Coronary CTA is also well suited to visualize
the anatomy in patients with coronary anomalies
and to identify patients in whom the aberrant
coronary artery has its course in between the as-
cending aorta and the pulmonary outflow tract. In
this particular location the coronary artery is at
risk of being squeezed between the two major 
vessels, which may subsequently result in myocar-
dial ischemia. Coronary CTA may also provide
valid and useful information in patients with vas-
culitis and aneurysms [26], fistulas (Fig. 2), or dis-
section.

In addition to displaying the contrast-filled lu-
men like cardiac catheterization, CTA as a cross-
sectional modality can also display the coronary
artery wall. Coronary atherosclerotic changes may
appear as calcified, non-calcified, or mixed
plaques. In a recently published study, Leber et al.
[27] reported that non-calcified lesions were pre-
dominantly found in patients with acute myocar-
dial infarction, whereas calcified lesions were

Fig. 1a, b. Several studies have shown that the negative predictive value of CTA is approximately 98%. CTA investigation of an 80-year-
old woman with left branch block with the suspicion of coronary artery disease. All coronary segments are well assessable and no stenoses
or atherosclerosis can be detected. The left branch block in this patient is most likely due to cardiomyopathy

a b
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found more often in patients with chronic stable
angina. In patients with an acute coronary syn-
drome, a non-calcified lesion in the coronary ar-
tery may correspond to an intra coronary throm-
bus [28] (Fig. 3).

The current gold standard for the detection of
coronary atherosclerosis in vivo is intravascular ul-
trasonography (IVUS). Studies comparing IVUS
with MDCT have shown a good correlation between
the echogeneity and CT density of coronary athero-
sclerotic lesions [29]. The sensitivity and specificity
of CT for the detection of calcified and non-calcified
coronary atherosclerosis is 78% and 94%, respec-
tively. However, the sensitivity for the detection of
non-calcified plaques in a lesion-by-lesion compar-
ison of CTA and IVUS was only 52% [30].

CT density measurement in carotid arteries
[31] and heart specimens [32] has shown that CT
densities of 50 HU and 90 HU within plaques are
specific for lipid and fibrous tissue, respectively. In
a recent study by Langheinrich et al. [33] with mi-
cro-CT and ultrahigh spatial resolution, the ability
of CT to distinguish between different plaque
components such as lipid, fibrin, and calcium was

demonstrated. Interestingly, the proliferation of
smooth muscle cells also increases the CT density
of the plaque.

Recently, we observed a plaque in a patient with
unstable angina who developed a myocardial in-
farction in due course with a culprit lesion at the
location of the former plaque. The vulnerable
plaque that had been detected prior to its rupture
had a dark center surrounded by a bright rim,
most likely corresponding to a lipid pool and a fi-
brous cap, respectively (Fig. 4).

Future Technical and Clinical
Potential

Current ongoing prospective cohort studies such
as the PACC [34], RECALL [35], and MESA [36]
studies will determine the predictive value of coro-
nary calcium for cardiac events. If the results, ex-
pected by the end of this decade, are positive, coro-
nary calcium percentile ranking in combination
with conventional risk assessment will be incorpo-
rated in future prevention guidelines.

a b

Fig. 2a, b. Patient with a
heart murmur. The CTA in-
vestigation demonstrates
a fistula of the circumflex
coronary artery (arrow)
with kinking draining into
the right atrium

Fig. 3a, b. Images of a
patient with acute myocar-
dial infarction. Volume
rendering of the CTA data
set (a) demonstrates a
high-grade stenosis (ar-
row). The maximum inten-
sity image (b) demon-
strates the culprit lesion in
the corresponding location
(arrow) most likely corre-
sponding to thrombus for-
mation (low CT densities
and irregular borders)a b
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With the standardization of coronary calcium
measurements, the results of these studies, origi-
nally obtained with EBCT, may be transferred to
MDCT. MDCT scanners are already widely avail-
able and therefore will allow for widespread use of
coronary calcium scanning for further risk stratifi-
cation in subjects with an intermediate cardiac
event risk.

If CTA can detect vulnerable plaques in pa-
tients with acute coronary syndrome directly, new
strategies need to be considered for appropriate
treatment of these patients. The detection of non-
invasive vulnerable plaques may justify intensive
medical treatment or may lead to invasive ap-
proaches such as plaque sealing.

In patients with atypical chest pain, CTA may
soon serve as a tool for the complete diagnostic
work-up of patients. A single CTA investigation
will allow detection of pulmonary emboli, aortic
dissection, or coronary thrombus. Currently, how-
ever, it appears unlikely that coronary CTA will be
used as a screening tool for vulnerable plaques in
asymptomatic subjects because of the necessity to
administer contrast medium and the comparative-
ly high radiation exposure of this application.

Some technical improvements of MDCT are
foreseen within the next few years; these include
shorter exposure times and higher spatial resolu-
tion. Exposure times will become short enough to
scan the coronary arteries at any heart rate with-
out the necessity to administer beta-blockers, and
the higher spatial resolution will reduce the arti-
fact caused by metal or calcium. Once these re-
quirements are fulfilled, coronary CTA may re-
place cardiac catheterization for the triage of pa-

tients for conservative, interventional, or surgical
therapy and may restrict the use of an invasive di-
agnostic procedure to pre-selected patients in
whom coronary interventions are essential.
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Introduction

After the introduction of spiral computed tomo-
graphy (CT), there was a dramatic increase in the
clinical indications for CT angiography (CTA),
with a large number of studies performed world-
wide, especially after the development of multide-
tector-row CT (MDCT) technology. MDCT allows
the simultaneous acquisition of four or more (the
number is continuously increasing) slices per sin-
gle gantry rotation with a speed at least eight times
that of single-slice spiral CT, as well as excellent
longitudinal resolution and near-isotropic voxels.
MDCT has had a significant effect on CTA by ena-
bling high spatial resolution even when imaging
large volumes, with excellent visualization of small
branches after a single bolus administration of
contrast agent [1-3]. As a result, CTA has become a
valid method for diagnostic vascular imaging,
challenging digital subtraction angiography (DSA)
in most areas. DSA is now performed only as a first
step during interventional procedures.
Indications for vascular imaging of the abdominal
aorta, renal arteries, and lower extremity arteries
include peripheral atherosclerotic arterial disease
(PAD), aneurysm, vasculitis, vascular masses, and
trauma. PAD more commonly affects the renal ar-
teries and lower extremities, causing symptoms
that range from nephro-vascular hypertension to
intermittent claudication and/or limb-threatening
ischemia.
Lesions can be distinguished by type (atheroma-
tous versus thromboembolic), chronicity (acute
versus chronic), severity (mild, moderate, severe
stenosis), length (focal, short, long segment), vessel
wall location (circumferential versus eccentric),
and vascular territory (inflow versus outflow).
In most cases, aneurysm affects the abdominal
aorta, although wall dilatation can be seen in any
vascular segment of the body, including the renal
and run-off arteries (especially the popliteal arte-

ries, Fig. 1). Vasculitis more frequently affects the
upper extremities. Systemic symptoms are not un-
common; patients may present with a combination
of claudication, rest ischemia, and/or Raynaud’s

III.3
Abdominal Aorta, Renal Arteries
and Run-Off Vessels

Carlo Catalano, Alessandro Napoli, Francesco Fraioli, Mario Cavacece,
Linda Bertoletti, Piergiorgio Nardis and Roberto Passariello

Fig. 1a, b. CTA of the run-off vessels in a patient with abdominal
aortic aneurysm (AAA, not shown in the figure) with a left popliteal
pulsating mass (popliteal aneurysm); a and b show left leg and
right leg respectively, back view). Both images are reformatted
with a volume rendering (VR) technique that allows a prospective
view. In both cases bony editing has been performed, and bones
have been subsequently displayed on the transparency, giving ex-
cellent anatomical boundary

a b
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phenomenon, depending on the disease burden,
level of involvement, and collateral flow. Vascular
masses include aneurysms, hemangiomas, and ar-
terio venous malformations. Both acute and chro-
nic vascular injuries can be easily and successfully
evaluated with CTA.
Key factors for successful CTA include the combi-
nation of the best scanning profile with the precise
delivery of the contrast medium, as well as high-
quality imaging display by means of multiple
three-dimensional reformations. A detailed de-
scription of the current CTA scanning protocols,
contrast medium administration strategies, and

three-dimensional image reconstruction approa-
ches for the renal arteries, abdominal aorta, and
run-off vessels ensues.

Scanning Protocol

The scanning profile employed for CTA of the re-
nal arteries as well as the infrarenal abdominal
aorta and run-off arteries largely depends on the
scanner type available (4-, 8-, 16-, or 64-row). Scan-
ning protocols with different CT scanners and de-
tector technology are summarized in Tables 1-3.

Table 1. Acquisition parameters for four-channel MDCT units

Acquisition Manufacturers Detector Pitch Table speed Scan time
configuration (mm/s) (s)a

(channels×mm)
Fast volume coverage GE 4×2.5 1.5 18.75 16

Philips 4×2.5 1.5 30 10
Siemens 4×2.5 1.5 30 10
Toshiba 4×2 1.375 22 14

High-resolution GE 4×1.25 1.5 9.375 32
Philips 4×1 1.5 12 25
Siemens 4×1 1.5 12 25
Toshiba 4×1 1.375 11 27

Submillimeter-isotropic
resolution GE) 2×0.625 1.5 2.3 65

Philips 2×0.5 0.8 1.6 94
Siemens 2×0.5 0.8 1.6 94
Toshiba 4×0.5 0.75 3 50

aScan time for hypothetic volume coverage of 30 cm

Table 2. Acquisition parameters for eight-channel MDCT units

Acquisition Manufacturers Detector Pitch Table speed Scan time
configuration (mm/s) (s)a

(channels×mm)
Fast volume coverage GE 8×2.5 1.35 54 5.5

High-resolution GE 8×1.25 1.5 27 11.1

Submillimeter-isotropic
resolution GE 2×0.625 1.5 2.3 65.22

aScan time for hypothetic volume coverage of 30 cm

III.3_Catalano  30-06-2005  9:37  Pagina 80



III.3 • Abdominal Aorta, Renal Arteries and Run-Off Vessels 81

Renal Arteries

To assess abnormalities of the renal arteries, the
patient is placed head-first and supine on the scan-
ner table, and is then asked to hold his/her breath
during the scanning procedure. As for regular exa-
minations of the abdomen, an initial topogram
(512 mm) is obtained from the diaphragm to the
pelvis in order to correctly place the acquisition
volume on the kidney area.

Scanning prior to the administration of con-
trast medium is not routinely performed for CTA,
but is not an option when looking for lithiasis or
hemorrhage, such as intralesional bleeding (i.e.,
angiomyolypoma). Due to the relatively small
anatomical volume to be examined, the renal arte-
ries are usually scanned using a high-resolution
protocol, regardless of the number of simulta-
neous helices acquired with the existing CT scan-
ner (4-, 8-, or 16-row). A near-isotropic to submil-
limeter (1.25–0.75 mm) detector configuration is
always employed for excellent arterial detail. Even
with a detector configuration of 4×1 mm, which
virtually represents the slowest scan configura-
tion achievable with an MDCT scanner, the scan
time is reasonably short, allowing scanning wi-
thin a single breath hold at the highest in-plane
resolution.

Abdominal Aorta and Run-Off Arteries

The patient is placed feet-first and supine on the
scanner table. The legs are secured with cushions
and adhesive tape as close to the isocenter of the
scanner as possible. In order to separate the tibia
from the fibula, and consequently the trifurcation
vessels from the bones, the patient’s feet can be
tied at a slight degree of internal rotation. This

trick, although not in universal use, can facilitate
post-processing and more easily display the calf
vessels. A large topogram (1,024 mm) is obtained
from the diaphragm to the feet in order to position
the acquisition volume and examine the arterial
district from the celiac trunk to the pedal circula-
tion [6].

Using a 4-channel MDCT scanner with a
gantry rotation time of 0.5 s, the following proto-
col has proved successful: 4×2.5-mm collimation,
3-mm section thickness, 50% slice overlap, table
feed of 15 mm per gantry rotation (30 mm/s), re-
sulting in a scan time between 35 and 45 s, depen-
ding on the patient length. With a 4-channel
MDCT scanner, 3-mm slice thickness yields a rela-
tively thin slice in a sufficiently fast mode. Thin-
section acquisitions (~1 mm) provide excellent de-
tail but are limited by image noise (abdomen), long
scan times, and as a consequence by venous opaci-
fication, especially in the lower limbs.

Protocols for 8-channel MDCT scanners are:
8×1.25-mm collimation, a table feed of 16.75 mm
per gantry rotation (33.5 mm/s), resulting in a scan
time between 31 and 39 s, or 8×2.5-mm collima-
tion, a table feed of 33.5 mm per gantry rotation
(67 mm/s) with a scanning time between 16 and
20 s.

Protocols for 16-channel MDCT depend on the
detector configuration and scanner.With 16-chan-
nel MDCT scanners, either high- or low-resolution
protocols can be successfully used, without any
risk of venous contamination or excessively slow
scanning. A high-resolution protocol can be per-
formed using a collimation between 16×0.75-mm
and 16×0.63-mm, depending on the manufacturer,
with a similar table feed of 17.5–18 mm/rotation
and a scanning time between 29 and 37 s.

Lower-resolution protocols can also be utilized,
reducing the scan time: 16×1.25–1.5-mm collima-

Table 3. Acquisition parameters for 16-channel MDCT units

Acquisition Manufacturers Detector Pitch Table speed Scan time
configuration (mm/s) (s)a

(channels×mm)
High-resolution GE 16×1.25 1.375 55 5.5

Philips 16×1.5 1.25 60 5
Siemens 16×1.5 1.5 72 4
Toshiba 16×2 0.9375 60 5

Submillimeter-isotropic
resolution GE) 16×0.625 1.375 27.5 11

Philips 16×0.75 1.25 30 10
Siemens 16×0.75 1.5 43 7
Toshiba 16×0.5 1.4375 23 13

aScan time for hypothetic volume coverage of 30 cm
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tion, table feed of 33–35 mm per gantry rotation,
and a scanning time between 15 and 20 s. Compa-
red with 4-channel MDCT, 8-channel MDCT af-
fords greater temporal resolution, while 16-chan-
nel MDCT affords both greater temporal and spa-
tial resolution. When compared with 4-channel
MDCT, for the same volume coverage, collimation,
gantry rotation, and nominal section thickness,
scan times are twice as fast with 8-channel MDCT
and 4 times faster with 16-channel MDCT. When
using 16-channel MDCT, thinner sections can be
obtained (0.625 mm) with still half the scan time
of four-channel MDCT. The thinner acquisition
(≤1.25 mm) provides high-resolution isotropic da-
ta sets, which improve image quality and three-di-
mensional post-processing.

In contrast to other vascular areas, such as the
coronaries, even 4-channel MDCT scanners provi-
de excellent results in the evaluation of PAD (Fig. 2),
as shown by all articles published to date on the
topic.

In most cases, whenever performing CTA of the
abdominal aorta and run-off arteries, the kidney
area is included in the scanned volume. Therefore
renal arteries (small volume) are acquired with the
regular scan protocol as per the run-off arteries
(large volume). However, renal arteries are smaller
in caliber than most arteries of the run-off vascula-
ture and may be poorly seen without further pro-
cessing. In general, as we cannot modify the scan
protocol, we tend to reconstruct the entire volume
with a relatively large image thickness (3 mm, re-
construction interval 3 mm) and to produce a se-
cond volume, targeted to the renal arteries using
reconstruction with a thinner interval (3 mm,
1-mm reconstruction interval).

Image Reconstruction

Standard-resolution CTA data sets can be obtained
from 2.5- to 3-mm MDCT acquisitions, whereby

Fig. 2a-c. Patient with bi-
lateral rest pain and critical
limb ischemia. CTA studies
reformatted with maximum
intensity projection (MIP)
(a) and VR (b) technique
show diffuse atherosclerotic
changes of the run-off dis-
trict, with occlusion of the
right superficial femoral ar-
tery (SFA), dilatation of the
right popliteal artery, multi-
ple stenotic lesions of the
left SFA, occlusion of its dis-
tal portion, and extensive
arterial collateral net visual-
ization, as confirmed by
digital subtraction angiog-
raphy (DSA) (c)

a b c
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overlapping images are reconstructed every 1- to
1.5-mm. Depending on the existing image storage
capabilities, for a large volume it may be preferable
to reconstruct the entire volume with relatively
large intervals (2.5–3 mm). Manufacturers allow
further reconstruction of the scanned volume with
a thinner interval (0.5–1 mm) for selected areas.
This is especially important when examining the
inflow and run-off district, which is a large arterial
volume generating a proportionately large number
of images. Therefore, thinner reconstruction can
be performed on a second reconstruction task tar-
geted to the kidney area for fine depiction of the
renal arteries, thus limiting the number of images
created (Fig. 3).

High-resolution isotropic data sets can be ob-
tained from thin collimation (≤1.25 mm) acquisi-
tion, whereby overlapping images are reconstruc-
ted at 0.5- to 0.8-mm increments. Thinner recon-
structions produce higher image quality for depic-
ting small vessels, but require greater processing
speed and archival storage to deal with the larger
volume of data. Furthermore, the thin-section data
sets are limited by increased image noise in the ab-
domen, requiring increased milliamperes.

Contrast Agent Administration

Abdominal Aorta and Run-Off Arteries

The administration of the bolus of contrast agent
is crucial for the successful performance of peri-
pheral CTA. The aim of a CTA study is to obtain a
constant enhancement of arterial structures, even
of small caliber, throughout the acquisition, wi-
thout venous contamination. It must be borne in
mind that the best contrast enhancement in CT is
obtained when the maximum concentration of io-
dine in the scanned volume is reached during the
effective acquisition temporal window.

Optimization of contrast medium administra-

tion is the key factor for achieving a good periphe-
ral MDCT vascular examination, particularly in
patients with peripheral arterial occlusive disease
(PAD), and especially with faster (8- and 16-chan-
nel) scanners. The flow rate, iodine concentration,
amount of contrast agent, and delay time all affect
the image quality.

The contrast medium transit time from the in-
jection site to the beginning of the scan volume va-
ries for individual patients. In 95% of patients the
time between the injection of contrast agent and its
arrival at the abdominal aorta ranges between 14
and 28 s. To account for this variability, scan delays
should be individualized. This can be accomplished
by calculation of the delay time, either with a test
bolus or an automated bolus-triggering technique.

Because many patients with PAD may have co-
existing cardiovascular disease with reduced car-
diac output, initial enhancement profiles may be
shallow. In this case, an increase of the initial in-
jection flow rate (e.g., 5–6 ml/s for the first 5 s of
the injection), use of a high-concentration contrast
medium (≥350–400 mg I/ml), or an increased
scanning delay relative to the contrast arrival in
the aorta (i.e., 8 s) are options for eliminating this
problem.

In patients with PAD, flow-limiting arterial ste-
noses and occlusions may be present anywhere
between the infrarenal aorta and the pedal arte-
ries in the leg. The bolus transit time from the aor-
ta to the popliteal arteries, for example, ranged
from 4 to 24 s (mean 10 s) in a group of 20 patients
with PAD. The clinical stage of the disease was no
predictor of aorto-popliteal bolus transit time. Ex-
trapolated for the entire peripheral arterial tree
and across individuals, an injection duration of
35 s is necessary to guarantee optimal opacifica-
tion of the aorta down to the pedal branches in all
(>97.5%) patients. With 4-channel MDCT this is
not relevant, because acquisition times are usually
longer than 35 s. With 8- and 16-channel scanners,
however, the CT acquisition may outrun the bolus

Fig. 3a, b. CTA performed with a standard fast scan protocol for run-off arteries (4×3 mm) and subsequently reconstructed with a thin-
ner reconstruction interval (1 mm) of the kidney area. The MIP (a) image clearly shows bilateral double renal arteries. Atherosclerotic
changes are seen on all four arteries and are better visualized with a curved planar reconstruction (b) along the course of the arteries

a b
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if the scanning protocol does not account for pos-
sible slow arterial filling.

In the case of asymmetric flow, differences in
enhancement of the two extremities may occur,
particularly in those patients with unilateral occlu-
sive or dilatative disease; in most cases, however,
the distal enhancement is bilaterally adequate for
the diagnosis. As far as image degradation from
the veins is concerned, previous studies have
shown that venous enhancement occurs after ap-
proximately 120 s; nevertheless, there might be ve-
nous enhancement in cases of cutaneous trophic
lesions or in patients with arteriovenous fistulas or
varices. In our experience, and in accordance with
other studies, venous enhancement did not degra-
de image quality in any case [7]. A practical con-
trast medium administration strategy for periphe-
ral CTA is shown in Table 4.

Renal Arteries

When scanning only the renal arteries, the anato-
mical volume to be covered is obviously shorter
than when studying the entire abdominal aorta
and peripheral vessels. Therefore the total amount
of contrast medium will be targeted to the actual
scan time (which of course depends on the CT
scanner available). Once the contrast medium arri-
val time has been determined (either by the bolus
test or the trigger technique), even when scanning
with a high spatial resolution (4×1, 16×0.75) the
scan time will not exceed 15 s. This protocol allows

the use of a limited amount of contrast medium
(80 ml at 4 ml/s), yet yields excellent opacification
(Fig. 4). A practical contrast medium administra-
tion strategy for renal CTA is shown in Table 5.

Three-Dimensional Post-processing
for CTA

When performing an MDCT peripheral vascular
study, a large amount of data is routinely produ-
ced. For easier management, the volume data set is
then transmitted to a dedicated workstation where
all CTA studies are analyzed using three-dimen-
sional rendering software [4, 5]. The three-dimen-
sional data set analysis uses several types of recon-
struction algorithms and should be considered
part of the MDCT examination.

Rapid scrolling of the axial image is always car-
ried out as the first step of the reviewing process in
all MDCT angiography examinations; the reader
can select different planes of examination and can
then apply all reconstruction algorithms provided
by the workstation: multiplanar reformatting
(MPR), maximum intensity projection (MIP), thin
MIP, and volume rendering (VR).

The creation of MIP reconstructions usually 
involves removal of bony structures from the
source image, which can be time-consuming,
although, in our experience, MIP represents 
the best algorithm to display very fine details of
PAD. VR has the advantage of allowing fairly de-
tailed assessment of the vascular tree without 

Fig. 4a-c. Patient with nephro-vascular hypertension. CTA with
MIP (a) reconstruction shows right renal artery stenosis and post-
stenotic dilation of the artery, which also presents early bifurcation.
DSA, performed subsequently, confirmed the tight stenotic lesion
(b) and allowed treatment maneuvers (c)

a
b

c
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necessarily requiring bony editing (Fig. 5).
Nevertheless, the use of only MIP, thin MIP, and

VR may impair the quantification of stenosis, par-
ticularly if heavy parietal calcification or endolu-
minal stents are present (which may even comple-
tely obscure the vascular flow). This represents the
major drawback of both MIP and VR techniques.
The easiest way to assess luminal narrowing and

vessel wall disease is to review the transverse sour-
ce images. Alternatively, longitudinal cross-sec-
tions can be obtained using either multiplanar or
curved planar reformations (CPR).

CPR provide the most comprehensive cross-
sectional display of luminal pathology. Our expe-
rience suggests that using either CPR or very thin
MIP (reformatted along the vessel course and wi-

Fig. 5a, b. Patient with AAA
and left claudication also pre-
sented a severe stenosis of the
left renal artery. Both VR (a)
and MIP (b) images clearly
show the AAA with atheroscle-
rotic wall changes and calcified
plaques, the left renal artery
stenosis, and the occlusion of
the right SFA

a b

Table 4. Peripheral CTA: contrast medium injection strategy

Scan Delay Flow Rate Volume Expected Scan Time
Det × mm (s) (mL/s) (mL) (s)
4×3 28 4 to 5 140 35 to 50
8×1.25 TB or Tr + 8 4 to 5 130 32
16×1.25 TB or Tr + 10 4 to 5 110 25 to 28
Data refer to high Iodine concentration solution (370/400 mgI/mL); TB = Test Bolus, Tr = Trigger

Table 5. Renal CTA: contrast medium injection strategy

Scan Delay Flow Rate Volume Expected Scan Time
Det × mm (s) (mL/s) (mL) (s)
4 × 1 TB or Tr 4 to 5 120 25
8 × 1.25 TB or Tr 4 to 5 90 18
16 × 0.625 TB or Tr 4 to 5 80 15
× 0.75
× 0.5
Data refer to high Iodine concentration solution (370/400 mgI/mL); TB = Test Bolus, Tr = Trigger
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thout bony editing), allows fine anatomical and/or
pathological detail of the renal arteries to be
achieved. This can be further improved by second-
task targeted thinner reconstruction of the kidney
area (when a 4×3-mm detector configuration is
employed) [8] (Fig. 3).

A recent article by Ota et al. [9] showed that the
highest accuracy for stenosis, especially in the pel-
vic arteries, is achieved by analyzing cross-sectio-
nal images rather than simply original axial ima-
ges. In their study the accuracy rose from 93.5%
with original axial images to 99.1% with cross-sec-
tional images, and the difference was even greater
in the presence of heavy parietal calcifications,
which mainly occur in peripheral occlusive disease
at the aorto-iliac segments.

Clinical Applications Overview

Numerous reports have confirmed the robustness
of CTA for imaging the aorta and other vessels and

its many advantages compared with conventional
angiography. In particular, whereas conventional
angiography reveals the lumen of an aneurysm,
CTA demonstrates the overall aneurysm size and
extent, as well as its relationship to adjacent struc-
tures (Fig. 6).Van Hoe et al. [10], for example, com-
pared CTA with DSA in 38 patients with abdomi-
nal aortic aneurysms; the proximal extent of the
15 juxta- and suprarenal aneurysms was predicted
correctly in 14 cases with CTA but in only 12 cases
with DSA. There have been additional reports on
the utility of helical CTA for imaging suspected
traumatic aortic injury [11], for the examination
of living renal donors [12], for the staging of mali-
gnancy prior to surgery, and for the evaluation of
hepatic transplant recipients before and after sur-
gery [13]. For all of these clinical situations, CTA
could be combined with additional imaging (e.g.,
unenhanced, portal venous, delayed).

The use of CTA for imaging the renal arteries
was first reported by Rubin et al. [14], although
subsequent investigations of CTA for renal artery

Fig. 6a-c. Patient with AAA. The CTA study with VR technique (a) demonstrated an in-
frarenal AAA, a left common iliac artery stenosis, left common femoral artery dilation, and
left SFA occlusion. The patient underwent DSA (b) and AAA endovascular repair as well as
left common iliac artery stenting, in order to improve the inflow. Post-procedural CTA (c)
showed complete exclusion of the aneurysmal sac and correct deployment of the iliac stenta

b c
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stenosis were somewhat disappointing. By the mid
to late 1990s, with the use of thinner sections and
an optimized technique, reports were published of
nearly 100% sensitivity and specificity for the
identification of more than 50% renal artery ste-
noses [16-18]. For the evaluation of patients with
suspected renal artery stenosis, CTA is less expen-
sive than magnetic resonance angiography (MRA),
can reveal flow within metal stents as well as arte-
rial calcification, and can be used to directly plan
for renal arterial angioplasty [18]. However, CTA
requires the use of iodinated contrast medium,
which is not suitable for patients with renal insuf-
ficiency. Multiphasic helical CT, including CTA,
was also reported as a replacement for the combi-
nation of DSA and intravenous urography for the
evaluation of patients being considered as living
renal donors. As first reported by Rubin et al. [19],
and confirmed by multiple investigations (most
recently in patients undergoing laparoscopic renal
extraction) [20], there was a very high correlation
with findings at surgery for the arterial and venous
anatomy. Multiphasic CT permitted the identifica-
tion of calculi, anatomical variations such as mul-
tiple renal arteries, early renal branching, and re-
troaortic/circumaortic renal veins, and renal mas-
ses. Similar techniques can also be used for ima-
ging potential living liver donors, although in this
instance MRA is advantageous, because MR cho-
langiography can easily be performed at the same
sitting, permitting anatomical variants that might
preclude donation to be identified.

CTA has been demonstrated to be robust and

effective by many authors for the infrarenal aorta
and peripheral vessels, with very high sensitivity,
specificity, and accuracy compared with DSA.With
such a large scan volume, MDCT has replaced DSA
for imaging of peripheral arterial occlusive disea-
se, leaving DSA for treatment purposes only.

Low-Dose Scanning

With the advent of MDCT, the total number of va-
scular examinations performed routinely has dra-
matically increased (to 1,450 studies performed in
the recent past at the Cardio-Vascular Imaging
Service, Department of Radiological Sciences, Uni-
versity of Rome “La Sapienza”). This poses requi-
rements for a reduction of the X-ray dose delivered
to the patient. With regular amperage (130 mA)
the effective CTA dose is 13.8 mSv. At 8.8 mSv, the-
re is a risk of up to 0.02% for inducing cancer in
the population over 50 years old, which is currently
considered the target population for atherosclero-
tic disease. For this reason new protocols with low
dose are necessary. Our experience suggests that
the actual dose delivered to the patient can be re-
duced to 8.2 mSv for 100 mA and to 3.7 mSv for
50 mA, thus obtaining a critical dose reduction of
up to 62%.

However, CT scans with low irradiation dose
reduce the signal-to-noise (S/N) ratio of the ima-
ges, with a subsequent decrease in image quality.A
possible solution to this problem is the use of con-
trast agents with a high iodine concentration; this

Fig. 7a, b. CTA of the run-off arteries (a) performed with a low-dose scan proto-
col (50 mA) and a high iodine concentration (400 mg I/ml) shows multiple athero-
sclerotic changes of the right SFA with segmental stenotic lesions and occlusion of
the left SFA, as confirmed by DSA (b). Lowering the dose delivered to the patient
did not affect the diagnostic accuracy, especially with a contrast medium with a
high iodine concentration; this should be considered as an alternative CTA scan
protocol for slim, young patientsa

b
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may compensate for the reduction in S/N. Figure 7
shows that diagnostic accuracy is not affected
when a contrast medium with a high iodine con-
centration (400 mg I/ml) is used with low-dose
CTA (50 mA).

To be remembered also is that image quality per
se is not a critical issue in diagnostic radiology sin-
ce the ultimate goal is solely the correct diagnosis.

Conclusions

With the continuing advances in MDCT, CTA has
continued to evolve. Helical CT and now MDCT
have revolutionized non-invasive arterial imaging
for an increasing number of examinations, and
continue to do so to this day. Conventional angio-
graphy will always play a major role in patient ca-
re, because interventional vascular procedures re-
quire arterial catheterization. However, for diagno-
stic purposes, CTA, especially when performed on
MDCT scanners, has become the imaging moda-
lity of choice for many clinical situations, inclu-
ding suspected aortic dissection or transection,
aortic aneurysm, suspected pulmonary artery em-
bolism, tumoral staging, and evaluation of poten-
tial living renal donors. MRA does compete with
CTA, but with the improvements in the spatial re-
solution of MDCT angiography and the ease of re-
formation of the imaging volume, the advantages
of MRA for some indications have decreased over
the past few years. MRA continues to have a pri-
mary role when radiation exposure is a concern
(especially in young individuals who may need
multiple studies over time or when multiphasic
imaging is to be performed) or when iodinated
contrast is contraindicated (due to renal dysfunc-
tion or allergy). The challenges of viewing, inter-
preting, and storing increasingly large CT data sets
have lessened to some extent as picture archiving
systems and workstations have kept up with these
demands. Multiple types of reformations are now
available with a click of a button and within a mat-
ter of seconds even volumetric reformations are
achievable. However, in our opinion, review of the
images in a cine fashion on a CT monitor or work-
station remains the mainstay of initial evaluation,
even with CTA of the lower extremities. Finally,
when interpreting CTA studies, attention must al-
ways be paid to the extra-arterial structures, since
CT is a global examination, and alternative or ad-
ditional diagnoses may be present.
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Introduction

Computed tomography (CT) has dramatically
changed the diagnostic approach to suspected pul-
monary embolism in the last decade. Pulmonary
computed tomographic angiography (CTA) is to-
day an accurate test for the detection of pul-
monary embolism (PE) and is gaining increased
acceptance as a first-line study for diagnosing
acute PE (Fig. 1) [1].

In Search of a Gold Standard

Although pulmonary angiography has traditional-
ly been regarded as the gold standard for the diag-
nosis of PE (Fig. 2), it is undoubtedly a flawed gold
standard [2]. In the Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED) study,
the rate of non-diagnostic pulmonary angiogra-
phy was 3% [3]. Isolated subsegmental pulmonary

emboli were seen in 6% of patients, and interob-
server variability in the diagnosis of emboli at this
level was 66%. There is accumulating evidence il-
lustrating the limitations of this technique for the
unequivocal diagnosis of isolated peripheral pul-
monary emboli. Two recent analyses of the inter-
observer agreement rates for the detection of sub-
segmental emboli with selective pulmonary an-
giography ranged from only 45% to 66% [4]. Given
such limitations, use of this method as an objective
and readily reproducible tool for the verification
of findings from competing imaging modalities re-
garding the presence of PE seems questionable,
and the status of pulmonary angiography as the
standard of reference for diagnosis of PE is in
doubt.

The use of nuclear medicine imaging, once the
first study in the diagnostic algorithm for PE, is al-
so in decline [5], owing to poor interobserver cor-
relation [6] and the high percentage of indetermi-
nate studies (73% of all studies performed [3]).

III.4
MDCT for Diagnosis of Pulmonary Embolism:
Have We Reached Our Goal?

Andreas F. Kopp, Axel Küttner, Stephen Schröder, Martin Heuschmid and Claus D. Claussen

Fig. 1. Clinical algorithm for patients with clinical suspicion of pulmonary embolism (PE). CTA, computed tomographic angiography;
MDCTA, multi detector CTA
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Newer technologies in nuclear medicine, such as
single-photon emission CT [7], and revised crite-
ria for the interpretation of ventilation-perfusion
scans [8] might help decrease the rate of indeter-
minate scintigraphic studies. Interobserver agree-
ment for CT is considerably better than that for
scintigraphy. Blachere et al. [6] found an interob-
server agreement for the diagnosis of PE of 0.72
for CTA and only moderate agreement for ventila-
tion-perfusion lung scanning (0.22).

Furthermore, with the advent of 16-slice multi-
detector-row CT (MDCT), traditional technical
limitations of CT in the diagnosis of PE appear to
have been successfully overcome (Fig. 3) [9, 10].
Therefore, in more recent studies, clinical follow-
up with CT has been chosen as the gold standard
over pulmonary angiography [4, 11]. It is accepted
that PE occurring within 3 months of a CT pul-
monary angiogram that showed no signs of PE
most likely indicates an initial false-negative ex-
amination [12, 13]. This approach may miss small
emboli that do not lead to the presentation of
symptoms, but such emboli are unlikely to be clin-
ically significant if no evidence of recurrent
thromboembolic disease has been noted 3 months
or longer after initial presentation [9, 14, 15].

Contrast Medium Injection

The advent of MDCT has necessitated an exten-
sive revision of injection protocols for contrast
material (Tables 1 and 2). Faster scanning times
allow acquisition during maximal contrast en-
hancement of pulmonary vessels but pose an in-
creased challenge for the precise timing of the
contrast material bolus. Strategies that have the
potential to improve the delivery of contrast ma-
terial for high and consistent vascular enhance-
ment during pulmonary CTA currently include
use of high-concentration contrast media (400 mg
of iodine/ml, e.g., Iomeron 400) together with au-
tomated bolus-triggering techniques [15]. It is es-
sential to achieve a high level of iodine concen-
tration rapidly. This is particularly important us-
ing scanners that have a large number of detector
rows. A given volume of high-concentration con-
trast medium will produce higher attenuation in
the arteries than the same volume of standard
contrast medium (300 mg of iodine/ml). The use
of high-concentration contrast medium has the
advantages of facilitating post-processing, allow-
ing depiction of smaller vessels and reducing the
overall amount of contrast medium required by
approximately 30%. Saline chasing has been used
for the effective utilization of contrast material
and for the reduction of streak artifacts arising
from the superior vena cava. Multiphasic injection
protocols have proved to be beneficial for general
CTA, but so far have not been scientifically evalu-
ated for the diagnosis of PE.

Negative Predictive Value

Patient treatment after a CT pulmonary an-
giogram that shows no signs of PE is controver-
sial. In a recent study, Kavanagh et al. [16] reported

Fig. 2. A 29-year-old male patient with acute chest pain. Pul-
monary CTA with low-dose settings was performed to rule out pul-
monary embolism. Despite a voltage of only 80 kV and a tube cur-
rent of 100 mA, the image quality is still diagnostic (collimation
16×0.75 mm, 80 ml Iomeron 400)

Fig. 3. A 50-year-old male patient with chest pain: transverse con-
trast-enhanced 16-row multidetector scan with submillimeter col-
limation (16×0.75 mm, 80 ml Iomeron 400) reveals an isolated sub-
segmental embolus (arrow)
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a negative predictive value of 99% for MDCT pul-
monary angiography for subsequent clinically sig-
nificant PE.An MDCT pulmonary angiogram with
no signs of PE correlates with a low risk of subse-
quent clinically significant PE.

Outlook

Recently, a new generation of MDCT scanners has
been introduced with 64-row technology. Together
with shorter gantry rotation, this significantly fur-
ther increases the volume speed of MDCT. The
SIEMENS Sensation 64 scanner with a rotation
time of 0.33 s also uses oversampling in the z-di-
rection for better spatial resolution (Fig. 4). This

allows isotropic 0.4-mm spatial resolution even at
maximum table speed (64×0.6 mm collimation),
i.e., the scan of the entire thorax at submillimeter
resolution takes less than 5 s. To date, no study has
been published for 64-row pulmonary MDCT an-
giography. However, preliminary results demon-
strate that the increased spatial resolution facili-
tates delineation of even the smallest branches in
the periphery of the lung (Fig. 5). Together with
the very short scan time due to the better temporal
resolution, image quality and robustness of image
quality of CTA will be improved. This will also af-
fect the sensitivity and negative predictive value of
CTA. In the future, 64-row pulmonary CTA might
very well become the new gold standard for the de-
tection of PE.

Table 1. Protocols for suspected acute pulmonary embolism

4-slice 1 6-slice scanner
kV/effective mA/rotation time (s) 140/100/0.5 80–120/130/0.5
Detector collimation (mm) 2.5 0.75
Feed/rotation (mm) 15 (ca-cr) 15.0 (ca-cr)
Slice thickness (mm) 3 1.5
Increment 2 1
Kernel B30f B30f
IV contrast volume
(400 mg I/mg)/saline 120/30 ml 80/30 ml
Injection rate
3 ml/s 3–4 ml/s
Scan delay (s) 25–30 s (bolus) 25–30 s (bolus)

Table 2. Protocols for pulmonary embolism (PE) with a 4-row detector scanner. With four-row technology two separate protocols for
evaluation of PE are recommended. A high-speed protocol for dyspneic patients with suspicion of acute PE and a high-resolution proto-
col with the thinnest collimation, allowing the most detailed display of the pulmonary arteries

Acute PE Chronic PE
kV/effective mA/rotation time (s) 120/100/0.5 120/130/0.5
Detector collimation (mm) 2.5 1
Feed/rotation (mm) 15 (ca-cr) 6.0 (ca-cr)
Slice thickness (mm) 3 1.5
Increment 2 1
Kernel B30f B30f
IV contrast volume
(400 mg I/mg)/ saline 120/30 ml 120/30 ml
Injection rate
3 ml/s 3–4 ml/s
Scan delay (s) 25–30 s (bolus) 35–50 s (bolus)
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Conclusions

With 16-32-, and 64-row MDCT technology, past
limitations of CT for the diagnosis of PE have been
effectively overcome. CT is now an attractive
means for establishing a safe, highly accurate, and
cost-effective diagnosis of PE.

versampling

0,6 mm

Z

32 Slice Detector
64 Slice DAS

0,6 mm

O

Fig. 4a, b. 64-row technology with 0.4-mm
spatial resolution and 0.33-s gantry rotation
time (Sensation 64 by SIEMENS Medical). The
detector consists of an adaptive array of 32 0.6-
mm elements in the center and 4 1.2-mm ele-
ments on each side

a

b

Fig. 5. CTA of the pulmonary vessels using the new 64-row tech-
nology demonstrating the 0.4-mm spatial resolution (64×0.6 mm,
60 ml Iomeron 400). The scan of the entire thorax takes less than 5 s
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By allowing shorter scan duration, longer scan
ranges, and/or thinner sections, multidetector-row
computed tomography (MDCT) opens up new
horizons, such as interventional MDCT and func-
tional imaging in stroke and oncology. These and
other new applications come with the downside of
a markedly increased data load and risk for sub-
stantially increased radiation dose to the patient.
However, a smaller quantity of contrast medium
(CM) can be used. In the following section, experts
in their fields will address these specific topics re-
lated to future applications and advances in MDCT.
Interventional MDCT is a safe procedure that of-
fers a wide range of possible minimally invasive
interventions with low morbidity and low treat-
ment costs. It will become an alternative and sup-
portive technique to surgery and conventional flu-
oroscopy [1]. The spectrum of indications before,
during, and after interventions includes planning
of surgical procedures (e.g., cardiovascular and
orthopedic surgery), CT-guided interventions
(e.g., puncture, drainage, thermo-ablative proce-
dures, percutaneous vertebroplasty or discectomy,
etc.), and post-interventional follow-up (e.g., stent
localization and control of transarterial
chemoembolization and enteral stents). Special
scanning parameters are required to reduce the
radiation dose. The field of action of intervention-
al MDCT may increase with the increasing avail-
ability of high-precision robotics and smart navi-
gation systems.
The improved temporal resolution of MDCT has
opened up new perspectives for functional imag-
ing. Contrast-enhanced functional MDCT is a per-
fusion-based technique. It is also known as perfu-
sion CT imaging. Rapid intravenous bolus injec-
tion of a high-concentration iodinated contrast
agent is followed by a fast series of images or a vol-
ume acquisition. Within each voxel, CT density
values change over time and reflect the iodine con-
centration. The sequential images are combined to

generate time-density plots. New-generation MD-
CT scanners with 16–, 32–, 40–, or 64–detector
rows provide excellent temporal resolution. Com-
mercially available software can be used to calcu-
late color-coded functional images (parametric
maps) that reflect blood flow (i.e., perfusion, ex-
pressed in ml/min per 100 g tissue), blood volume
(ml/100 g tissue), and mean transit time of the
contrast bolus. With advanced data processing
techniques, it is also possible to assess the blood
vessel permeability and size of the extracellular
compartment within each voxel.
Currently, the major applications of functional
MDCT are in stroke, myocardial infarction, and
oncology. In acute stroke, MDCT provides an ex-
cellent way of assessing the functional status of
brain tissue. Areas of reversible ischemia demon-
strate reduced perfusion, but preserved blood vol-
ume. This suggests that auto regulation of the cere-
bral microcirculation is intact, and hence that the
brain tissue is viable. This finding is somewhat
comparable to the concept of an ischemic penum-
bra, which is defined in magnetic resonance imag-
ing as a perfusion-diffusion mismatch. Patients
with reversible ischemia are potential candidates
for thrombolysis, in order to prevent progression
of the ischemic region to a complete stroke. Con-
versely, when a reduction of both perfusion and
blood volume is observed, this indicates irre-
versible infarction.
In acute myocardial infarction, contrast-enhanced
MDCT shows perfusion defects as foci of reduced
attenuation compared with normal myocardium
in the early phase of the bolus (early defect). Resid-
ual perfusion defects may persist in the late phase
of the bolus. After reperfusion therapy for acute
myocardial infarction, evaluation of transmural
myocardial microcirculation with functional MD-
CT can predict wall-motion recovery and help to
assess a patient’s prognosis. Functional contrast-
enhanced MDCT has opened up new perspectives
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for the assessment of cardiac physiology and the
microcirculation.
In oncology, contrast-enhanced MDCT is helpful
for studying tumor angiogenesis. New blood ves-
sels within a tumor are not only produced in
greater number but are also abnormally perme-
able to circulating molecules, leading to leakage of
contrast agents into the interstitial space. Temporal
changes in tumor enhancement on MDCT have
been shown to correlate with histopathological as-
sessments of angiogenesis. The intravascular
phase of contrast enhancement reflects microves-
sel density; the extravascular phase of enhance-
ment most likely indicates blood vessel permeabil-
ity. In this way, MDCT provides an insight into the
pathophysiology of the tumor. In oncology pa-
tients, functional contrast-enhanced MDCT pro-
vides important information for tumor diagnosis,
treatment selection, and monitoring of therapy.
Another difficult problem with MDCT, the “data
explosion,” relates to workflow issues, posing
questions such as (1) which kind of images should
be reconstructed, and at what orientation and
thickness should data be reconstructed to provide
relevant clinical information, (2) who will perform
the post-processing (radiologist or technicians),
(3) is three-dimensional visualization a luxury or
a necessity, (4) which images are needed, (5) how
can we provide the clinicians with relevant im-
ages, etc. [2]?
Film is no longer an option and three-dimensional
workstations will be used for review of different
types of reconstructions (e.g., in different planes
or multiplanar reconstruction, maximum intensity
projections, shaded surface displays, and volume
rendering). The first two are limited to external vi-
sualization, while the latter allow for internal or

immersive visualization, and can be used for endo-
scopic-type applications. New imaging and visual-
ization strategies will have to be adapted and opti-
mized to meet the challenge of the increased work-
load of MDCT.
A final issue covered in the next section deals with
adverse events to CM, which occur after the patient
has left the radiology department [i.e., renal com-
plications due to contrast-induced nephropathy
(CIN) and delayed hypersensitivity reactions].
CIN is still a common cause of hospital-acquired
renal failure. Major risk factors include chronic re-
nal insufficiency, diabetes mellitus, conditions as-
sociated with decreased effective circulating vol-
ume, and use of large doses of CM. Low-osmolar
contrast agents have been shown to be less
nephrotoxic than ionic, high-osmolar contrast
agents. Careful hydration prior to CM administra-
tion and use of the lowest dose of CM possible are
the best prophylactic measures. Therefore, in MD-
CT, practical injection strategies will have to be
adapted based on physiological and pharmacoki-
netic principles of enhancement.
Delayed adverse events occur within a time scale
of 1 h to 8 days after the administration of an iod-
inated contrast agent. Skin reactions are usually
not serious and seem to be more frequent with
non-ionic, isotonic dimers than with non-ionic hy-
pertonic, low-osmolar monomers.
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Introduction

Due to a growing demand for minimal invasive-
ness, computed tomography (CT) is increasingly
used as an additional or alternative technique to
conventional fluoroscopy or surgery. Its supportive
role lies in its use as a reliable diagnostic modality
in the pre-interventional work-up and post-inter-
ventional follow-up of minimally invasive proce-
dures. Alternatively, it can be used as an interven-
tional technique in its own right. Combining low
morbidity, minimal invasiveness, and high cost-ef-
fectiveness, in many situations interventional CT is
preferable to alternative invasive procedures. With
the advent of 16-row multidetector-row (MDCT)
technology, the spatial resolution of CT has
markedly increased. Currently, volume data sets
with an almost isotropic resolution, i.e., a voxel
size of ~0.4 mm3, are feasible. Since high resolu-
tion is achieved during one breath hold for stack
volumes of up to1,500 mm3, pre-therapeutic work-
up before musculoskeletal, orthopedic, or cardio
surgical interventions is markedly facilitated. Post-
interventional CT examinations are a gentle means
of follow-up, particularly after vascular interven-
tions such as atherectomy, percutaneous translu-
minal angioplasty, stenting, port implantation, or
bypass or valve surgery. In addition, CT is increas-
ingly used for directly monitoring interventional
procedures. Among these procedures are small-
needle biopsies, insertion of drainage or gastric
tubes, port implantations, post-traumatic fixation
of unstable vertebral bodies or the pelvis, cemen-
toplasty/vertebroplasty of osteoporotic/pathologi-
cal fractures, as well as thermo-ablative proce-
dures for liver, lung, neck, or bone tumors.
In the subsequent sections, the role of MDCT in
pre-therapeutic work-up, intra-therapeutic moni-
toring, and post-therapeutic follow-up is reviewed
and critically discussed for several indications. In
addition, several useful scan protocols are provided.

Technical Aspects of Interventional
MDCT

For CT-guided interventions, two different imag-
ing techniques are useful: sequential CT and con-
tinuous CT fluoroscopy. Since the sequential ap-
proach usually results in higher effective radiation
doses [1] and lower diagnostic accuracy for punc-
tures, spiral CT fluoroscopy is currently regarded
as the technique of choice [2]. Depending on the
clinical problem, in our department both ap-
proaches are applied separately and in combina-
tion.

Since the slice thickness can theoretically be
decreased to 0.5 mm, sequential scans are particu-
larly useful for interventions on small structures.
However, the overall irradiation dose is higher and
thus we prefer CT fluoroscopy. In our patients we
observed a mean intervention time of 17.9 s (range
1.2–101.5 s), mean milliampere values of 13.2
mA (range 10–51 mA), a mean radiologist irradia-
tion dose per procedure of 0.025 mSv, mean indi-
vidual procedure doses of 0.0275 mSv (range
0.007–0.048 mSv), and a negligible finger irradia-
tion dose.

Scanning parameters and effective radiation
dose measurements generally show large varia-
tions, depending on the manufacturer and the CT
type. Table 1 provides typical values for currently
available Siemens Somatom scanners, i.e., the So-
matom Volume Zoom and the Sensation 16.

Spectrum of Indications

MDCT for Planning of Interventional 
Procedures

Pre-therapeutic indications for MDCT currently
comprise planning examinations before interven-
tions. In our clinic, planning CT examinations are
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performed prior to various orthopedic, cardio-
surgical, vascular-surgical, and angiographic pro-
cedures.

Before complex orthopedic procedures, pre-op-
erative CT scanning may facilitate planning of
both the surgical approach and the operative tech-
nique. Thus in cases of switch-osteotomy of the
femoral shaft or head, the surgeon can determine
exactly the cutting angle of the osteotomy by using
three-dimensional volume-rendered reformations.
The risk of failure or re-operation is consequently
minimized (Fig. 1).

In patients scheduled for cardiosurgery, MDCT
is predominantly performed prior to total endo-
scopic coronary bypass grafting. It has been shown
that MDCT not only provides valuable informa-
tion on the degree and localization of coronary ar-
tery calcifications, but also rather reliably depicts
the cardiac course of the vessels, i.e., is able to
bridge the myocardium or epicardiac fatty tissue

Fig. 1a, b. A 21-year-old woman with known Legg-Calvé-Perthes disease scheduled for a switch osteotomy of the femoral shaft. Preop-
erative MDCT allowed for perfect simulation of the postoperative outcome and thus made exact planning of the procedure possible

a b

Fig. 2a, b. MDCT findings in a patient scheduled for total endoscopic coronary artery bypass grafting (TECAB). Coronary angiography as
well as MDCT revealed a 90% stenosis of the proximal left coronary artery (LCA) (segment 6, black arrowheads). However, only MDCT
showed that the intended site of distal bypass touch-down (segment 7) was hidden deep inside the myocardium (white arrowheads). Thus,
the surgical approach was altered accordingly and a more-distal site for the distal bypass anastomosis was chosen (left internal thoracic ar-
tery, LITA)

a b

Table 1. Scanning parameters for interventional
multidetector-row CT1

Sequential Scans2: 150 mAs
120 kV
0.5 - 10.0 mm slice thickness
single slices

CT-Fluoroscopy3: 21 mAs
130 kV
0.8 - 24.0 mm slice thickness
single slices

Combi-Mode4: 150 mAs
120 kV
16 × 0.8 mm - 1 × 24.0 mm slices
up to 16 slices simultaneously

1 Parameters valid only for the Siemens Somatom Plus 4 VZ and
the Sensation 16; 2 Biopsy Mode®; 3 CareVision®; 4 Biopsy
Combi®
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[3]. MDCT is thus able to provide detailed infor-
mation on the coronary target site and therefore
helps the surgeon to choose the most suitable sur-
gical approach (Fig. 2).

Before vascular interventions, MDCT is often
performed in patients who need endovascular or
open surgical repair of aortic aneurysms and dis-
sections. Multiplanar reformation of CT data sets
combined with semi-automatic vessel tracking
and measurement tools can very precisely depict
the real length of aneurysms, the minimum and
maximum aortic diameter, the diameter of the
aneurysm neck and, in the case of endovascular
stenting, the diameter of the iliac arteries [4-8].
This information helps the surgeon as well as the
interventional radiologist to precisely plan the
procedure, determine the necessary stent size, and
consequently to minimize the duration and risk of
the intervention (Fig. 3).

MDCT-Guided Minimally Invasive 
Interventions

Advances in CT fluoroscopy and adjuvant tech-
niques enable more and more different interven-
tions to be performed. The spectrum of possible
indications comprises drainage of abscesses [9, 10]
and pneumothoraces [11], punctures of abdomi-
nal and thoracic masses and lesions [12-17], per-
cutaneous discectomy of herniated discs, lumbar
spine or pelvic interventions [18, 19], percuta-
neous administration of chemotherapeutic agents
[20–22], thermo-ablative procedures [23-25], and
percutaneous vertebroplasty [26].

Minimally invasive drainage of abscesses [9, 10],
complex pneumothoraces [11], or encapsulated
pleural effusions are classic applications for CT.
The mortality associated with undrained abdomi-
nal abscesses is high, with a rate of between 45%
and 100% [9]. The main indications for catheter
drainage include treatment or palliation of sepsis

Fig. 3a-d. A 56-year-old patient
showing a large sacciform aneurysm of
the descending aorta (Stanford type B)
before (a-c) and after endovascular
grafting (d). Pre-interventional MDCT
is useful to assess the real length of the
aneurysm, the minimum and maxi-
mum aortic diameter, the diameter of
the aneurysm neck, and the diameter
of the iliac arteries. In particular, multi-
planar reformation (a) and three-di-
mensional volume rendering (b) of the
CT data sets combined with semi-au-
tomatic vessel tracking helps to deter-
mine the exact diameters 

a b

c d
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associated with an infected fluid collection and al-
leviation of the symptoms that may be caused by
large fluid collections such as pancreatic pseudo-
cele or a lymphocele. In the abdomen single liver
abscesses may be drained with ultrasound guid-
ance only [27], whereas multiple liver abscesses or
pancreatic abscesses usually require CT guidance
[9, 28, 29]. Liver abscesses as well as renal and
perirenal abscesses in general are amenable to di-
rect percutaneous drainage. Common percuta-
neous routes for draining pelvic abscesses include a
transgluteal, paracoccygeal-infragluteal, or perineal
approach through the greater sciatic foramen [10].

Drainage of simple pneumothoraces or pleural
effusions can usually be performed using ultra-
sound guidance and thus normally does not re-
quire the use of CT. However, in cases of complex
pneumothoraces or encapsulated pleural effu-
sions, CT guidance may aid access to the regions of
interest [27, 28, 30].

Despite improved techniques, the most com-
mon complication of percutaneous CT-guided
lung biopsy remains the occurrence of a pneu-
mothorax during or after the intervention. The in-
cidence of this complication in the literature
ranges between 19% and 60%. Saji et al. [31] stud-
ied 289 consecutive patients who underwent biop-
sy and found that greater lesion depth, wider tra-
jectory angle, and the predicted increased forced
vital capacity were independent risk factors for
pneumothorax. The lowest rates of pneumothorax
were achieved by combining several different
puncture techniques [31].

Punctures of musculoskeletal, abdominal, and
thoracic masses or lesions may also be performed
very accurately using CT guidance [12-17, 32, 33],
showing overall diagnostic accuracy ranges be-
tween 71% and 92% depending on the localization
of the mass/lesion, the technique, and the report-
ing group.

Hau et al. [17] evaluated the accuracy of CT-
guided biopsies of musculoskeletal lesions com-
pared with fine-needle aspiration. In a large series
of 359 patients, they found only 63% accuracy for
the latter, but 74% for CT-guided biopsies. Pelvic
lesions (81%) yielded a higher accuracy than non-
pelvic (68%) or spinal lesions (61%). Interestingly,
in patients with infectious diseases the accuracy
decreased to 50%.

The impact of CT visualization upon the accu-
racy of punctures of abdominal and thoracic
masses has also been examined by Kirchner et al.
[1], who found a sensitivity of 71% for CT fluo-
roscopy compared with 68% for sequential CT.
Other groups have achieved 91% accuracy in
puncture of thoracic masses by using an unusual
trans-sternal approach [16], and 92.6 % with a
standard trans-thoracic approach [34]. Similar re-
sults were observed by Froelich et al. [35] for fine

needle biopsies of the thorax. However, for CT flu-
roscopy, reduced procedure times and fewer pleu-
ral needle passages were found compared with
conventional CT assistance [35].

The irradiation dose is still considered the
main limitation to the use of CT interventions
[36]. However, Teeuwisse et al. [2] assessed the av-
erage effective irradiation doses for 96 CT-guided
interventions for sequential CT and continuous CT
fluoroscopy and found values of 13.5 mSv and
9.3 mSv for drainages (n=16), 8 mSv and 6.1 mSv
for biopsies (n=49), and 2.1 mSv and 0.8 mSv for
coagulations of osteoid osteoma (n=31). They con-
cluded that for interventional CT, the effective ir-
radiation doses to the patient were in the same
range as those for regular diagnostic CT examina-
tions [2]. Comparable results have been reported
by Carlson et al. [37], who observed markedly de-
creased patient radiation doses and total proce-
dure time for CT fluoroscopy compared with con-
ventional CT guidance. Furthermore, several tech-
niques have been developed  to further reduce the
irradiation dose  and increase the diagnostic accu-
racy. These include devices such as CT-integrated
robots [38], electromagnetic virtual target systems
[39], and specific needle holders [40]. A very inter-
esting observation was made by Gianfelice et al.
[41], who investigated the effect of the learning
process on procedure times and radiation expo-
sure for CT fluoroscopy-guided percutaneous
biopsy procedures. Their study shows that after an
initial learning period, both the mean procedure
and fluoroscopy times are reduced, thereby in-
creasing patient turnover and decreasing radiation
exposure to the patient and the operator [41].

In addition to the classic indications, the range
of possible interventions has been expanded over
the last few years by the introduction of several new
procedures such as various lumbar spine interven-
tions, percutaneous pedicle screw insertion in the
spine or pelvis [18, 19, 33, 42], percutaneous verte-
broplasty [26], thermo-ablative procedures [23-25],
percutaneous administration of chemotherapeutic
agents [20-22, 43] and several other rather unusual
CT-guided procedures [44-46].

Lumbar spine interventions include biopsies of
the lumbar vertebrae or intervertebral disk, main-
ly through a transpedicular or posterolateral ap-
proach and the foraminal injection of steroids in
patients with radicular symptoms secondary to
degenerative change [19]. CT-guided lumbar sym-
pathicolysis (LSL) in advanced peripheral arterial
occlusive disease is also a very successful proce-
dure. Huttner et al. [47] performed LSL in 138 cas-
es with Fontaine stages III (13%) and IV (87%)
and evaluated early and long-term results after 
1-5 years. They observed an initial improvement
in 79% and a long-term success (>1 year) in 38%
of all patients. Although in 49% of cases the dis-
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ease still progressed, the long-term outcome was
significantly better than a control group with con-
servative treatment only [47]. With the lateral ap-
proach for neurolysis in cases of pelvic pain due to
advanced cancer, Wilsey et al. [48] recently intro-
duced a very fast but safe approach to the presacral
plexus. Another rather new but also promising
technique is percutaneous kyphoplasty/vertebro-
plasty. Both have proved to be safe and effective

but are still technically demanding procedures.
They can be useful in the treatment of painful os-
teoporotic vertebral compression fractures that do
not respond to conventional treatments [49-54].
Kyphoplasty offers the additional advantage of re-
aligning the spinal column and regaining height of
the fractured vertebra. This may help to decrease
secondary pulmonary, gastrointestinal, or other
morbidity related to these fractures (Fig. 4) [51].

Fig. 4a-f. A 56-year-old woman with a long-term history of postmenopausal os-
teoporosis, complaining of increasing back pain over the last 4 weeks. MDCT re-
vealed an osteoporotic impression fracture of the ground and deck plate of thoracic
vertebra 12 (a, b). Vertebroplasty was performed via both pedicles using two 12-G
needles (c, d). After instillation of bone cement (Vertebroplastic) a sufficient stabi-
lization of the thoracic vertebra was achieved (e, f). Pain markedly decreased in the
subsequent weeks

a b

c d

e

f
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Fig. 5a-d. A 49-year-old
woman with a known di-
agnosis of plasmacytoma
had increasing pain and
limited movement of the
right hip joint for several
weeks. MDCT showed a
plasmacytoma-related de-
struction of the acetabular
joint surface (a). After in-
stillation of bone cement
in two separate sessions,
the joint surface was near-
ly completely reconstruct-
ed (b, c, d). Pain markedly
decreased in the subse-
quent weeks, movement
of the hip joint improved

Fig. 6. Traumatic divulsion of the right ilio-sacral joint by percutaneous screw insertion. Shown are the diagnostic findings before (a) and
after (b) the intervention as well as a peri-interventional photograph (c). Although CT guidance requires a significantly higher radiation
dose than conventional fluoroscopy computer-assisted surgery, it allows for exact positioning of the screws and thus leads to markedly re-
duced displacement-related complications

a b

c d

a

b c
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Cementoplasty can be performed not only in pa-
tients with (inherent) osteoporotic vertebral com-
pression fractures [49, 50, 53], but also for the ef-
fective treatment of extra-vertebral osteolysis [55,
56] or bone metastases (Fig. 5) [57].

Percutaneous pedicle screw insertion in the
lumbar or thoracic spine as well as for unstable
pelvic fractures is another recently  introduced
CT-guided intervention (Fig. 6) [18]. Slom-
czykowski et al. [18] found that standard CT guid-
ance requires a higher radiation dose than conven-
tional fluoroscopic control, but that the CT radia-
tion dose can be significantly decreased by opti-
mization of the scanner settings. They concluded
that the advantages of computer-assisted surgery
justify CT scans, when based on correctly chosen
indications [18].

Thermo-ablative procedures such as radiofre-
quency (RF) [33, 58] or laser-induced thermother-
apy (LITT) [25, 43] have gained much attention
during the last few years as alternative treatments
for malignant and benign lesions almost anywhere

in the body. LITT with MDCT-guided placement
of the thermostable catheters allows precise posi-
tioning of the needles [25].

In addition to the non-invasive “resection” of
liver metastases, RF may also be used as a mini-
mally invasive treatment of osteoid osteomas,
showing a satisfactory rate of responsiveness
(Fig. 7) [59, 60].

Rather unusual but interesting applications of
CT-guided interventions include non-fluoroscopic
placement of inferior vena cava filters [44], CT-
guided transbronchial biopsies [45], and percuta-
neous jejunostomy using CT fluoroscopy [46].

MDCT for Follow-Up of 
Interventional Procedures

MDCT also has an established role in the post-in-
terventional follow-up of surgical/radiological
procedures. It may be useful for the control of stent

Fig. 7a-d. A 17-year-old
patient with severe pain in
the upper right calf for 3
months. MRI revealed a 1-
mm osteoid osteoma in
the upper right tibia. MD-
CT shows an intracortical
oval lesion with typical
central osteolysis (nidus)
and reactive thickening of
the corticalis (a). Findings
are most likely due to an
osteoid osteoma. CT fluo-
roscopy was performed in
the course of a non-inva-
sive radiofrequency abla-
tion of the lesion (b, c). Af-
ter treatment a local
necrosis is observed (d). At
the time of the follow-up
examination 1 month af-
ter therapy the patient
was completely free of
pain

a b

c d
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localization after aortic stent placement (Fig. 8)
[6], for the visualization of the chemotherapeutic
agent after transarterial chemoembolization [43,
61], or to control the position of non-covered
CHOO enteral stents, placed in the esophagus,
stomach, duodenum, and jejunum under conven-
tional fluoroscopy [62].

Conclusions

In conclusion, MDCT has a wide range of indica-
tions prior, during, and after minimally invasive
interventions. It is a relatively safe procedure that
helps to keep treatment costs as well as morbidity
low. Although manual puncturing of structures
smaller than 8 mm still appears unlikely, the grow-
ing availability of high-precision robotics [38, 63]
or smart navigation systems may not only help to
further increase the accuracy of the puncture but
also to reduce the radiation dose of both patient
and interventional radiologist. One can expect that
in the future, new layer-detector arrays or flat pan-
el technology will further increase diagnostic ac-
curacy and hence widen the spectrum of indica-
tions for interventional MDCT. Further informa-
tion on imaging-guided interventions has been
made available on a multi-institutional computer
database containing more than 1,000 separate in-
terventions [64]. These data can be used for quali-
ty assurance and research purposes.

References

1. Kirchner J, Kickuth R, Laufer U et al (2002) CT fluo-
roscopy-assisted puncture of thoracic and abdomi-
nal masses: a randomized trial. Clin Radiol 57:188-
192

2. Teeuwisse WM, Geleijns J, Broerse JJ et al (2001) Pa-
tient and staff dose during CT guided biopsy,
drainage and coagulation. Br J Radiol 74:720-726

3. Herzog C, Dogan S, Diebold T et al (2003) Multi-de-
tector row CT versus coronary angiography: preop-
erative evaluation before totally endoscopic coro-
nary artery bypass grafting. Radiology 229:200-208

4. Erbel R, Alfonso F, Boileau C et al (2001) Diagnosis
and management of aortic dissection. Eur Heart J
22:1642-1681

5. Czermak BV, Waldenberger P, Fraedrich G et al
(2000) Treatment of Stanford type B aortic dissec-
tion with stent-grafts: preliminary results. Radiolo-
gy 217:544-550

6. Balzer JO, Doss M, Thalhammer A et al (2003) Ur-
gent thoracic aortal dissection and aneurysm: treat-
ment with stent-graft implantation in an angio-
graphic suite. Eur Radiol 14:14

7. Kramer S, Gorich J, Aschoff A et al (1998) Diagnos-
tic value of spiral-CT angiography in comparison
with digital subtraction angiography before and af-
ter peripheral vascular intervention. Angiology
49:599-606

8. Sun Z, Winder R, Kelly B et al (2004) Diagnostic val-
ue of CT virtual intravascular endoscopy in aortic
stent-grafting. J Endovasc Ther 11:13-25

9. Harisinghani MG, Gervais DA, Hahn PF et al (2002)
CT-guided transgluteal drainage of deep pelvic ab-
scesses: indications, technique, procedure-related

Fig. 8a-c. A 28-year-old man with Marfan syndrome showing a balloon-like aneurysm of the descending aorta. Fluoroscopic stent im-
plantation was performed in cooperation with the Department of Thoracic and Cardiac Surgery. Post-interventional CT control shows the
exact placement of the aortic stent distal to the left subclavian artery

a b c

IV.1_Vogl  30-06-2005  11:05  Pagina 106



IV.1 • Multislice CT: Interventional CT 107

complications, and clinical outcome. Radiographics
22:1353-1367

10. Men S, Akhan O, Koroglu M (2002) Percutaneous
drainage of abdominal abcess. Eur J Radiol 43:204-
218

11. Chang YC, Wang HC, Yang PC (2003) Usefulness of
computed tomography-guided transthoracic small-
bore coaxial core biopsy in the presence of a pneu-
mothorax. J Thorac Imaging 18:21-26

12. Agid R, Sklair-Levy M, Bloom A et al (2003) CT-
guided biopsy with cutting-edge needle for the diag-
nosis of malignant lymphoma: experience of 267
biopsies. Clin Radiol 58:143-147

13. Liermann D, Kickuth R (2003) CT fluoroscopy-
guided abdominal interventions. Abdom Imaging
28:129-134

14. Baldwin DR, Eaton T, Kolbe J et al (2002) Manage-
ment of solitary pulmonary nodules: how do tho-
racic computed tomography and guided fine needle
biopsy influence clinical decisions? Thorax 57:817-
822

15. Gossot D, Girard P, Kerviler E de et al (2001) Thora-
coscopy or CT-guided biopsy for residual intratho-
racic masses after treatment of lymphoma. Chest
120:289-294

16. Gupta RK, Cheung YK, Al Ansari AG et al (2002) Di-
agnostic value of image-guided needle aspiration
cytology in the assessment of vertebral and interver-
tebral lesions. Diagn Cytopathol 27:191-196

17. Hau A, Kim I, Kattapuram S et al (2002) Accuracy of
CT-guided biopsies in 359 patients with muscu-
loskeletal lesions. Skeletal Radiol 31:349-353

18. Slomczykowski M, Roberto M, Schneeberger P et al
(1999) Radiation dose for pedicle screw insertion.
Fluoroscopic method versus computer-assisted sur-
gery. Spine 24:975-982; discussion 983

19. Hamze B, Bossard PH, Bousson V et al (2003) Inter-
ventional lumbar spine radiology. J Radiol 84:253-262

20. Arrive L, Rosmorduc O, Dahan H et al (2003) Percu-
taneous acetic acid injection for hepatocellular car-
cinoma: using CT fluoroscopy to evaluate distribu-
tion of acetic acid mixed with an iodinated contrast
agent. AJR Am J Roentgenol 180:159-162

21. Engelmann K, Mack MG, Straub R et al (2000) CT-
guided percutaneous intratumoral chemotherapy
with a novel cisplatin/epinephrine injectable gel for
the treatment of inoperable malignant liver tumors.
Fortschr Rontgenstr 172:1020-1027

22. Vogl TJ, Engelmann K, Mack MG et al (2002) CT-
guided intratumoural administration of cisplatin/
epinephrine gel for treatment of malignant liver tu-
mours. Br J Cancer 86:524-529

23. Tacke J (2003) Percutaneous radiofrequency abla-
tion–clinical indications and results. Fortschr Ront-
genstr 175:156-168

24. Vogl T, Mack M, Straub R et al (2001) Thermal abla-
tion of liver metastases. Current status and
prospects. Radiologe 41:49-55

25. Vogl TJ, Mack M, Straub R et al (2000) Percutaneous
interstitial thermotherapy of malignant liver tu-
mors. Fortschr Rontgenstr 172:12-22

26. Peh WC, Gilula LA (2003) Percutaneous vertebro-
plasty: indications, contraindications, and tech-
nique. Br J Radiol 76:69-75

27. Sheafor D, Paulson E, Simmons C et al (1998) Ab-
dominal percutaneous interventional procedures:

comparison of CT and US guidance. Radiology
207:705-710

28. Takeuchi Y, Okabe H, Myojo S et al (2002) CT-guid-
ed drainage of a mediastinal pancreatic pseudocyst
with a transhepatic transdiaphragmatic approach.
Hepatogastroenterology 49:271-272

29. Ferrucci J, Mueller P (2003) Interventional approach
to pancreatic fluid collections. Radiol Clin North
Am 41:1217-1226

30. Inman D, Lambert A, Wilkins D (2000) Multicystic
peritoneal inclusion cysts: the use of CT guided
drainage for symptom control. Ann R Coll Surg En-
gl 82:196-197

31. Saji H, Nakamura H, Tsuchida T et al (2002) The in-
cidence and the risk of pneumothorax and chest
tube placement after percutaneous CT-guided lung
biopsy: the angle of the needle trajectory is a novel
predictor. Chest 121:1521-1526

32. Rogalla P, Juran R (2004) CT fluoroscopy [epub
ahead of print] Radiologe

33. Thanos L, Mylona S, Kalioras V et al (2004) Percuta-
neous CT-guided interventional procedures in mus-
culoskeletal system (our experience). Eur J Radiol
50:273-277

34. Charig MJ, Phillips AJ (2000) CT-guided cutting
needle biopsy of lung lesions–safety and efficacy of
an out-patient service. Clin Radiol 55:964-969

35. Froelich J, Ishaque N, Regn J et al (2002) Guidance
of percutaneous pulmonary biopsies with real-time
CT fluoroscopy. Eur J Radiol 42:74-79

36. Paulson EK, Sheafor DH, Enterline DS et al (2001)
CT fluoroscopy-guided interventional procedures:
techniques and radiation dose to radiologists. Radi-
ology 220:161-167

37. Carlson S, Bender C, Classic K et al (2001) Benefits
and safety of CT fluoroscopy in interventional radi-
ologic procedures. Radiology 219:515-520

38. Solomon SB, Patriciu A, Bohlman ME et al (2002)
Robotically driven interventions: a method of using
CT fluoroscopy without radiation exposure to the
physician. Radiology 225:277-282

39. Holzknecht N, Helmberger T, Schoepf UJ et al
(2001) Evaluation of an electromagnetic virtual tar-
get system (CT-guide) for CT-guided interventions.
Fortschr Rontgenstr 173:612-618

40. Mack MG, Straub R, Eichler K et al (2001) Needle
holder for reducing radiation burden of examiners
in CT-assisted puncture. Technical contribution.
Radiologe 41:927-929

41. Gianfelice D, Lepanto L, Perreault P et al (2000) Ef-
fect of the learning process on procedure times and
radiation exposure for CT fluoroscopy-guided per-
cutaneous biopsy procedures. J Vasc Interv Radiol
11:1217-1221

42. Schroder R, Noor J, Pflugmacher R et al (2004)
Short-term CT findings after osteosynthesis of frac-
tures of the vertebral spine. Fortschr Rontgenstr
176:694-703

43. Vogl T, Eichler K, Mack M et al (2004) Interstitial
photodynamic laser therapy in interventional on-
cology. Eur Radiol 14:1063-1073

44. Solomon S, Magee C, Acker D et al (1999) Experi-
mental nonfluoroscopic placement of inferior vena
cava filters: use of an electromagnetic navigation
system with previous CT data. J Vasc Interv Radiol
10:92-95

IV.1_Vogl  30-06-2005  11:05  Pagina 107



108 MDCT: Scanning and Contrast Protocols

45. Shinagawa N, Yamazaki K, Onodera Y et al (2004)
CT-guided transbronchial biopsy using an ultrathin
bronchoscope with virtual bronchoscopic naviga-
tion. Chest 125:1138-1143

46. Davies R, Kew J, West G (2001) Percutaneous je-
junostomy using CT fluoroscopy. AJR Am J
Roentgenol 176:808-810

47. Huttner S, Huttner M, Neher M et al (2002) CT-
guided sympathicolysis in peripheral artery disease-
indications, patient selection and long-term results.
Fortschr Rontgenstr 174:480-484

48. Wilsey C, Ashford N, Dolin S (2002) Presacral neu-
rolytic block for relief of pain from pelvic cancer:
description and use of a CT-guided lateral ap-
proach. Palliat Med 16:441-444

49. Peh WC, Gelbart MS, Gilula LA et al (2003) Percuta-
neous vertebroplasty: treatment of painful vertebral
compression fractures with intraosseous vacuum
phenomena. AJR Am J Roentgenol 180:1411-1417

50. Larsson S (2002) Treatment of osteoporotic frac-
tures. Scand J Surg 91:140-146

51. Garfin SR, Yuan HA, Reiley MA (2001) New tech-
nologies in spine: kyphoplasty and vertebroplasty
for the treatment of painful osteoporotic compres-
sion fractures. Spine 26:1511-1515

52. Einhorn TA (2000) Vertebroplasty: an opportunity
to do something really good for patients. Spine
25:1051-1052

53. Cortet B, Cotten A, Boutry N et al (1999) Percuta-
neous vertebroplasty in the treatment of osteo-
porotic vertebral compression fractures: an open
prospective study. J Rheumatol 26:2222-2228

54. Cotten A, Boutry N, Cortet B et al (1998) Percuta-
neous vertebroplasty: state of the art. Radiographics
18:311-320; discussion 320-313

55. Bresler F, Roche O, Chary-Valckenaire I et al (1999)
Femoral head osteonecrosis: original extra-articular
cementoplasty technique. A series of 20 cases. Acta
Orthop Belg 65:95-96

56. Cotten A, Duquesnoy B (1995) Percutaneous ce-
mentoplasty for malignant osteolysis of the acetabu-
lum. Presse Med 24:1308-1310

57. Marcy PY, Palussiere J, Descamps B et al (2000) Per-
cutaneous cementoplasty for pelvic bone metasta-
sis. Support Care Cancer 8:500-503

58. Yasui K, Kanazawa S, Sano Y et al (2004) Thoracic
tumors treated with CT-guided radiofrequency ab-
lation: initial experience. Radiology 231:850-857

59. DeFriend DE, Smith SP, Hughes PM (2003) Percuta-
neous laser photocoagulation of osteoid osteomas
under CT guidance. Clin Radiol 58:222-226

60. Pinto C, Taminiau A, Vanderschueren G et al
(2002) Technical considerations in CT-guided ra-
diofrequency thermal ablation of osteoid osteoma:
tricks of the trade. AJR Am J Roentgenol 179:1633-
1642

61. Vogl TJ, Eichler K, Zangos S et al (2002) Hepatocel-
lular carcinoma: role of imaging diagnostics in de-
tection, intervention and follow-up. Fortschr Ront-
genstr 174:1358-1368

62. Dorffner R, Neumann C, Gergely I et al (2002) First
experience with a non-covered CHOO enteral stent
in the stomach, duodenum, and jejunum. Fortschr
Rontgenstr 174:1018-1021

63. Yanof J, Haaga J, Klahr P et al (2001) CT-integrated
robot for interventional procedures: preliminary ex-
periment and computer-human interfaces. Comput
Aided Surg 6:352-359

64. Mayo-Smith W, Jayaraman M, Han R et al (2003)
Multiinstitutional computer database for recording
nonvascular imaging-guided interventions. AJR Am
J Roentgenol 181:1491-1493

IV.1_Vogl  30-06-2005  11:05  Pagina 108



Introduction

Contrast media are widely used in multidetector-
row computed tomography (CT) to improve visu-
alisation of the vascular system and renal tract and
to increase lesion-to-tissue contrast. Nevertheless,
for patients within the first 6 h of acute stroke, the
diagnostic and prognostic ability of conventional
CT remains poor. Similarly, despite conventional
contrast-enhanced techniques, mass lesions on CT
may remain hard to characterize as benign or ma-
lignant, both at diagnosis and following cancer
therapy. Furthermore, visual assessment of tumor
enhancement rarely provides useful prognostic in-
formation beyond conventional staging. This pa-
per describes how functional CT techniques can
maximize the benefits of administering contrast
media and so improve the assessment of patients
suffering acute stroke or cancer.

Technical Considerations

Quantification for Contrast Enhancement

Table 1 compares the information that can be ob-
tained using contrast media for anatomical and
functional purposes. The additional information
from functional CT is obtained by quantifying the
amount of contrast medium within a given region
or volume element (voxel), usually during a time
sequence of CT images [1]. Each CT image displays

the X-ray attenuation values within each voxel of
the anatomical slice studied as an X-ray attenua-
tion map. Following intravenous administration of
contrast medium, the iodine component of the con-
trast medium causes a local increase in the X-ray
attenuation that is linearly proportional to the io-
dine concentration. The amount of attenuation
change for a given concentration of contrast medi-
um depends upon a range of factors including the
CT system used, the tube voltage (kVp), and the
body region examined (e.g., chest or abdomen) and
can be ascertained with a simple phantom (Fig. 1).
A greater change in attenuation is observed with a
lower tube voltage and functional CT protocols
may advocate a tube voltage as low as 80 kVp [2].

The concentration of contrast medium at cer-
tain time-points following injection can be used to
calculate a range of physiological parameters, in-
cluding cardiac output and glomerular filtration
per gram of renal tissue.At tissue level, it is possible
to measure blood flow, blood volume, blood vessel
permeability and the size of the extracellular com-
partment within each voxel. Absolute quantifica-
tion of physiological parameters requires knowl-
edge of contrast enhancement within the vascular
system as well as the tissue of interest. However, a
simple measurement of peak tissue concentration
of contrast medium, when combined with the dose
of contrast medium administered per kilogram
body weight, can be used to calculate the ratio of
tissue perfusion to average whole-body perfusion,
also known as the Standardized Perfusion Value

IV.2
Functional CT Imaging in Stroke 
and Oncology

Kenneth A. Miles

Table 1. Comparison of anatomical and functional applications of contrast media

Anatomical Functional
Visualise blood vessels Determine cardiac output
Visualise renal tract Assess renal function
Improve lesion-to-tissue contrast Assess physiology of tissue microcirculation,

e.g., perfusion, vascular permeability
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(SPV) [3]. Commercial software is now available to
calculate many of these parameters and display
them as colour-coded functional images. The de-
rived values are reproducible and have been vali-
dated against reference methods [1].

Image Acquisition

Most patients suffering from acute stroke or cancer
presently undergo conventional CT, and the sim-
plicity of functional CT means that the necessary
images can be readily appended to existing proto-
cols. Functional CT is conceptually similar to CT
angiography (CTA) but depicts the circulation at
the tissue level rather than visualising discrete ves-

sels. Like conventional angiography, some func-
tional CT protocols require a rapid series of images
without table movement following a bolus of con-
trast medium (Table 2, protocols 1 and 2). Such
protocols benefit from allowing determination of
multiple physiological parameters within one
study, but the volume of tissue examined in the
cranio-caudal (Z) axis is restricted by the width of
the CT detector tract, i.e., 2 cm on modern mutlis-
lice systems. Other functional CT protocols mimic
CTA in that they comprise a spiral acquisition at a
set time after injection of contrast medium, the
precise time possibly determined using a small test
bolus of contrast medium (Table 2, protocol 3). In
either case, a rapid injection of high-concentration
contrast medium (at least 370 mg/ml) is favored for

Fig. 1. A calibration phantom
containing contrast medium at
different concentrations (a) can
be used to determine the rela-
tionship between attenuation
and iodine concentration for a
range of tube voltages (b)

a b

Table 2. Example acquisition and processing protocols for functional CT

1 2 3
Contrast medium

Concentration 370 mg/ml 370 mg/ml 370 mg/ml

Volume 40 ml 50 ml 50 ml

Injection rate 4–7 ml/s 7–10 ml/s 7–10 ml/s

Slice thickness 2×10 mm 2×10 mm 12 cm spiral

No. images 60 25 1

Image frequency Every 1 s Every 2 s At time of peak enhancement 
(determined from test bolus)

Tube current 50–100 mAs 100–200 mAs 100–200 mAs

Analysis method Deconvolution Compartmental Compartmental 
modelling modelling

Parameters calculated Perf, BV, MTT, Perf, BV, MTT Perf normalised to cardiac 
vascular permeability output

Advantages Good temporal resolution Low image noise Whole-organ imaging

Disadvantages Image noise Reduced temporal Perf values only
Limited anatomical resolution
coverage Limited anatomical coverage

(Perf = perfusion, BV = blood volume, MTT = mean transit time)
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two reasons. Firstly, a greater quantity of iodine can
be administered in a shorter time, thereby maxi-
mizing tissue enhancement and improving signal-
to-noise ratios. Secondly, a bolus time of 8 s or less,
as required for some analysis methods, can be
achieved for a given iodine dose more readily with
high-concentration media. Tube current and image
frequency are selected with regard to analysis
methodology and radiation dosimetry. A higher
tube current but lower image frequency may be ap-
propriate when using compartmental analysis as
opposed to deconvolution methods (Table 2). A
more detailed discussion of analysis methods and
protocols can be found elsewhere [1, 4].

Clinical Applications

Acute Stroke

By demonstrating a regional reduction in perfusion
and prolongation of transit time, functional CT en-
ables positive diagnosis of acute cerebral ischemia
and assessment of prognosis within the first few
hours of stroke onset, a time when conventional CT
images are typically normal. The size of the is-
chemic area provides prognostic information and,
in the case of embolic stroke, can influence the tim-
ing of anticoagulation therapy, as early anticoagu-
lation may be contraindicated unless the infarct is
small [5-8]. By comparing perfusion and blood vol-
ume images, it is also possible to distinguish re-
versible from irreversible changes with results that
are comparable to diffusion-weighted magnetic
resonance imaging [9, 10]. Areas of reversible is-

chemia demonstrate reduced perfusion but pre-
served blood volume, reflecting preservation of
vascular autoregulation and hence tissue viability.
Irreversible infarction is characterized by reduced
perfusion and blood volume. The term “penumbra”
is given to a region of reversible ischemia sur-
rounding an infarct core. Image acquisition with-
out table movement is used to identify reversible
ischemia because of the need to compare two phys-
iological parameters. The demonstration of re-
versible ischemia has been proposed as a means to
select patients for thrombolysis, but requires fur-
ther validation through randomized controlled 
trials [11].

Oncology

Contrast enhancement in tumors correlates with
histological assessments of microvessel density and
therefore can be used as an in vivo marker of tu-
mor angiogenesis [12, 13]. Measuring peak en-
hancement within lung nodules can characterize
lesions that are indeterminate on conventional CT;
this is increasingly used for assessment of nodules
identified by CT screening protocols [14, 15]
(Fig. 2). Occult hepatic metastases and other tumor
sites undetected by conventional CT may be re-
vealed on functional CT images. By quantifying
contrast enhancement within the liver, it is possible
to identify patients at risk of subsequently devel-
oping overt metastasis and to predict survival [16-
18]. CT perfusion measurements can also estimate
tumor grade in cerebral glioma and lymphoma [1].
Functional CT can demonstrate the effect of cancer
treatment on tumor vascularity and may show a re-

a c

b d

Fig. 2a-d Quantifying con-
trast enhancement to charac-
terize a left-sided lung nodule
and obtain a tumour vascu-
lar/metabolic profile. a CT pri-
or to contrast enhancement.
b Time-attenuation curve in-
dicating a peak enhancement
of greater than 15 HU at 27 s.
c Standardised Perfusion Val-
ue (SPV) image in which the
enhancement in each pixel at
27 s has been normalised for
patient weight and dose of
contrast medium. Enhance-
ment of greater than 15 HU
and SPV of greater than 1.5
implies malignancy as does
fluorodeoxyglucose (FDG)-
PET (d). Histology confirmed
non-small cell lung cancer.
The Standardised Uptake Val-
ue (SUV) for FDG and SPV in-
dicate a balanced vascular/
metabolic profile typical of
low-stage lung cancer
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sponse to drugs that target tumor vessels before
any change in tumour size or fluorodeoxyglucose
(FDG) uptake is detectable [19]. Measuring a range
of physiological parameters within a tumor and as-
sessing vascular heterogeneity produces a profile of
tumor vascularity. When combined with measure-
ments of FDG uptake, for example, during PET/CT,
a vascular/metabolic profile can be obtained. Such
tumor profiles have the potential to classify tumors
in a new way. For example, early studies have shown
that low contrast enhancement with high FDG up-
take is found more commonly amongst high-stage
lung cancers and may represent an aggressive tu-
mor type [20].

Conclusions

By exploiting the ability of CT systems to quantify
contrast enhancement, functional CT extends the
utility of contrast media to include assessment of
cardiovascular physiology. Just as Harvey’s discov-
ery of the circulation in the seventeenth century
significantly advanced medical understanding, so
too can functional CT assessments of vascular
physiology in ischemic tissue and tumors improve
the diagnosis and assessment of patients with
stroke or cancer. The variability of clinical course
amongst stroke patients with similar clinical pres-
entation, and amongst cancer patients with the
same tumor stage, has led to a concept of person-
alised cancer care in which the patient’s treatment
is tailored to individual characteristics of their dis-
ease. Functional CT can potentially contribute to
the delivery of personalised medicine for stroke pa-
tients by identifying reversible ischemia amenable
to thrombolytic therapy, and for cancer patients by
generating vascular profiles that predict tumor ag-
gression, metastatic potential, likely response to ra-
diotherapy, and delivery of chemotherapeutic
agents.
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Introduction

A great challenge of multidetector-row computed
tomography (MDCT) is dealing with “data explo-
sion”.A single day’s work in a busy clinic may con-
sist of 30 studies, each requiring several hundred
images. For carotid and intracranial CT an-
giograms, we routinely review 375 images (300-
mm coverage, reconstructed every 0.8 mm); for
aortic studies, we have 450–500 images (~600-mm
coverage, reconstructed every 1.3 mm); and for a
study of inflow and run-off of the lower extremity,
we may generate 900–2,000 transverse reconstruc-
tions. One full-body CT examination generates as
much as 720 MB of data (scanning a 180-cm per-
son at 1-mm increments produces 1,828 axial im-
ages, each 512×512 pixels at 12 bit). Clearly, strate-
gies for efficiently managing this information are
necessary. Attempting to manage the information
overload by reconstructing fewer images from the
data is not a solution, as experience with single-
detector CT scanners indicates that longitudinal
resolution and disease detection are improved
when cross-sections overlap by at least 50% [1].

Therefore, to optimize our clinical protocols
and take full advantage of the latest CT technolo-
gies, we need to change the way that we interpret,
transfer, and store CT data. Film is no longer a vi-
able option: workstation-based review of trans-
verse reconstructions is a necessity. However, the
workstations must be improved to provide effi-
cient access to these data, and we must have a way
of providing clinicians with images that can be
transported to clinics and to the operating room.
Alternative visualization and analysis using volu-
metric tools, including three-dimensional (3D) vi-
sualization, must evolve from being considered a
luxury to a necessity. We cannot rest on historical
precedent to interpret these near-isotropically
sampled volumetric data using transverse recon-
structions alone [2]. Although the tools for volu-

metric analysis on 3D workstations have evolved
over recent years, they have not yet evolved to a
level that routine interpretation can be performed
as efficiently and accurately as transverse section
review.

Both hardware and software developments
must occur. While current workstations and visu-
alization software are certainly adequate for volu-
metrically assessing these MDCT data, the process
is time-consuming. In this chapter, I describe cur-
rent workstation capabilities and briefly discuss
areas that require further development for the
complete integration of volumetric analysis into
the process of interpreting CT data.

Visualization Techniques

Four main visualization techniques are currently
in use on clinical 3D workstations: multiplanar
reformation (MPR), maximum intensity projec-
tion (MIP), shaded surface display (SSD), and vol-
ume rendering (VR). The first two techniques are
limited to external visualization, while the latter
two allow for “immersive” or internal visualization
and can be used for endoscopic-type applications.

Multiplanar Reformation 

MPR, a convenient and widely available technique
for displaying CT data, generates a tomogram cor-
responding to a slice of 1-voxel thickness. One sub-
stantial limitation of traditional MPR is that the
visualized structures must lie in one plane. Be-
cause it is rare that all structures for which 3D vi-
sualization is desired lie within a single plane,
MPR is limited in demonstrating the entirety of
the anatomical section under study. As structures
course in and out of the visualization plane, we
may have the false impression of vessel occlusion

IV.3
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Technologies and Directions for Future
Development in Managing the Information
Overload
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or stenoses. The solution to this problem is to use
curved planar reformations (CPR).

Similar to MPR, CPR generates a single-voxel-
thick tomogram, but it is capable of demonstrating
an uninterrupted longitudinal cross-section be-
cause the display plane curves along the structures
of interest. With CPR, the visualization plane typi-
cally is created from points that are manually posi-
tioned over the structures of interest, as viewed on
transverse sections or using MPR, MIP, SSD, or VR
visualization techniques. The points are connected
to form a curved surface that is then extruded
through the volume perpendicular to the desired
view to create the CPR. Recently, automated CPR
algorithms have been introduced on some clinical
workstations to obviate the need for manual iden-
tification of centerline points. An important limi-
tation of CPR is that it is highly dependent on the
accuracy of the curve. Inaccurately positioned
points or insufficient numbers of points can result
in the curve “slipping-off” the structure of interest,
creating pseudostenoses. Furthermore, a single
curve cannot adequately display eccentric lesions;
therefore, two curves orthogonal to each other
should always be created to provide a more com-
plete depiction of eccentric lesions, particularly
stenoses.

CPR is useful for displaying the interior of tu-
bular structures such as blood vessels, airways, and
bowel. It is also useful for visualizing structures
immediately adjacent to these lumina, such as mu-
ral thrombus and extrinsic or exophytic neoplasia,
without requiring the data to be edited (Fig. 1).

Maximum Intensity Projection 

With this technique, a MIP image is created when a
specific projection (e.g., anteroposterior) is select-
ed and then rays are cast perpendicular to the view
through the volume, with the maximum value en-
countered by each ray recorded on a 2D image [3,
4]. As a result, the entire volume is “collapsed” and
only the brightest structures are visible (Fig. 2).
Variations of this approach include the minimum
intensity projection (MinIP), useful for visualizing
airways [5], and the raysum or average projection
[3], which sums all pixel values encountered by
each ray to provide an image similar to a radi-
ograph.

An advantage of MIP over MPR is that struc-
tures that do not lie in a single plane are visible in
their entirety. A limitation of MIP, however, is that
bones or other structures that are more attenuative
than contrast-enhanced blood vessels, for exam-
ple, will obscure the blood vessels. Similarly, when
creating MinIP images, air external to the patient
obscures the airways and surrounding lung. Two
approaches to address the limitations of obscura-
tion are slab-MIP and prerendering editing:
• Slab-MIP images are created when a plane

through the data is defined and then “thick-
ened” perpendicular to the plane [6]. The
process with which the plane is thickened can
be MIP, MinIP, raysum, or VR. By selecting a
slab orientation that does not result in overlap
of structures with extremely high attenuation
(e.g., bones, metal) on structures of interest

Fig. 1a, b. Curved planar reformations display longitudinal cross-sections of the descending thoracic aorta despite a tortuous course. The
lumen of the aorta through the metallic stent graft and thrombus within a descending aortic aneurysm are visible. a Curved coronal refor-
mation. b Curved sagittal reformation 

a b

IV.3_Rubin  30-06-2005  11:08  Pagina 114



IV.3 • MDCT and Data Explosion: Current Technologies and Directions for Future Development 115

(e.g. blood vessels), the latter can be clearly vi-
sualized without the need for time-consuming
and operator-dependent editing. This ap-
proach, however, is generally limited to imag-
ing through slabs that are 5-30 mm thick.

• If an MIP image of a larger subvolume of the
data is desired, then the data must first be edit-
ed to remove obscuring structures (“preren-
dering editing”). Techniques for editing CT da-
ta are discussed in the subsequent section.
Even after the issues of obscuration have been

addressed, some limitations of the MIP technique
remain. MIP does not permit the appreciation of

depth relationships and, in regions of complex
anatomy such as at the neck of an aortic
aneurysm, it can be difficult to be confident when
the true origin of a branch is visualized versus a
foreshortened branch due to overlap of its proxi-
mal extent with the aorta itself.

Shaded Surface Display

The shaded surface display (SSD) technique pro-
vides exquisite 3D representations of anatomy
(Fig. 3), relying on gray scale to encode surface re-

Fig. 2. Maximum intensity projection (MIP). This frontal MIP dis-
plays the entirety of the thoracoabdominal aorta and iliac arteries.
The metallic portion of a descending thoracic aortic stent graft is
shown (arrow). The metallic cage obscures the aortic lumen, but is
easily visualized because of its attenuation differences compared to
the contrast medium-enhanced arterial lumen. Similarly, calcium
in the distal aorta and common iliac arteries is easy to identify rela-
tive to the enhanced lumen 

Fig. 3. Shaded surface display (SSD). Lateral SSD provides greater
appreciation of 3D relationships compared to MIP in Fig. 2, but the
stent-graft (arrow) and arterial calcium deposits are difficult to dis-
criminate from the arterial lumen 
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flections from an imaginary source of illumina-
tion [7, 8]. The majority of SSD images created on
clinical workstations display a single surface that
is the interface between user-selected thresholds.
As a result, the 12-bit CT data are reduced to bina-
ry data, with each pixel being either within or out-
side of the threshold range. Some workstations al-
low several threshold ranges to be defined and dis-
played with different colored surfaces. In this set-
ting, different tissue types or structures are coded
with different colors to facilitate their visualiza-
tion relative to adjacent structures. For each clas-
sification, data segmentation is required, typically
by both thresholding and editing, which increases
the required processing time arithmetically. Re-
gardless of the number of tissue groups or classes
assigned, the selection of the threshold range that
defines each class is typically arbitrary and can
substantially limit the accuracy of data interpreta-
tion, particularly when attempting to grade
stenoses. This is particularly true when calcified
plaque accompanies regions of arterial stenosis.
The plaque typically falls within the same thresh-
old range as blood vessel lumen, resulting in the
spurious appearance of a local dilation, rather
than a stenosis [9].

Volume Rendering 

The final and most complex rendering technique is
volume rendering (VR) [10-14]. There are many
different versions and interfaces for VR, but the
general approach is that all voxel values are as-
signed an opacity level that varies from total trans-
parency to total opacity (Fig. 4). This opacity func-
tion can be applied to the histogram of voxel val-
ues as a whole or to regions of the histogram that
are classified as specific tissue types [15, 16]. Peaks
and plateaus of high, low, or intermediate opacity
usually characterize the transfer function. “Walls”
slope from the opacity peak or plateau to a base-
line of complete transparency in an attempt to ac-
count for partial volume effects at the edges of
structures. Regions where the opacity curve has a
steep slope are referred to as transition zones and
are analogous to threshold levels with SSD.

Lighting effects may be simulated in a fashion
similar to that for SSD. Because there is no surface
definition with VR, lighting effects are applied
based upon the spatial gradient (i.e., variability of
attenuation within a local neighborhood of vox-
els). Near the edges of structures, the spatial varia-
tion in attenuation changes more rapidly (a high
gradient) than in the center of structures (a low
gradient). Lighting effects are most pronounced in
regions of high spatial gradients. Because lighting
effects and variations in transparency are simulta-
neously displayed, it is frequently useful to view

VR images in color. The color is applied to the at-
tenuation histogram to allow differentiation of
pixel values and to avoid ambiguity with lighting
effects, which are encoded in gray scale. Other
variables such as specular reflectivity, which mod-
els the “shininess” of a surface, are available but
should be used with caution to avoid confounding
the visualization.

Editing CT Data 

The challenge of performing efficient and accurate
3D visualization of clinical CT data is to balance
the use of visualization techniques that require ed-
iting versus those that do not. In general it is
preferable to avoid time-consuming editing, but it
is occasionally necessary to optimally visualize
complex structures. Editing can span from quick
and simple interactive cut-plane selection to
meticulous 2D region of interest (ROI) selection
with intermediate steps being provided by 3D ROI
editing, region growing (or connectivity), and slab
editing.

Cut-Plane Selection

When viewing SSD and VR images, the use of cut
planes is helpful to remove obscuring structures
that lie between our viewpoint and the anatomy of
interest. Cut planes can usually be oriented arbi-
trarily but, for the same reasons that MPR images

Fig. 4. Volume rendering (VR). Caudally angulated anterior VR of
the pelvis from a patient with a patent aortobifemoral bypass graft
and an occluded femoral to femoral bypass graft. Three dimension-
ality is conveyed similar to an SSD, but attenuation differences are
visualized based upon the color scale, where metal clips are easily
discriminated from the lower attenuation and redder arterial lumi-
nal enhancement (white arrows) 
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are limited for visualizing curved structures, cut
planes are limited for removing curved structures.

3D ROI Editing

This approach to editing is performed when a ROI
is selected by drawing a rectangle or more com-
plex shape and extruding this shape through the
volume along an appropriate linear path. The se-
lected region is either removed or exclusively re-
tained for rendering. This is a quick technique that
requires the drawing of a single ROI that can then
be applied to many cross-sections. It is useful for
eliminating the air around the chest when creating
a MinIP or for removing the spine from data sets
containing only the cervical or lumbar regions of
the spine.

Unfortunately, 3D ROI editing is not sufficient
for removing the pelvis, skull, or large portions of
the rib cage, particularly near the thoracic inlet,
where a cleavage plane between anatomy of inter-
est and obscuring structures cannot be identified.
There are two main approaches for dealing with
this problem: region growing (connectivity) and
slab editing. Both can be effective but, in general,
region growing is more flexible and efficient when
combined with Boolean operations such as sub-
traction.

Region Growing

Region growing (connectivity) is a threshold-
based process, where a seed point is selected in the
structure of interest and allowed to “grow” into
contiguous pixels that are within a defined thresh-
old range. Region growing is rarely adequate as the
sole editing tool, because often there are regions
of “leakage” where the seed may grow into unde-
sirable structures. To combat this problem, limited
cut planes or “scalpel cuts” can be applied over a
variable number of sections to disconnect the
structures.

A typical application of this technique is the
disconnection of the superior gluteal arteries from
the sacrum as they exit the pelvis. These pre-
dictable sites of leakage between the arteries and
bones can be disconnected in seconds. A quick
search of the remainder of the cross-sections may
reveal problematic osteophytes contacting the aor-
ta, which must be similarly disconnected; then the
region growing technique is applied and the aorta
and its branches are selected.

There are two approaches to using region
growing for editing CT data:
• The first and most intuitive use of region grow-

ing is selection of the structure of interest and
deletion of all unselected pixels from the data.

This approach has two main limitations. First,
the structure of interest may not be identifiable
with a single region growing step, as when both
sides of an occluded blood vessel are reconsti-
tuted distally by collateral flow or a highly
stenotic vessel becomes discontinuous with
thresholding. Second, the edges of structures
will be arbitrarily truncated at the threshold se-
lected for the region growing. Therefore, the
edge pixels between the structure of interest
and the background are excluded. While SSD
images look fine with this approach, MIP im-
ages appear as though they have been cut from
the data with scissors. This second limitation
can be combated with a simple dilation step,
where the editing is allowed to “relax” by 1–4
pixels to include these edges. The first limita-
tion, however, cannot be addressed by dilation
and thus there is a preferred approach to using
region growing, as follows.

• The preferred approach is to use region grow-
ing to identify the bones, dilate them by 3–4
pixels to include the edges and subtract them
from the original data. A MIP image of 200
transverse abdomen and pelvis sections can be
edited in less than 5 min using this approach to
display the aortoiliac system free of overlapping
bones. The edited data can also be used to cre-
ate SSD or VR images free of bones, providing a
posterior view of the aorta and its branches.

Slab Editing

Slab editing is also an efficient means of editing
CT data. Slab editors work by allowing the user to
preselect slabs of data of varying thickness. The
slabs are displayed as slab-MIP images and a ROI
is drawn on each slab. Fewer slabs require less ROI
drawing, but more slabs may be required to re-
move complex structures. For many applications,
5–10 transverse sections are used per slab, improv-
ing the efficiency over 2D ROI editing by a factor
of 5–10. This technique can be limited in regions
such as the pelvis (where the iliac arteries lie close
to the pelvic sidewall and the pelvis has a sloping
contour) and the skull base adjacent to the circle of
Willis.

Section-by-Section 2D ROI Editing

The most time-consuming editing technique is
section-by-section 2D ROI editing, where a ROI is
drawn individually on each cross-section. This
provides the most control, but is extremely time-
consuming and should be reserved only for situa-
tions where none of the previously described ap-
proaches suffices.
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Endoluminal Visualization

The ability of helical CT to image the inner sur-
faces of tubular lumina has led to proposed clinical
applications of “virtual endoscopy” to examine the
bowel [14, 17, 18], airways [14, 19-21], blood vessels
[14], and urinary tract [22, 23]. While the utility of
these techniques in the clinical setting has not
been fully validated, virtual endoscopy has gener-
ated considerable interest among radiologists and
other clinicians. While the term virtual endoscopy
is catchy, it is vague and is loosely applied to any
technique that displays the interior of tubular lu-
mina.

The interior surface of tubular lumina can be
visualized with SSD and VR. The basic approach is
to identify threshold levels for SSD that exclude
pixels of similar attenuation to the lumen (e.g.,
from -900 to -1,000 HU for air-filled lumina, and in
the range of 150-400 HU for contrast-enhanced
blood vessels) or to choose an opacity curve for
VR that results in complete transparency of the lu-
men. It is important to recognize that these ren-
derings depict the interface between luminal con-
trast and extraluminal attenuation, and do not ac-
tually show the mucosal or intimal surface. Once
the intraluminal pixels have been eliminated or
rendered transparent, a view is created to allow
unobstructed intraluminal visualization. Toward
that end, two main strategies can be employed: or-
thographic external rendering with cut planes and
immersive perspective rendering.

Orthographic External Rendering 

Orthographic rendering is the most common type
of rendering, particularly for external visualiza-
tion, and is based upon the assumption that light
rays reaching our eyes are parallel, as if structures
were viewed with a high-powered telescope from
far away. As a result, the proximity of structures to
the viewpoint does not influence the size with
which they are rendered. Although orthographic
rendering is exclusively used for visualization
from a viewpoint that is external to the data, it can
be used for internal visualization when combined
with cut planes that are positioned within the lu-
men of the structure of interest. This is analogous
to cutting a window into a piece of pipe to visual-
ize its interior. This technique is mostly useful for
providing regional snapshots but currently cannot
provide a continuous display of all interior sur-
faces within a tubular lumen. Greater inner surface
visualization is available with immersive perspec-
tive rendering.

Immersive Perspective Rendering 

Immersive rendering implies that the viewpoint is
within the data set. In order to understand depth
relationships from close range, structures should
be viewed with perspective. This mode demon-
strates spatial relationships similar to the human
visual system, where light rays are focused to con-
verge on the retina. The phenomenon of perspec-
tive helps us recognize the distance of structures
based upon their size, as a structure close to the
eye appears larger than a structure further away.
The extent to which this effect is observed is deter-
mined by the field of view (FOV) of our “virtual
lens,” which is typically defined as the size of the
angle at the apex of a cone of visualization ema-
nating from our viewpoint.A larger angle indicates
greater perspective and thus greater disparity in
size-distance relationships. Most perspective ren-
derings of CT data are created with a 20°-90° FOV.
Both SSD and VR images can be rendered with
perspective, and used to create endoluminal views
that mimic fiberoptic endoscopy without the me-
chanical limitations of access to the lumen and
view direction.

The greatest challenge of immersive visualiza-
tion is navigation. “Flying” a virtual endoscope is
akin to flying a helicopter. There are three spatial
degrees of freedom for position and three spatial
degrees of freedom for view direction. When con-
sidered with the challenge of appropriate thresh-
old (SSD) or opacity table (VR) selection and col-
or, the complexity of creating these visualizations
can be daunting. Furthermore, without some ex-
ternal indication of the view position, either on a
3D model or with MPR, it is easy to lose track of
one’s location within the lumen. Techniques that
automatically create a flight path through the cen-
ter of a lumen are being developed and are show-
ing promising results. There are likely to be many
variations on the performance of virtual en-
doscopy, aimed at improving efficiency and ease,
which will be developed in the near future. Howev-
er, until these techniques are validated against an
established standard, CT endoscopy will remain
predominately a research tool.

Systems for CT Data Analysis

There are currently five systems for data analysis
available in clinical practice. These systems are not
mutually exclusive and may in fact be complemen-
tary.
• Film-based interpretation. I include this for

completeness. In the era of MDCT, film is obso-
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lete for image interpretation, but can be a use-
ful means of transferring partial image sets to
referring clinicians.

• Conventional PACS workstations. A full discus-
sion of the picture archiving and communica-
tion system (PACS) is beyond the scope of this
chapter. For MDCT interpretation, PACS offers
soft-copy interpretation on workstations that
provide easy access to current and prior stud-
ies. PACS makes it possible to perform cine-
paging of image stacks, dynamically tune win-
dow and level settings, make digital measure-
ments, and assess CT attenuation in ROIs; these
are invaluable daily tools that film does not of-
fer. However, most PACS stations do not pro-
vide tools for 3D visualization.

• 3D and MPR on the CT scanner. In some low-
volume practices, creating alternative visualiza-
tions on the CT console may be a practical so-
lution. In a busy practice, routinely using the
scanner to create 3D visualizations is impracti-
cal. It’s like sitting in your car to read a book.
You can do it, but if you’re sitting in the car, you
may as well be driving. CT scanners are expen-
sive pieces of equipment, and any process that
hinders using the scanner to image patients is
misappropriation of resources, unless no one is
waiting to be scanned. Furthermore, a busy,
crowded CT scan console is not the optimal lo-
cation for interpreting imaging data. It is rarely
possible to study the data in a meaningful way
in this environment. The use of these tools is
best left for emergency situations and for high-
ly scripted visualizations that CT technologists
create in association with specific clinical pro-
tocols, such as vertebral reformations.

• 3D workstations. Most 3D workstations are
stand-alone devices that offer a variety of the
visualization tools discussed earlier. In general,
the most advanced 3D processing tools are
found on stand-alone workstations. They are
invaluable for routine 3D image creation, par-
ticularly when 3D image creation and analysis
can be localized to the site where the worksta-
tion is placed. Unlike PACS, however, 3D work-
stations do not typically function in a distrib-
uted manner throughout a radiology depart-
ment or medical center. The workstations tend
to be expensive and thus placing workstations
at all locations where 3D interactivity is desired
may be impractical. Recent developments from
some vendors are focusing on interactivity and
data sharing between workstations; however, it
is too early to tell what their impact will be.

• Distributed 3D systems. These setups permit
the simultaneous rendering of multiple data
sets on a networked computer system consist-
ing of a single 3D server and numerous client
workstations. The server has a large amount of

random-access memory (RAM) and hard drive
space, as well as high-performance central and
graphics processing units. The server is con-
trolled by “thin” client workstations that are
standard PCs running small applications that
instruct the server and then display the render-
ings that the server generates. Although the
thin-client workstation usually does not offer
all the advanced tools that a dedicated 3D
workstation provides, it has the advantage of
being inexpensive and thus practical to locate
anywhere in the department that has a fast net-
work connection to the server. Pre-existing PCs
may suffice for this purpose and thus, with the
acquisition of a single server, an innumerable
number of 3D clients can be set up on existing
PCs, in convenient locations such as radiolo-
gists’ offices, clinics, hospital wards, conference
rooms, and operating rooms.

Conclusions 

The latest advances in radiological imaging, in
particular MDCT, have been accompanied by an
explosion of data, requiring the implementation of
fast and capacious computer systems for manag-
ing the information flow. Currently, patient prepa-
ration and actual CT scanning represent a small
part of the total workflow, while data transfer, im-
age reconstruction, 3D processing, interpretation,
and archiving are time-consuming, expensive, and
elaborate activities. Optimal data transfer is
achieved with fast networks and powerful comput-
ers.Accurate image interpretation is no longer fea-
sible by visual assessment, and requires sophisti-
cated, dedicated software for 3D visualization and
volumetric analysis. Finally, CT studies must be
archived temporarily in capacious hard disks or in
digital “offline” libraries for long-term storage. In
order to fully benefit from the clinical advantages
of MDCT, further developments in both hardware
and software are necessary, and radiology depart-
ments must maintain adequate computing facili-
ties as support to the increasing clinical workflow.
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Introduction

With the advent of multidetector-computed to-
mography (MDCT) technology, the number of pa-
tients undergoing contrast-enhanced CT studies
has steadily grown in the last 6 years. In 2003, it
was in the order of 18 million in the European
Union and 24 million in the United States. Post-
contrast adverse events, i.e., all those unintended
and unfavorable signs, symptoms, or diseases tem-
porally associated with the use of an iodinated
contrast medium (CM), are a fact of life in radiolo-
gy departments. Most adverse events occur within
the first 60 min following the CM administration,
with the greatest risk in the first 5 min. More de-
layed CM adverse events do occur, with some
events recorded up to 7 days after CM administra-
tion, although a significant proportion of delayed
adverse events are probably unrelated to CM ad-
ministration. Among all types of delayed adverse
events, only delayed hypersensitivity skin reac-
tions are well-documented untoward side effects
of CM. Besides delayed skin reactions, contrast-in-
duced nephropathy (CIN) is also a serious, well-
known, late complication of CM use. This chapter
is aimed at summarizing the most recent literature
on CIN and late skin reactions.

Contrast-Induced Nephropathy

Definition, Epidemiology, and Clinical 
Features

CIN is an acute decline in renal function after ad-
ministration of an iodinated CM in the absence of
an alternative cause [1, 2]. Development of CIN is
defined by a transient increase in the concentra-

tion of serum creatinine (SCr) relative to baseline
levels. The definition of the point at which a pa-
tient develops CIN varies from clinical study to
clinical study. Definitions range from absolute
(0.5–1.0 mg/dl) to relative (10%, 25%, 50%, or
100%) increases over baseline levels. In the vast
majority of clinical trials, however, CIN has been
defined as a relative rise in SCr ≥25%, or as an ab-
solute increase of ≥0.5 mg/dl from baseline [3, 4].
Based on this definition, the overall incidence of
CIN is estimated to be 0.6%–2.3% [5]. In patients
with cardiovascular pathology undergoing angiog-
raphy procedures, the incidence of CIN is higher
and ranges from 3.3% to 14.5% [6, 7]. Chronic kid-
ney disease, defined as SCr persistently >1.5 mg/dl
or a calculated or estimated creatinine clearance
(CrCl) <60 ml/min per 1.73 m2, is the most-impor-
tant factor for the development of CIN [1, 2, 6].
Other major risk factors for CIN include dehydra-
tion, diabetes mellitus, any condition associated
with decreased effective circulating volume, and
use of large CM doses [1, 2, 6] (Table 1).

The most common features of CIN are shown
in Table 2. The rise in SCr usually occurs within
24–48 h of exposure to iodinated CM, with a re-
turn to baseline or near baseline within 7-10 days
in most cases [3, 8]. Dialysis as a result of CIN is re-
quired in 0.3%–0.7% of patients undergoing an-
giography [6, 7]. Almost every patient who devel-
ops acute renal failure requiring dialysis shows a
significant SCr rise at 24 h after the exposure to 
iodinated CM [9]. Patients who develop contrast-
induced acute renal failure are at significantly
higher risk of death, both in hospital and long
term [6, 10-12]. The prognosis is particularly unfa-
vorable in patients with pre-existing renal com-
promise [10, 11].

IV.4
Late Adverse Events Following
Administration of Iodinated Contrast Media:
An Update
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CIN Following Intra-arterial 
Administration of CM in Patients
with Renal Impairment

Literature Search Methodology. Several studies
have evaluated the nephrotoxicity of nonionic
monomers and dimers in patients with renal fail-
ure undergoing cardiac or peripheral angiography.
A systematic and comprehensive on-line search
was performed for publications printed from Janu-
ary 1991 to April 2004. The search included the fol-
lowing databases: EMBASE, MEDLINE, Biosis Pre-
views, Derwent Drug File, Pascal, and SciSearch
Cited Ref Sci. The following criteria were prospec-
tively defined to select studies for inclusion in the
review:

(1) English language.
(2) Publication in peer-reviewed journals.
(3) Either randomized, double-blind comparisons

of iodinated contrast media or prospective,
controlled studies of the safety and efficacy of
pharmacological measures for the prevention
of CIN (N-acetylcysteine or other drugs).

(4) The exact number or proportion of patients
who had received a specific nonionic contrast
agent (e.g., iodixanol, iohexol, iopamidol, etc.)
was clearly reported.

(5) The exact number of patients who had received
or not received any preventive measure other
than hydration was clearly reported.

(6) Adequate hydration before and after the proce-
dure.

(7) Study populations with mean baseline SCr lev-
els between 1.5 and 2.5 mg/dl and/or mean
baseline CrCl between 40 and 60 ml/min.

(8) Intra-arterial administration.
(9) Measurement of CIN as an absolute increase of

≥0.5 mg/dl or a relative increase of >25% in SCr
over baseline at 48–72 h after the administra-
tion of the CM

Fourteen studies met the predefined selection
criteria, 3 with iohexol (Omnipaque), 3 with iodix-
anol (Visipaque), 1 with iohexol and iodixanol, 4
with iopamidol (Iopamiro, Solutrast, Jopamiro,
Niopam, Isovue), 1 with iomeprol (Iomeron), 1
with iopromide (Ultravist), and 1 with ioxilan (Ox-
ilan). To eliminate the confounding effect of drug
premedication and ensure consistency, only the
data from patients who had received a nonionic
contrast agent and no premedication have been re-
viewed, i.e., from the control arm of the studies
conducted to evaluate the preventive efficacy of
acetylcysteine or other drugs, or of the patients
who had received a nonionic agent in the compar-
isons of contrast agents.

CIN Rates Following Intra-arterial Administration
of Iohexol in Risk Patients. Rudnick et al. [13] con-
ducted a double-blind, randomized study to com-
pare the incidence of nephrotoxicity with diatri-
zoate and iohexol in 1,196 patients undergoing car-
diac angiography. Patients were divided into four
groups based on the presence of renal insufficiency
and diabetes mellitus as follows: (a) neither renal

Table 1. Risk factors for contrast-induced nephropathy (CIN)

Established
• Dehydration 
• Pre-existing renal failure
• Diabetes mellitus
• Large contrast volume
• Repeat contrast in <48 h
• Class III/IV CHF
• Multiple myeloma
(CHF = congestive heart failure)

Table 2. Clinical features of contrast-induced nephropathy (CIN)

• SCr rise occurs within the first 24 h (80% of cases) or at 48–72 h (20% of cases), and peaks at 3–5 days
• Most common feature of CIN is a transient, self-resolving increase in SCr (“benign creatininopathy”)

- Nonoliguric
- Urinalysis may reveal granular casts, tubular epithelial cells, and minimal proteinuria
- SCr returns to baseline values within 7–10 days

• In a minority of cases, CIN leads to serious renal failure requiring either nephrology consultation or dialysis
- Nearly all patients who progress to serious ARF have a rise in SCr within the first 24 h

(SCr = serum creatinine, ARF = acute renal failure)

Probable
• Age >70 years
• Female gender
• Concomitant use of loop diuretics
• Concurrent administration of drugs that are directly nephrotoxic

or produce intra-renal vasoconstriction (cyclosporin, 
aminoglycosides, antineoplastic agents, amphotericin B, 
dipyridamole, adenosine, etc.)
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insufficiency nor diabetes mellitus, (b) diabetes
mellitus but no renal insufficiency, (c) renal insuf-
ficiency but no diabetes mellitus, and (d) renal in-
sufficiency and diabetes mellitus present.A total of
250 patients had pre-existing renal failure in the io-
hexol-treated group, 102 were also diabetic. Mean
baseline SCr values were 1.8±0.6 mg/dl in all pa-
tients with renal compromise and 2.0±0.6 mg/dl in
those with renal failure and diabetes mellitus. CIN,
defined as an increase in SCr of ≥0.5 mg/dl from
baseline within 48–72 h of CM administration, oc-
curred in 52 of 250 patients (20.8%). In patients
with concomitant diabetes, the incidence of CIN
was higher (34/102, 33.3%). Among the patients
with renal failure that experienced CIN after the
administration of iohexol, 9 also experienced un-
usually severe nephrotoxicity, and 5 of these pa-
tients (2%) ultimately required acute dialysis.

Durham et al. [14] conducted a double-blind
study to assess the possible preventive effect of N-
acetylcysteine in 81 angiography patients with SCr
levels of at least 1.7 mg/dl. Patients were random-
ized into groups receiving prophylaxis for CIN with
intravenous saline only (control group) versus in-
travenous saline plus N-acetylcysteine. All patients
received iohexol, and CIN was defined as an increase
in SCr of at least 0.5 mg/dl at 48 h. At the end of the
study, 79 patients were available for analysis. The re-
sults showed that 24% of patients experienced CIN
after iohexol (26% in the treatment group and 22%
in the control arm). In diabetic subjects the results
were even worse, with 42% of the acetylcysteine
group and 28% of the control group experiencing
CIN. In all, 5 of 79 (6.3%) patients experienced SCr
increases of greater than 1.0 mg/dl, and 2 patients
experienced SCr increases of over 2.0 mg/dl. For
these patients (3% of the patient population) dialy-
sis was required.

Hans et al. [15] prospectively studied 55 pa-
tients with chronic renal insufficiency who under-
went abdominal arteriography and arteriography
of the lower extremities. The patients were ran-
domized into two groups, one (28 patients) that re-
ceived dopamine and one (27 patients) that re-
ceived an equal volume of saline and no premed-
ication. All patients received iohexol, and CIN was
defined as an increase in SCr of at least 0.5 mg/dl
at 24-96 h after angiography. At 48-72 h after ex-
amination, 10 of the 27 patients (37%) in the io-
hexol-saline group experienced CIN.

In Aspelin’s NEPHRIC study [16], all the study
patients had diabetes mellitus and pre-existing re-
nal failure (mean baseline SCr 1.6±0.5 mg/dl). A
peak increase in SCr of ≥0.5 mg/dl was observed in
17 of 65 (26%) patients receiving iohexol. Six pa-
tients (9%) had clinical acute renal failure related
to the use of iohexol and had to undergo he-
modialysis. Three of these patients recovered, two
died, one had persistent renal failure.

Figure 1 shows the incidence of CIN observed
with Omnipaque. Overall, the incidence of CIN in
patients with renal compromise enrolled in these
studies was 21%-37% (mean 23.0%).

CIN Rates Following Intra-arterial Administration
of iodixanol in Risk Patients. The RAPPID study
by Baker [17] evaluated the efficacy of intravenous
acetylcysteine in the prevention of the nephrotox-
ic effects of iodixanol in patients with moderate
renal failure (baseline SCr levels 1.75±0.41 mg/dl,
baseline CrCl 44±18 ml/min). The patients in the
RAPPID study who were not randomized to re-
ceive the antioxidant had intravenous hydration
for 12 h before receiving iodixanol. There were two
groups, one receiving acetylcysteine premedica-
tion and one receiving only saline. The incidence
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of CIN (SCr increases of 25%) was 21% (8/39 pa-
tients) following iodixanol and no premedication
with acetylcysteine.

Boccalandro et al. [18] published a randomized,
double-blind trial comparing the renal tolerability
of iodixanol-enhanced interventional cardiac an-
giographic procedures with or without pretreat-
ment with oral acetylcysteine in 181 patients with
moderate chronic renal insufficiency. All patients
were hydrated for 12 h prior to the procedure.
Baseline SCr in the study group receiving iodixanol
and no premedication was 1.9 mg/dl. Baseline CrCl
was 50±29 ml/min. The mean increase in SCr fol-
lowing iodixanol and hydration was 0.19±0.4. The
incidence of CIN (SCr increase >0.5 mg/dl at 48 h
after CM administration) was 12% (13/106).

Recently, Stone et al. [19] conducted a random-
ized, double-blind, placebo-controlled study of 315
patients with moderate to severe renal failure to
examine the efficacy of fenoldopam mesylate, a
specific agonist of the dopamine-1 receptor, in pre-
venting CIN after invasive cardiovascular proce-
dures. Iodixanol was used in 10% of patients. CIN
(SCr increase of ≥0.5 mg/dl) occurred in 33.3% of
patients who received the iso-osmolar iodixanol,
compared with 25.3% of those who received low-
osmolar agents.

The results of the NEPHRIC study [16] showed
that iodixanol induced a mean increase in SCr of
0.13 mg/dl. Peak increases of >0.5 mg/dl were ob-
served in 3% of patients (2/64 patients). There
were no patients with a peak increase >1.0 mg/dl.

Figure 2 shows the incidence of CIN with Visi-
paque. Overall, the incidence of CIN in patients
with renal compromise enrolled in these studies
was 3%-33% (mean 14%).

CIN Rates Following Intra-arterial Administration
of Iopamidol in Risk Patients. Taliercio et al. [20]
compared the nephrotoxicity of diatrizoate and
iopamidol. In this randomized, double-blind clini-
cal trial, 307 patients with renal impairment un-
dergoing cardiac angiography were enrolled. Re-
nal impairment was defined as SCr ≥1.5 mg/dl at
recruitment; the mean baseline SCr for the entire
population was 2.02 mg/dl. At the 24-h evaluation,
mean SCr levels were significantly increased in the
diatrizoate group compared with the iopamidol
group. The mean maximal rise in SCr was signifi-
cantly higher in the diatrizoate group compared
with the iopamidol group. The maximal SCr rise
was >0.5 mg/dl in 8% of iopamidol patients versus
19% of diatrizoate patients.A multivariate analysis
of the effects of contrast agent, diabetes mellitus
requiring insulin, and the presence of severe renal
insufficiency (i.e., baseline SCr >3 mg/dl) revealed
that a greater maximal change in SCr was inde-
pendently related to the use of diatrizoate, the
presence of diabetes mellitus requiring insulin,
and the presence of severe renal insufficiency.
These results indicate that iopamidol was less
nephrotoxic than diatrizoate in patients with renal
insufficiency.

Coincident with the publication of the
NEPHRIC study, Kay et al. [21] published a ran-
domized, double-blind trial comparing the renal
tolerability of iopamidol-enhanced diagnostic or
interventional cardiac angiographic procedures
with or without pretreatment with oral acetylcys-
teine in 200 patients with moderate chronic renal
insufficiency (CrCl <60 ml/min). Patients had in-
travenous hydration for 12 h before receiving
iopamidol and for 6 h after. Mean baseline SCr lev-
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els were 1.36 mg/dl and mean baseline CrCl was
45.0 (range 12.7–59.8) ml/min in the group receiv-
ing iopamidol alone. The incidence of CIN (SCr in-
crease of 25%) was 12% without premedication
with acetylcysteine and 4% following premedica-
tion with the antioxidant. No patient developed
clinical acute renal failure following iopamidol.
Without any premedication, SCr levels showed a
decrease 24 h after the iopamidol-enhanced car-
diac angiography procedure, and very modest in-
creases (mean SCr increase 0.02 mg/dl) 2 and
7 days after CM administration. An increase in Cr-
Cl was even observed in patients receiving iopami-
dol without premedication, in the whole group as
well as in subgroups with chronic renal failure and
diabetes, and with reduced (30%–50%) left ven-
tricular ejection fraction. This means that, if any,
the deterioration of the renal function of the study
patients was minimal or negligible, even in the
presence of well-known risk factors for CIN.

Oldemeyer et al. [22] conducted another ran-
domized, double-blind, placebo-controlled trial to
assess the preventive effect of oral acetylcysteine
in 96 patients with moderate chronic renal failure
undergoing elective coronary angiography with
iopamidol. All patients received half-isotonic
(0.45%) saline at 1 ml/kg per hour intravenously
for 12 h before and 12 h after angiography. The pri-
mary study endpoint was the development of CIN,
defined as an absolute increase in SCr of
≥0.5 mg/dl from baseline or a relative increase of
≥25% at 24 and 48 h after the procedure. CIN oc-
curred in 8.2% (4/49) of patients taking acetylcys-
teine and 6.4% (3/47) of patients taking placebo. In
patients with superimposed diabetes mellitus, the
incidence of CIN was 15% (3/20) in acetylcysteine-

treated patients and 8.7% (2/23) in placebo-treated
patients. No patient developed acute renal failure
or required dialysis.

Very recently, Goldenberg et al. [23] published
the results of another placebo-controlled, double-
blind trial assessing the preventive efficacy of oral
acetylcysteine in patients with chronic renal fail-
ure (mean baseline SCr 1.9±0.3 mg/dl) receiving
iopamidol. All patients received half-isotonic
(0.45%) saline at 1 ml/kg per hour intravenously
for 12 h before and 12 h after coronary angiogra-
phy. The primary study endpoint was the develop-
ment of CIN, defined as an absolute increase in
SCr of ≥0.5 mg/dl from baseline at 48 h after coro-
nary angiography. CIN occurred in 10% (4/41) of
patients in the acetylcysteine group and in 8%
(3/39) of patients in the placebo group.

Figure 3 shows the incidence of CIN in studies
with Isovue. Overall, the incidence of CIN in pa-
tients with renal compromise enrolled in these
studies was 8%–12% (mean 9%).

CIN Rates Following Intra-arterial Administration
of Other Nonionic Monomers. Huber et al. [24] in-
vestigated whether the adenosine antagonist theo-
phylline could prevent or reduce CIN in patients
with chronic renal insufficiency (SCr level at base-
line 2.07±0.94 mg/dl). Fifty patients were random-
ized to receive iomeprol and placebo and 50 pa-
tients were randomized to receive 200 mg theo-
phylline intravenously 30 min before angiography
with iomeprol. High doses of CM were used for di-
agnostic or interventional procedures (always
>150 ml, 250–349 ml in 15 patients, >350 ml in 10
patients, mean±SD 216.6±95.0 ml in the iomeprol-
placebo group, 196.5±84.1 ml in the iomeprol-
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theophylline group). The majority of patients (86%
in the iomeprol-placebo group, 88% in the iome-
prol-theophylline group) received concomitant
nephrotoxic medications (aminoglycoside, van-
comycin, nonsteroidal anti-inflammatory drugs,
amphotericin B, and/or nephrotoxic chemothera-
py). Several patients also suffered from diabetes
mellitus (40% in the iomeprol-placebo group, 28%
in the iomeprol-theophylline group). The overall
incidence of CIN (SCr increase of ≥0.5 mg/dl) was
10% (16% in the placebo group, 4% in the theo-
phylline group). The incidence of CIN in the subset
of patients with renal failure and diabetes was 10%
in the iomeprol-placebo group. None of the pa-
tients developed acute renal failure.

Briguori et al. [25] conducted a placebo-con-
trolled study in 183 consecutive patients with renal
impairment to evaluate the prophylactic effect of
intravenous acetylcysteine. The contrast agent
used was iopromide in all patients. Patients in the
placebo group had a baseline SCr level of
1.5±0.4 mg/dl. CIN was defined as an increase of
≥25% over baseline levels in the 48 h following the
angiographic procedure. The incidence of CIN in
the subset of patients treated with placebo (saline)
was 11% (10/91 patients).

Diaz-Sandoval et al. [26] used the nonionic
monomer ioxilan in 54 patients with chronic renal
failure; 25 patients received oral acetylcysteine, 29
a placebo (saline). Mean baseline SCr was
1.66±0.05 mg/dl in the pretreated group and
1.56±0.04 in the ioxilan-placebo group. The inci-
dence of CIN (SCr increase of ≥25% over baseline)
in the placebo group was 45%.

CIN Following Intravenous administration

There are fewer studies assessing the renal safety
of iodinated agents following their intravenous
administration. Two studies compared two differ-
ent nonionic monomers with iodixanol. The first
double-blind comparison of the effects of the iso-
osmolar iodixanol and the low-osmolar iopro-
mide on renal function in 64 patients with mild-
to-moderate renal insufficiency was conducted by
Carraro et al. [27] Patients with SCr values be-
tween 1.5 and 3.0 mg/dl underwent excretory
urography with one of the two randomly assigned
CM. Renal function was assessed before and 1, 6,
24, and 48 h, and 7 days after urography. Parame-
ters included SCr, as well as urinary tubular en-
zymes (alanylaminopeptidase and N-acetyl-β-glu-
cosaminidase), α1-microglobulin, and albumin.
Baseline characteristics between the two groups
were similar. SCr levels decreased during the ob-
servation period in both groups, but no statistical
difference between treatments was noted. One
nondiabetic patient in the Visipaque group devel-

oped CIN (SCr increasing from 2.5 to 5.4 mg/dl in
24 h, returning to baseline by the 48-h evaluation).
Overall, neither alanylaminopeptidase nor N-
acetyl-β-glucosaminidase changed significantly in
either treatment group, although 1 patient in the
Visipaque group had an increase in N-acetyl-β-
glucosaminidase of almost 700 mU/mg urinary
creatinine from baseline to 24 h. Levels of α1-mi-
croglobulin and albumin did not change during
the observation period, nor did blood pressure or
heart rate.

A more-recent study compared the isotonic
dimer iodixanol with the low-osmolar, nonionic
monomer iobitridol in 50 patients undergoing cra-
nial or body CT procedures [28]. Both groups re-
ceived similar volumes of CM (113.3 ml of iobitri-
dol, 112.7 ml of iodixanol) and had similar base-
line values of SCr (2.7 mg/dl, i.e., 242.0 µmol/l in
the iobitridol group, 2.6 mg/dl, i.e., 229.7 µmol/l in
the iodixanol group) and CrCl (28.7 ml/min vs.
27.5 ml/min). No differences were observed be-
tween the two agents. The SCr increase was
≥0.5 mg/dl, i.e., 44 µmol/l, in 17% of patients with
both agents, while a decrease of CrCl of ≥25% was
observed in 12.5% of patients with both agents. In
both studies, the renal safety of the nonionic
dimeric agent was identical to that of the nonionic
monomeric agents.

A recently published study by Haight et al. [29],
partially sponsored by the National Cancer Insti-
tute, evaluated the renal tolerability of iopamidol
in pediatric patients (median age 8.1 years) under-
going CT following bone marrow transplantation.
These patients received several immunosuppres-
sive and antimicrobial drugs that are quite
nephrotoxic (cyclosporin A, methotrexate, cytara-
bine, aminoglycosides, amphotericin B, acyclovir,
etc.). CT is the examination of choice for the detec-
tion of foci of infection and other complications
in these patients. The study assessed the possible
potentiation of nephrotoxicity following relatively
high doses (2–3 ml/kg) of contrast agents. In this
study, iopamidol showed no or negligible effects
on the kidney function of those pediatric patients
that were definitely at higher than usual risk for
the development of acute renal failure following
CM administration.

Steps for Prevention

The most effective strategy for minimizing the
risk for CIN is careful patient assessment. When
iodinated contrast-enhanced images are deemed
necessary, a detailed medical history and physical
examination should be performed. Identification
of the co-morbid risk factors allows the physician
to reduce the risk of CIN by proactively address-
ing these potential problems (Table 3). However,
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many high-risk patients are not identified prior to
undergoing contrast radiography studies. One
survey found that only about 20% of practices in
the United States routinely obtain SCr levels be-
fore CM administration [30]. No studies have
evaluated the frequency with which physicians
hydrate their patients prior to contrast studies.
Prophylactic hydration with saline can correct the
very important risk factor of dehydration. Also,
saline hydration may help minimize the direct
toxicity of the contrast agent, by reducing its in-
tratubular concentration and retention. Trivedi et
al. [31] reported that intravenous hydration was
more effective than unrestricted oral fluids.
Mueller et al. [32] reported that intravenous hy-
dration with isotonic (0.9% sodium chloride)
saline is more effective at preventing CIN than hy-
dration with half-isotonic (0.45% sodium chlo-
ride) saline. Recently, Merten et al. [33] random-
ized 119 patients to receive 0.9% solutions of ei-

ther sodium bicarbonate or sodium chloride in-
travenously as a 3 ml/kg bolus per hour for 1 h
prior to intra-arterial administration of a low-os-
molar contrast agent, iopamidol. For 6 h after the
contrast-enhanced procedure, all the study pa-
tients received an infusion of 0.9% sodium bicar-
bonate or 0.9% sodium chloride solutions at
1 ml/kg per hour. CIN, defined as an increase in
SCr of 25% or more within 2 days of the angio-
graphic procedure, occurred in 1.7% of the pa-
tients who received sodium bicarbonate and in
13.6% of the patients receiving sodium chloride
(Table 4).

Another standard recommendation for reduc-
ing the potential for CIN is to use the lowest dose
of CM possible, particularly in patients with re-
duced renal function. Several prophylactic drug
treatments have been proposed, although an effec-
tive treatment to prevent CIN remains to be estab-
lished.

Table 3. Nonpharmacological steps for prevention of CIN

1. Identify co-morbid risk factors
Look for:

• Age over 70 years
• Dehydration
• SCr >1.5 mg/dl (or, better, calculated creatinine clearance <60 ml/min), particularly as a result of diabetic 

nephropathy
• Congestive heart failure
• Concurrent administration of drugs that are directly nephrotoxic or produce intra-renal vasoconstriction

(cyclosporin, aminoglycosides, antineoplastic agents, amphotericin B, dipyridamole, adenosine, etc.)

2. Nonpharmacological prophylactic measures
• Consider alternative imaging modalities that do not require the administration of iodinated CM
• Stop administration of nephrotoxic drugs for 24 h before and after the contrast-enhanced examination
• Stop administration of diuretics (especially loop diuretics)
• Stop administration of metformin for 48 h after CM administration
• Make sure the patient is well hydrated
• Limit the dose of CM
• Do not perform multiple imaging studies with iodinated contrast agents in a short period of time (keep an

interval ≥72 h between contrast examinations)
• Use low- or iso-osmolar CM

Table 4. Steps for prevention of CIN: hydration

1. Patients should be properly hydrated before and after CM administration
2. Intravenous (IV) hydration reported to more effective than unrestricted oral fluids [30]
3. Isotonic (0.9% NaCl) IV hydration reported to be more effective than half-isotonic (0.45% NaCl)

IV hydration [31]
• Maximum benefit of isotonic IV hydration for women, diabetics, patients receiving >250 ml CM

4. IV hydration with sodium bicarbonate reported to more effective than IV hydration with 0.9% NaCl [32]
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Delayed Adverse Events Following
Iodinated Contrast Agents

Definition and Clinical Features

A delayed adverse event (DAE) can be defined as
an event occurring more than 1 h after the admin-
istration of an iodinated contrast agent. A tempo-
ral range of 1 h to 7 days has been suggested [34,
35]. Since DAEs usually occur after the patient has
left the radiology department or the catheter labo-
ratory, their relationship to the contrast-enhanced
procedure is not easily recognized [35-37].

In DAEs, the symptoms that are more com-
monly reported are headache, dizziness, itching,
nausea, vomiting, diarrhea, and skin reactions [34-
37]. A significant proportion of DAEs is probably
unrelated to CM administration. A study conduct-
ed to compare the incidence of DAEs following un-
enhanced and contrast-enhanced CT showed that
DAEs occurred in 293 of 2,370 patients (12.4%)
who received a nonionic monomeric CM and in 93
of 907 patients (10.3%) who did not receive any
CM [38]. Among all types of DAEs, only delayed
hypersensitivity skin reactions are well-document-
ed untoward side effects of CM [36, 37]. The ma-
jority of the skin reactions are of the following
types: urticaria, morbilliform/maculopapular
eruptions, erythema multiform eruptions, and
other nonspecific rashes [35, 37, 39-41]. Most of
the skin reactions are usually not serious and mild
or moderate in severity, i.e., they may cause dis-
comfort and require specific treatment (steroids,
antihistamines, topical emollients), but are rarely
life threatening or require hospitalization [35-37,
39-41], and usually do not cause death or perma-
nent disability. Depending on their localization,
these delayed skin reactions may be more or less
disturbing, the most troublesome being those con-
fined to the palms, soles of the feet, or face [39].

Pathogenesis

Some suggest that DAEs are mediated by a type IV
hypersensitivity reaction [34, 36, 40, 41], i.e., that
they are T-cell mediated and involve antigen-spe-
cific T-lymphocytes, which respond specifically to
an antigen by the release of lymphokines. This as-
sumption is based on the described clinical histo-
ry, skin test results, results from provocation test-
ing, and description of the histological findings af-
ter skin and provocation testing [36, 40, 41]. If de-
layed hypersensitivity causes a DAE, the time
frame for its onset is 48–72 h after dose adminis-
tration.

Available skin test results indicate that the skin
eruptions are caused by the iodinated contrast

agent and not by the excipients [40, 41]. It has been
shown that iodinated CM form molecular agglom-
erates that are larger and more stable the lower the
osmolality and the higher the viscosity of the solu-
tion [42]. Therefore, the largest molecular agglom-
erates have been observed with the isotonic and
highly viscous iodixanol solutions, the second
largest with the other nonionic dimer iotrolan. The
molecular aggregates detected in iodixanol and
iotrolan solutions were much larger than those
formed by the nonionic monomer iopamidol
(14.0 nm and 11.8 nm vs. 4.0 nm, respectively)
[42].After intravascular injection, these agglomer-
ates persist for some seconds or minutes in spite of
the rapid dilution. During this period they may en-
ter cells and stimulate them to mediate delayed hy-
persensitivity irrespective of the amount of con-
trast material that has already been excreted at the
time of the reaction. The isotonic dimers iodixanol
and iotrolan have been found to differ from non-
ionic monomers with respect to their retention
(dwell time) in tissues, including skin, where they
reach concentrations that are 2–3 times higher
than those of monomers [42]. This difference be-
tween isotonic dimers and low-osmolar
monomers may explain the higher frequency of
late skin reactions following iotrolan and iodix-
anol in clinical trials [39, 43].

Some skin reactions (especially urticaria) may
occur 1–24 h after dose administration. Direct re-
lease of mediators or direct complement activa-
tion, not a type IV hypersensitivity reaction, is
probably involved in the genesis of earlier skin re-
actions 1–24 h after dose administration.

Frequency of Delayed Skin Reactions

The frequency of late skin reactions may vary ac-
cording to the methodology used to collect the da-
ta (questionnaires, patient interviews in person,
phone interviews), as well as according to the start
points and duration of follow-up.

When contrast-enhanced CT is compared with
unenhanced CT, the overall incidence of late skin
reactions is 7.9%–11.6% with plain CT and 8.4%-
14.9% following nonionic monomers [34, 38, 44].
In these studies, the difference in incidence be-
tween plain and contrast-enhanced CT ranged be-
tween 0.5% and 3.3%. Only skin reactions oc-
curred more frequently following contrast, and
their onset was usually between 1 and 3 days fol-
lowing the procedure.

Delayed skin reactions occur with higher inci-
dence in patients with a history of adverse reac-
tions to CM, a history of allergy, or with a SCr 
level of ≥2.0 mg/dl [45]. In a prospective survey of
15,890 patients undergoing CT examinations, 331
patients (2.1%) reported skin reactions; among
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these 331 patients, 41 patients (12.4%) consulted a
dermatologist [45]. A seasonal variation has been
reported, with a peak incidence in late spring and
early summer [46]. Although suggested, it is not
clear whether females are more likely to develop
DAEs than males [37]. It is well documented that
delayed skin reactions are 2-4 times more frequent
in patients who have received interleukin-2 im-
munotherapy [47-50].

No difference in DAE incidence has been ob-
served between ionic and nonionic monomers
[51-53], and among nonionic monomers [37, 52].
Significant differences have been found between
the nonionic monomer iopamidol and the ionic
dimer ioxaglate in the incidence of urticaria in the
first 24 h after dose administration [39]. Delayed
skin reactions are significantly more frequent with
the isotonic dimers than with nonionic monomers
[39, 43, 45]. A higher percentage of more severe
skin reactions was observed when a nonionic
dimer was used [45]. In another study, the fre-
quency of skin reactions with a nonionic dimer
was similar to that with a nonionic monomer, but
specific treatment with steroids or antihistamines
was more frequent with the isotonic dimer. Table 5
lists the established risk factors for late-onset, hy-
persensitivity skin reactions.

Conclusions

CIN and delayed hypersensitivity skin reactions
are well known, relatively frequent, late complica-
tions of contrast-enhanced procedures. Risk fac-
tors for CIN and delayed skin reactions can be
identified and corrected.

Nonpharmacological prophylactic measures
can significantly reduce the incidence of CIN.
High-risk patients for CIN should be properly
identified and receive prior hydration and low-os-
molar or iso-osmolar iodinated contrast. The risk
of CIN with nonionic dimeric agents appears to
be as low as with their nonionic monomeric coun-
terparts in patients with pre-existing renal com-
promise. We reviewed the results of 14 prospec-
tive, controlled studies with similar design and
endpoints. The acute deterioration of renal func-
tion varied across the reviewed studies and the

contrast agents used. A higher incidence of CIN
was observed after iohexol, while the risk of CIN
with the nonionic dimer iodixanol appeared to be
as low as that with the nonionic monomers
iopamidol, iomeprol, iobitridol, and iopromide in
patients with pre-existing renal compromise. The
incidence of iodixanol-induced nephropathy was
very low (3%) in the NEPHRIC study only [16];
other studies [17-19, 28] showed a higher inci-
dence of CIN with this agent in angiography and
CT (12%-33%). It is important to mention that se-
rious complications may follow the administra-
tion of any iodinated contrast agent available on
the market. A recent publication from the Royal
London Hospital [54] reported cases of contrast
nephropathy from a prospective survey of 267 pa-
tients. Of these patients, 46% had pre-existing re-
nal impairment. The two contrast agents tested in
the NEPHRIC study were the low-osmolar iohexol
and the isotonic dimer iodixanol. CIN occurred
after 15 procedures. There were 9 patients that
died and 6 that recovered. Three deaths occurred
directly as a result of CIN. One fatality occurred
following the injection of iohexol and two fatali-
ties occurred following injection of iodixanol for
angiography.

Risk factors for delayed skin reactions are his-
tory of adverse reactions to contrast media, history
of allergy, pre-existing renal impairment and im-
munotherapy with interleukin-2. Late skin reac-
tions seem to be more frequent in spring/early
summer. The majority of the delayed skin reac-
tions are mild in intensity and self-resolving. How-
ever, they may be more severe, discomforting, and
require specific treatment. The use of the isotonic
nonionic dimers is associated with a higher fre-
quency of delayed hypersensitivity reactions. Pa-
tients and treating physicians should be informed
about the possibility of delayed skin reactions fol-
lowing a contrast-enhanced procedure.
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