
Introduction

The advent of multi-detector-row computed tomog-
raphy (MDCT) in 1998 was a major technological
breakthrough. It not only improved the management
of patients for whom CT was already indicated, but
also generated new clinical applications and a new

concept of equipment update [1-5]. MDCT has rev-
olutionized the exploration of all anatomical regions,
including the heart (Fig. 1). At present, 64-row MD-
CT is state of the art, providing greater anatomical
coverage than was previously available, greater speed
(and thereby fewer motion artifacts), isotropic vox-
el acquisition, and rapid whole-body acquisition in
one shot. Sixty-four-slice CT is a non-invasive tech-
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Fig. 1 a-c. Computed tomography (CT) evaluation of pul-
monary arteriovenous fistula in a patient with Rendu-Osler
disease. (a) Surface-shaded image obtained with spiral CT
(Somatom Plus S, Siemens), (b) volume-rendering technique
(VRT) obtained with an ECG-gated cardiac CT with a 4-row
multi-detector CT (MDCT; Somatom VZ, Siemens), (c) VRT ob-
tained with an ECG-gated cardiac CT with a 16-row MDCT
(Sensation 16, Siemens) showing a recurrence after treat-
ment (coils). Note the significant improvement in image
quality with technological evolution
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10 MDCT Technology and Applications

nique that has fueled the rapid clinical evolution and
market adoption of coronary CT angiography (CTA),
and is now considered essential in the work-up of
trauma patients and emergency cases [5-7].

In order to overcome the remaining limitations,
manufacturers continue to improve the technologi-
cal aspects of the apparatus. Several options have
been developed (dual-source CT, wide-area detec-
tors). Eventually, the ideal machine will probably
combine many if not all of the most revolutionary
technologies. The sky is the limit!

Detector Types

Current MDCT scanners acquire 4, 6, 10, 16, 32, 40,
or 64 simultaneous sections, although 16-, 40- and 
64-detector-row CT scans occupy the most prominent
place in the market. There are three types of detector

arrays: matrix detectors, which consist of parallel rows
of equal thickness; hybrid detectors, with smaller de-
tector rows in the center; and adaptive array detectors,
which consist of detector rows with varying thick-
nesses. The latest generation of CT scanners is based
on a matrix or hybrid geometry (Figs. 2, 3).

The Sensation 64 (Siemens) acquires 64 over-
lapping 0.6-mm slices per rotation using 32- × 0.6-
mm collimation and the z-flying focal spot technique.
The latter relies on a periodic motion of the focal spot
in the longitudinal direction (z-flying focal spot) to
double the number of simultaneously acquired slices.
Permanent electromagnetic deflection of the electron
beam in the X-ray tube causes the focal spot to wob-
ble between two different positions on the anode
plate, translating into the radial and the z directions.
The improved sampling results in a higher longitu-
dinal spatial resolution but  the signal-to-noise ratio
is reduced (Fig. 4).
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Fig. 2. Configuration of the 16-row MDCT.
All manufacturers have adopted hybrid de-
tectors with smaller detector rows in the
center. Note that the entire width of the de-
tectors varies from 20 to 32 mm

32 mm

 

64 x 0.5 mm  

 

40 x 0,626 mm  6 x 1,25 mm 6 x 1,25 mm 

 

32 x 0,6 mm 4 x 1,2 mm 4 x 1,2 mm 

 

64 x 0,625 mm  

28,8 mm

40 mm

40 mm

Siemens

Toshiba

Philips

GE
Philips

Fig. 3. Configuration of the 64-row MDCT.
Some manufacturers have adopted hybrid
detectors with smaller detector rows in the
center, while others use matrix detectors
consisting of parallel rows of equal thick-
ness. Note that the entire width of the de-
tectors varies from 28.8 mm to 40 mm
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Cone-Beam Geometry and Data Reconstruction

In the 2D image-reconstruction algorithms used in
single-section CT scanners, all measurement rays
that reconstruct the different slices run in a plane
perpendicular to the patient’s longitudinal axis.
With MDCT, measurement rays are tilted by the
so-called cone angle with respect to the center
plane. However, cone-beam geometry becomes a
problem with 16 or more detector rows, especial-
ly when the entire width of the detector is signif-
icant. Under such conditions, the cone angle of the
X-ray beam is unable to pass in a parallel fashion
from the tube to the detector. Classic reconstruc-
tion algorithms generate cone-beam artifacts with
high-contrast objects such as bones. Therefore,
modified reconstruction approaches have to be con-
sidered [8]. Some techniques (e.g., those of Toshi-
ba and Philips) are based on the Felkamp algo-
rithm: the measurement rays are back-projected in-
to a 3D volume along the lines of measurement,
thus accounting for their cone-beam geometry.
Three-dimensional back-projection computeriza-
tion is demanding, but with dedicated hardware im-
age-reconstruction times are very short. The AM-
PR (Adaptive Multiple Plane Reconstruction;
Siemens) splits the data into several partial images
on double-oblique image planes, which are indi-
vidually adapted to the spiral path and fan out like
the pages of a book. To ensure full dose utiliza-

tion, the number of partial images and the length
of the data interval per image depend on the spi-
ral pitch. The approach employed in the weighted
hyperplane reconstruction (GE) is similar to that
of AMPR. It splits the 3D reconstruction task in-
to a series of 2D reconstructions. The final image
is based on a weighted average of the sub-images.

Pitch values range from 0.5 to 1.5, although
some algorithms require specific pitch values. The
thinnest available slice is the collimated section
width. However, thicker slices can be retrospec-
tively reconstructed from the same raw data, thus
trading off z-axis resolution for an improved sig-
nal-to-noise ratio.

Independent of the reconstruction approach, im-
age quality is more or less hampered by windmill ar-
tifacts. These result from the finite width of the de-
tector rows, which requires interpolation between the
rows for image reconstruction. Windmill artifacts can
be reduced by decreasing the pitch and/or increas-
ing the section width of the reconstruction relative
to the collimation.

Advantages of MDCT

The numerous advantages of MDCT are improving
CT-scan capabilities and widening the range of ap-
plications. With steady technological advancements,
these advantages are becoming increasingly signif-
icant.
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Fig. 4. The z-flying focal spot technique re-
sults in oversampling and improved lon-
gitudinal spatial resolution (courtesy of
Siemens)
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Higher Spatial Resolution, Longer Scan Range, and
Shorter Scan Duration

With MDCT, the in-plane spatial resolution is equal
to or slightly higher than that of previous machines
(Fig. 5). The most striking advantage of MDCT is
the acquisition of multiple thin slices in the explo-

ration of large volumes. The slices are acquired in
a very short time and have a high longitudinal spa-
tial resolution (Fig. 6).

Longitudinal spatial resolution (z-resolution) de-
pends on numerous factors, which include slice col-
limation, data-sampling technique, and the algorithm
used for data interpolation. The latest scanners al-
low a 0.4-mm resolution, which can be slightly im-
proved by using a comb to reduce the aperture of
the detector elements in the in-plane and z directions
(with a lower signal-to-noise ratio).

Scan duration is (almost) equal to the length of
the scan length (L) divided by the table speed (T).
The pitch (P) is equal to the table feed during a gantry
rotation divided by the entire width of the active de-
tector elements

P = (T × G)/(N × S)

where T is the table speed (in mm/s), G the gantry
rotation time (in s), N the number of active rows of
detectors, and S the slice collimation (in mm). The
product T × G represents the table feed, i.e., the table
motion per gantry revolution. The product N × S rep-
resents the whole width of the active detector ele-
ments. Thus,

T = P × N × S/G

Fig. 6 a-c. Arterial phase with 64-row MDCT (Aquilion 64) in a 17-year-old polytraumatized pa-
tient with a fracture of the left femur and a section of the right foot. (a) VRT of the entire volume.
(b) VRT of the pelvic ring and lower limb. (c) Sagittal multi-planar reconstruction (MPR) of the right
foot. All of the images were obtained from the same dataset

a

b c

Fig. 5. CT arthrography of the wrist with MDCT shows a
scapholunate tear affecting dorsal and palmar portions of
the ligament (arrows). Note the high in-plane spatial reso-
lution, which enables detection of the cartilage alteration
of the lunate in the scapholunate space (arrowheads)
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Therefore, the table speed increases with the
pitch, the number of active detector rows, and the
slice collimation. It also increases when the gantry
rotation time is reduced.

With 64-row MDCT, the pitch lies between 0.5
and 1.5. The gantry rotation time ranges from 0.33
to 1 s. The table speed can theoretically reach 16
mm/s; however, in practical situations, the table speed
is two to four times lower. Nevertheless, an entire
exploration of the chest or abdomen can be com-
pleted within a few seconds using a slice collima-
tion thickness of < 1 mm.

Shorter scan duration improves image quality and
reduces movement artifacts in trauma and dyspneic
patients. It eliminates the need for sedation in chil-
dren. It also improves contrast-enhanced scans, with
higher definition of each phase of contrast enhance-
ment. Moreover, the dose of contrast medium can be
reduced for vascular studies (along with an increase
in the iodine delivery rate).

The improved z-resolution leads to near-isotrop-
ic imaging in any application by obtaining high-qual-
ity multi-planar reconstructions (MPRs) in any
plane. In evaluations of the musculoskeletal system,
positioning of the patient, even with a cast, is much
easier as the acquisition plane does not have to fit
the anatomical axial plane. The spine is explored
without tilting the gantry, which reduces the dose ex-
posure to the patient.

While 3D rendering image quality is also im-
proved with near-isotropic imaging, the clinical im-
pact of these images is reinforced by the new capa-
bilities of the workstations, which allow easy and fast
removal of bony structures or selection of the ves-
sel lumens (Figs. 7-9).

These added advantages combined with the
longer scan ranges make MDCT the examination of
choice for polytraumatized patients. For example, our
protocol always includes one acquisition at the ar-
terial phase starting at the neck and finishing under

Fig. 7 a-c. VRT of the branches of the right subclavian and
axillary arteries after selection of the vessels and bones. (a)
The scapula and humerus are very opaque. (b) Moderate
transparency of the scapula and humerus. (c) Removal of the
scapula and humerus. Interactive visualization of the dif-
ferent selected volumes helps to analyze the anatomical
structures. In this example, the normal variant of the trans-
verse scapular artery originating from the subclavian artery
and providing a retrograde branch coming through the
suprascapula notch becomes obvious

a

c

b
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Fig. 8 a-e. Arterial phase with 64-row MDCT (Aquilion 64) in a 21-year-old polytraumatized patient with a fracture-dis-
location of the thoracic spine, hemothorax, and lung contusion but no active bleeding. (a-c) VRT showing the bones and
the arteries in different ways. (d, e) MPRs are mandatory for detailed analysis of the different lesions. All these images are
obtained from the same data set

a b c d e

Fig. 9 a-d. Comparison of (a, b)
MDCT, (c) magnetic resonance an-
giography (MRA) and (d) digital
subtraction angiography (DSA) in a
30-year-old percussionist with in-
dex-finger ischemia due to micro-
traumatic thrombosis of the digital
arteries. Note the good visibility of
the patent digital arteries (arrows)
of the third and fourth fingers on
the axial slice (a). Near isotropic
imaging highlighted by an efficient
workstation makes MDCT a highly
efficient method for vascular stud-
ies of the extremities

a

b c d

009_024_00_Blum:Blum  13-02-2008  9:28  Pagina 14



A. Blum, R. Detreille, J.-P. Zabel, T. Batch, D. Roch, M. Louis • MDCT: What Next? 15

the knee with a scanning range of more than 160 cm
in order to detect arterial lesions (Figs. 6, 8, 10).

Selection of Slice Thickness

Data-interpolation options allow MDCT to recon-
struct slices with various thicknesses, which is a sig-
nificant advantage when musculoskeletal disorders
are evaluated. The acquisition is carried out with the
thinnest slice collimation. One set of images is re-
constructed with thin slices and a high-resolution
convolution filter best-suited for evaluations of
bony structures. A second set of thicker slices is ob-
tained with a standard convolution filter to produce
images with a better signal-to-noise ratio, thus im-
proving soft-tissue evaluations. Thicker slices are al-
so available through MPR software.

Cardiac Capabilities

An increase in both the gantry revolution speed and
the number of detectors improves the ability of ret-
rospective ECG-gated cardiac CT to resolve the
smaller anatomical details of the coronary arterial
tree. Image reconstruction requires CT data acquired
from one half (180°) of a complete gantry rotation.
Presently, all manufacturers propose gantry rotation
times of < 500 ms, with a minimum of 330 ms [9].
With a 330-ms gantry rotation, an ECG-gated car-
diac image can be reconstructed using single-segment

reconstruction, with data acquired over 165 ms of the
cardiac cycle (Fig. 11). Although this temporal res-
olution is adequate for many patients, it is not suit-
ed for all heart rates. Temporal resolution can be im-
proved with multi-segment reconstruction, in which
data acquired during several heart beats are summed
to obtain the one-half gantry CT data. However, this
technique depends on a very stable periodicity of the
heart and a lower pitch than with mono-segment re-
construction.

These protocols need low pitch factors to ensure
continuous data availability for image reconstruction
at each location along the heart at the required heart
phase. This process results in greater data oversam-
pling and higher radiation dose, although in most cas-
es a large portion of the information acquired dur-
ing the scan is not used. Dose reduction at the sys-
tolic phase is obtained with current-modulation
techniques whenever high-quality cine imaging can
be omitted.

A new approach proposed by GE and Philips us-
es prospectively triggered axial step-and-shoot scans.
In this process, X-rays are activated only during the
required heart phase and otherwise turned off com-
pletely. As the detectors cover a wide 40-mm slab
in one rotation, three to four such slabs are needed
to cover the heart at low rates. At higher rates, one
beat is skipped between slab acquisitions. The over-
all exam typically lasts five or seven heartbeats. This
technique yields a dose exposure reduction of up to
70% compared to conventional retrospective ECG-
gated cardiac CT without dose modulation.

Fig. 10 a, b. Active bleeding of the internal pudendal artery
in a polytraumatized patient with pelvic-ring injury. (a) Ax-
ial slice showing active bleeding in the perineal region; (b)
VRT showing the active extravasation of contrast media
from the internal pudendal artery. These images were very
helpful in saving time and contrast media during the an-
giographic procedure, performed for embolization

a b
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Functional CT

Due to larger detector width, dynamic quantitative
perfusion studies can be carried out with MDCT. This
technique can guide triage and management in pa-
tients with acute cerebrovascular stroke by identify-
ing the irreversibly infarcted tissue and the penum-
bra. Some applications are foreseen in oncology, e.g.,
when a rapid series of images is required without
table movement following a contrast-medium bolus.
Currently, the volume of tissue examined in the cran-
iocaudal axis (z) is restricted by the width of the en-
tire active detector, which has a maximum of 4 cm.
Shortly, repeated acquisitions at two adjacent posi-
tions will double the coverage. This technique will
be used for perfusion studies as well as 4D CTA.

Continuous acquisition without table movement
allows a cinematic evaluation of the joints using par-
tial-scanning technique, which improves temporal
resolution. This approach could help in kinesiology
studies and in the diagnosis of occult instabilities. To-
day, the limited width of the detectors confines stud-
ies to rotational motion.

New Workstation Capabilities

Highly sophisticated workstations have highlighted the
performance of MDCT. However, managing large
datasets interactively using MPR, maximum-intensi-
ty projections (MIPs), multi-projection volume refor-
mations (MPVRs), minimum-intensity projections

Fig. 11 a-e. ECG-gated cardiac CT in a
49-year-old patient with chest pain but
no coronary-artery lesions. (a) VRT of the
heart, (b) VRT of the coronary tree, (c)
VRT of the heart with selection of the
interventricular artery (IVA), (d) curved
MPR of the IVA, (e) curved MPR of the
right coronary artery

a c

b d

e
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(minIPs), or volume-rendering techniques (VRTs) is
no longer sufficient to ensure a quick and reliable
analysis of the tremendous amount of available data.
New mandatory functionalities include automatic re-
moval of bony structures and vascular extraction, both
involving peripheral and coronary vessels. Semi-au-
tomatic tools to delineate precisely the lumen and the
wall of the vessels and to calculate the degree of steno-
sis is also essential. Multi-phasic studies require 4D-
imaging. Other available software includes comput-
er-aided detection (CAD), the evaluation of pulmonary
nodules, and virtual colonoscopy. Although, all these
tools are listed by all manufacturers, their actual per-
formances differ significantly. Thus, it might be ad-

visable to deal directly with specialized vendors if the
manufacturer’s dedicated workstation is not versatile
or powerful enough. Whether most of the post-pro-
cessing should be done on dedicated workstation or
on a PACS workstation remains debatable.

Disadvantages of MDCT

Despite striking advances, MDCT has four major
limitations: image quality remains to be improved,
the radiation dose has to be reduced, workflow has
to be increased, and 4D imaging is not feasible for
large volumes.

Fig. 12 a-h. Motion study with CT
arthrography of the right shoulder in a
patient with sequellae of a humeral frac-
ture. Note the bone formation hitting
the labrum on the glenoid rim like a
hammer on an anvil. Notice also the
subtle subluxation of the humeral head
in internal rotation. Finally, observe the
good image quality although a low-
dose technique is used, metal is present,
and the humerus is moving

a b c

d e f

g h
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Image Quality

The image quality is a function of spatial resolution,
contrast, noise, and dose. Although a better spatial
resolution would be useful for the evaluation of bones
and very small vessels, further reduction of the de-
tector elements would lead to a severe increase in
data noise (Fig. 13). New concepts in the X-ray
sources and detector technology are in the making
to overcome these limitations [10].

Limitations inherent to the physics of CT have
prevented further improvements of contrast resolu-
tion. CT values in low-contrast situations remain lim-
ited although they are slightly better with low-volt-
age acquisitions. Material differentiation could be im-
proved by dual-energy CT. In the future, spectral
information could be provided by new types of de-

tectors equipped with double-layer detectors able to
discriminate photon energy (Philips).

The temporal resolution of ECG-gated cardiac CT
is not sufficient to assure high-quality images for all
situations. Temporal resolution for cardiac exami-
nation is strongly dependent on the heart rate and
gantry revolution time. Currently, the best revolution
time is 0.33 s. However, rotation times of < 0.2 s are
required to provide temporal resolution of < 100 ms
with single-segment reconstruction. These rotation
times yield mechanical forces higher than 75G and
thus are beyond present mechanical capabilities. Mul-
ti-segment reconstruction algorithms improve tem-
poral resolution but require a good periodicity of
heart motion for adequate performance.

New technological concepts to improve tempo-
ral resolution are being tested. Dual-source CT of-
fers double the temporal resolution without increas-

Fig. 13 a-d. Fracture of the scaphoid (arrows). (a) Standard X-rays are strongly indicative of a scaphoid fracture. (b) High-
resolution slice along the long axis of the scaphoid hardly showing the fracture. (c) MPR in the long axis of the scaphoid
(axial acquisition) failing to demonstrate the fracture. (d) T1-weighted image demonstrating the fracture. Although MD-
CT is superior to X-rays to demonstrate wrist fractures, its sensitivity is about 70% in the detection of occult scaphoid
fracture due to insufficient spatial resolution

a b

c d
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ing gantry rotation speed [11-13]. A 256-detector-row
CT will provide a complete heart overview at once.
Although temporal resolution is not improved com-
pared to 64-row MDCT, data acquisition in one or
two heart beats enhances image quality significant-
ly and eliminates banding artifacts due to variable
heart motion [14-16].

Finally, Toshiba offers a new means of detecting
the minimal cardiac motion phase by creating a raw
data motion map that automatically determines the
optimal reconstruction phase. It reduces the need for
multiple-phase reconstruction for analyses of the
coronary tree by automatically providing the best
possible image quality. Therefore, it  reduces the
transfer time and PACS storage requirements.

Radiation Dose

The International Commission on Radiological Pro-
tection (1991) recommended the establishment of ac-
cepted exposure levels for use in investigations; when
greater exposure is anticipated, its justification and
implications should be carefully examined. The
Council Directive of June 30, 1997 required the
member states of the European Community to pro-
mote the establishment and use of diagnostic refer-
ence levels not to be exceeded during standard pro-
cedures (European Community 1997). Reference
doses are defined by the weighted CT dose index
(CTDIw) or the volume CT dose index (CTDIvol)
and the dose-length product (DLP). This information,
which is displayed on the CT user interface, should
be applied to evaluate radiation exposure to the pa-
tient and compared to reference levels.

Strategies for dose reduction have been exten-
sively described [8, 17-19]. Some factors affecting
the radiation dose cannot be modified by users: scan-
ner geometry, X-ray beam filters, pre-patient track-
ing of the X-ray-tube focal spot, and projection adap-
tive reconstruction filters. CT scanning factors that
can be adjusted to optimize radiation dose include
tube potential, tube current, slice section, length of
the coverage, acquisition time and all related factors
(pitch, gantry revolution time, table speed), and the
number of scanning phases.

Automatic exposure-control (AEC) systems ad-
just the tube current automatically to the size and at-
tenuation of the body part scanned in order to main-
tain image quality and reduce the dose exposure. Two
different methods are currently used for obtaining
information to vary the mA during a rotation. The
first method uses two scout views to calculate the
relative anteroposterior and lateral patient attenua-

tion. The mA is then varied automatically to com-
pensate for X-ray attenuation. The second method
combines the information obtained from a scout view
and the online data from the preceding 180° rota-
tion to modulate the mA. How operators determine
the “noise level” or the “image quality index” has
been addressed differently by manufacturers. Despite
several encouraging reports, AEC should be carefully
used in order to guarantee image quality and dose
reduction.

Workflow

One of the major challenges of MDCT is dealing with
the explosion of data, which is mostly related to the
increased number of examinations and the ever greater
amount of information generated per examination. For
instance, the CT scan of a polytraumatized patient may
generate more than 5000 images. High-performance
workstations are crucial to provide efficient access to
these data and to streamline the workflow [20]. As
noted earlier, semi-automatic and automatic func-
tionalities should be present, such as heart and coro-
nary vessels extraction for cardiac studies and auto-
matic bone removal. One important new feature is a
pre-selection process able to automatically send the
appropriate data to corresponding workstations and to
automatically apply the needed post-processing tasks.

4D-Imaging

Owing to the limited width of the detectors, perfu-
sion studies and motion studies are applied on a
small body segment. A 64-row MDCT cannot ac-
quire volumes thicker than 4 cm in a single gantry
rotation, which is too small to scan large organs.
Larger detectors are necessary to carry out these ap-
plications.

New Technologies and Future Trends

Flat-Panel-Detector CT

Due to their small detector pixel size, a very high
spatial resolution is provided by flat-panel-detector
CT; however, such systems are hampered by low con-
trast resolution and the slow signal decay of the de-
tectors [21]. Therefore, the applications of these de-
tectors will probably be limited to high-contrast struc-
tures such as vessels and bones.
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Dual-Source CT

A dual-source computed tomography (DSCT) system
equipped with two X-ray tubes and two correspond-
ing detectors was recently introduced by Siemens [11].
The two acquisition systems are mounted onto the ro-
tating gantry with an angular offset of 90°. One detector
(A) covers the entire scan field-of-view (50 cm in di-
ameter) while the other detector (B) is restricted to a
smaller, central field-of-view (26 cm in diameter) due
to space limitations on the gantry. Each detector com-
prises 40 detector rows, i.e., the 32 central rows with
a 0.6-mm collimated slice width and the outer rows on
both sides with a 1.2-mm collimated slice width. The
total coverage in the longitudinal (z) direction) of each
detector is 28.8 mm at isocenter (Fig. 14).

A 90° rotation is necessary to acquire X-ray da-
ta in 180° projections; it is therefore possible to re-
construct cross-sectional images using a half-scan
technique with a temporal resolution equal to one
quarter of the gantry rotation time. Consequently, us-
ing ECG-gated single-segment reconstruction with
a revolution time of 0.33 ms, the DSCT system has
a temporal resolution of 83 ms, thereby offering high-
quality cardiac studies independent of the patient's
heart rate [13] (Fig. 15).

Another promising application is dual-energy ac-
quisition [22]. Two datasets are obtained using the X-
ray tubes operating at different tube potentials (re-

spectively, 80 and 140 kV). The short gantry revolu-
tion time provides these two datasets nearly simulta-
neously, thus limiting data-registration problems. Iodine
presents a much larger increase of the CT value than
calcium when the X-ray tube voltage is decreased. The
differentiation between these two substances can thus
be obtained automatically. Although the results need
to be refined, practical implications include separation
of the vessel lumen filled with contrast medium from
parietal calcifications and the automatic separation of
bones from iodine-filled vessels. Finally, this technique
could also be used to simulate non-enhanced CT.

20 MDCT Technology and Applications
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52° 

27° 

Fig. 14. The acquisition principle of dual-source CT. One de-
tector array (tube A) covers the entire field-of-view (FOV)
of the scan (50 cm), while the other detector array (B) is re-
stricted to a smaller central FOV (26 cm)

Fig. 15 a, b. ECG-gated cardiac examination with dual-
source CT. (a) VRT of the coronary tree. (b) Curved MPR. (Im-
ages courtesy of J. Kirsch, Tournai)

a

b
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320-Detector-Row CT

A 320-detector-row CT, proposed by Toshiba, will
soon be commercially available. It uses a wide-area
detector composed of 320 rows of detectors with a
slice collimation of 0.5 mm and a total beam width
of 16 cm [14, 23, 24].

The 320-detector-row CT has various scanning
modes. The contiguous axial imaging mode is used
to obtain volume images with a craniocaudal cov-
erage larger than the detector width. A helical mode
may also be available. Sequential scanning in con-

tinuous acquisition mode acquires a volume dataset
providing dynamic volumetric cine imaging, CT per-
fusion, and subtraction CTA of an entire organ in a
single acquisition. Image averaging is used to off-
set the poor signal-to-noise ratio due to photon star-
vation. Misregistration artifacts are eliminated be-
cause of the ultra-short acquisition time. Applica-
tions for brain and cardiac studies are seemingly
endless (Figs. 16-18). Other applications will en-
compass the field of oncology. The use of 4D mo-
tion studies will probably upgrade evaluations of the
joints. Fluoroscopic mode will facilitate procedures
in interventional radiology.

Fig. 16. Cardiac examination
with a 320-row MDCT. Data ac-
quisition within one heartbeat
in a contiguous axial imaging
mode eliminates the banding
artifact. (Image courtesy of K.
Katada, Fujita)

Fig. 17. 4D CT angiography (CTA) of a cerebral arteriovenous malformation obtained with a 320-row MDCT. A series of
subtraction CTA images is generated by means of simple subtraction (Image courtesy of K. Katada, Fujita)
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Conclusions

Dual-source CT-scanning is a significant step forward
in CT exploration, providing a temporal resolution
of 83 ms independent of the heart rate. Dual-energy
scanning consists of two X-ray tubes at different en-
ergies that are used simultaneously. Potential appli-
cations include direct subtraction of either vessels or
bones during scanning and the improved character-
ization of different tissues. Preliminary results with
320-slice MDCT are astounding, as this technique
improves one-shot body coverage, providing back-
ground CTA and perfusion data in a single rapid ac-
quisition. Could this forecast the end of helical CT
acquisition mode? Eventually, these two technologies
are likely to merge, undoubtedly to the benefit of the
diagnostic performance of CT scanning. Finally,
steady efforts need to be directed toward develop-
ing targeted contrast agents to improve visualization
of otherwise low-contrast lesions.

Fig. 18. Whole-brain CT perfusion displayed as a fusion vol-
ume-rendering image obtained with a 320-row MDCT. Com-
plete fusion of function (CT perfusion) and morphology (CTA)
can be achieved since both images are generated from the
same dataset series. (Image courtesy of K. Katada, Fujita)
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