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Abstract

At the moment, there are two clinical, com- ›
mercially available Dual Source CT (DSCT) 
scanners: the SOMATOM Definition and the 
SOMATOM Definition Flash (both by Siemens 
AG, Forchheim, Germany). Each of them con-
tains two X-ray tubes and two detectors which 
are mounted so that the X-ray beams are approx-
imately perpendicular to each other.
For dual energy scan modes, the SOMATOM  ›
Definition is operated at 80 kV/140 kV, while 
the SOMATOM Definition Flash has an addi-
tional tin filter (Sn) and is typically used at 
100 kV/Sn140 kV. This allows for high-qual-
ity DE scans also in the case of lager patient 
diameters, where 80 kV typically cannot be 
applied.
The commercially available software syngo  ›
Dual Energy (Siemens AG) accompanies the 
scanners and uses image-based dual-energy 
analysis to perform, for example, automatic 
bone removal, monoenergetic imaging, lung 
perfusion imaging, or virtual noncontrast imag-
ing. Due to the extremely fast scanning speed 
and simultaneous data acquisition at full dose 
modulation, Dual Source, Dual Energy CT 
(DECT) is fully applicable in routine use.
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1  Dual Source Dual Energy Scanning

1.1  Introduction

The first clinical Dual Source scanner (SOMATOM 
Definition, Siemens AG, Forchheim, Germany) was 
introduced in 2006; it consists of two separate third-
generation CT acquisition systems mounted in one 
gantry (Petersilka et al. 2008). Each system has its own 
tube, generator, detector, and control devices, while for 
example cooling and the image reconstruction system 
are shared.

Dual Source CT (DSCT) scanning has four distinc-
tive advantages over single source scanning: First, the 
two perpendicular X-ray beams image the same slice 
of the patient at the same time. This allows for robust 
cardiac imaging at high temporal resolution because 
already a quarter rotation is sufficient to reconstruct an 
image, while the apparent disadvantages of multiseg-
ment approaches (Halliburton et al. 2003) are avoided. 
With a gantry rotation time of 0.33 s, DSCT has a tem-
poral resolution of only 83 ms, which is especially 
beneficial for improving image quality and reducing 
dose in cardiac CT scans.

Secondly, high-pitch modes are available, in which 
approximately the scan speed of a single source scan-
ner with twice the number of slices is achieved, while 
maintaining the temporal resolution of DSCT.

Thirdly, the projection data from both detectors can 
be added, so that the SOMATOM Definition behaves 
like a single source scanner with double X-ray tube 
power.

Fourthly, for Dual Energy CT (DECT), the two 
tubes can simultaneously be operated at different volt-
ages and the image sets are reconstructed indepen-
dently (Johnson et al. 2006). Typically, 80 and 140 kV 
are chosen to maximize the difference of the spectra 
and the images are then analyzed with dedicated soft-
ware (syngo Dual Energy; Siemens AG, Forchheim, 
Germany) to take advantage of the additional informa-
tion. Fast image acquisition allows for dual-energy 
applications, like bone removal (Direct Angio) or lung 
perfusion imaging, that require short gantry rotation 
times and fast volume coverage.

In 2008, the second-generation DSCT “SOMATOM 
Definition Flash” was introduced. It features even 
faster gantry rotation (0.28 s), twice the number of 
detector slices and a larger field of view (332 mm)  

as well as a special spectral filter for dual-energy 
imaging.

1.2  Scanner Design

1.2.1  SOMATOM Definition

The SOMATOM Definition has two X-ray tubes which 
offer voltages between 80 and 140 kV in steps of 
20 kV. The maximum tube current is 550 mA at 80 kV, 
650 mA at 100 kV, and 500 mA at 140 kV. In dual-
energy mode, the combination of 140 kV on system A 
and 80 kV on system B is used for all scans except for 
cardio scans (100 kV on system B).

To reduce patient dose, the tube current on both sys-
tems can be modulated independently as a function of 
patient diameter and tube angle by using CAREDose4D. 
The modulation amplitude is larger with 80 kV than 
with 140 kV due to the higher absorption by body 
materials at lower photon energies.

The mean energy of the 80(140) kV photon spec-
trum behind the bow-tie filter at its center is 52(69) keV; 
the detector is an integrating UFC scintillation detec-
tor, which means that the high-energy photons domi-
nate and the mean energy of the power spectrum is 
54(76) keV.

For both tube voltages, the photon spectrum (Fig. 1) 
is rather broad and ranges roughly from 35 keV to 
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Fig. 1 X-ray spectra of the SOMATOM Definition Flash: Rays 
through the isocenter were simulated with DRASIM; the tube 
current was the same for all spectra
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electron charge e times the tube voltage (kV). The pho-
ton energy is thus clearly above the K-edge of all com-
mon atoms in the human body (the K-edge of iodine is 
at 33 keV). The characteristic line spectrum of the 
tungsten anode is more pronounced at 140 kV than at 
80 kV and systematically lowers the mean energy of 
the 140 kV spectrum.

Each X-ray detector has two different readout 
modes: as there are 32 readout channels for each 
detector column, it is either possible to choose a 
detector collimation of 64 × 0.6 mm by using only 
the central 32 slices and z-Sharp technology or 
24 × 1.2 mm by using, in addition, the outer 8 thick 
detector slices, while binning the central slices. For 
DECT, one special mode is 14 × 1.2 mm; in this 
mode, the central 28 slices are illuminated by the 
X-ray-beam, but the whole detector is read out, 
which allows to measure the scatter signal in the 
shadow of the collimator.

While the first detector (A) has 672 columns, the 
second detector (B) has only 352 columns; consequently 
the field of view is 500 mm (A) or 268 mm (B). The 
different field of view is dictated by the required tempo-
ral resolution for cardiac scanning and the allowed 
dimensions of the gantry due to room height and cen-
tripetal force. In order to reconstruct images for system 
B, the sinogram outside the B field of view is filled with 
data from system A. Outside the B field of view, the 
B-image is clipped and only the 140 kV image is 
available.

If A images and B images are reconstructed sepa-
rately, the temporal resolution is identical to the cor-
responding single source scan. For the SOMATOM 
Definition a 180° reconstruction results in simulta-
neously acquired images of the same z-position with 
a temporal resolution of 165 ms. This is the only 
meaningful quantity to characterize temporal resolu-
tion of a CT scan and it is at least by a factor of two 
faster than kV-switching on a single source scanner 
at same tube load, because two tubes deliver twice 
the power of a single quickly switching tube; in 
addition, rotation time with fast kV-switching is fur-
ther limited by the finite switching time. Furthermore, 
as image-based dual-energy analysis is applied, 
there is, for example, no need of measuring along 
the same trajectory twice within a short time inter-
val, because there is no danger of projection data 
inconsistencies as encountered with raw data-based 
methods (Kalender et al. 1986).

1.2.2  SOMATOM Definition Flash

The generators of the SOMATOM Definition Flash pro-
vide the same voltages as the SOMATOM Definition, 
while the additional tin filter (selective photon shield) 
on system B is denoted by the new voltage label 
“Sn140 kV.” The mean energy of the Sn140 kV spec-
trum behind the bow-tie filter (Fig. 1) is 89 keV; the 
mean detected energy in the detector is 92 keV.

The tin filter has two benefits:

Increase of spectral separation between the low and •	
the high-energy spectrum
Narrowing of the 140 kV spectrum (which entails •	
better dose efficiency and less beam-hardening 
artifacts)

A comparison of different dual-energy acquisition 
methods shows that, by the use of the tin filter, spectral 
separation at same dose is superior to kV-switching 
and dual-layer techniques, while quantum counting 
devices currently achieve a similar performance at 
much lower count rates (Kappler et al. 2009; Grasruck 
et al. 2009).

The tin filter reduces dose by more than a factor of 
three with respect to 140 kV without filter. In order to 
provide enough power, the maximum current at 
Sn140 kV can be increased up to 700 mA. For dual 
energy scanning on the SOMATOM Definition Flash, 
three different voltage combinations are available: The 
most dose-efficient mode for typical European or 
North American patient diameters is the voltage com-
bination 100 kV/Sn140 kV. Best spectral separation is 
achieved with 80 kV/Sn140 kV. For reasons of com-
patibility with the SOMATOM Definition, the mode 
80 kV/140 kV is also available.

The SOMATOM Definition Flash offers three dif-
ferent shaped filters to achieve optimum dose and 
spectral distributions across the scan field of view for 
imaging of different body regions.

The two detectors have 64 physical slices, which in 
combination with the z-Sharp leads to 128 measured 
slices per rotation. While the larger detector (A) has 
736 columns, the smaller detector (B) has 480 col-
umns; this is equivalent to a field of view of 500 mm 
(332 mm) for detector A(B). The field of view of detec-
tor B was increased by increasing the angle between 
tube A and tube B to 95° (compare Fig. 2). With this 
improvement, all relevant anatomy fits into the FOV of 
the B system. The impact of this change on temporal 
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resolution in case of a cardiac dual source scan is, 
however, negligible (75 ms instead of 71 ms).

Four different collimations are available: 128 × 0.6 mm 
(z-Sharp), 64 × 0.6 mm (z-Sharp), 32 × 0.6 mm (no 
z-Sharp), and 40 × 0.6 mm (z-Sharp).

Each detector is also equipped with additional sen-
sors, placed on both sides of the detector along the 
z-direction. They allow for measuring and subsequent 
correction of cross-scattered radiation even with the 
widest detector collimation.

Standard temporal resolution for dual energy car-
diac scanning with separate reconstruction of the data 
sets is 143 ms. In addition, the same data can be used 
to reconstruct merged images with an even higher tem-
poral resolution of 75 ms, while the iodine enhance-
ment of the 100 kV scan is maintained.

1.3  Data Acquisition

The available voltage combinations were tailored to 
provide optimum dose performance: For each patient 
diameter, there is an optimum voltage for which image 
noise in a single energy scan is best at a given dose; for 
the typical abdomen of average-sized patients in Europe 
and North America, it is approximately 120 kV. Hence, 

in DECT the mixed image, which is a linear combina-
tion of the two acquired images stacks, should have 
similar noise and contrast enhancement properties 
compared to an image of a dose-equivalent single 
energy CT scan at 120 kV. In clinical routine, a dose-
efficient low noise mixed image is as important as good 
spectral resolution. As a consequence, the voltage com-
bination 100 kV/Sn140 kV is better suited for average to 
larger patient diameters, while the voltage combination 
80 kV/140 kV or 80 kV/Sn140 kV is better suited for 
small patient diameters. A combination of 60 and 
180 kV would have good spectral separation, but very 
poor dose efficiency for the mixed image; similarly, the 
tin filter may not be too thick. In order to obtain maxi-
mum dose efficiency, it is also important to keep an 
appropriate current ratio between the two tubes. At 
100 kV/Sn140 kV the suggested ratio of the quality ref-
erence mAs varies between 1.0 and 1.3 depending on 
the body region. For typical patients, the obtained effec-
tive mAs are identical to the quality reference mAs 
which enter the automatic exposure control, while for 
larger patient diameters the ratio of the obtained effec-
tive mAs is more than 1.3 to optimize dose efficiency.

For the 80 kV/140 kV voltage combination, 140 kV 
are assigned to the A-system, because it will always have 
good image quality and sufficient iodine enhancement. 
In the mode 100 kV/Sn140 kV the situation is reversed: 
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Fig. 2 Schematic drawings of the SOMATOM Definition (a) 
and the SOMATOM Definition Flash (b). The larger second 

detector in the SOMATOM Definition Flash became possible, 
because of a larger angle between the two fan-beams
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Although the Sn140 kV image would have very good 
image quality, iodine enhancement would be rather low, 
so that the 100 kV were assigned to system A.

With dual source scanners, special attention has to 
be paid to cross-scattered radiation. Cross-scattered 
radiation originates from the X-ray tube of the other 
acquisition system and enters the detector due to 
Compton scattering at the surface of the patient.

With dual energy scanning, cross scatter can be 
more pronounced than with dual source cardiac scan-
ning. Since the high kV X-ray quanta have a higher 
mean energy than the low kV X-ray quanta, the low kV 
image will receive a relatively larger amount of cross 
scatter from the high kV tube than vice versa. It is 
therefore desirable to optimize scan protocols also 
with respect to cross-scattered radiation.

Since the amount of cross scatter is roughly pro-
portional to the z-opening of the collimator, narrow 
collimations provide best quality for quantitative 
imaging.

Angular dose modulation is another important way 
of reducing cross-scattered radiation by reducing the 
tube output where it is not needed, while tube output 
on the other tube is simultaneously increased.

In addition to reducing cross-scattered radiation, it 
finally has to be corrected for by either measuring 
the scatter signal in the shadow of the collimator 
(Definition, Definition Flash) or by subtracting a model 
distribution (Definition only). Narrow collimations are 
again advantageous, as the cross-scattering signal has 
fewer variations along the z-direction. The default scan 
protocols try to minimize cross-scattering in order to 
achieve extremely stable CT values and maximize 
dose efficiency.

The dose of dual energy scans is not increased com-
pared to standard single energy scans if the proper 
combination of spectra is used. Figure 3 shows a com-
parison between a 30-cm water phantom scanned at 
120 kV with a standard body angio protocol on a stan-
dard 64 slice scanner (SOMATOM Definition, single 
source mode) and the standard dual-energy body angio 
protocol for bone removal with 100 kV/Sn140 kV on 
the Definition Flash (128 slices, same reconstruction 
parameters) adjusted to the same total dose. Noise in 
the DE-mixed image is actually slightly lower than in 
the single energy image. This has been verified in a 
comparison between several Definition and Definition 
Flash scanners.

a b

Fig. 3 Noise comparison between single and Dual Energy CT 
(DECT): a 30 cm cylindrical water phantom was scanned on the 
SOMATOM Definition with the default single energy protocol 
for body angios (a) at CTDI

vol
 = 8.64 mGy. The scan was repeated 

on the SOMATOM Definition Flash with the fast dual-energy 
body angio protocol (b) at CTDI

vol
 = 8.66 mGy and similar 

iodine enhancement in the mixed image. With the same recon-
struction kernel, image noise in the dual-energy image is slightly 
lower for both shown ROIs. This result was confirmed in a com-
parison between 4 SOMATOM Definition scanners and 7 
SOMATOM Definition Flash scanners
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As illustrated in this case, the dose of the dual 
energy scan protocols is usually driven by the diagnos-
tically needed quality of the mixed images rather than 
the dual-energy evaluation.

2  Image-Based DECT Analysis

2.1  Introduction

Image-based analysis of DECT data has a long history 
(Zatz 1976). On the one hand, it has advantages in 
clinical routine as the reconstructed CT images can 
directly be interpreted by any radiologist, while on the 
other hand, its precision relative to raw data-based 
approaches has sometimes been questioned (Marshall 
et al. 1981). To assess this issue, it is important to dis-
tinguish between the theoretical accuracy for arbitrary 
scanned objects and the clinically relevant application, 
which only deals with realistic patient cross-sections. 
In clinical routine electronics noise, scanner calibra-
tion, stability of emitted spectra, cone beam effects, 
and scattered radiation can have a larger impact on the 
obtained results than the analysis method.

Modern CT scanners are calibrated such that the CT 
value of an object that only contains water with arbi-
trary densities is theoretically correct. Proteins are 
chemically very similar to dense water, while body fat 
has only a slightly lower effective atomic number, 
which means that most components of the human body 
have well-defined CT values. On the other hand, heavy 
atoms like Calcium or Iodine have a CT value that is 
not a unique function of their atomic density; instead, 
the CT value depends on the surrounding object and 
the exact X-ray spectrum.

In reality, the CT value is at least semiquantitative 
as long as these intrinsic limitations are observed.

2.2  The Thin Absorber Case

Image-based dual-energy analysis works best under 
the following conditions: The scanner must be equipped 
with a shaped filter of sufficient beam-hardening and 
the approximately cylindrical patient cross-section has 

to be centered within the scan field of view of the scan-
ner. Clearly, patients do not have a strictly cylindrical 
cross-section, but in practice also elliptical cross-sec-
tions fulfill the prerequisite, while, for example, a tri-
angular shape – which is not seen in reality – would 
cause artifacts. In addition to the geometrical require-
ments, the scanner must perform a beam-hardening 
correction that is optimized for water.

All this ensures that neither the CT value of water 
nor the CT value of a small iodine sample depends 
on its position inside the scanned object. However, 
the CT value of iodine still depends on the patient 
diameter. This is shown for the SOMATOM Definition 
and cylindrical water phantoms in Fig. 4; for ellipti-
cal phantoms (or more complex shapes), an equiva-
lent water diameter can be defined. Usually, the 
diameter dependence has not been taken into account 
for image-based processing in the published lite-
rature. This explains the better performance of the 
present approach with dual source, dual energy 
scanners.

Finally, image-based processing only works if the 
product of the absorption of the sample m(E) for all 
energies E contained in the spectrum and the maximum 
thickness d of the sample along any measured direction 
is small compared to one attenuation length. Only under 
this condition it is valid to assume a linear dependence 
of the additional nonwater-like attenuation by the 
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Fig. 4 Iodine enhancement as a function of phantom diameter: 
A small sample of iodine (diameter 2 cm, 15 mg mL−1 iodine) 
was scanned in air and cylindrical water phantoms of 20 and 
30 cm diameter on a SOMATOM Definition Flash using all 
available spectra. The CT value with tin filter is very stable 
which indicates low beam-hardening of this spectrum
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sample on the product m(E)×d, which is the basic 
requirement for image-based processing. Clearly, this 
requirement is not exactly fulfilled for all energies in the 
detected spectrum, but the value of m averaged over the 
detected spectrum is a useful scale. For water, this is 
approximately 0.2 cm−1, such that the thin absorber 
approximation is expected to break down for iodine 
samples with more than 5,000 HUcm. In practice, neg-
ligible deviations were found for iodine absorption 
thickness products of 1,000 HUcm, which corresponds 
to the clinical situation of 33 cm of liver with an iodine 
enhancement of 30 HU. For the same product of absorp-
tion and thickness, bone has a sizable water-like compo-
nent and is therefore less critical.

All the above is typically fulfilled in the case of 
DSCT systems and many clinical scenarios.

2.3  Mixed Image, Monoenergetic  
Image, Dual Energy Index

The mixed image is the diagnostic image that is 
obtained by linear weighting of the CT value for the 
two spectra:

 (1)

where w is the “dual energy composition,” x denotes 
the CT value in the mixed image, and x

low
 and x

high
 

are the CT values of the low and high kV image, 
respectively.

As the CT value of iodine drops monotonously with 
increasing voltage, the mixed image has an iodine 
enhancement that is the same as at some intermediate 
voltage. In addition, two-material decomposition pre-
dicts (Alvarez and Macovski 1976) that also all other 
materials have the correct CT value corresponding to 
this voltage. The mixed image is therefore largely 
equivalent to a standard CT image.

Within the thin absorber model, the calculation of 
monoenergetic images is straightforward: An image 
is equivalent to a certain monoenergetic image if the 
measured iodine enhancement is the same. This means 
that the low kV image as well as the high kV image is 
equivalent to a certain energy (59 keV for 80 kV and 
79 keV for 140 kV at 20 cm diameter), and the mixed 
image corresponds to an intermediate energy. 
Monoenergetic images corresponding to energies 

outside this range can be obtained by calculating 
water and iodine concentrations, multiplying them 
with the predicted CT value per concentration, and 
summing up the two contributions. As the monoener-
getic image is synthetic, so are its noise properties. 
Hence, noise increases strongly for very low and very 
high energies (Alvarez and Seppi 1979).

Finally, in order to quantify the general dual-energy 
behavior of test samples, the dual energy index (DEI) 
is useful (Fig. 5). For a material in air (not dissolved in 
water), it is defined as

 
 (2)

with x
low

 and x
high

 being the HU values of image pixels 
at low energy and high energy, respectively. The DEI is 
zero for water, negative for light atoms, and positive 
for all heavy atoms that are typically encountered in 
the human body. The DEI of a mixture of materials is 
between the DEIs of the original two materials. In con-
trast to the effective atomic number (which is usually 
calculated as the root of a weighted sum of the con-
tained atomic numbers (Hawkes and Jackson 1980)), 
the DEI does not rely on a claimed behavior of the 
photoelectric cross-section and is also meaningful for 
mixtures of light atoms with elements heavier than 
iodine.
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Fig. 5 Simulation of dual energy index (DEI) vs. atomic num-
ber: The DEI of thin pure material samples was simulated for 
all available combinations of spectra with the SOMATOM 
Definition Flash. The magnitude of the DEI is considerably 
increased with tin filter, while the shape of the curves is very 
similar
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2.4  Material Decomposition Analysis

The software package syngo Dual Energy, which is 
optionally available on the two dual-source dual-
energy scanners, uses two main approaches for image 
analysis. The first one is material decomposition, while 
the second is material labeling. Both methods are best 
understood in the CT-value diagram (x

low
 vs. x

high
) as 

shown in Fig. 6.
Material decomposition into two materials of arbi-

trary density has been known for a longer time (Hawkes 
et al. 1986). Decomposition into three materials of 
known density was proposed in 1990 (van Kuijk et al. 
1990). The present method for subtracting iodine from 
a DECT image is a modification of this approach: 
Instead of a decomposition into three fixed points in 
the x

low
/x

high
 plane, syngo Dual Energy uses two body 

material data points (fat and soft tissue) and the slope 
of the iodine enhancement vector. This is possible as 
the infinitesimal addition of iodine to both body tissues 
leads to a similar and measurable enhancement vector 
for both tissues, while the CT value of pure iodine con-
trast agent is much more difficult to determine.

Subtraction of the iodine corresponds to a parallel pro-
jection in the CT-value diagram or the solution of a linear 
equation. Image noise is inflated during decomposition 
and it is also possible to calculate the image noise in the 

result images. Especially if spectral resolution is bad, 
noise will increase dramatically. Under the assumptions 
of identical image noise in both images, an enhancement 
ratio of 2.0 for iodine, air and water as second and third 
materials, and a suitable dual-energy composition of 0.5, 
image noise is inflated by a factor of 4 relative to the 
mixed image. This challenge requires dedicated noise-
reducing filtering as it is implemented in syngo Dual 
Energy or, for example, suggested in (Kalender 1988).

If various spectra are used alternatively, like on the 
Definition Flash, it is possible to transform the CT val-
ues of all materials by knowledge of the CT values of 
iodine for the old and the new combination of spectra. 
For the CT values of soft body tissues, changes are 
almost negligible.

In syngo Dual Energy, this kind of material decom-
position analysis is used to highlight iodine vs. hemor-
rhage in the brain (Brain Hemorrhage, Ferda J et al 
(2009)), to visualize perfusion defects in the lung (see 
chapters LungPBV; Lung Perfusion), to isolate the 
iodine signal in a liver with fatty infiltrations or necrosis 
(see chapters LiverVNC; Neurological Applications, 
Liver Imaging, Kidney Imaging), to visualize perfusion 
defects in the myocardium (see chapters HeartPBV; 
Myocardial Perfusion), and to visualize the iodine 
uptake of lung nodules (see chapters LungNodules; 
Pulmonary Nodules and Lung Cancer).

2.5  Material Labeling and Highlighting

General material highlighting is possible with DECT 
by mapping each position in the CT-value diagram to 
some displayed color and intensity. As this requires a 
number of distinct materials of unique chemical com-
position and density, this approach is only useful for 
very specific clinical questions, like the highlighting of 
tendons and ligaments (see chapter Kidney Stones).

In clinical applications, the more common case is 
that the materials of interest are embedded or mixed 
with a common matrix material like blood or soft tissue. 
In the CT-value diagram, mixtures of two noninteract-
ing materials are always located on straight lines 
between the pure materials. For example, in the case of 
dual-energy bone removal (Fig. 6), the pure materials 
iodine or bone mineral of arbitrary concentration mix 
with the common matrix material blood/soft tissue. The 
most general approach to separate the two potential 
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material mixture lines is to use a separation line that 
goes through the common matrix material; the slope of 
the separation line is close to the bisector between the 
two material mixture lines. However, the ideal choice 
also depends on image noise and typical iodine and 
bone concentrations. It is therefore not possible to define 
an exact transformation for the slope when changing the 
combination of spectra and empirical corrections are 
used for example when changing the combination of 
spectra on the SOMATOM Definition Flash.

Material mixtures that contain mainly the matrix 
material are difficult to classify. It is therefore useful to 
introduce a minimum threshold on the CT value in the 
mixed image. Only voxels above this threshold are then, 
for example, labeled with two different colors, which 
reflect if they are above or below the separation line.

Material labeling has a finite spatial resolution that 
is typically less than that of the CT image, especially if 
voxels are close to the minimum threshold. Hence, 
dedicated filter algorithms are used to improve noise 
and/or spatial resolution.

Interestingly, the apparent boundary between two 
adjacent differently labeled materials in the image 
depends on the choice of the separation line as well as 
the concentrations of the two materials. In this sense, the 
separation line concept in itself does not eliminate the 
“blooming” effect that is known from single energy 
CT; moreover, in a clinical case with realistic patient 
dose mainly the filter algorithm is responsible for the 
exact behavior at these boundaries.

In syngo Dual Energy, material labeling with sepa-
ration lines is used for bone subtraction in CT angio-
graphic data sets (see chapters Bone Removal; Head 
and Neck, Aorta, Peripheral Arteries) to visualize 
the composition of kidney stones (see chapters Kidney 
Stones; Pancreas), the iodine content of extremely 
small lung vessels (see chapter Lung Vessels, Krissak 
R et al (2010)), and Gout vs. deposition of Calcium 
(see chapters Gout; Tendons and Ligaments).

3  Outlook

Due to the additional tin filter, which is to our kno-
wledge only possible on dual tube systems, the 
SOMATOM Definition Flash has considerably higher 
spectral separation capabilities than classical dual 
energy scanners, which use 80 and 140 kV or dual-

layer CT systems. Its increased field of view and 
faster volume coverage make it an ideal dual energy 
scanner for CT angiography and thoracic imaging. 
Together with the improved dose performance and 
the ability to apply established dose reduction tech-
niques like CAREDose4D, this ensures that the 
scanner can be used in daily routine to gain additional 
diagnostic information. The capability to simultane-
ously acquire high and low kV data at the highest 
rotation time (0.28 s) in cardiac dual-energy mode 
allows both reading from CTA images with a tempo-
ral resolution of 75 ms and dual-energy postprocess-
ing based on a second reconstruction.

The first scientific publications based on this scan-
ner have just become available and it can be expected 
that many more will follow.

In the future, DSCT may also profit from other 
developments in CT technology: With increasing 
X-ray tube power, additional filters may be added in 
both X-ray beams. This would increase spectral sepa-
ration as well as dose efficiency even further and 
reduce beam-hardening effects at the same time.

In terms of postprocessing, DSCT may benefit from 
iterative reconstruction: This method allows for raw 
data-based processing with nonmatching X-ray pro-
jections for the two spectra. Thus, Dual Source DECT 
has plenty of potential to evolve in the future.
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