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1 General Aspects the main clinical benefit of this new technical capa-

and Workflow

The first medical CT scanner capable of DE scan-
ning by means of fast kV-switching was the
SOMATOM DRH introduced by Siemens in 1987
(Kalender 1987). It allowed for dual-energy acqui-
sitions in topogram and axial scan mode; however,
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bility was a significant improvement in the accu-
racy of bone mineral density quantification.
Although several clinical studies demonstrated the
advantage of DE CT over single energy CT espe-
cially in the presence of fat—elimination of the so-
called “fat error’—(Laval-Jeantet 1986; Genant
1977; Vetter 1986), the fast kV-switching technique
to acquire DE data was abandoned in subsequent
CT systems. Technical limitations led to compro-
mised scan data acquisition, degradation in image
quality, and increased radiation dose to the patient
since attenuation-based tube current modulation
and necessary adaptations of the tube current
between the kV-switches was not feasible due to
basic physical limitations of the technology. On top
of this new technical opportunities such as DEXA
(dual-emission X-ray absorptiometry) became
available and limited the need for DE CT bone den-
sitometry. Other clinically relevant applications,
however, were not within reach at that time.
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In 2006 DE CT was reintroduced with the
advent of dual source CT systems (Flohr et al.
2006) which enabled the acquisition of DE CT
data without the significant limitations of the pre-
vious technology, rather a much wider clinical
application spectrum. Since then, the utilization
of DE CT has been growing steadily, prompted in
part by the introduction of newer generations of
dual source CT systems with further improved
dual-energy performance. A few years later, the
portfolio for DE data acquisition techniques was
extended to non-dual source CT systems with the
introduction of subsequent spiral scanning at dif-
ferent X-ray tube voltages (Twin Spiral; Siemens
Healthineers, Germany). This—in a second
development step—was further improved upon
by adding just to the high voltage spiral portion
of the Twin Spiral acquisition an additional pre-
filtration, already being well established for dual
source CT systems. Hereby a dual-energy separa-
tion comparable to second and third generation
of dual source CT was accomplished. To further
substantially reduce the time delay between the
high and low voltage data acquisition, a few years
later TwinBeam (Siemens  Healthineers,
Germany) was introduced to single source CT
systems. In this system a split filter is added to
the X-ray tube collimator box, allowing examina-
tions even in case of high contrast dynamics as in
a contrast-enhanced scan in the arterial phase.

From a clinical perspective, DE CT imaging
proves far more valuable than standard CT scans
because, unlike them, it provides functional
information on top of the mere anatomical visu-
alization (Schneider et al. 2014). Kidney stones
can be differentiated (Primak et al. 2007; Scheffel
et al. 2007; Stolzmann et al. 2010), the differen-
tial diagnosis of gout is possible (Mallinson et al.
2016), and lesions can be characterized by quan-
tifying their iodine uptake (Graser et al. 2010). In
oncology, structures more responsive to treat-
ment may potentially be identified early during
treatment by reduced iodine uptake rather than by
mere lesion size measurements (Apfaltrer et al.
2012; Uhrig et al. 2013; Agrawal et al. 2014;
Knobloch et al. 2014). Perfusion defects in the
lung parenchyma in patients with pulmonary
embolism are visible in DE scans (Pontana et al.

2008; Remy-Jardin et al. 2014; Apfaltrer et al.
2014), as well as post-traumatic bone bruises or
bone-marrow infiltration of the spine in patients
with multiple myeloma (Pache et al. 2010;
Thomas et al. 2015). DE CT has been applied in
the characterization of perfusion defects in the
myocardium (Ruzsics et al. 2009; Vliegenthart
et al. 2012), as well as the iron uptake of the liver
in patients with liver iron overload (Luo et al.
2015; Werner et al. 2019). Maps of effective
atomic numbers obtained with DE CT may be
used to improve radiation treatment planning,
particularly in proton therapy. The applications
listed above are an incomplete list of clinically
relevant DE applications which are available on
Siemens CT machines, and are either already
being applied clinically or currently evaluated.
Besides dedicated clinical DE applications
like the ones mentioned above, acquired data also
can be used for calculation of virtual mono-
energetic images. Similar to raw data-based
approaches back in 1986 (Kalender et al. 1986),
high- and low-energy images can be used for
decomposition into materials differing in photo-
electric and Compton characteristics, such as
water and iodine (Yu et al. 2012). The concentra-
tions of both materials in each image pixel are
calculated by means of an image-based material
decomposition algorithm that requires calibra-
tion measurements for the attenuation of iodine
in phantoms of different diameter for the differ-
ent X-ray spectra. The concentrations are subse-
quently multiplied with predicted CT numbers
per concentration at the desired pseudo mono-
chromatic energy (derived from NIST tables) and
summed up to form the final mono-energetic
images. Pseudo mono-energetic images derived
from image-based material decomposition have
similar applications as raw data-based images.
Metal artifacts are reduced at higher energies/
keV (Mangold et al. 2014), the contrast of iodine
and bone increases at lower energies. Like in raw
data-based techniques, image noise is amplified
at energy levels far away from the mean energy
of the mixed images (~ 70 keV). To avoid this
undesirable increase in noise, which not only
limits the ultimate clinical benefit of mono-
energetic images but also limits the gains from
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improved iodine contrast-to-noise ratio at lower
keV, a novel algorithm for the computation of
pseudo mono-energetic images was recently
introduced (Mono+, Siemens Healthcare,
Forchheim, Germany) that efficiently reduces
image noise in pseudo mono-energetic images at
low and high keV (Grant et al. 2014). Using this
approach, images at the target keV and images at
optimal keV from a noise perspective (typically,
minimum image noise is obtained at approxi-
mately 70 keV) are computed. By means of a
frequency-split technique, both the images at the
target keV and the images with minimum image
noise level are broken down into two sets of sub-
images. The first set contains only lower spatial
frequencies and thus most of the object informa-
tion, the second one contains the remaining high
spatial frequencies and subsequently mostly
image noise. Finally, the lower spatial frequency
stack at the target keV is combined with the high
spatial frequency stack at optimal keV from a
noise perspective to combine the benefits of both
image stacks, see Fig. 1.

The Mono+ technique can be used to signifi-
cantly increase the iodine CNR in CT angio-
graphic  studies by computing pseudo
mono-energetic images at low keV (Albrecht
et al. 2019). It has been shown (Grant et al. 2014)
that it may be more efficient to perform DE scans
and compute pseudo mono-energetic images at
40 keV using Mono+ to optimize iodine CNR

40 keV

than to perform low kV-scans, which is today the
recommended method to improve iodine
CNR. The image-based Mono+ approach is
available for all DE data from Siemens CT sys-
tems, and levels of the pseudo mono-energetic
images can be selected between 40 keV and
190 keV in steps of 1 keV. Figure 2 shows a clini-
cal example for illustration.

Although clinical DE applications and the
possibility for improved image quality and better
contrast-to-noise ratio are well perceived in the
medical community, one of the remaining chal-
lenges of dual-energy imaging is workflow and
workflow optimizations. In general, DE process-
ing on Siemens CT systems is mainly based on
the high and low voltage image stacks, which can
be flexibly stored in PACS, or loaded and pro-
cessed retrospectively by the various DE applica-
tion classes provided in the Siemens syngo
Dual-Energy application—irrespective of which
scanner of the Siemens Healthineers CT scanner
portfolio is used for data acquisition. In addition,
automated dual-energy processing is offered to
users who prefer PACS-focused reading over
interactive processing and expert viewing in the
syngo Dual-Energy application. User selected
combinations of DE results are processed and
transferred to the user-owned PACS fully auto-
matically, thus being available whenever and
wherever the user may need them, even for retro-
spective analysis. The most established mecha-

70 keV

* high contrast

e low noise

Fig. 1 Schematic illustration of the concept used to cal-
culate Mono+ images. In this example, the CNR of iodine
versus soft tissue is enhanced. Images with high iodine
contrast and high image noise (40 keV) are mixed with

40 keV +

images showing lower iodine contrast and lower noise
(70 keV) to obtain improved CNR at low keVs (Grant
et al. 2014)
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Fig. 2 Left: DE images acquired on a third-generation
DSCT scanner through the upper abdomen using the kV-
combination 80 kV/150 kV with tin filter, and only 30 cc
IV contrast media. Improved contrast and better lesion
discernability in case of Mono+ at low keVs (b) compared
to a mixed image, corresponding to a standard 120 kV

nisms for this workflow are “Rapid Results
Technology” or “Recon&Go Inline Results.”
Here the user has the ability to define at the scan-
ner which processing steps should happen auto-
matically, such as the generation of oblique
Mono+ images or classified VRT images from a
DE renal calculi application. Respective data are
then processed automatically, and the results sent
to the PACS system for further reading allowing
for an efficient and integrated DE workflow (see
Fig. 3).

One basic assumption for image-based mate-
rial decomposition—used in the Siemens
approach—is the validity of the thin absorber
model. If we use water and iodine, for example,
as the basis materials for image-based dual-
energy evaluation, the maximum X-ray attenua-
tion coefficient y;(E) and the maximum thickness
d; of the iodine along any measured ray path are
expected to be so small that it is valid to assume
a linear contribution of the additional non-water-
like attenuation u(E)- d; to the total attenuation.

acquisition (a). Right: Pseudo mono-energetic image
using the Mono+ technique at 50 keV (d) compared to
80 kV (c). Note the significantly increased iodine CNR of
vascular structures with Mono+. (Courtesy of NYU
Medical Center, Department of Radiology, New York,
USA)

It can be shown that the thin absorber model
breaks down for iodine samples with more than
5000 HU cm in water based on 120 kV, which
corresponds to the clinical situation of an object
with 200 HU iodine enhancement and 25 cm
thickness. In almost all clinically relevant situa-
tions, the thin absorber model remains valid.
Exceptions are scan scenarios where extremely
high iodine concentrations may be present, such
as CT urographic scans.

In addition, the thin absorber model is based
on the concept of an effective spectrum: the mea-
sured absorption with a polychromatic X-ray
spectrum is assumed to be independent of the
spatial distribution of the traversed materials
along the beam. In practice, this means that nei-
ther the CT-value of water nor the CT-value of a
small iodine sample depends on its position
within the scanned object. The scanner must
therefore be equipped with a bowtie filter of
sufficient beam hardening and the approximately
cylindrical patient cross-section has to be cen-
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Fig. 3 Optimized workflow on Siemens CT systems:
Acquired DE image data are automatically labeled, pro-
cessed by syngo via in the background and sent to PACS
using Rapid Results Technology without any additional
user interactions (a). Alternatively, on selected CT models
a similar automatic advanced processing is possible
directly at the scanner, where yet again results are pro-
cessed self-operationally and sent directly to PACS for

tered within the SFOV. In a real-world setting,
electronics noise, scanner calibration, stability of
emitted spectra, cone beam effects, and scattered
radiation can have a larger impact on the obtained
results than the analysis method.

As stated in the beginning of this article,
Siemens is processing—irrespectively of the CT
system type used for acquisition—based on low
and high voltage image stacks. This makes stor-
ing of images, transferring and retrospective
application of various DE classes easy. On the
data acquisition side Siemens offers various solu-
tions—depending on the technical capabilities of
the respective CT system. In the following para-
graphs, the different concepts and technical real-
izations are introduced and discussed.

further reading. Examples for respective results are shown
in (b), where in addition to the visualization of DE results
the gout volume is automatically calculated (in this exam-
ple 5.02 cm?). Beside material and Mono+ images, ana-
tomically oriented DE VRTs with classified results (left
and middle) and fused images (right: overlay of mixed
and iodine) can be generated

2 Dual Source-Based
Dual-Energy

A dual source CT is a CT system with two mea-
surements systems, such as two X-ray tubes and
the corresponding detectors. Both measurement
systems acquire scan data simultaneously at the
same anatomical level of the patient (same
z-position). In 2006, the first dual source CT
(DSCT) was commercially introduced by
Siemens, the SOMATOM Definition (Siemens
Healthcare GmbH, Forchheim, Germany), see
Fig. 4.

The two acquisition systems A and B are
mounted onto the rotating gantry at an angular
offset of 90° for the first-generation DSCT (Flohr
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Fig. 4 DSCT with two independent measurement sys-
tems. Left: Open gantry of a dual source CT system—red
and green fans indicate the beams of the two X-ray tubes.
(a) First generation: The system angle between both mea-

et al. 2006), and at an angular offset of 95° for the
second- and third-generation DSCT. Detector A
covers the full SFOV of 50 cm diameter, while
detector B is restricted to a smaller FOV of 26 cm
(first generation), 33 cm (second generation), or
35.6 cm (third generation) as a consequence of
space limitations on the gantry. The shortest gan-
try rotation times are 0.33 s (first generation),
0.28 s (second generation), and 0.25 s (third gen-
eration). DSCT systems provide significantly
improved temporal resolution for cardio-thoracic
imaging. The shortest data acquisition time for an
image corresponds to a quarter of the gantry rota-
tion time (Flohr et al. 2006). Meanwhile, several
clinical studies have demonstrated the potential
of DSCT to accurately assess coronary artery ste-
nosis in patients with high and irregular heart
rates (Achenbach et al. 2006, Johnson et al. 2006,
Scheffel et al. 2006, Matt et al. 2007, Leber et al.
2007, Ropers et al. 2007).

Moreover, with a DSCT system, dual-energy
data can be acquired by simultaneously operating
both X-ray tubes at different kV settings, e.g.,
80 kV and 140 kV (Flohr et al. 2006; Johnson
et al. 2007). Scan parameters (e.g., tube current
and potential) can be adjusted individually for
both measurement systems, resulting in a bal-
anced radiation dose distribution between the
low- and the high-energy scans. A wide range of
routine scan protocols is available, with no

surement systems is 90°. (b) Second generation: To
increase the SFOV of detector B, a larger system angle of
95° was chosen. With the third-generation DSCT (c), the
SFOV of detector B was further increased to 35.5 cm

restrictions in the choice of scan parameters such
as gantry rotation time. Use of anatomical tube
current modulation allows for adaptation of the
radiation dose to the patient’s anatomy. Mixed
images (a weighted average of low- and high-
energy images) and Mono+ are routinely avail-
able, allowing dual-energy CT scans to be
performed in routine clinical practice similar to
conventional imaging protocols, with dual-
energy information available when needed. It
should be noted that dual-energy imaging and the
ability for Mono+ as well as iodine quantification
being helpful, e.g., for the assessment of the per-
fusion of the myocardium is also possible for
gated cardiac scans on dual source systems. An
example is shown in Fig. 5.

Spectral separation, a key measure for DE per-
formance, can be improved by introducing addi-
tional pre-filtration into the high kV beam, e.g.,
by means of a filter that can be moved into the
beam when needed and moved out for standard
applications. The quality of DE CT examinations
generally relies on the separation of the energy
spectra. High spectral overlap and bad energy
separation result in increased image noise in the
base-material decomposition which in turn
requires compensation by increased radiation
dose. The second-generation DSCT makes use of
an additional tin filter (Sn) with a thickness of
0.4 mm to shift the mean energy of the 140 kV
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Fig. 5 ECG-triggered “step-and-shoot” DE cardiac CT
acquisition using a third-generation DSCT at
90 kV/150 Sn kV, rotation time 0.25 s: Based on the
acquired data, images with 66 ms temporal resolution can
be reconstructed. In addition, since data form A and B are

spectrum from 86 keV to 97 keV (after 20 cm
water), see Fig. 6. The mean energy of the 80 kV
spectrum is 60 keV. The third-generation DSCT
provides 150 kV X-ray tube voltage with more
aggressive tin pre-filtration (0.6 mm), shifting the
mean energy of the 150 kV spectrum to 107 keV,
see also Fig. 6. The tin filter improves spectral
separation between the low- and high-energy
spectra, narrows the high kV spectrum (which
results in better dose efficiency and less beam
hardening artifacts), and reduces the influence of
cross-scattering. A relevant parameter to quantify
the performance of a DE CT acquisition tech-
nique with regard to energy separation and mate-
rial differentiation capability is the Dual-Energy
(DE) ratio. The DE ratio of a material is defined
as its CT number (in HU) at low kV divided by its
CT number (in HU) at high kV (Krauss et al.
2015). Water has a DE ratio of 1, meaning its CT
number does not change in CT scans at different
kV settings. The DE ratio for iodine, a commonly
used base material for material decomposition in
contrast-enhanced CT scans, increases from 1.9
to 2 at the standard 80 kV/140 kV X-ray tube
voltage combination to about 3.4 for
80 kV/150kV and 0.6 mm tin pre-filtration (mea-
sured in a 20 cm water phantom, Krauss et al.

£

acquired simultaneously, DE information can be used to
optimize iodine contrast in coronary vessels based on
Mono+ imaging: 55 keV (a), 70 keV (b), and 110 keV (c).
Courtesy of Medical University of South Carolina,
Charleston, USA

2015). The larger DE ratio results in better condi-
tioned equations for base-material differentiation
into, for example, water and iodine as base mate-
rials, and leads to less image noise in the material-
specific images. Consequently, this enables DE
data acquisition at the radiation dose of typical
medical CT examinations, without additional
dose penalty, see, e.g., (Schenzle et al. 2010;
Bauer et al. 2011; Henzler et al. 2012).

As a downside, DE evaluation with dual
source CT is restricted to the smaller central
SFOV of detector B. Raw data-based dual-energy
algorithms cannot be realized because high-
energy and low-energy projections are not simul-
taneously acquired at the same z-position.
Dual-energy algorithms are therefore image-
based. Another challenge of dual source DE CT
is cross-scattered radiation, i.e., scattered radia-
tion originating from tube A and detected by
detector B, and vice versa, which has to be care-
fully corrected for to avoid distortions of CT
numbers by cupping or streaking artifacts. This
can be done either by measurement of cross-
scattered radiation or by model-based approaches
(Petersilka et al. 2010). Figure 7 shows a clinical
example of a DE CT scan acquired with a third-
generation DSCT system.
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3 Twin Spiral Dual-Energy

For non-dual source CT systems, the most
straightforward approach for acquiring dual-
energy CT data are two subsequent CT scans of
the same anatomical structure, one with low X-ray
tube voltage (80 kV), the other with high X-ray
tube voltage (140 kV). The spectral separation
achieved with this approach is reasonably effec-
tive. DE CT is feasible with standard CT systems

Photon energy (keV)

with a 50 cm diameter full scan field of view
(SFOV). However, the disadvantage is that the
time delay between the two scans presents a chal-
lenge for the evaluation of fast moving organs.
Furthermore, examinations with administration of
contrast agent are challenging, at least in early
arterial phases when the contrast density changes
rapidly between the two scans. The resulting
CT-number changes will be misinterpreted by DE
material decomposition techniques.
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Fig. 7 Contrast-enhanced DE CT scan of a patient with
acute pulmonary embolism acquired with a third-
generation DSCT scanner at 90 kV/150 kV with 0.6 mm
tin pre-filtration. Left: Mixed image overlayed by the
quantitative perfusion information of the lung paren-
chyma, showing a v-like perfusion defect caused by an

A technical realization was first introduced
with the SOMATOM Definition AS, SOMATOM
Edge (Siemens Healthcare GmbH, Forchheim,
Germany), where the DE acquisition relies on
two automatically, workflow-wise completely
coupled spiral (helical) scans of the same body
region, the first performed at 80 kV and the sec-
ond at 140 kV. The approach to go for volumetric
acquisitions instead of a single axial scan is
advantageous since mismatch due to motion can
be corrected by a respective volumetric
registration approach. As in standard CT exami-
nations, radiation dose to the patient can be opti-
mized by anatomical tube current modulation
(Marin et al. 2014), and iterative reconstruction
can be applied. Because of the small time delay
between the two spiral scans, the use of this tech-
nique is indicated for non-dynamic examinations
that do not require the administration of contrast
agent, such as characterization of kidney stones,
or the examination of tophaceous lesions in
patients with gout, or for the calculation of
pseudo mono-energetic images to reduce metal
artifacts at a metal-specific high energy.

With the introduction of the SOMATOM X.
Cite in 2019 and the SOMATOM X.ceed 2021,
Siemens introduced tin filtration that had already
been well established in Dual Source CT systems
to Twin Spiral scanning, allowing for a substan-

23

occluding clot. Right: In addition to parenchymal infor-
mation, DE-based color-coding of the vessel lumen. Non-

iodinated  vessels—matching with the perfusion
defect—are highlighted in red. Courtesy of University
Hospital of Frankfurt, Germany

tial improvement of spectral separation and better
DE performance (see Fig. 8). A clinical example
is shown in Fig. 9, where a voltage combination
of 80 kV and 150 Sn kV had been used.

4 TwinBeam Dual-Energy

Recently, a new method was introduced to acquire
DE CT data with a single source CT system with-
out kV-switching, but with better temporal registra-
tion than by performing two separate consecutive
axial or spiral scans of the examination volume of
interest. Two different pre-filters in the tube colli-
mator housing are used to split the X-ray beam in
the scan direction, called “TwinBeam” (e.g., on
SOMATOM Definition Edge, Siemens Healthcare
GmbH, Forchheim, Germany), see Fig. 10.

The X-ray tube is operated at 120 kV tube volt-
age. One half of the multi-slice detector in the scan
direction is illuminated by an X-ray beam pre-fil-
tered with 0.6 mm tin; compared to the standard
120 kV spectrum, the mean energy of this pre-fil-
tered spectrum is increased, see Fig. 10, right. The
other half of the detector in the scan direction is pre-
filtered with a thin gold filter; as a consequence of
the K-edge of gold at 80.7 keV, the mean energy of
this spectrum is decreased, see Fig. 10, right. The
total attenuation of the pre-filters is adjusted to bal-
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Fig. 8 DE performance can be measured quantitatively
in terms of iodine ratio (HU at low energy divided by HU
at high energy): For the high kV beam, additional tin fil-
tration was introduced for dual systems to improve DE

performance. Additional tin filtration of 0.7 mm intro-
duced with the SOMATOM X.cite and X.ceed, increases
dual-energy separation for Twin Spiral into the range of
second- and third-generation dual source CTs

Fig. 9 Clinical example for dual-energy imaging tech-
nique relying on two consecutive spiral scans (Twin
Spiral) at 80 kV and 150 Sn kV on SOMATOM X cite.
Post-thrombectomy follow-up CT: Hyperattenuating
intraparenchymal area visible in the conventional mixed

ance the radiation dose of the low-energy and the
high-energy beam. The CT system is operated in a
spiral (helical) scan mode at fast gantry rotation
speed (0.28 s) with a maximum spiral pitch of 0.5
(referring to the full z-width of the detector).
Moreover, recently introduced CT systems
equipped with a split filter, the SOMATOM go.Top,

image (a). lodine overlay image (b) derived from spectral
information reveals that area of hyper-attenuation corre-
sponds to an area of diffused contrast material extravasa-
tion. Virtual non-contrast image excludes active bleeding.
Courtesy of University Hospital Zurich, Switzerland

X.cite and X.ceed, even allow for adaptation of tube
voltage. Depending on the clinical need and the size
of the patient (attention information is derived from
the topogram), either 120 kV or 140 kV is selected
for the use with the split filter. The possibility for a
higher voltage is of advantage for two reasons:
First, spectral separation is increased. Secondly,
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Tube voltage: 120 kV Au

Al + Au

Split filter

z-direction
—

Aul20 kV

Sn120 kv

CT table

CT gantry

Fig. 10 Left: Principle of a DE acquisition technique that
uses a split filter, called “TwinBeam” (Siemens Healthcare
GmbH, Forchheim, Germany), in the tube collimator
housing to split the X-ray beam in the scan direction.

Fig. 11 Contrast-enhanced thorax-abdominal CT exami-
nation on a SOMATOM X.cite using Twin Spiral tech-
nique. From the acquired DE data, Mono+ images can be
generated to increase iodine contrast. At lower energies of
45 keV (b), delineation of anatomical structures and con-

140 kV allows for a higher tube output and enables
scanning of larger patients. Then, for the recon-
struction of the TwinBeam data, each half of the
detector acquires a complete spiral data set because
of the lower spiral pitch, allowing for low- and high-
energy images to be reconstructed at any z-position
as an input into Mono+ and/ or image-based mate-
rial decomposition techniques.

This technology provides DE data in the full
SFOV of 50 cm diameter. The radiation dose to the
patient can be optimized by means of anatomical
tube current modulation or risk organ-dependent
tube current modulation, in addition to iterative
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Right: The standard 120 kV spectrum is split into a low-
energy spectrum after filtering with gold (Au, top), and a
high-energy spectrum after filtering with tin (Sn, bottom)

spicuity of lesions is improved compared to 70 keV images
(a). In addition, virtual non-contrast images (c¢) and
iodine—as overlay—images (d) can be extracted. The lat-
ter in particular allows for quantitative analysis of iodine
distribution. Courtesy of Erlangen University, Germany

reconstruction techniques. The data sets are tempo-
rally registered, enabling DE CT scans with con-
trast agent even in the arterial phase. The downside
of this approach is that spectral separation is worse
than with approaches using two different kV-set-
tings of the X-ray tube. Furthermore, a powerful
X-ray tube is required because the pre-filtration
absorbs a considerable portion of the X-ray flux, in
turn limiting the use of this technique to non-obese
patients. Because of the maximum spiral pitch of
0.5, maximum volume coverage speed is limited.
Figure 11 shows a clinical example acquired with
the split filter technique.
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5 Conclusions

Since 2006, with the introduction of DE on Dual
Source CT systems, DE imaging has experienced
a renaissance. Its clinical application spectrum is
growing, and different technical solutions for
data acquisition are available. With ongoing tech-
nological progress, such as improved spectral
separation by means of dedicated pre-filtration of
the high-energy beam, successful DE applica-
tions have been demonstrated without increased
radiation dose to the patient compared to stan-
dard single energy CT scans. The dual source
dual-energy CT solution provides technical and
clinical advantages, such as flexible selection of
the kVs of the low-energy beam allows for opti-
mized scanning, adapted to clinical needs. The
wide detector coverage combined with the high
rotation time allows scanning of even challeng-
ing patients, for example those short of breath.
Twin Spiral and TwinBeam are alternatives avail-
able for single source CTs. Despite the different
technical realizations, the same image-based
automatic processing techniques and processing
applications are applied, allowing the use of DE
in a routine clinical workflow.
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