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Projection-Based Two Material
Decomposition

Dual energy methods for CT were first investigated by Alvarez and
Macovski in 1976.* They demonstrated that even with polychromat

pectra, one can parate the measured attenuation coeffi-
cients into their contributions from the photoelectric effect and
Compton scattering processes. Initial applications focused primarily
on the characterization of lung, liver, and soft ue composition. The
primary limitation of this approach was the need to acquire two differ-
ent scan acquisitions at each of the two tube potentials. Because the
data were not acquired simultaneously, any patient motion occurring
between the acquis Lauaed severe degradation of the resultant
images and material composition information.

In the 1980s, a modified commercial CT system (Siemens DR) used
fast tube voltage switching to allow alternate projection measurements
at the low and high tube potentials.* Clinical application of this tech-
nique focused primarily on bone densitometry measurements.
However, the tube current could not be increased quickly enough for
the Iow tube potential setting to achieve comparable noise levels in
both the low and high kV datasets. This difference in noise limited
extension of the technique beyond bone densitometry applications.

A third mechanism for acquiring dual energy CT projection data has
“been suggested, which uses layered or “sandwich” detectors. The low
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New Approaches for Dual Energy CT
Using Dual Source CT Systems

Dual source CT is a CT system where two x-ray sources and two data
acquisition systems are mounted on the same x-ray gantry, positioned
orthogonally to one another on the gantry."”* A commercial dual
source CT system was oduced in 2006 (SOMATOM Definition,
Siemens Medical Solutions) and is shown in Figures 2A & B. Each
x-ray source is equipped with an independent high-voltage generator,
allowing independent control of both the x-ray tube potential and tube
current. Although the raw projection data are 90> out of phase, recon-
structed images using 360° of projection data are not affected by the
phase offset. Thus, simultaneously acquired low- and high- energy
images can bc 1Lcon<tructtd with comparable image noise levels:
In\abe -ba: r used to extract the dual energy

Figure 2B
Tube A: 50 cm FOV

Tube B: 26 cm FOV

Photograph of the SOMATOM Definition Photograph of the Definition system with
System (Siemens Medical Solutions). the gantry shroud removed.
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Principle of three material decomposition: for each pixel, the CT numbers for the low-
and high-voltage images are mapped into a high- vs. low-voltage CT number
diagram. Predefined values for fat, tissue and iodine mark areas of known material
types. The location of a certain pixel-pair in the resulting triangle determines the
contribution of a certain material to a respective volume element. The parameters
can be altered to differentiate between any three appropriately different materials, for
example tissue, fat and calcium or tissue, iodine and xenon.

Dual Energy Computed Tomography: How Does It Work and What Can It Do?

Clinical Applications of Image-Based, Dual-Source, Dual-Energy CT

The dual energy software tools (SyngoDE) for the Siemens Definition became commercially available in March 2007, with an initial focus on the following three clinical tasks:

B Automated Bone Removal in CT Angiography

One of the most quickly adopted applications of dual energy CT is that of direct CT angiography
In this approach, the dual energy algorithm identifies and removes bone, allowing direct visualiza-
tion of iodinated vessels. For vessels outside the 26 cm field of view of Tube B, single energy bone
removal algorithms are applied to the Tube A data in order to remove large bony anatomy in the
periphery of the patient. Examples of this application are shown in Figures 4-6.
Figure 4
Cerebral CTA

Figure 5 Figure 6
Renal CTA Runoff CTA

Plaque Removal

nsion of the bone removal algorithm is a tool to remove not just large bony anatomy, but
also discrete hard plaques, potentially allowing clearer visualization of patent lumens in maximum
intensity projections. Examples of this application are shown in Figures 7-8.

Figure 7 Figure 8
Aortic Plaque Removal Runoff Plaque Removal
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B Perfused Blood Volume (Blood Pool Imaging)

In addition to removing bone to see iodine,

the identification of iodine voxels allows f Figure 9

color enhancement of iodinated areas. One Perfused Blood Volume
potential clinical use is visualization of the

perfused blood volume, also referred to

blood pool imaging. An example of this

applicatio own in Figure 9.

The pulmonary emboli in this patient results in focal
perfusion deficit (arrow), which shows up as black in
the dual energy image. This tool color coded only the
lung tissue, allowing a mixed display where the mor-
phological data of the vasculature is preserved. Tissue
outside of the 26 cm FOV of tube B, which is identified
by the yellow circle, can not be assessed with the per-
fused blood volume algorithm. This is not a time
resolved perfusion image, requiring multiple scans over
time, but rather a display of the iodine content of the
lung at the time of the scan, which reflects the amount
of blood being supplied to the tissue.

Todine Imaging, Iodine Removal, and Material Characterization.

Another potential application for dual e 3 is, after identifying iodine voxels, to
remove the iodine component of the CT number in order to create a “virtual non-
contrast image.” For applications where the virtual non-contrast image is of sufficient
quality to replace the pre-contrast scan, this application can substantially reduce
patient dose. Examples of VNC images are shown in Figures 10 - 11.

Figure 10
exam of the

E 100% odine Fused 50% iodine & WG

The 80 kV (A) and 140 kV (B) images can be
mixed for conventional diagnostic tasks (C).
Additionally, the information can be used to cre-
ate an iodine-free image (D), a 100% iodine
image (E), and an iodine-enhanced image (F)
where the iodine and VNC images are each
weighted 50%.

Figure 11
d exam of the

In this contrast enhanced scan of
the abdomen, there is more noise
in the 80 kV image (A) but much
more contrast, relative to the 140
kV image (B). The mixed image
(C) is adjusted to preserve this
enhanced contrast while decreas-
ing the noise. It is important to
note that the dual energy acquisi-
tion uses the 140 kV data for
bolus tracking. Thus, the threshold
values should be decreased by
approximately 20% in order to
trigger the scan at the same time
in the contrast bolus. The VNC
image (D) would allow the user to
confidently note that the liver
lesion (circled) enhanced without
the need to acquire a true non-
contrast scan.

B Dose Reduction

Our present CT urography examination is comprised of only two scan:

an and combined nephrographic/excretory phase (implemented using a

s to date indicate that the use of a dual energy virtual noncon-

trast image tm the purpose of stone detection may be sufficiently accurate to allow
the omission of the pre-contrast scan. This would reduce the patient dose of our
current protocol by 50%. The example shown in Figure 12 demonstrates the use of
the dual energy virtual noncontrast image for the purpose of stone detection using a
contrast-enhanced dual energy dataset.

Figure 12
Contrast enhanced - Nephrographic phase
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Sagital and coronal images from a patient with a stone in the collecting system. In the iodinated scan
(A), the stone could not be identified, but it is clearly detected in the VNC image (B).

80 kv 140 kv Virtual non-contrast

c!), ' 10 mm thick coronal images of the
L 80 kV (C), 140 kV (D) and VNC (E)
c 1 images. Note the decreased FOV
'3 (26 cm) of the 80 kV image and
the decreased contrast of the 140
KV image. The VNC image demon-
strates a stone (arrow) that is
\‘ obscured by iodine in the source

80 and 140 kV images.

B Ligaments and Tendons

Several clinical applications exist where neither bone nor iodine are of int Dual
energy CT may be useful in identifying different tissue types. One potential applica-
tion is the visualization of tendons and ligaments, as shown in Figure 13.

Figure 13

Gourtesy of University Hospital of Munich - Grosshadern / Munich, Germany

B Stone Characterization

Experiments performed in vitro using human kidney stones have demonstrated the
ability of dual energy material decomposition to discriminate between uric acid and
non-uric acid stones.* Clinically, this is an important application, since in vivo
determination that a stone is made of uric acid would allow immediate initiation

of urinary alkalization, thereby avoiding the need for further medical testing, or
surgical or shockwave interventions. We have validated the accuracy of this
approach in phantom models, demonstrating 100% accuracy and sent ty in
medium- and large-sized patient models and 93-95% accuracy in obese-sized patient
models. Figure 14 demonstrates the appearance of the software application, which
color (.DdES uric acid stones in red and non-uric acid stones in blue. The various
types of non-uric acid stones (cystine, hydroxapatite, calcium oxylate, etc.) contain
higher atomic number elements and so distinguish themselves from the uric acid
stones, which do not. Further development of the algorithm may allow differentia-
tion between these non-uric acid stone types as well.

Figure 14

The color-coded discrimination of
uric acid (red) vs. non-urid acid
(blue) stones is independent of
the absolute CT number of the
stone, or partial voluming effects.
It only depends on the difference
in absorption between the 140 kV
and 80 kV images.

Conclusion

In summary, dual energy CT represents an emerging field of clinical CT imaging.
The ability to differentiate material composition currently has several clinically-rele-
vant applications, as described in this exhibit. Prospective clinical trials to evaluate
the clinical efficacy of these techniques are underway, while ongoing research in the
field is likely to yield additional clinical applications.
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