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Introduction

The concept of Dual Energy scanning was developed
back in the 1970s"?, but it has only recently become
clinically practical due to technical improvements in CT
scanner technology. Dual Energy scanning has shown the
potential to improve characterization of the composition
of materials as well as to increase specificity in disease
management. Multispectral data acquisition allows the
decomposition of materials based on the differences in
attenuation observed with two distinct energy spectra.

The theory behind Dual Energy scanning is that the
attenuation measured by the detector is related to the
energy of the incident beam as well as the properties of
the object such as its atomic composition, density, and
thickness. The use of beams of more than one energy
permits material decomposition based on the attenuation
differences at these different energies. One of the
challenges associated with Dual Energy acquisition is the
need to interpret the larger amount of data acquired. The
use of improved visualization methods may be beneficial
in reviewing and interpreting Dual Energy data.

Dual Energy scanning allows the decomposition of
materials and thus the differentiation of materials with
high atomic numbers such as iodine. lodine Map image
datasets obtained using the Dual Energy method can
display the distribution of iodine and thus differentiate
regions of high and low vascularity within the organ after
scanning.

In addition to decomposition analysis, there are
methods by which the physician can gain additional
valuable information concerning the characteristics of the
materials being imaged. An example of this would be the
production of blended images. Essentially, this is a fusion
between a 135 kVp scan and an 80 kVp scan, producing
one combined image. This type of visualization results in
a higher signal-to-noise ratio (SNR) by taking advantage
of the noise characteristics of the 135 kVp scan while
improving the contrast-to-noise ratio (CNR) by using the
information acquired in the 80 kVp scan.

These two different techniques can be used in
combination for more effective patient evaluation. In
this paper, we discuss our initial clinical experience with
regard to the effectiveness of blended images and lodine
Maps in Dual Energy analysis.

Basic principles

To produce the best possible image, it is necessary to
decrease the amount of noise in the image and increase
the contrast detectability of abnormalities. In CT imaging,
high-energy (135 kVp) scanning provides a higher SNR,
while low-energy (80 to 100 kVp) scanning generally
enhances the contrast between materials. The ideal image
would combine these two characteristics, minimizing
noise while maintaining the best possible contrast detail.
With Dual Energy scanning, blended images can be
produced for routine clinical diagnosis.



Historically, blended images were produced by the
linear combination of a high-energy image and a low-
energy image. However, this type of blending will
produce a less than optimal image due to the noise in
the low-energy image and the poor contrast detail in the
high-energy image. Therefore, it would be advantageous
to employ a pixel-by-pixel blending function that exploits
both the greater contrast detail from iodine in the 80
kVp image and the low-noise properties of the 135 kVp
image, which is beneficial for low intensity values such
as water. The combination of these two images can be
described in terms of the ratio between the images,
which is dependent on the noise characteristics required
for diagnosis as well as the amount of contrast available in
the images.

Blended image = (1 - ratio) - low-kVp image
+ ratio - high-kVp image

The automatic optimization of this ratio is important
to the overall appearance of the blended image. The
workflow for producing a blended image is shown in
Figure 1. Each image is evaluated on a per-voxel basis.
Comparison of the mass attenuation coefficients between
water and contrast medium allows us to calculate the
optimal ratio for combining the high- and low-energy
images. The blending curve is actually based on a curve
with a sigmoidal shape. An example of such blending is
shown in Figure 2. The 135 kVp and 80 kVp images are
combined to produce an image with a kVp equivalent to
120.

Pick up each pixel from
both energy levels

Calculate the mass attenuation
coefficient for each pixel

Calculate the contrast ratio from
the mass attenuation coefficients

Calculate the ratio from the weighted
value mass attenuation coefficients and
contrast ratio

Produce a blended image from a

nonlinear ratio of images

Figure 1 Calculation workflow for producing a blended image.

80 kVp original image

Blended image (120 kVp equivalent)

135 kVp original image

Figure2 Blended image.

On the other hand, decomposition of the Dual Energy
data makes it possible to produce lodine Maps, which
allow the physician to evaluate the distribution of iodine
within the organ after scanning. In Figure 3, the pixel
values from the high-energy datasets and low-energy
datasets are plotted on the y-axis and x-axis, respectively.
The HU values for pixels with contrast in them (high
density) can be fitted to the line labeled the “contrast line”.
Similarly, the lower density pixels of soft tissue and fat
can be fitted to the soft tissue-fat line. The zero contrast
measurement is determined as the intersection of the
contrast and soft tissue-fat lines along the y-axis. The
difference between the pixel HU value in the high-energy
image and the zero contrast measurement determines
the amount of enhancement, which is shown as a color
map overlay.
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Figure3 Decomposition.



Materials and methods

With the Aquilion PRIME CT scanner the Dual Energy
datasets are acquired using the Dual Energy Helical scan
mode. The Dual Energy Helical scan mode employs a
high kV during the first part of the rotation and a lower
kV for the conjugate views, while maintaining a low pitch.
This allows the near simultaneous acquisition of data
to minimize movement between the scans at the two
energy levels. Another approach to perform Single Source
Dual Energy helical scan is to acquire two consecutive
helical scans, each acquiring a different energy level and
pitch.

Performing this “go and go” Dual Energy helical scan
results in a large time difference between each helical
scan as well as different helical trajectories, which will
result in mismatch of patient position and therefore
reduce the diagnostic accuracy.

Furthermore, the tube currents were adjusted in such
a way that the noise levels of both images are matched,
a point that fast kV switch fails to do. This matched noise
level is very important to achieve highly accurate Dual
Energy diagnostic results.

Finally, the FOV was set to 50 cm for both energy scans
assuring correct comparison between two images, as
opposed to the Dual Source Dual Energy which utilizes
two different FOVs (Table 1).

Table 1

General protocol conditions.

Scan conditions
Tube voltage
Tube current

Rotation speed

Slice thickness x Rows

Scan FOV
HP

Backside exposure

Contrast conditions

Concentration
Injection volume

Injection rate

Reconstruction conditions

Reconstruction kernel

AIDR* 3D

80/135 kVp
570/100 mA

0.5 s/rot.

0.5 mm X 80 rows
40 cm

1.4

OFF

370 mgl/mL
50 and 80 mL

2.5mL/s

FC13

Strong

*Adaptive Iterative Dose Reduction

Initial clinical experience

Case 1: Hepatoma

In this case, Dual Energy scanning was performed in
the late arterial phase to evaluate the recurrence of a
hepatoma. The Dual Energy technique made it possible

to reduce the amount of contrast medium, with the
conspicuity of small lesions improved by combining the
blended images and lodine Maps (Figure 4).

50% fusion image of an lodine Map and a blended image

Blended image (120 kVp equivalent)

Figure 4 Hypervascular liver tumor in the arterial phase.

Case 2: Necrotic tumor

Dual Energy was performed in the late arterial phase
to visualize this lesion. The blended image provides the
low noise level of 135 kV and the improved contrast
enhancement of 80 kV. Still the differentiation between

necrotic areas and enhanced areas is difficult in this image.
The fusion image between the lodine Map and the blended
image allows us to differentiate the necrotic areas from the
areas of enhancement in the late arterial phase (Figure 5).

50% fusion image of an lodine Map and a blended image

Blended image (120 kVp equivalent)

Figure 5 Necrotic tumor in the liver in late arterial phase.




Conclusion

Based on our initial experience, blended images
and lodine Maps show great promise in increasing
the conspicuity of lesions in the abdomen as well as
improving the overall specificity of CT images and area
of enhancement. We have demonstrated the diagnostic
utility of full FOV Dual Energy helical scan with one
helical run and matched noise levels. These fundamental
principles on our Dual Energy mode ensure high
diagnostic accuracy.
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