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Objectives: To study the performance of low kVp single energy and low keV virtual

monochromatic images (VMI) generated from dual energy acquisition to detect
the hepatic lesion on abdominal CT imaging in phantom.

Keywords:
Low tube potential single energy
CT, dual-energy CT imaging, virtual
monochromatic image, task-based Materials and methods: The anthropomorphic liver with nodule inserted phantom
image quality assessment, with extension rings simulating the small, medium, and large patient was scanned
detectability index, hepatic lesion under the SECT acquisition by varying the kVp from 70-120 kVp and for DECT
detectability, abdomen CT imaging acquisitions, three kVp combinations (80/-,90/-, and 100/Sn150-kVp). The series of
40-,50-,60-, and 70-keV VMI were generated from DECT data set. All images were
used to assess the task-based image quality; task transfer function (TTF), noise power
spectrum (NPS), and detectability index (d’) with the diagnostic task to detect 15 mm
diameter hyperattenuating hepatic lesion.

Results: The result showed that the TTF was higher in low kVp SECT while the
lesion contrast was higher at low keV VMI -DECT. The noise magnitude remained
constant for all kVp values in SECT, but it was dramatically increased as decreased
the energy level from 70- to 40-keV in VMI-DECT. The f_ of NPS shifted to higher
frequency when increasing the kVp and when increasing the energy level of VMI.
The obtained d’ was highest in low kVp SECT at 70-or 80-kVp.

Conclusion: The low kVp SECT provided the highest d’ than that in low keV VM
image from DECT in all phantom sizes where the highest d’ was found at 70
kVp-SECT for small and medium phantom and at 80 kVp for large phantom.
For SECT, reduced the kVp to 70- or 80-kVp improved the detectability index.
The kVp combination in DECT impacts to the d’ of VMI; at small phantom, the
highest d’ for each keV VMI was found at 80/Sn150 kVp acquisition and at
larger phantom size, higher kVp on tube “A” is more favored.
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Introduction

Primary liver cancer is the sixth most-commonly
diagnosed cancer and the third leading cause of cancer
related death worldwide in 2020.* Hepatocellular carcinoma
(HCC) is the most common type of primary liver cancer
comprising of 75-85% of cases. In current clinical practice,
CT is commonly used as an imaging modality for accurate
detection and characterization of liver tumors.>* Therefore,
the lower noise images and multiphase acquisition are
required to detect small hepatic lesions.

The low tube potential (low kVp) technique has
been introduced to improve the conspicuity of liver lesion
in appropriate patient size and reduce the radiation dose
to patient in clinical abdomen CT.>® However, this
technique can be challenged in large patient because the
X-ray attenuation is more and thus requires increasing
of mAs to maintain the image quality. Unfortunately, the
greater increase in mAs may not be achievable in some CT
system due to inherent engineering design that limits in
maximum X-ray output at lower kVp.

Recently, dual-energy computed tomography (DECT)
is considered a promising new development in CT that
had a potential to improve detection an d characterization
of liver lesion.”® The introduction of third generation
dual source dual energy CT system provided several new
improvement features; a new 150 kVp for high voltage
tube equipped with thicker tin (Sn) filter enables an
improvement of spectral separation, higher X-ray tube
current to overcome the limitation of maximum mA at
low-kVp or ultra-high pitch settings. Therefore, possible kV
combinations in this generation are generally at 80/Sn150,
90/Sn150, and 100/Sn150.

Lesion detectability can be assessed using task-based
image quality with the human observer or mathematical

model observer method. The detectability index (d’)
which is a task-based detection performance metric based
on mathematical model observer, has been introduced
and implemented for the assessment of low-contrast
detectability in modern CT systems.**! This metric can be
quantified using of non-pre-whitening observer model
with eye filter (NPWE) that incorporated the resolution
in term of task transfer function (TTF), noise texture,
diagnostic task, and viewing conditions.

The purpose of this study is to investigate the lesion
detectability for small hepatic lesion in abdominal CT
images acquiring at low-kVp single energy and low keV VM
image from dual energy acquisition. The impact of different
kVp in SECT and different kV combination in DECT was also
investigated for various sizes of phantom.

Materials and methods

A. Phantom study
An oval shape semi-anthropomorphic liver nodule

phantom (QRM Moehrendorf, Germany) with size of
300x200x100 mm in x-, y-, and z- dimensions, was used t
quantify task-based image quality and detectability inde
of hepatic lesion. The two extension rings with mediu
and large sizes with outside diameters on X- and Y-axes o
350x250 mm and 400x300 mm respectively, were adde
to closely simulate the larger patient habitus (Figure 1a).
This phantom is comprised of the abdomen body wit
respect to the density typically 35 HU +/- 5 HU at 120 kV.
The liver part has CT No. approximately 90 HU at 120 kVp,
containing the hyperdense liver nodules with the CT No.
approximately 180 HU at 120 kVp. This contributes
the liver and nodule contrast at approximately 90 HU
at 120 kVp scan. The phantom was placed at the isocenter
for each CT acquisition.

Figure 1 Set up for phantom study. (a): liver nodule phantom equipped with the large extension ring (size L) placed at isocenter of CT scanner, (b): circular
ROI placed on the 20 mm liver nodule insert to measure the TTF, (c): four-square ROIs were placed on the uniform area of liver phantom.
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B. CT Image acquisition and reconstruction parameters
The phantom was scanned by the third generation
dual-source CT scanner (Somatom® Force, Siemens
Healthineers, Forcheim, Germany). The acquisition
parameters of abdominal CT protocol were used as listed
in Tablel. In this study, we aim to compare the benefits of
using low kVp single energy and low keV VMI dual energy
-CT acquisition in term of image quality and detectability
based on clinical indication for hepatic lesion detection.
The kVp values were varied from 70-120 kVp with 10 kVp
interval and 120 kVp was defined as the reference kVp.
For dual energy acquisition, three kVp-combinations were
used: 80/Sn150, 90/Sn150, and 100/Sn150 kVp. The tube

current modulation was activated to take account for
elliptical shape of phantom in abdomen CT. The volumetric
dose index (CTDI ) for 32 cm body phantom of each
imaging protocol was recorded both for single and dual
energy acquisitions.

The phantom was scanned 3 times for each
acquisition and reconstructed into axial images using
advanced modeled iterative reconstruction (ADMIRE) with
strength 2. The standard soft tissue reconstruction kernel
(Br36 for SECT and Qr36 for DECT) was used with the slice
thickness of 0.6 mm and reconstruction field of view (FOV)
fit to the scanned phantom of 320, 360 and 420 mm for
small, medium, and large phantom size respectively.

Table 1 Acquisition and reconstruction parameters for abdomen single and dual energy CT protocols.

Acquisition mode Single energy (SE)

Dual energy (DE)

kVp setting 80, 90, 100, 110, 120 80/Sn150
Tube current modulation On On

Quality reference mAs (A/B) 300 500*/250
Rotation time 0.5 0.5

Pitch 0.6 0.6

Slice acquisition 192x0.6 mm 128x0.6 mm
Reconstruction method ADMIRE (2) ADMIRE (2)
Reconstruction Kernel Br 36 Qr 36

90/Sn150

350%/250

100/Sn150

3600*/150

Note: For DECT acquisition, Quality reference mAs was adjusted only for tube ‘A", tube “B” was

automatically computed by the system.

The reconstructed images of low- and high- kVp
from DECT data were transferred to Syngo.via software,
Siemens, Healthineer. The virtual monochromatic images
(VMI) were generated at 40, 50, 60, and 70 keV using
the “Monoenergentic+” function which is based on the
image-based algorithm in Syngo Dual Energy application.

C. Task-based image quality assessment

In this study, the task-based image quality was
assessed by using the imQuest software, version 7.1,
designed by Duke Clinical Imaging Physics Group (Duke
University).® The software assessed spatial resolution
using the task transfer function (TTF), noise magnitude
and texture using the noise power spectrum (NPS), and to
estimate the ability of radiologist to detect specific lesions
by using detectability index (d’). The specific clinical task in
this study is to detect the small hepatocellular carcinoma
(HCC) which is the hyperattenuating lesions in liver.

The TTF was assessed by placing the circular ROl on
20 mm hyperdense liver nodule in phantom image (Figure 1b).
According to the methodology, 5 consecutive slices of
axial image were used to compute the edge spread
function (ESF) and then line spread function (LSF).
Finally, by taking the Fourier Transform (FT) of LSF, TTF curve
can be carried out.’ Like the modulation transfer function
(MTF), TTF curves can be summarized by the spatial

frequencies at which the TTF reaches 50%, denoted as f, .

The NPS was computed by placing four-square ROls
on the uniform area of liver region in phantom images
(Figure 1c). The NPS curve was generated with the
following equation?!

Nror

AL, 1 .,
D IFT2p (ROIx,y) — ROT|
i=1

NPSZD(fx_fy) = LiLim

where A and A are the pixel sizes in the x- and y-
dlmen5|on L and L are the ROI’s lengths in pixel for both
x- and y-dlmen5|ons N, is the number of ROIs used,
(ROI) is the mean pixel value averaged from ROI, (x,y).
The NPS curves obtained from the measurement were
used to quantify the noise magnitude by taking a square
root of the area under the NPS curve, the noise texture
by reporting the peak frequency, f,, and the average NPS
spatial frequency, f_.

Combining the resolution (TTF) and noise (NPS)
properties of the image with the predefined clinical
imaging task (W) together, the detectability index (d’)
was then computed. The detectability index based on
non-prewhitening observer model with eye filter (d'newe)
was computed for a predefined clinical task as follows:

S Weasie (w, v)|? - TTF?(u, v) - E (u, v)*dudv]?
S MWasie (w, v)|2 - TTF?(w,v) - NPS(u, v) - E (u, v)*dudv

d NPWE =
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where u and v are the spatial frequencies in the
x-and y-directions, E the eye filter that models the human
visual system sensitivity to different spatial frequencies,
and W(u,v) the task function. The detection of small HCC
task was assumed to represent the circular signal with a
15 mm diameter. The software computed the d’ under the
interpretation condition of 1.5 zoom factor and a viewing
distance of 500 mm.

Results

Task-based image quality from images acquired for
70-120 kVp SECT and 40-70 keV-VMI acquired from DECT
with varying the kVp combination; 80/Sn150,90/Sn150 and

Table 2 Summary of task-based image quality.

100/Sn150 kVp were obtained for various size of phantom
under tube current modulation as shown in Table 2. CTDI_,
from each acquisition were collected for three phantom
sizes and the values were shown in Table 3. The CTDI
increased as the phantom size increased. The CTDI
obtained from low kVp-SECT and the DECT scan mode were
lower than that from a conventional 120 kVp scan in all
phantom sizes.

SECT (kVp) VMI-DECT (keV)
70 80 90 100 110 120 40 50 60 70
Small Noise magnitude 20.09 2027  19.78  19.84  20.04 1856  80/Sn150 39.81 2877 2214 1811
(HU) 90/5n150 4299 3098 2378  19.41
100/sn150 4585  33.04 2532  20.63
f (mm?) 0.22 0.22 0.23 0.23 0.22 0.23 80/5n150 0.21 0.22 0.22 0.23
90/5n150 0.22 0.22 0.23 0.23
100/sn150 0.2 0.23 0.23 0.23
f (mm) 0.16 0.19 0.17 0.17 0.17 0.17 80/5n150 0.11 0.17 0.17 0.17
90/5n150 0.11 0.19 0.20 0.20
100/sn150  0.16 0.16 0.16 0.16
f,,(mm?) 0.39 0.33 0.38 0.36 0.35 0.30 80/5n150 0.22 0.22 0.22 0.23
90/5n150 0.27 0.26 0.27 0.27
100/sn150  0.23 0.25 0.27 0.28
d' 4980 43.82 4164 3872 3521 4088  80/5n150 30.63 3390 3596  36.41
90/5n150 27.96 3054 3219  32.29
100/sn150 2643  27.78 3035  30.56
CNR 5.78 4.91 4.74 4.38 4.13 4.55 80/Sn150 5.04 5.05 4.87 4.68
90/5n150 4.41 4.41 4.32 4.20
100/sn150  4.51 4.00 3.77 3.52
Medium Noise magnitude 22.73  23.75  23.97 2469 2456 2441  80/5n150 4769 3438 2644 2155
(HU) 90/5n150 51.08 3654  27.82  22.55
100/sn150  52.67  37.73 2874  23.27
f (mm?) 0.20 0.21 0.22 0.22 0.22 0.22 80/5n150 0.20 0.21 0.21 0.21
90/5n150 0.20 0.21 0.22 0.22
100/Sn150  0.20 0.21 0.22 0.22
f (mm) 0.14 0.16 0.17 0.16 0.17 0.17 80/Sn150 0.08 0.09 0.14 0.16
90/5n150 0.06 0.16 0.16 0.16
100/sn150  0.08 0.16 0.16 0.17
f,,(mm?) 0.31 0.31 0.30 0.35 0.34 0.33 80/Sn150 0.22 0.23 0.23 0.24
90/5n150 0.20 0.21 0.21 0.22
100/sn150  0.19 0.19 0.20 0.20
d' 3580 3150 3321 3241 2735 2981  80/Sn150 17.14 1894 2219  22.00
90/5n150 1809  19.85  21.34 2136
100/sn150  21.79 2535 2935  30.69
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Table 2 Summary of task-based image quality. (continued)

SECT (kVp) VMI-DECT (keV)
CNR 4.98 4.15 3.70 3.53 3.42 3.40 80/Sn150 3.38 3.29 3.40 3.22
90/5n150 3.53 3.39 3.22 3.04
100/Sn150 4.40 4.25 4.08 3.89
Large Noise magnitude 27.80 26.29 26.48 26.45 27.42 27.60 80/Sn150 52.54 37.73 28.82 23.41
(HU) 90/5n150 56.07 39.98 30.30 24.43
100/Sn150 57.15 40.74 30.86 24.85
f (mm?) 0.19 0.20 0.20 0.21 0.21 0.22 80/Sn150 0.18 0.19 0.20 0.20
90/5n150 0.19 0.20 0.20 0.21
100/Sn150 0.18 0.19 0.20 0.21
fpeak(mm'l) 0.13 0.14 0.14 0.14 0.16 0.17 80/Sn150 0.06 0.09 0.16 0.16
90/5n150 0.06 0.08 0.14 0.14
100/Sn150 0.06 0.06 0.13 0.13
f(mm?) 0.30 0.26 0.27 0.32 0.25 0.25 80/Sn150 0.22 0.22 0.23 0.25
90/5n150 0.06 0.08 0.14 0.14
100/Sn150 0.06 0.06 0.13 0.13
d' 23.89 25.39 21.61 19.82 19.73 20.30 80/Sn150 12.05 13.94 15.69 16.22
90/5n150 15.59 16.51 18.74 19.38
100/Sn150 11.52 14.13 17.49 20.34
CNR 3.78 3.51 3.10 2.94 2.34 2.48 80/Sn150 2.83 2.88 2.86 2.71

90/5n150 3.54 331 3.39 331
100/Sn150 2.99 3.09 3.17 3.26

Note: *NPS, TTF at 50% (f,, ), d” and conventional image quality metric (CNR), obtained from the images acquired for 70-120 kVp SECT and 40-70
keV-VMI from DECT with varying the kVp combination; 80/Sn150, 90/Sn150, and 100/Sn150 kVp in small, medium, and large phantom.

Table 3 Radiation dose from different kVp in SECT and different kVp combination in DECT scan for small, medium, and large

phantom size is displayed in CTDI , (mGy).

Single Energy Dual Energy

120 kVp* 70 kVp 80 kVp 90 kVp 100 kVp 110 kVp 80/Sn150 90/Sn150 100/Sn150
Small 10.44 8.98 8.56 8.53 8.57 8.41 8.79 8.46 8.26
Medium 14.45 12.36 12.98 12.85 12.68 12.5 12.48 12.5 13.38
Large 20.31 17.62 16.93 16.85 16.4 16.43 17.04 17.3 18.11

A. Task transfer function (TTF)

For SECT acquisition, as the kVp is increasing,
f., shifted toward the lower frequency in small and large
phantom sizes and shifted toward the higher frequency
in medium phantom size. For DECT acquisition, f, shifted
to higher frequency as energy level of VMI increased in
all kVp-combinations. The higher of f, was observed in
low kVp in SECT image compared to low keV- VMI in DECT
for all phantom sizes where to be found at 70 kVp-SE in
small phantom and at 100 kVp-SE in medium and large
phantom. With increasing the phantom size, f, shifted
toward a lower frequency at low kVp-SECT (70-110 kVp).

The shift of f, toward to lower frequency as increased the
phantom size was also founded in low energy VMI-DECT
at 90/Sn150 and 100/Sn150 kV combination while the f_,
remains constant for all phantom sizes in VMI images
generated from 80/Sn150 kVp scan. The resulting lesion
to liver background contrast in HU from different scanning
condition was also displayed. Then compared to 120 kVp
SECT, lesion contrast gradually improved as reduced the
kVp in SECT while it was dramatically improved at low keV
VMI in DECT especially at 40- and 50-keV in all phantom
sizes.
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Figure 2 The 50% TTF values and contrast in HU obtained from different scanning conditions for SECT and DECT acquisitions for small ,medium and large
phantom. The top row is 50% TTF (f, ) values for (a) 70-120 kVp-SECT scan and for the 40-70 keV images from (b) 80/Sn150, (c) 90/Sn150 kVp
and (d) 100/Sn150 kVp combination. in DECT scan. The bottom row is contrast (HU) values for (e) 70-120 kVp-SECT scan and for 40-70 keV

images from (f) 80/Sn150 kVp,(g) 90/Sn150 kVp and (h) 100/Sn150 kVip combination in DECT scan.

B. Noise power spectrum (NPS)

The noise magnitude (HU) increased with
increasing the phantom size, however it remained
constant in all kVp settings of SECT within a same phantom
size. For VMI-DECT images, the noise magnitude gradually
decreased by approximately 55% as energy level increased
from 40 to 70 keV. The effect of kVp combination shown
as an increased of noise magnitude (in all energy levels)
as increased the kVp in low-kVp tube from 80/Sn150 to
100/Sn150. In term of the noise texture, the average NPS

SECT DECT
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40 e 40
— 90— —*
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80 90 100
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110 50 60
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Energy Level (keV)

70

spatial frequency (f, ) shifted toward the lower frequency
when reduced the kVp from 120- to 70-kVp or when
increased the phantom size from small to large. In low
keV-VMI generated from DECT scan, the fav shifted toward
the lower frequency when lowering of energy level from
70-to 40-keV and when the phantom size increased from
small to large. The changing in of kVp combination slightly
impact to the f , by the f  was slightly increased as
changing the kVp combination from 80/-to 100/Sn150 kVp
as shown in Figure 3 (a-h).

90/Sn150 100/Sn150
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60 60
b \\\‘ 40 \\
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Figure 3 Noise magnitude (HU) and average NPS spatial frequency (f, ) obtained from different scanning conditions for SECT and DECT acquisitions for
small ,medium and large phantom. The top row is the noise magnitude (HU) obtained for (a) 70-120 kVp-SECT scan and for the 40-70 keV images
from (b) 80/5n150, (c) 90/5Sn150 kVp, and (d) 100/Sn150 kVp combination in DECT scan. The bottom row is the average NPS spatial frequency
(f,) obtained for (e) 70-120 kVp-SECT scan and for 40-70 keV images from (f) 80/Sn150 kVp, (g) 90/Sn150 kVp and (h) 100/5n150 kVp combination

in DECT scan.
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C. Detectability index (d’)

The detectability index (d’) was computed
basedonthetaskofdetectionfor 15 mmhyper-attenuation
liver lesion.The d’ estimated for images acquired using
different kVp-SECT and low keV VMI-DECT, the obtained d’
values were shown in Figure 4. The images obtained from
low kVp-SECT scan at 70-, 80-, and 90-kVp yielded the higher
d’ comparedto 120 kVp scan and d’ decreased as phantom
size increased. The highest d’ was found for image
obtained at 70 kVp for small and medium phantom size

SECT DECT
80/Sn150

(a) (b)

and at 80 kVp for large phantom size. On the contrary, as
reduced the energy level from 70- to 40-keV of VMI in
DECT, the d’ decreased. At small phantom size, the d’ was
found to be highest at 80/Sn150 kVp compared to others.
At the medium phantom size, the highest d’ was found at
100/Sn150 kVp but at large phantom size, the highest d’
was at 90/Sn150 kVp. Comparing between low kVp SECT
and low keV-VMI DE scan, the d’ was higher for low
kVp-SECT scan in all phantom sizes.

90/Sn150 100/Sn150

(c) (d)

Detectability index (d')
BN
c o
[P
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e
© o
e N
s o

CNR
.
Jo
.

70 80 00 110 120 40
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kVp Energy Level (keV)
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Energy Level (keV) Energy Level (keV)

Figure 4 Detectability index (d') and contrast to noise ratio (CNR) from different scanning conditions for SECT and DECT. The top row was d’ values
obtained from (a) 70-120 kVpp-SE in all phantom sizes, the 40-70 keV images from (b) 80/Sn150, (c) 90/5n150 and (d) 100/Sn150 kVp combination
in DECT for small, medium and large phantom. The bottom row was CNRs obtained from (e) 70-120 kVp-SECT scan and for the 40-70 keV images

from (f) 80/5n150, (g) 90/5n150 and (h) 100/Sn150 kVp combination in DECT.

Discussion

This study performed to investigate the lesion
detectability for small hepatic lesion inabdomen CT images
acquiring at low kVp-SECT and low keV VMI-DECT on
anthropomorphic liver nodules phantom under clinical
protocol with tube current modulations. The clinical task
in our study was defined as the detection of a 15 mm
hyperattenuating hepatic lesion based on the typical lesion
size that small HCC is usually detected in CT examination’*?
and this size is in a range of clinically important to
an effective treatment outcomes of HCC.'3** Our results
demonstrated that the liver to lesion contrast (HU) was
improved by reducing the kVp in SECT or by lowering
the energy level (40-60 keV) of VMI in DECT according to
increase of photoelectric interaction in low energy x-ray
beam and complied with many studies.>” %2 In this study
the automatic tube current (mA) modulation was activated
for all scanning protocols to take account with various sizes
of phantom which the mA was modulated with the reference
mAs at 120 kVp for standard patient size. Figure 3a
demonstrated the excellent performance of the automatic
mA modulation system in this scanner to maintain the
image quality (noise) among the different kVp within the
same phantom size. Therefore, the noise magnitude in this

study was not affected by the kVp selection in SECT but for
the synthetic images of VMI in DECT was not the same. The
noise magnitude was dramatically increased as decreased
the energy level of VMI especially at 40- and 50- keV for all
phantom sizes. The impact of kVp combination shown as
slightly increase of noise magnitude when increasing the
kVp at tube “A” from 80 to 100 kVp. The f_ of NPS shifted
toward the lower frequency imply to the shape of noise
texture changed and demonstrated as image smoothness.
In this study, the f_ shifted to the lower frequency was
found in medium and large phantom sizes when reduced
to lower kVp in SECT. This phenomenon was described
by the study of Solomon et al. the manufacturer has
implemented statistical weighting of the raw data into
their iterative reconstruction algorithms which is more
aggressive in low-signal condition (i.e., low dose or large
phantom), the image will consist of slightly more low-frequency
content and then visualized as larger grains compared to
smaller phantom.®

The spatial resolution of images in this study was
quantified using task transfer function (TTF). The further
the TTF shifted toward lower frequencies, the larger spatial
resolution reduction. For TTF, the circular edge technique
had been used to plot the ESF and the ESF was influenced
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by the image noise and the contrast between liver nodule
inserted and liver phantom background, which these two
are impacted as a function of kVp used in SECT or keV level
of VMI in DECT as well as the kVp combination used and
phantom size. Our study showed that the highest 50%
TTF (f,,) was found at 70 kVp SECT in small phantom and at
100 kVp in SE in medium and large phantom corresponding
to the high contrast and low noise settings.

The detectability index is a method of non-pre-
whitening observer model with eye filter (NPWE) that
incorporated the resolution, noise texture, diagnostic
task, and 2D viewing conditions, changes of only one of
these factors influenced the d’. The investigation of d’ for
various scanning conditions will be clinically benefit to the
radiologist and technologist as guided for proper selection
of scan and reconstruction parameters to achieve targeted
diagnostic task on each examination. In our study, if the
detection of 15 mm heperattenuation hepatic lesion was
the primary diagnostic task, the scanning at 70 kVp-SECT is
suitable for small and medium phantom and at 80 kVp-SECT
for the large phantom size. Our result corresponds to the
study of Hansan et al.” which reported higher lesion CNRs
and higher radiologist preference scores in low kVp-SECT
than that in 40-50 keV-VMI even though the lesion
conspicuity (reflect to high lesion contrast) is high in low
keV VMI-DE. However, if the dual energy acquisition is
clinically required for small patient size, selection of 80/
Sn150 kVp combination is most appropriate due to yielding
the highest d’ and 100/Sn150 kVp is preferred to improve
the d’ for larger patient. This was confirmed by the study
of Michalak et al.*® conducted for different phantom sizes .

This study demonstrated that using the low kVp
SECT and low keV-VMI have potential on improvement of
hepatic lesion detection in CT while reduce the radiation
dose to patient compared to 120-kVp SECT scan. When
compared the d’ to 120 kVp scan, the higher d’ values
were mostly observed in low kVp SECT (70-100 kVp) rather
than from low keV-VMI from DECT scan for all phantom
sizes due to better image resolution and lower image
noise in SECT images. However, at medium and large
phantoms size, using 70 keV-VMI at 100/Sn150 resulting to
comparable d’. This inferred that the utilizing the DECT
in larger patient may add up the benefits on increase the
diagnostic confidence to radiologist from additional image
types generated from DECT data set such as virtual non
contrast images (VNC), iodine images, iodine quantification,
etc. without deterioration of lesion detection and dose
penalty.

There are some limitations on this study which
was carried out using the institutional abdomen imaging
protocol at the standard acquisition scanning and single
reconstruction parameter. The other parameters further
from the kVp in SECT and keV combination in DECT along
with various phantom sizes have not been investigated.
Moreover, the variation on morphology of lesions (i.e.,
different lesion size or lesion contrast), have not been carried
out. The hyperdense liver nodules in anthropomorphic
abdomen phantom used in this study simulated the
attenuation property of 90 HU liver nodule at 120 kVp

scan, did not include iodine-based material, resulted
in the deviation from the clinical study. However, this
methodology has been accepted by multiple researchers
who studied on d’ of liver lesion in CT based on acrylic
insert in image quality phantom.?% To the knowledge from
this study that the d’ of low keV VMl is inferior to that from
the low-kVp SECT acquisition, the further study should
be conducted to study the impact of DECT parameters
on d’ that may help to improve the d’ on VMI images in the
future. The phantom study included more clinical lesions is
required to add more information relevant to our results.

Conclusion

The lesion detectability for small hepatic lesion
in abdominal CT images acquiring at low-kVp single energy
and low keV VM image from dual energy acquisition were
investigated. The highest d’ was found at 70 kVp-SECT
for small and medium phantom and at 80 kVp for large
phantom. For SECT, reduced the kVp to 70- or 80-kVp
improved the detectability index. For DECT, increased the
energy level of VMI from 40-70 keV improved the d’ in all
phantom sizes. The kVp combination in DECT impacts the
d’ of VMI; at small phantom the d’ values for each keV VMI
was highest at image acquired from 80/Sn150 kVp and at
larger phantom size, higher kVp on tube “A” is more favored.
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