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Abstract

Purpose To determine the image quality improvement including vascular structures using deep learning reconstruction
(DLR) for ultra-high-resolution CT (UHR-CT) and area-detector CT (ADCT) compared to a commercially available hybrid-
iterative reconstruction (IR) method.

Materials and method Thirty-two patients suspected of renal cell carcinoma underwent dynamic contrast-enhanced (CE)
CT using UHR-CT or ADCT systems. CT value and contrast-to-noise ratio (CNR) on each CT dataset were assessed with
region of interest (ROI) measurements. For qualitative assessment of improvement for vascular structure visualization, each
artery was assessed using a 5-point scale. To determine the utility of DLR, CT values and CNRs were compared among all
UHR-CT data by means of ANOVA followed by Bonferroni post hoc test, and same values on ADCT data were also com-
pared between hybrid IR and DLR methods by paired ¢ test.

Results For all arteries except the aorta, the CT value and CNR of the DLR method were significantly higher compared to
those of the hybrid-type IR method in both CT systems reconstructed as 512 or 1024 matrixes (p <0.05).

Conclusion DLR has a higher potential to improve the image quality resulting in a more accurate evaluation for vascular
structures than hybrid IR for both UHR-CT and ADCT.

Keywords Abdomen - Vasculature - CT - Reconstruction - Deep learning

Introduction acute abdominal diseases. In this procedure, accurate preop-

erative assessment of abdominal vascular structures includ-
Minimal-invasive surgery including laparoscopic or robotic ~ ing small vessels is considered as one of the essential steps
surgery is currently widely applied as one of the standard  for an effective and efficient abdominal surgical procedure.
treatments for oncologic and traumatic diseases as well as  In the last decades, each CT vendor improved their technol-
ogy continuously in the field of detector geometry with thin-
ner slice collimation and increasing gantry rotation speed.

D4 Yoshiharu Ohno In addition, increased temporal and spatial resolutions on
yohno @fujita-hu.ac.jp a 320-detector row CT (i.e. area-detector CT: ADCT) has

| Department of Radiology, Fujita Health University School been reported to significantly .improve Visuaﬁzation of small
of Medicine, 1-98, Dengakugakubo, Kutsukake-cho, abdominal vessels and detection of anomalies as compared
Toyoake, Aichi 470-1192, Japan to a 16- or 64-detector row CT scanner [1-3].
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Fujita Health University School of Medicine, 1-98, able in routine clinical practice. This CT system has three
Dengakugakubo, Kutsukake-cho, Toyoake, Aichi 470-1192, different scan modes; normal resolution (NR: 0.5 mm X 80
Japan rows/896 channels), high-resolution (HR: 0.5 mm X 80
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0.25 mm X 160 rows/1792 channels), and improved spatial
resolutions for UHR-CT have been reported by several inves-
tigators [4-20]. In addition, UHR-CT provides the oppor-
tunity to use larger matrix sizes such as a 1024 matrix in
selected CT examinations in routine clinical practice [6, 10,
12-16, 19, 20]. However, one of the drawbacks of UHR-CT
might be the relatively decreased signal-to-noise ratio (SNR)
and contrast-noise ratio (CNR) due to applying a decreased
detector collimation size, while using the same radiation
dose protocol with standard reconstruction algorithms [21,
22].

Since 2019, deep learning reconstruction (DLR)
(Advanced intelligent Clear-IQ Engine, AiCE, Canon Medi-
cal Systems Otawara, Japan) has become available for both
UHR-CT and ADCT [23-27]. So far, no one reported the
utility of DLR for image quality improvement and small
vessel assessment for minimal-invasive surgery on both CT
systems in the abdomen. Furthermore, the utility of DLR
applied to UHR-CT images reconstructed with a 1024
matrix rather than ADCT and UHR-CT images recon-
structed with a 512 matrix has not yet been addressed.
Therefore, we hypothesize that DLR has a better potential
than the hybrid IR for quantitative and qualitative image
quality improvements and small vessel visualization on not
only UHR-CT, but also ADCT in abdominal multi-detector
row CT (MDCT) examinations. Moreover, UHR-CT images
reconstructed with 1024 matrix show superior capability for
small vessel evaluation than ADCT and UHR-CT images
reconstructed with 512 matrix in patients with abdominal
diseases, when applied not only hybrid IR, but also DLR
methods. The purpose of this study was to determine the
capability of DLR for quantitative and qualitative image
quality improvement and vascular structure evaluation on
abdominal contrast-enhanced MDCT examinations with
UHR-CT and ADCT as compared with commercially avail-
able hybrid IR.

Materials and methods
Protocol, support, and funding

This study consisted of an in vivo and in vitro component.
This retrospective study was approved by institutional review
board of (Fujita Health University Hospital), and written
informed consent was waved from each subject. This study
was financially and technically supported by Canon Medical
Systems Corporation. Three of the authors are employees of
Canon Medical Systems (HK, Y1, and YO), but did not have
control over any of the data used in this study.

Phantom for in vitro study

For the in vitro part of the study, a commercially available
phantom (Catphan-600: The Phantom Laboratory, Green-
wich, NY, USA) was used. This phantom for evaluating the
spatial resolution using the CTP528 model consisting of
21-line pairs per centimeter test gage, was applied to deter-
mine the utility of DLR for improving spatial resolution on
UHR-CT and ADCT systems.

Subjects for in vivo study

From September 2019 to May 2020, a total of 32 patients (22
male, 10 female: mean age 61 year old) suspected of renal
cell carcinoma and candidates for partial resection under-
went dynamic CE-abdominal CT using UHR-CT or ADCT.
Exclusion criteria were (1) contraindication of iodine con-
trast media administration such as allergy to iodine, toxic
goiter of the thyroid and planned radioiodine treatment of
thyroid cancer, (2) asthmatics, (3) cardiopulmonary com-
plications, and (4) renal dysfunction. According to the CT
systems performing dynamic CE-abdominal CT, 10 males
(mean age: 65, age range 4777 years) and 9 females (mean
age: 60, age range 39-72 years) were examined as UHR-CT
group, and 11 males (mean age: 58, age range 44—78 years)
and 2 females (mean age: 58, age range 49-67 years) were
examined as ADCT group. All patients with body weight
(BW) <70 kg were randomly assigned to either UHR-CT
or ADCT by radiology technologists in our hospital, while
patients with BW >70 kg were examined at ADCT system
in this study. There were no significant differences in gender,
age and total dose length product (DLP) between the two
groups by »? test. Details of patients’ characteristics, the esti-
mated volume computed tomographic dose index (CTDI, ;)
at each dynamic phase and DLP for each CT examination in
two groups are shown in Table 1.

CT examinations
In vitro study

A commercially available phantom with body ring was
scanned 5 times by an 160-detector row UHR-CT system
(Aquilion Precision, Canon Medical Systems, Otawara,
Japan) and an ADCT system (Aquilion ONE Genesis Edi-
tion, Canon Medical Systems), using a 4-phase dynamic CT
protocol for both systems. A UHR-CT dataset was obtained
by the HR mode and applying the following parameters:
80x 0.5 mm detector collimation, 0.813 beam pitch, 0.6 s/
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Table 1 Patients’ characteristics

UHR-CT group ADCT group p value

Gender

Male: female 10:09 11:02 0.06
Age (years)

(Mean +SD) 62+11 58+11 0.25
Hight (cm)

(Mean +SD) 161.4+6.8 168.5+9.8 0.02
Body weight (kg)

(Mean +SD) 58.8+6.5 75.4+14.9 0.0004
BMI

(Mean +SD) 22.6+2.5 264+3.8 0.005
BSA (m?)

(Mean +SD) 1.6+0.1 1.8+£0.2 0.001
CTDI,, at arterial phase (mGy)

(Mean +SD) 12.1+£0.6 222+54 <0.0001
DLP of early arterial phase (mGy cm)

(Mean +SD) 337.6+35.2 728.4+206.4 <0.0001
Total DLP at each examination (mGy cm)

(Mean +SD) 2882.8+582.1 3448.8+934.9 0.07

BMI body mass index, BSA body surface area, CTDI,, estimated vol-
ume computed tomographic dose index, DLP total dose length prod-
uct

gantry rotation and 120 kVp. ADCT data were obtained with
the following parameters: 80 0.5 mm detector collimation,
0.637 beam pitch, 0.6 s/gantry rotation and 120 kVp. Taking
the averaged CTDI,; for in vivo imaging on both CT sys-
tems into account, tube currents, and CTDI,;; were set as fol-
lows: UHR-CT: tube current, 240 mA, CTDI,,, 12.4 mGy;
ADCT: tube current 250 or 440 mA, CTDI,;, 12.1 mGy or
22.4 mGy. The focus size of X-ray tube for the UHR-CT
protocol was 0.4 0.5 mm, and for the two ADCT proto-
cols were 0.8 X0.9 mm for 12.4 mGy and 1.5 % 1.6 mm for
22.4 mGy. Field of view was 350 mm on both CT systems.
All UHR-CT images were reconstructed with a 0.5 mm sec-
tion thickness and 512 and 1024 matrix sizes, although all
ADCT images were reconstructed as same section thickness
and 512 matrix size. More specifically, each CT dataset was
reconstructed with commercially available hybrid IR (AIDR
3D, Canon Medical Systems) as AIDR 3D Standard apply-
ing the soft tissue kernel (FC03, Canon Medical Systems) at
both CT systems and DLR (AiCE, Canon Medical Systems)
as AiCE Body Sharp Mild at ADCT and AiCE Body Mild
at UHR-CT.

In vivo study
All dynamic CE-abdominal CT examinations were per-

formed using a 4-phase dynamic CT protocol which was
similar between systems. For the UHR-CT system, each
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phase was obtained in HR mode with the following param-
eters: 80X 0.5 mm detector collimation, 0.813 beam pitch,
0.6 s/gantry rotation and 120 kVp. For the ADCT system on
the other hand, each phase was obtained with the following
parameters: 80X 0.5 mm detector collimation, 0.637 beam
pitch, 0.6 s/gantry rotation and 120 kVp. The focus size of
X-ray tube for the UHR-CT protocol was 0.4 X 0.5 mm, and
for the two ADCT protocols 0.8 X 0.9 mm. The tube current
at each CT system was set by automated exposure control
(AEC) (unenhanced CT: noise level, 7 Hounsfield units for
section thickness of 5 mm, soft tissue kernel (FC03) and
AEC reconstruction setting as AIDR 3D Standard; dual-arte-
rial phase: noise level 4 Hounsfield units for section thick-
ness of 5 mm, soft tissue kernel (FC03) and AEC recon-
struction setting as AIDR 3D Standard; and portal or delayed
phase: noise level, 8 Hounsfield units for section thickness of
5 mm, soft tissue kernel (FC03) and AEC reconstruction set-
ting as AIDR 3D Standard). Field of view ranged from 320
to 360 mm on UHR-CT and from 320 to 360 mm on ADCT.
Each subject was first examined with unenhanced CT, and
this was followed by the injection of iodinated contrast
medium (Iopamiron 370: Bayer Yakuhin, Co. Ltd., Osaka,
Japan; Iomeprol 350: Eisai Co., Ltd., Tokyo, Japan) with a
power injector (Dual Shot GX 7; Nemoto Kyorindo, Tokyo,
Japan). Injection dose was 600 mg iodine per kg of body
weight with afixed duration of 18 s, and followed by 25 ml
of saline solution at the same rate. A bolus-tracking program
was used to optimize the scanning delay for dual-arterial
dynamic scans. The trigger point was placed at the abdomi-
nal aorta at the level of the celiac axis, and the trigger thresh-
old was set at an increase in CT number of more than 200
Hounsfield units over the baseline value. The scan delays
were set at 5 s after the trigger and dual-arterial dynamic
images were obtained serially during a single breath hold.
Portal- and delayed phase images were also obtained 90 and
240 s after injection. Then, each dynamic CE-abdominal CT
data were reconstructed as 0.5 mm section thickness by the
commercially available hybrid-type IR method (AIDR 3D,
Canon Medical Systems) as AIDR 3D Standard by applying
the soft tissue kernel (FC03, Canon Medical Systems) in
both CT systems using DLR (AiCE, Canon Medical Sys-
tems) as AiCE Body Sharp Mild at ADCT and AiCE Body
Mild at UHR-CT. In addition, All UHR-CT images were
reconstructed as 512 and 1024 matrix sizes although all
ADCT images were reconstructed as 512 matrix size.

Image analysis

A board-certified abdominal radiologist (RM) with §-year
experience evaluated each quantitative index in both the
in vivo and in vitro scans. Another board-certified radiolo-
gist and two fellows with 6- and 7-year experiences (TM and
HN) qualitatively and randomly assessed blind all dynamic
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CT images without information on the type of CT scanner
and reconstruction methods used. For the in vivo study, a
PACS system (RapideyeCoreTFS01, Canon Medical Sys-
tems) was used for interpretation and evaluation of both
quantitative and qualitative indexes.

In vitro study

To compare minimal spatial resolution between two CT
systems at in vivo study, CT attenuation profiles at 1.6 mm
gap phantom in the CT images of CTP528 model obtained
by UHR-CT and ADCT were used to generate in precisely
the same location for images reconstructed as 512 and 1024
matrix size with AIDR 3D and AiCE. According to previ-
ous literature [24], Image J software and its particle analysis
tool (Plot Profile) were used to generate the profile curves
in this study. To assess the capability for improvement of
spatial resolution with UHR-CT and DLR, full width at half-
maximum (FWHM), the width of the edge response of the
phantom, measured by the 10-90% edge rise distance (ERD)
and the edge rise slope (ERS) were measured according to
Fig. 1. In addition, ERS was calculated by the following
formula:

ERS = (CTyyy — CTy4s)/ERD. (1)

CTyyq was determined as pixel attenuation from 90% of
the maximum CT attenuation and CT),,, was evaluated as
pixel attenuation from 10% of the maximum CT attenuation.
The ERD and ERS were examined on both sides of the gap
phantom. These measurements were performed at four dif-
ferent gap sites at five times (total 6 X 5 =30 evaluations).

Fig. 1 Example for calculation
of quantitative index evaluation
for profile curve. Profile curves
of the evaluated phantom. The
edge rise distance (ERD) and
the edge rise slope (ERS) at

a pixel attenuation from 10

to 90% of the maximum CT
attenuation are shown

\
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\
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In vivo study

For quantitative assessment of image quality improvement
on dynamic CE-MDCT using UHR-CT and ADCT with and
without DLR, CT value and contrast-to-noise ratio (CNR) of
the aorta, anterior and posterior segmental arteries of bilat-
eral renal arteries and gastroduodenal artery were assessed
using ROI measurements on all early arterial phase data-
sets. CNRs between each artery and psoas muscle were also
determined by following formula:

CNR =(CT value at vasculature — CT value at psoas muscle)/

SD at psoas muscle,

@

SD means standard deviation.

For qualitative assessment of improvement for vascular
structure visualization at different vascular size levels, visu-
alizations of (1) abdominal aorta, (2) celiac arterial trunk,
(3) left gastric artery, (4) gastroduodenal artery, (5) dor-
sal pancreatic artery, (6) gastroepiploic artery, (7) inferior
pyloric artery, (8) cystic artery and (9) bilateral renal arteries
from segmental to interlobar arteries at early arterial phase
CT images with and without DLR were assessed for both
CT systems by the above-mentioned three radiologists using
the following 5-point visual scoring system: 5, the artery
was clearly traceable (i.e. excellent); 4, more than two-third
was clearly traceable (i.e. good); 3, more than one-third was
traceable (i.e. fair); 2, less than one-third was traceable (i.e.
poor); and 1, the artery was untraceable (i.e. not visualized).
The window level and width for each investigation were 100
Hounsfield units and 500 Hounsfield units in this study.

FERS3  ERs4

W
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Statistical analysis
In vitro study

To evaluate the utility of DLR method for accurate visu-
alization of minimal spatial resolution, FWHM and ERS
were compared among all UHR-CT data using analysis
of variance (ANOVA) followed by Bonferroni post hoc
test. Moreover, same values were also compared between
ADCT reconstructed with hybrid IR and DLR by paired t
test. In addition, the limits of agreement between FWHM
and true value of phantom gap (i.e. 1.66 mm) of each CT
data were determined by Bland—Altman analysis [28].

In vivo study

To determine the utility of DLR for quantitative image
quality improvement, CT values and CNRs at aorta, all
segmental renal arteries, and gastroduodenal artery were
compared among all UHR-CT data by means of ANOVA
followed by Bonferroni post hoc test. In addition, same
values on ADCT data were also compared between hybrid-
type IR and DLR methods by paired ¢ test.

To evaluate the utility of DLR for image noise reduc-
tion, image noises of aorta, psoas muscle and fat on CT
image were compared among all UHR-CT data by means
of ANOVA followed by Bonferroni post hoc test. In addi-
tion, same values on ADCT data were also compared
between hybrid-type IR and DLR methods by paired 7 test.

For assessment of the inter-observer agreements of
abdominal vessel evaluations at different diameter size
among three investigators, kappa statistics with y? test
were performed on all CT data [29]. Agreements were
considered as poor for k <0.21, fair for x=0.21-0.40,
moderate for k =0.41-0.60, substantial for k=0.61-0.80,
and excellent for k=0.81-1.00 [29].

Finally, visualization score at each abdominal vessel
was compared among all UHR-CT data by Steel-Dwass
test. Similarly, results from ADCT were also compared
between hybrid IR and DLR by Wilcoxon’s signed rank
test.

A p value of less than 0.05 was considered statistically
significant.

Results
In vitro study

Figure 2 show all CT images of the CTP528 model on Cat-
phan-600 for evaluating the spatial resolution and the profile

@ Springer

curves of all CT images reconstructed with 512 or 1024
matrixes and with both reconstruction algorithms applied.

Results of compared ERS and FWHM of each CT data-
set between hybrid IR and DLR and the limits of agreement
between FWHM and standard deviation at each CT data
are shown in Table 2. For each CT protocol, ERS was sig-
nificantly smaller for DLR reconstruction than for hybrid-IR
reconstructions (p <0.05). In addition, ERS of UHR-CT recon-
structed with a 1024 matrix was significantly higher than for
512 matrix, regardless of reconstruction algorithm (p <0.05).
However, the limits of agreement of each CT protocol were
small enough for clinical purpose in this study.

In vivo study

Representative cases are shown in Figs. 3 and 4.

Results of the comparison of CT values and CNRs in the
aorta, each segmental renal artery and gastroduodenal artery
among all CT protocols are shown in Table 3. Comparison
of all quantitative indexes at each segmental renal artery and
gastroduodenal artery showed that the CT value and CNR of
DLR reconstructions were significantly higher than of hybrid
IR reconstructions for both CT systems reconstructed with
either 512 or 1024 matrixes (p <0.05). When comparing each
index at the level of gastroduodenal artery, CT value and CNR
of UHR-CT reconstructed by the same method as 1024 matrix
were significantly higher than those as 512 matrix (p <0.05).

Results of the image noise comparison are shown in
Table 4. Image noise at the aorta, psoas muscle and fat of
UHR-CT reconstructed by hybrid IR and DLR methods was
significantly different in relation to matrix size (p <0.05).

The assessment of inter-observer agreement for each artery
between all investigators showed significantly substantial or
almost perfect for all evaluations (0.61 <x<1, p<0.05).

The scoring results for the vascular quality assessment
are shown in Table 5. Comparing scores between hybrid
IR and DLR, showed significant higher scores for DLR on
UHR-CT reconstructions for both matrix sizes except for
the aorta scoring, which scored the highest result on both
types of reconstructions. On ADCT reconstructions DLR,
again, scored highest for all vessels except for the gastroepi-
ploic artery, which showed an equal scoring to the hybrid IR.
UHR-CT reconstructions with hybrid IR and DLR and 1024
matrix showed significantly higher score than those as 512
matrix at all arteries except aorta (p <0.05).

Discussion

Our results demonstrate that the newly developed DLR
(AiCE) has a potential to significantly improve spatial and
contrast resolution for dynamic CE-abdominal CT for UHR-
CT and ADCT. In addition, we were able to demonstrate that
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Fig.2 CT images of the CTP528 model obtained at ultra-high-resolu-
tion CT (UHR-CT) and area-detector CT (ADCT) and reconstructed
with hybrid-type IR and DLR methods and these profiles. a (First
column, L to R: ADCT reconstructed with hybrid-type IR method
at CTDI,; as 12.1 mGy, ADCT reconstructed with DLR at CTDI,;
as 12.1 mGy, ADCT reconstructed with hybrid-type IR method at
CTDI,, as 22.2 mGy and ADCT reconstructed with DLR at CTDI,;
as 22.2 mGy; second column, L to R: UHR-CT reconstructed with
hybrid-type IR method as 512 matrix, UHR-CT reconstructed with
DLR as 512 matrix, UHR-CT reconstructed with hybrid-type IR
method as 1024 matrix and UHR-CT reconstructed with DLR as
1024 matrix). In this study, spatial resolution phantoms (arrows) were
evaluated as quantitative assessment at in vitro study. b (First col-
umn, L to R: profile curve on ADCT reconstructed with hybrid-type

UHR-CT images reconstructed with a 1024 matrix have an
improved spatial and contrast resolution compared to 512
matrix reconstructions, not only qualitatively, but also quan-
titatively, including smaller arteries with a size equal to or
less than segmental renal arteries. To the best of our knowl-
edge, no publication assesses the DLR and UHR-CT for both
matrix sizes and image quality on vasculature in dynamic
CE-abdominal CT scans of oncologic patients.

Looking at the results of spatial and contrast resolu-
tion comparisons in both in vivo and in vitro studies, DLR
showed more potential than the hybrid IR for both UHR-
CT and ADCT. In contrast to hybrid-type or model-based
IR, which involve a trade-off between spatial resolution and
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UHR-CT reconstructed UHR-CT reconstructed
with hybrid-type IR with DLR method as
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L

IR method at CTDI,; as 12.1 mGy, profile curve on ADCT recon-
structed with DLR at CTDI,; as 12.1 mGy, profile curve on ADCT
reconstructed with hybrid-type IR method at CTDI, as 22.2 mGy
and profile curve on ADCT reconstructed with DLR at CTDI,; as
22.2 mGy; second column, L to R: profile curve on UHR-CT recon-
structed with hybrid-type IR method as 512 matrix, profile curve on
UHR-CT reconstructed with DLR as 512 matrix, profile curve on
UHR-CT reconstructed with hybrid-type IR method as 1024 matrix
and profile curve on UHR-CT reconstructed with DLR as 1024
matrix). On comparison of profile curve of each CT between DLR
and hybrid-type IR methods, profile curve of phantom on each CT
protocol reconstructed by DLR method was more accurate than that
by hybrid-type IR method

noise reduction [30, 31], DLR lowers the image noise and
increases spatial resolution simultaneously on a task-based
model [24]. In addition, DLR was trained using a deep con-
volutional neural networks (DCNN) with a pair of low- and
high-quality CT images. The former were obtained with
low-radiation doses and subjected to hybrid IR, whereas the
latter were acquired at routine doses and reconstructed with
a customized model-based IR algorithm [23]. Therefore, our
results were as anticipated and are fully compatible with
previous studies [23—-27]. Moreover, our results indicate that
an improved CT value within each artery provide us with
the opportunity to improve CNR of vasculature on dynamic
CE-abdominal MDCT in routine clinical practice, although

@ Springer



192

Japanese Journal of Radiology (2021) 39:186-197

ADCT reconstructed with

b ADCT reconstructed with
hybrid-type IR method at

DLR method at CTDIvol

CTDIvol as 12.1 mGy as 12.1 mGy
2900 2900
2000 2000
0 S0 A\
= s ° -
[ s 10 15 20 ° s 10 15 20
0 Oistance [mm) o Oistance (mm)
—_—] —KI2 ——KIn3 - Kand ——KanS —%n] ——%2 ——KIn3 Kand ——$ans
UHR-CT reconstructed UHR-CT reconstructed
with hybrid-type IR with DLR method as
method as 512 matrix 512 matrix

€T Value (HU)
T Value [HU)

Oistance [mm)

Oistance [mm)

— &l ——%n? ——and Kand ——%ans — a1 ——%n2 ——&and ——Kand

Fig.2 (continued)

the image noise was not significant different between hybrid-
type IR and DLR. Furthermore, we applied not only DLR,
but also hybrid IR methods on UHR-CT and ADCT. In this
study, the ADCT system uses 0.5 mm X 80 rows with 8§96
channels, and for the UHR-CT system, which has three dif-
ferent scan modes, HR mode was applied using 0.5 mm X 80
rows with 1792 channels. Therefore compared with ADCT
reconstructions, improvement of spatial resolution on UHR-
CT reconstructions with DLR and hybrid-type IR could be
expected due to an increased channel number and basics
of the CT system. Therefore, our quantitative results indi-
cated that DLR and UHR-CT make it possible to improve
visualization of abdominal vascular structures compared to
conventional clinical practice.

In the qualitative assessment for abdominal vasculatures,
we tested inter-observer agreements and revealed that kappa
value at each vasculature between each of two readers from
three investigators was significant and equal to or more than
0.61 [29]. Therefore, our qualitative assessments are consid-
ered reproducible.
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Our results indicate that visual scoring at each artery on
each CT protocol reconstructed by DLR was significantly
higher compared to the hybrid-type IR. Moreover, UHR-
CT reconstructions using hybrid-type IR and DLR with
1024 matrix showed significantly higher scores than those
with 512 matrix. The quantitative results from the in vivo
study are in line with the in vitro study and show comparable
results to previously published results [23—27]. Therefore,
the newly developed DLR (AiCE) are preferred in UHR-CT
and ADCT for abdominal vasculature evaluation on dynamic
CE-abdominal MDCT examination. In addition, preferably
UHR-CT would be reconstructed as a 1024 matrix instead
of a 512 matrix to improve spatial and contrast resolutions
in routine clinical practice.

There are several limitations in this study. First, we
used a phantom for quantitative assessment. However, this
phantom is not the perfect fit for simulation of blood ves-
sels, considering the relatively high contrast. Also non-
linear image reconstruction methods such as DLR have
been reported to change their characteristics depending of
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Table 2 Results of compared ERS and FWHM among all CT data and the limits of agreement between FWHM and true value of phantom gap at

each CT data

Method

ERS
(Mean +SD)

FWHM (mm)
(Mean +SD)

The limits of agreement between
FWHM and true value of phantom gap
(mm)

(Mean+1.96 x SD)

UHR-CT reconstructed with hybrid-type IR method as 512 matrix
UHR-CT reconstructed with DLR method as 512 matrix

UHR-CT reconstructed with hybrid-type IR method as 1024 matrix
UHR-CT reconstructed with DLR method as 1024 matrix

ADCT obtained at CTDIvol as 12.1 mGy and reconstructed with
hybrid-type IR method

ADCT obtained at CTDIvol as 12.1 mGy and reconstructed with
DLR method

ADCT obtained at CTDIvol as 22.2 mGy and reconstructed with
hybrid-type IR method

ADCT obtained at CTDIvol as 22.2 mGy and reconstructed with
DLR method

864.1£52.0%" 1.71+0.02 0.04+0.03
1347.2+83.9° 1.69+0.02 0.02+0.05
1256.5+52.3* 1.63+0.02 —0.04+£0.05
2058.9+94.3 1.60+0.04 —0.08£0.08
546.5+£22.3*% 1.74+0.02 0.07+0.04
9422+93.0 1.73+0.04 0.06+0.08
548.1+27.4*% 1.73+0.02 0.06+0.04
1034.6+£87.0 1.72+0.04 0.05+0.08

ERS the edge rise slope, FWHM full width at half-maximum, SD standard deviation

*Significant difference with DLR method (p <0.05)

Significant difference with UHR-CT reconstructed with hybrid-type IR method as 1024 matrix (p <0.05)
®Significant difference with UHR-CT reconstructed with DLR method as 1024 matrix (p <0.05)

contrast [23]. Therefore, using a phantom, which is suitable
for CE-CT angiography, would be preferred in future inves-
tigation. Second, the patient number in each group was rela-
tively small, and some physiological parameters as well as
radiation dose of dynamic CE-abdominal MDCT examina-
tion differed significantly. Therefore, these facts could influ-
ence the results in our study. Third, subjects in this study,
were patients who were suspected of renal cell carcinoma
and candidates for partial resection. Therefore, evaluated
abdominal vasculatures except the segmental renal artery
were mostly in normal condition. The renal arteries, how-
ever, were affected by the invasion of renal cell carcinoma.
These facts were considered as potential bias in this study.
Fourth, we quantitatively and qualitatively assessed limited
numbers of abdominal arteries in one phase of dynamic CE-
abdominal MDCT, without evaluating portal and abdominal
veins in different phases of dynamic CE-abdominal MDCT.
Moreover, CTDIvols and DLPs of two CT protocols showed
a significant difference, although we applied same setting of
AEC at UHR-CT and ADCT systems. These facts might be
caused by the upper tube current limitation for AEC modu-
lation due to applied focus size of X-ray tube at UHR-CT
system. In addition, the number of obese patient, focus size
difference of the X-ray tube, kernel setting, noise reduc-
tion method, and noise reduction level setting had influence

on our study results. Therefore, further investigations are
warranted for determination of appropriate dynamic CT
protocols as future study. Fifth, we applied a different to
conventional injection protocol. The injection protocols was
as follows: injection dose, 600 mg iodine per kg of body
weight; since duration was fixed at 18 s with bolus-tracking
delay as 5 s after the trigger; and 25 ml of saline solution at
the same rate. This protocol may be considered as relative
faster bolus injection protocol for dynamic CE-MDCT in
abdomen and is close to thorax [32—-35] and brain [13, 36],
but has been determined as safe. For comparison reason
across publications, it would be better to test conventional
bolus injection protocol for dynamic abdominal CE-MDCT
instead of current applied protocols. Therefore, further
investigations are warranted for demonstration of clinical
relevance of UHR-CT rather than ADCT in routine clinical
practice. Sixth, while we compared DLR with hybrid-type
IR we did not compare model-based IR or filtered back
projection in this setting. In addition, both reconstruction
methods on each CT system were compared their vascu-
lature visualization capabilities and did not determine the
detection or diagnostic capabilities of different abdominal
abnormalities in each organ. Therefore, further investigation
is warranted to demonstrate clinical significance of DLR for
dynamic CE-abdominal MDCT examinations compared to
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Fig.3 UHR-CT images in 39-year old female patient with right renal
cell carcinoma (L to R: axial CT image, coronal multiplanar recon-
struction image and coronal maximum intensity projection image).
a UHR-CT reconstructed with hybrid-type IR method as 512 matrix
shows right inferior segmental artery and interlobar artery (arrow),
and was assessed as 3. b UHR-CT reconstructed with DLR method
as 512 matrix shows right inferior segmental artery and interlobar

other reconstruction methods on UHR-CT and ADCT in
both cardiovascular as oncologic patients.

In conclusion, newly developed DLR (AiCE) has a prom-
ising potential to quantitatively and qualitatively improve
image quality and improve the evaluation on vasculature

@ Springer

artery (arrow), and was assessed as 4. ¢ UHR-CT reconstructed with
hybrid-type IR method as 1024 matrix shows right inferior segmental
artery and interlobar artery (arrow), and was assessed as 4. d UHR-
CT reconstructed with hybrid-type IR method as 1024 matrix shows
right inferior segmental artery and interlobar artery (arrow), and was
assessed as 5

compared to hybrid-type IR (AIDR 3D) on abdominal con-
trast-enhanced MDCT examinations with UHR-CT recon-
structed as 512 and 1024 matrices and ADCT. In addition,
UHR-CT reconstructions with a 1024 matrix improve spatial
and contrast resolution.
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Fig.4 ADCT images in 47-year old male patient with right renal shows right superior segmental artery and interlobar artery, and
cell carcinoma (L to R: axial CT image, coronal multiplanar recon- was assessed as 3. b ADCT reconstructed with DLR method as 512
struction image and coronal maximum intensity projection image). matrix shows right superior segmental artery and interlobar artery,

a ADCT reconstructed with hybrid-type IR method as 512 matrix and was assessed as 4

Table 3 Results of compared CT values and CNRs at aorta, each segmental renal artery and gastroduodenal artery

UHR-CT recon- UHR-CT recon- UHR-CT recon- UHR-CT recon- ADCT recon- ADCT recon-
structed with structed with DLR  structed with structed with DLR  structed with structed with DLR
hybrid-type IR method as 512 hybrid-type IR method as 1024 hybrid-type IR method
method as 512 matrix method as 1024 matrix method
matrix matrix
Aorta
CT value 378.3+32.5 380.0+32.9 378.4+32.7 379.9+33.2 384.3+55.8 383.7+554
(mean + SD)
CNR 18.0+2.4 17.2+2.1 16.2+2.2 152+1.9 30.6+7.3 272459
(mean +SD)

Each segmental renal artery

CT value 242.9+44.4* 320.6+74.4 269.0+48.2* 367.9+91.0 219.6 +40.3* 278.1+£57.0
(mean +SD)

CNR 10.5+2.5% 14.0+3.7 10.7 +£2.5% 14.6+4.1 15.5+4.8% 18.5+£5.2
(mean +SD)

Gastroduodenal artery

CT value 177.0+38.6** 232.4+50.4° 213.1+43.8% 283.5+63.9 102.4 +28.6* 143.0+31.0
(mean +SD)

CNR 6.9+£2.2% 9.4+2.6° 8.0+£2.4% 10.7+3.2 43+1.9% 72+1.8
(mean +SD)

SD standard deviation

*Significant difference with DLR method (p <0.05)

#Significant difference with UHR-CT reconstructed with hybrid-type IR method as 1024 matrix (p <0.05)
bSignificant difference with UHR-CT reconstructed with DLR method as 1024 matrix (p <0.05)
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Table 4 Results of compared image noise at aorta, psoas muscle and fat

Method UHR-CT recon- UHR-CT recon- UHR-CT recon- UHR-CT recon- ADCT recon- ADCT recon-
structed with structed with DLR  structed with structed with DLR  structed with structed with DLR
hybrid-type IR method as 512 hybrid-type IR method as 1024 hybrid-type IR method
method as 512 matrix method as 1024 matrix method
matrix matrix

Aorta (mean+SD) 20.6+3.0% 20.3+2.9° 22.6+1.7 233+1.6 14.0+2.0 149+1.8

Psoas muscle 182+1.7* 192+1.6° 203+1.7 21.6+1.6 11.1+1.7 12.3+1.3

(mean + SD)
Fat (mean £ SD) 16.5+1.8% 17.0+1.6° 18.2+1.7 19.3+1.7 9.8+2.5 10.5+1.8

SD standard deviation

*Significant difference with DLR method (p <0.05)

“Significant difference with UHR-CT reconstructed with hybrid-type IR method as 1024 matrix (p <0.05)
®Significant difference with UHR-CT reconstructed with DLR method as 1024 matrix (p <0.05)

Table 5 Results of compared visual score at all arteries

UHR-CT recon- UHR-CT recon- UHR-CT recon- UHR-CT recon- ADCT with ADCT
structed with 512 structed with 512 structed with 1024 structed with 1024  hybrid-type IR with DLR
matrix and hybrid-  matrix and DLR matrix and hybrid-  matrix and DLR method method
type IR type IR
Aorta (median) 5 5 5 5 4% 5
Celiac trunk 44 5b 4% 5 3%
(median)
Renal artery 32 4b 4 5 3% 4
(median)
Lt. gastric artery 3k 4b 3 5 3 4
(median)
Gastroduodenal 3 4b 4% 5 3k 4
artery (median)
Dorsal pancreatic 32 4b 4% 4 2% 3
artery (median)
Gastroepiploic artery 3*?* 5b 4% 5 3% 3
(median)
Inferior pyloric 3 4b 4% 5 2% 3
artery (median)
Cystic artery 22 3b 3% 4 2% 3
(median)

*Significant difference with DLR method (p <0.05)
#Significant difference with UHR-CT reconstructed with hybrid-type IR method as 1024 matrix (p <0.05)
bSignificant difference with UHR-CT reconstructed with DLR method as 1024 matrix (p <0.05)
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