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Purpose: Hybrid iterative reconstruction (IR) is useful to reduce noise in computed tomography (CT) images.
However, it often decreases the spatial resolution. The ability of high spatial resolution kernels (harder kernels)
to compensate for the decrease in the spatial resolution of hybrid IRs was investigated.

Methods: An elliptic cylindrical phantom simulating an adult abdomen was used. Two types of rod-shaped
objects with ~330 and ~130 HU were inserted to simulate contrasts of arteries in CT angiography. Two multi-
slice CT systems were used to scan the phantoms with 120 kVp and scan doses of 20 and 10 mGy. The task
transfer functions (TTFs) were measured from the circular edges of the rod images. The noise power spectrum
(NPS) was measured from the images of the water-only section. The CT images were reconstructed using a
filtered back projection (FBP) with baseline kernels and two levels of hybrid IRs with harder kernels. The profiles
of the clinical images across the aortic dissection flaps were measured to evaluate actual spatial resolutions.
Results: The TTF degradation of each hybrid IR was recovered by the harder kernels, whereas the noise reduction
effect was retained, for both the 20 and 10 mGy. The profiles of the dissection flaps for the FBP were maintained
by using the harder kernels. Even with the best combination of hybrid IR and harder kernel, the noise level at
10 mGy was not reduced to the level of FBP at 20 mGy, suggesting no capability of a 50% dose reduction while
maintaining noise.

1. Introduction utilized to evaluate the spatial resolution of IR image [6-8]. The cir-

cular edge method is a standard procedure that is used to analyze the

Iterative reconstruction (IR) techniques have been widely used to
reduce the noise in computed tomography (CT) images, and the ra-
diation doses that facilitate the aforementioned reduction have been
reported [1-5]. The IR techniques have non-linear properties with
which the spatial resolution varies depending on the radiation dose
(image noise) and object contrast [6]. Generally, the spatial resolution
is similar to, or higher than that of the filtered back projection (FBP)
under high contrast conditions, when the radiation dose is adequate.
However, the resolution tends to be lower than that of the FBP under
low contrast conditions when the radiation dose is low. Therefore, the
task-based transfer function (TTF), which measures the spatial resolu-
tion at a specific combination of contrast and radiation dose, has been
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circular edge of the image obtained from a rod-shaped object. The at-
tenuation (contrast) of the rod-shaped object is selected according to
the clinical requirements.

The IR techniques are commonly classified into full IR and hybrid IR
techniques. The full IR technique involves multiple iterations between
the projection and image spaces and incorporates a more accurate
model of the system. Conversely, the hybrid IR technique performs the
majority of the image noise reduction in the image space in order to
increase the image reconstruction speed [9]. The superiority of the full
IR technique in noise reduction compared with that of the hybrid IR
technique has been reported in previous studies [10-12]. However, the
full IR techniques have longer reconstruction times that are unfavorable
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for routine clinical use. Thus, the hybrid IR technique is generally used,
even in hospitals that possess the most advanced CT systems, while it
has been reported that some hybrid IRs have limitations which include
the production of images with insufficient edge preservation [6,7].
Therefore, the hybrid IRs have not demonstrated adequate noise re-
ductions without compromising the image quality.

In this study, we investigated whether selecting reconstruction
kernels with higher spatial resolutions (harder kernels) can compensate
for the reduction in the spatial resolution of hybrid IRs while reducing
the image noise to a level below that of FBP. TTFs of the two contrast-
simulated CTA scenarios and the noise properties evaluated by a noise
power spectrum (NPS) were compared between the FBP with a baseline
reconstruction kernel (baseline kernel), a hybrid IR with the baseline
kernel, and a hybrid IR with a harder kernel.

2. Materials and methods
2.1. Phantom

An elliptic cylindrical water phantom was used to simulate the ab-
domen of an adult. The phantom had outer dimensions of
300 mm X 170 mm X 190 mm, which corresponded to the width (x-
direction), length (y-direction), and depth (z-direction), respectively.
The two rods made of acrylic and polyoxymethylene (POM), separately,
were inserted into the water phantom at offset positions 75 mm away
from the center. Each rod had a diameter of 30 mm and a height of
90 mm (Fig. 1(a)). The phantom alignment of the rod was adjusted so
that each rod axis was completely parallel to the rotation axis of the CT
system. The POM rod (~330 HU) was used at 120 kV to simulate the CT
number during the arterial phase [13,14]. The acrylic rod (~130 HU)
was used to examine a severe task that simulated arteries that were
insufficiently enhanced. The water-only section of the elliptic cylind-
rical phantom was used for the NPS measurement (Fig. 1(b)).

2.2. CT scan and reconstruction

We utilized two modern CT systems: (1) the Aquilion ONE GENESIS
(CANON Medical Systems, Otawara, Japan) with a 320-row detector,
and (2) the Discovery CT750 HD (GE Healthcare, Waukesha, WI) with a
64-row detector. Hereinafter, the Aquilion ONE GENESIS and CT750
HD are denoted as “Aquilion” and “CT750”, respectively. All scans were
performed with 120 kVp, 0.5 s per rotation, and helical modes with
pitch factors of 0.813 for Aquilion and 1.375 for CT750. Each tube
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Table 1
Scan and reconstruction parameters used in this study.

Parameters Aquilion ONE Discovery CT750 HD
GENESIS (Aquilion) (CT750)

Reconstruction algorithms FBP FBP

Hybrid IR and strength AIDR 3D, Mild and 30% ASIR, and 100%
Strong ASIR

Reconstruction kernels

Baseline kernel FC03 Standard

Harder kernel FC04, and FCO5 Detail

Tube voltage (kVp) 120

Volume CT dose index (mGy) 10 and 20

Scan rotation time (sec.) 0.5

Pitch factor 0.813 1.375

Detector configurations (mm) 80 x 0.5 64 x 0.625

Display field of view (mm) 320

Slice thickness (mm) 1.0 1.25

current was adjusted to obtain volume CT dose indices (CTDI,s) of 20
and 10 mGy. The 20 mGy CTDI,, was selected as the standard dose,
after referring to a reference value of adult abdomen to pelvis CT in the
Japanese diagnostic reference levels (DRLs) [15]. The half dose
(10 mGy) was used as the reduced dose condition. The detector con-
figurations were 80 X 0.5 mm and 64 X 0.625 mm for the Aquilion
and CT750, respectively. The CT images were reconstructed with a
display field of view (DFOV) of 320 mm and slice thicknesses of 1.0 mm
and 1.25 mm for the Aquilion and CT750, respectively. The baseline
kernels were FCO3 and Standard for Aquilion and CT750, respectively.
The harder kernels were FC04 and FCO5 for Aquilion and Detail for
CT750. The hybrid IRs used for Aquilion and CT750 were adaptive
iterative dose reduction three-dimensional (AIDR 3D) and adaptive
statistical iterative reconstruction (ASIR), respectively. Two strengths of
the AIDR 3D process (mild and strong) and two blending ratios for the
ASIR (30% AISR and 100% ASIR) were selected. Table 1 summarizes
these scan and reconstruction parameters.

2.3. TTF measurements

The TTF was measured using the previously reported circular edge
method [6]. First, we applied the image averaging technique by using

Fig. 1. Axial computed tomography (CT) images of the elliptic cylindrical water phantom including the acrylic and polyoxymethylene (POM) rods. (a) Image for task
transfer function (TTF) measurement, (b) Image for noise power spectrum (NPS) measurement.
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Fig. 2. TTF results of baseline reconstruction kernels (baseline kernel) at 10 and 20 mGy for the acrylic and POM contrasts. (a) — (d) Results for reconstructions of
Aquilion (FBP, AIDR 3D Mild, and AIDR 3D Strong). (e) — (h) Results for reconstructions of CT 750 (FBP, 30%ASIR, and 100%ASIR).
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Fig. 3. TTF results of FBP with the baseline kernel and higher spatial resolution kernels (harder kernels); hybrid iterative reconstruction (IR) with harder kernels, at
10 and 20 mGy for the acrylic and POM contrasts. (a) —(d) FBP with FC03 and AIDR3D (Mild and Strong) and harder kernels (FC04 and FCO05). (e) — (h) FBP with
Standard and ASIR with a harder kernel of Detail.
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Table 2
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f10 and fsq values of the FBP and all the combinations of hybrid IRs and harder kernels. The values in parenthesis are the percent changes from each FBP with the

baseline kernel at the same dose. CTDI,,: volume CT dose index.

fio.fso Baseline kernels Harder kernels
CIDL,,; Rods TTF Reconstruction Reconstruction
Aquilion FCO03 FC04 FCO05
FBP FBP AIDR3D Mild AIDR3DStrong FBP AIDR3D Mild AIDR3DStrong
10 mGy Acrylic  fio 0.801 0.845 (+5.5%) 0.655 (—18.2%) 0.611 (—23.7%) 0.959 (+19.7%) 0.689 (—14.0%) 0.641 (—20.0%)
fso 0.326 0.393 (+20.6%) 0.311 (—4.6%) 0.280 (—14.1%) 0.425 (+30.4%) 0.323 (—0.9%) 0.293 (—10.1%)
POM fio 0.727 0.770 (+5.9%) 0.646 (—11.1%) 0.594 (—18.3%) 0.860 (+18.3%) 0.690 (—5.1%) 0.628 (—13.6%)
fs0 0.311 0.366 (+17.7%) 0.312 (+0.3%) 0.294 (—5.5%) 0.394 (+26.7%) 0.326 (+4.8%) 0.301 (—3.2%)
20 mGy  Acrylic  fio 0.791 0.835 (+5.6%) 0.700 (—11.5%) 0.667 (—15.7%) 0.949 (+20.0%) 0.747 (—5.6%) 0.712 (—10.0%)
fso 0.319 0.384 (+20.4%) 0.333 (+4.4%) 0.305 (—4.4%) 0.415 (+30.1%) 0.348 (+9.1%) 0.315 (—1.3%)
POM fio 0.712 0.762 (+7.0%) 0.698 (—2.0%) 0.653 (—8.3%) 0.851 (+19.5%) 0.743 (+4.4%) 0.702 (—1.4%)
fso 0.300 0.363 (+21.0%) 0.344 (+14.7%) 0.323 (+7.7%) 0.398 (+32.7%) 0.358 (+19.3%) 0.34 (+13.3%)
CT750 Standard Detail
FBP FBP 30% ASIR 100% ASIR
10 mGy Acrylic  fio 0.649 0.680 (+4.8%) 0.648 (—0.2%) 0.561 (—13.6%)
fs0 0.360 0.370 (+2.8%) 0.342 (—5.0%) 0.279 (—22.5%)
POM fio 0.657 0.703 (+7.0%) 0.794 (+20.9%) 1.091 (+66.1%)
fso 0.358 0.365 (+2.0%) 0.374 (+4.5%) 0.404 (+12.8%)
20 mGy Acrylic  fio 0.647 0.678 (+4.8%)  0.668 (+3.2%)  0.631 (—2.5%)
fso 0.360 0.369 (+2.5%) 0.351 (—2.5%) 0.303 (—15.8%)
POM fio 0.654 0.699 (+6.9%) 0.830 (+26.9%) 1.121 (+71.4%)
fs0 0.357 0.363 (+1.7%)  0.388 (+8.7%)  0.488 (+36.7%)

consecutive rod images. This technique significantly reduced the image
noise, thereby facilitating accurate edge profile analyses. Contrast-to-
noise ratios (CNRs) > 25 were recommended in previous studies
[8,16]. As sixty to seventy consecutive axial images can be re-
constructed for a single scan of the phantom, we used these images for
the averaging. A one-dimensional (1D) edge spread function (ESF) was
synthesized from multiple radial edges across a circular edge of the rod
image. The bin width, which was used to create equidistant over-
sampled ESF data and to simultaneously reduce noise, was set to one-
fifth of the pixel pitch corresponding to the 320-mm DFOV (0.625 mm/
5 = 0.125 mm). The synthesized ESF was differentiated to yield a line
spread function. The size of the dataset was then increased to 256
points by using a zero-padding technique to enable a rapid calculation
of the Fourier transform. The spatial frequencies with 50% TTF and
10% TTF (fs0 and fi, respectively) were obtained from the TTF results.

2.4. NPS measurements

The NPS was measured from the uniform images of the water-only
volume. An established method using the two-dimensional (2D) Fourier
transform was employed [7,17,18]. One hundred images were obtained
by two repeated scans of the water-only section of the phantom, and the
NPS results were averaged to render the statistical error of the mea-
surement negligible. The size of the region of interest (ROI) was set to
128 x 128 pixels at the 75-mm off-center position corresponding to the
rod positions.

2.5. Edge profile and noise in clinical image

We performed profile comparisons by using clinical images of an
aortic dissection. The use of clinical images was approved by our in-
stitutional review board. The comparisons were made among the FBP
with a baseline kernel, the hybrid IR with a baseline kernel, and the
hybrid IR with a harder kernel. One case with a typical dissection flap
was selected for each the Aquilion and the CT750. An ROI with 14 x 3
(x X y) pixels was used to measure the profile across a flap in a selected
section (one image) of the descending aorta. CT numbers and standard
deviations (SDs) were measured within the descending aorta, using
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ROIs with 15 x 15 pixels for five consecutive sections. The CT numbers
and SDs were then respectively averaged.

3. Results
3.1. TTF measurements

The CNRs for Aquilion measured for the acrylic and POM rods were
4.6 and 11.9 at 10 mGy, respectively, while the CNRs at 20 mGy were
6.5 and 17.2, respectively. Consequently, the image numbers that are
required to achieve CNRs > 25 were 30 (Acrylic) and 5 (POM) at
10 mGy and 15 (Acrylic) and 3 (POM) at 20 mGy. The image numbers
for CT750 similarly estimated were almost identical with those of
Aquilion. As a result, sufficient image numbers were obtained for both
the 10 and 20 mGy doses to enable CNRs > 25. The reproducibility of
our TTF measurements was sufficiently high as a result of the image-
averaging technique; accordingly, error bars are not indicated in the
TTF results because the errors were negligible.

Fig. 2 shows the results of the TTF at 10 and 20 mGy for the FBP and
the hybrid IR. The AIDR 3D degraded the TTF under all conditions,
whereas the ASIR degraded the TTF, especially for the acrylic object.
The strong AIDR 3D process and the 100% ASIR promoted more severe
TTF degradations than their mild and 30% counterparts. The TTF for
the POM object was mostly preserved when the 30% ASIR was used.
When 100% ASIR is used for the POM object, the TTF decreases at low
frequencies but improves at middle to high frequencies. The improve-
ments in TTF were greater with the 100% ASIR than with the 30% ASIR
and were more noticeable at the 20 mGy dose.

Fig. 3 depicts the TTF results for the FBP and the hybrid IR with the
harder kernels. All of the harder kernels suppressed the TTF degrada-
tions shown in Fig. 2. For 10 mGy of AIDR 3D, the TTF of the mild
strength with FCO5 harder kernel was nearest to that of FBP. However,
the FCO5 was not able to sufficiently recover the TTF to that of FBP for
the acrylic object. For 20 mGy, the FCO5 effectively compensated for
the TTFs of the acrylic object, while the enhanced TTFs were observed
for the POM object except for the strong process with the FC04 harder
kernel. For the CT750 system with the acrylic object at both 10 and
20 mGy, the 30% ASIR with the Detail harder kernel provided TTFs that
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Table 3
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reasonably approximated those of the FBP. Enhanced TTFs were ob-
served at both 10 and 20 mGy for the POM object. Table 2 shows the fi¢
and f5o values calculated from the TTF curves of the FBP and all the
combinations of the hybrid IR and harder kernel. The percent changes
based on fo and f5o of FBP with the baseline kernel are also presented.

3.2. NPS measurements

Fig. 4 shows the NPS results of the FBP and hybrid IRs with the
harder kernels. Because one hundred images were used to average
many NPS results for each reconstruction, the error of NPS evaluation
was negligible. Table 3 shows the percent change of NPS for each
combination of the hybrid IR and harder kernel, compared to FBP with
the baseline kernel, at 0.05, 0.3, and 0.5 cycles/mm. Most of the pro-
posed conditions reduced the NPSs compared with the FBP. The re-
ductions were more notable with higher strengths (blending rates) of
the hybrid IRs. The AIDR 3D decreased the NPSs over the entire spatial
frequency range. The degree of noise reduction was more notable at
high spatial frequencies than at low to middle frequencies. On the other
hand, the ASIR presented the NPS changes like low-pass filtering, which
depicted nearly unchanged NPS values at the lowest frequency and an
NPS decrease with the increase in spatial frequency. Fig. 5 shows the
NPSs of the FBP at 20 mGy and the hybrid IR at 10 mGy. The NPS of the
strong AIDR 3D at 10 mGy is almost lower than that of the FBP at
20 mGy, whereas the mild process exhibits higher NPSs compared with
that of the FBP at low frequencies. The ASIR could not reduce the noise
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at 10 mGy to the level achieved by that of FBP at 20 mGy. Although
lower NPSs were observed at frequencies > 0.25 cycles/mm for the
100%ASIR, the noise level at low frequencies was notably higher than
that of FBP at 20 mGy.

3.3. Appropriate combinations

We proposed an appropriate combination of hybrid IR strength and
harder kernel that provide the following: (1) TTF that is similar to that
of the FBP for the acrylic object and (2) NPS that is lower than that of
the FBP. As a result, the mild process with FCO5 for the Aquilion system
and the 30% ASIR with Detail for the CT750 system were selected. With
these combinations, enhanced TTFs are obtained for the POM object
(330 HU) at 20 mGy for the Aquilion system and at 10 and 20 mGy for
the CT750 system.

3.4. Rod images

Fig. 6 shows the rod images for the FBP with the baseline kernel and
the hybrid IR with harder kernels. We were able to observe the states of
edge preservation and noise reduction, corresponding to the TTF and
NPS results, respectively, in which both the mild process with the FC05
harder kernel and the 30% ASIR with the Detail harder kernel presented
edge preservations and noise reductions compared with those of the
FBP. Sharper edges (edge enhancement) were observed in the images
with 100% ASIR when compared with that of the FBP for the POM
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Fig. 7. Comparisons of clinical images with aortic dissections for (a) —(c) FBP with FC03, Mild with FC03, and Mild with FCO5; (e) — (g) FBP with Standard, 30%
ASIR with Standard, and 30% ASIR with Detail. The volume computed tomography dose index (CTDI,,) for Aquilion and CT750 cases were 10.0 and 10.1 mGy,
respectively. ROI positions for profile measurements across the dissection flap are also indicated in magnified images of descending aorta (d, h).

object. kVp, 0.5 s per rotation, and pitch factors of 0.813 (for Aquilion) and

1.375 (for CT750). The tube currents were adjusted by the tube current

modulation systems of each system. The setting values were: SD = 10.5

3.5. Image noise and profile across dissection flap for the Volume Exposure Control (Volume EC) of Aquilion and noise

index = 13.5 for the CT Automatic Exposure Control (CT AEC) of

Fig. 7 shows the clinical images with aortic dissections obtained CT750. The reported CTDI,, of Aquilion and CT750 were 10.0 and
using the Aquilion and CT750. The acquisition parameters were: 120
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Fig. 8. Comparisons of profiles across the dissection flaps (shown in Fig. 7) between FBP with the baseline kernel, hybrid IR with the baseline kernel, and the

appropriate combination of hybrid IR and harder kernel. (a) Aquillion, (b) CT750.

10.1 mGy, respectively. The CT numbers were 301.1, 300.9, and 300.0
HU for the FBP with FC03, mild process with FC03, and mild process
with FCO5, respectively, while the corresponding SD values were 20.0,
14.9, and 18.2 HU. On the other hand, the CT numbers were 324.7,
324.6, and 324.5 HU for the FBP with Standard, 30% ASIR with Stan-
dard, and 30% ASIR with Detail, respectively. The corresponding SD
values were 33.1, 27.5, and 30.3 HU. Since the CT numbers were suf-
ficiently high, these cases were considered to follow the results of the
POM object. Fig. 8 shows the comparisons of the profiles across the
dissection flaps. For Aquilion, even though the image of the mild pro-
cess with FCO3 (the baseline kernel) revealed less noise, the dissection
flaps were blurred compared with the FBP. The CT number at the flap
was increased by 20.5%. In contrast, the mild process with FCO5 (the
harder kernel) exhibits edge preservations and lower noises compared
with FBP. The low CT number at the flap in the profile of Aquilion's FBP
was adequately reproduced by the mild process with FCO5, presenting a
slight CT number increase of 3.5%, which demonstrated that the harder
kernels were capable of recovering the spatial resolution. On the other
hand, for CT750, the CT numbers at the flap were almost identical
between FBP with Standard, 30% ASIR with Standard, and 30% ASIR
with Detail, corresponding to the well-preserved TTF of the POM object
for 30% ASiR.

4. Discussion

In the present study, we evaluated the task-based spatial resolution
and image noise for the FBP and various combinations of hybrid IR
strengths and harder kernels. We also defined the 330-HU contrast of
POM and the 130-HU contrast of acrylic as tasks corresponding to the
enhanced and insufficiently enhanced arteries, respectively.

The AIDR 3D degraded the TTFs for both the acrylic and POM ob-
jects. Therefore, in the absence of the harder kernels, image blurring of
enhanced arteries is unavoidable. The ASIR showed TTFs with a con-
trast dependency. The TTFs were degraded for the acrylic object but
enhanced for the POM object. Consequently, the ASIR could still be
used without the harder kernels, once the arteries are sufficiently en-
hanced. It can be considered that the 130-HU contrast (acrylic object)
approximates contrasts at soft-tissue organ edges surrounded by ab-
dominal fats because of the attenuations of 50-60 HU for the soft-tis-
sues and —100 HU for the fat. Thus, our TTF results suggest that the
soft-tissue organ edges are somewhat blurred in images of both AIDR
3D and ASIR with the baseline kernels. In this case, the harder kernel
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would also be effective in recovering the sharpness of the organ edges.

Our measurements and rod images demonstrated that the TTF re-
ductions caused by the hybrid IRs for the baseline kernels were mostly
recovered by the combination of mild strengths with FCO5 harder
kernels and 30% ASIR with Detail harder kernels. The noise reductions
by the hybrid IRs were maintained, even with these combinations,
while the 30%ASIR with Detail showed modest noise increases com-
pared with that of the FBP in high spatial frequencies > 0.6 cycles/mm.
Thus, the combinations of hybrid IR and harder kernel we selected were
suggestive as useful ones for noise reduction of abdominal CTA images.

The clinical images of aortic dissection flap showed states of the
spatial resolution and noise corresponding to the results of the phantom
study for the POM object simulating a contrast in artery phase. Since
the mild strengths degraded the TTF with FCO3 for Aquilion, the CT
number at dissection flap accordingly rose. This rise was compensated
by the harder kernel FC05, while the noise remained lower than that of
FBP. On the other hand, corresponding to the TTF result for the POM
object not degraded by 30% ASiR, the CT number at the dissection flap
was not mostly affected.

The 50% dose reduction capabilities were analyzed by TTF pre-
servations and NPS reductions, comparing the FBP at 20 mGy with the
hybrid IR at 10 mGy (Fig. 5). Both the AIDR 3D and the ASIR were
unable to achieve the 50% dose reduction for the conditions we tested
in this study. Although the strong AIDR 3D largely recovered the noise
at 10 mGy to the same level of that of FBP at 20 mGy, this combination
did not preserve the TTF of the FBP. The ASIR was not able to reduce
the low frequency noise, even with 100% blending. When a half dose is
used with ASIR, the visibilities of low contrast objects such as hypo-
vascular tumors might be impaired by the increased low frequency
noise. These properties are also observed in the rod images in Fig. 6. In
comparison with the same dose, both the mild process with FC05 and
the 30% ASIR with Detail exhibited lower noise and mostly preserved
the edge sharpness compared with that of FBP. However, their observed
noise levels at 10 mGy were higher than those of FBP at 20 mGy. Also,
there was a decrease in the noise level for the strong process with FC05
at 10 mGy compared with that of the FBP at 20 mGy. However, there
was insufficient edge preservation, particularly for the acrylic object.

These implications have been discussed within the community of
Japanese radiological technologists with PhDs and clinical experience
in CTA. However, the quantitative evaluations using the harder kernels
have not been published in any papers. The hybrid IRs are still used in
many hospitals because the model-based iterative reconstruction



K. Sugisawa, et al.

techniques are rarely installed due to their high cost and prolonged
reconstruction times. Thus, our findings have significant implications
for facilities that are still routinely using hybrid IRs.

The present study possesses several limitations. First, we only
measured the TTFs from 30-mm diameter rods. Thus, it is possible that
the spatial resolution in complex shapes might not be correctly eval-
uated. Although no shape dependencies of the TTF were reported in a
previous study [8], evaluations using phantoms of various shapes are
required. Second, only two CT systems were investigated in this study.
Thus, the effectiveness of the combination of hybrid IRs and harder
kernels might not be applicable to other CT systems. Third, only one
phantom size resembling a Japanese adult abdomen was investigated;
thus, the effects on thick patients should be examined using phantoms
with bigger sizes. Forth, we used a tube voltage of 120 kV. Lower tube
voltages recently used in CTA should be evaluated. Finally, we did not
perform a human observer study using clinical abdominal CTA images.
Consequently, further studies to validate our findings in clinical images
are required.

5. Conclusion

This study evaluated the task-based spatial resolution and image
noise for CT acquisition conditions corresponding to abdominal CTAs.
Various combinations of hybrid IR strengths and harder kernels were
used to investigate whether the use of harder kernels compensates for
the degradation of spatial resolution of the hybrid IR while maintaining
the ability to reduce noise. Our findings indicated that the use of harder
kernels was effective for recovering the TTF that was degraded by hy-
brid IRs, with the maintenance of the noise reductions. The 50%-dose
reduction capabilities without TTF degradations were not indicated for
hybrid IRs we tested.
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