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Abstract

Background: Renal calculi are a common and recurrent urological disease and are usually detected by CT. In this
study, we evaluated the diagnostic capability, image quality, and radiation dose of abdominal ultra-low-dose CT
(ULDCT) with deep learning reconstruction (DLR) for detecting renal calculi.

Methods: Sixty patients with suspected renal calculi were prospectively enrolled. Low-dose CT (LDCT) images were
reconstructed with hybrid iterative reconstruction (LD-HIR) and was regarded as the standard for stone and lesion
detection. ULDCT images were reconstructed with HIR (ULD-HIR) and DLR (ULD-DLR). We then compared stone
detection rate, abdominal lesion detection rate, image quality and radiation dose between LDCT and ULDCT.

Results: A total of 130 calculi were observed on LD-HIR images. Stone detection rates of ULD-HIR and ULD-DLR
images were 93.1% (121/130) and 95.4% (124/130). A total of 129 lesions were detected on the LD-HIR images. The
lesion detection rate on ULD-DLR images was 92.2%, with 10 cysts<5 mm in diameter missed. The CT values of
organs on ULD-DLR were similar to those on LD-HIR and lower than those on ULD-HIR. Signal-to-noise ratio was
highest and noise lowest on ULD-DLR. The subjective image quality of ULD-DLR was similar to that of LD-HIR and
better than that of ULD-HIR. The e ective radiation dose of ULDCT (0.64 +0.17 mSv) was 77% lower than that of LDCT
(2.75+£0.50 mSv).

Conclusion: ULDCT combined with DLR could significantly reduce radiation dose while maintaining suitable image
quality and stone detection rate in the diagnosis of renal calculi.
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Key points » Ultra-low-dose CT could be used to detect abdomi-
nal lesion.
» Ultra-low-dose CT could be used to detect kidney » DLR could maintain image quality when the radia-
stones. tion dose was reduced to sub-millisieverts.
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hematuria [3]. When an asymptomatic renal calculus
grows in size, which can lead to urinary-tract blockage
or recurrent infections, lithotripsy or nephrolithotomy
is required [4]. Abdominal computed tomography (CT)
imaging is the most accurate method for confirming
and monitoring suspected renal calculi. e sensitivity
and specificity of CT for renal calculi are 95% and 98%,
respectively, and CT performs better than kidney—ure-
ter—bladder (KUB) radiography and ultrasound [5—7].
In addition, CT can more accurately evaluate the posi-
tions and sizes of renal calculi and facilitate subsequent
treatments [5—7]. e potential risk of ionizing radiation
caused by multiple CT scans limits the use of CT to some
extent [8, 9]. However, decreasing the radiation dose
increases the amount of image noise.  erefore, lower-
ing the radiation dose while maintaining high CT image
quality for diagnosis has long been a clinical goal [10, 11].

Many studies show that a combination of low-kilovolt-
age scanning and iterative reconstruction can be applied
to achieve low-dose CT (LDCT) imaging for renal-calcu-
lus detection, and that diagnostic e ciency is compara-
ble between LDCT and conventional dose CT [12—14].
To date, LDCT has been routinely used for the detection
and confirmation of renal calculi [14]. However, the abil-
ity of iterative reconstruction to reduce noise decreases
when the radiation dose is lowered to sub-millisievert
ultra-low doses [15—19]. e latest deep learning recon-
struction (DLR) algorithm for images, intend to optimize
image quality, has been commercialized for the first time
to accompany the Canon CT System (Advanced Intelli-
gent Clear-1Q Engine; Canon Medical, Otawara, Japan)
[20]. DLR integrates a deep convolutional neural network
into the reconstruction process. High-quality model-
based iterative reconstruction images data is performed
on deep learning methods to learn signal, noise, and arti-
fact characteristics for di erentiation, and this methodol-
ogy results in good recognition and decreased noise [21,
22]. Low-noise images can be obtained with DLR, which
greatly improves image quality in low- to ultra-low-dose
CT (ULDCT) scans and does not increase post-recon-
struction processing time [20, 23—26]. In this study, we
evaluated whether the DLR algorithm could maintain
image quality and diagnostic capability in abdominal-
ULDCT-based diagnosis of renal calculi.

Methods
Study population

is prospective study was approved by the Medical
Ethics Committee of our institution (No. HS-2427). We
obtained written informed consent for both abdominal
LDCT and ULDCT from each enrolled patient. Patients
with suspected renal calculi were recruited from Novem-
ber to December 2020. All patients underwent Canon CT
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scans. Exclusion criteria were age <18 years and a history
of abdominal or pelvic implantation, such as an arterial
stent or artificial hip joint. No patients were excluded.

Image acquisition and reconstruction

e Aquilion ONE Genesis CT system (Canon Medi-
cal) was used to acquire images. e Rotation speed was
0.5 s/round, pitch was 0.813, and scan area ranged from
the apex of the liver to the bifurcation of the bilateral
common iliac arteries. e scan voltage used for both
low and ultra-low doses was 100 kV. Tube current were
adjusted automatically. e low-dose noise index was the
standard setting (7.5), and the ultra-low-dose noise index
was the low-dose setting (20). LDCT images were recon-
structed with hybrid iterative reconstruction (HIR, Adap-
tive Iterative Dose Reduction 3-Dimensional, [AIDR3D])
(LD-HIR). ULDCT images were reconstructed with
HIR (ULD-HIR) and DLR (ULD-DLR). Five-millimeter
images were uploaded to the picture-archiving and com-
munication system (PACS) for unified analysis.

Detection of calculi and abdominal lesions

A radiologist with 3 years’ working experience recorded
the numbers and positions of renal calculi in images of all
3 groups and measured the diameter of each renal calcu-
lus twice to calculate a mean value. e radiologist was
blinded to the groupings of images, and the images were
presented in random order. LD-HIR image was used as
the reference to calculate the renal-calculus detection
rate from the ULD-HIR and ULD-DLR images. e same
radiologist evaluated types and numbers of lesions in
solid abdominal organs and measured their diameters
twice to calculate the means.

Obijective evaluation of image quality

Radiologist A performed quantitative analysis of cross-
sectional images (section thickness, 5 mm). To measure
CT value, noise (SD; standard deviation of the CT value)
and signal-to-noise ratio (SNR; mean attenuation/SD), we
delineated regions of interest (ROIs) in the liver, spleen,
aorta, both kidneys, anterior abdominal-wall subcutane-
ous fat, and right psoas muscle on LD-HIR, ULD-HIR,
and ULD-DLR images (Fig. 1). ROIs were kept consistent
across all three groups.  ose ROIs on the liver, spleen,
and aorta were at the level of the hepatic hilum; those
on both kidneys were at the level of the renal hilum; and
the ROIs of the right psoas muscle and anterior abdomi-
nal-wall subcutaneous fat were at the level of the fourth
lumbar vertebra. We placed 4 and 2 ROls in the liver and
kidneys, respectively, and calculated the means. One ROI
was placed in the spleen, aorta, right psoas muscle, and
subcutaneous fat each, and triplicate measurements were
taken to calculate the means. ROI size for both kidneys



Zhang et al. Insights into Imaging (2022) 13:163

was maintained at 0.4-0.5 cm?, while ROI size for all
other organs was maintained at 0.8—1.0 cm?. Contrast-
to-noise ratios (CNRs) for the liver, spleen, kidneys, and
aorta were calculated by the following formula:

CNRyrgan = (CTOrgan — CTpsoas musde) /total image noise

where CT g, is the CT value of the organ of interest,CT ;s
muscle 1S the mean CT value of the right psoas muscle, and
total image noise is the SD of subcutaneous fat in the ante-
rior abdominal wall [27].

Subjective evaluation of image quality

Radiologists A and B, who had, respectively, 3 and 8 years
of working experience and were blinded to the image
groupings, performed 5-point Likert scoring of LD-HIR,
ULD-HIR, and ULD-DLR images that were presented to
them in random order. Scoring criteria were as follows:
(1) extremely poor image quality, rendering diagnosis
impossible; (2) poor image quality with serious noise;
(3) medium image quality, su cient contrast, and some
noise; (4) good image quality, good contrast, and little
noise; and (5) excellent image quality, good contrast, and
no significant noise. e initial window width and posi-
tion were set at 350 and 50 HU, respectively, and both
parameters were modifiable.

Radiation dose

To evaluate radiation dose, we recorded the volume CT

dose index (CTDIvol) and dose length product (DLP) on

the scanner and calculated the e ective radiation dose.
e e ective radiation dose corresponded to the value of

the DLP multiplied by the abdominal conversion coe -

cient, which was 0.015 mSv/mGy.cm.

Statistical analysis
All analyses were performed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). e Kolmogorov—Smirnov test
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was used to determine whether the data were normally dis-
tributed. LD-HIR images were used as references to assess
the image quality, renal-calculus measurements, radiation
exposure, and lesion detection on ULDCT. We used the
Kruskal-Wallis nonparametric test to analyze multigroup
di erences and the Mann—Whitney U nonparametric test
for pairwise comparisons. p<0.05 was considered statisti-
cally significant. We used Cohen’s weighted « to calculate
interobserver agreement, scored as almost perfect (0.81—
1.00), substantial (0.61—0.80), moderate (0.41-0.60), fair
(0.21-0.40), or poor (0.00—0.20).

Results

In this prospective study, 60 patients (35 men and 25
women) with a mean+SD age of 50.7+13.5 (range,
27-81) years were enrolled. One patient underwent sple-
nectomy, and another underwent left nephrectomy.

Detection of calculi and abdominal lesions

On the LD-HIR images, 130 renal calculi (left kidney, 72;
right kidney, 58) were detected. e mean =+ SD diameter
of the renal calculi was 5.16 +4.20 mm. Six renal calculi
with a mean diameter of 1.93 mm were missed on the
ULD-DLR images. Nine renal calculi with a mean diam-
eter of 1.96 mm were missed on the ULD-HIR images,
including the 6 stones missed on ULD-DLR images. Tak-
ing the LD-HIR images as a reference, the renal-calculus
detection rates of ULD-HIR and ULD-DLR were respec-
tively 93.1% and 95.4% for all renal calculi, and the rates
were 100% for stones measuring>3 mm. e mean diam-
eters of the renal calculi measured using ULD-HIR and
ULD-DLR were 5.39+4.37 mm and 5.33+4.33 mm,
respectively.  ere was no statistical di erence in calcu-
lus size among the 3 groups (p>0.05; Figs. 2 and 3). e
diameters of the smallest calculi observed on LD-HIR,
ULD-HIR and ULD-DLR were 1.5 mm, 1.7 mm and
1.5 mm, respectively. No false positives were detected on

Fig. 1 ROIs were placed on the liver, spleen, aorta, kidneys, right psoas muscle, and abdominal-wall subcutaneous fat to measure CT values and
noise of various abdominal organs and to evaluate the objective image quality. a shows ROIs located in the liver, spleen, and aorta. b shows ROIs
located in the kidneys. ¢ shows ROIs located in the right psoas muscle and anterior abdominal-wall subcutaneous fat
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ULD-DLR images, but one stone 1.6 mm in diameter was
found to be a false positive on ULD-HIR images (Fig. 4).
We detected 129 lesions on the LD-HIR images, includ-
ing 34 hepatic cysts, 74 renal cysts, 11 hepatic calcifica-
tions, 2 hypodense hepatic lesions, 2 gallstones, 2 splenic
cysts, 2 adrenal adenomas, 1 hypodense spleen lesion, and
1 pancreatic cyst. e lesion detection rate on ULD-DLR
images was 92.2% (119/129). Except for 4 hepatic cysts
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measuring<5 mm and 6 renal cysts measuring<5 mm, all
lesions detected via LD-HIR were observable on ULD-DLR
images. e lesion detection rate for ULD-HIR images was
82.9% (107/129). Eight hepatic cysts with an average size of
7.63 mm, 11 renal cysts with an average size of 8.51 mm,
1 hypodense hepatic lesion 10.6 mm in size, 1 hypodense
spleen lesion 11.9 mm in size, and 1 pancreatic cyst 12.3 mm
in size could not be observed on ULD-HIR images.

Fig. 2 CTimages from an 81-year-old female patient with a clinically suspected renal calculus. A left renal calyceal calculus 1.9 mm in diameter was
detected on all the three images. However, LD-HIR (a) was clearest, followed by ULD-DLR (c), while ULD-HIR (b) was the least clear. LD-HIR means
low-dose computed tomography with hybrid iterative reconstruction. ULD-HIR means ultra-low-dose computed tomography with hybrid iterative
reconstruction. ULD-DLR means ultra-low-dose computed tomography with deep learning reconstruction

N

computed tomography with deep learning reconstruction

Fig. 3 CTimages from a 65-year-old male patient with a clinically suspected renal calculus. A left renal calyceal calculus 1.5 mm in diameter was
visible on the LD-HIR (a) and ULD-DLR (c) images but not on the ULD-HIR (b) image. LD-HIR means low-dose computed tomography with hybrid
iterative reconstruction. ULD-HIR means ultra-low-dose computed tomography with hybrid iterative reconstruction. ULD-DLR means ultra-low-dose
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Fig. 4 CTimages from a 57-year-old male patient with a clinically suspected renal calculus. A left renal calyceal calculus 1.6 mm in the diameter
could be seen on the ULD-HIR (b) image but not on the LD-HIR (a) or ULD-DLR (c) images. With LD-HIR imaging used as the gold standard, the
stone was a false positive. LD-HIR means low-dose computed tomography with hybrid iterative reconstruction. ULD-HIR means ultra-low-dose
computed tomography with hybrid iterative reconstruction. ULD-DLR means ultra-low-dose computed tomography with deep learning

Objective image quality

e objective parameters of image quality, including CT
values, image noise, CNR, and SNR, in various abdomi-
nal organs and tissues on LD-HIR, ULD-HIR, and ULD-
DLR images are shown in Tables 1, 2 and 3.

CT values of various tissues and organs did not di er to
a statistically significant degree between ULD-DLR and
LD-HIR images (p>0.05). CT values of all tissues and
organs obtained via ULD-HIR, except for fat, were higher
than those obtained via LD-HIR images (p<0.05). CT
values of the liver and aorta on ULD-HIR images were
similar to those on ULD-DLR images (p>0.05), but CT
values of other tissues and organs were higher than on
ULD-DLR images (p<0.05; Table 1).

ere were no statistically significant di erences in

CNRs for the liver, kidneys, spleen, and aorta between
ULD-DLR and LD-HIR images (p>0.05). e CNRs
of the aorta and spleen on ULD-HIR images were not

Table 1 CT values for various abdominal organs and tissues

statistically significantly di erent from those on LD-HIR
images (p>0.05), but the CNRs of the liver and kidneys
on ULD-HIR were lower than those on LD-HIR images
(p<0.05). e CNRs of the four organs obtained via
ULD-HIR, except for the aorta, were lower than those
obtained via ULD-DLR images (»<0.05) (Table 2).

Anterior abdominal-wall subcutaneous fat SD was
used to estimate total noise on LD-HIR, ULD-HIR,
and ULD-DLR images, and the values were 7.97 +1.25
HU, 12.14+2.13 HU, and 7.584+1.67 HU, respectively.
No significant di erence in total image noise existed
between LD-HIR and ULD-DLR images (p>0.05), and
both had lower total image noise than ULD-HIR images
(p<0.05). Of the three groups, the ULD-DLR images had
the highest SNR and the lowest noise; while the ULD-
HIR images had the lowest SNR and the highest noise
(»<0.05; Table 3).

CT (HU) LD-HIR (group 1) ULD-HIR (group 2) ULD-DLR (group 3) P1lvs.2vs.3 Plvs.2 P1lvs.3 P2vs.3
Liver 56.30+8.87 59.44 4832 57.70+8.36 0.104 0.034 0.389 0.216
Spleen 50.16 £3.39 52.83+332 5111+329 <0.001 <0.001 0.144 0.005
Kidney 32.89+346 35.38+387 3373+369 <0.001 <0.001 0.097 0.003
Aorta 4347+£590 46.01+£523 44.814+4.90 0.025 0.008 0.173 0.137
Muscle 50.76 £5.35 54.94+£7.00 51.57+£6.09 <.001 <0.001 0221 <0.001
Fat —11011+973 —111.02+6.69 —108.48+651 0.064 0.848 0.074 0.025
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Subjective image quality

Table 4 shows subjective image quality scores for the
three groups of images. Both reviewers deemed the qual-
ity of ULD-DLR images to be similar to that the LD-HIR
images (p>0.05 for both reviewers), while ULD-HIR
image scores were significantly lower than those of LD-
HIR and ULD-DLR images (p<0.05 for both reviewers).
Image quality interobserver agreement was substantial for
LD-HIR images (x=0.63), moderate for ULD-HIR images
(x=0.48) and perfect for ULD-DLR images (x=0.83).
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Radiation dose

CTDIvol was 342+052 mGy for LDCT and
0.80+0.19 mGy for ULDCT. DLP was 183.15+33.55 mGy.
cm for LDCT and 42.73+11.23 mGy.cm for ULDCT.
E ective radiation doses were 2.75+0.50 mSv and 0.64 +
0.17 mSv for LDCT and ULDCT, respectively. Notably, the
e ective radiation dose for ULDCT was 77% lower than
that for LDCT.

Table 2 Contrast-to-noise ratios (CNRs) for the liver, spleen, kidneys, and aorta

CNR LD-HIR (group 1) ULD-HIR (group 2) ULD-DLR (group 3) P1lvs.2vs.3 Plvs.2 P1lvs.3 P2vs.3

Liver 118+084 0.77£0.65 1.24+0.99 <0.001 0.005 0.290 0.003

Spleen 057+047 0.55+0.49 0.72+£0.58 0.148 0.696 0.142 0.034

Kidney 230+0.76 169+0.62 240+083 <0.001 <0.001 0.564 <0.001

Aorta 104+0.72 0944062 113+0.74 0393 0596 0515 0.146

Table 3 Noise and signal-to-noise ratios (SNRs) for various abdominal organs and tissues

Organ LD-HIR (group 1) ULD-HIR (group 2) ULD-DLR (group 3) P1lvs.2vs.3 Plvs.2 P1lvs.3 P2vs.3

Noise (HU)

Liver 910+£091 1460+£1.72 757+£049 <0.001 <0.001 <0.001 <0.001

Spleen 925+111 1414 +£1.39 7404057 <0.001 <0001 <0.001 <0.001

Kidney 9.18+1.17 14.06+2.08 731+081 <0.001 <0.001 <0.001 <0.001

Aorta 9.73+152 1435+211 7.84+1.08 <0.001 <0.001 <0.001 <0.001

Muscle 10.04+1.52 1485+257 752+1.04 <0.001 <0.001 <0.001 <0.001

Fat 7.98+1.25 1214+213 758+1.67 <0.001 <0.001 0.053 <0.001

SNR

Liver 6.27+129 4114073 7.69+129 <0.001 <0.001 <0.001 <0.001

Spleen 550+0.82 379+042 6.94+0.68 <0.001 <0.001 <0.001 <0.001

Kidney 365+0.72 256+040 460+0.53 <0.001 <0.001 <0.001 <0.001

Aorta 4564090 3.28+0.63 583+1.08 <0.001 <0.001 <0.001 <0.001

Muscle 517+0.99 381+081 7.04+£139 <0.001 <0.001 <0.001 <0.001

Fat 1418+2.72 9.74+351 1469+244 <0.001 <0.001 0.268 <0.001

Table 4 Subjective-quality scores of LD-HIR, ULD-HIR, and ULD-DLR images

Group Image quality Kappa value
Reader 1 Reader 2

Score 1 2 3 4 5 mean 1 2 3 4 5 mean

LD-HIR 0 0 0 23 37 457 0 0 21 39 462 063

ULD-HIR 0 5 43 12 0 312 0 49 9 1 317 048

ULD-DLR 0 0 0 31 29 455 0 1 27 33 452 083
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Discussion

is study showed that when the scan radiation dose was
decreased to sub-millisievert ultra-low doses, the detec-
tion rate obtained by ULD-DLR for kidney stones>3 mm
in diameter was 100% in reference to LD-HIR images.
On ULD-DLR images, 4 hepatic cysts and 6 renal cysts
with diameters<5 mm were missed.  ere was no signifi-
cant reduction in diagnostic e ciency in either kidney
stones or abdominal lesions. At the same time, ULD-
DLR images had higher image quality than LD-HIR and
ULD-HIR images. e radiation dose used for ULDCT
was<1 mSy, a significant (77%) decrease over that for
LDCT. is was the equivalent of the dose used for a sin-
gle abdominal x-ray [28].

Renal calculi commonly occur and tend to recur,
requiring radiological examination for diagnostic con-
firmation and monitoring. Currently, LDCT scans
combined with iterative reconstruction algorithms are
routinely used for renal-calculus detection and confirma-
tion, with a 100% detection rate for renal calculi>3 mm
in diameter [13, 29]. To further reduce radiation doses,
emerging studies are assessing kidney stones using
ULDCT. A systematic review showed that ULDCT
(<1.9 mSv) and LDCT (<3.5 mSv) show comparable
sensitivity and specificity in urolithiasis detection [30].
Two studies, one by Roberts et al. involving 21 patients
and another by McLaughlin et al. involving 33 patients,
reported no significant di erences in renal-calculus
detection rate or size limit between ULDCT and LDCT
when the radiation dose was decreased to sub-millisiev-
ert levels [14, 28]. Our study obtained similar results,
supporting the use of ULDCT for renal-calculus detec-
tion and monitoring at a much lower radiation dose. Our
study included more renal calculi than previous studies
with ULD scans. In our study, 130 calculi were evaluated,
and only 6 calculi with an average diameter of 1.93 mm
were missed on ULD-DLR images. Because these missed
calculi were too small, their CT values measurement
is not accurate, so the CT values of missed calculi were
not analyzed. Clinically, calculi of this size rarely require
therapeutic intervention because most stones<6 mm can
be spontaneously discharged [4, 31].  erefore, missed
diagnoses of small renal calculi on ULD-DLR images do
not cause adverse clinical outcomes. In addition, these
previous studies used iterative reconstruction, which
posed limitations to soft-tissue analysis when the radia-
tion dose was decreased to sub-millisievert levels [14, 28].

erefore, existing studies on ULDCT for kidney stones
o er only limited assessment of image quality and detec-
tion of other abdominal lesions. Roberts et al. evaluated
the detection of renal masses only [28], and McLaughlin
et al. evaluated organ noise only [14], Another advantage
of performing CT scans on renal-calculus patients is that
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detailed information on anatomical structures can be
obtained for the detection of other abdominal diseases.
However, the higher noise level can a ect diagnostic
performance.  erefore, in addition to evaluating renal-
calculus detection, in this study, we also examined the
possibility of maintaining low-noise levels when DLR is
used for image reconstruction in ULDCT, with the aim of
reducing the radiation dose.

In addition, we evaluated objective and subjective image
quality, as well as lesion detection rates for the liver, kid-
neys, spleen, and aorta on ULD-DLR images. e results
showed that detection rates for abdominal lesions obtained
via ULD-DLR were comparable to those obtained via
LDCT because missing a diagnosis of cysts that<5 mm
in diameter has no serious e ect on clinical diagnosis.
Phantoms and clinical studies have shown that DLR, the
new reconstruction method, could further improve image
quality and decrease CT image artifacts compared with
conventional iterative reconstruction when used with
LDCT of the coronary artery, chest, and abdomen [20,
21,23, 24,27].  ese studies also show that DLR has good
prospects for decreasing CT radiation dose and does not
significantly increase the reconstruction duration. Naka-
mura et al. found that DLR can decrease radiation dose
in high-resolution abdominal CT to 70% of the standard
dose without reducing image quality [32]. Singh et al. fur-
ther demonstrated that DLR can fundamentally maintain
objective image quality and detect low-contrast lesions in
the liver when sub-millisievert scans are performed on the
chest and abdomen; the radiation dose can be decreased
to 71% of that used for low-dose scans [33]. However, cur-
rent studies on DLR of the abdomen have mainly focused
on low-contrast lesions such as in the liver, with almost no
evaluation of high-contrast renal calculi combined with
ULDCT [34]. In this study, we also assessed kidney stones
and abdominal disease, and the results indicated that DLR
had high diagnostic performance for both high- and low-
contrast lesionson ULDCT. erefore, this study enhances
current knowledge on the usability of sub-millisievert
scans for the detection of renal calculi and the usability of
DLR in ULDCT for abdominal diseases.

ere were some limitations to our study. First, patients
received additional radiation during the second abdomi-
nal ULDCT scan. Nevertheless, the mean e ective dose
of the ultra—low-dose protocol (0.64 mSv) was relatively
low, and the cumulative dose from both protocols was
1.95-4.90 mSy, falling within the range of the radia-
tion dose used for renal colic CT imaging [35]. Second,
only HIR and DLR reconstructions were employed; we
did not consider model-based iterative reconstruction
(MBIR) because it is not routinely used at our hospital,
has a long reconstruction duration, and, as shown by pre-
vious studies, results in lower image quality than DLR
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reconstruction when radiation dose is low [23, 27].  ird,
this study mainly focused on suspected renal calculus
patients and, therefore, the scan area was limited to the
abdomen. In some patients with suspected renal calculi,
stones might travel to the ureter and bladder, which will
be considered in future studies by our group.

In summary, a combination of ULDCT and DLR recon-
struction could ensure renal calculus detection, decrease
image noise, and improve image quality.  is methodol-
ogy can maintain image quality while greatly decreasing
radiation dose for the clinical diagnosis and monitoring
of renal calculi.
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