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Background: Numerous computed tomography (CT) image reconstruction algorithms have been 
developed to improve image quality, and high-quality renal CT images are crucial to clinical diagnosis. This 
study evaluated the image quality and lesion visibility of deep learning-based image reconstruction (DLIR) 
compared with adaptive statistical iterative reconstruction-Veo (ASiR-V) in contrast-enhanced renal CT at 
different reconstruction strengths and doses.
Methods: From January 2020 to May 2021, we prospectively included 101 patients who underwent 
renal contrast-enhanced CT scanning (69 at 120 kV; 32 at 80 kV). All image data were reconstructed with 
ASiR-V (30% and 70%) and DLIR at low, medium, and high reconstruction strengths (DLIR-L, DLIR-M, 
and DLIR-H, respectively). The CT number, noise, noise reduction rate (NRR), signal-to-noise ratio 
(SNR), contrast-to-noise ratio (CNR), overall image quality, and the proportion of acceptable images were 
compared. Lesions of DLIR groups were evaluated, and the conspicuity-to-noise ratio (C/N) was calculated.
Results: Quantitative values (noise, SNR, CNR, and NRR) significantly differed between all 
reconstructions at 120 and 80 kV (P<0.001) and between each reconstruction, except ASiR-V 70% vs. 
DLIR-M. At 120 kV, the overall image quality and the proportion of acceptable images significantly 
differed between all reconstructions (P<0.001) and between each reconstruction, except ASiR-V 30% vs. 
DLIR-L and ASiR-V 70% vs. DLIR-M. At 80 kV, the overall image quality significantly differed between 
all reconstructions (P<0.001) and between each reconstruction, except between ASiR-V 30%, ASiR-V 70%, 
and DLIR-L. Quantitative and qualitative values were highest in DLIR-H, while the values were close in 
DLIR-H (80 kV) vs. ASiR-V 70% (120 kV) and DLIR-M (80 kV) vs. ASiR-V 30% (120 kV). The lesion 
conspicuity and noise significantly differed in DLIR at 120 kV and 80 kV (P<0.001). C/N significantly 
differed in DLIR at 120 kV (P<0.001) but not at 80 kV. DLIR-L and DLIR-M exhibited much-improved 
lesion display (C/N >1), and DLIR-H exhibited much-improved noise (C/N <1) at 120 kV. 
Conclusions: DLIR significantly improved the image quality and lesion visibility of renal CT compared 
with ASiR-V, even at a low dose.
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Introduction

As a first-line imaging technology for detecting renal 
lesions, computed tomography (CT) involves a short 
examination time and is low cost (1). However, artifacts 
that might be generated during CT imaging affect 
the diagnosis of kidney diseases (2). Given the diverse 
manifestations of renal lesions and the relatively complex 
multiphase scanning scheme, high-quality renal CT images 
are necessary for accurate diagnosis. Adaptive statistical 
iterative reconstruction-Veo (ASiR-V) was developed based 
on a physical model of an iterative reconstruction process, 
resulting in improved image quality and noise reduction (3). 
However, some studies revealed that ASiR-V images might 
be limited by a waxy, plastic, and unnatural appearance (4,5). 
Artificial intelligence in medical imaging can distinguish 
noise from anatomical structures and remove that noise 
from the raw image to achieve better image quality and 
decrease the radiation dose (4,6). By improving the ability 
to identify anatomical structures, deep learning-based 
image reconstruction (DLIR; TrueFidelity, GE Healthcare) 
can significantly improve image quality compared with 
traditional model-based iterative reconstruction methods 
(5,7,8). DLIR has been applied to some phantom and 
clinical studies, providing satisfactory noise reduction and 
better image quality than those of ASiR-V (9-11). This 
study evaluated the impact of DLIR algorithms on renal 
CT image quality and lesions at a routine dose (120 kV) and 
a low dose (80 kV). 

Methods

Patients

From January 2020 to May 2021, 101 patients with 
enhanced renal CT scanning images were included in 
this prospective study. As the radiation dose received by 
patients can vary, scans of different doses were performed 
(69 cases in the routine-dose group at 120 kV; 32 cases in 
the low-dose group at 80 kV). Patients were included if they 
planned to undergo an enhanced renal CT examination 
and had a normal weight, with a body mass index (BMI) of  
18.5−23.9 kg/m2 as recommended for Chinese adults (12). 
Patients were excluded if they had a severe allergy to iodized 

contrast media, had cardiac insufficiency, were pregnant, 
or had impaired renal function (glomerular filtration rate  
<60 mL/min/1.73 m2). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by Shandong University, 
and informed consent was obtained from all the patients.

CT data acquisition and image reconstruction

A 256-row CT scanner (Revolution CT; GE Healthcare, 
Chicago, IL, USA) was used for scanning. The main 
scanning parameters were the following: scanning mode, 
spiral; pitch, 0.992:1; noise index, 8.0; collimation,  
1.25 mm; tube rotation time, 0.5 s; routine-dose group, 
120 kV/SmartmA (100–500 mA); and low-dose group, 
80 kV/SmartmA (100–600 mA). After the precontrast 
phase, the abdominal aorta at the level of the porta hepatis 
was monitored for threshold trigger scanning. The 
trigger threshold was 120 HU. The corticomedullary, 
nephrographic, and excretory phases were initiated with 
delays of 30 s, 70 s, and 3 min, respectively, according to 
a bolus-tracking program (SmartPrep; GE Healthcare). 
The amount of nonionic contrast agent containing 300 mg  
iodine/mL was 1.5 mL/kg for patients’ body weight  
(450 mg iodine/kg) and was injected at a rate of 3.0 mL/s. 
The renal nephrographic phase images were reconstructed 
at 120 and 80 kV using ASiR-V (30% and 70%) and DLIR 
at low, medium, and high reconstruction strengths (DLIR-L, 
DLIR-M, and DLIR-H, respectively). The reconstruction 
thickness and interval were 1.25 mm.

Radiation dose

The volume CT dose index (CTDIvol;  mGy) and 
the scanning dose-length product (DLP; mGy·cm) 
in the nephrographic phase of the dose report were 
recorded, and the effective dose (ED) was calculated with  
k=0.015 mSv/(mGy·cm) (13).

Quantitative image analysis

Image analysis was performed on Advantage Workstation 
4.6 (GE Healthcare). All patient information and scanning 
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parameters were hidden. The reconstructed images were 
linked to enable the simultaneous review of identical 
anatomic levels. The region of interest (ROI) used had 
a diameter of 3 to 5 mm, bilateral measurements were 
repeated twice, and the average values were recorded. A 
radiologist with more than 3 years of working experience 
drew the ROIs on the subcutaneous fat of the abdominal 
wall, bilateral renal parenchyma, and proximal renal vein 
at the level of the renal hilum. Measurements avoided 
calcification, thrombosis, local lesions, and artifacts. 
The CT number and noise of each measurement were 
recorded. The noise of subcutaneous fat was included as the 
background noise.

The signal-to-noise ratio (SNR) was calculated as 
follows:

target targetSNR=HU /Noise
 

[1]

The contrast-to-noise ratio (CNR) relative to fat was 
calculated as follows (14): 

( )target fat fatCNR= mean HU mean HU /Noise−
 

[2]

The noise reduction rate (NRR) relative to ASiR-V 30% 
was calculated as follows: 

( )ASiR-V 30% target ASiR-V 30%NRR= Noise Noise /Noise 100%− ×
    

[3]

Qualitative image analysis

Two radiologists with 5 years of experience performed 
blind evaluations, 1 of whom repeated the evaluation after  
2 weeks. In cases of discordance between the two 
radiologists, a final consensus was achieved. The 4-point 
subjective scale (1 to 4 points) was used (Table 1) to grade 
the differentiation of the renal boundary, the conspicuity of 
the renal hilum, sharpness, artifacts, and subjective noise. 
The overall image quality based on the above 5 aspects was 
calculated, with the total score ranging from 5 (worst) to 
20 (best). When the overall image quality score was ≥12, 

which was more than 60% of the maximum of the overall 
image quality score, the images were considered to be of 
acceptable diagnostic quality (15). Correspondingly, the 
proportion of acceptable images was calculated. 

DLIR lesion evaluation

Cases with renal lesions of DLIR at 120 and 80 kV groups 
were evaluated. The lesions included suspected primary 
tumors, metastases, and other cystic or solid lesions. The 
lesion conspicuity and noise were graded (Table 1), and the 
conspicuity-to-noise ratio (C/N) at every reconstruction 
strength was calculated as follows:

conspicuity noiseC/N=score /score  [4]

C/N was used to evaluate the varying degrees of 
improvement in lesion conspicuity and noise reduction 
at different reconstruction strengths. When the images 
showed much-improved details of lesion visibility, C/N >1. 
When the images showed much-improved decreasing noise, 
C/N <1.

Statistical analysis

SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used 
for statistical analysis. The data are expressed as the 
mean ± standard deviation. After using the Kolmogorov-
Smirnov test to determine if the data followed a normal 
distribution, analysis of variance (ANOVA) was used to 
compare differences. For the evaluation between lesions 
and the reconstruction strength, a linear trend was tested 
with the Cochran-Armitage trend test. The Kruskal-Wallis 
test was used for data that did not conform to a normal 
distribution. Intraclass correlation (ICC) analysis was used 
to evaluate the consistency between and within observers. 
ICC <0.4, 0.4−0.8, and >0.8 indicated weak, moderate, and 
strong agreement, respectively. A 2-tailed P value <0.05 was 
considered statistically significant. 

Table 1 Grading scores of qualitative image assessments

Grading 
score

Differentiation of 
renal boundary

Conspicuity of 
renal hilum

Sharpness Artifacts Subjective noise Lesion conspicuity Overall image quality

1 Non-diagnostic Non-diagnostic Blurry Marked Marked Non-diagnostic 5 (worst)

2 Poor Poor Slight Major Major Poor ≥12 (acceptable)

3 Moderate Moderate Strong Minor Minor Moderate 20 (best)

4 Excellent Excellent Distinct Absent Absent Excellent
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Results

Characteristics of participants and radiation dose

There were 101 cases evaluated in this study (59.93±1.26 years;  
65 males; 36 females; BMI 22.24±2.78 kg/m2). In the 120 kV  
group (69 cases), the DLP was 363.96±190.24 mGy·cm, 
the CTDIvol was 11.89±4.96 mGy, and the ED was  
5.50±2.85 mSv. In the 80 kV group (32 cases), the DLP was 
77.02±28.22 mGy·cm, the CTDIvol was 2.53±0.82 mGy, 
and the ED was 1.15±0.42 mSv. There were no significant 
differences in age, sex, or BMI between the 120 and 80 kV 
groups (P>0.05), while the difference in radiation doses was 
statistically significant (P<0.001) (Table 2). The radiation dose 
in the 80 kV group was 79% lower than that in the 120 kV 
group (P<0.001).

Quantitative image analysis

Noise, SNR, CNR, and NRR were significantly different 
between the 5 reconstructions at both 120 and 80 kV 
(P<0.001) and between each reconstruction, except 
for ASiR-V 70% vs. DLIR-M. Furthermore, DLIR-H 
exhibited the lowest noise and the highest SNR, CNR, and 
NRR at both 120 and 80 kV (Table 3; Figure 1).

Qualitative image analysis

The inter- and intraobserver correlation coefficients were 
0.874 (95% confidence interval: 0.840–0.902; P<0.001) and 
0.924 (95% confidence interval: 0.797–0.972; P<0.001), 
respectively (Table 4).

Overall image quality at 120 kV
The overal l  image qual ity and the proportion of 
acceptable images were significantly different between the  
5  r econs t ruc t ions  (P<0 .001 )  and  be tween  each 
reconstruction, except for ASiR-V 30% vs. DLIR-L and 
ASiR-V 70% vs. DLIR-M. The overall image quality and 
the proportion of acceptable images were as follows (from 

the highest to the lowest): DLIR-H, DLIR-M, ASiR-V 
70%, DLIR-L, and ASiR-V 30% (Table 5; Figure 2).

Overall image quality at 80 kV
The overall image quality was significantly different 
between 5 reconstructions (P<0.001) and between each 
reconstruction, except among ASiR-V 30%, ASiR-V 
70%, and DLIR-L. Differences in the proportion of 
acceptable images were statistically significant between the  
5 reconstructions (P<0.05) and between each reconstruction. 
The overall image quality and the proportion of acceptable 
images were as follows (from the highest to the lowest): 
DLIR-H, DLIR-M, DLIR-L, ASiR-V 70%, and ASiR-V 
30% (Table 5; Figure 2).

Comparisons between the DLIR groups at 80 kV and the 
ASiR-V groups at 120 kV

Significant differences were identified in noise, SNR, CNR, 
overall image quality, and the proportion of acceptable 
images between the DLIR groups at 80 kV and ASiR-V 
at 120 kV (P<0.001). However, there were no significant 
differences between DLIR-H at 80 kV and ASiR-V 70% at 
120 kV or between DLIR-M at 80 kV and ASiR-V 30% at 
120 kV (Tables 3,5; Figures 1,2).

Evaluation of lesions of DLIR

A total of 45 cases with renal lesions (30 and 15 cases in the 
120 and 80 kV DLIR groups, respectively) and 103 lesions 
were evaluated (83 and 30 lesions in the 120 and 80 kV 
DLIR groups, respectively). 

The lesion conspicuity, noise, and C/N significantly 
differed between DLIR reconstruction strengths at 
120 kV (P=0.01; P<0.001; P<0.001). For the lesion 
conspicuity, noise, and C/N at 120 kV, significant linear 
trends dependent on DLIR reconstruction strengths were 
confirmed (Ptrend =0.005; Ptrend <0.001; Ptrend <0.001). The  
C/N for DLIR-L, DLIR-M, and DLIR-H was 1.37, 1.06, 

Table 2 Radiation doses and characteristics of participants

Voltage CTDIvol (mGy) DLP (mGy·cm) ED (mSv) Age (years) Sex BMI (kg/m2)

120 kV 11.89±4.96 363.96±190.24 5.50±2.85 59.38±0.95 45 M, 24 F 23.45±2.09

80 kV 2.53±0.82 77.02±28.22 1.15±0.42 61.02±1.09 20 M, 12 F 19.84±2.41

P value <0.001 <0.001 <0.001 0.198 0.791 0.196

Data are given as mean ± standard deviation. CTDIvol, volume CT dose index; DLP, dose length product; ED, effective dose; M, male; F, 
female; BMI, body mass index.
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Figure 1 Quantitative image analysis of ASiR-V and DLIR. At 120 and 80 kV, noise, SNR, and CNR were significantly different between 
all reconstructions (P<0.001) and were also statistically significant between each reconstruction, except ASiR-V 70% vs. DLIR-M. 
ASiR-V 30%/70%, adaptive statistical iterative reconstruction-Veo 30%/70%; DLIR-L, deep learning-based image reconstruction at low 
reconstruction strength; DLIR-M, deep learning-based image reconstruction at medium reconstruction strength; DLIR-H, deep learning-
based image reconstruction at high reconstruction strength; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.

and 0.87, respectively.
The conspicuity of lesions and noise were significantly 

different between the DLIR reconstruction strengths at 
80 kV (P<0.001; P<0.001), but C/N was not significantly 

different (P=0.941). For the lesion conspicuity and noise 
at 80 kV, significant linear trends dependent on DLIR 
reconstruction strengths were confirmed (P<0.001; 
P<0.001), but not for C/N (Ptrend=0.758; Table 6; Figure 2). 
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Table 4 Qualitative image analysis using ASiR-V and DLIR

Groups

Differentiation of renal 
boundary

Conspicuity of renal 
hilum

Sharpness Artifacts Subjective noise

Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2 Rater 1 Rater 2

120 kV

ASiR-V 30% 3.81±0.40 3.24±0.54 3.44±0.62 2.92±0.45 3.53±0.51 3.85±0.36 2.97±0.65 2.50±0.58 2.84±0.37 2.77±0.42

ASiR-V 70% 3.84±0.37 3.69±0.47 3.81±0.40 3.71±0.51 2.66±0.48 2.56±0.54 3.47±0.62 2.94±0.60 3.53±0.57 3.15±0.58

DLIR-L 3.88±0.34 3.39±0.49 3.63±0.55 2.89±0.31 3.72±0.46 3.54±0.62 3.22±0.61 2.55±0.51 3.09±0.39 2.77±0.67

DLIR-M 3.90±0.30 3.63±0.53 3.84±0.37 3.71±0.54 3.88±0.42 2.78±0.47 3.75±0.51 3.23±0.69 3.59±0.50 3.31±0.47

DLIR-H 3.97±0.18 3.83±0.38 3.91±0.30 3.79±0.46 2.81±0.47 2.08±0.65 3.88±0.34 3.67±0.56 3.97±0.18 3.79±0.41

80 kV

ASiR-V 30% 3.08±0.49 3.18±0.51 2.60±0.53 2.58±0.50 3.59±0.55 3.40±0.68 2.42±0.55 2.53±0.52 2.16±0.50 1.97±0.41

ASiR-V 70% 3.43±0.50 3.27±0.46 2.97±0.76 2.72±0.70 2.56±0.50 2.50±0.51 2.76±0.68 2.62±0.50 2.90±0.49 2.86±0.35

DLIR-L 3.29±0.57 3.37±0.56 2.76±0.79 2.54±0.64 3.47±0.65 3.43±0.63 2.63±0.54 2.68±0.55 2.39±0.64 2.32±0.55

DLIR-M 3.53±0.51 3.44±0.51 3.26±0.50 3.11±0.42 2.66±0.48 2.64±0.49 3.18±0.69 3.14±0.65 3.05±0.40 3.06±0.42

DLIR-H 3.61±0.50 3.73±0.45 3.45±0.50 3.21±0.57 2.63±0.49 2.57±0.50 3.42±0.60 3.39±0.57 3.66±0.48 3.71±0.46

The data are shown as the mean ± standard deviation. ASiR-V 30%/70%, adaptive statistical iterative reconstruction-Veo 30%/70%; 
DLIR-L, deep learning-based image reconstruction at low reconstruction strength; DLIR-M, deep learning-based image reconstruction at 
medium reconstruction strength; DLIR-H, deep learning-based image reconstruction at high reconstruction strength.

Table 5 Overall image quality using ASiR-V and DLIR

Groups Overall image quality Score ≥12 (%)

120 kV

ASiR-V 30% 13.48±1.54++,**,*** 60.42++,**,***

ASiR-V 70% 16.06±1.80+,*,*** 89.58+,*,***

DLIR-L 13.67±1.85++,**,*** 60.42++,**,***

DLIR-M 16.40±1.65+,*,*** 93.75+,*,***

DLIR-H 17.08±1.33+,++,*,** 100+,++,*,**

P value <0.001 <0.001

80 kV

ASiR-V 30% 12.84±1.4**,*** 32.00++,*,**,***

ASiR-V 70% 12.86±1.83**,*** 40.91+,*,**,***

DLIR-L 13.32±1.7**,*** 46.43+,++,**,***

DLIR-M 14.36±1.66+,++,*,*** 60.71+,++,*,***

DLIR-H 15.43±1.50+,++,*,** 89.29+,++,*,**

P value <0.001 0.012

The data are shown as the mean ± standard deviation. Significant differences (P<0.05) were vs. ASiR-V 30% (+), vs. ASiR-V 70% (++), vs. 
DLIR-L (*), vs. DLIR-M (**), and vs. DLIR-H (***) are shown. ASiR-V 30%/70%, adaptive statistical iterative reconstruction-Veo 30%/70%; 
DLIR-L, deep learning-based image reconstruction at low reconstruction strength; DLIR-M, deep learning-based image reconstruction at 
medium reconstruction strength; DLIR-H, deep learning-based image reconstruction at high reconstruction strength.
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Figure 2 Overall image quality of ASiR-V and DLIR and the evaluation of lesions using DLIR. The overall image quality and the 
proportion of acceptable images were significantly different between each reconstruction at 120 kV, except ASiR-V 30% vs. DLIR-L and 
ASiR-V 70% vs. DLIR-M and significantly different between each reconstruction at 80 kV, except among ASiR-V 30%, ASiR-V 70%, and 
DLIR-L (A,B). The lesion conspicuity, noise, and C/N were significantly different between the DLIR groups at 120 kV (P<0.001) (C). The 
conspicuity of lesions and noise were significantly different between the DLIR groups at 80 kV (P<0.001), but C/N was not significantly 
different (D). ASiR-V 30%/70%, adaptive statistical iterative reconstruction-Veo 30%/70%; DLIR-L, deep learning-based image 
reconstruction at low reconstruction strength; DLIR-M, deep learning-based image reconstruction at medium reconstruction strength; 
DLIR-H, deep learning–based image reconstruction at high reconstruction strength; C/N, conspicuity-to-noise ratio.

Table 6 Evaluation of lesions in DLIR

Groups Lesion conspicuity Noise C/N

120 kV

DLIR-L 2.93±0.73**,*** 2.20±0.50**,*** 1.37±0.39**,***

DLIR-M 3.31±0.54*,*** 3.15±0.36*,*** 1.06±0.26*,***

DLIR-H 3.41±0.57*,** 3.93±0.26*,** 0.87±0.14*,**

P value 0.01 <0.001 <0.001

80 kV

DLIR-L 2.00±0.89**,*** 2.00±0.00**,*** 1.00±0.45

DLIR-M 2.65±0.49*,*** 2.71±0.47*,*** 1.00±0.23

DLIR-H 3.35±0.49*,** 3.50±0.52*,** 0.97±0.85

P value <0.001 <0.001 0.941

The data are shown as the mean ± standard deviation. Significant differences (P<0.05) vs. DLIR-L (*), vs. DLIR-M (**), and vs. DLIR-H (***) 
are shown. C/N, conspicuity-to-noise ratio; DLIR-L, deep learning-based image reconstruction at low reconstruction strength; DLIR-M, 
deep learning-based image reconstruction at medium reconstruction strength; DLIR-H, deep learning-based image reconstruction at high 
reconstruction strength.
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ASiR-V 30% DLIR-LASiR-V 70% DLIR-M DLIR-H

A

B

C

D

E

Figure 3 Image quality comparison of ASiR-V 30%, ASiR-V 70%, DLIR-L, DLIR-M, and DLIR-H. Images of DLIR and ASiR-V at 
120 kV (A,B) and 80 kV (C,D). After intervention therapy in 2 patients, prominent radial and streak-like artifacts were apparent, and 
several ovoid hypoenhancing lesions were observed in the kidney (B,D). Three lesions of different sizes are marked with white arrows, 
black arrowheads, and black arrows. DLIR-H displayed slight blurring of lesions smaller than 5 mm (black arrow; E). ASiR-V 30%/70%, 
adaptive statistical iterative reconstruction-Veo 30%/70%; DLIR-L, deep learning-based image reconstruction at low reconstruction 
strength; DLIR-M, deep learning-based image reconstruction at medium reconstruction strength; DLIR-H, deep learning-based image 
reconstruction at high reconstruction strength.

Discussion

DLIR has the potential to reduce noise and improve 
image quality (3-6,14,15). Using DLIR could decrease 
the radiation dose and maintain diagnostic performance. 
In this study, compared with ASiR-V, DLIR not only 
improved the objective image quality (higher noise, NRR, 
SNR, and CNR) but also provided better subjective image 
quality (higher overall image quality score and a proportion 

of acceptable image). DLIR-H exhibited the best image 
quality, even at a low dose and with significant artifacts 
(Figure 3). The overall image quality and the proportion 
of acceptable image quality in DLIR-H and DLIR-M 
were higher than those of ASiR-V at both 120 and 80 kV. 
Moreover, DLIR-H had the highest level of noise reduction 
and subjective image quality. DLIR-H at 80 kV achieved an 
image quality close to that of ASiR-V 70% at 120 kV. These 
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results suggested that DLIR was better at identifying noise 
and optimizing images than was ASiR-V. 

Based on prior studies, we evaluated the impact of 
DLIR on lesion visibility and noise (16,17). Trend tests are 
important for improving the performance of statistical and 
visual analysis (18,19). Accordingly, we tested and showed 
trends dependent on DLIR reconstruction strengths for 
lesion visibility and noise. We also introduced C/N to 
evaluate the differences in the improvement of lesion 
visibility and noise reduction. We found that the 2 were 
simultaneously improved but to varying degrees, as DLIR 
reconstruction strengths increased at 120 kV. At 120 kV, 
DLIR-L and DLIR-M (C/N >1) tended to optimize lesion 
conspicuity to a better degree than they reduced the noise. 
DLIR-H (C/N <1) tended to reduce the noise to a better 
degree than it optimized the lesion visibility. At 80 kV, the 
lesion display and noise reduction yielded increasing trends 
dependent on DLIR reconstruction strengths. However, it 
was hard to evaluate lesions based on relatively high-noise 
images, and the difference in improvement for both was not 
significant.

Previous studies reported that images using a high-
strength denoising algorithm displayed a slight blurring, 
and the blurring of small lesions (<5 mm) at the highest 
reconstruction strength was revealed in DLIR (17,20,21) 
(Figure 3E). Our results showed that the improvement 
in noise reduction at DLIR-H might be better than the 
improvement in lesion display. This finding might explain 
the loss of details in DLIR-H images at the edges of small 
lesions. Therefore, DLIR-M might perform better than 
DLIR-H on small lesions with a 1.25-mm slice thickness. 
The strengths of DLIR in balancing the degree of lesions 
and denoising should be considered for clinical tasks (17). 

This study had several limitations. First, the influence 
of DLIR on diagnostic accuracy and confidence under 
different pathological conditions still remains to be 
evaluated under specific diagnostic requirements. Second, 
the influences of applying DLIR to overall renal scanning 
remain to be explored in multiple phases. Third, only 
1.25-mm images were evaluated in this study. Whether 
the blurring of small lesions could be improved at high 
reconstruction strength warrants studies with a thinner 
slice thickness. Fourth, C/N is a new concept, and its 
ability to improve to reveal the difference in improvement 
for lesion visibility and noise reduction at different DLIR 
reconstruction strengths needs to be confirmed in future 
studies. Fifth, although DLIR exhibited good image quality 
under low-dose renal CT scanning in a normal-weight 

population, its use in the overweight and obese population 
should be studied further. Finally, more raters are needed to 
conduct the subjective evaluations, and larger sample sizes 
are required to verify the conclusions of this study.

Conclusions

DLIR significantly improved the overall quality of renal 
CT images and lesion display compared with ASiR-V, even 
at a low dose. Therefore, DLIR is a potential denoising and 
reconstruction method with promising clinical value.
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