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Background: We retrospectively examined image quality (IQ) of thin-slice virtual monochromatic imag-

ing (VMI) of half-iodine-load, abdominopelvic, contrast-enhanced CT (CECT) by dual-energy CT

(DECT) with deep learning image reconstruction (DLIR).

Methods: In 28 oncology patients with moderate-to-severe renal impairment undergoing half-iodine-

load (300 mgI/kg) CECT by DECT during the nephrographic phase, we reconstructed VMI at 40-70 keV

with a slice thickness of 0.625 mm using filtered back-projection (FBP), hybrid iterative reconstruction

(HIR), and DLIR; measured contrast-noise ratio (CNR) of the liver, spleen, aorta, portal vein, and pros-

tate/uterus; and determined the optimal keV to achieve the maximal CNR. At the optimal keV, two in-

dependent radiologists compared each organ’s CNR and subjective IQ scores among FBP, HIR, and

DLIR to subjectively grade image noise, contrast, sharpness, delineation of small structures, and overall

IQ.

Results: CNR of each organ increased continuously from 70 to 40 keV using FBP, HIR, and DLIR. At 40

keV, CNR of the prostate/uterus was significantly higher with DLIR than with FBP; however, CNR was

similar between FBP and HIR and between HIR and DLIR. The CNR of all other organs increased sig-

nificantly from FBP to HIR to DLIR (P < 0.05). All IQ scores significantly improved from FBP to HIR to

DLIR (P < 0.05) and were acceptable in all patients with DLIR only.

Conclusions: The combination of 40 keV and DLIR offers the maximal CNR and a subjectively accept-

able IQ for thin-slice VMI of half-iodine-load CECT. (J Nippon Med Sch 2025; 92: 69―79)
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Introduction

Abdominopelvic contrast-enhanced computed tomogra-

phy (CECT) is widely performed and requires sufficiently

high spatial and contrast resolution, particularly for on-

cologic follow-up. Reducing slice thickness may improve

diagnosis of fine recurrent, disseminated, and metastatic

lesions, as well as diagnostic confidence, and decrease

variability of tumor size measurement, leading to opti-

mal patient management by decreasing partial-volume

averaging and increasing spatial resolution1―8. However,

image noise linearly increases because of the lower pho-

ton counts9,10. Achieving adequate contrast enhancement

of the parenchymal organs requires a relatively large io-

dine load, which may increase the risk of contrast-

induced nephropathy (CIN)11. A meta-analysis revealed

associations between CIN and renal insufficiency, malig-

nancy, and old age12; thus, iodine load in CECT examina-

tions should be reduced, particularly for oncologic
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Table　1　Patient characteristics

Number of patients 28

Age (years) * 70 ± 10

Male/Female 14/14

Weight (kg) * 62.1 ± 13.2

BMI (kg/m2) * 23.8 ± 3.3

Purpose of Examination Oncologic follow-up

Primary Tumor Renal cell carcinoma (20 cases), 
Prostatic cancer (3 cases), 
Bladder cancer (2 cases), 
Hepatocellular carcinoma 
(2 cases), Gastric cancer
(1 case)

*Data are expressed as mean ± SD.

BMI, body mass index.

follow-up in patients with renal insufficiency.

Dual-energy CT (DECT) uses two different X-ray spec-

tra to simultaneously or near-simultaneously acquire two

distinct datasets13 and reconstruct various material- or

energy-specific datasets, including virtual monochromatic

imaging (VMI) at various energy levels (e.g., 40-140

keV)14―16. VMI depicts how the imaged object would look

if the X-ray source produced only X-ray photons at a sin-

gle energy. VMI at 40 keV, the closest to the K-edge of io-

dine (33.2 keV), can maximize iodine attenuation and re-

duce the iodine load while preserving contrast enhance-

ment but, because of the lower photon counts, may

maximize image noise and reduce lesion conspicuity17,18.

Thus, reducing iodine load for VMI of a thin slice at 40

keV, which produces the most image noise and the low-

est signal-noise ratio (SNR) and contrast-noise ratio

(CNR)19, appears challenging in abdominopelvic CECT

because it frequently results in non-diagnostic image

quality (IQ).

IQ has been improving since the recent introduction of

deep learning image reconstruction (DLIR), which uses

high-quality image data acquired at a high radiation

dose that is further reconstructed with filtered back-

projection (FBP) as targeting data20,21. There is a trade-off

between spatial resolution and image noise in traditional

filtered back-projection (FBP) and hybrid iterative recon-

struction (HIR), which is currently the most popular al-

gorithm in clinical CT examinations22. In contrast, previ-

ous phantom and clinical studies have reported that

DLIR preserves spatial resolution with lower image noise

than HIR23,24. It is uncertain, however, whether thin-slice

VMI can preserve diagnostic IQ aided by DLIR in half-

iodine-load CECT; further, the energy level that should

be selected is unknown. Thus, this clinical pilot study

retrospectively assessed the IQ of VMI at various energy

levels of half-iodine-load abdominopelvic CECT of a thin

slice reconstructed with FBP, HIR, and DLIR for on-

cologic follow-up of patients with renal insufficiency.

Materials and Methods

This retrospective study was approved by the relevant

institutional review board (approval number: 2022-0104)

and was conducted according to the principles of the

Declaration of Helsinki.

Patients

We retrospectively enrolled 32 consecutive adult pa-

tients with malignancies and moderate-to-severe renal

impairment (i.e., estimated glomerular filtration rate: <45

mL/min/1.73 m2) who underwent half-iodine-load (300

mg iodine/kg) abdominopelvic CECT for oncologic

follow-up using a 256-detector DECT scanner (Revolu-

tion CT; GE Healthcare, Milwaukee, Wis) as our routine

clinical protocol, which was used whenever clinically ap-

plicable, between October 2021 and December 2021. The

exclusion criteria were severe metallic/beam-hardening

artifact(s) and difficulty in appropriate placement of re-

gions of interest (ROIs) in the target organ(s), which pre-

cluded the IQ assessment described below. Four patients

were excluded for a severe metallic artifact from a lum-

bar prosthesis (n = 1), severe beam-hardening artifact

due to arms-down positioning (n = 1), difficulty in ap-

propriate ROI placement (n = 2) due to a huge liver cyst

(n = 1), and severe atrophy of the left hepatic lobe (n =

1). Thus, we ultimately included 28 patients [14 men, 14

women; mean age, 70 ± 10 years (45-88 years); mean

body weight (BW), 62.1 ± 13.2 kg (41-97 kg); and mean

body mass index (BMI), 23.8 ± 3.3 kg/m2 (17-32 kg/m2)]

in this study (Table 1). No unexpected events, including

technical failure, unstable breath-holding, or allergic reac-

tions to contrast media (CM), were observed in any pa-

tient.

CT Image Acquisition and Reconstruction

The patients underwent helical abdominopelvic CECT

acquisition with the DECT scanner using the following

parameters: tube voltage, 80 and 140 kVp; tube current,

320-480 mA; rotation time, 0.6 s; pitch, 0.992:1; field of

view, 32-40 cm; and detector collimation, 0.625 × 128 mm.

All patients received non-ionic iodinated CM (Iopamiron

300; Bayer HealthCare, Osaka, Japan) at a concentration

of 300 mg/mL. We administered 300 mg iodine/kg over

30 s via the right antecubital vein using a 22-gauge plas-

tic intravenous catheter with a power injector (Dual Shot-

type GX 7; Nemoto Kyorindo, Tokyo, Japan), and we be-

gan scanning after 100 s of CM administration. We re-
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viewed the volume CT dose index (CTDIvol) and dose-

length product (DLP) recorded as a dose report to deter-

mine radiation exposure. We calculated the effective dose

as the DLP multiplied by a k factor for the abdomen and

pelvis of 0.015 mSv・mGy-1・cm-1 25 for each patient.

Thus, we calculated the mean CTDIvol and DLP and esti-

mated the effective dose for this protocol. We equally cal-

culated mean size-specific dose estimates (SSDE) to ac-

count for individual patient body habitus, as previously

described26. For each patient, we reconstructed the VMI

of the CECT at 40-70 keV (1-keV interval) with FBP, HIR

(ASiR-V 40%, GE Healthcare), and DLIR (TrueFidelity

Image-Medium, GE Healthcare) algorithms using the fol-

lowing parameters: matrix size, 512 × 512; minimal slice

thickness, 0.625 mm; and field of view, 32-40 cm. We did

not reconstruct the VMI at 71 keV or higher, which offers

lower image contrast than single-energy CT (SECT) at

120 kVp, because the CT value of VMI at approximately

70 keV was reported to be equal to that of SECT at 120

kVp19.

Quantitative IQ Assessment

On the axial VMI at 40-70 keV in each patient recon-

structed by FBP, HIR, and DLIR and displayed on a com-

mercially available workstation (Advantage Window Ver-

sion 4.7, GE Healthcare), three radiology technologists

(H.S., S.W., and F.R.) placed circular ROIs (area: 144.3 ±

125.9 mm2) in the liver, spleen, abdominal aorta, portal

vein, paraspinal muscle, and subcutaneous fat of the an-

terior abdominal wall in three consecutive slices at the

level of the hepatic hilum, the prostate in men or uterus

in women, the gluteus maximus muscle, and subcutane-

ous fat of the anterior abdominal wall in three consecu-

tive slices at the level of the prostate/uterus. Then they

measured the mean CT value of each anatomic structure

and the standard deviation (SD) of the CT value. During

the procedure, they carefully avoided any areas of focal

changes in attenuation, prominent artifacts and large

blood vessels in the parenchymal organs, and any macro-

scopically fatty area in the muscles. The CNR of each or-

gan was calculated as the mean CT value of each organ

minus that of the muscle divided by the SD of the CT

value of fat in the abdomen and pelvis. The mean CNR

of each organ was calculated at each keV to determine

the optimal keV for achieving the maximum CNR of

each organ.

Qualitative IQ Assessment

At a workstation, two independent board-certified ra-

diologists (N.M. and K.T.)―who had 10 and 11 years of

clinical experience, respectively, and were blinded to pa-

tient demographics and CT parameters―used a 4-point

scale on a fixed window setting (window width, 650 HU;

window level, 50 HU) to subjectively evaluate image

noise, contrast, sharpness, delineation of small structures,

and overall IQ of the VMI at the optimal keV recon-

structed by FBP, HIR, and DLIR. Four points indicated

excellent IQ, three points indicated good IQ, two points

indicated fair IQ, and one point indicated poor IQ. Here,

two to four points were considered diagnostic and one

point as non-diagnostic.

Statistical Analysis

All continuous variables were expressed as mean ± SD,

and all categorical variables were expressed as median

(interquartile range [IQR]). Commercially available statis-

tical software SPSS for Windows, Version 23.0 (IBM SPSS,

Armonk, NY, USA) was used to perform statistical analy-

sis. The Kruskal-Wallis test with Bonferroni correction

was used to compare each organ’s CT value, CNR, and

subjective IQ scores on the VMI at the optimal keV

among FBP, HIR, and DLIR. The weighted kappa test

was used to estimate inter-reviewer agreement. P < 0.05

was considered to be statistically significant.

Our institutional review board approved this retrospec-

tive study, and all patients provided written informed

consent.

Results

The mean CTDIvol was 14.3 ± 0.8 mGy; DLP, 1,074.5 ±

104.5 mGy・cm; estimated effective dose, 16.1 ± 1.6 mSv;

and SSDE, 18.0 ± 1.4 mGy.

Quantitative IQ Assessment

The CT value and CNR of every organ increased con-

tinuously from 70 keV to 40 keV with FBP, HIR, and

DLIR (Fig. 1, 2). Thus, the optimal keV for all organs us-

ing all three reconstruction algorithms was 40 keV. At the

optimal keV, CT values of all organs were comparable

among FBP, HIR, and DLIR (P = 0.89-1.00) (Table 2);

however, CNR of the prostate/uterus was significantly

greater with DLIR than with FBP (P = 0.01) but compara-

ble between FBP and HIR (P = 0.53) and between HIR

and DLIR (P = 0.08). CNR of any other organs increased

significantly from FBP to HIR to DLIR (P < 0.01 for all)

(Table 3).

Qualitative IQ Assessment

All IQ scores at the optimal keV (i.e., 40 keV) im-

proved significantly from FBP to HIR to DLIR (P < 0.001

for all) and were acceptable in 17/28 patients (61%) with

FBP, 27/28 patients (96%) with HIR, and all patients with

DLIR (Table 4 and Fig. 3). Inter-reviewer agreement was
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Fig.　1　Line graphs of the CT value of the liver (a), spleen (b), aorta (c), portal vein (d), and prostate/uterus (e) on VMI at 

40–70 keV reconstructed with FBP, HIR, and DLIR. The CT values for all organs increased continuously from 70 

to 40 keV with FBP, HIR, and DLIR.

CT, computed tomography; DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid 

iterative reconstruction; VMI, virtual monochromatic imaging.

substantial (κ = 0.65).

As shown in representative cases (Fig. 4, 5), on VMI at

40 keV of half-iodine-load, abdominopelvic CECT with

minimal slice thickness, low-contrast lesions, such as

liver metastases (Fig. 4) and a mass protruding into the

bladder (Fig. 5), are better delineated mainly because

there was less image noise from FBP to HIR to DLIR. In

particular, with DLIR, IQ, including natural image noise

and texture, appears well preserved even with minimal

slice thickness, which allows generation of high-quality

multiplanar reformation (MPR) images. Specifically, over-

all IQ was graded as 1 and 2 for FBP, 2 and 3 for HIR,

and 4 and 4 for DLIR by reviewers 1 and 2, respectively,

in the former patient (Fig. 4), and 2 and 2 for FBP, 3 and

2 for HIR, and 4 and 4 for DLIR in the latter patient (Fig.

5).

Discussion

In this study, focusing on the VMI of half-iodine-load ab-

dominopelvic CECT with 0.625-mm slice thickness for

oncologic follow-up in patients with moderate-to-severe

renal impairment, the CT value and CNR increased con-

tinuously from 70 to 40 keV; thus, 40 keV was the opti-

mal keV to achieve the maximum CNR, which was ob-

tained with FBP, HIR, and DLIR in all organs.

To our knowledge, this is a novel finding obtained by

detailed quantitative comparison of the CNR at 40-70

keV (1-keV interval), whereas an intermediate energy

range of approximately 60-70 keV has been so far re-

ported to maximize CNR18,27,28. This may be attributable to

our advanced DECT hardware, which is equipped with

gemstone detectors that offer approximately 2.5 times

more views with 1,000 times faster primary speed and

four times less afterglow than standard CT systems. The

present DECT system uses a fast tube voltage switching

technique that synchronously optimizes tube current or

photon flux between the low and high tube voltages (i.e.,

80 and 140 kVp), unlike the conventional technique,
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Fig.　2　Line graphs of the CNR of the liver (a), spleen (b), aorta (c), portal vein (d), and prostate/uterus (e) on VMI at 40–

70 keV reconstructed with FBP, HIR, and DLIR. CNR values for all organs increased continuously from 70 to 40 

keV with FBP, HIR, and DLIR.

CNR, contrast-noise ratio; DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid it-

erative reconstruction; VMI, virtual monochromatic imaging.

Table　2　CT values at 40 keV

FBP HIR DLIR P value

Liver 154.3 ± 23.7 153.7 ± 24.1 154.0 ± 23.8 0.99

Spleen 181.1 ± 15.7 181.0 ± 14.4 180.7 ± 14.7 0.99

Aorta 250.1 ± 25.6 248.7 ± 24.8 249.1 ± 24.7 0.97

Portal vein 251.0 ± 30.0 249.7 ± 28.9 250.1 ± 29.4 1.00

Prostate/Uterus 137.5 ± 35.8 134.2 ± 35.6 133.9 ± 37.1 0.89

Data are expressed as mean ± SD (in HU).

CT, computed tomography; DLIR, deep learning image reconstruction; FBP, 

filtered back projection; HIR, hybrid iterative reconstruction.

which exposes a constant tube current or photon flux be-

tween the two different tube voltages29. As compared

with the conventional fast tube voltage switching tech-

nique that exposes a constant tube current (mA), improv-

ing a low-kVp signal with this synchronized kVp and

mA switching technique is particularly beneficial for im-

proving IQ of VMI at a low energy level.

At 40 keV, the CNR of the prostate/uterus was signifi-

cantly higher with DLIR than with FBP but comparable

between FBP and HIR and between HIR and DLIR. The

CNR of all other organs increased significantly from FBP

to HIR to DLIR. All qualitative IQ scores at 40 keV sig-

nificantly improved from FBP to HIR to DLIR and were

acceptable in all patients with DLIR only. Our CT acqui-

sition protocol exposed radiation doses comparable to or

lower than the diagnostic reference levels for low-dose
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Fig.　3　Violin plots with box-and-whisker plots representing the qualitative IQ scores on VMI at 40 keV reconstructed 

with FBP, HIR, and DLIR. All IQ scores significantly improved from FBP to HIR to DLIR (P < 0.001 for all).

DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid iterative reconstruction; IQ, 

image quality; VMI, virtual monochromatic imaging.

Table　3　CNR at 40 keV

FBP HIR DLIR P value
P value 

(FBP vs. HIR) 
P value 

(FBP vs. DLIR) 
P value 

(HIR vs. DLIR)

Liver 1.5 ± 0.6 2.1 ± 0.8 2.9 ± 1.1 <0.001 0.003 <0.001 0.002

Spleen 2.0 ± 0.5 2.9 ± 0.7 3.9 ± 0.9 <0.001 <0.001 <0.001 <0.001

Aorta 3.5 ± 0.8 4.8 ± 1.0 6.7 ± 1.4 <0.001 <0.001 <0.001 <0.001

Portal vein 3.5 ± 0.9 4.9 ± 1.2 6.8 ± 1.8 <0.001 <0.001 <0.001 <0.001

Prostate/Uterus 1.2 ± 1.3 1.5 ± 1.7 2.0 ± 1.5 0.04 0.53 0.01 0.08

Data are expressed as mean ± SD.

CNR, contrast-noise ratio; DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid iterative 

reconstruction.

Table　4　Qualitative IQ scores at 40 keV

FBP HIR DLIR P value
P value

(FBP vs. HIR) 
P value

(FBP vs. DLIR) 
P value 

(HIR vs. DLIR)

Image noise 2.0 (2.0-2.0) 3.0 (2.5-3.0) 4.0 (3.5-4.0) <0.001 <0.001 <0.001 <0.001

Image contrast 2.0 (2.0-2.0) 3.0 (2.9-3.0) 4.0 (3.5-4.0) <0.001 <0.001 <0.001 <0.001

Sharpness 2.0 (2.0-2.0) 3.0 (2.5-3.0) 4.0 (4.0-4.0) <0.001 <0.001 <0.001 <0.001

Small-structure 
delineation

2.0 (1.5-2.0) 3.0 (2.5-3.0) 4.0 (3.5-4.0) <0.001 <0.001 <0.001 <0.001

Overall IQ 2.0 (2.0-2.0) 3.0 (2.9-3.0) 4.0 (4.0-4.0) <0.001 <0.001 <0.001 <0.001

Data are expressed as median (inter-quartile range).

DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid iterative reconstruction; IQ, image quality.
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Fig.　4　Axial images (a-c) of VMI at 40 keV of contrast-enhanced CT of the abdomen with 0.625-mm slice thickness 

reconstructed with FBP (a), HIR (b), and DLIR (c) in a 72-year-old woman (144 cm, 47 kg, body mass index 

[BMI]: 22.6 kg/m2) with liver metastases (arrows). These low-contrast hepatic masses are better delineated 

with less image noise from FBP (a) to HIR (b) to DLIR (c). In particular, with DLIR (c), IQ, including natural 

image noise and texture, appears well preserved even with this slice thickness.

CT, computed tomography; DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, 

hybrid iterative reconstruction; IQ, image quality; VMI, virtual monochromatic imaging.
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Fig.　5　Axial (a-c) and MPR sagittal images (d-f) of VMI at 40 keV of contrast-enhanced CT of the pelvis with 0.625-mm 

slice thickness reconstructed with FBP (a, d), HIR (b, e), and DLIR (c, f) in an 80-year-old man (173 cm, 81 kg, 

body mass index [BMI]: 27.1 kg/m2) with a mass protruding into the bladder (arrow). The low contrast mass is 

better delineated with less image noise from FBP (a, d) to HIR (b, e) to DLIR (c, f). In particular, with DLIR (c, f), 
IQ, including natural image noise and texture, appears well preserved even with this slice thickness.

CT, computed tomography; DLIR, deep learning image reconstruction; FBP, filtered back projection; HIR, hybrid 

iterative reconstruction; IQ, image quality; MPR, multiplanar reformation; VMI, virtual monochromatic imaging.
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eedd ff

abdominopelvic CT that are used in many countries

(CTDIvol: 13-18 mGy)30,31. Thus, to our knowledge, this is

the first study to demonstrate the clinical acceptability of

VMI at 40 keV of half-iodine-load abdominopelvic CECT

of the thin slice aided by DLIR for oncologic follow-up.

Several studies have demonstrated the superior per-

formance in IQ and lesion detection of DLIR algorithms,

which are currently available from multiple vendors, to

FBP and HIR algorithms2,25,32―41. Our DLIR algorithm uses

high-quality image data acquired at a high radiation

dose and then performs reconstruction with FBP as tar-

geting data20,21. Thus, our algorithm significantly reduces

image noise, as compared with FBP and HIR21,25,42,43, and

better preserves the FBP-like natural noise texture, result-
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ing in a sharper image than HIR25,43. The DLIR can pro-

vide better IQ clinically with less coarseness of image

texture and better subjective acceptance by radiologists

because of the reduced low-frequency noise2,44,45. It was

also found to improve low-contrast lesion detectability

and reduce radiation dose, as compared with HIR25,29,43.

Use of the thin slice in the CECT can maximally de-

crease partial-volume averaging and increase spatial reso-

lution, thus improving diagnosis of fine, recurrent, dis-

seminated, and metastatic lesions. It also improves diag-

nostic confidence and decreases variability of tumor size

measurement for oncologic follow-up, leading to optimal

patient management, also by reducing pseudoenhance-

ment and generating excellent isotropic MPR images and

other three-dimensional reconstruction (e.g., maximum

intensity projection and volume rendering) images1―7. In

Japan, a clinical practice guideline for gastrointestinal

stromal tumors recommends, when applicable, the acqui-

sition of volume data at a slice thickness of 2 mm or

thinner by multi-detector CT46. Use of 1-mm slice and

MPR images was reported to improve sensitivity and di-

agnostic confidence of peritoneal carcinomatosis6. In ad-

dition, radiomics is being increasingly used to mechani-

cally extract quantifiable image features, thereby aiding

in diagnosis and prognosis prediction. Thin-slice images

are preferred for extracting these quantitative features

with high reproducibility; however, the increased noise

inherent in thin-slice images may affect the accuracy of

texture features. Therefore, balancing slice thickness and

noise reduction is crucial for optimizing feature extrac-

tion and ensuring reliable radiomics analysis out-

comes47―50. Although use of thinner slices with better spa-

tial resolution enables detection of more lesions, lower

SNR can impair characterization of low-contrast lesions

such as small metastases8,51. In SECT with a 1.25-mm slice

thickness, DLIR significantly reduced image noise in the

detection of low-contrast lesions, as compared with HIR,

while also substantially improving spatial resolution and

overall IQ52. In VMI at 74 keV of abdominal CECT with a

slice thickness of 2.5 mm and 0.625 mm, DLIR improved

image noise levels, as compared with HIR53. VMI at 70

keV with DLIR in low-dose images with a 1.25-mm slice

thickness demonstrated comparable image noise, SNR,

and CNR to standard-dose images with a 5-mm slice

thickness using HIR54.

According to a meta-analysis, iodine load in CECT ex-

aminations should be limited to a reasonable amount to

reduce the risk of CIN, especially for oncologic follow-up

in patients with renal insufficiency12. VMI at 40 keV, clos-

est to the K-edge of iodine, can maximize iodine attenu-

ation and decrease iodine load while maintaining con-

trast enhancement. However, VMI at a low energy level

is subjected to more noise and may not be ideal for every

diagnostic task18. VMI at 40 keV using DLIR significantly

reduced image noise, as compared with HIR, and sub-

stantially improved IQ, especially in thin-slice images,

based on subjective evaluations53. VMI at 40 keV using

DLIR exhibited a noise texture comparable to SECT at

120 kVp using HIR, while improving SNR and lesion

conspicuity and providing equal or superior subjective

IQ55. Further, in body CECT with a 5-mm slice thickness,

VMI at 40 keV aided by DLIR was reported to allow a

half-iodine load while maintaining diagnostic IQ21. Unlike

the present study, that previous study did not use thin-

slice images or determine the optimal keV by detailed

quantitative CNR comparison; that is, it is uncertain why

40 keV was selected. Noda et al.56 reported the clinical ac-

ceptability of combined use of thin-slice VMI at 40 keV

and DLIR for half-iodine-load CT angiography, in which

high-contrast structures of interest are primarily evalu-

ated. In contrast, we are the first to demonstrate the clini-

cal acceptability of this combination for assessment of

low-contrast solid organs in half-iodine-load ab-

dominopelvic CECT.

The reason why the CNR in the pelvis was similar be-

tween HIR and DLIR in our study is possibly the current

unavailability of an automatic tube current modulation

program for our DECT scanner. This program, in which

the tube current is automatically adjusted in relation to

the patient’s body size to optimize the radiation dose

and maintain image noise, is equipped only for SECT.

Thus, insufficient radiation exposure might not signifi-

cantly decrease the image noise in the VMI of the pelvic

region using DLIR56. A modulation program may be in-

troduced for DECT to further improve IQ on VMI of the

pelvic region with DLIR and substantially reduce radia-

tion dose in the future. On the other hand, qualitative IQ,

including that of the pelvic region, was significantly

higher with DLIR than with HIR, and diagnostic IQ was

more frequently achieved with DLIR than with HIR in

this study.

The limitations of our study are as follows. First, it in-

cluded only a small study population at a single institu-

tion, and our findings might have been affected by the

BW and BMI of our Japanese patients, which were lower

than those of average-sized patients in Western countries.

Second, as part of our routine oncologic follow-up ex-

aminations, we acquired CECT only during the neph-
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rographic phase. IQ depends more on total iodine dose

during this phase than during the arterial phase, and im-

age contrast is generally greater, resulting in more sensi-

tive detection of fine recurrent, disseminated, and metas-

tatic lesions during this phase than during the delayed

phase. Third, we used a minimum slice thickness of

0.625 mm only and did not use other slice thicknesses.

Increased slice thicknesses can reduce image noise and

improve IQ, which might reduce the superiority of DLIR

to FBP and HIR, as demonstrated in our study. In addi-

tion, we did not compare IQ between the thin slice and

5-mm slice. Finally, we assessed only IQ in CECT and

did not examine lesion delineation or diagnostic per-

formance. To confirm the present clinical benefits, future

studies should examine lesion delineation and diagnostic

performance in a larger cohort at multiple institutions.

Conclusions

The combination of 40 keV and DLIR provides the maxi-

mum CNR and a subjectively acceptable IQ in thin-slice

VMI of half-iodine-load abdominopelvic CECT for on-

cologic follow-up in patients with moderate-to-severe re-

nal impairment. This combination may improve diagno-

sis of fine recurrent, disseminated, and metastatic lesions,

increase diagnostic confidence, and decrease the variabil-

ity of tumor size measurement, leading to optimal pa-

tient management while reducing the risk of CIN.
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