L))

Check for
updat

Original Article

Abdominal virtual non-contrast images derived from energy
spectrum CT to evaluate chemotherapy-related fatty liver disease
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Background: Chemotherapy-related fatty liver disease (CRFLD) is an important evaluation in patients
undergoing computed tomography (CT) for cancer follow-up. This study set out to explore the feasibility of
using abdominal virtual non-contrast (VNC) images derived from energy spectrum CT to evaluate CRFLD
and reduce the radiation dose.

Methods: A total of 160 eligible consecutive patients who underwent energy spectrum CT at Lanzhou
University Second Hospital between June 2020 and July 2021 were retrospectively enrolled. The average
CT attenuation values of the liver and spleen and the liver-to-spleen ratio (LSR) were measured by two
independent blinded radiologists on true non-contrast ('NC) images and three types of VNC image. The
diagnostic performance of the LSR for CRFLD, image quality, and diagnostic confidence were compared
between the two types of imaging.

Results: The average CT attenuation values of the liver and spleen were significantly lower on VNC
images than on TNC images (P<0.05), whereas the LSR showed good agreement between the two (P>0.05).
The average CT attenuation values of the liver and the LSR measured on the TNC and three types of VNC
image were significantly lower in patients with CRFLD than in those without CRFLD (P<0.001). The area
under the curve (AUC) values of the LSR for the diagnosis of CRFLD calculated on TNC and three types of
VNC image were 0.870 (95% CI: 0.808-0.918), 0.852 (95% CI: 0.787-0.903), 0.819 (95% CI: 0.750-0.875),
and 0.851 (95% CI: 0.786-0.902), respectively. The DeLong test confirmed the consistency of TNC and
VNC images of diagnostic efficacy (P>0.05). There were no significant differences in image quality or
diagnostic confidence between the TNC and three types of VNC image (P>0.05). When VINC imaging was
applied, the radiation dose was reduced by approximately 25.0%.

Conclusions: VNC imaging could become a reliable alternative to TNC imaging for the clinical
evaluation of patients with CRFLD and could reduce the radiation dose by up to 25%.

Keywords: Energy spectrum computed tomography; chemotherapy-related fatty liver; virtual non-contrast (VINC);

computed tomography attenuation value

Submitted Jul 15, 2022. Accepted for publication Nov 24, 2022. Published online Jan 02, 2023.
doi: 10.21037/qims-22-742
View this article at: https://dx.doi.org/10.21037/qims-22-742

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2023;13(2):669-681 | https://dx.doi.org/10.21037/qims-22-742


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-22-742

670

Introduction

The prevalence of non-alcoholic fatty liver disease
(NAFLD) has been increasing rapidly in Asia, reaching
33.9% in 2015-2017 (1,2). Various factors are associated
with NAFLD, including obesity and hyperlipidemia,
parenteral nutrition, and the use of steroids and
chemotherapy drugs (3,4). Chemotherapy-related fatty liver
disease (CRFLD), one type of NAFLD, is a chronic but
reversible disease associated with continuous chemotherapy
in which drugs accumulate in the liver, resulting in excess
phospholipids in the cells (5). Owing to the widespread
use of chemotherapeutics in patients with cancer and their
increased risk of postoperative death and liver failure (6,7),
CRFLD monitoring during chemotherapy is crucial to
improving patient prognosis.

Although liver biopsy is considered the gold reference
standard for diagnosing and classifying fatty liver (8),
it carries the risk of complications such as bleeding (9).
Noninvasive imaging techniques can also detect fatty liver
disease and help diagnose steatosis (10-13). Magnetic
resonance imaging (MRI) is considered to have good
diagnostic performance, but its application is limited
by the high cost of examination and numerous clinical
contraindications, such as the presence of metal foreign
bodies and claustrophobia, which prevent patients from
undergoing MRI examination (14). Ultrasonography is
cost-effective; however, the interpretation of its findings
depends on subjective evaluation by a physician. In
clinical practice, computed tomography (CT) carries the
advantages of having a low price, a short scanning time,
and fewer contraindications than other imaging techniques.
In addition, it is the most widely used image examination
method and is often applied clinically for tumor staging and
patient follow-up (15). For patients with cancer, CT can
simultaneously be applied to follow up on cancer response
to therapy by observing the volume change of the lesion
before and after chemotherapy and to evaluate fatty liver,
thereby optimizing the clinician’s time and reducing the
financial resources required.

In clinical practice, non-enhanced CT is the most
popularly used approach to identify fatty liver disease. It
determines the measurement based on liver attenuation (13)
and derives the liver-to-spleen ratio (LSR; LSR = CT
value liver/CT value spleen ratio), which is regarded as a
convenient and widely available measure of liver fat (16).
The liver fat fraction from dual-energy CT has also been
proposed for non-invasive diagnosis of fatty liver (17).
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However, excessive radiation doses are a major concern
with CT use (18). For patients with cancer, non-contrast
combined with contrast CT is a common scanning modality
that can prevent the omission of metastatic lesions, but
patients usually receive higher radiation doses compared
to non-ionizing imaging techniques, such as MRI and
ultrasonography. Virtual non-contrast (VNC) imaging, based
on the energy spectrum CT multimaterial decomposition
algorithm, mitigates radiation dose exposure (19). It does
this by using technology that can accomplish iodine removal
and the subsequent addition of blood after image acquisition
through the use of postprocessing material separation
techniques (20). Therefore, VNC imaging can serve as an
appropriate substitute for true non-contrast (INC) imaging,
reducing the scan time and radiation dose required (21-23).

In this study, we hypothesized that VNC imaging would
demonstrate similar diagnostic capabilities as TNC imaging.
We attempted to demonstrate that VNC technology can
be applied in place of TNC imaging in abdominal imaging
for the evaluation of CRFLD and help to clinically simplify
the scanning process, shorten the scan time, and reduce
the radiation dose. We present the following article in
accordance with the STARD reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-22-742/rc).

Methods
Study design and population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee of Lanzhou University Second Hospital
approved this study (No. 2020A-284), and the requirement
to obtain individual consent for this retrospective analysis
was waived.

We retrospectively screened 277 patients at Lanzhou
University Second Hospital who were diagnosed with
various types of cancer and underwent dual-energy CT of
the abdomen following at least two cycles of chemotherapy
between June 2020 and July 2021. Patients were excluded
if: (I) the interval between their last chemotherapy cycle
and CT examination was >6 weeks (n=41); (II) the interval
between abdominal energy spectrum CT, MRI, and
ultrasonography was >2 weeks (n=10); (III) they had no MRI
or ultrasonographic images (n=11); (IV) they had a history
of fatty liver, liver disease, liver tumors, or substantial
alcohol intake before treatment (n=28); (V) they had a

Quant Imaging Med Surg 2023;13(2):669-681 | https://dx.doi.org/10.21037/qims-22-742


https://qims.amegroups.com/article/view/10.21037/qims-22-742/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-742/rc

Quantitative Imaging in Medicine and Surgery, Vol 13, No 2 February 2023

671

The patients who previously diagnosed with cancer were
retrospectively screened between June 2020 to July 2021
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Figure 1 The screening process for patients with and without CRFLD. CT, computed tomography; BMI, body mass index; MRI, magnetic

resonance imaging; CRFLD, chemotherapy-related fatty liver disease.

body mass index (BMI) >25 kg/m’ (n=12); (VI) they had
metabolic syndrome (n=1); (VII) they had heterogeneous
fatty liver diagnosed with MRI and ultrasonography
following chemotherapy (n=9); or (VIII) their data had
poor image quality (n=5). Finally, 160 patients that met the
inclusion and exclusion criteria were enrolled in the study.

Based on the MRI DIXON sequence in-phase/
opposed-phase and ultrasound diagnostic results following
chemotherapy, the patients were divided into the non-
CRFLD (n=134) and CRFLD (n=26) groups. Comprising
patients with cancer who did not have fatty liver disease
after chemotherapy, the non-CRFLD group served as a
control group. In the CRFLD group, there were 9 patients
with gastric cancer, 5 patients with lung cancer, 5 patients
with colorectal cancer, 5 patients with breast cancer, 1
patient with ovarian cancer, and 1 patient with esophageal
cancer. The screening and grouping processes are shown in
Figure 1.

Acquisition of CT images

Abdominal dual-energy CT was performed using a 256-row
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CT scanner (Revolution CT, GE Healthcare, Milwaukee,
WI, USA). The scan range was from the upper edge of the
liver to the lower edge of the pubic symphysis. The scan
parameters were as follows: scanning field of view, 50 cm;
display field of view, 24; matrix, 512x512; rapid switching
between tube voltages, 80 and 140 kVp; tube current,
405 mA; kernel, standard; adaptive statistical iterative
reconstruction Veo, 50%; rotation time, 0.5 s; helical
pitch, 0.992:1; and slice thickness, 1.25 mm. Enhanced
scanning was performed using a high-pressure dual-cylinder
syringe (Bayer HealthCare AG, Germany), and iohexol
(1 mL/kg) was injected through the median cubital vein at a
rate of 4-4.5 mL/s. After injection of the contrast agent, the
arterial phase was scanned when the intelligent monitoring
reached its peak, while the venous and delayed phases were
scanned at 30 and 90 s, respectively.

Objective assessment

The abdominal CT images were analyzed using an Advanced
Workstation 4.7 (AW4.7; GE Healthcare) by two radiologists.
The first reviewer had 9 years of abdominal diagnostic
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Figure 2 Measurement of the average CT attenuation values of the liver and spleen. (A) Measurement of the liver and spleen on a TNC

image from the non-CRFLD group. (B) Measurement of the liver and spleen on a VNCa image from the non-CRFLD group. (C)

Measurement of the liver and spleen on a VNCv image from the non-CRFLD group. (D) Measurement of the liver and spleen on a VNCd

image from the non-CRFLD group. (E) Measurement of the liver and spleen on a TNC image from the CRFLD group. (F) Measurement

of the liver and spleen on a VNCa image from the CRFLD group. (G) Measurement of the liver and spleen on a VNCv image from the
CRFLD group. (H) Measurement of the liver and spleen on a VNCd image from the CRFLD group. CT, computed tomography; TNC,
true non-contrast; CRFLD, chemotherapy-related fatty liver disease; VINCa, virtual non-contrast from the arterial phase; VNCy, virtual

non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase.

experience, and the second had 13 years of abdominal
diagnostic experience. The reviewers were unaware of the
patients’ clinical information and diagnostic imaging results.
In total, three CT parameters were evaluated: the CT
attenuation values of the liver and spleen and the calculated
LSR. The CT image analysis was performed as follows.
First, VNC images of the arterial (VNCa), venous (VNCv),
and delay (VNCd) phases were calculated using an AW4.7
workstation. Second, on the axial TNC images, the two
reviewers independently drew regions of interest (ROIs) of
3 cm in diameter in 4/8 segments of the liver, avoiding the
blood vessels and bile duct. At the same level as the liver, the
two reviewers each drew an ROl in the center of the spleen.
Third, all the ROIs from the TNC images were copied and
pasted onto three corresponding VNC images. Finally, the
average calculated from the measurement results of the two
radiologists was taken as the final value. Figure 2 shows the
ROIs measured on the TNC and VNC images of patients
with CRFLD and without CRFLD.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Since a difference of less than 10 Hounsfield units (HU)
between VNC and TNC images can be ignored, and a
difference of less than 5 HU can help to further validate the
effect of VNC, we calculated the percentage of cases with
differences of less than 5 HU and less than 10 HU between
the TNC and three VNC attenuation values of the liver
and spleen (24). Also, the receiver operating characteristic
(ROC) curve was plotted to evaluate the performance of the
LSR calculated on the TNC and three types of VNC image
for diagnosing CRFLD.

Subjective assessment

To ensure the rigor of the evaluation, 1 month later, the
two reviewers subjectively assessed the quality of the TNC
and three types of VNC image using the following scale: 5=
excellent; 4= good; 3= fair; 2= poor; and 1= unreadable (23).
Further, based on differences in the visual attenuation of
the liver relative to that of the spleen, the two reviewers
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subjectively scored their diagnostic confidence (i.e., their
confidence that they had correctly diagnosed CRFLD)
with the TNC and three types of VNC image. Scores were
assigned as follows: 5=100% confidence; 4=75% confidence;
3=50% confidence; 2=25% confidence; and 1=0%
confidence. If the diagnostic results of the two radiologists
were different, a more senior chief physician was asked to
make the final diagnosis.

Radiation dose analysis

The dose length product (DLP), volume CT dose index
(CTDIvol), and effective dose (ED) values were used to
assess the possible dose that was spared by eliminating the
unenhanced examination. The DLP and CTDIvol were
presented in the dose report of the CT scan, and the ED
was the product of the DLP multiplied by a conversion
factor of 0.015 (25).

Statistical analysis

Continuous variables were expressed as median
(interquartile range) or mean + standard deviation.
Classification variables were presented as frequency
(percentage). Intra-/interclass correlation coefficients (ICCs)
were used to calculate the consistency of all measurements
or assessments between the two radiologists. Classification
variables were analyzed using the chi-square test. The
subjective assessment and the CT attenuation values of
the liver and spleen and the LSR measured on the TNC
images were compared to those measured on the three
types of VNC image using the Wilcoxon signed-rank test
and the paired #-test. Bland-Altman analysis was used to
evaluate the measurement agreement of the LSR between
the TNC and three types of VNC image. Differences in
the CT attenuation values of the liver and spleen and the
LSR between patients with and without CRFLD were
calculated using the Wilcoxon Mann-Whitney U test or an
independent #-test. The area under the ROC curve (AUC)
value of the LSR from the TNC images was compared to
those of the three types of VNC image using the DeLong
test. All data were analyzed using SPSS 23.0 IBM Corp.
Armonk, NY, USA) and MedCalc 19.6 (MedCalc Software
Ltd., Ostend, Belgium).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Results
Interobserver agreement

Excellent agreement was observed between the two
radiologists in the measurements of all CT attenuation values

of the liver and spleen (all ICC values >0.80; Table S1).

Comparison of TNC images and three types of VNC image

The average CT attenuation values of the liver on VNCa,
VNCyv, and VNCd images were 61.25 (57.00-65.70) HU,
62.30 (58.50-66.68) HU, and 61.70 (57.80-66.23) HU,
respectively; all these values were significantly lower than
those on the TNC images [63.00 (57.25-71.75) HU;
P<0.001]. Additionally, the average CT attenuation values
of the spleen on the three types of VNC image were also
significantly lower than those on the TNC images [TNC,
VNCa, VNCy, and VNCd: 58.00 (52.00-64.00) HU, 54.95
(52.78-58.68) HU, 56.00 (53.60-60.38) HU, and 55.10
(53.43-59.28) HU, respectively; P<0.05]. The average LSR
on the three types of VNC image did not differ significantly
from that on TNC images [TNC, VNCa, VNCy, and
VNCd: 1.1220.20, 1.11 (1.03-1.19), 1.10 (1.02-1.20), and
1.11 (1.03-1.18), respectively; P>0.05; Table 1]. Bland-
Altman plots to evaluate the measurement agreement of the
LSR between the three types of VNC image and the TNC
images showed good consistency and no significant bias

(Figure 3).

Percentages of cases with CT attenuation values with
differences of less than 5 and less than 10 HU

Regarding the CT attenuation value of the liver, an
intraindividual difference of less than 5 HU was observed
between the TNC and three types of VNC image (VNCa,
VNCy, and VNCd) in 73.13%, 73.13%, and 75.63%
of cases, respectively, and an intraindividual difference
of less than <10 HU was observed in 96.25%, 96.25%,
and 95.63% of cases, respectively. Regarding the CT
attenuation value of the spleen, an intraindividual difference
of less than 5 HU was observed between the TNC and
three types of VNC image (VNCa, VNCy, and VNCd) in
60.00%, 65.63%, and 63.75% of cases, respectively, and an
intraindividual difference of less than 10 HU was observed
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Table 1 Comparison of the computed tomography attenuation values in the TNC and the three types of VNC image

Parameter Liver Spleen LSR

TNC 63.00 (57.25 to 71.75) 58.00 (52.00 to 64.00) 1.12+0.20
VNCa 61.25 (57.00 to 65.70) 54.95 (52.78 to 58.68) 1.11 (1.03 to 1.19)
VNCv 62.30 (58.50 to 66.68) 56.00 (53.60 to 60.38) 1.10 (1.02 to 1.20)
VNCd 61.70 (57.80 to 66.23) 55.10 (53.43 to 59.28) 1.11 (1.03 to 1.18)
Z/t 7.703 5.588 0.195

zit 3.956 —2.471 -0.584

z/t 5.881 4.607 0.405

P value* 0.000 0.000 0.846

P value® 0.000 0.013 0.559

P value* 0.000 0.000 0.686

Data are expressed as median (interquartile range) or mean + standard deviation. *, TNC was compared with VNCa; *, TNC was compared
with VNCv; & TNC was compared with VNCd. TNC, true non-contrast; VNC, virtual non-contrast; LSR, liver-to-spleen ratio; VNCa, virtual
non-contrast from the arterial phase; VNCy, virtual non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase.
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Figure 3 Bland-Altman plots evaluating the measurement agreement of the LSR between TNC and VNC images. (A) Measurement
consistency of TNC and VNCyv images. (B) Measurement consistency of TNC and VNCd images. (C) Measurement consistency of TNC

and VNCa images. LSR, liver-to-spleen ratio; TNC, true non-contrast; VNG, virtual non-contrast; VNCa, virtual non-contrast from

the arterial phase; VNCy, virtual non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase; SD, standard

deviation.

in 90.00%, 89.38%, and 90.00% of cases, respectively
(Table 2). The violin plots in Figure 4 show differences in the
CT attenuation values of the liver and spleen between the
TNC images and three types of VNC image.

Comparison of patients with and without CRFLD

In this study, there were no significant differences in age,
sex, or BMI between the CRFLD and non-CRFLD groups
(all P values >0.05; Table 3). The average CT attenuation
values of the liver on TNC, VNCa, VNCyv, and VNCd

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

images were all significantly lower in the CRFLD group
than in the non-CRFLD group (all P values <0.001). The
average LSR was also significantly lower in the CRFLD
group than in the non-CRFLD group (all P values <0.001).
However, the average CT attenuation values of the spleen
showed no significant difference between the two groups of
patients (all P values >0.05; Table 3).

Performance of the LSR for diagnosing CRFLD
The AUC values of the LSR calculated on TNC, VNCa,

Quant Imaging Med Surg 2023;13(2):669-681 | https://dx.doi.org/10.21037/qims-22-742
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Table 2 The number (percentage) of cases with computed tomography attenuation values with differences of less than 5 HU and less than 10 HU
between the TNC and the three types of VNC image

[TNC-VNCal, n (%)

[TNC-VNCV], n (%) [TNC-VNCd|, n (%)

Organ

<5 HU <10 HU <5 HU <10 HU <5 HU <10 HU
Liver 117 (73.13) 154 (96.25) 117 (73.13) 154 (96.25) 121 (75.63) 153 (95.63)
Spleen 96 (60.00) 144 (90.00) 105 (65.63) 143 (89.38) 102 (63.75) 144 (90.00)

HU, Hounsfield units; TNC, true non-contrast; VNC, virtual non-contrast; VNCa, virtual non-contrast from the arterial phase; VNCyv, virtual
non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase.
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Figure 4 Violin plots summarizing the differences in the CT attenuation values between the TNC and VNC images of the liver and spleen.
(A) Differences in CT attenuation values between TNC and VINC images of the liver. (B) Differences in CT attenuation values between
TNC and VNC images of the spleen. A, the difference between TNC and VNCa images; B, the difference between TNC and VNCv
images; C, the difference between TNC and VNCd images. CT, computed tomography; TNC, true non-contrast; VNC, virtual non-

contrast; HU, Hounsfield units; VNCa, virtual non-contrast from the arterial phase; VNCy, virtual non-contrast from the venous phase;

VNCd, virtual non-contrast from the delayed phase.

VNCyv, and VNCd images were 0.870 (95% CI: 0.808-
0.918), 0.852 (95% CI: 0.787-0.903), 0.819 (95% CI:
0.750-0.875), and 0.851 (95% CI: 0.786-0.902), respectively
(Figure 5). These values were not significantly different
when compared using the DeLong test (all P values >0.05;
Table 4). The cutoff values for TNC, VNCa, VNCyv, and
VNCd images were 0.99, 1.07, 1.04, and 1.08, respectively.
The sensitivity of TNC, VNCa, VNCy, and VNCd images
was 80.8%, 92.3%, 76.9%, and 92.3%, respectively, and
the specificity was 80.6%, 69.4%, 77.6%, and 68.7%,
respectively (Table S2).

Results of subjective assessment

As shown in Tible 5, the image quality and two reviewers’

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

subjective ratings of diagnostic confidence did not differ
significantly between the TNC and three types of VNC
image (all P values >0.05).

Potential dose savings

The average values of the total DLP, CTDIvol, and ED
in the contrast phase were 2,410.51£650.05 mGy-cm,
46.32+6.54 mGy, and 36.16+£9.75 mSy, respectively,
which were significantly higher than those in the non-
contrast phase (598.37+264.89 mGy-cm, 14.66+5.32 mGy,
and 8.98+3.97 mSy, respectively; all P values <0.001).
Elimination of the non-contrast phase from three-phase
abdominal acquisition resulted in a potential dose saving of
approximately 25.0%.
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Table 3 Differences in the clinical information and computed tomography attenuation values between the patients with and without CRFLD

Characteristics Subtypes Non-CRFLD (n=134) CRFLD (n=26) W&/ Z/t P value
Clinical information Age, years 56.41+12.26 55.54+7.78 0.469 0.641
Male (%) 91 (67.91) 17 (65.38) 0.063 0.821
BMI, kg/m’ 22.44 (20.92 to 24.00) 21.66 (20.28 to 22.55) -1.871 0.061
Liver TNC 65.00 (59.00 to 73.00) 55.50 (49.50 to 61.25) -5.256 0.000
VNCa 61.90 (58.48 to 66.58) 53.90 (49.48 to 56.75) -6.150 0.000
VNCv 63.45 (60.40 to 67.98) 54.75 (51.93 to 58.45) -6.085 0.000
VNCd 62.50 (59.45 to 66.65) 55.00 (50.18 to 57.68) -6.126 0.000
Spleen TNC 56.50 (51.00 to 64.00) 59.00 (56.00 to 63.50) -1.611 0.107
VNCa 55.00 (52.68 to 58.80) 54.90 (52.90 to 58.15) -0.405 0.686
VNCv 55.85 (53.60 to 60.60) 56.25 (53.60 to 59.20) -0.412 0.681
VNCd 55.10 (53.35 to 59.30) 55.60 (53.35 to 59.33) -0.259 0.796
LSR TNC 1.16+0.19 0.91+0.14 8.074 0.000
VNCa 1.13 (1.05 to 1.21) 0.97 (0.91 to 1.04) -5.620 0.000
VNCv 1.12 (1.05 to 1.20) 0.98 (0.89 to 1.04) -5.097 0.000
VNCd 1.13 (1.07 to 1.21) 1.00 (0.90 to 1.03) -5.661 0.000

Data are expressed as median (interquartile range), mean + standard deviation, or n (%). CRFLD, chemotherapy-related fatty liver disease;
LSR, liver-to-spleen ratio; BMI, body mass index; TNC, true non-contrast; VNCa, virtual non-contrast from the arterial phase; VNCy, virtual
non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase.

100 - — Table 4 Pairwise comparative analysis of the AUC values
'_jf?',f',A ,,,,,,,,,,,,, Parameter in the DelLong test Subtypes Zvalue P value
80 LSR-TNC LSR-VNCa 0.384 0.701
LSR-VNCv  0.960 0.337
3 604 LSR-VNCd 0.432  0.666
= LSR-VNCa LSR-VNCv  1.102  0.271
j
é 407 LSR-VNCd 0.036  0.972
7 — LSR-TNC AUC ~0.870 LSR-VNCd LSR-VNCv  1.187 0.235
20 4 . ---- LSR-VNCa AUC =0.852
* LSR-VNCv AUC =0.819 AUC, area under the curve; LSR, liver-to-spleen ratio; TNC, true
----- LSR-VNCd AUC =0.851
non-contrast; VNCa, virtual non-contrast from the arterial phase;
04 VNCly, virtual non-contrast from the venous phase; VNCd, virtual

0 20 40 60 80 100
100-Specificity, %

non-contrast from the delayed phase.

Figure 5 The performance of the LSR in diagnosing CRFLD.
LSR, liver-to-spleen ratio; TNC, true non-contrast; VNCa,
virtual non-contrast from the arterial phase; VNCy, virtual non-
contrast from the venous phase; VNCd, virtual non-contrast
from the delayed phase; AUC, area under the curve; CRFLD,

chemotherapy-related fatty liver disease.
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Table 5 Subjective evaluation of image quality and diagnostic confidence
Reviewer 1 Reviewer 2
Group score ICC value
1 2 3 4 5 1 2 3 4 5
Image quality
TNC 0 0 0 34 126 0 0 0 31 129 0.905
VNCa 0 0 0 36 124 0 0 0 32 128 0.852
VNCv 0 0 0 35 125 0 0 0 34 126 0.834
VNCd 0 0 0 37 123 0 0 0 34 126 0.874
Z/t* -1.414 -0.302 -
it -1.000 -1.000 -
e -1.732 -1.000 -
P value* 0.157 0.763 -
P value® 0.317 0.317 -
P value* 0.083 0.317 -
Diagnostic confidence
TNC 0 0 2 42 116 0 0 1 41 118 0.901
VNCa 0 0 3 43 114 0 0 2 42 116 0.883
VNCv 0 0 2 44 114 0 0 2 43 115 0.880
VNCd 0 0 5 39 116 0 0 4 38 118 0.871
Z/t -1.732 -1.134 -
z/t -1.414 -0.943 -
z/t -1.732 -0.632 -
P value* 0.083 0.257 -
P value® 0.157 0.346 -
P value® 0.083 0.527 -

*, TNC was compared with VNCa; * TNC was compared with VNCyv; & TNC was compared with VNCd. ICC, intra/interclass correlation
coefficient; TNC, true non-contrast; VNCa, virtual non-contrast from the arterial phase; VNCy, virtual non-contrast from the venous phase;

VNCd, virtual non-contrast from the delayed phase.

Discussion

This study explored whether VNC technology could
serve as a replacement for TNC imaging in the diagnosis
of CRFLD while reducing the radiation dose. The main
findings of this study were as follows. First, the average
CT attenuation value of the liver and the LSR measured
on TNC and three types of VNC image were significantly
lower in patients with CRFLD than in those without
CRFLD. Second, the LSR showed good agreement between
TNC and VNC images, with no difference in diagnostic
performance observed. Finally, with VNC technology, little

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

difference was noted in the image quality and diagnostic
confidence compared to TNC imaging, while the radiation
dose was reduced by approximately 25.0%.

The consistency between TNC and VNC images must
be established before VNC imaging can serve as a substitute
for TNC imaging in clinical practice (26). However,
conflicting results have been reported by previous studies to
assess the consistency of abdominal TNC and VNC images
(22,27-29). Borhani er /. (22) and Laukamp et al. (27),
for example, found that the average CT attenuation values
of the liver or spleen did not differ significantly between
TNC and VNC images. However, Haji-Momenian et 4/. (28)
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reported that the CT values of the liver and spleen on VNC
images were higher than those on TNC images. Conversely,
in the present study, the CT values of the liver and spleen
were lower on VNC images than on TNC images, which
is consistent with results reported by Choi ez al. (29). This
difference in results might be because VNC images can be
affected by different material decomposition algorithms,
scanners, and scanning schemes, which can result in
variation in the elimination of the iodine component. Thus,
the standard protocol is a prerequisite for VNC technology
to replace TNC imaging in clinical applications.

Although there are differences between VNC and TNC
images owing to variation in the elimination of the iodine
component, differences of CT attenuation value less than
10 HU are negligible (24). Ananthakrishnan ez /. (23)
reported that 48.8% and 81.4% of patients had differences
of less than 5 HU and 10 HU, respectively, between TNC
and VNC images of the liver, while 48.8% and 73.8% of
patients had differences of less than 5 HU and 10 HU,
respectively, between TNC and VINC images of the spleen.
Borhani et 4l. (22) found that 18.0% and 17.0% of patients
had a difference of more than 10 HU between VNC and
TNC images of the liver, respectively, and 22.0% and
18.0% of patients had a difference of more than 10 HU
between VNC and TNC images of the spleen, respectively.
Similar to these results (22,23), our study showed that more
than 85.0% of patients had a difference of less than 10 HU
in the CT values of the liver and spleen between VNC and
TNC images. This result can be explained because VNC,
based on a multimaterial decomposition algorithm, has a
slight deviation in iodine removal. Moreover, in this study,
the proportion of patients with a difference of more than
10 HU between the TNC and three types of VNC image
was very low, indicating a negligible difference between the
VNC and TNC images. Further, we also found that the
image quality was good for both VNC and TNC images,
showing that the VNC technology has little impact on
image quality (30). We therefore recommend the use of
VNC imaging as a good substitute for TNC imaging in
clinical practice, as VNC technology ensures accurate and
high-quality images.

The possibility of diagnosing CRFLD is important for
patients undergoing CT for cancer follow-up (3). However,
the high radiation dose required for the CT examination
should not be ignored (31). Therefore, we used the VNC
technique to evaluate CRFLD and reduce the radiation
dose. We found that there were no differences in the
average CT attenuation values of the spleen on TNC or

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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VNC images between patients with and without CRFLD.
However, the average CT attenuation values of the liver and
the LSR on TNC and VNC images were lower in patients
with CRFLD than in those without, which was consistent
with the results of previous studies on NAFLD (29). In
addition, two experienced abdominal radiologists performed
a subjective assessment of CRFLD on the TNC and
three types of VNC image and had consistent diagnostic
confidence between the two types of images. This result
was expected, since the VNC technique is based on a
multimaterial decomposition algorithm that removes iodine
from the enhancement contrast to resemble TNC images
(21-23). Additionally, similar to other studies (23,24,32),
our study demonstrated that VNC imaging could reduce
the radiation dose by approximately 25.0%. Thus, these
findings confirm the clinical applicability of VNC imaging
as an alternative to TNC imaging for the diagnosis of
CRFLD and its ability to reduce the radiation dose.
Abdominal CT is widely used to diagnose NAFLD (33).
For the assessment of NAFLD, the LSR is clinically
considered to be an accurate CT measure (16). Therefore,
the LSRs measured on TNC and VNC images were used
separately to evaluate CRFLD to further explore the
feasibility of replacing TNC imaging with VNC imaging
for the diagnosis of CRFLD. We found no significant
difference in the LSR when the TNC images and three
types of VNC image were compared (P values =0.846, 0.559,
and 0.686, respectively). Bland-Altman analysis also showed
that the LSR had good consistency between the TNC
and three types of VNC image, and no obvious deviation
was found. A reasonable explanation for this result is that
the LSR is a relatively constant parameter for diagnosing
CRFLD. It differs from the average liver CT attenuation
value, which varies based on the patient and scanning
equipment parameters (34). Also, we found that the LSR
calculated on the TNC and three types of VNC image
showed a promising performance in diagnosing CRFLD.
No significant difference was detected in the AUC values
with the DeLong test. According to Choi et al. (29), fatty
liver could be correctly diagnosed using the LSR with AUC
values greater than 0.75. Therefore, the LSR measured
on VNC images is a good substitute for that measured on
TNC images and could serve as a credible diagnostic tool
for CRFLD. Also consistent with Choi ez #/’s (29) findings,
the cutoff values of the LSR on the three types of VNC
image were higher than those on the TNC images because
the CT values of the spleen on the TINC and three types
of VNC image differed greatly from those of the liver.
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Therefore, appropriate cutoff values of the LSR should be
used to indicate the possibility of CRFLD on VNC images.

There were several limitations to the study. First, it
was a single-center study, and a larger multicenter study
is warranted to verify our findings. Second, liver biopsy
findings were not used for CRFLD evaluation. In the
future, liver biopsy will be used as the gold standard
to further validate the advantages of VNC imaging for
CRFLD. Finally, the grade of CRFLD was not considered
in this study; hence, the relationship between VNC and the
grade of CRFLD needs to be further explored.

Conclusions

VNC images did not substantially differ from TINC
images and had comparable image quality and diagnostic
performance for CRFLD. They also enabled the radiation
dose to be reduced by 25%. Therefore, VNC images are a
suitable substitute for TNC images.
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Supplementary

Table S1 Interobserver agreement

ICC values of liver CT values measured by two reviewers ICC values of spleen CT values measured by two reviewers
TNC 0.873 0.876
VNCa 0.872 0.847
VNCv 0.861 0.846
VNCd 0.879 0.868

ICC, Intra-/interclass correlation coefficient; CT, computed tomography; TNC, true non-contrast; VNCa, virtual non-contrast from the
arterial phase; VNCy, virtual non-contrast from the venous phase; VNCd, virtual non-contrast from the delayed phase.

Table S2 The performance of the LSR on the TNC and three types of VNC image for diagnosing CRFLD

AUC 95% Cl Cutoff value Sensitivity Specificity
LSR-TNC 0.870 0.808-0.918 0.99 80.8% 80.6%
LSR-VNCa 0.852 0.787-0.903 1.07 92.3% 69.4%
LSR-VNCv 0.819 0.750-0.875 1.04 76.9% 77.6%
LSR-VNCd 0.851 0.786-0.902 1.08 92.3% 68.7%

LSR, liver-to-spleen ratio; TNC, true non-contrast; VNC, virtual non-contrast; CRFLD, chemotherapy-related fatty liver disease; AUC, area
under the curve; Cl, confidence interval; VNCa, virtual non-contrast from the arterial phase; VNCy, virtual non-contrast from the venous
phase; VNCd, virtual non-contrast from the delayed phase.
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