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Background: Colorectal cancer (CRC) is commonly assessed by computed tomography (CT), but the
associated radiation exposure is a major concern. This study aimed to quantitatively and qualitatively
compare the image quality of virtual non-contrast (VNC) images reconstructed from arterial and portal
venous phases with that of true non-contrast (TINC) images in patients with CRC to assess the potential of
TNC images to replace VNC images, thereby reducing the radiation dose.

Methods: A total of 69 patients with postoperative pathologically confirmed CRC at the West China
Hospital of Sichuan University between May 2022 and April 2023 were enrolled in this cross-sectional study.
The CT protocol included the acquisition of TNC images, arterial and portal venous phase images; the
VNC images were reconstructed from the two postcontrast phase images. Several parameters, including the
CT attenuation value, absolute attenuation error, imaging noise [standard deviation (SD)], signal-to-noise
ratio (SNR), and contrast-to-noise ratio (CNR), were measured in multiple abdominal structures for both
the TNC and VNC images. Two blinded readers assessed the subjective image quality using a five-point
scale. Interobserver agreement was evaluated using interclass correlation coefficients (ICCs). The paired t-test
and Wilcoxon signed-rank test were used to compare the objective and subjective results between the TNC
and VNC images. Individual measurements of radiation doses for the TINC scan and contrast scan protocols
were recorded.

Results: A total of 2,070 regions of interest (ROIs) of the 69 patients were analyzed. Overall, the VNC
images exhibited significantly lower attenuation values and SD values than the TNC images in all tissues,
except for the abdominal aorta, portal vein, and spleen. The mean absolute attenuation errors between the
VNC and TNC images were all less than 10 Hounsfield units (HU). The percentages of absolute attenuation
errors less than 5 and 10 HU in the VNC images from the arterial phase (VINCa) were 78.99% and 97.97%,
respectively, while those from the portal venous phase (VNCp) were 81.59% and 96.96%, respectively. The
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absolute attenuation errors between the TNC and VNCa images were smaller than those between the TNC
and VNCp images for tumors [VINCaerror: 2.77, interquartile range (IQR) 1.77-4.22; VNCperror: 3.27,
IQR 2.68-4.30; P=0.002]. The SNR values and CNR values in the VINC images were significantly higher
than those in the TNC images for all tissues, except for the portal vein and spleen. The image quality was
rated as excellent (represented by a score of 5) in the majority of the TNC and VNC images; however, the
VNC images scored lower than the TNC images. Eliminating the TNC phase resulted in a reduction of
approximately 37.99% in the effective dose (ED).

Conclusions: The VNC images provided accurate CT attenuation, good image quality, and lower
radiation doses than the TNC images in CRC, and the VINCa images showed minimal differences in the CT

attenuation of the tumors.

Keywords: Colorectal cancer (CRC); dual-layer detector spectral computed tomography (dual-layer detector
spectral CT); virtual non-contrast (VNC); image quality; radiation dose
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Introduction

Colorectal cancer (CRC) is a common malignancy of
the digestive system, and is the second leading cause of
cancer-related death worldwide (1,2). Due to its high
spatial resolution, computed tomography (CT) is a
widely used clinical imaging method for evaluating CRC
(3-9). It plays a critical role in various aspects of CRC
evaluations, including screening, diagnosis, preoperative
staging, and treatment response assessment. However, the
radiation exposure associated with CT scans is a significant
concern, particularly for CRC patients who often require
multiple follow-up scans. In clinical practice, a common
CT scanning approach for patients with CRC involves a
combination of non-contrast and contrast-enhanced CT
scans. While effective, this approach may subject patients to
higher radiation doses as a result.

Dual-layer spectral detector computed tomography
(SDCT) is an advanced imaging technology that uses a
dual-layer detector. It simultaneously acquires high- and
low-energy information during routine scans, enabling
the generation of spectral-based imaging (SBI), which
can be directly used to realize the reconstruction of
spectral multiparameter images for retrospective analysis.
Using SDCT, virtual non-contrast (VNC) images can be
reconstructed from contrast-enhanced scans by subtracting
iodine attenuation from the contrast data. This process
results in images that closely resemble conventional plain
scans [i.e., true non-contrast (TNC) scans], effectively
replacing the need for separate TNC scans and reducing
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patient radiation exposure (10-13). VNC imaging has been
widely used in various anatomical regions, including the
head (10), neck (11), spine (12), and abdomen (13-16).
Comparative studies of VNC and TNC images have shown
the value of VNC images in abdominal imaging for non-
traumatic acute abdomen or aortic aneurysms (17), renal
carcinoma (18,19), and fatty liver disease (20).

To our knowledge, few studies have explored the
feasibility of using VNC images, reconstructed from
multi-phase enhancement images, as a substitute for TNC
images in patients with CRC. This study sought to address
this gap by conducting a comprehensive quantitative and
qualitative comparison of the image quality of VNC images
reconstructed from both the arterial phase and portal
venous phase to that of traditional TNC images in patients
diagnosed with CRC. Additionally, the study evaluated
whether radiation exposure could be reduced by eliminating
the TNC phase from the scanning protocol. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-535/rc).

Methods
Study population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), and was
approved by the Biomedical Ethics Committee of West
China Hospital, Sichuan University (No. 2022 1904). All
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The patients with suspected colorectal cancer were
enrolled between May 2022 and April 2023 (n=76)

Y

Patients with postoperative pathological findings
confirming colorectal cancer (n=76)

Excluded (n=7):
poor image quality

Y

Eligible colorectal cancer patients (n=69)

Figure 1 Patient selection flowchart.

the participating patients provided informed consent before
undergoing the examination.

A total of 69 patients (44 male and 25 female) presenting
for their initial consultation at West China Hospital
of Sichuan University were enrolled in the study. The
patients had a mean age of 61.36+13.0 years (range, 25 to
84 years). To be eligible for inclusion in this study, the CRC
patients had to meet the following inclusion criteria: (I)
have a confirmed diagnosis of CRC based on postoperative
pathological findings; (II) have undergone a pre-surgery
thoracoabdominal CT examination, which included TNC
scans and contrast-enhanced arterial and portal venous
scans performed before surgery; and (III) be aged 18 years
or older. Patients were excluded from the study due to
poor image quality and un-assessable images resulting
from significant respiratory motion artifacts. The patient
recruitment period spanned from May 2022 to April 2023.
The screening processes for the patients are shown in

Figure 1.

CT scanning protocol

Prior to the CT scan, all patients were instructed to
follow a low-fat, low-fiber, low-residue, or liquid diet
for two days. Additionally, they were required to fast
for four to six hours before the examination and ingest
200 mL of drinking water immediately before the CT
scan. All patients underwent triphasic thoracoabdominal
CT scans (including TNC and contrast-enhanced arterial
and portal venous scans) in a supine position using a dual-
layer spectral detector CT machine (Spectral CT 7500;
Philips Healthcare, Amsterdam, The Netherlands). The
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imaging procedure began with an anteroposterior scout
scan, followed by a pre-contrast phase that covered the
region from the upper edge of the lung to the lower edge
of the pubic symphysis. Subsequently, an intravenous
contrast agent with a total amount of 1.2-1.5 mL/kg
of body weight was administered at a flow rate of
3-5 mL/s using a high-pressure injector system. A bolus
tracking method was employed, with a threshold value set
at 150 Hounsfield units (HU) in the abdominal aorta. The
arterial scan was automatically triggered when the contrast
agent reached its peak concentration, while the portal
venous scan was initiated 70 seconds after the injection of
the contrast agent. The postcontrast scans encompassed
the region from the upper edge of the liver to the lower
edge of the pubic symphysis. All the acquired datasets were
reconstructed into axial images with a slice thickness and
interval of 1 mm. The scanning parameters were as follows:
tube voltage: 120 kVp; tube current: modulated using
automated exposure control; pitch: 1.000; rotation time:
0.5 seconds; collimation: 128x0.625 mm; field of view:
350 mm x 350 mm; matrix: 512x512; and filter: standard
(B). The conventional images were reconstructed using the
iDose 4 algorithm, and the SBI scans were reconstructed
using the spectral level 4 algorithm.

Immage reconstruction

Both conventional CT and spectral-based images were
generated, after which the SBI scans were transferred to a
dedicated spectral post-processing workstation (IntelliSpace
Portal; Philips Healthcare, Amsterdam, The Netherlands).
Subsequently, the VNC images were reconstructed from
both the arterial and portal venous phases for each patient.
The section thickness and the increment for these images
were set at 1 mm.

Iimage analysis—objective evaluation

The CT attenuation and standard deviation (SD)
measurements were performed on several representative
regions of interest (ROIs) in both the TNC and VNC
images, which were reconstructed from the arterial and
portal venous phases. These assessments were performed by
two independent observers. The first observer was an expert
with 10 years of experience in abdominal imaging, and the
second observer was a master’s degree student specializing
in medical imaging. The selected ROIs comprised various
areas, including the colorectal tumor, normal colorectal
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tissue, abdominal aorta, muscle (specifically, the psoas
muscle in patients with colon cancer, and the gluteal muscle
in patients with rectal cancer), subcutaneous fat, liver, portal
vein, spleen, and renal cortex. To ensure consistent and
reliable measurements, specific criteria were applied when
placing the ROIs. For instance, the ROIs for the tumors,
liver, spleen, and kidneys were positioned at the largest
imaging level to avoid regions with liquefaction, necrosis,
calcification, or blood vessels. The ROIs for the muscle
and subcutaneous fat were placed at the same imaging
level as the tumor to ensure consistency. Circular ROIs
were initially placed on images from the arterial or portal
venous phase images, and then copied onto the TNC and
VNC images. The circular ROIs used were approximately
100 mm’ in size, but if the tissue being measured was
smaller than 100 mm’, the ROI was adjusted to cover the
entire area. However, in the case of the renal cortex, an
oval-shaped ROI was employed to adequately cover the
cortical area. The size of the tumor ROI was tailored to the
tumor’s overall dimensions to ensure a precise depiction.
To account for potential discrepancies caused by patient
breathing and movement, manual adjustments were
made to align the ROIs accurately. In total, 2,070 ROIs
were measured (10 ROIs for each of the three phases in
69 patients). Each ROI was measured three times, on the
largest plane and its two adjacent planes, and the average
of the three measurements was taken as the result for each
observer. Subsequently, the average measurements from
both observers were used to calculate the final values for
each ROIL. A schematic diagram of the ROIs is provided in
Figure 2.

After obtaining the CT attenuation and SD values, the
absolute attenuation error, which represents the accuracy
of the CT attenuation (13), and the signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR), which represent
the quality of the image, were further calculated using the
following formulas:

VNCa,,,, =|HU ¢, — HU | (1]

error

where VNCa
between the virtual non-contrast image from the arterial
phase (VNCa) and the TNC image, HUyy, refers to the
CT attenuation of the VNCa images, and HU . refers to
the CT attenuation of the TNC images;

refers to the absolute attenuation error

error

VNCp,,,, = |H Upney ~HUpye (2]

where VNCp,,,,, refers to the absolute attenuation error
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between the virtual non-contrast image from the portal
venous phase (VNCp) and the TNC image, and HUyyc,
refers to the CT attenuation of the VNCp images.
An absolute attenuation error between the VNC and TNC
images of 10 HU or less was considered acceptable (15,21).
The formula for the SNR is expressed as follows:

SNR = HU 4, | SDye, 3]

where HUy, refers to the CT attenuation of the ROI, and
SDyo; refers to the SD of the ROL
The formula for the CNR is expressed as follows:

CNR = (H Uror =HU 0 ) /8D, st [4]

where HUy, refers to the CT attenuation of the ROI,
HU .. refers to the CT attenuation of muscle, and SD,, .
refers to the SD of the muscle.

Image analysis—subjective evaluation

The subjective assessment of the images was performed by
two additional independent readers, each with 15 years of
experience in interpreting abdominal images. These readers
were unaware of the specific image reconstructions being
evaluated. The images were scored on a five-point grade
scale (22) based on several factors, including the display
of the anatomical details, the presence of artifacts, and
the level of image noise. The grading scale was as follows:
5 = excellent, 4 = good, 3 = moderate, 2 = poor, and 1 =
non-diagnostic.

Radiation dose evaluation

The dose-length product (DLP, mGy-cm) and effective dose
(ED, mSv) values were recorded for all patients in the TNC
scan and contrast scan protocols. The ED was calculated
from the DLP registered by the CT scanner and multiplied
by a conversion coefficient (k) valued at 0.015 mSv/(mGy-cm)
(20,23), thereby yielding the following formula: ED = k x
DLP, where k is set at 0.015.

Statistical analysis

The distribution of the variables was assessed using
the Shapiro-Wilk test. The normally distributed
data are expressed as the mean + SD, and the non-
normally distributed data are expressed as the median
and interquartile range (IQR). As our evaluators were
specifically selected and not randomly selected, we
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Figure 2 Illustrations of the ROIs in colorectal, (A) colon, and (B) rectal tumors. The circular ROIs, initially positioned on images from

either the arterial or portal venous phase, were subsequently replicated onto the TNC and VINC phase images. (a) Tumor, muscle and

subcutaneous fat; (b) normal colorectal tissue; () abdominal aorta; (d) portal vein; (e) liver; (f) spleen; (g) right renal cortex; (h) left renal

cortex. ROISs, regions of interest; TNC, true non-contrast; VINC, virtual non-contrast.

employed the interclass correlation coefficient (ICC)
(type 3) to evaluate interobserver agreement across
all measurements and assessments. The interobserver
agreement was interpreted as follows: poor: 0< ICC <0.2;
fair: 0.2< ICC <0.4; moderate: 0.4< ICC <0.6; good: 0.6<
ICC <0.8; and excellent: 0.8< ICC <1.0.

The objective assessments, including the CT attenuation,
SD, SNR, and CNR values, were compared between
the TNC and VNC images using the paired 7-test and

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

Wilcoxon signed-rank test. A Bland-Altman analysis was
used to evaluate the measurement agreement between
the mean CT attenuation on the TNC images and VNC
images. The Wilcoxon signed-rank test was used to
compare the subjective evaluation of the TNC and VNC
image quality.

The statistical analyses were conducted using SPSS
25.0 (IBM, Corp., Armonk, NY, USA) and MedCalc
(version 20.218) statistical software. A P value <0.05 (two-
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Table 1 Demographic and clinical characteristics of patients

Characteristics Value
Sex
Male 44 (63.77)
Female 25 (36.23)
Age (years) 61.36+13.0
Location of lesion
Colon 17 (24.64)
Rectum 52 (75.36)

Data are expressed as the mean =+ standard deviation or n (%).

sided) was considered statistically significant.

Results
Patient characteristics

A total of 69 patients were enrolled in this study, of whom
44 were male, and 25 were female. The patients had a mean
age of 61.36+13.0 years. All the patients had confirmed
postoperative pathology reports of CRC; 17 patients had
colonic lesions, and 52 patients had rectal lesions. Detailed
patient characteristics are presented in Table 1.

Interobserver ag"reement

Interobserver agreement between the two observers was
assessed for all measurements of the 69 participants,
yielding excellent results with all ICC values exceeding 0.80.
A summary of the interobserver agreement results can be

found in Table S1.

Comparison of VNCa and TNC images
In the comparison of the VNCa and TNC images, the CT

attenuation values in all tissues were significantly lower in
the VNCa images, except for the abdominal aorta, which
exhibited higher CT attenuation values in the VNCa images
(P<0.001). Additionally, the SD values were significantly
lower in the VNCa images across all tissues (P<0.001). The
SNR and CNR values were higher in the VNCa images
than the TNC images (P<0.05), except for the portal vein,
which displayed a lower CNR value in the VNCa images.
Detailed objective evaluation results are provided in
Tables S2,S3. Figure 3 provides an example of the

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

differences in the CT numbers observed in tumors.

Comparison of VNCp and TNC images

The VNCp images were compared to the TNC images, and
while no statistically significant difference was found in the
CT attenuation values for the portal vein, in other tissues,
the values of the VNCp images exhibited significantly lower
CT attenuation values (P<0.001). The SD values of the
VNCp images were lower than those of the TNC images
across all tissues, except for the spleen. The SNR and CNR
values of the VNCp images were higher than those of the
TNC images (P<0.05) in all tissues, except for the spleen.
Detailed results for the objective evaluation indicators are
provided in Tables S2,S3.

Comparison of VNCa and VNCp images

The comparison of the VNCa and VNCp images showed
that the CT attenuation values of the VNCa images were
higher than those of the VNCp images in the normal
colorectum, muscle, portal vein, and spleen. Conversely,
the VNCa images had significantly lower CT attenuation
values in the other ROIs (P<0.05). The SD values of the
VNCp images were higher than those of the VNCa images
in the normal colorectum, muscle, portal vein, liver, and
spleen (P<0.001). The SNRs of the VNCa images were
higher than those of the VNCp images (P<0.05) in all
tissues, except for the abdominal aorta, left kidney, and
subcutaneous fat. Conversely, the SNRs of the VNCp
images were higher than those of the VNCa images in
the subcutaneous fat (P<0.001). The CNRs of the VNCa
images were higher than those of the VNCp images (P<0.05)
in the subcutaneous fat, abdominal aorta, liver, and spleen

(P<0.001). For further details, see Tables S2,S3.

Absolute attenuation error between TNC and VINC images

The mean absolute attenuation errors of the VNC images
were consistently less than 10 HU. The largest and smallest
absolute attenuation errors of the VNC images were
observed in the subcutaneous fat (VNCp: 6.83, IQR 4.30-
9.67 and VNCa: 5.83, IQR 3.25-8.60) and the portal vein
(VNCa: 1.46, IQR 0.80-3.05 and VNCp: 1.43, IQR 1.03-
2.35), respectively. Significant differences in the absolute
attenuation errors were found between the VNCa images
and VNCp images for all tissues, except for the portal vein.
The absolute attenuation errors between the TNC and
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. ROI: 100.3 mm® Av =35.5 Std =21.5 HU

-

-

ROI: 100.3 mm® Av =34.9 Std =22.5 HU RO!: 100.3 mm® Av =34.1 Std =21.6 HU

ROI: 101.3 mm’® Av =37.1 Std =26.9,HU ROI: 101.3 mm® Av =145.3 Std =27.8 HU ROI: 101.3 mm® Av=226.9 Std =23.6 HU

ROIl: 101.3 mm® Av.=36.1 Std =20.1.HU ROI: 101.3 mm® Av.=85.6 Std =18.5 HU

Figure 3 Images showing differences in CT numbers in the region of the colorectal tumor [(A) colon tumor; (B) rectal tumor]. (a-e) The
TNC, arterial phase, portal venous phase, VNCa, and VNCp images, respectively. ROI, region of interest; Av, average; Std, standard
deviation; CT, computed tomography; TNC, true non-contrast; VNCa, virtual non-contrast image from the arterial phase; VNCp, virtual

non-contrast image from the portal venous phase; HU, Hounsfield units.
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Table 2 Mean absolute attenuation errors between the TNC and VNC images

Region VNCa,,, (HU) VNCPgror (HU) pP*

Tumor 2.77 (1.77-4.22) 3.27 (2.68-4.30) 0.002
Normal colorectum 2.93+1.79 3.10 (1.88-4.75) 0.004
Muscle 3.88+1.56 2.73 (2.02-3.57) <0.001
Subcutaneous fat 5.83 (3.25-8.60) 6.83 (4.30-9.67) <0.001
Abdominal aorta 4.87 (3.78-7.10) 3.23 (1.83-4.43) <0.001
Portal vein 1.46 (0.80-3.05) 1.43 (1.03-2.35) 0.522
Liver 3.03 (2.25-4.22) 2.37 (1.37-4.40) 0.004
Spleen 3.50+1.28 2.13 (1.47-2.97) <0.001
Renal cortex-L 2.83 (1.40-4.05) 3.42+1.82 0.009
Renal cortex-R 1.67 (1.15-2.80) 2.59+1.24 <0.001

Data are expressed as the mean = standard deviation or median (interquartile range). *, comparison of VNCa,,, and VNCp,,.. TNC, true
non-contrast; VNC, virtual non-contrast; VNCa,,., the absolute attenuation error between VNCa and TNC images; VNCp,,.,, the absolute
attenuation error between VNCp and TNC images; VNCa, virtual non-contrast image from the arterial phase; HU, Hounsfield unit; VNCp,
virtual non-contrast image from the portal venous phase; Renal cortex-L, left renal cortex; Renal cortex-R, right renal cortex.

VNCa images were smaller than those between the TNC
and VNCp images for tumors. A comprehensive summary
of the absolute attenuation errors for the VNC images
across all the evaluated tissues is presented in Tuble 2.
Overall, the percentages of the VNC images with
absolute attenuation errors less than 5 and 10 HU in the
arterial phase CT were 78.99% and 97.97%, respectively,
and those in the portal venous phase CT were 81.59%
and 96.96%, respectively. Further details on the absolute
attenuation errors less than 5 and 10 HU are provided in
Table 3. Bland-Altman plots illustrating the measurement
agreement between the CT attenuation on the TNC images
and VNC images in all regions can be found in Figure S1.

Subjective assessment

The scores assigned by both readers to the TNC images
[5 AQR 5-5)] were significantly higher than those for the
VNCa [5 IQR 4-5)] and VNCp [5 (IQR 4-5)] images
(P<0.05). No significant differences were observed in the
scores between the VNCa and VNCp images for either
reader (P>0.05). Image quality was rated as excellent (a
score of 5) in the majority of the TNC, VNCa, and VNCp
images with slight variations between the two readers. All
the images received scores above three on the five-point
scale. For a detailed evaluation of the image quality, see
Table 4.

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

Radiation dose evaluation

The ED values for the CT scan, including all scanned
phases, were 32.87+7.16 mSv. In the contrast CT scan,
excluding the TINC scan, the ED value was 20.38+4.49 mSv.
Thus, eliminating the TNC phase resulted in an ED
reduction of approximately 37.99%.

Discussion

In the current investigation, we conducted a comprehensive
examination of objective image quality parameters,
including CT attenuation, image noise, the SNR, the CNR,
and the absolute attenuation error, as well as an assessment
of the subjective image quality of VNC images obtained
from arterial and portal venous phase scans using a dual-
layer spectral detector CT system. Our findings revealed a
high degree of concordance between the VNC and TNC
images in CRC and other abdominal tissues. Notably, we
observed that the image quality was consistently favorable
in both the VNC and TNC images, leading to a significant
reduction in the effective radiation dose, which was reduced
by approximately 37.99% when the TINC scans were
omitted.

In our investigation, we found statistically significant
differences in the CT attenuation values between the VNC
and TNC images, which were significantly lower than the
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Table 3 Absolute attenuation errors less than 5 and 10 HU

Wen et al. Comparison of VNC and TNC images from SDCT in CRC patients

VNCagno, N (%)

VNCperron n (%)

Region
<5 HU <10 HU <5 HU <10 HU

Tumor 56 (81.16) 69 (100.00) 57 (82.61) 67 (97.10)
Normal colorectum 60 (86.96) 69 (100.00) 54 (78.26) 68 (98.55)
Muscle 53 (76.81) 69 (100.00) 64 (92.75) 68 (98.55)
Subcutaneous fat 27 (39.13) 59 (85.51) 22 (31.88) 55 (79.71)
Abdominal aorta 36 (52.17) 65 (94.20) 57 (82.61) 67 (97.10)
Portal vein 68 (98.55) 69 (100.00) 68 (98.55) 69 (100.00)
Liver 57 (82.61) 69 (100.00) 56 (81.16) 68 (98.55)
Spleen 61 (88.41) 69 (100.00) 63 (91.30) 69 (100.00)
Renal cortex-L 59 (85.51) 69 (100.00) 56 (81.16) 69 (100.00)
Renal cortex-R 68 (98.55) 69 (100.00) 66 (95.65) 69 (100.00)
Total (%) 78.99 97.97 81.59 96.96

HU, Hounsfield units; VNCa,,,, the absolute attenuation error between VNCa and TNC images; VNCp.,., the absolute attenuation error
between VNCp and TNC images; VNCa, virtual non-contrast image from the arterial phase; VNCp, virtual non-contrast image from the
portal venous phase; Renal cortex-L, left renal cortex; Renal cortex-R, right renal cortex.

Table 4 Subjective evaluation of image quality

P value
Score TNC VNCa VNCp
TNC vs. VNCa TNCvs.VNCp  VNCavs. VNCp
Reader 1 0.007 0.002 0.694
Score
1 0 0 0
2 0 0 0
3 0 2 0
4 10 18 20
5 59 49 49
Median [IQR] 5[5-5] 5 [4-5] 5 [4-5]
Reader 2 0.705
Score
1 0 0 0
2 0 0 0
3 0 1 0
4 7 23 23
5 62 45 46
Median [IQR] 5[5-5] 5[4-5] 5[4-5]

TNC, true non-contrast; VNCa, virtual non-contrast image from the arterial phase; VNCp, virtual non-contrast image from the portal

venous phase; IQR, interquartile range.
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TNC images in most tissues, including the tumor, liver,
spleen, kidneys, muscle, and subcutaneous fat. However,
exceptions were observed in the abdominal artery (where
the CT attenuation values in VNCa image were higher
than those in TNC images), and portal vein (P>0.05).
These findings are informative but somewhat inconsistent
with certain previous studies (19,20,24-27). For example,
Zhang et al. reported no differences in the CT attenuation
values for the liver, spleen, and arteries between VNC
and TNC images, which contrasts with our observations.
Conversely, Zhang et al. found that the values for the
kidneys, subcutaneous fat, and psoas muscle were lower in
the VNC images than the TNC images (19), which aligns
with our results. Similarly, Jing er a/. found significantly
lower mean CT attenuation values for the liver and spleen
in VNC images compared to TNC images (20), which is
consistent with our findings. Conversely, Ananthakrishnan
et al. concluded that VNC images overestimated HU
relative to unenhanced images (22). Additionally, Lennartz
et al. found no significant difference between the TNC
and VNCp images in the abdominal aorta with the VNCp
images even showing higher CT attenuation values in
the portal vein than the TNC images, a finding that
differs from our observations (25). These disparities may
stem from variations in the reconstruction algorithms,
period phase selection for VNC image reconstruction,
scanner specifications, and imaging protocols for VNC
images. In our study, the CT attenuation values of the
abdominal arteries were higher in the VNCa images than
the TNC images, which might be explained by the fact
that the concentration of iodine in the arterial phase of the
abdominal aorta was too high to be completely removed,
resulting in higher CT attenuation values in the VNCa
images than the TINC images.

"To mitigate these discrepancies, we introduced an absolute
attenuation error criterion, deeming errors of 10 HU or less
as acceptable (15,21). This approach effectively balanced
the discrepancies between the TNC and VNC images in
both positive and negative directions. Overall, our results
indicated that the mean absolute attenuation errors for the
VNC images across all tissues were below 10 HU, with
80.29% and 97.47% of the VNC images exhibiting absolute
attenuation errors below 5 and 10 HU, respectively. These
findings suggest a slight improvement in the attenuation
accuracy of the VNC images in our study compared
to previous studies. Ananthakrishnan ez a/. reported
absolute attenuation differences below 5 and 10 HU in
only 44.4% and 75.2%, respectively, of all measurements
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between the VNC and TNC images (22). Conversely,
Jamali et al. observed differences below 10 HU in 92.3%
of cases (28), while Mergen et a/. reported absolute
attenuation errors below 5 HU in 76% and below 10 HU
in 95% of measurements between the VNC and TNC
images (13). They suggested that these disparities might be
due to variances in scanner characteristics.

As is well known, VNC reconstructions are generated by
subtracting iodine content from contrast-enhanced scans to
create images that resemble TNC images. This technique is
particularly useful in dual-energy CT imaging (29). Different
CT scanners may use different types of dual-energy
technology, such as dual-source, rapid kVp switching, or
dual-layer detector systems. Each technology has its own
method of acquiring and processing data, which can affect
the VNC image quality. Additionally, manufacturers often
develop proprietary algorithms for material decomposition
and VNC reconstructions. These algorithms may handle the
subtraction process differently, leading to variability in the
final VNC images. Further, the post-processing techniques
and software used can also contribute to the differences in
VNC images. Different smoothing filters, noise reduction
algorithms, and other image enhancement tools can alter
the appearance of VNC reconstructions. Further, accurate
VNC reconstructions depend on the proper calibration of
the CT scanner and the appropriate selection of scanning
parameters. Any variations in calibration or settings can
result in discrepancies in VNC images. We also postulate
that scanning protocols and period phase selection for VNC
image reconstruction may contribute to these variations;
thus, further research needs to be conducted.

Notably, the largest absolute attenuation error between
the VNC and TNC images in our study was detected in
subcutaneous fat; a finding consistent with previous research
(15,19). However, given the minimal iodine uptake in fat,
the exact reason for this finding remains unclear. Further,
our study found that only 2-3% of patients exhibited
absolute attenuation errors exceeding 10 HU between
the TNC and VNC images. Smaller absolute attenuation
error values and lower percentages of absolute attenuation
errors exceeding 10 HU indicate superior agreement in
CT attenuation between VNC and the TNC images.
Additionally, the Bland-Altman plots revealed favorable
agreement for the CT attenuation between the TNC and
VNC images.

Moreover, we observed that the noise (SD) in the VNC
images was significantly lower than in the TNC images
across nearly all tissues, except for the spleen (P>0.05). This
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observation aligns with the findings of previous studies
(15,19,24) and might be due to smoothing induced by
the spectral reconstruction algorithm at level 4; however,
a subtle granularity was noted (24). This might have
contributed to the lower subjective ratings of the VNC
images compared to the TNC images.

Assessing colorectal lesions, in addition to major
abdominal organs and tissues, is crucial for determining
the viability of employing VNC images as an alternative
to TNC images in the follow-up evaluations of patients
with CRC. Our findings indicated significantly lower CT
attenuation values in the VNC images than the TNC
images in tumors, while the mean absolute attenuation
error remained below 5 HU, and the SD values in the VNC
images were lower than those in the TNC images. Further,
the CNR and SNR values were consistently higher in the
VNC images than the TNC images. To determine the
optimal phase for reconstructing VNC images with minimal
differences, we also compared the VNCa and VNCp
images. The absolute attenuation errors between the TNC
and VNCa images were smaller than those between the
TNC and VNCp images for the tumor, normal colorectum,
fat, and kidney, which suggests that the VNCa images had
higher accuracy in these tissues. Conversely, the VNCp
images had greater accuracy in the muscle, liver, spleen,
and abdominal artery, with no difference in the portal vein.
Thus, we recommend that VNCa images be used as an
alternative to TNC to evaluate CRC patients. However,
this recommendation diverges from previous studies; for
example, Lehti er a/. suggested that VNCp images represent
TNC scans more accurately than VNCa images (30). These
differences might be related to tissue-specific characteristics
regarding the absorption and excretion process of iodine
contrast agents; thus, further research needs to be
conducted. Regarding other abdominal organs, we advise
a prudent choice of the reconstruction phase for VNC
images. This decision should be informed by considering
the particular organ under examination, in tandem with the
insights gained from our research.

This study had several limitations. First, bone tissue was
not included in our analysis due to the similar absorption
properties shared between bone and iodine, which renders
differentiation using spectral CT challenging. Second,
fluid-containing organs were also not included in the tissues
we measured; for example, the bladder and gallbladder were
excluded from our measurements, as iodine uptake in these
organs is virtually absent. Third, our study focused solely
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on a single scanner and did not encompass a comparative
analysis of VNC images acquired from other spectral
detector CT systems. Fourth, this study used conventional
dose scanning and processed the spectral data to generate
VNC images using a fixed reconstruction algorithm,
spectral level 4; future research should seek to investigate
the effects of low-dose scanning or different reconstruction
algorithms on image quality. Further, the reproducibility
of VNC attenuation values across different manufacturers
warrants further investigation. Finally, it is important to
acknowledge that our study was conducted at a single
center; thus, validation in larger multicenter studies is
required.

Conclusions

We found robust agreement between the VNC and TNC
images in assessing the image quality of tumors and
abdominal tissues in CRC patients. Notably, the VNCa
images exhibited the smallest discrepancies in the CT
attenuation values for tumors. In the future, the use of VNC
images as a substitute for TNC images may significantly
reduce radiation doses for CRC patients.
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