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Abstract
Purpose  To assess the feasibility of combining Auto-kVp selection technique, higher preset ASIR-V and noise index (NI) to 
realize individualized sub-mSv CT colonography (CTC) for accurate colorectal tumor detection and localization.
Methods  Ninety patients with suspected colorectal cancer (CRC) were prospectively enrolled to undergo standard dose 
CTC (SDCTC) in the prone and ultra-low dose CTC (ULDCTC) in the supine position. SDCTC used 120 kVp, preset ASIR-
V of 30%, SmartmA for a NI of 13; ULDCTC used Auto-kVp selection technique with 80 or 100 kVp, preset ASIR-V of 
60%, SmartmA for a NI of 13 for 80 kVp, and NI of 15 for 100 kVp. The effective dose (ED), image quality [signal-to-noise 
ratio (SNR) and contrast-to-noise ratio (CNR) of colorectal neoplasms] between the two protocols were compared and the 
accuracies of tumor locations were evaluated for CTC in comparison with the surgery results.
Results  The mean ED of the ULDCTC-80 kVp subgroup was 0.70 mSv, 71.43% lower than the 2.45 mSv for the 120 kVp 
group, while that of the ULDCTC-100 kVp subgroup was 0.98 mSv, 73.00% lower than the 3.63 mSv for the 120 kVp group 
(P < 0.001). The tumor SNR and CNR of the ULDCTC were higher than those of SDCTC (P < 0.05), while there was no 
difference in the subjective image quality between them with good inter-observer agreement (Kappa: 0.805–0.923). Both 
SDCTC and ULDCTC groups had high detection rate of colorectal tumors, along with good consistency in determining 
tumor location compared with surgery reports (Kappa: 0.718–0.989).
Conclusion  The combination of Auto-kVp selection, higher preset ASIR-V and NI achieves individualized sub-mSv CTC 
with good performance in detecting and locating CRC with surgery and consistent results between SDCTC and ULDCTC.
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Introduction

Colorectal cancer (CRC) has become the third leading cause 
of death in patients diagnosed with malignant neoplasms in 
the digestive system [1]. Since its primary cause is inabil-
ity to diagnose at an early stage, early detection is essential 
to CRC prevention [2]. Optical colonoscopy (OC), serving 
as the gold standard, plays an important role in the reliable 
diagnosis of CRC [3]. However, the invasive nature of the 
procedure and high requirement of the physician’s experi-
ence narrow the application of OC in some circumstances 
[4, 5]. Nowadays, CT Colonography (CTC), also known as 
virtual colonoscopy, becomes a compensation for incom-
plete colonoscopy (IC), because of its ability to provide the 
entire colon evaluation, especially for the proximal colon 
obstructed by occlusive CRC [6]. Furthermore, an increas-
ing number of organizations, including American College 
of Gastroenterology, the European Society of Gastrointes-
tinal Endoscopy and European Society of Gastrointestinal 
and Abdominal Radiology, have involved CTC as a routine 
screening test for CRC, which highlighted the increasing 
clinical value of CTC [7, 8]. However, the routine CTC 
requires two scans in prone and supine positions, causing 
the risk of radiation exposure a non-negligible issue. Since 
the potential harm from radiation has raised great aware-
ness, exploring effective dose reduction approaches has 
always been a hot topic in the field of medical imaging.

With the continuous development of CT technology, 
various tools have been introduced to decrease radiation 
dose without sacrificing image quality. One of them is the 
automated kilovoltage peak selection (Auto-kVp), been 
known as Auto-prescription technique, provides the patient 
with the most appropriate tube voltage based on the x-ray 
attenuation features derived from patient’s body habitus 
[9]. Taking advantage of Auto-kVp can realize individual-
ized low-dose imaging, which has been studied in the tho-
racoabdominal aorta and portal vein [10, 11]. Another dose 
reduction approach, been frequently neglected, is adjusting 
the preset strength of adaptive statistical iterative recon-
struction algorithm-V (preset ASIR-V). As the weight of 
preset ASIR-V increases, the radiation dose required to 
achieve the same noise level for a given patient decreases 
exponentially [12]. Furthermore, increasing noise index 
(NI) can also decrease radiation dose. The increasing image 
noise caused by the higher NI can be dealt with applying 
high strength of post-set ASIR-V, which has great denois-
ing capacity to compensate for the image degradation [13, 
14]. To the best of our knowledge, combining the above-
mentioned dose-reduction techniques in CRC patients has 
not been paid much attention.

Therefore, this study aims to assess the feasibility of 
combining Auto-prescription technique, higher preset 

ASIR-V and higher NI to realize individualized sub-mSv 
CTC, as well as evaluating its diagnostic performance by 
the detection rate of CRC under ultra-low dose protocol and 
the accuracy of defining tumor location in comparison with 
the results of surgery.

Materials and methods

This prospective study was approved by the Institutional 
Review Board of our Hospital. Written informed consent for 
study participation was obtained from all involved patients.

Study participants

During the period of December 2023 to April 2024, a total 
of 110 consecutive patients who were scheduled to undergo 
CTC examination with clinically suspected CRC in our hos-
pital were prospectively enrolled in this study. The exclu-
sion criteria were as follows: patients with poor bowel 
preparation, unable to tolerate gas injection, metal artifacts 
from lumbar implants or total hip replacement, and patients 
who were recommended to use 120 kVp tube voltage by 
Auto prescription technique. Among the 110 patients, 11 
patients who had no pathological report, 5 patients who had 
maximum tumor diameter less than 10 mm, and another 4 
patients who underwent chemotherapy for treatment were 
further excluded from analysis. Thus, 90 patients finally 
made up of our study population (Fig. 1).

Sub-millisievert CT colonography

Prior to the CTC, a clear liquid diet was restricted to all 
patients three days before the examination. A standard 
bowel preparation was conducted on all patients with one 
sachet of soluble polyethylene glycol electrolyte powder 
(Hygecon, Jiangxi Hygecon Pharmecutical) dissolved in one 
litre of warm water as laxative, and without fecal tagging. 
In addition, patients were instructed to consume 30 milli-
litres (mls) of Simethicone dissolved in 100 mls of warm 
water to alleviate possible abdominal bloating. On the day 
of CTC examination, all patients had fasted overnight and 
lied in the left lateral decubitus position on the CT examina-
tion table. A senior radiologist assisted by a dedicated nurse 
manually inflated CO2 into the colon via a flexible rectal 
tube, until the patient experienced abdominal discomfort. 
The CTC scanning started with patients in prone position 
with care taken to avoid abdominal compression by putting 
a pillow under the chest. After the patients rotated into the 
supine position, the colon distension was checked based on 
the supine scout image. If the residual air was inadequate, 
further inflation would be performed before the second scan 

1 3



Abdominal Radiology

to ensure the CTC image quality. To avoid repeated bowel 
preparation, the CTC examinations were conducted on the 
same day with colonoscopy.

All CTC examinations were performed with a 256-row 
spectral CT scanner (Revolution CT, GE HealthCare, Mil-
waukee, WI, USA) using the following parameters: detector 

width, 80 mm; pitch, 0.992; rotation time, 0.5 s; slice thick-
ness, 5 mm; tube voltage, 120 kVp in the prone position 
[standard dose CTC (SDCTC)] and Auto-prescription 
kVp selection in the supine position [ultra-low dose CTC 
(ULDCTC)] with subgroups of 80 kVp or 100 kVp; tube cur-
rent, Smart mA mode (range, 20–450 mA); preset ASIR-V, 

Fig. 1  Study pipeline. CRC colorectal cancer; CTC CT colonography; SDCTC standard dose CT colonography; ULDCTC ultra-low dose CT 
colonography
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5 points: clear image, virtually no image noise, excellent 
confidence to detect colorectal lesions;

4 points: relatively clear image, low image noise, good 
confidence to detect colorectal lesions;

3 points: fair image, moderate image noise, fair confi-
dence to detect colorectal lesions;

2 points: slightly blurry image, large image noise, low 
confidence to detect colorectal lesions;

1 point: blurry image, heavy image noise, uninterpretable.
Different criteria were applied to 3D images:
5 points: smooth endoluminal wall, clear lesion 

morphology;
4 points: relatively smooth endoluminal wall, distin-

guishable lesion morphology;
3 points: irregular endoluminal wall, relatively distin-

guishable lesion morphology;
2 points: rough endoluminal wall, barely distinguishable 

lesion morphology;
1 point: highly rough endoluminal wall, indistinguish-

able lesion morphology.

Tumor detection and location

The colonic and rectal tumor locations were recorded by 
the same radiologists mentioned above while assessing the 
image quality. The colon and rectum were divided into nine 
segments [16]: ileocecal junction, ascending colon, hepatic 
flexure, transverse colon, splenic flexure, descending colon, 
sigmoid colon, rectosigmoid junction, and rectum. If diver-
gent opinions appeared, a consensus reading was performed 
to determine a final conclusion. An intergroup comparison 
was made between the tumor locations reported by the two 
radiologists and by a surgeon, using the operation result as 
the reference standard.

Statistical analysis

Data analysis was performed with SPSS 26.0 statistical 
software. For the normally distributed continuous vari-
ables, expressed as mean ± SD, the Paired sample t test was 
used, whereas for the non-normally distributed variables, 
expressed as median (Interquartile range, IQR), Wilcoxon 
sign rank test was used. The comparison of subjective scores 
between the control group and Auto-kVp groups used Wil-
coxon sign rank test. The Kappa test was used to compare 
the inter-reader consistency and tumor location consistency 
between CTC and surgery: Kappa value ≥ 0.75, good con-
sistency, 0.75 > Kappa value > 0.4, moderate consistency, 
Kappa value ≤ 0.4, poor consistency. P < 0.05 represented a 
statistically significant difference.

30% for the SDCTC and 60% for the ULDCTC. Radiation 
doses were controlled by using noise index (NI) setting: 13 
for the 120 kVp group and 80 kVp subgroup and 15 for the 
100 kVp subgroup. All raw data were reconstructed using a 
STND kernel with 30% and 80% post-set ASIR-V for the 
SDCTC and the ULDCTC, respectively. The reconstruction 
thickness and increment were both 0.625 mm.

Radiation dose metrics

The volume CT dose index (CTDIvol) and dose-length 
product (DLP) were recorded for comparison. Moreover, 
the scan length was obtained from the starting and ending 
points for comparison between the prone and supine posi-
tions. Furthermore, the effective dose (ED) was calculated 
from DLP using 0.015 mSv/ (mGy·cm) as the conversion 
factor in abdomen, recommended by the European guide-
lines on quality criteria [15].

Quantitative evaluation

All axial images were transferred to an AW 4.7 (GE Health-
Care, Milwaukee, WI, USA) workstation for the following 
reformatted images: two-dimensional (2D) Multi-planar 
Reformation (MPR), three-dimensional (3D) endoluminal 
view from CT Virtual Colonoscopy (CTVC) and 3D Ray-
sum. On the axial images, the circular regions of interest 
(ROIs) were drawn on the homogenous area of the colorec-
tal tumor and intraluminal air to measure the CT value and 
the standard deviation (SD) values, in order to calculate 
the signal-to-noise ratio (SNR) and the contrast-to-noise 
ratio (CNR) of tumors. The formulas were as follows: 
SNR=CT tumor/SD tumor, CNR=(CT tumor-CT intraluminal air)/SD 
intraluminal air. The tumor ROIs were depicted on the slice of 
maximum diameter, and were manually placed on the prone 
and supine images, keeping the ROI size accounting for 
70-80% of the tumor. The measurements on three consecu-
tive slices were recorded and averaged to avoid measuring 
bias, and the ROI sizes ranged from 50 to 100 mm2.

Qualitative evaluation

Two abdominal radiologists (one junior radiologist with 
5-year experience, and one senior radiologist with 8-year 
experience in abdominal imaging), who were blinded to the 
group division, independently performed subjective image 
quality assessment on the workstation. The 2D MPR images 
and 3D CTVC images were graded using a five-point scale. 
The images scored greater than or equal to 3 points were 
considered diagnostically acceptable. The marking criteria 
were demonstrated as follows:
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ED for ULDCTC-80 kVp was 0.70 mSv, compared to 2.45 
mSv for 120 kVp, resulting in a dose reduction of 71.43% 
(P < 0.001). All cases (50/50) had an ED less than 1 mSv, 
which all met the ultra-low dose requirement. When it 
comes to the ULDCTC-100 kVp subgroup, the average 
CTDIvol, DLP, and ED were 1.29 mGy, 65.19 mGy·cm, 
and 0.98 mSv, compared to the 4.63 mGy, 241.78 mGy·cm, 
and 3.63 mSv for 120 kVp, resulting in a dose reduction of 
72.14%, 73.04%, and 73.00%, respectively (all P < 0.001, 
Table 2). 40/40 cases had an ED less than 1.10 mSv, which 
was comparable to the dose of ULDCTC-80 kVp group.

Quantitative image analysis

The CT values of tumors with ULDCTC-80 kVp were sig-
nificantly higher than those with 120 kVp, and the mean 
image noise of ULDCTC-80 kVp was significantly lower 
than that of 120 kVp (both P < 0.001), because the higher 
postset ASIR-V weight of ULDCTC-80 kVp significantly 
reduced image noise. Hence, the tumour SNR and CNR 
of ULDCTC-80 kVp were higher than those of 120 kVp 
(P < 0.001, Fig. 2). In addition, the same results could be 
found in the comparison between ULDCTC-100 kVp and 

Results

Patient demographics

After applying the inclusion and exclusion criteria, a total 
of 90 patients (44 males and 46 females; age range, 37–85 
years; mean age 65.80 ± 8.90 years) were finally included 
in our study, with an average body mass index (BMI) of 
23.26 ± 2.96  kg/m2 (range, 16.67–30.11  kg/m2). The 
detailed patient demographics and histopathological infor-
mation of ULDCTC-80 kVp and ULDCTC-100 kVp were 
demonstrated in Table 1.

Radiation dose

The scan lengths (in mm) of the prone and supine 
images, respectively representing the SDCTC (120 kVp) 
and ULDCTC (80 or 100 kVp), had statistically insig-
nificant difference (427.00 ± 36.61 vs. 420.92 ± 30.85, 
441.65 ± 40.22 vs. 434.38 ± 46.36, both P>0.05). The mean 
CTDIvol and DLP with ULDCTC-80 kVp decreased by 
70.46% and 71.43%, respectively compared with the same 
patient of 120 kVp (both P < 0.001, Table 2). The average 

Table 2  Radiation dose comparison
Group Tube voltage (kVp) BMI

(kg/m2)
CTDIvol
(mGy)

DLP (mGy·cm) ED
(mSv)

P

SDCTC 120 (n = 50) 21.62 ± 2.21 3.25 ± 0.61 163.10 ± 35.26 2.45 ± 0.53 P<0.001
ULDCTC 80 (n = 50) 0.96 ± 0.12 46.59 ± 7.81 0.70 ± 0.12
SDCTC 120 (n = 40) 25.30 ± 2.48 4.63 ± 0.90 241.78 ± 51.17 3.63 ± 0.77 P<0.001
ULDCTC 100 (n = 40) 1.29 ± 0.11 65.19 ± 4.87 0.98 ± 0.07
BMI body mass index; CTDIvol volume CT dose index; DLP dose-length product; ED effective dose; SDCTC standard dose CT colonography; 
ULDCTC ultra-low dose CT colonography

SDCTC ULDCTC SDCTC ULDCTC
Tube voltage (kVp) 120 80 120 100
Gender (n) Male 27 17

Female 23 23
Age (years) 66.32 ± 9.56 65.15 ± 8.08
Total body weight (kg) 59.86 ± 7.70 69.68 ± 8.19
BMI (kg/m2) 21.62 ± 2.21 25.30 ± 2.48
Location (n) Colon 29 27

Rectum 22 13
Maximum diameter (cm) 4.0 (3.5, 5.0) 3.0 (2.5, 4.3)
Lesion morphol-
ogy (n)

Ulcerative 27 15
Protruding 24 25

Histopathological 
type (n)

Adenocarcinoma 45 37
Adenoma 6 3

Histopathological 
grade (n)

High (Poorly 
differentiated)

13 10

Low (Well and moderate 
differentiated)

32 27

T stage (n) T1-2 11 12
T3-4 34 25

Table 1  Patient demographics

Age, total body weight and BMI 
(body mass index) are expressed 
as mean values ± standard 
deviations, maximum diam-
eter is expressed as median 
(interquartile range, IQR). n, 
number; SDCTC standard dose 
CT colonography; T stage, tumor 
stage; ULDCTC ultra-low dose 
CT colonography
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Diagnostic performance of SDCTC and ULDCTC

The locations of colorectal tumors reported in CTC and 
surgery are summarized in Table 3. A total of 91 colorectal 
tumors were reported in surgery, including 82 CRC with one 
patient had two cancers (one in the ascending colon, and 
one in the rectum), 8 premalignant tubulovillous adenomas 
with high-grade dysplasia, and 1 benign tubular adenoma. 
Compared with surgical results, SDCTC and ULDCTC both 
detected 90 out of 91 tumors (98.9%), including the patient 
who had two tumors in the colon. The percentage of colorec-
tal tumors detected in ULDCTC-80 kVp group were 100%, 
whereas only one tumor was missed in ULDCTC-100 kVp 
group (97.5%), which was confirmed to be a benign tubular 
adenoma in ileocecal junction by pathology. The minimal 

120 kVp. The image standard deviations of tumors were sig-
nificantly lower and their CT values, SNR and CNR values 
were significantly higher with ULDCTC-100 kVp than with 
120 kVp (all P < 0.001).

Qualitative image analysis

No significant difference was observed in the subjective 
scores between the ULDCTC and SDCTC, no matter in 2D 
or 3D images (all P>0.05). A good consistency of subjec-
tive image quality existed among the two reviewers (Kappa 
value 0.805~0.923, P<0.001). In both groups, no images 
were found to be non-diagnostic (Fig.  3). Representative 
examples are presented in Figs. 4 and 5.

Fig. 2  Comparison of tumor SNR and CNR
SNR signal-to-noise ratio, CNR contrast-to-noise ratio

***P<0.05, indicates significant
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well. Both the SDCTC and ULDCTC had good consistency 
in determining tumor location with surgery reports (Kappa 
value 0.718~0.989, P<0.05). In addition, 16/90 (17.7%) 
patients had incomplete colonoscopy due to occlusive 

tumor diameters reported by surgery were 1.6  cm and 
1.7 cm in ULDCTC-80 kVp and ULDCTC-100 kVp sub-
groups, respectively, which were two premalignant tubular 
adenomas been successfully detected on the ULDCTC as 

Fig. 4  A 70-year-old female with a 3.5-cm tubular adenocarcinoma in 
the distal rectum (BMI 22.89 kg/m2). The tumor is clearly depicted 
(red arrow) on the (a) 2D MPR reconstructed by 30% post-set ASIR-
V, (b) 3D CTVC, and (c) 3D Raysum image, with an ED of 2.41 mSv. 
In the supine position, the tumor is well visualized (red arrow) on the 

(d) 2D MPR reconstructed by 80% post-set ASIR-V, (e) 3D CTVC, 
and (f) 3D Raysum images, with an ED of 0.70 mSv. After reducing 
the radiation dose by 70.95%, the image qualities of the supine images 
were still comparable to those of prone images

 

Fig. 3  Comparison of subjective scores
Green represents subjective score 5, blue represents subjective score 4, and yellow represents subjective score 3
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Table 3  Comparison of tumor location
Group ileocecal

junction
ascending
colon

hepatic
flexure

transverse
colon

splenic
flexure

descending
colon

sigmoid
colon

rectosigmoid junction rectum

120 kVp 0 5 1 1 1 4 12 5 22
80 kVp 0 5 1 1 1 4 12 5 22
Surgery 0 5 1 1 1 3 10 6 24
Kappa 0.837 (95% CI: 0.718~0.957)1,2

P <0.0011,2

120 kVp 1 3 3 5 0 0 13 2 13
100 kVp 1 3 3 5 0 0 13 2 13
Surgery 1 3 3 5 0 0 11 2 15
Kappa 0.868 (95% CI:0.747~0.989)1,2

P <0.0011,2

1 represents the comparison between 120 kVp and surgery, 2 represents the comparison between 80 kVp or 100 kVp and surgery

Fig. 5  A 67-year-old male with a 4.0-cm tubular adenocarcinoma in the 
sigmoid colon (BMI 27.55 kg/m2). The tumor is clearly depicted (red 
arrow) on the (a) 2D MPR reconstructed by 30% post-set ASIR-V, (b) 
3D CTVC, and (c) 3D Raysum image, with an ED of 3.96 mSv. In the 

supine position, the tumor is well visualized (red arrow) on the (d) 2D 
MPR, (e) 3D CTVC, and (f) 3D Raysum images, with an ED of 0.93 
mSv. After reducing the radiation dose by 76.52%, the image qualities 
of the supine images were still comparable to those of prone images
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kVp, respectively. Another study by Wei et al. [21] applied 
tailored tube voltage of 80 kVp and 110 kVp for patients 
BMI ≤ 21 kg/m2 and > 21 kg/m2, respectively, to obtain a 
low-dose CT-guided hook wire localization for pulmonary 
nodules. However, the resulting average ED for patients 
whose BMI were more than 21 kg/m2 was 2.33 mSv, indi-
cating that the sub-mSv imaging was only achieved among 
the population with small body sizes, limited the clinical 
application value of this protocol. Even if BMI was the most 
frequent index for group divisions, the potential selection 
bias was unavoidable because of the subjective decision 
made during kVp selection. By contrast, our study utilized 
Auto prescription technique, which automatically gave tube 
voltage recommendation on the basis of anteroposterior 
(AP) and lateral scout images, so that the individual tube 
voltage could be given objectively in actual, avoiding man-
ual grouping bias [22]. In addition, the above-mentioned 
studies only achieved personalized CT imaging, but their 
average EDs were higher than 1 mSv.

Moreover, ASIR-V in the CT systems of GE Healthcare 
can be divided into preset and post-set ASIR-V, which both 
can be adjusted within the range from 0 to 100%. The func-
tion of preset ASIR-V reduces radiation dose by lowering 
the tube current, with the weight of 30% being conventional 
in our department, while post-set ASIR-V improves image 
quality by reducing image noise. Preset ASIR-V reduces 
tube current (milliampere, mA) using automatic tube cur-
rent modulation without affecting the CT value [23]. 
According to a research by Zhu et al. [24], the image qual-
ity of non-contrast CT abdomen could be maintained when 
the post-set ASIR-V strength was equal to or higher than 
that of the preset ASIR-V. Thus, in the ULDCTC group, the 
preset and post-set ASIR-V weights were increased to 60% 
and 80%, respectively. NI is slightly different from preset 
ASIR-V, which is used to set the desired noise level, thereby 
indirectly controlling the radiation dose. In other words, 
integrating preset ASIR-V and NI allows for the precise 
adjustments of radiation dose. In the clinical practice, how-
ever, the dose reduction and parameter adjustment of our 
study are well-founded. According to Zhao et al’s study [12], 
when the weight of preset ASIR-V was higher than 70%, 
the image noise significantly increased, strongly affecting 
the subjective scores of image quality. Therefore, our study 
only increased the weight of preset ASIR-V to 60%, pursu-
ing the balance between dose reduction and image quality. 
Additionally, since a One-Size-Fits-All method to scan all 
patients was technically inappropriate, different noise indi-
ces were used in our study for the Auto-kVp group. Accord-
ing to Zhao et al.’s study [25], NI was increased to 15 for 
patients whose BMI ≥ 24 kg/m2 in hepatic CTA. Although 
NI could be increased even larger to achieve a considerable 
dose reduction [26], the image quality would be heavily 

CRC, leaving 87/810 (10.7%) colon segments inaccessible 
to colonoscopy. In our study, ULDCTC was successfully 
achieved in surgical candidates.

Discussion

Our study realized individualized ultra-low dose CTC 
(ULDCTC) without degrading image quality and tumor 
diagnosis. The air injected during CTC examination, serv-
ing as a negative contrast, not only increased the contrast 
between the intestinal tract and lesions, but also provided a 
great potential for a dramatic dose reduction, making sub-
mSv CTC technically feasible [17]. Our results demonstrated 
that for the CTC patients given 80 kVp, the ULDCTC could 
be achieved by combining 60% preset ASIR-V with a NI of 
13, whereas for the subgroup of 100 kVp, the target could be 
achieved by combining 60% preset ASIR-V with a NI of 15.

In our study, few patients were recommended 120 kVp 
by the Auto-prescription technique, might be due to the rela-
tively small body habitus of the Asian population compared 
with patients in the western countries. Therefore, those 
patients given 120 kVp were excluded in order to ensure the 
ULDCTC image quality. Even though a few studies indeed 
realized a sub-mSv CTC under 120 kVp, their limitations 
were also obvious. For example, although a previous study 
by Yasuda et al. [18] achieved an even lower average ED of 
0.64 mSv, its maximum ED reached up to 2.64 mSv, imply-
ing that a significant proportion of patients in their study 
received the radiation dosage higher than 1 mSv. Another 
case in point was that Cianci et al. [19] decreased tube cur-
rent of CTC from a a quality reference of 55 milliamper 
second (mAs) to an ultra-low level of 25 mAs, resulting in 
a 63.2% effective dose reduction. However, 14 out of 82 
patients (17.1%) in Cianci’s study received a median ED of 
1.31 mSv, demonstrating that the ED in patients with large 
body sizes failed to reach an ultra-low level. On the con-
trary, the outperforming advantage of our study is that not 
only the mean effective dose (ED) reached the standard of 
ultra-low dose, but the ED for each patient in both 80 kVp 
and 100 kVp groups was lower than 1 mSv. At this point, our 
study realized an actual sub-mSv CTC imaging, with a per-
sonalized radiation dose below 1 mSv, which was superior 
to other previous research [17–19]. Furthermore, the body 
mass indices of our enrolled patients ranged from 16.67 to 
30.11  kg/m2, which covered a relatively large population 
with different body sizes, indicating that our ULDCTC pro-
tocol had a great general applicability.

In the context of individualized low-dose imaging, Li et 
al. [20] manually selected tube voltage based on the CTC 
patients’ BMI, resulting in a 63.6%, 44.6% and 32.1% ED 
reduction in patients scanned by 70 kVp, 80 kVp, and 100 
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Conclusion

In conclusion, the combination of automatic tube voltage 
selection, 60% preset ASIR-V and noise index at 13 or 15 
can achieve ULDCTC, with the mean effective dose less 
than 1 mSv in the patient population within a wide range of 
BMI values. The diagnostic performance was revealed by 
the high detection rate and good consistency of ULDCTC in 
locating colorectal cancer with surgical results. Therefore, 
the modified sub-mSv CTC protocol has the potential to be 
recommended in clinical practice.
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