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European Journal of Radiology–Research article 

 

Clinical impact of low tube voltage computed tomography during hepatic 

arteriography with low iodine to detect hepatocellular carcinoma before 

transarterial chemoembolization 

 

Abstract 

Purpose: This study aimed to evaluate the clinical impact of low tube voltage 

computed tomography (CT) during hepatic arteriography (CTHA) using low 

iodine contrast to detect hepatocellular carcinoma (HCC). 

Materials and methods: CTHA images were obtained using a dual-spin 

technique (80 kVp and 135 kVp) with 30 ml of low-dose iodine contrast (75 

mgI/ml). Three radiologists reviewed 135 kVp and 80 kVp CTHA images to 

diagnose HCC, recording their confidence scores and evaluations of sharpness, 

noise, artifact, and overall image quality. Lesion-to-liver contrast ratios and 

objective noise were measured by a non-reader radiologist. 

Results: We included 23 patients (body mass index, 23.6 ± 2.6 kg/m2) with 89 

HCCs. The mean radiation dose index volume was 21.3 mGy at 135 kVp and 

9.4 mGy at 80 kVp (P < 0.001). The overall sensitivity and positive predictive 

value for diagnosing HCCs at 80 kVp vs. 135 kVp were 0.787 vs. 0.730 and 

0.712 vs. 0.756, respectively. The lesion-to-liver contrast ratio at 80 kVp was 

significantly higher than at 135 kVp in the first (3.1 vs. 2.0; P = 0.008) and 

second phase (3.1 vs. 2.3; P = 0.016). Objective noise was significantly higher at 

80 kVp than at 135 kVp in the first (15. 6 ± 4.9 vs. 11.0 ± 3.1; P < 0.001) and 

second (16.9 ± 5.2 vs. 15.0 ± 7.3; P = 0.046) phases. 
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Conclusion: An 80 kVp CTHA, with lower-dose iodine, improved the 

sensitivity and reduced the radiation dose, despite a decreased positive 

predictive value in comparison with a 135-kVp CTHA with the same iodine 

dose. 
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Introduction 

Hepatocellular carcinoma (HCC) has been identified as the most common type 

of primary neoplasm in the liver and the fourth most common cause of cancer-

related death worldwide [1]. Antiviral therapy to eliminate the hepatitis virus, 

which is the most common etiology of chronic liver disease causing HCC, has a 

high success rate. However, in the United States, liver cancer is increasing 

rapidly because most infected people remain undiagnosed; moreover, it can also 

be due to other preventable risk factors, such as obesity, alcohol, and smoking 

[2]. The therapeutic strategy for HCCs depends on liver function and disease 

staging. Transarterial chemoembolization (TACE), combined with various 

anticancer agents and additional procedures, is an established therapeutic 

procedure for unresectable HCCs [3-8]. 

To achieve tumor control and a preferable patient outcome with TACE, 

it is essential to identify HCCs. Digital subtraction angiography, involving 

tumor staining, is widely used to detect HCCs. Despite its higher radiation dose 

and amount of iodine contrast media, CT during hepatic arteriography (CTHA) 

has high detectability for HCC [9-11]. 

However, CTHA has been associated with two potential problems. 

First, post-contrast acute kidney injury (PC-AKI) may arise due to an overload 

of the iodine contrast media administrated in TACE procedures [12]. An 

increased creatinine level (by ≥ 0.5 mg/dl or ≥ 25% from baseline within 72 

hours after TACE) was observed in 2.6%–9% of patients; a few required 

transient hemodialysis [13-15]. Second, CTHA delivers additional radiation over 

that of the TACE procedure and routine follow-up CT exams. Most patients 

with HCCs are associated with chronic liver disease; they are recommended to 

undergo imaging surveillance to detect HCCs in the early stage [16] and are 
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treated with multiple TACE sessions [17], resulting in the accumulation of their 

lifetime radiation exposure. 

In low tube voltages, the photoelectric effect in X-ray attenuation is 

increased, especially for a relatively high effective atomic number, including 

iodine. As a result, the attenuation of iodine is increased in low tube voltage 

scan [18]. According to this physics background, the low tube voltage scan is a 

known technique that provides higher contrast enhancement of the scan [19]. 

Several clinical studies have demonstrated the benefit of low tube voltage scans 

in abdominal solid-organ evaluation [20], CT venography for the detection of 

deep vein thrombosis (with higher contrast enhancement) [21], CT urography 

[22], CT enterography [23], CT colonography [24], and vascular imaging (with 

reduced radiation dose) [25]. Because HCC is a hyper-enhancing liver tumor, 

low tube voltage (80–100 kVp) scans in intravenous contrast-enhanced CT 

allow a reduction in the iodine load without reducing image quality and 

diagnostic accuracy compared with a standard tube voltage contrast-enhanced 

CT scan with intravenous iodine [26-31]. However, no researchers to date have 

investigated how a low tube voltage scan affects CTHA in detecting HCC. Thus, 

in this study, we aimed to evaluate the diagnostic accuracy and reader 

confidence, as well as image quality, using low tube voltage CTHA, with low 

levels of iodine contrast, for the detection of HCCs before TACE, compared 

with standard tube voltage CTHA. 

 

Methods 

Patients 

This retrospective study was approved by our institutional review board. Written 

informed consent was waived. A non-reader radiologist (A.I.) screened and 

retrospectively enrolled patients with HCC who underwent TACE from January 
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2018 to March 2019. Medical chart review extracted patient demographics, 

including age, sex, body weight, height, and body mass index (BMI). The 

exclusion criteria were as follows: patients with >10 suspicious lesions, 

incomplete CTHA examination, no low tube voltage (80 kVp) scan, CTHA 

obtained in multiple TACE sessions during the enrollment period, no CTHA 

performed with injection via the common hepatic artery, presence of lipiodol 

accumulation, no pre-contrast scan, and lack of a reference standard. 

 

CT acquisition 

All procedures and scans were conducted using a hybrid 

CT/angiography system (Aquilion ONE, Canon Medical Systems, Tochigi, 

Japan). A 5-Fr sheath (25 cm; Supersheath; Medikit, Tokyo, Japan) was 

introduced into the right femoral artery; then, a 5-Fr catheter (70 cm; J-shaped; 

Terumo Clinical Supply, Tokyo, Japan) was carried to the superior mesenteric 

artery for CT scan during portography. 

A catheter was placed in the common hepatic artery, and then CTHA 

was scanned at 5 and 15 seconds after intra-arterial administration of 30 ml of 

fourfold diluted iopamidol (75 mgI/ml) (iopamiron 300 mgI/ml, Bayer Yakuhin, 

Osaka, Japan) at the rate of 2 ml/sec through the catheter. The reduced iodine 

dose was determined as half of the clinical routine dose (30 ml of iodine contrast 

media [150 mgI/ml]), which is lower than those used in previous CTHA studies 

[10-11]. The CT acquisition parameters were as follows: tube current, automatic 

exposure control (SD14), maximum 550 mA at 80 kVp; tube potential, 135 kVp 

and 80 kVp; and rotation time, 0.5 seconds. The reconstruction parameters were 

as follows: slice thickness/increment, 3/3 mm; reconstruction field of view, 320 

mm; reconstruction technique, AIDR 3D (mild strength); and matrix size, 512 × 

512. Each slice was scanned alternately at 135 kVp and 80 kVp, in that order, 
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and the interval of two scans in each slice was approximately 1 s. In other 

words, the X-ray tube and detector rotated twice at the same location to obtain 

two different tube voltages. We decided to scan using a combination of tube 

voltage with larger difference (135/80 kVp) because the CT scanner allowed the 

selection of 135/100 or 135/80 kVp. 

 

CT interpretation 

Three abdominal radiologists (R.U., T.K., and A.S., with 5, 11, and 22 years of 

experience of abdominal imaging, respectively), blinded to CT acquisition and 

reconstruction parameters, reviewed the 80 kVp or 135 kVp CT images in two 

reading sessions on diagnostic quality monitors. They were allowed to adjust the 

window setting. They were asked to detect enhanced lesions suspected as HCC, 

record the location (liver segment, series number, and slice number), and capture 

an image in JPEG format to match the reference standard. They rated the 

possibility of HCC on a confidence scale from 0 to 100 (0–24, probable non-

HCC; 25–50, could not rule out HCC; 51–75, probable HCC; 76–100, definite 

HCC). They were informed that a cutoff of 25 would be used for diagnostic 

performance analysis. Subsequently, they subjectively recorded overall image 

quality (a 5-point Likert score), artifact (a 4-point Likert score), sharpness (a 3-

point Likert score), and noise (a 3-point Likert score) (Table 1). Either 80 kVp 

or 135 kVp CT images were shown once in the same session (the same case was 

never shown). In the third session, 80 kVp and 135 kVp images were randomly 

displayed, and the reader radiologists blinded to the image tube voltage 

compared both the images in a side-by-side fashion and recorded a 5-point 

comparison rating for the evaluation of the liver parenchyma  (subjective 

impression combining of texture, attenuation, and noise) and detection of the 

HCCs (−2, right image was obviously worse; −1, right image was slightly 
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worse; 0, both images were comparable; +1, right image was slightly better; +2, 

right image was obviously better). All examinations were anonymized and 

randomized; each reading session was made 3 weeks apart to wash out recall 

bias. 

 

Objective measurements 

A non-reader radiologist (BB, with 3 years of experience in abdominal 

imaging) measured the maximum diameter of HCC, as defined by the reference 

standard. The radiologist measured the CT number of HCCs using a circular 

region of interest (ROI) that was set as large as possible (100 mm2) to cover the 

whole tumor at the slice, with maximum tumor diameter and CT numbers of the 

liver parenchyma, while avoiding vessels and the bile duct. The standard 

deviation of the CT number in the subcutaneous fat was taken as a measurement 

of noise, using a circular ROI as large as possible, depending on the patient’s 

body size. The lesion-to-liver contrast ratio was calculated using the following 

formula. 

𝐿𝑒𝑠𝑖𝑜𝑛 𝑡𝑜 𝑙𝑖𝑣𝑒𝑟 𝑐𝑜𝑛𝑡𝑟𝑎𝑠𝑡 𝑟𝑎𝑡𝑖𝑜 =
𝐻𝑈𝐻𝐶𝐶 − 𝐻𝑈𝑙𝑖𝑣𝑒𝑟

𝐻𝑈𝑙𝑖𝑣𝑒𝑟

 

 

Reference standard  

Another non-reader radiologist (S.O.), with 27 years of experience in 

abdominal imaging, reviewed the preoperative or follow-up CT/MR images 

within 2 months of the CTHA procedure to rate the category as defined by the 

Liver Imaging Reporting and Data System (LI-LADS) [32] and to interpret 

CTAP/CTHA and non-contrast CT after TACE. LI-RADS 4/5 lesions on 

preoperative or follow-up CT/MRI and LI-RADS 3 lesions with a defect on 

CTAP or lipiodol accumulation after TACE were defined as HCCs. The 



 

8 
 

reference reader recorded the HCC location (segment, numbers of series, and 

slice of HCC) and captured the images in JPEG format. Another non-reader 

radiologist (AI), with 12 years of experience in abdominal imaging, matched the 

reading session results with the reference standards by viewing the scans, as 

well as the captured JPEG images. HCC diagnosis was judged “true positive” if 

lesions that were recorded with a confidence score ≥25 matched the reference 

standard. HCC diagnosis was judged “false positive” if lesions that were 

recorded with a confidence score ≥25 did not match any reference standard. 

HCC diagnosis was judged “false negative” if the readers did not identify 

lesions or rated them with a confidence score <25. 

 

Statistical analysis 

Lesion sensitivity and positive predictive value (PPV) with 95% 

confidence intervals (CIs) were calculated based on the reader’s binary results, 

defined by a confidence score cutoff of 25. If the CIs did not overlap the 95% CI 

between the 135 kVp and 80 kVp scans, a significant difference was then 

considered. Specificity and negative predictive value could not be calculated 

because there were no control cases. 

Free-response receiver operating characteristic curves (FROC) were 

employed to assess reader performance in respect to the confidence score. 

FROC is a subtype of the receiver operating characteristic curve (ROC), with 

the false positive rate plotted on the x-axis and sensitivity on the y-axis. The 

FROC curve was plotted with non-lesion localization fraction (NLF) on the x-

axis and lesion localization fraction (LLF) on the y-axis. NLF is defined as the 

cumulative number of non-lesion localizations divided by the total number of 

cases. LLF is defined as the cumulative number of lesion localizations divided 

by the total number of lesions. The value of LLF at a confidence score of 25 was 
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equal to the abovementioned sensitivity. A maximal LLF value of 0 indicates 

lesion detectability. The range of LLF is 0–1; however, NLF may exceed 1.0. 

Therefore, the FROC analysis was only used to visualize the diagnostic 

performance and confidence scores and not to derive a figure of merit. 

The Likert scale scores and comparison scores of subjective image 

quality in 135 kVp and 80 kVp scans were compared using the Wilcoxon 

signed-rank test. In the analysis, post-hoc correction was performed for the 

comparison of the scores. Noise and tumor-to-liver contrast rates were compared 

using paired t-tests. In these metrics, a p-value of <0.05 was considered to be a 

significant difference. The statistical analysis was performed using RStudio 

software (version 4.0.3; R Project for Statistical Computing, Vienna, Austria). 

 

Results 

In total, 53 patients with HCCs underwent TACE; however, 32 patients were 

excluded because they had >10 HCCs, (n = 6), incomplete scan range in at least 

one series (n = 5), no 80 kVp scan (n = 5), multiple TACE sessions in the 

enrollment period (n = 4), contrast media injected via the segmental or 

subsegmental artery (not the common hepatic artery) for CTHA (n = 4), the 

existence of lipiodol accumulation (n = 2), no pre-contrast scan (n = 2), and lack 

of standard reference (n = 2). Finally, 23 patients (mean age, 74.4 ± 8.0 years; 

male/female, 17/6; BMI, 23.6 ± 2.6 kg/m2) with 89 HCCs (mean diameter, 13.1 

± 2.6 mm) were enrolled in this study (Fig. 1). The patients demonstrated one (n 

= 3), two (n = 5), three (n = 7), four (n = 1), five (n = 1), six (n = 2), seven (n = 

1), eight (n = 1), nine (n = 1), or ten (n = 1) reference standard HCC lesions 

(Table 2). The iodine amount per body weight was 38.7 ± 6.49 mgI/kg. The 

mean CT dose index volume (CTDIvol) and dose-length product (DLP) at 135 

kVp were 21.3 mGy and 341.1 mGy cm, respectively. In 80 kVp scans, they 
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were found to be significantly lower: CTDIvol, 9.4 mGy (P < 0.01); DLP, 149.7 

mGy cm (P < 0.001). The values in all 80 kVp scans were the same (in all cases) 

because the tube current reached the manufacturer’s limitation of 550 mA. 

Overall sensitivity was higher in the 80 kVp images than in the 135 

kVp images (0.787 vs. 0.730); the overall PPV was lower in the 80 kVp images 

than in the 135 kVp images (0.712 vs. 0.756). Regarding the readers, sensitivity 

was improved in two of the three readers (R1, 0.831 vs. 0.730; R3, 0.764 vs. 

0.674), whereas PPV was degraded (R1, 0.712 vs. 0,783; R3, 0.756 vs. 0.759). 

In one of the three readers, both sensitivity and PPV decreased (R2, sensitivity: 

0.764 vs. 0.787, PPV: 0.673 vs. 0.729) (Table 3; Figs. 2–3). In the FROC 

analysis, maximum LLFs were higher in 80 kVp images than in 135 kVp images 

for two of the three readers, which suggested that 80 kVp images offer higher 

detectability for HCCs. LLF was similar in both images for one of the three 

readers. The curves of the 80 kVp images for all readers tended more to the right 

side (greater NLF), which implies that the 80 kVp scan gives more frequent 

false positives, taking into account the reader’s confidence (Fig. 4). 

In independent subjective image quality analysis, no significant 

difference was noted in the artifact and overall image quality. However, the 

same reader rated a higher score of sharpness in 80 kVp images than in 135 kVp 

images (2.3 ± 0.5 vs. 2.1 ± 0.3; P = 0.008) and a lower noise score in 80 kVp 

images than in 135 kVp images (2.1 ± 0.3 vs. 2.7 ± 0.5; P = 0.002) (Table 4). In 

one of three readers, a positive score was rated for detecting HCCs (P = 0.018), 

whereas a negative score was rated for evaluating liver parenchyma (P = 0.035) 

(Fig. 5). The relationship between the scores for detecting HCC and for 

evaluating liver parenchyma demonstrated a tendency toward trade-off in two of 

the three readers (R1, 12 cases with positive score in detecting HCC vs. 12 cases 

with negative score in evaluating liver parenchyma; R2, 10 cases with positive 
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score in detecting HCC vs. 14 cases with negative score in evaluating liver 

parenchyma) (Fig. 6a and b). 

The lesion-to-liver contrast ratio was significantly greater in the 80 kVp 

images than in the 135 kV images, both in the first (3.1 vs. 2.0; P = 0.007) and 

second phase (3.1 vs. 2.3; P = 0.016). The objective noise was significantly 

higher at 80 kVp images than at 135 kVp images in the first (15. 6 ± 4.9 vs. 11.0 

± 3.1; P < 0.001) and second (16.9 ± 5.2 vs. 15.0 ± 7.3; P=0.046) phases (Table 

5). 

 

Discussion 

This multi-reader study has compared the diagnostic accuracy and 

subjective and objective image quality between 135 kVp and 80 kVp images, 

seeking verification of low tube voltage CTHA scans with lower-dose iodine (75 

mgI/ml) compared with routine clinical protocol (150 mgI/ml) in non-obese 

patients (BMI: 23.6 ± 2.6 kg/m2). CTHA implemented with a tube voltage of 80 

kVp and half-dose iodine improved the sensitivity for detecting HCCs (0.787 vs. 

0.730) with significantly higher lesion-to-liver contrast despite higher image 

noise. When the reader’s confidence for HCCs was considered (using FROC 

curves), two of the three readers found higher sensitivity. 

In 80 kVp images, sensitivity was increased, whereas PPV was 

decreased. In other words, additional true lesions were revealed, but false 

positives increased at the same time. Intrahepatic shunts and wedge- or 

triangular-shaped lesions, as well as HCCs, are frequently seen in CTHA for 

chronic liver disease. Consequently, contrast effects for both pathologies are 

boosted in 80 kVp images. In the low tube voltage scan, the average photon 

energy decreases and approaches the k-edge of iodine, resulting in a larger 

proportion of photon interactions with iodine via the photoelectric effect, 
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causing a higher attenuation of the X-ray beam and higher contrast enhancement 

[19]. Thus, the results of this study are compatible with the principle of a low 

tube voltage scan. 

In subjective image quality, no significant difference was seen in the 

overall image quality and artifact. However, one reader recorded a greater 

degree of noise in 80 kVp images. Similarly, objective noise was significantly 

greater in 80 kVp images. Iterative reconstruction is helpful to de-noise in low 

tube voltage scans [27, 30]; our study implemented AIDR 3D. However, 

excessive low tube voltage, relative to body size, can deteriorate the diagnostic 

utility of the image due to severe noise [19]. Our study enrolled non-obese 

patients (mean BMI, 23.6 kg/m2), similar to previous studies (mean BMI, 22.2–

24 kg/m2) [27, 28, 30, 31]. It is essential to realize that notable noise in low tube 

voltage scans may deteriorate the diagnostic performance for large-sized 

patients. 

We employed an iodine dose (30 ml, 75 mgI/ml) half that of the routine 

clinical protocol (30 ml, 150 mgI/ml) and lower than those in previous studies 

[9, 10] but did not compare different doses to explore the optimal dose for 135 

kVp and 80 kVp scans. Previous studies have demonstrated that a low tube 

voltage scan facilitates the reduction of iodine in contrast-enhanced CT for 

diagnosing HCCs. A tube voltage of 100 kVp enabled a 20% reduction of iodine 

dose, with higher tumor-to-liver contrast, in patients with estimated glomerular 

filtration rate <60 ml/min/m2 [26]. An 80 kVp scan enabled a 33% reduction of 

the iodine dose without compromising diagnostic performance [27]. Given that 

the diagnostic performances at 135 kVp and 80 kVp are comparable, further 

iodine dose reduction is potentially possible for 80 kVp scans. Although the risk 

of PC-AKI in intra-arterial administration without first-pass renal exposure is 

the same as with intravenous administration, a higher risk of PC-AKI during 

first-pass renal exposure involves backflow from the celiac artery and its branch 
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during TACE procedure [12]. In summary, reducing the iodine dose is 

potentially more important in CTHA; thus, a low tube voltage scan is helpful for 

CTHA. 

Another benefit of a low tube voltage scan is lower radiation dose. Our 

study showed significantly lower radiation dose parameters in the 80 kVp scan 

in the non-obese patients; however, it is unknown for obese patients. Despite 

increased noise, diagnostic performance was not significantly different from the 

standard tube voltage scan. Most patients with HCCs have chronic liver disease 

and are recommended to undergo imaging surveillance to detect HCCs in the 

early stage [16]. They are treated with multiple TACE sessions [17], resulting in 

accumulated radiation exposure. Radiation dose reduction is therefore essential 

in patients undergoing TACE. A low tube voltage (80 kVp) scan can facilitate 

reduction of the iodine load and, thus, the radiation dose in CTHA; however, a 

further study is warranted for patients who are obese. 

This study has some limitations. First, this study included patients with 

small to medium build (BMI, 23.6 ± 2.6 kg/m2) but not patients with obesity. 

Generally, a higher radiation dose is required to obtain optimal image quality in 

large-sized patients, but the maximum tube current is 550 mA in the 80 kVp 

scan used in this study. An 80 kVp image obtained from the same scanner as 

used in this study would not be useful for large-sized patients due to degraded 

image quality. Second, scan timings at 80 kVp and 135 kVp were not identical, 

as both image sets were acquired by sequential scan. However, the difference in 

scan timing in each set was considered too little (approximately 1 s) to affect 

contrast enhancement. Third, the number of patients was relatively small, but a 

considerable number of HCCs were evaluated, since some patients had several 

HCCs. Fourth, we did not enroll control patients without HCCs because all 

patients who underwent CTHA were planned to be treated with TACE for 

HCCs. Patient-level analysis was not available; therefore, specificity, negative 
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predictive value, and accuracy could not be calculated at a per-lesion level. ROC 

analysis was not recommended for the same reason. Instead, we utilized FROC 

analysis, but features such as the area under the curve and figure of merit were 

not recommended [33]. Fifth, a substantial number of patients were excluded 

because of strict inclusion and exclusion criteria designed to eliminate 

complicated cases (e.g., numerous HCCs in a single patient, viable lesion 

masked by lipiodol accumulation). Sixth, only one iodine concentration (75 

mgI/ml) was evaluated, as multiple iodine concentrations would not be 

acceptable from an ethical perspective. Finally, morphologic characteristics have 

been determined to be important for differentiating HCC from intrahepatic 

shunts. To diagnose HCC in clinical practice, it is essential to compare CTHA 

findings with the findings of available cross-sectional imaging examinations 

before TACE; however, the readers were asked to interpret only CTHA. As a 

result, the diagnostic performance might be lower than real-world values. 

In conclusion, low tube voltage CTHA, using a reduced amount of 

iodine contrast media, improved the detectability of HCCs and demonstrated a 

significantly higher lesion-to-liver contrast ratio without compromising 

subjective image quality, although the number of false positives increased in 

comparison with a 135-kVp CTHA with the same iodine dose. A low tube 

voltage scan is beneficial in CTHA for revealing mildly enhanced HCCs and 

reducing the risk of PC-AKI. 
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Tables 

Table 1 Likert scores for subjective image quality analysis 

Table 2 Patient characteristics 

Table 3 Sensitivity and positive predictive values with 95% confidence interval 

in 135 and 80 kVp images 

Table 4 Results of subjective image quality analysis 

Table 5 Lesion–liver contrast ratio and objective noise 

 

Figures 

Figure 1 Patient enrollment 

HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization 

 

Figure 2 Hepatocellular carcinoma on CT during arteriography at the first phase 

in a 67-year-old male patient 

A hyperenhanced lesion is depicted in the subphrenic region of segment VIII in 

both 135 kVp (a: arrow) and 80 kVp images (b: arrow). Compared to the 135 

kVp image (a), stronger noise is observed in the 80 kVp image (b). However, 

lesion conspicuity is better in the 80 kVp image (b: arrow). All readers rated a 

confidence score of 100 in interpreting the 135 kVp and 80 kVp images. 
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Figure 3 Hepatocellular carcinoma on computed tomography during 

arteriography at the first phase in a 66-year-old female patient 

The enhanced lesion in the right lobe is unclear on the 135 kVp image (a: 

arrow), whereas it is well-delineated on the 80 kVp image (b: arrow). Compared 

to the 135 kVp image (a: asterisk), contrast enhancement of the protruded large 

tumor in the lateral segment is increased in the 80 kVp image (b: asterisk). Two 

of three readers rated the same confidence scores (90 and 100 for the 135 kVp 

and 80 kVp images, respectively), whereas the other reader’s confidence scores 

were improved from 50 for the 135 kVp image to 60 for the 80 kVp image. 

 

Figure 4 Free-response receiver operating characteristic curve 

Lesion localization fraction (LLF) is defined as the cumulative number of lesion 

localizations divided by the total number of lesions. Non-lesion localization 

fraction (NLF) is defined as the cumulated number of non-lesion localizations 

divided by the total number of cases. The plots show the confidence scores the 

readers rated. Note the difference of scale in the x-axis. The maximum LLFs 

were higher in the 80 kVp images for two of three readers but similar to the 135 

kVp in one of three readers. The maximum value of the curves of the 80 kVp 

image is larger and greater than 1.0 for two of three readers. 

a, Reader 1; b, Reader 2; c, Reader 3. 

 

Figure 5 Comparison of scores in evaluating the liver parenchyma and detecting 

hepatocellular carcinoma 
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Comparison scores in evaluating liver parenchyma are represented by gray bars 

and those in detecting hepatocellular carcinomas (HCC) by black bars. 

Significant differences were observed in one of three readers in both liver 

parenchyma (P = 0.035) and HCCs (P = 0.018), using the Wilcoxon signed-rank 

test. The results of Reader 1 and Reader 2 demonstrate the tendency toward a 

trade-off relationship between liver parenchyma and HCC assessment. 

a, Reader 1; b, Reader 2; c, Reader 3. 
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Table 1 Likert scores for subjective image quality analysis 

Overall image quality 

1 = nondiagnostic due to excessive noise or artifacts 

2 = diagnosis questionable, moderate decrease in confidence 

3 = diagnostic with moderate but acceptable noise or artifacts 

4 = mild noise, no change in confidence 

5 = routine diagnostic image quality 

Artifacts 

1 = Severe artifacts, confidence degraded, diagnosis questionable 

2 = Major artifacts, affecting the visualization of normal structures 

3 = Mild artifacts, not affecting the visualization of any structure 

4 = No artifacts, high confidence in diagnostic capability 

Sharpness 

1 = Noticeable blur 

2 = Questionable, but adequate for diagnosis 

3 = Very sharp 

Noise 

1 = noise affects interpretation compared to routine clinical 

2 = Optimal noise 

3 = Less than usual 

 

 

 

 

 

 

 

 

 

Table(s) Click here to access/download;Table(s);Tables_R1.docx

https://www.editorialmanager.com/ejr/download.aspx?id=1464829&guid=db718ac7-ed68-495a-b39a-aaecdcf82b84&scheme=1
https://www.editorialmanager.com/ejr/download.aspx?id=1464829&guid=db718ac7-ed68-495a-b39a-aaecdcf82b84&scheme=1


Table 2 Patient characteristics 

Age (year, SD) 74.4 (8.0) 

  Sex (%) 

 Male 17 (73.9) 

Female 6 (26.1) 

  Body mass index (kg/m2, SD) 23.6 (2.6) 

  Iodine per body weight (mgI/kg, SD) 38.7 (6.5) 

  Number of HCCs (%) 

 One 3 (13.0) 

Two 5 (21.7) 

Three 7 (30.4) 

Four 1 (4.3) 

Five 1 (4.3) 

Six 2 (8.7) 

Seven 1 (4.3) 

Eight 1 (4.3) 

Nine  1 (4.3) 

Ten 1 (4.3) 

 

 

 

 

 

 

 



Table 3 Sensitivity and positive predictive value with 95% confidence interval in 135kVp and 

80kVp images 

 

Sensitivity Positive predictive value 

  80 kVp 135 kVp 80 kVp 135 kVp 

R1 0.831 (0.737—0.903) 0.730 (0.626—0.819) 0.712 (0.615—0.800) 0.783 (0.679—0.866) 

R2 0.764 (0.662—0.848) 0.787 (0.687—0.866) 0.673 (0.573—0.763) 0.729 (0.629—0.815) 

R3 0.764 (0.662—0.848) 0.674 (0.567—0.770) 0.756 (0.654—0.840) 0.759 (0.650—0.849) 

Overall 0.787 (0.732—0.834) 0.730 (0.673—0.783) 0.712 (0.657—0.763) 0.756 (0.657—0.768) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4 Results of subjective image quality analysis 

  80 kVp 135 kVp P value 

Sharpness 

  R1 2.3±0.5 2.1±0.3 0.008* 

R2 2.5±0.5 2.6±0.6 0.774 

R3 1.8±0.7 1.8±0.7 1.000 

Artifact 

   R1 3.0±0.2 3.0±0.2 1.000 

R2 3.3±0.6 3.7±0.5 0.056 

R3 2.8±0.5 3.0±0.6 0.273 

Noise 

   R1 2.1±0.3 2.7±0.5 0.002* 

R2 2.0±0.0 2.2±0.4 0.063 

R3 1.8±0.6 2.1±0.5 0.246 

Overall image quality 

 R1 3.8±0.4 4.0±0.3 0.219 

R2 4.6±0.6 4.4±0.6 0.337 

R3 3.6±0.8 3.8±0.5 0.373 

 

Wilcoxon signed-rank test   *: P<0.05 

 

 

 

 

 

 

 



Table 5 Lesion-liver contrast ratio and objective noise  

  80 kVp 135 kVp P value 

Lesion-to liver-contrast ratio 

                    1st phase 3.1 ± 3.4 2.0 ± 1.6 0.008* 

                   2nd phase 3.1 ± 2.9 2.3 ± 1.3 0.016* 

Noise 

                    1st phase 15.6 ± 5.2 3.1 ± 1.6 <0.001* 

                   2nd phase 16.9 ± 5.2 15.0 ± 1.3 0.046* 

 

Paired t-test *: P<0.05 
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