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Combined Use of Automatic Tube Voltage Selection and
Current Modulation with Iterative Reconstruction for CT
Evaluation of Small Hypervascular Hepatocellular
Carcinomas: Effect on Lesion Conspicuity and Image
Quality
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'Department of Radiology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan Province 450052, China; “Siemens Healthcare
China, Beijing 100102, China

Objective: To assess the lesion conspicuity and image quality in CT evaluation of small (< 3 cm) hepatocellular carcinomas
(HCCs) using automatic tube voltage selection (ATVS) and automatic tube current modulation (ATCM) with or without
iterative reconstruction.

Materials and Methods: One hundred and five patients with 123 HCC lesions were included. Fifty-seven patients were
scanned using both ATVS and ATCM and images were reconstructed using either filtered back-projection (FBP) (group A1) or
sinogram-affirmed iterative reconstruction (SAFIRE) (group A2). Forty-eight patients were imaged using only ATCM, with a
fixed tube potential of 120 kVp and FBP reconstruction (group B). Quantitative parameters (image noise in Hounsfield unit
and contrast-to-noise ratio of the aorta, the liver, and the hepatic tumors) and qualitative visual parameters (image noise,
overall image quality, and lesion conspicuity as graded on a 5-point scale) were compared among the groups.

Results: Group A2 scanned with the automatically chosen 80 kVp and 100 kVp tube voltages ranked the best in lesion
conspicuity and subjective and objective image quality (p values ranging from < 0.001 to 0.004) among the three groups,
except for overall image quality between group A2 and group B (p = 0.022). Group Al showed higher image noise (p =
0.005) but similar lesion conspicuity and overall image quality as compared with group B. The radiation dose in group A
was 19% lower than that in group B (p = 0.022).

Conclusion: CT scanning with combined use of ATVS and ATCM and image reconstruction with SAFIRE algorithm provides
higher lesion conspicuity and better image quality for evaluating small hepatic HCCs with radiation dose reduction.

Index terms: Automatic tube voltage selection; Automatic tube current modulation; Sinogram-affirmed iterative reconstruction;
Small hepatocellular carcinoma

INTRODUCTION tomography (CT). The risks, such as radiation, and the
benefits, such as good anatomic resolution, are hotly
There has been a rapid increase in the use of computed debated. Many studies have documented the radiation doses
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reduction filters.

Automatic tube current modulation is the most frequently
(9, 10) used method to reduce radiation dose, by
adjusting tube current based on the size and attenuation
characteristics of the body part being scanned, while X-ray
tube voltage (kVp setting) is left unchanged. Optimization
of tube voltage has great potential in radiation dose
reduction (11-13). Automatic tube voltage selection (ATVS),
which automatically recommends the optimal tube voltage
setting for each patient and clinical indication, has been
taken into account by the diagnostic task of the CT study
(14-19). As a trade-off for the advantage of higher iodine
attenuation at lower tube voltages, a slightly higher image
noise and reduced overall image quality are accepted (17,
20). A sinogram-affirmed iterative reconstruction (SAFIRE)
algorithm for CT image reconstruction is applicable in
clinical practice and it can be used either to improve
image quality at a constant radiation dose or to reduce
radiation dose at a constant image quality (10, 21-23). The
use of each of the two techniques has been repetitively
demonstrated in various studies. The combination of
automatic attenuation-based tube voltage selection
and iterative reconstruction (IR) has been examined for
coronary CT angiography (18), chest CT angiography (15),
and CT examinations of the chest, abdomen, and pelvis (22,
24), and a liver phantom containing hypodense lesions
(16). However, the CT protocol with combination of ATVS
and current modulation and IR has not been thoroughly
investigated for the evaluation of small hypervascular
hepatocellular carcinomas (HCCs) in the prior studies.

Therefore, the purpose of our study was to assess the lesion
conspicuity and image quality in CT evaluation of small (< 3
cm) HCCs using ATVS and ATCM with or without IR.

MATERIALS AND METHODS

This prospective study was approved by our Institutional
Review Board and all patients provided written informed
consent before participation in the study.

Patient Population

The ATVS protocol was applied for clinical liver CT imaging
at our institution in January 2013. From January 2013 to
March 2014, 212 consecutively registered patients with
known or suspected primary hypervascular liver tumors on
previous imaging studies or an abnormally increased liver
tumor marker (alpha fetoprotein [AFP] > 11 ng/mL) level
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underwent CT imaging. Patients were considered ineligible
if they were younger than 18 years of age, pregnant

or lactating, or had any contraindication to iodinated
contrast material. Patients who had reliable evidence of
primary HCCs with size smaller than or equal to 3 cm in
diameter were included. The clinical diagnostic reference
standard of HCC was confirmed by means of histological
findings after lobectomy or segmentectomy, and typical CT
imaging investigations with high levels of serum AFP or
with lipiodized oil (Lipiodol Ultra-fluid; Guerbet, Aulnay-
sous-Bois, France) uptake at follow-up CT examinations
performed at 4-week intervals after transcatheter arterial
chemoembolization (25). The classic description of HCC
includes a hypervascular lesion in the hepatic arterial phase
with wash-out in the portal venous phase (PVP). Delayed-
phase scan was not routinely performed at our institution
due to radiation concerns. The number of lesions in one
patient was less than or equal to 2. One hundred and
seven (50.5%) of the 212 patients were excluded because
1) patients had multiple lesions (equal to or more than

3 lesions) (n = 13); 2) there was failure of each lesion to
meet the clinical diagnostic reference standard (n = 43); 3)
the largest diameter of each lesion was greater than 3 cm
(n = 35); 4) there was a technical failure during contrast
injection (n = 16).

One hundred and five patients (71 men and 34 women;
mean age: 56 years, range: 23-81 years) with 123 HCC
lesions (mean diameter 2.3 cm, 0.9-3.0 cm) confirmed by
means of histological findings (n = 56), typical CT findings
with high levels of serum AFP (n = 29) or with lipiodized
oil uptake (n = 38) were included in our study. Among
80% of the lesions with typical imaging features in the
entire patient population, 32 lesions were histologically
confirmed. Patients were divided into two groups (A and B)
on the basis of the study period and imaging protocol used.
In the first half of the study period, 57 patients with 66
lesions underwent CT imaging using the combined ATVS and
ATCM protocol (group A). In the remaining half of the study
period, 48 patients with 57 lesions underwent CT imaging
using the standard ATCM protocol with a fixed tube voltage
of 120 kVp (group B).

Automatic Tube Voltage Selection

Automatic tube voltage selection software (Care kVp,
Siemens Healthcare, Forchheim, Germany) is an intelligent
optimal kVp scanning technology, which can automatically
recommend tube voltage settings that provide the lowest
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radiation dose and high image quality based on the
patient’s body size and diagnostic task (14, 17). The scan
scheme is selected according to the diagnostic task, while
the patient’s body size is identified based on the topogram
image. ATCM (CARE Dose 4D; Healthcare, Forchheim,
Germany) then modulates the tube current for adjusting

the radiation dose on the basis of user-specified image
quality and X-ray attenuation characteristics of the scanned
body region (26). Patient-specific tube current values for
different tube voltages (80, 100, 120, and 140 kVp) are
automatically calculated based on the patient’s geometry
and anatomy. Scan range and operator-selected contrast
gain settings are selected for each type of CT examination
(setting 1 indicates no contrast gain and setting 12
indicates a high level of contrast with respect to the
desired image characteristics) (17). The estimated radiation
doses for all of the tube voltage and current combinations
are calculated and the optimal combination with the lowest
radiation dose is selected. If a selected tube voltage setting
is not possible because of tube hardware system limitations,
e.g., exceeding the maximal tube current, the next best
setting is selected.

Scanning Protocols and Contrast Injection

All patients underwent triple-phase CT imaging
(precontrast, late arterial phase [LAP], PVP) on a second-
generation dual-source CT (SOMATOM Definition Flash,
Siemens Healthcare, Forchheim, Germany) in the standard
single-energy CT mode. Fifty-seven patients in group A
underwent CT scans using a combination of the ATVS (Care
kVp) and ATCM (CARE Dose 4D) protocol for LAP and PVP.
The pre-setting reference tube potential and reference
tube current were 120 kVp and 210 mAs, respectively. The
Care kVp setting was maintained on the “liver” position
for all patients (7 out of 12 on the basis of the vendor’s
recommendations). Forty-eight patients in group B
underwent CT imaging using the standard ATCM protocol
with a fixed tube voltage of 120 kVp and the reference
tube current of 300 mAs for all phases. Standard scanning
parameters were collimation 64 x 0.6 mm, gantry rotation
time 0.5 seconds, pitch 0.9, acquisition slice thickness 5
mm, and scanning field of view 50 cm.

A total of 60-100 mL (1.2 mL/kg) nonionic IV contrast
material (iohexol [Omnipaque], 350 mg I/mL, GE
Healthcare, Milwaukee, WI, USA) was injected at a rate
of 3-4 mL/s with a power injector (Envision CT Injector,
Medrad, GA, USA) through a 20-G catheter inserted into
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an antecubital vein. The start of image acquisition was
automatically triggered 7 seconds after the predetermined
threshold (100 Hounsfield unit [HU]) was reached in a
region-of-interest placed at the level of the supraceliac
abdominal aorta. Hepatic PVP imaging began 30 seconds
after the LAP. Images of the hepatic venous phase were
also acquired during a single breath-hold by helical scan of
the liver using the same protocol as that for the LAP scan.
These image sets were not included in the quantitative and
qualitative analyses.

Images acquired using the combined ATVS and ATCM
protocol were reconstructed by using the filtered back-
projection (FBP) algorithm with a standard abdomen kernel
(B30f) (group A1) or the SAFIRE (I30f) algorithm with filter
strength 3 (group A2) (27). Images acquired using the
ATCM protocol with a fixed tube voltage of 120 kVp were
reconstructed by using the FBP algorithm (B30f) (group
B). Images from all three groups were reconstructed at a
slice thickness of 1 mm with an increment of 1 mm. All
images were transferred to a postprocessing workstation
(MultiModality Workplace, Siemens, Forchheim, Germany)
for image evaluation.

Tube Voltage Selection and Body Mass Index Analysis

The patients were categorized into four groups according
to their body mass indices (BMI) (less than 18.5 kg/m?,
underweight; between 18.5 and 23.9 kg/m?, normal BMI;
between 24 and 28.9 kg/m?, overweight; and 29 kg/m? or
greater, obese) (28). The recommended tube voltages were
analyzed on the basis of the four BMI groups.

Image Analysis

Quantitative Analysis

A single reviewer with 5 years of experience in reading
abdominal CT performed the quantitative analysis using a
commercially available workstation (Siemens Multi Modality
Workplace). The attenuation values (i.e., CT number in HU)
of the hepatic lesions and the liver parenchyma adjacent to
each lesion, the non-tumor liver, the abdominal aorta, and
the para-spinal muscles were measured. Hypervascular liver
lesions were assessed by manually placing circular or ovoid
regions-of-interest (ROIs), which were drawn to encompass
the hyperenhancing portion of the lesion as much as
possible from three contiguous slices. Mean CT data for the
adjacent hepatic parenchyma as the background regions
were obtained by manually placing circular ROIs in the
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hepatic parenchyma. The attenuation of the non-tumor liver
was recorded as the mean measurement of three ROIs placed
in the anterior and posterior segments of the right hepatic
lobe and in the medial segments of the left hepatic lobe.
Areas of focal changes in parenchymal density, large vessels
and prominent artefacts, if any, were carefully avoided. The
ROIs in the vessels were maintained as large as possible and
care was taken to avoid calcifications and/or soft plaques.
A quantitative marker of image noise in each group was
defined as the standard deviation (SD,) of the attenuation
value (HU) in a homogeneous region of the subcutaneous fat
on the anterior abdominal wall. Attenuation of the latissimus
dorsi muscle (ROIL,), not including macroscopic areas of fat
infiltration, was measured in the same image sets.
Contrast-to-noise ratio (CNR) relative to muscle for the
organ of interest (non-tumor liver and aorta) was calculated
by using the equation CNRiyer or aorta = (ROLiver or aorta = ROLs) /
SD,, where ROLer or a0t Was the mean attenuation of the
liver or the aorta, ROI,, was the mean attenuation of the
paraspinal muscle, and SD, was the mean image noise.
Lesion-to-liver contrast-to-noise ratios (CNResion) Were
calculated as follows: CNRiesion = (ROLiesion = ROLiiver) / SDn,
where the ROIesion and ROLs.r were the mean attenuation
of the lesion and the hepatic parenchyma adjacent to the
tumor, respectively.

Qualitative Analysis

Two radiologists with 14-30 years of experience in
reading abdominal CT independently performed a blinded
qualitative analysis among the three groups of liver CT
image sets during the LAP, using the same workstation.
A total of 162 images for image noise and overall image
quality, and 189 images for lesion conspicuity in groups
A and B were evaluated. The images of each patient were
presented in a random order to the readers. Readers were
blinded to the CT scanning protocols as well as to patient
demographics. Although the default display window width
and level settings were initially presented (window width,
220 HU; window level, 40 HU), readers were allowed to
modify the window width and level at their own discretion.

Image noise, overall image quality of the liver, and lesion
conspicuity were evaluated. The grading of the image noise
was also incorporated into the assessment of the overall
image quality. A five-point subjective scale was used to
grade image noise (1 = unacceptable; 2 = substantial, above
average; 3 = moderate, average; 4 = minor, below average; 5
= absent) (29) and overall image quality (1 = unacceptable,

534

Lv et al.

no diagnosis possible; 2 = poor diagnostic value, just
acceptable; 3 = moderate; 4 = good; 5 = excellent) (30). For
analysis of lesion conspicuity (17, 31) the following five-
point ordinal scale was used: score 5, definitely distinct;
score 4, fairly distinct; score 3, moderately distinct; score 2,
barely distinct; score 1, not distinct.

Radiation Dose Evaluation

Scan length (distance covered) was documented for
groups A and B. The radiation dose in CT dose index (CTDIvol,
mGy) for each examination was recorded from the CT
system. The effective dose was calculated by multiplying
the dose-length product (DLP, mGy-cm) by a conversion
factor of 0.015 for abdominal examination (32).

Statistical Analysis

All statistical calculations were performed using SAS,
version 9.1.3 (SAS, Cary, NC, USA). Continuous variables
were reported as means and SD. Categorical variables were
reported as frequencies or percentages. Age, BMI, mean size
of lesions and effective dose were compared between groups
A and B using the independent t test. Gender differences
were evaluated using the Mann-Whitney U test. For image
noise and CNR, a paired t test was used to compare between
groups A1 and A2 while the Student’s t test was used to
compare between groups A (either 1 or 2) and B. For the
results of qualitative analysis, the Wilcoxon signed rank test
was used to compare between groups Al and A2 while the
Mann-Whitney U test was used to compare between groups A
(either 1 or 2) and B. Spearman’s rank correlation coefficient
was calculated for the correlations between BMI and tube
voltage. Interobserver agreement was calculated by using
Cohen « values. Significance criterion was overall alpha of
0.05. Therefore, for the pairwise comparisons among the
three groups (A1, A2, and B), p < 0.017 was considered to
be statistically significant, i.e., Bonferroni correction.

RESULTS

There was no significant difference between groups A and B
in gender (M:F, 36:21 vs. 37:11, p = 0.121), age (53.3 + 12.8
years vs. 54.3 + 11.7 years, p = 0.818), BMI (24.1 + 3.4 kg/
m? vs. 24.3 + 3.3 kg/m?, p = 0.747) or mean size of evaluated
lesions (19.9 + 11.3 mm vs. 21.2 + 20.8 mm, p = 0.204).

BMI Analysis
In group A, two (3.5%) patients had BMI values < 18.5
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kg/m?, 23 patients (40.4%) had BMI values between 18.5
and 23.9 kg/m?, 27 patients (47.4%) had BMI values
between 24 and 28.9 kg/m?, and 5 patients (8.8%) had
BMI values > 29 kg/m?. The correlation between BMI and
recommended tube voltage was moderate (coefficient =
0.401, p = 0.002) (Fig. 1).

100 kVp was the most frequent automatically chosen
tube voltage in all four BMI groups, accounting for 100%
(2/2) in underweight patients, 74% (17/23) in patients
with normal BMI, 89% (24/27) in overweight patients, and
60% (3/5) in obese patients, and there were 3, 18, 24, and
4 lesions in these four groups, respectively. A tube voltage
of 80 kVp was used in 26% (6/23) of patients with normal
BMI and in 7% (2/27) of overweight patients with 9 and
5 lesions, respectively. A tube voltage of 120 kVp was only
used in one overweight patient (4%, 1/27) with one lesion,

100 i
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$ 40t
300 60
20k
0l 26
‘ 7
<185 18.5-23.9 24-28.9 >29
BMI
EN140kvp EE120kVp [J100kVp [180 kVp

Fig. 1. Distribution of selected tube voltages in group A
according to BMI. BMI = body mass indices

Table 1. Quantitative Analysis Results in 3 Groups
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while a tube voltage of 140 kVp was only used in two obese
patients (40%, 2/5) with 2 lesions. Considering the small
number of patients, 120 kVp and 140 kVp were excluded
from the kVp-specific analysis.

Quantitative Analysis

Contrast-to-noise ratio and image noise in the three
groups are shown in Table 1 and Figure 2. There was no
significant difference in liver attenuation among the three
groups (p > 0.05). The CNRs of the aorta, all lesions, and
lesions scanned with the chosen 80 kVp and 100 kVp tube
voltage in group A2 were significantly higher than those
in group Al and group B (p values ranging from < 0.001 to

18 - [JGroup Al  [Group A2  [EGroup B
16
14
12t [
< 101
&
a 8 L
6 |
4+
2 L
0
CNRuesion Image noise (HU)

Parameters for quantitative analysis

Fig. 2. Results of quantitative analysis for all lesions with
respect to CNR.ion and image noise among three groups. Among
three groups, CNResion Was highest and image noise was lowest in
group A2 (p values ranging from < 0.001 to 0.004). Compared with
group B, CNResion in group A1 was not significantly different (p > 0.05)
while image noise in group Al was significantly higher (p = 0.002).
CNR = contrast-to-noise ratio, HU = Hounsfield unit

Groups P
Group Al Group A2 Group B

Parameter . . . . : :
(57 Patients with (57 Patients with (48 Patients with  Alvs.A2 Alvs.B  A2vs.B

66 Lesions) 66 Lesions) 57 Lesions)
CNRijver All 0.87 + 0.55 1.03 £ 0.79 0.86 + 0.68 0.048 0.935 0.261
CNR:orta All 30.31 £ 11.63 39.81 + 15.00 23.62 + 10.11 < 0.001 0.002 < 0.001
All 6.02 +5.13 8.90 £ 7.75 5.33 +3.10 < 0.001 0.423 0.004
CNRiesion 80 kVp* 6.46 + 4.73 9.77 £ 7.50 0.001 0.407 0.001
100 kvp' 5.83 £5.36 8.53 +7.94 < 0.001 0.625 0.033
All 11.10 + 1.66 7.99 + 1.87 9.32+1.78 < 0.001 0.005 < 0.001
Image noise (HU) 80 kVp* 14.31 £ 2.69 9.56 + 1.92 < 0.001 < 0.001 0.657
100 kVp! 10.46 + 2.25 7.23 +1.52 < 0.001 0.009 < 0.001

Data are means + standard deviation. *Includes 8 patients with 14 lesions, 'Includes 46 patients with 49 lesions. CNR = contrast-to-noise

ratio, HU = Hounsfield unit
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Fig. 3. Transverse contrast-enhanced CT images were obtained from 60-year-old man with hepatocellular carcinoma and cirrhosis
(BMI, 23.2 kg/m?) (A, B) with combined use of ATVS and ATCM at tube voltage of 100 kVp and from 61-year-old man with
hepatocellular carcinoma and cirrhosis using ATCM alone (BMI, 20.6 kg/m?) (C) during LAP. CNR of lesion and mean image noise in
group Al (A), group A2 (B), and group B (C) were as follows: CNR of lesion: 3.60, 4.85, and 4.01; image noise: 10.9, 7.7, and 8.0 HU. ATCM

= automatic tube current modulation, ATVS = automatic tube voltage selection, BMI = body mass indices, CNR = contrast-to-noise ratio, HU =

Hounsfield unit, LAP = late arterial phase

Fig. 4. Transverse contrast-enhanced CT images were obtained from 50-year-old woman with hepatocellular carcinoma and
cirrhosis (BMI, 21.8 kg/m?) (A, B) with combined use of ATVS and ATCM at tube voltage of 80 kVp and from 56-year-old woman
with hepatocellular carcinoma and cirrhosis using ATCM alone (BMI, 23.4 kg/m?) (C) during LAP. CNR of lesion and mean image noise
in group Al (A), group A2 (B), and group B (C) were as follows: CNR of lesion: 1.73, 2.61, and 2.15; image noise: 16.9, 11.9, and 9.9 HU. ATCM
= automatic tube current modulation, ATVS = automatic tube voltage selection, BMI = body mass indices, CNR = contrast-to-noise ratio, HU =
Hounsfield unit, LAP = late arterial phase

0.004) (Figs. 3, 4) except when compared to group A2 at
100 kVp and group B with respect to CNResion (p = 0.033).
The CNRs of lesions in group A2 showed no statistically
significant difference (p = 0.614) between tube voltages
of 100 kVp and 80 kVp. Compared with group B, the CNR of
the aorta in group Al was significantly higher (p = 0.002)
and the CNRs of lesions in group A1 were not significantly
different (p > 0.05).

Image noise in group A2 (8.0 + 1.9 HU) was the lowest
among the three groups (both p < 0.001), and it was
decreased by 28% compared to that in group A1, and by
14% compared to that in group B. Compared with group
B, image noise for group A2 was significantly lower on the
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100 kVp dataset (p < 0.001) and it was not significantly
different on the 80 kVp dataset (p = 0.657). Decreasing the
tube voltage from 100 kVp to 80 kVp in group A2 resulted
in a significant increase in image noise (p < 0.001). Image
noise in group Al and in group A1 scanned with the chosen
80 kVp and 100 kVp tube voltage was significantly higher
than that in group B (p values ranging from < 0.001 to
0.009), and lower than that in group A2 (all p values <
0.001).

Qualitative Analysis
Results of the qualitative analysis in the three groups
are shown in Table 2 and Figure 5. There was substantial
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Table 2. Qualitative Analysis Results in 3 Groups
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Group Al Group A2 Group B
(57 Patients with (57 Patients with (48 Patients with Alvs. A2 Alvs.B  A2vs. B
66 Lesions) 66 Lesions) 57 Lesions)

All 2.9+0.6 3.9+0.7 < 0.001 < 0.001 < 0.001

Image noise 80 kVp* 2.4 x0.5 3.4+ 0.6 3.4+0.6 < 0.001 < 0.001 0.788
100 kvp! 3.2+0.5 4.1+0.6 < 0.001 0.054 <0.001

All 3.1+0.5 3.6 +0.7 < 0.001 0.062 0.022

Overall image quality 80 kVp* 2.8+0.4 3.3+0.7 3.3+0.6 0.029 0.002 0.961
100 kvp! 3.3+0.5 3.8 +0.6 < 0.001 0.562 0.003

All 3.6 +£0.9 4.1+0.8 0.001 0.281 < 0.001

Lesion conspicuity 80 kVp* 3.6 +0.8 4.2+0.7 3.4+0.8 < 0.001 0.324 0.001
100 kvp' 3.6 +1.0 4.1+0.8 < 0.001 0.415 < 0.001

Data are means + standard deviation. Parameters were graded on 5-point scale where image quality increases as grade increases (i.e., less
noise, better overall quality, and higher conspicuity). *Includes 8 patients with 14 lesions, 'Includes 46 patients with 49 lesions

5 [JGroup Al  [JGroup A2 E&Group B
4 | l
Al
[
g
(2]
2 |-
1 |
0
Image noise Overall image Lesion
quality conspicuity

Parameters for qualitative analysis

Fig. 5. Results of qualitative analysis for all lesions in terms
of image noise, overall image quality, and lesion conspicuity
among three groups. Group A2 showed less image noise, and higher
overall image quality and lesion conspicuity than group A1 and group
B (p values ranging from < 0.001 to 0.001) except for overall image
quality between group A2 and group B (p = 0.022). Group B showed
less image noise than group Al (p < 0.001). There was no significant
difference in overall image quality and lesion conspicuity between
group Al and group B (p > 0.05).

interobserver agreement with regard to image noise, overall
image quality, and lesion conspicuity (x = 0.75, 0.78, and
0.82, respectively).

None of the patients received an unacceptable score.
All of the lesions were identifiable, with scores equal to or
greater than 2. Only 2 lesions in group Al and 5 lesions in
group B scored 2. For all lesions and lesions scanned with
the chosen 80 kVp and 100 kVp tube voltage, group A2
showed less image noise, and higher overall image quality
and lesion conspicuity than group A1 and group B (p values
ranging from < 0.001 to 0.003), except for overall image
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quality between group A2 at 80 kVp and group Al (p =
0.029), between group A2 at all tube voltages and group

B (p = 0.022), and between group A2 at 80 kVp and group
B. Group A2 at 80 kVp scored higher in lesion conspicuity
as compared with group B (p = 0.001), but displayed
similar results with respect to image noise and overall
image quality. Group A2 at 80 kVp had higher image noise
(p = 0.001) as compared with group A2 at 100 kVp, but
displayed similar lesion conspicuity (p = 0.550) and overall
image quality (p = 0.051).

Group B showed less image noise than group A1 at 80
kVp, but a similar degree of image noise as that in group
A1 at 100 kVp. There was no significant difference in
the overall image quality and lesion conspicuity between
group Al and group B except for the overall image quality
in group A1 at 80 kVp. Group A1 at 80 kVp showed lower
overall image quality as compared with group B (p = 0.002).

Radiation Dose

CTDIvol, DLP, and effective radiation dose in group A
(10.10 + 5.66 mGy, 246.67 + 131.00 mGy-cm, and 3.70 +
1.96 mSv) were significantly lower than those in group B
(12.31 + 4.24 mGy, 304.44 + 121.59 mGy-cm, and 4.57
+1.82 mSv) (p = 0.028, 0.022, 0.022, respectively). The
estimated radiation dose (CTDIvol) was 23% lower for 100-
kVp images (9.42 + 2.86 mGy) and 49% lower for 80-kVp
images (6.31 + 0.48 mGy) in group A compared with that
for 120-kVp images (12.31 + 4.24 mGy) in group B (both p
values < 0.001).

DISCUSSION

Our study results demonstrated that lesion conspicuity
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of hypervascular liver lesions could be improved with low
image noise and high overall image quality by using the
combination of ATVS and ATCM with the SAFIRE algorithm.
We observed an increase of 32% in CNR and a decrease of
28% in image noise compared with combined ATVS and ATCM
alone, in 40% and 14% compared with ATCM alone with

the standard 120 kVp tube voltage. These improvements
might be due to the combined use of the higher contrast
resolution at low kVp frequently recommended by ATVS (14,
17, 33) and noise reduction of the IR algorithm (34-36).

Automatic tube voltage selection recommends the tube
voltage based on the attenuation detected on the patient
size/scout attenuation, body region imaged, and respective
indication of the CT study. In our study, 80 kVp and 100
kVp together accounted for 95% of all recommended
tube voltages. The most commonly used tube voltage for
all four BMI groups was 100 kVp, while 80 kVp was the
most commonly used tube voltage for normal BMI and
overweight patients. This result was contradictory with
that of a previous study by Lee et al. (17) who reported
that 80 kVp was the most frequently used tube voltage in
normal BMI and underweight patients and 100 kVp was the
most commonly used tube voltage in overweight patients.
The difference can be partially explained by the smaller
number of underweight patients (n = 2, 3.5%) and the
overall small number of patients in group A (n = 57) in our
study. The low correlation between BMI and recommended
tube voltage demonstrated in our study might have also
contributed to the results.

Generally, low tube potential images have higher contrast
resolution than high tube potential images. The higher
CNR of the aorta in group A1 compared to that in group
B validated this notion. However, the improvement in the
liver CNR was not statistically significant, which might
be explained by the relatively good image quality of both
image sets and small sample size. A high percentage of low
tube potential images (80 kVp, 100 kVp) recommended by
ATVS in group A1l displayed similar lesion CNR and lesion
conspicuity compared to those on 120-kVp FBP images in
group B. A possible explanation for this result might be
the high image noise produced by low kVp images (19%
higher compared to group B) (16, 17) and low percentage
of 80 kVp (14%) recommended by ATVS. Moreover, the 100
kVp technique without the IR algorithm provided higher
lesion conspicuity but without statistical significance and
similar subjective image quality compared to the 120 kVp
technique.
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The use of SAFIRE reconstruction algorithms causes a
reduction in image noise, and a simultaneous increase in
the CNR (34-36). Our results are in line with those in these
studies as they show a similar reduction in image noise and
an improvement in CNR of lesions in group A2 at 100 kVp,
and comparable image noise but improved CNR in group A2
at 80 kVp. By lowering the tube voltage from 100 kVp to 80
kVp in group A2, image noise increased significantly while
CNR of hypervascular HCCs did not change significantly,
which was contradictory to the results of lower sensitivity at
80 kVp compared to 100 kVp in the study of hypodense liver
lesions by Husarik et al. (16). The discrepancies between
these two studies can be explained by the different lesion
contrasts. The lesion conspicuity depends on the radiation
dose level, thereby showing that at low radiation doses,
low-contrast objects cannot be detected with adequate
accuracy using all reconstruction algorithms. However,
high-contrast objects such as iodine-containing structures
are expected to show higher signals when imaged at lower
tube voltages. Although IR algorithms are somewhat
beneficial in terms of lower image noise, their blotchy or
plastic-like image appearance may not be acceptable to
most radiologists (37). The pixelated appearance was more
apparent on SAFIRE images that had high IR strengths (35,
37). In order to maintain the beneficial effect of lower
image noise with SAFIRE reconstruction and to reduce
the influence of pixelated appearance on SAFIRE images,
SAFIRE reconstruction strength 3 was used, which caused a
decrease in image noise and an increase in signal-to-noise
ratio when compared with an FBP reconstruction by Baker
et al. (27).

There is an exponential relationship between tube
voltage and radiation dose. Lowering the tube voltage can
significantly reduce the radiation dose (9, 38). Previous
studies have shown that ATVS reduced the radiation dose
by 39% to 55% in various simulated patient sizes (14). A
radiation dose reduction of up to 31% was obtained during
contrast material-enhanced liver CT (17). Overall radiation
dose was reduced by 25% for body CTA, compared with the
standard 120 kVp protocol (33). The combined use of ATVS
and ATCM in our study resulted in a 19% decrease (23%
for 100-kVp images and 49% for 80-kVp images) in the
radiation dose, compared to ATCM alone using conventional
120 kVp imaging. The resulting radiation dose reduction of
23% at 100 kVp was similar to that in a previous study (28%)
(16).

Our study demonstrated that the most commonly
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recommended tube voltage of 100 kVp contributed more
in improving lesion conspicuity and overall image quality
and in decreasing the image noise than 80 kVp in the scan
obtained by using the combination of ATVS and ATCM with
use of the SAFIRE algorithm. This finding was consistent
with the results in the study by Husarik et al. (16) who
found that the combination of automatic attenuation-
based tube voltage selection at 100 kVp and IR resulted in
higher objective and subjective image quality and higher
sensitivity for the detection of simulated hypodense liver
lesions.

Our study had several limitations. This study reflects
our initial experience with a small number of patients.

Prospective trials are needed to validate our results. Second,

there were only a limited number of patients with a BMI

less than 18.5 kg/m? and greater than 29 kg/m?. Additional

studies are needed to validate the advantages of combined
ATVS and ATCM imaging in these patients. Third, this study
was limited to the two-phasic (LAP and PVP) scans, which
might have missed the lesions detectable in the delayed

phase. This might influence the study results. Finally, there
is a limitation in generalization of the results as this study

was performed using a single scanner model.

In conclusion, combined use of ATVS and ATCM and image
reconstruction with SAFIRE algorithm in the scans provided

higher lesion conspicuity and similar or higher subjective
and objective image quality of small HCC lesions, while
allowing for a radiation dose reduction of 19% compared
with ATCM alone and FBP.
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