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Reduction of the radiation dose and the amount of
contrast material in hepatic dynamic CT using low
tube voltage and adaptive iterative dose reduction
3-dimensional
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Go Nakai, MD, PhDa, Akira Higashiyama, MDa, Hiroshi Juri, MD, PhDa, Shushi Yoshikawa, RTc,
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Abstract
The purpose of this study was to prospectively evaluate the image quality and the diagnostic ability of low tube voltage and reduced
contrast material dose hepatic dynamic computed tomography (CT) reconstructed with adaptive iterative dose reduction 3-
dimensional (AIDR 3D).
Eighty-nine patients underwent hepatic dynamic CT using one of the 2 protocols: tube voltage of 120 kVp, contrast dose of 600

mgI/kg, and filtered back projection in Protocol A (n=46), and tube voltage of 100 kVp, contrast dose of 500mgI/kg, and AIDR 3D in
Protocol B (n=43). The volume CT dose index (CTDIvol) and size-specific dose estimates (SSDEs) were compared between the 2
groups. Objective image noise and tumor to liver contrast-to-noise ratio (CNR) were also compared. Three radiologists independently
reviewed image quality. The jackknife alternative free-response receiver-operating characteristic (JAFROC) analysis was performed
to compare diagnostic performance.
The mean CTDIvol and SSDE of Protocol B (14.3 and 20.2, respectively) were significantly lower than those of Protocol A (22.1 and

31.4, P< .001). There were no significant differences in either objective image noise or CNR. In the qualitative analysis, 2 readers
assigned significant lower scores to images of Protocol B for at least one of the 3 phases regarding overall image quality (P< .05).
There was no significant difference in the JAFROC1 figure of merit between protocols.
Low tube voltage CT with AIDR 3D yielded a reduction in radiation dose and in the amount of contrast material while maintaining

diagnostic performance.

Abbreviations: AIDR 3D = adaptive iterative dose reduction 3-dimensional, AP = arterial phase, CT = computed tomography,
CTDIvol= volume CT dose index, DLP= dose length product, EP= equilibrium phase, FBP= filtered back projection, FOM= figure of
merit, HCC = hepatocellular carcinoma, IR = iterative reconstruction, PPV = positive predictive value, PVP = portal venous phase,
ROI = regions of interest, TACE = transcatheter arterial chemoembolization.
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1. Introduction
Reducing radiation dose in computed tomography (CT) is
essential as an increase in the number of examinations over the
past few decades has resulted in an increased risk of radiation-
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induced carcinogenesis. The use of low tube voltage CT is a
promising technique which increases the X-ray absorption of
iodine and thus improves iodine enhancement of vascular and
parenchymal structures, while simultaneously reducing patient
radiation exposure.[3,4] Previous studies have shown the utility of
low tube voltage CT for hypervascular hepatocellular carcinoma
(HCC) detection,[3,5–8] but the increased image noise associated
with the technique is problematic.
Recently, iterative reconstruction (IR) has been used as an

alternative algorithm for the reconstruction of CT images. IR can
reduce image noise compared to filtered back projection (FBP),
the standard reconstruction algorithm. Some reports have shown
that low tube voltage hepatic dynamic CT with hybrid IR, which
involves blending with FBP to keep the noise characteristics and
image textures, could reduce both radiation dose and the amount
of iodine contrast material.[9–16]

Adaptive iterative dose reduction 3-dimensional (AIDR 3D;
Toshiba Medical Systems, Otawara, Japan) is a hybrid IR
algorithm, which has already been used in abdominal and pelvic
CT with reduced dose scans.[17–25] However, the combination of
hepatic dynamic CT with low tube voltage technique and AIDR
3D has not been investigated. Moreover, to our knowledge, there
are no previous reports which have evaluated the diagnostic
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Table 1

Acquisition and reconstruction parameters of computed tomo-
graphy examination.

Protocol A Protocol B

Acquisition protocol
Tube voltage, kVp 120 100
Tube current Auto exposure control
SD of the image noise 10 11
Beam collimation, mm 64�0.5
Helical pitch 0.828
Rotation time, s 0.5
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ability of low tube voltage hepatic dynamic CT with IR using a
free-response methodology such as the jackknife free-response
receiver-operating characteristic (JAFROC) analysis, which has
been reported to yield greater statistical power at detecting
modality differences.[26–28]

The purpose of this study was to prospectively evaluate the
image quality and diagnostic performance of low tube voltage
and reduced contrast material dose hepatic dynamic CT
reconstructed with AIDR 3D, and compare it with standard
tube voltage and standard contrast material dose CT with FBP.
Scan field of view, mm 320 or 400
Amount of contrast material, mgI/kg 600 500
Reconstruction protocol
Reconstruction algorithm FBP AIDR 3D
Reconstruction field of view, mm 320 or 360 or 400
Kernel FC13
Slice thickness/interval, mm 5/5

AIDR 3D = adaptive iterative dose reduction 3-dimensional, FBP = filtered back projection,
SD= standard deviation.
2. Materials and methods

2.1. Patients

This prospective study was approved by our institutional review
board, and written informed consent was obtained from all
patients. Between May 2015 and May 2016, 90 consecutive
patients who were scheduled to undergo hepatic dynamic CTwith
a 320-slice CT scanner for the evaluation of known or suspected
HCC were enrolled in the study. One patient was excluded from
the following analyses because almost the entire liverwas occupied
by multiple tumors and was deemed to be difficult to analyze. The
remaining 89 patients (49 men and 40 women, age range, 40–80
years; mean age, 70.6 years) were included in the study. The body
mass index (BMI) of the patients ranged from 15.8 to 35.7 (mean,
22.9). The clinical indications for hepatic dynamic CT were as
follows: hepatitis B (n=4), hepatitis C (n=17), follow-up after
surgery forHCC (n=32), follow-up after radiofrequency ablation
for HCC (n=22), follow-up after transcatheter arterial chemo-
embolization (TACE) for HCC (n=4), alcoholic hepatitis (n=3),
nonalcoholic steatohepatitis (n=4), primary biliary cirrhosis (n=
2), and autoimmune hepatitis (n=1).

2.2. Lesion reference standards

Five HCCs in 4 patients were pathologically diagnosed after the
surgery. For the other patients, the diagnosis of HCC was made
by 2 radiologists experienced in abdominal radiology (7 and 13
years, respectively) by consensus when a lesion was enhanced on
arterial phase CT images and met one of the following criteria: an
increase in size in follow-up CT, contrast enhanced on the arterial
phase and low intensity on the hepatobiliary phase images of
gadoxetic acid-enhanced magnetic resonance imaging (MRI),
concentration of lipiodol after TACE, and a decrease in size after
TACE with drug-eluting beads. The absence of HCC was
confirmed when no HCC was detected on follow-up CT or MRI
(more than 6 months after the initial CT), or on follow-up
ultrasound (more than 12 months after the initial CT). A total of
77 HCCs in 24 patients were diagnosed, whereas no HCC was
detected in 44 patients. The remaining 21 patients did not have
any follow-up examinations which fulfill the criteria mentioned
above and were excluded from the analysis of the diagnostic
performance. The diameter of HCCs ranged from 4 to 64mm
(mean, 13.5mm, standard deviation [SD], 10.5).

2.3. CT examination

Hepatic dynamic CT was performed using a 320-slice scanner
(AquilionONE; Toshiba Medical Systems). All patients were
randomly assigned to one of the 2 protocols with different tube
voltages and amounts of contrast material (Table 1). Of the 89
patients, 46 were scanned with Protocol A, while the other 43
were scanned with Protocol B. Mean patients’ BMI was not
2

significantly different between the 2 protocols (22.8 and 23.1 for
Protocols A and B, respectively, P= .74 [Student t test]). All
patients underwent a precontrast scan and a contrast-enhanced
dynamic scan including the arterial phase (AP), portal venous
phase (PVP), and equilibrium phase (EP). Nonionic contrast
material (Iomeron; Eisai, Tokyo, Japan) was administered
intravenously for 30seconds by means of a power injector (Dual
Shot GX;Nemoto Kyorindo, Tokyo, Japan). The scanning delays
of the AP were individually determined by using a bolus-tracking
technique. A circular cursor was placed on the aorta, and the AP
scan was started 20seconds after a threshold of 200 Hounsfield
Unit (HU) was reached. The PVP was acquired 30seconds after
the AP scan, and the EP was acquired 180seconds after the start
of administration of the contrast material.
Axial images of 5mm thickness were reconstructed with 5mm

intervals using FBP and AIDR 3D (AIDR 3D Weak, available
only in Japan) for Protocols A and B, respectively.

2.4. Radiation dose assessment

The volume CT dose index (CTDIvol, mGy) and the dose length
product (DLP, mGy cm) were recorded as per the dose reports.
Anteroposterior thickness at the midline and lateral width were
measured from axial images for each patient, and size-specific
dose estimates (SSDEs) were calculated using CTDIvol and
tabulated size-dependent conversion factors (fsize).

[29,30]

2.5. Quantitative analysis

The radiologist placed circular regions of interest (ROI) of
approximately 100 mm2 on the liver parenchyma, and the
average and SD of the CT number were recorded for each phase.
Three ROIs were placed per phase, and their values averaged. If
any HCCs were present, the CT numbers of HCCs were also
recorded. The SD of the CT number of liver parenchyma was
used as the index of image noise. The lesion to liver contrast-to-
noise ratio (CNR) was calculated using the following equation:

CNR ¼ ðCTHCC � CTLiverÞ=SDLiver

where CTHCC and CTLiver are the CT numbers of the HCC and
liver parenchyma, respectively. SDLiver is the SD of the CT
numbers of the liver parenchyma.



Table 2

Mean CTDIvol, DLP, and SSDE of each protocol.

Protocol A
(120 kVp, FBP)

Protocol B
(100 kVp, AIDR 3D) P

CTDIvol, mGy 22.1±6.4 14.3±3.5 <.001
DLP, mGy·cm 607.2±214.2 376.5±109.3 <.001
SSDE, mGy 31.4±6.4 20.2±3.4 <.001

Data are presented as mean± standard deviation.
AIDR 3D = adaptive iterative dose reduction 3-dimensional, FBP = filtered back projection, CTDIvol=
volume computed tomography dose index, DLP=dose length product, SSDE= size-specific dose
estimate.
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2.6. Qualitative analysis

Three radiologists, other than the 2 radiologists who evaluated
the reference standards of HCCs, independently reviewed the
contrast-enhanced images of each phase, and evaluated the image
quality in terms of the degree of noise, sharpness, and overall
image quality. They had 6, 11, and 11 years experience in
abdominal radiology. They were informed that patients were
suspected of having HCCs and scanned with the 120 kVp or 100
kVp setting, but they were blinded to the numbers and the places
of lesions, scanning protocol and reconstruction algorithm. A
commercially available workstation (Ziostation 2 version
2.4.0.3; Ziosoft, Tokyo, Japan) was used for the assessment.
The degree of noise was graded using a 4-point scale in which a
score of 1 indicated unacceptable image noise and 4 indicated
minimum noise. Sharpness was assessed by the sharpness of
abdominal visceral structures using a 4-point scale in which a
score of 1 represented the most blurred and 4 represented the
sharpest image. Overall image quality was also rated using a 4-
point scale: 1 = poor, 2= fair, 3 = good, and 4= excellent. For all
assessments, a score of 3 indicated an equivalent image quality to
that of CT images used in routine practice.
To evaluate the diagnostic performance, they reviewed the

precontrast images and the contrast-enhanced images of each
phase together, and evaluated the possible presence of hyper-
vascular HCC. They classified all detected lesions which were
likely hypervascular HCC using the following 4-point confidence
score scale: 1= probably no lesion present, 2= indefinite presence
of lesion, 3 = lesion probably present, and 4 = lesion definitely
present. Hypovascular HCC was not evaluated in this study.
Before the assessment, they were informed that only a confidence
level of 3 or 4 would be considered a positive finding for the
calculation of sensitivity and positive predictive value (PPV).
Table 3

Mean CT number of the liver, image noise, and CNR for each
protocol.

Protocol A
(120 kVp, FBP)

Protocol B
(100 kVp, AIDR 3D) P

CT number of the liver (HU)
AP 81.6±13.0 85.0±13.8 .88
PVP 116.8±10.8 118.6±16.7 .73
EP 98.7±7.6 101.4±11.9 .90

Image noise (HU)
AP 10.6±1.8 10.0±0.7 .02
PVP 10.7±1.7 10.3±1.0 .05
EP 10.5±1.7 10.2±0.9 .12
2.7. Statistical analysis

Mean CTDIvol, DLP, and SSDE between the 2 protocols were
statistically compared using the Student t test. The CT number of
liver parenchyma, objective image noise, and CNR of HCC were
also compared using the Student t test. Mean visual score was
compared between the 2 protocols using the Mann–Whitney U
test. The Spearman correlation coefficient by rank test was used
for the evaluation of the correlation between the visual scores of
overall image quality and BMI for each protocol.
To analyze the diagnostic performance of hypervascular HCC,

JAFROC was performed using the JAFROC software (JAFROC
version 4.2.1, www.devchakraborty.com). This software com-
putes a figure of merit (FOM), which is defined as the probability
that a lesion is rated higher than the highest rated nonlesion on a
normal image. The JAFROC1 method was used in this study,
instead of JAFROCor JAFROC2, due to its high statistical power
for human observers.[28,31] Mean FOM, sensitivity (for all
lesions, lesions ≥1.0cm, and lesions <1.0cm), and PPV were
compared using the Student t test between the 2 protocols.
For all tests, a P-value <.05 was considered significant.
CNR
AP 3.0±1.5 3.6±1.9 .11
PVP 0.1±1.1 �0.4±1.2 .06
EP �0.5±1.1 �0.9±0.9 .04

Data are mean± standard deviation.
AIDR 3D = adaptive iterative dose reduction 3-dimensional, AP= arterial phase, CNR = contrast-to-
noise ratio, CT = computed tomography, EP= equilibrium phase, FBP = filtered back projection,
PVP=portal venous phase.
3. Results

3.1. Radiation dose assessment

MeanCTDIvol, DLP, and SSDE are summarized in Table 2.Mean
CTDIvol, DLP, and SSDE for Protocol B were significantly lower
than those for Protocol A (P< .001). Mean SSDE of Protocol B
was 36% less than that of Protocol A.
3

3.2. Quantitative analysis

There was no significant difference in mean CT number of liver
parenchyma between the 2 protocols, although Protocol B tended
to have higher CT numbers (Table 3). The image noise of
Protocol B in the AP was significantly lower than that of Protocol
A (P< .05), whereas there was no significant difference between
the 2 protocols in PVP and EP. There was no significant difference
in CNR between the 2 protocols except for the EP (P< .05).
3.3. Qualitative analysis

Mean scores for image noise, image sharpness, and overall image
quality in the qualitative analysis are summarized in Table 4.
Regarding scores for image noise, there was no significant
difference between the 2 protocols in any phase for Reader 1,
whereas Readers 2 and 3 assigned significantly lower scores to
Protocol B in all phases (P< .05). For image sharpness, a
significant difference between the 2 protocols was found only in
the AP for Reader 2 (P< .05). For overall image quality, Readers
2 and 3 assigned significant lower scores to Protocol B in at least 1
of 3 phases, including the AP (P< .05) (Fig. 1). For Protocol A, a
significant positive correlation was found between scores of
overall image quality and BMI in PVP and EP for Reader 3
(P< .05), whereas no significant correlation was found for the
other readers. For Protocol B, no significant correlation was
found between visual scores and BMI for all readers.

http://www.devchakraborty.com/
http://www.md-journal.com


Figure 1. A male in his sixties who underwent hepatic dynamic computed tomography with both Protocols A and B within 3 months. The conspicuity of 2
hepatocellular carcinomas (arrows) in arterial phase images (A: Protocol A; B: Protocol B) and equilibrium phase images (C: Protocol A; D: Protocol B) is almost
equivalent for these 2 protocols. Streak artifacts caused by ribs and spine are slightly more prominent in Protocol B (arrowhead).

Table 4

Mean visual scores of image noise, image sharpness, and over all image quality.

Reader 1 Reader 2 Reader 3

Protocol A Protocol B P Protocol A Protocol B P Protocol A Protocol B P

Image noise
AP 2.8±0.4 2.9±0.3 .13 3.0±0.2 2.7±0.4 <.01 2.9±0.3 2.7±0.5 .04
PVP 2.8±0.4 2.9±0.3 .08 3.0±0.1 2.7±0.5 <.001 2.9±0.3 2.7±0.4 .01
EP 2.6±0.5 2.8±0.4 .07 3.0±0.2 2.7±0.5 <.01 2.8±0.4 2.4±0.5 <.001

Sharpness
AP 3.0±0 3.0±0 .99 3.0±0 2.9±0.3 .02 3.0±0.2 2.9±0.3 .15
PVP 3.0±0 3.0±0 .99 3.0±0 3.0±0.2 .30 2.9±0.3 2.9±0.3 .93
EP 3.0±0 3.0±0 .99 3.0±0 3.0±0.2 .30 3.0±0.2 3.0±0.2 .96

Overall image quality
AP 3.0±0 3.0±0.2 .30 3.0±0 2.9±0.3 .04 3.0±0.2 2.9±0.4 .04
PVP 3.0±0 3.0±0 .99 3.0±0 3.0±0.2 .14 3.0±0.2 2.9±0.3 .35
EP 3.0±0 3.0±0.2 .30 3.0±0 3.0±0.2 .14 3.0±0.2 2.8±0.4 .02

AP= arterial phase, EP=equilibrium phase, PVP=portal venous phase.
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Table 5

Figure of merit, sensitivity, and positive predictive value for the
detection of hypervascular hepatocellular carcinoma.

Protocol A
(120 kVp, FBP)

Protocol B
(100 kVp, AIDR 3D) P

Figure of merit
Reader 1 0.60 0.65
Reader 2 0.66 0.70
Reader 3 0.69 0.65
Mean 0.65 0.67 .69

Sensitivity (all lesions)
Reader 1 0.21 (6/28) 0.29 (14/49)
Reader 2 0.32 (9/28) 0.35 (17/49)
Reader 3 0.36 (10/28) 0.39 (19/49)
Mean 0.30 0.34 .95

Sensitivity (lesions ≥ 1.0cm)
Reader 1 0.46 (6/13) 0.46 (13/28)
Reader 2 0.46 (6/13) 0.50 (14/28)
Reader 3 0.69 (9/13) 0.64 (18/28)
Mean 0.54 0.54 .46

Sensitivity (lesions < 1.0cm)
Reader 1 0.00 (0/15) 0.05 (1/21)
Reader 2 0.20 (3/15) 0.14 (3/21)
Reader 3 0.07 (1/15) 0.05 (1/21)
Mean 0.09 0.08 .39

Positive predictive value
Reader 1 0.75 (6/8) 1.00 (14/14)
Reader 2 0.90 (9/10) 0.94 (17/18)
Reader 3 0.91 (10/11) 0.95 (19/20)
Mean 0.85 0.96 .88

Numbers in parentheses are actual numbers of lesions.
AIDR 3D = adaptive iterative dose reduction 3-dimensional, FBP = filtered back projection.
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The FOM, sensitivity, and PPV for the detection of hyper-
vascular HCC are summarized in Table 5. Mean FOM,
sensitivity for all lesions, and PPV of Protocol B were higher
than those of Protocol A, although the differences were not
significant.Mean sensitivities for lesions≥1.0cm and for<1.0cm
were not significantly different between the 2 protocols.
Figure 2. Initial computed tomography (CT) (A: Protocol B) and follow-up CT
(B: Protocol A) images of a female in her seventies with hepatocellular
carcinoma. The contrast between the hepatocellular carcinoma and the liver
parenchyma is almost equivalent for both protocols. A faint blotchy appearance
may be seen in Protocol B.
4. Discussion

Our results demonstrate that low tube voltage (100kVp) CT
could yield a significant dose reduction compared to standard
tube voltage (120kVp) CT, and that SSDE could be reduced by
36%using the 100kVp protocol.Meanwhile, the objective image
noise of 100 kVp images was significantly lower in the AP and
PVP, and the CNR in the AP was not significantly different
between the 2 protocols. Thus, the use of AIDR 3D compensated
the increase of the image noise associated with the use of the low
tube voltage technique, therefore maintaining the objective image
quality. These results were concordant with previous reports
which also used the combination of low tube voltage and a hybrid
IR of other manufacturers.[11,12,14,15]

However, visual scores of the subjective image noise of
Protocol B were significantly lower than those of Protocol A in all
of 3 phases for Readers 2 and 3. Regarding the overall image
quality, Reader 2 assigned significantly lower scores for Protocol
B in the AP, and Reader 3 do so in the AP and EP. A reason for the
lower visual scores of the low tube voltage images might be the
“pixelated blotchy” appearance, which has been reported as a
frequently observed artifact in images reconstructed using IR
algorithms[32,33] and can result in an unfamiliar image texture for
5

radiologists. Although a relatively low strength of the IR preset
(AIDR 3DWeak, available only in Japan) was used in the present
study, a pixelated blotchy appearance was observed in some
patients, whose images might be considered lower quality
(Fig. 2). However, no patient images of Protocol B were labeled
unacceptable (i.e., a score of 1), and the majority of the images
were assigned a score of 3, which meant an image quality equal to
those of images from routine clinical practice. Although increased
image noise of low tube voltage CT would be problematic in
heavier patients,[4–6] no negative correlation was found between
the visual scores and BMI for the 100kVp setting in our study.

http://www.md-journal.com
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This may be because our study population did not include any
extremely heavy patients (maximum BMI, 35.7). However, our
results suggested that 100kVp setting with AIDR 3D would
provide acceptable image quality for relatively heavy patients
with BMI of around 30.
When a reduced-dose protocol is applied, it would be a more

important consideration to maintain diagnostic performance
rather than objective or subjective image quality. However, most
previous studies investigating the combination of low tube
voltage and IR for hepatic dynamic CT were focused on image
quality, with few reports investigating diagnostic capability in a
blinded fashion.[15] Our results showed no significant differences
between the 2 protocols regarding FOM, sensitivity, and PPV for
the detection of hypervascular HCC. Thus, the 100 kVp protocol
with AIDR 3D for the hepatic dynamic CT, which decreases both
the radiation dose and the amount of contrast material, would be
acceptable in terms of the diagnostic performance.
Some previous studies have shown that hybrid IRs do not

improve the detection of low-contrast lesions on reduced-dose
abdominal CT.[34–38] Therefore, the preservation of the diagnos-
tic performance may be simply due to the higher contrast
enhancement of hypervascular HCC on lower tube voltage
images. We did not compare the image quality and diagnostic
capability between FBP and AIDR 3D for the same low tube
voltage setting (i.e., 100kVp), and further studies would be
needed to determine the actual effect of a hybrid IR on the
diagnostic performance of hypervascular HCC on low tube
voltage hepatic dynamic CT.
This study had several limitations. First, the number of patients

with HCCwas relatively small, and histopathologic confirmation
was not proved in many cases. A larger patient population would
be needed to confirm the equivalence of the 2 protocols. Second,
the mean body weight of the patients in our study was 58.4kg,
which is smaller than North American and European matched
populations. Third, we investigated only the combination of the
100kVp, 500mgI/kg, SD = 11, and AIDR 3D weak. Many
studies have reported low tube voltage hepatic dynamic CT with
80kVp,[3,5–13,15] which might enable a protocol with an even
lower dose of contrast material. As we intended to maintain
image quality and texture on the low tube voltage images, we
avoided the lower voltage and a stronger IR setting. Moreover,
we did not evaluate the effect of AIDR 3D on the 120kVp images.
The optimal combination of tube voltage, amount of contrast
material, SD setting, and IR level would need to be investigated
on a separate study.
In conclusion, low tube voltage CT with AIDR 3D yielded a

reduction in radiation dose and the amount of contrast material
while maintaining the objective image noise and diagnostic
performance for hypervascular HCC compared to standard tube
voltage CT with FBP.
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