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Abstract

Purpose To compare the image quality of multiphasic (arterial, portal, and equilibrium phases) dynamic computed tomog-
raphy (CT) of the abdomen obtained by a low tube voltage (70kVp) in combination with a half-dose iodine load using low-
concentration contrast agent in high tube output dual-source CT with a standard tube voltage (120kVp) and full-dose iodine
load using the same group of adult patients.

Methods Fifty-five patients who underwent both low-tube-voltage (70kVp) abdominal CT with a half-dose iodine load and
standard-tube-voltage (120kVp) CT with a full-dose iodine load were analyzed. The mean CT values and signal-to-noise
ratio (SNR) of the liver, aorta and portal veins were quantitatively assessed. In addition, the contrast enhancement of the
abdominal organs and overall image quality were qualitatively evaluated.

Results The mean CT values and SNR of the liver parenchyma were significantly higher in 70-kVp protocol than in 120-kVp
protocol in all 3 phases (p=0.018 ~ <0.001). Regarding the qualitative analysis, the overall image quality in the 70-kVp
protocol was significantly better than in the 120-kVp protocol in all 3 phases (p < 0.001). In addition, the contrast enhance-
ment scores of the liver parenchyma and hepatic vein in the equilibrium phase were also significantly higher in the 70-kVp
protocol than in the 120-kVp protocol (p <0.001).

Conclusion A low tube voltage (70kVp) in combination with a half-dose iodine load using a low-concentration contrast
agent and an iterative reconstruction algorithm in high tube output dual-source CT may improve the contrast enhancement
and image quality in multiphasic dynamic CT of the abdomen in patients under 71 kg of body weight.

Keywords X-ray computed tomography - Iodine - Diagnostic imaging - Low tube voltage

Abbreviations SNR  Signal-to-noise ratio
CT Computed tomography FOM Figure of merit

CM  Contrast medium

ROI  Region of interest

AP Arterial phase Introduction

PVP  Portal venous phase

EP Equilibrium phase Although the incidence of contrast-induced nephropa-
SD Standard deviation thy (CIN) after the administration of intravenous contrast
CNR Contrast-to-noise ratio medium (CM) is controversial [1], it is desirable to minimize

the iodine load without the loss of image quality in patients
believed to be at risk for the development of kidney injury,
such as those with cardiovascular disease, diabetes mellitus,

B< Katsuyoshi Ito chronic hepatitis, cirrhosis, or malignant tumors [2-5].
itokatsu@yamaguchi-u.ac.jp Some studies have shown that the iodine doses can be
reduced using a low tube voltage (kVp) for scanning, as the
! Department of Radiology, Yamaguchi University Graduate L. & . . ge (kVp) &
School of Medicine, 1-1-1 Minami-Kogushi, Ube iodine attenuation increases due to the lower mean X-ray
Yamaguchi 755-8505, Japan energy [6, 7]. In a phantom study, reducing the tube voltage
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from 120 to 70 kVp allowed for a 53% reduction in the
iodine dose of contrast agent while maintaining adequate
image contrast [8]. However, low-tube-voltage imaging
increases the image noise unless the tube current output is
increased. With conventional single-source CT, it has not
been possible to increase the tube current sufficiently, result-
ing in increased noise and subsequent deterioration in the
image quality of abdominal CT [9].

Given the above, previous studies have used a minimum
tube voltage of 80 kVp for abdominal CT in adult patients,
which is accompanied by a 40% reduction in CM [10-12].
Conversely, in the latest dual-source CT, two more power-
ful X-ray tubes are used simultaneously at the same tube
voltage. This technique offers the potential to double the
total tube current, combining a low tube voltage (70 kVp)
with a high total tube output and allowing images with
reduced noise to be obtained even at a half-dose iodine load
in abdominal CT [13]. However, few studies have evaluated
the image quality of multiphasic dynamic CT in dual-source
CT using a low tube voltage (70 kVp) and half-dose iodine
load of CM in the same group of adult patients [14].

The purpose of this study was to assess the image qual-
ity of multiphasic (arterial, portal, and equilibrium phases)
dynamic CT of the abdomen obtained with a low tube volt-
age (70 kVp) in combination with a half-dose iodine load
using low-concentration contrast agent in high tube output
dual-source CT in the comparison with a standard tube volt-
age (120 kVp) and full-dose iodine load in the same group
of adult patients.

Materials and methods
Study population

This retrospective study was approved by the institutional
review board, and the requirement for informed consent was
waived.

The radiology information system in our institution was
searched to identify patients who met the following inclu-
sion criteria: (a) patients underwent multiphasic contrast-
enhanced dynamic CT of the abdomen between November
2018 and April 2019; (b) CT was performed in the dual-
power mode using a low tube voltage (70 kVp) with a half
dose of iodine using low-concentration CM; and (c) CT had
previously been performed using a standard tube voltage
(120 kVp) and full-dose iodine using medium-concentra-
tion CM. Patients with portal vein thrombosis (n=1) were
excluded from the analysis.

Ultimately, 55 patients met these criteria and were
included in this study (31 men, 24 women; age range,
37-94 years; mean age, 72.5 years). The average time
intervals between 70 and 120 kVp CT were 391 +274 days
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(range: 63—1127 days). The body weight of all patients in
this study was under 71 kg, based on the clinical decision
concerning the use of the low-tube-voltage (70 kVp) CT pro-
tocol in our institution. The selection of these patients had
been based on the body weight shown in the clinical request
form of CT examination. The mean patient body weight
was 55.1 +7.9 kg (range: 40.5-71.0 kg), and the mean body
mass index (BMI) was 21.9 +3.0 (range: 16.4-31.8). All
examinations were clinically indicated, including periodic
surveillance of hepatocellular carcinoma (HCC) in patients
with chronic hepatitis or cirrhosis (n=33), screening of liver
metastasis in oncology patients (n=10) and the further eval-
uation of pancreatobiliary diseases (n=12).

T

In the low-tube-voltage (70 kVp) protocol, abdominal CT
was performed with a dual-source CT scanner (SOMATOM
FORCE,; Siemens, Forchheim, Germany) equipped with 2
X-ray tubes (Vectron tube; 1300-mA maximum tube current)
in dual-power mode using the tube current modulation algo-
rithm (Care Dose 4D), and 2 corresponding Stellar detectors
were installed with an angular offset of 95°. In dual-power
mode, both X-ray tubes work simultaneously at the same
voltage of 70 kVp, making it possible to double the total
tube current. Craniocaudal CT from the top of the liver was
performed with a dual-power protocol (detector collimation,
192 x 0.6 mm; pitch, 0.6; gantry rotation time, 0.5 s; matrix,
512x512). Tube voltages were set at 70 kVp, and the mAs
were automatically calculated based on the localizer image.
After performing a precontrast scan, contrast-enhanced
dynamic CT including the arterial phase (AP), portal venous
phase (PVP) and equilibrium phase (EP) was performed. AP
and EP imaging covered the abdomen area while PVP imag-
ing covered the abdominopelvic area. The total CM volume
was individualized depending on each patient’s body weight.
In this protocol, half-dose (300 mg of iodine per kilogram
of body weight [mgl/kg]) and low-concentration (140 mgl/
mL) iodine CM (iohexol; Omniparque 140, Daiichi-Sankyo,
Tokyo, Japan) was administered intravenously for 30 s using
a pump-based injector system (CT motion; Ulrich Medi-
cal, Germany), followed by the injection of 30 mL saline
solution at the same rate as the CM. The scanning delays
of the AP after CM injection were individually determined
using an automatic bolus-tracking program. A circular cur-
sor was placed on the abdominal aorta, and the AP scan was
started 20 s after a threshold of 100 Hounsfield units (HU)
was reached. The PVP and EP were acquired 60 and 180 s
after the start of administration of the CM, respectively. CT
scans were reconstructed with a slice thickness of 2 mm in
the axial plane using an iterative reconstruction (Adaptative
Model-based Iterative Reconstruction [ADMIRE]) set at a
level of 2.
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In all patients, CT had previously been obtained with
dual-source or single-source CT scanners (SOMATOM
Definition or Sensation; Siemens) using the standard-tube-
voltage (120 kVp) protocol. The scan parameters were as
follows: detector collimation, 64 X 0.6 mm; pitch, 0.6; gantry
rotation time, 0.5 s; matrix, 512 512. The tube current was
automatically determined by the same automatic exposure
control system (CARE Dose 4D) as used for 70 kVp proto-
col. Using a power injector (Dual shot GX; Nemoto Kyor-
indo, Tokyo, Japan), multiphasic (AP, PVP, EP) contrast-
enhanced dynamic CT was performed using full-dose (600
mgl/kg) and medium-concentration (300 mgl/mL) iodine
CM (iohexol; Omniparque 300, Daiichi-Sankyo, or iome-
prol; Iomeron 300, Eizai, or iopamidol; Oypalomin 300,
Fuji Pharma, Tokyo, Japan). The CM injection techniques
in the standard-tube-voltage (120 kVp) protocol were the
same as in the low-tube-voltage (70 kVp) protocol except
for the trigger threshold (150 HU) and the start timing (17-s
delay) in AP scanning. Axial CT images of 2-mm thickness
were reconstructed using the filtered back projection (FBP)
method. The total volume of injected CM was almost the
same between the 70 and 120-kVp protocols (e.g. in a 50-kg
patient, 107 mL and 100 mL, respectively).

Image analyses

All images were transferred from a hospital picture archiv-
ing and communication system (PACS) (Shade Quest;
Yokogawa Medical, Tokyo, Japan) to the radiology depart-
ment workstation (EV InsiteS; PSP Corporation, Tokyo,
Japan) by a study coordinator (M.T.) to anonymize patients’
information and scan parameters as well as to randomize CT
data sets for blind reading purpose.

Quantitative analyses were performed by an experienced
radiologist (K.M.) with seven years’ experience in abdomi-
nal CT interpretation blinded to the clinical data and CT
parameters. The mean CT values (HU) and image noise
(standard deviation [SD] of measured HU values) were
measured on axial images using regions of interest (ROIs)
placed within the liver, abdominal aorta, portal vein, and
spinal erector muscle. Attempts were made to maintain con-
stant circular ROIs of approximately 25mm? in the aorta and
portal vein. Image noise (SD) within the air space outside
of the anterior abdominal wall was also measured. Circu-
lar ROIs were placed at the level of the main portal vein
for all measurements. The size of circular ROIs were set at
approximately 30mm? in the liver and spinal erector muscle
to exclude areas of focal lesions, visible blood vessels, bile
ducts, intramuscular fat and artifacts from the ROI measure-
ments. The signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) were calculated for each image dataset using the
following respective equations: SNR =(mean CT value of
area of interest) / (SD of background air), CNR =(mean CT

value of area of interest—mean CT value of spinal erector
muscle)/(SD of area of interest). The mean CT values, image
noise, CNR and SNR were measured and calculated in the
liver parenchyma and abdominal aorta in the AP, in the liver
parenchyma and the main portal vein in the PVP and in the
liver parenchyma in the EP and were compared between the
two protocols. The CTDI,; was also recorded in the AP,
PVP and EP to compare the radiation dose. The CTDI,; was
evaluated in the subgroup (n=30) of patients with a body
weight <55 kg (mean body weight: 49.4 +3.7 kg, range:
40.5-54.5 kg) as well as in all patients (n=55). In addition,
a figure of merit (FOM) was calculated as the ratio of CNR?
to CTDI,; to compare the dose efficiency between the two
protocols.

In the qualitative analyses, two board-certified radiolo-
gists (S.N., K.I.) with 7 and 28 years’ experience in abdomi-
nal CT reading who were unaware of the clinical information
and the CT parameters evaluated the images independently.
In cases with discrepancy in image interpretation, the final
decisions were reached by consensus. The window level
and width setting were identical in all examinations during
the blind reading process. All CT images were evaluated
for contrast enhancement of the organs, image noise and
overall image quality in each vascular phase, and the results
were compared between the low-tube-voltage (70 kVp) and
standard-tube-voltage (120 kVp) protocols. In the AP, con-
trast enhancement was assessed for the aorta, renal cortex
and pancreas, which were the representative hypervascu-
lar organs. In the PVP, contrast enhancement was evalu-
ated for the liver parenchyma and portal vein. In addition,
clarity in contrast between the liver parenchyma and portal
vein and the visibility of the peripheral branches of hepatic
vessels were also evaluated. In the EP, contrast enhance-
ment of the liver parenchyma and hepatic veins and clarity
in contrast between the liver parenchyma and hepatic vein
were assessed. Each item was graded using a 5-point scale as
follows: contrast enhancement of organs (1 =poor and undi-
agnostic, 2 =suboptimal with low confidence, 3 = average,
4 =good, 5 =excellent), clarity in contrast between the liver
parenchyma and the portal/hepatic veins (1 =no visible por-
tal/hepatic vein, 2 =poor, 3 =moderate, 4 = good, 5 =excel-
lent), visibility of peripheral branches of hepatic vessels and
overall image quality (1 =poor, 2=suboptimal, 3 =average,
4 =good, 5 =excellent) and image noise (1 =undiagnostic,
2 =severe, may impact the depiction of adjacent structures
or lesions, but still diagnostic, 3 =moderate, not interfering
with the depiction of adjacent structures or lesions, 4 =mild,
sufficient diagnostic confidence, 5 =absent).

Statistical analyses

Data were analyzed using IBM SPSS Statistics for Win-
dows (Version 22.0., IBM Inc., Armonk, NY, USA). The
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Mann—Whitney U test was used to compare the results of
quantitative image analysis between 70 and 120 kVp group.
A p value of <0.05 was considered to be statistically sig-
nificant. The Mann—Whitney U test was also used to com-
pare qualitative image analysis scores between 70 and 120
kVp group. Kappa statistical analysis for the comparison in
qualitative parameters was performed to determine interob-
server variability. The kappa value was interpreted as fol-
lows: 0.81-1.00, excellent agreement; 0.61-0.80, substantial
agreement; 0.41-0.60, moderate agreement; 0.21-0.40, fair
agreement; < 0.20, poor agreement.

Results
Quantitative image analyses

The results of quantitative analyses comparing the 70-kVp
and 120-kVp protocols are shown in Table 1. The mean
CT values (HU) of the liver parenchyma were significantly
higher in the 70-kVp protocol than in the 120-kVp protocol
in the AP (84.2 HU vs. 77.5 HU, p=0.018), PVP (117.8
HU vs. 104.9 HU, p <0.001) and EP (102.1 HU vs. 86.6
HU, p<0.001) whereas image noise (SD) was significantly
lower in the 70-kVp protocol than in the 120-kVp protocol
in the AP (12.3 vs. 21.5, p<0.001), PVP (15.3 vs. 21.9,
p<0.001) and EP (13.2 vs. 21.6, p<0.001). There were
significant differences in the CNR of the liver parenchyma
between the 70-kVp and 120-kVp protocols in the PVP (3.5
vs. 1.9, p<0.001) and EP (2.1 vs. 1.2, p<0.001) (Fig. 1).
The SNR of the liver parenchyma showed significant dif-
ferences between the 70-kVp and 120-kVp protocols in all
3 phases (AP: 13.3 vs. 7.0, p<0.001, PVP: 17.4 vs. 9.2,
p<0.001, EP: 15.7 vs. 7.7, p<0.001, respectively).

The mean CT values and the CNR and SNR of the aorta
in the AP were significantly higher in the 70-kVp proto-
col than in the 120-kVp protocol (398.9 HU vs. 313.2 HU,
p<0.001,24.2 vs. 11.8, p<0.001, 62.4 vs. 28.4, p<0.001,
respectively). Regarding the portal vein evaluation in the
PVP, the mean CT values and CNR and SNR were signifi-
cantly higher in the 70-kVp protocol than in the 120-kVp
protocol (228.4 HU vs. 173.2 HU, p<0.001, 11.4 vs. 5.0,
p<0.001,34.0 vs. 15.2, p<0.001, respectively). The image
noise (SD) values of the aorta in the AP and the portal vein
in the PVP were significantly lower in the 70-kVp protocol
than in the 120-kVp protocol (14.3 vs. 31.9, p <0.001 for
the aorta in AP, 16.1 vs. 28.3, p<0.001 for the portal vein
in PVP).

Radiation dose

Although the CTDI, in the 70-kVp protocol was signifi-
cantly higher than in the 120-kVp protocol in the AP (12.4
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Table 1 Quantitative analysis in the comparison between low-tube-
voltage (70 kVp) and standard-tube-voltage (120 kVp) protocol

70 kVp 120 kVp p value

Arterial phase

Liver  CT value 84.24+14.18 77.48 +12.89 0.018
SD 12.3+2.48 21.45+4.21 <0.001
CNR 1.42+1.28 1.04+£0.63 0.26
SNR 13.27+4.46 6.99+1.88 <0.001
FOM 0.21+£0.29 0.08+0.08 0.265

Aorta  CTvalue 398.93+73.54  313.17+51.17 <0.001
SD 14.32+3.65 31.87+6.90 <0.001
CNR 24.21+8.00 11.76 +3.28 <0.001
SNR 62.36+19.74 28.41+8.35 <0.001
FOM 37.75+30.07 8.83+5.06 <0.001

Portal venous phase

Liver CTvalue 117.84+22.21  104.9+10.67 <0.001
SD 15.34+13.21 21.88+4.43 <0.001
CNR 3.48+1.96 1.94+0.87 <0.001
SNR 17.37+4.67 9.23+£2.06 <0.001
FOM 0.77+0.77 0.26+0.16 <0.001

PV CT value  228.42+38.15 173.15+20.78 <0.001
SD 16.14+3.49 28.33+£5.54 <0.001
CNR 11.38 +4.21 5.04+1.34 <0.001
SNR 33.99+9.88 15.2+3.37 <0.001
FOM 7.12+6.03 1.56+0.73 <0.001

Equilibrium phase

Liver  CTvalue 102.09+9.59 86.64+7.47 <0.001
SD 13.22+2.92 21.63+4.00 <0.001
CNR 2.13+0.79 1.15+0.41 <0.001
SNR 15.72+3.62 7.74+1.84 <0.001
FOM 0.29+0.24 0.08 +0.06 <0.001

Data are the mean + standard deviation

PV portal vein, SD standard deviation, CNR contrast-to-noise ratio,
SNR signal-to-noise ratio, FOM figure of merit

vs. 11.8, p=0.013), PVP (13.3 vs. 11.5, p<0.001) and EP
(12.5 vs. 11.6, p=0.014), the difference in the CTDI,,
between the two protocols was approximately 1-2 mGy. As
a reference regarding the dose efficiency, the FOM values
of the liver, aorta and portal vein were significantly better
in the 70-kVp protocol than in the 120-kVp protocol in all 3
phases except for the FOM of the liver in the AP. Regarding
the CTDI,, in the 30 patients with a body weight <55 kg,
there was no significant difference between the 70-kVp and
120-kVp protocols in the AP (11.0 vs. 10.9, p=0.66) or EP
(11.2vs. 10.9, p=0.44).

Qualitative image analyses

The mean values in the qualitative analyses are sum-
marized in Table 2. Inter-observer agreement for the
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Fig.1 Comparison of CT images between low-tube-voltage (70 kVp)
and standard-tube-voltage (120 kVp) protocol obtained in the same
patient. a—¢ CT images obtained with low tube voltage (70 kVp) and
half-dose iodine load using low-concentration contrast agent during
AP (a), PVP (b) and EP (c). d-f CT images obtained with standard

qualitative analysis was moderate to excellent for both
protocols (kappa value: 0.527-0.876). The overall image
quality in the 70-kVp protocol was significantly better
than in the 120-kVp protocol in all 3 phases (3.67-4.58
vs. 2.76-3.47, p<0.001) (Fig. 1). Similarly, the mean
scores for image noise in all phases were significantly bet-
ter in the 70-kVp protocol than in the 120-kVp protocol
(4.0-4.69 vs. 2.96-3.38, p<0.001). Regarding the mean
scores for contrast enhancement of the renal cortex and
pancreas in the AP as well as the liver parenchyma and
portal vein in the PVP, significantly higher scores were
assigned in the 70-kVp protocol than in the 120-kVp pro-
tocol (p <0.001 for all). In addition, the contrast enhance-
ment scores of the liver parenchyma and hepatic vein in
the EP were also significantly higher in the 70-kVp proto-
col than in the 120-kVp protocol (3.78 vs. 2.87, p <0.001,
3.60 vs. 2.72, p<0.001).

Regarding clarity in contrast between the liver paren-
chyma and portal vein in the PVP and between the liver
parenchyma and hepatic vein in the EP, the 70-kVp protocol
showed higher scores than the 120-kVp protocol (4.70 vs.
3.57,p<0.001, 3.25 vs. 2.40, p <0.001). The mean score for
the visibility of peripheral branches of hepatic vessels in the
PVP differed significantly between the 70-kVp and 120-kVp
protocols (4.01 vs. 2.81, p<0.001) (Fig. 2).

tube voltage (120 kVp) and full-dose iodine load using medium-con-
centration contrast agent during AP (d), PVP (e) and EP (f). Contrast
enhancement of the liver parenchyma and portal vein in PVP and EP,
and overall image quality in all 3 phases were better in low tube volt-
age (70 kVp) protocol than in standard tube voltage (120 kVp)

Discussion

Iodinated CM is widely recognized to have toxic effects on
renal cells, carrying a risk of causing acute deterioration
of the renal function after contrast-enhanced CT [15, 16].
Although the precise mechanisms underlying CIN remain
unclear, a combination of renal medullary hypoxia resulting
from renal vasoconstriction and direct renal tubular toxicity
of CM as well as glomerular vascular endothelial cell injury
induced by CM have been implicated in the pathogenesis
[17]. Recently, some studies showed that the rate of acute
kidney injury in patients who underwent contrast-enhanced
CT was similar to that who underwent unenhanced CT, and
raised question about whether CIN after contrast-enhanced
CT has been overstated [18-20]. Although the true risk for
nephrotoxicity after contrast-enhanced CT is still contro-
versial, it appears certain that the use of the lowest iodine
dose of CM possible will be recommended to reduce the risk
of CIN in contrast-enhanced CT. For multiphasic dynamic
CT of the abdomen, the use of an insufficient CM iodine
dose can result in ineffective contrast enhancement, espe-
cially in the PVP and EP, hampering the accurate diagnosis
of lesions in solid organs, particularly the liver, pancreas
and kidney. Conversely, excessive CM iodine dose can lead
to an unnecessary increase in the cost and risks of organ
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Table2 Qualitative analysis in the comparison of mean scores
between low-tube-voltage (70 kVp) and standard-tube-voltage (120
kVp) protocol

70 kVp 120 kVp p value
Arterial phase
Contrast enhancement
Aorta 4.98+0.13 4.98+0.13 NS
Renal cortex 4.76+0.57 4.43+0.68 <0.001
Pancreas 3.61+0.77 3.05+0.58 <0.001
Image noise 4.58+0.52 3.36+0.64 <0.001
Overall image quality 4.40+0.77 3.47+0.59 <0.001
Portal venous phase
Contrast enhancement
Liver 425+0.66 3.41+049 <0.001
PV 470+£0.56 3.61+0.52 <0.001
Contrast between PV and liver 4.70+0.62 3.57+0.56 <0.001
Visibility of peripheral vessels 4.01+0.94 2.81+0.78 <0.001
Image noise 4.69+049 3.38+0.61 <0.001
Overall image quality 4.58+0.59 3.40+0.55 <0.001
Equilibrium phase
Contrast enhancement
Liver 3.78+0.52 2.87+0.33 <0.001
Hepatic vein (HV) 3.60+0.67 2.72+0.86 <0.001
Contrast between HV and liver 3.25+0.76 2.40+0.82 <0.001
Image noise 4.00+042 296+046 <0.001
Overall image quality 3.67+0.50 2.76+0.50 <0.001

Data are the mean =+ standard deviation

PV portal vein

parenchymal toxicity [21, 22]. Thus, the ideal CM iodine
dose must be determined to prevent renal injury and obtain
a precise diagnosis.

This study showed that the mean CT values and CNR
and SNR of the aorta in the AP were significantly higher in

the 70-kVp protocol than in the 120-kVp protocol. Further-
more, the mean scores for contrast enhancement of the renal
cortex and pancreas in the AP were significantly higher in
the 70-kVp protocol than in the 120-kVp protocol. These
findings suggested that sufficient arterial enhancement of
hypervascular organs in abdominal CT can be achieved by
half-dose iodine CM in the 70-kVp protocol. Low-tube-volt-
age CT improves the effect of the iodinated contrast agent,
since the mass attenuation coefficient of iodine increases as
the X-ray energy is reduced [13, 23]. Similar results have
been reported in studies of CT angiography for the evalua-
tion of the aorta [24] or transcatheter aortic valve implanta-
tion (TAVI) [13, 25].

Conversely, there has been concern that contrast enhance-
ment of low-contrast structures, such as the liver parenchyma
and the hepatic veins, might be deteriorated in the PVP and
EP of abdominal CT because of the reduced total iodine
dose of CM, even when using a low tube voltage (70 kVp).
However, in the present study, the mean CT values and CNR
and SNR of the liver parenchyma in the PVP and even the
EP were significantly higher in the 70-kVp protocol, than
in the 120-kVp protocol. Furthermore, the mean scores
for contrast enhancement of the liver parenchyma, portal
vein and hepatic vein in the PVP and EP were significantly
higher in the 70-kVp protocol than in the 120-kVp protocol.
These results suggested that the iodine dose of CM could
be reduced by 50% for the satisfactory enhancement of the
liver parenchyma using the low-tube-voltage (70 kVp) pro-
tocol. In clinical practice, the visualization of “washout” as
a hallmark of hypervascular HCC, the detection of hypovas-
cular HCC based on increased enhancement of background
liver parenchyma and the demonstration of fibrotic compo-
nents with delayed enhancement in cholangiocarcinoma are
important roles of EP imaging. Therefore, further studies
will be necessary to validate the utility of low-tube-voltage
(70 kVp) CT in EP imaging for these clinical requirements.

Fig.2 Comparison of visualization of intrahepatic peripheral vessels
between low-tube-voltage (70 kVp) and standard-tube-voltage (120
kVp) protocol obtained in the same patient. a CT image obtained
with low tube voltage (70 kVp) and half-dose iodine load using
low-concentration contrast agent during PVP. b CT image obtained

@ Springer

with standard tube voltage (120 kVp) and full-dose iodine load
using medium-concentration contrast agent during PVP. Visibility
of peripheral branches of hepatic vessels (arrow) in the PVP CT was
better in low-tube-voltage (70 kVp) protocol than in standard tube
voltage (120 kVp)
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In this study, we reduced the iodine dose (half dose =300
mgl/kg) by using low-concentration CM (140 mgl/mL)
instead of high- or medium-concentration CM (370 mgl/
mL or 300 mgl/mL) for the low-tube-voltage (70 kVp) pro-
tocol. Consequently, the total injection volume and injection
rate of CM in the 70-kVp protocol were almost the same
as for the 120-kVp protocol. This means that we can apply
the established routine method of contrast injection for low-
tube-voltage (70 kVp) and half-dose iodine load abdominal
CT. In addition, low-concentration CM (140 mgl/mL) is iso-
osmotic to plasma, whereas medium-concentration CM (300
mgl/mL) is hyperosmotic, with its osmolality being about
twice that of plasma. The osmotic pressure of contrast agent
plays a role in the pathogenesis of CIN, and hyperosmolal-
ity can lead to renal vasoconstriction, osmotic diuresis, and
renal ischemia [26]. Therefore, the use of low-concentration
CM (140 mgl/mL) with iso-osmolality is reasonable and rec-
ommended for half-dose iodine load and low-tube-voltage
(70 kVp) CT of the abdomen.

One common disadvantage of low-tube-voltage CT
has been an increase in the background image noise and
decreased overall image quality. However, in the present
study, the SNR, CNR, image noise and overall image qual-
ity in quantitative and qualitative analyses were significantly
better in the 70-kVp protocol than in the 120-kVp protocol.
This result can be attributed to the fact that a high-tube-
current output and iterative reconstruction algorithm were
used for the 70-kVp protocol, whereas the standard-tube-
current output and filtered back projection algorithm were
used for the 120-kVp protocol because of the limited tube
performance and availability of reconstruction software [27].
Regarding the SNR, CNR, image noise and the overall image
quality, the use of an iterative reconstruction algorithm for
both protocols may produce different results, requiring fur-
ther evaluation in the next step although the CT value and
contrast enhancement might not be affected.

Several limitations associated with the present study war-
rant mention. First, the number of patients was relatively
small because this study was limited to the patients who
underwent CT under both the 70-kVp and 120-kVp pro-
tocols and who weighed less than 71 kg, considering the
known impact of a larger body size on the low-tube-voltage
(70 kVp) CT image quality. Second, our study showed that
the CTDI,, values at 70 kVp were slightly but significantly
higher than those at 120 kVp, due to the automatic mAs
calculation based on the default setting, although the FOMs
were significantly better with the 70-kVp protocol. There-
fore, there is a scope for careful adjustment in automated
tube current algorithm if reduction in the radiation dose
is desired. However, an increased CTDI,; at 80 kVp has
been reported in a previous phantom study compared with
that at 120 kVp [8]. A previous clinical study also showed
that the average CTDI,; increased by about 6 mGy in the

low-tube-voltage (70-80 kVp) group [14]. In addition, the
CTDI,,, at 70 kVp in this study was less than the diagnostic
reference level (DRL) proposed for abdominal CT (15 mGy)
[28], although the substantial radiation dose needs to be bal-
anced against the advantages of a reduced CM iodine dose.
Finally, we did not attempt to assess the diagnostic accuracy
of the low-tube-voltage (70 kVp) CT protocol in the detec-
tion of hepatic lesions as we primarily focused on the con-
trast enhancement and image quality. However, more suit-
able patients should be involved in future studies to evaluate
the diagnostic performance of the low-tube-voltage (70 kVp)
CT protocol for hepatic lesions.

In conclusion, a low tube voltage (70 kVp) in combina-
tion with a half-dose iodine load using a low-concentration
contrast agent and an iterative reconstruction algorithm in
high tube output dual-source CT may improve the contrast
enhancement and image quality in multiphasic (arterial, por-
tal and equilibrium phases) dynamic CT of the abdomen in
patients under 71 kg of body weight although the patients
should be carefully selected for this technique without gen-
eralization in terms of body size.
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