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Abstract
The radiation-induced carcinogenesis from computed tomography (CT) and iodine contrast agent induced nephropathy has
attracted international attention. The reduction of the radiation dose and iodine intake in CT scan is always a direction for researchers
to strive. The purpose of this study was to evaluate the feasibility of a “double-low” (i.e., low tube voltage and low-dose iodine contrast
agent) scanning protocol for dynamic hepatic CT with the adaptive statistical iterative reconstruction (ASIR) in patients with a body
mass index (BMI) of 18.5 to 27.9kg/m2.

A total of 128 consecutive patients with a BMI between 18.5 and 27.9kg/m2 were randomly assigned into 3 groups according to
tube voltage, iodine contrast agent, and reconstruction algorithms. Group A (the “double-low” protocol): 100kVp tube voltage with
40%ASIR, iodixanol at 270mg I/mL, group B: 120kVp tube voltage with filtered back projection (FBP), iodixanol at 270mg I/ mL, and
group C: 120kVp tube voltage with FBP, ioversol at 350mg I/ mL.
The volumeCTdose index (CTDIvol) andeffectivedose (ED) in groupAwere lower than those ingroupBandC (allP<0.01). The iodine

intake in groupAwas decreasedby approximately 26.5% thangroupC,whereas no statistical differencewas observed between group
AandB (P>0.05). Therewasnosignificantdifferenceof theCTvaluesbetweengroupAandC (P>0.05),whichboth showedhigherCT
values than that in groupB (P<0.001). However, no statistic differencewas observed in the contrast-to-noise ratio (CNR), the signal-to-
noise ratio (SNR), and image-quality scores among the 3 groups (allP>0.05). Near-perfect consistency of the evaluation for groupA, B,
and C (Kenall’s W=0.921, 0.874, and 0.949, respectively) was obtained by the 4 readers with respect to the overall image quality.
These results suggested that the “double-low” protocol with ASIR algorithm for multi-phase hepatic CT scan can dramatically

decrease radiation dose and iodine intake with adequate image quality in patients with BMI of 18.5 to 27.9kg/m2.

Abbreviations: ASIR = adaptive statistical iterative reconstruction, BMI = body mass index, CNR = contrast-to-noise ratio,
CTDIvol = volume CT dose index, DLP = dose-length products, ED = effective dose, FBP = filtered back projection, HAP = hepatic
arterial phase, PVP = portal venous phase, LHL= left hepatic lobe, RAHL= right anterior hepatic lobe, RPHL= right posterior hepatic
lobe, ROI = region of interest, SNR = signal-to-noise ratio.
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1. Introduction

Multidetector-row computed tomography (MDCT) as a useful
diagnostic method has been widely applied to detect hepatic
tumors and other nontumor diseases,[1] with numerous protocols
reported on dynamic contrast agent enhancedMDCT imaging of
the adult abdomen.[2] For abdominal CT, the use of insufficient
contrast agent would result in ineffective contrast enhancement,
hampering the accurate diagnosis of lesions in solid organs,
particularly the liver, spleen, and pancreas. Otherwise, excessive
contrast agent would lead to unnecessary increase in cost and the
risky for organ parenchymal toxicity.[3,4] Thus, a suitable
contrast agent dose is necessary for patients’ health and doctors’
diagnosis.
Radiation dose during the hepatic dynamic CT scan is also a

concern because it typically contains 2 or 3 phases, particularly in
patients with chronic diseases or malignant tumor who have to
undergo repeated diagnostic and follow-up CT examinations.
Thus, the equilibrium between optimal image quality and
minimized radiation dose has garnered concern worldwide.
Currently, strategies to minimize radiation dose and iodine

intake at MDCT mainly involve reducing tube voltage, tube
output and tube current modulation, and the introduction of
noise-reducing reconstruction techniques.[5–7] Scanning with
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iodine intake, and has been widely used in CT angiography.[8–10]

To verify whether “double-low” protocol is applicable to solid
organs, a clinical trial by reducing tube voltage from 120 to 80
kVp revealed the decrease in radiation dose by 65% in hepatic
arterial phase (HAP, 3.41 vs 2.97mSv, P<0.01).[11] But
unfortunately, unexpected poor image quality was obtained,
presumably due to the increased image noise, decreased X-ray
photons, and strengthened beam-hardening artifacts.[12,13]

An iterativealgorithmforCTis reportedlyuseful for reducing the
quantum noise associated with reconstruction of filtered back
projection (FBP), which has the drawback of oversmoothing
images,[14]while adaptive statistical iterative reconstruction (ASIR)
preferably enhances image spatial resolution with little impact on
image texture alterations.[15,16] Low tube voltage (80kVp) coupled
with ASIR for hepatic dynamic CT in lean adults (mean body
weight: 54.1kg) dramatically decreased radiation dose and iodine
intake, with efficient image quality.[12] In a similar work, “double-
low” hepatic CT scan was also used for patients with lighter body
weight.[11,12,17] To our knowledge, there is a paucity of literature
available regarding protocols with reduced low tube voltage and
reduced iodine dose contrast agent in combination with ASIR for
hepatic CT scan on normal weight and overweight patients.
Accordingly, our inclusion criteria forpatientsundergoing100kVp
hepatic CT scan are based on BMI rather than body weight.
This study was designed to evaluate the feasibility of “double-

low” protocol involving a low tube voltage (100kVp) combined
with ASIR and low-dose iodine contrast agents (270mg I/mL) in
hepatic dynamic CT scan for patients with a BMI of 18.5 to 27.9
kg/m2. The advent of iodixanol (270mg I/mL), a third-generation
contrast agent, is characterized by low iodine concentration and
osmotic pressure isotonic with plasma. Despite their wide
application in low-dose CT studies,[18,19] the second-generation
low-osmolar contrast agents remain highly risky for organ
parenchymal toxicity, especially in patients with mild renal
insufficiency. Thus, in our study, iodixanol (270mg I/mL) was
designated in the “double-low” hepatic CT scan, with image
quality, iodine intake, and radiation dose as evaluation indexes.
2. Methods
2.1. Patient characteristics

Our present prospective study was approved by institutional
review board of the Affiliated Hospital of Xuzhou Medical
University, Xuzhou, China, and patients or their legally
Figure 1. Flowchart of this study population enrollment. ASIR=adapti
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before participation. Between October 2014 and January 2015,
132 patients (75 men and 57 women) were enrolled. BMI was
calculated as weight in kilograms divided by the square of height
in meters (kg/m2). The guidelines set by the World Health
Organization[20] are not suited to the Chinese population due to
ethnic differences; according to the Guidelines for Prevention and
Control of Overweight and Obesity in Chinese Adults,[21] the
patients with normal weight (18.5 � BMI < 23.9kg/m2) and
overweight (24.0 � BMI < 27.9kg/m2) were selected. As most
trials adopted an X-ray dose of 80kVp for lean patients,[11,12,22]

which would be inadequate for patients with larger size, and
hence 100kVp was designated in our study for all patients with
BMI ranging between 18.5 and 27.9kg/m2.
Inclusion criteria included hepatitis; suspected hepatocellular

carcinoma (HCC); focal hepatic lesion or suspected space-
occupying lesions by ultrasonography; elevated levels of tumor
marker (a-fetoprotein); BMI between 18.5 and 27.9kg/m2.
Exclusion criteria included gestation or lactation; moderate to
severe renal failure, defined as eGFR <60mL/min/1.73m2;
hyperthyroidism; iodine allergy. On the basis of these criteria, 4
out of 132 patients (3.03%), that is, 2 with eGFR <60mL/min/
1.73m2 and 2 with BMI ≥ 28kg/m2 were excluded. A flowchart
of our study is shown in Fig. 1. Thus, the remaining 128 patients
were randomized into 3 groups: group A (n=40), group B (n=
47), and group C (n=41), with the mean age=53.3±12 years
(range, 24–81 years); mean height=1.65±0.07m (range,
1.50–1.79m); mean weight=65.3±8.5kg (range, 47–85kg);
mean BMI=23.76±2.33 (range, 18.7–27.9kg/m2).

2.2. CT scanning and contrast agent infusion protocols

All patients scheduled for hepatic CT scan with 128-row CT
machine (GE Optima CT660; GE Healthcare, Waukesha, WI)
were randomized into 3 groups: group A, (i.e., “double-low”) for
dynamic CT scan at 100kVp and an iodine concentration of
iodixanol 270mg I/mL (GE Healthcare Cork, Ireland) and a
setting of 40%, ASIR; iodixanol 270mg I/mL administered in
group B and ioversol 350mg I/mL (Tyco Healthcare, Montreal,
Quebec, Canada) in group C, except for the shared 120kVp and
FBP. The dose of contrast agent was based on the patient's body
weight with a standard of 1.0mL/kg across groups.
Except for the differences in tube voltages and image reconstruc-

tion modalities as aforementioned, other scan parameters were
constant across groups, including rotation time, 0.6 or 0.5second;
beam collimation, 64�0.625mm; section thickness and interval,
ve statistical iterative reconstruction, FBP=filtered back projection.



5.0mm; helical pitch (beampitch), 0.984; scanning FOV, 35cm2 as images obtained at the level of the main PV, and all attenuation

2.5. Qualitative image analysis

Zhang et al. Medicine (2016) 95:26 www.md-journal.com
well as the auto mAs (noise index=13.0). Scans commenced with
the top of the liver and proceeded cephalocaudally, with
unenhanced, HAP, and portal venous phase (PVP) obtained.
An automatic scan-triggering program (SmartPrep; GE

Healthcare) was employed to initiate the scanning for HAP after
contrast agent injection. The region-of-interest (ROI) cursor
(0.8–2.0cm2) was placed in the abdominal aorta (AA) at the L1
level and the attenuation was assessed by 2 experienced radiology
technicians. The trigger threshold was set at 150Hounsfield units
(HU), followed by PVP after a delay of 38seconds. A 20-gauge
catheter was inserted into an antecubital vein. The contrast agent
was delivered at 4mL/s with a contrast enhancement injector
(Dual Shot; Nemoto Kyorindo, Tokyo, Japan), followed by 30mL
normal saline likewise injected for flush.
2.3. Measurements of radiation dose and iodine intake in

CT scanning

The CTDIvol and dose-length products (DLPs) were recorded in
HAP and PVP for each patient. The effective doses (EDs) of both
arterial and venous phases were calculated with the following
equation: ED=DLP�K, where K was tissue-weighting factors of
0.016mSv mGy cm–1 for liver.[23] The equation of iodine intake
for each patient: Iodine intake (mg I) of group A and B=weight
(kg)�1mL/kg�270mg I/mL. Iodine intake (mg I) of group C=
weight (kg)�1mL/kg�350mg I/mL.
2.4. Quantitative image analysis

2.6. Statistical analysis
Quantitative analysis was performed using a commercially
available workstation (Advantage Workstation 4.5; GE Health-
care, Milwaukee, WI) by 2 board-certified radiologists with 11
years of experiment in hepatobiliary imaging blinded to the
diagnostic results and CT parameters. The 5-mm thick transverse
images for each patient were displayed in a preset soft tissue
window (window width, 300HU; window level, 50HU), which
permitted measurements of mean attenuation of the AA on HAP
and the portal vein (PV) as well as hepatic parenchyma on PVP
with a circular ROI. To minimize the possible bias from single
measurements, the average of the measurements from 3
continuous sections for each ROI was calculated.
The CT attenuations were assessed in both AA at the level of

dome in HAP and the main PV at the hepatic hilar level in PVP.
ROIs of approximately 100mm2 in the AA and PV were selected,
as the sizes were adequate for pixel efficiency and exemption from
interference from the vessel wall or perivascular fat. Calcified
and/or soft plaques on the aortic wall were obviated with caution.
The attenuation of the hepatic parenchyma was measured in

3 ROIs in the left hepatic lobe (LHL), right anterior hepatic
lobe (RAHL), and right posterior hepatic lobe (RPHL) on
Table 1

Patient information for the 3 groups.

Age, y Heig

Group N Gender (M/F) Mean±SD Range Mean±SD

A 40 23/17 55.02±11.83 29–78 1.64±0.75
B 47 27/20 51.40±13.62 24–75 1.66±0.66
C 41 24/17 55.24±10.45 27–81 1.67±0.69
F/x2 0.817 1.413 2.4
P 0.665 0.247 0.0

BMI=body mass index.
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values were averaged. ROI area was approximately 150mm2

(range, 80–200mm2). Areas of focal parenchymal lesions of
liver, visible blood vessels, bile ducts, and artifacts were
carefully avoided.
To estimate the image noise, the standard deviation (SD) of

attenuation in HU was determined from each 100mm2 ROI in
psoas major (ROI muscle) and lateral subcutaneous adipose
tissues with 3 consecutive axial sections at the L2 level,[24] with
the mean SD value (SDn) calculated as the image noise. The SNR
and CNR were calculated by the following equations: SNR=
ROI0/SDn, CNR= (ROI0–ROIl)/SDn (ROI0=mean ROI atten-
uation, ROIl=mean psoas major attenuation).[17]
Four board-certified radiologists specialized in abdominal CT,
who were unaware of the clinical data and the CT parameters,
assessed the images independently. Adjustment of the window
level and width was identical to the quantitative assessment.
Overall image quality was assessed on a 4-point subjective scale
(1, unacceptable; 2, acceptable; 3, good; 4, excellent), based on
the noise, streak artifacts, and image sharpness.[12] The score of 4
represents null for noise and streak artifacts on the image, and the
sharpest image boundary; 3 stands for mild image noise and
streak artifacts, with the above-average image boundary; 2
indicates moderate image noise and streak artifacts without
affecting diagnosis, below-average image boundary; 1 interprets
severe image noise and streak artifacts that may severely hamper
diagnosis, and the blurry image boundary.
All quantitative data were shown as the mean±SD. A 1-way
analysis of variance (ANOVA) was used to assess for statistically
significant differences in patient height, weight, BMI, CT value,
SNR, CNR, CTDIvol, ED, and iodine intake. The subjective scores
of image qualitywere compared using theKruskal–Wallis test. The
consistencyof the evaluation for image quality by the 4 radiologists
was performed with the Kendall coefficient of concordance (W).
TheKendallW ranged from0 to 1, and the closer to 1 indicated the
higher agreement among experts, better coordination degree, as
well asmore reliable results. All statistical analyseswere performed
with SPSS version 17.0 (SPSS Institute, Chicago, IL). Two-sided
P<0.05 was considered as statistically significant.

3. Results

3.1. Patient demographics

The patient information of each protocol is listed in Table 1.
There was no significant intergroup difference with regards to age
ht, m Weight, kg BMI, kg/m2

Range Mean±SD Range Mean±SD Range

1.50–1.79 64.11±7.78 47–82 23.84±2.14 19.03–27.12
1.50–1.79 64.55±9.12 47–80 23.50±2.61 19.07–27.68
1.55–1.78 67.32±8.55 49–85 23.99±2.19 18.73–27.78

55 1.712 0.512
90 0.185 0.601

http://www.md-journal.com


(P=0.247), gender (P=0.665), height (P=0.09), body weight group A were increased by 24.1% for AA, 13.3% for PV, 8.4%

Table 2

Radiation dose and iodine intake of the 3 groups.

CTDIvol (mGy) ED (mSv)

Group HAP PVP HAP PVP Mean iodine intake, mg I

A 9.88±2.52
∗

9.86±2.50
∗

4.28±1.31
∗

4.27±1.30
∗

17,310.38±2099.32
B 13.59±1.62 13.60±1.60 5.37±1.10 5.35±1.10 17,429.36±2464.55
C 13.81±1.45 13.81±1.44 5.42±0.69 5.40±0.67 23,560.21±3843.04†

F 55.557 56.431 15.024 14.904 82.431
P <0.001 <0.001 <0.001 <0.001 <0.001

Data are shown as mean±SD.
CTDIvol= volume CT dose index, ED= effective dose, HAP=hepatic arterial phase, PVP=portal venous phase.
∗
P<0.001 versus Group B, or Group C.

† P<0.001 versus Group A, or Group B.
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(P=0.185), and BMI (P=0.601).

3.2. Radiation dose and iodine intake

Radiation dose evaluated by the determination of CTDIvol and
ED and iodine intake values were studied for each protocol. As
summarized in Table 2, although no significant difference was
observed between group B and C (P>0.05), the CTDIvol for the
HAP and PVP in group A (“double-low” protocol) were
significantly lower than those in group B (9.88mGy±2.52 vs
13.59mGy±1.62, 9.86mGy±2.50 vs 13.60mGy±1.60, respec-
tively, P<0.001). The same trend was observed between group A
and C (9.88mGy±2.52 vs 13.81mGy±1.45, 9.86mGy±2.50
vs 13.81mGy±1.44).
Compared with group B, the ED in group A was 20.3% lower

for the HAP and 20.2% lower for the PVP (4.28mSv±1.31 vs
5.37mSv±1.10, 4.27mSv±1.30 vs 5.35mSv±1.10, respective-
ly, P<0.001). Similarly, the ED in group A was 21.0% lower for
the HAP and 20.9% lower for the PVP than that in group C (4.28
±1.31mSv vs 5.42mSv±0.69, 4.27mSv±1.30 vs 5.40mSv±
0.67, P<0.001). No significant difference was observed between
group B and C (P>0.05).
The mean iodine intake of the patients in group A was

decreased by 26.5% versus group C (17,310.38mg I±2099.32
vs 23,560.21mg I±3843.04, P<0.001), whereas no statistical
difference was observed between group A and B (P>0.05).

3.3. Quantitative image analysis

The mean CT values for the AA, PV, and hepatic parenchyma
(LHL, RAHL, and RPHL) of the patients in groups A (“double-
low” protocol) and C showed no significant difference (P>0.05),
which both showed higher CT values than that in group B (all P<
0.001) (Table 3). Compared with group B, the mean CT values in
Table 3

CT values (HU) of vessels and hepatic parenchyma in the 3 groups.

Group AA PV

A 263.56±46.69 119.11±11.99
B 212.41±41.44

∗
105.11±14.39

∗

C 259.76±30.57 115.36±12.31
F 22.464 13.677
P <0.001 <0.001

Data are shown as mean±SD.
AA=abdominal aorta, PV=portal vein, HLL=hepatic left lobe, RAHL= right anterior hepatic lobe, RPH
∗
P<0.001 versus Group A, or Group C.

4

for LHL, 6.8% for RAHL, and 6.5% for RPHL (all P<0.001).
The SNR and CNR of AA, PV, LHL, RAHL, and RPHL in 3

groups are summarized in Tables 4 and 5. In all hepatic phases,
the SNR and CNR of each ROI in 3 groups were calculated, and
no statistically significant difference was observed (all P>0.05),
suggesting that the “double-low” protocol was able to result in
satisfied SNR and CNR that were identical to group B and C.

3.4. Qualitative image analysis

Mean qualitative grades of the images in the 3 groups are
summarized in Table 6. One case in “double-low” protocol was
assessed as unacceptable by reader 1 and 2 because of the mobile
artifact. No case was graded as unacceptable (score of 1) in group
B and C, meaning that none was considered as nondiagnosetic or
inadequate image quality. However, overall image quality scores
in the 3 groups, including the noise, streak artifacts, and image
sharpness, had no statistically significant difference evaluated by
the 4 readers (reader 1: P=0.409, reader 2: P=0.731, read 3: P=
0.338, read 4: P=0.910). Near-perfect consistency of the
evaluation for group A, B, and C (Kenall W=0.921, 0.874,
and 0.949, respectively) was obtained by the 4 readers.
Representative case for each group is shown in Fig. 2.

4. Discussion

Our findings revealed that “double-low” protocol for hepatic
dynamic CT could dramatically reduce radiation dose and iodine
intake in patients with a BMI of 18.5 to 27.9kg/m2, with
adequate image diagnostic utility.
The “double-low” protocol could generate almost identical

SNR, CNR, and image-quality scores compared with group B,
with the increased CT values (AA: 24.1%; PV: 13.3%; HLL:
8.4%; RAHL: 6.8%; RPHL: 6.5%) and the reduced ED (HAP:
LHL RAHL RPHL

95.38±8.37 94.74±8.92 93.03±10.22
88.01±9.96

∗
88.68±9.03

∗
87.37±10.25

∗

92.71±7.68 93.33±5.98 92.30±7.84
7.912 6.701 4.632
0.001 0.002 0.011

L= right posterior hepatic lobe.



20.3%, HVP: 20.2%). So, our results suggested that at the The CT values of the AA, PV, and hepatic parenchyma were

Table 4

The signal-to-noise ratio of vessels and hepatic parenchyma in the 3 groups.

Group AA PV LHL RAHL RPHL

A 23.27±8.93 11.95±4.95 11.12±1.96 11.68±5.65 10.44±3.09
B 23.73±9.75 14.08±8.99 13.46±5.68 12.52±4.39 13.43±9.64
C 25.71±6.87 13.05±3.95 12.47±5.42 14.06±6.89 13.08±6.22
F 0.926 1.153 2.637 1.838 2.249
P 0.399 0.319 0.076 0.163 0.110

Data are shown as mean±SD. The SNR across 3 groups had no statistical difference (P>0.05). AA= abdominal aorta, PV=portal vein, HLL=hepatic left lobe, RAHL= right anterior hepatic lobe, RPHL= right
posterior hepatic lobe.

Table 5

The contrast-to-noise ratio of vessels and hepatic parenchyma in the 3 groups.

Group AA PV LHL RAHL RPHL

A 34.37±12.71 9.30±4.13 5.26±2.22 5.22±2.68 4.86±2.55
B 30.24±12.60 9.11±5.24 5.83±3.76 5.83±3.31 5.59±3.52
C 36.08±12.63 10.16±4.06 6.01±2.48 6.07±2.48 5.84±2.66
F 2.501 0.640 0.721 0.972 1.188
P 0.086 0.529 0.488 0.381 0.308

Data are shown as mean±SD. The CNR across 3 groups had no statistical difference (P>0.05). AA= abdominal aorta, PV=portal vein, HLL=hepatic left lobe, RAHL= right anterior hepatic lobe, RPHL= right
posterior hepatic lobe.
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isoconcentration of iodine solution, 100 kVp could generate a
higher CT value than 120kVp. In addition, the “double-low”

protocol could offer almost equivalent CT values of vessels as
well as hepatic parenchyma and image quality with that acquired
by higher iodine concentration (120kVp/350mg I/mL protocol),
which was consistent with previous studies.[12,25] Lower-kVp CT
images at 80 or 100kVp could offer greater iodine-related
attenuation than similar images scanned at 120kVp,[25] indicat-
ing that scanning at a low tube voltage facilitated to reduce
radiation dose and iodine intake because the X-ray output energy
at these low voltages is closer to the iodine k edge of 33keV. Thus,
at the low-tube voltage, the lower-concentration iso-osmotic
contrast agent could enhance CT values.
Table 6

Image quality scores of the 3 groups.
∗

Group A Gr

Reader 1 Score=4 34
Score=3 4
Score=2 1
Score=1 1

Reader 2 Score=4 34
Score=3 4
Score=2 1
Score=1 1

Reader 3 Score=4 34
Score=3 4
Score=2 2
Score=1 0

Reader 4 Score=4 35
Score=3 3
Score=2 2
Score=1 0

Kendall W 0.921
P <0.001 <

∗
4= excellent, 3=good, 2= acceptable, 1=unacceptable.

5

much higher for the “double-low” protocol (the 100kVp/270mg
I/mLwith 40%ASIR) than other protocols, which was consistent
with previous reports.[11,26] Nevertheless, the CT values in our
study (AA: 263.56HU, PV: 119.11HU, hepatic parenchyma:
95.38HU) were lower than the result of Takahashi et al[27] (AA:
354.3HU, PV: 148.7HU, hepatic parenchyma: 119.8HU),
which might account for our lower contrast agent dose (270
mg I/kg vs 480mg I/kg) with the same tube voltage and
reconstruction algorithms (100kVp and 40% ASIR). Within a
certain range, the CT values are positively related to the contrast
agent dose, especially for parenchymal organs and vessels.
Previous study showed that the 80kVp setting and iterative

reconstruction for hepatic dynamic CT reduced the radiation and
oup B Group C x2 P

44 37 1.787 0.409
2 3
1 1
0 0
42 37 0.626 0.731
4 2
1 2
0 0
44 38 2.167 0.338
2 2
1 1
0 0
42 37 0.190 0.910
4 3
1 1
0 0
0.874 0.949
0.001 <0.001

http://www.md-journal.com


contrast agent doses in lean adults with mean body weight of intravascular, diluting the contrast agent and decreasing iodine

Figure 2. (A) Hepatic dynamic CT images in the HAP (CTDIvol=9.52, ED=4.32) and the PVP (CTDIvol=9.52, ED=4.32) of a 60-year-old woman patient (BMI=
24.5kg/m2) suffering hemangioma scanned with group A protocol. (B) Hepatic dynamic CT images in the HAP (CTDIvol=13.72, ED=5.79) and the PVP (CTDIvol=
13.72, ED=5.79) of the same woman patient scanned with group C protocol 2 months later. (C) Hepatic dynamic CT images in the HAP (CTDIvol=13.26, ED=
5.23) and the PVP (CTDIvol=13.26, ED=5.23) of a 56-year-old woman hemangioma patient (BMI=24.1kg/m2) performed with group B protocol. Scoring all
images was a 4 point. The arrow in the figure indicated the location of hemangioma. CTDIvol=volume CT dose index, BMI=body mass index, ED=efficient dose,
HAP=hepatic arterial phase, PVP=portal venous phase.

Zhang et al. Medicine (2016) 95:26 Medicine
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54.1kg.[12] In our study, 100kVpwith 40%ASIRwas performed
on normal and overweight patients with mean body weight of
65.3kg (range of BMI: 18.5–27.9kg/m2), leading to a more
extensive application.
Albeit the mechanism of contrast agent induced nephropathy

(CIN) remains a puzzle, nonionic iodinated contrast agent could
lead to apoptosis and necrosis of renal tubular cells, and dose-
related renal cell apoptosis.[28,29] Osmotic pressure of contrast
agent plays a role in the pathogenesis of CIN. Hyperosmolarity
could lead to renal vasoconstriction, osmotic diuresis, and renal
ischemia.[30] Prior studies utilized second-generation low-osmot-
ic contrast agents.[17,18] We employed iodixanol (270mg I/mL), a
third-generation contrast agent, and a second-generation con-
trast agent ioversol (350mg I/mL). Ioversol (350mg I/mL) is
hyperosmotic, which is about 2.7 times with plasma. Hyper-
osmosis induces increased gaps of endothelial cells and elevated
vascular permeability, leading to the flow of interstitial fluid into
concentration of ioversol eventually.[31,32] However, this phe-
nomenon could not observed in the case of iodixanol (270mg I/
mL), which is iso-osmotic to plasma (290mOsm/kg). Therefore,
we postulated that the similar CT values between 100kVp /270
mg I/mL (“double-low” protocol) and 120kVp /350mg I/mL
groups might be attributed to the hyperosmolarity of ioversol at
least in part.
ASIR, a new reconstructive algorithm to reduce noise and

ensure image quality, was introduced to our “double-low”

protocol. The radiation dose is proportional to the square of the
tube voltage. Thus, a reduction in tube voltage can significantly
decrease the radiation dose.[33,34] In our study, the tube voltage
was reduced from 120 to 100kVp, and the ED was decreased by
21.0% in arterial phase and 20.9% in venous phase, respectively,
whichwas consistent with previous studies.[11] Conventional FBP
coupled with low-tube voltage would increase the noise. Previous
studies had reported that comparing with conventional CT with



FBP reconstruction, the ASIR algorithm improved the image [12] Nakaura T, Nakamura S, Maruyama N, et al. Low contrast agent
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quality at a low-dose CT during the late HAP.[34] The proportion
of ASIR applied to an FBP image varies from 10% to 100%, and
with the increase in ASIR proportion, the smoothening of images
is progressively enhanced.[36] The 40% ASIR was reported to be
well matched with the noise context of a full-dose examination
with FBP.[37] Hence, 40% ASIR was selected in “double-low”

group, presenting a similar image quality with group C (the 120
kVp with FBP) (P>0.05).
Our study has several limitations. First, the accuracy of a

“double-low” hepatic CT protocol in the diagnosis of liver
tumors was not included in this study because we primarily
focused on assessment of CT scan image quality and iodine
intake. Among the 132 patients, only 46 with liver tumor were
recruited in this study, which could not be exempted from biased
selection. More suitable patients should be involved in the future
study to evaluate the effect of the “double-low” hepatic CT
protocol for the diagnostic performance on liver tumors. Second,
the 40% level of ASIR image reconstruction was employed
according to the literature. The efficiency of other proportions
should also be tested. Last but not the least, the optimal double-
low protocol of hepatic CT for patients with obesity (BMI ≥28
kg/m2) should be studied in the future.
In conclusion, in all hepatic phases, a low tube voltage and low-

dose iodine contrast agent (i.e., double-low protocol) CT with
ASIR algorithm significantly decreased radiation dose and iodine
intake with efficient image quality in patients with a BMI of 18.5
to 27.9kg/m2.[35]
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