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Background: Computed tomography (CT) imaging using iodinated contrast medium is associated with the radiation dose to
the patient, which may require reduction in individual circumstances. This study aimed to evaluate an individ-
ualized liver CT protocol based on body mass index (BMI) in 126 patients investigated for liver cirrhosis.

Material/Methods: From November 2017 to December 2020, in this prospective study, 126 patients with known or suspected liver
cirrhosis were recruited. Patients underwent liver CT using individualized protocols based on BMI, as follows.
BMI <24.0 kg/m? 80 KV, 352 mg I/kg; BMI 24.1-28.0 kg/m? 100 kV, 440 mg I/kg; BMI >28.1 kg/m? 120 kV,
550 mg I/kg. Figure of merit (FOM) and size-specific dose estimates (SSDEs) were calculated and compared
using the Mann-Whitney U test. Subjective image quality and timing adequacy of the late arterial phase were
evaluated with Likert scales.

Results: The SSDE was significantly lower in the 80 kV protocol, corresponding to a dose reduction of 36% and 50%
compared with the others (all P<0.001). In the comparison of 80-, 100-, and 120-kV protocols, no statistically
significant differences were found in FOMs (P=0.108~0.620). Of all the examinations, 95.2% (120 of 126) were
considered as appropriate timing for the late arterial phase. In addition, overall image quality, hepatocellular
carcinoma conspicuity, and detection rate did not differ significantly among the 3 protocols (P=0.383~0.737).

Conclusions: This study demonstrated the feasibility of using an individualized liver CT protocol based on BMI, and showed
that patients with lower BMI should receive lower doses of iodinated contrast medium and significantly re-
duced radiation dose.
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Background

Liver cirrhosis is a major cause of hepatocellular carcinoma
(HCCQ) in Asian populations [1,2]. Liver Imaging Reporting and
Data System (LI-RADS) guidelines propose contrast-enhanced
liver computed tomography (CT) as an effective and valuable
diagnostic method for liver cirrhosis and HCC [3]. Liver cirrho-
sis patients experience years of followup employing enhanced
CT examination. The cumulative radiation exposure and expo-
sure to the iodinated contrast medium and can lead to dam-
aged renal function, bringing about further harm to patients
with chronic medical conditions. Feng et al [4] showed that an
individualized injection protocol might reduce the contrast me-
dium dose used in enhanced liver CT. However, patients with
liver cirrhosis were excluded from that study, and the individ-
ualized protocol was not combined with optimized CT scan-
ning. Therefore, the question of how to individually optimize
a combined CT scanning examination and injection protocol
is crucial for liver cirrhosis populations.

Reduction of the tube voltage is the most efficient method for
lowering the multi-detector row computed tomography (MDCT)
radiation dose [5-7]. Some studies have reported that using
a CT scanning protocol with an appropriate low tube voltage
setting could significantly decrease the radiation dose in thin
adults [8,9]. Furthermore, studies have shown that a low tube
voltage CT protocol could reduce the dose of iodine contrast me-
dium [10-12], making it possible to lower iodine administration
in contrast-enhanced CT imaging. Simultaneously decreasing
the tube voltage and contrast agent has been attempted and
used for abdominal CT and CT angiography (CTA) [13,14] in a
low body mass index (BMI) population. To our knowledge, use
of a low tube voltage setting, together with a small amount of
iodine injection according to the patient’s BMI, has not been
widely adopted in patients with liver cirrhosis.

The present study aimed to evaluate an individualized con-

trast-enhanced liver CT protocol based on BMI in 126 patients
investigated for liver cirrhosis.

Material and Methods

Patient Population

This prospective, single-center Health Insurance Portability
and Accountability Act (HIPAA)-compliant study received
Institutional Review Board approval by the First Affiliated
Hospital of Dalian Medical University. Informed consent was
obtained from enrolled patients after information on risks re-
lated to iodinated contrast medium and radiation were ex-
plained to the patients. From November 2017 to December
2020, 132 consecutive patients (>18 years old) were enrolled
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prospectively in the study. The inclusion criteria were: (1) pa-
tients with known or suspected liver cirrhosis who underwent
liver MDCT; (2) absence of renal impairment; and (3) no con-
traindication for iodinated contrast medium. Six patients were
excluded from this study because of inadequate CT exami-
nations due to either equipment failure (n=2) or inadequate
injection due to contrast medium extravasation (n=4). Body
weight, height, and BMI data were obtained before CT exami-
nation. The patients were assigned to individualized scanning
protocols based on BMI. The detailed patient selection, inclu-
sion, and exclusion criteria are described in Figure 1.

CT Scanning Protocols

CT scanning was conducted in a 64-MDCT scanner (ei-
ther Optima CT660 or Discovery CT750 HD; GE Healthcare,
Connecticut, USA). Multiphase liver CT scanning consisted
of unenhanced, late arterial, portal venous, and delay phas-
es. The iodinated contrast medium, with an iodine concen-
tration of 300 mg I/mL (Ultravist, Bayer, Bayer Leverkusen,
Germany), was injected into an antecubital vein with a pow-
er injector. According to Gauray et al [15], 120 kV is sufficient
to provide diagnostic liver CT images suitable for application
in overweight and obese populations. Some studies have
also reported that reducing the radiation dose led to accept-
able image quality when selection of the optimal tube volt-
age was based on the patient’s BMI [16]. This is also the the-
oretical basis for the present study; to set the tube voltage
at 120 kV for patients with BMI >28.1 kg/m?, 100 kV for pa-
tients with 28> BMI >24.1 kg/m?, and 80 kV for patients with
BMI <24 kg/m?. According to Ichikawa et al [17], the reduc-
tion of iodine load was 80% and 64% at 80 kV and 100 kV, re-
spectively, compared with 550 mg I/kg at 120 kV. The param-
eters for CT scanning and contrast injection protocols for all
examinations are shown in Table 1. According to Achille Mileto
et al [18], results in liver cirrhosis patients with dysfunction-
al blood systems supported the benefits achievable with ap-
propriate timing for the scanning phase by using a splenic-
triggering protocol. Therefore, the late hepatic arterial phase
was determined using the bolus-tracking technique, which en-
tails automatically starting 15 s after the trigger threshold is
met; the trigger threshold should be set at an increase of 50
Hounsfield units (HU). The trigger threshold was reached in
a region of interest (ROI) drawn within the splenic parenchy-
ma (mean pixel number of ROI trigger, 34.3). The portal ve-
nous and delayed images were obtained 70 sand 180 safter
the start of contrast medium injection (Figure 2).

Radiation Dose
For all patients, the volume of CT dose index (CTDI ), the

dose-length product (DLP), and the effective dose (ED) were
recorded (conversion factor of 0.015 mSv mGy cm™) [19]. The
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Figure 1. Flow diagram of the inclusion procedures performed in this study. BMI — body mass index.

size-specific dose estimate (SSDE) for the late arterial phase
was calculated by using the sum of the anterior-posterior and
lateral dimensions at the mid-liver level [20].

Image Evaluation

The timing of the late arterial phase was assessed according
to the LI-RADS guidelines published in 2018 [3]. The observ-
er used a 3-point Likert scale (where 1=early, 2=appropriate,
and 3=late). More specifically, the 3 Likert values indicate the
following: 1, full aortic and hepatic arterial enhancement with
scarce portal, hepatic parenchymal, or venous enhancement; 2,
hepatic parenchymal enhancement or full hepatic arterial and
aortic enhancement with mild to moderate portal enhance-
ment and absence of antegrade enhancement of hepatic veins;
3, full aortic and hepatic arterial enhancement with moderate
to high portal, hepatic parenchymal, or venous enhancement.

Both objective and subjective image quality were assessed for
each patient in a blinded and randomized fashion. The objec-
tive image analysis was based on reconstructed 1-mm-thick
images. For all patients, all the images were displayed in a
preset soft-tissue window (level, 40 HU; width, 300 HU). The
CT values for liver, pancreas parenchyma, and blood vessels
were measured. Standard deviations of the attenuation of the
anterior abdominal wall’s subcutaneous fat were recorded to
represent the objective image noise. Contrast-to-noise ratio
(CNR, (ROI___-ROI /noise) [21] and figure of merit (FOM,

Organ Muscle)

CNR?/ED [22]) were calculated.

Two abdominal radiologists were blinded to all technical and
personal identifiers to assess the subjective image quality in-
dependently. Clinical images were presented at a soft-tissue
window and a dedicated liver window (level, 100 HU; width,
200 HU). Subjective image quality, including image noise,
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Table 1. CT acquisition, contrast injection protocols, and reconstruction parameters.

Parameter Group A (80 kV) Group B (100 kV) Group C (120 kV)

BMI (kg/m?) <24 24.1-28 >28.1
CCTsamning
"""" Tubevoltage®) s 10 120
"""" Tubecurrent(md)  Awo  Awo Ao
"""" V(M) 3% 3% 3
"""" Gantry rotation time (se9 o8 o8 o8
"""" Helicalpitch o941 09841 o091
CRecomstruction
"""" Reconstructed section thickness (nm) ~ so0  so0 500
"""" Reconstructed section increment (mm) ~ so0  so0 500
"""" Reconstruction algorithm ~ 40%ASR  40%ASR  40%ASR

Contrast medium Ultravist-300 Ultravist-300 Ultravist-300
"""" lodine amount (mg k) 32 a0 s
"""" sane() 3% 3% 32
"""" Injection duration se9 25 3% 30
Bolus speed (ml/sec) BWX% wa% wa%
25 30 30

BMI — body mass index; ASIR — adaptive statistical iterative reconstruction; BW — body weight; ASIR — adaptive statistical iterative

reconstruction; FOV - field of view.

vessel sharpness, beam-hardening artifact, reconstruction ar-
tifact, and overall image quality, was assessed by 2 observers
(Table 2). The degree of conspicuity, representing the ease of
discriminating a lesion relative to the background liver, was
scored using a 4-point Likert scale (where 1=barely conspicu-
ous, with presence debatable; 2=subtle finding, seemingly a
tumor; 3=tumor lesion likely present; and 4=clearly defined
and definitely detected tumor) [23].

Statistical Analysis

The software packages SPSS (version 12.0, SPSS) and MedCalc
(version 19.3, MedCalc Software) were used for data analysis
in this study. All the data were expressed as mean+standard
deviation unless otherwise indicated. The Kruskal-Wallis 2-way
analysis of variance was used if data were not normally distrib-
uted. If the result did differ significantly among all the groups,
pairwise comparisons were performed by means of the Mann-
Whitney U test. Sensitivity, specificity, positive predictive value,

and negative predictive value for each MDCT acquisition pro-
tocol were assessed. These assessments were conducted for
all cases of hepatocellular carcinoma, and the corresponding
95% confidence intervals (Cls) were calculated based on bino-
mial expression. The interobserver agreement was assessed
with the kappa coefficients. The scale was as follows: less than
0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, sub-
stantial; and 0.81-1.00, almost perfect. Values of P<0.05 were
considered statistically significant.

Results

Patient Characteristics and Radiation Dose

Patient characteristics are provided in Table 3. There were
significant differences in contrast medium volume and injec-
tion rate among the 3 groups (P<0.001). There were signifi-
cant differences in CTDI , DLP, ED, and SSDE among the 3

vol’
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PV start
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Figure 2. Schematic view of splenic-triggering multi-detector row computed tomography (MDCT) scanning protocol. For the multiphase
MDCT protocol, patients with different levels of body mass index (BMI) received 352 or 440 or 550 mg I/kg of contrast
medium. The injection duration was fixed at 25 s (Group A) or 30 s (Groups B and C), using the same flow rate to inject the
contrast medium, followed by 30 ml of saline. The late hepatic arterial phase (HAP) scan was started 15 safter the trigger
threshold (set at an increase of 50 HU) was reached in an ROI drawn within the splenic parenchyma at the level of the
splenic artery. The portal venous phase (PVP) and delay phase (DP) image scanning started automatically 70 sand 180 safter

the injection of contrast medium. HU — Hounsfield units; ROI — region of interest.

Table 2. Grading scale for subjective image quality analysis of CT examinations.

ive grading

scale

Image
noise

Vessel
sharpness

Beam-hardening

Reconstruction

artifact

Overall image
quality

Unacceptable
noise

Blurry border

Many streak
artifacts

Many
reconstruction
artifacts

Unacceptable

Above-average
noise

Ill-defined border

Moderate streak
artifacts

Moderate
reconstruction
artifacts

Average
noise

Minimum streak
artifacts

Minimum
reconstruction
artifacts

Less-than-average

noise

Clearly defined
border

No perceptible
streak artifacts

No perceptible
reconstruction
artifacts

Minimum or
no noise

Sharply defined
border

No perceptible
streak artifacts

No perceptible
reconstruction
artifacts

Superior

The scores of 3-5 for overall image quality were acceptable for diagnosis of liver disease.
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Table 3. Patient demographic data and radiation dose for multiphasic liver CT studies.

Group A Group B Group C I-"'\vvasluBe :v:sll::e Pvaasluce
No. of patients 29 58 39 NA NA NA
Cpatientage)) 5024136 6174136 56184106 0420 0468 0420
MeanBMI(kgim)  21ssle 2600£126 2905410 <0001 <0001 <0001
MeanBW(e) 580173 741372 842197 <0001 <0001 <0001
 Contrast medium volume (m) 681485 10864106 1446192 <0001 <0001 <0001
Contrastmedium rate (mUs) 27403 36104 48103 <0001 <0001 <0001
i, Gy  480+178  7.14:072 12235118 <0001 <0001 <0001
Ol (mGyem) 1200742065 1890043358 3466734484 <0001 <0001 <0001
Effective dose (mSv) 1931044 2848050 5206067 <0001 <0001 <0001
CSSDE(mGy) 7554311 9626143 15084183 <0001 <0001 <0001

Unless otherwise specified, data are meanststandard deviations, NA — not applicable; BMI — body mass index; BW — body weight;

cTDI,,

groups (P<0.001). Compared with Group C, the radiation dos-
es for Group A and Group B demonstrated a reduction of 61%
and 42% in CTDI_, 63% and 45% in ED, and 50% and 36% in
SSDE, respectively.

Timing Adequacy of the Late Arterial Phase

Late arterial phase images obtained for Group A were scored
as appropriate in 28 of 29 cases (96.6%) and as early in 1 case.
Late arterial phase images obtained for Group B were scored
as appropriate in 54 of 58 cases (93.1%), early in 3 cases, and
late in 1 case. For Group C, 1 case was considered as early tim-
ing for late arterial phase images, and 38 of 39 cases (97.4%)
were considered as appropriate. As a result, overall, 95.2%
(120 of 126) of the examinations were considered as reflect-
ing adequate timing for late arterial phase.

Quantitative Image Assessment

The mean CT values for hepatic parenchyma (Group
A, 74.97+8.65 HU; Group B, 74.86+10.25 HU; Group C,
76.25+11.29 HU), aorta (Group A, 352.24+43.55 HU; Group
B, 314.79+46.01 HU; Group C, 315.05+37.28 HU), portal vein
(Group A, 141.59+25.00 HU; Group B, 143.40+28.83 HU; Group
C, 144.26+32.39 HU) and pancreas (Group A, 117.24+11.34 HU;
Group B, 113.50+13.62 HU; Group C, 116.51+17.69 HU) did
not differ significantly among the 3 groups in the late arteri-
al phase (P=0.526~0.979) (Figure 3). In 98% of the patients
(123/126), the CT value of the hepatic parenchyma in the por-
tal venous phase was enhanced by more than 50 HU as com-
pared with precontrast images. There were 2 cases in Group B

— CT dose index; DLP — dose-length product; SSDE — size-specific dose estimate.

and 1 case in Group C with contrast enhancements of the aor-
ta that were lower than 250 HU during the late arterial phase.

The results of quantitative image analysis are summarized in
Table 4. Group A had the highest mean image noise compared
with the other 2 groups (P=0.002; P<0.001). For the liver and
portal vein, significantly lower CNRs were found in Group A
than in the other 2 groups (P=0.001~0.045). Group B had high-
er CNRs for the liver, blood vessels, and pancreas than Group
C (P=0.001~0.049). The FOMs of the aorta, portal vein, pan-
creas, and liver did not differ significantly among Groups A, B,
and C (P=0.108~0.620).

Qualitative Image Quality Assessment

The level of interobserver agreement and the qualitative eval-
uation scores assigned by 2 radiologists are summarized in
Table 5. Image noise in Group A was significantly lower than
in Group B and Group C (P=0.008; P<0.001). Group A had a
significantly higher score in terms of vessel sharpness than
the other 2 groups (P=0.037; P<0.001). No significant differ-
ences in beam-hardening artifact and reconstruction artifact
were found among Groups A, B, and C (P=0.301; P=0.984). In
Groups A, B, and C, the difference in overall image quality score
was not statistically significant (P=0.383). Fair, moderate, and
substantial levels of interobserver agreement were found in
terms of image noise, vessel sharpness, and beam-hardening
artifact among the 3 groups (k=0.528~0.838). Moderate and
substantial interobserver agreement was seen in terms of over-
all image quality and reconstructed artifacts among Groups A,
B, and C. (¥=0.639~0.816).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932109-6




Jiang J. et al:

BMI-based individualized CT imaging protocol C LI N I CA L R E S EA RC H

© Med Sci Monit, 2021; 27: €932109

A 500 B 120
| | o
400 — S 100
— — (0]
S a0 | Og 5 |
£ 30 °;§ £ W - S
LR ° o g
o]
200 60 |
i 3 i
100 T T T 40 T T T
Group A Group B Group C Group A Group B Group C
C 300 D 300+
. o T o
_ 200 o _ 200 o
i o O % i O
5 Q 5
= B = E [¢}
g 5
= o) =
S 100 °T% & S 100
o
0 T T T 0 T T T
Group A Group B Group C Group A Group B Group C

Figure 3. Results of quantitative analyses for attenuation values. (A-D) Box-and-whisker plots show attenuation values for hepatic
parenchyma (A), aorta (B), main portal vein (C), and pancreas (D), among the 3 CT protocols. The attenuation values for
hepatic parenchyma (A), aorta (B), main portal vein (C), and pancreas (D) did not differ significantly among the 3 protocols.

Table 4. Quantitative image noise, contrast-to-noise, and figure of merit for the 3 multiphasic liver CT protocols in the late arterial
phase.

Characteristic P value P value P value
AvsB Avs C BvsC
Image noise 11.61+2.57 9.84+2.13 7.92+1.53 0.002 <.0001 <.0001
CMeanCNR
"""" Lver  148:098 2064126 267:156 0045 0001 0049
 Mota 24004650 27574821 33964816 0058 <0001 <0001
"""" Portalvein  7.55:300 9374399  1141¥413 0019 <0001 0005
"""" Pancreas  530:146 6204217 803293 0073 <0001 0003
Mean FOM
"""" Lver  167¢198  213+254 182178 0600
mota 32720417454 31071221125 23577411051 o8
"""" Portalvein  3224$3268 375743826 282542163 0620
"""" Pancreas  1583t854  1578+1261  1402:1000 0365

Unless otherwise specified, data are means+standard deviations. CNR — contrast-to-noise ratio; FOM — figure of merit.
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Table 5. Qualitative image assessment for the 3 multiphasic liver CT protocols in the late arterial phase.

Characteristic Group A Group B Group C P value K value for A K value for B K value for C
Image noise 3.55+0.51 3.7940.49 4.10+0.55 <.0001 0.569 0.601 0.748
Vesselsharpness 4661055 4313060 4031071 0001 0542 0569 0533
 Beam-hardeningartifact  328:075 3481057 356:0.50 0301 0528 0838 0528
Reconstruction artifact 376044 3761043 3741044 0984 0685 o 0685 o 0816
Overall image quality 445:069 462:052 467t053 0383 0647 ¢ 0722« 0639

Unless otherwise specified, data are means+standard deviations.

Figure 4. Scans from a 75-year-old woman (body mass index, 28.1 kg/m?) with hepatitis B cirrhosis. Liver CT was performed at 120
kV (size-specific dose estimate, 16.04 mGy) and contrast medium 550 mg I/kg. (A) Non-enhanced, (B) late arterial, (C) portal
venous, and (D) delay phase images; and (E, F) 3D volume-rendering of reconstruction images, with arteries in yellow and
tumor in blue. A hypervascular tumor can be seen in the liver, with hypodensity (A), hypervascularity (B), and washout
(C, D) relative to the liver parenchyma. Three-dimensional volume-rendering reconstruction images show the relationship
between the arteries and the tumor (E, F). The tumor diagnosis of hepatocellular carcinoma was confirmed by pathology.

Table 6. Diagnostic accuracy in detection of hepatocellular carcinoma with 3 multiphasic liver CT protocols.

Performance Measure Group A Group B Group C
Sensitivity (%) 88.9 (50.7-99.4) 92.9 (79.4-98.1) 92.3 (73.4-98.7)
Cspecficty %) 987 (912:999) 975(923-99.4) 987 (921.999)
Positive predictive value (%) 889 (507-99.4) 929 (794981 96.0(77.7:998)
 Negative predictive value (%) 987 (912999) 975 (923-994) 975 (903-996)

Data in parentheses represent 95% confidence interval.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €932109-8




Jiang J. et al:
BMI-based individualized CT imaging protocol
© Med Sci Monit, 2021; 27: €932109

Although Group C yielded higher mean scores for HCC conspi-
cuity than did the other 2 groups (Group C vs Group A, 3.62
vs 3.56; Group C vs Group B, 3.62 vs 3.50) (Figure 4), no sig-
nificant difference was found among the 3 groups (P=0.737).
Fair and moderate interobserver agreements were found in
ratings of the 3 groups (k=0.581 ~0.753). There was no dif-
ference in HCC detection rate among the 3 groups; detec-
tion rates were: Group A, mean detection rate=93.8%, 95%
Cl, 86.3-97.9%; Group B, mean detection rate=95.2%, 95% Cl,
90.7-97.9%; and Group C, mean detection rate=95.5%; 95%
Cl, 89.6-98.6%. Group A had a slightly lower sensitivity and
positive predictive value than the other 2 groups (Table 6).

Discussion

With more concern for radiation risk in recent years, low tube
voltage CT has drawn more attention from radiologists [24,25].
Previous studies showed that low tube voltage could reduce
the dose of iodine and radiation, without the expense of im-
age quality, in several imaging approaches such as perfusion
CT and CTA [13,26]. In the present study, we found that op-
timization of the CT imaging protocol according to BMI sub-
group permitted good image quality for liver CT examination.
This is feasible for clinical liver cirrhosis application.

For patients suspected of liver cirrhosis or HCC, the key points
of CT image quality are the timing of contrast enhancement, the
amplitude of enhancement, and the objective image impres-
sion. Also, some studies have pointed out that the desirable
enhancement of aorta in the late arterial phase is considered
to be 250 HU or more, and that of liver in the portal venous
phase is considered to be 50 HU or more [27]. According to
these criteria, the protocol for liver CT demands both appro-
priate enhancement and appropriate timing.

To achieve better enhancement of liver images, some studies
have found that the optimal patients’ body-weight-tailored dose
of iodinated contrast media (CM) ranges from 510-750 mg I/kg
for multiphasic MDCT of the liver [28]. Based on our clinical ex-
perience, we employed 550 mg I/kg as the optimal body-weight-
tailored dose in 120 kV. According to the theoretical algebraic
relationship [17], the total amount of iodine load could be re-
duced to 80% at 100 kV and 64% at 80 kV, compared with that
at 120 kV, and still achieve the same contrast enhancement. This
result is in fact what we observed in our study (Figure 3). The
contrast enhancement of the tissues of the liver cirrhosis pa-
tients in our study is in agreement with the conclusions of the
previous study, which used both patient weight and contrast
concentration to determine the optimized contrast dose [4]. The
contrast enhancement of the hepatic parenchyma and blood
vessels did not differ significantly among Groups A, B, and C
in the late arterial phase. Regarding the influence of the image
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noise for the different kVs, the CNRs had significant differences.
When combined with the radiation dose, the FOMs returned to
a balanced state; showing no differences among the 3 groups.

In order to capture the optimal time window of the late arte-
rial phase, both the scanning protocol and the injection meth-
od should be taken into consideration. Previous studies have
shown that the injection of CM with fixed duration is appro-
priate for an individualized liver CT protocol instead of the in-
jection with fixed rate [4,28]. It was shown that the splen-
ic-triggering protocol combined with fixed injection duration
was feasible to achieve an enhanced degree of artery imag-
ing [29]. In our study, even though the dose of contrast medi-
um was lower, following the fixed duration injection protocol,
we found that 95.2% (120/126) of the cases met the require-
ments of the LI-RADS standards for the late arterial phase.

A high injection rate is usually recommended to improve the
peak enhancement value of aorta and hypervascular focal he-
patic lesions [28,29]. In the present study, the concentration
of CM was 300 mg I/mL, the fixed injection duration of CM
in the 80-kV protocol was 25 s instead of 30 s. The injection
rate was 20% higher than that of the 30 s injection duration.
The results demonstrated that although the volume and the
flow rate in the CM 80-kV protocol were less than those in
the 100-kV and 120-kV protocols, we did not observe signif-
icant differences in diagnostic performance with respect to
HCC among these 3 protocols.

This study had several limitations. First, the comparison of dif-
ferent protocols was based on a small-size sample, and took
place in a single center. Second, we employed 550 mg I/kg as
the body-weight-tailored dose in the 120 kV condition on ac-
count of our clinical experience. We did not compare contrast
enhancement between different body-weight-tailored doses
of iodinated contrast medium. Third, the diagnostic accura-
cy for different liver lesions was not investigated. In further
studies, more patients should be included to expand the sam-
ple size to allow analysis of the detection of liver lesions by
LI-RADS standards. At this stage, the individualized CT proto-
col was determined by technicians at the console according
to the patient information. In the future, this categorization
and calculation procedure should be automatically integrat-
ed into the scanning and injection protocol, for convenience.

Conclusions

In conclusion, this study demonstrated the feasibility of using
an individualized liver contrast-enhanced CT imaging proto-
col based on BMI, and showed that patients with lower BMI
can receive lower contrast dosage and significantly reduced
radiation dose.
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