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Background: Lowering kVp affects the image contrast and computed tomography (CT) attenuation
values of low kVp CT is different from those of conventional 120-kVp scans. The purpose of this study
is to determine the diagnostic performance and to establish the reference range of low-kVp unenhanced
CT for the assessment of hepatic steatosis in liver transplantation donors using magnetic resonance (MR)
spectroscopy as a reference standard.

Methods: This retrospective study included 165 potential donors (male:female =114:51, 36.5+12.0 years
old) who underwent 100-kVp single-slice unenhanced CT scan and MR spectroscopy. The difference
between hepatic and splenic attenuation (CT| ) and liver-to-spleen attenuation ratio (CT ) were calculated.
Reference standard was the fat signal fraction measured by MR spectroscopy. Limits of agreement between
CT measurements and the reference standard were calculated. Areas under receiver operating characteristic
curves (AUROC:) of CT; g and CT; 5 were compared for the diagnosis of moderate to severe steatosis. Cut-
off values of CT, s and CT that provided a balance between sensitivity and specificity and the highest
specificity using the lower limit of the reference range were calculated.

Results: Eighty-seven subjects had a non-steatotic liver. Sixty-one subjects had mild steatosis and 17
subjects had moderate to severe steatosis based on MR spectroscopy. CTy s and CT 5 values were negatively
correlated with the fat signal fraction (P<0.001) and limits of agreement were -8.4% to 8.4% for CT} s and
-9.6% t0 9.6% for CT;,. AUROCs of CT; s and CT; for diagnosing moderate to severe steatosis were
0.956 and 0.957, respectively. Cut-off values of CT} s and CT s for diagnosis of moderate to severe steatosis
by the Youden index were -0.5 HU for CT| g and 0.99 for CT\ . Reference ranges of non-steatotic liver
were -6.90 to 31.40 HU for CT g and 0.89 to 1.77 for CT| . Using -6.9 HU for CT, s and 0.89 for CT
as cut-off values, the sensitivity and specificity for diagnosing moderate to severe steatosis were 70.59% and
90.54% (CTy ) and 76.47% and 90.54% (CTys), respectively.

Conclusions: Measurements from a low-kVp unenhanced CT scan were negatively correlated with the
degree of hepatic steatosis. Low-kVp unenhanced CT is a robust technique with reduced radiation exposure

for diagnosing moderate to severe hepatic steatosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most
common liver parenchymal disease and an important health
issue because NAFLD is associated not only with liver
diseases such as non-alcoholic steatohepatitis, cirrhosis, and
hepatocellular carcinoma, but also various systemic problems
including cardiovascular and metabolic disease (1-5).
Furthermore, hepatic steatosis, especially macrovesicular
hepatic steatosis, affects liver transplantation outcomes (6,7).
In living donor liver transplantation (LDLT), the degree of
hepatic steatosis affects both recipient outcomes and donor
safety because hepatic steatosis increases the incidence of
graft failure in recipients and impairs hepatic regeneration
in donors (8-10).

Although liver biopsy is regarded to be the gold standard
method for establishing a diagnosis of hepatic steatosis,
various imaging methods and biochemical evaluations
are widely used to evaluate hepatic steatosis. Magnetic
resonance imaging (MRI) techniques including two-point
Dixon dual echo imaging, magnetic resonance spectroscopy
(MRS) and MRI proton density fat fraction (MRI-
PDFF) have diagnostic value similar to that of histologic
examination for assessment of hepatic steatosis (11-16).
Meanwhile dual echo imaging is mainly a qualitative tool,
MRS and MRI-PDFF are quantitative tools.

Previous studies reported that unenhanced computed
tomography (CT) had a high specificity for diagnosing
macrovesicular steatosis 30% or greater and could help avoid
unnecessary biopsy in potential LDLT donors (7,17-20).
However, previous research results were derived from
unenhanced CT scans obtained at 120-kVp in the early
2000s. Since the 2010s, tube potential selection techniques
have been widely adopted to reduce radiation exposure,
and low-kVp images have become increasingly popular.
As a consequence, abdominal CT scans using 100-kVp
or 80-kVp are generally obtained, especially in Asian
countries where patients tend to be small in size. In our
institution, abdominal CT images for LDLT donors are
usually obtained at 100-kVp to reduce radiation exposure.
The unenhanced scan is obtained as a single slice image
covering the spleen and liver to further reduce radiation
exposure. Lowering kVp affects the image contrast and CT
attenuation values of low kVp-CT is different from those of
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conventional 120-kVp scans. To the best of our knowledge,
no prior study has evaluated the diagnostic performance
or reference range of low-kVp CT attenuation values for
evaluating hepatic steatosis.

Therefore, our aim in the current study was to
investigate whether CT indices measured on a single slice
unenhanced image obtained at a low-kVp were different
from those obtained at 120-kVp using MRS as the standard
of reference.

We present the following article in accordance with the
STARD reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-474).

Methods
Study population

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
the institutional review board of the Catholic University of
Korea (No. KC21RASI0263) and individual consent for this
retrospective analysis was waived. This was an exploratory
research, and the comparison of diagnostic performance of
low-kVp CT to full dose CT was not the purpose of the
study. Therefore, we did not perform power analysis. The
institutional database was searched for liver donor protocol
CT for LDLT between January 2014 and May 2020.
Inclusion criteria for this study were as follows: (I)
potential liver donor for living-donor liver transplantation;
(IT) subject underwent liver donor protocol CT including
low-kVp (100-kVp) single-slice unenhanced CT covering
the part of liver and spleen, and (III) the subject underwent
MRS to evaluate hepatic steatosis within 7 days of liver CT
examination. Exclusion criteria were as follows: (I) spleen
not covered by low-kVp single-slice unenhanced CT, and
(I) poor image quality of the unenhanced CT scan due to
severe motion artifacts. A total of 249 consecutive, potential
donors for LDLT underwent liver CT and/or MRI for pre-
operative evaluation. Among them, 84 donor candidates
were excluded from the study because a low-kVp (100-kVp)
single-slice unenhanced CT scan was not taken (n=60),
the spleen was not included in the single slice unenhanced
CT scan (n=12), or MRS was not performed (n=12). The
remaining 165 donor candidates were enrolled in this study
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Potential donors for LDLT (n=249)

Excluded criteria

() No 100 kVp single slice CT (n=60)

() No scanned spleen on single slice CT (n=12)
() No MRS (n=12)

165 subjects
(male:female =114:51, 36.5+£12.0 years old)

Fat signal fraction >15.72% on

Fat signal fraction =4.14%,
MRS <15.72% on MRS MRS

Fat signal fraction <4.14% on

17 donor candidates with
moderate to severe steatosis
(10.3%)

61 donor candidates with mild
steatosis (37.0%)

87 donor candidates with
non-steatotic liver (52.7 %)

Figure 1 Diagram showing donor candidate enrollment. LDLT, living donor liver transplantation; CT, computed tomography; MRS,

magnetic resonance spectroscopy.

(male:female =114:51, mean age 36.5£12.0 years) (Figure I).

Image acquisition techniques

Liver donor protocol CT scans were performed using a
multi-detector low (64 channels or higher) CT scanner
(Siemens SOMATOM definition AS+, Siemens Sensation
64, Siemens SOMATOM Force, or Siemens SOMATOM
definition Edge, Siemens Healthineers, Erlangen, Germany)
in all subjects. A single-slice low-kVp unenhanced scan
covering the liver and spleen in addition to early arterial phase
and portal venous phase images were obtained. Scan and
reconstruction parameters for low-kVp unenhanced CT with
a single slice were beam collimation of 128 mm x 0.6 mm,
beam pitch of 1, gantry rotation time of 0.5 seconds,
tube voltage of 100-kVp, and tube current of 20 mAs.
"To assess CT radiation dose, the dose length product (DLP)
was calculated as 0.67 mGy-cm.

In all enrolled subjects, unenhanced liver MRI [axial T2-
weighted image with fast spin echo and single-shot half-
Fourier turbo spin echo, axial in-and-opposed phase T1
gradient recalled echo (GRE) images], 2D/3D magnetic
resonance cholangiopancreatography to evaluate bile
duct anatomy, and multiecho MRS to evaluate hepatic
steatosis were performed. MRI was performed using one
of two 3-Tesla (3T) scanners (Siemens Verio or Siemens
MAGNETOM Vida, Siemens Healthineers, Erlangen,
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Germany). MRS was conducted using single-voxel
technique called HISTO with stimulated echo acquisition
mode (STEAM). A 3x3x3 cm’ voxel was placed in the
hepatic parenchyma of the right hemiliver to avoid hepatic
vessels, bile ducts, or focal hepatic lesions. During a single
15 second breath hold, five STEAM spectra were generated
at multiple echo times (TEs) of 12, 24, 36, 48, and 72 ms.
We used a long repetition time (TR) of 3,000 ms to
minimize T'1 weighting and high-speed T2 correction to
prevent over-evaluating proton density fat fraction (21).
The fat signal fraction and R2 water value can be calculated
using this approach (Figure 2). In this study, we adopted
fat signal fractions of 4.14% and 15.72% to classify any
degree of hepatic steatosis (macrovesicular steatosis of
less than 5% at histology) and moderate to severe hepatic
steatosis (at least 30% macrovesicular steatosis at histology),
respectively. These cut-off values of the fat signal fraction
were based on the results of a previous study that used 3T
multiecho MRS with similar techniques (22). We adopted
MRS as the reference standard because (I) liver biopsy was
performed in only part of the subjects and (II) multiecho
MRS was reported to be closely correlated to pathology
results for evaluating hepatic steatosis (13-15).

Data analysis

For each candidate, hepatic attenuation (L) and splenic
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(T2-corrected)
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Figure 2 Magnetic resonance spectroscopy to measure the fat signal fraction. (A) A 3x3x3 cm’ voxel was located in the hepatic parenchyma

of the right hemiliver to avoid hepatic vessels; (B) upper color bar shows the T2-corrected fat signal fraction (4.79% in this case). Lower

color bar is for R2 water to evaluate iron deposition.
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Figure 3 CT attenuation measurement on a low-kVp, single-
slice unenhanced CT scan. Liver parenchyma attenuation was
measured in two regions of interest (ROIs) of the right hemiliver.
An ROI was placed in two different segments. To measure spleen
attenuation, two ROI were placed in the spleen, regardless of the
anatomical part of the spleen. Liver and spleen attenuation values
in the two ROIs were averaged. CT, computed tomography; SD,

standard deviation.

attenuation (S) were measured in a low-kVp, single-slice
unenhanced scan. L was measured as the average of the
attenuation values of two regions of interest (ROIs) in
Hounsfield unit (HU). ROIs were placed in two different
segments in the right hemiliver. S was measured as the
average of measurements in HU at two different ROIs in the
spleen, regardless of underlying spleen anatomy (Figure 3). A
senior resident of radiology department drew the ROIs and
he/she was blinded to the clinical information and results of
MRS or pathological examination for hepatic steatosis. Two
different liver attenuation indices, the difference between
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hepatic and splenic attenuation (CT,) and the liver-to-
spleen attenuation ratio (CT' ) were calculated to quantify
the degree of hepatic steatosis (17). For the evaluation of
reproducibility of ROI measurement, a junior resident
drew the ROIs again and we compared the mean values
of attenuation indices to first measurement. We used first
measurement by a senior resident for further analyses.

Linear regression analyses were performed between
the two liver attenuation indices derived from CT
measurements and the fat signal fraction derived from
MRS to derive regression equations. Furthermore, limits
of agreement between steatosis estimated by the regression
equation and the fat signal fraction estimated by MRS were
calculated for both CT attenuation indices using Bland-
Altman plots. To compare the diagnostic performance of
the two CT attenuation indices for the diagnosis of subjects
with moderate to severe hepatic steatosis, receiver operating
characteristic (ROC) analyses were performed and the
areas under the ROC curves (AUROCSs) and their 95%
confidence intervals (Cls) were calculated and compared for
both CT attenuation indices.

CT, s and CT cut-off values were used to diagnose
moderate to severe hepatic steatosis to (I) provide a balance
between sensitivity and specificity calculated by the Youden
index and (II) the determine the highest specificity based
on the lower limit of the reference range as determined
by the Clinical and Laboratory Standards Institute (CLSI)
guideline C28-A3. Cut-off values to balance sensitivity and
specificity were calculated by choosing the value that was
nearest to the left corner of the ROC curve to minimize
false positives and negatives. Using these cut-off values,
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Figure 4 Scatter plots showing the results of linear regression analyses. (A) Scatterplots showing the results of linear regression analyses

between the fat signal fraction and CT;_ (the difference between hepatic and splenic attenuation). Linear lines are best-fit lines of the linear

regression equations; (B) scatterplots showing the results of linear regression analyses between the fat signal fraction and CT;  (the liver-to-

splenic attenuation ratio). Linear lines are best-fit lines of the linear regression equations. CT, computed tomography.

sensitivity, specificity, and 95% Cls were calculated and
compared between the two CT attenuation indices. A
reference range was also calculated using the method
published in CLSI guideline C28-A3 to determine reference
intervals of quantitative clinical laboratory tests (18).
CLSI guideline C28-A3 is a guideline for the reference
interval, i.e., values for healthy population, of medical
assays and the lower and upper limits of the reference range
were estimated as the 2.5% and 97.5%, respectively of the
distribution in the reference population. This guideline is
the most widely-used source of reference in this area and
adopted by the statistical software packages. Calculation of
the cut-off values based on the lower limit of the reference
range by the CLSI guideline C28-A3 has two advantages:
(I) to maximize specificity (97.5%, theoretically) and (II)
to reduce the influence of the subject population because
ROC based cut-off values can be heavily influenced by
the distribution of the severity of steatosis in the study
population (23). We also checked the normality of values
of each CT index using the Shapiro-Wilks test because
CLSI guidelines recommend that the reference population
follow a Gaussian distribution. Using these cut-off values,
we calculated and compared sensitivity and specificity for
any degree of steatosis (>4.14% of the fat signal fraction)
and moderate to severe steatosis (>15.72% of the fat signal
fraction) using both CT attenuation indices.

To evaluate the reproducibility of ROI measurement,
Lin’s concordance correlation coefficient was calculated.
The following classification was used for the level of
agreement by concordance correlation coefficient: <0.90,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

poor; 20.90, <0.95, moderate; 20.95, <0.99, substantial;
>0.99, almost perfect agreement. To compare sensitivity
and specificity, we used McNemar’s test. AUROCs were
compared by DeLong’s method. IBM SPSS 24.0 for
Windows (International Business Machines Corporation,
New York, NY) and MedCalc 19.5.3 (MedCalc Software,
Mariakerke, Belgium) were used for all statistical analyses.
P<0.05 was considered to indicate statistical significance.

Results

On MRS, the fat fraction signal ranged from 0.40% to
33.75% (mean 6.59%+6.90%, median 3.73%) in the 165
donor candidates. Eighty-seven donor candidates (52.7%,
87/165) had a non-steatotic liver (<4.14% of the fat signal
fraction), 61 donor candidates (37.0%, 61/165) had mild
steatosis (>4.14%, <15.72% of the fat signal fraction), and
17 donor candidates (10.3%, 17/165) had moderate to
severe steatosis (>15.72% of the fat signal fraction).

Lin’s concordance correlation coefficients for liver
attenuation, spleen attenuation, L-S and L/S were 0.956,
0.905, 0.936 and 0.931, respectively and the reproducibility
of ROI measurement was moderate to substantial.

In linear regression analyses, fat signal fraction and CT
attenuation indices were negatively correlated (rho =-0.603,
P<0.001 for CT;_¢ and rho =-0.423, P<0.001 for CT, rho
is Spearman’s correlation coefficient). Linear regression
equations for fat signal fractions were (-0.451 x CT\ ) +
8.574 for CTo and (~18.310 x CTy) + 26.685 for CTys
(Figure 4). Limits of agreement between the fat signal

Quant Imaging Med Surg 2022;12(2):1348-1358 | https://dx.doi.org/10.21037/qims-21-474



Quantitative Imaging in Medicine and Surgery, Vol 12, No 2 February 2022

A CTis

80 A

60 -

Sensitivity, %

40

20

AUC =0.956
odl

T T T T T T
0 20 40 60 80 100
100-Specificity, %

1353

B CTus
100 1

80 A

60

40

Sensitivity, %

20

AUC =0.957

T T T T T T
0 20 40 60 80 100
100-Specificity, %

Figure 5 Receiver operating characteristics (ROC) curves for diagnosing moderate to severe hepatic steatosis (215.72% of the fat signal
fraction on magnetic resonance spectroscopy). (A) ROC curves for diagnosing moderate to severe hepatic steatosis using CT| g (the
difference between hepatic and splenic attenuation). Dots of each figure were the cut-off values by the Youden index; (B) ROC curves for
diagnosing moderate to severe hepatic steatosis using CT, s (the liver-to-splenic attenuation ratio). Dots of each figure were the cut-off
values by the Youden index. The areas under the ROC curves of the two CT indices were not significantly different (P=0.6314). AUC, area
under the ROC curves; CT, computed tomography; HU, Hounsfield unit.

Table 1 Sensitivity, specificity, and positive and negative predictive values of CT| gand CT\ for diagnosing moderate to severe hepatic steatosis

using cut-off values based on the Youden index

Variables CT.s CTys P values
Cut-off values -0.5HU 0.99 -
Sensitivity (%) 100.00 (80.49-100.00) 100.00 (80.49-100.00) 1.000*
Specificity (%) 84.46 (77.60-89.89) 84.46 (77.60-89.89) 1.000*
Positive predictive value (%) 42.50 (33.67-51.83) 42.50 (33.67-51.83) 1.000*
Negative predictive value (%) 100.00 100.00 1.000*

*, P values calculated using the McNemar’s test; *, P values calculated using the Fisher’s exact test. Numbers in parentheses are 95%
confidence intervals. CT,_g: difference between liver and spleen attenuation on a low-kVp, single-slice unenhanced CT scan; CT,: ratio of
liver and spleen attenuation on a low-kVp, single-slice unenhanced CT scan. CT, computed tomography.

fraction and values estimated from the regression equations
were -8.4% to 8.4% for CT| gand -9.6% t0 9.6% for CT .

AUROC:s of CT g and CTy for diagnosing moderate
to severe steatosis were 0.956 (95% CI: 0.912-0.982)
and 0.957 (95% CI: 0.914-0.986), respectively, with no
significant difference (P=0.6314) (Figure 5). Cut-off values
of CT s and CT for diagnosis of moderate to severe
hepatic steatosis by the Youden index were -0.5 HU and
0.99, respectively. With these cut-off values, the sensitivity
and specificity of CT} g and CT s for diagnosing moderate
to severe hepatic steatosis were the same: 100.0% sensitivity

and 84.46% specificity (1able I).
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Reference ranges of CT; g and CTy,5 of donor
candidates with non-steatotic liver were -6.90 to 31.40 HU
(mean 10.02+7.24 HU, median 10.00 HU) and 0.89 to
1.77 (mean 1.21£0.17, median 1.19), respectively. We
adopted the non-parametric percentile method of CLSI
C28-A3 because the Shapiro-Wilks test rejected the
normality of CT indices of donor candidates with non-
steatotic liver (P=0.0016 for CT; ¢ and P<0.001 for CT,
respectively). Using -6.90 HU for CT' g and 0.89 for CT
as cut-off values, sensitivity and specificity of CT g for
any degree of hepatic steatosis were 29.49% and 97.70%,
respectively, while sensitivity and specificity of CT} s were

Quant Imaging Med Surg 2022;12(2):1348-1358 | https://dx.doi.org/10.21037/qims-21-474



1354 Choi et al. Unenhanced, low-kVp CT for evaluating hepatic steatosis

Table 2 Sensitivity and specificity of CT; gand CT for diagnosing hepatic steatosis using cut-off values based on the lower limit of the refer-
ence range determined by CLSI guideline C28-A3

Variables CT.s CTys P values
Cut-off values -6.9 HU 0.89 -
Any degree of hepatic steatosis
Sensitivity (%) 29.49 (19.70-40.89) 30.77 (20.81-42.24) 1.000
Specificity (%) 97.70 (91.94-99.72) 97.70 (91.94-99.72) 1.000
Moderate to severe degree hepatic steatosis
Sensitivity (%) 70.59 (44.0-89.7) 76.47 (50.1-93.2) 1.000
Specificity (%) 90.54 (84.6-94.7) 90.54 (84.6-94.7) 1.000

P values were calculated using McNemar’s test. Numbers in parentheses are 95% confidence intervals. CT_g: difference between liver and
spleen attenuation on a low-kVp, single-slice unenhanced CT scan; CT_s: ratio of liver and spleen attenuation on a low-kVp, single-slice
unenhanced CT scan; CLSI guideline C28-A3: the Clinical and Laboratory Standards Institute guideline for reference interval. CT, computed

tomography; HU, Hounsfield unit.

30.77% and 97.70%, respectively. Using these same cut-off
values, sensitivity and specificity for diagnosing moderate
or severe steatosis were 70.59% and 90.54% for CT g,
respectively, and 76.47% and 90.54% for CT s, respectively
(Tuble 2). There were no adverse events related to CT scans
or MRS.

Discussion

Although liver biopsy provides a definitive diagnosis of
hepatic steatosis and is therefore considered the gold
standard method, it is an invasive method that may result
in complications. Furthermore, sampling bias cannot
be avoided because only a small amount of tissue can
be obtained by biopsy and examined by pathological
evaluation, and pathologist subjectivity may influence
the diagnosis (14-18). Imaging examinations such as
ultrasonography, CT, and MRI are non-invasive and useful
tools for diagnosing hepatic steatosis. Although MRI is the
most accurate of these imaging modalities, unenhanced
CT scans can be used for reliable qualitative diagnosis
of macrovesicular steatosis of 30% or greater (7,17,18).
However, CT exposes patients and healthy individuals
such as liver transplantation donor candidates to radiation.
Acquiring CT images at a low-kVp could be a way to
reduce the radiation exposure of potential donors who are
usually young and therefore more radiosensitive and have
longer life expectancies (24-27). Reducing the tube potential
from 120 to 100 kVp can reduce radiation exposure by
about one third (28,29). In contrast to tube current (mAs),

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

a decrease in tube potential (kVp) not only affects radiation
exposure and noise levels, but also image contrast because
X-ray photons with higher energy can travel though the
body without attenuation more easily than photons with
lower energy potential. Lower proportion of Compton
scattering compared to the photoelectric effect in X-ray
photons of lower energy is another reason for a change
in tissue contrast (30,31). Therefore, CT attenuation
values from low-kVp CT scans are different from those of
120-kVp CT scans and the reference range for CT
attenuation values to evaluate hepatic steatosis in CT
images obtained at a low-kVp may be different from the
existing reference range for conventional 120-kVp images.

In our study, the fat signal fraction was negatively
correlated with MRS and CT attenuation indices. Both
CTys and CTy provided high diagnostic performance for
moderate to severe hepatic steatosis, with no significant
difference between the two CT indices. Using a CT
cut-off value of -0.5 HU and a CT, s cut-off value of 0.99
based on the Youden index to achieve a balance between
sensitivity and specificity, both indices had 100% sensitivity
and 84.46% specificity for diagnosing moderate to severe
steatosis. When cut-off values of 6.9 HU and 0.89 were
used for CT g and CTys, respectively, lower sensitivity
(70.59-76.47%) but higher specificity (90.54%) were
achieved compared to Youden index cut-off values.

Cut-off values of the Youden index reported in the
previous study using 120-kVp CT scans were -7 HU for
CTLsand 0.9 for CTy (17). In that study, the sensitivities
and specificities for diagnosing moderate to severe fatty
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liver were 82% and 100% for both CT, s and CT,,
respectively, representing a lower sensitivity and higher
specificity than those estimated in our study. In another
previous study using 120-kVp scans, the sensitivities for
diagnosing all degree steatosis and moderate to severe
steatosis were 18.6% and 67%, respectively, using a
reference range cut-off value of 1 HU for CT ¢ (18).
Reference range of CTY g in that study was 1 to 18 HU and
much narrower than that in our study, -6.90 to 31.40 HU,
and the standard deviation of that study (4.2 HU)
was much smaller than that in our study (7.24 HU).
We speculate that the wider range and greater standard
deviation in our study than the previous study were due
to the noisier images from low-kVp CT scans in our
study and non-parametric characteristics of results of
our study. Because of the lower cut-off value of CT_ in
our study (-6.9 HU compared to 1 HU), sensitivity for
any degree steatosis was higher in this study than that in
the previous study using 120-kVp, but the sensitivity for
moderate to severe steatosis was similar (70.59% uvs. 67%,
respectively). When using a cut-off value of -6.9 HU for
CT_s, our non-enhanced low-kVp CT protocol showed
similar to superior diagnostic performance to that of
120-kVp CT. Our low-kVp protocol can significantly
reduce radiation exposure while allowing accurate diagnosis
of hepatic steatosis. Furthermore, we only acquired a single
slice unenhanced image covering both the liver and spleen
to evaluate steatosis, which can minimize the radiation
exposure of potential liver donors for LDLT.

In this study, we adopted multiecho MRS rather than liver
biopsy as the reference standard. We thought this to be a
reasonable strategy because multiecho MRS and MRI-PDFF
have been demonstrated to be closely correlated to pathology
results for evaluating hepatic steatosis and have been used
as reference standards in recent clinical trials (13-15).
Furthermore, this allowed us to avoid sampling errors and
inter-observer variability, which are limitations of liver
biopsy. We adopted cut-off values of the fat signal fraction
for all degrees of steatosis (>4.14%) and moderate to severe
steatosis (>15.72%) based on a study by Runge et al. (22)
who used MRS with 3T MRI units. Also, other studies have
reported similar cut-off values of the fat signal fraction for
the diagnosis of hepatic steatosis in multiecho MRS and
MRI-PDFF (12,32-35). Our MRI protocol includes in- and
opposed-phase dual echo GRE technique and this also could
be used for the quantification of hepatic fat deposition.
However, dual echo imaging is mainly a qualitative tool
and the measurement is less accurate than multiecho

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

MRS (36). Also, cut-off values for the degree of steatosis
were not reported for dual echo imaging. Therefore, we
adopted MRS as a standard reference.

There are several limitations to our study. First, we
included mainly young and healthy adults because all of
these individuals were potential candidates for LDLT.
Therefore, only 10.3% of enrolled subjects had moderate
to severe hepatic steatosis. To overcome this limitation,
we used a reference range to calculate the optimal cut-
off value to maximize specificity. Second, although CT
attenuation values are not influenced by ethnic group, all
subjects in our study were Asian adults. Furthermore, our
data were collected from a single institute and therefore,
further validation is mandatory to generalize our results.
Third, we could not compare CT indices calculated from
standard tube potential (120-kVp) and low-kVp (100-kVp)
scans directly because we only acquired a single slice image
using low kVp. However, we felt that it would be unethical
to acquire CT images using both conventional and low-kVp
in the same subjects for research purposes only, especially
young and healthy subjects.

In conclusion, we found that CT indices measured
from a low-kVp, single-slice unenhanced CT scan were
negatively correlated with the degree of hepatic steatosis
and provided high diagnostic performance for diagnosis
of hepatic steatosis. Diagnostic performance of CT} ¢ and
CTys were similar. CT indices from our low-kVp, single-
slice unenhanced CT protocol were robust for diagnosing
moderate to severe hepatic steatosis and can help prevent
unnecessary biopsies and minimize radiation exposure.
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