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A B S T R A C T

Purpose: To investigate the feasibility of liver fat quantification in contrast-enhanced dual source dual energy
computed tomography (DECT) using multi-echo Dixon magnetic resonance imaging (MRI) as reference standard.
Method: Patients who underwent MRI of the liver including a multi-echo Dixon sequence for estimation of
proton density fat fraction in 2017 as well as contrast-enhanced DECT imaging of the abdomen were included
in this retrospective, monocentric IRB approved study. Furthermore, patients with a hepatic fat amount >5%
who were examined in 2018 with MRI and DECT were included. The final study group consisted of 81 pa-
tients with 90 pairs of examinations. Analysis of parameter maps was performed manually using congruent
regions of interest which were placed in the liver parenchyma, in the erector spinae muscles, and psoas ma-
jor muscles.
Results: Mean patient age was 61 ± 13 years. Median time between MRI and DECT was 48 days. MRI liver fat
quantification resulted in a median of 3.8% (IQR: 2.2–8.2%) compared to 1.8% (IQR: 0–6.3%) in DECT
(p < 0.001), with a Spearman correlation of 0.73. Bland-Altman analysis resulted in a systematic underestima-
tion of liver fat in DECT, with a mean difference of −1.7%. Fat quantification in the erector spinae muscles
(p = 0.257) and the psoas major muscles (p = 0.208) was not significantly different in DECT compared to MRI.
Conclusions: Liver and muscular fat quantification in portal-venous phase DECT is feasible with good to excel-
lent correlation compared to a multi-echo Dixon MRI sequence analysis. While there is an underestimation of
the liver fat content in DECT, there are no significant differences between DECT and MRI fat quantification of
the erector spinae and psoas major muscles.

1. Introduction

Increased fat content within liver parenchyma, known as hepatic
steatosis, may lead to severe chronic liver diseases such as non-
alcoholic fatty liver disease (NAFLD) [1,2]. NAFLD is a common illness
with a prevalence ranging from 13 to 31% depending on the literature
and geographic region [1,3]. Since NAFLD can progress to non-

alcoholic steatohepatitis (NASH) and thus increases the risk of liver cir-
rhosis, early diagnosis and monitoring is advisable [1,2]. In addition, it
was previously shown that hepatic steatosis affects the outcome of pa-
tients after hepatic resection and transplantation [4,5]. One necessary
criterion for the diagnosis of NAFLD is evidence of steatosis using imag-
ing or biopsy [6]. Hepatic biopsy is currently regarded as reference
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standard for fat quantification despite its invasiveness and the risk of
sampling error [7–10].

Common imaging modalities involved in the assessment of steatosis
are ultrasound (US), magnetic resonance imaging (MRI), and computed
tomography (CT). Although, conventional US displays a well available
and relatively cheap imaging technique, its major disadvantage is a pri-
marily qualitative and not quantitative assessment of the liver fat con-
tent [11]. Another quantitative US technique is elastography, which is
applied for the evaluation of liver fibrosis. However, data about quanti-
tative fat measurement using US is still sparse [12,13]. MRI displays the
most accurate imaging modality for quantitative fat evaluation of the
liver, using MR spectroscopy (MRS) or by determination of the proton-
density fat fraction (PDFF) [2,12]. A disadvantage of MRS is related to
sampling error, whereas PDFF allows analysis of the whole liver
parenchyma. The reliability and reproducibility of PDFF was also previ-
ously elaborated in several publications [14–16]. It was previously
shown that liver attenuation in non-contrast CT is inversely correlated
with the fat fraction of the organ, but can be unreliable in low degree
steatosis and iron overload [11,17,18]. However, as contrast-enhanced
CT is mostly used as primary imaging technique in clinical practice,
liver attenuation is highly variable in single energy CT (SECT), due to
alterations of the liver density depending on the contrast phase. The de-
velopment of dual energy CT (DECT) provided the possibility of mater-
ial decomposition based on different absorption characteristics of mate-
rials at different x-ray beam energies [19–21]. This allows to generate
virtual unenhanced images with quantitative calculations of the iodine
uptake and fat fraction quantification [19,21]. Liver fat quantification
was investigated using dual energy technique in previous phantom and
animal studies with promising results [22,23]. It was also shown by Hy-
odo et al. that hepatic fat quantification is feasible in humans with fast
kilovolt peak switching DECT, with good correlation as compared to
MR spectroscopy [7,24]. However, so far there is no comparison avail-
able of dual source DECT compared to a multi-echo Dixon MRI se-
quence.

Therefore, the aim of this study was to investigate the feasibility of
liver fat quantification in contrast-enhanced dual source DECT, as com-
pared to a multi-echo Dixon MRI sequence as standard of reference.

2. Materials and methods

2.1. Inclusion criteria

This retrospective, monocentric study was approved by the local in-
stitutional review board with waiver of informed consent. All patients
who underwent a liver MRI including liver PDFF and iron analysis via
LiverLab (Siemens Healthineers) at our institution during 2017 were
searched via the radiology information system [16]. 557 examinations
of 512 patients could be identified. A further inclusion criterion was
contrast-enhanced DECT covering the whole liver within 6 months to
the MRI examinations. This led to a drop-out of 444 patients. Thus, the
study cohort of 2017 consisted of 68 patients with 74 pairs of examina-
tions. Furthermore, to increase the number of patients with significant
hepatic steatosis, patients with a hepatic fat amount above 5% deter-
mined by PDFF were included who were examined in 2018 with MRI as
well as with DECT within 6 months to MRI. Sixteen patients with signif-
icant steatosis could be identified out of 64 patients with DECT and
MRI. Therefore, the final study group for liver analysis resulted in 90
examinations of 81 patients.

2.2. MRI imaging protocol

All MRI examinations were performed using one of four clinical 1.5
or 3 Tesla scanners (Siemens MAGNETOM Avanto fit, Siemens MAGNE-
TOM Aera, Siemens MAGNETOM Prisma fit, Siemens MAGNETOM
Vida; all Siemens Healthineers). T1 weighted volumetric interpolated

breath-hold examination (VIBE) Dixon imaging of the upper abdomen
was acquired including in- and opposed-phase imaging as well as calcu-
lation of fat and water selective images. Additionally, a multi-echo
Dixon sequence was acquired for further tissue characterization to de-
termine liver PDFF and to estimate iron load as previously described
[16]. See Table 1 for MRI acquisition parameters.

2.3. Computed tomography imaging protocol

All DECT examinations were acquired using a 3rd generation dual
source scanner (Siemens SOMATOM Force; Siemens Healthineers). Af-
ter scout acquisition, imaging was conducted in a supine position and
cranio-caudal scanning direction. Image datasets were acquired with a
delay of 80 s after application of a non-ionic iodine contrast agent
(iomeprol; Imeron 400; Bracco), which was adapted to patients’ body
weight (1 ml/kg) and followed by a saline flush of 30 ml. The dual en-
ergy imaging protocol consisted of a collimation of 0.6 mm as well as of
a tube voltage of 100/Sn150 kV and a reference tube current of 190/95
mAs using automatic tube current modulation (CARE Dose; Siemens
Healthineers). Mean CTDIvol was 9.2 ± 2.5 mGy. Imaging reconstruc-
tion was performed using a soft tissue kernel (Qr40d) in axial and coro-
nal plane with a slice thickness of 1.5 mm.

2.4. Image evaluation

All MRI studies were evaluated with commercially available post-
processing software (Syngo.Via; Siemens Healthineers). Measurements
were performed in consensus reading by two radiologists with three
and eight years of experience in dual energy analysis. For liver PDFF
quantification, the mean value of three regions of interest (ROI) which
were manually drawn into the liver parenchyma (segment II/III, seg-
ment IVa/b, and segment VI/VII) of the fat fraction maps, which are au-
tomatically calculated by the software of the respective scanner, was
calculated. No ROI was drawn into a focal liver lesion or into vessels.
Similar to previous publications, a ROI size of 2.0 cm2 was used within
the liver [7]. Additionally, as iron deposits within liver parenchyma dis-
play a possible confounder for DECT fat quantification, liver iron con-
tent was evaluated in MRI by determination of the effective transversal
relaxation rate R2* in the respective R2*-map using the same three
ROIs as for fat quantification. Due to possible therapy-associated effects
on the fat content of the liver parenchyma in the period between DECT
and MRI, further measurements on less sensitive muscle and subcuta-
neous fat tissue were carried out in the patient cohort of the year 2017.
Therefore, ROIs were placed into the left and right erector spinae mus-
cles as well as the left and right psoas major muscles encompassing the
whole muscle tissue on an axial slice. Additionally, another ROI was
drawn into the subcutaneous fat tissue ventral of the right rectus abdo-
minis muscle.

All DECT studies were further analyzed with commercially available
post-processing software (Syngo.Via; Siemens Healthineers). Due to the
different absorption spectrum of materials at different x-ray beam ener-
gies a fat map and virtual non-contrast (VNC) images were created us-

Table 1
MRI acquisition parameters.

1.5 T 3 T

TE (ms) 1.09; 2.46; 3.69; 4.92; 6.15;
7.38

1.05; 2.46; 3.69; 4.92; 6.15;
7.38

TR (ms) 9 9
Flip angle (°) 4 4
Matrix 101x160 101x160
Voxel size (mm) 1.2 × 1.2 × 3.0 1.2 × 1.2 × 3.0
Slice thickness

(mm)
3 3

Abbreviations: TE: echo time; TR: repetition time
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ing DECT-source data. Similar to the evaluation of the MRI examina-
tions three ROIs were manually drawn into liver segments, II/III, IVa/b,
and VI/VII avoiding focal liver lesions and vessels in the same position
as performed in MRI. The post-processing software provided the fat
fraction as well as the VNC Hounsfield units (HU). The mean value of
the three ROIs was used for correlation and comparison with MRI.

Additional ROIs in muscles and subcutaneous fat tissue were placed
in the same anatomical structures in DECT imaging as described for
MRI analysis. Bony landmarks (lumbar vertebral bodies) were used to
identify the same position in MRI and DECT. Fat quantification values
above 100% were set to 100% and negative values were set to 0%. See
Figs. 1 and 2 for exemplary measurements.

To estimate the impact of therapy and environmental factors on
liver fat deposition, a further subset of 17 pairs of examinations of MRI
and DECT which were performed within one week was evaluated. Addi-
tionally, a subset of 37 cases with hepatic steatosis above 5% deter-
mined by PDFF was compared.

2.5. Statistical analysis

Proprietary statistical software was used for evaluation (SPSS Statis-
tics Version 26, IBM). Parametric variables are displayed with

mean ± standard deviation (SD). Non-parametric data are displayed
using median and interquartile range (IQR) in parentheses. For paired
data, the dependent t-test and the paired Wilcoxon signed rank-test
were applied. Spearman correlation was used for the analysis of the
MRI and DECT values. The significance level alpha was set at 0.05.

3. Results

3.1. Patients’ characteristics

Mean patient age was 61 ± 13 years at MRI examination. Median
time span between MRI and DECT imaging was 48 days (IQR
11–97 days). Liver fat amount (MRI PDFF) above 5% was found in 37
cases and above 10% in 14 cases. The indication for MRI and CT imag-
ing was most often staging due to malignant disease. There was no sig-
nificant difference between patients’ body mass index between MRI
(25.5 ± 3.9 kg/m2) and DECT (25.5 ± 4.0 kg/m2) (p = 0.402). Fur-
ther patients’ characteristics are displayed in Table 2.

Fig. 1. Liver fat quantification using regions of interest with an area of 2.0 cm2. MRI fat quantification resulted in 8.1% in segments II/III (DECT: 7.1%) and 5.0% in
segment IV (DECT: 5.0%).

Fig. 2. Muscular and subcutaneous tissue fat quantification using DECT and MRI. Fat quantification results in similar values regarding the tissues of the erector
spinae and psoas major muscles as well as regarding subcutaneous fat tissue: left psoas major muscle, MRI: 3.1%, DECT: 3.2%; right psoas major muscle, MRI:
3.6%, DECT: 3.1%; left erector spinae muscles, MRI: 6.2%, DECT: 6.3%; right erector spinae muscles, MRI: 7.3%, DECT: 7.4%; subcutaneous fat tissue, MRI: 99.5%,
DECT: 99.2%.
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Table 2
Patients’ characteristics.

Characteristics Values

Patients
Examinations

n = 81
n = 90

Mean age ± std.
Range
Time period MRI – DECT

61 ± 13 years
23–87 years
48 days (IQR 11–97 days)

Indication for MRI and CT imaging
Carcinoma
Post LTX
Non-malignant disease

n = 79 (88%)
n = 5 (5.5%)
n = 6 (6.5%)

Liver MRI findings
Malignant liver lesion
Non-malignant liver findings
No liver findings

n = 40 (44.5%)
n = 26 (29%)
n = 24 (26.5%)

Cancer related therapy during MRI and DECT
None
Monoclonal anti-body therapy
Cytoreductive chemotherapy
Hormone therapy
Surgical/interventional therapy
Kinase inhibitor

n = 51 (56.5%)
n = 13 (14.5%)
n = 8 (9%)
n = 8 (9%)
n = 6 (6.5%)
n = 4 (4.5%)

Abbreviations: LTX: liver transplantation.

3.2. Comparison of MR and DECT liver fat quantification

Median MRI liver fat fraction was 3.8% (IQR 2.2–8.2%) vs. 1.8%
(IQR 0–6.3%) in DECT (p < 0.001; Table 3). There was a good correla-
tion between MRI- and DECT-based liver fat fraction of 0.73
(p < 0.001; Fig. 3). Bland-Altman assessment showed a systematic un-
derestimation of hepatic fat deposition using DECT with a mean differ-
ence of −1.7% (p < 0.001; Table 4; Fig. 4). Median VNC attenuation
was 55.0 HU (IQR 39.3–60.0 HU). There was excellent correlation of
−0.95 between DECT liver fat quantification and VNC values
(p < 0.001). Correlation between MRI liver PDFF quantification and
VNC values was −0.67 (p < 0.001; Table 5).

The subset analysis of 22 pairs of examinations which were per-
formed within one week resulted in the following: steatosis above 5%
(<10%) was found in four cases and steatosis above 10% in four cases.
Correlation of determined DECT and MRI hepatic fat fraction was 0.88
(p < 0.001). However, MRI and DECT values were significantly differ-
ent with a median MRI value of 3.3% (IQR 2.4–7.6%) and 1.4% (IQR
0–9.0%) for DECT (p = 0.003).

A second subset analysis was performed of all MRI and DECT exami-
nations revealing a hepatic fat content above 5% in PDFF (n = 37).
Liver fat amount was significantly different with a median of 8.6% (IQR
7.3–14.4%) in MRI and 7.4% (5.1–11.9%) in DECT (p < 0.001). Corre-
lation between MRI and DECT was 0.77 (p < 0.001).

Table 3
Comparison of MRI and DECT fat quantification (values in percent).

Median
(IQR) MRI
fat
deposition

Median (IQR)
DECT fat
deposition

Median
difference

Median
absolute
difference

p-value

Liver (n = 90) 3.8 (2.2–8.2) 1.8 (0–6.3) −1.8 2.0 <0.001
Left and right

psoas major
muscles
(n = 74)

4.8 (3.4–6.4) 5.3 (3.2–7.8) 0.4 1.2 0.208

Left and right
erector spinae
muscles
(n = 74)

11.9 (6.7–
16.7)

12.6 (7.0–
18.2)

0.1 1.3 0.257

Subcutaneous fat
tissue (n = 74)

100 (99.9–
100)

100 (100–
100)

0.0 0.0 0.377

Abbreviations: IQR: interquartile range.

Fig. 3. Shows correlation statistics between MRI and DECT liver fat content.
Spearman correlation resulted in 0.73 (p < 0.001).

Table 4
Bland-Altman analysis of MRI and DECT fat quantification (values in per-
cent).

Mean
difference

95% confidence
interval

95% limits of
agreement

Liver (n = 90) −1.7 −2.3 to (-1.1) −7.3 to 3.9
Left and right psoas major

muscles (n = 74)
0.4 −0.1 to 1.0 −4.5 to 5.4

Left and right erector spinae
muscles (n = 74)

0.5 −0.1 to 1.1 −4.3 to 5.3

Subcutaneous fat tissue
(n = 74)

−0.3 −0.9 to 0.3 −5.4 to 4.9

3.3. Reference measurements of muscles and subcutaneous fat tissue in
2017 cohort (n = 74)

There was no significant difference between MRI and DECT fat
quantification neither for the erector spinae and psoas major muscles
nor the subcutaneous fat tissue (Fig. 4). Further details are displayed in
Table 3 and 4. Correlation between MRI and DECT fat values ranged
from 0.56 (subcutaneous fat) to 0.95 (erector spinae muscles; Table 5;
Fig. 5). Median VNC attenuation was 46.9 HU (IQR 42.4–50.1 HU) for
psoas major muscles, 35.9 HU (IQR 28.3–44.1 HU) for erector spinae
muscles and −106.0 HU (IQR −108.4 to −101.7 HU) for subcutaneous
fat tissue. Correlation between DECT fat quantification and VNC values
was excellent for all muscle measurements ranging from −0.93 (left and
right psoas major muscles) to −0.97 (left and right erector spinae mus-
cles; all p < 0.001). Correlation between MRI muscle fat quantification
and VNC values ranged from −0.77 (left and right psoas major muscles)
to −0.91 (left and right erector spinae muscles; all p < 0.001; Table 5).

3.4. MRI quantification of hepatic iron deposits

Median R2* was 38.4 s−1 (ranging from 27.0 to 102.4) for 1.5 T and
48.2 s−1 (ranging from 26.4 to 142.4) for 3.0 T displaying no severe
iron deposits [16,25,26]. Iron quantification via DECT was not possible
as no non-contrast datasets were available.

4. Discussion

This study compared the accuracy of hepatic fat quantification
based on DECT post-processing, as compared to an established multi-
echo Dixon MRI sequence performing as reference standard. Our results
show a good to excellent correlation for fat quantification between
DECT and MRI. However, fat quantification of liver parenchyma in
DECT demonstrated a systematic underestimation of −1.7%. The refer-
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Fig. 4. Shows Bland-Altman plots for comparison of MRI and DECT fat quantification in liver, erector spinae muscles, psoas major muscles, and subcutaneous fat tis-
sue. Abbreviations: ESM: erector spinae muscles.

Table 5
Correlation analysis of fat quantification in DECT and MRI as well as VNC
values.

Correlation p-value

Fat quantification MRI - DECT
Liver (n = 90) 0.73 <0.001
Left and right psoas major muscles (n = 74) 0.79 <0.001
Left and right erector spinae muscles (n = 74) 0.95 <0.001
Subcutaneous fat tissue (n = 74) 0.56 0.001
DECT - VNC
Liver (n = 90) −0.95 <0.001
Left and right psoas major muscles (n = 74) −0.93 <0.001
Left and right erector spinae muscles (n = 74) −0.97 <0.001
Subcutaneous fat tissue (n = 74) −0.37 <0.001
MRI - VNC
Liver (n = 90) −0.67 <0.001
Left and right psoas major muscles (n = 74) −0.77 <0.001
Left and right erector spinae muscles (n = 74) −0.91 <0.001
Subcutaneous fat tissue (n = 74) −0.25 0.029

Abbreviations: VNC: virtual non-contrast.

ence measurements performed in muscle and subcutaneous fat showed
no significant differences between DECT and MRI and support the com-
monly known theory that liver fat content is influenced by numerous
factors over time.

Interestingly, the results of this study showed better correlation be-
tween liver fat quantification of DECT and MRI compared to a previous
study of Kramer et al. using non-contrast DECT datasets [12]. One rea-
son for this could be due to technical nature, as the different findings
might be related to the applied DECT technique and scanner genera-
tion. In the study of Kramer et al., a rapid kV switching method of 80/
140 kV was applied compared to our dual source DECT approach with
100/Sn150 kV. Our findings are in line with the results of Hyodo et al.

who also determined a good agreement between DECT fat quantifica-
tion and MR spectroscopy [7]. However, in contrast to Hyodo et al., im-
age acquisition in the present study was performed in portal-venous
phase using a 3rd generation dual source scanner instead of a fast kilo-
volt peak switching DECT. In both studies, Hyodo et al. as well as the
present study, 150 kV was selected as the voltage level of the second
tube. This might indicate that using higher tube voltages (150 kV vs.
140 kV) – especially in combination with additional tin filtration –
might lead to better spectral separation and consecutively increased
preciseness of liver fat quantification. Another reason may also be tech-
nical progress in scanner architecture with increased image quality. Re-
cent research also indicates that radiomics analysis of DECT studies
could be useful for tissue characterization of liver parenchyma showing
that differentiation between normal liver, steatosis, and cirrhosis is pos-
sible [27].

Of course, the question of the clinical importance of these findings
arises. Most CT examinations performed in clinical practice, e. g. for
staging purposes, are acquired in portal-venous phase as multi-phase
CT examinations are usually avoided due to radiation exposure. As this
contrast-enhanced phase is of highest clinical significance, reliable fat
quantification using portal-venous phase scans displays an important
impact for patient management, especially as it was already previously
shown that contrast-enhanced SECT studies are not adequately suitable
for steatosis assessment [11]. Although our results indicate a slight un-
derestimation of fat content of liver parenchyma, it is still possible to
rule out or confirm steatosis. Reasons for this underestimation might be
deposition of iron or copper, or other external environmental factors in-
fluencing liver parenchyma, especially since there was no significant
difference in fat quantification regarding the muscle tissue. Further-
more, the subset analysis of liver fat quantification of our patients ex-
amined within seven days showed an excellent correlation between
DECT and MRI. A possible method to compensate for this systematic
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Fig. 5. Shows Spearman correlation statistics between MRI and DECT fat quantification in erector spinae muscles (0.95) and psoas major muscles (0.79) (both
p < 0.001).

underestimation might display the usage of a correction factor for liver
fat quantification in DECT.

This study has several limitations. First, the time period between
MRI and DECT examinations. An influence of environmental factors on
liver fat content between MRI and DECT imaging cannot be ruled out.
Additionally, almost all patients suffered from a malignant primary dis-
ease with some patients receiving medication which may have had an
influence on liver fat content [28]. Additionally, liver parenchyma is
very sensitive to lifestyle changes, especially regarding nutrition [29].
Therefore, we performed the above-mentioned sub-analysis of patients
who received imaging with both modalities within one week. Another
step to compensate for this limitation displayed the measurements of
the psoas major muscles and the erector spinae muscles, and the subcu-
taneous fat tissue as these tissues are less susceptible to medication. The
increased agreement of the muscle measurements compared to the liver
might fortify this approach. Another limitation that merits considera-
tion consists of the iron deposits within the liver. Storage diseases lead-
ing to an increased liver content of iron or copper affect the liver atten-
uation values in CT imaging inversely to hepatic steatosis [22,30].
However, the MRI iron deposits analysis in our patient cohort showed
no severe iron deposits within the liver parenchyma. Furthermore, only
contrast-enhanced portal-venous phase DECT were analyzed in this
study and no unenhanced scans. However, this is also a unique strength
of this study as most abdominal DECT for staging purposes are acquired
in portal-venous phase.

In conclusion, liver and muscular fat quantification in portal-venous
phase DECT is feasible with good to excellent correlation compared to a
multi-echo Dixon MRI sequence analysis. Our results indicate a slight
underestimation of liver fat content compared to established multi-echo
Dixon MRI. However, there was no significant difference between MRI
and DECT regarding fat measurements in erector spinae and psoas ma-
jor muscles as well as regarding the subcutaneous fat tissue indicating
the important role of influencing cofactors like iron deposition and
medical therapy regiments on liver fat content. A correction factor for
liver fat content analysis via DECT might display a compensation
method to avoid systematic underestimation.
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