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Objectives: Fat quantification by dual-energy computed tomography (DECT)
provides contrast-independent objective results, for example, on hepatic steatosis
or muscle quality as parameters of prognostic relevance. To date, fat quantifica-
tion has only been developed and used for source-based DECT techniques as fast
kVp-switchingCTor dual-source CT, which require a prospective selection of the
dual-energy imaging mode.

It was the purpose of this study to develop a material decomposition algo-
rithm for fat quantification in phantoms and validate it in vivo for patient liver and
skeletal muscle using a dual-layer detector-based spectral CT (dlsCT), which au-
tomatically generates spectral information with every scan.
Materials and Methods: For this feasibility study, phantoms were created with
0%, 5%, 10%, 25%, and 40% fat and 0, 4.9, and 7.0 mg/mL iodine, respectively.
Phantom scans were performed with the IQon spectral CT (Philips, the
Netherlands) at 120 kV and 140 kV and 3 T magnetic resonance (MR)
(Philips, the Netherlands) chemical-shift relaxometry (MRR) and MR spec-
troscopy (MRS). Based on maps of the photoelectric effect and Compton
scattering, 3-material decomposition was done for fat, iodine, and phantom
material in the image space.

After written consent, 10 patients (mean age, 55 ± 18 years; 6 men) in need
of a CT staging were prospectively included. All patients received contrast-
enhanced abdominal dlsCT scans at 120 kV and MR imaging scans for MRR.
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As reference tissue for the liver and the skeletal muscle, retrospectively available
non–contrast-enhanced spectral CT data sets were used. Agreement between
dlsCTandMRwas evaluated for the phantoms, 3 hepatic and 2 muscular regions
of interest per patient by intraclass correlation coefficients (ICCs) and Bland-
Altman analyses.
Results: The ICC was excellent in the phantoms for both 120 kV and 140 kV
(dlsCT vs MRR 0.98 [95% confidence interval (CI), 0.94–0.99]; dlsCT vs MRS
0.96 [95% CI, 0.87–0.99]) and in the skeletal muscle (0.96 [95% CI, 0.89–
0.98]). For log-transformed liver fat values, the ICC was moderate (0.75 [95% CI,
0.48–0.88]). Bland-Altman analysis yielded a mean difference of −0.7% (95% CI,
−4.5 to 3.1) for the liver and of 0.5% (95% CI, −4.3 to 5.3) for the skeletal mus-
cle. Interobserver and intraobserver agreement were excellent (>0.9).
Conclusions: Fat quantification was developed for dlsCT and agreement with
MR techniques demonstrated for patient liver and muscle. Hepatic steatosis and
myosteatosis can be detected in dlsCT scans from clinical routine, which retro-
spectively provide spectral information independent of the imaging mode.

Key Words: dual-layer CT, spectral CT, material decomposition, detector-based
dual-energyCT, phantom study, liver, hepatic steatosis, muscle quality, sarcopenia,
myosteatosis

(Invest Radiol 2022;57: 463–469)

S ince the introduction of new rapid kVp-switching computed tomog-
raphy (CT) and dual-source CT scanners,1 source-based dual-

energy CT (DECT) techniques have increasingly become part of the
clinical routine. In 2016, the first detector-based DECT scanner, the
dual-layer spectral CT (dlsCT) was introduced. Its detector consists of
2 layers, an yttrium-based garnet scintillator and a bottom layer of gad-
olinium oxysulfide, which are sensitive to low and high energetic pho-
tons, respectively.2 In contrast to source-based DECT techniques as fast
kVp-switching CT or dual-source CT, it is advantageous that in dlsCT
no dual-energy mode has to be chosen before imaging, which makes
spectral information retrospectively available for every scan ≥120 kV.

With the measurement information from different energy levels
as provided by DECT scanners, based on the photoelectric effect and
the Compton scattering, which cause energy-specific attenuation coef-
ficients for each material, material decomposition is feasible.3 Dual-
energy CTmaterial decomposition is applied for a broad range of clinical
applications, among which iodine quantification, to provide perfusion in-
formation or to generate virtual noncontrast (VNC) images, is the most
common and best evaluated, for both source- and detector-based DECT.4

Another application of DECT material decomposition concerns
fat quantification, which has mainly been applied to detect hepatic ste-
atosis as in the highly prevalent nonalcoholic fatty liver disease.5 Non-
alcoholic fatty liver disease can progress to nonalcoholic steatohepatitis
(NASH), which negatively influences survival in a variety of entities,
for example, cancer,6,7 or after surgery.8 It is also a risk factor for hepa-
tocellular carcinoma9 and the third most common cause of liver trans-
plant.10 In contrast to invasive histology, subjective ultrasound, or
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time-consuming magnetic resonance spectroscopy (MRS) with small
measurement areas, liver fat quantification by DECT is objective, fast,
and displays the whole organ. In comparison to fitting-based multiecho
MR techniques, which require the resources for additional MR imaging
(MRI) scans, it is advantageous that most chronically or seriously ill pa-
tients already receive CT scans regularly. Opposed to single-energy CT
in DECT coexisting iron can be determined and does not lead to false-
negative steatosis results.11 Furthermore, DECT fat quantification re-
sults that are not influenced by contrast agent are relevant to character-
ize lesions, for example, of the adrenal gland,12 and have recently been
proposed as a more reliable radiological measure of myosteatosis.13

Myosteatosis is defined as fatty infiltration of the skeletal muscle and
a parameter of muscle quality.14 This is of clinical relevance as measuring
muscle quality is necessary to confirm the diagnosis of sarcopenia.15 Sar-
copenia, which is a highly prevalent comorbidity in the elderly,16 is asso-
ciated with high financial burdens for health care systems,17,18 lower
quality of life,19 and mortality.20 Furthermore, there is growing evidence
that sarcopenia and especially myosteatosis21 are associated with NASH
and its severe clinical impact due to crosslinks in the pathology, for ex-
ample, increasing insulin resistance with reduced muscle mass and
quality.22,23 Techniques that objectively, rapidly, and without an addi-
tional patient burden allow to assess myosteatosis and muscle quality
are thus necessary.24

However, although there are many studies on fat quantification
in source-based DECT scanners as fast kVp-switching CT or dual-
source CT, material decomposition for fat quantification in detector-
based dlsCT has not been developed or evaluated so far.

Therefore, the objectives of this feasibility study were to develop
material decomposition algorithms for detector-based dlsCT fat quanti-
fication in phantoms and to investigate their applicability for liver and
muscle fat quantification in patients.
MATERIALS AND METHODS

Phantoms
Phantomswere created from distilled water, agar (Biovita Naturkost

GmbH, Hameln, Germany), and 0%, 5%, 10%, 25%, and 40% volume
percent of plant fat (Palmin; Peter Kölln GmbH, Elmshorn, Germany).
FIGURE 1. Measurement setup with iodine/fat concentrations (A), grayscale d
and reconstructed slice thickness of 1 mm (B), corresponding dlsCT fat concen
fat concentration map.
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Plant fat was chosen due to its higher melting point, which resulted in
more homogeneous phantoms than lard-based approaches. Each fat
concentration series was generated with 0, 4.9, and 7.0 mg/mL iodine
(Imeron 350; Bracco Imaging, Milan, Italy), which corresponds to con-
centrations in clinical abdominal CT scans if a patient blood volume be-
tween 4 and 5.7 L is assumed and 80mL of contrast agent are injected. To
increase the Compton and photoelectric attenuation of the water, agar
mixture such that it was closer to that of liver tissue, 3 g of potassium
(Kalinor; DESMA GmbH, Mainz-Kastel, Germany) was added to
each phantom.

After the phantoms solidified, drilling cores were made via a 3D-
printed (PreForm 2; Formlab, Somerville, MA) drill set and inserted
into a multienergy CT phantom (Gammex; Sun Nuclear Corporation,
Melbourne, Australia) (Fig. 1A).

Phantom Protocol and Measurements
Phantoms were scanned consecutively by dlsCT (Philips,

Amsterdam, the Netherlands) and 3 T MRI (Philips, Amsterdam,
the Netherlands).

Computed tomography collimation was 64 � 0.625 mm, pitch
of 0.797, rotation time of 0.5 seconds, increment of 1 mm, and recon-
structed slice thickness of 1 mm and 5 mm. Computed tomography
scans were repeated at 120 kV, and 140 kV with a dose right index of
16, and the iDose reconstruction mode level 3 to correspond to clinical
protocols in the department.

The MRI protocol (Philips, Amsterdam, the Netherlands) in-
cluded a transverse 3D gradient echo sequence with 20 echo times
(TEs; TE, 1.3/2.3 milliseconds; repetition time [TR], 24 milliseconds;
flip angle [FA], 3 degrees) for MR chemical-shift relaxometry (MRR).

Furthermore, MRS PRESS sequences, which allowed correction
for T2 effects, were acquired (TE, 30, 50, 70, and 90 milliseconds; TR,
5000 milliseconds; FA, 90 degrees; voxel size, 1.5 � 1.5 � 1.5 cm3).

Patients
A total of n = 10 patients were prospectively included from the

department of oncology between November 2020 and June 2021 after
informed written consent. Defined inclusion criteria were the necessity
of a CT scan for staging purposes and colorectal carcinoma under che-
motherapy. Exclusion criteria were foreign bodies, which would cause
ual-layer spectral CT (dlsCT) image at 120 kV with a dose right index of 16
trations versus results fromMR relaxometry (C), and color-coded dlsCT

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE2. Dual-layer spectral CT (dlsCT) datahandling (A–C) and schematic
display of material decomposition (C, D). SBI, spectral base image.
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CTartifacts or contraindications for MRI scans. The study protocol was
approved by the local ethics committee (PV7006) and conducted in
compliance with the Declaration of Helsinki.

Patient Protocol and Measurements
All participants received a clinically indicated dlsCT scan

(Philips, Amsterdam, the Netherlands) and an additional 3 T MRI scan
(Philips, Amsterdam, the Netherlands) of the liver and the skeletal mus-
cle within 7 days (median, 0 days; range, 0–7 days).

Computed tomography scans were performed with 120 kV, a
dose right index of 16 with boost for the liver (+3), and otherwise
identical parameters as for the phantom scans. Image acquisition
started 90 seconds after injection of 80 mL Imeron 350 (Bracco Imaging,
Konstanz, Germany) with a flow rate of 2 mL/s.

The MRI protocol included a T2-weighted sagittal sequence (TE,
80 milliseconds; TR, 484 milliseconds; FA, 90 degrees) and transverse T1-
weighted mDIXON sequences (TE, 1.3/2.3 milliseconds; TR, 3.7 millisec-
onds; FA, 10 degrees) of the liver and the muscle for anatomic orientation.
Furthermore, transverse 3D gradient echo sequences with 20 TEs as used
for the phantom scans were acquired of the liver and the muscle for MRR.

Magnetic resonance imaging muscle measurements were performed
at the level of the third lumbar vertebra (L3), as single-energy CT body com-
position measurements of the skeletal muscle are acquired at that level.25

Spectral Analysis
The dlsCT raw data were reconstructed and automatically con-

verted to spectral base images (SBIs) on the dlsCT workstation. The
data handling procedure is schematically shown in Figures 2A to C.
Volumetric regions of interest (ROIs) were defined over the whole size
of each phantom by a volumetric freeware (ITK-SNAP26) and automat-
ically transferred between the dlsCT scans at different kV.

Based on the respective attenuation coefficients of the Compton
scattering and photoelectric effect, plots were generated, and 3-material
decomposition was performed by solving a linear system of equa-
tions.27,28 Phantom scans were used to calibrate for the attenuation co-
efficients of fat, agar, and iodine at 120 kVand 140 kV, respectively. As
the attenuation coefficients differ between hepatic and muscular tissue
and cannot be derived from the phantom materials, additional refer-
ence values for the liver and muscle were necessary to apply the mate-
rial decomposition to patient scans. Thus, reference values of the Comp-
ton scattering and photoelectric effect attenuation coefficients for the liver
and the muscle were derived from retrospectively available non–contrast-
enhanced dlsCT patient scans with existing informed written consent.

The relationship between the attenuation coefficients and the
considered materials was then described using the matrix:

A ¼
Cfat Ciodine Cliver

Pfat Piodine Pliver

1 1 1

0
@

1
A∈R3�3: Eq: 1

Here, for each corresponding material C is the attenuation coefficient of
the Compton scattering and P of the photoelectric effect. Material de-
composition results are then obtained by calculating A−1b = x, where
x = (xfat xiodine xliver)

T ∈ R3 is the result of the decomposition and
b = (Cvoxel Pvoxel1)

T ∈ R3, with Cvoxel being the attenuation coefficient
of the Compton scattering and Pvoxel of the photoelectric effect for each
voxel. The first 2 equations of the linear system ensure that the superpo-
sition of fat, iodine, and liver values equals the measured value Cvoxel,
respectively Pvoxel, and the third equation ensures that the tissue fraction
in x add up to 1. Schematic display of material decomposition is provided
in Figures 2C to D. Finally, the values within each of the phantoms and
participants’ ROIs were summarized by computing the respective mean
(Table 1). To generate a visual impression, the liver and skeletal muscles
were manually segmented in ITK-SNAP; color-coded fat maps were
calculated and overlaid with the grayscale CT images (Figs. 3C, 4C).
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
Note that due to the fact that the calibrated attenuation coefficients of both
the Compton scattering and photoelectric effect are set to one value and the
measureddata containnoise, negative results and results over 100%arepossible.

Magnetic Resonance Imaging Analysis
For MRR, an in-house fitting algorithm29 based on the spectral

model of Hamilton et al30 was applied to the first 7 echoes of the mag-
nitude images. To determine the muscular fat amount, the main methy-
lene peak was fitted between the lipid peaks for intramyocellular lipid
(1.3 ppm, 434 Hz) and extramyocellular lipid (1.5 ppm, 409 Hz).

In the phantoms, 2D ROIs were defined over the whole phantom
size. In the patients, 3 ROIs were defined distant to large vessels within
the periphery of the caudal right liver lobe, which is less prone to respi-
ratory movements31 (Fig. 3B). Two ROIs were defined within the inner
borders of the posterior paraspinal muscle at both sides of the spine
(Fig. 4B). All ROIs were independently drawn by a radiologist in-
training with 3 years of experience (twice with >1 week delay for
intraobserver analysis) and a radiologist with 16 years of experience.

Statistics
Datawere characterized by the mean values with standard deviation

or median (for skewed distributions) and range. For correlation of phan-
tom fat concentrations in dlsCT,MRR, andMRS, Spearman correlation
coefficient was used. Absolute agreement between the techniques in
phantoms and participants was evaluated by the 1-way random intraclass
correlation coefficient (ICC). As distribution of the liver ROI measurement
www.investigativeradiology.com 465
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TABLE 1. dlsCT and MRR Results With SD for the Mean of 3 ROIs in the Liver and the ROIs in the Skeletal Muscle at Both Sides of the Spine

Liver Muscle Right Side Muscle Left Side

No. Sex Age BMI dlsCT (SD), % MRR (SD), % dlsCT (SD), % MRR (SD), % dlsCT (SD), % MRR (SD), %

1 F 35 18.2 1.3 (1.1) 0.9 (0.7) 2.8 (0.7) 2.0 (0.5) 1.2 (1.5) 2.2 (0.3)
2 M 81 26.5 18.1 (1.7) 18.2 (0.9) 12.1 (9.8) 11.5 (1.5) 11.2 (8.1) 12.2 (2.4)
3 M 50 25.0 5.5 (1.4) 9.7 (2.4) 2.5 (2.0) 1.3 (0.1) −0.1 (.3) 1.7 (0.1)
4 M 38 30.4 3.0 (1.5) 2.0 (1.9) 1.9 (1.4) 1.5 (0.4) 1.8 (1.7) 3.3 (0.4)
5 M 73 21.4 1.0 (1.3) 1.9 (0.5) 12.6 (4.3) 12.1 (1.5) 18.7 (5.5) 14.0 (1.1)
6 F 52 29.6 4.3 (1.2) 7.4 (0.7) 8.1 (5.0) 4.9 (0.4) 8.4 (1.6) 5.5 (0.5)
7 F 32 18.1 2.1 (1.0) 0.8 (0.8) −0.5 (0.7) 1.8 (0.4) 0.6 (1.1) 2.6 (0.3)
8 M 68 23.7 1.2 (1.2) 1.4 (0.7) 9.4 (2.7) 8.4 (0.6) 10.5 (2.5) 14.5 (1.2)
9 F 52 33.7 5.7 (1.4) 6.2 (1.0) 6.2 (0.9) 5.3 (0.4) 7.2 (1.8) 5.3 (0.3)
10 M 73 26.9 −1.2 (1.6) 1.5 (0.6) 10.2 (3.8) 12.8 (2.8) 11.0 (2.5) 11.8 (2.5)

dlsCT, dual-layer detector-based spectral CT; MRR, chemical-shift relaxometry; ROI, region of interest; BMI, body mass index; F, female; M, male.
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results was right skewed in dlsCTand MRR, they were log-transformed to
generate approximately normally distributed data. Intraobserver and inter-
observer agreement for dlsCTwere evaluated by the 2-waymixed ICC test-
ing for absolute agreement. The mean difference between dlsCTandMRR
for the liver and the skeletal muscle was given by Bland-Altman analyses.
All analyses were conducted in IBM SPSS Statistics Version 26. There
were nomissing data to be considered. Because of the explorative study
design, P values are considered descriptive.
RESULTS

Phantom Results
As indicated by the color-coded maps of phantom fat concentra-

tions (Fig. 1D), fat distribution within the phantomswas mostly homog-
enous. With calibration for the respective attenuation coefficients of the
Compton scattering and photoelectric effect at 120 kVand 140 kV, the
mean difference between fat quantification results at both voltages
was 0.002% ± 1.2%.

Correlation between dlsCT and MR was excellent with r = 0.92
for MRR (Fig. 1C) and r = 0.93 for MRS, at both 120 kVand 140 kV.
All P values were <0.01. The ICC between dlsCT, for both 120 kVand
140 kV, and MRRwas 0.98 (95% confidence interval [CI], 0.94–0.99);
between dlsCT and MRS, it was 0.96 (95% CI, 0.87–0.99).

Study Collective and Patient Results
The patient collective consisted of n = 10 participants (6 male, 4

female) (Table 1). No patient dropped out during the study. The mean
agewas 55 ± 18 years; the mean bodymass index was 25.3 ± 5.1 kg/m2.
FIGURE 3. MRmDIXON image (A), grayscale dual-layer spectral CT (dlsCT) im
with color-coded overlay of material decomposition fat concentration results f
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The median dlsCT fat value of the averaged 3 defined liver ROIs
was 2.6%, with a minimum of −1.2% and a maximum of 18.1%
(Table 1). Within the 2 ROIs of the skeletal muscle, dlsCT mean fat
values were higher with 6.8%, but with a comparable range of −0.5%
to 18.7% (Table 1). Muscle values differed between the left and right
sides of the participants with a mean of 6.5% ± 4.6% on the right side
and 7.0% ± 6.1% on the left side of the spine in dlsCT. Women showed
higher median hepatic (3.2% ± 2.0%) and smaller mean muscular
(4.3% ± 3.6%) fat concentrations than men (2.1% ± 7.0%;
9.1% ± 5.7%). Visual impression of hepatic and muscular fat distribu-
tion for 2 exemplary patients is provided in Figure 3 and Figure 4.

The dlsCT results of all voxels within the defined liver and mus-
cle ROIs were homogeneous, except for some outliners with an inter-
quartile range between 0.8% and 6.3% (Fig. 5A). Absolute agreement
between dlsCT and MRR was found to be moderate for the log-
transformed liver ROIs (r = 0.75 [95% CI, 0.48–0.88]) and excellent
for the originally normally distributed muscle ROI data (r = 0.96
[95% CI, 0.89–0.98]). Bland-Altman analysis yielded a mean differ-
ence of −0.7% (95% CI, −4.5 to 3.1) for the liver and of 0.5% (95%
CI, −4.3 to 5.3) for the skeletal muscle (Figs. 5B, C).

Interobserver and intraobserver agreement for both the liver
(0.90 [0.8–0.95]; 0.93 [0.85–0.97]) and the muscle (0.99 [0.98–1.0];
0.97 [0.93–1.0]) were excellent.

DISCUSSION
To date, fat quantification has only been used for source-based

DECT. Therefore, in this study, material decomposition for fat quantifi-
cation was developed for dlsCT by phantommeasurements and applied
to patient liver and skeletal muscle.
ages (reconstructed slice thickness 5 mm) with regions of interest (B), and
or the liver.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. MRmDIXON image (A), grayscale dual-layer spectral CT (dlsCT) images (reconstructed slice thickness 5 mm) with regions of interest (B), and
with color-coded overlay of material decomposition fat concentration results for the posterior paraspinal muscle.
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DlsCT fat quantification results were in excellent agreement
with MRS and MRR results in the phantoms (r > 0.9). When applied
in vivo to patient liver and skeletal muscle, dlsCT agreed well with
MRR and mean differences were small.

In contrast to source-based DECT, it is a major technical benefit
of dlsCT that spectral information is automatically given for all scans
≥120 kV. Thus, no prospective selection of a dual-energy imaging
mode is necessary and retrospective fat quantification is feasible, for
example, to validate a morphologically suspected hepatic steatosis
or myosteatosis.

With regards to the technical approach, material decomposition
in this study, as in previous works for dual-source CT,3 was done by
using linear equations based on the Compton scattering and photoelec-
tric effect, which were calibrated for the 3 used materials (fat, iodine,
liver/muscle). Other approaches described for source-based DECT
techniques include multimaterial decomposition,22 which would be rel-
FIGURE 5. Distribution of dual-layer spectral CT (dlsCT) results for each voxel w
(A) and Bland-Altman analyses for fat quantification results in dlsCT and MR re

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
evant if fat quantification and color-coded fat mapswere to be generated
for different organs simultaneously, as the respective Compton and pho-
toelectric attenuations of, for example, muscle, are located on the vector
between fat and liver.

When calibrated to the scan voltage, fat quantification results at
different kV were found to agree well. Data sets of 120 kVand 140 kV
can thus both be used for retrospective analyses. Given prior calibration
for the Compton and photoelectric attenuation, the findings of this
study should also be applicable for other dlsCT scanner types.

Furthermore, as in all DECT techniques, it is advantageous that
fat material decomposition results are not influenced by the use and
phase of contrast agent,31 which is opposed to HU values used for ste-
atosis detection and measurement of muscle density in single-energy
CT. Moreover, even if care should be taken when comparing VNC
values between different scanner types such as source-based DECT or
dlsCT,32 it should also be feasible to analyze HU values on dlsCT
ithin all defined regions of interest (ROI) in the liver and the skeletal muscle
laxometry for the liver (B) and the skeletal muscle (C).

www.investigativeradiology.com 467
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VNC maps, as these have been shown to differ less than 15 HU com-
pared with real non–contrast-enhanced dlsCT HU values.33

As this is the first study on fat quantification in dlsCT, results can
only be compared with source-based DECT studies.

For the liver, the mean difference including upper and lower 95%
limits of agreement of dlsCT and MRR (−0.7% [95% CI, −4.5 to 3.1])
was better than published by Hur et al34 for fast kVp-switching CTand
MR proton density in rabbit liver (1.56% [95% CI, −8.7 to 11.8]) and
slightly better than the results of Gassenmaier et al35 for dual-source
DECT and a multiecho DIXON MRI sequence in patient liver (−1.7%
[95% CI, −7.3 to 3.9]). Although the ICC for the liver was lower than
for the skeletal muscle, as data were right skewed, which required
log-transformation, the agreement (r = 0.75 [95% CI, 0.48–0.88])
was comparable to that of Artz et al36 for fast kVp-switching CT and
mice liver (r2 ≤ 0.67), and better than that of Kramer et al37 for fast
kVp-switching CT and MRS in patients (r2 = 0.423).

Overall, studies on DECT fat quantification in the skeletal mus-
cle are rare and only exist for dual-source CT. Besides one study that de-
scribed correlation of dual-source CT results to the morphological ap-
pearance of muscular fatty infiltration in the rotator cuff,38 there are 2
studies that verified dual-source CT fat quantification by MRI, both
with a focus on the paraspinal muscle. Compared with the first study
from 2020,13 the agreement for dlsCT and MRR in this study was
slightly better (r = 0.8313 vs r = 0.96). Concerning the mean difference
and 95% limits of agreement, the results for the skeletal muscle by
dlsCT in this study (0.5% [95% CI, −4.3 to 5.3]) are comparable (and
even identical) to the ranges published by both studies on dual-source
CT (0.15% [95% CI, −6.66 to 6.35]13; 0.5% [95% CI −4.3 to 5.3]35).

For both detection of hepatic steatosis and myosteatosis, the in-
dependence of dlsCT fat quantification from the iodine content in the
issue is beneficial, as most abdominal routine CT protocols, for exam-
ple, for cancer staging, search of infection, or in trauma patients, require
contrast agent. For the skeletal muscle, dlsCT fat quantification is of
special relevance, because bioelectrical impedance analysis as the com-
monly used technique in clinical routine is influenced by the patient's
hydrational status,39 and radiological methods are considered the crite-
rion standard to assess muscle mass and quality to confirm a suspected
sarcopenia.15,40 However, the muscle radiodensity in HU, which is used
to indirectly assess myosteatosis and thus muscle quality14 in single-
energy CT, is influenced by contrast agent. In addition, it is problematic
that, as 2 recent reviews25,41 demonstrate, most studies (66.7% of
11725; 94% of 38841) on the muscle radiodensity do not provide infor-
mation on whether contrast agent was used and in which scan phase
contrast-enhanced images were acquired. This hinders comparability
and highlights the benefit of material decomposition and quantified
muscle fat values, which are not influenced by contrast agent. Further-
more, because the single-energy CT skeletal muscle index, as a param-
eter of muscle quantity, does not consider volume overload or
intramyocellular fat deposits, and muscle characterization using MRI
is resource intensive, new standardized techniques to determine muscle
quality objectively are expected to gain importance.15,24 This could pro-
spectively include dlsCT fat quantification.

A limitation of this study was the low liver fat values in the ma-
jority of patients, which resulted in right-skewed data for the liver ROIs
and the necessity of log-transformation before calculation of the ICC.
However, when comparing the results from the Bland-Altman analyses
for the liver and the muscle, agreement of dlsCTand MRR is compara-
bly high for both organs.

For some ROIs, the average dlsCT voxel results were negative
because the measured data, reconstructed images, and thus the calculated
fat maps contain noise, which despite noise reduction cannot be
completely eliminated. However, this is a common issue for values close
to zero in commercially available software for dual-sourceDECT, aswell.

As this was a study on experimental development of dlsCT fat
quantification with application in first patients, participant numbers
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were low. In future studies, the accuracy of dlsCT fat quantification
for the liver and the muscle, as well for other organs, for example, for
incidentaloma or tumor characterization, should be evaluated in larger
collectives. Furthermore, it will be necessary to investigate dlsCTaccu-
racy in coexisting hepatic fat and iron overload, as done for dual-source
DECT.11 To improve applicability in large cohorts and for clinical rou-
tine, the implementation of an automated segmentation as recently pub-
lished for the skeletal muscle by Nowak et al42 should be evaluated. It
would also be of interest to investigate the relation of dlsCT fat values
and single-energy CT values, which could be assessed from dlsCT
VNC maps to avoid the additional radiation exposure of a second scan,
and their respective impact on clinical parameters.

In conclusion, in this study, detector-based dlsCT fat quantifica-
tion was developed in phantoms and successfully used to determine he-
patic and muscular fat concentrations in patients. With this method he-
patic steatosis and reduced muscle quality, as parameters of prognostic
relevance, can be detected in clinical routine dlsCT scans. This is ben-
eficial, as in contrast to source-based DECT techniques, detector-
based dlsCT does not require a prospective selection of a dual-energy
imaging mode and thus retrospectively provides spectral information
for every scan ≥120 kV.
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