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Introduction

Various population studies have shown that at least 30% of
the general adult population in India has fatty liver.1,2 A
liver is considered “fatty” or “steatotic” when the total fat
content exceeds 5% of the wet weight of the liver.3,4 The
imaging modalities which can detect and quantify the
hepatic fat content noninvasively include ultrasound

(USG), unenhanced computed tomography (CT), and mag-
netic resonance imaging (MRI)-based methods (chemical
shift MRI and proton MR spectroscopy [MRS]).5 Only a few
studies have evaluated the role of dual-energy CT (DECT)
in quantifying hepatic fat. Our study aimed to evaluate the
accuracy of unenhanced scan acquired using third-gener-
ation DECT, and proton density fat fraction (PDFF) using
multiecho three-dimensional (3D) Dixon sequence in
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Abstract Background and Objectives The purpose of this study is to evaluate and establish the
accuracy of noninvasive methods, including third-generation dual-source dual-energy
computed tomography (DECT) and proton density fat (PDF) fraction on magnetic
resonance imaging (MRI) using three-dimensional multiechomultipoint chemical shift-
encoded spoiled gradient echo (q-Dixon) sequence in the quantification of hepatic
steatosis; with H1-MR spectroscopy (MRS) as the reference standard.
Materials andMethods A total of 47 patients were included in this prospective study.
We studied the accuracy of fatty liver detection using third-generation DECT using
mixed set images (MSIs), virtual monochromatic images (VMIs), and MRI q-Dixon. The
results were compared with H1-MRS. Data were analyzed using linear regression for
each technique compared with MRS.
Results Our study’s correlation and linear regression analysis showed a good
correlation between PDF values obtained by H1-MRS and MR q-Dixon methods
(r¼0.821, r2¼0.674, p< 0.001). On MSI, H1-MRS showed a low correlation with
average liver attenuation (r2¼0.379, p<0.001) and a moderate correlation with liver
attenuation index (r2¼ 0.508, p<0.001) noted. There was a moderate correlation
betweenH1-MRS and average liver attenuation and liver attenuation index on VMI at 80
to 120 keV with r2¼0.434, p<0.001, and r2¼0.485, p< 0.001, respectively.
Conclusion MRI q-Dixon is the method of choice for evaluating fat quantification in
the absence of H1 MRS. Among DECT images, VMI is valuable in the evaluation of
hepatic fat as compared with the mixed set of images.
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quantification hepatic steatosis; with H1-MRS as the
reference standard.

Materials and Methods

This study had been approved by the local ethical and
scientific committee, and written informed consent was
obtained from all participants. All patients who were refer-
eed by the hepatologists to rule out fatty liver to the depart-
ment of radiology in our hospital were evaluated in this
study. The patients who gave consent and underwent both
modalities were included in this study. We prospectively
studied 47 consecutive subjects in our study.

The patients were advised to come to the radiology
department after midnight starvation. Immediately after
the completion of MRI examination, unenhanced DECT was
performed. All the examinations were performed within a
period of 4 hours, usually between 8.00 a.m. to 12.00 p.m. to
reduce diurnal variation. CT examinations were performed
on a dual-source DECT SOMATOM Force (Siemens, Healthi-
neers, Germany). Dual-energy unenhanced scans were ac-
quired using the following parameters: Pitch: 0.6, field of
view: 512, tube A: 100 kVp, and tube B: 150 kVp. CT images
were analyzed on the syngo.via workstation (Siemens,
Germany). Average liver attenuation was calculated by man-
ually placing the circular regions of interest (ROIs) of at least
1 cm2 area at 12 places in the liver, covering all the hepatic
segments and avoiding major vessels, ducts, and fissures.
Average splenic attenuationwasmeasured by placing ROIs at
its upper, mid, and lower poles. The liver attenuation index
(LAI) was calculated as: average hepatic attenuation – aver-
age splenic attenuation. Average attenuation of liver (Lavg)
and LAI on a mixed and monochromatic set of images (at 80,
90, 100, 110, 120 keV) were calculated from the unenhanced
DECT scan.

MRI was performed on a MAGNETOM Skyra 3.0T MRI
system (Siemens Healthcare, Erlangen, Germany) using a
specialized applicationpackage called “LIVER LABORATORY.”
It includes:

T1 VIBE q-Dixon (Multiecho Multipoint Spoiled
Gradient-Echo Dixon)
It is a 3D multiecho multipoint chemical shift encoded
spoiled gradient-echo-based sequence. Images were rou-
tinely acquired in a single breath-hold. The multifat peak
model was used for robust lipid estimation. The q-Dixon
provides mean fat signal fraction values for the entire liver
volume. The final report sheet was created by automated
processing, and the PDFF was expressed as text and color
bar. The final report had information about both fat and iron
content in the liver. None of our patient had iron deposition
in the liver.

HISTO (Proton MR Spectroscopy)
The HISTO was a 15-second single breath-hold, stimulated
echo acquisition mode spectroscopy sequence. It used sin-
gle-voxel spectroscopy, with the typical voxel size being
3�3�3 cm3. The voxel should be positioned in liver tissue,

not over vessels or the gallbladder. Reconstruction and
postprocessing of HISTO-MRS were inline, creating a report
sheet. The PDFF was expressed as text and color bar.

PDFF is obtained directly from the multiecho multipoint
gradient-echo 3D Dixon (q-Dixon) report sheet and proton
MRS sequence (HISTO) report sheet. CT and MRI were
reviewed by a single radiologist with more than 8 years’
experience in abdominal imaging.

Statistical Analysis
All baseline demographic were described as mean� stan-
dard deviation (SD). In addition, the CT LAI and PDFF s
obtained from the multiecho 3D Dixon and proton MRS
(HISTO) were expressed as mean� SD. Correlation and
simple linear regression analysis were performed to corre-
late and calibrate the hepatic fat content obtained from CT
and MRI against H1-MRS PDF. In addition, further Bland–
Altman analysis was performed to find out the agreement
between hepatic fat content obtained by each modality and
H1-MRS PDF. The statistical analyses were performed with
SPSS software (version 22) (SPSS, Chicago, Illinois, United
States) and MedCalc 9.3 (MedCalc Software, Mariakerke,
Belgium).

Results

In our study, 47 subjects who have completed all examina-
tions without any adverse events were included. The mean
age of the study populationwas 50.87 with SD of 14.12 years
(range 20–80 years). The study population comprised of 49%
males and 51% females. The mean height of the study
population was 169.51 cm with SD of 5.804 cm (range
155–183 cm). The mean weight of the study population
was 69.3 kg with SD of 9.9 kg (range 53–95 kg). The assessed
MRI and CT parameters were as follows.

H1-MR Spectroscopy Proton Density Fat Fraction

Frequency Distribution
The PDFF values for the study population obtained by
H1-MRS (►Fig. 1) ranged from a minimum of 0.30% to
maximum of 45.70% (mean 13.0%, median 11.2%, and SD
10.4%). ►Table 1 shows steatosis distribution in our study
population.

MRI q-Dixon Proton Density Fat Fraction

Frequency Distribution
The PDFF values for 47 subjects in the study population
obtained byMRI q-Dixon (multiecho chemical shift imaging)
ranged from a minimum of 2.20% to a maximum of 30.30%
(mean 11.63%, median 10.3%, and SD 7.74%).

Correlation Analysis
A strong positive correlationwas noted between PDFF values
obtained by H1-MRS and MR q-Dixon methods with Pear-
son’s correlation coefficient “r” being 0.821 and p-value
being<0.001 (statistically significant).
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Linear Regression Analysis
Correlation between PDFF values obtained by H1-MRS and
MR q-Dixon methods in terms of linear regression was good
with coefficient of determination (r2) being 0.674 (p-value
<0.001, statistically significant) . The intercept of the regres-
sion line was 0.143 and slope was 1.107, p-value for both
being<0.001(statistically significant) (►Fig. 2).

DECT Mixed Set Average Liver Attenuation

Frequency Distribution
The average liver attenuation values for the study population
obtained by mixed set DECT ranged from a minimum of 16.0
HU to a maximum of 70.0 HU (mean 49.17 HU, median 50.0
HU, and SD 11.8 HU) (►Fig. 3).

Correlation Analysis
A good negative correlation was found between PDFF values
obtained by H1-MRS and average liver attenuation on unen-
hanced CT with Pearson’s correlation coefficient “r” being
–0.616 and p-value being<0.001(statistically significant).

Regression Analysis
Correlation between PDFF values obtained by H1-MRS and
average liver attenuation values onmixed set DECT in terms of
linear regression was low with coefficient of determination

Fig. 1 Box-plot diagram showing distribution of H1-magnetic reso-
nance spectroscopy (MRS) proton density fat fraction (PDFF) data.

Table 1 Steatosis distribution in study population

Grades of fatty liver H1-MRS PDFF
Cutoff (%)

Frequency Percentage%

Normal < 5.56 13 27.70

Grade I (mild) � 5.56 and< 10 8 17

Grade II (moderate) � 10 and< 20 17 36.2

Grade III (severe) � 20 9 19.1

Total —— 47 100

Abbreviations: H1-MRS, H1-magnetic resonance spectroscopy; PDFF, proton density fat fraction.

Fig. 2 Graph showing results of linear regression analysis between
H1-magnetic resonance spectroscopy (H1-MRS) and magnetic reso-
nance imaging (MRI) q-Dixon proton density fat fraction (PDFF).

Fig. 3 Box-plot diagram showing distribution of mixed dual-energy
computed tomography (DECT) average attenuation of liver (Lavg) data.
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(r2) being 0.379 (p-value<0.01, statistically significant). The
intercept of the graph was 39.7 (standard error 0.995) and
slope was –0.543, p-value for both being<0.001 (statistically
significant) (►Fig. 4).

DECT Mixed Set Liver Attenuation Index

Frequency Distribution
The CT LAI values for the study population obtained bymixed
set DECT ranged from a minimum of –42.00 HU to a maxi-

mum of 18.00 HU (mean –1.78 HU, median –2.50 HU, and SD
13.7 HU).

Correlation Analysis
A good negative correlation was found between PDFF values
obtained by H1-MRS and LAI on unenhanced CT with Pear-
son’s correlation coefficient “r” being –0.713 and p-value
being<0.001 (statistically significant).

Regression Analysis
Correlation between PDFF values obtained by H1-MRS and
LAI on unenhanced CT in terms of linear regression was
moderate with coefficient of determination (r2) being 0.508
(p-value 0.001, statistically significant). The intercept of the
graph was 12.309 and slope was –0.541, p-value for both
being<0.001 (statistically significant) (►Fig. 5).

Comparison of H1-MRS MRI and Monochromatic DECT
Images (80 to 120 keV)

Average Liver Attenuation
A moderate negative correlation was found between PDFF
values obtained by H1-MRS and LAI on both mixed set and
monochromatic DECT images with Pearson’s correlation
coefficient “r” between –0.57 and –0.58 (►Table 2).

Correlation between PDFF values obtained by H1-MRS
and LAI on unenhanced both mixed set and monochromatic
DECT images in terms of linear regressionwasmoderatewith
coefficient of determination (r2) being 0.43 to 0.44.

CT Liver Attenuation Index
A good negative correlation was found between PDFF values
obtained by H1-MRS and LAI on both mixed set and

Fig. 4 Graph showing results of linear regression analysis between
H1-magnetic resonance spectroscopy (H1-MRS) and dual-energy
computed tomography (DECT) average attenuation of liver (Lavg)
attenuation.

Fig. 5 Graph showing results of linear regression analysis between H1-magnetic resonance spectroscopy (H1-MRS) and mixed set dual-energy
computed tomography (DECT) liver attenuation index (LAI).

Journal of Gastrointestinal and Abdominal Radiology ISGAR Vol. 6 No. 2/2023 © 2023. The Author(s).

Evaluation of Fatty Liver: Third-Generation Unenhanced Dual-Energy CT and MRI Rajesh et al.82



monochromatic DECT images with Pearson’s correlation
coefficient “r” being between –0.63 and –0.64, respectively
(►Table 3).

Correlation between PDFF values obtained by H1-MRS
and LAI on unenhanced both mixed set and monochromatic

DECT images in terms of linear regression was moderate
with coefficient of determination (r2) being between 0.55
and 0.58.

Comparison of Diagnostic Performance of Different
Imaging Methods for Hepatic Fat Quantification
The diagnostic performances of various imaging modalities
for diagnosis of all grades of hepatic steatosis are summa-
rized in ►Table 4. The areas under curve for diagnosis of all
grades of hepatic steatosis obtained by receiver operating
characteristic curve analysis for different imaging methods
were compared using the DeLong test to find the statistical
significance of the difference (►Table 5).

Discussion

The fatty liver disease spectrum consists of simple fatty liver
to steatohepatitis and cirrhosis. Liver biopsy is considered
the gold standard of diagnosis and severity assessment of
fatty liver, but generally, it is not accepted by patients

Table 2 Results of linear regression analysis between H1-MRS and DECT Lavg attenuation—80, 90, 100, 110, and 120 keV

Lavg 80 90 100 110 120

Intercept –0.57 –0.58 –0.57 –0.58 –0.58

Slope 41.71 42.12 41.78 42.41 42.07

R2 0.44 0.46 0.44 0.44 0.43

Min 1.64 0.40 0.51 0.56 0.51

Max 32.55 32.85 32.03 31.95 32.26

Abbreviations: DECT, dual-energy computed tomography; H1-MRS, H1-magnetic resonance spectroscopy; Lavg, average attenuation of liver.

Table 3 Results of linear regression analysis between H1-MRS and DECT LAI attenuation—80, 90, 100, 110, and 120 keV

LAI 80 90 100 110 120

Intercept 11.45 11.52 11.47 11.68 11.57

Slope –0.62 –0.62 –0.63 –0.64 –0.63

R2 0.55 0.58 0.57 0.57 0.56

Min 0.38 –0.96 –1.16 –1.05 –1.05

Max 36.05 35.25 33.56 34.60 34.30

Abbreviations: DECT, dual-energy computed tomography; H1-MRS, H1-magnetic resonance spectroscopy; LAI, liver attenuation index.

Table 4 Diagnostic performance of different imaging methods for diagnosis of all grades of hepatic steatosis with H1-MRS PDFF

H1-MRS PDFF MRI q-Dixon
PDFF

Mixed set CT
Lavg HU

Mixed set
CT LAI

DECT LAI
(80–120 keV)

DECT LAI Lavg
80–120 keV

Sensitivity 97.0% 72.7% 63.6% 60.6% 66.7%

Specificity 85.7% 50.0% 92.9% 78.6% 92.9%

Positive predictive value 94.1% 77.4% 95.5% 87.0% 95.7%

Negative predictive value 92.3% 43.8% 52.0% 45.8% 54.2%

Accuracy 93.6% 66.0% 72.3% 66.0% 74.5%

Abbreviations: CT, computed tomography; DECT, dual-energy computed tomography; H1-MRS, H1-magnetic resonance spectroscopy; LAI, liver
attenuation index; Lavg, average attenuation of liver; MRI, magnetic resonance imaging; PDFF, proton density fat fraction.

Table 5 Comparison of AUCs of different imaging methods for
diagnosis of all grades of hepatic steatosis

Test result variable(s) AUC

MRI q-DIXON PDFF 0.982

Mixed set DECT Lavg HU 0.290

Mixed set DECT LAI 0.195

DECT Lavg at 80–120 keV 0.244

DECT LAI at 80–120 keV 0.160

Abbreviations: AUC, area under the curve; DECT, dual-energy computed
tomography; LAI, liver attenuation index; Lavg, average attenuation of
liver; MRI, magnetic resonance imaging; PDFF, proton density fat
fraction.
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because it is an invasive procedure. Instead, noninvasive
methods such as USG, CT, and MRI, have been used widely
in diagnosing fatty liver because of their relatively high
sensitivity and repeatability. Till now, only a few studies5–7

have been reported in the literature, which has simulta-
neously compared the diagnostic accuracy of all three eval-
uated imaging modalities (MRI, DECT, and USG) for fat
quantification. Since the Dallas Heart Study results were
published by Szczepaniak et al8 in 2005, H1-MRS has often
been used as the reference standard for liver fat quantifica-
tion in diagnostic studies and as a clinical endpoint in
observational studies and clinical trials.

Our study aimed to find the correlation between hepatic
fat fractions obtained by advanced imaging methods and the
reference standard PDFF obtained by H1-MRS using correla-
tion and linear regression models. We used receiver operat-
ing curve analysis to determine the area under the curve for
diagnosing hepatic steatosis using all methods and derived

corresponding cutoffs adjusting optimal sensitivity and spec-
ificity. Finally, we compared the areas under the curve using
the DeLong9 test to determine which method had a better
diagnostic performance.

We calculated the distribution of hepatic steatosis in our
study population based on the cutoff values of H1-MRS PDF
(13, 59)—5.56% between no and mild steatosis, 10% between
mild and moderate, and 20% between moderate and severe
steatosis. Accordingly, in our study, 27.7% had no steatosis
(►Fig. 6), 17% hadgrade I -mild steatosis, 36.2% hadgrade II -
moderate steatosis (►Fig. 7), and 19.1% were diagnosedwith
grade III - severe steatosis (►Figs. 8 and 9).

Correlation between H1-MRS and MR q-Dixon
The correlation and linear regression analysis results in 47
subjects showed a good correlation between PDF values
obtained by H1-MRS and MR q-Dixon methods (r¼0.821,
r2¼0.674, p<0.001). The results of this study are

Fig. 6 A 38-year-old female patient with no fatty liver. H1-magnetic resonance spectroscopy (H1 MRS0 (HISTO) showing proton density fat
fraction (PDFF) of 5.1% (A). MR q-Dixon report sheet (B) of the same patient showing PDFF of 5.1%. Unenhanced dual-energy computed
tomography (DECT) mixed set of images (C, D) of the same patient with region of interest (ROI) drawn at all segments of liver and spleen.
Average liver attenuation value is 55 and liver attenuation index (average liver attenuation – average spleen attenuation) is 0.
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comparable to those of a previous study done by Kramer
et al.5 They showed excellent correlation (r2¼0.992,
p<0.001) between PDF values obtained by H1-MRS and an
investigationalmultiecho 3D spoiled gradient-echo chemical
shift technique. Based on receiver operating curve analysis,
we derived an optimal cutoff value of 5.5% for diagnosing
hepatic steatosis and 8.8% for diagnosing moderate to severe
hepatic steatosis by MR q-Dixon method in this study. The
area under the curve was 0.923. The sensitivity, specificity,
and accuracy at this cutoff value were 97, 86, and 97%.
Ishizaka et al10 also had found similar results withmultiecho
gradient-echo chemical shift technique showing the speci-
ficity of 98% for the diagnosis of all grades of hepatic
steatosis.

Correlation between H1-MRS and Unenhanced DECT
Mixed Set Images
On CT, we studied the accuracy of fatty liver detection in
mixed set and virtual monochromatic images at 80 to 120 keV
generated using third-generation dual-source DECT. We used

two methods to quantify hepatic steatosis using unenhanced
CT: (1) average liver attenuation and (2) CT LAI.

Average Liver Attenuation
The Lavg on unenhanced CT scan showed moderate negative
correlation (r¼–0.616, p<0.001) with H1-MRS PDF. Linear
regression showed a low correlation between the twometh-
ods with r2¼0.379, p<0.001. However, in the study con-
ducted by Kramer et al,5 an excellent correlation was found
between mean attenuation of liver and H1-MRS PDFF with
r2¼0.860. The difference in the results may be explained by
scanner-related and patient population-related differences
in attenuation values obtained on unenhanced CT.

Receiver operating curve analysis revealed an area under
the curve of 0.290 for diagnosis of all grades of steatosis using
CT-derived average liver attenuation values. We further
derived an optimal cutoff of 54 HU for diagnosing all grades
of hepatic steatosis, and for diagnosing moderate to severe
hepatic steatosis, we found a cutoff value of 47 HU. The
sensitivity, specificity, and accuracy for grading of hepatic

Fig. 7 A 41-year-old male patient with moderate fatty liver. H1-magnetic resonance spectroscopy (H1 MRS) (HISTO) showing proton density fat
fraction (PDFF) of 15.1% (A). MR q-Dixon report sheet (B) of the same patient showing PDFF of 13.9%. Unenhanced dual-energy computed
tomography (DECT) mixed set of images (C, D) with region of interest (ROI) drawn at all segments of liver and spleen. Average liver attenuation
value is 49.5 and liver attenuation index (average liver attenuation – average spleen attenuation) is –6.
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steatosis were 72, 50, and 66%, respectively. Different studies
have proposed different cutoff values for the diagnosis of
hepatic steatosis. The cutoff value of 54 HU obtained by our
study for diagnosing all grades of hepatic steatosis is similar
to that of 54.2 HU by van Werven et al11 in their study. The
cutoff value of 47 HU for diagnosis of moderate to severe
hepatic steatosis is comparable to that of 48 HU proposed by
Pickhardt et al.12

CT Liver Attenuation Index
The LAI on unenhanced DECT mixed set images showed
moderate negative correlation, r¼–0.713, p<0.001, with
H1-MRS PDF. Linear regression also showed a moderate
correlation between the two methods. Our results are com-
parable to those obtained by Rastogi et al,13 where they
showed amoderate correlation between CT LAI andMRS PDF
(r¼–0.713).

Receiver operating curve analysis revealed an area under
the curve of 0.195 for diagnosis of all grades of steatosis using

CT-based LAI values. We further derived an optimal cutoff of
–1 HU for diagnosing all grades hepatic steatosis and –9 HU
for diagnosing moderate to severe hepatic steatosis. The
sensitivity, specificity, and accuracy were 63.6, 92.9, and
72.3%, respectively. Our cutoff value of –1 HU for diagnosing
hepatic steatosis is comparable to that of 1 HU proposed by
Park et al.14 The cutoff value of –9 HU for moderate to severe
steatosis is similar to that of –9 HU derived by Park et al.15

Correlation between H1 MRSMRI and Monochromatic

DECT Images (80, 90, 100, 110, and 120 keV)

Average Liver Attenuation
The Lavg on unenhanced CT scan showed moderate negative
correlation (r¼–0.659, p<0.001) with H1-MRS PDFF. Linear
regression also showed moderate correlation between the
two methods with r2¼0.434, p<0.001. It is similar to the
results in a study conducted by Kramer et al,5 moderate

Fig. 8 A 53-year-old female patient with severe fatty liver. H1-magnetic resonance spectroscopy (H1 MRS) (HISTO) showing proton density
fat fraction (PDFF) of 30.3%. MR q-Dixon report sheet (B) showing PDFF of 28.4%. Unenhanced dual-energy computed tomography (DECT) mixed
set of images (C, D) with region of interest (ROI) drawn at all segments of liver and spleen. Average liver attenuation value is 24 and liver
attenuation index (average liver attenuation – average spleen attenuation) is –36.
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correlationwas found between DECT Lavg and H1-MRS PDFF
with r2¼0.423.

Receiver operating curve analysis revealed an area under
curve of 0.244 for diagnosis of all grades of steatosis using
DECT deriving average liver attenuation values with sensi-
tivity, specificity, and accuracy of 60.6, 78.6, and 66%,
respectively.

CT Liver Attenuation Index
The LAI on unenhanced CT scan showed moderate negative
correlation (r¼–0.696, p<0.001) with H1-MRS PDFF. Linear
regression also showed moderate correlation between the
two methods with r2¼0.485, p<0.001.

Receiver operating curve analysis revealed an area under
curve of 0.160 for diagnosis of all grades of steatosis using CT-
based LAI values with corresponding sensitivity, specificity,
and accuracy of 66, 92, and 74%, respectively.

Both methods, that is, average liver attenuation and LAI
evaluated on monochromatic DECT on particular keV sepa-
rately at 80, 90, 100, 110, and 120 keV did not show any
statistically significant difference in correlation for evaluat-
ing fatty liver when compared with H1-MRS PDF.

One of the major limitations of CT is ionizing radiation
exposure. To reduce the exposure to ionizing radiation, most
CT scanners have dose modulation tools, which modify tube
current within an acquisition and thus, may have different

settings for every single acquired slice. In general, densities
measured in CT data sets very much rely on the scanning
parameters, especially tube energy.

Correlation between H1-MRS, MRI, and Unenhanced
DECT (Mixed Set and Monochromatic Images)
The LAI on both mixed set and monochromatic DECT scan
showed a moderate negative correlation with H1-MRS PDF.
Correlation between PDF values obtained by H1-MRS and
average liver attenuation on unenhancedmixed set DECTwas
low with r2¼0.379 and was good on monochromatic DECT
image at 80 to 120 keV with r2¼0.434. For evaluating fatty
liver with average liver attenuation, monochromatic DECT
image at 80 to 120 keV correlates better than mixed set
images with H1-MRS.

Comparison of MRI, Unenhanced DECT, and USG
Methods
The current study compared unenhanced DECT and MRI q-
Dixon and found that quantitativeMRI q-Dixon PDFF shows a
good correlationwith H1-MRS-derived PDFFmeasurements.
Unenhanced DECT-based methods LAI and Lavg (mixed set
and monochromatic) showed moderate correlation (except
Lavg on mixed set images which showed low correlation).
The comparison of area under curve revealed that MRI q-
Dixon method performed the best for diagnosis of all grades

Fig. 9 A 53-year-old female patient with severe fatty liver. Unenhanced dual-energy computed tomography (DECT) virtual monochromatic
images (A–E) of the same patient in ►Fig. 8 from 80 to 120 keV levels with region of interest (ROI) drawn over liver and spleen.
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of hepatic steatosis comparedwith the rest. The difference in
the areas under the curve of MRI q-Dixon with other meth-
ods was statistically significant (p<0.05 for all compari-
sons). The findings of our study were similar to that of Lee
et al16 and van Werven et al.11 They also had reported that
chemical shift MRI performed better than CT for diagnosis of
hepatic steatosis. The meta-analysis by Bohte et al6 had also
revealed that MRI methods perform better than USG and CT
for detecting separate disease grades, especially for mild
disease (< 30% steatosis on histology).

There were a few limitations to our study. First, H1-MRS
was used as the reference standard without histopathologic
correlation. However, similar to tissue biopsy, the spatially
heterogeneous distribution of hepatic fat is also a confound-
ing factor that limits the use of H1-MRS as a reference
standard. Second, we used a dual-source DECT scanner for
evaluating the fatty liver, which may not be reproducible in
other vendors’ specific CTs. Further studies with different
DECT techniques/vendors are needed. Third, few pathologi-
cal states like hemochromatosis and glycogenosis may result
in an abnormal alteration of liver density and affect the CT
attenuation value measurement accuracy, masking the un-
derlying fatty liver. This aspect was not evaluated in our
study.

Conclusion

3D multiecho multipoint chemical shift-encoded spoiled
gradient echo (q-Dixon) sequence shows a good correlation
with H1-MRS in hepatic fat quantification. Adding this
sequence to the normal standard-of-care liver or abdominal
MRI examination will minimally lengthen the examination
duration; however, it benefits quantifying liver fat content
over the entire organ. In DECT, virtual monochromatic DECT
is better for evaluating fatty liver with average liver attenua-
tion than mixed set images. There is no significant difference
in correlation for assessing fatty liver with LAI and average
liver attenuation using virtual monochromatic DECT images
among particular keV at 80, 90, 100, 100, 110, and 120 keV
compared with H1-MRS. So, it will not add much diagnostic
value to reconstruct a particular keV for evaluating fatty liver.
Although unenhanced DECT using virtual monochromatic
images and mixed set images shows limited diagnostic
performance than MRI, it can be used in diagnosing steatosis
while evaluating other abdominal pathologies or screening
abdomen and in preoperative liver donor evaluation.
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