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Non-invasive hepatic fat quantification: Can multi-echo Dixon
help?
Quantificacio da gordura hepdtica ndo invasiva: multieco Dixon pode ajudar?
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Abstract

Resumo

Objective: To evaluate the diagnostic accuracy of multi-echo Dixon magnetic resonance imaging (MRI) in hepatic fat quantifica-
tion, in comparison with that of magnetic resonance spectroscopy (MRS), on 3.0-T MRI.

Materials and Methods: Fifty-five adults with no known liver disease underwent MRI in a 3.0-T scanner for determination of the
hepatic fat fraction, with two techniques: multi-echo Dixon, in a manually drawn region of interest (ROI) and in the entire liver pa-
renchyma (automated segmentation); and MRS. The diagnostic accuracy and cutoff value for multi-echo Dixon were determined,
with MRS being used as the reference standard.

Results: The mean fat fraction obtained by multi-echo Dixon in the manually drawn ROl and in the entire liver was 5.2 + 5.8% and
6.6 + 5.2%, respectively, whereas the mean hepatic fat fraction obtained by MRS was 5.7 + 6.4%. A very strong positive correla-
tion and good agreement were observed between MRS and multi-echo Dixon, for the ROI (r = 0.988, r? = 0.978, p < 0.001) and for
the entire liver parenchyma (r = 0.960, r? = 0.922, p < 0.001). A moderate positive correlation was observed between the hepatic
fat fraction and body mass index of the participants, regardless of the fat estimation technique employed.

Conclusion: For hepatic fat quantification, multi-echo Dixon MRI demonstrated a very strong positive correlation and good agree-
ment with MRS (often considered the gold-standard noninvasive technique). Because multi-echo Dixon MRI is more readily avail-
able than is MRS, it can be used as a rapid tool for hepatic fat quantification, especially when the hepatic fat distribution is not
homogeneous.

Keywords: Fatty liver/diagnosis; Magnetic resonance imaging/methods; Magnetic resonance spectroscopy; Non-alcoholic fatty
liver disease/diagnosis.

Objetivo: Avaliar a acuracia diagnéstica da técnica multieco Dixon na quantificacao da gordura hepatica em comparacao com a
espectroscopia por ressonancia magnética (ERM), em exames de RM 3.0-T.

Materiais e Métodos: Cinquenta e cinco participantes adultos sem doenca hepatica conhecida foram submetidos a RM 3.0-T
para determinagao da fragao de gordura hepatica, usando duas técnicas: multieco Dixon (em ROl desenhada manualmente e em
segmentacao automatizada para todo o parénquima hepatico) e ERM. A precisao diagnostica e o valor de corte para multieco
Dixon foram determinados usando a ERM como padrao de referéncia.

Resultados: A fragao de gordura média usando multieco Dixon na ROl desenhada manualmente e na segmentac¢ao automatizada
do figado inteiro foi 5,2 + 5,8% e 6,6 + 5,2%, respectivamente. A fracao de gordura hepatica média usando ERM foi 5,7 + 6,4%.
Correlacdo positiva muito alta e forte concordancia foram observadas entre ERM e multieco Dixon, tanto para ROI (r = 0,988, r?
= 0,978, p < 0,001) quanto para todo o parénquima hepético (r = 0,960, r? = 0,922, p < 0,001). Correlacdo positiva moderada
foi observada entre a fracao de gordura hepatica e o indice de massa corpérea dos participantes usando ambas as técnicas de
estimativa de gordura.

Conclusao: Multieco Dixon demonstrou correlacao positiva muito alta e concordancia com a ERM (muitas vezes considerada
padrao de referéncia nao invasivo) para quantificacao de gordura hepatica. Uma vez que o multieco Dixon esta mais prontamente
disponivel do que a ERM, pode ser usado como uma ferramenta rapida para a quantificacao da gordura hepatica, especialmente
na distribuicao nao homogénea da gordura.

Unitermos: Figado gorduroso/diagnostico; Ressonancia magnética/métodos; Espectroscopia de ressonancia magnética; Hepato-
patia gordurosa nao alcodlica/diagnéstico.

INTRODUCTION agents via Kupffer cells; and maintenance of iron homeo-
The liver is responsible for a variety of key functions  stasis. Any alteration in the metabolism of fatty acids can

in human physiology'", such as lipid and carbohydrate ho-  lead to their accumulation within hepatocytes, causing ox-

meostasis; detoxification of blood; removal of infectious idative stress, which in turn leads to activation of stellate
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cells and hepatocellular injury, thereby impairing hepatic
function. In a normal liver, fatty changes are present in
< 5% of hepatocytes. Excessive deposition of triglycerides
within hepatocytes results in fatty liver, also known as he-
patic steatosis®.

Recently, steatotic liver disease (SLD) has been clas-
sified into subtypes, as follows®: metabolic dysfunction-
associated steatotic liver disease (MASLD); alcohol-asso-
ciated liver disease; MASLD and increased alcohol intake;
other specific etiology SLD; and cryptogenic SLD. In many
parts of the world, the progressive adoption of a sedentary
lifestyle with excess caloric intake has led to an increase
in the prevalence of obesity and MASLD, even among
so-called healthy individuals with no comorbidities®. In
20-30% of patients with MASLD, there is progression to
metabolic dysfunction-associated steatohepatitis, which is
characterized by inflammation and ballooning of hepato-
cytes, leading to cirrhosis in 5% of such patients. Even in
the absence of cirrhosis, fatty liver disease is a risk factor
for the development of hepatocellular carcinoma, as well
as renal and cardiovascular comorbidities®.

Insulin resistance and metabolic syndrome are strongly
associated with MASLD and contribute to the development
of steatohepatitis®. Because this spectrum of disorders is
often asymptomatic or silent and may affect young indi-
viduals, lean individuals, and even children or adolescents,
vigilance and early detection of hepatic steatosis can help
improve clinical outcomes®®. However, no surveillance
guidelines exist and the use of imaging is largely based on
clinician recommendations.

The gold standard for the characterization of hepatic
steatosis is percutaneous image-guided biopsy, which is
an invasive procedure and provides the fat fraction for
only an extremely small part of the liver and therefore
does not account for the heterogeneous nature of fat de-
position. Non-invasive detection and quantification of he-
patic steatosis can be achieved by using various imaging
modalities, including ultrasound, computed tomography
(CT) and magnetic resonance imaging (MRI). Conven-
tional ultrasound, albeit widely used, has poor sensitivity
for identifying low-grade steatosis®. Multiple quantita-
tive ultrasound techniques, based on acoustic parameters
such as the attenuation coefficient, backscatter coeffi-
cient, speckle patterns, and speed of sound, have been
developed'?. Among those, the most widely studied is
the controlled attenuation parameter, which is acquired
from raw radiofrequency data during ultrasound-based
vibration-controlled transient elastography!?. A CT scan
also has poor sensitivity and specificity for mild steatosis,
as well as exposing subjects to ionizing radiation'. In
recent years, MRI and magnetic resonance spectroscopy
(MRS) have emerged as accurate methods to quantify
liver triglyceride concentration based on the difference
in resonant frequency between fat and water'?. The fat
content estimated by using MRI-based techniques has
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been found to show an excellent correlation with the his-
tological grade of hepatic steatosis. The present study en-
tails detection and quantification of hepatic steatosis in a
3.0-T MRI scanner using two MRI techniques: a chemi-
cal shift-based technique known as multi-echo Dixon;
and MRS. The latter is widely considered the reference
standard for non-invasive hepatic fat detection'>'¥. The
objectives of this study were to assess the prevalence of
hepatic steatosis among participants with no known liver
disease and to evaluate the diagnostic accuracy of multi-

echo Dixon in hepatic fat quantification in comparison
with that of MRS.

MATERIALS AND METHODS
Participants

This cross-sectional study was approved by the local
institutional review board and research ethics committee.
All participants gave written informed consent. A total of
58 consecutive individuals > 18 years of age and without
known liver disease were initially recruited for this study.
The exclusion criteria were having a personal or family his-
tory of diabetes mellitus; consuming an excessive quantity
of alcohol (defined as > 60 g/day for men and > 20 g/day
for women); having had a blood transfusion; being preg-
nant; having undergone a surgical procedure involving the
liver; having any abnormal random blood sugar levels; hav-
ing had an abnormal liver function test result; having had
abnormal findings on prior hepatic imaging; and having
used oral contraceptives, lipid-lowering drugs, antituber-
culosis drugs, corticosteroids, antihypertensive drugs, or
antidiabetic medication. Individuals in whom MRI was
contraindicated were also excluded. Only three volunteers
were excluded: two because they were unable to perform
a breath-hold for a sufficient length of time; and one be-
cause of claustrophobia. Therefore, the final sample com-
prised 55 subjects. The age, gender, weight, and height of
the participants were recorded. Body mass index (BMI)
was calculated as weight in kilograms divided by height in
meters squared (kg/m?).

Imaging technique

In all subjects, MRI of the abdomen was performed
in a 3.0-T scanner (Magnetom Skyra; Siemens Health-
ineers, Erlangen, Germany) using a body coil that covered
the region from just below the level of the nipple to the
umbilicus. To localize the area of interest, axial and coro-
nal T2-weighted half-Fourier acquisition single-shot turbo
spin-echo images were acquired. This was followed by ap-
plication of a specialized package (LiverLab, with syngo MR
E11 software; Siemens Healthineers) that includes three
sequences: T1-weighted volumetric interpolated breath-
hold examination (VIBE) screening Dixon (occasionally re-
ferred to as e-Dixon), VIBE multi-echo Dixon (occasionally
referred to as q-Dixon), and breath-hold single-voxel high-
speed T2-corrected multi-echo '"H MRS (HISTO).
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After the subjects had been given the appropriate
instructions regarding the breathing maneuvers, a T1-
weighted VIBE screening Dixon sequence was acquired.
That dual-echo three-dimensional sequence provided
whole liver coverage and generated in-phase and opposed-
phase images with the following imaging parameters: rep-
etition time/first echo time/second echo time (TR/TE1/
TE2), 3.97/1.29/2.52 ms; matrix, 195 x 320; slice thick-
ness, 3.0 mm; and flip angle, 9°. In-phase and opposed-
phase images obtained from the screening Dixon sequence
were analyzed by visual assessment for fat deposition, as
evidenced by a drop in signal intensity on the opposed-
phase images. A VIBE multi-echo Dixon sequence was
then acquired, with the following parameters: TR/TE1/
TE2/TE3/TE4/TES5/TE6, 9.0/1.09/2.46/3.69/4.92/6.15/7.
38 ms; matrix, 101 X 160; slice thickness, 3.5 mm; and flip
angle, 4°. Eight series of images were generated by multi-
echo Dixon sequence: water only; fat only; fat fraction;

A,I

Figure 1. Hepatic fat estimation using Dixon
sequences. In-phase (A) and opposed-phase
(B) images provided by screening Dixon show
a drop in signal intensity in the opposed
phase images, indicating fat deposition. The
mean signal intensity of an ROl drawn in a fat
fraction map (C) multiplied by 0.1 gives the
fraction of fat in that ROI. Similarly, the mean
signal intensity value in a goodness-of-fit map
(D) multiplied by 0.1 gives the fit error (which
should be < 5% for reliable fat quantification).
The report (E) provides the fat fraction in the
form of a color bar and the numerical value
(red box) in the ROI (yellow arrow) and entire
liver as a whole (automated segmentation,
red arrow).
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goodness-of-fit; R2* map; T2* map; water fraction; and
evaluation report. The entire liver was outlined by auto-
matic inline segmentation. The fat fraction was automati-
cally corrected for T2* effects. Images were also evaluated
to exclude fat—water swaps. This technique provides fat
quantification through chemical shift imaging. The he-
patic MRI proton density fat fraction (MRI-PDFF) value
provided by multi-echo Dixon for automated segmentation
of the entire liver parenchyma was recorded. A region of
interest (ROI) was placed over the right lobe of the liver,
excluding blood vessels, bile ducts, and the gall bladder,
as well as being positioned to avoid cardiac pulsations.
The fat fraction in this ROI was also recorded. To ensure
that the acquisition provided a reliable fat estimation, the
goodness-of-fit value adopted was < 5% for all acquisitions
(Figure 1). Finally, a HISTO sequence was acquired. A
single 3 x 3 x 3 cm? voxel was co-localized at the same lo-
cation as the ROI in the multi-echo Dixon sequence, with

B " OPPOSED®PHASE
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the axial, coronal, and sagittal planes being used as localiz-
ers. The sequence was acquired with a TR/TE1/TE2/TE3/
TE4/TES of 2,200/12/24/36/48/72 ms. For quality control,
an r* (goodness of fit) of > 0.95 with good T2 relaxation
curves for fat and water was ensured in all cases. A HISTO
sequence gives a hepatic fat quantification value using
MRS. The PDFF provided by MRS (MRS-PDFF) for the
co-localized voxel was recorded (Figure 2).

To identify hepatic steatosis, we used a hepatic PDFF
cutoff of > 5%, as suggested by Zhao et al."?. Thus, a he-
patic fat fraction < 5% was classified as normal.

The correlation and agreement between the hepatic
MRI-PDFF obtained by multi-echo Dixon and the MRS-
PDFF were evaluated, and a receiver operating character-
istic (ROC) curve analysis was performed to calculate the
clinical utility of and optimal cutoff values for multi-echo
Dixon, using MRS as the reference standard. The correla-
tion between BMI and the PDFF was also investigated, as
was the association between gender and the presence of
hepatic steatosis.

Statistical analysis

Data were entered into MS Excel, and statistical
analyses were performed with the IBM SPSS Statistics
software package, version 25.0 (IBM Corp., Armonk, NY,
USA). Continuous quantitative variables were summa-
rized as mean + standard deviation or as median (inter-
quartile range), depending on the distribution of data. The
correlation between the MRI-PDFF obtained by multi-
echo-Dixon and the MRS-PDFF was determined by lin-
ear regression analysis. Bland-Altman analysis was used
in order to evaluate agreement between the MRI-PDFF
obtained by multi-echo-Dixon and the MRS-PDFF. For all
statistical tests, values of p < 0.05 were considered statisti-
cally significant.

RESULTS

Of the 55 adults evaluated, 23 were male and 32 were
female. The mean age was 33.89 + 11.9 years (range,

0% Fat signal fractior

18-65 years), and the mean BMI was 25.33 + 4.6 kg/m?
(range, 16.0—34.3 kg/m?). On the basis of the BMI and the
Asian modification of the World Health Organization clas-
sification, 16 (29.1%) of the participants were classified
as underweight or normal and 39 (70.9%) were classified
as overweight or obese. All participants underwent multi-
echo Dixon and MRS. Visual inspection of screening Dixon
images revealed a drop in signal intensity on opposed-
phase images in only 14 (25.5%) of the participants. We
recorded the fat fraction values obtained by multi-echo
Dixon (for the entire liver parenchyma and for the manu-

ally drawn ROI) and by MRS (Table 1).

Table 1—Hepatic fat fraction values and proportion of participants showing
hepatic steatosis (PDFF > 5%) on multi-echo Dixon and MRS.

Hepatic fat fraction

Multi-echo Dixon

Measure Entire liver ROI MRS

Mean + SD 6.6 £5.2% 5.2 +5.8% 5.7 £ 6.4%
Range 1.8-22.5% 0.8-24.6% 0.8-25.9%
Median (IQR) 4.3% (5.05%) 2.3%(5.1%) 2.4% (5.5%)

Proportion of participants

with a PDFF > 5% 43.6% 30.9% 32.7%

SD, standard deviation; IQR, interquartile range.

Hepatic steatosis (i.e., a fat fraction > 5%) was evi-
dent in 17 (30.9%) of the 55 participants when multi-echo
Dixon was used for a manually drawn ROI, compared with
18 (32.7%) when MRS was used. The median and mean
hepatic fat fraction values obtained by multi-echo Dixon
were 4.3% and 6.6 + 5.2%, respectively, for the entire liver
parenchyma, compared with 2.3% and 5.2 + 5.8%, re-
spectively, for the manually drawn ROI. For the detection
of hepatic steatosis (MRI-PDFF > 5%) in the manually
drawn ROI, multi-echo Dixon was found to have a sen-
sitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy of 94.4%, 100%,
100%, 97.4%, and 97.2%, respectively, compared with
100%, 83.8%, 75.0%, 100%, and 89.1%, respectively, for

Figure 2. Hepatic fat estimation by
MRS, showing the fat fraction in the
voxel (18.2%, suggestive of steatosis,
in this case), a good T2 relaxation
curve for water and fat, with the spec-
tral peak showing fat at 1.3 ppm (red
arrow) and water at 4.7 ppm (yellow
arrow).
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its detection in the liver parenchyma as a whole (by auto-
mated segmentation). As illustrated in Figures 3 and 4, the
linear regression analysis revealed an excellent correlation
between the MRI-PDFF obtained by using multi-echo
Dixon and the MRS-PDFF, for the co-localized ROI (r =
0.988, r* = 0.978, p < 0.001) and for the liver parenchyma
as a whole (r = 0.960, r* = 0.922, p < 0.001). The Bland-
Altman analysis revealed strong agreement between the
MRI-PDFF obtained by using multi-echo Dixon and the
MRS-PDFF, with a bias (upper and lower limit of agree-
ment) of 0.509 (2.62, —1.60) and —0.89 (3.03, —4.82),
respectively.
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Figure 3. Scatter plot between the MRS-PDFF and the multi-echo Dixon MRI-
PDFF for the ROI.
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Figure 4. Scatter plot between the MRS-PDFF and the multi-echo Dixon-PDFF
for the entire liver.

Using the Youden Index, we calculated the optimal
multi-echo Dixon-derived hepatic MRI-PDFF cutoff to
detect hepatic steatosis to be 4.7% when measured in
the ROI corresponding to the MRS voxel, with a sensitiv-
ity, specificity, PPV, NPV, and accuracy of 94.4%, 100%,
100%, 97.4%, and 98.2%, respectively. Similarly, the op-
timal threshold for detecting hepatic steatosis was calcu-
lated to be 5.4% when multi-echo Dixon-derived hepatic
MRI-PDFF values were determined for the entire liver,
with a sensitivity, specificity, PPV, NPV, and accuracy of
94.4%, 91.9%, 85.0%, 97.1%, and 92.7%, respectively.

Of the participants who were classified as under-
weight or normal weight (BMI < 22.9 kg/m?), none were
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found to have hepatic steatosis, which was seen in only
one of the participants who was classified as overweight
(BMI of 23-24.9 kg/m?). Among the 27 participants who
were classified as obese (BMI > 25 kg/m?), 17 (63.0%) had
hepatic steatosis when the MRS-PDFF was used for eval-
uation, compared with 16 (59.3%) when the multi-echo
Dixon-derived MRI-PDFF was used. A moderate positive
correlation was observed between BMI and the hepatic fat
fraction, when multi-echo Dixon was used in the ROI (r =
0.661, r* = 0.436; p < 0.001) and when MRS was used (r
= 0.669, 1> = 0.447; p < 0.001).

In our study sample, hepatic steatosis was more com-
mon among the men than among the women (43.5% vs.
25.0%). However, that association did not reach the level
of statistical significance (p > 0.05).

DISCUSSION

In this study, we observed a very high positive cor-
relation and strong agreement between the hepatic fat
fraction obtained by multi-echo Dixon and that obtained
by MRS. Our findings demonstrate the feasibility and po-
tential clinical utility of multi-echo Dixon in quantifying
hepatic steatosis.

We observed that, in all of our participants with he-
patic steatosis, the drop in signal intensity on opposed
phase images was uniform throughout the liver. That find-
ing is in agreement with those of previous studies show-
ing that, in individuals with hepatic steatosis, diffuse fat
distribution is the most common pattern'®.

We found that, on multi-echo Dixon, the fat fraction
values obtained for the entire liver were slightly higher
than were those obtained for the manually drawn ROI.
Our observation was similar to that of Zhang et al.'®,
who reported higher fat fraction values for whole-liver
segmentation than for an ROI in healthy individuals with
mild hepatic steatosis. That could be due to the inclusion
of periportal fat and fat in the intrahepatic fissure in the
whole-liver segmentation.

The median and mean fat fraction values for the man-
ually drawn ROI in the present study are similar to those
reported by Kiihn et al.'”), for a population in Germany,
among which the median MRI fat fraction for a manually
drawn ROI was 3.9%. However, Hetterich et al.'®| Patil
et al." and Kuchay et al." reported mean fat fraction
values of 9.2%, 8.65%, and 13.0% respectively, which can
be attributed to the fact that the exclusion criteria applied
were less rigid than those applied in our study.

The moderate positive correlation observed between
BMI and liver fat fraction when either multi-echo Dixon
ROI or MRS was used is similar to what was demonstrated
by Hines et al.?® and Di Martino et al.?Y. It is gener-
ally accepted that a higher BMI, especially that indicative
of obesity, is likely to be associated with fat deposition in
the liver. The moderate positive correlation observed be-
tween BMI and hepatic fat in the present study could be
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due to the lack of a singular cause-and-effect relationship
between obesity and hepatic fat, which limits the ability
of anthropometric parameters to identify hepatic steatosis
accurately.

In the present study, the proportion of participants
found to have hepatic steatosis was higher among the
men, although no statistically significant correlation was
detected between hepatic steatosis and gender. Our find-
ings are similar to those obtained by Yu et al.?? in a study
of children with obesity in China. The authors found the
prevalence of hepatic steatosis to be higher in the boys
than in the girls (29.4% vs. 22.6%), although they also de-
tected no significant correlation between hepatic steatosis
and gender.

The optimal cutoff values for the detection of hepatic
steatosis by multi-echo Dixon based on our ROC curve
analysis are similar to those determined by Zhao et al.!'?,
who found the optimal multi-echo Dixon cutoff values to
be 5.1% for a manually drawn ROI and 5.4% for the entire
liver parenchyma, using MRS as the reference standard.

In the present study, hepatic steatosis was diagnosed
in 17 participants when multi-echo Dixon was used in a
manually drawn ROI and in 18 participants when MRS
was used. Therefore, if MRS is considered the reference
standard in the absence of liver biopsy, multi-echo Dixon
wrongly classified only one patient, in whom MRS showed
the fat fraction to be 6.1%. The prevalence of hepatic ste-
atosis among our study participants is in agreement with
that reported by Szczepaniak et al.®® | who retrospectively
analyzed participants in the Dallas Heart Study with no
known liver disease, using MRS for the estimation of he-
patic steatosis, and found 33.6% to have elevated hepatic
triglyceride content. In contrast, Rehm et al.” found the
prevalence of hepatic steatosis to be only 15% in a sample
of adolescent girls and young women.

We detected a very strong correlation and good agree-
ment between the multi-echo Dixon-derived MRI-PDFF
for the manually drawn ROI and the MRS-PDFF. We
also demonstrated a very strong correlation between the
multi-echo Dixon-derived fat fraction for the entire liver
parenchyma and that obtained by single-voxel MRS. Our
findings are consistent with those of Zhao et al.'¥), Bashir
et al.?* and Yokoo et al.?* | all of whom used MRS as the
reference standard, indicating that a Dixon-based tech-
nique could be useful for quantifying the hepatic fat frac-
tion in the entire liver parenchyma.

To date, MRS has been used as the gold-standard
noninvasive method for the detection and quantification
of hepatic fat, with accuracy approaching or equaling that
of liver biopsy?®~2%), However, MRS may not be available
at all facilities and, more importantly, provides informa-
tion only from a single voxel. This is a major limitation,
given that hepatic fat distribution may be heterogeneous
and sampling only a small part of liver can result in over-
estimation or underestimation of the hepatic fat content.
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In addition, if MRS is used in the follow-up patients un-
der treatment, it may be difficult to replicate the sam-
pling location exactly, which could limit the value of serial
changes in the fat fraction. Dixon-based imaging may be
reliably used to detect hepatic fat fraction in the entire
liver parenchyma, as has been reported by other research-
ers, including Kiihn et al.®?% Idilman et al.®?", Bhat et
al.®? and Kang et al.®®., In a meta-analysis, Qu et al.?%
found that the MRI-PDFF has high diagnostic accuracy
for the detection and quantification of hepatic fat when
liver biopsy is used as the reference standard. We found
multi-echo Dixon to have advantages over MRS, including
the fact that it can evaluate the entire liver parenchyma
and is relatively more widely available. Multi-echo Dixon
has potential utility in the detection and quantification
of hepatic fat in living liver transplant donors, rendering
invasive technique such as liver biopsy unnecessary for
hepatic fat quantification.

The unique aspect of our study was the evaluation
of adults with no known liver disease. Most prior stud-
ies have evaluated patients with known or suspected liver
disease, in whom biopsy could be performed. Recruiting
participants with no known liver disease prevented us
from performing liver biopsy on ethical grounds, limiting
our focus to comparing the hepatic fat fractions derived by
multi-echo Dixon and MRS.

The main limitation of the present study was the small
sample size, which was mainly due to the relative short
study period. In addition, because liver biopsy could not
be performed, we had no gold standard for comparison.
Furthermore, the possibility that some participants had
viral liver disease or mild diabetes mellitus could not be
completely ruled out.

CONCLUSION

The diagnostic accuracy of multi-echo Dixon was
found to be comparable to that of MRS, with a very strong
positive correlation and good agreement between the he-
patic fat fraction obtained by multi-echo Dixon (in an ROI
and in the entire liver) and that obtained by MRS. This
indicates that multi-echo Dixon could be used as an alter-
native to MRS when the latter is unavailable or when it is
necessary to quantify fat in the entire liver parenchyma.

REFERENCES

1. Rishi G, Subramaniam VN. The liver in regulation of iron homeo-
stasis. Am ] Physiol Gastrointest Liver Physiol. 2017;313:G157-65.

2. Mathew RP, Venkatesh SK. Imaging diffuse liver disease. Appl Ra-
diol. 2019;48:13-20.

3. Rinella ME, Lazarus ]V, Ratziu V, et al. A multisociety Delphi con-
sensus statement on new fatty liver disease nomenclature. Ann
Hepatol. 2024;29:101133.

4. Wattacheril J, Sanyal AJ. Lean NAFLD: an underrecognized outlier.
Curr Hepatol Rep. 2016;15:134-9.

5. Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease as a risk

factor for hepatocellular carcinoma: mechanisms and implications.
Gut. 2010;59:1303-7.

Radiol Bras. 2024;57:€20230125



Gupta A, et al. / Non-invasive hepatic fat quantification

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Rehm ]JL, Wolfgram PM, Hernando D, et al. Proton density fat-
fraction is an accurate biomarker of hepatic steatosis in adolescent
girls and young women. Eur Radiol. 2015;25:2921-30.

. Younossi ZM, Stepanova M, Negro F, et al. Nonalcoholic fatty liver

disease in lean individuals in the United States. Medicine (Balti-
more). 2012;91:319-27.

. Albhaisi S, Chowdhury A, Sanyal AJ. Non-alcoholic fatty liver dis-

ease in lean individuals. JHEP Rep. 2019;1:329-41.

. Ferraioli G, Soares Monteiro LB. Ultrasound-based techniques

for the diagnosis of liver steatosis. World ] Gastroenterol. 2019;
25:6053-62.

Park J, Lee JM, Lee G, et al. Quantitative evaluation of hepatic ste-
atosis using advanced imaging techniques: focusing on new quan-
titative ultrasound techniques. Korean J Radiol. 2022;23:13-29.
Stern C, Castera L. Non-invasive diagnosis of hepatic steatosis.
Hepatol Int. 2017;11:70-8.

Springer F, Machann ], Claussen CD. et al. Liver fat content de-
termined by magnetic resonance imaging and spectroscopy. World ]
Gastroenterol. 2010;16:1560-6.

Zhao YZ, Gan YG, Zhou JL, et al. Accuracy of multi-echo Dixon
sequence in quantification of hepatic steatosis in Chinese children
and adolescents. World ] Gastroenterol. 2019;25:1513-23.

Patil SB, Cannane S, Poyyamoli S, et al. Role of advanced MRI tech-
niques in the quantitative assessment of liver fat—a multimodality-
based comparative study of diagnostic performance in a tertiary
care institute. ] Gastrointestinal Abdominal Radiol. 2022;5:23-9.
Idilman IS, Ozdeniz I, Karcaaltincaba M. Hepatic steatosis: etiol-
ogy, patterns, and quantification. Semin Ultrasound CT MR. 2016;
37:501-10.

Zhang QH, Zhao Y, Tian SF, et al. Hepatic fat quantification of
magnetic resonance imaging whole-liver segmentation for assess-
ing the severity of nonalcoholic fatty liver disease: comparison with
a region of interest sampling method. Quant Imaging Med Surg.
2021;11:2933-42.

Kiihn JP, Meffert P, Heske C, et al. Prevalence of fatty liver disease
and hepatic iron overload in a northeastern German population by
using quantitative MR imaging. Radiology. 2017;284:706—16.
Hetterich H, Bayerl C, Peters A, et al. Feasibility of a three-step
magnetic resonance imaging approach for the assessment of he-
patic steatosis in an asymptomatic study population. Eur Radiol.
2016;26:1895-904.

Kuchay MS, Choudhary NS, Sharma D, et al. Diagnostic accuracy
and optimal cut-off of controlled attenuation parameter for the de-
tection of hepatic steatosis in Indian population. J Clin Exp Hepa-
tol. 2022;12:893-8.

Hines CDG, Frydrychowicz A, Hamilton G, et al. T| independent,
T,* corrected chemical shift based fat-water separation with multi-
peak fat spectral modeling is an accurate and precise measure of
hepatic steatosis. ] Magn Reson Imaging. 2011;33:873-81.

[)ev |

Radiol Bras. 2024;57:€20230125

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

Di Martino M, Pacifico L, Bezzi M, et al. Comparison of magnetic
resonance spectroscopy, proton density fat fraction and histological
analysis in the quantification of liver steatosis in children and ado-
lescents. World ] Gastroenterol. 2016;22:8812-9.

Yu EL, Golshan S, Harlow KE, et al. Prevalence of nonalcoholic fat-
ty liver disease in children with obesity. ] Pediatr. 2019;207:64-70.

. Szczepaniak LS, Nurenberg P, Leonard D, et al. Magnetic reso-

nance spectroscopy to measure hepatic triglyceride content: preva-
lence of hepatic steatosis in the general population. Am J Physiol
Endocrinol Metab. 2005;288:E462-8.

Bashir MR, Zhong X, Nickel MD, et al. Quantification of hepatic
steatosis with a multistep adaptive fitting MRI approach: prospective
validation against MR spectroscopy. AJR Am ] Roentgenol. 2015;
204:297-306.

Yokoo T, Shiehmorteza M, Hamilton G, et al. Estimation of hepatic
proton-density fat fraction by using MR imaging at 3.0 T. Radiology.
2011;258:749-59.

Hwang I, Lee JM, Lee KB, et al. Hepatic steatosis in living liver
donor candidates: preoperative assessment by using breath-hold
triple-echo MR imaging and 1H MR spectroscopy. Radiology. 2014;
271:730-8.

Georgoff P, Thomasson D, Louie A, et al. Hydrogen-1 MR spectros-
copy for measurement and diagnosis of hepatic steatosis. AJR Am J
Roentgenol. 2012;199:2-7.

Pasanta D, Htun KT, Pan ], et al. Magnetic resonance spectroscopy
of hepatic fat from fundamental to clinical applications. Diagnos-
tics (Basel). 2021;11:842.

Kukuk GM, Hittatiya K, Sprinkart AM, et al. Comparison between
modified Dixon MRI techniques, MR spectroscopic relaxometry,
and different histologic quantification methods in the assessment
of hepatic steatosis. Eur Radiol. 2015;25:2869-79.

Kiihn JP, Hernando D, Mufoz del Rio A, et al. Effect of multipeak
spectral modeling of fat for liver iron and fat quantification: correla-
tion of biopsy with MR imaging results. Radiology. 2012;265:133—
42.

Idilman IS, Aniktar H, Idilman R, et al. Hepatic steatosis: quantifi-
cation by proton density fat fraction with MR imaging versus liver
biopsy. Radiology. 2013;267:767-75.

Bhat V, Velandai S, Belliappa V, et al. Quantification of liver fat
with mDIXON magnetic resonance imaging, comparison with the
computed tomography and the biopsy. ] Clin Diagn Res. 2017;11:
TC06-TC10.

. Kang BK, Kim M, Song SY, et al. Feasibility of modified Dixon MRI

techniques for hepatic fat quantification in hepatic disorders: vali-
dation with MRS and histology. Br ] Radiol. 2018;91:20170378.
QuY, Li M, Hamilton G, et al. Diagnostic accuracy of hepatic pro-
ton density fat fraction measured by magnetic resonance imaging
for the evaluation of liver steatosis with histology as reference stan-
dard: a meta-analysis. Eur Radiol. 2019;29:5180-9.



