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Background: Accurate and early assessment of the hepatic fat content is crucial for patients with 
nonalcoholic fatty liver disease (NAFLD). For years, magnetic resonance imaging (MRI) has been considered 
the optimal noninvasive method for the assessment of fat accumulation. To avoid time-consuming manual 
placement of multiple regions of interest (ROI), the use of whole-liver segmentation has been proposed 
to measure liver fat, mainly for heterogeneous fat deposition. However, it remains uncertain whether the 
hepatic mean fat fraction (FF) obtained by whole-liver segmentation with the inclusion of intrahepatic 
vasculature is consistent with the traditional ROI sampling method. In this study, we assessed the accuracy of 
hepatic mean FF obtained by whole-liver segmentation in patients of NAFLD with different severities using 
the ROI sampling method as a reference standard.
Methods: Hepatic FFs were measured by whole-liver segmentation and the ROI sampling method 
(reference standard) using MRI scanning with the iterative decomposition of water and fat with echo an 
asymmetry at least-square estimation-iron quantification (IDEAL-IQ) sequence. SPSS version 25.0 software 
was used to analyze the correlation and consistency of data between the two methods.
Results: There was a strong correlation in hepatic FF between whole-liver segmentation and the ROI 
sampling method in healthy, mild, and moderate steatosis patients (r = 0.943, 0.990, and 0.961, respectively). 
Bland-Altman analysis showed a small bias of +0.50±0.27 and +0.05±0.30, which indicated a small 
overestimation when using whole-liver segmentation in healthy subjects and mild NAFLD patients. The 
95% limits of agreement ranged from +1.02 to –0.03, and from +0.65 to –0.55, respectively. However, a 
small bias of –0.96±0.77 was also evident, which indicated a small underestimation when using whole-liver 
segmentation in moderate NAFLD patients. The 95% limits of agreement ranged from +0.56 to –2.48.
Conclusions: Due to inclusion of the intrahepatic vasculature, whole-liver segmentation has some effects 
on hepatic FF assessment in patients with different NAFLD severities; yet, it does not significantly affect the 
assessment of whole-liver FF in MRI FF maps. 
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a condition 
caused by excessive triglyceride accumulation in the liver, 
which affects approximately 25% of the global population, 
mostly overweight or obese people. It is also the most 
common cause of chronic liver disease. It is closely related 
to type 2 diabetes mellitus, hypertension, metabolic 
syndrome, and increased risk of cardiovascular diseases 
(1,2). If diagnosed early, NAFLD can be successfully 
cured. Yet, if left untreated, it often results in nonalcoholic 
steatohepatitis, fibrosis (cirrhosis), and eventually leads to 
liver failure and even hepatic cell cancer (3). Therefore, 
accurate and early assessment of the hepatic fat content is 
crucial for patients with NAFLD.

Liver biopsy is considered the gold standard for assessing 
hepatic fat fraction (FF) that reveals a semiquantitative 
analysis of NAFLD; yet, it is an invasive approach that is 
not universally accepted by patients. Furthermore, only a 
small part of the liver is collected by biopsy, which may lead 
to sampling error, especially in patients with diffuse hepatic 
steatosis, which tends to be inhomogeneous throughout the 
liver (4). 

A magnetic resonance imaging (MRI) i terative 
decomposition of water and fat with an echo asymmetry 
at least-square estimation-iron quantification (IDEAL-
IQ) sequence can be used to accurately quantify hepatic fat 
deposition (5). This technique uses a 6-echo 3-point Dixon 
method to minimize T2* interference. It reduces the effects 
of fat peak multiplicity, signal-to-noise ratio deviation, 
and eddy currents on the results, making proton density 
in tissues the main factor affecting signal intensity (6). 
By using IDEAL-IQ, accurate and reliable whole hepatic 
FF can be automatically obtained without postprocessing 
or calculation by a single breath-hold scanning. A recent 
meta-analysis showed that IDEAL-IQ has high diagnostic 
accuracy in detecting and grading hepatic steatosis with 
histology as the reference standard, suggesting that IDEAL-
IQ can provide accurate quantification of hepatic steatosis 
in clinical trials and patient care (7). However, so far, no 
standards have been developed for using the hepatic FF 
region of interest (ROI) sampling in FF maps.

Hepatic steatosis tends to diffuse across the liver; however, 
its distribution may be uneven. Due to spatial heterogeneity 
in hepatic fat deposition, differences in the ROI sampling 
method can lead to fat quantification variability. Generally, 
sampling liver segments in both lobes and including a total 
surface area equal to or larger than 5 cm2 are used to provide 

a close estimate of the liver mean FF (1,8); however, this 
method is not easy to perform. To avoid time-consuming 
manual placement of multiple ROIs, the use of whole-liver 
segmentation has been proposed to assess liver fat, mainly if 
the fat deposition is heterogeneous (9-11). Still, it remains 
uncertain whether the hepatic mean FF obtained by whole-
liver segmentation due to the inclusion of intrahepatic 
vasculature is consistent with traditional ROI sampling 
methods. 

The aim of this study was to assess the accuracy of 
hepatic mean FF obtained by whole-liver segmentation 
in patients with different severities of NAFLD using the 
traditional ROI sampling method as a reference standard.

Methods 

Study population

This single-center, retrospective study included 1,818 patients 
who underwent upper abdominal MRI examination 
between January 2017 and December 2019. Of these 
patients, those who fulfilled at least 1 of the following 
criteria were excluded: age <18 years (n=8); a history of 
heavy drinking (alcohol consumption ≥30 g per week in 
men or ≥20 g per week in women in the last 10 years) (n=72); 
any clinical evidence of secondary causes of hepatic steatosis 
(n=73); evidence of other liver diseases (n=154), including 
viral hepatitis, autoimmune liver diseases, drug-induced 
liver injury, and so on; evidence of cirrhosis, malignant liver 
tumor, benign liver tumor (larger than two-thirds of each 
liver segment), liver posthepatectomy, decompensated liver 
diseases (n=984); no IDEAL-IQ sequence (n=128); poor 
image quality (poor signal-to-noise ratio or motion artifacts) 
(n=6); intrahepatic bile duct dilation (n=44). Finally,  
349 participants (159 men and 190 women) were included 
in the study.

The local ethical committee approved the study, and the 
written consent was provided by all participants.

MRI examinations

In this study, an MRI scanner (GE Medical Systems, Inc., 
Waukesha, WI, USA) with an 8-channel phased-array 
body coil was used. Before scanning, patients fasted for 4– 
6 hours and were trained to exhale and hold their breath 
for more than 20 seconds. The participants were examined 
in the supine position. A 3-plane localization imaging 
gradient-echo sequence was performed at the beginning of 
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acquisition. 
The IDEAL-IQ sequence and routine MRI Ax T1 fast 

spoiled gradient-recalled (FSPGR), Ax T2 fast-spine echo 
(FSE), diffusion-weighted imaging (DWI) sequence, and 
dual echo sequence were acquired. The MRI parameters 
were as follows: 3.0 T MRI IDEAL-IQ sequence: repetition 
time/time to echo (TR/TE) =6.9 ms/3.0 ms, slice thickness 
=10 mm, bandwidth =200 KHz, field of view (FOV) =36 cm  
× 36 cm, matrix =256×160, flip angle =3°, number of 
excitation (NEX) =1, breath holding for less than 24 s;  
1.5 T MRI IDEAL-IQ sequence: TR/TE =13.4 ms/4.8 ms, 
slice thickness =10 mm, bandwidth =125 KHz, FOV =36 cm 
× 36 cm, matrix =256×160, flip angle =5°, NEX =1, breath 
holding for less than 24 s; T1WI sequence: TR/TE = 
210 ms/2.4 ms; T2WI: TR/TE =8,571 ms/100 ms; 
dual echo sequence: TR =190 ms, TE =2, 4.3 ms; DWI 
sequence: TR/TE =7,500 ms/58 ms, NEX =4, b value 
=0, 600 s/mm2, FOV =42 cm × 42 cm. The images were 

processed using IDEAL Research software provided by the 
manufacturer (GE Healthcare, Waukesha, WI, USA) to 
generate water-phase, fat-phase, in-phase, out-phase, along 
with R2* and FF maps.

ROI sampling methods 

Hepatic FF was manually calculated using a circular ROI on 
the FF maps in an open-source vendor-neutral postprocessing 
platform (ISP, Philips Interspace Portal, Philips Healthcare, 
Amsterdam, Netherlands), and blood vessels, bile ducts, liver 
boundaries, and focal hepatic lesions were avoided. A total 
of 3 ROIs were placed in each of the 9 anatomical Couinaud 
liver segments (27 separate ROIs) (Figure 1A,B,C). Hepatic 
FFs in 27 ROIs were averaged to provide the mean hepatic 
FF. The hepatic FF protocol and ROI sampling method were 
based on a previous study (1). Similar to the previous study 
performed in Chinese populations (12), participants were 

Figure 1 Hepatic FF measurement with the ROI sampling method (A,B,C) and whole-liver segmentation (D) in a 27-year-old man. We 
placed 3 ROIs in each of the 9 anatomical Couinaud liver segments (27 separate ROIs) while avoiding major vessels, bile ducts, and liver 
edges. The whole hepatic tissue was semiautomatically traced on FF maps. The hepatic FFs (%) were 29.7 and 27.7, respectively. FF, fat 
fraction; ROI, region of interest.
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categorized into 4 groups: healthy (hepatic FF <5%), mild 
(5%≤ hepatic FF ≤14%), moderate (14%< hepatic FF ≤28%), 
or severe (hepatic FF >28%) steatosis.

Whole-liver segmentation 

On the image signal processor (ISP) post-processing 
platform, the software algorithm (multimodality tumor 
tracking, MMTT) defined the liver’s margins in 3 dimensions, 
and the whole hepatic tissue was semiautomatically traced 
on FF maps. If the margins needed tweaking, the operator 
made corrections; if margins were included within the liver 
segmentation contours, the main portal vein, inferior vena 
cava, and the gallbladder were manually removed. Then, 
hepatic tissue was segmented, and the whole hepatic FF was 
automatically calculated (Figure 1D). 

Inter- and intraobserver variability

A total of 43 patients were selected between January 2017 
and April 2017, and the data were measured independently 
by radiologists A and B (with 10 and 7 years of experience 
in abdominal imaging MR diagnosis, respectively). A week 
later, radiologist A carried out a second measurement of the 
same images to evaluate intraobserver data’s repeatability. 
Finally, radiologist A completed the remaining data 
measurement. Both radiologists were blinded to the 
grouping. 

Statistical analysis 

All data were analyzed using SPSS version 25.0 (IBM Corp., 
Armonk, NY, USA). The Shapiro-Wilk test was used to 
test the normality of the variables. Normally distributed 
data are expressed as means ± standard deviations, and 
nonnormally distributed data are expressed as medians and 
ranges (25th, 75th percentiles). Nominal data are expressed 
as a percentage. The intraclass correlation coefficient (ICC) 
was used to check the 2 observers’ consistency: ICC value 
<0.4 indicated poor consistency, while ICC value >0.75 
indicated good consistency. Bland-Altman plots assessed the 
consistency between different methods. When parameters 
were normally distributed, Pearson’s correlation coefficient 
was used; otherwise, Spearman’s correlation coefficient was 
applied. Correlation coefficients were interpreted as follows: 
weak, 0–0.4; moderate, 0.4–0.7; strong, 0.7–1.0. Scatter 
plots were generated to visualize the correlation between 
hepatic FF of different methods. Furthermore, absolute 

differences for hepatic FF were calculated. A two-tailed  
P value <0.05 was considered statistically significant.

Results 

A total of 349 patients were included in the study. The 
participants’ age, gender, height, weight, and body mass 
index (BMI) are shown in Table 1. Regular liver fat content 
was found in 223 participants (63.90%), whereas 97 
(27.79%), 27 (7.74%), and 2 participants (0.57%) had mild, 
moderate, or severe steatosis, respectively. 

Consistency analysis

The data consistency is shown in Table 2. The intraobserver 
and interobserver ICC values in whole-liver segmentation 
were 0.998 and 0.999, respectively. The intraobserver and 
interobserver ICC values in the ROI sampling method 
were 0.998 and 0.999, respectively. All ICC values were 
>0.9, which indicated good interobserver and intraobserver 
agreement.

Correlation and Bland-Altman analysis

The hepatic FF (%) of whole-liver segmentation and the 
ROI sampling method in healthy participants were 3.10 
(2.50, 3.90) and 2.56 (2.01, 3.28) respectively, and a strong 
correlation in hepatic FF was found between the two 
methods (r=0.943, P<0.001). The hepatic FF (%) of whole-
liver segmentation and the ROI sampling method in mild 
steatosis patients was 7.80 (6.30, 10.00) and 7.71 (6.25, 
10.00), respectively, which showed a strong correlation in 
hepatic FF between the two methods (r=0.990, P<0.001). 
The hepatic FF (%) of whole-liver segmentation and the 
ROI sampling method in moderate steatosis patients was 
17.00 (14.30, 22.37) and 18.03 (15.15, 22.37), respectively, 
which showed a strong correlation in hepatic FF between 
two methods (r=0.961, P<0.001) (Figure 2). The detailed 
measurements are shown in Table 3.

Bland-Altman analys i s  showed a  smal l  b ias  of 
+0.50±0.27 and +0.05±0.30, which indicated a small 
overestimation by semiautomatic segmentation in healthy 
participants and mild NAFLD patients, respectively. The 
95% limits of agreement ranged from +1.02 to –0.03, 
and from +0.65 to –0.55, respectively. However, a small 
bias of –0.96±0.77 was revealed, which indicated a small 
underestimation by semiautomatic segmentation in 
moderate NAFLD patients. The 95% limits of agreement 
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Table 1 General characteristics of the study population

Parameter
Healthy  

(mean hepatic FF, <5%)
Mild steatosis  

(mean hepatic FF, 5–14%)
Moderate steatosis  

(mean hepatic FF, >14%)

No. of participants 223 97 29

Sex

Male 195 51 13

Female 128 46 16

Age, years 58.00 (50.00, 66.00) 57.24±12.07 53.00±14.28

Weight, kg 67.00 (60.00, 75.00) 75.12±11.34 78.71±13.15

Height, m 1.65 (1.60, 1.74) 1.70 (1.62, 1.75) 1.68±0.12

BMI, kg/m2 23.83 (21.96, 26.33) 26.43±2.51 27.81±2.31

ALT, U/L 24.00 (15.00, 54.00)* 31.00 (18.00, 46.00) 24.00 (15.00, 36.00)

AST, U/L 22.00 (18.00, 36.00)* 21.00 (17.00, 29.00) 22.00 (15.00, 25.00)

Hypertension, n (%) 69 (30.94) 39 (40.21) 9 (31.03)

Diabetes, n (%) 0 (0) 27 (27.84) 29 (100.00)

Antihypertensive treatment, n (%) 68 (30.49) 38 (39.18) 9 (31.03)

Diabetes treatment, n (%) 0 (0) 14 (14.43) 29 (100.00)

Alcohol use, n (%) 13 (5.83) 2 (2.06) 1 (3.45)

Current smoking, n (%) 24 (10.76) 2 (2.06) 2 (6.90)

*, missing 1 participant’s data. FF, fat fraction; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase. 

Table 2 Measurement consistency of two observers

Methods N Radiologist A1 Radiologist A2
ICC value 

(intraobserver)
Radiologist B

ICC value 
(interobserver)

Hepatic FF of whole-liver 
segmentation (%)

43 4.10 (2.85,6.90) 3.90 (2.65, 7.10) 0.998 3.90 (2.70, 7.15) 0.999

Hepatic FF of ROI sampling 
method (%)

43 3.36 (2.31, 6.79) 3.73 (2.51, 6.58) 0.998 3.63 (2.62, 6.67) 0.999

ICC, the intraclass correlation coefficient; FF, fat fraction; ROI, region of interest.

ranged from +0.56 to –2.48 (Figure 3).

The over- and underestimation of the degree of hepatic 
steatosis of whole-liver segmentation

As shown in Table 4, the number of healthy, mild, and 
moderate steatosis participants were 223, 97, and 29, 
respectively, according to the traditional ROI sampling 
method, and the number of healthy, mild, and moderate 
steatosis participants were 213, 110, and 26 according to 
whole-liver segmentation. Thus, 10 healthy participants 

were incorrectly classified into the mild steatosis group, 
while 3 moderate steatosis patients were incorrectly 
assigned to the mild fatty liver group.

Discussion 

This study evaluated the accuracy of hepatic FF using 
whole-liver segmentation compared to the traditional 
ROI sampling method. Our results revealed an excellent 
agreement and correlation between the two methods. 
There was a slight overestimation of hepatic fat content 
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Figure 2 The correlation in hepatic FF between whole-liver segmentation and ROI sampling method. (A) Healthy subjects; (B) mild 
NAFLD; (C) moderate NAFLD. *, Spearman’s correlation coefficient. FF, fat fraction; ROI, region of interest; NAFLD, nonalcoholic fatty 
liver disease.

Table 3 Correlation of whole-liver segmentation and the ROI sampling method

Hepatic steatosis severity HFF of whole-liver segmentation (%) HFF of ROI sampling method (%) r P value

Healthy (n=223) 3.10 (2.50, 3.90) 2.56 (2.01, 3.28) 0.943 <0.001

Mild (n=97) 7.80 (6.30, 10.00) 7.71 (6.25, 10.00) 0.990 <0.001

Moderate (n=29) 17.00 (14.30, 22.37) 18.03 (15.15, 22.37) 0.961 <0.001

ROI, region of interest; HFF, hepatic fat fraction.

in healthy people and mild NAFLD patients using whole-
liver segmentation [bias (%) =+0.51±0.27 and +0.05±0.30, 
respectively]. However, hepatic fat content was slightly 
underestimated in moderate NAFLD patients [bias (%) 
=−0.96±0.77]. In our study, 10 healthy participants were 
incorrectly classified into the mild steatosis group, and  
3 moderate steatosis patients were incorrectly assigned to 
the mild fatty liver group.

For years, MRI has been considered the optimal 
noninvasive method for the assessment of fat accumulation. 
Previous studies have quantified the FF by chemical shift 
imaging (CSI) technology using a declining degree of MR 
signal on the out-phase image (12,13); still, its accuracy 

has been affected by multiple factors, including T1 value, 
T2 value, and heterogeneity of fat proton. As a gold 
standard approach of fat quantification, MR spectroscopy 
(MRS) provides high safety and accuracy for hepatic fat 
quantification (14); when the fat content is low, its sensitivity 
is high. Nevertheless, the traditional MRS requires long 
postprocessing time, patient respiratory coordination, and 
sampling errors associated with a low spatial resolution. In 
addition, skill and knowledge are necessary for its accurate 
performance and spectroscopy data analysis (12). The MRI 
IDEAL-IQ has an advantage in quantifying liver fat content 
compared to MRS. With a low flip angle to suppress the 
T1 effects and multi-echo acquisition correction of the 
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T2 effects, the IDEAL-IQ sequence offers more accurate 

modeling for measuring triglyceride fat content (15). 

Serai et al. (16) suggested that the estimation of hepatic 

FF with MRI using multipoint Dixon techniques is highly 

reproducible across readers, field strengths, and imaging 

platforms. Thus, in the present study, data in 2 different 
field strengths were analyzed together.

Typically, hepatic FF estimation is obtained by ROI 
sampling methods, which include single-ROI (17,18), 
multiple-ROI sampling of the right hepatic lobe (19,20), 
and multiple-ROI sampling of both lobes (21-23). Even 
so, an uneven spatial distribution of liver fat may lead to an 
inaccurate assessment of FF. Previous studies have observed 
lower FF in the left hepatic lobe and higher FF in the right 
lobe, attributed to preferential shunting of fatty mesenteric 
blood toward the right portal vein and shunting of splenic 
blood toward the left portal vein (12,21). Therefore, ROI 
location may affect liver mean FF estimation, which may 
be overestimated when the right lobe is exclusively or 
predominantly sampled. It has been recommended that 
hepatic fat content quantification based on MRI FF maps 
should sample each liver segment and include a total surface 
area equal or larger than 5 cm2 to provide a close estimate 
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Figure 3 Bland-Altman plots. (A) Bland-Altman plot showing a bias of +0.50% with a 95% limit of agreement ranging from +1.02% to 
–0.03% in healthy participants. (B) Bland-Altman plot showing a bias of +0.05% with a 95% limit of agreement ranging from +0.65% to 
–0.55% in mild NAFLD. (C) Bland-Altman plot showing a bias of –0.96% with a 95% limit of agreement ranging from +0.56% to –2.48% 
in moderate NAFLD. NAFLD, nonalcoholic fatty liver disease.

Table 4 Steatosis categorization by using whole-liver segmentation 
versus traditional ROI sampling method 

Whole-liver 
segmentation

Traditional ROI sampling method
Total

Healthy Mild Moderate

Healthy 213 0 0 213

Mild 10 97 3 110

Moderate 0 0 26 26

Total 223 97 29 349

ROI, region of interest.
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of the hepatic mean FF (1). 
The estimation of hepatic mean FF requires whole-

liver segmentation, especially automated or semiautomated 
segmentation methods. These approaches not only 
overcome sampling errors due to steatosis heterogeneity 
but also save time (24). Stocker et al. (25) evaluated the 
performance of an automated workflow of hepatic FF with 
automated inline liver volume segmentation. This approach 
was proven to be very useful for patients with and without 
hepatic steatosis. Yet, in cases with iron overload and post-
hemihepatectomy, extrahepatic areas were erroneously 
included to a greater extent, resulting in the overestimation 
of hepatic FF. 

In this study, we observed excellent agreement and 
correlation between whole-liver segmentation and ROI 
sampling methods in different NAFLD patient grades. 
Our data indicated that inclusion of the intrahepatic 
vasculature with the whole-liver segmentation method had 
a slight effect on assessing mean hepatic FF, which caused a 
minor overestimation in healthy and mild hepatic steatosis 
patients, and a minor underestimation in moderate hepatic 
steatosis patients. However, it did not meaningfully impact 
the assessment of whole-liver FF in MRI FF maps, thus 
suggesting that whole-liver segmentation methods for 
assessing hepatic FF in MRI FF maps may not be necessary 
to exclude intrahepatic vasculature. Our results were 
similar to those of Vu et al., who reported that whole-liver 
segmentation was correlated with traditional ROI sampling 
methods (r=0.975) in a cohort of 35 patients with a mean 
hepatic FF of 2.1–32.5% (8). In addition, Kim et al. (11)  
evaluated the hepatic fat deposition using a free-drawn 
ROI measurement, which covered nearly the entire liver 
at 3 different levels (including the confluence of the right 
hepatic vein, the umbilical portion of the left portal vein, 
and the posterior branch of the right portal vein) along the 
liver margin in 156 patients (54 steatosis patients and 102 
non-steatosis patients). They assumed that this method 
could be considered a new reference standard for MR fat 
quantification instead of MRS. In our study, participants 
were divided into different groups according to the degree 
of hepatic steatosis to accurately evaluate the degree of 
over and underestimation of hepatic steatosis of whole-
liver segmentation in a larger sample size. Considering 
there have been no studies on hepatic steatosis assessment 
of whole-liver segmentation in FF map with a large patient 
cohort, our results showed that this method enables 
accurate hepatic fat quantification.

Our results also showed that 10 healthy participants were 

incorrectly classified into the mild steatosis group, while 3 
moderate steatosis patients were incorrectly assigned to the 
mild fatty liver group. This suggested that when the liver 
fat content is near the critical value of mild and moderate 
hepatic steatosis, the two methods should be used to avoid 
over- and underestimating the degree of hepatic steatosis.

This study had several limitations. First, this was a 
retrospective study with a small sample size (particularly for 
patients with moderate or severe NAFLD), which might 
have generated some bias. Only 2 participants had severe 
steatosis, so the accuracy of whole-liver segmentation to 
evaluate severe steatosis was not analyzed separately. Our 
results should be further verified by a large-scale prospective 
validation study in a more general population. Second, we 
did not correlate our hepatic FF with histopathology or 
MRS as the standard of reference because the assessment of 
diagnostic accuracy of IDEAL-IQ sequence was not within 
the range of this study and had been previously validated. 
Moreover, biopsy and MRS samples included only a small 
fraction of the liver volume and might have led to sampling 
errors. Third, the study was limited to the use of software 
and a concrete MR scanner (GE Medical Systems). Finally, 
we did not compare the time spent by the analysts using the 
two different methods.

In conclusion, our findings demonstrated that the whole-
liver segmentation method has some effect on assessing 
hepatic FF in different severities of NAFLD due to the 
inclusion of the intrahepatic vasculature, which does not 
significantly impact whole-liver FF assessment in MRI FF 
maps. These data suggest that whole-liver segmentation of 
assessing hepatic FF in MRI FF maps may not be necessary 
to exclude intrahepatic vasculature.
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