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Abstract 

Background Hepatocellular carcinoma (HCC) is the fifth most frequent cancer on the world. Fat accumulation within 
hepatocytes is known as hepatic steatosis. In recent years, research has found that people with non-alcoholic fatty 
liver disease have a higher chance of developing HCC. The LI-RADS® (Liver Imaging Reporting and Data System) was 
created to facilitate consistent reporting of imaging findings in patients at risk of HCC. The aim of this study was to see 
how hepatic fat fraction affects the LI-RADS major HCC features on magnetic resonance imaging (MRI).

Results All HCCs (92/92; 100%) showed arterial phase hyperenhancement (APHE); however, a significant association 
between hepatic steatosis and late APHE was found. Encapsulation was observed in 51 HCC (55.4%); in hepatic steato-
sis patients 17 HCC (37.8%) displayed enhancing capsule in delayed phase of the study, compared to 34 HCC (72.3%) 
in non-steatotic patients. The HCC size ranged from 11 to 200 mm (Mean 42.2 ± 51.8 mm) in the hepatic steatosis 
group; however, in patients with negative hepatic steatosis the size ranged from 13 to 205 (Mean 62.9 ± 54.5 mm).

Conclusions Hepatic steatosis had a significant association with absent enhancing capsule, late arterial enhance-
ment, as well as a lesion size less than 50 mm. “Fat sparing in solid mass” and "non-enhancing capsule" ancillary 
features had a significant association with hepatic steatosis, while “mild–moderate T2 hyperintensity” and “fat in mass, 
more than adjacent liver” ancillary features had a significant association with absent hepatic steatosis.
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Background
Hepatic steatosis, also known as simple steatosis, is a 
reversible disease in which big vacuoles of triglyceride 
fat deposit in hepatocytes. In spite of its many causes, 
fatty liver is regarded as a singular disease which affects 

people all over the world who drink too much alcohol or 
are obese. It is difficult to tell the difference between alco-
holic fatty liver disease (AFLD) and non-alcoholic fatty 
liver disease (NAFLD) because both have microvesicu-
lar and macrovesicular fatty changes at differing stages 
[1]. The gold standard for liver histological tests is a liver 
biopsy; however, it is an aggressive technique that is hard 
to repeat. Furthermore, this technique only obtains a 
small portion of the liver, which may result in sampling 
bias [2]. An increased number of researches have found 
moderate-to-strong associations between MR measure-
ments and steatosis measurements in biopsy histological 
Sections [3].

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide. Cirrhosis is a key risk 
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factor for the development of HCC, especially cirrho-
sis caused by chronic viral hepatitis and alcoholic cir-
rhosis [4]. According to recent studies, patients with 
NAFLD have an increased chance of developing HCC. 
Because HCC can occur in NAFLD without hepatic 
fibrosis or cirrhosis, it is unclear who should be evalu-
ated for HCC when the traditional risk indicators are 
not present [5]. In oncology, assessing the therapeutic 
approach normally necessitates tissue sampling before 
the diagnosis of malignancy. Hepatocellular carci-
noma (HCC), on the other hand, is an exception since 
imaging can be employed to determine a noninvasive 
diagnosis in these high-risk populations [6]. Hepato-
cellular carcinoma (HCC) has been well described in 
terms of its imaging characteristics in individuals with 
liver cirrhosis. On contrast-enhanced imaging, hyper-
enhancement during the arterial phase and a subse-
quent washout during the enhancement phase serve 
as the primary diagnostic indicators. When both of 
these characteristics are met, the diagnosis of HCC 
can be made with high levels of certainty, eliminating 
the need for a second confirming tumor biopsy. But 
these standards were not explicitly created for HCCs 
that arise in people with non-alcoholic steatohepa-
titis; instead, they were designed for HCCs in people 
with liver cirrhosis [7]. The LI-RADS was employed to 
enhance standardization and agreement in the accu-
racy, interpretation, and reporting of liver CT and 
MRI in patients at high risk for developing HCC. The 
LI-RADS classifies the nodules found on computed 
tomography (CT) or MRI into 5 categories from I to V: 
definitively benign, possibly benign, intermediate like-
lihood of being HCC, probably HCC, and definitively 
HCC [8].

The aim of this study was to see how hepatic fat frac-
tion affects the LI-RADS major HCC features on MRI.

Methods
Patient selection
Between January 2020 and December 2020, a retrospec-
tive search was conducted to find all patients with HCC 
who underwent a magnetic resonance imaging (MRI) of 
the liver at the radiology department of our institution. 
Inclusion criteria included: (1) MRI of the liver included 
at least dynamic contrast-enhanced series and in- and 
opposed phase sequence and (2) hepatic focal lesion with 
MRI characteristics consistent with HCC. The first search 
resulted in a total of 125 patients. We excluded six indi-
viduals because they did not have in- and opposed phase 
imaging, and 27 patients had hepatic focal lesions that 
were not definitive hepatocellular carcinoma (LIRADS-
M). A total of 92 cases with MRI characteristics consist-
ent with HCC (LIRADS V) who had a liver MRI scan 
were eventually included in the research. The LI-RADS 
major HCC features were used to make the HCC diag-
nosis. The local ethical and institutional review boards 
gave their approval to this study. The institutional review 
board waived the necessity for written informed consent 
because of the retrospective methodology of the study.

MRI protocol
All patients underwent dynamic MRI of the liver using 
Philips 1.5 Tesla MRI scanner (Achieva). The gradient 
strength of the magnet was 45 mT/m, with a maximum 
gradient slope of 200  T/m/s. The following sequences 
(illustrated in Table 1) were obtained in all of the included 
studies: T2-W turbo spin echo (TSE) with fat suppres-
sion, ultra-fast spin echo (UFSE), single-shot turbo spin 
echo (SSH-TSE), unenhanced in-phase and out-of-phase 
T1-WI, and fat-suppressed 3D volumetric interpolated 
breath hold gradient-echo sequences before and after 
intravenous gadolinium chelate injection. The images 
were taken with the patients in a supine position. To 

Table 1 MR imaging parameters

Variable Plane T2 TSE Transverse T1 in-phase Transverse T1 out-of-phase 
Transverse

T2 UFSE 
Transverse and 
coronal

T1 3D THRIVE Transverse

Repetition time (ms) 1000 6.41–110 6.41–110 1000–1200 3.90–4.23

Echo time (ms) 88–121 2.56–4.77 1.28–2.39 89–95 1.48–2.03

Flip angle (°) 180 9–10 9–10 150 9–14

Fat suppression Spectral No No No Spectral

Slice thickness (mm) 4.5–5 3–7.5 3–7.5 4.5–6 2.2

Intersection gap (mm) 0 0–1 0–1 0–1 0

Number of slices 24 24–80 24–80 19–24 72–120

Matrix size 256–320 × 256–384 320–352 × 182 320–352 × 182 256 × 198 320–384 × 234–240

Number of signal averages 1 1 1 1 1

Acquisition time (second) 150–320 19–28 19–28 24–26 17–23
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achieve perfect registration between related pictures, in-
phase and out-of-phase sequences were obtained using 
a dual echo technique. A dynamic series using 3 dimen-
sions fat-sat T1-W gradient echo sequence (THRIVE, i.e., 
T1 high-resolution isotropic volume examination) was 
performed, and it consisted of precontrast images fol-
lowed by 4 post-contrast series after intravenous admin-
istration of gadopentetate dimeglumine  (MAGNEVIST®) 
at a dose of 0.1-mmol/kilogram. The study performed 
at 19–21  s intervals, encompassing early and late arte-
rial phases, and portal phase. After that, 5-min delayed 
phase imaging is performed. With parallel acquisition 
(GRAPPA or controlled aliasing in parallel imaging 
resulting in greater acceleration factor [CAIPIRINHA]), 
a partial Fourier reconstruction (6/8) was employed, 
with an acceleration factor of 2 or 4. Fat suppression was 
achieved using the spectral selective attenuated inversion 
recovery (SPAIR) method. The 3D THRIVE acquisitions 
had done at the end of expiration while in suspended 
respiration.

MR image analysis
Multireader MRI review
Using a standardized form, two radiologists with expe-
rience in abdominal radiology independently assessed 
HCC features and characteristics of hepatic parenchyma 
using the available Picture archiving and communication 
system (PACS); one radiologist had 10  years of experi-
ence in abdominal radiology, and the other radiologist 
had 7  years of experience at the time of the study. The 
two radiologists were not given data about the patients 
to reduce review bias. Consensus was used to establish 
an agreement. A standard data collecting form was used 
to tabulate qualitative and quantitative information for 
all patients. Any available previous studies were reviewed 
for follow-up. HCC features evaluated according to LI-
RADS v2018 included: major HCC features: (non-rim 
APHE, non-peripheral contrast washout, enhancing 
tumor capsule, size, threshold growth), ancillary features 
favoring malignancy: (corona enhancement, subthresh-
old growth, mild–moderate T2 hyperintensity, restricted 
diffusion, fat sparing in solid mass), ancillary features 
favoring HCC: nodule-in-nodule architecture, blood 
products in mass, non-enhancing tumor capsule, mosaic 
architecture, fat in mass more than adjacent liver. In the 
case of lesions with suspiciously high T1 signal, digital 
subtraction was utilized to evaluate post-contrast images. 
A peripheral enhancing ring on portal venous or delayed 
phases was characterized as a tumor capsule. Readers 
assess for enhancing “capsule” in the portal venous and 
delayed phases of the study. The radiologists used cali-
pers in the axial plane to estimate tumor size obtained 
during the portal phase.

Hepatic cirrhosis
The radiologists looked at hepatic morphology for MRI 
abnormalities that could indicate liver cirrhosis. Surface 
irregularity, left lobe hypertrophy, caudate lobe hypertro-
phy, right lobe atrophy and widened inter-lobar fissure, 
as well as 2ry signs of portal hypertension (PHTN) such 
as enlarged spleen, ascites, and porto-systemic collater-
als, were used to grade cirrhotic hepatic features.

Fat signal fraction (FS%) calculation
Another observer determined the hepatic fat signal frac-
tion, on the in- and opposite phase pictures. In the pos-
terior right hepatic lobe a region of interest (ROI) was 
applied at a single position, while avoiding tumor bearing 
areas, large vascular structures, artifact, or partial volume 
effects. In all cases, the ROIs were 1 cm in size. The for-
mula: Fat fraction = [(SIP-SOP)/2*SIP)] was used to com-
pute the hepatic FS fraction, where SIP stands for mean 
signal on in-phase images and SOP stands for mean sig-
nal on opposite phase images. Hepatic steatosis grades: 
(none (< 5%), mild (5–< 15%), moderate (15 – < 30%), and 
severe (≥ 30%)) [9, 10].

We categorize patients into two groups: (1) HCC with 
hepatic steatosis group: if there is MR evidence of hepatic 
steatosis (Hepatic FS % ≥ 5%). (2) HCC with no hepatic 
steatosis group: no MR evidence of hepatic steatosis 
(Hepatic FS % < 5%).

Statistical analysis
The Statistical Package of Social Science Software appli-
cation, version 25, was used to enter data and do statis-
tical analysis (IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.). For quantitative data, 
mean and standard deviation were used, whereas for 
qualitative variables, frequency and percentage were 
used. The chi-square or Fisher’s exact tests were used 
to compare groups on qualitative factors, whereas the 
Mann–Whitney test was used to compare groups on 
quantitative variables. To evaluate the relationship 
between distinct ordinal or quantitative variables, Spear-
man correlation coefficients were computed. Statistical 
significance was defined as a P value of less than or equal 
to 0.05.

Results
A total of 92 patients ranging in age from 15 to 80 years 
old were involved in the study (Mean ± SD = 60 ± 9.6), 
72 were males representing 78.3% of the total number of 
patients, and 20 were females representing 21.7% of the 
total number of patients.

The hepatic fat fraction ranged from 0 to 41.7 
(Mean ± SD = 5.8 ± 7.2) in all patients. In patients with 
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positive hepatic steatosis the hepatic fat fraction ranged 
from 5.1 to 41.7 (Mean ± SD = 10.6 ± 6.7). In patients 
with negative hepatic steatosis the hepatic fat fraction 
ranged from 0 to 4.8 (Mean ± SD = 0.8 ± 1.4).

We classified hepatic steatosis into the following 
grades: Hepatic steatosis grades: (none (< 5%), mild 
(5–< 15%), moderate (15 – < 30%), and severe (≥ 30%)) 
(Table 2).

Clinical and pathologic findings
The clinicopathological characteristics of all patients 
were presented in Table 3.

Comparison between positive and negative hepatic ste-
atosis patients according to the presence of major HCC 
features (Fig. 1) (Table 4):

On arterial phase imaging, all HCC (92/92; 100%) dis-
played hyperenhancement when compared to the sur-
rounding hepatic parenchyma. However, it was found 
that late APHE had a significant association with hepatic 
steatosis with p value 0.000.

On portal phase and/or delayed phase imaging, 87 
HCC (94.6%) showed contrast washout. In the patients 
with positive hepatic steatosis 41 HCC (91.1%) displayed 
delayed contrast washout, compared to 46 HCC (97.9%) 
in negative hepatic steatosis patients. The result was not 
statistically significant with P value 0.175.

The enhancing capsule feature was observed in 51 HCC 
(55.4%) (Fig.  2). In the patients with positive hepatic 

Table 2 Hepatic steatosis grades

None Fatty liver

45 (48.9%)

Mild Moderate Severe

47 (51.1%) 34 (37.0%) 9 (9.8%) 2 (2.2%)

Table 3 Clinical and pathological data

Chi-square test (unless otherwise mentioned) is used to determine the difference between steatotic and non-steatotic groups as regards clinical data

*Fisher’s exact test

**Independent sample t test

#Mann–Whitney U test

Fatty liver (n = 45) Non-fatty liver (n = 47) p value

Age (year), mean ± SD, range 60.7 ± 8.3 (40–80) 59.4 ± 10.6 (15–77) 0.931

Sex

Male 38 (84.4) 34 (72.3) 0.159

Female 7 (15.6) 13 (27.7)

Risk factors

HBV 13 (28.9) 15 (31.9) 0.753

HCV 30 (66.7) 28 (59.6) 0.481

Alcohol intake 0 (0) 3 (6.4) 0.242*

Clinical and laboratory data

Duration of symptoms (months); median (IQR) 14 (8.5.-17.5) 12 (8–18) 0.503#

HTN 28 (62.2) 28 (59.6) 0.795

DM 27 (60) 29 (61.7) 0.867

BMI (kg/m2), mean ± SD 33.7 (± 4) 32.5 (± 4.5) 0.181**

Elevated α-fetoprotein level 18 (40) 24 (51.1) 0.287

Elevated alanine transaminase (ALT) level 13 (28.9) 25 (53.2) 0.018

Elevated aspartate transaminase (AST) level 11 (24.4) 23 (48.9) 0.015

Fig. 1 A graph showing the difference between positive and 
negative hepatic steatosis patients according to the presence of 
major HCC features



Page 5 of 12Osman et al. Egypt J Radiol Nucl Med           (2023) 54:34  

steatosis 17 HCC (37.8%) displayed enhancing capsule 
(Figs. 3 and 4), compared to 34 HCC (72.3%) in negative 
hepatic steatosis patients. The result was statistically sig-
nificant with P value 0.001.

The mean size of HCC was 52.8 ± 53.9 mm. In patients 
with positive hepatic steatosis, the size ranged from 
11 to 200  mm (Mean 42.2 ± 51.8  mm). In patients with 
negative hepatic steatosis, the size ranged from 13 to 205 
(Mean 62.9 ± 54.5 mm).

The threshold growth feature was observed in 17 HCC 
(18.5%). In the patients with positive hepatic steatosis 11 
HCC (24.4%) displayed threshold growth, compared to 6 
HCC (12.8%) in negative hepatic steatosis patients. The 
result was not statistically significant with P value 0.149.

As concluded, hepatic steatosis had a significant asso-
ciation with absent enhancing capsule, late arterial 
enhancement, as well as a lesion size > 50 mm.

Comparison between positive and negative hepatic 
steatosis patients according to the presence of ancillary 
features favoring malignancy (Table 4):

Fat sparing in solid mass ancillary feature had a sig-
nificant association with hepatic steatosis, while “mild–
moderate T2 hyperintensity” ancillary feature (Figs. 3, 5 

and 6) had a significant association with absent hepatic 
steatosis.

Comparison between positive and negative hepatic 
steatosis patients according to the presence of ancillary 
features favoring HCC (Table 4):

“Non-enhancing capsule” ancillary feature (Fig. 5) had 
a significant association with hepatic steatosis, while “fat 
in mass, more than adjacent liver” ancillary feature had a 
significant association with absent hepatic steatosis.

Correlation of steatosis degree with LI-RADS major 
and ancillary HCC features (Table 5):

A positive relationship was found between “enhancing 
capsule,” “lesion’s size,” “mild–moderate T2 hyperinten-
sity” and “restricted diffusion” features with increased 
hepatic steatosis grade.

Comparison between positive and negative hepatic ste-
atosis patients according to the presence of liver cirrhosis 
(Table 6):

All of the patients had signs and symptoms of liver 
cirrhosis.

Comparison between positive and negative hepatic ste-
atosis patients according to the presence of portal venous 
thrombosis:

Table 4 Comparison between positive and negative hepatic steatosis patients according to the presence of LI-RADS major and 
ancillary features

Characteristics Total Hepatic steatosis p value

Positive Negative

Major HCC features

Non-rim APHE Early 48 (52.2%) 14 (31.1%) 34 (72.3%) 0.000

Late 44 (47.8%) 31 (68.9%) 13 (27.7%)

Non-peripheral “washout” No 5 (5.4%) 4 (8.9%) 1 (2.1%) 0.175

Portal 42 (45.7%) 17 (37.8%) 25 (53.2%)

Delayed 45 (48.9%) 24 (53.3%) 21 (44.7%)

Enhancing capsule 51 (55.4%) 17 (37.8%) 34 (72.3%) 0.001

Size (mm) < 50 62 (67.4%) 37 (82.2%) 25 (53.2%) 0.003

50 or more 30 (32.6%) 8 (17.8%) 22 (46.8%)

Threshold growth 17 (18.5%) 11 (24.4%) 6 (12.8%) 0.149

Ancillary features favoring malignancy

Corona enhancement 8 (8.7%) 3 (6.7%) 5 (10.6%) 0.714

Threshold growth 14 (15.2%) 10 (22.2%) 4 (8.5%) 0.067

Mild–moderate T2 hyperintensity 74 (80.4%) 32 (71.1%) 42 (89.4%) 0.027

Restricted diffusion 70 (76.1%) 34 (75.6%) 36 (76.6%) 0.907

Fat sparing in solid mass 5 (5.4%) 5 (11.1%) 0 (0%) 0.025

Ancillary features favoring HCC

Non-enhancing “capsule” 7 (7.6%) 7 (15.6%) 0 (0%) 0.005

Nodule-in-nodule architecture 6 (6.5%) 2 (4.4%) 4 (8.5%) 0.677

Mosaic architecture 9 (9.8%) 3 (6.7%) 6 (12.8%) 0.486

Fat in mass, more than adjacent liver 31 (33.7%) 7 (15.6%) 24 (51.1%) 0.000

Blood products in mass 6 (6.5%) 1 (2.2%) 5 (10.6%) 0.204
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Portal vein thrombosis was found with 27 HCC 
(29.3%). In the patients with positive hepatic steatosis, 
portal vein thrombosis was found with 12 HCC (26.7%), 
compared to 15 HCC (31.9%) in negative hepatic stea-
tosis patients. The result was not statistically significant 
with P value 0.581.

Interobserver agreement
The interobserver agreement was evaluated using 
Cohen’s kappa coefficient (Table  7). Cohen suggested 
the Kappa result be interpreted as follows: values ≤ 0 as 
indicating no agreement and 0.01–0.20 as none to slight, 
0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as 
substantial, and 0.81–1.00 as almost perfect agreement.

Discussion
The most common type of primary malignant tumor of 
the liver is HCC. Small HCC in a nodular liver is diffi-
cult to detect and characterize in sometimes. According 
to established recommendations and criteria, hepatocel-
lular carcinomas are identified at cross-sectional imaging 

by APHE and washout in the portal venous or delayed 
phases. Although APHE is apparent against a low den-
sity steatotic liver, washout can be harder to identify. Fat 
suppression post-contrast sequences on MR imaging 
can cause similar problems. It is consequently critical 
to recognize fatty changes in the hepatic parenchyma in 
precontrast images. In some circumstances, image sub-
traction could be beneficial. As a result, standard HCC 
diagnostic guidelines may not be appropriate in a fatty 
liver [11].

Though NAFLD-associated HCC, which might be con-
sidered as another etiology of chronic hepatic disease, 
was not studied in this research, the presence of fatty 
liver might impact the HCC contrast washout irrespec-
tive of the etiology of chronic hepatic disease [12]. To 
determine if NAFLD impacts the accuracy of noninvasive 
image-based diagnosis of HCC, more studies with more 
patients are required.

Another factor to consider is that ultrasound is usually 
used as the first modality used for surveillance in indi-
viduals at high risk of HCC. Obesity frequently hinders 

Fig. 2 A 70-year-old male patient with moderate cirrhosis and a single HCC lesion in segments IV and VIII of his liver. A Early arterial phase, B late 
arterial phase, C portal phase, D delayed phase E T2WI, F in-phase gradient echo, G opposed phase gradient echo. The lesion elicits moderate 
high T2 signals and shows early non-rim APHE and non-peripheral contrast washout. Mild amount of ascites is present. Hepatic fat fraction: 0% (no 
steatosis). Major HCC features: non-rim APHE (early), non-peripheral “washout,” size = 8 × 8.8 cm and delayed enhancing capsule can be seen “arrow” 
in this patient (non-steatotic group)
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the thoroughness of ultrasonography examinations in 
patients with hepatic steatosis. According to del Poggio 
et al. [13], a BMI of more than 25 leads to a failure of US 
test of the liver, so computed tomography or magnetic 
resonance imaging are frequently performed to inves-
tigate the liver. Our research could be beneficial since it 
depicts the MRI features of HCC in patients with hepatic 
steatosis.

In our study that included 92 patients, we found that 
HCC in steatotic liver appeared as a hepatic focal lesion 
with arterial hyperenhancement. Most notably, we 

reported that 28 (62.2%) HCC in patients having hepatic 
steatosis might not show the “enhancing capsule” feature. 
Previous studies have linked a lack of contrast washout 
or enhancing tumoral capsule on MRI to a higher grade 
of hepatic fat deposition in individuals with NAFLD [12].

The mean greatest dimension of HCC nodules in fatty 
liver group was 42.2 ± 51.8  mm, while the mean largest 
diameter of HCC nodules in non-fatty liver group was 
62.9 ± 54.5 mm. Min et al. [12] observed a median diam-
eter of HCC of 30 mm in both fatty and non-fatty liver 
groups in their research of 566 individuals.

Fig. 3 A 64-year-old male patient with moderate cirrhosis and multiple HCC lesions. A Late arterial; B delayed phase; C diffusion-weighted 
images, showing a small focal lesion (HCC) at the left lobe segment II with early non-rim APHE and restricted diffusion. D Late arterial, E delayed 
phase, F ADC image obtained 3 months later showing enlargement of the lesion. G In-phase gradient echo, H opposed phase gradient echo 
images showing Hepatic fat fraction: 17.2% (moderate steatosis). Major HCC features: Non-rim APHE (late) “Please note the absence of the delayed 
enhancing capsule in this case.” Ancillary HCC features favoring malignancy: restricted diffusion, subthreshold growth “Unequivocal size increase of a 
mass, less than threshold growth”
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In the current study, all HCC (92/92; 100%) showed 
APHE. All HCC (100%) showed hyperenhancement in 
the research by Al-sharhan et al. [7], which comprised 
30 patients with non-alcoholic steatohepatitis (NASH). 
In Thompson et al. [5], research of 48 individuals with 
NAFLD and APHE was seen in 45 of the 48 partici-
pants (93%). Hypervascular nodules were seen in all 16 
patients in Iannaccone et  al. [14] investigation which 
comprised 16 individuals with NAFLD (100%). How-
ever, these studies included patients with NAFLD/
NASH and not just those with hepatic steatosis.

The fatty liver group had significantly higher rate 
of late APHE compared to the non-hepatic steato-
sis group, late APHE was observed in 31 HCC (31/45; 
68.9%) in the hepatic steatosis group patients, and in 
the non-fatty liver group late APHE was found in 13 
HCC (13/47; 27.7%).

In our research, we discovered that 4 HCC (8.9%) in 
patients with hepatic steatosis did not exhibit the “wash-
out” feature in the portal venous or delayed phases of 
the study, compared to one (2.1%) in the non-fatty liver 
group. This was in consistent with the results revealed 
by Min et al. [12], where the rates of absence of washout 
appearance on MRI were similar in the fatty liver and 
non-fatty liver groups (22.9% [28/122] vs. 25.6% [92/360], 
p = 0.565), whereas in the CT studies a significant dif-
ference was found between both groups. Iannaccone 
et al. [14] revealed absent contrast washout in only 2/16 
HCC (13%) in patients with NAFLD. Of interest, in the 
research by Thompson et  al. [5] that involved 48 indi-
viduals with NAFLD, HCC showed contrast washout in 
38/48 patients (79%). In the study by Al-sharhan et al. [7], 
12/30 HCC nodules (40%) in patients with NASH did not 
show the “washout” feature.

Fig. 4 A 59-year-old male patient with moderate cirrhosis and single HCC lesion at segment VI. A Early arterial phase, B delayed phase, C T2 WI, D 
in-phase gradient echo, E opposed phase gradient echo. The lesion elicits mild high T2 signals and shows early non-rim APHE and non-peripheral 
contrast washout. Moderate amount of ascites is present. Hepatic fat fraction: 7.3% (mild steatosis). Major HCC features: non-rim APHE (early), 
non-peripheral “washout” (early) and size = 2.3 × 2.5 cm. Ancillary HCC features favoring malignancy: mild T2 hyperintensity. Please note the 
absence of the delayed enhancing capsule in this case
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In our study, the hepatic steatosis group had signifi-
cantly lower rate of enhancing tumor capsule compared 
with the non-hepatic steatosis group, enhancing capsule 
was observed in 17 HCC (17/45; 37.8%) in the hepatic 
steatosis group patients, in the non-hepatic steatosis 
group enhancing capsule was found in 34 HCC (34/47; 
72.3%). In the study by Al-sharhan et  al. [7], enhancing 
capsule was found in 18 HCC (18/30; 60%) in patient 
underwent MRI. Similar findings were revealed by Ian-
naccone et  al. [14] who reported enhancing tumor cap-
sule in 15/22 HCC (68%) in patients with NAFLD. In the 
study by Thompson et  al. [5], HCC showed encapsula-
tion in 34/48 patients (71%) with NAFLD. Tumor capsule 
was found in 43/103 HCC (41.7%) in the Rimola et  al. 
[15] research, in which no patients had NASH, and was a 
highly specific.

Feature of HCC (96.5% specificity). It is obvious that 
the frequency of tumor capsule in HCC varies signifi-
cantly between studies, depending on ethnicity and the 
type of the underlying illness.

In the current research, a higher proportion of HCCs 
displayed high T2W signal in patients with no hepatic 

steatosis; 42 HCC (42/47; 89.4%), compared to 32 
HCC (32/45; 71.1%) in hepatic steatosis patients. In the 
research by Thompson et  al. [5], the majority of HCCs 
(88%) in NAFLD patients were T2W hyperintense. Our 
findings, on the other hand, diverge with those of Iannac-
cone et  al. [13], where all tumors 22/22 HCC (100%) in 
NAFLD patients were T2 hyperintense.

It was also found that the hepatic steatosis group had 
significantly higher rate of “fat sparing in solid mass” fea-
ture compared to non-hepatic steatosis group, fat sparing 
was observed in 5 HCC (5/45; 11.1%) in the hepatic stea-
tosis group patients, while in the non-hepatic steatosis 
group no HCCs 0 (0%) showed fat sparing.

Also, intratumoral fat was displayed in 7 HCC (7/45; 
15.6%) in the fatty liver group, with a significant differ-
ence in comparison to the non-fatty liver group where 24 
HCC (24/47; 51.1%) showed intralesional fat. In the study 
by Al-sharhan et  al. [7], intratumoral fat was found in 
11/21 HCC (52%) in patients with NASH. In the research 
done by Rimola et al. [15], intratumoral fat was detected 
in 43/103 HCC (41.7%) in a population of liver cirrhosis 
patients and no NASH.

Fig. 5 A 54-year-old male patient with mild cirrhosis and single HCC at segment V. A Late arterial phase, B delayed phase, C T1 WI, D T2 WI, 
E in-phase gradient echo, F opposed phase gradient echo. The lesion elicits low T1 and mild high T2 signals and shows non-rim APHE and 
non-peripheral contrast washout. Hepatic fat fraction: 25.7% (moderate steatosis). Major HCC features: non-rim APHE (late), non-peripheral 
“washout” (late) and size = 2 × 2.2 cm. Ancillary HCC features favoring malignancy: mild T2 hyperintensity. Ancillary features favoring HCC in 
particular: non-enhancing capsule. The hepatic fat fraction in this case was measured at segment V instead of segment VII to avoid the areas of 
artifact
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In the current study, a higher proportion of HCCs 
showed non-enhancing capsule in patients with hepatic 
steatosis; 7 HCC (7/45; 15.6%), while in the non-hepatic 
steatosis group no HCCs 0 (0%) showed non-enhancing 
capsule.

As regards the impact of the degree of fatty liver on the 
major and ancillary HCC features, the “enhancing cap-
sule,” “mild–moderate T2 hyperintensity,” and “restricted 
DWI” features are less commonly seen in cases of mod-
erate to severe hepatic steatosis than in those of mild 
hepatic steatosis. Our study also showed that HCCs tends 
to be of a smaller size as the hepatic steatosis degree 
increased.

Fig. 6 A 40-year-old male patient with moderate cirrhosis and a single HCC lesion in segments VIII, VII, V, and IV. A Early arterial phase, B delayed 
phase C T2WI, D diffusion WI E ADC map, F in-phase gradient echo, G opposed phase gradient echo H in-phase gradient echo measuring the fat 
fraction within the lesion, I opposed phase gradient echo measuring the fat fraction within the lesion.The lesion elicits moderate high T2 signals 
with restricted diffusion and shows early non-rim APHE and non-peripheral contrast washout. Hepatic fat fraction: 5.8% (Mild steatosis). Major HCC 
features: non-rim APHE (early), non-peripheral “washout” (late) and size = 13.5 × 14.5 cm. Ancillary HCC features favoring malignancy: Moderate T2 
hyperintensity, restricted diffusion and fat sparing in solid mass “Relative paucity of fat in solid mass relative to steatotic liver”: (fat fraction in the 
lesion = 0%)

Table 5 Correlation of steatosis degree with LI-RADS major and 
ancillary HCC features

r Spearman correlation coefficient

*Spearman correlation test

Steatosis 
grade

Hepatic fat 
fraction %

r P* r P*

Major HCC features

Non-peripheral “washout” − 0.169 0.268 − 0.186 0.220

Enhancing “capsule” − 0.441 0.002 − 0.219 0.149

Size (mm) − 0.331 0.026 − 0.264 0.080

Threshold growth − 0.093 0.543 0.072 0.640

Ancillary features favoring malignancy

Corona enhancement − 0.151 0.322 − 0.206 0.175

Subthreshold growth 0.052 0.733 − 0.012 0.936

Mild–moderate T2 hyperintensity − 0.454 0.002 − 0.370 0.012

Restricted diffusion − 0.308 0.039 − 0.327 0.029

Fat sparing in solid mass 0.153 0.317 0.060 0.696

Ancillary features favoring HCC

Non-enhancing “capsule” 0.164 0.282 0.038 0.805

Nodule-in-nodule architecture − 0.122 0.425 − 0.008 0.957

Mosaic architecture − 0.151 0.322 0.021 0.893

Fat in mass, more than adjacent liver − 0.107 0.483 − 0.033 0.829

Blood products in mass − 0.085 0.578 0.093 0.544

Table 6 Comparison between positive and negative hepatic 
steatosis patients according to presence liver cirrhosis

Characteristics Total Hepatic steatosis p value

Positive Negative

Liver cirrhosis

Mild 31 (33.7%) 14 (31.1%) 17 (36.2%) 0.189

Moderate 36 (39.1%) 19 (42.2%) 17 (36.2%)

Severe 25 (27.2%) 12 (26.7%) 13 (27.7%)
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The study has some limitations. Of these, two main lim-
itations are the retrospective aspect of the study, which 
leads to inclusion bias, as well as the small number of 
study population. Furthermore, to quantify hepatic stea-
tosis, the hepatic FS % was utilized, and there are known 
limitations to this method. However, because the ratio of 
fat fraction rather than absolute fat measurement is used, 
hepatic FS percent is less susceptible to changes in MRI 
technique over time. Furthermore, we did not undergo a 
comprehensive imaging–pathologic correlation to iden-
tify MRI characteristics associated with tumor grade and 
the effect of tumor fat fraction on MRI signal intensity 
fluctuation on Dixon images. Lastly, further prospective 
investigations are necessary to assess the true efficacy of 
MRI as a screening modality in individuals with hepatic 
steatosis.

Conclusions
As regards to the major HCC features, we concluded 
that hepatic steatosis had a significant association with 
absent enhancing capsule, late arterial enhancement, as 
well as a lesion size less than 50 mm. As regards to the 
ancillary HCC features, we concluded that “Fat sparing 
in solid mass” and “non-enhancing capsule” ancillary 
features had a significant association with hepatic stea-
tosis, while “mild–moderate T2 hyperintensity” and 
“fat in mass, more than adjacent liver” ancillary features 
had a significant association with absent hepatic stea-
tosis. In conclusion, the findings of our retrospective 

study are coincide with a recent retrospective studies 
demonstrated that “enhancing capsule” feature of HCC 
was less frequently observed in patients with hepatic 
steatosis compared to non-hepatic steatosis patients. In 
our study, we have compared the MRI features of HCC 
in patients with hepatic steatosis to those in patients 
without hepatic steatosis. Our findings imply that exist-
ing imaging criteria for the noninvasive characteriza-
tion of HCC in individuals with hepatic steatosis should 
be utilized with care.
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