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B MAIN POINTS B ABSTRACT

This retrospective study analyzed a co-
hort of 666 individuals to establish com-
puted tomography (CT) density thresholds
for quantifying hepatic steatosis.

Patients were initially classified based on
the grade of hepatosteatosis determined
by ultrasound.

Subsequent CT density measurements of
the liver were performed to define precise
Hounsfield Unit (HU) ranges that can differ-
entiate between these steatosis grades.

A key anatomical finding was that Segment
I (the caudate lobe) demonstrated the high-
est attenuation values, identifying it as the
liver segment most resistant to fatty infil-
tration.

Aim: To determine the density ranges to evaluate the degree of hepatosteatosis on com-
puted tomography (CT) grades.

Materials and Methods: Patients who were diagnosed with hepatosteatosis by ultra-
sonography and those who subsequently underwent tomography were included in the
study. Measurements were made from each segment of the liver and the spleen in the
CT images of the graded groups. Liver/spleen density ratios were compared.

Results: In total 666 patients were included for evaluation in the present study.
Liver/spleen density ratios for Grade 1, Grade 2, and Grade 3 were 0.94 + 0.19, 0.70 %
0.16, and 0.37 £ 0.13, respectively. There was a statistically significant difference in the
Liver/spleen density ratios throughout all grades (p=.001). The cut-off value separating
Grade 1 and Grade 2 was calculated as 0.77, and the cut-off value separating Grade 2
and Grade 3 was calculated as 0.47. Segment 1, which had the least fat accumulation,
was significantly different from all the other segments.

Conclusion: In the present study, it was determined that both contrast-enhanced and
non-contrast-enhanced tomography can be used for the evaluation of hepatosteatosis.
However, contrast-enhanced tomography has been found to distinguish Grade 1 from
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B INTRODUCTION

Liver steatosis, or fatty liver, is the accumulation of triglyc-
erides in hepatocytes over time [1-4]. Hepatosteatosis is con-
sidered when 5% or more fat makes up its weight [S]. The
prevalence is quite high, affecting more than 16-31% of the
world’s population [3,6-8]. Hepatosteatosis is significant be-
cause it involves an inflammatory process that can lead to
chronic liver disease [2,4,7,8]. It is often diagnosed inci-
dentally during abdominal ultrasonography (US) examina-
tion [3].

Liver biopsy is considered the gold standard for diagnosing
and classifying hepatosteatosis [1,4,6,9,10]. However, it has
several disadvantages, such as being an invasive procedure, the
possibility of sampling error [1,4,6,10]. In cases of heteroge-
neous steatosis, a biopsy can yield misleading results [4]. For

these reasons, various imaging methods and laboratory para-
meters have been used to detect fat accumulation [4,9,10].

Ultrasonography is the most common diagnostic method be-
cause of its noninvasive nature, low cost, and absence of ion-
izing radiation [1,3,5,6,8,11]. The sensitivity for detecting
steatosis ranges from 60-94%, and the specificity ranges from
84-95% [1,5]. Sensitivity increases when steatosis is moderate
to severe [5,7]. However, the accuracy of diagnosis decreases
in patients with low fat accumulation (below 20%) [1,3-6,8].
The main disadvantage of US is that it is dependent on the op-
erator and the equipment used [1-4,7]. US can also be used to
grade the extent of steatosis [4-6,8,11-13].

Grade 1 (G1) steatosis is defined as a slight increase in liver
echogenicity compared with the adjacent renal parenchyma.
The borders of the intrahepatic vessels remain sharp. Grade
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2 (G2) steatosis is defined as a moderate increase in liver
echogenicity, accompanied by a reduction in the echogenic-
ity of the intrahepatic vascular structures and distortion of
the diaphragm contour. Grade 3 (G3) steatosis is defined as
amarked increase in liver echogenicity leads to blurring of the
diaphragm contour, inability to distinguish the vessel walls,
and difficulty in visualizing the posterior segments of the liver
[4,6,8,11-13].

The clinical utility of this nonquantitative ultrasonographic
assessment, which is based on operator-dependent echogenic-
ity increases, is controversial [4,11]. Computed tomography
reveals liver steatosis as a diffuse or heterogeneous decrease
in parenchymal density [1,8,11]. Increased fat accumulation
correlated with a greater decrease in density [1,3,4]. While the
accuracy of CT in detecting liver steatosis varies, its sensitiv-
ity is reported to be 93%, with a positive predictive value of
76% [2,7]. Although CT is very sensitive in detecting moder-
ate to severe steatosis, it is less effective for mild cases [7,11].
The use of non-contrast CT in clinical practice for detecting
liver steatosis [1,4,7,10,11]. Some studies suggest that mea-
surements taken during the portal venous phase in contrast-
enhanced CT are more specific than those in non-contrast CT
[14,15].

To assess liver steatosis, the liver parenchymal density, liver-
spleen density difference (L-S), or liver-spleen density ratio
(L/S) are measured [4,7,9,11]. The literature indicates that
in healthy individuals, liver parenchymal density on non-
contrast CT ranges from 45-65 hounsfield unit (HU), 50-57
HU, or 50-65 HU, with a liver density 8-10 HU higher than
the spleen density [3,4,16]. A liver density less than 40 HU
suggests presence of more than 30% steatosis [3,8]. One study
defined a normal L-S range as 1-18 HU, where patients with a
liver density of 48 HU and an L-S difference of -2 were iden-
tified as having moderate to severe steatosis [7]. Iwasaki et al.
determined the L/S ratio in patients with no or mild steatosis
to be approximately 1.184+0.091 and seta threshold of 1.1 for
distinguishing between mild and moderate to severe steato-
sis [9]. An L/S ratio less than 1 indicates hepatosteatosis [3].
Additionally, an L/S ratio less than 0.8 or an L-S difference
greater than 9 HU indicates more than 30% hepatosteatosis
[8].

Proton density fat fractionation MRI derivative (MRI-
PDFF) has emerged as the most prevalent method for fat
quantiﬁcation in recent years, as it facilitates simultaneous
whole organ imaging and organ tissue quantification. The
MRI-PDFF technique facilitates the evaluation of individ-
ual hepatic segments [17,18]. The Quantitative Imaging
Biomarkers Alliance (QIBA) MRI PDFF committee has pre-
sented data that confirms the accuracy of MRI in determining
fat fraction over a wide range [19].

The objective of this study was to ascertain the HU ranges that

facilitate grading by conducting density measurements on CT
images of patients diagnosed with hepatosteatosis via US.
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E MATERIALS AND METHODS

This study was approved by the Ethics Committee of Firat
University (date: 01.02.2024/ session number 02-37). Since
the study was retrospective and no personal data were used,
informed consent was not obtained. Patient lists were ob-
tained by searching the term "hepatosteatosis” in US reports
from our hospital database. To reduce operator variability,
only patients reported by a single radiologist were evaluated.
A total of 10,320 patients diagnosed with hepatosteatosis on
USG were included for analysis. A total of 1,504 patients who
underwent re-imaging were excluded from the study. The re-
maining patients were examined for the presence of CT im-
ages. CT imaging was available for 3,560 patients. Of these
patients, 2011 underwent a CT scan in close temporal prox-
imity to the US procedure (£2 Weeks). Patients were ex-
cluded from the study if they did not undergo equilibrium
phase imaging or if they underwent arterial phase imaging,
im cases with a lesion in the liver, and if the imaging field did
not include the entire liver or spleen. Patients suffering from
chronic liver parenchymal disease and known alcohol abuse
were also excluded from the study. The remaining 666 pa-
tients constituted the study cohort. Of these patients, 105
had contrast and non-contrast CT images obtained during
the same period. The images of 105 patients with contrast
and non-contrast imaging were dynamic images, and the non-
contrast and equilibrium phases were used in the examina-
tion. The selected patients were classified according to the
grades specified in their US reports.

The US assessments were conducted by a radiologist with 13
years of experience using a Philips Affiniti 50 device with a
convex probe at 6-2 MHz. Liver echogenicity was graded
based on the visibility of the vascular walls and diaphragm
contours (Figure 1).

CT examinations were performed via a 128-slice CT scan-
ner (Ingenuity Core 128; Philips Medical Systems, Best,
Netherlands). Regions of interest (ROI) measuring 100-150
mm® were placed separately in the 8 segments of the liver.
Three separate measurements were taken from the spleen
parenchyma (Figure 2). The averages of these measurements
were calculated, and the L/S ratios were determined. The
HU values of each segment were also recorded. When placing
the ROls, care was taken to avoid artefacts, and blood vessels.
In cases of heterogeneous density reductions, measurements
were taken from more hypodense areas.

Since our measurements were taken from both contrast-
enhanced and non-contrast images, we found that it was more
appropriate to use the L/S ratio for evaluation. To compare
the results of patients with both contrast-enhanced and non-
contrast imaging, we performed calculations on both sets of
images.

Statistical analysis

The data were analyzed via IBM SPSS 22.0 software (IBM
SPSS Corp.; Armonk, NY, USA). The descriptive statistics of

https://doi.org/10.5455/annalsmedres.2025.04.082


https://doi.org/10.5455/annalsmedres.2025.04.082

Kilicarslan G Original Article Ann Med Res 2025;32(9):394-400

¥ F#150 ¥ FH78

Abd Gen
c62
31Hz

RS

2
0%
DynR 55
P'Low

¥ Fo229

Figure 1. Liver US images according to grade. Grade 0 (A), Grade 1 (B), Grade 2 (C), Grade 3 (D).
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Figure 2. Placement of ROIs for computed tomography density measurement. (A) Axial CT image showing standard ROI placement in spleen and
liver segments 1, 3, 4b, 5, and 6. (B) A supplemental image showing ROI placement in liver segments 1, 2, 4a, 8, and 7. ROIs were positioned to avoid
visible vessels and bile ducts and to ensure representative sampling of parenchymal density.

the data are presented as the mean * standard deviation, me-  ues. The normal distribution of variables was assessed via the
dian (minimum-maximum), frequency, and percentage val-  Kolmogorov-Smirnov test. For the analysis of quantitative re-
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Figure 3. Comparison of age and L/S ratio of groups shown with a graph.

peated measures, the Friedman test was used, followed by the
Dunn-Bonferroni correction as a post-hoc test. For the anal-
ysis of independent quantitative measurements, the Kruskal-
Wallis test was used, followed by the Dunn-Bonferroni post-
hoc correction. ROC analysis was used to determine the
cutoff value, and the results are presented with the cutoff
value calculated based on the area under the curve (AUC) and
Youden index. A p value of 0.05 was considered statistically
significant.

B RESULTS

A total of 666 individuals, including 349 men and 317
women, met the inclusion criteria and were analyzed in the
study. The characteristics of the patients, categorized by
grade, are presented in Table 1. The average age of patients
in G1 was significantly different from those in G2 and G3
(p<.008). The L/S ratios for G1, G2, and G3 were 0.94 +
0.19, 0.70 £ 0.16, and 0.37 £ 0.13, respectively. There was a
statistically significant difference in the L/S ratios among all
the groups (p=.001) (Figure 3). A ROC analysis was con-
ducted to determine the threshold L/S values distinguishing
the groups. For G1-G2, the area under the curve (AUC) was
0.857, with a sensitivity of 86%, specificity of 71%, and cutoft
value of 0.77. For G2-G3, the AUC was 0.954, with a sensi-
tivity of 94%, specificity of 82%, and cutoft value of 0.47 (Fig-
ure 4).

The HU values for all eight liver segments were recorded
for each patient (Table 2). Segment 1 had the highest av-
erage value (66.72 HU), whereas segment 7 had the lowest
(58.65 HU). Comparisons revealed no significant difference
in HU values between segments 7-8 (p<.068), segments 5-6,

397

segments 4-3, segments 4-2, and segments 3-2 (p=1). Signifi-
cant differences were observed in other comparisons (p<.001).
Segment 1, which had the least fat accumulation, was signifi-
cantly different from all the other segments.

Additionally, 105 patients with both contrast-enhanced and
non-contrast abdominal CT scans taken within close time
frames or on the same day were classified by grade. Measure-
ments were taken from both types of CT scans to calculate
L/S values. Statistical comparisons of contrast-enhanced and
non-contrast CT data were made, and a ROC analysis was

Table 1. Characteristics of patients classified according to degree of
hepatosteatosis.

n

Total cases 666
Gender (male/female) 349/317
Age (mean) 51.62
Contrast CT/non-contrast CT 360/306

Grade 1 337
Gender (male/female) 164/173
Contrast CT/non-contrast CT 185/152

Grade 2 249
Gender (male/female) 134/115
Contrast CT/non-contrast CT 137/112

Grade 3 80

Gender (male/female) 51/29
Contrast CT/non-contrast CT 38/42
CT with and without contrast 105
Grade 1 48
Grade 2 47
Grade 3 10

https://doi.org/10.5455/annalsmedres.2025.04.082
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Figure 4. Determine the threshold L/S values separating the groups ROC analysis graphs. Areaunder the curve (AUC) for G1-G2 was 0.857 (A). AUC

for G2-G3 was 0.954 (B).
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Figure 5. ROC analysis graphs of contrast and non-contrast CT data of the same patient. (A) For Grade 1-2, (B) For Grade 2-3. In both graphs, the
AUC of contrast images is higher. L/S: Liver spleen HU ratio on noncontrast CT, CL/S: Liver spleen HU ratio on contrast enhanced CT.

Table 2. HU values of eight liver segments.

Liver segments  Minimum HU  Maximum HU  Mean HU S.td’.
Deviation

1 1 142 66.72 25.607
2 0 146 64.29 26.560
3 0 162 63.77 26.092
4 0 155 63.54 26.634
5 0 151 61.25 26.904
6 0 137 61.55 26.747
7 0 160 58.65 26.854
8 0 137 59.83 27.279

performed. The analysis of values from contrast-enhanced
and non-contrast-enhanced imaging revealed significant dif-

ferences between the groups. However, contrast-enhanced
images exhibited a higher degree of significance in distinguish-
ing G1 and G2 (L/S p .003, L/S with contrast p .001). In
the ROC analysis, the AUC for the G1-2 comparison was
0.695 for L/S and, 0.742 for L/S with contrast, indicating that
contrast-enhanced imaging was more discriminative (Table 3,
Figure 5).

Segment 1 was found to be the least affected by fat accumula-
tion. During the US evaluations, we observed focal, segmen-
tal, and lobar steatosis types. In the tomographic sections, lo-
bar and segmental fatty deposits were observed in the G1 and
G2 groups, while diffuse involvement was predominantly ob-
served in the G3 group. It was also noteworthy that fatty de-
posits were more prevalent in the central parts.

https://doi.org/10.5455/annalsmedres.2025.04.082
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Table 3. Comparison of measurements of patients who had CT scans with and without contrast.

L/S Contrast L/S
Mean HU Min-Max HU Std. Deviation Mean HU Min-Max HU Std. Deviation
G1 0.98 0.57-1.32 0.168 0.86 0.42-2.68 0.300
G2 0.85 0.39-1.16 0.165 0.73 0.50-0.96 0.109
G3 0.31 0.02-0.73 0.252 0.40 0.23-0.62 0.112
p p
G1-2 .003 .001
G1-3 .001 .001
G2-3 .001 .001
AUC %95 Confidence Interval AUC %95 Confidence Interval
G1-2 0.695 0.591 0.800 0.742 0.641 0.842
G2-3 0.962 0.910 1.000 0.985 0.954 1.000
B DISCUSSION steatosis [3,7].

Liver biopsy is the best diagnostic method for evaluating
hepatosteatosis. However, for the diagnosis of simple hep-
atosteatosis, more non-invasive methods should be used in-

stead of biopsy [6].

Hepatosteatosis is a condition that is common in all societies
and is often detected incidentally with US. US, which has high
sensitivity in detecting moderate and severe steatosis, has lim-
ited accuracy in detecting mild steatosis. Additionally, the
detection of mild steatosis is variable because of user depen-
dency. When there is less than 33% fat infiltration in the
biopsy sample, the sensitivity of US decreases [7,13].

In daily practice, abdominal CT jamges are taken with con-
trast. Non-contrast CT is recommended especially for hep-
atosteatosis.  Studies have shown that non-contrast and

contrast-enhanced shots have similar accuracy rates [10].

In the study conducted by Kim et al. with 179 liver donors,
contrast-enhanced CT was shown to be more successful than
non-contrast CT [15].

In the study conducted by Johnston et al., contrast-enhanced
CT detected hepatosteatosis with a sensitivity of 54-71% [10].

In this study, we performed measurements on existing CT im-
ages of patients with hepatosteatosis that we diagnosed and
graded with US and determined the threshold HU value that
separates the groups. We also performed measurements on
contrast and non-contrast CT images of the same patient and
examined which technique separated the groups better. Al-
though there are many studies in literature, the measurements
we made have not been made in any previous study.

Non-contrast CT is generally preferred because of contrast
material delivery methods and scanning timing problems. We
created our working groups by paying attention to this. Since
we used images with and without contrast, it would not be
correct to use only the liver HU value. Therefore, we used the
liver HU/spleen HU value.

Although CT has high accuracy in the diagnosis of moder-

ate and severe steatosis, it is not as sensitive in detecting mild

Iwasaki et al used various parameters to evaluate hepatosteato-
sis (L/S, BMI, GGTP, ALT, AST, Che, and T-CHO). These
authors reported that the L/S ratio was strongly associated
with steatosis. A single biopsy sample represents a very small
part of the liver and cannot represent the entire liver. There-
fore, CT allows the evaluation and measurement taken from

every part of the liver [9].

In our study, we found a significant difference in the L/S
values among the groups and calculated the threshold values
that separate the grades. When comparing images with and
without contrast, there was no significant difference in distin-
guishing G3 from G1 and G2, whereas CT with contrast was
more significant in distinguishing G2 from G1. When the
groups were compared, the area under the curve was greater
in contrast-enhanced images. Some studies have shown that
hepatosteatosis reduces hepatic blood flow [15]. This finding
may explain why fatty segments are more hypodense during
portal phase CT imaging. As a result, the increased fat lowers
the average density of the liver and delays its contrast enhance-
ment. In this case, we think that fatty segments become more
prominent.

In addition, CT allowed us to measure each segment sepa-
rately, and we found that segment 1 (Caudate lobe) had the
least steatosis and that segment 7 had the highest. During the
investigation, it was observed that the liver in patients G1 and
G2 was partially fatty rather than diftusely. Liver biopsy is per-
formed from the left lobe of the liver by a subcostal approach
or from segments 5-6 by an intercostal approach. Itis obvious
that it is difficult to perform a biopsy from segment 7, where
the most pronounced steatosis is seen. This finding suggests
that not all biopsies will show the degree of hepatic steatosis
with absolute certainty.

CT taken in the portal phase can detect hepatosteatosis with
the same or even greater accuracy than non-contrast CT [15].
Several cross-sectional studies have reported heterogeneous
steatosis among different lobes and segments. Research has
been conducted on the alterations in fat distribution in re-
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sponse to weight gain and loss [17,20]. In the study con-
ducted by Syvari et al. [17] with MRI-PDFF, mean liver and
segmental steatosis values were calculated. Segment 1 had the
least steatosis and segment 8 had the most. Segment 7 was the
second most steatotic segment. Our study showed similar re-
sults with this study. In our study, the second most steatotic
segment was 8 and the most diffusely steatotic segment was
7. We found very close results to MRI-PDFF measurements,
which is reported to give the most accurate results for steatosis
measurement in the literature. This also shows the accuracy
of our US evaluation.

Limitations

The current study is not without limitations. Due to the ret-
rospective nature of the study, it was not possible to obtain tis-
sue diagnosis for the cases. There were limited number of G3
cases. Additionally, laboratory data from the imaging period
were not available for each patient. It should be noted that
weight and height data were not available for most patients.

E CONCLUSION

As a result, hepatosteatosis is a disease of increasing concern.
US examinations are routinely used to determine the degree
of fatty liver disease detected on CT images obtained for vari-
ous reasons. MRI is not an easily accessible imaging modality.
In this study, we determined grade-separating thresholds for
grading hepatosteatosis detected on CT without the need for
USG or any other imaging technique. We believe that this ap-
proach will be useful for radiologists in grading and reporting
hepatosteatosis detected on CT and will eliminate the need
for additional imaging.
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