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Abstract 

Background:  Hepatic steatosis has been shown to worsen the course of liver disease in chronic hepatitis C (CHC) 
patients, and it may reduce the efficacy of antiviral therapy and accelerate disease progression. In this cross-sectional 
study, we aimed to evaluate the role of multidetector computed tomography and magnetic resonance imaging (MRI) 
in the quantitative assessment and grading of hepatic steatosis to evaluate the association between hepatic steatosis 
and fibrosis in Egyptian genotype 4-CHC (G4-CHC) patients.

Results:  Histopathological hepatic steatosis was found in 70.3% of 155 patients. No correlation was found between 
the CT ratio and pathological hepatic steatosis. Proton density fat fraction, T1-fat fraction, and fat percentage corre-
lated with histological steatosis grading (r = 0.953, p < 0.001; r = 0.380, p = 0.027 and r = 0.384, p = 0.025, respectively). 
An agreement between steatosis grading by histology and 1H-MRS was found in 74.2% of patients. Compared to 
other MRI modalities, proton density fat fraction had the highest area under the receiver operating characteristic 
curve (AUC), with 0.910, 0.931, and 0.975 for mild, moderate, and severe steatosis, respectively. The cutoff with the 
best ability to predict steatosis was > 4.95 for a proton density fat fraction (AUC = 0.958) with 95.8% sensitivity, 90% 
specificity, 78.5% positive predictive value, and 96.1% negative predictive value.

Conclusion:  1H-MRS had good diagnostic performance in predicting hepatic steatosis in G4-CHC patients, and 
hence, it may offer a useful noninvasive quantitative modality for grading steatosis with clinical applicability, especially 
in those where a liver biopsy cannot be done.
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Background
Intracellular fat accumulation (steatosis) is a common 
feature in different liver diseases [1]. Steatosis is the his-
tological hallmark of non-alcoholic fatty liver disease 
(NAFLD) but also may occur with alcohol abuse, viral 
hepatitis, HIV and genetic lipodystrophies, and chemo-
therapy [2]. Studies have shown that 5–15% of patients 
with NAFLD present with established cirrhosis on liver 

biopsy [3, 4] and about 5% of individuals with isolated 
steatosis eventually developed cirrhosis [5].

Hepatic steatosis is so frequent histological feature 
(30–70%) among chronic hepatitis C (CHC) patients 
compared with patients with other chronic hepatitis that 
it is considered of diagnostic significance [6, 7]. Hepatic 
steatosis has been shown to worsen the course of liver 
disease in CHC patients, and it may reduce the efficacy of 
antiviral therapy and accelerate disease progression [8, 9]. 
Furthermore, steatosis reduces hepatocellular functional 
reserve and contributes to postoperative hepatic fail-
ure after liver transplantation or resection [8]. Previous 
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reports suggest that HCV infection changes the expres-
sion profile of lipid metabolism-associated factors in the 
liver and lipid accumulation in hepatocytes may be due 
to a direct effect of HCV, especially genotype 3 (G3) [10, 
11]. Insulin resistance and steatosis are independent pre-
dictors of impaired response to antiviral treatment in 
chronic hepatitis C [10]. Thus, assessment of hepatic ste-
atosis in CHC patients for clinical care requires not only 
diagnosis but also grading of its severity.

Non-targeted percutaneous liver biopsy with direct 
histological visualization is the current gold standard 
to diagnose hepatic steatosis. However, liver biopsy is 
an invasive maneuver with a lack of representation of 
the whole liver in a few samples. Moreover, most of the 
diffuse liver diseases are inherently heterogeneous ren-
ders biopsy suffering from sampling variability [12]. For 
measuring hepatic steatosis and reducing unneeded liver 
biopsy, multidetector computed tomography (MDCT) 
and magnetic resonance imaging (MRI) are noninvasive 
tools that allow both qualitative and quantitative assess-
ment of fat content [13]. Previous studies investigated 
the quantification of hepatocellular lipid content (HCL) 
using MRI and MDCT in G3-CHC patients [14, 15]. 
The highest prevalence of HCV infection is present in 
Egypt, with the majority of patients (92.5%) infected with 
genotype 4 (G4) [16]; therefore, in this study, we aimed 
to evaluate the role of MDCT and MRI in the quantita-
tive assessment and grading of hepatic steatosis in Egyp-
tian G4-CHC patients also to evaluate the association 
between hepatic steatosis and fibrosis.

Methods
Patients
Between February 2015 and June 2018, a single-center 
cross-sectional study included 200 treatment-naive 
G4-CHC patients, who were candidates to receive anti-
viral therapy, recruited from Internal Medicine and 
Tropical Medicine clinics in our institution. They had to 
be between 18 and 70  years old and scheduled for liver 
biopsy. CHC was identified as persistent or intermittent 
elevation in alanine transaminase (ALT) or aspartate 
transaminase (AST) levels for more than 6 months with 
the presence of anti-HCV antibodies and positive serum 
HCV RNA [17].

Patients with evidence of alcohol abuse, diabetes melli-
tus, HBV co-infection, HIV co-infection, liver cell failure, 
hepatic focal lesions, splenectomy, any contraindication 
for MRI, e.g., the presence of a cardiac pacemaker, any 
contraindication for CT such as pregnancy or any con-
traindication of the liver biopsy were excluded from the 
study.

A total of 200 G4-CHC patients were consecutively 
recruited to this study. Forty-five patients were excluded 

as follows: eight patients had claustrophobia for MRI 
examination, 17 patients had newly discovered hepatic 
focal lesions and 20 patients refused a liver biopsy. The 
remaining 155 G4-CHC patients completed all the study 
examinations and statistical analysis, and their datasets 
were available as shown in Fig. 1.

The study was approved by our institutional ethi-
cal committee and was conducted in accordance with 
the provisions of the Declaration of Helsinki. Written 
informed consent was obtained from participants before 
enrolment.

Clinical and diagnostic workup
At study entry, a thorough medical history and physical 
examination were taken for data collection: age, gender, 
body mass index (BMI), co-morbidities, and severity of 
the liver disease. Blood samples were collected for labora-
tory investigations included complete blood count, liver, 
and kidney function tests. The studied patients under-
went abdominal ultrasonography to exclude hepatic focal 
lesions and for guiding non-targeted percutaneous liver 
biopsy. Both MDCT and MRI were done, and then, liver 
biopsy was done within a short time interval (less than 
15  days) under local anesthesia according to standard 
procedures.

Imaging modalities
All the patients underwent MDCT and MRI examination 
of the liver in the radiology department at our institution. 
No iodinated or gadolinium-based contrast agents were 
used. The diagnosis was confirmed for all the patients by 
percutaneous liver biopsy.

Technique
MDCT
All patients were examined in the supine position using 
16 multidetector rows CT scanner (GE Lightspeed, 
GE Healthcare). No special preparation was needed. 
The non-contrast scan was obtained to cover the upper 
abdomen with the following parameters: 120  kV and 
350  mAs, with 0.5 s rotation time and 1.375 pitch. Then, 
data were reconstructed at 2.5 mm slice thickness at 2.5-
mm intervals.

MRI
All patients were examined in the supine position using 
a 1.5  T magnet (Achieva, Philips Healthcare, the Neth-
erlands) and SENSE Torso XL coil. No special prepara-
tion was needed. A compression belt was used to reduce 
respiratory motion. The following sequences cover the 
upper abdomen: (1) axial T2-weighted turbo spin echo 
(T2W_TSE)((time to repetition [TR] 405 msc, time to 
echo [TE] 80  ms, flip angle 90°, matrix 256 × 162, field 
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of view [FOV] 375 mm, slice thickness 7 mm, gap 1 mm, 
number of signal average 1, scan time 13  s), (2) axial 
selective adiabatic inversion recovery (SPAIR); fat sup-
pressed images (time to repetition [TR] 520msc, time 
to echo [TE] 80  ms, flip angle 90°, matrix 256 × 162, 
field of view [FOV] 375  mm, slice thickness 7  mm, gap 
1  mm, number of signal average 1, scan time 13  s), (3) 
the dual-echo axial breath-hold T1-based gradient echo 
(GRE) imaging (in-phase/out-of-phase, IP/OP) routinely 
used for estimating liver fat (repetition time of 128  ms; 
echo time of 6.9  ms for OP images and 4.6  ms for IP 
images; flip angle, 80°; section thickness, 7  mm; matrix 
size, 192 × 188; FOV, 375  mm), (4) single-voxel proton 
(1H) MR spectroscopy (1H-MRS) using point-resolved 
spectroscopy (PRESS) with long TR values after auto-
matic shimming and it was acquired during free breath-
ing. A localization voxel of 20 × 20 × 20 mm3 in the right 
hepatic lobe (V, VI, or VII segments) while avoiding 
large vessels, bile ducts, and liver edges (with a margin of 
1–2 cm) in all three anatomic planes on the scout images. 
MRS data were obtained during single breath holding. 
The other scan parameters were as follows: TE, 30  ms; 
TR, 4000 ms; bandwidth, 1000 Hz; the number of acqui-
sitions, two; water suppression, off; and acquisition time, 
8 s, and (v) diffusion-weighted imaging (DWI), transverse 
echoplanar. Parallel imaging was performed with SENSE 
technology. Multiple breath-hold techniques were done, 

each lasting 20 s, and were performed to cover the entire 
liver and the typical acquisition time was 80 s. b values of 
0, 300, 600 s/mm2 were used.

Analysis of images
Two radiologists with 18 and 10  years of experience 
in radiology revised the results of the MDCT and MRI 
blinded to the results of the liver histopathologic evalu-
ation. All measurements were taken by both radiologists 
independently; then, one value was taken in consensus 
for each analysis.

1.	 Unenhanced CT, a qualitative estimation of liver fat 
is performed by comparing the attenuation of the 
liver with that of the spleen. For fat quantification, 
both hepatic attenuation measurement in Houns-
field units and calculation of the hepatic attenuation 
index using region-of-interest (ROI) measurement 
of hepatic and splenic attenuation. A liver-to-spleen 
attenuation ratio of ≤ 1.1 was used to assess hepatic 
steatosis [18].

2.	 Dual-echo T1-GRE imaging utilizes the difference 
in the resonance frequency of protons in water and 
protons in fat to detect and measure hepatic fat con-
tent by signal intensities measured in corresponding 

Fig. 1  Low chart of the patients enrolled in the present study
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regions of interest on IP and OP images. An internal 
reference (spleen) was used to correct the hepatic 
signal intensity values. The hepatic fat fraction is cal-
culated by comparing the signal intensities on IP and 
OP images [19, 20].

where SIP is the net hepatic signal on IP images and 
SOP is the net hepatic signal on OP images.

where SIP is the ratio of hepatic signal intensity to 
splenic signal intensity on IP images and SOP is the 
ratio of hepatic signal intensity to splenic signal 
intensity on OP images.

3.	 Frequency-selective fat saturation
	 The fraction of relative signal intensity loss on the 

T2-weighted image without fat suppression (FS) and 
with a T2-weighted image with FS calculated as fol-
lows [21]

4.	 Proton [1H] MR spectroscopy (1H-MRS)
	 Postprocessing of raw data from MRS was done using 

a vendor postprocessing package software. Manual 
phase adjustment was used, as well as the spec-
tral shift of the display before integration. Lipid and 
water peak integral areas were obtained at set fre-
quency limits and then corrected for relaxation. The 
total hepatic triglyceride content (TGC) is calculated 
by summing the individual lipid peaks in the 0.9–3.0 
parts per million (ppm) region of the MR spectrum 
to obtain the total lipid peak area (TLPA). The sum of 
fat and water peaks calculated to obtain proton den-
sity fat fraction (PDFF) as follows [22]

However, the MRS spectra acquired in the left lobe 
in most of the subjects were corrupted by the artifact 
and not considered of sufficient quality to include in 
the analysis, and thus, measurements are most often 
only obtained in the right lobe.

	 Krššák et al. [14] yielded following staging—0: no ste-
atosis resulting in less than 3.1% of MRS signal; stage 
1: mild resulting in the range of 3.1–5.0% of MRS sig-
nal; stage 2: moderate resulting in the range of 5.0–
6.9% of MRS signal; and stage 3: severe resulting in 
more than 6.9% of MRS signal.

5.	 DWI

Fat signal fraction = Sip − sop/2Sip

Fat signal percentage = 100× liver SIP/spleen SIP

− liver SOP/spleen SOP/2× liver SIP/spleen SIP

fat percentage in liver (HFP) = nonFS− FS/nonFS× 100.

PDFF = fat signal peak area(0.9− 3ppm)/fat signal peak areas + water peak area)

	 The apparent diffusion coefficient (ADC) map was 
generated on a voxel-by-voxel basis by a commer-
cially available software package (Philips MR work-
space, Philips Medical System; Eindhoven, the Neth-
erlands). Regions of interest of 2 cm2 were placed in 
each segment of the right lobe avoiding areas of arti-
fact or vessels. The left lobe segments were excluded 
from our measurements due to the possible cardiac 
motion artifacts. The mean ADC value was calcu-

lated for each case to infer hepatic fibrosis.

Liver biopsy and histopathological analysis
For histological analysis, the samples were routinely pro-
cessed, formalin‐fixed and paraffin‐embedded, stained 
with hematoxylin/eosin for steatosis and inflammation, 
and Masson’s trichrome stain for assessment of fibrosis. 
The histopathologic grades provided by the pathologist 
according to the nonalcoholic steatohepatitis (NASH) 
Clinical Research Network Scoring System definitions 
[23]. Steatosis, ballooning, lobular inflammation, and 
fibrosis were staged: steatosis involving < 5% of cells (S0, 
no steatosis), 5–33% (S1, mild), > 33–66% (S2, moderate), 
and > 66% (S3, severe) of hepatocytes. Ballooning was 
graded as none (0), few balloon cells (1), and many cells/
prominent ballooning (2). Lobular inflammation was 
graded as no foci (0, none), < 2 foci (1, mild), 2–4 foci (2, 
moderate), and > 4 foci per 200 × field (3, marked). Fibro-
sis was staged as none (F0), portal fibrosis: fibrous portal 
expansion (F1), periportal fibrosis (F2), bridging fibrosis, 
and distorted architecture (F3), and cirrhosis (F4). The 
diagnosis of non‐alcoholic fatty liver disease (NAFLD) 
was made if steatosis was ≥ 5% and either ballooning or 
lobular inflammation or both were absent. The diagno-

sis of NASH was made when steatosis was ≥ 5% and bal-
looning and lobular inflammation were present [24].

Statistical analysis
All statistical analyses were carried out using SPSS for 
Windows version 16 (IBM Corp., Armonk, NY, USA) and 
the MedCalc program. Inter-rater agreement for each 
test was calculated using Cohen’s kappa coefficient (j) 
which is calculated as follows: j = (p0 pe)/(1 pe), where 
p0 is the observed proportion of agreement and pe is 
the expected proportion of agreement. Quantitative data 
are expressed as mean ± standard deviation or median 
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and the range for normally or abnormally distributed 
data and qualitative data were expressed as a percent-
age. Spearman’s rank correlation coefficient (r) was used 
to find correlations. The receiver operating characteristic 
(ROC) curves were plotted to measure and compare the 
performance of different noninvasive imaging param-
eters in predicting hepatic steatosis and its grades. The 
best cutoff values were chosen to calculate sensitivity, 
specificity, positive (PPV) and negative (NPV) predictive 
value, positive and negative likelihood ratio (+ LR, − LR) 
for predicting hepatic steatosis. All tests were two-tailed 
and statistical significance was assessed at < 0.05.

Results
Characteristics of the study patients
The mean age of the total 155 patients was 
43.2 ± 12.9  years and the majority of them were males 
(119/155, 76.8%). Their mean BMI was 25.6 ± 2.9  kg/
m2 where, more than half of the cases were over-
weight ≥ 25  kg/m2 (87/155, 56.%). Further clinical and 

laboratory characteristics of the studied patients are 
summarized in Table 1

Histologically, hepatic steatosis was found in 109 
(70.3%) of 155 CHC patients. The degree of hepatic ste-
atosis was mild in 44, moderate in 44, and severe in 21 
cases. Furthermore, staging for liver fibrosis showed dif-
ferent stages (F1: n = 54, F2: n = 62, F3: n = 13, F4: n = 26).

Characteristics of imaging modalities and their correlation 
with histopathological data
We found that 78 cases (50.3%) had a low CT ratio 
(≤ 1.1). We found no correlation between the CT ratio 
and pathological grading of hepatic steatosis (r = −0.090, 
p = 0.614).

As regarding MRI modalities, T1—fat fraction ranged 
between (−  32.5 to 30.4%) throughout the liver with 
the median of − 13.5% and 3.2% for the voxel placed in 
the anterior part of the right liver lobe. Furthermore, 
the median total proton density fat fraction was 12.5% 

Table 1  Demographic and clinical characteristics of the study patients with genotype-4 chronic hepatitis C

ADC apparent diffusion coefficient, ALT alanine aminotransferase, ALP alkaline phosphatase, AST aspartate aminotransferase, BMI body mass index, SD standard 
deviation, MDCT multidetector computed tomography, MRI magnetic resonance imaging

Variables Number of patients = 115

Age (years, mean ± SD & range) 43.2 ± 12.9 (21–62)

Sex (male/female) 119/36 (76.8/23.2%)

BMI (kg/m2, mean ± SD) 25.6 ± 2.9

Average weight (BMI < 25) 68 (43.9%)

Overweight (BMI 25–30) 87 (56.1%)

Obese (BMI > 30) 0

Serum albumin (g/dL, mean ± SD) 3.8 ± 0.7

Serum bilirubin (mg/dL, median & range) 1.4 (0.6–5.8)

ALT (U/L, mean ± SD) 41.5 ± 20.3

AST (U/L, mean ± SD) 38.9 ± 18.3

ALP (U/L, mean ± SD) 119.4 ± 48.7

Platelet count (103/µL, U/L, mean ± SD) 201.7 ± 72.2

HCV RNA (IU/mL, median & range) 4.5 × 105 (9 × 103–8 × 106)

Histopathological data

Fibrosis stage (F1/F2/F3/F4) 54/62/13/26 (34.8/40/8.4/16.8)

Hepatitis grades (G1/G2/G3) 68/58/29 (43.9/37.4/18.7)

Steatosis (no/mild/moderate/severe) 23/44/44/21 (29.7/28.4/28.4/13.5)

MDCT data

CT ratio (mean ± SD, range) 1.1 ± 0.2 (0.3–1.4)

MRI data

T1-fat fraction (median & range) − 13.5 (− 32.5 to 30.4)

Fat percentage (median & range) 4.8 (− 5.2 to 33.4)

T2 fat suppression (median & range) 0.1 (− 22.5 to 22.2)

Proton density fat fraction% (PDFF) (median & range) 6.2 (0.6–35.2)

ADC for hepatic fibrosis (× 10−3 mm2/s) (median & range) 1.2 (0.97–1.4)
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(1.26–70.43%) throughout the right lobe of the liver pro-
viding a wide range of liver fat content (Table 1).

We found that proton density fat fraction was sig-
nificantly correlated with the histopathologic staging 
of fibrosis (r = 0.707, p ≤ 0.001), grading of steatosis 
(r = 0.953, p < 0.001), and grading of hepatitis (lobular 
inflammation) (r = 0.791, p < 0.001) and negatively cor-
related with ADC for hepatic fibrosis (r = −0.476 and 
p = 0.004), while the T1-fat fraction and fat percent-
age were correlated with steatosis grading (r = 0.380, 
p = 0.027 and r = 0.384, p = 0.025, respectively) as 
shown in Fig. 2. On the other hand, no correlation was 
found between fat suppression and steatosis grades 
(r = 0.088, p = 0.620).

In addition, no correlations were found between age, 
gender, BMI and liver enzymes (ALT and AST), serum 
virological load and histological stages of steatosis, or 
the evaluated liver fat metrics of CT, and MRI (p > 0.05).

Diagnostic performance of MDCT and MRI parameters 
for prediction of hepatic steatosis
Based on the ROC curves, T1-fat fraction, Fat percent-
age and proton density fat fraction had good prognostic 
accuracy for the prediction of hepatic steatosis where 
proton density fat fraction yielded the highest AUC 
(0.958) and 95% confidence interval (CI) (0.828–0.995, 
p < 0.001), with 95.8% sensitivity and 90% specificity at 
a cutoff of > 4.95 followed by T1-fat fraction (0.808) and 
fat percentage (0.702) as shown in (Table 2; Fig. 3a).

Fig. 2  Correlation between the histological hepatic steatosis grades and evaluated liver fat metrics of MRI. The figure shows increased liver fat 
metrics of MRI with increasing grades of steatosis
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The ROC curves evaluated the diagnostic accuracies of 
these MRI parameters to determine which parameter would 
have the most clinical utility to predict different stages of 
liver steatosis as defined by histological stages. For predict-
ing mild steatosis (Fig.  3b), the AUC was greatest for the 
total proton density fat fraction (0.910) followed by T1-fat 
fraction (0.845), then the fat percentage (0.650). For predict-
ing moderate steatosis (Fig.  3c), the AUC was greatest for 
the total proton density fat fraction (0.931), followed by the 
T1-fat fraction (0.654) and fat percentage (0.652). To predict 
severe steatosis (Fig. 3d), the AUC was greatest for total pro-
ton density fat fraction (0.975) followed by fat percentage 
(0.850) then T1-fat fraction (0.619).

In addition, using the ROC curves, we calculated the 
cutoff values of the total proton density fat fraction to dis-
criminate different steatosis grades (Table 2). With a cut-
off value > 4.95%, total fat fraction% had 91% sensitivity, 
90% specificity, 78.5% PPV, and 96.1% NPV for the predic-
tion of mild steatosis. At a cutoff value > 8.4, total fat frac-
tion% had 100% sensitivity, 85.7% specificity, 73.7% PPV, 
and 100% NPV for the prediction of moderate steatosis. 
Furthermore, at a cutoff value > 20.4% total fat fraction% 
had 100% sensitivity, 93.8% specificity, 70.7% PPV, and 
100% NPV for the prediction of severe steatosis.

On comparison of steatosis grading by histology and 
1H-MRS, we found an agreement between these meth-
ods in 74.2% of patients as shown in (Table  3) with the 
highest percentage of correct diagnosis in mild steatosis 
(75%) and the lowest percentage of correct diagnosis in 

moderate steatosis (65.9%). The distribution of steatosis 
grading by histology and 1H-MRS in different fibrosis 
stages was shown in (Table 4) (Figs. 4, 5).

Interobserver reproducibility of MDCT and MRI 
in quantitative assessment of hepatic steatosis
As regards the interrater agreement in this study, there 
was substantial agreement in the qualitative estimation 
of liver fat in non-enhanced MDCT examinations (0.78), 
and almost perfect agreement in quantitative fat assess-
ment in MDCT, dual-echo T1-GRE imaging, frequency-
selective fat saturation, proton [1H] MR spectroscopy, 
and ADC measurements (0.85–0.97) between the two 
readers.

Discussion
This prospective study showed the diagnostic perfor-
mance of liver fat metrics of MRI as noninvasive meth-
ods for the detection of hepatic steatosis in Egyptian 
G4-CHC patients. Elaborating reliable models to predict 
liver steatosis in those patients remains a challenge for 
hepatologists. Identification of significant steatosis (mod-
erate and severe) is an important parameter for antiviral 
treatment.

Out of the 155 patients included in our study, 109 
patients (70.3%) showed evidence of steatosis on his-
topathological examination of liver biopsies that were 

Table 2  Diagnostic accuracy of magnetic resonance imaging (MRI) parameters to predict hepatic steatosis with the best predictive 
cutoffs

AUC​ area under the receiver operating characteristic curve, + LR positive likelihood ratio, − LR negative likelihood ratio, NPV negative predictive value, PPV positive 
predictive value, SP specificity, SE sensitivity

AUC (95% CI) SE SP PPV NPV  + LR − LR p

For the prediction of liver steatosis

T1-fat fraction > -13.7% 0.808 (0.637–0.922) 66.7 90 94 53.5 6.7 0.4 < 0.001

Fat percentage (> 5.1%) 0.702 (0521–0.846) 54.2 80 86.4 42.7 2.7 0.6 0.030

Proton density fat fraction (> 4.95%) 0.958 (0.828–0.995) 95.8 90 95.7 90.1 9.6 0.1 < 0.001

For the prediction of mild liver steatosis

T1-fat fraction > −13.7% 0.845 (0.622–0.963) 72.7 90 74.4 89.2 7.3 0.3 < 0.001

Fat percentage (> 5.1%) 0.650 (0.414–0.841) 45.5 80 47.7 78.6 2.3 0.7 0.217

Proton density fat fraction (> 4.95%) 0.910 (0.701–0.987) 91 90 78.5 96.1 9.1 0.1 < 0.001

For the prediction of moderate liver steatosis

T1-fat fraction (> 0.4%) 0.654 (0.466–0.812) 27.3 100 100 77.4 – 0.7 0.147

Fat percentage (> 2.8%) 0.652 (0.463–0.810) 90.9 38.1 37 91.3 1.5 0.2 0.154

Proton density fat fraction (> 8.44%) 0.931 (0.782–0.988) 100 85.7 73.7 100 7 0 < 0.001

For the prediction of severe liver steatosis

T1-fat fraction (> 6.2%) 0.619 (0.445–0.773) 40 100 100 91.8 – 0.6 0.942

Fat percentage (> 6.1%) 0.850 (0.694–0.945) 100 65.6 30.3 100 2.9 0 0.0742

Proton density fat fraction (> 20.4%) 0.975 (0.861–995) 100 93.8 70.7 100 16 0 < 0.001
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within the range of previous studies [25, 26] showing that 
hepatic steatosis is a feature of G4-HCV infection.

Consistent with earlier studies [27–30], we found 
liver fat metrics of 1H-MRS correlated with the histo-
logical grading of hepatic steatosis in CHC patients. 
Kršsák et  al.[14] stated that a significant correlation 
between 1H-MRS and histological steatosis was further 
confirmed by biochemical analysis of extracted tissue 
samples.

In this study, liver fat metrics of 1H-MRS had the 
potential to predict hepatic steatosis, whereas the diag-
nostic accuracy of MRS total proton density fat fraction 
with an AUC of 0.958, 95.8% sensitivity, 90% specific-
ity, 95.7% PPV, and 90.1% NPV at a cutoff > 4.95%. Our 

Fig. 3  Area under the receiver operating characteristic curve (AUC) of MRI parameters to predict a liver steatosis, b mild steatosis, c moderate 
steatosis, d severe steatosis, whereas proton density fat fraction had the highest AUCs in the prediction of steatosis and its different grades

Table 3  Comparison between hepatic steatosis staging by 
histology and 1H MRS

a Cutoff values for hepatic steatosis were 5, 33, and 66% of involved hepatocytes 
for histology and 4.95, 8.4, and 20.3% of MRS signal for 1H MRS method. In 74% 
of patients an agreement between

histological and 1H MRS steatosis assessment was achieved

Liver steatosis 
grades by 
histologya

Liver steatosis grades by 1H MRSa

No (n = 40) Mild (n = 45) Moderate 
(n = 46)

Severe 
(n = 24)

None (n = 46) 36 6 4 0

Mild (n = 44) 4 33 7 0

Moderate (n = 44) 0 6 29 9

Severe (n = 21) 0 0 6 15
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results were supported by Rastogi et al. [27] who dem-
onstrated that MRS had an AUC of 0.959 with 94% sen-
sitivity, 97% specificity, 95% NPV, and 96% accuracy to 
diagnose liver steatosis at a cutoff value of 6.27.

We found that the total proton density fat fraction 
showed the best diagnostic performance for predicting 
different grades of steatosis (AUC = 0.910, 0.931, and 
0.975 for mild, moderate, and severe steatosis, respec-
tively) compared to the other MRI metrics; fat fraction 

and percentage. Moreover, at cutoff > 4.95, 1H-MRS can 
discriminate mild steatosis from no steatosis (91% sensi-
tivity, 90% specificity, 78.5% PPV and 96.1% NPV). It can 
predict moderate steatosis (100% sensitivity, 85.7% speci-
ficity, 73.7% PPV and 100% NPV) with a cutoff value > 8.4. 
Additionally, it can predict severe steatosis with a cutoff 
value > 20.4 (100% sensitivity, 93.8% specificity, 70.7% 
PPV, and 100% NPV). Kršsák et al. [14] assessed grades of 
hepatic steatosis based on 1H-MRS results using different 

Table 4  Distribution of hepatic steatosis grade as assessed by histology /MRS in different fibrosis stages

Liver fibrosis stages Liver steatosis grades by histology/MRS

No (n = 46/40) Mild (n = 44/45) Moderate (n = 44/46) Severe 
(n = 21/24)

F1 (N = 54) 46/36 6/18 2/0 0

F2 (N = 62) 0/4 38/27 24/31 0

F3 (N = 13) 0/0 0/0 4/10 9/3

F4 (N = 26) 0 0 14/5 12/21

Fig. 4  Multiple 1H-MRS of different patients with CHC. A Localizer three plane images of 1H-MRS show a voxel located at segment VI of the 
right hepatic lobe. B non-steatosis, C mild steatosis spectrum, and D severe steatosis spectrum show lipid peaks at 0.9–1.3 ppm and H2O peak at 
4.7 ppm. These spectra show reduced water peak with increase steatosis
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cutoff values; < 3.1%, 3.1–5.0%, 5.0–6.9%, and > 6.9% for 
no, mild, moderate, and severe steatosis, respectively. The 
high cutoff values for the diagnosis of significant steatosis 
(moderate and severe) in our study may be attributed to 
the presence of hepatic fibrosis affecting the imaging of 
steatosis.

Noureddin et  al. [31] reported that 1H-MRS was a 
reliable noninvasive method to evaluate the whole liver 
parenchyma including a complete assessment of liver fat 
content (FC). This is particularly relevant in patients with 
heterogeneous hepatic steatosis in which sensitivity of 
liver biopsy is limited as less than 1/50,000th of the liver 
is available for histopathological examination [32].

The current study showed no correlation between 
the CT ratio and histopathological grading of hepatic 

steatosis. Contrary to our finding, Rastogi, et  al. [27] 
reported that CT fat quantification correlated well with 
liver biopsy results (r = 0.715); however, it was inferior to 
MR methods for liver fat estimation. It has further limi-
tations in providing semiquantitative nature of findings 
rather than discrete values for fat content. The poor per-
formance of the CT ratio in detecting steatosis might be 
due to the small number of CHC patients included in this 
study.

In this study, we found that hepatic fat content meas-
ured by proton density fat fraction correlated with lobu-
lar inflammation. These findings were consistent with 
previous studies indicating an influence of steatosis on 
the necroinflammatory activity of HCV [33, 34].

Fig. 4  continued
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In CHC, precise mechanisms leading to hepatic steato-
sis are complex and not well characterized, e.g., oxidative 
stress, cytokine release, inflammation, insulin resist-
ance, and impaired lipid and carbohydrate metabolism 
may initiate the development of steatosis, worse fibrosis, 
and reduce therapeutic response. Steatosis in hepatitis 
C appears to be genotype-specific [35]. It is predomi-
nantly cytopathic in genotype 3 (G3) in which a sustained 
virological response is associated with hepatic steatosis 
reduction [15] and metabolic in non-G3 hepatitis C that 
may reduce the success of antiviral therapy [36]. Regard-
ing genotype 4, hepatic steatosis was mostly associated 
with metabolic factors, similar to those in genotype 1; 
however, the possibility of the presence of viral-induced 
steatosis was also accused [37, 38].

Fishbein et  al. [39] showed that hepatic MRI, based 
upon chemical shift imaging, was able to accurately 
quantify the hepatic FC even in patients with signifi-
cant hepatic fibrosis. Concomitantly, in our study, 1H-
MRS; total proton density fat fraction, could assess 
hepatic steatosis in 76.6% of CHC patients with hepatic 
fibrosis. In line with previous studies [40, 41], we 
reported a significant correlation between quantifi-
cation of hepatic FC based on total proton density fat 
fraction and hepatic fibrosis (diagnosed histologically 

and by ADC) in CHC patients. These findings were 
matched with previous studies. Moreover, Kršsák et al. 
[14] and Orlacchio et al. [28] revealed uniform distribu-
tion of steatosis grades across all fibrosis stage groups 
indicating that hepatic steatosis may accelerate liver 
fibrosis. Hepatic steatosis may induce fibrosis through 
insulin resistance and oxidative stress leading to lipid 
peroxidation and cytokine release [8]. Also, prolonged 
lipid storage can result in inflammatory reactions and 
loss of metabolic competence [42]. Modaresi Esfeh 
and Ansari-Gilani [43] revealed that steatosis in CHC 
patients was associated with more severe histological 
injury and higher fibrosis scores, suggesting that fat in 
the liver is biologically active tissue. Unlike our find-
ings, Cho et al. [44] reported that an increased hepatic 
metabolite/fat ratio, as assessed by localized 1H-MRS, 
correlated with fibrosis staging suggesting decreased 
steatosis in higher fibrosis stages.

Although this study is one of the few studies which 
investigated liver fat metrics of CT and MRI in G4-CHC 
patients with hepatic fibrosis, it has some limitations. This 
series was a small-sized sample and a single-center study, 
so, the sample may not exactly represent the general pop-
ulation of CHC patients. Hence, further multicenter stud-
ies with larger populations are needed to confirm these 

Fig. 5  A 30-year-old male patient with CHC A axial T2WI, B axial SPIR, C axial T1-in-phase, D T1-out-of-phase. A, B Signal intensity of the liver drops 
compared to spleen because the fat-saturated pulse suppresses the signal from fat within the liver. C, D Marked signal dropout on out-of-phase 
imaging indicating the presence of diffuse steatosis with calculated fat fraction and fat percentage about 30.40 and 33.44, respectively, indicating 
severe steatosis
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results, validate their usefulness in clinical practice, and 
assess the dynamic changes in liver fat metrics of MRI 
during antiviral therapy. Although the principle of MRS 
to quantify hepatic steatosis is straightforward, there were 
some biases in its acquisition, e.g., T1 and T2 relaxation 
effects were well-known biases of MRS to evaluate hepatic 
steatosis in addition to the presence of excessive iron. In 
addition, MDCT, however, had a limited diagnostic accu-
racy for detecting mild hepatic steatosis in addition to 
potential hazard of radiation exposure.

Conclusions
1H-MRS had a good diagnostic performance in diagnosis 
and quantification of hepatic steatosis whereas 1H-MRS; 
a proton density fat fraction has the highest diagnos-
tic accuracy as a noninvasive quantitative modality for 
hepatic steatosis and its different grades that may influ-
ence the course of chronic HCV infection and possibly its 
response to the antiviral therapy. It may have important 
clinical applicability, especially in those liver biopsies, 
which cannot be done.
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