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ABSTRACT
Background: Assessing the diagnostic value of liver ultrasound image computerized analysis (USICA) for hepatic fibrosis (HF) staging in 
respect to the “gold standard” provided by liver biopsy (LB).
Methods: Two-hundred twenty-eight patients with chronic hepatopathies were prospectively enrolled in the study. All the patients 
underwent LB and abdominal ultrasound (US). For quantitative US assessment of HF, an image analysis software was developed and 
3 parameters were extracted by wavelet processing of the region of interest: mHLlivermHHliver, mHLlivermLLliver, and mHLlivermHL-
spleen. To assess the relevance of each feature, the support vector machine (SVM) classifiers were employed to discriminate between 
the 2 severity classes (i.e., incipient F1-F2 vs advanced F3-F4 fibrosis). The statistical significance of the HF staging was assessed using 
SVM classifiers, in terms of sensitivity (Se), specificity (Sp), and receiver operating characteristic (ROC) curves.
Results: A cut-off value of 0.342 of mHLlivermHHliver allowed the discrimination between the incipient and advanced HF with 79.5% 
Se and 77.4% Sp, at an area under receiver operating characteristic (AUROC) value of 0.867 (P ˂ .001). 
Conclusion: The proposed USICA using wavelet filter parameters proved to be an innovative method that is useful for the initial non-
invasive evaluation and quantification of HF, with the advantages of simplicity, short calculation time, accessibility, and repeatability.
The mHLlivermHHliver parameter has demonstrated good accuracy in distinguishing incipient and advanced HF and can be considered 
an effective non-invasive imaging marker for the assessment of HF in patients with chronic hepatic disease.
Keywords: Quantitative liver ultrasound, computer-assisted image analysis, fibrosis, chronic hepatopathies

INTRODUCTION
Following an acute liver injury, the liver can quickly 
restore its original architecture. However, chronic inju-
ries that target the liver can cause changes that go 
beyond the regeneration capacity of this organ. The 
process of liver regeneration is initially beneficial, but 
over time, it becomes pathogenic, as normal tissue 
is replaced by scar tissue which changes the overall 
architecture of the liver in such a manner that hepatic 
fibrosis (HF) is installed. Hepatic fibrosis progression 
influences hepatocyte function and increases intrahe-
patic resistance to portal flow. Thus, hepatic insuffi-
ciency, portal hypertension, and finally hepatic cirrhosis 
can appear. Chronic hepatic injury may have different 
etiologies: viral (B, C, D), ethanolic, toxic, or autoimmune 
hepatitis.1,2 Therefore, for the proper management and 
treatment of liver disease, the precise staging of the 

fibrosis is essential. Advanced fibrosis has been shown 
to be the major risk factor for long-term outcome and 
mortality.3

Liver biopsy is considered the gold standard for HF 
quantification, despite its well-known limitations such 
as invasiveness, poor acceptability, sampling variability, 
and the risk of complications.4 Due to those limitations, 
alternative, non-invasive methods for HF quantification 
have been developed.5 Hepatic ultrasonography (US) is 
the most widely used method for HF evaluation, as it is 
a simple, reproducible, and a highly accurate method for 
diagnosing liver cirrhosis.6 However, despite the various 
advantages of US, the data obtained are non-specific, 
polymorphic, and can range, even in the presence of 
significant HF, from normal ultrasound appearance to 
changes suggestive of liver cirrhosis.7
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Computerized analysis of US images (ultrasound image 
computerized analysis (USICA)) can identify tissue 
changes caused by liver disease and can quantify them 
using specific parameters. There are studies about quan-
titative analysis of hepatic US which used statistical 
data on the US echo signal,8 texture analysis of B-mode 
images,9,10 and assessment of the scattering properties 
and fractal dimension of the scattered signal.11

In routine clinical practice, an objective and quantitative 
method to evaluate HF on B-mode images would be use-
ful for the follow-up of patients with chronic liver disease. 

OBJECTIVES
Our goal was to identify a suitable computer technique 
that can analyze images obtained by the USICA, then 
extract quantitative data, and use the data to identify dif-
ferent stages of liver fibrosis with higher accuracy com-
pared to liver biopsy.

PATIENTS AND METHODS
The study was conducted according to the principles of 
the Declaration of Helsinki (1964) and its amendments 
(Tokyo 1975, Venice 1983, Hong Kong 1989). The study 
was approved by the Ethics Committee of our university 
and all patients signed an informed consent for their par-
ticipation in this study.

This study was a prospective study, conducted in a single 
center. From 2008 to 2011, all patients with confirmed 
diffuse chronic viral hepatitis C, B, and non-alcoholic 
fatty liver disease (NAFLD), who were scheduled for liver 
biopsy, were enrolled in the study. The purpose of liver 
biopsy was to stage the disease and quantify liver fibro-
sis according to the METAVIR score. The total number of 
subjects included in the study was 228.

Patients with detectable HBsAg, anti-HCV in the blood 
serum, and those with an established diagnosis NAFLD 
were included in the study. The exclusion criteria were 
as follows: patients who were unable to give a written 
consent, had a major cognitive or mental impairment, or 
were diagnosed with other chronic liver disease (toxic, 
drug, autoimmune, genetic). Each patient underwent 
abdominal ultrasound examination (using Megas-Esaote 
Biomedica ultrasound) following a standardized examina-
tion protocol, a day prior to LB. In the study, 2 hepatic and 
2 splenic ultrasound sections were performed and saved 
in “bmp” format for each patient. These sections were 
stored in a database, for further use in USICA.

Liver Histology Assessment
Ultrasound-guided percutaneous LB was performed with 
a Tru-cut needle (Bard biopsy gun 16 gauge). An LB speci-
men of 13 mm containing at least 16 portal tracts was 
considered adequate for evaluation. All biopsy fragments 
were blindly examined by the same pathologist who did 
not know the USICA results. 

Liver fibrosis was staged on a 0 to 4 scale according to 
the METAVIR scoring system,12 the indications were F0, 
no fibrosis; F1, portal fibrosis without septa; F2, portal 
fibrosis and few septa; F3, numerous septa without cir-
rhosis; and F4, cirrhosis. Brunt criteria were used to stage 
and grade liver steatosis as follows:13 necroinflammation 
graded 0 (absent) to 3 (1, occasional ballooned hepato-
cytes and no or very mild inflammation; 2, ballooning of 
hepatocytes and mild to moderate portal inflammation; 3, 
intra-acinar inflammation and portal inflammation). 

US Examination and Computerized Image Analysis
An Esaote Megas ultrasound machine (Biomedica, Italy) 
with 3.5 MHz frequency convex probes was used. The 
identification and selection of the ultrasound hepatic and 
splenic sections was performed by placing the transducer 
in the ninth intercostal space, parallel to the ninth and 
tenth ribs. These sections were saved as bitmap files in a 
database. All images were measured by the same exam-
iner using the same ultrasound machine settings. The 
processing parameters were set to: B/M gain—maximum, 
the curve ”Time Gain Compensation”—minimum, and 
the examination depth—10 cm, therefore the pre/post-
processing curves (PST) were 2/4 and the pulse repeti-
tion frequency (PRF) was set to 6.1 kHz. For USICA, we 
developed a Windows application which allowed auto-
matic localization of a region of interest (ROI) of 1.6/1.6 
cm (64×64 pixels), followed by a local feature extrac-
tion in the ROI, based on the ROI intensity histogram and 
the dyadic wavelet transform of ROI, applied in a single 
decomposition step.

In each of the 4 sub-bands resulting after the wavelet 
decomposition, the mean of the absolute values of the 
coefficients from the particular sub-band were com-
puted and denoted as mLL, for the low-frequency hori-
zontal/low-frequency vertical decomposition sub-band 
(LL sub-band, shown in Figure 1); mHL,for the high-fre-
quency horizontal/low-frequency vertical sub-band (HL 
sub-band, shown in Figure 1); and mLH and mHH (for the 
other 2 sub-bands shown in Figure 1, with similar mean-
ing as the first 2 described above). mHLliver indicates 
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that the ROI is taken from the liver ultrasound section, 
whereas mHLspleen indicates that the ROI is taken from 
the spleen ultrasound image of the same patient, during 
the same examination. Since no single feature was dis-
criminative enough between fibrosis stages, but pairs of 
2 features were sufficient, we considered the use of sev-
eral feature pairs, denoted in the following as, for exam-
ple, mHLlivermLLliver, if the feature itself is a vector with 
2 components: [mHLliver mLLliver]. 

To maximize the hepatic eco-structure changes (fine 
granularity, heterogenicity), the ROI was placed in the 
area where the most obvious changes in the US image 
are observed, avoiding the hepatic subcapsular area and 
the vascular or biliary landmarks. The most relevant fea-
tures in terms of strikethrough liver fibrosis description 
were: mHLlivermHHliver, mHLlivermLLliver and mHLli-
vermHLspleen. The parameters were extracted by wave-
let processing of the ROI, which is equivalent to applying 
4 frequency filters on the ROI. Consequently, more struc-
tural details are highlighted, which can be significant for 
fibrosis quantification. (Figures 1A and B).

Figure 1Aand B The software interfaces of the Windows 
application developed for USICA during different pro-
cessing steps: after selecting and opening the US image 

to be analyzed, positioning of ROI with the extraction of 
the numerical parameters after image processing using 
the dyadic wavelet filters, and the gray-level histogram

To assess the relevance of each feature, the support vector 
machine (SVM) classifiers were employed to discriminate 
between the 2 severity classes (i.e., incipient F1-F2 ver-
sus advanced F3-F4 fibrosis). We trained the SVM classi-
fiers on a group of 111 patients (train group) and used the 
remaining 117 patients as the test group.

Statistical Analysis
The statistical significance of the numerical features 
extracted to assess liver fibrosis severity was calculated 
by SVM classification. We used non-linear SVMs with RBF 
kernel—the most suitable for many medical data classifi-
cation problems. The classification results were expressed 
in terms of accuracy, sensitivity (Se), specificity (Sp), pos-
itive predictive value (PPV), and negative predictive value 
(NPV). The diagnostic performance of each feature was 
also assessed by receiver operating characteristic (ROC) 
curves; the cut-off value was set to maximize the sum of 
Se and Sp.

RESULTS
Out of 228 patients (mean age 44 ± 11.38 years, 117 male), 
178 had chronic HCV hepatitis. The histopathological 
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Figure 1.  The software interfaces of the Windows application developed for USICA during different processing steps.
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evaluation revealed that most of the patients examined 
(67.09%) presented early or mild fibrosis (F1-F2), 44.73% 
of them had mild HF (F2), whereas only 32.01% of them 
had advanced HF (F3-F4) (Table 1).

For USICA, we grouped the patients with HF 
F1-F2 into  incipient HF and the patients with HF 
F3-F4 into advanced HF.

To assess the relevance of each feature, we employed 
SVM classifiers on a set of 111 patients (train group) and 
used the remaining 117 patients as the test group, to dis-
criminate between the 2 HF severity classes (i.e., incipi-
ent vs advanced HF). The selection of the patients for the 
test, respectively the train group was done automatically 
and randomly by the computer.

The anthropometric, biological, and histological charac-
teristics of the studied groups are detailed in Table 2.

The overall accuracy of discrimination between the 
2 HF classes by each of the extracted features is given in 
Table 3.

The composite parameter mHLlivermHHliver achieved a 
good accuracy (78.64%). At an optimal cut-off value of 
0.342 for the test group, mHLlivermHHliver allowed the 
discrimination between incipient and advanced HF with 
Se of 79.5% and Sp of 77.4%, at an area under receiver 
operating characteristic (AUROC) value of 0.867 (Table 4).

Figure 2 illustrates the distribution and the variation of 
the numerical values of the mHLlivermHHliver composite 
parameter, with a graphical representation of the separa-
tion performance between the 2 distinct classes of fibro-
sis (F1-F2 vs F3-F4) on the train lot, respectively on the 
whole lot (test + train). 

The mHHlivermLLliver parameter is slightly less accu-
rate (77,78%) compared to mHLlivermHHliver (Table 4). 
The optimal cut-off value for the prediction of advanced 
fibrosis was 0.99, with Se and Sp of 67.1% and 65.2% for 
an acceptable AUROC of 0.705.

Figure 3 illustrates the distribution and the variation of 
the numerical values of the mHLlivermHHliver composite 
parameter, with a graphical representation of the separa-
tion performance between the 2 severity classes of fibro-
sis (F1-F2 vs F3-F4) on the train lot, respectively on the 
whole lot (test + train).

The composite parameter mHLlivermHLspleen differ-
ence was considered a weak discriminative parameter, 
having an accuracy of 74.36%, Se of 57.5% and Sp of 
63.6% for a AUROC of 0.757 (Table 4).ROI

Figure 4 illustrates the distribution and the variation of 
the numerical values of the mHLlivermHLspleen com-
posite parameter, with a graphical representation of the 
separation performance between the 2 severity classes of 
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Table 1.  Distribution of the Patients Based on the Severity of 
Fibrosis

Severity of Fibrosis (METAVIR) No. of Patients (%)

F0 2 (0.87)

F1 51 (22.36)

F2 102 (44.73)

F3 62 (27.19)

F4 11 (4.82)

Table 2.  Characteristics of the Studied Groups

Patient Characteristics

Mean ± Standard Deviation (%)

Train Group Test Group

Patients 111 117

Age (years) 43.31 ± 11.32 45.43 ± 9.93

Female 46 66

Male 65 51

AST (U/l) 58.64 ± 37.01 73.65 ± 49.76

ALT (U/l) 85.21 ± 64.96 102.61 ± 72.8

Bilirubin (mg/dL) 0.79 ± 0.36 0.81 ± 0.39

GGT (U/L) 80.96 ± 129.53 85.31 ± 90.74

Glucose (mg/dL) 94.79 ± 15.99 97.46 ± 25.78

Cholesterol (mg/dL) 175.81 ± 39.04 182.56 ± 45.17

Triglycerides (mg/dL) 106.07 ± 46.47 110.81 ± 62.79

The length of the liver biopsy 13.09 ± 3.16 13.4 ± 3.01

Number of portal spaces 14.85 ± 5.42 16.85 ± 5.46

Q5

Table 3.  The Classification Accuracy of Hepatic Fibrosis Staging in 
each Individual Feature Space Using Non-Linear Support Vector 
Machine Classifiers (SVM)

Classification Accuracy

Parameter Train Group Test Group

mHLliver mHHliver 100% 78.64%

mHLlivermLLliver 95.5% 77.78%

mHLlivermHLspleen difference 92.8% 74.36%
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fibrosis (F1-F2 vs F3-F4) on the train lot, respectively on 
the whole lot (test + train).

The presence and the severity of hepatic steatosis did 
not influence the stage of liver fibrosis (P = .42 for mild 
steatosis vs P = .72 for moderate-severe steatosis), even 
though approximately 55% of the patients had steatosis.

DISCUSSIONS
For many years, liver biopsy has been considered the 
gold standard for the diagnosis of chronic liver disease. 
Currently, as it is an invasive method with the risk of 
complications, the use of non-invasive techniques is on 
the rise, for example, ultrasound elastography including 
transient elastography, acoustic radiation force impulse 

Table 4.  Statistical Performance of the Composite Parameters (mHLlivermHHliver, mHLlivermLLliver, mHLlivermHLspleen difference) 
for Liver Fibrosis Staging (F1-F2 vs F3-F4)

Parameter mHLlivermHHliver mHLlivermLLliver mHLlivermHLspleen difference

Cut-off value – 0.99 0.03

Se (%) [95% CI] 79.5 67.1 57.5

Sp (%) [95% CI] 77.4 65.2 63.6

PPV (%) [95% CI] 62.4 47.6 35.9

PNV (%) [95% CI] 88.9 80.8 80.9

AUROC [95% CI] 0.867 0.705 0.757
Se, sensitivity; Sp, specificity; PPV, predictive positive value; NPV, negative predictive value; AUROC, Area Under Receiver Operating Characteristic Curve; 95% 
CI, confidence interval.

Figure 2.  Graphical representation of the separation of the 2 severity classes of fibrosis, using the composite parameter mHLlivermHHliver, 
on the test lot (left) and on the whole lot (right).

Figure 3.  Graphical representation of the separation of the 2 classes of fibrosis severity, using the composite parameter mHLlivermLLliver, 
on the test lot (left) and on the whole lot (right).
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imaging, shear wave elastography, and magnetic reso-
nance elastography.14 These methods were demon-
strated to provide a reliable evaluation of liver fibrosis.15 
It is well known that the various ultrasound elastography 
methods have mutual limitations, for example: liver stiff-
ness is influenced by inflammation. Furthermore, they are 
operator-dependent and a specific probe and system are 
required for clinical application. Moreover, their clinical 
application is substantially limited by obesity, ascites, and 
the high rate of uninterpretable results.16-18

In view of the fact that these methods are not always 
available in the current clinical practice, using a com-
puter-aided ultrasound diagnostic method for yielding 
liver fibrosis-related information becomes crucial.

Our study proposes an innovative method using sim-
ple features based on the analysis of hepatic textural 
changes, obtained by processing ultrasonographic images 
with wavelet filters by computerized quantitative ultra-
sonographic analysis, using non-linear SVM classifiers. 
The composite parameter mHLlivermHHliver achieved 
a good accuracy (78.64%) in distinguishing the 2 previ-
ously established classes of fibrosis severity (incipient vs 
advanced HF). On the other hand, the mHHlivermLLliver 
parameter had a slightly inferior performance at classify-
ing the 2 distinct classes of HF.

Although the performance of ultrasound elastography 
methods for the evaluation of fibrosis is considered bet-
ter than the method proposed by us, our method has 
several other advantages over the classic transient elas-
tography, as it provides a real-time image of the liver and 
allows ROI positioning––which can help to avoid focal 
lesions, large vessels, and the interference of ascites and 

obesity––factors that commonly limit the transient elas-
tography examination.17

Data obtained from the train group show that SVM is highly 
accurate in distinguishing incipient fibrosis (F1-F2) from 
advanced fibrosis (F3-F4). In our group, most of the par-
ticipants had portal fibrosis with few septa (F2), whereas 
only 2 of them had no fibrosis (F0). Discrepancy between 
our classification system for fibrosis and the histopatho-
logical staging was most observed at F2. Therefore, this 
was the reason for grouping F1-F2 and F3-F4 and inves-
tigating the parameters in the US images to differentiate 
between the incipient and advanced stages.

In fact, SVMs are very powerful classical machine learn-
ing classifiers which yield very good results in various 
liver diagnosis systems––imaging and serum biomarker-
based19––being recently reported in some reviews for their 
performance.20,21 However it is worth noting that, accord-
ing to the studies, the extraction of relevant features from 
ultrasound images for fibrosis staging is the most diffi-
cult/often unsuccessful using classical machine learning 
alone (for such situations, the combination of deep learn-
ing approaches—as convolutional neural networks—with 
SVM classifiers seems a better solution). An SVM-based 
approach more similar conceptually to ours is the one pro-
posed by Virmani et al.22 They used a CAD system based 
on B-mode liver US images to differentiate between nor-
mal liver, liver cirrhosis, and hepatocellular carcinoma. 
Their results showed an overall classification accuracy of 
88.6%, with Se of 90% for normal liver and cirrhosis and 
86.6% for liver HCC.22 Even though their results were sig-
nificantly better than ours, their study was limited by the 
small number of subjects included and they did not use 
LB as a diagnostic method. Moreover, parameters were 
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Figure 4.  A graphical representation of the separation of the 2 severity classes of fibrosis, using the composite parameter 
mHLlivermHLspleen, on the test lot (left) and on the whole lot (right).
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used to differentiate between normal and cirrhotic liver 
and liver tumors, where structural changes of the liver are 
clearly notable using 2-dimensional ultrasound.

For the mHLlivermHHliver parameter, the optimal cut-
off value was 0.342 in the test group and 0.99 for the 
mHHlivermLLliver group. These values allow the differen-
tiation between incipient (F1-F2) and advanced fibrosis 
(F3-F4) with Se and Sp of 79.5% and 77.4% respectively, 
versus 67.1% and 65.2% respectively, but with good 
NPVs of 88.9%, and 80.8% respectively. The high hetero-
geneity of the group in terms of the etiology of chronic 
liver disease (B, C viral hepatitis, NASH) led to an unsat-
isfying performance in determining the classes of fibrosis 
severity. It is well known that the fibrogenesis model is 
variable for the same stage of fibrosis, as it depends on 
the etiology of liver disease.

Huang et al.,23 using acoustic structure quantification 
(ASQ), obtained better results in differentiating the stages 
of fibrosis (F2, Se = 81.9%, Sp = 80%; F3, Se = 91.5%, 
Sp = 65.5%; F4, Se = 69.2%, Sp = 85.3%). As a term of 
comparison, they enrolled a smaller number of patients 
than us (about a half) and included only 1 type of chronic 
liver disease (HBV hepatitis). Furthermore, the histopath-
ological examination was performed by 2 pathologists 
using hematoxylin–eosin staining which can lead to errors 
in staging the severity of fibrosis.23 Moreover, the method 
used to analyze images was quite complex and required 
expensive devices.

In another study, Tsui et al.,24 using ASQ and Nakagami 
ultrasound US imaging to assess the stage of fibrosis, 
obtained better results in distinguishing the early stage 
of fibrosis (F1, Se = 75.8%, Sp = 91.3%; F2, Se = 85.29%, 
Sp = 76.19%), however, they obtained poor results in 
staging advanced fibrosis (F3, Se = 71.11%, Sp = 64.62%; 
F4, Se = 72.73%, Sp = 59.74%).24 In Tsui and Huang’s 
research, ultrasound image analysis was performed on 
the entire image, aiming to observe the heterogeneity of 
the liver.23,24

In the proposed analysis, we only used a small ROI, there-
fore the computational complexity of our approach was 
significantly lower. Unlike the studies presented ear-
lier, the ultrasound device that we used does not have 
a software for ASQ computation; hence, better results 
in assessing the homogeneity of the liver structure are 
expected from our study if we use an ASQ computation 
software for processing our data.

In addition to non-invasive imaging techniques for 
evaluating the fibrosis of chronic hepatopathies, espe-
cially of non-alcoholic fatty liver disease (NAFLD), the 
guidelines25 and the recent studies recommend using 
non-invasive serological tests such as FIB-4, NFS, 
and FibroTest, alone or in combination with the imag-
ing techniques (FibroScan) for a more precise quan-
tification of the HF. Recently, Jafarov  et  al.26 and 
Kaya et al.27 have shown that by utilizing the combina-
tion of FIB-4 with unidimensional transitory elastogra-
phy on NAFLD patients, they could predict advanced 
stages of fibrosis (F≥3) with an 89% sensitivity and an 
82% specificity. From the perspective of these studies, 
a future research direction that we will consider is uti-
lizing USICA in combination with serological biomarkers 
(non-invasive serum biomarkers/scores) for the evalua-
tion of HF in patients with chronic hepatopathies, aim-
ing for improved diagnostic accuracy.

Our study was limited by the considerable difference 
between the number of patients included in the incipi-
ent fibrosis group and the ones included in the advanced 
fibrosis group. Patients with incipient fibrosis accounted 
for 67.96% (two-thirds of the total number of patients). 
There was a small number of patients with advanced 
fibrosis who served for initialization of the SVM system, 
which could have had a negative impact on the fibro-
sis classification (F1-F2 vs. F3-F4). Also, we did not use 
these parameters to monitor the same patient over time, 
nor did we compare the results using one-dimensional 
transient elastography.

CONCLUSIONS
Ultrasound image computerized analysis using wave-
let filter parameters proved to be an innovative method 
that is useful for the initial non-invasive evaluation and 
quantification of liver fibrosis. Furthermore, its several 
advantages, including simplicity, short calculation time, 
accessibility, and repeatability can substantially ease 
HF evaluation in patients with chronic liver disease. The 
mHLlivermHHliver parameter has demonstrated satis-
factory accuracy in distinguishing incipient and advanced 
fibrosis and can be considered an effective non-invasive 
imaging biomarker for the assessment of liver fibrosis 
in patients with chronic hepatic disease. This software 
application can be incorporated into the conventional US 
system and can be used during routine US examination 
of the liver, especially for monitoring the time course of 
fibrosis in the same patient.
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