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Abstract
AIM: To analyze whether computer-enhanced dynamic 
analysis of elastography movies is able to better char-
acterize and differentiate between different degrees of 
liver fibrosis.

METHODS: The study design was prospective. A total 
of 132 consecutive patients with chronic liver diseases 
and healthy volunteers were examined by transabdomi-
nal ultrasound elastography. All examinations were done 
by two doctors. 

RESULTS: Due to the limitations of the method, we 
obtained high-quality elastography information in only 
73.48% of the patients. The κ-means clustering method 
was applied to assess the inter-observer diagnosis varia-
bility, which showed good variability values in accordance 
with the experience of ultrasound examination of every 
observer. Cohen’s κ test indicated a moderate agreement 
between the study observers (κ = 0.4728). Furthermore, 
we compared the way the two observers clustered the 
patients, using the test for comparing two proportions (t  
value, two-sided test). There was no statistically signifi-
cant difference between the two physicians, regardless 
of the patients’ real status.

CONCLUSION: Transabdominal real-time elastography 
is certainly a very useful method in depicting liver hard-
ness, although it is incompletely tested in large multi-
center studies.
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INTRODUCTION
Palpation continues to be of  great value in modern 
medicine, both practiced by doctors and as a technique 
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for self-examination. However, palpation is limited to 
a few accessible organs, and the interpretation of  the 
information sensed by the fingers is highly subjective. 
Recently, elastography has emerged as an option in several 
commercial ultrasound systems, and is starting to prove 
clinically valuable in many areas, particularly for example 
in assisting breast cancer diagnosis[1,2], or in guiding 
minimally invasive treatment of  prostate cancer[3,4]. The 
technique reveals the physical properties of  the tissue 
by characterizing the difference in hardness between 
diseased and surrounding tissue[5,6]. The method measures 
mechanically induced deformation (strain) of  structures in 
the B mode image to quantify the elasticity of  the tissue. 
By measuring the tissue strain induced by compression, 
it is possible to estimate the tissue hardness. The region 
of  interest for the elastography calculations is selected 
manually and should include the targeted area and the 
surrounding tissues[7]. 

Elasticity measurements have been reported to be 
useful for the diagnosis and differentiation of  many 
tumors, which are usually harder than normal surrounding 
tissues[8-10]. Furthermore, different solid tumors situated 
near the gastrointestinal tract might be also visualized by 
endoscopic ultrasound (EUS) elastography and potentially 
characterized by this technique. EUS elastography has 
been used in several studies for the characterization and 
differentiation of  benign and malignant lymph nodes, 
with variable sensitivity, specificity, and accuracy, with 
better results than those obtained by conventional EUS 
criteria[11-13]. Furthermore, the feasibility of  EUS elasto-
graphy has been tested in pancreatic diseases, with very 
good results[14,15]. 

Recently, transabdominal real-time elastography was 
proposed as a new method for noninvasive staging of  
liver fibrosis[16-18]. For many years, liver biopsy was the only 
method to evaluate liver fibrosis and it has traditionally 
been considered as the gold standard[19]. However, it is 
a painful invasive method associated with poor patient 
compliance, discomfort and, in very rare cases, with serious 
complications[16,20]. High inter-observer variability has been 
reported between two pathologists when analyzing the 
same biopsy sample[19-21]. Therefore, recent research has 
been focused on the evaluation of  noninvasive methods 
for the assessment of  liver fibrosis, both by biochemical 
tests as well as imaging methods[22], as an alternative to liver 
biopsy.

The aim of  this study was to analyze whether com-
puter-enhanced dynamic analysis of  elastography movies 
is better able to characterize and differentiate between 
different degrees of  liver fibrosis. We previously have 
reported that analysis of  selected elastography images is 
operator-dependent, therefore, our approach was to use a 
dynamic analysis of  several frames of  elastography movies 
that might reduce possible selection bias or artifacts.

MATERIALS AND METHODS
Patients
The study design was prospective. A total of  132 conse-

cutive patients with chronic liver diseases and healthy 
volunteers were examined by transabdominal ultrasound 
elastography during an 18-mo period in the Research 
Center of  Gastroenterology and Hepatology, University 
of  Medicine and Pharmacy Craiova, Romania. Patients 
(73 men and 59 women) were 26-74 years old. As a result 
of  the limitations of  the method, only 97 patients were 
considered for further elastography analysis as follows: 
healthy volunteers (n = 27), chronic viral B and C hepatitis 
(n = 26), and liver cirrhosis (n = 29), fatty alcoholic liver 
disease (n = 21). Chronic viral hepatitis was proven by 
the presence of  hepatitis C virus antibodies or hepatitis 
B surface antigen in serum and the persistence of  liver 
inflammation or liver parameter alterations for > 6 mo. 
In all the patients with chronic viral hepatitis, liver biopsy 
was performed 1-3 d before real-time elastography. Liver 
cirrhosis was proven by clear demonstration of  portal 
hypertension signs (including esophageal and/or gastric 
varices) in a clinical suggestive setting. Patients with 
ascites were excluded from the study. Fatty alcoholic 
liver disease was diagnosed by ultrasound aspects of  the 
liver and excessive alcohol intake (> 30 g daily), in the 
absence of  viral infection and any doubt of  cirrhosis. 
The control group consisted of  healthy adult volunteers 
[normal levels of  alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST); negative tests for blood 
viral markers] who did not have a history of  relevant 
concomitant illness or cancer. None of  the healthy volun-
teers had an excessive daily alcohol intake (< 10 g daily).

Examination protocol
EUS elastography equipment includes a Hitachi EUB 
8500 ultrasound system with an embedded elastography 
module (Hitachi Medical Systems Europe Holding AG, 
Zug, Switzerland) and a 6.5-MHz linear probe. The same 
conditions of  brightness, contrast, intensity, and gain 
of  the ultrasound system were used in all examinations. 
However, because the numeric elastography information 
is displayed using a rainbow color-coded scale, with 
values from 1 to 256, changes in the system settings did 
not affect the subsequent post-processing analysis. 

All examinations were done by two doctors with 
different degrees of  experience in ultrasound, a proficient 
physician (SA) and a physician beginner in ultrasound 
technique (GDI), in a typical clinical setting with pre-
vious knowledge of  the patient’s underlying disease. 
The ultrasound probe was placed in a convenient right 
intercostal space and elastography information was gath-
ered during breath holding at the end-expiration phase. 
Three 10-s movies were recorded by each examiner for 
every patient, with a region of  interest set to include the 
liver and surrounding tissues (Figure 1A-C). The movies 
were stored uncompressed at maximum quality for further 
accurate computer-enhanced analysis. 

Liver biopsy was performed through the right inter-
costal space in the right liver lobe after transabdominal 
ultrasound found the most useful area. After betadine 
disinfection and local anesthesia, liver biopsy was per-
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formed at the previously marked site. Liver fibrosis stages 
were evaluated semi-quantitatively according to the Metavir 
scoring system[23-25]. Liver fibrosis was staged on an F0-F4 
scale: F0-no fibrosis, F1-portal fibrosis without septa, F2-
portal fibrosis with few septa, F3-numerous septa without 
cirrhosis, and F4-cirrhosis.

Computer-enhanced elastography movies analysis
The elasticity of  tissue was reconstructed within the 
region of  interest and translated into a color signal that 
overlay the grey scale image. To visualize tissue elasticity 
patterns, different elasticity values were marked with 
different colors (on a scale of  1 to 256). The system was 
set-up to use a hue color map (red/green/blue), where 
hard tissue areas were marked with dark blue, medium 
hard tissue areas with cyan, intermediate tissue areas with 
green, medium soft tissue areas with yellow, and soft tissue 
areas with red. The complete spectrum from blue to red 
was applied to every elastography record and indicated 
the graduation of  relative elasticity within the region of  
interest. The quality of  tissue compression was indicated 
by a numeric scale from 1 to 7 within the image.

Each recorded elastography movie was subjected to 
a computer-enhanced dynamic analysis using a public 
domain Java-based image processing tool (Image J)[26] 

with a special plug-in developed by the IT Department 
of  the University of  Medicine and Pharmacy, Craiova. 
The plug-in was used to compute and dynamically analyze 
the individual hue histograms of  each frame from an 
elastography movie; all programmers and statisticians 
being blinded to the clinical and pathological information 
to minimize the human bias. Shortly, every color frame 
was transformed into numerical form, and characterized 
by a single average hue histogram vector. Each individual 
value of  the vector corresponded to the number of  pixels 
of  each color, in other words, to the number of  pixels 
that corresponded to each elasticity level, from 1 to 256. 
The numeric values displayed by computer were offered 
to the statistical team and analyzed. 

Statistical analysis
A prospective cross-sectional study was carried out on 
97 samples of  elastography records from chronic hepa-
titis patients and healthy volunteers recorded by two 
doctors. Using all clinical and laboratory test data, expert 
doctors (Săftoiu A and Gheonea DI) diagnosed the 
patients into four types (normal, liver steatosis, chronic 
hepatitis, and cirrhosis). First, an a priori power analysis 
determined the acceptability of  the patient record sam-
ple size. Second, the κ-means clustering algorithm was 
applied to assess the inter-observer diagnosis variability. 
Basically, we used the κ-means algorithm to cluster au-
tomatically the 97 patients into four groups that corre-
sponded to the four types of  diseases; furthermore we 
compared these clusters with the final diagnosis. Finally, 
the analysis of  variance, comparison of  the proportions 
of  well-diagnosed patients, Cohen’s κ statistics, the pro-
portion of  agreement between the two examiners, and 

Stuart-Maxwell’s statistics were performed to evaluate 
the appropriateness of  each doctor’s diagnosis and the 
inter-observer reliability between expert doctors.

Furthermore, statistical analysis concerning the liver 
biopsy Metavir scores (F1, F2, F3) compared with the 
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Figure 1  Real-time elastography images of right liver lobe. A: 58-year-old 
patient with alcoholic liver steatosis - a very soft liver parenchyma (red/yellow/
green) in contrast with hard intercostals muscles and diaphragm (blue); B: 
56-year-old patient with chronic hepatitis C - parenchyma with mixed appearance 
(green/blue) indicative of elasticity; C: 57-year-old patient with alcoholic cirrhosis 
- very hard liver parenchyma (predominantly blue); D: 67-year-old obese woman 
with chronic hepatitis. The elastography software was not able to characterize 
elasticity inside liver. 
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elasticity value (determined by computer-enhanced elasto-
graphy movies assessment) was performed using Spear-
man’s correlation coefficient.

RESULTS
A total of  132 consecutive patients were examined by 
real-time elastography using the right intercostal space as 
an acoustic window for gathering elasticity information 
about the liver. Due to the limitations of  the method 
concerning the low penetrability of  elastography into 
the tissues (Figure 1D), we obtained high-quality elasto-
graphy information in only 97 patients (73.48%). The 
two examiners categorized the study patients into four 
groups (cirrhosis, chronic hepatitis, alcoholic steatosis, 
healthy volunteers) in accordance with the determined 
clinical status. Furthermore, the results of  computer-
enhanced analysis of  the elastography movies were com-
pared statistically. 

First, we performed a power analysis to determine the 
acceptability of  the patient record sample size, because 
one of  the main goals of  this study was to investigate the 
appropriateness of  each observer examination and the 
inter-observer reliability between expert doctors. Accord-
ingly, a sample of  97 records were considered, which 
provided a statistical power of  95% (type Ⅰ error rate  
α = 0.10).

Second, the κ-means clustering method was applied 
to assess the inter-observer diagnosis variability. It aimed 
to distinguish between different groups of  patients and 

can therefore be used to enhance knowledge of  diseases 
and make automatic diagnosis predictions. Technically, 
based on each observer film computer analysis, we have 
used the κ-means algorithm to cluster automatically the 
97 patients into four groups corresponding to the four 
types of  status. Next, we compared the results of  the two 
segmentations of  patients, which corresponded to each 
doctor’s diagnosis, to investigate the possible differences 
between them. To evaluate the appropriateness of  each 
examination, we used the well-known analysis of  variance, 
which compared the within-cluster variability (small if  the 
classification was good) to the between-cluster variability 
(large if  the classification was good). Thus, we obtained 
a very good classification for Săftoiu A (P = 0.014) and a 
poorer classification for Gheonea DI (P = 0.15), which 
meant that the first decision was better than the second 
one (more homogeneous clusters and more different 
from each other). This implied that the first observer was 
much more experienced than the second in performing 
elastography. We also considered the two graphs of  
the means across clusters, which corresponded to each 
examiner (useful for visually summarizing the differences 
in means between clusters). As we saw from these two 
graphs (Figure 2A and B), there was no significant visual 
difference between the two doctors’ ways of  clustering the 
patients, even if  the previous analysis of  variance showed 
a difference between them. Moreover, we considered the 
patients’ segmentation across the four types, which showed 
a similar way of  clustering the patients, irrespective of  
examiner (Figure 3). Besides the above approaches used to 
assess the inter-observer variability, we applied the test for 
comparing two proportions (t value, two-sided test). We 
found that there was no statistically significant difference 
between the two physicians’ computer-enhanced movie 
analysis, regardless of  disease type: cirrhosis (P = 0.54), 
chronic hepatitis (P = 0.85), steatosis (P = 0.81), and 
healthy subjects (P = 0.78). 

Another way of  analyzing the agreement between 
the two observers was application of  Cohen’s κ test as a 
measure of  association between the two measurements 
(categorical variables), which consisted of  the real-time 
elastography examinations performed by the two doctors. 
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Figure 2  Graphs showing the way the first (A) and the second investigator 
(B) clustered the patients.
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Figure 3  Patient segmentation across the four types of status, showing a 
similar manner of clustering the patients, irrespective of examiner. 
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We considered for each examiner only one examination per 
patient, which gave a sample of  97 records. Each examiner 
classified each patient into one of  the following categories: 
steatosis, normal, hepatitis, cirrhosis, thus, the 97 records 
referred to the above four categories. The four categories 
were nominal, therefore, Cohen’s simple unweighted 
coefficient κ was the only form that could meaningfully 
be used (Table 1). According to Landis and Koch[27], κ = 
0.4728 indicated a moderate agreement between the two 
doctors. Thus, we conclude that, of  all the decisions that 
we would have expected to be non-concordant if  nothing 
more than coincidence were operating, 47.28% of  the 
decisions were in fact concordant.

Independently of  the Cohen’s κ value, it is also pos-
sible to measure the proportion of  agreement between 
the two observers[28] within each of  the four categories 
separately (confidence intervals for proportions are cal-
culated according to the Wilson efficient-score method, 
corrected for continuity). Table 2 shows that the greatest 
agreement concerned normal patients (84.85%), while 
the smallest was for patients with cirrhosis (33.33%). In 
addition, we used Stuart-Maxwell’s test for the four cat-
egories as a measure of  the overall disagreement between 
the two doctors. The null hypothesis H0 was that the dis-
tribution of  diagnosis type among the four categories was 
the same for the two observers. Using the corresponding 
χ2 statistics with 4-1 (3) degrees of  freedom, the corre-
sponding significance level (P = 0.001) showed that we 
could reject hypothesis H0, that is, there seemed to be a 
significant overall disagreement between the two doctors.

Although all the correlation methods applied for 
determining the correspondence between real status of  
the examined patients (normal, liver steatosis, chronic 
hepatitis, cirrhosis) and elasticity assessed by real-time 
elastography were positive, we could not establish a good 
correlation between the Metavir score (chronic hepatitis 
patients) and the results of  elastography movies analysis 
(results not shown).

DISCUSSION
Recently, elastography has been presented as a new ultra-
sound-associated technology for the assessment of  tissue 
elasticity. Computer-enhanced dynamic analysis of  liver 
elastography movies was the objective of  our current 
study. Furthermore, we studied the inter-observer vari-
ability and the correspondence between elastography 
and clinical (final) diagnosis. This approach would also 
eliminate the selection bias induced by analysis of  static 

images[7], because it takes into account the information 
contained in several frames of  a liver elastography movie.

The first goal of  our statistical analysis was to see if  
percutaneous elastography of  the liver was able to diag-
nose correctly the real status of  the patients. We analyzed 
three independent cine-loop elastography examinations 
recorded by two separate examiners who were blinded to 
each other. For each patient, we thus recorded six real-time 
cine-loop elastography examinations, which were further 
analyzed through hue histogram analysis, with averaged 
values for a 10-s cine loop. Although the aspects of  the 
images suggested the correct diagnosis (Figure 1A-C), we 
automatically analyzed every frame of  the movies recorded 
by the two investigators. To evaluate the appropriateness 
of  each examination, the κ-means clustering method was 
performed, which showed agreement between the clinical 
diagnosis and the results of  computer analysis of  the re-
corded movies. The results were very good, especially for 
the first investigator (Săftoiu A), thus proving that experi-
ence in performing ultrasound is important in obtaining 
quality and accurate recordings of  the study patients. 

As we previously suggested[7], the region of  interest 
for all the movies was set to include also the surrounding 
liver tissue (fatty tissue, intercostals muscles, diaphragm, 
peritoneum), which were considered to have the same 
elasticity in all patients despite their subsequent disease. We 
do not believe that inclusion of  hepatic vein branches[29] 
would be very useful as a reference structure, because the 
presence of  vessels induces clear artifacts in the elasto-
graphy images (Figure 4A), similar to the presence of  
ascites (Figure 4B). This is easily understandable if  we 
look at the colors displayed by the real-time elastography 
software in the region of  interest. In the presence of  a 
very highly elastic structure such as the hepatic vein or 
ascites, the rest of  the liver would be depicted as hard, 
irrespective of  its elasticity. However, the development of  
ascites is a strong indicator for the presence of  cirrhosis, 
which makes noninvasive staging of  fibrosis unnecessary.

Liver biopsy is an important diagnostic tool and helps 
therapeutic decision making in chronic liver diseases 
patients[30]. Histopathological examination was considered 
the most appropriate method in chronic hepatitis for 
assessing changes after antiviral therapy[31], and is considered 
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Table 1  Cohen's κ test as a measure of association between 
the two measurements showed moderate agreement (κ = 
0.4728) for the two study examiners

Observed κ Standard error 95% CI

Lower limit Upper limit

0.4728 0.0762 0.3235 0.6221

Table 2  Wilson efficient-score method, corrected for 
continuity to measure the proportion of agreement between 
the two observers

Proportions of agreement 95% CI

Decision Maximum
possible

Chance
expected

Observed Lower
limit

Upper
limit

Normal 0.8485 0.2169 0.5250 0.3634 0.6818
Steatosis 0.5789 0.1961 0.3953 0.2537 0.5555
Hepatitis 0.5517 0.1381 0.5000 0.3168 0.6832
Cirrhosis 0.3333 0.0089 0.3333 0.0177 0.8747
Composite 0.7882 0.3084 0.6353 0.5232 0.7350

The greatest agreement concerned normal patients (84.85%), while the 
smallest concerned cirrhosis patients (33.33%).

Gheonea DI et al . Elastography in liver diseases



mandatory for grading and staging in most patients. The 
question is whether liver biopsy can be regarded as the 
gold standard for the staging and grading[32] of  diffuse 
liver diseases when risks of  biopsy, inadequate sampling, 
and intra-observer and inter-observer error are taken into 
account[30]. Our elastography statistical results showed a very 
good inter-observer variability analyzed by all three methods 
presented above. Therefore, computer-aided diagnosis of  
elastography calculations can be a very useful and repro-
ducible method in depicting the hardness of  the liver. 

Even so, we were not able to distinguish between 
intermediate degrees of  liver fibrosis (F1, F2, F3) in 
the chronic hepatitis patients subgroup in which we per-
formed liver biopsy. To the best of  our knowledge, there 
is only one published study[16] that has succeeded par-
tially in correlating the degree of  fibrosis with real-time 
elastography calculation, especially in patients with F ≥ 
2. Unfortunately, the obtained values were calculated as 
means of  static images selected by the examiner, which 
could have had a significant influence on the results. 
Furthermore, it is not clear if  the region of  interest was 
set to include also the surrounding tissues of  the liver as 
a reference area. 

One important limitation of  our approach was the 
examination of  the liver with a linear transducer of   
6.5 MHz, which might be too high to examine the right 

liver lobe correctly and consistently. We did not select 
only patients with a normal body mass index, therefore, 
in only 73.48% of  the examinations did we obtain con-
stant and high quality elastography information from 
the area of  interest. The penetration of  real-time elas-
tography is limited to 3-4 cm, therefore, it is difficult to 
record useful elastography information inside the liver if  
the thoracic wall is thicker than 2-3 cm. A better option 
might be represented by the use of  a lower frequency 
linear transducer, or another means of  performing elasto-
graphy of  the liver, for example, by using EUS with the 
transducer placed in the stomach near the left liver lobe. 
Development of  a pressure gauge is certainly necessary 
because manual application of  pressure cannot be stand-
ardized. Usually, a small deformation (< 2%) of  the tis-
sues is needed, and this is very difficult to obtain, even 
by experienced doctors. 

In conclusion, transabdominal real-time elastography is 
certainly a very useful method in depicting liver hardness, 
although it has been tested incompletely in large multicenter 
studies and should be compared with other noninvasive 
methods (blood markers, transient elastography). We also 
suggest an improvement of  the examination methodology, 
which should take into account previous observations 
made by different authors (better transducers, improved 
elastography software) to establish real-time elastography 
as a new revolutionary method that can replace liver 
biopsy for assessment of  different stages of  fibrosis in 
patients with chronic hepatitis. 

COMMENTS
Background
Chronic liver diseases are marked by the gradual destruction of liver tissue 
over time, which eventually causes liver cirrhosis. Cirrhosis is the seventh 
leading cause of death in the United States, according to the National Institute 
of Diabetes and Digestive and Kidney Diseases. Liver biopsy is still the gold 
standard in many centers for quantifying liver fibrosis.
Research frontiers
Recently, research has focused on the evaluation of noninvasive methods 
for the assessment of liver fibrosis: routine hematological and biochemical 
tests, surrogate fibrosis markers in the blood and their algorithms, glycomics, 
proteomics, transient elastography, and real-time elastography.
Innovations and breakthroughs
Elasticity measurements have been reported to be useful for the diagnosis 
and differentiation of different diseases. Recently, transabdominal real-time 
elastography was proposed as a new method for noninvasive staging of liver 
fibrosis. The presents study clearly demonstrated that computer-enhanced 
dynamic analysis of elastography movies is better able to characterize and 
differentiate between different degrees of liver fibrosis.
Applications 
Transabdominal real-time elastography is certainly a very useful method in 
depicting liver hardness and allows the replacement of other invasive methods, 
such as liver biopsy, which are associated with patient discomfort and mortality 
in some cases.
Terminology
Transabdominal real-time elastography is an imaging technique, completely 
noninvasive, that visualizes the tissue strain during compression that character-
izes the difference in hardness between diseased and normal tissues. Tissue 
compression produces strain within the tissue. The strain is smaller in harder 
compared with softer structures.
Peer review
In the present study, the authors aimed to analyze whether computer-enhanced 
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Figure 4  Real-time elastography images of right liver lobe. A: 45-year-old 
patient with alcoholic liver steatosis. Region of interest include a large vessel, 
therefore, the liver parenchyma had a hard appearance (blue/green) in contrast 
with the extremely compressed (red) vessel; B: 52-year-old patient with liver 
cirrhosis and small amount of ascites surrounding the liver. There was very 
compressive and elastic fluid (red), and the liver parenchyma was depicted as very 
hard (blue). Consequently, other types of ascites might possibly induce similar 
artifacts, even in the presence of normal liver tissue. 
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dynamic analysis of elastography movies is better able to characterize and 
differentiate between different degrees of liver fibrosis. The topic is interesting, 
and novel.
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