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ABSTRACT: The prospective study was conducted over a 24 month period
among newly diagnosed patients with viral hepatitis B and C. The aim of the
study was to investigate the influence of age and liver elasticity on the chance of
hepatocellular carcinoma development. The results showed that both hepatitis
and age over 50 yrs lead to high level of liver stiffness. The patients over 50
yrs have 3.25 times higher odds of increased LS compared to those under 50
in case of HCV and 2.15 times higher odds in case of HBV. It was established
that the patients in risk (those which liver stiffness is over 13 kPa) are between
18% for HBV and 25% for HCV. The results are statistically significant when
LS is greater than 15 kPa.
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1 INTRODUCTION

Elastic modulus is a measure for diagnostic of mechanical properties of different
materials—solid materials, hydrogels, biomaterials, organs and tissues [1-3]. The
slope of the stress-strain curve in the elastic region obtained after testing of a material
is defined as the Young’s modulus (E) - a measure of a material’s stiffness. In some
cases a secant modulus is calculated, defined as a ratio of the stress and preset value
of a strain [4]. For elastic and orthotropic materials is possible to determine the
orthotropy ratio calculated as the ratio of Young’s moduli of samples investigated in
orthogonal directions [5].

Traditionally liver structure is assessed through palpation, blood tests and biopsy.
The biopsy is considered the most realistic method for evaluation of liver structure.
The biopsy depends on the location of the sample and allows an analysis of a very
small portion of the liver. Although a complication rate of the biopsy is low (approx-
imately 3%), this is an invasive method and is not suitable for repeated applications
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and disease monitoring [6]. All these reasons lead to its decreasing acceptance by
patients [7].

Today the preferred methods for the assessment of liver changes are noninva-
sive methods such as serum markers, echocardiography and elastography (ultrasound
(US) and magnetic resonance (MR) imaging) [8,9]. Echography is an imaging study
that presents changes in the structure and dimensions of the organ, while elastography
helps to determine the physical properties of the tissue [8].

The main idea used in constructing the devices for noninvasive investigation of tis-
sues and organs is to apply a mechanical stimulus — pressure or a transverse wave and
to measure the deformation of the tissue or the velocity of the transverse wave. Ac-
cording to the applied external load, the measured physical quantity and the method
for presenting the results, elastography is divided into: strain elastography (elastog-
raphy, measuring the deformation ), transient elastography, (the speed of wave cre-
ated through low-frequency vibrations is measured) and imaging diagnostics [8—10].
Transient elastography (TE) and acoustic radiation force impulse (ARFI) techniques
(point shear-wave elastography (pSWE) and two-dimensional (2D) shear-wave elas-
tography (SWE)) are a part of US elastography methods [8,9].

The FibroScan system (Echosens, Paris, France) was the first commercially avail-
able TE system, introduced in Europe in 2003 and approved in the United States in
2013. The FibroScan probe delivers a 50-Hz mechanical impulse to the skin sur-
face and then measures the velocity of the generated shear wave. FibroScan uses M
probe for standard examinations (depth 25-65 mm and lower operating frequency
3.5 MHz) and the XL probe for overweight patients (depth 35-75 mm and frequency
2.5 MHz) [8]. ARFI elastography techniques use focused US pulses to deform in-
ternal tissue and generate shear waves [11]. ARFI methods operate at frequencies of
100-500 Hz [12]. Clinical US elastography systems report “stiffness” in terms of the
Young modulus or shear-wave speed. MR elastography reports the shear stiffness of
tissue, which is the magnitude of the complex shear modulus |G*|. Shear-wave speed
and Young modulus E are related by the following equation: E = 3pc?, where c is
the shear-wave speed and p is the density of the tissue [8].

The most widely used method for evaluation of liver stiffness in clinical practice is
transient elastography (TE, Fibroscan). It provides more realistic results for the state
of the liver because measures liver elasticity in a volume at least 100 times larger than
that of a liver biopsy [13]. The result presented in terms of Young’s modulus vary
between 2.5 and 75 kPa [14-16]. Chronic liver diseases can lead to liver fibrosis,
which end-stage is cirrhosis and in some cases hepatocellular carcinoma (HCC) [8].
The phases of cirrhosis are compensated (stage 1 and stage 2) and decompensated
(stage 3-—stage 5). Stages 1 and 2 have low mortality rate 1.5-2%. Progression rate
from stage 1 to stage 2 is about 6.2% or to stage 3 or 4 about 4.2%. Transition from
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stage 2 to decompensation (stage 3 or 4) happens in 12.2% patients per year. Stage 3
is characterized by bleeding of the gastrointestinal tract and portal hypertension. One
year mortality rate is 10% and 21% of patients develop mostly ascites per year. Dur-
ing Stage 4 the patients suffered from ascites, jaundice or encephalopathy. One year
mortality rate increases to 21%; rate of transition to last stage is 10% per year. The
patients in last stage have more than one complication — ascites, encephalopathy,
acute kidney injury and advanced liver dysfunction. One year mortality in this stage
is at least 27% and the severity of decompensation is up to 57% [17].

The increased rigidity of the liver is associated with increase in the stage of fibro-
sis and this fact is used in elastographic methods. According to Sporea and Sirli when
the Young modulus is in the interval [2.5-7 kPa] there is absence of fibrosis or it is
minimal [16]. Young modulus between [7-9.5 kPa] is a sign of a moderate fibrosis.
When E is in the interval [9.5-13 tol5 kPa] it is sure that severe fibrosis exists and
over 15 kPa the patient suffers from liver cirrhosis [16].

The liver stiffness(L.S) of Bulgarian patients is investigated from clinical point of
view in the studies [18—23]. Antonov et al. used Fibroscan for evaluation of liver fi-
brosis among patients with chronic HBV and HCV infections. The authors compared
liver stiffness measurement to METAVIR score obtained after histology and con-
cluded that there was statistically significant correlation between LS and METAVIR
stage of fibrosis in both type of hepatitis. LS cut-off values and ranges are supported
by a level of sensitivity and specificity [18]. R. Balabanska applied transient elastog-
raphy in the assessment of hepatic steatosis and non-alcoholic steatohepatitis, while
R. Tsonev evaluated liver fibrosis and quality of life in patients with chronic viral
hepatitis C and cirrhosis [19, 20].

Ivanova et al. investigated the role of liver stiffness measurement by transient
elastography in patients with chronic liver disease [21]. LS was found to be strongly
associated with transaminase activity, prothrombin time and platelet count. The cir-
rhotic patients LS was 18.72 kPa. The diagnostic accuracy of elastography for cir-
rhosis at threshold of 14.5 kPa was 88.9% [10].

B. Hristov et al. used two-dimensional shear wave elastography (2D-SWE) as
a predictor for the presence and severity of esophageal varices (EVs ) in cirrhotic
patients with clinically significant portal hypertension [22]. Doykova et al. presents
a comprehensive research on the stiffness of the liver and spleen performed by pSWE
in patients with chronic viral hepatitis, as well as evaluation of their correlation with
the histological assessment of liver fibrosis [23].

The results about liver elasticity can be used in clinical practice for predicting
complications in case of viral hepatitis B and C. The aim of the study is to investigate
the influence of age and liver elasticity on the chance of hepatocellular carcinoma
development and to assess the expectable cases of hepatocellular carcinoma ( HCC)
for Bulgarian patients.



478 Liver Elasticity as a Measure of Liver Damage

2 MATERIAL AND METHODS
METHODOLOGY

The prospective, cross-sectional study was conducted over a 24 month period (Jan-
uary 2022 to December 2024) among newly diagnosed patients with viral hepatitis B
and C in Bulgaria. The survey took place at the University hospital “Aleksandrovska”
in Sofia, one of the centers responsible for diagnosing, treating, and monitoring pa-
tients suffered from hepatitis.

The study included a total of 140 patients, where 76 patients have hepatitis B
(HBV) and 64 have hepatitis C (HCV). Patients were examined during their first visit
to the hospital. The inclusion criteria for HCV hepatitis were: availability of positive
anti-HCV antibodies with detectable viral load by polymerase chain reaction (PCR)
and no signs of ascites. The inclusion criteria for HBV hepatitis were availability of
positive HBsAg and positive or negative HBeAg. DNA >2000 IU/mL detected by
PCR. Patients’ demographic and clinical characteristics (virus load, blood character-
istics, liver stiffness) were collected. The patients were divided according to type of
hepatitis and age into subgroups.

The liver stiffness of patients (LS) was evaluated in all patients by means of Fi-
broScan 430 mini, trademarks of Echosens Company, France as a standard care for
patients with hepatitis (Fig. 1). The mean values of liver stiffness were calculated for
every group and subgroups of patients.

Fig. 1. Fibroscan used to assess the liver stiffness of patients.

For the purposes of the study a serum marker FIB-4 which includes platelet count,
aspartate aminotransferase-to platelet radio index was calculated (eq. 1) for HBV and
HCYV patients [24,25].

(1) FIB — 4 = (age x AST)/(platelet count x (ALT)"?).
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STATISTICS

The following statistical methods were used to analyze the data: descriptive statistics
provided baseline characteristics (mean age, number of patients with high and low
level of stiffness, percent of patients with severe fibrosis),parametric tests such as the
t-test was used to compare the difference between age in subgroups, the mean values
of liver stiffness for group B and C. Chi-square test was applied to the proportions of
patients with a certain level of fibrosis in order to compare the proportions.

Correlation analyses was applied to present the correlation between LS and age
for patients with hepatitis B or C. Logistic regression analysis was used to calculate
odds ratios (OR) according to age and type of hepatitis. In order to calculate odds
ratio we grouped results for high level of stiffness (stage F3-F4) before and after
50 years and compared with low level of stiffness (stage FO-F1) before and after
50 years for hepatitis B and C. FIB-4 and LS were used to predict the development
of the hepatitis. Serum marker FIB-4 were calculated using platelet count, aspar-
tate aminotransferase-to platelet radio index for every patient and eq. (1). MedCalc
software (version 22.014) was used for data analysis.

ETHICS

All patients newly diagnosed with viral hepatitis B and C at the Hospital for active
treatment “Aleksandrovska” in Sofia were invited to participate in the study. Partic-
ipation was entirely voluntary. Each patient gave their informed consent to use their
anonymized data for scientific research purposes and fill a declaration for participa-
tion. The study was approved by the decision N:7/ 2023 of the Ethical Committee of
the Medical University of Sofia.

3 RESULTS

The mean age of HBV patients is 50.76+11.81 years while mean age of HCV is
49.89+13.48 yrs. The smallest age in the sample was 19 years, and the largest — 82
years. The difference between age is not statistically significant (p = 0.659). The
relationship between age and LS for both type of hepatitis are presented in Figs. 2
and 3. Liver stiffness of HCV patients changes up to 25 kPa while liver stiffness for
HBYV patients grows to 16 kPa. The trend is positive and 12.24% of values of liver
stiffness for HCV are above maximum value of LS for HBV — 16 kPa.

Mean values of LS for HCV patients are 9.87 +8.19 kPa and are higher than
values of LC for HBV patient 7.96+3.84 kPa). Comparison of mean values of liver
stiffness for group B and C showed that there is no statistical significance between
them (p=0.31).

Distribution of liver elasticity according to age and stage of fibrosis for both types
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Fig. 2. Correlation between LS and age for Fig. 3. Correlation between LS and age for
patients with hepatitis B. patients with hepatitis C.

of hepatitis is presented in Table 1. The results showed that in case of HVB the
values of LS for subgroup over 50 yrs are higher than the values of LS for under 50
yrs (8.44+4.08 kPa vs 7.41+3.32 kPa). The same trend was obtained for HCV( 10.78
+7.52 kPa vs 9.59+8.94 kPa). The results are not statistically significant.

Table 1. Liver elasticity according to age and fibrosis stage FO-F4

Median LS LS under LS over FO-F1 F2 F3 F4

[kPa] 50 yrs 50 yrs [%] [%] [%] [%]

HBV 7.35 7.4143.32 8.444+4.08 48.68 23.68 25 2.63
HCV 7.8 9.594+8.94 10.78+7.52 42.8 20.63 14.29 15.8

The median value for liver elasticity in both groups is similar. Evaluating the
level of liver damage we obtained that the majority of patients have low level of
fibrosis stage FO-F1 (48.7% for HBV vs 42.8% for HCV) followed by middle level
F2 (23.7% vs 20.6%). The level of fibrosis F3 is higher for HBV (25%) than for
HCV — 14.3%. Stage F4 (cirrhosis) is predominant in the group of HCV patients —
15.8% (Table 1). The Chi-square test demonstrated that the overall proportions of
patients with a certain level of fibrosis were comparable in both groups of hepatitis
except stage F4 (p < 0.05). The comparison of mean values of LS according to
fibrosis stages showed linear increase (not shown). For stage F4 the values of liver
stiffness for two type of hepatitis are statistically significant (LS = 2.55 4= 2.96 vs
20.86 £ 10.76, p = 0.013).

Table 2 presents the results for odds ratio according to age and hepatitis. Hepatitis
C and age over 50 leads to high level of stiffness. According to Sporea and Sirli [16]
the cut-off values for severe fibrosis is an Young modulus in the interval [9.5-13 to
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Table 2. Logistic regression results

High level of stiffness ~ Low level of stiffness

Determinant (N) (N) OR, 95% CI, p
OR=1.24

HCV 19 27 95%ClI [0.56-2.74]

HBV 21 37 p=0.53

Age, HBV OR =2.16

> 50 years 17 22 95%ClI [0.65-7.19]

20-49 years 5 14 p = 0.208

Age, HCV OR=3.25

> 50 years 13 9 95% CI [0.98-10.68]

20-49 years 8 18 p = 0.052

15 kPa] and over 15 kPa the patient suffers from liver cirrhosis. The mean values
of Young modulus for cirrhotic patients is 26.5+11.1 kPa according to Guibal et al.
which means that lower limit is again 15 kPa [26].

Table 3 presents the percent of patients with severe fibrosis. The patients in risk
are those whose liver stiffness is over 13 kPa and their part is significant 18-25%.
Percent of patients with severe fibrosis and suspected carcinoma are higher in case
of HCV. The results are statistically significant when LS is greater than 15 kPa (p <
0.05).

Table 3. Percent of patients with severe fibrosis

Type of hepatitis LS over13kPa LS over 15 kPa LS over 30 kPa
HBV 18.2% 2.6% NA
HCV 25.4% 19.5% 3.17%

p value p > 0.05 p < 0.05

The calculated mean value of FIB-4 for HCV is 2.36+2.52 (median 1.44) and for
HBYV patients is 1.64+1.28(median 1.22).

4 DISCUSSION

There are many methods to assess and predict liver disease — blood tests, biopsy or
noninvasive methods using medical devices. Today is possible to investigate also
blood rheological properties like whole blood viscosity, plasma viscosity, RBC (red
blood cel) deformability, RBC aggregation, or platelet aggregation and procoagulant
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activity. The alteration of these parameters are connected with development of cancer
and can be used to monitoring the process [27,28].

In this study we decide to use ultrasound based transient elastography as the most
validated elastographic technique today in order to assess the expectable levels of
hepatocellular carcinoma (HCC) in the cohort of Bulgarian patients.

A liver cancer risk among patients with chronic viral hepatitis is higher in older
people and those with severe liver fibrosis [29]. This was the reason to divide the
patients into two subgroups — before and after 50 yrs and to calculate the odds ratio
of cancer development.

The main results from the study show that the level of liver damage in case of
HBYV and HCV is low because the initial level of fibrosis stage FO-F1 is 48.7% for
patients with HBV vs 42.8% for patients with HCV. The level of fibrosis F3 is higher
for patients with HBV (25%) than for those with HCV — 14.3%, while cirrhosis is
predominant in the group of HCV patients — 15.8% (Table 1). The values of LS
according to age showed linear increase in case of HCV (Fig. 3). For stage F4 the
values of liver stiffness for hepatitis C are significant higher than the values of for
hepatitis B (20.86£10.76 vs. 12.55+2.96).

The cut-off value of LS for healthy Bulgarian patients is up to 5.5 [kPa] [20].
This imposed the conclusion that patients at risk with hepatitis C have 4 or 5 times
higher values of LS while patients at risk with hepatitis B have 2-2.5 times higher
values of LS than normal values. The presence of a low correlation between age and
a Fibroscan data is not unusual because there are many factors that have a predictive
value for non-invasive determination of liver fibrosis: liver density, FIB-4, decreased
platelet counts, elevated AST, age, elevated GGT(gamma-glutamyl transferase), body
weight, elevated triglycerides ALT, cholesterol [20]. Obviously age is not the most
important factor.

It was obtained that between 18-25% of patients are with severe fibrosis. This
highlighted the need of monitoring in order to prevent cancer incidence among this
patients.The percent of HBV patients with LS greater than 15 kPa is only 2.6% which
means that the chance for carcinoma is low but about 20% from HCV patients have
a risk for carcinoma. According to logistic regression the patients over 50 yrs have
3.25 times higher odds of increased LS compared to those under 50 in case of HCV
and 2.15 times higher odds in case of HBV.

The correlation between liver stiffness measured by TE and the risk of develop-
ing HCC has been reported by a large prospective Japanese study [30]. The authors
reported increased cumulative incidence of HCC within 3 years — 38.5% among pa-
tients with baseline liver stiffness values greater than 25 kPa, compared with 0.4%
among patients with values less than 10 kPa [30].

Yada et al. published prospective risk analysis of hepatocellular carcinoma in pa-
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tients with chronic hepatitis C by ultrasound strain elastography [31]. The cumulative
liver cancer incidences for years 1, 2, 3, 4, and 5 were, for the entire cohort: 2.0%,
5.6%, 8.8%, 13.1%, and 23.9% [31].

HCC can be affected by hepatic inflammation, obesity, ascites, cholestasis (for
all elastographic methods), and steatosis (for transient elastography) which means
that is not recommendable to use liver stiffness measurement as unique predictor of
HCC [8]. The authors connected liver fibrosis index FIB-4 with cancer incidents.
When FIB-4 < 2.0 there is no cases of cancer. For those whose FIB-4 was in the
interval 2-2.8 the incidence was between 0.0% and 19.9%. If the values of FIB-4
were greater than 2.8 the incidence increase to 12.9% after first year and 31.4% after
fifth year [31].

The results for FIB-4 greater than 2.8 for our cohort are 16.88% for HBV group
of patients and 23.44% for HCV group of patients. The percent of patients with liver
stiffness over 13 kPa are 18.2% and 25.4% (See Table 3). It can be supposed that this
serum marker predict well the level of patients in risk.

The study has some limitations. There is no a control group of patients which
results to compare with the results of the patients with viral hepatitis and the data
from the literature was used. We investigated only the influence of age and liver
elasticity on the chance of hepatocellular carcinoma development. The correlation
between risk of cancer and other factors should be revealed in the the next study.

5 CONCLUSIONS

Accurate staging of liver fibrosis is necessary in establishing prognosis. Transient
elastography is an accurate tool for diagnosing liver fibrosis and cirrhosis in a wide
range of etiologies. Liver stiffness measured by transient elastography and FIB-4
index should be used in the diagnosis of advanced stages of liver fibrosis in patients
with viral hepatitis B and C. According to our results 20% from HCV patients and
3% from HBV patients might have a risk of hepatocellular carcinoma. The long term
monitoring of those patients should be performed to validate the prognosis.

REFERENCES

[1] V. DYAKOVA, Y. MOURDJEVA, T. SIMEONOVA, R. KRASTEV, 1. ATANASOV, L.
DRENCHEV, V. KAVARDIIKOV (2024) Mechanics Microstructural Analysis of 40x
Steel After Strain-Controlled Fatigue. Journal of Theoretical and Applied Mechanics,
Sofia 54 61-72.

[2] H. SMILKOV, CH. BETCHEV, G. GEORGIEV (2005) Dynamic Mechanical Properties
of Polyzwitterionic Hydrogels. Journal of Theoretical and Applied Mechanics, Sofia
35(4) 03.



484

(3]

[4]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Liver Elasticity as a Measure of Liver Damage

E. GORANOVA, N. NIKOLOV (2021) Numerical Modeling of the Venous Valve Func-
tioning. Journal of Theoretical and Applied Mechanics, Sofia 51(4) 468-487.

D. PASHKOULEVA, M. KIRILOVA-DONEVA (2024) Experimantal Investigation of
Long-Term Mechanical Response of Surgical Meches. Journal of Theoretical and Ap-
plied Mechanics, Sofia 54(2) 147-158.

I. LUBOWIECKA, K. SZEPIETOWSKA, C. SZYMCZAK, A. TOMASZEWSKA (2016) A
Preliminary Study on the Optimal Choice of an Implant and Its Orientation in Ventral
Hernia Repair. Journal of Theoretical and Applied Mechanics, Warsaw 54(2) 411-421.

J. HOROWITZ, S. VENKATESH, R. EHMAN, K. JHAVERI, ET AL. (2017) Evaluation
Of Hepatic Fibrosis: A Review from the Society of Abdominal Radiology Disease
Focus Panel. Abdom Radiol (NY) 42(8) 2037-2053.

M. ROUSSELET, S. MICHALAK, F. DUPRE, ET AL. (2005) Sources of Variability in
Histological Scoring of Chronic Viral Hepatitis. Hepatology 41(2) 257-264.

P. KENNEDY, M. WAGNER, L. CASTERA, C. HONG, C. JOHNSON, ET AL. (2018)
Quantitative Elastography Methods in Liver Disease: Current Evidence and Future Di-
rections. Radiology 286(3) 738-763.

S. BOTA, H. HERKNER, I SPOREA, P. SALZL, R. SIRLI, ET AL. (2013) Meta-analysis:
ARFI Elastography versus Transient Elastography for the Evaluation of Liver Fibrosis.
Liver International 33(8) 1138-1147.

T. SHIINA, K. NIGHTINGALE, M. PALMERI, T. HALL, J. BAMBER, ET AL. (2015)
WFUMB Guidelines and Recommendations for Clinical Use of Ultrasound Elastog-
raphy: Part 1: Basic Principles and Terminology. Ultrasound in Medicine & Biology
41(5) 1126-1147.

A. SARVAZYAN, O. RUDENKO, S. SWANSON, J. FOWLKES, S. EMELIANOV (1998)
Shear Wave Elasticity Imaging: A New Ultrasonic Technology of Medical Diagnostics.
Ultrasound in Medicine and Biology 24(9) 1419-1435.

R. BARR, G. FERRAIOLI, M. PALMERI, ET AL. (2015) Elastography Assessment of
Liver Fibrosis: Society of Radiologists in Ultrasound Consensus Conference Statement.
Radiology 276(3) 845-861.

L. TANKOVA, A. ALEKSANDROVA (2013) Ultrasound Methods for Evaluation of Liver
Elasticity. General Medicine 15(4) 39-43.

M. Z10L, A. HANDRA-LUCA, A. KETANRH, C. CHRISTIDIS, F. MAL, ET AL. (2005)
Noninvasive Assessment of Liver Fibrosis by Measurement of Stiffness in Patients with
Chronic Hepatitis C. Hepatology 41 48-54.

L. CASTERA, ET AL. (2005) Prospective Comparison of Transient Elastography, Fi-
brotest, APRI, and Liver Biopsy for the Assessment of Fi Brosis in Chronic Hepatitis
C. Gastroenterology 128 343-350.

I. SPOREA, R. SIRLI (2016) “Hepatic Elastography Using Ultrasound Waves”. Ben-
tham Science Publishers — Sharjah, UAE.

I. IVANOVA (2016) Liver Cirrhosis: New Concepts. Scripta Scientifica Medica 48(2)
9-16.



(18]

[19]

(20]

(21]

(22]

(23]

[24]
[25]
[26]

[27]

(28]

[29]

(30]

(31]

S. Donev, V. Pencheva, D. Petrova, R. Tsrancheva, M. Kirilova 485

K. ANTONOV, I. VALKOV, D. PopPov, A. ALEXIEV (2014) Fibroscan for Liver Fi-
brosis Evaluation among Patients with Chronic HBV and HCV Infections. Bulgarian
Hepatogastroenterology 2 23-32.

R. TSONEV (2019) Assessment of liver fibrosis and quality of life in patients with
chronic viral hepatitis C and cirrhosis, PhD, Sofia.

R. BALABANSKA (2021) Hepatic steatosis and non-alcoholic steatohepatitis - clinical
assessment and application of, PhD. Sofia.

1. IVANOVA, D. GANCHEVA, A. ATANASSOVA, D. DUKOVA, S. BANOVA, M. STAM-
BOLIISKA, I. SHALEV, M. MIRCHEV, M. ATANASSOVA, I. KOTZEV (2015) The Role
of Liver Stiffness Measurement by Transient Elastography in Patients with Chronic
Liver Disease — Prospective Initial Experience. Bulgarian medicine 5(1) 16-22.

B. HRISTOV, V. ANDONOV, D.DOYKOV, K. DOYKOVA, S. VALOVA, E. NACHEVA-
GEORGIEVA, P. UCHIKOV, G. KosTov, M. DoYKovV, E. TILKIAN (2023) Evaluation
of Liver Stiffness Measurement by Means of 2D-SWE for the Diagnosis of Esophageal
Varices. Diagnostics (Basel) 13 356.

K. DoYkova, D. DOYKOV, S. TSVETKOVA, V. ANDONOV (2024) Diagnostic Value
of Point Shear Wave Elastography (Pswe) of the Spleen for Assessment of Liver Fibro-
sis in Patients with Chronic Viral Hepatitis. Comptes rendus de I’Académie Bulgare des
Sciences 77(6) 892-899.

Available at: https://www.hepatitisb.uw.edu/.

Available at: https://www.hepatitisc.uw.edu/page/clinical-calculators.

A. GUIBAL, C. BOULARAN, M. BRUCE, M. VALLIN, F. PILLEUL, T. WALTER, J.
SCOAZEC, N. BOUBLAY, J. DUMORTIER, T. LEFORT (2013) Evaluation of Shearwave
Elastography for the Characterisation of Focal Liver Lesions on Ultrasound. European
Radiology 23 1138-1149.

YU. MALYSHEVA, I. TIKHOMIROVA, M. RYABOV, N. KisLoV (2015) Hemorheolog-
ical properties in patients with solid tumors. Series on Biomechanics 29(4) 72-77.

E. PETROCHENKO, I. TIKHOMIROVA, M. RYABOV, N. KISLOV, A. PETROCHENKO
(2015) Platelet hemostasis in patients with non-myeloid cancer. Series on Biomechanics
29(4) 66-71.

M. Kupo, O. MATSUI, N. [zUMI, H. IUIMA, M. KADOYA, Y. IMAI, T. OKUSAKA,
S. M1YAYAMA, K. TSUCHIYA, K. UESHIMA, A. HIRAOKA, M. IKEDA, S. OGA-
SAWARA, T. YAMASHITA, T. MINAMI, K. YAMAKADO (2014) JSH Consensus-Based
Clinical Practice Guidelines for the Management of Hepatocellular Carcinoma: 2014
Update by the Liver Cancer Study Group of Japan. Liver Cancer 3 458-468.

R. MASUZAKI, R. TATEISHI, H. YOSHIDA, ET AL. (2009) Prospective Risk Assess-
ment for Hepatocellular Carcinoma Development in Patients with Chronic Hepatitis C
by Transient Elastography. Hepatology 49(6) 1954-1961.

N. YADA, T. SAKURAI, T. MINAMI, T. ARIZUMI, M. TAKITA, S. HAGIWARA,
H. IpA, K. UESHIMA, N. NISHIDA, M. KUDO (2016) Prospective Risk Analysis of
Hepatocellular Carcinoma in Patients with Chronic Hepatitis C by Ultrasound Strain
Elastography. Dig Dis 34(6) 650-653.


https://www.hepatitisb.uw.edu/
https://www.hepatitisc.uw.edu/page/clinical-calculators

