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Abbreviations used                                                             

 

US - ultrasound 

USE - ultrasound elastography 

CT - computed tomography 

MRI- magnetic resonance imaging 

DECT - double-energy computed 

tomography 

MRE - magnetic resonance 

elastography 

SS – Spleen stiffness 

LS – Liver stiffness 

LSz- size of the liver 

SSz - size of the spleen 

PVSz - size of the portal vein 

PBF - portal blood flow velocity 

LVSz - size of the vein lienalis 

LBFR- lienal blood flow velocity 

 

Measuring units: 

kPa - kilopascal 

m / s - meters per second 

cm / s - centimeters per second 

kg / m2 - kilogram / square meter 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

HBV - viral hepatitis B 

HCV - viral hepatitis C. 

HDV - viral hepatitis D 

HVPG - portal venous pressure 

gradient 

AUC - area under curve 

AUROC - area under receiver 

operating characteristic 

ROI - region of interest 

HbsAg is a hepatitis B antigen 

antiHCV hepatitis C antigen 

ARFI - acoustic radiation force 

imagine 

pSWE - point shear wave 

elastography 

SD - standard deviation 

BMI - body mass index 
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INTRODUCTION 

Ultrasound is the most commonly used imaging method. The development of 

ultrasound applications such as color Doppler, contrast-enhanced ultrasound and 

elastography are gradually displacing other imaging methods due to their high 

diagnostic value and safety for patients. 

Liver fibrosis, as a result of chronic liver damage, is a reversible process. Late diagnosis 

leads to cirrhotic transformation and serious complications, and the only definitive 

treatment is liver transplantation. The "gold standard" in the diagnosis of fibrosis has 

been a liver biopsy for decades, although it is associated with a risk of serious 

complications. In 2017, the European Federation of Ultrasound Societies in Medicine 

and Biology approved ultrasound elastography of the liver as an alternative method of 

liver biopsy for the diagnosis of liver fibrosis. This shows the aspiration and success of 

non-invasive methods as a choice over invasive ones. The search for reliable non-

invasive methods for the diagnosis and follow-up of patients with chronic liver damage 

continues. Laboratory, ultrasound, computed tomography and magnetic resonance 

techniques are applied independently or in various combinations. 

The liver and spleen are pathophysiologically closely related and pathological changes 

in the liver parenchyma undoubtedly lead to changes in the spleen. In the last few years, 

the change in the density of the spleen in chronic liver damage, especially in chronic 

viral hepatitis B and C and its complications - liver fibrosis, portal hypertension, 

esophageal varices - has been intensively studied. Spleen density correlates with 

complications of liver cirrhosis. In patients with chronic viral hepatitis, the density of 

the spleen increases before a change in the density of the liver is detected. Preliminary 

data indicate that the assessment of spleen density as an indirect marker for liver fibrosis 

is less affected by liver inflammation than the assessment of liver density. 

Imaging plays an important role in monitoring the dynamics of the disease, and the 

observed changes do not depend on the various imaging methods. The imaging findings 

are divided into changes of the liver and changes in the conditions of already developed 

cirrhosis. The changes include: enlargement of the liver, smoothing of the liver edges, 

nodular regenerative transformation of the parenchyma, lymphadenopathy in the area 

of porta hepatis and in the hepatogastric space. Over time, the size of the liver 

normalizes due to protein deposition. In cirrhosis there is a loss of liver volume, diffuse 

nodular transformation, deep intersegmental fissures, splenomegaly, ascites, enlarged 

caliber of venous vascular structures / kaput medusae, intra and extraesophageal varices 

/, arterio-portal,  and portovenous shunts ( fig.1-a, b, c). 



2 
 

 

 

                  

Figure 1. Liver cirrhosis, visualized by different imaging methods: a-ultrasound image of 

cirrhotic transformed liver and presence of ascites perihepatally; b-Computed tomography image 

of a patient with compensated liver cirrhosis in late arterial and portal phase - reduced liver 

volume, inhomogeneous structure of the parenchyma and insufficient capture of the contrast 

material from the liver parenchyma. Splenomegaly. Varicose portal and splenic veins; c- 

Magnetic resonance imaging in T2 sequence - nodular transformation of the parenchyma, 

splenomegaly. 

At present, the reference method for diagnosing liver fibrosis is liver biopsy. It is an 

invasive procedure, shows a small segment of liver tissue and, although rare, is 

associated with complications. Therefore, patients are reluctant to perform it. There are 

different systems for histological classification of liver fibrosis, and in chronic viral 

diseases is most often used that of METAVIR as the simplest - a scale of 0 to 4 by 

visual assessment of the amount and distribution of fibrous tissue on histopathological 

sections (Table 1). Once a patient with liver fibrosis is identified, the need for periodic 

monitoring and reduction of disease progression over time follows. However, re-

performing a biopsy for this purpose would be unrealistic due to the costs and risks 

associated with this procedure. 
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Comparison of different classifications for histological evaluation 

Evaluation IASL Batts-

Ludwig 

METAVIR 

0 No fibrosis No fibrosis No fibrosis 

1 Mild fibrosis Fibrous portal 

expansion 

Periportal fibrous 

expansion 

2 Moderate fibrosis Rare bridges 

and septations 

Periportal septa 

(> 1septa) 

3 Advanced 

fibrosis 

Numerous 

bridges and 

septa 

Porto-central septa 

4 Cirrhosis Cirrhosis Cirrhosis 

Table 1. Comparative table of the different classifications for histological evaluation of 

liver fibrosis 

In recent years, imaging has offered techniques that have the potential for noninvasive 

diagnosis, staging, and monitoring of liver fibrosis. This is possible in the conditions 

of ultrasound (US), computed tomography (CT) and magnetic resonance imaging 

(MRI). These types of imaging methods have techniques for assessing changes in the 

morphology, texture, or perfusion of the liver that change as a result of the dynamics 

of liver fibrosis. 

Elastography is a method that measures the changes in mechanical properties 

(deformation, hardness and high elasticity) associated with liver fibrosis. It is offered 

in the conditions of implementation of US and MRI. Some techniques that assess 

transverse liver hardness are clinically accepted, while others that assess deformity or 

viscoelasticity remain at the study level. There are techniques that are only available in 

MRI conditions - spin-lattice relaxation time in the rotating frame (T1ρ), diffusion of 

water molecules and hepatocellular function based on the absorption of liver-specific 

contrast agent. These techniques in the staging of liver fibrosis remain at the research 

level and have no clinical application. CT scans use perfusion, partial extracellular 

space technique, and Dual-Energy CT (DECT). But while computed tomography has a 

high radiation dose and low availability of DECT, and magnetic resonance 
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elastography requires expensive equipment and software, ultrasound elastography 

remains a harmless and easily accessible diagnostic method. 

pSWE allows quantitative assessment of tissue elasticity based on transverse wave 

velocity measurement and is a imaging technique used in a standard ultrasound 

machine. This method uses focused ultrasound pulses to create a radiation force that 

causes tissue displacement within the ROI. Tissue dislocation generates transverse 

waves that can be measured by ultrasound methods. Due to the rapid reduction of the 

radiation force outside the ROI, it is possible to measure the propagation velocity (m / 

s) of the low-frequency transverse wave inside the ROI. This rate increases with 

increasing hardening of the liver parenchyma (increased density); therefore, it is 

possible to indirectly calculate the elasticity of the tissue. In 2017, the European 

Federation of Ultrasound Societies in Medicine and Biology approved quantitative 

elastographic methods to assess liver stiffness as an alternative method of liver biopsy 

in patients with chronic viral hepatitis. This shows the success of non-invasive 

diagnostic methods as a choice over invasive ones. The search for reliable non-invasive 

methods for the diagnosis and follow-up of patients with chronic liver damage 

continues. 

Ultrasound elastography (USE) of the spleen is not widely used, but it proves to be 

clinically useful. It shows earlier liver changes compared to the assessment of liver 

density in patients with chronic viral hepatitis, so it can be used as a non-invasive 

assessment of liver fibrosis. Ultrasound correlates with changes in blood flow in the 

portal vein and serves as a detection of complications of liver fibrosis such as portal 

hypertension, esophageal varices and ascites. Chronic liver damage involves an 

inflammatory component that has been shown to have an ambiguous effect on liver 

elastography. Therefore, splenic ultrasound may be a more accurate method in the 

diagnosis of liver fibrosis, precisely because the effect on ultrasound wave velocity is 

avoided. This may be key in the intermediate stages of liver fibrosis when the changes 

are still reversible. 
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AIM AND TASKS 

Aim 

To evaluate the role of splenic pSW elastography in the diagnosis of liver fibrosis in 

patients with chronic viral hepatitis and liver cirrhosis of viral etiology. 

Tasks 

1. To examine the stiffness of the spleen and liver in clinically healthy controls in order 

to derive reference limits to which to compare the results of the other groups. 

2. To examine the stiffness of the spleen and liver in patients with chronic viral hepatitis 

B, measured by pSWE, and to compare the results with those of liver biopsy 

3. To examine the stiffness of the spleen and liver in patients with chronic viral hepatitis 

C, measured by pSWE, and to compare the results of those of the liver biopsy. 

4. To examine the stiffness of the spleen and liver in patients with cirrhosis of viral 

etiology measured by pSWE. 

5. To compare the studied parameters and trends from the intragroup analyzes in the 

three patient groups (viral hepatitis B and C and liver cirrhosis with viral etiology). 

6. To establish the relationship between the stiffness of the spleen and liver in the 

aggregate group of patients with histological evaluation, portal vein size, portal blood 

flow velocity, vena lienalis size, lienal blood flow velocity, ascites and esophageal 

varices. 

MATERIALS AND METHODS 

We examined 90 patients with positive markers for chronic viral hepatitis in the period 

2018-2019, who were hospitalized in the Clinic of Gastroenterology at the University 

Hospital "Kaspela" and referred for imaging in the Department of Imaging Diagnostics. 

Of these, 30 had chronic viral hepatitis B, 30 with chronic viral hepatitis C and 30 

patients with cirrhosis of viral etiology. 

Criteria for inclusion in the study: 

• Patients diagnosed with chronic viral hepatitis B or C, as well as those with liver 

cirrhosis of viral etiology - positive serological markers for the presence of chronic 

viral infection: HbsAg or anti-HCV at least 6 months old; 

• The diagnosis of liver cirrhosis is made by a specialist gastroenterologist based on 

amnestic data, ultrasound scars - coarse-grained liver structure, portal hypertension and 

specific biochemical parameters - thrombocytopenia, hypoalbuminemia, 

hyperbilirubinemia, ascites; 

• Age over 18 years; 
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• Informed consent to perform a liver biopsy. 

The control group consisted of 35 healthy adult volunteers with normal liver enzyme 

levels, negative viral markers, no history of heart, lung, and neoplastic disease, and no 

alcohol abuse. 

 

Main diagnostic procedures 

 

1. Standard abdominal ultrasound 

Ultrasound was performed in B-mode, in the supine position of the patient, successively 

for the liver and spleen, using a convex transducer C1-8IQ appleprobe 1-8MHz on an 

ultrasound machine Esaote MyLab ™ 9 eXP. Data from the following measurements 

were derived: 

• Ventro-dorsal size in the right medioclavicular line for the liver in mm; 

• Size of portal vein in and portal blood flow rate in cm / s; 

• Size of the spleen (longitudinal) in mm; 

• Size of lienal vein in mm and lienal blood flow velocity in cm / s; 

• Presence of ascites in the abdominal cavity. 

 

2. Point Shear Wave Elastography 

Liver and spleen stiffness were assessed sequentially by point shear wave elastography 

(pSWE), which was activated by QElaXto® software to an Esaote MyLab ™ 9 eXP 

ultrasound machine. The same C1-8IQ appleprobe convex transducer is used. Ten 

elastographic measurements of both organs were performed with an averaging 

interquartile range (IQR / M) criterion <30. 

Liver stiffness by pSWE was measured in the right hepatic lobe through the intercostal 

space of a patient lying in supination with the right arm raised at maximum abduction. 

During a standard ultrasound in B-mode, an assessment area is selected without the 

presence of large blood vessels, at a distance of at least 1.5 cm from the Gleason capsule 

and the size of the field of interest fixed by the device. The patient is instructed to hold 

air while the values are calculated. 

Spleen stiffness by pSWE was measured in a patient lying on his back, with the left 

arm maximally raised above the head, in the left intercostal space. The patient holds air 

while visualizing parenchymal areas without large blood vessels. The field of interest 

is fixed in size and equal to the liver. 

The stiffness measurements of both organs are performed by the same software and are 

calculated in m / s. 
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Figure 2. Image of pSW (QElaXto®) of the liver (left) and spleen (right) of the 

Esaote MyLab ™ 9 eXP. 

 

3. Liver biopsy 

 

Disposable biopsy guns with a Tru-cut 16Ga needle, 22 mm biopsy length (TSK 

Laboratory, Japan) were used to perform the liver biopsy. The biopsy contains up to 11 

portal spaces. After disinfection and under general anesthesia, under ultrasound control 

and preliminary assessment for safe access, the right hepatic lobe is biopsied in the 

intercostal space. A biopsy with histological evidence of at least 5 portal spaces is 

considered successful. 

The liver biopsy is performed in all patients in the Clinic of Gastroenterology of 

the University Hospital "Kaspela" by a team with the necessary qualification 

requirements including the doctoral student. 

Histological assessment is performed in the Department of Pathoanatomy of 

UMHAT "Kaspela". The paraffin blocks were stained by the classical method for the  

evaluation of liver fibrosis in the following sequence: hematoxylin-eosin, reticulin, 

PAS I van Gizon. Histological staging of the degree of fibrosis is determined by the 

METAVIR scale: 

F0 - no fibrosis 

F1 - star-shaped extension of the portal zones without septa 

F2 - star-shaped extension of the portal areas with several septa 

F3 - septal fibrosis without cirrhosis 

F4 - cirrhosis 

METAVIR system activity assessment: 

Assessment of activity - a combination of periportal and lobular necrosis, without 

portal inflammation: 

A0 - no activity 

A1 - moderate activity 

A2 - average activity 

A3 - strong activity 

Biopsy was not performed in patients with liver cirrhosis corresponding to 

METAVIR F4 fibrosis. 
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4. Additional information: 

• Gender, age 

• Body mass index (BMI = kg / m2); 

• data on the presence of esophageal varices, ascites. 

 

Statistical analysis 

Following the guidelines in the statistical literature (Kirk, 1995), the choice of 

statistical methods was based on the following main factors: 1) The objectives of the 

present research; 2) The type of data (metric, rank, nominal, binary); 3) The distribution 

of metric quantities (normal - Gaussian or asymmetric - non-Gaussian). The metric 

values were checked for symmetry and normality of the dispersions by the 

Kolmogorov-Smirnov test. Normal distribution was assumed at p> 0.05 and 

asymmetric at p <0.05 values according to the Kolmogorov-Smirnov test. Metrics with 

normal distribution are presented as arithmetic mean ± standard deviation (SD) and 

processed by the following parametric statistical methods: 

• t-test (independent-samples t-test); 

• One-way analysis of variance (one-way ANOVA) 

• Tukey’s multiple comparison test 

• Pearson correlation analysis 

• A single linear regression analysis to determine the predictive role of a certain 

quantity with the following statistics: coefficient of determination (R-square), corrected 

coefficient of determination (R-square adj.) And the prognostic equation. 

Nominal and ordinal values and those with asymmetric distribution were analyzed 

by the following nonparametric methods: 

• Spearman’s rank-order correlation 

• Chi-square test and / or Fisher's exact test 

The analyzes also include the following specialized medical statistics 

methods: 

• Test to establish reference 

• Analysis with ROC curve with area under the curve (AUC); 

• Optimal criterion value, sensitivity and specificity; 

• Positive predictive value (PPV) and negative predictive value (NPV); 

• Comparison of two rock curves (difference in AUC, p). 

 

The results are summarized in tables and illustrated with appropriate graphs, 

including: pie charts, graphs of individual and mean values, diagrams, line graphs, 

regression graphs, ROC curve. 

 

The data analysis was performed with the statistical program IBM SPSS, version 

26 (2018), the specialized program for medical analysis MedCalc version 19.4.1 (2020) 

and the statistical program Minitab version 19 (2020). 
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RESULTS AND DISCUSSION 

 

This chapter presents the results of statistical analysis of data related to spleen and 

liver stiffness in patients with chronic viral hepatitis B, chronic viral hepatitis C and 

liver cirrhosis of viral etiology, and a group of 35 clinically healthy controls. The 

chapter is organized in sectors corresponding to the main tasks of scientific research. 

Task 1: Stiffness of the spleen (SS) and stiffness of the liver (LS) in clinically 

healthy controls 

 

Characteristics of the studied group of clinically healthy controls 

The control group included 35 volunteers, of which 16 men (45.7%) and 19 

women (54.3%), without significant difference in the relative share of the two sexes, p 

= 0.633. The mean age of the participants was 46.20 ± 14.55 years with an age range 

between 20 and 83 years. No significant age difference was found between men and 

women, p = 0.841. 

 

The values of spleen stiffness (SS) and liver (LS) showed a normal (Gaussian) 

distribution in both sexes and were compared by t-test for independent samples 

(independent-samples t-test). Similar values were found in both sexes, without 

significant difference (PS p = 0.068; PCD p = 0.144). The similar age and similar values 

of SS and LS in men and women gave grounds to derive common reference values 

without gender distinction (Table 2). 

 

 

Healthy 

controls 

Number 

(%) 
р 

Age SS m/s LS m/s  

 

 
(±SD) 

 

p 
 

(±SD) 
 

p 
 

(±SD) 
 

p  

Total 
35 

(100%) 
- 46.20(±14.55) - 2.46(±0.22) - 1.69(±0.34)   - 

 

 

Мen 
16 

(45.7%) 

0.633 

46.75(±12.88) 

0.841 

2.38(±0.17) 

0.068 

1.6(±0.22) 

0.144 

 

 

 

Women 
19 

(54.3%) 
45.74(±16.16) 2.52(±0.24) 1.77(±0.41) 
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Table 2: Characteristics of the studied group of healthy controls 

X ̅ = arithmetic mean; SS - spleen stffness; LS – liver stiffness 

 

 

 

Gender distribution, individual and mean age in men and women in the group of 

healthy controls are illustrated in Figure 3. 

 

 

 

 
Figure 3. Distribution by sex, individual and average age in men and women in 

the group of healthy controls 

Determination of reference limits of spleen and liver stiffness 

The reference limits of spleen and liver stiffness were established using the 

MedCalc program, version 19, 2019. The calculations are consistent with the following 

statistics: values of asymmetry and excess, the results of the Reed test for the presence 

of extreme values and the results of the Kolmogorov test -Smirnov to establish a normal 

(Gaussian) distribution. In order for the condition for normal (Gaussian) distribution to 

be fulfilled, the coefficients of asymmetry and excess, as well as the results of the 

Kolmogorov-Smirnov test must not be statistically significant, with p-values higher 

than 0.05 (p> 0.05). From the presented data (Table 2) it can be seen that the values of 

spleen stiffness and liver stiffness do not meet the criterion for Gaussian (normal) 
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distribution, as the Kolmogorov-Smirnov test shows a significant deviation from the 

normal distribution: p = 0.014 for PS and p = 0.021 for PCD. 

The calculation of the reference limits of spleen and liver stiffness is consistent 

with the results of the preliminary review of the data and the conclusions made above. 

In order to normalize the distribution, a logarithmic transformation was used, followed 

by an inverse transformation. The reference limits (Table 4) reflect the normalized data 

for both target values. For spleen density, the reference range covers values from 2.06m 

/ s (lower limit) to 2.91m / s (upper limit); for liver density 1.14m / s (lower limit) to 

2.42m / s (upper limit). 

Table 3: Results of the analysis to establish reference values of spleen and liver 

stiffness in healthy controls 

Results of the data 

preview 

Spleen 

stiffness 

m/s 

Liver 

stiffness 

m/s 

o Lowest value 2.20 1.30 

o Highest value 2.90 2.80 

o Arithmetic mean (X) ̅ 2.46 1.69 

o Median 2.40 1.60 

o Standard deviation 0.22 0.34 

o Coefficient of asymmetry 0.477 (p = 0.216) 0.697(p = 0.079) 

o Excess coefficient -0.909 (p = 0.111) -0.0298(p = 0.85) 

o Kolmogorov-Smirnov test 

for normal distribution 

D = 0.166 

             p =0.014* 

             D=0.161  

p=0.021* 

  Abnormal values 

   (according to Reed, 1971) 

No  No 

Reference Limits 

(Method based on normal distribution after logarithmic 

transformation) 

o Lower limit reference 

value (m / s) 

2.06 1.14 

o 90% Confidence 

Interval (CI) at the lower 

limit (m / s) 

1.97 to 2.15          1.04 to 1.25 

o Reference value upper 

limit (m / s) 

2.91 2.42 
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o 90% Confidence 

Interval (CI) upper limit 

(m / s) 

2.79 to 3.04 2.20 to 2.66 

          * - Statistical significance at p <0.05 

 

A graphical illustration of the reference intervals for the upper and lower spleen 

and liver density limits is provided in Figure 4. The dashed line indicates the 

arithmetic mean values. 

 
Figure 4: Reference intervals for spleen and liver stiffness density established on 

the basis of healthy controlls 

Analysis of the relationship between body mass index (BMI) and spleen and 

liver stiffness in healthy controls 

Body mass index in healthy controls ranged between 14 and 36.30, with a mean 

of 24.23 ± 4.29. The relative share of participants with normal weight (18.5 to 24.99) 

was 57% (N = 20); overweight (≥25) accounted for 37% (N = 13) and the remaining 

6% (N = 2) were underweight (<18). 

The potential association of body mass index with spleen and liver pathway in 

the healthy controls group was analyzed by Spearman rank-order correlation. The 

correlation coefficients are interpreted against the Cohen reference values (Cohen, 

1988) as follows: 

o very high / high correlation: ± (0.70 - 1) 

o large / high correlation: ± (0.50 - 0.69) 

o medium / moderate correlation: ± (0.30 - 0.49) 
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o weak / low correlation: ± (0.10 - 0.29) 

 

 

The results of the correlation analysis (Table 4) show no significant relationship 

between BMI and spleen stiffness (rs = 0.083, p = 0.637) and a high positive 

association between BMI and liver stiffness (rs = 0.571, p = 0.011). 

Table 4: Results of the correlation analysis for the relationship between body 

mass index, spleen and liver stiffness in healthy controls 

* - Statistical significance at p <0.05 

 

 

Figure 5 illustrates the significant positive association between body mass index 

and liver density. Healthy controls with higher body weight are associated with higher 

PCD values. 

 
 

              * - Statistical significance at p <0.05 

Figure 5. Significant positive association between body mass index and liver 

stiffness in healthy controls 

 

 

BMI Spleen Stiffness Liver Stiffnes 

Spearman 

correlation coefficient 

        0.083             0.571 

Significance (p)         0.637             0.011* 
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Based on the study group of 35 clinically healthy controls, we established the 

following reference intervals for spleen and liver stiffness after normalization of data 

that initially showed a non-Gaussian distribution. 

Spleen    Lower limit 2.06m / s -   Upper limit 2.91m / s 

Liver      Lower limit 1.14m / s -   Upper limit 1.42m / s 

 

 

Of the two indicators SS and LS, the second showed a significant dependence 

on body mass index, with higher BMI values associated with higher liver stiffness. 

Spleen stiffness did not show a significant relationship with BMI, which gives us reason 

to assume that SS values are not affected by body mass index. 

 

Cassinotto et al. obtain similar values when measuring liver density by pSWE: 

1.16 ± 0.60m / s. The mean splenic pSWE rate in adults obtained by Leung et al. Was 

2.46 ± 0.35m / s. Regarding the influence of BMI on the densities of both organs, the 

results of Bota et al. indicate that obesity, old age and male gender adversely affect the 

level of successful studies and the accuracy of pSWE. 

 

 

Task 2: Spleen and liver stiffness in patients with chronic viral hepatitis B, 

measured by pSWE 

 

Characteristics of patients with chronic viral hepatitis B 

 

To perform the tasks for Task 2, the study included 30 patients with chronic viral 

hepatitis B, aged between 25 and 71 years, mean age for the group 47.53 ± 11.63 years. 

Of these, 14 (46.7%) were men and 16 (53.3%) women, without significant difference 

in gender distribution (p = 0.797) and age in both sexes (men 47.50 ± 9.60 years; 

women 47.56 ± 13.48 years), p = 0.989 . The sex distribution, individual and average 

age of men and women in the group with chronic viral hepatitis B are illustrated in 

Figure 6. 
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Figure 6. Distribution by sex, individual and average age in men and women in 

the group of patients with chronic viral hepatitis B. 

 

Table 5 presents data on the measurements of body mass index (BMI), liver size 

(LSz), spleen size (SSz), portal vein size (PVSz), portal blood flow velocity (BFV), 

lienal vein size (LVSz), lienal blood flow rate (LBFR), ascites and varicose veins in 

patients with chronic viral hepatitis B. 

 

The mean BMI was 27.02 ± 5.26kg/m2, which is in the overweight range (≥25kg 

/ m2). The categorization of patients according to BMI showed overweight in the 

majority of them (63%; N = 19) and normal in the remaining 37% (N = 11). 

Liver size averaged 149.07 ± 25.38 mm, with 40% (N = 12) of patients with viral 

hepatitis B having normal values (<140 mm) and above normal (≥140 mm) in the 

remaining 60% (= 18 mm). ). The size of the spleen shows an average value of 108.70 

± 11.81mm, with a range between 92mm and 131mm. The mean portal vein size was 

12.24 ± 3.27mm, with a range between 7.30 and 18.00mm. According to RVP, normal 

size (≤13 mm) was observed in 80% (N = 24) of patients with chronic viral hepatitis B. 

The remaining 20% (N = 6) showed portal hypertension with values higher than 13 

mm. The average value of the portal blood flow is 11.00 ± 2.41cm/s, with a minimum 

speed of 5.20cm/s and a maximum of 14.60cm/s. 

 

An average size of 6.41 ± 1.67mm, with a minimum value of 4.00mm and a 

maximum value of 9.60mm was found in vena lienalis, and normal values of RVL 

(≤10mm) were observed in all 30 patients in this group (100%). The average velocity 

of the lienal blood flow was 9.51 ± 3.67cm / s, with a range between 4.68cm / s and 
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22.30cm / s. None of the patients with chronic viral hepatitis B had ascites (0%) and 

varicose veins were observed in 3 patients (10%). 

 

Table 5: Data on the study group of patients with chronic viral hepatitis B 

 

Parameters 

 

Statistic 

BMI (kg/m2) 

�̅� (±SD)                            

27.02±5.26 

                        Number (%) 

o 18.5 до 24.99 (normal) 
o ≥25 (overweight) 
o < 18.5 (below normal) 

 

         11 (27%) 

         19 (63%) 

          0 (0%) 

Liver size (mm)  
�̅� (±SD) 149.07±25.38 

                     Minimum-Maximum 

Number (%) 

100.00 - 233.00 

               <140 мм (normal) 12 (40%) 

 ≥140мм (above normal) 18 (60%) 

Spleen size  

 (mm) 

�̅� (±SD)     108.70±11.81                 

Minimum-Maximum 

 

92.00 - 131.00 

        Size of the portal vein (mm) 

�̅� (±SD)  12.24±3.27 

Number (%)  

≤13 мм (normal) 24 (80%) 

o > 13мм (portal hypertension) 6 (20% 

    Portal blood flow rate (cm/s) 

�̅� (±SD)  11.00±2.41 

Minimum-Maximum 

 

5.20 – 14.60 

    Lienal vein size (mm) 

�̅� (±SD)  6.41±1.67 

Number (%)  

≤10 мм (normal) 30 (100%) 

o > 10мм (above normal) 
 

0 (0%) 

     Lienal blood flow rate (cm/s) 
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�̅� (±SD)  9.51±3.67 

Minimum-Maximum 

 

4.68 – 22.30 

Ascites 

Number (%) 

 

0 (0%) 

Varicose veins 

Number (%) 

 

3 (10%) 

X ̅ = arithmetic mean value 

 

Spleen and liver stiffness in patients with chronic viral hepatitis B 

 

Both parameters, spleen stiffness and liver stiffness, showed a normal distribution 

in patients with chronic viral hepatitis B, according to the Kolmogorov-Smirnov test: 

SS, p = 0.063: LS, p = 0.162 (Table 6). For the whole group, the mean value of the SS 

was found to be 3.12 ± 0.36m / s, with a range between 2.57m / s and 3.86m / s. The 

average value of LS amounts to 2.36 ± 0.66m / s, range 1.33m / s to 3.80m / s. 

 

Table 6: Spleen and liver stiffness in patients with chronic viral hepatitis B 

 

Parameters                                  

 

SS                                         LS 

Total   

o �̅� (±SD) 3.12±0.36 2.36±0.66 

o Minimum-Maximum 

 

2.57-3.86 1.33 - 3.80 

o Median 

 

3.11 2.22 

o Interquartile range               

(IQR) 

0.49 1.19 

o Kolmogorov-Smirnov test 

for normal distribution (p) 

 

            0.063                         0.162 

 

 

Figure 7 illustrates the distribution and mean of SS in patients with chronic viral 

hepatitis B relative to the distribution, mean and reference interval in healthy controls 

(Task 1). The mean SS in patients with chronic viral hepatitis B (3.12m / s) was seen 

to be significantly higher than the mean in healthy controls (2.46m / s), p <0.001. 

Relative to the reference interval 2.06m / s to 2.91m / s, the average value of the SS 

goes beyond the reference interval and is significantly higher than the upper reference 

limit (p = 0.003). 
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** - Statistical significance at p <0.01; *** - Statistical significance at p <0.001 

Figure 7. Distribution and mean SS in patients with chronic viral hepatitis B 

relative to the distribution, mean and reference interval in healthy controls 

 

The distribution and mean of LS in patients with viral hepatitis B were compared 

to those in healthy controls in Figure 8. A significantly higher mean of LS in patients 

(2.36m / s) was found compared to healthy controls (1.69m / s). s), p <0.001. Relative 

to the reference interval, the mean value falls within the range and is slightly lower than 

the upper reference limit (2.42m / s). 
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*** - Statistical significance at p <0.001 

Figure 8. Distribution and mean LS in patients with chronic viral hepatitis B 

relative to the distribution, mean and reference interval in healthy controls 

 

Spleen and liver stiffness in patients with chronic viral hepatitis B according to 

the histological classification METAVIR 

 

The density of the spleen and liver according to the histological classification of 

patients according to METAVIR, which in this group includes three levels F1, F2 and 

F3, was monitored by one-way analysis of variance (one-way ANOVA) and Tukey's 

multiple comparison test for post-Hawk pairwise comparisons to determine which 

histological categories differ significantly in terms of SS and LS values. 

 

The results of the ANOVA analysis (Table 7) showed a statistically significant 

relationship between histological levels and the values of PS (p <0.001) and PCH (p 

<0.001). 

 

The highest values were found in patients with stage F3 fibrosis and the lowest in 

patients with F1. Through post-Hawk pairwise comparisons, it was found that between 

the first two categories F1 and F2 the difference in the density of the spleen and liver 

is minimal and does not reach statistical significance. In particular, the mean spleen 

density was 2.81 ± 0.19 m / s in patients with F1 and 3.02 ± 0.24 m / s in those with F2, 

with a difference of 0.21 m / s, p = 0.252. Liver density in patients with F1 was 1.87 ± 

0.25m / s and F2 was 1.96 ± 0.36m / s, difference 0.09m / s, p = 0.858. 
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The main significant trends are related to patients with F3. Significantly higher 

values of SS (3.41 ± 0.31m / s) and LS (3.02 ± 0.46m / s) were found in them as follows: 

1) Significantly higher SS values than patients with F1 with a difference of 0.60m 

/ s, p <0.001. 

2) Significantly higher values of SS than patients with F2, with a difference of 

0.21m / s, p = 0.005. 

3) Significantly higher values of LS than patients with F1, with a difference of 

1.15m / s, p <0.001. 

4) Significantly higher values of LS than patients with F2, with a highly 

significant difference of 1.06m / s, p <0.001. 

 

Table 7: Spleen and liver stiffness in patients with chronic viral hepatitis B 

 

Parameters 

 

        SS                             LS 

Histology (METAVIR)   

F1  (N = 8)   

o �̅� (±SD) 2.81±0.19 1.87±0.25 

o Minimum-

Maximum 

o  

2.57-3.17 1.59-2.29 

F2 (N =10)   

o �̅� (±SD) 3.02±0.24 1.96±0.36 

o Minimum-Maximum 2.78 – 3.46 1.33-2.49 

F3 (N = 12)   

o �̅� (±SD) 3.41±0.31 3.02±0.46 

o Minimum-Maximum 2.91- 0 3.86 2.17 -3.80 

             ANOVA  

                 p 

 

0.000*** 

 

0.000*** 

             Tukey (p) 

o F1 →F2 

o F1 →F3 

o F2 →F3 

 

0.252 

  0.000*** 

0.005** 

 

0.858 

0.000*** 

0.000*** 

X ̅ = arithmetic mean; ANOVA - one-way analysis of variance; Tukey - Tukey 

test for post-hawk comparison by pairs after significant ANOVA: ** - Statistical 

significance at p <0.01; *** - Statistical significance at p <0.001 

 

Figure 9 illustrates the mean and individual values of SS and LS, relative to 

histological classification. Reference intervals established for healthy controls are also 

provided. In cases where the mean values in the individual groups of patients (F1, F2 

and F3) exceed the upper reference limit, a one-sample t-test was used to determine 

significant deviations from the value of the upper reference limit. 
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Panel A outlines the two significant trends described above, namely significantly 

higher SS values in patients with F3 fibrosis from the other two groups. In addition, the 

mean SS value in patients with F1 was seen to fall within the reference range (2.06m / 

s to 2.91m / s). In the other two groups (F2 and F3) the mean values were significantly 

higher than the upper reference limit: F2 (p = 0.018); F3 (p <0.001). 

Panel B provides a similar comparison of LS values according to histological 

classification and reference interval. Again, significantly higher LS values are 

emerging in patients with F3 from the other two groups. Relative to the reference 

interval, the first two groups (F1 and F2) fall within the reference interval (1.14m / s to 

2.42m / s). Only patients with F3 showed a mean value significantly higher than the 

upper reference limit (p <0.001). 

 

 
* - Statistical significance at p <0.05; ** - Statistical significance at p <0.01; *** 

- Statistical significance at p <0.001 

Figure 9. Distribution and mean of SS and LS in patients with chronic viral hepatitis 

B according to histological classification and relative to reference intervals in healthy 

controls 
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Spleen and liver stiffness in patients with chronic viral hepatitis B by sex and 

body mass index (BMI) 

 

Mean SS and LS values were compared between male and female hepatitis B virus 

patients (Figure 10) using a t-test for two independent samples (independent-samples 

t-test). The results showed no significant difference in the value of SS between the two 

sexes (Panel A): men 3.17 ± 0.36m / s, women 3.08 ± 0.35m / s, difference 0.09m / s, 

p = 0.501. In both sexes, the values are higher than the upper reference limit (2.91m / 

s). 

The mean LS was 2.52 ± 0.77m / s for men and 2.22 ± 0.53m / s for women, with 

a difference of 0.30m / s, which did not reach statistical significance (p = 0.233), but it 

should be noted in men the mean value of the LS exceeds the upper reference limit by 

0.10m / s, while in women the mean value falls within the reference interval (Panel B). 

            

 
Figure 10. Spleen and liver stiffness in male and female patients with chronic 

viral hepatitis B 

 

According to body mass index, patients with chronic viral hepatitis B were 

categorized into two groups, with normal BMI (N = 11) and with overweight BMI (N 

= 19). The two groups of patients were compared for the values of SS and LS by t-test 

for independent samples (Figure 11). 
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In patients with normal BMI, spleen stiffness averaged 3.06 ± 0.28m / s, and in 

patients with overweight BMI 3.15 ± 0.40m / s, with a minimum difference of 0.09m / 

s, no statistical significance, p = 0.492 (Panel A ). Both values exceed the upper 

reference limit (2.91m / s). 

Liver stiffness averaged 2.06 ± 0.53m / s in patients with normal BMI and 2.54 ± 

0.58m / s in those with overweight BMI. The difference of 0.48 m / s is statistically 

significant, p = 0.043. It should also be noted that in patients with normal BMI, the 

mean PMI is within the reference range, while in those with overweight BMI, the mean 

exceeds the upper limit by 0.12m / s (Panel B). 

 

 
* - Statistical significance at p <0.05 

Figure 11. Spleen and liver stiffness in patients with chronic viral hepatitis B with 

normal and elevated BMI 

 

The significant correlation between LS and BMI in patients with chronic viral 

hepatitis B was further analyzed by the Pearson correlation r test and a single linear 

regression analysis to derive a prognostic algorithm (regression equation) and a 

coefficient of determination (R-square), which shows the extent to which one quantity 

can be predicted on the basis of another quantity. Figure 12 illustrates the significant 

linear relationship between BMI and LS. The value of the correlation coefficient r = 

0.500 shows that there is a high positive association between the two quantities. 

According to the coefficient of determination R-square, as a single prognostic value 

BMI can explain 25% of the change in LS for a given group of patients with viral 

hepatitis B and 22.3% in other similar samples. 
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** - Statistical significance at p <0.01 

Figure 12. Significant positive association between liver density at and body mass 

index in patients with chronic viral hepatitis B 

 

 

Analysis of the potential relationship between spleen and liver stiffness and 

spleen and liver size in patients with chronic viral hepatitis B 

 

The potential relationship between spleen and liver stiffness and spleen and liver 

size in patients with chronic viral hepatitis B was analyzed by the Pearson-r correlation 

test. Spleen density showed no significant association with spleen size (r = 0.159, p = 

0.403). On the other hand, a high positive association of mean value was found between 

liver density and liver size, r = 0.410, p = 0.024 (Figure 13). Higher LS values are 

associated with a larger liver size. 
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* -Statistical significance at p <0.05 

Figure 13. Significant positive association between liver density and liver size in 

patients with chronic viral hepatitis B 

In a comparative study conducted by Zhang et al, including 180 patients with 

chronic viral hepatitis B, found the following values of liver density: F0-1 1.24m / s, 

F2 1.4m / s (Se 0.59, Sp 0.88, AUROC 0.764 ), F3 1.93m / s (Se 0.71, Sp 0.86, AUROC 

0.852). Xiao-Ping Ye et al, found a significant linear relationship between LS 

(Spearman ρ = 0.87; P <.001) and SS (Spearman ρ = 0.76; P <.001) in patients with 

chronic viral hepatitis B. With increasing stage of fibrosis and the values of both 

indicators are shown. Their study is based on 204 patients. The LS values they establish 

are as follows: robust 1.13 ± 0.12m / s (n = 60), F1 1.27 ± 0.21 (n = 17), F2 1.50 ± 0.28 

(n = 23), F3 1.85 ± 0.34 (n = 23), F4 2.50 ± 0.5 (n = 141). The higher values of LS that 

we receive are due on the one hand to the higher body mass index in our patients, and 

on the other hand - to the different manufacturer of pSWE. Regarding the spleen, the 

values they receive are: healthy 2.17 ± 0.22m / s (n = 60), F1 2.27 ± 0.21m / s (n = 17), 

F2 2.38 ± 0.31m / s (n = 23) , F3 2.54 ± 0.46m / s (n = 23), F4 3.24 ± 0.44m / s (n = 

141). In patients with esophageal varices, the values of liver density are 2.65 ± 0.40m / 

s, and this value does not change depending on the degree of varicose veins. In contrast, 

the value of SS varies significantly with the degree of varicose veins and is as follows: 

degree 1 - 3.15 ± 0.35m / s, degree 2 - 3.38 ± 0.29m / s, degree 3 - 3.63 ± 0.37m / s. 
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Task 3: Spleen and liver stiffness in patients with chronic viral hepatitis C, 

measured by pSWE 

Characteristics of patients with chronic viral hepatitis C 

Pursuant to Objective 3, a group of 30 patients with chronic viral hepatitis C, aged 

between 31 and 79 years, mean age 51.73 ± 13.80 years, was studied. The distribution 

by sex shows 16 (53.3%) men and 14 (46.7%) women, without significant difference 

in the relative share of the two sexes (p = 0.797). The mean age in female and male 

patients was similar (males 51.68 ± 14.48 years; females 51.78 ± 13.54 years), with no 

significant difference (p = 0.985). Figure 14 illustrates the sex distribution, individual 

and average age in men and women in the group with chronic viral hepatitis C. 

 
Figure 14. Distribution by sex, individual and mean age in men and women in 

the group of patients with chronic viral hepatitis C  

Data on the measurements of body mass index (BMI), liver size (LSz), spleen size 

(SSz), portal vein size (PVSz), portal blood flow rate (PBF), lienal vein size (LVSz) , 

lienal blood flow rate (LBFR), ascites and varicose veins in patients with chronic viral 

hepatitis C are presented in Table 8. 

 The mean BMI in patients with chronic viral hepatitis C was 24.60 ± 5.21kg / 

m2, which was generally in the normal weight range (18kg / m2 to 24.99kg / m2). The 

categorization of patients according to BMI showed normal weight in the majority of 
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them (63%; N = 19), overweight in the remaining 34% (N = 10) and underweight in 

one patient (3%). 

The mean LSz was 139.66 ± 12.38mm, with 50% (N = 15) of patients with chronic 

viral hepatitis C having normal values (<140mm) and the other 50% (N = 15) above 

normal (≥140mm). The mean spleen size is 115.70 ± 17.94mm, with a range between 

84.40mm and 152mm. The mean gate vein size was 6.64 ± 2.07mm, with a range 

between 3.80 and 12.80mm. Individual values in all patients (100%) in this group with 

the norm (≤13mm). The average value of the portal blood flow is 10.87 ± 2.69cm / s, 

with a minimum speed of 6.60cm / s and a maximum of 17.2cm / s. 

The mean size of the lienal vein was 6.64 ± 2.07mm, with a minimum of 3.80mm 

and a maximum of 10.80mm. Normal values of RVL (≤10mm) were observed in 93.3% 

(N = 28) of the patients and values above the norm (> 10mm) were found in only 6.7% 

(N = 2). The velocity of the lienal blood flow has an average value of 10.46 ± 4.07cm 

/ s, with a range between 5.30cm / s and 25.00cm / s. No ascites (0%) was observed in 

the group of patients with chronic hepatitis C, and varicose veins were found in seven 

(23%). 

Table 8: Data on the study group of patients with chronic viral hepatitis C 

Parameters 

 

                        Statistics data 

BMI kg/m2 

�̅� (±SD)                                24.60±5.21 

                            Number (%) 

o 18.5 до 24.99 (normal) 

o ≥25 (overweight) 

o < 18.5 (subnormally) 

 

19 (63%) 

10 (34%) 

1 (3%) 

Liver size (mm)  
�̅� (±SD) 139.66±12.38 

Min-Max  117.00 - 163.00 

Number (%)  

o <140mm (normal) 15(50%) 

o ≥140mm (overweight) 15(50%) 

Spleen size (mm) 

�̅� (±SD)                              115±17.94 

Minimum-Maximum 

 

84.40 - 152.00 

Size of the portal vein 

 (mm) 

�̅� (±SD)  9.23±1.83 
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Minimum-Maximum 

Number (%) 

5.10 – 12.80 

≤13 mm (normal) 30 100%) 

              > 13mm (portal 

hypertension) 

0(0%) 

Vein vein blood flow rate (cm/s) 

�̅� (±SD)  10.87±2.69 

Minimum-Maximum 

 

6.60 – 17.20 

Lienal vein size (mm) 

�̅� (±SD)  6.64±2.07 

Minimum-Maximum 

Number (%) 

3.80 – 10.80 

≤10 mm (normal) 28 93.3%) 

            >10mm (above normal) 2 (6.7%) 

Blood flow rate of the lienal vein (cm/s) 

�̅� (±SD)  10.46±4.07 

Minimum-Maximum 5.30 – 25.00 

Ascites 

 Number (%) 

 

0 (0%) 

Varicose veins 

Number (%) 

 

7 (23%) 

X ̅ = arithmetic mean value 

 

Spleen and liver stiffness in patients with chronic viral hepatitis C. 

According to the Kolmogorov-Smirnov test, the distribution of SS and LS in 

patients with chronic viral hepatitis C is within normal limits: SS, p = 0.200; LS, p = 

0.072 (Table 10). For the whole group, the mean value of SS was 3.20 ± 0.37m / s, with 

a range between 2.38m / s and 3.95m / s. The mean LS value is 2.22 ± 0.54m / s, range 

1.46m / s to 3.27m / s 

Table 9: Spleen and liver stiffness in patients with chronic viral hepatitis  

Parameters 

 

           SS                            LS 

 

Total   

o �̅� (±SD) 3.20±0.37 2.22±0.54 

o Minimum-Maximum 2.38-3.95 1.46 – 3.27 
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o Median 3.18 2.14 

o Interquartile range (IQR) 0.65 1.07 

o  Kolmogorov-Smirnov 

test for normal 

distribution (p) 

 

        0.200                        0.072                     

 

 

Figure 15 illustrates the distribution and mean of SS in patients with chronic viral 

hepatitis C relative to the distribution, mean and reference interval in healthy controls. 

The mean SS in patients with chronic viral hepatitis C (3.20m / s) was seen to be 

significantly higher than the mean in healthy controls (2.46m / s), p <0.001. Relative to 

the reference interval 2.06m / s to 2.91m / s, the mean value of the SS goes beyond the 

reference interval and is significantly higher than the upper reference limit (p <0.001). 

 
                        *** - Statistical significance at p <0.001 

Figure 15. Distribution and mean SS in patients with chronic viral hepatitis C 

relative to the distribution, mean and reference interval in healthy controls 

 

 The distribution and mean of LS in patients with chronic viral hepatitis C were 

compared to those in healthy controls in Figure 16. The mean of LS in patients (2.22m 

/ s) was significantly higher than in healthy controls (1.69m / s). s), p <0.001. Relative 

to the reference interval, the mean value falls within the range and is lower than the 

upper reference limit (2.42m / s). 
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*** - Statistical significance at p <0.001 

Figure 16. Distribution and mean LS in patients with chronic viral hepatitis C 

relative to the distribution, mean and reference interval in healthy controls 

Spleen and liver stiffness in patients with chronic viral hepatitis C according to 

the histological classification METAVIR 

Spleen and liver stiffness were compared according to the histological 

classification of METAVIR patients by similar statistical methods as in the group of 

patients with chronic hepatitis B. Based on the ANOVA analysis (Table 10), a 

statistically significant relationship was found between histological stages and SS 

values. (p <0.001) and PCD (p <0.001). The highest values were found in patients with 

F3 and the lowest in patients with F1. Posthock pairwise comparisons using the Tukey 

test showed a significant increase in SS and LS with each higher histological stage as 

follows: 

1) Significantly higher mean SS was found in patients with F2 3.22 ± 0.17m / s 

compared to patients with F1 2.78 ± 0.15m / s, with a difference of 0.44m / s, p <0.001. 

2) Patients with F3 showed a significantly higher value of SS (3.59 ± 0.16m / s) 

than the values observed in patients in stage F2 and F1 with the following differences: 

o 0.81m / s compared to patients with F1, p <0.001. 

o 0.37m / s compared to patients with F2, p <0.001. 

 



31 
 

3) There was a significantly higher average value of LS in patients with F2 2.05 

± 0.13m / s compared to patients with F1 1.68 ± 0.12m / s, with a difference of 0.37m 

/ s, p <0.001. 

4) Patients with F3 showed a significantly higher value of LS (3.59 ± 0.16m / s) 

than patients in stage F2 and F1 with the following differences: 

o 1.23m / s compared to patients with F1, p <0.001. 

o 0.37m / s compared to patients with F2, p <0.001. 

Table 10: Spleen and liver stiffness in patients with chronic viral hepatitis C 

Parameters Stiffness 

                                           

        liver                                  spleen 

Histology (METAVIR)   

F1  (N = 10)   

o �̅� (±SD) 2.78±0.15 1.68±0.12 

o Minimum-Maximum 2.38-2.95 1.46-1.94 

F2 (N =10)   

o �̅� (±SD) 3.22±0.17 2.05±0.13 

o Minimum-Maximum 3.06 – 3.58 1.85-2.24 

F3 (N = 10)   

o �̅� (±SD) 3.59±0.16 2.91±0.21 

o Minimum-Maximum 3.39- 3.95 2.49 -3.27 

             ANOVA  

                 p 

 

 0.000*** 

 

0.000*** 

             Tukey (p) 

o F1 →F2 

o F1 →F3 

o F2 →F3 

 

0.000*** 

0.000*** 

      0.000*** 

 

0.000*** 

0.000*** 

0.000*** 

X ̅ = arithmetic mean; ANOVA - one-way analysis of variance; Tukey - Tukey 

test for post-hawk pairwise comparison after significant ANOVA: 

 *** - Statistical significance at p <0.001 

 

Figure 17 illustrates the mean and individual values of SS and LS relative to the 

histological classification of patients and the reference intervals established in healthy 

controls. In cases where the mean values of the individual groups of patients (F1, F2 

and F3) exceed the upper reference limit, a one-sample t-test was used to identify 

significant deviations from the value of the upper reference limit. 

 

Panel A outlines the significant differences between the individual histological 

stages with respect to SS, with the highest mean in F3 patients and the lowest in F1 

patients. Relative to the reference interval, in stage F1 the average value falls within 

the reference interval (2.06m / s to 2.91m / s). In the other two stages (F2 and F3) the 
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mean values were significantly higher than the upper reference limit (p <0.001 for both 

comparisons). 

Panel B provides a comparison of LS values according to histological 

classification and reference interval. There is a significant increase in LS with each 

higher histological stage. Compared to the reference interval, the first two groups (F1 

and F2) fall within the reference interval (1.14m / s to 2.42m / s), while patients with 

F3 show a mean value significantly higher than the upper reference limit (p <0.001).  

 

 
*** - Statistical significance at p <0.001 

Figure 17. Distribution and mean of SS and LS in patients with chronic viral 

hepatitis C relative to histological classification and relative to reference intervals in 

healthy controls 

Spleen and liver stiffness in patients with chronic viral hepatitis C by sex and 

body mass index (BMI) 

A comparison between male and female patients regarding the mean values of SS 

and LS showed no significant relationship between the sex of patients with chronic 

viral hepatitis C and the density of the spleen and liver. Figure 18 illustrates the 

individual and mean values for both sexes. In male patients, the mean SS averaged 3.10 

± 0.35m / s, and in women 3.31 ± 0.37m / s. The difference of 0.21m / s is not 
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statistically significant, p = 0.123 (Panel A). Relative to the reference interval, the 

values of SS in both sexes are higher than the upper reference limit (2.91m / s). 

The mean value of LS is 2.14 ± 0.55m / s for men and 2.30 ± 0.54m / s for women. 

The difference of 0.16m / s does not reach statistical significance (p = 0.440). In both 

sexes, the LS values fall within the reference interval (Panel B). 

          

 

Figure 18. Spleen stiffness and liver stiffness in male and female patients with 

chronic viral hepatitis C 

According to body mass index, patients with chronic viral hepatitis C were 

categorized into three groups as follows: 19 patients with normal BMI; 10 with 

overweight BMI and one with underweight. The large difference in the number of 

patients in the three BMI categories did not allow a comparative analysis similar to the 

group of patients with chronic hepatitis B. The relationship between body mass index 

and spleen and liver density was examined by the Pearson correlation test (Pearson-r 

correlation), followed by a single linear regression analysis. 
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The results showed no significant relationship between SS and BMI (r = 0.222, p 

= 0.239) and the presence of a significant positive association between LS and BMI (r 

= 0.495, p = 0.005). The value of the coefficient of determination R-square shows that 

as a single value, without taking into account other factors, based on BMI we can 

predict the density of the liver up to 19.4% in this group and up to 16.5% in other similar 

patient groups. (Figure 19). 

 

 
 Figure 19. Significant positive association between liver density and body mass 

index in patients with chronic viral hepatitis C 

 

 

Analysis of the potential relationship between spleen and liver stiffness and 

spleen and liver size in patients with chronic viral hepatitis C 

 

 The relationship between spleen and liver stiffness to spleen and liver size was 

examined by the Pearson correlation test. The results are summarized in Table 11. In 

the group of patients with chronic viral hepatitis C, the size of the spleen did not show 

a significant relationship with the density of the spleen (r = -0.074, p = 0.699). No 

significant association was observed between liver size and liver density (r = 0.116, p 

= 0.541) and between liver density. Based on these results, we can conclude that in 

patients with chronic hepatitis C, the values of SS and LS are not affected by those of 

the size of the spleen and the size of the liver. 

 

 



35 
 

Table 11: Results of the correlation analysis for the relationship between spleen 

and liver stiffness and spleen and liver size in patients with chronic hepatitis C 

 

 

 

Similar and similar to the results in patients with chronic viral hepatitis B are 

reported in this group. Goertz et al give the following chip values in patients with 

chronic viral hepatitis C: F1 1.53 (n = 13), F2 1.5m / s (n = 12), F3 3.79m / s (n = 23), 

F4 2.38m / s (n = 9). A meta-analysis by Xiangdong et al, involving 2,691 patients from 

21 studies, found that pSW elastography provided an accurate and precise diagnosis of 

the degree of fibrosis in patients with chronic viral hepatitis, especially in advanced 

stages of fibrosis (F3, 95% CI: 1.67-2.06). 

 

 

Task 4: Spleen and liver stiffness in patients with cirrhosis of viral etiology 

measured by pSWE 

 

Characteristics of patients with liver cirrhosis of viral etiology 

 

Results related to spleen and liver density in 30 patients with cirrhosis of viral 

etiology are presented in this section. The mean age of the patients was 58.46 ± 9.68 

years, with an age range between 35 and 78 years. Twenty-three of the patients were 

men (76.7%) and 7 women (23.3%) (N = 7), with a significantly higher proportion of 

men, p <0.001. In men, the mean age was 56.46 ± 8.77 years; in women at 65.00 ± 

10.27 years, with a significant age difference (p = 0.035). The sex distribution, 

individual and mean age in men and women in the group with cirrhosis of viral etiology 

are illustrated in Figure 20. 

 

 

 

 

Parameters Spleen 

stiffness 

Liver 

stiffness 

Spleen size  Correlation 

coefficient 

Pearson (r) 

Significance (p ) 

 

         

        -  0.074 

           0.699 

             

            - 

 

Liver size Correlation 

coefficient 

Pearson (r) 

Significance (p ) 

         

-  

 

    0.116     

           

    0.541         
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* - Statistical significance at p <0.05;  

*** - Statistical significance at p <0.001 

Figure 20. Distribution by sex, individual and average age in men and women in 

the group of patients with cirrhosis of viral etiology 

 

 

Table 12 presents information on body mass index (BMI), liver size (LSz), spleen 

size (SSz), portal vein size (PVSz), portal blood flow velocity (PBFV), lienal vein 

size(LVSz ), lienal blood flow rate (LBFR), ascites and varicose veins in patients with 

cirrhosis of viral etiology. 

 BMI in patients with liver cirrhosis averaged 25.61 ± 3.02kg / m2, or the group 

as a whole falls into the overweight range (≥25). The categorization of patients 

according to BMI showed normal weight in 43% (N = 13), overweight in 54% (N = 16) 

and underweight in 3% (N = 1). 

The mean liver size was 148.19 ± 18.2mm, with 23.3% (N = 7) of patients having 

normal LSz (<140mm) and the remaining 76.7% (N = 23) above normal (≥140mm). 

The mean SSz value is 127.40 ± 18.32mm, with a range between 100.00mm and 

175.00mm. 

The portal vein has an average size of 12.44 ± 3.08mm, with a range between 6.60 

and 20.80mm. Individual values in 19 patients (63.30%) were normal (≤13mm) and 

above normal (> 13mm) in the remaining 11 patients (36.70%). The average velocity 

of the portal blood flow is 15.18 ± 3.92cm / s, with a range between 8.00cm / s and 

23.10cm / s. 

Lienal vein has an average size of 7.61 ± 1.49mm, with a minimum value of 

3.20mm and a maximum of 11.00mm. Normal values of LVSz (≤10mm) were observed 

in 96.70% (N = 29) of the patients and only 3.7% (N = 1) had a value above the norm 
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(> 10mm). The mean velocity of the lienal blood flow was 11.38 ± 3.05cm / s, with a 

range between 7.20cm / s and 18.40cm / s. 

Ascites and varicose veins were found in 13 patients (43%) in 18 (60%). 

Regarding the degree of varicose veins, 3 of the patients (10%) were diagnosed with 

grade 1, 10 (33%) with grade 2 and 5 (17%) with grade 3. 

 

Table 12: Data on the studied group of patients with liver cirrhosis of viral 

etiology 

Parameters Statistics data 

BMI kg/m2 

�̅� (±SD) 25.61±3.02 

Number (%) 

      18.5 до 24.99 

(normal) 

o ≥25 (overweight) 

o < 18.5 subnormal) 

 

13 (43%) 

16 (54%) 

1 (3%) 

Liver size (mm) 
�̅� (±SD) 148.19±18.25 

Minimum-Maximum 110.00 - 183.00 

Брой (%)  

o <140mm(норма) 7  (23.3%) 

o ≥140mm(над 

норма) 

23 (76.7%) 

Spleen size (mm) 

�̅� (±SD) 127.40±18.32 

Minimum-Maximum 100.00 - 175.00 

Size of the portal vein (mm) 

�̅� (±SD) 12.44±3.08 

Minimum-Maximum 6.60- 20.90 

Number (%)  

o ≤13mm (normal) 19 (63.30%) 

o >13mm  

o (portal hypertension) 

11 (36.70%) 

Portal blood flow rate (cm/s) 

�̅� (±SD) 15.18±3.92 

Minimum-Maximum 8.00 – 23.10 

Lienal vein size (mm) 

�̅� (±SD) 7.61±1.49 

Minimum-Maximum 3.20 – 11.00 

Number (%)  
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o ≤10 мм (normal) 

 

 

29 (96.70%) 

o > 10мм  

o (portal hypertension) 

1 (3.3%) 

Lienal blood flow rate (cm/s) 

�̅� (±SD) 11.38±3.05 

Minimum-Maximum 7.20 – 18.40 

 

Ascites 

Number (%) 

 

 

13 (43%) 

Varicose veins Number (%) 

Total 

Level 1 

Level 2 

СLevel 3 

 

18 (60%) 

3(10%) 

10 (33%) 

5 (17%) 

X ̅ = arithmetic mean value 

 

 

 

Stiffness of the spleen and liver in patients with liver cirrhosis of viral etiology 

 

The individual values of SS and LS in patients with liver cirrhosis meet the 

requirements for normal distribution according to the Kolmogorov-Smirnov test: SS, p 

= 0.08; LS, p = 0.200 (Table 13). The mean value of the SS is 3.76 ± 0.36m / s, with a 

range between 3.13 and 4.60m / s. The LS has an average value of 3.21 ± 0.45m / s, 

range 2.37 to 4.24m / s. 

 

Table 13: Spleen and liver Stiffness in patients with cirrhosis of viral etiology 

 

Parameters Stiffness                Stiffness 

Spleen                    liver 

Total   

o �̅� (±SD) 3.76±0.36 3.21±0.45 

o Minimum-Maximum 3.13-4.60 2.37 – 4.24 

o Median 3.69 3.12 

o Interquartile range (IQR) 0.28 068 

o Kolmogorov-Smirnov test 

for normal distribution (p) 

 

0.08                      0.200 
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Figure 21 provides a graphical illustration of the distribution and mean SS in 

patients with liver cirrhosis compared to the distribution, mean and reference interval 

in healthy controls. The mean SS in patients with chronic viral hepatitis C (3.76m / s) 

was seen to be significantly higher than the mean in healthy controls (2.46m / s), p 

<0.001. 

Relative to the reference interval 2.06m / s to 2.91m / s, the mean value of the SS 

goes beyond the reference interval and is significantly higher than the upper reference 

limit (p <0.001). It should also be noted that all individual values of SS are located 

above the reference interval and the lowest recorded value in the group of patients with 

liver cirrhosis (3.13m / s) exceeds the upper reference limit. 

 

 
*** - Statistical significance at p <0.001 

Figure 21. Distribution and mean SS in patients with viral cirrhosis of viral 

etiology relative to the distribution, mean and reference interval in healthy controls 

 

 

The distribution and mean value of LS in patients with liver cirrhosis were 

compared with those in healthy controls in Figure 22. The mean value of LS in patients 

(3.21m / s) was significantly higher than that in healthy controls (1.69m / s) , p <0.001. 

Relative to the reference interval, the mean value goes beyond the reference interval 

and is significantly higher than the upper reference limit (2.42m / s), p <0.001. With 

the exception of one patient, with a LS of 2.37m / s, all other individual values are 

located above the upper reference limit. 
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            *** - Statistical significance at p <0.001 

Figure 22. Distribution and mean LS in patients with liver cirrhosis of viral 

etiology relative to distribution, mean and reference interval in healthy controls 

 

 

Diagnostic accuracy of spleen and liver stiffness regarding the presence of liver 

cirrhosis of viral etiology compared to healthy controls 

 

The results regarding the diagnostic potential of spleen and liver stiffness in the 

presence of liver cirrhosis of viral etiology are presented in 

 

Table 14. Both indicators, SS and LS, showed very high reliability in 

distinguishing patients with cirrhosis of viral etiology from healthy controls (p <0.001 

of both analyzes). In SS, 100% diagnostic accuracy was reported (AUC = 1,000). With 

an optimal criterion value of SS> 2.90m / s, the sensitivity and specificity of the 

diagnosis reaches 100%. The positive and negative predictive value also amounts to 

100%. 

In LS, the diagnostic accuracy is slightly lower at 99.40% (AUC = 0.994), but the 

difference in AUC between the two indicators is minimal (0.006) and does not reach 

statistical significance, p = 0.368. The optimal criterion value of LS, distinguishing 

patients with liver cirrhosis of viral etiology from healthy controls, is LS> 2.30m / s, 

with 100% sensitivity and 97.14% specificity. The positive predictive value shows 

96.77% and the negative 100%. 
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Table 14: Results for the diagnostic accuracy of SS and LS on the presence of 

liver cirrhosis of viral etiology 

 

 

Statistics 

SS LS Difference 

AUC 1.000 0.994 0.006 

95% CI 0.945 до 1.000 0.934 до 1.000 -0.0067 до 

0.0182 

SE 0.000 0.0006 0.006 

p 0.000*** 0.000*** 0.368 

Optimal criterion 

value  

(95% CI) 

 

>2.90m/s 

  (>2.80 до >2.90m/s) 

 

>2.30m/s 

   (>2.20 до > 2.80m/s) 

 

Sensitivity 100% 100.00%  

Specificity 100% 97.14%  

PPV 100%        96.77%  

NPV 100% 100.00%  

 

AUC - Area under the curve; SE - standard error; PPV - positive predictive 

value; NPV - Negative predictive value; *** - Statistical significance at p <0.001 

 

Figure 23 presents the roc curves for the diagnostic accuracy of SS and LS in 

distinguishing for patients with cirrhosis of viral etiology from healthy controls. There 

was a complete 100% overlap between the presence or absence of disease and SS values 

and an almost complete (99.4%) agreement between LS and the categorization of cases 

in both groups, including patients with cirrhosis of viral etiology or healthy controls. 
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                   *** - Statistical significance at p <0.001 

Figure 23. ROC curves for the diagnostic accuracy of SS and LS regarding the 

differentiation for patients with liver cirrhosis of viral etiology from healthy controls 

 

 

 

Spleen and liver stiffness in patients with cirrhosis of viral etiology by sex and 

body mass index (BMI) 

 

Similar to previous patient groups, in patients with cirrhosis of viral etiology, the 

effect of gender on SS and LS values was studied (Figure 24). It should be noted that 

in the current group, women make up only 23.3% and therefore the results must be 

interpreted within this limit. In men, a higher mean SS (3.82 ± 0.38m / s) was reported 

compared to women (3.54 ± 0.18m / s), with a difference of 0.28m / s, but without 

statistical significance, p = 0.070 (Panel A). Relative to the reference interval, the 

values of SS in both sexes exceed the upper reference limit (2.91m / s). 

 Liver density has a lower mean value (3.18 ± 0.46m / s) in men than in women 

(3.30 ± 0.43m / s), with a difference of 0.12m / s, which does not reach statistical 

significance (p = 0.535 ). It is important to note that in both sexes the average values 

of the LS exceed the upper reference limit of 2.42m / s (Panel B). 
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Figure 24. Stiffness of spleen and liver in male and female patients with cirrhosis 

of viral etiology 

 

According to body mass index, patients with cirrhosis of viral etiology were 

categorized into three groups as follows: 13 patients with normal BMI; 16 with 

overweight BMI and one with underweight. The unequal number of patients in the three 

BMI categories did not allow a comparative analysis, so the relationship was examined 

using the Pearson-r correlation test and single linear regression analysis. 

As in previous patient groups, in patients with liver cirrhosis,SS did not show a 

significant association with BMI (r = 0.156, p = 0.142) and a significant positive 

association was found between LS and BMI (r = 0.576, p <0.001). Based on BMI, as a 

single factor, liver density can be predicted up to 33.10% in the particular group and up 

to 30.80% in other similar patient groups. (Figure 25). 
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                *** - Statistical significance at p <0.001 

Figure 25. Significant positive association between liver stiffness and body mass 

index in patients with liver cirrhosis of viral etiology 

 

 

Analysis of the potential relationship between spleen and liver stiffness and 

spleen and liver size in patients with liver cirrhosis of viral etiology 

 

The relationship between spleen and liver density to spleen and liver size was 

examined by the Pearson correlation test. The results are summarized in Table 15. In 

patients with cirrhosis of viral etiology, a significant positive association was found 

between liver size and liver density (r = 0.413, p = 0.023 *) and no significant 

relationship between spleen density and spleen size (r = -0.133, p = 0.482). 

 

Table 15: Results of the correlation analysis for the relationship between spleen 

and liver stiffness and spleen and liver size in patients with liver cirrhosis of viral 

etiology 

* - Statistical significance at p <0.05 

 

Parameters 

SS LS 

Spleen size  Corr. Pearson (r) 

Significance (p) 

      -  0.133 

           0.482 

             

            - 

 

Liver size Cor. Pearson (r) 

Significance (p) 

         -           0.413 

          0.023* 



45 
 

 

Figure 26 illustrates the significant positive relationship between liver size and 

LS. Higher density is associated with a larger liver size. 

 

 

 
 

          * - Statistical significance at p <0.05 

Figure 26. Significant positive association between LSz and LS in liver cirrhosis 

patients with viral etiology 

 

 

 

Task 5: Comparison of the studied parameters and trends from the intragroup 

analyzes in the three patient groups (viral hepatitis B and C and liver cirrhosis with 

viral etiology) 

 

Intergroup comparison of the studied parameters 

The values of the main dimensions were compared between the different groups 

of patients in order to determine whether the type of the disease is related to certain 

significant trends. One-way analysis of variance (one-way ANOVA) and post-Hawk 

pairwise comparisons were performed using the Tukey's multiple comparison test. The 

comparison of proportions was performed using Fisher's exact test. The results are 

summarized in Table 18. 

As already mentioned in the previous sectors, the mean value of SS in all patient 

groups was significantly higher than that of the healthy controls and significantly 

exceeded the upper reference limit (2.91m / s). It should also be noted that significantly 

higher splenic density was found in the group of patients with liver cirrhosis of viral 

etiology (p <0.001) compared to the other two patient groups. 
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Mean LS values were also significantly higher than the mean in healthy controls, 

but only in patients with viral cirrhosis of viral etiology this value exceeded the upper 

reference limit (2.42m / s), while in patients with viral hepatitis B and C the mean the 

values fall within the reference interval. Table 16 shows that the mean LS in patients 

with cirrhosis of viral etiology was significantly higher than the other two patient 

groups (p <0.001). 

The size of the spleen was significantly larger in patients with cirrhosis of viral 

etiology compared with patients with viral hepatitis B (p <0.001) and viral hepatitis C 

(p = 0.020). Liver size was similar in the three patient groups without significant 

difference (p = 0.123). 

The smallest portal vein size was found in patients with viral hepatitis C, with a 

significant difference compared with patients with viral hepatitis B (p = 0.022) and liver 

cirrhosis (p <0.001). Patients with liver cirrhosis have the highest mean value of PVSz 

and it should be noted that in this group portal hypertension was found in 36.70% of 

patients, while in the other two groups there were no cases of portal hypertension. 

The portal blood flow rate was significantly higher in patients with liver cirrhosis 

compared to the group with viral hepatitis B (p = 0.003) and that with viral hepatitis C 

(p <0.001). 

Vena lienalis has the highest mean size in patients with liver cirrhosis and the 

lowest in those with viral hepatitis B with a significant difference between the two 

groups (p = 0.027). The other comparisons do not show a significant difference. Lienal 

blood flow velocity did not show significant differences between patient groups (p = 

0.145). 

Ascites occurs in patients with liver cirrhosis and is not observed in the other two 

groups (p <0.001). Varicose veins were found in the majority of patients with liver 

cirrhosis and in a significantly lower percentage in the other two patient groups (p 

<0.001).  

 

 

Table 16: Comparison of the main measurements in the three patient groups 

  

Parameters Patient groups p 

 

Hepatitis B 

 

Hepatitis С 

Liver 

cirrhosis 

 

SS 

�̅� (±SD) 

 
 

 

3.12±0.36 

 
 

 

3.20±0.37 

 

 

 

3.75±0.36 

 

 

 

  0.000*** 

 

LS 

�̅� (±SD) 

 

 
          2.36±0.66 

 

 
2.22±0.54 

 

 

3.21±0.45 

 

 

0.000*** 

 

SSz 

 

 108.70±11.81 

 

  115.88±17.94 
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�̅� (±SD)         

127.40±18.32 
0.000***       

HB→LC 
0.020*           

HС →LC 

 

LSz 

�̅� (±SD) 

 

 

 
149.07±25.38 

 

 

 
139.66±12.38 

 

       

 
     148.19±18.25 

 

0.123 

 

PVSz 

�̅� (±SD) 

 

 
 

11.00±2.41 

 

 

 

9.23±1.83 

 

 
 

      12.44±3.08 

 

0.022*          

HС→HB 
0.000***      

HС →LC 

 

PBF 

�̅� (±SD) 

 

 

 
12.24±3.27 

 

 

 
10.87±2.69 

 

 

 

      15.18±3.92 

 

0.003**         

HB→LC 

0.000***       

HС →LC 

 

LVSz 

�̅� (±SD) 

 

 

6.41±1.67 

 

 

6.64±2.07 

 

 

        7.61±1.49 

 

0.027*            

HB→LC 

 

 

 

LBFR 

�̅� (±SD) 

 
 

 

 
9.51±3.67 

 
 

 

 
10.46±4.07 

 
 

        

 
11.38±3.05 

 

 

 

0.145 

 

Ascites 

Number 

(%) 

 

 

0 (0%) 

 

 

0 (0%) 

 

 

13 (43%) 

 

0.000*** 

 

 

Vrices 

Number 

(%) 

 
 

3 (10%) 

 
 

7 (23.30%) 

 

 

18 (60%) 

 

0.000*** 

HB - hepatitis B; HC - hepatitis C; LC - liver cirrhosis; 

 * - Statistical significance at p <0.05; 

** - Statistical significance at p <0.01; *** - Statistical significance at p <0.001 
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Comparison of the results regarding the diagnostic accuracy of SS and LS in 

the three patient groups 

 

The current sector summarizes the data on the diagnostic potential of SS and LS 

in the prognosis and monitoring of patients with viral hepatitis B, C and cirrhosis. Table 

19 summarizes the results of the analyzes with roc curves that were performed in the 

individual patient groups. Spleen stiffness shows the highest degree of diagnostic 

accuracy of 100% in the diagnosis of liver cirrhosis. 

The combination of the two patient groups, hepatitis B and C, made it possible to 

assess the diagnostic potential of SS and LS to distinguish cases of liver cirrhosis (F4) 

from other patients with viral hepatitis B and C (F1-F3). We found a relatively high 

diagnostic accuracy of 87.20% with a limit value> 3.04m / s. 

In general, liver density showed a lower degree of diagnostic accuracy than that 

of SS. Again, the highest accuracy was found in the diagnosis of liver cirrhosis (99.4%) 

and lower in hepatitis B (81.8%) and hepatitis C (80%). The cut-off was lowest in 

patients with viral hepatitis C (> 1.90m / s) and highest in the group with liver cirrhosis 

(> 2.30m / s). 

Regarding the use of LS to distinguish cases of liver cirrhosis from those with 

viral hepatitis B and C, we found a relatively high diagnostic accuracy of 87.50% with 

a cut-off value> 3.45m / s. 

It should be noted that the use of SS and LS in clinical practice as indicators of 

the presence of a particular disease should be consistent with the level of sensitivity 

and specificity in combination with the positive and negative predictive value, which 

are also included in Table 17. 

 

Table 17: Comparison of the results for the diagnostic accuracy of SS and LS 

 

Spleen Stiffness 

 Hepatitis 

B from 

healthy 

controls 

Hepatitis C 

from healthy 

controls 

Liver cirrhosis 

from healthy 

controls 

Hepatic 

cirrhosis from 

hepatitis B and 

C. 

criterion value    

>2.75m/s 

     

>2.80m/s 

 

>2.90m/s 

 

 

>3.04m/s 

 

reliability 95.20% 95.60% 100% 87.20% 

sensitivity 93.33% 86.67% 100% 67.66% 

specificity 85.71% 94.29% 100% 86.67% 

PPV 84.84% 92.86% 100% 71.70% 

NPV 93.74% 89.19% 100% 84.29% 
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Liver stiffness 

 Hepatitis 

B from 

healthy 

controls 

Hepatitis C Hepatitis 

B from 

healthy 

controls 

Hepatitis C 

criterion value >2.10m/s >1.90/s 

 

>2.30m/s 

 

>3.45m/s 

 

reliability 81.80% 80.00% 99.40% 87.50% 

sensitivity 60.00% 66.67% 100.00% 80.00% 

specificity 88.57%         80.00% 97.14% 80.00% 

PPV 81.81%         74.00%   96.77%    66.63% 

NPV 72.10%         73.68% 100.00% 88.90% 

 

 

 

Summary of the results regarding the presence or absence of significant 

relationships between the studied values in the three patient groups 

 

Table 18: Comparison of the main parameters in the three patient groups 

Parammeters                                                      Patient groups 

 

Hepatitis B Hepatitis C Liver cirrhosis 

                                                                      Gender 

SS No statistically significant relationship was found between 

the sex of the patients and spleen stiffness. 

LS No statistically significant relationship was found between 

the sex of the patients and the liver stiffness. 

                                                                      BMI 

SS No statistically significant relationship was found between 

the sex of the patients and the spleen stiffness. 

LS No statistically significant relationship was found between 

the sex of the patients and the liver stiffness.                                                       

 

METAVIR 

 

 

SS Significantly higher SS values in 

F3 patients compared to F1 and F2. 
NA 
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 There is no 

significant 

difference between 

F1 and F2 

Significantly 

higher values of 

SS at F2 

compared to F1 

 

LS 

Significantly higher LSvalues in 

patients with F3 compared to F1 and F2. 
NA 

 There is no 

significant 

difference between 

F1 and F2 

Significantly 

higher values of 

LS at F2 

compared to F1D 

at F2 compared to 

F1 

                                                                          Spleen size 

SS There is no statistically significant relationship between 

spleen size and spleen stiffness. 

                                                                          Liver size 

 

 

LS 

Significant 

positive 

relationship 

There is no 

significant 

connection 

Significant 

positive relationship 

 

 

Comparison of SS and LS values against histological evaluation was made in 

patients with viral hepatitis B and C and absence in the cirrhosis group because all 

patients in this group were categorized as grade F4 (cirrhosis). In both groups, 

significantly higher values of SS and LS were found in patients with F3 compared to 

F1 and F2. In the group with viral hepatitis B there was no significant difference in the 

values of SS and LS between grade F1 and F2, while in the group with viral hepatitis 

C significantly higher values of SS and LS were found in F2 compared to F1. 

Spleen size did not show a significant relationship with spleen density, while a 

significant positive relationship was found between liver size and liver density in two 

of the groups, including patients with viral hepatitis B and liver cirrhosis. This was 

absent in patients with viral hepatitis C. 

Very few authors have grouped patients with chronic viral hepatitis to assess 

spleen and liver densities and their correlation with the histological degree of fibrosis. 

The goal is to differentiate lower degrees of fibrosis from healthy controls and from 

cirrhosis. One of these studies by Pawlus et al, involving 80 patients with chronic viral 

hepatitis B and C in stages F1-F3, showed that there was no statistically significant 

difference between spleen and liver density values for individual diseases. 
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Task 6: Relationship between spleen and liver stiffness in the assembly group of 

patients with histological evaluation, portal vein size (RVSz), portal blood flow rate 

(PBFR), lienal vein size (LVSz, lienal blood flow rate, ascites and varicose veins 

 

The current sector brings together all patient groups (viral hepatitis B and C and 

liver cirrhosis of viral etiology) into one to accomplish the tasks assigned to Task 5. 

The first task examines the relationship between SS and LS with histological evaluation 

and aims to determine which of the two dimensions show a higher degree of 

consistency with histological levels. 

 

 

 

 

Analysis of the relationship between SS and LS with histological evaluation in 

the combined group of patients 

 

The association of SS and LS with histological evaluation (METAVIR) was 

examined by Spearman-rank order correlation and ROC curve analysis to determine SS 

and LS values that reliably distinguish histological stages F2 from F1; F3 from F2; F4 

from F3. 

From the first analysis with the Spearman correlation test, high positive 

correlations were found between SS and LS and histological evaluation, but a higher 

degree of consistency was observed between SS and histological evaluation (rs = 0.838, 

95% CI: 0.749 to 0.898, p < 0.001) compared to that between LS and histological 

evaluation (rs = 0.769, 95% CI: 0.652 to 0.850, p <0.001).  

Figure 27 illustrates the degree of consistency between SS and LS and histological 

evaluation. It can be seen that the values of SS (Panel A) increase systematically with 

increasing histological stage from F1 to F4, while in LS (Panel B) the difference 

between the first two levels (F1 to F2) and between the last two (F3 to F4) it is not so 

clear. Based on the present results, we can conclude that the individual values of SS are 

more indicative of the histological level of the disease compared to those of LS. It 

should also be noted that in previous sectors, LS values have been found to be 

significantly affected by BMI, which further reduces their reliability in the histological 

diagnosis of the patient. 
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*** - Statistical significance at p <0.001 

Figure 27. The degree of consistency between SS and LS and histological evaluation. 

 

 

For the purpose of the second analysis with ROC curve, the following 

classification values were created: 

 

1) To establish a criterion distinguishing patients with F2 from F1 on the basis of 

SS and LS, only the data of patients from these two stages were included in the analysis, 

with cases with stage F1 coded with 0 and cases with stage F2 with marked with code 

1; 

2) Similarly, to distinguish F3 patients from F2 patients, patient data from these 

two stages, coded F2 = 0 and F3 = 1, were analyzed; 

 

3) The last analysis includes data from patients with cirrhosis (F4) and F3, coded 

F3 = 0 and F4 = 1. 

 

Distinguishing  patients with F2 fibrosis stage from F1 on the basis of SS and 

LS 

Both values showed significant diagnostic potential in distinguishing F2 cases 

from those with F1 (p <0.001 for both indicators), with SS emerging as a more reliable 

indicator with an accuracy of 86.40% (AUC = 0.864) compared to 78.60% LS accuracy 

(AUC = 0.786), but the difference in AUC = 0.078 did not reach statistical significance, 

p = 0.422. The optimal criterion value of SS, distinguishing histological stage F2 from 

F1 is> 2.95m / s, with sensitivity 70% and specificity 94.44%, positive predictive value 



53 
 

93.32% and negative predictive value 73.94%. The optimal criterion value of LS (> 

1.86 m / s) is characterized by sensitivity 80%, specificity 83.33%, positive predictive 

value 84.14% and negative predictive value 78.97% (Table 19). 

 

Table 19: Results for the diagnostic accuracy of SS and LS regarding the 

distinction of histological stage F2 from F1 

Statistics SS LS Difference 

AUC 0.864 0.786 0.078 

95% CI 0.714 до 0.953 0.623 до 0.902 -0.112до0.268 

SE 0.057 0.080 0.097 

p 0.000*** 0.000*** 0.422 

Optimal  

criterion  

value  

(95% CI) 

 

>2.95m/s 

(>2.92m/sдо>3.17m/s) 

 

>1.86m/s 

(>1.83 до >1.94m/s) 

 

Sensitivity 70.00% 80.00%  

Specificity 94.44% 83.33%  

PPV 93.32% 84.19%  

NPV 73.94% 78.97%  
AUC - Area under the curve; SE - standard error; PPV - positive predictive value; NPV - 

Negative predictive value; *** - Statistical significance at p <0.001 
 

 

Figure 28 shows the rock curves illustrating the diagnostic accuracy of SS and LS 

in distinguishing histological stage F2 from F1. 
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*** - Statistical significance at p <0.001 

Figure 28. Rock curves for the diagnostic reliability of SS and LS in 

distinguishing histological stage F2 from F1. 
 

 

 

 

Distinguishing patients with F3 from patients with F2 stage fibrosis based 

on SS and LS 

 

The analysis of the diagnostic potential of SS and LS in distinguishing patients 

with F3 from those with F2 showed similar values of the area under the curve, with 

SS standing with a slightly higher reliability of 84.20% (AUC = 0.842, p <0.001) 

compared with 82.50% of LS (AUC = 0.825, p <0.001), with a difference in AUC = 

0.017, no statistical significance (p = 0.204). The optimal criterion value of SS, 

distinguishing histological stage F3 from F2 is> 3.27m / s, with sensitivity 77.27% 

and specificity 85%, positive predictive value 85.02% and negative predictive value 

77.26%. The optimal criterion value of LS (> 2.49m / s) is associated with 86.36% 

sensitivity, 75% specificity, 79.15% positive predictive value and 83.31% negative 

predictive value. 

 

Table 20: Results for the diagnostic accuracy of SS and LS regarding the 

distinction of histological stage F3 from F2. 

 



55 
 

Statistics PS LS Difference 

AUC 0.842 0.825 0.017 

95% CI 0.697 до 0.936        0.677 до 0.925 -0.147 

до 0.181 

SE 0.060 0.069 0.083 

p 0.000***   0.000*** 0.204 

Optimal 

 criterion  

value (95% CI) 

 

>3.27m/s 

(>3.25 до >3.58m/s) 

 

>2.49m/s 

(>2.26 до > 2.58m/s) 

 

Sensitivity 77.27% 86.36%  

Specificity 85.00% 75.00%  

PPV 85.02%            79.17%  

NPV 77.26% 83.31%  

AUC - Area under the curve; SE - standard error; PPV - positive predictive 

value; NPV - Negative predictive value; *** - Statistical significance at p <0.001 

 

 

The ROC curves of SS and LS (Figure 29) overlap largely due to similar values 

of the area under the curve, with a slightly higher degree of reliability of SS when 

distinguishing histological stage F3 from stage F2. 

 

 
*** - Statistical significance at p <0.001 
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Figure 29: Rock curves for the diagnostic reliability of SS and LS in 

distinguishing histological stage F3 from F2. 

 

 

Distinguishing patients with cirrhosis (F4) from patients with F3 stage 

fibrosis based on SS and LS 

 

The results of the ROC curve analysis showed 71.50% reliability in distinguishing 

patients with cirrhosis (F4) from those with F3 based on SS values (AUC = 0.705, p 

<0.001) and 65.30% reliability based on LS (AUC = 0.653). , p = 0.046), with a 

difference in AUC = 0.052, without statistical significance (p = 0.610). The optimal 

criterion value> 3.45m / s, with sensitivity 90%, specificity 50.91%, positive predictive 

value 71.44% and negative predictive value 78.86% was established for SS. Optimal 

criterion value of LS> 3.04m / s is characterized by 66.67% sensitivity, 63.64% 

specificity, 71.43% positive predictive value and 58.32% negative predictive value 

(Table 21). 

 

 

Table 21: Results for the diagnostic accuracy of SS and LS regarding the 

distinction of F4 from F3 

 

Statistics SS LS Difference 

AUC 0.705 0.653 0.052 

95% CI 0.563 до 0.824 0.508 до 0.780    -0.149 до 0.253 

SE 0.072 0.076 0.102 

p 0.000***   0.046* 0.610 

Optimal 

 criterion  

value (95% CI) 

               >3.45m/s 

(>3.12 до >3.51m/s) 

              >3.04m/s 

 (>2.49 до > 3.51m/s) 

 

Sensitivity 90.00% 66.67%  

Specificity 50.91% 63.64%  

PPV 71.44%             71.43%  

NPV 78.86% 58.32%  
AUC - Area under the curve; SE - standard error; PPV - positive predictive value; NPV - 

Negative predictive value; * - Statistical significance at p <0.05; *** - Statistical significance at 

p <0.001 

 

The ROC curves of SS and LS (Figure 30) show a smaller area under the curve 

than that of Figures 28 and 29 (to distinguish patients with lower histological stage F2 
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from F1 and F3 from F2). The lower diagnostic potential of SS and LS in distinguishing 

histological stage F4 from F3 can be explained by the close values of SS and LS in the 

above two stages. Returning to Figure 30, the similar distribution of the individual 

values of SS and LS in stages F3 and F4 is impressive. The similarity is especially 

pronounced in the values of LS, which explains the low diagnostic reliability of 65.30% 

of this indicator when distinguishing cirrhosis (F4) from F3. 

 

 

 
* - Statistical significance at p <0.05; *** - Statistical significance at p <0.001 

Figure 30. Rock curves for the diagnostic reliability of PS and PCD in 

distinguishing cirrhosis (F4) from F3. 
 

 

A summary of the diagnostic accuracy of SS and LS in distinguishing histological 

stages (METAVIR) is provided in Figure 31. 
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Figure 31. Summary of the diagnostic accuracy of SS and LS in distinguishing 

histological stages (METAVIR). 

 

 

Analysis of the relationship between spleen and liver stiffness and portal vein 

size (PVSz), portal blood flow velocity (PVBFV), vena lienalis size (VLSz), and lienal 

blood flow velocity (LBVF) in the combined group 

 

The relationship between SS and LS and the target values of portal blood flow 

velocity (PBFV) and vena lienal size (VLSz) was analyzed by the Pearson correlation 

test (Pearson coorelation r) due to the presence of a normal distribution (PKS, p = 0.055; 

RVL, p = 0.200). The other two dimensions showed asymmetry in the distribution 

according to the Kolmogorov-Smirnov test (RVP, p = 0.005; SLK, p <0.001) and 

Spearman rank-order correlation rs was applied to them. The results are summarized in 

Table 22. 

Spleen stiffness showed a weak positive association with portal vein size (rs = 

0.256, p = 0.015), a moderate positive association with portal blood flow velocity (r = 

0.369, p <0.001), and a weak positive association with lienal vein size (rs). = 0.256, p 

= 0.008). 

Significant dependence was found in liver density with the same three values as 

follows: moderate positive relationship with portal vein size (rs = 0.364, p <0.001), 

moderate positive relationship with portal blood flow rate (r = 0.471, p < 0.001) and a 
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moderate positive relationship with the size of the venous lienalis (rs = 0.370, p 

<0.001). 

 

 

Table 22: Results of the correlation analysis for the relationship between spleen 

and liver density with portal vein size, portal blood flow rate, vena lienalis size, and 

lienal blood flow rate in the united group of patients 

 

Parameters Size 

portal 

 vein 

 

rs 

      Speed 

     portal 

    blood flow               

 

          r 

Lienal vein 

size 

 

 

     r 

Speed 

lienal blood 

flow 

 

rs 

SS     

Correlation 

coefficient 

0.256 0.369 

 

0.277 0.120 

95% CI (0.051 до 

0.441) 

     (0.174 до 

0.536) 

   (0.116 до 

0.435) 

  (-0.046 до 

0.281) 

p   0.015*     0.000***    0.008**  0.259 

LS     

Correlation 

coefficient 

0.364 0.471 0.370 0.154 

95%CI 

 

(0.168 до 

0.532) 

       (0.292 до 

0.619) 

    (0.173 

до 0.533) 

   (-0.055 до 

0.350) 

p  0.000***      0.000***    0.000***  0.148 
* - Statistical significance at p <0.05; ** - Statistical significance at p <0.01; *** - 

Statistical significance at p <0.001 

  

        Analysis of the prognostic role of SS and LS in the diagnosis and monitoring of 

ascites and varicose veins 

 

         In this section, the results on the values of SS and LS on the development of 

ascites and varicose veins in patients with chronic viral hepatitis B and C and liver 

cirrhosis of viral etiology are presented. The analysis includes rock curves, area under 

the curve (AUC); optimal criterion values distinguishing patients with and without 

ascites and varicose veins (cut-off values), sensitivity, specificity. In the specific study, 

the sensitivity shows the extent to which patients with varicose veins (True positive) 

can be correctly diagnosed on the basis of SS and LS, while the specificity refers to the 

correct indication of the absence of varicose veins (True Negative). A positive 

predictive value corresponds to the probability that certain values of SS and LS coincide 

with the presence of ascites and varicose veins, and a negative predictive value means 

the probability that certain values of SS and LS correspond to true negative cases. 
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         Table 23 presents the results regarding the prognostic ability of SS and LS in the 

diagnosis and monitoring of ascites in patients with viral hepatitis B and C and liver 

cirrhosis of viral etiology. Both SS and LS showed significant reliability in the 

development of ascites (p <0.001 from both analyzes), but SS appeared to be a more 

reliable indicator with a significantly higher value of the area under the curve (AUC = 

0.899) than that of LS (AUC = 0.771), with a difference in AUC = 0.128, p = 0.014. 

The optimal criterion value of SS, which can serve as a boundary between patients with 

ascites and without ascites, is> 3.62m / s and is associated with 85% sensitivity and 

87.14% specificity. The positive predictive probability amounts to 65.38% and the 

negative to 95.31% for the development of ascites. The optimal criterion value of LS, 

distinguishing patients with ascites from those without ascites is> 2.35m / s, with 100% 

sensitivity and 54.29% specificity. The positive predictive probability amounts to 

38.46% and the negative to 100%. 

 

 

Table 23: Results for the diagnostic accuracy of SS and LS regarding the presence of 

ascites 

  

Statistics SS LS Difference 

AUC 0.899 0.771 0.128 

95% CI         0.818 до 0.935         0.671 до 0.853  0.0257 до0.230 

SE 0.036 0.051 0.05 

p 0.000*** 0.000*** 0.014* 

Optimal 

criterion  

Value 

 (95% CI) 

 

>3.62 m/s 

(>3.5 до >3.75m/s) 

 

>2.35 m/s 

(>2.29 до >3.41m/s) 

 

Sensitivity 85.00% 100.00%  

Specificity 87.14% 54.29%  

PPV 65.38% 38.46%  

NPV 95.31% 100.00%  
AUC - Area under the curve; SE - standard error; PPV - positive predictive value; NPV - 

Negative predictive value; * - Statistical significance at p <0.05; *** - Statistical significance at 

p <0.001    

 

 

 

Figure 32 presents the ROC curves for the diagnostic accuracy of SS and LS 

regarding the presence of ascites in patients with chronic viral hepatitis B and C and 
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liver cirrhosis of viral etiology. You can see the difference in the area under the curve, 

which has a significantly higher value for SS. 

 

 

 
*** - Statistical significance at p <0.001 

Figure 32. ROC curves for the diagnostic accuracy of SS and LS on the development of 

ascites in patients with chronic viral hepatitis B and C and liver cirrhosis of viral etiology 

 

The prognostic potential of SS and LS in the diagnosis of varicose veins in patients 

with chronic viral hepatitis B and C and liver cirrhosis of viral etiology was investigated 

by similar statistical methods as in previous analyzes for ascites (Table 24). Both SS 

and LS showed significant reliability in the diagnosis of varicose veins (p <0.001 from 

both analyzes). 

In SS, a higher value of the area under the curve (AUC = 0.772) was observed 

than that of LS (AUC = 0.709), with a difference in AUC = 0.063, but the difference 

was not statistically significant (p = 0.223). The optimal criterion value of SS, 

distinguishing patients with varicose veins from those without varicose veins is> 3.27m 

/ s, with 83.33% sensitivity and 66.67% specificity. The positive predictive value was 

calculated at 62.50% and the negative at 85.71%. The optimal criterion value of LS for 

distinguishing patients with varicose veins from those without varicose veins is> 2.29m 

/ s, with 86.11% sensitivity and 59.26% specificity. The positive predictive probability 

amounts to 58.49% and the negative to 86.48%. 
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Table 24: Results for the diagnostic accuracy of SS and LS regarding the presence 

of varicose veins  

Statistics SS LS Difference 

AUC 0.772 0.709 0.063 

95% CI 0.671 до 0.854 0.604 до 0.800 -0.0382 до 

0.163 
SE 0.049 0.054 0.051 

p 0.000*** 0.000*** 0.223 

Optimal 

criterion  

Value  

(95% CI) 

 

>3.27m/s 

        (>3.2 до >3.64m/s) 

 

>2.29m/s 

      (>2.13 до > 3.1m/s) 

 

Sensitivity 83.33% 86.11%  

Specificity 66.67% 59.26%  

PPV 62.50% 54.49%  

NPV  85.71% 86.48%  
AUC - Area under the curve; SE - standard error; PPV - positive predictive value; NPV - 

Negative predictive value; *** - Statistical significance at p <0.001    
 

 

The rock curves for the diagnostic accuracy of SS and LS regarding the presence 

of varicose veins in patients with chronic viral hepatitis B and C and liver cirrhosis with 

viral etiology are presented in Figure 32. The higher accuracy of SS in the diagnosis 

of varicose veins is shown compared to this of the LS, but as already noted, the 

difference in the area under the curve is not significant.  
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*** - Statistical significance at p <0.001 

Figure 32. Rock curves for the diagnostic accuracy of SS and LS regarding the 

presence of varicose veins in patients with chronic viral hepatitis B and C and liver 

cirrhosis of viral etiology 
 
 

The prognostic potential of pSWE in the liver and spleen regarding the 

development of ascites and esophageal varices is of great interest to many researchers. 

On the one hand, this is clinically important because of the possibility that, reaching a 

certain value, we can expect decompensation of liver cirrhosis. On the other hand, 

ultrasound can detect the development of varicose veins, which would help avoid the 

invasiveness of the upper endoscopy. In these cases, the assessment of SS proves useful 

in the comparison between compensated and decompensated disease, which in turn 

leads to timely and adequate therapeutic behavior. 

 

Mori et al performed a study on 33 patients with chronic viral hepatitis C and liver 

cirrhosis, in which there was a significant relationship between LS and SS, as SS in 

closely related to the presence of ascites (p <0.05), and in LS such a relationship is not 

observes. However, according to them, there is no connection between SS and 

esophageal varices in patients with chronic viral hepatitis C. The criterion value of SS 

in patients with ascites is 3.6 m / s, the criterion value in patients without ascites is 2.9 

m / s. 
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Takuma et al conducted a study on 340 cirrhotic patients, in which they 

established a criterion value of SS for esophageal varices 3.18m / s with a sensitivity of 

98% and a specificity of 60%, with a value of 3.3m / s we have a high risk of bleeding 

from varicose of the esophagus. In another study involving 62 patients, they found 

clinically significant portal hypertension at a PS value of 3.10 m / s (sensitivity 97%, 

specificity 57%), severe portal hypertension at a value of 3.15 m / s (sensitivity 82%, 

specificity). 61%) and esophageal varices at 3.36m / s (sensitivity 95%, specificity 

77%). In the same study, the value of SS in which there is a high risk of bleeding of the 

esophageal varices is 3.51 m / s with a sensitivity of 95%, specificity 84%. Takuma et 

al believe that prophylaxis of esophageal varices should be performed at a SS value of 

3.51 m / s. 

Spleen density shows very good diagnostic accuracy in patients with chronic viral 

hepatitis, liver cirrhosis with viral etiology and its complications. The difference in the 

values of the density of the spleen and liver in the different stages of liver fibrosis in 

the different studies is due to differences in the technology of production of the devices 

in different manufacturers. Although it is the same method of diagnosis based on the 

same physical principle, there are differences and this determines the differences in the 

criterion values of the degrees F1-F3. We do not rule out that these variations may be 

due to genetic, racial or regional differences in the studied populations. 

 

 

CONCLUSIONS 

 

1. A positive association was found between body mass index and liver density, 

which leads to a decrease in the reliability of the results obtained in the 

staging of patients with chronic viral hepatitis in stages of liver fibrosis from 

F1 to F3. 

2.  No statistically significant positive or negative correlation was found 

between spleen stiffness and body mass index, therefore measurement of 

spleen stiffness in the staging of liver fibrosis can be used in overweight 

patients. 

3. A higher positive relationship was found between splenic pSWE and 

histological evaluation for liver fibrosis compared to liver pSWE in patients 

with chronic viral hepatitis, especially in the intermediate stages of F2 and 

F3 fibrosis. 

4. Spleen and liver pSWEs have the same diagnostic value in determining 

severe liver fibrosis F3 and cirrhosis in both groups of patients - chronic viral 

hepatitis B and C. 

5. A threshold level of splenic pSWE was determined to determine liver 

cirrhosis of 3.04 m / s with diagnostic accuracy of 87.2%. 

6.  Diagnostic accuracy of spleen density is greater than liver density with 

respect to distinguishing liver cirrhosis from F3 stage fibrosis with criterion 
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value 3.45m / s with sensitivity 90%, specificity 50.61%, positive predictive 

value 71.44 and a negative predictive value of 78.86%. 

7. Spleen stiffness is a more reliable indicator in the monitoring of ascites with 

a criterion value of 3.62 m / s with a sensitivity of 85% and a specificity of 

87.14%. 

8. The stiffness of the spleen is a more reliable indicator for the monitoring of 

esophageal varices with a criterion value of 3.27 m / s with a sensitivity of 

83.33% and a specificity of 66.67% 

 

 

CONTRIBUTIONS 

Contributions of original character 

 

1. For the first time in Bulgaria a comprehensive study is conducted to assess 

the stiffness of the spleen in chronic viral hepatitis and liver cirrhosis with 

viral etiology 

2.  For the first time in Bulgaria a comparison is made between the stiffness of 

the spleen and the stiffness of the liver with the histological evaluation in 

patients with chronic viral hepatitis and liver cirrhosis with viral etiology. 

3. A limit value of spleen stiffness has been found, at which we could expect 

decompensation of liver cirrhosis with the appearance of ascites and 

esophageal varices. 

 

Contributions of a confirmatory nature 

 

1. The usefulness and reliability of pSW-elastography in the diagnostic follow-

up of patients with chronic viral hepatitis with their complications has been 

proven. 

2. Spleen stiffness measured by pSW-elastography can be used as an additional 

indicator in assessing the degree of liver parenchyma damage in chronic viral 

hepatitis. 

3.  Spleen density measured by pSW-elastography can be used as an additional 

indicator in the monitoring of complications of liver fibrosis such as 

esophageal varices and ascites. 
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