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Noninvasive Alternatives to Liver Biopsy 

Ludmila Viksna1 et al.*  
1Riga Stradins University,  

 Latvia 

1. Introduction 

During the past 60 years the role and importance of liver biopsy have changed. In 1950s the 
introduction of liver puncture biopsy was absolute innovation, e.g. in Latvia, and had an 
invaluable significance. The possibility to compare and/or oppose alterations of liver 
structure and liver function was achieved and it caused the information explosion. The 
spectrum of morphological research included investigations of liver tissue damage on 
different levels that explained the mechanisms of biochemically detected cytolysis and 
cholestasis syndrome, fibrosis and liver cirrhosis development. Relatively, in least degree 
the morphological phenomena of apoptosis and its role in acute and chronic liver diseases 
were examined. 
Frequently conventional liver function tests are limited to quantifying hepatic function. 
Despite major progress in the diagnostics and therapy of liver diseases of different 
etiologies, the assessment of liver function continues to present a major clinical problem. 
Most of liver function tests are not sufficiently specific and do not accurately predict liver 
failure and outcome of it.  
Liver biopsy is an essential part of the diagnostics and follow-up of many liver diseases 
giving clinically important information as well as scientific data. At present, it is the most 
specific test to assess the nature and severity of liver damage (Bravo et al., 2001). However, 
the role of liver biopsy in the evolution of medical science is dynamic. It became possible 
with the development of methods able to bring sufficient amount of liver tissue as well as to 
ensure the safety of the procedure itself. The methods used to obtain liver tissue include 
transcutaneous needle biopsy and transvenous approach via jugular or femoral vein. 
Occasionally, liver can be biopsied during laparoscopy or open abdominal surgery. Aseptics 
and antiseptics are of importance. There is an obvious necessity to ensure the monitoring of 
the patient and control of possible albeit rare complications. It seems reasonable to expect 
further developments in the field of liver morphology that might include both in-depth 
studies of tissue (Dioguardi et al., 2008) as well as elaboration of novel, completely different 
diagnostic methods. 
The indications for liver biopsy include 1) the grading and staging of chronic viral hepatitis, 
alcohol-related liver damage, non-alcoholic steatohepatitis and autoimmune hepatitis; 2) 
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evaluation of hemochromatosis and Wilson’s disease; 3) diagnostics of biliary diseases; 4) 
evaluation of patient with abnormal biochemical liver tests; 5) evaluation of medication 
toxicity; 6) diagnosis of focal liver lesion; 7) evaluation of liver transplant; 8) evaluation of 
patient with fever of unknown origin (Bravo et al., 2001). Liver biopsy ensure accurate 
diagnosis in 90% of patients with abnormal biochemical liver tests (Hultcrantz&Gabrielsson, 
1993) and is informative in transplant patients revealing rejection, recurrence of primary 
disease, drug toxicity and other causes of liver damage (Brown et al., 2000). 
The general limitations of liver biopsy represent the risk of complications (Poynard et al., 

2004), sampling error (Poynard et al., 2004; Skripenova et al., 2007) and inter- and intra-

observer variability (Poynard et al., 2004). However, the risk of serious complications is low 

(Shiha et al., 2009) - 3 per 1000 (Poynard et al., 2004), and the general risk of complications is 

estimated as 1% (Standish et al., 2006). The described risk of mortality has been between 

0.1% - 0.01% (Standish et al., 2006). The variability can be reduced by scoring systems, and 

sampling error can be partially limited by keeping the standards. Namely, liver biopsy can 

be considered representative if it contains at least 11 portal fields or measures at least 1 cm 

(Skripenova et al., 2007). If the tissue fragment is markedly less than 1 cm, immediate 

rebiopsy can be performed.  

Liver biopsy allows to perform visual examination of tissue structure. To ensure this, the 

logistics is mostly routine, not placing high requirements. The biopsied tissues are fixed in 

formalin and embedded in the paraplast. The paraffin blocks and stained sections can be 

archived thus providing several benefits. The biopsy can be re-evaluated and/or sent for 

second opinion. The second opinion can be obtained faster by application of full slide 

scanning and exchange of electronic files. The tissues can be later subjected to any novel 

examination methods in accordance with the development of medical science and practice. 

Scientific studies can also benefit from those materials, especially in large medical centres. 

The turnover time for liver biopsy is reasonable - 24 hours for routine logistics or 4 hours 

using fast processing.  

The informativity of biopsy is highly dependent on the applied protocol of visualisation 

methods. The routine protocol could include haematoxylin-eozin (Gamble&Wilson, 2002), 

PAS (Totty, 2002), Masson’s trichrome (Jones, 2002) and Perls’ stain (Churukian, 2002) 

although modifications can definitely exist. Reticulin stain (Jones, 2002) can be advised. 

Stains for Wilson’s disease can be applied to selected cases (Churukian, 2002). 

Immunohistochemistry for cytokeratins 7 and / or 19 helps to highlight bile ducts and is 

very useful in the assessment of general morphology, bile duct damage, ductopenia, 

ductular reaction. Viral antigens should be sought for (Desmet&Rosai, 2004). The 

differential diagnostics of focal lesions involves the need to differentiate between benign 

and malignant lesion, primary and metastatic malignancy including the complex question of 

identifying the origin of cancer of unknown primary. Thus, wide spectrum 

immunohistochemistry and search for chromosomal translocations are the requirements for 

diagnostics. 

Further, we will describe in short the informativity of biopsy in different clinical situations, 

with the emphasis on the limitations. 

The application of serologic and virologic examination has mostly replaced the use of biopsy 
for the diagnostics of acute viral hepatitis. If biopsy is performed, the type and degree of 
hepatocellular damage, the inflammatory acivity and presence or absence of regeneration 
can be assessed (Desmet&Rosai, 2004). Predominance of lobular parenchymal lesions is 
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characteristic. The alternative diagnoses or combined liver lesion can be revealed in biopsy. 
It can be clinically reasonable to perform liver biopsy in order to differentiate between acute 
and chronic hepatitis. If marked fibrosis is present the morphological diagnosis is 
straightforward. However, this situation can also represent one of the limits of 
morphological diagnosis as the portal infiltrate in acute hepatitis may be marked and cause 
some degree of damage to limiting plate thus resembling chronic active hepatitis. In turn, 
some cases of chronic hepatitis show only mild changes. In case of severe acute hepatitis, the 
biopsy might reveal bridging or submassive necrosis. However, the condition of the patient 
can preclude the biopsy in such situations. The representativity of biopsy can be the limiting 
factor in the evaluation of submassive liver necrosis due to focality of lesions.  
In case of chronic hepatitis, semiquantitative scoring systems provide useful prognostic 

information, improve the consistency of reporting the disease activity and stage and ensure 

acceptable intra- and interobserver variability. The examples of such systems include the 

Histological Activity (HAI) index or Knodell index (Knodell et al., 1981), the Scheuer scoring 

system (Scheuer, 1991), the modified HAI by Ishak (Ishak et al., 1995) and METAVIR system 

(Bedossa&Poynard, 1996). The extent of liver fibrosis can be evaluated directly in the biopsy. 

This assessment is highly accurate in cirrhosis, bridging fibrosis and portal fibrosis and 

yields clinically unexpected data only occasionally. Liver biopsy is the procedure of choice 

to assess the amount of fibrosis in the tissue (Shiha et al., 2009). The biopsy allows assessing 

even slight tissue damage. Even mild hepatitis can progress as reflected by increasing level 

of fibrosis in repeated liver biopsies (Ryder et al., 2004). Liver steatosis is frequently found in 

chronic hepatitis patients and can contribute to the elevation of transaminases level in blood. 

The degree and type of liver steatosis can be assessed separately from the 

necroinflammatory activity. Biopsy can also reveal combined liver damage. The limitations 

of biopsy in the diagnostics of chronic viral hepatitis are represented by the lack of specific 

morphologic changes, particularly regarding chronic viral hepatitis C. Thus, the biopsy 

must be used in conjunction with serologic and virologic data.  

Liver biopsy can be used for the diagnosis of steatosis and steatohepatitis. Quantitative 

evaluation is possible for steatosis and fibrosis. Although fat stains can be used high quality 

routine histological slides stained with haematoxylin and eozin and PAS usually ensure the 

diagnosis. The limitations are caused by inability to distinguish between non-alcoholic 

steatohepatitis and alcohol – related hepatitis in abstaining patient.  

Liver biopsy is considered important in establishing the diagnosis of autoimmune hepatitis 

(Oo et al., 2010). The information about features typical for autoimmune hepatitis is helpful 

as reflected by inclusion of these data in the diagnostic criteria. The absence of biliary 

abnormalities or steatosis is also of importance helping to exclude alternative diagnoses. The 

effect of immunosuppresion can be predicted (Feld, 2005) and monitored by biopsy (Oo et 

al, 2010). Biopsy is recommended before treatment withdrawal (Carpenter&Czaja, 2002; 

Montano-Loza et al, 2007; Czaja&Carpenter, 2003). Due to lack of specifity and possibility of 

plasma cell paucity in autoimmune hepatitis, the serologic data must be evaluated together 

with the biopsy. 

Examination of liver biopsy for biliary diseases represents a complex problem. The most 
common questions target primary sclerosing cholangitis and primary biliary cirrhosis. 
Primary sclerosing cholangitis is a chronic cholestatic liver disease that typically affects 
young and middle-aged men, frequently suffering from inflammatory bowel disease 
(Silveira&Lindor, 2008a, 2008b). Although the disease is rare, it is among frequent 
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indications for liver transplantation in Europe and USA, and is dangerous for the increased 
risk of cholangiocarcinoma. The evaluation of liver biopsy for primary sclerosing cholangitis 
can both bring information and face problems. Primary sclerosing cholangitis is 
characterised by loss of medium and large-sized bile ducts. The fibro-obliterative lesions 
and lack of bile duct in the portal area adjacent to large artery and vein are characteristic. 
However, ducts of such size are not typically captured in a percutaneous liver biopsy. The 
concentric periductal fibrosis is characteristic but present in less than 15% of patients. 
However, the evaluation of autoantibodies is also not very helpful thus increasing the role 
of biopsy. 
The primary biliary cirrhosis (Hohenester et al., 2009; Kumagi&Heathcote, 2008) is an 

immune-mediated chronic progressive inflammatory liver disease characterised by the 

destruction of small portal bile ducts leading to progressive cholestasis, fibrosis and 

cirrhosis. Serum antimitochondrial autoantibodies are highly characteristic. Histologically, 

biliary duct damage and ductopenia are typical. Biopsy is not mandatory, but can be helpful 

in revealing typical picture, excluding other causes of liver damage and providing stage 

information. 

Hereditary haemochromatosis, a group of inherited disorders that result in progressive iron 

overload, occurs mostly due to mutations in the HFE gene (Clark et al., 2010). The tests are 

available to reveal the two clinically relevant mutations C282Y and H63D. However, the 

penetrance of the disease seems to be low: 28.4% for males and 1.2 % in females 

homozygous for C282Y (Clark et al., 2010). Liver biopsy can determine the severity of liver 

disease; reveal other causes and HFE-mutation negative hemochromatosis.  

In case of Wilson’s disease, liver biopsy can be implemented in the primary diagnostic 

work-up. As clinically the course of fibrosis has been found difficult to follow, repeated 

biopsies are advocated for monitoring (Yokoyama et al., 2010). 

In addition, liver biopsy is valuable in the evaluation of focal liver damage including the 

important and complex question of tumour diagnostics and differential diagnostics. Liver 

cell tumours and tumour-like lesions represent a wide diagnostic area, including focal 

nodular hyperplasia, liver cell adenoma, hepatocellular carcinoma, hepatoblastoma, bile 

duct tumours, epithelioid hemangioendothelioma and other lesions. In the diagnostics of 

hepatocellular carcinoma, the sensitivity and specifity of liver biopsy is 96% and 95%, 

correspondingly (Bialecki&Bisceglie, 2005). In contrast, the application of other methods can 

result in false-positive diagnosis with the rate as high as 33% (Hayashi et al., 2004). In case of 

malignancy, metastasis should always be considered. The implementation of 

immunohistochemistry has resulted in higher diagnostic yield of liver biopsy for neoplastic 

lesions. The identification of the primary origin of metastatic tumours can be reached in a 

fraction of cases. Inflammatory focal lesions as echinococcosis or liver abscess can be 

diagnosed reliably.  

As shown, liver biopsy is used and should be used as a part of the complex examination for 

the analysis of the etiology, activity and extent of diffuse and focal liver damage as well as 

assessment of the treatment results. 

Liver biopsy is an invasive method, there are potential adverse effects and complications. 

Certain precautions and means minimize the risks of adverse events. Biopsy conducted by a 

trained physician, use of only a limited number of passes and ultrasound quidance can 

significantly decrease the risk of complications, thereby enhancing the safety of biopsy 

(Bedossa&Carrat, 2009). 
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The main drawbacks (Bedossa, 2009; Reddy&Schiff, 2002; Rousselet et al., 2005; 

Colli&Fraqeulli, 2009) of liver biopsy as a diagnostic procedure lie in sampling and 

observation errors. Observer variation is a potential limitation of biopsy that is related to the 

discordance between pathologists in biopsy interpreation. 

The main alternatives to liver biopsy that have been developed in the past 10 years are 

based on two very different concepts: serum markers and liver stiffness (Manning&Afdhal, 

2008). These are noninvasive procedures. 

Biochemical marker combinations are being developed as alternatives to liver biopsy in 

patients with liver diseases, especially with chronic liver diseases. Noninvasive tests are 

being developed to replace liver biopsy, and thus avoid the risk of biopsy-related adverse 

events. Noninvasive tests also have the potential to avoid limitations of liver biopsy 

including the risk of sampling errors and inter- and intra-pathologist variability. 

Although clinicians already use liver biopsy substitutes - surrogate markers in their 

practices, offers are waiting for more valid tests (Mehta et al., 2009), especially for staging 

fibrosis and apoptosis identification and confirmation. 

Fibrosis is not an autonomous feature, but rather a tissue lesion resulting from other 

pathologic mechanisms such as inflammatory, degenerative or dystrophic processes 

leading to other pathologic mechanisms such as hepatocellular carcinoma and portal 

hypertension. 

The physiological process of apoptosis (programmed cell death) can be transformed into a 

pathological process, which can stimulate hepatic fibrosis, e.g. in hepatitis C, or can 

contribute  to treatment failure (Schinoni et al., 2006). Over the last years, the importance of 

apoptosis for the pathogenesis of various diseases has been extensively investigated. 

Apoptosis is a greek term that means „the fall of the old leaves of the autumn trees”. This 

term describes the process by which undesirable, damaged old cells are eliminated from 

multicellular organisms. 

Apoptosis differs from cellular necrosis, because it is actively controlled, and the membrane 
integrity is maintained, avoiding extravasation of intracellular material and an inflammatory 
response. In order to discover the probable mechanisms by which hepatitis viruses and other 
agents perpetuate in the liver, apoptosis in liver disorders should be investigated. Apoptosis is 
the first step in hepatic lesions, and fibrosis is the final response of hepatic stellate cells to this 
process. There may be a direct relationship between these two processes. 
Apoptosis and cell necrosis can be differentiated by morphology. However, liver diseases 
are often accompanied by a combination of both processes, so that there is mostly no clear 
borderline. Apoptosis assessment is still not frequent in liver biopsy. At the same time 
several apoptosis biochemical markers in blood are available at present (cytochrome C, 
cytokeratin-18 neoepitopes etc.), but are not widely used in the practice. 
Fibrosis is a consequence of the necroinflammatory process. The process of fibrogenesis 
results in an increase in the extracellular matrix of: 1) collagen, 2) glycoproteins and 3) 
proteoglycans (e.g. hyaluronic acid). 
Fibrotic status is usually assessed by liver biopsy, which has numerous disadvantages (Bottero 

et al., 2009), therefore prompting the development of several noninvasive methods for 

assessing fibrosis. However, the etiology of liver disease and the existence of co-morbidities 

impact the performance of non-invasive markers and cut-off values (Bottero et al., 2009). 

Liver biopsy is currently the gold standard for assessment of liver fibrosis, yet it faces 
competition from non-invasive markers, which are easier to use, more acceptable to patient 
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and repeatable over time. Besides, biopsy sample is usually too small to diagnose the 
disease accurately and diagnostic opinions often differ among pathologists (Rousselet et al., 
2005). As a result, a morphological examination does not always provide an accurate 
diagnosis. Recently, blood hyaluronic acid has been available for the assessment of liver 
fibrosis as a rapid and less invasive method. 
The specific course of disease might be explained also by the diverse immunogenetic 
backgrounds of the individual patient. The host ability to react to viral antigens has often 
been associated with the human leukocyte antigen (HLA), mainly HLA class II antigens. 
Many studies suggest that the cellular immune response, e.g. to HCV, particularly the T 
helper (Th) lymphocyte response, plays a crucial role. The cell-receptors recognize only 
peptides bound to HLA class II molecules. Polymorphisms due to amino acid substitutions 
at specific positions may intervene within the HLA class II molecule and interact with both 
the peptide and T-cell-receptor; therefore, the HLA type characterizing each individual may 
influence the subject’s immune response to particular pathogens. Certain HLA alleles have 
been shown to influence the outcome of other chronic viral infections, and a few recent 
studies have examined class II HLA alleles in the context of HCV clearance. The present 
study, which considers the relationship between HCV and HLA class II antigens from the 
locus DRB1* of view, aimed to investigate whether diferences of HLA class II antigens exist 
among HCV – infected patients with respect to healthy controls. The possibility that these 
antigens are associated with resistance or susceptibility to chronic HCV infection was also 
considered. The HLA class III human leukocyte antigens (DRB1*) are central to the host 
immune response and thus are ideal candidate genes to investigate for associations with 
HCV outcomes. During the study we investigated whether human leukocyte antigen (HLA-
DRB1) alleles were associated with the response to PEG-interferon+Ribavirin (combined 
therapy) and Realdiron therapy in patients with chronic hepatitis C. 
Our aim was to identify the new non-invasive methods to be used for the assessment of 
liver function in acute and chronic liver diseases and to evaluate the clinical diagnostic and 
prognostic accuracy of these methods, including immunogenetic methods, to cover 
advantages and disadvantages of noninvasive alternatives to liver biopsy, and to share 
experience and impressions accumulated in area of hepatology. 

2. Materials and methods 

During the process of apoptosis the sequential activation of caspases (they all are proteases 
that cleave proteins at aspartic acid residue) creates an expanding cascade of proteolytic 
activity which leads to digestion of structural proteins in cytoplasm and generates, e.g. 
apoptotic cytokeratin 18 (CK-18) neoepitopes. 
To define the role of apoptosis in the development of acute and chronic HBV and HCV 
infection, the quantitative detection of serum CK-18 neoepitope was performed by using 
noninvasive method for caspase-generated CK-18 fragments determination (M30-
Apoptosense®, ELISA kit, PEVIVA, Sweden) in 11 patients with acute hepatitis B, 14 - with 
acute hepatitis C, 132 - with chronic hepatitis C and, for comparison, in 23 patients with 
acute alcoholic hepatitis, all treated in the Infectology Center of Latvia. 
The mitochondrial pathway involvement in the process of apoptosis was evaluated by 
determination of serum cytochrome C according to „Human cytochrome C ELISA”, Bender 
MedSystems (Austria) in 129 patients with chronic hepatitis C, in 12 patients with acute 
hepatitis B and in 29 patients with acute alcoholic hepatitis. 
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Serum hyaluronic acid (HA) as a potential marker of fibrosis evolution was measured by 
ELISA (Corgenix Inc., Colorado, USA) according to description of manufacturer in 16 
patients with acute hepatitis B, 9 – with acute hepatitis C, 22 – with acute alcoholic hepatitis 
and 132 patients with chronic hepatitis C. 
The study was conducted in compliance with the Declaration of Helsinki and in accordance 
with Good Clinical Practice guidelines and local regulations and was approved at the Ethics 
Committee of Riga Stradins University (Riga, Latvia). 
Diagnosis was based on modern immunochemical hepatitis marker assays and clinical, 
biochemical and morphological findings. Results were expressed as means±SE. For the  
comparison of two groups the unpaired Student’s t-test was used; p≥0.05% was considered 
significant. 
168 patients were enrolled in immunogenomic study and divided into four groups. Group A 
included 59 patients with HCV infection, treated with PEG-interferon + Ribavirin. Group B 
consisted of 45 patients with HCV infection and the same treatment regimen, but ineffective. 
Group C consisted of 30 patients with HCV infection (effective Realdiron therapy). Group D 
included 34 patients with HCV infection treated with Realdiron (non-responders). In group 
E, 100 healthy donors were included as the control group. 
HLA typing low-resolution for HLA- DRB1* was performed by polymerase chain reaction 
(PCR) with amplification using sequence-specific primers (SSP). PCR products were separated 
on 3% agarose, the amplified bands were visualized, and the DRB1 type was deduced.  
The distribution of HLA-DRB1* genes in all five groups (A, B, C, D and E controls) was 
compared using the chi-squared test with Yates’ correction or Fisher’s Exact. Odd ratios 
(OR) were calculated according to the Woolf’s formula. All reported p-values were 
compared to a level of significance set to 0.05. 

3. Results and discussion 

Performed studies showed very high serum level of CK-18 neoepitope in patients with acute 
hepatitis B (1362.3±108.9 U/L), that is higher than in patients with alcoholic hepatitis 
(1003.9±104.3 U/L; 0.02<p<0.05). CK-18 neoepitope concentration in acute hepatitis C 
(712.2±124.4 U/L) and chronic hepatitis C (232.3±15.8 U/L; 0.001<p<0.01) was significantly 
lower (Table 1). Besides, about 1/3 of chronic hepatitis C patients had normal serum ALT 
activity, but elevated serum CK-18 neoepitope concentration. 
Normally, cytochrome C is not detectable in serum, but 47.45% of patients with chronic 
hepatitis C had the increased level (0.29 ±0.05 ng/ml) of this apoptosis indicator (Table 1). 
Serum concentration of cytochrome C was even higher in acute hepatitides of viral and toxic 
etiologies. 
 

Patients 
Cytokeratin-18 U/L

(mean±SE)
Cytochrome C ng/ml 

(mean±SE) 
Acute hepatitis B 1362.3±108.9 (n=11) 1.52±1.14 (n=14) 
Acute hepatitis C 712.2±124.4 (n=14) 3.15±1.84 (n=3) 

Chronic hepatitis C 232.3±15.8 (n=132) 0.29±0.05 (n=129) 
Acute alcoholic hepatitis 1003.9±104.3 (n=23) 0.59±0.19 (n=58) 

Reference intervals for: Cytokeratin-18 – 47.1-103.9 U/l, Cytochrome C -0 

Table 1. Level of apoptosis markers in serum from patients with acute and chronic liver 
diseases. 
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Very high serum concentration of HA was found in patients with acute alcoholic hepatitis 
(1015.50±58.83 ng/ml). Serum HA level was significantly higher in acute hepatitis B 
(228.13±51.71 ng/ml) than in acute hepatitis C (58.33±27.22 ng/ml, p<0.001). The level of 
serum HA in patients with chronic hepatitis was 103.82±15.47 ng/ml (Table 2). 
 

Patient group Number of patients 
Hyaluronic acid 

ng/ml 
(mean±SE) 

Acute hepatitis B 16 228.13±1.71 

Acute hepatitis C 9 58.33±27.22 

Chronic hepatitis C 132 103.82±15.47 

Acute alcoholic hepatitis 22 1015.50±58.83 

Reference interval: 0-75 ng/ml 

Table 2. Serum hyaluronic acid in patients with acute and chronic liver diseases. 

In the present study we identified HLA-DRB1 alleles associated with the risk of HCV 
infection or protection in comparison with healthy subjects. Some differences in the strength 
of those markers are presented in Table 3. 
HLA DRB1*07 (OR=7.0, p<0.0001), HLA-DRB1*03 (OR=1.95, p<0.035) and HLA-DRB1*05 
(OR=1.66, p<0.026) alleles were observed with the highest frequency, but DRB1*06, 
(OR=0.56, p<0.034) and DRB1*15 alleles (OR=0.59, p<0.020) - with the lowest frequency 
among patients with HCV infection. 
Table 4 shows the association of different alleles of HLA class II genes with HCV  
infection and therapy. One hundred four patients received PEG-interferon + Ribavirin 
therapy. Fifty nine patients were characterized as responders, and the remaining 45 as  
non-responders. 
 

Alleles 
DRB1* 

HCV 
(n=336) 

Controls 
(n=200) 

Odds 
Ratio 

(p) 

*01 48 31 0.91 <0.701** 

*15 49 45 0.59 <0.020 

*03 43 14 1.95 <0.035 

*04 39 23 1.01 <0.970** 

*05 83 33 1.66 <0.026 

*06 29 28 0.56 <0.034 

*07 42 4 7.0 <0.000 

*08 3 14 0.12 <0.000 

*09 0 2 - - 

*10 0 5 - - 

**Cornfield not accurate. Extract limits preferred. 
Bold-face type highlihts statistically significant associations for patient’s vs controls. 
p-probability (l-p) *100%, OR – odds ratio 

n=number of haplotypes (eg, 336 alleles from 168 individuals). Nature of valve lesions was not reported 
on 2 patients. 

Table 3. The frequency of identified DRB1* alleles in HCV patients and control subjects. 
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DRB1* alleles *01 *15 *03 *04 *05 *06 *07 

Patients in total 
n=168  

(general group) 
0.18 

0.59/ 
(0.020) 

1.95/ 
(0.035) 

 
1.66/ 

(0.026 
0.56/ 

(0.034) 
7.0/ 

(0.000) 

Effective PEG 
INF+Ribavirin 

therapy  
(group A) n=59 

0.14 0.14 0.13 
1.79/ 
0.014 

0.21 
4.29/ 

(0.003) 
0.03 

Noneffective PEG 
INF+Ribavirin 

therapy  
(group B) n=45 

0.16 0.16 0.12 0.08 0.62/ 0.013 0.06 
0.18/ 
0.005 

Effective Realdiron 
therapy (group C) 

n=30 

2.58/ 
0.071 

0.13 0.13 0.08 0.22 0.07 0.13 

Noneffective 
Realdiron therapy 

(group D) n=34 
0.09 0.16 0.13 

0.53/ 
0.065 

0.77 0.74 1.15 

Control subjects 
(group E) n=100 

0.16 0.23 0.07 0.12 0.17 0.15 0.02 

Bold-face type highlights statistically significant associations for patient’s vs controls. 
gf (gene frequency), p (probability), OR (odds ratio) and value are reported only for significant 
associations (p<0.05). n=number of haplotypes (eg, 336 alleles from 168 individuals). 

Table 4. Association of different alleles of HLA class II genes with HCV infection and therapy. 

Sixty four patients received Realdiron therapy. Thirty patients were characterized as 
responders, and the remaining 34 as non-responders. All individuals in the study were 
genotyped for HLA class II DRB1*alleles. 
HLA-DRB1*06(OR=4.29, p<0.003)and HLA-DRB1*04 (OR=1.79, p<0.014) Major 
Histocompatibility class II alleles were significantly associated with the effective response  
to PEG interferon + Ribavirin therapy in patients.  Our results therefore provide evidence that 
the presence of HLA-DRB1*06 and HLA-DRB1*04 is an important additional factor for 
predicting a long-term response to PEG-interferon + Ribavirin therapy in patients with chronic 
hepatitis C. 
The results of class II HLA distribution in patients with HCV are presented in Table 4. 
HLA-DRB1*01 was detected among patients of group C and D and it was significantly 
associated (OR=2.58, p<0.071)with the effective response to Realdiron therapy in chronic 
hepatitis C patients. HLA-DRB1*04 (OR=0.53, p<0.065) was found as an indicator of non-
responders to Realdiron therapy in group D. In both groups - C and D, the frequency of the 
remaining HLA antigens was of minor importance. 
Liver biopsy is not always possible or reproducible, it cannot be performed frequently and is 
a costly invasive procedure with a certain, although low, risk of serious complications. 
Histological examination of the liver does not provide information about the dynamics of 
hepatic fibrogenesis, liver biopsy provides only static information about fibrotic process. 
Non-invasive markers that reflect fibroproliferative activity in the liver and the treatment 
response would be preferable. Serum hyaluronic acid has been identified as a potential 
marker of fibrosis evolution. 
The clinical benefit of the existing markers may be limited by the etiology or stage of disease. 
Hyaluronate can be used as a specific marker to detect liver fibrosis (Afdhal&Nunes, 2004) and 
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has been found to correlate with severity of the disease (Lackner C. et al., 2005). Findings of 
Kawamoto et al. (2006) suggest that hyaluronate can be used to assess severe liver fibrosis or 
cirrhosis, but it would be difficult to assess liver fibrosis at its early stage. 
According to Suzuki et al. (2005), hyaluronic acid has been reported to have a high 
diagnostic performance in assessing the severity of hepatic fibrosis in patients with alcoholic 
liver disease. 
In the context of above mentioned our findings don’t  contradict with conclusions of those 
investigators, particularly, in case of acute alcoholic hepatitis, when level of hyaluronic acid 
in blood serum is very high (see Table 2). 
Performed parallel histological investigations of liver biopsies from patients with chronic 
hepatitis C illustrated the heterogeneity of hepatic fibrosis degree. Serum HA levels didn’t 
significantly correlate with the degree of hepatic fibrosis found in these patients. HA could 
be a marker of hepatic fibrosis progression. In chronic liver diseases, serial HA levels have 
been advocated as the means to monitor disease progression and to limit the need for 
follow-up liver biopsy. 
The results of performed investigation on main apoptosis markers (cytokeratin-18 
neoepitope, cytochrome C) demonstrated very significant involvement of apoptosis  
(including mitochondrial way) in pathogenesis of acute hepatitis, independently of 
etiology. This presumption was confirmed by high level of apoptosis markers in serum 
(see Table 1). The delineation of the signalling patways that mediate apoptosis has 
changed the paradigms of understanding of many liver diseases (Schattenberg et al., 
2006). Apoptosis is the normal physiological response to many chemical, physical and 
biological stimuli. Mitochondria and cell surface receptors mediate the two main 
pathways of apoptosis (Reed, 2000). Hypoxia has been shown to promote apoptosis 
(Holmgren L. et al., 1995). As apoptosis is closely involved in the process of liver disease 
progression, the treatment of ischemic injury remains one of the most challenging areas of 
hepatology today. 
Apoptosis defines a type of cell death distinct from the more conventional necrotic death on 
the basis of characteristic morphological features. Although these descriptions and 
distinctions are useful, there is a great deal of overlap between apoptosis and necrosis in 
morphological features and biochemical events. Indeed, apoptosis is frequently followed by 
secondary necrosis of cells, especially, if there is failure of clearance or ingestion of apoptotic 
bodies (Bennett, 2002). 
One of the aims of our study was to confirm the influence of HLA class II genes on the 
progression of HCV infection and to assess a possible relationship between these genes 
and different therapies. For this purpose we used the PCR-SSP test which permits the 
routine determination of the distribution of HLA class II genes. We confirmed that the 
frequency of HLA-DRB1*06 (4.29/0.003)and *04(1.79,0.014) was significantly higher in 
patients from group A than in patients from group B. In general group HLA-DRB1*07 and 
HLA-DRB1*05 alleles were observed.HLA-DRB1*07 was found as an indicator of non-
responders to PEG-interferon + Ribavirin therapy (group B). 
In all HCV patient groups, a correlation was found between certain HLA genes and the 
extent of liver damage. Among the host-related factors which have an important role in 
determining the outcome of HCV infection, certain HLA class II genes appear crucial for 
resolution or progression of hepatitis C.  
Accumulation evidence regarding the limitations of biopsy have led some to suggest that 
non-invasive markers should replace biopsy as the initial method for disease staging. But 
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further research is needed to evaluate the long-term effectiveness of the these strategies 
before a global recommendation can be made (Mehta et al., 2009). It is widely appreciated 
that substantial error has been observed when biopsy specimens have been compared to the 
full liver (Colloredo et al., 2003). 
There are several advantages in using non-invasive markers: they can be used to accurately 
define an appropriate time for treatment initiation, they can help monitoring and assess the 
therapeutic efficacy of antiviral treatment in case of liver fibrosis and cirrhosis, etc., they are 
crucial to evaluate the performance of non-invasive markers used for diagnosis of liver 
fibrosis and apoptosis in HAV, HBV, HCV, HIV-infected patients. 
A number of radiological methods are used in diagnosis of various chronic liver diseases. 
The first of them most often is ultrasonography (US). Signs of liver cirrhosis in B-mode 
image are well known. They are the irregularity and nodularity of liver surface, coarse 
nodularity of parenchyma structure, lobus caudatus hypertrophy, as well as symptoms of 
portal hypertension such as splenomegaly, ascites and portocaval shunts. The specificity of 
the method in detection of cirrhosis is in the range from 80% to 100%, sensitivity – from 43% 
to 88% (Needleman et al, 1986; Giorgio et al., 1986; Di Lelio et al., 1989; Gaiani et al., 1997; 
Colli et al., 2003; Vigano M. et al., 2005). Irregularity and nodularity of the liver surface 
caused by altering foci of regeneration nodules and necrosis (Poff et al., 2008) can be better 
assessed using high-frequency linear probe (Colli et al., 2003.; Nishiura et al., 2005).  
Nodularity of the structure is a prognostic sign of increased risk of developing 
hepatocellular carcinoma. This symptom is more common in liver cirrhosis of HDV hepatitis 
origin (51%), less common in other causes of diseases (9%) (Caturelli et al., 2003). A 
significant sign of liver cirrhosis is splenomegaly. The spleen size which overexceeds 15 cm 
is a symptom with 98% specificity and 57% sensitivity (O’Donohue et al., 2004). By 
combining sonographic symptoms of B-mode imaging in a common system several 
researchers have gained increment of specificity of the method (Nishiura et al., 2005). Liver 
cirrhosis is characterized by changes in liver size and its proportion:  atrophy of the right 
lobe and the medial segment of the left lobe as well as hypertrophy of lobus caudatus and the 
lateral segment of the left lobe (Giorgio et al., 1986; Lafortune et al., 1998). In total, the 
diagnostic accuracy of US in detection of liver cirrhosis is high enough, while its 
applicability in precirrhotic stages of the disease is limited.  
As chronic liver disease progresses, numerous processes occur in the structure altering 
liver blood flow. Under normal conditions liver receives 70-75% of blood through the 
portal vein, 25-30% through the hepatic artery, leaving a very small fraction for such tiny 
blood vessels as aberrant gastric veins, particularly the right (Matsui et al., 1995) which 
occurs in about 6-14 % of patients, a.phrenica dx, parabiliary veins (Couinaud, 1988), 
gallblader vein, which sometimes is drained directly to the liver. As a result of cirrhotic 
and fibrotic processes presinusoidal and sinusoidal occlusion develops there which 
increases resistance for the blood flow through the liver. A portal hypertension develops,  
if the pressure gradient overexceeds 10 mm H2O (Zwiebel&Pellerito, 2005). Due to the 
increased resistance as the portal blood flow diminishes, there is a compensatory 
increment of the flow in the hepatic artery (Burton-Opitz, 1911; Kock et al., 1972). As a 
result of the increment of the pressure in the portal vein, its size and pulsations are 
altered, blood flow slows down and later changes its direction from hepatopetal to 
hepatofugal. Increase in pressure in the portal vein is compensated through portocaval 
anastomoses. The hepatic artery itself does not have such a mechanism. It is compensated 
through very tiny (under normal conditions) anastomoses between portal and arterial 
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system, which are located in the liver sinusoides, vasa vasorum of the portal vein and 
peribiliary vascular plexes. If transhepatic resistance overexceeds resistance of 
portosystemic collaterals, a shunting of arterial flow to the portal system starts to occur 
(Sacerdoti et al., 1995; Piscaglia et al., 1997). Flow characteristics and their changes in liver 
blood vessels are well detectable in doplerographic examinations. Veins of portal systems 
- v.portae, v.mesenterica sup., v.lienalis, as well as hepatic artery and liver veins are well 
visible in approximately 93-95% of patients undergoing liver sonography (Zwiebel & 
Pellerito, 2005). 
A number of parameters and indexes are offered to assess and detect portal hypertension. 
They are: diameter of the portal vein, change of the size of v.portae and v.lienalis during the 
respiratory cycle, flow rate and direction in the portal vein, pulsitility of Doppler spectral 
waveform as well as congestation index, respectively: ratio between cross-sectional area of 
the portal vein and the flow velocity within it, the resistance index in the hepatic artery, 
portal and hepatic artery velocity rate, etc. Many studies have been performed regarding 
utility of all these parameters in diagnostics of liver cirrhosis, however the results are still 
controversial. 
One of the signs of liver cirrhosis and portal hypertension is hepatofugal flow in the portal 
vein, i.e., the flow away from the liver. This sign is found in 3–23% of cirrhosis patients 
(Kawasaki et al., 1989; Gaiani et al., 1991; Taourel et al., 1998; von Herbay et al., 2001). 
Incidence of this symptom depends on the severity of the disease. The flow direction in the 
portal vein is influenced also by development of the paraumbilical shunts, retaining the 
hepatopetal flow in cirrhosis patients. Hepatofugal flow can also be found in patients with 
extrahepatic shunts (splenorenal, oesophageal, retroperitoneal, etc.).  
The portal flow velocity, which is an easily assessable measure, is a variable parameter.  
In healthy subjects in various studies it ranges from 13.7 cm/s to 22 cm/s (O’Donohue  
et al., 2004; Walsh et al., 1998; Bernatik et al., 2002). With the development of liver 
cirrhosis it declines. For the diagnosis of liver cirrhosis using a cut-off value of 13 to  
15 cm/s the sensitivity is 74.5% to 88%, the specificity - 53% to 96% (Zironi et al.,  
1992; Schneider et al., 2005; Iwao et al., 1997). In precirrhotic stages there is no significant 
difference in velocity of the portal flow from healthy subjects (Bernatik et al., 2002; 
Schneider et al., 2005). 
Under normal conditions the flow in the portal vein is continuous and hepatopetal but its 
velocity is slightly pulsatile during the heart cycle. These pulsations cause a pressure 
change in the right atrial flow initiated by fluctuations in the lower vena cava which 
through the liver veins and sinusoides are transmitted to v.portae. Pronounced pulsations 
in the portal vein in patients with right heart diseases serve as the evidence of such 
explanation of the pulsation mechanism (Görg et al., 2002). Besides, there is also influence 
of the adjacent hepatic artery pulsations and respiratory cycle phases. Presinusoidal 
obstruction, collagenisation of the Disse space and enlargement of hepatocytes due to 
liver fibrosis and cirrhosis may prevent the transmission of pulsations from the heart and 
liver veins. Flatened Doppler waveform of the portal vein could therefore be a sign of 
liver fibrosis and cirrhosis. Undulating Doppler waveform of the portal vein in healthy 
subjects is found in 63.8%-100% of cases. The degree of pulsatility of the portal vein 
quantitatively is characterized by two indexes: the ratio between minimal and maximal 
flow velocity as well as pulsation index (PI) in which the maximal flow rate is extended to 
the difference between the minimum and the maximum flow rate. The minimum and 
maximum velocity ratio >0.54 for healthy subjects is higher than 90% of cases (Gallix et 
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al., 1997). In liver cirrhosis patients reduced hepatic vein pulsatility is found significantly 
more often than in patients with lower degrees of fibrosis or in healthy subjects, however, 
the incidence in different studies varies considerably. Distinguishing between various 
degrees of severity of fibrosis in this manner fails (Schneider et al., 2005; Barkat, 2004; 
Maktanir et al., 2005). 
In a number of studies the measurement of size of the portal vein is used as one of the 

methods of detecting portal hypertension. In most cases in healthy subjects the portal vein is 

smaller than in patients suffering from cirrhosis and various degrees of liver fibrosis, 

although these differences are not statistically significant and a large overlap of values is 

found (O’Donohue et al., 2004; Lim et al., 2005; Kutlu et al., 2002). Similar results were 

gained when determining the liver congestation index, calculated by extending v.portae 

diameter to the average blood flow velocity in it (Walsh et al., 1998; Lim et al., 2005), 

although some studies provide evidence of the ability of this feature to differentiate liver 

cirrhosis from other conditions (Kutlu et al., 2002). 

As the sinusoidal resistance increases and the portal flow decreases there is a 

compensatory increment of the flow in the liver artery. Since the increase of resistance 

also affects the arterial system, changes occur in haemodynamic parameters recordable in 

Doppler waveform as well as increase of the resistance index and growth of the volume. 

Under normal conditions a Doppler waveform of hepatic artery of healthy subjects is of 

low pulsitility with antegrade flow within whole diastole. Resistance index (RI), 

determined by extending the peak systolic and end-diastolic velocity difference to the 

peak systolic velocity in healthy subjects ranges from 0.5 to 0.7 (Vilgranin, 2001). In 

cirrhotic patients RI within different studies ranges from 0.68 to 0.98, in precirrhotic stages 

of the disease - from 0.58 to 0.73 (O’Donohue et al., 2004; Bernatik et al., 2002; Haktanir et 

al., 2005; Lim et al., 2005; Pierce&Sewell, 1990). The overlap of these parameters 

significantly limits the use of dopplerographic parameters of hepatic arteries in 

diagnostics. No studies have yielded results that would reliably differentiate various 

degrees of fibrosis from each other.  

In some trials a number of other arterial flow factors have been used, as the mean flow 

velocity (cm/s), minute volume flow (ml/min), liver perfusion index (hepatic artery and 

common liver flow ratio), however, they have not gained wide acceptance. 

One of the most widely used liver vascular ultrasound examination is hepatic vein 

dopplerography. In most cases liver veins are easily visible tubular structure, with 

diameter changing during the respiratory cycle. In healthy subjects 2 cm away from the 

inflow to v. cava inferior it is 4-6 mm but less than 1 cm (Bolondi et al., 1991). In cases  

of various diseases, such as the right heart diseases, circulatory congestion in the large 

vasculatory circle, severe liver steatosis, Budd-Chiary syndrome, etc. vein size may vary. 

Blood flow in liver veins is markedly pulsating, changing directions with different phases 

of the cardiac cycle. During the diastole of the heart atria and ventriculi it is antegrade, 

respectively towards the heart, or away from the liver. During the atrial systole the flow  

is retrograde or towards the liver. Healthy liver is elastic and easily responds to the 

pressure changes in liver veins during heart cycle phases. In the Doppler waveform of 

liver veins these fluctuations are reflected as two antegrade waves followed by a single 

retrograde wave.  Haemodynamics of the liver veins is detailed in the L.Bolondi study in 

1991. (Fig.1) 
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Fig. 1. Mechanism of wave formation in VHDx Doppler waveform. Simultaneous record of 
ECG, phonocardiogram and Doppler waveform of the jugular vein (adapted from Bolondi L 
et al, Radiology 1991; 178:513-516.)  

Wave A (+) – atrial systole. Retrograde flow in VCI and VH. Wave C (+) - a small positive 

wave in the descendent part or the A wave which is caused by  closing of tricuspidal valves. 

Wave X (-) – ventricular systole and atrial relaxation (diastole). Antegrade flow during 

filling of the atrium. Wave V (+) – atrial filing. The peak of the wave shows opening of 

tricuspidal valves at the beginnning of ventricular diastole. Wave Y (-) – ventricular diastole. 

Atrial emptying towards ventriculi. 

In order to assess the Doppler waveform of hepatic veins a number of methods are 

recommended. The most widespread method was introduced by Bolondi. He advised to 

divide all curves into 3 groups: triphasic, showing a positive wave due to retrograde flow 

during the atrial systole, biphasic, with no positive wave, but with saved pulsations, and 

fully flattened or monophasic appearance. This method is simple, easy to use and 

reproducible. 

Flow type of hepatic veins, respectively, shape of Doppler waveform of liver veins, is 
dependent on a number of diseases and conditions. Incidence of flattened curve 
significantly increases during pregnancy and increases as pregnancy progresses (Roobottom 
et al., 1995). In case of regurgitation and insuficience of tricuspidal valves during ventricular 
systole the blood is pushed backwards to atria and – further – to v.cava inferior and to 
hepatic veins. In their Doppler waveform the systolic wave X reduces, disappears and 
becomes retrograde and interacts with wave A (Abu-Yousef, 1991). Also, in case of 
constrictive pericarditis changes in hepatic vein Doppler waveform are seen (von Birbra et 
al., 1989).  
Pathological processes within liver veins themselves, as Budd-Chiari syndrome and veno-

occlusive disease or sinusoidal obstruction syndrome, are seen and diagnosed by B-mode 

and Doppler ultrasound methods. Unlike Budd-Chiari syndrome, in cases of veno-occlusive 

disease main liver veins can be patent (Desser et al., 2003). 

Flow in liver veins is influenced by intra-abdominal and intrathoracic pressure. In patients 

with triphasic waveform during deep inspiration and Valsalva test the waveform often 

paves and becomes monophasic or biphasic (Techgraber et al., 1997). Due to this reason liver 

vein examination is held during mild, superficial inspiration or mild expiration following 

mild inspiration. 
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One of the basic factors influencing the type of liver flow is the physical condition of the liver, 

its hardness and elasticity. With increase in hardness and decrease in elasticity liver tissue 

looses compliance with hepatic venous pulsations caused by variations in pressure within them.  

Haemodynamically it is expressed as loss of changing of flow direction during atrial systole in 

v.cava inferior and hepatic veins what can be registered by Doppler ultrasound. The feasibility 

that the hepatic veins Doppler waveform assesses changes in liver structure, resp., fibrosis and 

cirrhosis, has been investigated by many researchers, and the results are generally better than in 

other hepatic circulatory dopplerographic measurements, although not very clear.  

Flattened, resp., biphasic or monophasic hepatic vein Doppler waveforms in liver cirrhosis 

patients with varying forms of cirrhosis, occur in 50% (Bolondi et al., 1991) to 85% (Barkat, 

2004) cases. With increasing severity of cirrhosis, the frequency of flattened curves increases 

(von Herbay et al., 2001; Barkat, 2004). The sensitivity and specificity of the method to detect 

cirrhosis are 37%-75% and respectively 41%-100%, respectively (Colli et al., 2003; Schneider 

et al., 2005; Arada et al., 1997). In precirrhotic stages of the disease with increase of fibrosis 

stage the incidence of flattened waveform tends to increase. In some studies this increase is 

statistically significant (O’Donohue et al., 2004; Schneider et al., 2005), while in others it is 

insignificant, there is overlap between the results (Bernatik et al., 2002; Lim et al., 2005). This 

leads to critical assessment of hepatic vein Doppler ultrasound ability to detect the 

precirrhotic forms or differentiate between degrees of fibrosis, while the diagnosis of 

cirrhosis flattened Doppler waveform is a key symptom. (Fig.2, 3) 

 

 

Fig. 2. Triphasic VHDx Doppler waveform in 29 y.o. patient with mild (Knodell F1) liver 
fibrosis and without liver steatosis (S-0). 

Liver steatosis also should be taken into account when assessing liver veins Doppler 
ultrasound results. The increased fat in the liver increases the pressure on the hepatic veins 
and reduces liver tissue compliance to venous pulsations. In patients with severe liver steatosis 
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(> 66% of hepatocytes affected by fat) flattened hepatic vein Doppler waveform is found 
significantly more frequently than in patients without steatosis or those with mild forms in 
respectively 90% vs. 5% -20% of cases (Schneider et al., 2005). Sensitivity of the method in 
detecting severe steatosis is 88%, specificity 74% (Schneider et al., 2005). It should be noted that 
appearance of liver steatosis in B-Mode ultrasound image has been researched much, 
however, its effect on blood flow types in hepatic veins, the dependence on the morphological 
forms of steatosis (macrovesicular or microvesicular) has been assessed much less frequently. 
(Fig.4) 
 

 

Fig. 3. Monophasic VHDx Dopler waveform in 53 y.o. patient with moderate severity of 
liver fibrosis (Knodell F-3) and severe mixed type (macro – microvesiculare) steatosis  (S3). 
There are no typical steatosis signs in B- mode image 

 

 

Fig. 4. Biphasic VDHx waveform in 44 y.o. patient with moderate liver steatosis (S-2) and 
mild fibrosis (F-1). In B-Mode image appearance of expressed steatosis is visible: increased 
liver exhogenicity, impaired visualization of deeper tissues and diaphragmal line. 
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4. Conclusion 

Evaluation of apoptosis by estimating CK-18 neoepitope level should be included into 
hepatitis virus infection and toxic liver damage management algorithm. Apoptosis, not only 
necrosis, is essentially involved in liver damage development mechanisms in acute and 
chronic HBV and HCV infection. Monitoring of serum apoptotic CK-18 neoepitope level 
might be useful for the appropriate estimation of liver diseases therapy efficacy and open 
new approach to apoptosis therapeutic regulation. 
If in alcoholic hepatitis apoptosis may be a principal cause of cell death, then in acute 
hepatitis B cell death would be associated with both cell apoptosis and cell necrosis.  
As fibrotic process is dynamic, serum hyaluronic acid  levels may show fibrogenesis rather 
than developed and formed fibrosis. Circulating HA measurement has been proposed for 
operative monitoring of fibrotic lesion dynamics in acute and chronic liver damages. 
The punctual identification of immunogenetic factors may prove to be useful in predicting 
disease evolution, in guiding the appropriate therapy for patients with poor prognosis, and 
in encouraging the development of untherapeutic strategies. 
As regards to the potential of US to assess the diagnosis of diffuse liver disease, it must be 
concluded that the method is applied to the detection of manifest cirrhosis. In detection of 
precirrhotic stages and differentiation between them the options are greatly restricted and 
the liver biopsy cannot be replaced. Liver vein Dopplerography can be applied in liver 
screening examinations to detect occult liver diseases. It can be also applied in follow-up of 
diffuse liver diseases, however, this suggestion still requires further studies. 
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