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Capabilities of Ultresound Doppleragraphy in Diagiosis of Liver Fibrosis
and Stedtosis in Patients with Chiciiic Viral Hepatitis C

1. Introduction
1.1. Importance of the Problem

Chronic viral hepatitis C is widespread disease all over the world which
causes such severe liver lesion as liver cirrhosis, oesophageal varices and their
bleeding, hepatocellular cancer and liver failure, which often leads to liver
transplant or death. Incidence of viral hepatitis in the developed countries
fluctuates in the range of 1-3%, else even reaching up to 35% (Wasley A et al.
2000). Mortality of chronic hepatitis C virus patients is determined by liver
cirrhosis which is the final result of progressive fibrosis. Therefore, assess-
ment of liver fibrosis progress is prognostically important for each patient
in determining the risk of life - threatening complications. Definition of op-
timal fibrosis screening strategy is especially important because nowadays
there are available effective medicines for fibrosis mitigation. Such products
for chronic viral hepatitis C are pegylated interferon and ribavirin (Poynard T
et al. 2003, etc.), lamivudine for chronic viral hepatitis B, limitation of alcohol
abuse for alcohol liver disease, etc. For assessment of liver morphological sta-
tus as the gold standard liver puncture biopsy is still considered. However, it
has several restrictions: a sufficiently high incidence of false negative results,
risk of complications, discomfort and hospitalization costs (Nord ] H 1982).
For indirect assessment of the liver fibrosis development a series of labora-
tory tests are used. It is believed that the extracellular matrix serum markers
are reliable indicators of liver fibrosis (Franck P. et al. 1992). To diagnose fi-
brosis there are used combinations of several simple biochemical indicators,
as protrombin index, serum gamma-glutamyltranspeptidase, apolipoprotein,
etc. which form the test system Fibrtest, Fibrometer, Fibrospect etc. (Poynard
T et al. 2004, Myers RP et al. 2003, Naveau S 2005, Cale P 2005, etc.). Their
effectiveness is considered to be ambiguous and they are expensive for Latvia
conditions. Despite the generally acknowledged limitations ultrasonography
is still the most widely used method to diagnose liver cirrhosis, mainly due
to its wide availability. Surface and echostructure alterations as well as peri-
portal fibrosis are the key symptoms of liver cirrhosis, but sometimes their
expression is poor or they are not present at all. Symptoms of portal hyper-
tension, as ascites, splenomegaly and portocaval venous shunts appear only
at the end-stages of the disease (Hakanir A et al. 2005). Liver fibrosis causes
regional hepatic hemodynamic disturbances in the form of changes of flow
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velocity and resistance index in the portal vein and hepatic arteries during
Doppler ultrasound examinations. These changes can occur also in cases
when common grey scale ultrasound (B mode) findings are unaltered; there-
fore, hepatic hemodynamic Doppler ultrasound examinations can play an
important role in early diagnosis of liver fibrosis. A number of studies regard-
ing chronic viral hepatitis C as well as liver blood flow impairment caused by
liver fibrosis of different origins and liver cirrhosis comprehends analysis of
various parameters of Doppler ultrasound measurements, as modified he-
patic index, congestation index, arterioportal ratio (Hirata M et al. 2001 etc.),
as well as portal hypertension index (Piscaglia E et al. 1996., 2001). Their
clinical assessment is ambiguous. One of the parameters analyzed in several
studies is the direction of blood flow in hepatic veins. The Doppler waveform
of hepatic veins in healthy subjects shows triphasic curve with a reverse peak,
which reflects retrograde blood flow of v. cava inf. and hepatic veins during
the right atrial systole. Increase in liver density and decrease in elasticity, as in
the case of liver cirrhosis, results in disappearance of the retrograde flow and
causes Doppler waveform to loose its reverse peek and to smooth out. This is
one of criteria to reveal liver cirrhosis in Doppler ultrasound. However, there
are several more factors which also affect blood flow in hepatic veins. They
are alterations of physical parameters of liver tissue in cases of liver steatosis,
intra-abdominal and intra-thoracal pressure as well as habitual properties of
the human. Interrelationship of these factors, which may affect the Doppler
ultrasound measurement data of hepatic veins in diagnosis of liver fibrosis
and cirrhosis, so far has not been adequately investigated. Also, possibilities
of use of Doppler ultrasound measurements and diagnostic importance of
differentiation of fibrosis degree and prediction of the course of the disease
have not been assessed. Data from published global studies are diverse, some-
times contradictory. In Latvia for imaging of liver disease there is widely used
conventional ultrasonography. There is not any research on Doppler ultra-
sound examinations, their theoretical and clinical importance of liver disease
held in Latvia.

1.2. Hypotheses Proposed for the Presentation

1) Liver fibrosis and steatosis, by altering hepatic density and elasticity,
change the blood flow type in hepatic veins which is reflected in the
shape of the Doppler waveform of hepatic veins.
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2) Changes in Doppler waveform of hepatic veins in chronic hepatitis C
virus patients are different in different stages of hepatic fibrosis and
steatosis.

1.3. Objective of the Present Study

To determine potentialities of Doppler ultrasound imaging in diagnosis
of diffuse liver disease — fibrosis and steatosis in patients with chronic viral
hepatitis C.

1.4. Tasks of the Present Study

1) To assess characteristic changes of Doppler ultrasound waveform for
liver fibrosis in the right liver vein in patients with chronic hepatitis
C and compare them with the degree of fibrosis assessed in the biopsy
specimen.

2) To evaluate the effect of steatosis of different severity on blood flow
types in hepatic veins and to characterize the typical alterations in
Doppler waveform.

3) To determine influence of anthropometric factors on the degree of
fibrosis, steatosis and the hemodynamics in liver veins for the groups
of study and control patients.

4) To determine influence of inflammatory activity to the hemodynam-
ics in liver veins.

5) To develop practical recommendations for ultrasound and Doppler
ultrasound imaging assessment of diffuse liver lesions and consider-
ate, informative liver biopsy under guidance of US.

1.5. Scientific Novelty of the Research and

Its Practical Importance
1) The diagnostic sensitivity and specificity of Doppler ultrasound im-
aging in determination of liver fibrosis and steatosis of various severi-
ties in patients with chronic viral hepatitis C has been assessed
2) Correlation of particular anthropometric parameters with hemody-
namics of liver veins has been found.
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3) Recommendations developed for clinical practice allow expanding
diagnostic informativity and quality of ultrasound imaging in prima-
ry investigation of chronic viral hepatitis C patients and evaluation of
the disease course dynamics.

4) Demonstrating the rate of disease progression results of Doppler
ultrasound imaging leads to reductions of number of repeated liver
puncture biopsy.

1.6. Research Facilities and Equipment

The work was carried out in Chair of Radiology, Riga Stradins University.
Clinical basesb were State Agency “Infectology Center of Latvia” and P. Stra-
din’s Clinical University Hospital. Investigations in the Infectology Center
of Latvia were performed with the ultrasound systems Philips HDI 11 and
Philips 15, in P. Stradin’s Clinical University Hospital — with Toshiba Aplio
and Philips iU22. Histological investigation of the specimens was carried out
in the Institute of Pathology of P. Stradins Clinical University Hospital. Sta-
tistical processing of the study data was performed in Chair of Physics at Riga
Stradins University with the computer program SPSS 16.0 (company SPSS,
USA).

2. Patients and Methods

2.1. Design of the Study

The research facilities are State Agency “Infectology Center of Latvia”
and P. Stradin’s Clinical University Hospital. The study includes prospective
analysis of anthropometric data of chronic viral hepatitis C patients and liver
puncture biopsy results. Investigations were carried out in patients of Infec-
tology Center of Latvia who were scheduled for the liver puncture biopsy in
order to determine the stage and severity of the disease. Before performing
the procedures there was received authorization from RSU Ethics Commis-
sion and written consent of every patient. The results were compared with
the data from patients of P. Stradin’s Clinical University Hospital who came
from various wards and who had screening abdominal ultrasound examina-
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tion and had no anamnestic, clinical and laboratory indications on liver or
heart disease.

2.2. Patients Selection

The study included a total of 216 patients — 117 males (54.2%) and 99 fe-
males (48.5%). The study group included 176 viral hepatitis C patients from
Infectology Center of Latvia who in 2006. (95 patients) and 2009. (81 pa-
tients) underwent liver ultrasound examination and liver puncture biopsy.
The number of males and females was 97 (55.1%) and 79 (44.9%) accord-
ingly. The diagnosis of chronic hepatitis C was confirmed by the elevated ALT
levels and positive anti HCV and HCV-RNA in serum.

The control group consisted of 40 patients from P. Stradin’s Clinical Uni-
versity Hospital who, for various reasons, underwent abdominal US imaging.
The number of males and females was equal - 20. The average age of patients
was 54.3 + 17.8 years. The study included patients who had no anamnestic or
laboratory data on liver or heart disease and who had a normal ECG and nor-
mal levels AST, ALT and bilirubin. US imaging did not show any evidence on
liver disease. Patients with chronic pancreatitis were not included in the study.

2.3. The Equipment Used and Study Methods Applied

All ultrasound examinations and liver puncture biopsy was carried out
by one and the same radiologist with more than 20 years of experience in
liver ultrasonography and invasive manipulations under guidance of ultra-
sound. In the Infectology Centre of Latvia examinations were performed
with ultrasound systems HDI 11 and HDI15 (Philips Health Care, Bothell,
Wa.), using a convex multifrequency array probe (2.5-5 MHz) and select-
ing the operating frequency, which provides the best possible image quality.
Doppler ultrasound examinations for hepatic were performed at the lowest
possible pulse repetition frequency in order to obtain an optimal filling of he-
patic veins and, avoiding aliasing artefacts, a qualitative Doppler waveform.
In P. Stradin’s Clinical University Hospital examinations were carried out on
two ultrasound systems Aplio XG (SSA 790A, Toshiba Medical Systems Cor-
poration, Japan) with convex array multi-frequency probe (frequency range
2 to 5.6 MHz), and iU22, (Philips Health Care, Bothell, Wa.) with convex
array multi-frequency probe (2-6 MHz), using similar technical principles
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of imaging parameter settings. The puncture biopsies were performed with
an automatic biopsy device (Vitesse gun, Opti-Med GmbH, Germany) using
18 G (1.2 mm) cutting (core) biopsy needles. Tissue sample column length
was set at the maximum, i.e. 2.2 cm.

Patients from the study group were hospitalized for puncture biopsy; the
examination was performed either on the day of hospitalization or on the
next day. In some cases, the patients were in hospital for a longer time to
perform extended examination and to provide treatment. The study included
all patients being investigated and meeting the inclusion criteria. Two cases
failed to get a qualitative VHDx Doppler waveform; these patients were not
involved in the study. Before puncture biopsy in all patients coagulogram
was analysed and assessment of the potential risk of complications was per-
formed. The puncture biopsy was contraindicated if deviation of blood co-
agulation was more than 10-15% from the norm and there was presence of
ascites. The study did not involve focal liver lesion patients, for whom punc-
ture biopsy was performed to clarify the nature of these lesions. All patients
included in the study had their body weight and height registered and body
mass index (BMI) was calculated according to the equation BMI = body
weight (kg)/height (m?). BMI less than 20 was rated as low, 20-25 as normal,
26-30 as elevated, >30 as obese.

Investigations were performed on an empty stomach (fasting for at least
8 hours). Before the procedure patients received intramuscular sedative ther-
apy (1 ml Sol. Promedoli 2% and Sol. Sibasoni 2 mg.) After the procedure the
patients were ordinated bed rest and monitoring of the medical staff until the
next day morning.

In all cases the procedure started with a routine abdominal ultrasound ex-
amination according to the generally accepted standard protocol. When eval-
uating liver, sonographic signs of liver steatosis (increased liver echogenicity,
deteriorated visualization of deep-located liver tissue and diaphragm were
registered). Hepatic vein Doppler ultrasound imaging was performed in pa-
tient lying on the left side with raised right hand over the head. To minimize
the impact of cardiac motion artefacts the right main hepatic vein was chosen
for the examinations. Patients in whom the bottom right hepatic vein was
found, also the record of Doppler waveform was performed to assess poten-
tial differences. In order to standardize examination conditions the wave-
forms were recorded during a light expiration after non-forced inspiration.

10
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Doppler waveforms were classified into three groups: a normal waveform
was presumed to be a triphasic curve with reverse peak, which reflects retro-
grade or hepatopetal blood flow in hepatic veins during atrial systole. Patho-
logical waveforms were presumed to be biphasic curves which within the en-
tire cycle showed antegrade, or hepatofugal, but with variable flow speed, and
monophasic waveforms when the flow was steady and hepatofugal.

Liver puncture biopsy was made during the same examination under lo-
cal anaesthesia using for the anaesthesia Sol. Marcaini 0.5% 5-10 ml. Tis-
sue samples were taken from various depths of the right liver lobe guiding
the needle through the intercostal space along lin. axillaris ant. or media.
For each patient two visually qualitative specimens were yielded and fixed
in formalin solution. In cases of fractionation of the resulting tissue sample
or when it was small, the biopsy was repeated. In neither case more than
four stabs were necessary to be performed. The histological assessment of
the specimens was made in Institute of Pathology of P. Stradin’s Clinical Uni-
versity Hospital by one and the same experienced pathologist, who knew the
clinical diagnosis of the patient, but was neither familiar with the data from
US imaging nor knew whether the patient was enrolled in the study. Tis-
sue samples were processed according to a standardized liver biopsy histo-
chemical visualization protocol which includes colouring with haematoxylin
and eosin, with Masson’s trichrome method, Perls method and PAS method.
Morphological changes were assessed using hepatitis activity semiquantita-
tive score recommended by Knodell. For comparison in the study the com-
mon Knodell hepatitis activity index (HAI) and degree of hepatic fibrosis
were used in following gradation: 0 - no fibrosis, 1 - mild fibrosis (spread of
porto-portal fibrosis), 3 — moderate fibrosis (porto-portal or porto-central
bridging fibrosis), 4 — cirrhosis.

Severiness of liver steatosis was expressed on a scale of four grades: no
steatosis (affects less than 5% of hepatocytes), mild steatosis (affects 5%-25%
of hepatocytes), moderate steatosis (25-50% of hepatocytes) and severe stea-
tosis (more than 50% of hepatocytes). Liver puncture biopsy was well toler-
ated. There were no major complications that require intensive therapy, blood
transfusion or surgical intervention. In some cases patients experienced sore-
ness at the puncture site, irradiation of the pain towards the shoulder, sore-
ness during inspiration, which resolved on their own or after a single admin-
istration of analgesic medication.
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Abdominal US imaging for the patients from the control group was per-
formed according to the conventional standard protocol requiring fasting
at a minimum of 8 hours. The study did not comprehend patients with US
evidence on some of liver diseases, heart disease, pancreatitis, splenomegaly,
ascites. Like with the study group patients, the examination was performed
with a patient lying on the left side with the right hand raised overhead. Re-
gistration and evaluation of Doppler waveform of liver veins were similar
to the study group. In the control group, for obvious reasons, liver puncture
biopsy was not performed. All patients included in the study were assessed
to record the body weight, height, and the body mass index was calculated.

2.4. Data Statistical Processing

The goal of the study data statistical analysis was to evaluate the data using
appropriate descriptive and conclusive statistical methods to justify the role
of the shape of VHDx Doppler curve in diagnosis of liver diseases.

The thesis includes calculation of generally established statistical param-
eters used in medical studies: 1) central trends (mean, median, etc.), 2) pa-
rameters describing data distribution (standard deviation, standard error of
the mean, etc.).

To test the hypotheses there were used data appropriate tests — an inde-
pendent — sample t test of two normally distributed data to compare the
mean values, analysis of variance (ANOVA) to compare three or more in-
dependent samples of mean value of normally distributed data, Pearson
chi-squared test for to establish cases of equality of distribution. If the data
distribution defied normal probability distribution, nonparametric statistical
methods were applied.

To assess closeness of the relationship between variables there were ap-
plied methods of correlation analysis.

In all cases the criterion of the significance level, which rejected the null
hypothesis was p <0.05. In some cases there were assessed confidence interval
limits of 95%, too.
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3. Results

3.1. Age and sex of the study patients

The study included a total of 216 patients — 117 (54.2%) males and
99 (48.5%) females. The patients were aged 18 to 78 years with the
mean age of 41.6 + 14.8 years. The average age of males and females was
40.0 + 14.1 years and 43.5 + 15.4 years, accordingly. Following the independ-
ent-sample t test, the average age for males and females did not show statisti-
cally significant difference (t = 1.751, p = 0.081). The study population in-
cluded 176 patients, of whom 97 (55.1%) were males and 79 (44.9%) females.
The average age was 38,6 + 12,5years. The control group included 40 patients,
20 females and 20 males aged 20 to 78, the average of 53.3 + 17.2 years.

3.2. Incidence of VHDx Doppler waveforms

Triphasic shape of VHDx Doppler waveform in study group was estab-
lished in 128 (73%) cases, biphasic — in 26 (15%) cases, monophasic - in
22 (13%) cases.

In the control group of 40 patients triphasic waveform was recorded in
29 (72.5%) cases, biphasic - in 7 (17.5%) cases, monophasic — in 4 (10%) cas-
es. Incidence of VHDx Doppler waveforms in the study is shown in Table 1.
for the study group and Table 2. for the control group.

TABLE 1
Absolute and relative frequency of VHDx Doppler waveform
in the study group patients.

Shape of VHDx ‘

Doppitt wavetorn Number % \ Cumulative %
- Triphasic o128 727 72.7
Biphasic | 26 | 148 87.5
~ Monophasic | 22 | 125 | 1000

Total number | 176/ = 100.0
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TABLE 2
Absolute and relative frequency of VHDx Doppler waveform
in the control group patients.
" T T .
SipCRRVHDY ‘ Number | % | Cumulative %
Doppler waveform | * B e
Triphasic 29 | 725 725

U Biphasic |7 . s %00

Monophasic 4 100 100.0

Total number e - 100.0

3.3. Relationship among type of liver blood flow and

the patient’s age and gender.

The average age of patients who showed triphasic VHDx Doppler wave-
form was 37,0 + 12.6 years, the average age of patients with biphasic wave-
form was 42.96 + 10.1 years, and for patients with monophasic waveform the
average age was 43.7 + 12.8 years.

Verifying the hypothesis on the uniformity of average age in different
groups of VHDx Doppler waveform type groups with the analysis of variance
(ANOVA), it was established that the average age within the groups showed
statistically significant difference (F = 4.714, p = 0.01) and correlation (Spear-
man’s rank correlation coefficient r = 0.0320, p = 0.002).

Among the males from the study group the average age of patients with
triphasic, biphasic and monophasic VHDx Doppler waveform type was
35.6 + 11.6 years, 42.9 £ 9.6 years and 41.5 + 12.1 years, accordingly. The ave-
rage ages of females were 38.5 + 13.6, 11.51 = and 43.0 + 46.4 + 13.7 years,
accordingly.

Statistically significant correlation between frequency of VHDx Dop-
pler waveform types and patient age was found in males, (ANOVA F = 8,063
p <0.001). The average age of females with triphasic curve shape was lower
(38.5 years) than of those whose curve was biphasic (43.0 years) or monopha-
sic (46.4 years), but the differences were not statistically significant, p = 0.178.

14
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3.4. Degree of liver fibrosis and its relationship with
gender of patients

In the study group liver fibrosis was not found, i.e., Knodell fibrosis score
was 0 in 42 (23.9%) patients. Of these, 19 (46%) were females, 23 (54%) were
males. Mild fibrosis, i.e. Knodell score 1, was found in 96 (54.5%) patients.
Of these, 42 (44%) were females, 54 (56%) were males. Severe fibrosis, i.e.
Knodell score 3, was found in 32 (18.2%) patients. Of these, 15 (47%) were
females and 17 (53%) were males. Cirrhosis, i.e. Knodell score 4, was found
in 6 (3.4%) patients. The numbers of females and males were equal - 3. The
number of patients in groups with fibrosis is shown in Table 3.

TABLE 3
Absolute and relative distribution of patients in groups of fibrosis.
Kuodellfibrosisscore | Number | %
i, g 42 L 239
1 S 9% 54.5
S . S . JAS. T E—

F-4 It 6 | 34

Total number - 176 el 100.0

Pearson Chi-square test shows that frequency of fibrosis in all groups
did not show statistically significant difference between men and women.

(x*=0,167; df = 3; p = 0,983)

3.5. Degree of liver steatosis and its relationship

with gender of patients

The study group of patients with mild steatosis and patients with no stea-
tosis was similar, 69 and 67 respectively. Moderate steatosis was found less
frequently, in 31 patients. Severe steatosis was found in 9 patients. The rela-
tive frequency of steatosis is shown in Table 4.
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TABLE 4
Absolute and relative distribution of patients in groups of steatosis.

. Degreeofsteatosis | Number | %
o Neme | e7 31
. LMid 69 39.2
_Moderate | 31 | 176
Severe o 9 5.1
Total number , 176 . 1000

Comparison of the frequencies in males and females showed that it was
similar in all severity groups. Pearson Chi-square test shows that the frequen-
cy of steatosis in all groups of males and females did not differ significantly
(x*=5,325; df = 3; p = 0,150).

3.6. Relationship of liver blood flow with the degre
of liver fibrosis

The frequency of abnormal VHDx Doppler waveform in the study group
patients without liver fibrosis, with mild to moderate fibrosis showed no sig-
nificant differences (28.6%, 23.9% and 25%, respectively). A significant dif-
ference among frequencies of pathological forms of Doppler waveforms was
found in patients without fibrosis or with mild to moderate fibrosis, and in
patients with severe fibrosis (83.3%), however, due to the small number of
patients with severe fibrosis, this difference was not statistically significant.
Frequency of abnormal VHDx Doppler waveform curves did not differ sig-
nificantly in the control group (27.5%) and study in groups patients without
fibrosis and with mild to moderate fibrosis (28.6%, 23.9% and 25%, respec-
tively).

Frequency of abnormal curves VHDx curves in fibrosis groups is shown
in Table 5. Figure 1 shows increment of frequency of pathological waveforms
associated with the degree of fibrosis.

16
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Table 5. Frequencies of pathological VHDx curves depending
on the degree of liver fibrosis.

| Patological VHDx

Knodell iNumber of B 95% CI limits
fibrosis score patients ~— - T
_ . Number % | Lower = Upper
F-0 | 42 ‘ 12 286 172 _ » 436
F-1 | 96 ‘ 23 23.9 . 16.5 334
E-3 32 8 _ 25.0 _ 13.3 _ 42.1
F-4 6 5 | 83.3 43.6 9_7.0.

F0 F1 F-3 F-4
Knodell fibrosis score

FIGURE 1
Pathological VHDx frequency curves depending on the degree of liver fibrosis.

To determine the effects of fibrosis on liver blood flow in liver veins in
relationship to steatosis grade, frequency of VHDx Doppler waveform was
analyzed in each steatosis group separately.

In patients without liver steatosis abnormal VHDx waveforms in F-0 F-1,
F-3 and F-4 groups were found in 7 out of 21 cases, 6 of 37 cases, 1 in 7 cases
and 2 of 2 cases (Table 6.). In the mild steatosis group such finding was in

J—
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3 of 15, 10 of 41, 2 of 10 and 2 out of 3 cases, respectively (see Table 7.). In
the group of moderate steatosis abnormal VHDx waveform form was found
in 1 case of 3, 50f9, 4 of 13 and 1 of 1, accordingly (Table 8). In the severe
steatosis group, severe fibrosis was found in none of the patients. Shapes of
abnormal VHDx Doppler waveforms in the moderately severe fibrosis group
was found in 1 case of 2, in the mild fibrosis group - in 2 cases of 4, in the
patients without fibrosis — in 1 case of 3 (Table 9). As seen from the tables,
frequencies of abnormal curves in patients with fibrosis degree F-0, F-1 and
F-3 did not differ in any of the steatosis groups. In the F-4 group frequency of
abnormal waveform was higher in all groups, however, due to the low num-
ber of patients in each of them the difference was not statistically significant.

TABLE 6
Frequency of VHDx Doppler waveform types depending on the degree
of liver fibrosis in patients without liver steatosis (n-67).

Type of VHDx - Degree of liver fibrosis (Knodell)
Dopplerwaveform ~ F0 | F1 | F3 | F4
Triphasic - 14 31 i 6 | 0
Biphasic | 5 - 3 - o 1
~ Monophasc 2 3 1 1
_ Abnormal(%) | 333 | 162 | 143 1000
TABLE 7

Frequency of VHDx Doppler waveform types depending on the degree
of liver fibrosis in patients with mild liver steatosis (n-78).

Type of VHDx Degree of liver fibrosis (Knﬁdell) 7
Dopplerwaveform ~ F0 | F1 | F3 | F4
Triphasic i 12 - 31 | 8 | 1
Biphasic 0 -* 3 " 1____ -
_ Monophasic | 3 7 o [
Abnormal (%) | 200 | 250 200 666

18
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TABLE 8
Frequency of VHDx Doppler waveform types depending on the degree
of liver ﬁbrosns in patlents with moderate liver steatosis (n- 31)

'Iype of VHDx =% 777Dﬁegr7ee of liver ﬁbmsxs (Knode]l)
Doppler waveform | F-0 I F-1 : F-3 _ F-4
Triphasi-c - ' 2 ’ 9 S ‘ 0o
Biphasic e l 5 0 ) | 1
Monophasm ] _ 0 i j-- 0 4 7. 4 “ o
Moo | 33 | %7 | e | 10
TABLE 9

Frequency of VHDx Doppler waveform types depending on the degree
of liver fibrosis in patients with severe liver steatosis (n-9).

Typeof VHDx | Degree of liver fibrosis (Knodell)
Doppler waveform F-0 . F-1 : F-3 ‘ F-4
Trphasic | 2 2 | 1
~ Biphasc | 1 | 2 1 | 7
vMonophasm . 0 i 0o : 0 0
Abnormal (%) | 333 | 500 500 | 00

Our results shows that the shape of VHDx Doppler waveform does not
allow to differentiate patients without liver fibrosis from mild fibrosis as well
as the mild forms from each other. When comparing patients without liver
fibrosis with patients with severe fibrosis and cirrhosis, irrespectively of the
degree of liver steatosis, the method sensitivity is 83.3%, specificity 71.4%, the
positive predictive value (PPV) is 29.4%, and the negative predictive value
(NPV) is 96.8%. Analyzing these parameters in the group of patients with-
out liver steatosis, the sensitivity of the method is 100%, specificity 66.7%,
PPV 22.2%, NPV 100%. The capability of the method to distinguish mild
forms of fibrosis from medium and severe forms is burdened by the low
frequency of abnormal waveform types in the group of moderate fibrosis.
The total sensitivity of the potentiality of the method to differentiate patients
without liver fibrosis from patients with moderate to severe fibrosis is 34.2%,
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specificity 65.2%, PPV - 52%, NPV - 54.5%. When analyzing these param-
eters in the group of patients without liver steatosis, the sensitivity of the
method is 66.7%, specificity 70%, PPV 70%, NPV 30%.

3.7. Relationship of liver blood flow with the degree
of liver steatosis

Abnormal VHDx waveform in the patients without steatosis was found in
16 (23.9%) cases out of 67, in the patients with mild steatosis — in 17 (24.6%)
cases of 69, in the patients with moderate to severe degree of steatosis — in
11 (35.5%) cases of 30, in the patients with severe steatosis — in 4 (44%) cases
out of 9. Correlations between the degree of liver steatosis and the VHDx
waveform are shown in Table 10. and Figure 2.

TABLE 10
Type of VHDx Doppler waveform in relation with the degree of liver steatosis.
Type of VHDx Doppler
Steatosis : waveform Total number
| Normal = Abnormal
Rate o5t 16 67
None % in the group of i
. 333 38.1
| VHDx waveform 398 |
. Rae | 52 17 6
Mild % in the group of |
40. ' 35.4 39.2
| VHDx waveform | 06 N |
i Rate g 20 11 , 31
Moderate | % in the group of |
' 15. ‘ 22.9 17.6
\VHDxwaeform ¢ P2 70
Rate t 5. | 4 -
Severe % in the group of ?
f 3.9 { 8.3 5.1
| VHDx waveform | _‘ - | B
Totalnumber | Rate | 128 | 48 176
%inthegroupof |50, 100.0 100.0

| VHDx waveform |
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FIGURE 2
Proportion of patients according to the type of VHDx waveform
depending on the severity of liver steatosis.

With the increase of the degree of liver steatosis, the frequency of abnor-
mal VHDx waveform is showing an upward trend; although the increase is
not statistically significant (Pearson’s ¥? tests x* = 11,282; df = 6; p = 0.08).
Frequency of abnormal curves in groups of steatosis can be seen in Table 11
and Figure 3.

TABLE 11
Frequencies of pathological VHDx curves depending
on the degree of liver steatosis.

‘ -Patholo ical VHDx |
gical VHDx |
| 95% CI limits
Staetosis Number of waveform [
patients = _ =i — p—————
S5 el B e 8 Number . % Lower | Upper
s0 67 | 16 | 239 153 353
s1 069 | 17 246 160 36.0
82 4 o3 o1 355 219 . 545
3 | 9 4 w0 | 189 | 733
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S-0 S-1 §-2 S-3

Steatosis

FIGURE 3
Increase of the frequency of abnormal VHDx Doppler waveform
in relation with the degree of liver steatosis.

To determine the impact of steatosis on blood flow in liver veins, regard-
less of the degree of fibrosis, the frequency of pathological form of waveforms
was evaluated separately in groups of patients without fibrosis and its mild
form, as well as in patients with moderately severe form of fibrosis. With the
increase of the degree of steatosis from S-0 to S-3 in the F 0-1 group of pa-
tients with fibrosis abnormal forms of VHDx waveform were found respec-
tively in 13 cases of 58 (22.4%) in the S-0 group, in 13 cases of 56 (23.3%) in
the S-1 group, in 6 out of 17 cases (35.3%) in the S-2 group and in 3 cases out
of 7 (42.8%) in S-3 group. In patients with moderate fibrosis such findings
were found in 1 case of 7 (14.3%), 2 cases of 10 (20%), 4 cases nol13 (38.4%)
and in one case out of two (50%), respectively.

Due to the small number of patients in the group of severe fibrosis or cir-
rhosis (n-6) such subjects were not included in the analysis. Distribution of
VHDx waveform in groups of degrees of steatosis in relationship with the
degree of liver fibrosis is shown in table 12. and 13.
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TABLE 12
Frequency of types of VHDx waveform in relation to the degree of liver
steatosis in patients without liver fibrosis or those with mild forms (F 0-1).

Degree of steatosis (n-138)

Shape of VHDx waveform S0 | s1 | s2 | s3
_ Triphasic | 45 43 1 4
~ Biphasic s s T s 3
Monophasic 5 | 10 & 0 ‘ 0
_Rate of abnormal forms, % | 224 233 353 | 428
TABLE 13

Frequency of VHDx Doppler waveform types in relation to the degree of liver
steatosis in patients with moderate liver steatosis (F-3).

 Degree of steatosis (n-32)

Shape of VHDx waveform ; =t = 5 53
Triphasic 6 8 9 | 1
' Blphaglc - A 0 4 1— - 0 i ‘ 1
—Monopha_sic 1 4 0
Rateofabnormalforms,% | 143 | 20 | 384 50

Frequency of abnormal waveform in groups of fibrosis with the increase
of the degree of liver steatosis shows a tendency to increase, but this rise is not
statistically significant (p <0.05). Increase of frequency of abnormal VHDx
waveform in the groups of fibrosis according to the degree of steatosis is
shown in Figure 4.
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‘ 10 4 14,3 —o— Fibrosis F 0-1
—o— FibrosisF 3

0 T T T
, 50 51 52 s-3

Steatosis

FIGURE 4
Increase of frequency of abnormal VHDx curves in relation to the degree
of steatosis in the groups of fibrosis.

Sensitivity of Doppler ultrasound imaging of hepatic veins in detection of
severe steatosis is 44.4%, specificity — 76.1%, PPV - 20%, and NPV - 91.1%.
When the diagnostic amount gets increased to moderate and severe steatosis,
the sensitivity decreases to 37.5%, remaining at the previous specificity. PPV
increases to 48.4%, however, NPV decreases to 67.1%.

3.8. Relationship of liver blood flow to activity of hepatitis

All patients were assessed for hepatitis activity index (HAI) according to
Knodell score. Its value ranged from 1 to 15. The most common HAI values
were 6 — in 36 (20.6%) cases and 8 - in 32 (18.3%) cases. The less common
Knodel score values 15, 9, 7 and 1 were found in 1, 2, 3 and 3 cases, respec-
tively. Compared to hepatitis activity index and frequency of VHDx wave-
form types, the correlation was not found, there is no statistically significant

[
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increase of abnormal Doppler waveform with the acceleration of activity of
hepatitis.

Since the distribution of HAI does not conform to the normal distribution
of probabilities to find HAI in VHDx waveform groups Kruskal-Wallis test
of nonparametric statistics was used. It was established that median ranks
(average spot arranged in row) in VHDx groups did not show statistically
significant difference (c2 = 0,394; df = 2; p = 0,821).

3.9. Relationships among body weight,
liver fibrosis and steatosis

Comparing the patients’ weight and degree of liver fibrosis we did not find
any reliable correlation (p = 0, 271), however, the small number of patients
in the groups with severe fibrosis, cirrhosis and the group with significantly
increased body weight or obesity must be taken into account.

For patients with severe hepatic steatosis a remarkably increased body
weight or obesity was found significantly more often than in other groups of
degrees of steatosis — in 5 (55.5%) cases out of nine. In patients without stea-
tosis MI >30 was found in 14 (13.1%) cases out of 107, in patients with mild
steatosis — in 13 (18.8%) cases out of 69, in patients with moderate steatosis —
in 9 (29%) cases out of 31.

Frequency distribution of varying severity of liver steatosis in groups of
body mass index is shown in Table 14.

TABLE 14
Severity rate of liver steatosis in relation to body mass index.
S-0 §-1 §-2 $-3 Total number
BMI } H 4 - = 4
R [ [ T S e | % | n | %
<20 3 44 1 14 0 0 !0 | 0 4 23
| 333 93 ! 528

26-30 15 224 : 22 319 | 10 | 323 ’
>31 4 60 13 | 188 9 290

1.1 48 ? 27.3
556 | 31 | 176
100 _Z 176 ;._}90

n

0

20-25 45 672 | 33 479 12 | 388 @ 3
1

5

:

Total |67 100 69 100 ' 31 100
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When determining the Spearman nonparametric rank correlation coef-
ficient it was found that the correlation between the degree of steatosis and
body mass index group is intermediate and statistically significant (r-0, 340,
p <0.001).

Comparing the frequency of moderate and severe forms of steatosis in
BMI groups it was found that moderate and severe hepatic steatosis in pa-
tients with significantly increased body weight occurred significantly more
frequently than in patients with normal or slightly increased weight (See
Figure 5.).

20 41,9

22,9

<20 20-25 26-30 >31

BMI |
FIGURE 5
Increase in frequency of moderate to severe hepatic steatosis
depending on body weight.

3.10. Relationship between blood flow in liver veins and
patient’s body weight

Body weight assessed according to body mass index in almost half of
patients enrolled in the study was normal - 107 (49.5%) cases, or high —
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64 (29.6%) cases. Reduced body weight was found in 4 (1.9%) patients, mark-
edly increased weight or obesity was found in 41 (18.9%) patients.

Checking the statistical hypothesis on body weight differences in male
and female it was found that according to the independent — sample t test
the mean values of BMI between males and females showed no statistically
significant difference (t = 0.622, p = 0.535).

To assess the impact of weight on the blood flow type in liver veins, a com-
parison of VHDx waveforms and body weight was made. For patients with
triphasic VHDx waveform, it was 25.77 + 4.767, with biphasic and monopha-
sic waveforms - 26.73 + 4.96 and 27.00 + 5.005, accordingly. The mean body
mass index among VHDx waveform groups is shown in Table 15.

TABLE 15
Type of VHDx waveform in relation with the average body mass index (kg/m2).
o . s f95%Conﬁdence1 |
waveform | 5 g ' g § | g T Lower = Upper ' =
< r = @A ‘ )

_ Triphasic 128 | 258 | 48 | 04 | 249 | 266 | 19 43
Biphasic |26 | 267 50 = 10 @ 247 | 287 20 36
Monophasic | 22 1 270 | 50 | 11 | 248 | 292 | 20 40

Total number 176 ; 264 49 03 | 258 | 271 | 19 43

:
g

Analyzing frequency correlations between patients’ body weight and
types of VHDx waveforms it was found that frequency of abnormal Dop-
pler waveform does not correlate with body mass. In patients with normal
and abnormal waveforms BMI showed no statistically significant difference
(p = 0.364).
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4. Analysis of the Results and Discussion

4.1. Subject of the discussion

The actuality of the selected research theme was, on the one hand, the
increasing morbidity and on the other hand - potentials of new medicinal
treatment methods. The number of chronic VHC patients in the last decade
in Latvian has been steadily growing. If in 2002 this diagnosis was established
in 506 patients, in 2006 and 2007 it was found in 1339 and 1611, respectively.
A small decrease in number was observed in 2008-2009. (1352 and 1271
cases)

Chronic viral hepatitis B and C, together with alcoholic steatohepatitis
and non-alcoholic fatty liver disease are the main causes of progressive liver
damage leading to cirrhosis, liver failure, bleeding and liver cancer. Progres-
sive fibrosis is the major pathogenic mechanism, leading to development
of the disease. Assessment of severity of fibrosis, i.e., stage of disease, is of
fundamental importance for ruling the treatment tactics. Currently in the
world liver puncture biopsy is considered to be the main method or the “gold
standard” for verification of fibrosis. Although the method is highly informa-
tive, it has some disadvantages: it is invasive and associated with a risk of cer-
tain complications, limitations in diagnostic accuracy and follow-up. It leads
to searching for non-invasive diagnostic methods, which should diminish
amount of liver biopsy and potentially replace them. Ultrasonography sup-
pose to be one of such method.

4.2. Puncture biopsy technique and complications.

Liver punction biopsy in our study was used as “golden standart” for as-
sessment of other diagnostic techniques. As the most important factors in-
creasing complication risk of punction biopsy are considered to be patients’
age, operator’s experience, needle thickness and the number of sticks (Bus-
carini E, Di Stasi M 1999). In our study all puncture biopsies were performed
by one and the same doctor - the author of the research. For the biopsy we
chose 1,2 mm (18G) needle, which, although classified as a needle of rela-
tively large bore (@ >1 mm), belongs to the group of thinner needles suitable
for liver biopsies in diffuse liver disorders. For comparison, the diameter of
needles used by Bravo and co-authors, for instance, was 1.4 to 1.8 mm (Bravo
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AA et al. 2001). There was nor lethality in our study, neither major complica-
tions nor strong pain during the puncture, which are frequently present in
patients with liver tumors. (Cadarnel JF et al. 2000).

4.3. Reliability of the biopsy results

Diagnostic accuracy is one of the factors limiting reliability of liver bi-
opsy. In our study the morphological analysis was made by one and the same
experienced morphologist, who analyses more than 1,000 liver specimens
per year. Our study comprehends analysis of such morphological parameters
characterizing the state of the liver, which, according to data from literature,
show the lowest inter — and intraobserver variability. That is Knodell fibro-
sis score and level of steatosis. According to the French Cooperative Study
Group METAVIR report, (1994.) only the cirrhosis and portal fibrosis had
higher correlation: coefficient of agreement 0.91 and 0.8 respectively. Cor-
relation evaluated as almost perfect. For Knodell fibrosis score and level of
steatosis coefficient of agreement were 0.78 and 0.63 evaluated as significant.
Third parameter used in our study was Knodell HAI with coefficient of agree-
ment of 0.48, evaluated as moderate. Thereby main morphological param-
eters used in our study should be estimated as highly reliable.

Another limiting factor of diagnostic accuracy is sampling error. Results
of morphological analysis are highly dependent of size and amount of sam-
ples, and of puncture site. For the biopsy we chose 1,2 mm (18G) needle with
22 mm sample length. Sample size of 25 mm were assessed as optimal in sev-
eral works. (Bedosa P et al. 2003, Colloredo G et al. 2003). Authors conclude,
that extension of sample length over 25 mm failed to increase the effective-
ness; it remains at 75% correlation level. Shorter tissue columns (1 to 1.5 cm)
or smaller diameter of the needle (1 mm) leads to underestimation of inflam-
matory activity and severity of fibrosis. For a reference point authors use liver
resection material. By contrast, Hohlund with co-authors in early research
(Hohlund P et al., 1980) recognizes 15 mm long tissue samples to be suffi-
ciently valuable for diagnostics. As a reference point the authors used 25 mm
long specimens, not taking into account any inaccuracies possible even in
them. Sample size used in our study provides the sufficiently high diagnostic
accuracy. Increasing of the size should lead to higher risk of complications.

Spread of disease is not equal in all parts of liver. Puncture site and num-
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ber of samples have influence to the result of analyses. In our study in all cases
specimens were sampled from different sites of the right liver lobe, guiding
the needle through a single puncture hole. Biopsies were repeated until intact
and visually qualitative tissue columns were yielded, but in none of the cases
their number was smaller than two or exceeded four. The histological result
was determined assessing all tissue specimens.

In a number of studies there was analyzed the influence of the puncture
site and the number of specimens on the histological results. In an early study
Maharaj with co-authors (Maharaj B et al. 1986) by means of biopsy in cir-
rhotic patients took three samples from different sites through a single punc-
ture hole. A similar result in all three samples was found in only 50% of cases.
In another study (Abdi W et al 1979) by means of biopsy post mortem (Latin),
their results were compared with the assessment of macro-specimens. Repro-
ducibility in case of one biopsy tissue specimen was found in 16 cases from
20 (80%), while in case of three samples it was 100%. In the research of Baun-
sgaard and co-authors (Baunsgaard P et al. 1997) evaluation of two biopsy
specimens matched only in 36 cases out of 50 (72%). Regev and co-authors
assessed biopsy materials obtained from both lobes during the laparoscopic
operations. Difference in disease stage at least in one level was found in 33.1%
of cases, and in grade of disease in 24% of cases. Thus, in our study, the reli-
ability of histological assessment is similar to the results from other authors.
Possible uncertainty of the method could reach 20%-30%.

4.4. Diagnostic potentialities of ultrasound imaging
of liver fibrosis

Doppler spectral waveform of liver veins is recognized to be the most
useful parameter of ultrasound imaging for assessment of liver cirrhosis and
fibrosis in the numerous researches is Dopplerography of hepatic veins (Sch-
neider et al. 2005, O’Donohue et al. 2004, Bernatik T et al.2002, C. Aube et al.
2004, Dietrich CF et al. 1998, von Herbay et al. 2001). In healthy humans liver
is a flexible organ which is compliable to pressure changes in VCI and liver
veins caused by functions of the right atrium of the heart. This reflects on the
shape of Doppler spectral waveform and can be seen as a reversal of flow dur-
ing the heart cycle. Advanced architectural changes of liver tissue with devel-
opment of cirrhosis with increase of fibrosis and fat tissue growth reduce this
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compliance and leads to flattening of the curve (Bolondi L et al. 1991, Colli A
et al 1994).

Our study aimed to clarify the extent to which these changes in the Dop-
pler spectral waveform show course of development of liver fibrosis and its
severiness. The measurements were performed on the right hepatic vein
(VHDX) to reduce the movement-related artefacts caused by heart motions.
Triphasic waveform was characteristic to patients without fibrosis, as well as
for patients with mild to moderate form of fibrosis. Their frequency within
these groups did not differ. In the fibrosis group of F0, F1 and F3 it was 71.4%,
76.9% and, 75%, accordingly.

Certain amount of abnormal waveforms was found in all groups of pa-
tients with fibrosis. In the FO group it was in 28.6% of cases, in the group of
mild fibrosis — 23.9% of cases and in the group with moderate fibrosis — in
25% of cases. A similar frequency of abnormal waveforms was also found in
the control group - 27.5%.

In order to exclude the influence of liver steatosis, we evaluated frequency
of flattened waveform in each group of steatosis separately. In all groups the
incidence of flattened waveforms in patients without fibrosis and with mild
or moderate form of fibrosis did not significantly differ (p >0,05). Small num-
ber of patients with severe steatosis didn’t allow perform precise analysis of
this group.

Thus, the study shows that the Doppler ultrasound imaging of liver veins
does not allow differentiating between mild and moderate forms of liver fi-
brosis from each other or between mild fibrosisand conditions without fibro-
sis. In our study Knodel fibrosis severity grading system was used in which
mild fibrosis was concerned in case of portal expansion of the fibrosis, and
as fibrosis of moderate severiness bridging fibrosis (porto-portal or porto-
central) were concerned. In our opinion, the magnitude of the changes is
too small to significantly increase the overall hardness of the liver tissue and
to significantly reduce their ability to resign to wall pulsations of liver veins
caused by the heart.

Other studies on this issue are controversial. Similarly to our study, differ-
entiation between degrees of fibrosis was unsuccessful also for Bernatik with
colleagues (Bernatik T et al. 2002).Significantly more abnormal waveforms in
case of moderate fibrosis were found by Schneider (Schneider et al. 2005) — in
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38.2% of cases, while in patients with cirrhosis they were found by authors
only in 52.9% of cases. Increase of abnormal waveform with an increase of
severity of hepatitis is shown in Lim study (Lim A et al. 2005) in 29%, 55%
and 60%, respectively. In this study, some degree of fibrosis is not isolated, but
the hepatitis activity index is estimated as a whole. Most studies on the sub-
ject for morphological assessment of liver use other scoring systems: usually
METAVIR or its modification, where the degree of fibrosis is divided more
subtly than in the Knodel system used by us. This could lead to different types
of abnormal waveforms in groups with moderately severe fibrosis. However,
in all the analyzed studies, including our study, Doplerography of liver veins
is not enough efficient in diagnosis and differentiation of early forms of fibro-
sis, as well as in the differentiation between mild fibrosis and healthy liver.

Within the group of severe fibrosis/cirrhosis abnormal waveform was
found significantly more frequently - in 83.3%. These results suggest that
revealing of mild fibrosis and differentiation between them according to liver
vein Doppler ultrasound data is not possible while cirrhosis is characterized
by such form.

The sensitivity of ability to differentiate FO-1 from F-4 in our study is
83.3%, specificity — 71.4%, the positive predictive value (PPV) - 29.4%, the
negative predictive value (NPV) - 96.8%.

With regard to the detection of cirrhosis such results correlate which the
data from other authors Sensitivity, specificity, PPV and NPV in detecting
cirrhosis in the study of A. Colli (Colli A et al. 1994) were respectively 75%,
78%, 60% and 88%; in the study of K. Arad (Arad, K. et al. 1997) the sensitiv-
ity and specificity was 73% and 100%, in the study of Christoph Aube (Aube
Ch. et al. 2004) the diagnostic accuracy of this study was 76.8%. Critically
comparing the results of the study with data from other authors it must have
noted that our study results are influenced by the small number of patients
with cirrhosis.

In all studies in certain amount of cirrhotic patients triphasic waveform
was registered, in some cases their frequency can reach up to 50% (Bolondi
L.). In our study, it was smaller, 22.7% of cases.

In our study within the control group abnormal waveforms were present
to 27.5% of patients, which differs significantly from those of other trials.
Bolondi (Bolondi L. et al. 1991) reported triphasic waveform for healthy sub-
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jects in all 100%. The authors have not provided the control group selection
criteria. O’'Donohue (O’Donohue et al. 2004) detects abnormal curve in 2.1%
of cases, Oguzkurt with co-authors (Oguzkurt L et al. 2005) - in 2% of cases,
Hamath with colleagues (Hamath N et al 1997) — in 4.7% of cases. In studies
of Barkat (M Barkat 2004), Arad (Arad K et al 1997) and von Herbay (von
Herbay et al. 2001) all subjects showed triphasic curve. Those studies differ
from data by Dieterich (Dieterich CF et al. 1998). Abnormal waveform within
the control group of 74 patients was found in 25% of cases. For understand-
able reasons, no control group patient morphological investigation has been
verified. Mean age of patients ranged from 32 (Barkat M) to 47 (Bolondi L).
In our study it was 53.3 years. In all studies, the control groups consisted
of volunteers, sometimes also hospital staff (O’Donohue), who did not suffer
from heart or liver disease, alcoholism and, in most cases, presented nor-
mal liver biochemical parameters. One study indicated that the patients had
normal liver US (Barkat M), other studies do not present such message. By
contrast, in Dietrich’s (Dieterich C F) study, all 19 patients with abnormal
waveform had elevated liver echogenicity indicative of steatosis. In our study
selection criteria of the control group were similar, but patients came from
the inpatient centre. Medical reasons, i.e., the diagnoses, were different, in
all cases not related with eventual liver diseases, but, of course, without mor-
phological evidence. Since changes in liver veins in Doppler ultrasound are
quite frequently found in liver diseases, a question rises on treatment strategy
if such waveforms are found in patients without known liver or heart disease.
This issue was focused by the Danish researcher Pedersen and colleagues
(Pedersen ] F et al. 2005). The authors during two-month period recorded
liver vein waveforms for all patients who were examined with abdominal US.
Abnormal shape of the waveform was found in 31% of cases (in 43 of 139
patients). In further analysis 26 of them were found a variety of liver dis-
eases. Of the remaining 17 patients three presented gallstones, two - liver
cysts, but no changes were found in 12 cases. In our study, control patients
with abnormal waveforms were not further analyzed. Therefore, it cannot be
excluded that at least part of those patients had an undiagnosed liver lesion,
possibly, liver steatosis, which might have been a reason for abnormal Dop-
pler spectral waveform. It must be taken into account that in our study the
age of control patients was higher.

To sum up our data and the results from other similar studies it can be
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concluded that abnormal shape of Doppler waveform of liver veins reliably
indicates the likelihood of liver disease. It is a characteristic symptom of liver
cirrhosis, which sometimes occurs even before cirrhotic stages of the disease,
but does not allow differentiating between them.

4.5. Diagnostic potentialities of ultrasound imaging

of liver steatosis

Liver steatosis, which generally is the most common type of liver dam-
age (Marchesini G et al. 2006) in chronic VHC patients is found significantly
more frequently than in average population, around 50% to 75% of cases. It
is a significant factor influencing the course of the disease and its progno-
sis, therefore proper attention shall be addressed to the diagnosis of steatosis
(Fiore G et al. 1996, Hourigan L F et al. 1999, Rubbia-Brandt L et al.2004, Lo-
nardo A, et al. 2006).With increasing amount of fat in the liver alterations in
liver tissue elasticity and increase in intrahepatic pressure can be expected
which could affect the type of blood flow in liver veins and the relevant Dop-
pler imaging results

In our study in patients with mild steatosis or no steatosis at all abnormal
waveforms were found in the same frequency, at around 24% of cases. Thus,
accumulation of fat in less than 25% of liver cells do not significantly affect
tissue hardness and elasticity, they retain the ability to respond to pulsations
of liver veins. Increase of steatosis severity indicates a tendency for increase of
frequency of pathological forms, although the level of statistical significance
is not achieved (p = 0.08). In the group with moderate steatosis this rate is
35.5%, in the group of patients with severe steatosis — 44%.

Our results are in line with research data from other investigators de-
scribed in literature. A very strong impact of steatosis on the flow in liver
veins is found by Dieterich (CF Dieterich et al. 1998). Patients with severe
liver steatosis (>50% of hepatocytes were affected by fat), monophasic Dop-
pler waveform was found in 44 cases out of 49 (90%), and only in 3 cases
out of 57 (5%) - in patients with mild steatosis (fat affected <25% hepato-
cytes), or no steatosis at all. Types of the waveform did not correlate with
histological form of steatosis: micronodular, macronodular or mixed. In this
study, abnormal waveforms in patients from the control group were found in

19 cases out of 75 (25.3%). In all these cases ultrasound imaging revealed
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increased liver echogenicity, which indicated steatosis, while the remaining
56 patients had normal US results. In those cases steatosis, of course, was not
proven. In the study the degree of steatosis was not associated with the degree
of liver fibrosis, which also may affect the flow type in liver veins.

Steatosis as the single liver disease was revealed in 11 patients in the study
of von Herbay (von Herbay et al. 2001). Abnormal shape of VH waveform was
found in three patients (27%). The severity of steatosis in this study has not
been determined. Impact of steatosis on the flow of liver veins was evaluated
also by Schneider and co-authors (Schneider ARJ et al. 2005). The authors
analyse VHC patients with various degrees of liver fibrosis and steatosis, but
they were not analysed separately. Frequency of abnormal VHDx curves had
a better correlation with the degree of steatosis than with liver fibrosis. In
patients with mild steatosis abnormal shapes of waveforms were found in
25.5%, in patients with severe steatosis 90.2%.

Sensitivity of detection of severe steatosis in our study was 44,4%, specific-
ity 76,1%, PPV 20%, NPV 91,1%.

Sensitivity and specificity of Doppler ultrasound in evaluation of severe
steatosis in Schneiders study (Schneider ARJ et al. 2005) was 88.2% and
74.5%, accordingly. The authors concluded that the triphasic shape of the
curve reliably excludes opportunity of presence of severe steatosis, while the
monophasic or biphasic shape are high sensitive to reveal such expressed ste-
atosis. The drawback of the method is the low PPV - 36.6%. In our study, in
patients with severe steatosis the frequency of abnormal shape of waveforms
is lower than in a number of listed trials. This could be explained by different
grading system of steatosis severity, which considered a severe steatosis to be
of >66% involvement of hepatocytes. In another study the threshold of in-
volvement of hepatocytes in expressed steatosis is considered to be 33%
(Brunt EM et al. 1999). Results in the group of severe steatosis are affected by
the small number of patients in this group.

To assess the impact of steatosis on flow in the liver veins, regardless of
the other major factor - liver fibrosis, the frequency of pathological shapes of
waveforms was analyzed in patients with equal degree of fibrosis. Such analy-
sis was found only in McPherson’s study (2009) on the use of MRI to diag-
nose liver steatosis. In conjunction with ultrasonography, we did not find any
such data available from earlier studies. Both in the group of patients without
fibrosis or mild form, or in the group with moderate fibrosis the frequency of
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abnormal shape of waveforms shows a trend to raise with the increase of the
severity of steatosis, although in none of the groups their frequency exceeded
50%. The number of patients with cirrhosis in the study was 6, which was too
small to be included in the analysis.

Thus, from our study it can be concluded that liver steatosis is an impor-
tant factor influencing VH hemodynamics, which generally corresponds to
the data from other studies. Liver steatosis in VHC patients is found signifi-
cantly more frequently than over the average population; it is an essential fac-
tor to predict the course of the disease and its prognosis. In our study, severity
of fibrosis and steatosis significantly correlated, which increases diagnostic
importance of Doppler imaging of liver veins.

4.6. Influence of body weight to hemodynamics of liver veins

Traditionally it is believed that the flow in hepatic veins is affected by
intra-abdominal pressure. One of the most important determinants of this
pressure is the body mass.

In our study for patients with triphasic VHDx waveform the average BMI
is 25.77 + 4.7678, with a biphasic waveform - 26.73 + 4.96, with monophasic —
27.0 £ .5.005. Body mass index does not show significant correlation with
the type of VHDx waveform (Spearman’s rank correlation coefficient 0.132,
p = 0.103). Body mass does not show significant impact on the flow type in
liver veins

Effects of body mass on blood flow in the liver vasculature are relatively
little analyzed. O’Donohue (O’Donohue et al. 2004) in his study analyzed flow
parameters in the liver artery and in the portal veins of healthy individuals.
Body mass index did not correlate neither with RI in the hepatic artery, nor
with the flow rate in the portal vein, nor with its diameter. Hepatic venous
flow types in relation to body obesity were analyzed by Karabulut and co-
authors (Karabulut N et al. 2004). The authors compared VHDx curves for
patients with normal weight (BMI <25) and obesity (BMI >30). Abnormal
wave form frequency was 1.1% (one in 84) and 45.1% (46 out of 102), respec-
tively. Authors explain this difference with liver steatosis which in the study
is evaluated according to US parameters however, they are not sufficiently
accurate indicators. The study does not include liver morphological analysis.
The authors do not find independent relationship between the body and the
type of the waveform.
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It can be concluded from this studies, that increased intraabdominal pres-
sure created by high body weight or obesity is not large enough to alter blood
flow in the liver.

Another factor influencing intra-abdominal pressure is breathing. In the
deep inhalation it is increased, so the flow in liver veins should level. In our
study respiratory effects of VHDx curve have not been analyzed although
differences in waveform types in different respiratory phases were observed
repeatedly. To reduce the potential respiratory impact on the results, all Dop-
pler examinations were made in a single respiratory cycle phase - in a light
expiration following an easy inspiration. In most studies on this problem au-
thors have done likewise.

Special investigation on the dependence of the respiratory phase on the
flow type in the liver veins has been carried out by Altinkaya with co-authors
(Altinkaya N et al. 2010). The study analyzes 100 patients without known
heart or liver disorders, with BMI <25, without history of alcoholism or other
conditions that could affect flow in the liver veins. During normal breathing
triphasic VHDx curve was found in 93% of cases. During slight expiration
it was 91%, during deep inspiration the frequency of normal waveform de-
creased to 80%. Flow rate in the liver vein during normal breathing was found
to be greater than during expiration and during expiration greater than dur-
ing deep inspiration. Similar results were also reported by Teichgraber with
co-authors (Teichgraber UK et al. 1997).

The role of intra-abdominal pressure on hepatic circulation is also dem-
onstrated by the change of the shape of waveform during pregnancy. Roo-
bottom and co-authors (Roobottom CA et al. 1995), in their study analysed
75 women in early time of pregnancy (up to 20 weeks), and found triphasic
VHDx waveform in 64% of cases. During the second trimester, 20-30 weeks —
in 32% of cases, after more than 30 weeks — in only 20% of cases. Such results
demonstrate the role of intra-abdominal pressure, which expresses during
later periods of pregnancy. They stimulate to look for some additional de-
terminants of liver venous flow, as during early pregnancy, when the uterine
volume effect on the pressure in the abdomen is still very little, the frequency
of flattened waveforms (36%) significantly over exceeds normal values in all
other studies. There were no pregnant patients in our study.
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4.7. Influence of inflammatory activity of liver veins

A separate, specific factor which might affect liver hemodynamics, is in-
flammatory activity. In our study to clarify the role of inflammatory activity
frequency of abnormal VHDx waveforms were compared to HAI together. To
reduce the potential impact of fibrosis on the result, the frequency of wave-
form types was compared apart from the sum of necroinflammatory parame-
ters. Correlation was found in none of the cases. Spearman’s rank correlation
coefficient Knodell HAI totally was 0.047, p = 0.533. Sum of the necroinflam-
matory parameters was 0.04, p = 0.603. It can be concluded that the impact of
inflammatory and necrotic processes on the physical state of liver is not high
enough to cause increase of resistance against hepatic venous pulsations.

Results of several other studies are in line with our. Schneider with co-
workers (Schneider AR] et al. 2005) assessed the inflammatory activity on
the flow parameters in the portal vein and found correlation neither with the
flow rate in the portal vein nor with pulsitility of the spectrum. Similar re-
sults were found also in the study by Lim (Lim AKP et al. 2005), assessing the
type of Doppler spectral waveform of hepatic veins in patients with cirrhosis,
moderate or severe hepatitis and mild hepatitis. Abnormal waveforms within
the first and the second groups were found with more increasing frequency,
to 60% and 56% of cases, than within the third group, in which abnormal
shape of waveforms was observed in 29% of patients. In this study, Ishak sem-
iquantitative scoring system was used to assess the liver condition. Hepatitis
activity indices were not separated from the degree of fibrosis, i.e., it was not
possible to assess independent effect of inflammatory activity Detailed anal-
ysis of relationship between inflammatory activity and Doppler waveform
was analyzed by Dieterich (Dieterich CF et al. 1998). In total, the flow of he-
patic veins did not correlate with hepatitis activity index according to Knodel
score, but splitting it into components the authors found a correlation with
the degree of periportal changes (with or without the occurrence of hepato-
cellular bridge-like necroses). Other inflammatory factors in relation to the
flow of liver veins were not observed. The authors found no explanation to
this phenomenon. No correlation between inflammatory activity and type of
VHDx waveforms was suggested also by Haktanir (Haktanir A et al. 2005).

From all abovementioned facts it must be concluded that hepatitis activ-
ity, namely, the degree of the disease, has no significant effect on hemody-
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namics in liver veins, and this method is not applicable to assess inflamma-
tory activity.

4.8. Practical recommendations for ultrasonographic
examination of diffuse liver damage and data evaluation

No one specialty in modern medicine can exist without imaging diag-
nostic. Hepatology also is not an exception. Range of radiology methods
and their importance in hepatology is of continuous change. Puncture bi-
opsies, which for long time have been the most accurate method, are getting
successfully replaced with alternative modalities. Liver fibrosis is effectively
determined with complex assistance of the pulse elastography and laboratory
tests. MRI provides the maximum accuracy in assessment of liver steatosis.
However, these methods are expensive and of limited availability, and hence
efficiently applied only in highly specialized centers of hepatology. Wide in-
cidence of diffuse liver diseases, in particular - steatosis, raises necessity for a
simple and readily available diagnostic methods for primary selection.

In most cases the first radiological evidence experienced by the patient is
ultrasonography. Many trials have offered a large number of different investi-
gative techniques, the diagnostic efficacy of which is variable. From this range
for routine tests the most effective ones must be chosen. Effectiveness of them
is determined by sufficiently high diagnostic accuracy with a relatively low
time capacity and technological simplicity, which does not require compli-
cated additional hardware or software.

Requirements for the equipment

Examinations must be done with a standard ultrasound system equipped
with transducers for examination of abdominal and superficial structures
with average frequencies around 3.5 MHz and 7.5 MHz, respectively. High-
definition color Doppler and pulsed wave spectral Doppler imaging capabili-
ties are required. Procedure must be performed in a sufficiently short time so
that they might be used for daily workflow.

Aim of examination

Based on our study and the literature analysis recommendations are sug-
gested for routine ultrasound examinations that would allow:
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In healthy subjects, blood flow in the portal vein is hepatopetal. Hepatofu-
gal flow reliably indicates a portal hypertension. Finding a hepatopetal flow
does not rule out the possibility of liver cirrhosis, which can be explained
with shunting through portocaval branches of the portal veins. Portal vein
size, its change during respiratory cycle phases, flow rate of the portal vein,
pulsitility of the Doppler waveform and its characteristic indexes as well as
congestation index are other parameters that are used in the diagnosis of liver
cirrhosis. Their diagnostic value in different studies is variable. These param-
eters are suggested to be used only in complex with other features.

Finding signs of liver steatosis (increase of the structure echogenicity,
‘shadowing’ of the deepest fields, burdened visualization of the diaphragm
line and of portal vein wall, flattening of VHDx Doppler waveform) the diag-
nosis of steatosis is considered to be reliable. Further investigations should be
performed as clinically indicated. Ultrasound assessment of severity of stea-
tosis in B mode, which usually is performed according to three-grade system
(mild, moderate, severe), is considered as insufficiently reliable. The usual
US findings is more typical for the form of macronodular steatosis, howev-
er, precise differentiation among the morphology variations on the basis of
US data is not possible. Assessing the role of US in the detection of liver
steatosis, subjectiveness of the US method must be noted as well as relatively
high inter — and intraobserver variability. Based solely on US data, up to 33%
steatosis may remain undiscovered.

Coarsened echostructure, surface roughness, tiny nodularity of subcapsu-
lar tissues, abnormal shape of VHDx Doppler waveform and spleen enlarge-
ment are symptoms that reliably indicate the likelihood of liver cirrhosis in
its early stages. Alterations of the portal flow, portal hypertension symptoms,
and size of certain liver parts and changes of relationship among them are
characteristic to more advanced stages of cirrhosis. Ability of ultrasound to
assess liver fibrosis in pre-cirrhotic stages of the disease should be assessed
critically, although some studies have obtained data on potentialities of the
Doppler imaging of liver veins to differentiate degrees of fibrosis from each
other. In assessment of the degree of fibrosis in pre-cirrhotic stages the pre-
ferred method is a combination of transient elastography (Fibroscan) and a
complex of laboratory analysis (Fibrotest etc.) which is not yet available in
Latvia. Puncture biopsy still remains the “gold standard” to diagnose liver
fibrosis.
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Interpretation

Echostructure of healthy liver is homogenous in all its parts. Coarsening
of echostructure and tiny nodularity are early signs of liver cirrhosis, which
better can be assessed with a high-frequency probe in subcapsular areas.

Liver tissue echogenicity normally is moderately high. This is compared
with the echogenicity of the right kidney in terms of one and the same depth.
Echogenicity of the renal cortex must be equal or slightly lower. Here we
should also take into account eventual alterations of echogenicity of the renal
cortical layer in case of various diffuse renal damage. Increase of echogenicity
of liver parenchyma is caused by fat deposits in the liver, which increase the
amount of reflective surface echoes. This symptom is typical to steatosis that
is greater than 20%-33%.

Roughness of liver surface (capsule) is an early sign of cirrhosis, which
coincides with the tiny nodularity of the structure. This symptom is better
assessed with a high frequency linear probe.

The signal intensity reflected from deeper and shallower fields in a healthy
liver is the same. Symptom of “shading” of deep fields caused by increased
attenuation of the signal in case of steatosis, is to be found along with an in-
crease of echogenicity of superficial parts. Application of this feature might
be affected by the accuracy of ultrasound system settings.

Worsening of visualization of portal vein walls and the diaphragm line in
case of steatosis can be explained with the reduction in acoustic density dif-
ference between liver parenchyma and duct walls.

Biphasic or monophasic waveform of liver veins is a sensitive, but non-
specific symptom which can indicate both liver steatosis as well as fibrosis. It
should be noted that changes in hepatic venous Doppler spectrum might also
be caused by some other conditions and disorders, such as heart disease or
pregnancy. Finding a biphasic or monophasic VHDx Doppler waveform in
patients with a normal liver B mode image, hepatic steatosis should be con-
cerned as the first most likely reason. Data on probability of finding an abnor-
mal VHDx waveform in healthy subjects in various studies are controversial.

Spleen size may increase in many diseases. In cases of liver cirrhosis, it
is one of the earliest symptoms, especially valuable in patients with chronic
hepatitis.
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1. to identify patients with suspicions of a possible diffuse liver damage;

2. within limits to set hypothesis of the diagnosis, which would guide
the further diagnostic path.

Characteristic symptoms

Diagnostic performance during the investigation must be targeted for de-
tection of the two most common diffuse liver lesions: liver steatosis and liver
fibrosis or cirrhosis at a possibly early stage.

It is recommended to divide ultrasound characteristics to be evaluated in
abdominal US into two groups: First group - features that should be evaluat-
ed in the upper abdomen during the routine US procedure; Second group -
features that should be sought by finding the first signs of change in the 1%
group. These signs should also be assessed in cases when the aim of the US
investigation is a clinical suspicion of an existing diffuse liver damage.

During each upper abdominal US it is reccommended to evaluate the fol-
lowing characteristics:
homogeneity of liver tissue;
echogenicity of the structure;
surface (capsule) smoothness;
attenuation of the signal reflected from structures located in different
depths;
visualization of portal vascular walls and diaphragm;

6. type of blood flow in the right hepatic in color and spectral dop-
plerography;
7. size of the spleen;

L=

b

8. ascitis.
Finding changes in any of these parameters, further assessment of the fol-
lowing characteristics must be performed:

1. structural homogeneity in subcapsular parts (of about 2 cm depth),
assessing with high-frequency (around 7.5 MHz) linear probe;

2. diameter of the portal vein, type of the blood flow in the portal vein
with colour Doppler and spectral Doppler imaging;

3. portocaval anastomoses.
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5. Conclusions

1. Ultrasound spectral Doppler imaging is a highly informative radiologi-
cal diagnostic method to determine certain stages and forms of liver fibrosis
and steatosis in chronic hepatitis C patients.

2. Ahigh degree hepatic fibrosis affects blood flow in the veins in the form
of a flattened (biphasic or monophasic) Doppler waveform.

3. Diagnostic sensitivity of Doppler ultrasound in case of detection of se-
vere fibrosis or cirrhosis is 83.3%, specificity 71.4%, PPV 29,4%, NPV 96,8%.

4. Dopplerography of liver veins does not make possible to distinguish
mild and moderate fibrosis and healthy liver, neither to differentiate among
early forms of fibrosis.

5. Moderate and severe liver steatosis increases frequency of abnormal lev-
elled waveforms; for mild steatosis levelled Doppler waveform is not typical.

6. Diagnostic sensitivity of Doppler ultrasound imaging in determina-
tion of medium and severe steatosis is 37.5%, specificity 76.1%, NPV 91.1%,
PPV 20%.

7. Gender and body weight of a patient has no statistically significant effect
on the shape of Doppler waveform.

8. Inflammatory activity in patients with viral hepatitis C does not affect
blood flow in liver veins and raises no alterations in VHDx Doppler wave-
form.
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