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Correlation between doppler of the right hepatic vein with
ultrasound transcutaneous guided biopsy in liver diseases

Correlacdo entre o doppler da veia hepdatica direita com a biépsia transcutdnea
guiada pela ultrassonografia em hepatopatias
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ABSTRACT

Objective: To correlate chronic liver diseases diagnosed by ultrasound-guided transcutaneous liver biopsy with B-mode and Doppler
ultrasound findings of the right hepatic vein; to compare the wave patterns between the study group and the control group; to
compare the right hepatic vein Doppler findings with histopathology findings as a possible marker of chronic liver disease. Methods:
Were studied 38 patients with chronic liver disease diagnosed by biopsy and serology (study group) and 10 persons without serologic
liver disease (control group), who were assessed by B-mode and Doppler ultrasound. The criteria were based on histology classification
of the Brazilian Society for Pathology of chronic hepatitis. Chi-square, Fisher's exact and Student t tests were used. Results: The B-
mode and Doppler ultrasound were useful in inferring the differentiation between individuals with chronic liver disease from normal
ones. There were significant differences between the study group and the controls when comparing the histopathology findings, B-
mode and Doppler ultrasound in relationship to the wave patterns of the right hepatic vein. Conclusion: The correlation of liver
biopsies with B-mode and Doppler ultrasound of hepatic vein was possible; individuals with liver disease showed alterations in the flow
of the right hepatic vein and normal subjects did not, the wave pattern in normal controls being triphasic, and in patients with chronic

liver disease, monophasic or biphasic; Doppler of the right hepatic vein is a useful marker for chronic liver disease.
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INTRODUCTION

Hepatic veins drain little pressure blood from hepatic
sinusoids to the inferior cava vein'. The normal and
abnormal wave features of the greater hepatic vessels
(hepatic veins, hepatic artery and portal vein) are already
described?. At duplex ultrasound, the flow in the hepatic
veins is usually pulsatile due to pressure changes in the
right atrium. The normal liver is easily adaptable to changes
in pressure?, and the triphasic pattern in the right hepatic
vein occurs due to reversal flow in the inferior vena cava
during systole'.

The passage of blood through the vessels is
changed by differential pressure between the vessel end
and the resistance of its wall*. A key factor pertaining to
cardiac function is the relative position of the veins in the

circulatory system, which depend on the physiological state
of the vessels and the demand for blood. Each vessel in a
normal human body has a characteristic flow pattern that
is represented by its wave aspect of the observed spectral
Doppler sonography, which reflects both the anatomical
position of the veins as the physiological need of the body
in relation to the vessels*. Cardiac function can exert the
same effect on the flow through all veins, and the main
determinants of the flow characteristics of a vein are vascular
resistance - which varies according to physiological need of
the body — and the distance of the vessel to the heart.
Vascular resistance can be changed by
pathological conditions or physiological differences®. The
normal venous flow is affected by the late-wave pulses
derived from cardiac movements and phasic changes
associated with breathing®. The flow in the hepatic veins is
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predominantly hepatopetal (toward the liver)’. The wave
pattern in Doppler of hepatic vein in healthy people is
triphasic®. The characteristic triphasic spectrum in Doppler
of the hepatic veins consists of a peak at systolic and
diastolic anterograde flow followed by a short flow reversal
peak resulting from pressure variations during cardiac
cycle?2°. The Doppler normal triphasic wave patterns of
hepatic veins can also be defined as two opposites
anterograde flow peaks toward the heart during diastole
and ventricular contraction, followed by a short period of
peak reverse flow towards the liver during atrial
contraction™ "2, Parenchymal liver alterations can impair the
structure of the walls of the veins and result in slowdown?
in Doppler waves, described in patients with liver cirrhosis.
This damping of waves can be attributed to the hardness
of the parenchyma of patients with various hepatic
diseases’.

This study aims to evaluate the usefulness of
Doppler hepatic vein as a marker of chronic liver disease,
through: 1) the correlation of ultrasound-guided
transcutaneous liver biopsy with data from B-mode Doppler
ultrasounds of the right hepatic vein; and 2) the comparison
of wave patterns between the study (liver disease) and
control (healthy) groups.

METHODS

We conducted a prospective study with 48
individuals divided into two groups: 1) study group composed
of 38 liver patients with an indication for ultrasound-guided
transcutaneous biopsy for staging of disease, and 2) control
group consisted of ten healthy young persons.

The sole inclusion criterion was the diagnosis of
liver disease clinically done with positive serological tests.
Exclusion criteria were patients: 1) submitted to hepatic
surgical procedures; 2) under 18 years of age; 3) with
decompensated nephropathy or heart disease; 4) with
morbid obesity.

Ultrasound evaluation

Allindividuals underwent B-mode liver ultrasound
and Doppler of the right hepatic vein. In the study group an
ultrasound-guided percutaneous biopsy was also carried out.
The control group did not undergo biopsy.

For correlation we used the liver B-mode
ultrasound, Doppler of the right hepatic vein and the
histological classifications defined by the Brazilian Society
of Pathology (SBP).

The study was held at Digimed Clinic Diagnostic
Imaging Ltd., Brasilia, Federal District — DF, Brazil with
Toshiba® brand appliances, Xario model year 2009 and
Aplio, 2010 with 3-9mHz probes. All sonographic
examinations followed the same protocol, with
quantification and classification of parenchymal
abnormalities. The ultrasound exams covered the entire

analysis of liver echotexture, which was subsequently
compared with the renal echogenicity. We characterized
the changes of chronic diseases based on visual criteria of
hepatic steatosis graded as mild, moderate and severe. In
mild steatosis, there was only increased echogenicity of
the liver parenchyma; in moderate, hyperechogenicity was
associated with attenuation of the ultrasound and
subsequent plans; when intense, it was characterized by
the above mentioned changes and loss of definition of the
vascular structures of the liver and diaphragm.

After the analysis, patients were classified into
subgroups formed by individuals with and without
sonographic changes, which were comparing to
histopathological alterations, correlating the findings.

Hepatic vein Doppler

The patients were examined in the morning,
fasting, in supine position, with arms outstretched to the
side of the head. All segments of the liver were examined
and the focal parenchymal lesions identified.

The color Doppler mode was done on the right
hepatic vein, identifying the pulsatility pattern and flow
direction. The evaluation of the right hepatic vein was
performed at the 10" or 11t right intercostal space during
a short period of apnea, 2.0cm distal from the confluence
of the hepatic veins, to avoid artifacts in the wave pattern.
The analysis was recorded for at least eight cardiac cycles
(about 10 seconds). The angulation of the transducer was
30° to 60°. The wave patterns found were classified as
follows: 1) normal triphasic phase (Figure 1); 2) biphasic
short reverse flow (Figure 2); 3) no reverse flow but with
fluctuations of more than 10% of the mean amplitude and
monophasic (Figure 3) or flat with wave oscillation less than
10% of the mean amplitude. Due to changes in vessel
diameter of up to 2mm per cardiac cycle during systole
and diastole and to flow in different directions, we did not
calculate hepatic veins velocimetry.

Histopathologic evaluation

Ultrasound-guided liver biopsies were performed
with Histo® automatic pistol and thick caliber needles -
18G. We collected three fragments of 20 x 3mm from the
right lobe of the liver.

The material was sent to the laboratory Micra of
Cytology and Histology, being fixed in 10% formalin and
subsequently subjected to histological processing with
conventional successive baths in absolute ethanol, xylene
and paraffin inclusion for stainings with hematoxiline and
eosin, PAS, Gomori trichrome, reticulin and Perls technique
for ferric deposits. Slides were analyzed by the same
pathologist using a Nikon® optical microscope (100 to 1000x
magnification).

Chronic liver disease was characterized by the
staging criteria of SBP and quantified as: structural changes
0-4; portal inflammatory infiltrate 0-4; periportal activity O-
4. parenchymal (lobular) activity 0-4; etiological markers
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Figure 2 -  Biphasic flow.

Fgure 3 - I\/Ionopha/'c flow.
(steatosis, lymphoid aggregates, hemorrhagic necrosis,
glassy inclusions and iron deposits) absent / present 0-4.

Statistical methodology

To evaluate the association between qualitative
variables we used the chi-square or Fisher exact tests. To
evaluate the homogeneity of the groups in terms of age
we applied the Student t test for independent samples. P
values less than 0.05 indicated statistical significance.
Considering each individual as alterated or not, we tested
the null hypothesis of the altered probability among patients

be equal to the one of controls, versus the alternative
hypothesis of different probabilities. In relation to gender,
we tested the null hypothesis of equal distribution of gender
between patients and controls, versus the alternative
hypothesis of different distributions. We also tested the null
hypothesis of equal mean age between patients and
controls, versus the alternative hypothesis of different means.

RESULTS

B mode ultrasound evaluation

The B-mode ultrasonography assessment was
peformed in 48 people in the two groups, ie, group study
with 38 patients with liver disease and a control group of
ten healthy young men. The control group was 100% nor-
mal. In the study group there was no change in five (13.2%)
individuals, three (7.9%) had grade Ill steatosis and / or
diffuse hyperechogenicity grade lll, six (15.8%) had chronic
liver disease and cirrhosis, ten (26.3%) displayed diffuse
hyperechogenicity grade I, and 14 (36.8%), diffuse
hyperechogenicity grade II.

All patients from both groups underwent liver
conventional ultrasound (B-mode) and, based on the results,
they were grouped into two groups: altered and normal.
We tested the null hypothesis probability of the altered group
being equal to the one of the normal group, versus the
alternative hypothesis of different probabilities. The results
showed that they are different, with statistical significance
(p=0.001).

Hepatic vein Doppler

The evaluation was conducted in both groups
(48 subjects). Standard triphasic pattern was observed in
six (15.8%) individuals from the study group and in nine
(90%)from the control group. The monophasic wave was
seen in six (15.8%) patients from the study group and none
from the control. The biphasic pattern was seen in 26
(68.4%) subjects from the study group and in only one
person from the control group (10.0%).

Considering each individual classified according
to the wave pattern, we tested the null hypothesis of same
distribution between patients and controls versus the
alternative hypothesis of different distributions. We observed
a statistical significant difference (p<0.001) in favor of the
study group that had abnormal echogenicity of the liver
parenchyma and changes in the right hepatic vein flow
(Table 1).

Histopathological results correlation with
Doppler of the right hepatic vein

All SBP criteria for chronic liver disease (structural
changes 0-4; portal inflammatory infiltrate 0-4, periportal
activity of 0-4, parenchymal (lobular) activity of 0-4,
etiological markers (steatosis, lymphoid aggregates,
hemorrhagic necrosis, glassy inclusions and iron deposits)
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absent/ present 0-4), were separately correlated with the
wave patterns found in the evaluation by Doppler.

Structural changes

We performed the correlation between the
distribution (semiquantification) of the structural changes
(histopathological classification of chronic liver disease) and
the wave patterns found on Doppler evaluation of right
hepatic vein. The results were: from the 38 patients
analyzed, 26 showed a biphasic waveform: 13 grade 0
(50%), ten grade 1 (38.5%), two grade 2 (7.7%), and one
grade 3 (3.8%). Six individuals showed monophasic flow:
0 grade 3 (60%), one grade 1 (20%), one grade 2 (20%)
and none grade 3 (0.0%). Six patients had triphasic flow,
five grade 0 (83.3%), one grade 1 (16.7%), none grade 2
or 3 (0%).

By grouping the results regarding distributions
(semiquantifications) of histopathological evaluation of
structural changes in correlation with Doppler of the right
hepatic vein, two groups were formed: group 0-1 (absent
or minimal changes) and group 2-3 (moderate or severe).
We tested the null hypothesis of probability of group 2/3
being equal to the control group, versus the alternative
hypothesis of different probabilities. The result was p=0.592,
indicating a non-significant statistical trend in favor of
individuals in the study group, who had histopathological
changes and had also changes in the flow of the right hepatic
vein.

Inflammatory portal infiltrate

We performed correlation between the
distribution (semiquantification) of portal inflammatory
infiltrate and right hepatic vein Doppler wave patterns. The
results were: from the 38 patients, 26 showed biphasic
waveform, with varying portal inflammatory infiltrates: one
(3.8%) patient was characterized as absent, 17 (65.4%)
as mild, seven (26.9%) moderate and one (3.8%) as severe.
Five individuals displayed a monophasic flow, all of whom
(100.0%) had portal inflammatory infiltrates characterized
as mild; six subjectes had triphasic wave flow, five (83.3%)
with mild portal inflammatory infiltrates and one (16.7%)
with moderate.

By grouping the results, two groups were formed:
group 1 of mild or minimal changes and group 2 of moderate
or intense changes. We then tested the null hypothesis that
the probability of the study group 2 was equal to one of

Table 1 -

control group 2, versus the alternative hypothesis of different
probabilities. The result was p=1, indicating no statistical
correlation between this histopathologic finding and the
evaluation by Doppler of the right hepatic vein.

Periportal activity

We performed the correlation between the
distribution (semiquantification) of periportal activity and
the wave patterns found on Doppler evaluation of right
hepatic vein. The following results were found: from the
38 patients we observed that the flow was biphasicin 26.
From these, 14 (53.8) were categorized as having absent
periportal inflammation, seven (26.9%) as mild, four
(15.4%) as moderate and one (3.8%) as intense. The flow
was monophasic in five, four (80.0%) with absent periportal
activity and one (20.0%) with moderate. The flow was
triphasic in six people, four (66.7 %) with absent periportal
activity, one (16.7 %) with mild and one (16.7%) moderate;
there were no cases of severe periportal inflammatory
activity.

By grouping the results, two groups were formed:
group 1 with absent or mild activity and group 2 with
moderate or intense. We tested the null hypothesis that
the probability of study group 2 was equal to the one of
control group 2, versus the alternative hypothesis of different
probabilities. The p=1 indicated no statistical correlation
between this histopathologic finding and the evaluation by
Doppler of the right hepatic vein.

Parenchymal activity

We performed the correlation between the
distribution (semiquantification) of parenchymal activity and
wave patterns found on Doppler evaluation of the right
hepatic vein. The results were: from the 38 patients
analyzed in the study group, 26 had biphasic flow: four
(15.4%) had absent parenchymal activity, 16 (61.5%) mild,
four (15.4%) minimum and two (7.7%) moderate. Five
showed monophasic Doppler flow and they all (100%) were
classified as mild activity. Six had triphasic flow, one (16.7 %)
with absent activity, three (50%) with mild and two (33.3%)
with minimal.

By grouping the results, two groups were formed:
group 1 with absent or mild parenchymal activity and group
2, with moderate or intense. We tested the null hypothesis
that the probability of study group 2 was equal to the
probability of control group 2, versus the alternative

Frequencies of the altered and normal groups as for the pattern of ultrasound echogenicity.

Evaluation by B-mode ultrasonography

Group study

control group

Altered 0
86.8% 0.0%

No changes 10
13.2% 100.0%

Total 10
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hypothesis of different probabilities. The p=1 indicated that
there was no statistical correlation between this
histopathologic finding and the evaluation by Doppler of
the right hepatic vein.

Etiologic markers

Following the criteria of SBP, we analyzed all
histopathological etiological markers (steatosis, lymphoid
aggregates, hemorrhagic necrosis, glassy inclusions and iron
deposits); however, only steatosis and iron deposit were
found. Consequently, only these two etiological markers
were correlated with wave patterns found by Doppler
evaluation.

Hepatic steatosis

We performed the correlation between the
distribution (semiquantification) of steatosis and wave
patterns found on Doppler evaluation. The results were:
from the 38 patients analyzed, the flow was biphasicin 26.
From this group, four (15.4%) had absent steatosis, nine
(34.6%) had steatosis 1, three (11.5%) steatosis 2 and one
(3.8%) steatosis 3. Nine patients in this group (34.6%) did
not have steatosis. In assessing the monophasic wave
pattern three individuals (60%) were classified as steatosis
1 and two (40%) and steatosis 2. In the triphasic wave
pattern, three subjects (50%) were categorized as absent,
one (16.7%) as steatosis 1 and in two (33.3%) steatosis
did not occur.

By grouping the results of the histopathological
evaluation of steatosis in correlation with Doppler, two groups
were formed: group 1 without alterations and group 2 with
steatosis 1, 2 and 3. We tested the null hypothesis that the
probability of study group 2 was equal to the probability of
control group 2, versus the alternative hypothesis of different
probabilities. Results returned p=0.047, indicating statistical
significance inferring that individuals in the study group who
had exhibited steatosis also had altered flow of the right
hepatic vein.

Iron deposits

We performed the correlation between the
distribution (semiquantification) of iron deposits (etiologic
marker) and the wave patterns found on Doppler. The
results were: from the 38 patients analyzed in the study
group, the flow was biphasic in 25. Of these, 23 (92%)
were categorized as absent, one (4%) as mild and one
(4%) as minimal. All five people (100.0%) with monophasic
waveform were classified as absent. Of the six individuals
with triphasic waveforms, five (83.3%) had absent iron
deposits, and one (16.7%) as moderate.

By grouping the results of histopathological
evaluation of iron deposits in correlation with Doppler study,
two groups were formed: group 1 with absent or mild
deposits and group 2 with moderate or intense ones. We
tested with the null hypothesis that the probability of the
study group 2 was equal to the probability of control group

2, versus the alternative hypothesis of different probabilities.
The result was p=0.431, indicating that there was no
statistical correlation between this histopathologic finding
and the evaluation by Doppler of the right hepatic vein.

DISCUSSION

It is controversial on the literature whether the
abnormalities in the liver parenchyma can be diagnosed by
Doppler of the hepatic veins. Some authors say that the
Doppler is insufficient, while others argue that it has high
sensitivity and specificity in the diagnosis of cirrhosis™. In
the correlation between histopathological findings and
hepatic vein Doppler, the wave pattern was altered in
patients with fibrotic changes, predominantly with a biphasic
pattern.

The definition and classification of chronic liver
disease depends on adequate biopsy and histology
observation. The diagnosis of cirrhosis is of particularly value
in prognosis and requires histological evidence of diffuse
fibrosis associated with abnormal architecture. The
normalizations made by the SBP facilitated characterization
of the degree of fibrosis in the evolution process.

In some studies the ultrasound diagnosis of
cirrhosis is relatively accurate. Objective signs, such as surface
roughness or increased volume of the caudate lobe, are
considered of great value. The changes detected in this
study failed to safely characterize the degree of involvement
of the hepatic parenchyma, but separated with good
accuracy the normal people from the ones with liver disease.

Recent studies suggest that the flattening of the
phasic oscillations of the hepatic veins pulse is significantly
associated with liver cirrhosis. These signals are very sensitive
(75%) in the diagnosis of cirrhosis 3. In Doppler (duplex) of
the right hepatic vein, we could clearly separate the nor-
mal individuals from the ones with liver diseases.

The compression of the hepatic veins in cirrhosis
by regenerative nodules may explain changes in phasic
oscillation. The abnormal wave pattern of hepatic veins is
correlated with parenchymal fibrosis around the hepatic
veins. Other factors are indeterminate and may also play a
role. The inflammation and necrosis seem not to affect the
wave pattern of the hepatic veins'>'*.

Ultrasound is commonly the first imaging test in
the clinical study of patients with hepatitis. Some studies
in chronic liver disease have shown increased values in
the hepatic artery resistance, associated with degeneration
of the architecture of the liver affected by the disease.
Thus, ultrasound, being noninvasive, is very useful for
detection of chronic diseases in the liver. The increase in
resistance is correlated with high rates of fibrosis'™. But till
now there has been no correlation with histological findings,
which take into account not only necrosis but tissue
inflammation. Another study found a correlation between
vascular resistance and histological findings in 30 patients.
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It suggested that resistance within the intrahepatic branch
was opposite to the main artery. In 43 patients with
hepatitis C, Doppler was needed to estimate the extent
of fibrosis, but the liver vasculature was not valid as a
cirrhosis marker'. Another study concluded that the
hepatic flow is not related to the severity in liver histology
in hepatitis C'®.

The color Doppler is fast and simple and shows
retrograde flow in the hepatic veins. A short flash of
color change in the hepatic veins can prove the reverse
flow, so the recording of the spectral curve can be
reserved for exams without color'. Several studies
suggest that healthy individuals almost always have
triphasic pattern of Doppler curves. It seems that
abnormal curves in healthy people may indicate some
degree of abnormality in liver'®23. These same studies
showed a high prevalence of normal individuals showing
triphasic waves on Doppler.

RESUMDPO

A study with 139 patients submitted to ultrasound
described 43 of them with abnormal Doppler curves, 26
being explained by liver disease. In the 17 remaining subjects,
12% of the tests showed no liver problem. These studies
confirmed that the pattern flow in the hepatic veins can be
seen in hepatic disorders. Therefore, it was suggested that
abnormal Doppler waves reflect an increased stiffness of
the parenchyma around the hepatic veins and can be
nonspecific indicators of abnormalities in individuals with
normal biochemical tests™.

In conclusion, the correlation of liver biopsies with
B-mode ultrasound and Doppler of the hepatic vein was
possible, individuals with liver disease showed alterations
in the flow of the right hepatic vein and normal subjects
did not, the wave pattern being triphasic in normal
individuals and monophasic or biphasic in patients with
chronic liver disease, and the Doppler of the right hepatic
vein is a useful marker for chronic liver disease.

Objetivos: Correlacionar os achados da biopsia transcutdnea hepatica guiada por ultrassonografia com os dados ultrassonograficos
modo B e Doppler da veia hepdtica direita; comparar os padrées de onda entre os grupos de estudo (hepatopatas) e controle
(sadios); e avaliar se o Doppler da veia hepdtica direita serve como marcador de hepatopatia crénica. Métodos: Foram estudados
38 pacientes portadores de hepatopatia crénica comprovada por sorologia e bidpsia (grupo de estudo) e dez pacientes sem
hepatopatia soroldgica (grupo controle), avaliados pela ultrassonografia modo B e Doppler. Os critérios histolégicos foram a classifi-
cacdo da Sociedade Brasileira de Patologia de Hepatite Cronica. Resultados: A ultrassonografia modo B e o Doppler diferenciaram
os individuos portadores de hepatopatia crénica dos normais (p=0,047). Houve diferenca significativa entre o grupo de estudo e o
controle na comparacdo entre os achados histopatoldgicos, ultrassonogréficos modo B e o Doppler nos padroes de onda da veia
hepdtica direita (p=0,001). Concluséo: Foi possivel correlacionar a bidpsia hepdtica com a ultrassonografia modo B e o Doppler da
veia hepadtica direita; os hepatopatas apresentaram alteracdo no fluxo da veia hepatica direita e os normais ndo, sendo que o padrdo
de onda nos controles saudaveis foi trifasico e nos hepatopatas bifésico ou monofésico;, e o Doppler da veia hepatica direita serviu

como marcador de hepatopatia crénica.

Descritores: Doppler. Veia hepdtica direita. Bidpsia. Fibrose hepatica. Hepatite C.
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