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ASSESSMENT OF PORTAL VENOUS
INDEX AS A NON-INVASIVE METHOD FOR
DIAGNOSING LIVER FIBROSIS IN PATIENTS
WITH CHRONIC HEPATITIS C
Haroldo Luis Oliva Gomes ROCHA1, Angélica Lemos Debs DINIZ2,
Valéria Ferreira de Almeida e BORGES1 and Frederico Chaves SALOMÃO3

ABSTRACT – Context - Hepatitis C is an important cause of chronic liver disease worldwide. The grading of hepatic fibrosis in chronic
hepatitis C is important for better clinical management. However, until now, liver biopsy is the only test accepted for this purpose,
despite their contraindications and complications. New methods for non-invasive assessment of hepatic fibrosis are under investigation.
One proposal is the Doppler ultrasound, as a non-invasive, widely available and inexpensive. Objective - To compare Doppler
parameters of portal vein in patients with chronic hepatitis C with a healthy control group and to correlate these parameters with
fibrosis degree obtained by liver biopsy. Methods - Fifty patients with chronic hepatitis C submitted to liver biopsy and 44 healthy
controls had Doppler of the portal vein performed, with the calculation of the portal venous index. We conducted a comparison
between the averages of the two groups of portal venous index. For the correlation between portal venous index and fibrosis was
employed the Spearman test. Results - There was a difference between the average portal venous index between controls (0.33 ± 0.07)
and patients (0.23 ± 0.09) with P<0.001. No difference was observed between the portal venous index in patients with chronic hepatitis
C who have significant fibrosis or not. The correlation between the portal venous index and fibrosis degree was reverse and moderate
(r =-0.448 P<0.001). The area under the ROC curve was 78.4% (95% CI: 68.8% to 88%). The cutoff for the portal venous index was
0.28 with sensitivity of 73.5% and specificity of 71.1%. Conclusion - The portal venous index was useful in distinguishing healthy
patients from patients with CHC. However, there was no significant difference in the quantification of degree of fibrosis.
HEADINGS – Hepatitis C, chronic. Liver cirrhosis. Portal vein, ultrasonography. Ultrasonography

INTRODUCTION

Hepatitis C virus (HCV) infection is a global health
problem. It is estimated that about 3% of the world’s
population is infected with HCV and that 3 million
people are infected each year. Eighty percent of cases
will become chronic carriers. Of these patients, 10% to
20% will develop cirrhosis and 1% to 5% will develop
hepatocellular carcinoma(13, 14).
The current recommended treatment for chronic
hepatitis C (CHC) is pegylated interferon with ribavirin.
However, this treatment is costly and has potential adverse
effects. Treatment indications are, in most cases, the degree
of liver inflammation and fibrosis, with liver biopsy being
the testing method of choice(23). Liver biopsy, however,
has its limitations since it does not diagnose cirrhosis in

10% to 30% of cases, and it results in the misclassification
of fibrosis by at least 1 grade in 20% to 30% of cases. In
addition, there are certain contraindications and adverse
events. Some have reported mortality rates after liver
biopsy at 3 in 10,000 procedures(4, 19, 22).
Given the importance of assessing liver fibrosis in
hepatitis C patients, coupled with the limitations of
biopsy, a non-invasive assessment of liver fibrosis based on
laboratory tests(19) and imaging(22) needs to be developed.
Imaging methods such as ultrasound, computerized
tomography and magnetic resonance imaging can provide
useful information on morphological changes in the
diseased liver(21, 22). Elastography is a new method that
is the most effective at differentiating between cirrhosis
and non-cirrhosis and is considered to be a quick and
easy, non-invasive procedure for diagnosing cirrhosis.

No external support relevant to this submission.
The authors have no conflicts of interest to declare.
From the Departamento de Diagnóstico por Imagem, Universidade Federal de Uberlândia, MG, Brazil.
1
Serviço de Gastroenterologia, Hospital de Clínicas, Universidade Federal de Uberlândia (HC-UFU); 2 Pós-graduação - Ciências da Saúde, UFU; 3 Departamento de
Anatomia Patológica – UFU, Uberlândia, MG, Brasil
Correspondence: Dr. Haroldo Luís Oliva Gomes Rocha – Rua Quinze de Novembro, 365/1500 – Centro – 38400-214 – Uberlândia, MG, Brasil. E-mail: haroldoluisrocha@
yahoo.com.br

14

Arq Gastroenterol

v. 49 – no.1 – jan./mar. 2012

Rocha HLOG, Diniz ALD, Borges VFA, Salomão FC. Assessment of portal venous index as a non-invasive method for diagnosing liver fibrosis in patients with chronic hepatitis c

Elastography has been adopted as an alternative to liver biopsy
in patients with formal contraindications(7). However, it is not
yet available for small-scale providers. Ultrasound is widely
available throughout the world thanks to its low cost, ease of
use, non-invasive nature, and wide acceptance by patients. It
provides useful information on the morphology of the hepatic
parenchyma, as well as on hemodynamics changes, using pulsed
color Doppler velocimetry(18, 24).
The objective of this study was to compare the portal
vein velocities and venous pulsatility indexes (VPIs) obtained
in patients with CHC versus a healthy control group, and to
correlate these parameters with grade of fibrosis obtained from
transcutaneous biopsy.
METHODS

A prospective observational study that included 50 patients
with CHC and 44 healthy controls was conducted between
April 2009 and October 2010. The Ethics Committee of Federal
University of Uberlândia, MG, Brazil, approved the project
(Protocol No. 005/09). For ethical reasons, only patients with
HCV underwent liver biopsy. All patients signed the informed
consent form.
The inclusion criteria were the presence of serology and panel
reactive antibodies that were positive for HCV and age between 18
and 70 years. The control group had the same inclusion criteria,
except for the presence of HCV.
Patients with alcohol intake >140 g/week for males and
>70 g/week for females were excluded(10), as were those using
medications known to be hepatotoxic or medications causing
hemodynamic changes that could cause changes in liver Doppler
flow data. Patients with any blood clotting disorder, heart disease
with signs of heart failure, nephropathy with modification of
renal texture during the ultrasound examination and pregnant
or lactating women were also excluded.
All 94 volunteers were examined by two-dimensional
ultrasonography with Doppler, using a 2 MHz–5 MHz
multifrequency convex transducer (Voluson 730 PRO V, General
Electric, Milwaukee, USA). The subjects fasted for 10 hours to
12 hours and then in the morning underwent an ultrasound
exam in a supine position with arms outstretched alongside the
head. All ultrasounds were performed by the same experienced
examiner. All segments of the liver were examined and patients
that were found to have vascular malformations, cysts, and focal
parenchymal lesions were excluded.
A liver biopsy was performed in the outpatient clinic using
intercostal access guided by ultrasound, using a TruCut automatic
needle (16 ga x 15 cm). Biopsies that contained at least five portal
tracts were considered representative and those with 10 or more
portal tracts were considered ideal. The slides were examined
by a single experienced pathologist who had no knowledge of
the patients’ clinical and laboratory reports or ultrasound data.
Classifications from the Clube Brasileiro de Hepatologia of the
Sociedade Brasileira de Patologia(12) and METAVIR(3) were used
for histological assessment.
For clinical application, the HCV patients were divided
into two groups by grade of fibrosis: the first had no significant
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fibrosis, consisting of patients with F0 and F1 fibrosis (n = 17);
the second had significant fibrosis, consisting of patients with
F2, F3, and F4 fibrosis (n = 33).
The ultrasound parameters were obtained within a
week after performing the biopsy. The portal vein Doppler
velocimetry was performed during apnea, at the beginning
of inspiration to avoid changes caused by deep inspiration.
Spectral analysis of the portal vein flow velocity waveform
(FVW) was recorded for at least 5 seconds of suspended
inspiration(16). The measurement point for the portal vein
FVW was in the extrahepatic portion, adjacent to the
hepatic hilum (Figure 1). The Doppler sample volume was
set to between 4 mm and 8 mm, with a pulse repetition
frequency of less than 3.3 KHZ and FVW recorded with
an angle of less than 60º. Maximum and minimum portal
vein velocities were recorded and photo documented for
each volunteer (Figure 1), after obtaining at least three
FVWs with homogeneous patterns. The VPI was obtained
for all patients and controls by subtracting Vmin from Vmax
and dividing the remainder of Vmax [VPI = (Vmax - Vmin) / Vmax]
in a single wave for each patient.

FIGURE 1. On the left, a portal vein Doppler result showing strong
pulsatility of the portal vein (VPI = 0.47) and, on the right, low pulsatility
(VPI = 0.18)
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Descriptive statistics were used to characterize the
sample. Continuous variables were expressed as mean ±
standard deviation, and categorical variables were expressed
as absolute (n) and relative (%). The distribution of the data
was analyzed using the Lilliefors normality test. For variables
that followed a normal distribution, comparisons were made
between the means of the two samples using Student’s t test.
For variables that did not follow a normal distribution, the
Mann-Whitney test was used. The Kruskal-Wallis test and
Student-Newman-Keuls test were used for comparisons
between VPI samples for the three patient groups. The
correlation analyses were performed using the Spearman
coefficient. The receiver operating characteristic (ROC) was
also calculated for the parameters with the greatest degree of
significance based on the above tests. All tests were considered
significant at P<0.05. The statistical analyses were performed
using Statistical Package for the Social Sciences (SPSS for
Windows, version 17.0, Chicago, IL).
RESULTS

The groups were matched for sex and age. The CHC
patient group had an average age of 45 ± 11 years. There
was no difference between the mean age of the study group
and the control group, which was 41 ± 11 years (P = 0.06).
There were 29 men (58%) in the study group compared to
18 male volunteers (40.9%) in the control group (P = 0.098),
as shown in Table 1.
Most patients (74%) were infected with HCV genotype 1.
The average viral load was of 2,742,812 ± 4,001,501 copies and
6.09 ± 0.59 log. The aspartate transaminase (AST), alanine
transaminase (ALT), and gamma glutamyl transpeptidase (GGT)
liver enzymes were higher in the CHC carrier group compared
to the levels of the control group (P<0.001; Table 1).

Of the patients who underwent biopsy, 5 (10%) had
F0 fibrosis, 12 (24%) had F1 fibrosis, 22 (44%) had F2
fibrosis, 9 (18%) had F3 fibrosis and only 2 (4%) had
F4 fibrosis. All HCV patients had some degree of liver
inflammation indicated during the pathology exam: 31
(62%) showed A1 activity, 16 (32%) showed A2 activity and
3 (6%) had A3 activity. Hydropic degeneration was found in
94% of patients, with ballooning in 44% of patients and
hemosiderosis in 12%. Only 12 patients (24%) had some
degree of steatosis on biopsy: 8 with grade I steatosis and
only 4 with moderate or severe steatosis.
The portal vein flow velocity waveform was more pulsatile in
the control group than in patients with HCV. The mean values
for VPI were 0.33 ± 0.07 in the control group and 0.23 ± 0.09
in patients with HCV (P<0.001; Table 1). The correlation
between VPI and the degree of fibrosis was moderate and
inverse (r = –0.448, P<0.001). There was a significant difference
between the mean VPI (greater) for the control group compared
to the means of the HCV patient groups that were subdivided
into insignificant fibrosis (F0 and F1) and significant fibrosis
(F2, F3 and F4), with P = 0.001 and P<0.001, respectively
(Figure 2). But when comparing the values for VPI between
the two CHC patient groups — without significant fibrosis
(F0 and F1) and with significant fibrosis (F2, F3, F4) — we
found no significant differences (P = 0.715).
In order to define the cutoff parameter for VPI for
the diagnosis of liver fibrosis in HCV patients, we used
the ROC curve. The area under the curve was 78.4%
(CI 95%: 68.8%–88%). The ideal cutoff point for the VPI
was calculated to be 0.28, with sensitivity equal to 73.5%
and specificity equal to 71.1% (Figure 3).

Age (years)
Males (%)
Platelet count (n)
Albumin(g/dL)
Total bilirubin(mg/dL)
AST*
ALT*
GGT*
ALP*
Vmax (cm/s)
Vmin (cm/s)
Portal venous index

HCV (n = 50)
45.32 ± 11.14
29 (58%)
212,170 ± 56,921
4.43 ± 0.37
0.77 ± 0.41
1.32 ± 0.78
1.9 ± 1.32
2.39 ± 1.92
0.69 ± 0.19
24.88 ± 6.31
16.50 ± 4.26
0.33 ± 0.07

Control (n = 44)
41.98 ± 11.09
18 (40.90%)
251,054 ± 45,230
4.62 ± 0.41
0.81 ± 0.4
0.4 ± 0.1
0.45 ± 0.21
0.48 ± 0.3
0.57 ± 0.19
23.37 ± 5.38
17.77 ± 3.75
0.23 ± 0.09

P-value
0.060
0.098
<0.001
0.570
0.650
<0.001
<0.001
<0.001
0.070
0.214
0.128
<0.001

AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma glutamyl
transferase; ALP = alkaline phosphatase; HCV = hepatitis C virus; Vmax = portal vein maximum
velocity; Vmin = portal vein minimum velocity
* Liver enzymes were described in relation to their upper normal limit
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Portal Vein Pulsatility Index

0.60
TABLE 1. Clinical, laboratory, and ultrasound characteristics of groups with
HCV and control groups, expressed as mean ± standard deviation, except
for categorical variables, which are expressed in absolute and percentage
frequencies, where indicated

0.581
0.544
0.487

0.50
0.40
0.30
0.20
0.10
0.00
Control

F0 and F1
F2,F3 and F4
Fibrosis Grade by biopsy

FIGURE 2. Box plot graph of portal vein pulsatility index (VPI) according
to the degree of fibrosis at histology. Assessment results using the KruskalWallis test and post hoc analysis using the Student-Newman-Keuls test,
with respective degrees of significance shown in bars. Numbers next to
the black dots reflect outliers, and the numbers next to the graphs show
the median, with the standard deviation of each group
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FIGURE 3. ROC curve graph for sensitivity plotted against 1-VPI
specificity for the diagnosis of fibrosis on biopsy

DISCUSSION

HCV infection is a major cause of chronic liver disease
throughout the world(25). The assessment of the degree of
liver fibrosis in HCV patients is important for better clinical
management. Until now, liver biopsy has been the gold standard
for defining the degree of liver fibrosis and providing treatment,
despite its contraindications and adverse effects(19).
New methods for non-invasive assessment of liver fibrosis
are being investigated(19). Among these methods, ultrasound
with Doppler has been the subject of several publications(5,
17, 26)
. These methods include portal vein maximum velocity
(Vmax), portal vein minimum velocity (Vmin), portal blood flow
volume, congestive index, and portal venous index (VPI).
VPI is defined as a parameter that evaluates portal venous
pulsatility and its major advantage is it does not depend on
the angulation obtained in the Doppler sample, which makes it
more reproducible. The relative lack of studies in the literature
looking at VPI as a parameter in the assessment of fibrosis
in patients with CHC(2, 16) was the motive for this study.
It is known that HCV can lead to various degrees of liver
inflammation and fibrosis, with modification of the usual
architecture of the liver, associated with sinusoidal vascular
distortion. These changes may lead to changes in intra- and
extra-hepatic vascular impedance, which theoretically can be
detected by the Doppler examination of the portal vein, hepatic
vein and hepatic artery. A large number of Doppler ultrasound
parameters have been studied in order to identify hemodynamic
changes in the liver, but there is no consensus on which option
is best in identifying the grade of liver fibrosis(6, 8, 15).
The numerous hemodynamic changes present in livers
with established cirrhosis is unquestionable. In these cases
there is an increase of intrahepatic vascular resistance and a
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reduction of portal blood flow, which are changes that lead
to compensatory increase in hepatic artery flow. In addition,
intrahepatic shunts may develop between branches of the
portal vein, hepatic vein, and hepatic artery. Porto-systemic
collateral vessels may increase resistance to portal blood flow,
and their formation precedes the clinical manifestations of
hypertension per se(20).
At issue is to what extent fibrosis, inflammation, and
steatosis may modify the arterial and venous hepatic vascular
patterns before cirrhosis is established, and what would be
the ideal non-invasive method for diagnosing and grading
fibrosis levels. Given that Doppler ultrasound is a method
that aids in the diagnosis of hepatic hemodynamic changes,
we chose to evaluate VPI of the portal vein in this group of
patients with HCV, given the small number of studies in the
literature that calculate VPI in grading liver fibrosis(1, 2). Galix
et al.(11) Barakat(2), and Balci et al.(1) described the following
reference values for VPI in normal patients: 0.39 ± 0.10,
0.48 ± 0.31 and 0.32 ± 0.06, respectively. In this study, the
mean VPI for the control group was 0.33 ± 0.07, which is in
agreement with most of the authors cited above.
The isolated use of portal vein velocities was not sufficient to
discriminate between healthy patients and fibrotic patients, which
is in agreement with the literature. Lim et al.(17) compared portal
vein Vmax between patients with mild and moderate hepatitis
and cirrhosis, but did not observe significant differences. The
same occurred in the Bernatik et al.(5) study comparing Vmax
for grades I to IV patients, which failed to yield significant
results. Our study agrees with the above research in that we
found no significant difference in Vmax and Vmin between groups
of normal patients and patients with CHC.
Changes in VPI were initially described in patients with
congestive heart failure. Later it was found that patients
with chronic liver disease also exhibited changes in portal vein
flow patterns(2). As shown in the current study, the portal vein
flow velocity waveform is less pulsatile in patients with CHC
compared to healthy controls, after quantification using VPI
and defining significant differences between the two groups.
In previously published work, this same difference was also
observed(2). Our study, however, found no significant difference
between groups of patients with significant or insignificant
fibrosis. Barakat’s(2) 2002 study classified patients with chronic
liver disease according to the Child-Pugh clinical criteria
and found no significant difference between VPI values,
independent of severity.
After constructing a ROC curve, we obtained a cutoff
of 0.28 for VPI with good sensitivity and specificity. Data
published in the literature suggest a normal range for VPI
between 0.20 and 0.50(2).
In our study, only two (4%) patients had F4 fibrosis. This
fact is explained by the rigorous criterion used in conducting
the biopsy; that is, any clotting disorder was considered a
contraindication for performing the procedure. The small
number of patients with cirrhosis may explain the absence of
VPI values difference among groups of patients with CHC.
It is known that the main changes occur in cases with severe
fibrosis and cirrhosis, where there is a parenchymal and
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vascular remodeling(20). Further studies will be important to
analyse the portal venous index pattern in patients with severe
liver fibrosis and cirrhosis. However, these patients most often
are categorized as cirrhotic through imaging and laboratory
examinations, which commences a special treatment protocol,
and they do not require biopsy to start drug therapy(9).

CONCLUSIONS

The portal venous index was useful in differentiating
healthy subjects from patients with fibrosis due to chronic
HCV. However, there was no significant difference regarding
the grade of fibrosis in the patient group.

Rocha HLOG, Diniz ALD, Borges VFA, Salomão FC. Emprego do índice venoso portal como método não-invasivo no diagnóstico de fibrose hepática
em pacientes portadores de hepatite C crônica. Arq Gastroenterol. 2012;49(1):14-8.
RESUMO – Contexto - A hepatite C é uma importante causa de hepatopatia crônica no mundo. A avaliação do grau de fibrose hepática na hepatite C
crônica é importante para o melhor manejo clínico. Entretanto, até o momento, a biopsia hepática é o único teste aceito para esta finalidade, apesar
de suas contra-indicações e complicações. Novos métodos para avaliação não invasiva de fibrose hepática estão sendo pesquisados. Uma proposta
é o ultrassom com Doppler, por ser um método não-invasivo, amplamente disponível e de baixo custo. Objetivo - Comparar os parâmetros Doppler
da veia porta de portadores de hepatite C crônica com um grupo controle sadio e correlacionar estes parâmetros com os graus de fibrose obtidos
por biopsia hepática. Métodos - Cinquenta pacientes portadores de hepatite C crônica com biopsia hepática e 44 controles sadios foram submetidos
ao Doppler da veia porta, com cálculo do índice venoso portal. Realizou-se a comparação entre as médias do índice venoso portal dos dois grupos.
Para a correlação entre o índice venoso portal e os graus de fibrose empregou-se o teste de Spearman. Resultados - Houve diferença entre a média
do índice venoso portal entre os controles (0,33 ± 0,07) e os doentes (0,23 ± 0,09) com P<0,001. Não foi observada diferença do índice venoso portal
entre os pacientes com hepatite C crônica que tem ou não fibrose significante. A correlação entre o índice venoso portal e o grau de fibrose foi inversa
e moderada (r = -0,448 P<0,001). A área sob a curva ROC foi de 78,4% (IC 95%: 68,8%-88%). O ponto de corte para o índice venoso portal foi de
0,28 com sensibilidade de 73,5% e especificidade de 71,1%. Conclusão - O índice venoso portal foi útil em diferenciar pacientes sadios de pacientes
portadores de hepatite C crônica. No entanto, não se encontrou diferença significante na quantificação dos graus de fibrose.
DESCRITORES – Hepatite C crônica. Cirrose hepática. Veia porta, ultrassonografia. Ultrassonografia Doppler.
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