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ABSTRACT
Background: Portal vein thrombosis (PVT) is frequently associated with liver cancer. The aim of this
study was to find predictive factors of PVT presence at the time of hepatocellular carcinoma (HCC)
diagnosis developed in liver cirrhosis, by ultrasound examination.
Methods: A 3 year cohort study was carried out, including all cases referred to our centre with HCC
developed on liver cirrhosis. Two groups were comparatively analyzed, with and without PVT. The
differences between these groups were comparatively assessed.
Results: PVT was present at 39 of 97 patients (40.2%). The HCC lesions were: diffuse (39.20%), uninodular (53.60%) and multiple (7.20%). Liver segment 7 was affected in 50% of cases. The median
diameter of the lesion was 53.80mm. PVT was associated with non alcoholic aetiology (p=0.013), ascites
(p=0.011), macro nodular structure of liver parenchyma (p=0.011) and absence of peripheral hallo
(p=0.008). Gallbladder wall thickness and serum alfafetoprotein (AFP) were also discriminative for PVT
(p=0.030 and p=0.024 respectively, Mann-Whitney test). On the receiver operating characteristics curves
gallbladder wall thickness and AFP specificities were 96% and 81% for cut off-values of 8mm and
400ng/ml. In multivariate analysis the independent factors of PVT were macro nodular structure (p=0.014,
odds ratio (OR)=3.7, 95% confidence limits (95%CI) 1.3–10.4), absence of peripheral hallo (p=0.006,
OR = 0.2, 95%CI 0.05 – 0.8) and gallbladder wall thickness over 8mm (p=0.032, OR=4.1, 95%CI 1.5
-1.7).
Conclusions: A lesion without peripheral hallo in a macro nodular liver structure and a thick gallbladder
wall on ultrasound examination may predict associated portal vein thrombosis when hepatocellular
carcinoma is diagnosed.
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INTRODUCTION

H

epatocellular carcinoma (HCC)
is an important cause of death
worldwide, in particular in areas
where viral hepatitis is endemic.
In Romania, according to existing data, around 10% of population (more
than 2 million people) is infected with hepatitis
B virus (HBV) or/and hepatitis C virus (HCV)
(1,2,3).
It is an aggressive tumour, with limited therapeutic options, despite continuous improve-

ments of diagnostic methods. There are contradictions in the literature concerning HCC
prognostic and patterns of evolution. Some
authors are noting different tumour behaviour
patterns in different geographic areas (4,5).
Many HCC prognostic factors have been
identified such as the stage of the underlying
liver cirrhosis (LC), tumour morphology and
staging, association of portal vein thrombosis
(PVT), and values of alfa fetoprotein (AFP) levels.
PVT has an unfavourable influence on HCC
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prognosis. There are no therapy guidelines for
HCC with PVT (6,7,8,9). Most frequently PVT
appears in late stages of HCC (8,9).
The aim of our study was to identify
predictive factors for PVT presence when HCC
on LC is diagnosed with trans-abdominal
ultrasound. 

U – Mann Whitney test for continuous variables.
The results were considered true if the
probability of error was less then 5% (p<0.05).
The area under the receiver operating characteristics curve method (AUC ROC) was used to
predict portal vein thrombosis. 

RESULTS
METHODS

A

3 year cohort study was carried out (2001
– 2003) including all cases referred to our
centre with liver cirrhosis in which we diagnosed
for the first time hepatocellular carcinoma (HCC).
Diagnostic of liver cancer was made according to Barcelona criteria (10). In LC, HCC is
diagnosed when there is at least one nodule
over 1 cm with either positive histology for
cancer or combination of two imaging methods
(abdominal ultrasound, computerized tomography scan (CT) or magnetic resonance imaging
(MRI) showing a hyper vascular lesion or one
of the 3 mentioned imaging methods combined
with an AFP level > 400 ng/ml. However, we
performed abdominal ultrasound in all patients
(demonstrating by Doppler assessment a hyper
vascular lesion), combining it with other imaging
method or with a high AFP level.
Abdominal ultrasound examination was
carried out with an ATL Apogee 800 machine
(Phillips Medical Systems, Böblingen, Germany),
using a 3.5 MHz probe, in fasting conditions.
Two groups were comparatively analyzed:
test group – patients with HCC and PVT at the
moment of diagnosis, and control group – patients with liver cancer without PVT. The differences between the two groups were comparatively assessed in what concerns the localization and size of HCC, hypo/hyper echoic pattern
of the lesions, presence of a peripheral hallo
around HCC lesions, micro/macro nodular liver
parenchyma, gallbladder wall thickness, presence of biliary stones, spleen and splenic vein
size, ascites, AFP level, platelet count, prothrombin activity, serum bilirubin and erythrocyte sedimentation rate (ESR) values.
We did not analyze Doppler parameters
because, being a retrospective study, we could
not found in the written reports satisfactory data
concerning the type of Doppler signal within
the tumor or inside the portal thrombus.
Data were statistically analyzed, using for
comparisons Fisher’s exact test for discrete and
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e found 97 patients fulfilling the inclusion
criteria. Male sex prevailed (77.3%) and
the mean age was 60.8. We established that
hepatitis virus infections – B virus (HBV) or/and
C virus (HCV) – were the main causes of liver
cancer and underlying cirrhosis (67%). Alcohol
intake was recognized by more than a half of
the patients (56.7%). In 7 patients (7.2%) the
aetiology of cirrhosis remained unknown.
HCC was described by ultrasound as a single
hyper-vascular nodule in 53.6% patients, 2 or
more countable lesions in 7.2% patients and
as a diffuse infiltrative type in 39.2% patients.
According to Barcelona criteria, HCC diagnosis was made by a combination of two imaging methods (ultrasound and CT) in 81 patients,
and in 16 patients the diagnostic was sustained
by abdominal ultrasound and AFP > 400ng/dl.
We had no histological confirmation.
Liver segment 7 was affected in 50% of cases.
The median diameter of the lesion was
53.80mm. PVT was present at 39 patients
(40.2%) at the time of liver cancer diagnosis.
We present in (Table 1) the comparative analysis of the two groups of patients.
We found significant differences for serum
AFP levels and gallbladder wall thickness values
in PVT and non-PVT groups. We needed to
find specific cut-off values in order to predict
PVT. For AFP we used the same cut-off value
of 400 ng/ml set by the Barcelona criteria to
diagnose hepatocellular carcinoma. For this cutoff, using the receiver operating characteristics
curve method (AUC under the ROC), we found
a specificity of 96% and a sensitivity of 33%
(Figure 1a). Using the same sensitivity and specificity and the same ROC method we found
the correspondent cut-off value for gallbladder
wall thickness to be equal to 8 mm [Figure 1b].
AUC under the ROC for AFP was 0.701, while
for gallbladder wall thickness was 0.632.
For these 2 variables with their cut-off values,
the significant differences between PVT and
non-PVT groups were kept (Table 2).
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TABLE 1. Univariate analysis
of the patient’s characteristic. p
– the probability of error. The
significant p values are figured
in bold. NS – no significant
differences

FIGURE 1. 1a – ROC curve for
AFP; 1b – ROC curve for
gallbladder wall thickness

1a

So, subsequent to this analysis we found 6
predictive factors of PVT association at the moment of HCC diagnosis: non-alcoholic aetiology, absence of peripheral hallo surrounding
HCC lesions, macro nodular pattern of liver
parenchyma, presence of ascites, a gallbladder
wall thicker than 8mm and AFP value higher
then 400ng/dl (Tables 1 and 2).
In multivariate analysis by logistic regression
(Hosmer and Lemeshow goodness of fit, p =
0.761), the independent risk factors of PVT are
shown in (Table 3).

1b

TABLE 2. Univariate analysis of AFP values and gallbladder
wall thickness for specific cut-off values

TABLE 3. Multivariate analysis by logistic regression – significant factors
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Absence of a peripheral hallo around the
HCC lesions, macro nodular pattern of liver
parenchyma, as well as a gallbladder wall >
8mm are the independent risk factors for portal
vein thrombosis association at the time of liver
cancer diagnosis in cirrhosis. 

DISCUSSION

P

VT was described for the first time in 1868
(11). It is a rare complication of cirrhosis, its
incidence being around 0.6% in compensated
LC, but increasing up to 25-26% in advanced
stages (12,13).
Most frequently, acute occlusion of portal
vein or its branches lacks symptoms. This is
primarily explained by the compensatory
mechanisms activation resulting in instant arterial
liver system vasodilatation as a consequence of
diminished portal venous flow. The second
argument is the rapid development of venous
collaterals by-passing the thrombus, mechanism
which is called cavernomatous transformation
of portal vein (11,13,14). Because the symptoms are usually missing (abdominal pain,
nausea, fever), the diagnosis is accidentally
made by abdominal ultrasound with Doppler
examination.
In liver cirrhosis there are many factors which
create favourable circumstances for portal
thrombosis: decreased portal flow and low levels
of protein C, S and antithrombin III due to
diminished synthesis. However, the studies published by now sustain that there are no differences between the levels of anticoagulant
proteins (plasmynogen, protein C, protein S or
antithrombin III) among cirrhotic patients with
or without PVT (15,16).

TABLE 4. Comparative results
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Once HCC appears, PVT is noticed with
higher incidence, up to 35% (17). Other studies
point out that incidence of PVT in hepatocellular
carcinoma varies about 20-30% in small HCC
(< 3cm), up to 50-75% in HCC > 5 cm (18).
The thrombotic factors produced by the tumour, the vascular compression or invasion, are
proposed mechanisms.
PVT significantly modifies the prognosis of
these patients. According with latest data, the
mean survival is 18.2 months in patients
without PVT and 5.1 months in PVT patients
(8,9). Still, some studies in the literature state
that PVT does not influence the survival of HCC
patients (19).
In (Table 4) we compared our results with
previous studies
One study points out that PVT may occur
more often in women, due to some hormonal
permissive factors in thrombus development
and vascular invasion (19). We did not found
female sex as a risk factor for PVT association,
however a statistical marginal p value was
computed (p = 0.050). It may be possible that
in a larger cohort this parameter will reach
statistic significance.
The probability of PVT occurrence in our
cohort lays in the upper limit of the interval
mentioned in the literature. A possible explanation of this is that viral hepatitis is the most
frequent aetiology of LC, respectively of HCC
in Romania (4,5,20). And, as we have shown,
non-alcoholic aetiology is more frequently
associated with PVT.
We cannot explain a certain predilection for
right liver lobe, and in particular for segment 7
(in 50% patients) which is located far from the
main portal vein trunk. We can therefore
assume that the main mechanism of thrombosis
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is not the direct malignant invasion. This affirmation may be validated by thrombus biopsy,
or by portal vein Doppler examination, showing an arterial pattern in cases of malignant
thrombosis.
The HCC lesion mean diameter varies in
large limits. Lesions over 50mm are found in
40% – 80% patients at diagnosis (21,22,23).
The mean value we found (53.8mm) is within
reported limits. There were not significant differences in HCC size in PVT and non-PVT patients
(p = 0.502), although again there is near 0.5 p
value. Some studies stated that risk of PVT is
higher for larger liver tumours (18,24).
Liver parenchyma macro nodular structure
was another independent risk factor of PVT
association at HCC diagnosis, as well as the lack
of a peripheral hallo surrounding HCC lesions.
This is the first study to affirm these findings. It
would be interesting to verify them in larger
studies.
Another independent risk factor which we
found was a thick gallbladder wall (over 8mm).
Two studies have identified a strong correlation
between thickening of gallbladder wall and PVT
presence (25,26), noting that in 62% patients
with PVT, gallbladder wall was thick and contractility was weaker than in those without PVT.
Most frequently gallbladder wall thickening is
related with presence of varices in the gallbladder wall. These are opened due to an even
higher pressure in the portal system caused by
the main branch thrombosis. Accordingly, it
seems that there is a direct communication
between gallbladder varices and intra hepatic
branches of portal system. Other authors linked
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PVT with other consequences of portal hypertension: large oesophageal-gastric varices [27],
variceal bleeding (28,29) or death due to
haemorrhage (19). We did not assess these
parameters.
AFP sensitivity in HHC diagnosis is low. In
40% of early HCC, as well as in 15-20% of
advanced HCC, AFP is normal. High levels of
AFP are also found in patients with chronic
hepatitis, LC or acute liver failure (30,31,32).
When positive, larger liver tumours have higher
AFP levels, usually above 50mm (30,33,34).
Several characteristics have been described in
connection with an AFP value over 400ng/dl:
age below 50, HBV positive, bi lobar spreading,
presence of PVT, tumour size over 50mm, but
only HBV positive status and bi lobar involvement (p = 0.004 and p = 0.003 respectively)
were independent risk factors (30,34,25,29).
AFP > 400 ng/dl is associated with an unfavourable prognosis (6,8,21,30,34). Our study
confirmed the correlation between high AFP
levels (> 400 ng/dl) and presence of portal vein
thrombosis at the diagnosis of HCC (sensitivity
33% and specificity 96%).
This study has its limitations. It is retrospective, there is no histological confirmation of
HHC and no assessment of Doppler patterns
(either arterial or venous) for PVT and HCC
lesions.
Finally, this study states that a lesion without
peripheral hallo in a macro nodular liver structure with a thick gallbladder wall may predict
associated portal vein thrombosis when hepatocellular carcinoma is diagnosed by ultrasound
examination. 
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