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A B S T R A C T

Objective: To study the role of DWI in the differentiation between bland and malignant portal vein thrombus in
HCC patients.
Materials and methods: Prospective study carried on 74 HCC patients with associated portal vein thrombus.
Dynamic MRI examination and Diffusion imaging were performed for all patients. ADC values and ratios “ratio
between the ADC value of HCC and ADC value of the thrombus” were calculated. We use at least two of the
following criteria including the size of HCC more than 5 cm, the distance between the portal vein thrombus and
the HCC less than 2 cm and the presence of enhancement within the thrombus, as a standard of reference to
determine the nature of the thrombus.
Results: We studied 74 patients; 55 patients diagnosed with malignant portal vein thrombosis and 19 patients
diagnosed with bland portal vein thrombosis. We found that the ADC ratio with a cutoff value of 1.2 helped in
discriminating the nature of the thrombus with 98% sensitivity and 70% specificity. There was no statistically
significant difference in the ADC values of the benign and malignant thrombus.
Conclusion: DWI can determine the nature of the portal vein thrombus by measuring the ADC ratio between the
tumour and the thrombus.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common tumor
worldwide and its incidence is rising. HCC could be associated with
portal vein thrombosis which either bland or malignant [1]. Neoplastic
thrombosis of the portal vein in HCC patients affect prognosis and
therefore treatment options. These patients are considered not candi-
date for most therapeutic options, including thermal or chemical ab-
lation, transarterial chemoembolization and even surgical procedures.
The five year survival after surgical resection is much lower in patients
with neoplastic vascular thrombosis than those without [1,2]. Although
the reference standard in the diagnosis of the malignant portal vein
thrombosis is the histopathologic examination, in clinical practice,
imaging has an important role [3].

Biopsy of portal vein has many drawbacks; it relies on the skills of
the radiologist and the size of the affected vein and if performed im-
properly, the amount of the biopsy material could be insufficient for
evaluation. Moreover, portal vein biopsy is an invasive procedure with

associated risks of bleeding especially in these patients with coexistent
coagulation defects. On the other hand, demonstration of arterial flow
within the thrombus by using spectral Doppler US is 100% specific for
tumor thrombus. Also, contrast-enhanced US has been demonstrated to
be 88% sensitive and 100% specific in the diagnosis of malignant portal
vein thrombosis. These figures are similar to those obtained at contrast-
enhanced CT, with a sensitivity of 86% and a specificity of 100% [3,4].
Therefore, in practice, diagnosis is often done with a combination of
laboratory and imaging findings.

MRI have a role in differentiating malignant from bland thrombosis,
malignant thrombus is characterized at imaging by expansile dilatation
of the portal vein and intermediate to high signal intensity on T2
images in comparison to the normal portal vein caliber and low T2
signal seen in bland thrombosis “attributed to hemosiderin within the
thrombus”. A malignant thrombus also shows arterial neovascularity
with enhancement similar to the primary tumor and often is contiguous
with the primary tumor [5].

Diffusion imaging is an MR technology that helps in tissue
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characterization. In malignant tissue, the diffusion of water molecule is
more restricted due to higher lesion cellularity, so lower ADC values are
noted as compared to benign lesions. Also, no need for contrast medium
in DW imaging, therefore it can be safely done in patients with im-
proper kidney function or allergic to contrast media [2].

Aim of work: to determine the role of DW imaging in differ-
entiating between the benign and malignant portal vein thrombosis in
patient with HCC.

2. Patients and methods

2.1. Patients

The study was prospectively carried on 74 patients (56 males and 18
females) between December 2014 and June 2016. The mean age of the
patients was 59.5 years. All patients presented with liver cirrhosis sec-
ondary to chronic viral hepatitis and have HCC (radiologically; lesion
exhibits high T2 signal, diffusion restriction and shows early arterial
enhancement and washout at delayed phases) with sizable portal vein
thrombus.

MRI examination was done after obtaining informed consent. The
study is IBR approved.

Patients with previous hepatic intervention whether surgical, loco
regional or systemic therapy were excluded considering that ther-
apeutic options may affect the original tumor’s cellularity and therefore
its diffusion characteristics.

2.2. Technique:

3 Tesla MR unit (Ingenia philips MRI scanner) with dedicated ab-
dominal surface coil are used.

Pre contrast images of the liver using the sequences (Axial T1 TFE,
Axial T2 TSE, and Axial T2 SPAIR), The acquisition parameters for
T1WI were TR 250msec, TE 30msec, FOV 300–350mm, slice thickness
7mm, flip angle 15 and for T2WI were TR 1000msec, TE 80 msec, FOV
300–350mm, slice thickness 7mm, flip angle 90. Then Diffusion MR
imaging was performed before the dynamic study using respiratory
triggered fat-suppressed single-shot spin echo sequence. The acquisition
parameters were: TR 1700msec, TE 76msec, matrix 120×95 with a
field of view as small as possible, slice thickness 10mm, slice gap
1–2mm, scan time 3–4min. We used b values of 0, 500 and 1000 s/
mm2. Dynamic study was then performed after manual bolus injection
of 0.1mmol/kg body weight of Gd-DTPA. A dynamic series consisted of

one pre contrast series followed by four successive post contrast series
including early arterial after 20 s, late arterial after 50 s, and portal
phases after 90 s (17 s for image acquisition with breath-holding and
2–4 s for re-breathing) this is followed by 5-min delayed phase series.
All patients were imaged at end expiration to limit the risk of image
misregistration. Acquisition parameters were TR 4.4 msec, TE 2.1msec,
flip angle 10°, matrix size, 172× 163, field of view 300–350mm and
slice thickness 2mm.

2.3. Imaging analysis and interpretation:

Images were analyzed and final results were obtained using the
available workstation (Phillips Extended MR Workspace, 2.6.3.5
Netherlands) and by the consensus of two abdominal radiologists. The
readers had experience of 6 and 12 years in abdominal MR imaging.

The morphological features of the lesion and the vein thrombus
were studied including the size of the lesion, diameter of the vein and
the distance between the lesion and the thrombosed vein. Assessment of
the enhancement pattern of the lesion and the thrombus was done.

Regions of interest (ROIs) were drawn manually within the HCC and
at vein thrombus (involve at least two-thirds of the lesion), to get the
ADC values. To reduce the volume averaging contamination, images
were enlarged and ROI placed within the lesion. We tried to avoid any
contamination from area outside the lesion. The ADC of the HCC, the
malignant and the benign thrombi were obtained. The ADC ratios (ADC
of the thrombus over the ADC of the tumor) in both benign and ma-
lignant groups were also obtained.

2.4. Statistical analysis

Data were statistically described in terms of mean ± standard de-
viation (± SD), median and range when appropriate. Comparison of
numerical variables between the study groups was done using Student t
test for independent samples. Accuracy was represented using the terms
sensitivity, and specificity. Receiver operator characteristic (ROC)
analysis was used to determine the optimum cut off value for the stu-
died diagnostic markers. p values less than 0.05 was considered sta-
tistically significant. All statistical calculations were done using com-
puter program SPSS (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA) release 15 for Microsoft Windows (2006).

The ADC values as well as the ADC ratio were compared in each
group (table 5) and (Figs. 1 and 2).

Fig. 1. The ADC values of the portal vein thrombus in benign and malignant cohorts.
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2.5. Standard of reference

According to the criteria used by Sandrasegaran et al. [6], and
supported by Sakata et al. [7]; we considered the portal vein thrombosis
as a malignant thrombus when at least two of the following criteria are
present:

• The size of HCC is more than 5 cm.

• The distance between the portal vein thrombus and the HCC is less
than 2 cm.

• Presence of enhancement within the thrombus.

Otherwise, the thrombus is considered bland thrombus. According
to Sandrasegaran et al [6], when the formentioned criteria present,
diagnosis of malignant thrombosis could be made with a sensitivity of
94–100% and specificity of 85–90%.

3. Results

Among the studied 74 patients, 55 patients diagnosed with malig-
nant portal vein thrombosis and 19 patients with bland portal vein
thrombosis according to the previously mentioned criteria.

The size of the HCC in the studied patients with malignant portal
vein thrombosis ranged from 3.5 cm to 19 cm with a mean of 10.8 cm
(table 1). While in patients with benign portal vein thrombosis, the size
ranged from 1 cm to 15 cm with a mean of 6.1 cm in (table 2).

In the group with malignant PV thrombus, the mean ADC ± sd
value of HCC was 0.95289×10−3 mm2/sec ± 0.22333, the mean
ADC ± sd value of the thrombus was 1.12567× 10−3 mm2/sec ±
1.09333 and the mean ADC ratio ± sd value was 1.03 ± 0.13
(Table 3) and (Figs. 3 and 4).

While in the group with benign PV thrombus, the mean ADC ± sd
value of HCC was 0.96572×10−3 mm2/sec ± 0.28138, the mean
ADC ± sd value of the thrombus was 1.27544× 10−3 mm2/sec ±

Fig. 2. The ADC ratio between the portal vein thrombus and the HCC in benign and malignant cohorts.

Table 1
demographics and morphological criteria of the cases of HCC with malignant portal vein thrombosis.

Mean age ± sd Number of male and female cases Number of portal vein involvement Mean HCC size Thrombus enhancement Distance between HCC and thrombus

60.36 ± 9.735 Male= 39
Female= 16

Left br.= 16
Right br. = 34
Main= 5

10.8 Positive= 33
Negative=22

<2 cm=51
>2cm=4

Table 2
demographics and morphological criteria of the cases of HCC with bland portal vein thrombosis.

Mean age ± sd Number of male and female cases Number of portal vein involvement Mean HCC size Thrombus enhancement Distance between HCC and thrombus

56.78 ± 8.661 Male= 17
Female= 2

Left br.= 2
Right br. = 7
Main= 10

6.1 Positive= 1
Negative=18

<2 cm=1
>2 cm=18

Table 3
ADC measurements of the cases of HCC with malignant portal vein thrombosis.

Mean ADC of the tumour ± sd Mean ADC of the thrombus ± sd Mean ADC ratio ± sd

0.95289×10–3 mm2/sec ± 0.22333 1.12567×10–3 mm2/sec ± 1.09333 1.03 ± 0.13
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0.63570, and the mean ADC ratio ± sd value was1.35 ± 0.65
(Table 4) and (Fig. 2) (see Fig. 5).

An ADC ratio with cutoff value of 1.2 helped in differentiation be-
tween neoplastic and bland thrombi with 98% sensitivity and 70%
specificity.

4. Discussion

Neoplastic thrombosis of the portal vein in HCC patients affects
their prognosis and treatment options and so it is critical to differentiate
between bland and malignant thrombosis.

In our study we found a significant difference in the ADC ratio be-
tween malignant and bland thrombosis (P=0.001) with a cutoff value
of 1.2 showing 98% sensitivity and 70% specificity. These findings are

Fig. 3. Liver cirrhosis in a 59 year old male. (a) Arterial phase, (b) delayed phase, (c) diffusion images showing segment VII focal lesion “blue arrows” with
enhancement &diffusion restriction pattern keeping with HCC. (d) arterial phase (e) portal phase, (f) diffusion images and (f) ADC map showing partial right portal
vein thrombosis “yellow arrows” with ADC ratio= 1.9 keeping with bland thrombus. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 4. Liver cirrhosis in a 62 year old male (a) Arterial phase, (b) delayed phase, (c) diffusion images show left and caudate lobe infiltrative lesion “blue arrows”with
enhancement and diffusion restriction pattern keeping with HCC. (d) arterial phase,(e) delayed phase (f) diffusion imaging and (g) ADC map showing total portal
vein thrombosis (yellow arrows) with arterial enhancement and ADC ratio= 0.88 keeping with malignant thrombus. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

Table 4
ADC measurements of the cases of HCC with bland portal vein thrombosis.

Mean ADC of the tumour ± sd Mean ADC of the thrombus ± sd Mean ADC ratio ± sd

0.96572×10–3 mm2/sec ± 0.28138 1.27544×10–3 mm2/sec ± 0.63570 1.35 ± 0.65
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supported by the results of Catalano et al study [2]. To our knowledge,
there are no available studies disagree with these results.

Also in our study we found no statistical role of the ADC values in
differentiation between the benign and malignant thrombus
(P= 0.584). These findings are supported by the results of Ahn et al
[8]. In contrast to Catalano et al who found a significant difference in
the ADC values of benign and malignant thrombosis [2]. The discordant
of results may be explained by the fact that portal vein caliber was used
as a definite criterion in Catalano et al study, with a main portal vein
measurement larger than 18mm indicating malignancy. Although these
criteria had a reasonable sensitivity of 81% but a specificity of only
48%, many benign acute portal vein thrombosis showed venous dis-
tention more than 1.8 cm. Also vessel expansion can be seen in portal
hypertension with no vessel thrombosis. So portal vein caliber cannot
be used alone as a good indicator of the nature of thrombus [9]. Also,
the difference in the number of the studied cases with bland portal vein

thrombosis (19 cases in our study while Catalano et al studied 6 case).
The signal intensities of the blood clot depend to a great extent on the
age of the hemorrhage as described in several studies that may explain
the low ADC value in benign thrombi (as seen in 3 of our cases to be less
than the malignant thrombi); the high viscosity of blood in hyperacute
and late subacute hematoma and the magnetic susceptibility effects on
the acute and early subacute stages of hematoma, are accepted reasons
for dropping ADC values [10–12].

Also, Osman NMM and Samy LAM concluded that ADC value show
significant role in differentiation between bland and malignant
thrombosis and this discordant of results may be attributed to the dif-
ference in patients selection between the two studies as we excluded the
patients with previous hepatic intervention procedure (as explained
before), the inclusion criteria in the other study were not limited upon
HCC patient and also their reference standard is FNAC [13].

In addition to results of Geng et al that show an important role of

Table 5
Independent samples test.

Independent samples test

Levene's test for equality of
variances

t-test for equality of means

F* Sig. T* Df** p value Mean
difference

Std. error
difference

95% Confidence interval of the difference

Upper Lower

Age Equal variances
assumed

0.137 0.712 −1.392 72 0.168 −3.579 2.572 −8.707 1.548

HCC ADC Equal variances
assumed

4.047 0.048 0.199 72 0.843 12.829 64.572 −115.892 141.550

T.ADC Equal variances
assumed

0.498 0.483 0.550 72 0.584 149.766 272.104 −392.664 692.196

ADC ratio Equal variances
assumed

48.415 0.000 3.269 72 0.001 0.306523 0.093753 0.119629 0.493417

* Mathematical symbols denoting the results of equations needed to calculate the P value.
** Degree of freedom (needed to calculate the P value).

Fig. 5. Liver cirrhosis in a 56 year old male. (a)
Arterial phase, (b) delayed phase, (c) diffusion
images b1000 and (d) ADC map showing right
lobe mass lesion ”blue arrows” with enhance-
ment pattern and restricted diffusion keeping
with HCC. Associated portal vein thrombosis
“yellow arrows” with arterial enhancement and
ADC ratio= 1.08 together with morphological
pattern keeping with malignant thrombus. (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article.)
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the ADC value in characterization of the portal vein thrombus, however
the sample volume of this study is small ;twenty patients only[14].

Also we found no statistically significant difference between the
ADC value of the HCC in the malignant and benign group (P=0.843)
Fig. 2 and these findings are similar to those of Catalano et al [2].

5. Limitations

Our study had some limitations. First, the absence of pathological
diagnosis of malignant portal vein thrombus and using radiological
criteria as a reference standard that were used in previous studies. As
mentioned before, the pathological diagnosis has limitations.

In our study, we tried to avoid volume averaging contamination of
the ADC by enlarging the images however we cannot completely ex-
clude some contamination occurred in the smaller thrombi.

Also, the small number of patients with bland thrombus category
(although the largest to date); a larger study would be beneficial to
confirm of our preliminary investigation results.

6. Conclusion

Based on our results, the diffusion MR imaging can help in the
differentiation between malignant and bland portal vein thrombosis in
patients with hepatocellular carcinoma using the ADC ratio between
the portal vein thrombus and the primary hepatic lesion, and therefore
affect the management options.
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