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Objective: Hepatocellular carcinoma (HCC) is one of the commonest malignancies
worldwide. Prognosis is predicted by size at diagnosis, vascular invasion and tumour
proliferation markers. This study investigates if MRI features of histologically proven
HCCs correlate with vascular invasion.
Methods: Between 2006 and 2008, 18 consecutive patients, with a total of 27 HCCs,
had comprehensive MRI studies performed at our institution within a median of 36
days of histology sampling. Each lesion was evaluated independently on MRI by 3
radiologists (blinded to both the radiology and histopathology reports) using a 5-point
confidence scale for 23 specific imaging features. The mean of the rating scores across
readers was calculated to determine interobserver consistency. The most consistent
features were then used to examine the value of features in predicting vascular
invasion, using a x2 test for trend, having eliminated those features without sufficient
variability.
Results: 22 of the 23 imaging features showed sufficient variability across lesions.
None of these significantly correlated with the presence of vascular invasion, although
a trend was identified with the presence of washout in the portal venous phase on MRI
and the median size of lesions, which was greater with vascular invasion.
Conclusion: This study suggests that no single MRI feature accurately predicts the
presence of vascular invasion in HCCs, although a trend was seen with the presence of
washout in the portal venous phase post gadolinium. Larger prospective studies are
required to investigate this further.
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Hepatocellular carcinoma (HCC) is one of the com-
monest malignancies worldwide, either arising de novo or
on a background of cirrhosis. The incidence in Western
countries is rising owing to increasing rates of alcoholic
liver disease and hepatitis C infection. Untreated, the
5-year survival rate for symptomatic HCC is less than 5%
[1]. At present, surgery is the only potentially curative
treatment for HCC with options including either a partial
hepatectomy or orthotopic liver transplantation (OLT).
Following resection there is a 5-year survival rate of
40–50% [2] with a cumulative 5-year recurrence rate
between 75 and 100% [3]. The 5-year survival rate in
patients with cirrhosis following transplantation of small
(,2 cm) HCC is up to 80% [4]. However, the use of OLT
is limited owing to the lack of donor livers. Regional
therapies such as transcatheter arterial chemoembolisa-
tion [5] and percutaneous radiofrequency ablation [6]
may improve prognosis. The value of neo-adjuvant and
adjuvant chemotherapy and immunotherapy in prolong-
ing survival remains controversial [7, 8]. However, a
recent study evaluating sorafenib, a multikinase inhibitor,

in patients with advanced HCC has shown an increased
median overall survival of 2.8 months over a placebo [9].

Studies of patients with explanted liver for end-stage
cirrhosis have shown that MRI, with the use of dynamic
gadolinium-enhanced sequences, has a moderate sensitiv-
ity for the detection of HCC of between 55 and 91% [10–12]
and specificity between 55 and 86% [11–13]. The sensitivity
is lower with lesions ,2 cm in size [11–13]. In patients with
cirrhosis, HCC is thought to develop as part of a spectrum
of de-differentiation from regenerative nodule through
to low-grade dysplastic nodule, high-grade dysplastic
nodule, then to frankly malignant. Early diagnosis using
non-invasive imaging leads to an improved prognosis but
at present, unless biopsy is performed, only lesion size is
used to determine patient management in those where
gross vascular involvement or metastatic spread precludes
curative treatment.

Several factors predicting outcome have been identi-
fied including tumour pathological factors (such as size,
stage, grade, the presence of vascular invasion, portal
vein tumour thrombus and intrahepatic metastases) [14,
15], the patient’s hepatitis status, the patient’s functional
liver reserve [16] and the serum a-fetoprotein level [17].
Overall, one of the most strongly correlated factors is
the presence or absence of vascular invasion. There is a
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4.4- and 15-fold increased risk of recurrence following
OLT for HCC in patients with micro- or macrovascular
invasion, respectively [18].

The aims of this retrospective study were twofold.
First to identify the interobserver variability of MRI
features for patients with histologically proven HCC,
and second to determine if there was a correlation
between imaging features on MRI and histologically
defined vascular invasion; these MRI features could then
serve as a surrogate marker of prognosis. There has been
little literature to date attempting to correlate MRI
features with microvascular invasion.

Methods and materials

A written ethics committee waiver was obtained for this
retrospective study. Between 2006 and 2008, 18 consecutive
patients, with tumours ,3.5 cm, had undergone a pre-
operative comprehensive MRI study using the same protocol
at our institution within a median of 36 days (interquartile
range 24.3–59.5 days) of histology sampling. Patients were
identified from the histopathological and radiology data-
bases. This group then formed the basis for our study.

MRI protocol

MRI was performed on a 1.5 T whole-body MRI scanner
(Excite; GE Healthcare, Milwaukee, WI) with a multi-
channel receiver array coil. Breath-hold effective echo time
(TEeff) 60 ms and TEeff 160 ms T2 weighted single shot fast

spin echo images [SSFSE; matrix 2566256; repetition time
(TR) 1100–1400 ms; slice thickness/gap 10/0 mm; acquisi-
tion time 12–18 s], T1 weighted in- and out-of-phase
fast spoiled gradient echo (FSPGR; matrix 2566128; TR
180 ms; echo time (TE) 2.25/4.5 ms; slice thickness/gap 10/
0 mm; acquisition time 18 s) and respiratory triggered T2

weighted fat suppressed TEeff 65 ms multishot fast spin
echo (FSE; matrix 2566320; slice thickness/gap 8/2 mm;
acquisition time 4–7 min) sequences were obtained. These
were supplemented with pre- and post-intravenous
gadolinium (Gd)-diethylenetriaminepentacetic acid fluor-
oscopically triggered multiphase (arterial, portal, 90 s and
300 s) volume interpolated fat-suppressed three-dimen-
sional (3D) T1 weighted imaging (liver acquisition with
volume acquisition; matrix 2846192; TR 3.4 ms; TE 1.5 ms,
slice thickness/gap 5/0 mm; acquisition time 16–20 s).

Histopathology

Histopathology specimens consisted of liver explants
(n512), liver resection (n54) or biopsy of focal lesion
(n52). Analysis was performed by two histopathologists
with more than 10 years of subspecialty experience. Each
specimen was fixed in 10% neutral formalin and
embedded in paraffin. For patients with explanted livers,
the livers were cut into sequentially oriented slices (from
superior to inferior) of 1 cm thickness. The size, number
and location of tumours were documented. Thin sections
were stained routinely with haematoxylin and eosin. The
presence of microvascular invasion was recorded for
both liver explants and liver biopsy specimens.

Table 1. Significance values for prediction of vascular invasion on histopathology

Sequence
Imaging
feature Lesion featurea

Mean discrepancy
between readers

Rank of mean
discrepancy p-valueb

T1 1 Increased signal within 0.68 3 0.16
2 Decreased signal within 1.9 22 0.59
3 Heterogeneity within 1.84 21 0.82
4 Irregular margin 1.06 6 0.9
5 Presence of a rim 1.52 16 0.48

I/O phase T1W 6 Presence of fat within 0.71 4 0.89
T2 7 Increased signal within 1.74 18.5 0.21

8 Decreased signal within 1.19 8 0.71
9 Heterogeneity within 2 23 0.35

10 Irregular margin 1.74 18.5 0.67
11 Presence of a rim 1.26 9.5 0.96

T1 arterial 12 Arterial enhancement 0 1 n/ac

13 Heterogeneous enhancement 0.58 2 1
14 Irregular margin 1.39 11 0.7
15 Presence of a rim 1.42 13 0.18

T1 portal 16 Presence of washout 1.26 9.5 0.09
17 Heterogeneous washout 1.77 20 0.18
18 Irregular margin 1.55 17 0.86
29 Presence of a rim 1.42 13 0.21

T1 delayed 20 Presence of washout 1 5 0.13
21 Heterogeneous washout 1.42 13 0.2
22 Irregular margin 1.45 15 0.5
23 Presence of a rim 1.16 7 0.44

I/O phase T1W, T1 weighted in and out of phase.
aFeatures in bold are the 10 most consistent imaging features amongst the 3 readers (ranked 2–11), after the most consistent

imaging feature (arterial enhancement) has been excluded for insufficient variability.
bp-values in bold are those features out of the 10 most consistent that have p,0.2 for vascular invasion.
cThis feature (arterial enhancement) was excluded from the analysis as there was insufficient variability between the three

readers and across all lesions.
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MRI interpretation

MR studies were reviewed independently on picture
archiving and communication system workstations, by
3 radiologists, with Readers 1, 2 and 3 having 15, 7 and
4 years of specialist experience in hepatobiliary imaging,
respectively. All were blinded to both the radiology and
the histopathology reports. The three readers were
instructed to review only specific histologically proven
HCCs on the data set, which had been identified in
advance by correlation with histopathology reports by a
separate radiologist. For each of the MRI sequences, the
reader first had to determine whether the lesion was
visible using binary scoring. In addition, the reader had to
determine if hepatic vascular thrombus was present on
any of the sequences. Size of the lesion was recorded based

on the arterial phase post-gadolinium images. Following
the advice of the hospital statistician, the reader then
evaluated these lesions for 23 specific imaging features
(column 3 in Table 1, Figures 1–4) using a 5-point
confidence rating score. Signal intensity of the lesion was
compared with the background liver signal intensity to
determine the presence of high or low signal intensity
within the tumour. A score of 1 indicated that the feature
was definitely not present, a score of 5 indicated that the
feature was definitely present and a score of 3 indicated
that the feature was indeterminate. A score of 2 or 4 meant
that the reader felt that the feature was probably absent or
probably present, respectively. For lesions that were not
originally detectable on one particular sequence a score of
1 was automatically assigned for all features related to this
MRI sequence.

(a) (b)

(c) (d)

(e) (f)

Figure 1. Histologically proven hepatocellular carcinoma in segment 7 of the liver in a 72-year-old male with relatively normal
background liver texture: (a) axial T1 weighted image shows the lesion to be homogeneously hypointense to the rest of the liver
with a well-defined margin (arrow); (b) axial T2 weighted image shows the lesion to be mildly hyperintense to the rest of the
liver with a well-defined hyperintense rim (arrow); (c,d) axial T1 in- and out-of-phase images show signal dropout on the out-of-
phase images in part of the lesion, in keeping with the presence of fat (arrow); (e) arterial T1 weighted image shows
heterogeneous enhancement of the lesion with irregular rim enhancement (arrow); (f) portal venous T1 weighted image shows
central washout with remaining irregular rim enhancement (arrow).
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Background liver texture was also assessed for each
patient using a similar five-point scale, where 1 denoted
that the liver was definitely normal and 5 represented
definitely abnormal. In order to ensure that there was
reader agreement for the criteria used to define the 23
imaging features, a training set of 10 MRI studies in
patients thought to have likely HCC lesions on imaging
but no established histological diagnosis of HCC was
first reviewed by the 3 radiologists in consensus.

Statistical analysis

The data were analysed in several ways, after seeking
advice from the hospital statistician. First, the number of
lesions detected on each of the MRI sequences was
calculated for each reader. Second, in order to determine
the MRI characteristics of the lesions, the mean and
standard deviation (SD) of the confidence rating score for
each imaging feature across all lesions and across the

three readers were calculated. These mean scores were
then represented as a graph with the score first rescaled
so that score 3 acted as the new baseline; hence an
original score of 1 would be readjusted to 22 and an
original score of 5 would be equivalent to +2.

Third, for each imaging feature and lesion, discre-
pancy was calculated as the range in score across the
three readers. The mean discrepancy across the lesions
was then used as an overall measure for reader
consistency for each feature and used to examine the
value of imaging features in predicting vascular invasion
using a x2 test for trend. Those features (n51) without
sufficient variability (i.e. where the imaging feature for
the lesion was rated as present or absent by all three
readers) were initially eliminated from the analysis.

Using a one-sample t-test, the size of each lesion as
measured by each reader was compared with the final
histological size to determine concordance. Finally, using
the Mann–Whitney U-test, comparison was made
between the median size of lesions on histopathology
where vascular invasion was present and the median
size of lesions where vascular invasion was absent.
For all statistical analyses, p,0.05 was considered
significant.

Results

There were 18 male patients (median age 56.4 years,
interquartile range 53.4–61.4 years) with a histopatholo-
gical diagnosis of HCC. Patient demographics and
aetiology are shown in Table 2. There was a total of 27
histologically proven tumours, with 21 lesions being in
the right lobe and 6 in the left lobe. These were either
moderate or poorly differentiated. 13 patients had
solitary lesions, the remainder had multiple.

The median histological size of the lesions was 22 mm
(interquartile range 15.8–25.3 mm). The median interval
between the MRI study and histopathological diagnosis
was 36 days (interquartile range 24.3–59.5 days). Nine
of the lesions demonstrated vascular invasion on

Figure 2. Histologically proven hepatocellular carcinoma in
segment 5 of the liver in a 54-year-old male; axial T2 weighted
image shows the lesion to be atypically hypointense to the
rest of the liver with a well-defined hyperintense rim (arrows).

Figure 3. Histologically proven hepatocellular carcinoma
in segment 7 of the liver in a 61-year-old male; axial T1

weighted image shows the lesion to be heterogeneously
hyperintense to the rest of the liver (arrow).

Figure 4. Histologically proven hepatocellular carcinoma in
segment 3 of the liver in a 56-year-old male; arterial T1

weighted image shows homogeneous arterial enhancement
(arrow).

Correlation of MRI with vascular invasion in hepatocellular carcinoma
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histopathology. No thrombus was demonstrated in any
of the major hepatic or portal veins on MRI. Background
liver texture was considered abnormal in the majority of
cases (in 14 patients for Reader 1 and in 13 patients for
Readers 2 and 3) with a mean unadjusted confidence
rating score (¡SD) across all lesions and readers of
4.6¡0.88. The median size of the lesion as determined by
the readers was not significantly different from the
median size of the lesion on histopathology.

Figure 5 demonstrates the number of lesions detected
on each MR sequence for each of the three readers. Apart
from the arterial sequence, Reader 2 identified a greater
number of lesions on each of the sequences than the
other two readers. Figure 6 shows the mean adjusted

confidence rating score and standard deviation for all 27
lesions across the 3 readers, for each of the 23 imaging
features. Table 1 illustrates the mean discrepancy
between all three readers across all lesions for each
imaging feature. The most consistent imaging features
(mean discrepancy of #1 between readers, ranked 1–5 in
Table 1) were on T1 weighted imaging and included the
presence of arterial enhancement, heterogeneity on
arterial enhancement, washout on delayed gadolinium
imaging and the absence of increased signal intensity.
Another consistent feature included the absence of fat on
the in- and out-of-phase imaging. Inconsistent features
(mean discrepancy .1.5) were mainly on T2 weighted
imaging, including the presence of increased signal
intensity, irregular margin and lesion heterogeneity.

One feature (i.e. presence of arterial enhancement) was
consistently reported by all three readers (mean discre-
pancy50); this showed insufficient variability across all
lesions and thus could not be used as a feature to pre-
dict the presence or absence of vascular invasion. The
significance values for predicting vascular invasion for the
remaining 22 features are shown in Table 1. Out of the
10 most consistent imaging features (excluding arterial
enhancement), those features with a p-value ,0.2 in-
cluded the lack of increased signal intensity within the
lesion on T1 weighted images, and the presence of
washout in the portal venous and delayed phases. A
trend towards vascular invasion on histopathology was
seen with the presence of washout in the portal venous
phase on MRI (p50.09). Out of those lesions that
demonstrated no washout in the portal venous phase,
14% (2/14) had vascular invasion compared with 54% (7/
13) in those lesions that did demonstrate washout.

Lesions where no vascular invasion was present had a
median size on histopathology of 19.2 mm compared
with 23 mm for lesions where vascular invasion was
present (p50.18).

Table 2. Patient demographics and aetiology of hepatocel-
lular carcinoma

Patient Gender Age (years) Aetiology

1 M 34 HBV
2 M 53 HCV
3 M 54 HCV
4 M 72 NASH and HCV
5 M 56 HCV
6 M 45 ALD
7 M 45 HCV
8 M 61 ALD
9 M 61 ALD

10 M 64 ALD
11 M 68 NASH
12 M 46 HBV
13 M 59 HCV
14 M 53 HCV
15 M 56 Cryptogenic cirrhosis
16 M 58 HCV
17 M 52 HCV
18 M 65 HCV

ALD, alcoholic liver disease; HBV, hepatitis B virus; HCV, hepatitis
C virus; M, male; NASH, non-alcoholic steatohepatitis.

Figure 5. Bar chart demonstrating number of lesions detected on each MRI sequence by each reader.

N Griffin, H Addley, E Sala et al

740 The British Journal of Radiology, June 2012



Discussion

The 23 imaging features chosen for this study were
based on established literature where recognised features
of HCC include heterogeneous signal intensity on T1 and
T2 weighted images, increased signal intensity on T2

weighted images, arterial phase enhancement, ‘‘wash-
out’’ in the portal or delayed phase, the presence of a
capsule and portal vein thrombosis [19, 20]. Other
features that have been described but that were not
assessed in this study include nodule within a nodule
appearance and the presence of satellite nodules [19].

As Figure 5 shows, the detectability of the lesions
varied depending on the particular MR sequence used,
with lesions most easily seen on the arterial phase of
dynamic gadolinium imaging, where all readers were in
agreement. For the remaining sequences, Reader 2
detected a greater number of lesions than Readers 1
and 3. This, however, did not reflect the seniority of the
radiologist (Reader 1 being the most experienced) but
probably reflects how qualitative analysis in small
lesions can be highly subjective. In concordance with
the findings in Figure 5, Figure 6 again shows that
enhancement in the arterial phase was the most
consistent feature with all HCCs enhancing in the
present study and with all readers in agreement. For
the other 22 imaging features, variable mean confidence
ratings were given with wide standard deviations,
probably reflecting the heterogeneity of HCCs in general.
There have been a number of studies that have shown
the value of dynamic gadolinium in the detection of
HCCs over T2 weighted imaging [21, 22]. For example,
Fujita et al [21] showed that there was 100% sensitivity
for detection of HCC on T1 weighted dynamic gado-
linium imaging compared with a sensitivity of only

68–78% on T2 weighted imaging. However, other studies
[23] have shown that the addition of T2 weighted
imaging to gadolinium-enhanced 3D dynamic imaging
can increase reader confidence when there are equivocal
findings.

As shown in Table 1, many of the MR features that
showed greatest inter-reader consistency (mean discre-
pancy ,1) across all lesions were on the T1 weighted
sequences, with four of the most consistent features
being arterial enhancement, heterogeneous enhancement
on the arterial phase, absence of fat within the lesion and
presence of washout on delayed images. Features such as
increased signal intensity, heterogeneity and irregular
margin on T2 all had a mean discrepancy between
readers and across all lesions of .1.5. The reason for this
difference is unclear but may reflect intrinsic differences
in signal to noise ratio of the two acquisitions, making it
easier to discern lesions on T1 weighted sequences. The
majority of patients in our study had abnormal back-
ground liver texture, which could have influenced the
conspicuity of the lesions on the T1 and T2 weighted
sequences.

In the assessment of MR features associated with
vascular invasion, only arterial enhancement could not
be included, as this feature was identified in all lesions;
hence it was of no use as a predictor of whether vascular
invasion was present or not. Out of the subsequent 10
most consistent MR features, washout in the portal
venous phase showed a trend towards vascular invasion
on histopathology (p50.09); hence this MRI feature may
suggest a poorer prognosis. There was approximately 3.9
times greater frequency of vascular invasion in lesions
demonstrating washout in the portal venous phase than
in lesions not demonstrating this imaging feature. In

Figure 6. Graph showing mean adjusted confidence rating score (¡standard deviation) for each feature across all 27 lesions
and all 3 readers.
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addition, a possible but non-significant association with
vascular invasion was also suggested with washout in
the delayed phase (p50.13). It has been shown that
delayed hypointensity of an arterially enhancing mass
within the liver is an independent predictor of HCC
[24], although contrast enhancement characteristics can
be variable [25]. Delayed hypointensity on dynamic
contrast enhancement is a more consistent finding in
larger tumours [26, 27], which are themselves asso-
ciated with a poorer prognosis. It is interesting to note
that, in the present study, the median size of lesions
was larger with vascular invasion. This, however, failed
to reach significance, probably because of the small
sample size.

Two other features identified in the present study as
showing a weak but non-significant correlation with
vascular invasion on histopathology (p#0.18) included
the absence of increased signal intensity on T1 weighted
images and the absence of a rim on the T1 arterial phase.
The latter observation was not a consistent imaging
feature, being ranked 13 out of 23 in order of
interobserver consistency in our study. Studies have
shown that diffuse enhancement with a more prominent
rim occurs in only approximately 15% of HCCs [28].
Ishigami et al [29] found that the presence of a
pseudocapsule on dynamic MR may correlate with
peritumoural sinusoids and/or fibrosis. When compared
with HCCs with a true histological fibrous capsule, the
incidence of vascular invasion was not significantly
different. There are no studies evaluating the correlation
between signal intensity on T1 weighted images and
microscopic vascular invasion, although it has been
shown that more poorly differentiated HCCs are more
likely to be hypo- to isointense on T1 weighted imaging
[30].

Only a few studies [28, 29, 31–33] have attempted to
correlate pre-operative imaging with prediction of
microvascular invasion in HCC. These studies chiefly
used CT during hepatic angiography, CT with arterio-
portography (CTAP) or superparamagnetic iron oxide-
enhanced MRI as imaging modalities [28, 31–33] rather
than MRI with dynamic gadolinium. Hence no direct
comparison can be made with the present study as none
of the 23 imaging factors that we evaluated was
addressed. In these studies [28, 31], features found to
correlate with microscopic portal invasion included
distortion of the tumour corona, tumourous arterioportal
shunt, tumour size and a greater ratio of peritumoural
haemodynamic change to tumour volume in tumours
,3 cm. Three types of area of peritumoural haemody-
namic change were identified [31, 32] on CTAP (wedge-
shaped, irregular and linear) but no significant difference
was found in the frequency of these three types and the
presence or absence of minute portal venous or hepatic
venous invasion.

As discussed in the introduction, vascular invasion on
histopathology is one risk factor that is associated with a
greater risk of recurrence and with poorer survival
following hepatic resection for HCC [18, 34–37]. The
ability to identify pre-operatively imaging characteristics
which correlate with the presence of microvascular
invasion thus has important prognostic implications.
The strongest correlate in our study was the presence of
washout within the lesion in the portal venous phase on

MRI. This showed a trend towards vascular invasion
on histopathology. Clearly, if a consistent imaging
feature can be identified on MRI then this would not
only predict long-term survival but may also help in
stratifying patients for additional treatment such as
transcatheter arterial chemoembolisation or adjuvant
chemotherapy [36].

There are several limitations to the present study. The
authors acknowledge that the sample size was small,
with comprehensive liver imaging available at our
institution for only 27 lesions. This was because the
majority of patients were referred from other institutions
where imaging had already been performed. It is
calculated that, in order to have 80% power to detect
doubling of the rate of vascular invasion from 20% in
those where features were absent to 40% where features
were present, approximately 180 lesions would have to
be evaluated. Clearly this would involve a multicentre
study over a prolonged period to achieve this. Second,
the present analysis to determine which MR features
predicted vascular invasion was somewhat restricted as
only 9 out of the 27 lesions demonstrated this particular
characteristic.

In conclusion, the present study has shown that HCCs
demonstrating washout in the portal venous phase on
MRI showed a trend towards vascular invasion on
histopathology, with approximately 3.9 times greater
frequency of vascular invasion than lesions not demon-
strating this imaging feature. Arterial enhancement was
a consistent feature seen in all lesions, and thus could not
be used as a feature to predict the presence or absence of
vascular invasion. A number of other consistent imaging
features, such as lack of increased signal intensity within
the lesion on T1 weighted images and the presence of
washout in the delayed arterial phase, may also be
associated with vascular invasion (p,0.2). In addition,
the median size of lesions was larger when vascular
invasion was present (p50.18). It is possible that a larger
study would have demonstrated significance for these
findings but this would only be achieved with a
multicentre study using uniform protocols. An alter-
native theory is that prediction of vascular invasion or
other markers of poor prognosis is better made with
serial imaging where the more typical imaging features
for HCC evolve over time. A combination of several
imaging features on different sequences (such as arterial
enhancement on dynamic gadolinium sequence with
high signal intensity on T2 weighted imaging) rather
than an isolated feature on one single sequence may also
be of greater value in predicting tumours with poor
prognosis. Certainly studies have shown that a combina-
tion of MR sequences assists in the diagnosis of HCC
[23].

Recently we have added diffusion weighted imaging
(DWI) as a routine sequence to our MRI liver protocols.
The use of DWI in addition to conventional MRI
sequences may assist in the identification of patients
with poorer prognosis. There have been no studies to
date evaluating the use of DWI in predicting vascular
invasion in HCC. However, preliminary studies suggest
that a combination of hypovascularity and visibility on
DW images can help distinguish poorly differentiated
HCCs from well-differentiated HCCs and dysplastic
nodules [38].
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The authors intend to embark on a larger study of
patients with HCC. It is hoped that a larger study
will demonstrate a significant correlation between the
imaging features identified in the present study and
vascular invasion. Attention will be focused on those
imaging features (e.g. washout in the portal venous
phase) identified from the present study that have
suggested a correlation with vascular invasion. Serial
MRI studies will be reviewed in order to determine if
there are changes in signal characteristics with evolution
to HCC. Correlation with other prognostic markers such
as proliferative indices is also planned to determine
whether there is indeed a relationship between specific
imaging features and other histopathological outcome
predictors.
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