
1 23

Journal of Gastrointestinal Cancer
 
ISSN 1941-6628
 
J Gastrointest Canc
DOI 10.1007/s12029-017-9952-7

Non-Hypervascular Hypointense Nodules
at Gadoxetic Acid MRI: Hepatocellular
Carcinoma Risk Assessment with Emphasis
on the Role of Diffusion-Weighted Imaging

Chiara Briani, Marco Di Pietropaolo,
Massimo Marignani, Francesco
Carbonetti, Paola Begini, Vincenzo
David & Elsa Iannicelli



1 23

Your article is protected by copyright and all

rights are held exclusively by Springer Science

+Business Media New York. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



ORIGINAL RESEARCH

Non-Hypervascular Hypointense Nodules at Gadoxetic Acid
MRI: Hepatocellular Carcinoma Risk Assessment with Emphasis
on the Role of Diffusion-Weighted Imaging

Chiara Briani1 &Marco Di Pietropaolo1 &MassimoMarignani2 & Francesco Carbonetti1 &

Paola Begini2 & Vincenzo David1
& Elsa Iannicelli1

# Springer Science+Business Media New York 2017

Abstract
Introduction and Aim In cirrhotic patients, the characteriza-
tion of hypovascular nodules, hypointense on hepatobiliary
phase gadoxetic acid disodium-enhanced magnetic resonance
images (Gd-EOB-DTPA-enhanced MRI), is essential to look
for the proper approach strategy. Our objective was to evaluate
the imaging features and risk assessment of hypovascular nod-
ules, hypointense on Gd-EOB-DTPA-enhanced MRI, focus-
ing on the diagnostic value of diffusion-weighted imaging
(DWI).
Material and Methods This prospective study includes 35
patients with 50 hypovascular hypointense nodules. Signal
intensity on T2-weighted images and DWI, vascular pattern
on dynamic contrast-enhanced MRI and on hepatobiliary
phase, and volume doubling time were analyzed for each nod-
ule as well as patient’s clinical features. Univariate and multi-
variate analyses were made to determine the variables associ-
ated with the development of hypervascular pattern.
Results On 24 months follow-up period, 40% of the
hypointense nodules (mean size 14 mm ± 6.1) became
hypervascular hepatocellular carcinoma (HCC) with 6 and
12 months cumulative risk of 45 and 55%. Nine/12 (75%,
mean size 15.50 mm ± 7.2) that appeared hyperintense in
DWI at first exam show malignant transformation (p val-
ue = 0.007). Univariate and multivariate analyses identified
hyperintensity at initial DWI (OR 6.49; 95% CI 1.28–32.80; p

value = 0.009) and size ≥10 mm (OR 6.22; 95% CI 1.57–
24.63; p value = 0.024) as independent factors with the devel-
opment of HCC.
Conclusion In conclusion, hypovascular lesions ≥10 mm and
those hyperintense in DWI were associated with progression
to hypervascular HCC. A close follow-up or histological char-
acterization is recommended to improve patients outcome and
to develop effective treatment.

Keywords Hepatocarcinogenesis . MR imaging . Liver
cirrhosis . Diffusion-weighted imaging . Hepatocellular
carcinoma

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world and the major cause of cancer-
related mortality in patients with cirrhosis. Epidemiological
data show a progressive increase in incidence in industrialized
countries, with about 749,000 new cases diagnosed annually
and 695,000 deaths per year from liver cancer [1].

The early detection and characterization of focal liver
lesions is critical for optimal patient management [2, 3].
The treatment options are based mainly on the stage
when the tumor is first diagnosed: the change for cura-
tive therapies, including liver transplantation (according
to Milan criteria), liver resection, or local-regional treat-
ment increases the patient survival rate and offers the
best chance for long-term survival with a 5-year surviv-
al rate approaching 75% [4, 5].

Hepatocellular carcinoma develop by a multistep process
arise from regenerative to dysplastic nodule (DN) (low grade-
high grade), then to well-differentiated HCC, and finally
evolves into advanced hypervascular HCC characterized by
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intense vascularization after the recruitment of an arterial
blood supply by the hepatic artery [6].

According to the guidelines of the American Association
for the Study of Liver Disease (AASLD) [4], the diagnosis of
HCC in cirrhotic patients, with a lesion ≥1 cm is established
on enhanced computed tomography or magnetic resonance
imaging (MRI), showing the typical pattern of hypervascular
in the arterial phase and washout in the portal phase and late
without biopsy confirmation [4].

Unfortunately, hypovascular well-differentiated HCCs,
early HCC or DNs, may present atypical features on dynamic
study, due to the lack of the typical hemodynamic changes,
showing hypovascularity on arterial phase images.

Gadoxetic acid disodium (Gd-EOB-DTPA) offers the
combined properties of an extracellular space contrast
agent during the vascular-interstitial phases and liver-
specific magnetic resonance contrast agent allowing
evaluation of hepatocyte uptake with subsequent biliary
excretion assessing the metabolic function of nodules
which can help the characterization and detection of
hypovascular HCC and their precursors.

Diffusion-weighted imaging (DWI) seems to show a
good efficiency in identifying lesions, according to the
quantitative evaluation of the molecular motion, depend-
ing on the microstructural organization of the district
examined [7]. In tumors structures, cell density substan-
tially increases with a decrease in the extracellular
space. This results in a subsequent decrease in mobility,
which leads to restricted diffusion [8].

The combination of Gd-EOB-DTPA and DWI could allow
assessment of three processes of hepatic multistep carcinogen-
esis (vascular changes, hepatocyte change, and tissue
diffusivity).

Therefore, in a context where characterization of
hypovascular nodules remains complicated [9] and their man-
agement is still a contentious issue, we conducted this study
with the aim to investigate the imaging features and the natural
outcome of hypovascular nodules, hypointense on
hepatobiliary phase gadoxetic acid-enhanced magnetic reso-
nance images (Gd-EOB-DTPA-enhanced MRI), focusing on
the diagnostic value of DWI, to look for a better approach
strategy.

Material and Methods

Study Group

We conducted a prospective longitudinal study, between
January 2014 and February 2017, on patients with chronic
liver disease who showed hypointense nodule on hepatobiliary
phase Gd-EOB-DTPA-enhanced MRI, performed for surveil-
lance program or follow-up for treated HCC.

The following inclusion criteria were used: (1) hypointense
lesions on hepatobiliary phase without hypervascularization
on arterial phase images and (2) available of 3 months Gd-
EOB-DTPA-enhanced MRI including DWI sequences, for at
least 24 months.

The exclusion criteria were as follows: (1) patients with
hemosiderosis and hemochromatosis and (2) portal vein
thrombosis, serious renal failure, or previous adverse reactions
to gadolinium contrast agent. Therefore, 35 patients with 50
nodules were enrolled in the study (Table 1).

The final diagnosis of HCC was made according to the
guidelines from the AASLD [4]. We analyzed the clinical data
for determine the clinical features associated with the devel-
opment of hypervascular pattern.

This study was approved by the Institutional Review Board
of our hospital and written informed consent was obtained
from each patient.

MRI Protocol

Magnetic resonance imaging was performed using a 1.5-T
scanner (Sonata Siemens, Erlangen, Germany), with element
phased-array surface body coil. The detailed parameters are
shown in Table 2.

DWI was acquired with echo-planar imaging sequence (b
values 50–400–800 s/mm2) with respiratory triggering. An
apparent diffusion coefficient (ADC) maps was derived on a
voxel-by-voxel basis by using a commercial software.

Table 1 Characteristics of patients (N = 35)

Variables Values

Age (years) ± SD Mean 68 ± 8.6

Gender (male-female) 26 (74%):9 (26%)

Etiology

• HCV 21 (60%)

• HBV 9 (25%)

• Cryptogenic 2 (6%)

• Alcohol 2 (6%)

• Primary biliary cirrhosis 1 (3%)

Height (m) ± SD Mean 1.72 ± 0.06

Weight (kg) ± SD Mean 81.22 ± 2.33

BMI (kg/m2) ± SD Mean 16.77 ± 1.22

Child-Pugh class

A 28 (80%)

B 7 (20%)

AFP

<20 ng/mL 20 (57%)

20–200 ng/mL 10 (29%)

>200 ng/mL 5 (14%)

SD standard deviation,HBV hepatitis B virus,HCV hepatitis C virus, BMI
body mass index, AFP α-fetoprotein
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Three-dimensional volumetric interpolated breath-hold ex-
aminations were acquired before and after intravenous bolus
injection of Gd-EOB-DTPA (0.025 mmol/kg of body weight)
at a rate of 0.8–1 ml/s, followed by a 10-cm3 saline flush at the
same injection rate. For Gd-EOB-DTPA-enhanced MRI arte-
rial phase (30–35 s), portal phase (70–80 s) and equilibrium
phase images (180 s) were obtained following the contrast
agent injection.

The time for the arterial phase imaging was determined by
using the magnetic resonance bolus detection technique.
Hepatobiliary phase images were acquired with a delay of
20 min after injection, by using volumetric interpolated
breath-hold examinations sequence (axial and coronal planes)
and fast low-angle shot 2DT1 fat-sat high-resolution sequence.

Image Analysis

Magnetic resonance images were interpreted by two abdomi-
nal radiologists in consensus with 20 and 10 years of experi-
ence in liver MRI, respectively.

The parameters evaluated included the nodule size, the sig-
nal intensity on unenhanced T2-weighted images and on
hepatobiliary phase images, as well as the lesion’s vascular
pattern on dynamic contrast-enhanced MRI, the presence of
hyperintensity on high b value DWI (b = 800 s/mm2) and
ADC values on ADC maps.

The signal intensity (SI) of the lesions was measured before
the injection of the contrast agent and 20min after the injection
of Gd-EOB-DTPA in T1-weighted images with fat suppres-
sion. The SI of the lesions was calculated by setting a circular
region of interest. Relative enhancement was calculated with
the following formula: RE = (SI (after enhancement) − SI
(before enhancement))/SI (before enhancement).

The lesion size was calculated as the longest diameters of
the nodules in the axial plane on hepatobiliary phase image.
For nodules enlarged during follow-up, lesions were re-
measured on the last follow-up MRI; thereafter, the tumor
volume doubling time was calculated based on the Schwartz
formula [10].

DT ¼ T2−T1ð Þln2
In

V2
V1

� �

where V1 and V2 are two tumor volume estimates at two
different time, at the initial MRI and at the last follow-up
MRI, respectively.

On DWI, a lesion was defined as hyperintense only when it
showed hyperintensity at b = 800 s/mm2 compared to the signal
drop of background parenchyma with equivalent or a lower
ADC value compared to the background parenchyma on the
ADC map.

A lesion was defined as hypovascular nodule when it was
hypointensity on hepatobiliary phase and no hypervascularity
on arterial phase images. Lesion was considered as definitely
being HCC when it was larger than 10 mm showing the typical
vascular pattern for HCC according to the AASLD criteria [4].

Statistical Analysis

Fisher’s exact test or the chi-square test, when needed, was
used to evaluate the relationship between individual parame-
ters and evolution. The Student’s t test was used to compare
the average age between the two groups (evolved vs. non-
evolved) and the Mann-Whitney test was used to compare

Table 2 Magnetic resonance parameters

DWI MRI T2WI T1WI DCE MRI

Sequence Single-shot dual spin-echo EPI Turbo spin-echo Fast gradient echo Gradient echo with
3D acquisition (VIBE)

Matrix 128 320 256 256

Acquisition time 3 min 20 s 31 sa 18 s

TE (ms) 68 119 2.4 and 4.5 1.8

TR (ms) 2900 2000–3000 125 4.5

Flip angle (degrees) 90 180 70 10

Slice thickness (mm) 5 6 5 3

Fat saturated – Yes – Yes

Respiratory triggered Yes Yes – –

Other b values of 50–400–800 s/mm2 Scan delay after administration:
30–35 s, 70–80 s, 180 s, 20 min

DWI diffusion-weighted imaging, MRI magnetic resonance imaging, DCE MRI dynamic contrast-enhanced MRI, EPI echo-planar imaging, VIBE
volumetric interpolated breath-hold examinations, TE echo time, TR repetition time
a Two breath holds were required in many cases
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alpha fetoprotein distribution and number of treatments be-
tween the two groups.

The test for trend was used to evaluate the trend of the
variable presence of HCC between the two groups. The odds
ratio and their 95% confidence intervals (95% CI) were cal-
culated for each factor, using univariate logistic regression.

The factors with a univariate association with p value <0.1
were included in the stepwise multivariate model (output
probability 0.1). The OR adjusted (OR adj) and its confidence
intervals were calculated for the two factors remaining in the
model. A p value <0.05 was considered to indicate statistically
significant differences.

The statistical analysis was performed by using a
statistical software (Systat Software, Inc. Sigma Plot
for Windows version 12.0).

Results

A total of 35 patients with 50 hypointense nodules (mean size
11.7 mm ± 5.5) were enrolled in the study (Figs. 1a, b, 2a, b,

and 3a, b). Twelve/50 (24%) nodules showed hyperintensity
on DWI (mean size 15 mm ± 6.9) (Fig. 1c) with a mean ADC
values of 1.10 × 10–3 m2/s ± 0.33.

Dur ing 24 months fo l low-up per iod , a r te r ia l
hypervascularization was observed in 40% of the hypointense
nodules (20/50, mean size 14 mm ± 6.1) that show a typical
vascular pattern of HCC (Figs. 1 and 2).

Fifteen/20 lesions were ≥10mm (mean size 16.2mm± 5.6)
at the first exam; the others five nodules (mean size
7.6 mm ±0.8) have increased in size (>1 cm) during the
follow-up period.

The estimated 6 and 12 months cumulative risk of nodule
hypervascularization were 45 and 55%, respectively.

T h e r em a i n i n g 3 0 n o d u l e s d i d n o t s h ow
hypervascularization on arterial phase images during the
24 months follow-up (mean size 9.5 mm ± 4.2) (Fig. 3). The
tumor volume doubling time in the hypervascular group was
shorter than that in the non-hypervascular group, with a mean
of 772 vs. 1179 days, respectively.

Univariate analysis shows significant differences between
the nodules with and without hypervascular transformation

Fig. 1 MR images of hepatocellular nodule that progress to
hypervascular HCC in a 71-year-old man. Axial gadoxetic acid-
enhanced arterial phase image does not show hypervascular focal liver
lesions (a). The hepatobiliary phase image shows a hypointense nodule
(arrow) (b) with hyperintensity onDWI at b 800 s/mm2 (arrow) (c). After

12 months follow-up period, the lesion shows enhancement on arterial
phase (arrow) (d) and washout on equilibrium phase images (arrow) (e).
The histological result confirmed the diagnosis of hepatocellular
carcinoma
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with regard to nodule’s size (≥10 mm, p value = 0.002) and
hyperintensity at initial DWI. Nine/12 (75%, mean size
15.5 mm ± 7.2) that appeared hyperintense in DWI at the first
exam show malignant transformation (p value = 0.007)
(Fig. 1).

The mean ADC values of the transformer group was lower
than that in the Bstable^ group (1.03 × 10–3 m2/s ± 0.28 vs.
1.27 × 10–3 m2/s ± 0.30), although the difference was not
statistically significant (p value > 0.05). No significant differ-
ences in other evaluation items were observed.

In addition, multivariate analysis confirmed that
hyperintensity on DWI (OR 6.49; 95% CI 1.28–32.80; p val-
ue = 0.009) and size ≥10mm (OR 6.22; 95%CI 1.57–24.63; p
value = 0.024) are independently associated with the develop-
ment of HCC.

An increase of value of alpha fetoprotein increases
the risk of evolution (OR 1008; 95% CI 1.002–1.013; p
value = 0.009), although is not related as independent
factors for hypervascular transformation (p val-
ue = 0.072). The results of analysis are summarized
in Tables 3 and 4.

Discussion

Magnetic resonance imaging plays a crucial role in the man-
agement of patients with liver cirrhosis, but dynamic images
sometimes provide inconclusive findings in the detection and
characterization of liver lesions.

Technological and protocol advancements with liver-
specific contrast agents makes a positive impact in patient
management strategies in clinical practice [11–15]. Recent
studies [12, 16–18] have demonstrated that Gd-EOB-DTPA
is uptaken by means of organic-anion transporting polypep-
tide, and the decrease of their expression, and therefore the
Gd-EOB-DTPA uptake, precedes the reduction of portal
blood flow and neoangiogenesis.

Therefore, hypointensity on hepatocyte phase well corre-
lated with the initial phase of carcinogenesis.

Almost all nodules included in this study were equal or less
than 2 cm in size (96%) and they could be considered Bsmall
HCC^ by the definition of the International Working Party of
the World Congress of Gastroenterology in 1995 [19]. In
2009, the International Consensus Group for Hepatocellular

Fig. 2 MR images of hepatocellular nodule that progress to
hypervascular HCC in a 68-year-old woman with hepatitis C virus-
related cirrhosis (a). Axial gadoxetic acid-enhanced 20-min HBP image
demonstrates a hypointense nodule (arrow) not showing arterial
enhancement in arterial phase image (b). Axial single-shot echo-planar

DW image (b 800 s/mm2) does not detect liver nodule (c). Six months
later, during the follow-up, dynamic MR images show a typical vascular
pattern of HCC: hypervascularity on the arterial phase image (arrow) (d)
and washout in the equilibrium phase image (arrow) (e)
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neoplasia [6] referred early HCCs to as Bsmall HCC of the
vaguely nodular type.^ Early HCCs are considered Bin situ
carcinoma^ showing well-differentiated proliferation [12]
with the development of unpaired arteries.

Most of these nodules are still hypovascular on dynamic
MRI, only 5% of the ear ly HCCs show arter ia l
hypervascularity on dynamic contrast-enhanced MRI [20].
Nodules at this stage have a high chance of surgical cure,
lower recurrence rates, and more favorable outcome [21–23]
with a surgical resection survival rate and recurrence-free sur-
vival rate at 5 years of 93 and 47%, respectively [24].

Gd-EOB-DTPA-enhanced MRI is used to combine func-
tional and morphological analysis and could allow the detec-
tion of iso-hypovascular pre-malignant (low-grade DNs-high-
grade DNs) and malignant (early HCCs-hypovascular HCCs)
lesions [12, 25–27].

In our study 40% of hypointense nodules of Gd-EOB-DTPA
developed hypervascularization and an increased size, showing
the typical vascular pattern for HCC according to AASLD
criteria [4], with a cumulative risk of hypervascularization of
6 months of 45% and 12 months of 55%.

Our results are consistent with other studies [28–30] and
highlight the role of close follow-up to early detection and
characterization of hypovascular nodules that can potentially
progress to hypervascular HCC.

In addition, it is interesting to know that, as suggested by
Komatsu et al. [31], the presence of hypointense nodules ap-
pears to be associated with at higher risk for developing HCC
not only at the same site from initial nodule but also at any
sites of the liver.

Our results, displayed in Tables 3 and 4, show that
hyperintensity in DWI at first exam and lesion size are the
only variable significantly correlated with hypervascular
transformation, identifying them as independent factors in
predicting malignant transformation in multivariate analysis.

None of the clinical findings included serum alpha fetopro-
tein level, etiology, comorbidity, Child-Pugh class, and coex-
istence of hypervascular HCC show correlation with
arterialization in hepatobiliary phase hypointense nodules on
follow-up.

In our study 75% of hypointense nodules that appeared
hyperintense in DWI at first exam show malignant transfor-
mation (p value = 0.007) (Fig. 1). On the other hand, in our
experience, hyperintensity detected in T2-weighted images
are not significantly predictive of malignancy (p
value = 0.065).

In the multistep pathway of hepatocarcinogenesis, several
cellular changes occur, including an increase of cell density,
with a consequent decreased thickness of extracellular space
and an increase of both nuclear-to-cytoplasmic ratio and thick-
ening of cellular plates.

All these mechanisms lead to a reduction of mobility of
water molecules that results in a restricted diffusion detectable
through DWI [8].

As reported in other studies [32–34], adding DWI to dy-
namic contrast-enhanced MRI can improve the diagnostic ac-
curacy in the diagnosis of hepatic nodules and to predict the
outcome of hypointense nodules in the hepatobiliary phase.

Moreover, to provide a quantitative index of diffusion,
quantitative ADC measured was also performed. We found a

Fig. 3 MR images of hepatocellular nodule that did not progress to
hypervascular HCC in a 65-year-old man with hepatitis B virus-related
cirrhosis. No focal lesions are detected on arterial phase image (a). HBP
image shows a hypointense lesion (arrow) (b) that does not shows

hyperintensity on axial single-shot echo-planar DW image at b 800 s/
mm2 (c). After 6 months, no evidence of enhancing lesion on arterial
phase image (d) and the lesion is clearly hypointense on HBP image
(arrow) (e)
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tendency toward a lower mean ADC in the transformer group
than the stable group; nevertheless, no significant difference
was found (p value > 0.05).

The typical architecture of cirrhotic liver is characterized
by an increasing of fibrotic tissue and a consequent decreased
blood flow therefore the ADC value takes into account also
perfusion random motions that occur in the capillary network
[35]. Furthermore, cirrhotic parenchyma and solid benign le-
sions have low ADC values that will lead to a considerable
overlap with malignant lesions [36, 37]. The role of ADC
evaluation is still controversial and the lack of international
standardization for the b value setting does not allow
obtaining comparable results.

Ou r r e su l t s h i gh l i gh t t h a t t h e i n c i d ence o f
hypervascularization is significantly higher for nodules
≥10 mm in size (p value = 0.002) with a tumor volume dou-
bling time shorter than that of the stable group with a mean of
772 vs. 1179 days, respectively.

In this context, we are in agreement with the Consensus-
Based Clinical Practice Guidelines proposed by the Japan
Society of Hepatology [38] that underline the important role
of gadoxetic acid in the evaluation of atypical vascular pattern
lesions, including Gd-EOB-DTPA in the diagnostic and treat-
ment algorithms for hypovascular nodules, and recommended
biopsy of hypointense nodules of 1–1.5 cm or larger for dif-
ferential diagnosis between early HCC and DN.

Table 3 Evolution of
hypointense nodules on
hepatobiliary phase:
characteristics of patients

Variables Hypervascularization p value-U

Yes (n: 20) No (n: 30)

Age (years) ± SD 62.2 ± 8.5 62.6 ± 10.4 0.900

Serum AFP level (ng/mL) ± SD 38 ± 12.5 15 ± 6.5 0.072

Etiology 0.345

HCV 14 (47%) 16 (53%)

HBV 3 (43%) 4 (57%)

Non-B; non-C 3 (23%) 10 (77%)

Comorbidity 0.180

Yes 22 (67%) 11 (33%)

No 9 (53%) 8 (47%)

Child-Pugh class 0.130

A 14 (35%) 26 (65%)

B 6 (60%) 4 (40%)

Coexistence of hypervascular HCC 0.078

Yes 18 (43%) 24 (57%)

No 2 (25%) 6 (75%)

Previous history of HCC ± SD 4 ± 0.2 3 ± 0.8 0.131

N (%) or mean, SD standard deviation,HBV hepatitis B virus,HCV hepatitis C virus, AFP α-fetoprotein, p value-
U univariate analysis, Previous history of HCC number of treated HCC before the enrollment into the study

Table 4 Evolution of hypointense nodules on hepatobiliary phase: magnetic resonance imaging findings

Variables Hypervascularization p value-U p value-M Odds ratio (95% CI)

Yes (n: 20) No (n: 30)

Mean size mm (±SD) 14 mm (±6.1) 9.5 mm (±4.2) 0.002

Nodules ≥ 10 mm in size at the first exam 15 (62%) 9 (38%) 0.002 0.024 6.22 (1.57–24.63)

T2-weighted images 0.065

Hyperintense 8 (61%) 5 (39%)

Isointense 12 (32%) 25 (68%)

DW imaging 0.007 0.009 6.49 (1.28–32.80)

Hyperintense 9 (75%) 3 (25%)

Isointense 11 (29%) 27 (71%)

SD standard deviation, DW diffusion weighted, p value-U univariate analysis, p value-M multivariate analysis, 95% CI 95% confidence intervals
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In our opinion modify the current clinical pratice following
this guidelines could be worthwhile.

A previous study reported that the only independent asso-
ciated factor for arterial hypervascularization of hypointense
nodule of hepatobiliary phase is hyperintensity either on T2-
weighted images [30] or on DWI [29].

The main strength of our study is that two imaging features,
hyperintensity on DWI and nodules size, appear to be com-
pelling predictive marker independently associated with an
increased risk of hypervascular transformation.

We believe that our results allow a deep knowledge of the
significant of non-hypervascular hypointense nodules and of
the role of imaging in predict the malignant transformation
and characterization of liver lesions: nodules that show
hyperintensity on DWI and size ≥10 mm with faster growth
may be more frequent follow-up and biopsy is recommended
in order to differentiate early HCC from DNs and to develop
effective treatment [39].

Following this opinion Kim et al. [23] conclude that
percutaneous radiofrequency ablation is effective for
treating both high-grade DNs and well-differentiated
HCCs.

Matsuda et al. [39] show that preoperative Gd-EOB-
DTPA-enhanced MRI and simultaneous treatment of early
HCC prolonged recurrence-free survival after hepatic resec-
tion with a 5-year recurrence-free survival rates of 48.7 versus
25.5% (p value < 0.01).

Furthermore, the attractive of this result is that the lack of
significant correlation between clinical findings and the
hypervascular transformation strengthens the role of imaging
in predicting the malignant transformation among
hepatobiliary phase hypointense nodules.

Our results point out that imaging can stratify patient for
clinical purpose. Imaging is a useful tool in the management
of cirrhotic patients improving and allowing selection of pa-
tients that required close follow-up and that can be followed
by ambulatory care with better quality and effectiveness of
care in the health system.

Our study has some limitations: (1) the small sample size
and (2) the lack of the histopathological confirmation not
allowing the analysis of correlation between imaging of
hypointense nodules and their histological findings.
Nevertheless, this was not the purpose of our study because
our main goal was to assess the correlation between imaging
findings and patient outcome.

In conclusion, our study highlights the high risk of
hypointense nodules on hepatobiliary phases of malignant
transformation. Even more interesting is the demonstration
that hypovascular lesions ≥10 mm and those that appeared
hyperintense in DWI were associated with progression to
hypervascular HCC.

Therefore, in these cases, a close follow-up is recommend-
ed to improve patient’s outcome.

Some studies confirm the possibility of treating HCC at an
early stage [23, 39, 40], and Gd-EOB-DTPA-enhanced MRI
associated with DWI could allow a more efficient and early
selection of nodules that could be treated effectively at an
early stage.
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