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Abstract

Background: The new developments in imaging technology, including contrast enhanced ultrasound (CEUS), computed
tomography (CT), and magnetic resonance imaging (MRI), allow a better diagnosis of both malignant and benign liver lesions.
Material and methods: A retrospective trial of 126 patients was conducted in the Gastroenterology and Imaging Departments
of the University of Medicine and Pharmacy Craiova, Romania. CEUS and MRI were the imaging techniques used for diag-
nosis of focal liver lesions (FLL), especially for hepatocellular carcinoma (HCC). Histopathology was used only in 15 cases.
For each method of investigation we calculated the sensitivity, specificity, positive and negative predictive values (PPV and
NPV), positive and negative likelihood ratio (+LR, -LR), accuracy and we compared the ROC curves. Statistical analysis also
included the Chi-square and Kappa tests. Results: Seventy six cases were diagnosed as HCC, with average size of 5.2+3.3 cm
in diameter. The sensitivity and specificity were 71.4% and 95.6% for CEUS and 91.4%, 98.9% respectively, for MRI. When
comparing the ROC curves, we found a higher area under curve for MRI (0.952) then for CEUS (0.835) (p=0.005), and 95%
confidence interval of 0.0343 to 0.199. No statistically significant difference in diagnosis of FLL was found between CEUS
and MRI (p > 0.05) and the agreement between the two imaging techniques was good (k = 0.78). Conclusions: CEUS can be
used as the first step in the diagnosis of liver lesions, but MRI remains the gold standard diagnostic method for liver tumors.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common liver malignancies, frequently associated with
cirrhosis [1]. Surveillance should be performed by expe-
rienced personnel in all at-risk populations using abdom-
inal ultrasound every 6 months [1]. The enhancement
pattern of the lesions is the key to the characterization
of focal liver lesions (FLL), and in the estimation of the
histological grade of malignancy [2,3]. Thus, computer
tomography (CT), magnetic resonance imaging (MRI)
or ultrasonography performed with intravenous contrast
achieved a more accurate diagnosis of HCC in the new
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guidelines [4]. Diagnosis should be based on imaging
method with the identification of the typical hallmark of
HCC: hypervascular in the arterial phase with washout in
the portal venous or delayed phases [1]. Liver biopsy is
recommended in uncertainly or inconclusive radiologic
findings [1].

The aim of our study was to assess the role of transab-
dominal contrast enhanced US (CEUS) and MRI in char-
acterization and detection of HCC in patients diagnosed
with FLL.

Material and methods

A retrospective trial was conducted between Janu-
ary 2010-January 2013. A total number of 126 patients
with focal liver lesions were evaluated in the Gastroen-
terology Department of Emergency Hospital Craiova,
Research Center of Gastroenterology and Hepatology,
University of Medicine and Pharmacy Craiova and
SPAD Imaging. The final diagnosis was established by
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using clinical data, blood analysis, also imaging (CT/
MRI) and histopathological information. Final diagno-
sis of HCC was established in 76 patients evaluated by
both imaging methods (MRI and CEUS). Patients with
claustrophobic and metalic prothesis, recent myocardial
infarction or severe respiratory inssuficiency were ruled
out. Also, the patients following therapeutical proce-
dures (ablation, embolization or antiangiogenic) were
excluded. Histopathology was used only in 15 cases
with initial non-conclusive results during imaging. The
study was approved by the Local Ethical Committee.
The technical equipment consisted of ultrasound systems
with embedded contrast modules (Hitachi EUB 8500,
Hitachi HI VISION Preirus) and a state-of-the-art MR
scanner (Siemens MRI of 1.5 T). First of all, an US of
the liver in the conventional mode, using the gray scale,
was performed with a multifrequency convex array probe
in order to identify the FLL. When the suspected lesion
was identified, a dynamic CEUS was performed after
the administration of SonoVue as a bolus, with the same
convex array probe and the focus depth beyond the area
of interest. Each patient received a 2.4 ml i.v. bolus of
contrast using a catheter placed in the ante-cubital vein,
followed by 10 ml of physiological saline flush. The en-
hancement patterns of the FLL were studied during the
arterial (0-30 s), portal (30—120 s) and late phase up to 6
minutes, according to EFSUMB (European Federation of
Socities for Ultrasound in Medicine and Biology) recom-
mendations [1]. All images were digitally stored and ana-
lyzed by one experienced gastroenterologist. The lesions
discovered on standard US were evaluated, if suspected
for malignancy, by contrast enhanced MRI. MRI scans
were performed using a 1.5-T MR imager. All patients
underwent Tl-weighted, T2-weighted, and Gd-DTPA
enhanced (T1-weighted imaging with fat suppression)
imaging with breath holding used as a breathing motion
reduction technique. All patients received Gd-DTPA at

a dose of 0.1 mmol/kg body weight. The lesions’ signal
intensities were categorized as hyperintense, isointense,
and hypointense. MRI images were independently ana-
lyzed by one experienced radiologist. For each method
of investigation we calculated the sensitivity, specificity,
positive and negative predictive values (PPV and NPV),
positive and negative likelihood ratio (+LR, -LR), and
accuracy, using a computer software (MedCalc Software
9, 2008, Mariakerke, Belgium), and we compare the
ROC curves. We analyzed the significance of difference
in diagnosing FLL by using the Chi-square test and a p
value < 0.05 was considered to be statistically significant.
Moreover, we assessed the agreement between the two
imaging modalities by using the Kappa test. A good and
very good agreement was considered when k values were
between 0.60 and 1.00, and a poor, moderate, and fair
agreement when k values were between 0.20 or smaller
and 0.60.

Results

We included in this study 126 patients with focal
liver lesions, 75 men and 51 women, with a mean age
of 594+10.56 years. From these, 76 cases were diagnosed
with HCC by using the two imaging methods (CEUS and
MRI), with 69 patients having one lesion, 5 patients two
lesions, and 2 patients multiple lesions, most patients
being diagnosed in advanced stages. The clearest lesion
on conventional ultrasound was selected for study in pa-
tients with more than one lesion. The mean size of the
lesions was 5.2 ecm#3.3 (range 1.2—-15.1 cm) in diameter.
HCC appeared in context of viral B hepatitis in 2 cases,
viral C hepatitis in 3 cases and cirrhosis in 30 cases. Six-
ty-six out of 126 cases were diagnosed as HCC by CEUS
(fig 1, fig 2) and 73 out of 126 by MRI (fig 3, fig 4). The
sensitivity, specificity, PPV, NPV, +LR, and -LR and ac-
curacy for each method, in diagnosing HCC, is shown

Fig 1. Patient with liver cirrhosis and one focal lesion in the right liver lobe. CEUS examination shows the
nodule being quickly enhanced in the arterial phase, with a chaotic vascular pattern (a). In the portal venous
phase the nodule is isoechoic (b) and show partial washout in the late phase (c).
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in Table I. When comparing the ROC curves, we found
a higher area under the curve for MRI (0.952) than for
CEUS (0.835), with a significantly p value of 0.005, and
95% confidence interval of 0.0343 to 0.199 (fig 5).

The 10 false negative cases diagnosed by CEUS did
not show hyperenhancement in arterial phase or wash-
out in the delayed phases and the 3 false negative cases

diagnosed by MRI did not shown enhancement in arte-
rial phase and were misdiagnosed by the two imaging
techniques (moderately and well differentiated HCC).
The seven cases misinterpreted by CEUS were correctly
diagnosed by MRI. The four false positive cases classi-
fied by CEUS and one by MRI were histopathologically
diagnosed as dysplastic nodules, focal nodular hyper-

Fig 2. Patient with liver cirrhosis and a two cm nodule in the fifth segment (a). In CEUS the mass has the
aspect of a hepatocarcinoma, hyperenhanced in the arterial phase (b), with partial washout in the late phase
(¢). Quantitative analysis of time intensity curves demonstrate the early and intensive uptake of the focal le-
sion (red curve) as compared to the liver parenchima (yellow curve) (d) and loss of contrast agent in the late
phase compared to liver parenchima (e).

Fig 3. Hepatocellular carcinoma with different stages of differentiation. On T2-weighted images (a) a hetero-
geneously hyperintense lesion can be noted in the right live lobe. On the T1-weighted image (b) the lesion
shows heterogenous hyposignal. The hypervascularity of the lesion and the presence of numerous nodules
is depicted on arterial phase images after the bolus injection of Gd-BOPTA (c,d). The portal-venous phase
image demonstrates contrast agent wash-out (e, f).
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Fig 4. Diffuse poorly-differentiated hepatocellular carcinoma. On T1-weighted images the lesions appear hy-
pointense (a). Arterial phase images after the injection of Gd-BOPTA (b) shows some hypervascular lesions.
These lesions are hypointense compared to the normal liver in portal venous phase (c) and equilibrium phase (d).
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Fig 5. Comparing ROC curves for CEUS and MRI
for the diagnosis of FLL.

Table I. The sensitivity, specificity, PPV, NPV, +LR, -LR and
accuracy for CEUS and MRI

Imaging diagnostic techniques

Cases

CEUS MRI
Sensitivity 71.4 91.4
Specificity 95.6 98.9
PPV 86.2 97
NPV 89.7 96.8
+LR 16.25 83.20
-LR 0.30 0.087
Accuracy 88.09 96.03

plasia, cavernous hemangioma and hypervascular me-
tastasis.

We did not found a statistically significant difference
between CEUS and MRI in the characterization of FLL,
while a good agreement between the two imaging mo-
dalities was observed with a k value of 0.78.

Discussion

The characterization of liver lesions as benign or ma-
lignant is essential for the correct selection of patients to
receive a good therapeutic management. With the newly
introduced imaging technologies it is possible to diag-
nose HCC in early phases and to obtain cure, by using
minimal invasive techniques [1,5].

Several previous studies [6,7] have demonstrated the
high accuracy of CEUS in diagnosing and characteriza-
tion of FLL. Developments in MRI technique and the
availability of new MRI contrast agents have also im-
proved liver lesion characterization [8]. These two im-
aging methods are based on the different enhancement
patterns of liver lesions.

The recent introduction of microbbuble ultrasound
contrast agents has had a major impact in diagnosing fo-
cal liver lesions. As a result of their double blood supply
provided by the hepatic artery and portal vein, focal liver
lesions present a complex temporal and spatial picture of
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increased and reduced contrast [9-11]. This new technique
is based on digital processing of a signal produced by reso-
nance of the microbubbles [11], while it enables the real-
time visualisation of the enhancement pattern of lesions in
all contrast phases [12]. The arterial phase provides infor-
mation on the degree and type of tumor vascularity while
the portal-venous and late phase differentiate between ma-
lignant and benign tumors. HCC are usually hyperenhanc-
ing in the arterial phase, typically with a chaotic vascular
pattern. In the portal venous and late phase, HCC usually
shows hypoenhancement apart from well-differentiated
HCC that may be isoenhancing [13]. The typical CEUS
pattern for HCC diagnosis, by using EFSUMB guide [13],
is hyperenhancing in the arterial phase and hypoenhanc-
ing (slightly or moderately) in the late phase. In the recent
studies this typical pattern corresponds to HCC in more
than 97% of cases [14,15]. The CEUS performance in
focal liver lesions diagnosis was assessed in many mul-
ticentric studies, the accuracy of method being between
85 and 90% [9, 16-18]. In two recent studies the accuracy
was slightly lower ranging between 75 and 80% [16,18].
Another study [19] showed that 90.3% of the nodules in
patients with chronic liver diseases had a typical HCC ar-
terial enhancement, but only 69.3% of them presented a
washout in the late phase. Thus, if the typical HCC pat-
tern is being considered (hyperenhancement in the arterial
phase followed by washout in the portal and late phases)
only 69.3% of cases were diagnosed by using CEUS.

In the present study, 10 of 76 lesions did not show
hyperenhancement in the arterial phase or washout in the
delayed phase, being thus false-negative. The sensitivity
of CEUS in HCC diagnosis was 71.4%, similar to other
recent studies. The method is highly specific (95.6%), the
information obtained being also in accordance with the
recent literature.

MRI plays an important role in assessment of liver
lesions, being considered the gold standard imaging
technique for HCC diagnosing. There are several studies
which show a sensitivity of 92% [20] for double contrast
enhanced MRI compared with 50% sensitivity in case of
single contrast-enhanced MRI [21] in diagnosing nod-
ules between 1-2 cm. In 2003, it has been demonstrated
that angio-MRI increase the diagnostic accuracy of le-
sions less then 1 cm when comparing with CT (76% ver-
sus 61%), and particularly in case of lesions between 1
and 2 cm diameter (84% versus 47%) [22]. In the present
study, MRI correctly diagnosed the HCCs misdiagnosed
by CEUS and a sensitivity of 91.4%, with a specificity
of 98.9% in HCC diagnosis has been found, regardless
of nodules size. The various aspects of tumors in MRI
depend on tumor architecture, grading, stromal compo-
nent, as well as intracellular content [20]. The sensitivity

of MRI in the detection of HCC is lower in cases with
cirrhosis, in advanced stages and in the presence of as-
cites [23]. Patients with cirrhosis have foci of enhance-
ment on arterial phase imaging that cannot be visualized
on any other pulse sequences [24,25]. Difficulties can
be observed in distinguishing well differentiated HCC
from regenerative and dysplastic nodules, because small
HCCs can have an identical appearance as dysplastic
nodules, in up to 13% [26]. HCCs show variable en-
hancement with superparamagnetic iron oxide (SPIO)
particles, therefore in the context of cirrhosis and small
tumors, gadolinium enhanced imaging or a combination
of the two types of contrast agent are preferred [27,28].
In our study, the incapacity of MRI to distinguish HCC
depended on enhancement patterns and grading.

Recent studies have been focused on the relation-
ship between cellular differentiation and imaging find-
ings, such as contrast-enhanced CT (CECT), contrast-en-
hanced magnetic resonance imaging (CEMRI), Doppler
ultrasound (DUS) and CEUS. Most of them proved that
the tumor cellular differentiation was well correlated
with imaging findings [29-31]; nevertheless this correla-
tion has not been included in this study.

Regarding the comparison of ROC curves of the
two imaging modalities, we found a higher sensitivity
and specificity for contrast enhanced MRI in diagnosing
HCC, which also concur with other published data. MRI
had the advantage of diagnosing the small nodules and
the vascular involvement. When using the Chi square
test, no significant statistically difference (p>0.05) was
observed between CEUS and MRI in characterization of
focal liver lesions. Additionally, a good kappa value of
0.78 was observed between the two techniques.

In this study there are several limitations. First of all,
it was not possible to use pathology as a reference in all
FLL cases. Only fifteen cases were analyzed this way.
Therefore, MRI was considered the standard in benign
cases, especially when they had a typical vascular pat-
tern such as FNH (focal nodular hyperplasia) or heman-
giomas. Secondly, the HCC appeared in context of cir-
rhosis or other chronic liver disease [32]. HCC can have
hypervascular enhancement in the arterial phase and
isoenhancement in portal and delayed phases with the
use of CEUS, thus overlapping with the appearance of
FNH. Also, hypervascular metastases and HCC can have
similar enhancement patterns, which might lead to false
positive results [33].

Conclusions

In conclusion, the sensitivity and specificity of CEUS
in diagnosing HCC was more then satisfactory, although
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MRI remains the most confident diagnostic tool for liver
tumors. We think that CEUS can be used as the first step
in the diagnosis of liver lesions, this imaging method
having the advantage of safety, availability at the time
of initial diagnosis, good tolerance by the patient, while
being less expensive when compared with CT or MRI.
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