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Abstract

Background and aim: Development of contrast specific ultrasound techniques and introduction of the second-generation
ultrasound contrast agents have improved the ability of this technique in detecting and characterizing focal liver lesions
(FLLs). The purpose of this study was to present the experience of four Romanian centers in the evaluation of FLLs by contrast
enhanced ultrasound (CEUS), in daily practice. Materials and methods: We performed a multicentre retrospective study,
including 1,244 FLLs, evaluated by means of CEUS in four Romanian centers with extensive experience in ultrasound, dur-
ing September 2009-December 2010. Results: This study included 1244 FLLs, both “de novo” (1,056 cases) and pre-existing
(such as hepatocellular carcinomas evaluated after percutaneous treatment to assess the treatment results). In 1046/1244 of
cases (84.1%), CEUS showed a typical pattern of enhancement (according to the EFSUMB Guidelines 2008), thus being suf-
ficient for a correct and final diagnosis, while in 198/1244 of cases (15.9%), other methods of diagnosis were required, such
as contrast CT/MRI or biopsy. In our study, CEUS established the benign or malignant nature of lesions in 1139/1244 of cases
(91.5%). Conclusion: According to our results, CEUS could be the first imaging method of diagnosis for uncharacteristic
FLLs detected by standard ultrasound, providing a correct classification in 84.1% of cases and a correct differentiation be-
tween benign/malignant lesions in 91.5% of cases. Thus, when faced with an uncharacteristic FLL on standard ultrasound, our

local strategy is to perform CEUS as a first-line imaging investigation.
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Introduction

Contrast Enhanced Ultrasound (CEUS) is an imaging
method currently used in daily practice, in many centers
being the first technique used for the evaluation of Fo-
cal Liver Lesions (FLLs) discovered by standard ultra-
sound. After EFSUMB Guidelines regarding the use of
CEUS [1] were published in 2004, then revised in 2008
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[2], FLLs with typical contrast enhancement pattern can
be easily classified. Thus, in the latter years, CEUS has
become a reliable imaging method for the assessment of
FLLs.

Two large prospective multicentre studies validated
CEUS as a reliable method for the diagnosis of FLLs:
the first one, performed under the auspices of the Ger-
man Society of Ultrasound (DEGUM) [3] compares
CEUS to liver biopsy, and the second one, performed by
the French Society of Ultrasound, compares CEUS to
contrast CT or MRI and/or liver biopsy [4]. Both studies
showed good accuracy of CEUS for the characterization
of FLLs, with accuracy ranging from 80 to 95% for dif-
ferent types of FLLs.

Recently, two multicentre German studies showed
that for some FLLs, CEUS, multidetector - CT (MD-CT)
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and contrast enhanced MRI (CE-MRI) have a similar di-
agnostic value [5,6]. Also, published studies demonstrat-
ed that by starting the evaluation of FLLs with CEUS, the
cost of their investigation can be decreased [7,8].

Considering all these data, questions that can arise
are: how useful is CEUS in daily practice for the evalu-
ation of FLL and how often is this method able to make
a final diagnosis and when is it necessary to perform an-
other imaging technique?

The purpose of our study is to present a multicen-
tre experience regarding the use of CEUS for the char-
acterization of FLLs discovered on standard ultrasound
examination and to find out when other expensive imag-
ing methods, such as contrast enhanced CT or MRI, can
be avoided.

Materials and methods

We performed a multicentre retrospective study, in-
cluding 1244 FLLs, evaluated by CEUS in four Romani-
an centers with extensive experience in ultrasound, dur-
ing September 2009-December 2010. There were both
“de novo” (1,056 cases) and pre-existing lesions such as
hepatocellular carcinomas evaluated after percutaneous
treatment by means of percutaneous ethanol injection
therapy (PEIT) and radiofrequency ablation (RFA), to
assess the results of treatment.

The main purpose of our study was to evidence in
which proportion of cases the final diagnosis can be ob-
tained using only CEUS and how often CEUS can make
a clear differential diagnosis between the benign and ma-
lignant enhancement pattern of lesions.

In all cases in which standard ultrasound was not suf-
ficient for a correct diagnosis, we performed CEUS, inter-
preted according to the EFSUMB Guidelines [2]. ACEUS
examination was considered conclusive for diagnosis if
the FLL had a typical enhancement pattern after contrast
injection during arterial, portal and late phases, accord-
ing to the EFSUMB guidelines [2]. Following CEUS, we
divided the patients in two groups: one in which CEUS
evaluation was conclusive; and another in which CEUS
was inconclusive and other diagnostic methods were per-
formed (contrast CT or MRI, or biopsy of the lesion).

In addition, we divided our patients into two groups
(a) a group of subjects without diffuse hepatic disease
[excluded using clinical, biological, ultrasound and elas-
tographic criteria (including transient elastography - TE
and Acoustic Radiation Force Impulse elastography-
ARFI)] and (b) a group of patients with chronic hepat-
opathies (liver cirrhosis or chronic hepatitis).

Exclusion criteria for performing CEUS were: sub-
jects with acute cardiac infarction, class III/IV cardiac

insufficiency, cardiac rhythm disorders, and pregnant
women. The study was approved by the Local Eth-
ics Committee. After informed consent was obtained,
CEUS was performed and all patients were monitored
for adverse events, until two hours after the procedure.

A baseline US survey examination, including a color/
power Doppler analysis, was performed. For CEUS ex-
amination, a very low mechanical index (< 0.08 MHz)
was used for real-time imaging. Each examination lasted
about 5 min after bolus injection of SonoVue® (Bracco,
Italy) (a 2.4 ml bolus for each lesion to be character-
ized, via a 20-gauge intravenous catheter placed in the
ante-cubital vein, and followed by 10 ml saline flush).
To characterize the lesion, the hemodynamic behavior
of SonoVue® enhancement (hypoenhancing, hyperen-
hancing, isoenhancing) during the arterial phase (15-30
seconds), portal venous (30-120 seconds) and late vascu-
lar phases (120-300 seconds), were evaluated. All sono-
graphic examinations were digitally recorded.

The location and size of lesions were assessed on
unenhanced and CEUS scans. Ultrasound diagnosis, in
terms of the nature (malignant or benign) and type of the
lesion (hemangiomas, focal nodular hyperplasia - FNH,
liver adenoma, fatty liver alterations, hepatocellular car-
cinoma — HCC, or metastases) were based on SonoVue®
enhanced US. Experienced physicians (level II or III in
the EFSUMB classification: www.efsumb.org) evaluated
all SonoVue® enhanced images, formulating a final di-
agnosis.

Data obtained from the patients were collected in a
Microsoft Excel file, the statistical analysis being per-
formed using the GraphPad Prism 5 program. Fisher’s
exact test was used to compare proportions.

Results

In 1046/1244 of cases (84.1%), CEUS showed a typ-
ical enhancement pattern (according to EFSUMB Guide-
lines 2008), thus being sufficient for a correct and final
diagnosis, while in 198/1244 of cases (15.9%), second
line methods of diagnosis were required, such as contrast
CT/MRI or biopsy of the lesion.

In our study, CEUS also established the benign and
malignant nature of the lesion in 1139/1244 of cases
(91.5%) (wash-out pattern in portal and/or late phases as
a sign of malignancy according to the EFSUMB Guide-
lines 2008).

From the 1244 FLLs, 651 (52.3%) occurred in pa-
tients without known liver disease and 593 (47.7%) in
patients with known chronic liver disease.

CEUS was conclusive for the diagnosis in 1046/1244
of cases (84.1%): in 493/593 (83.1%) of patients with



Medical Ultrasonography 2012; 14(2): 95-100 97

chronic liver disease and in 553/651 (84.9%) of patients
without chronic liver disease.

For each center independently, the situation was
as follows: conclusive for the diagnosis in center A:
542/693 (78.2%) vs. center B: 276/299 (92.3%) vs.
center C: 134/147 (91.1%) vs. center D: 90/105 (85.7%),
overall p <0.0001 (A vs. B: p<0.0001; A vs. C: p=0.0002;
Avs. D: p=0.09; B vs. C: p=0.71; B vs. C: p=0.0.5; C vs.
D: p=0.22) (fig 1) and conclusive for the differentiation
benign vs. malignant 613/693 (88.5%) in center A vs.
287/299 (96%) in center B vs. 139/147 (94.6%) in center
C vs. 100/105 (95.2%) in center D, overall p=0.0002 (A
vs. B: p=0.001, A vs. C: p=0.02, A vs. D: p=0.04; B vs. C:
p=0.48; B vs. C: p=0.78; C vs. D: p=1) (fig 2).

The main types of lesions found in patients without
chronic liver disease (651 cases) were: metastasis (236
cases — 36.2 %), hemangiomas (147 cases — 22.6 %),
FNH (44 cases — 6.8 %), focal fatty alterations (71 cases
— 11 %), complex cysts (28 cases —4.3%), adenomas (16
cases — 2.5%), abscesses (17 cases — 2.6%), cholangi-
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Fig 1. CEUS conclusive for the diagnosis
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Fig 2. CEUS for the differentiation between benign
and malignant FLL
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Fig 3. Types of lesions diagnosed by CEUS in patients without
chronic liver disease

ocarcinomas (13 cases — 2%), hematomas (2 cases - 0.3
%), hepatoblastomas (2 cases — 0.3 %) and others (fig 3).
The most frequent inconclusive lesions at CEUS, in
which the diagnosis was established by another method,
were hepatocellular carcinomas (usually hypovascular),
regenerative nodules and cholangiocarcinomas.

Discussions

EFSUMB formulated guidelines regarding the use
of CEUS and the enhancement pattern of different FLLs
[1,2]. Multicentric German [3] and French [4] studies
have clearly demonstrated the value of CEUS for the di-
agnosis of incidental lesions discovered in the liver. The
German study [3] included 1349 patients with FLLs dis-
covered in standard US, and in which CEUS was com-
pared with a diagnostic “gold standard”: biopsy in more
than 75% of the lesions, spiral contrast CT or contrast
MRI in the rest of the cases. In this study, the diagnos-
tic accuracy of CEUS was 90.3%. CEUS correctly char-
acterized 723/755 of the malignant lesions and 476/573
of the benign lesions, with 95.8% sensitivity and 83.1%
specificity, with 95.4% PPV and 95.9% NPV for differ-
entiating benign vs. malignant lesions.

The multicentre French study (STIC) [4] included
1034 FLL. CEUS was compared to contrast spiral CT,
contrast MRI or liver biopsy, considered to be the “gold
standard”. Standard US correctly diagnosed 62.4% of
the cases, while CEUS increased the diagnostic perform-
ance to 86.1%. The diagnostic concordance between
CEUS and the “gold standard” method was 73% (kap-
pa=0.67), better for FLL on non-cirrhotic liver (73.5%,
kappa=0.66), than in nodules on cirrhotic liver (71.8%,
kappa=0.42).

In a study performed on a subgroup of patients from
the DEGUM multicentre study, CEUS was compared to
standardized spiral-CT (SCT) [5]. From the 267 patients,
histological findings were available in 158 subjects. In
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this subgroup assessment of tumor differentiation with
CEUS and SCT was concordant in 124 cases and discord-
ant in 30 cases (CEUS/SCT: sensitivity 94.0/90.7%, spe-
cificity 83.0/81.5%, PPV 91.6/91.5%, NPV 87.5/80.0%,
accuracy 90.3/87.8%). A statistically significant differ-
ence could not be established.

In a recently published study [6], also on a subgroup
of patients from the DEGUM multicentre study, CEUS
was compared to contrast MRI in 262 patients in which
the definitive diagnosis in typical liver hemangioma and
FNH was based on MRI as the “diagnostic gold stand-
ard”, on clinical evidence and additional follow-up (180
patients) or on histology (82 patients). Tumor differentia-
tion was concordant in 56 (68.3%) cases and tumor entity
in 44 cases (53.7%). There were no statistically proven
differences between CEUS and MRI in this study.

Thus, all these studies demonstrated that CEUS is
an accurate imaging method for FLLs characterization,
comparable to contrast-CT and contrast-MRI. For this
reason, in some centers [9,10] this method is the first
line imaging method used for the evaluation of FLLs. In
unclear lesions, a second line investigation is necessary.
The advantages of this strategy are the lower price for the
diagnosis of incidentally discovered FLLs [7,8] and the
reduction of the time interval needed for a final diagnosis
in clear CEUS cases.

We decided to perform this retrospective multicentre
study in order to evaluate the relevance of this method in
daily practice in Romania, in well trained centers in the
field of ultrasound and CEUS. Ultrasound in Romania
is well developed in some university centers, due to the
long experience in using this method and, maybe, due
to the fact that is performed mainly by clinicians (with
indirect access to CT or MRI). On the other hand, our
purpose was to discover if the accuracy of CEUS diagno-
sis is different or not among centers.

In our retrospective study, in patients with FLLs, in
1046/1244 of cases (84.1%), CEUS showed a typical
enhancement pattern according to the EFSUMB Guide-
lines from 2008, already well know and accepted, thus
being sufficient for a correct and final diagnosis, while in
198/1244 of cases (15.9%), other methods of diagnosis
were required.

Another objective of our study was to find the value of
CEUS for the differential diagnosis of benign vs. malig-
nant FLLs. Some benign lesions such as hemangiomas,
FNHs or fatty liver alterations are easily diagnosed, but
sometimes it is quite difficult to formulate a correct diag-
nosis of hepatic adenoma [11]. On the other hand, pub-
lished data showed that the sensitivities and specificities
of CEUS for the diagnosis of hemangioma or FNH are
very high: the accuracy of standard US for the diagnosis

of atypical hemangioma was 43%, while after SonoVue®
it increased to 93% [11]. In another study, the sensitivi-
ties and specificities of CEUS for the diagnosis of focal
nodular hyperplasia (FNH) and hemangioma were 100%
and 87%, resulting in an accuracy of 94.5% [12].

In patients with liver cirrhosis or advanced fibrosis,
we encountered difficulties for the correct CEUS diag-
nosis of some of the HCCs (usually small or well dif-
ferentiated ones). The arterial enhancement is very often
present, but the “wash out” in the portal or late phase
can sometimes be not very evident, making the diagno-
sis of HCC difficult. The most difficult HCC to diagnose
by means of CEUS is the hypovascular type, but it can
be also misdiagnosed by MD-CT or CE MRI. A new
MRI contrast agent (Gadoxetic acid- GD-EOB-DTPA)
can overcome this problem [13]. Also, the diagnosis of
cholangiocarcinoma is usually difficult with CEUS, pub-
lished data showing that the accuracy was only 57% in a
Chinese study [11] and 57.9% in the DEGUM study [3],
so that other methods of diagnosis should be used for the
final diagnosis.

A recently published multinational study [14] com-
prised 134 patients with one FLL detected in baseline
ultrasound (US). Second line imaging methods included
CEUS (n=134), contrast-enhanced CT (n=115) and/or
dynamic contrast-enhanced MRI (n=70). Compared to
CT and/or dynamic MRI, CEUS was 30.2% more sensi-
tive in the recognition of malignancy and 16.1% more
specific in the exclusion of malignancy and overall
22.9% more accurate. In our study also CEUS proved
to be a very useful method that allowed the differentia-
tion between benign or malignant FLLs, with only 10%
unsuccessful examinations.

In a study performed in 11 centers in China [11], 148
patients with 164 lesions were evaluated. The final di-
agnosis in malignant lesions was based on liver biopsy
as the gold standard in 129/164 cases. CEUS accuracy
versus the gold standard was markedly higher (88%) than
that of the fundamental ultrasound (41%) (p<0.01). Prob-
ably this is the main indication of CEUS: after a basic
US examination in which a FLL is discovered and where
the diagnosis is not clear, SonoVue examination should
be performed immediately. In conclusive examinations
(hemangiomas, FNHs, liver metastases or some of the
HCCs), no other investigations are required. In incon-
clusive cases, a second line imaging method should be
performed.

In a large study, that included 452 patients with 452
undetermined lesions by baseline US, Quaia et al [15]
reported that the diagnostic accuracy for FLLs charac-
terization increased from 49% at baseline US examina-
tion to 85% after CEUS. After contrast, the sensitivity
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and specificity increased from 53% and 41% to 83% and
95%, respectively.

All these studies are clearly in favor of CEUS as com-
pared to standard US for the characterization of FLLs,
increasing the sensitivity and specificity of the ultrasound
method. On the other hand, other studies, such as the one
performed by Trillaud et al [14], showed that CEUS is
sometimes the best imaging method for the characteriza-
tion of FLLs.

But, in daily practice, CEUS has some limitations:
the acoustic window for liver visualization must be very
good; also, the hepatic lesion must be well seen in stand-
ard US, in order to be able to perform CEUS evaluation.
On the other hand, if more than one lesion is present in
the liver, a new injection of contrast agent is needed for
their characterization in every vascular phase (especially
on a cirrhotic liver). Thus, we must underline that in real
life not all FLLs can be evaluated by CEUS, only those
that are well seen by standard ultrasound.

In all imaging methods, using specific contrast, the
vascular pattern is essential for diagnosis. In a study
based on the DEGUM multicentre trial [16] that assessed
the value of tumor-specific vascularization pattern (such
as wheel-spoke pattern and arterial hyperenhancement
followed by isoenhancement in the late phase in FNH,
or a nodular peripheral enhancement and partial or com-
plete fill-in pattern in hemangiomas, or late phase hy-
poenhancement in metastases), it could be assessed in the
majority of cases, but not in all, so that the diagnostic ac-
curacy of CEUS was 83.1% for all benign lesions, 95.8%
for all malignant lesions and 91.4% for liver metastases
and 84.9% for HCCs.

The aim of our study was to show the real value of
CEUS in daily practice, regarding the final diagnosis
of FLLs (when typical CEUS enhancement pattern is
present, after a clear visualization of the FLL in basic
ultrasound) and this was obtained in 84.1% of cases. We
found that the results can differ significantly between
centers: overall p <0.0001 (A vs. B: p<0.0001; A vs. C:
p=0.0002; A vs. D: p=0.09; B vs. C: p=0.71; B vs. C:
p=0.0.5; C vs. D: p=0.22) and this can be maybe due to
the different protocols used for diagnosis, to the quality
of the ultrasound machine and possibly, to the experience
of the center or of the examiner [14]. The same signifi-
cant differences were found between the performances of
these centers for the differentiation between benign and
malignant FLL: overall p=0.0002 (A vs. B: p=0.001, A
vs. C: p=0.02, A vs. D: p=0.04; B vs. C: p=0.48; B vs. C:
p=0.78; C vs. D: p=1).

Regarding the ability of CEUS to discriminate be-
tween malignant or benign lesions, in our study we were
able to make this differentiation in 91.5% of cases, based

on the wash out pattern in portal and/or late phases. Dif-
ficult to diagnose were the adenomas and also the differ-
ential diagnosis between HCC and cholangiocarcinoma
proved to be challenging.

Since CEUS was conclusive for the diagnosis “only”
in 84.1% of the cases, the question that can rise is why
not send patients with a FLL discovered in routine ultra-
sound directly to MD-CT or CE-MRI? The first reason
against MD-CT is radiation. Secondly, both CE-CT and
CE-MRI are expensive and using CEUS as a first line im-
aging method has proved to be cost efficient [7,8,17,18].
Also, the waiting time before these expensive methods
is a stressful event for patients. As compared to contrast
CT and MRI, CEUS has the advantage of being safe
(extremely rare allergic side effects, no radiation), well
tolerated by the patient, less expensive and, sometimes,
available at the time of the initial ultrasound detection of
FLLs.

Conclusion

In our multicenter study, in experienced ultrasound
departments, CEUS was conclusive for the final diagno-
sis in 84.1% of the FLLs and the benign or malignant
character of a lesion was demonstrated in 91.5% of cases.
Thus, when faced to an uncharacteristic FLL on stand-
ard ultrasound examination, the strategy in experienced
CEUS centers is to perform this method as a first-line
investigation and only in unclear cases to perform con-
trast enhanced CT or MRI (or liver biopsy). Despite sig-
nificant differences between the performance of CEUS
among centers, overall the accuracy of this method is
good enough to be proposed as a first line examination of
FLLs discovered by ultrasound examination.
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