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INTRODUCTION 

Ultrasonography (US) is a 
simple, inexpensive and useful 
method for the evaluation of 
the liver. �is method is used by 
clinicians or by radiologists, but 
in the last years, other categories 
of physicians, such as general 
practitioners, also have begun to 
use it in daily practice. �e quality 
and performance of US machines 
di�er, but in the end standard 
US is an accurate tool for the 
detection of focal liver lesions 
(FLLs), although with a lower 
value for their characterization. 

Dur ing  the  abdomina l 
examination, FLLs can be 
detected, incidentally or not, 
in asymptomatic patients, in 
patients with known liver disease 
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ABSTRACT

Aim: To present a large monocentric experience in the characterization of focal liver lesions (FLLs) using 
Contrast Enhanced Ultrasound (CEUS).
Method: A retrospective study was performed in the Gastroenterology and Hepatology Department, 
Timisoara, including 1100 patients with 1329 FLLs evaluated between September 2009 and January 2013. 
A CEUS examination was considered conclusive if the FLL respected the typical enhancement pattern as 
described in the EFSUMB Guidelines.
Results: From the 1329 FLLs, CEUS was conclusive for a speci�c pathology in 1102 cases (82.9%). For the 
di�erentiation of benign/malignant lesions, CEUS reached a conclusive diagnosis in 1196 (90%) cases. �e 
percentage of conclusive CEUS examinations was signi�cantly higher in patients without chronic liver disease 
as compared with those with chronic hepatopathies: 87.3% vs. 74.4% (p<0.0001). 
Conclusion: CEUS patterns of enhancement fell into clear cut speci�c diagnostic patterns in 83% of the FLLs 
discovered by US, and into clear cut benign versus malignant patterns in 90% of the cases. For this reason, 
we can strongly recommend CEUS as a �rst line imaging method to characterize FLLs found at US, at least 
in centers with a good experience in CEUS.
 
Key words: Contrast Enhanced Ultrasound (CEUS) – focal liver lesions (FLLs) – benign/malignant liver lesions. 

(especially liver cirrhosis), or in patients with an oncologic 
history. When a FLL is discovered, it should be further evaluated 
in order to elucidate its etiology. �ere are several imaging ways 
to evaluate these lesions: contrast enhanced ultrasonography 
(CEUS), contrast enhanced computed-tomography (CE-CT) 
or contrast enhanced magnetic resonance imaging (CE-MRI), 
the last two more expensive. In 2004, the European Federation 
of Societies for Ultrasound in Medicine and Biology (EFSUMB) 
issued Guidelines and Recommendations concerning the use 
of CEUS [1] that were revised in 2008 [2] and in 2012 [3]. �e 
last Guidelines were developed in cooperation with the World 
Federation for Ultrasound in Medicine and Biology (WFUMB), 
in cooperation with representatives of the Asian Federation of 
Societies for Ultrasound in Medicine and Biology (AFSUMB), 
American Institute of Ultrasound in Medicine (AIUM), 
Australasian Society for Ultrasound in Medicine (ASUM), 
Latin-American Federation of Societies for Ultrasound in 
Medicine and Biology (FLAUS) and International Contrast 
Ultrasound Society (ICUS), so that one can consider that these 
last Guidelines have universal availability [3].

According to these Guidelines, the vascular enhancement 
pattern is used to characterize FLL, since almost every type 
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of FLL has a particular CEUS appearance. Several studies 
compared CEUS with CE-CT or CE-MRI, showing similar 
accuracy for the characterization of some types of FLLs [4-
8]. Considering the data presented in large studies [4, 5] and 
meta-analyses [7, 8] that con�rm the good results of CEUS for 
the di�erential diagnosis of FLLs, this method can be used as 
a �rst line imaging method for an accurate diagnosis of a new 
liver lesion discovered by US examination.

�e aim of our study was to retrospectively evaluate, in a 
center with an extensive experience in CEUS examination of 
the liver, how relevant is this method in front of a new lesion 
discovered by US.

PATIENTS AND METHODS 

Patients
A retrospective study was performed in the Gastroenterology 

and Hepatology Department in Timisoara, which included 
1100 patients evaluated between September 2009 and January 
2013. �e inclusion criteria were: FLLs detected in patients 
with or without chronic liver disease which were identi�ed by 
US, but could not be characterized only by standard US. �is 
category also included FLLs found in patients with a history 
of neoplasia. �e exclusion criteria were: FLLs in patients with 
or without oncologic history which presented malignant FLLs 
documented by other methods (CE-CT/CE-MRI, biopsy); 
FLLs which were not clearly visible on US; FLLs previously 
assessed by CEUS (hepatocellular carcinoma, HCC or liver 
metastasis percutaneously treated); patients with NYHA III/
IV heart failure.

All patients agreed to undergo a CEUS examination. �e 
study was approved by the Ethics Committee of the institution 
in accordance with the Helsinki Declaration of 1975. 

Imaging techniques
All FLLs were evaluated using standard US, Doppler US 

and CEUS. CEUS was the �rst contrast imaging method used 
for the characterization of these lesions. A CEUS examination 
was considered conclusive if the FLLs respected the typical 
enhancement pattern stated in the EFSUMB Guidelines [2] and 
otherwise inconclusive. In inconclusive cases we performed 
second-line diagnostic procedures (CE-CT, CE-MRI or biopsy) 
to establish the �nal diagnosis.

Ultrasonography was performed with a Siemens Acuson 
S2000TM system (Siemens AG, Erlangen, Germany), using a 
3.5 MHz convex transducer. �e location, the size, the number 
and the echogenity of the FLLs were reported.

Doppler US technique was performed using the same 
system in order to observe the tumor vascularization.

Contrast-enhanced US was performed with a convex 
probe using a low mechanic index (0.09-0.11). �e contrast 
agent used was SonoVue® (Bracco SpA, Milan, Italy), usually 
2.4 ml, which was injected through a peripheral intravenous 
cannula of appropriate size, followed by a 10-mL saline 
�ush, as per standard protocol. �e lesions’ enhancement 
patterns were studied in 3 phases: arterial (10-30 seconds 
after injection), portal (30-120 seconds) and late phase 
(>120 seconds) according to the EFSUMB recommendations 
[2, 3]. Each examination lasted about 5 minutes. At the 

end of examination, the result was reported as conclusive 
(if the EFSUMB criteria were met) or inconclusive (if the 
enhancement pattern could not be matched to the EFSUMB 
guidelines). �e �rst decision as conclusive vs. inconclusive 
that had to be made was regarding the benign vs. malignant 
character of the FLL, and secondary regarding the type of 
lesion (characterization of the lesion). �e examinations were 
performed by four senior gastroenterologists with extensive 
experience in abdominal US and in liver evaluation by CEUS. 
Recorded loops of the examinations were revised several 
times, as needed.

We observed the following types of enhancement 
pattern as compared to the adjacent liver parenchyma: 
hyperenhancement, when the FLL was �lled more intensely 
than the surrounding parenchyma; isoenhancement, 
when the lesion was �lled similarly with the surrounding 
parenchyma; hypoenhancement, when the lesion was �lled 
less than the adjacent parenchyma; rim-like pattern, when 
the lesion was enhanced only in the periphery, representing 
more than 25% of tumor size; wash-in/washout, when the 
lesion was hyper/isoenhanced in the arterial phase, followed 
by hypoenhancement in the venous and/or late phases. All 
examinations were digitally recorded. A CEUS examination 
was considered conclusive if, following contrast, the FLL had 
a typical enhancement pattern according to the EFSUMB 
guidelines [2, 3] and otherwise inconclusive. Also, the benign 
or malignant nature of a FLL was established according to the 
absence/presence of washout in the portal and/or late phases of 
examination [2, 3]. We classi�ed the types of lesions according 
to the EFSUMB guidelines [2, 3].

a) Benign lesions 
1. hemangioma: centripetal enhancement pattern in the 

arterial phase, partial or complete centripetal �lling in the 
portal phase and homogeneous complete enhancement in the 
late phase (Fig. 1); 

2. focal nodular hyperplasia (FNH): early arterial 
hyperenhancement with typical centrifugal radiating or 
“spoke-wheel” pattern, followed by complete and homogeneous 
hyperenhancement pattern in the late arterial and also in the 
portal phase and iso/hyperenhancement pattern in the late 
phase; 

3. hepatocellular adenoma: early and homogeneous 
hyperenhancement in the arterial phase, isoenhancement in 
the portal phase and iso/hypoenhancement in the late phase;

4. focal fatty alterations: the same enhancement pattern as 
the surrounding liver parenchyma in all phases;

5. liver cysts: no enhancement in any of the vascular phases;
6. regenerative nodule: the same vascular pattern as the 

surrounding liver in all phases;
7. abscess: rim-like enhancement pattern in the arterial 

phase, hypo/iso-enhancing rim in the portal phase and hypo-
enhancing rim in the late phase;

8. hematoma: no enhancement in any of the vascular 
phases.

b. Malignant lesions 
1. HCC: hyperenhancement in the arterial phase (with/

without unenhanced necrotic areas), isoenhancement 
(with/without unenhanced areas) in the portal phase, hypo/
isoenhancement pattern in the late phase (Fig. 2); 
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2. hypervascular liver metastases: early and complete arterial 
enhancement, portal hypoenhancement, hypoenhancement or 
absence of the enhancement in the late phase; 

3. hypovascular liver metastases: rim-like enhancement in the 
arterial phase, hypoenhancement in the portal and late phases; 

4. cholangiocarcinoma (CC): peripheral �ll-in in the arterial 
phase, hypoenhancement or absence of enhancement in the 
portal phase, hypoenhancement or absence of enhancement 
in the late phase.

Statistical analysis
Statistical analysis was performed using the MedCalc 

So�ware (MedCalc, Belgium). For the numerical variables, 
mean value and standard deviation were calculated. �e Chi-
square (χ2) test (with Yates’ correction for continuity) was used 
for comparison of two proportions expressed as percentages. 
95% con�dence intervals were calculated for each predictive 
test. A p-value less than 0.05 was regarded as signi�cant for 
each statistical test.

Fig. 2. �e enhancement pattern of a HCC: hyperenhancement in the arterial phase, isoenhancement 
in the portal phase, hypoenhancement in the late phase (washout in the late phase – typical for a 
malignant lesion).

Fig. 1. �e enhancement pattern of a hemangioma in CEUS - centripetal rim enhancement pattern 
in the arterial phase, partial centripetal �lling in the venous phase and homogenous complete 
enhancement in the late phase (no washout – typical for a benign FLL).
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RESULTS  

From September 2009 to January 2013 we evaluated 1100 
patients with 1329 FLLs (Table I). Out of the 1329 evaluated 
FLLs, CEUS was conclusive for a apeci�c type of lesion in 
1102 cases (82.9%). The proportion of conclusive CEUS 
examinations was signi�cantly higher in patients without 
chronic hepatopathies as compared with those with chronic 
liver disease: 87.3% vs. 74.4%, p<0.0001. 

For the di�erentiation between benign and malignant FLLs, 
CEUS showed a conclusive diagnosis in 1196 (90%) cases.

According to the size of FLL (≤ 2cm and > 2cm), CEUS was 
conclusive for a speci�c pathology in 291 (82.4%) cases and in 
811 (83.1%) cases, respectively. �e proportion of conclusive 
CEUS examinations was similar regarding small and large 
FLLs:  82.4% vs. 83.1%, p =0.82.

Table I. Patients’ characteristics

Data

Median age (range, years) 58.7 (20-92)

Gender (n, %) 
women
men

485 (44.1%) 
615 (55.9%)

Median size of the FLL (range, cm) 4.2  (0.5-17)

FLL according to the size (n, %)  
≤2 cm 
>2 cm

353 (26.6%)
976 (73.4%)

Number of FLL/patient (n, %) 
one 
two

968 (88%) 
66 (12%)

Benign FLL (n, %) 654 (49.2%)

Malignant FLL (n, %) 675 (50.8%)

CEUS indication (n, %) 

Incidental �nding in subjects without liver 
pathology

880 (66.2%)

FLL in patients with chronic hepatopathies 
(including liver cirrhosis)

449 (33.8%)

Final diagnosis (n, %)

hepatocellular carcinoma (HCC) 296 (22.3%)

metastasis 346 (26.1%)

hemangiomas 243 (18.3%)

focal fatty alterations 175 (13.2%)

cholangiocarcinoma (CC) 8 (0.6%)

focal nodular hyperplasia (FNH) 55 (4.1%)

regenerating nodules 82 (6.2%)

liver abscess 29 (2.2%)

adenomas 18 (1.3%)

complex cysts 61 (4.6%)

hematomas 5 (0.3%)

other benign lesions 6 (0.5%)

other malignant lesions 5 (0.3%)

�e method used for the �nal diagnosis (n, %)

CEUS 1102 (82.9%)

CE-CT 138 (10.4%)

CE-RMN 82 (6.2%)

Biopsy 7 (0.5%) 

Table II. Benign FLLs diagnosed by CEUS

Benign FLLs Final diagnosis
(n)

Diagnosed by 
CEUS (n)

Conclusive 
at CEUS (%)

hemangioma 243 218 89.7

focal fatty alterations 175 156 89.1

regenerative nodule 82 61 74.4

complex cyst 61 53 86.9

focal nodular 
hyperplasia

55 44 80

abscess 29 25 86.2

hepatocellular 
adenoma

18 14 77.8

hematoma 5 3 60

The types of specific benign and malignant lesions 
diagnosed by CEUS are presented in Tables II and III.  

CEUS performed signi�cantly better for the diagnosis 
of hemangiomas (89.7% cases diagnostic) and focal fatty 
alterations (89.7% cases diagnostic) than for the diagnosis of 
regenerative nodules (74.4% cases diagnostic) (Table IV), and 
also for the diagnosis of metastases (86.4% cases diagnostic) 
than of HCC (76.4% cases diagnostic) and CC (25% cases 
diagnostic), and for the diagnosis of HCC vs. CC, respectively 
(Table V).

Table III. Malignant FLLs diagnosed by CEUS

Malignant FLLs Final diagnostic
(n)

Diagnosed by 
CEUS (n)

Conclusive at 
CEUS (%)

metastasis 346 229 86.4

hepatocellular 
carcinoma

296 226 76.4

cholangio-
carcinoma

8 2 25

DISCUSSION 

In the last 5-10 years, many papers have evaluated the 
accuracy of CEUS for FLL characterization. Why? Because 
CEUS is a rapid method of evaluation (it can be performed 
immediately a�er a FLL is found by US, so that the �nal 
diagnosis can be reached in approximately 5 minutes); it is 
quite inexpensive (2-5 times cheaper than CE-CT or CE-MRI) 
[5, 9-14]; and, as opposed to CT examination, it is radiation 
free. On the other hand, the US contrast agent (SonoVue) is 
a safe drug, with very rare adverse events [15-19]. Since it is 
not excreted by the kidney (the micro-bubbles break and the 
gas is eliminated by the lung), it can be used in patients with 
kidney failure without causing kidney damage, as CE-CT 
contrast agents do.

Two pivotal multicentre studies that evaluated CEUS for the 
characterization of FLL, a German one (performed under the 
auspices of DEGUM – the German Society of Ultrasonography) 
[4] and a French one [5] showed the good value of this method 
for FLL characterization. �e accuracy was slightly di�erent in 
the German vs. the French study and also di�erent when the 
accuracy in FLL on non-cirrhotic liver was compared to the 
one in lesions occurring in cirrhotic liver. On the other hand, 
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the accuracy of FLL characterization di�ers for various types 
of liver lesions, being higher for hemangiomas or metastasis 
and lower for hepatocellular carcinomas or adenomas.

�e DEGUM study [4] was performed in Germany over 
20 months and included 1349 patients with undiagnosed 
FLL on US. A number of 1328 FLLs were assessed, 755 of 
them malignant and 573 benign. In 75% of the cases the �nal 
diagnosis was established by liver biopsy, while in other cases 
the „gold-standard” method was CE-CT or CE-MRI. 

�e French study (STIC) [5] assessed the clinical value 
of CEUS using SonoVue® for the characterization of FLLs 
discovered in patients with a cancer history, or in those with 
chronic liver disease. �e study included 874 patients in whom 
1,034 FLLs, undiagnosed based only on US, were analyzed. �e 
“gold-standard” methods to which CEUS was compared were 
either CE-CT, CE-MRI, or liver biopsy. In this study, CEUS had 
good sensitivity (79.4%) and speci�city (88.1%) to di�erentiate 
benign vs. malignant FLLs. 

In our study, we intended to evaluate the results of CEUS 
for the characterization of FLLs in a large monocentric 
experience (the previously mentioned studies were multicenter 
ones), in order to decide if CEUS is suitable to be used as a 
�rst line imaging diagnostic procedure. �e �rst information 
that CEUS should give is if the lesion assessed is benign or 
malignant (based on washout occurrence in the portal and 
late phases) and secondly, to establish the exact type of FLL 
based on the enhancement pattern following contrast. Since 
our purpose was not to demonstrate the accuracy of CEUS 

(already demonstrated in numerous studies) we performed 
additional studies (CE-CT, CE-MRI, liver biopsy) only when 
CEUS was not conclusive, thus explaining the small number 
of liver biopsies (only in 0.5% of cases): these were performed 
only in cases that could not be diagnosed by non-invasive 
imaging methods. 

In the last 10 years, numerous papers have been published 
(both monocentric and multicenter trials) that showed the 
value of CEUS for FLLs characterization, all of them with 
good results, con�rming the usefulness of CEUS as a �rst line 
diagnostic procedure when a lesion is discovered in US. �is 
strategy saves time and stress for the patients, it saves money 
and it is a safe procedure. Also several papers were published 
comparing CEUS with CE-CT or CE-MRI [5, 7, 20] for the 
diagnosis of FLLs (such as metastasis, FNH or hemangiomas), 
showing similar results. A recent meta-analysis performed by 
Friedrich Rust et al [8] demonstrated that CEUS o�ers a good 
performance to determine the benign and malignant nature 
of a FLL.

In our study we learned that CEUS is able to di�erentiate 
benign vs. malignant lesions in 90% of cases, our results being 
similar to other already published studies [7, 8, 21-24]. Based 
on the results of many studies [4, 5, 7, 8, 25-30], CEUS seems 
to be a reliable method for a good characterization of FLL, 
this being observed also by us. But we must underline that we 
found signi�cant statistical di�erences between the proportions 
of conclusive CEUS comparing the cohorts of patients with or 
without chronic hepatopathies. What is the explanation? In 
patients with liver cirrhosis, in many cases, the liver structure 
is heterogeneous. �e homogeneous US aspect of the healthy 
liver facilitates the use of CEUS for FLL characterization. 
Sometimes, CEUS is di�cult to perform, or even impossible, 
in deeply situated liver lesions and thus, for FLLs located at 7 
cm or deeper under the liver surface, CEUS should be avoided 
[2]. Also, this technique must be performed by an experienced 
examiner using a performant system. �erefore, this method 
is not available to everyone, this being one of its limits. 

Table IV. Comparison between the proportions of conclusive CEUS for di�erent types of benign FLLs

FLLs compared p value FLLs compared p value

hemangioma (89.7%) vs. focal fatty alterations (89.1%) 0.97 regenerative nodule (74.4%) vs. focal nodular hyperplasia (80%) 0.57

hemangioma (89.7%) vs. regenerative nodule (74.4%) 0.001 regenerative nodule (74.4%) vs. abscess (86.2%) 0.29

hemangioma (89.7%) vs. complex cyst (86.9%) 0.69 regenerative nodule (74.4%) vs. hepatocellular adenoma (77.8%) 0.99

hemangioma (89.7%) vs. focal nodular hyperplasia (80%) 0.07 regenerative nodule (74.4%) vs.  hematoma (60%) 0.85

hemangioma (89.7%) vs. abscess (86.2%) 0.79 complex cyst (86.9%) vs. focal nodular hyperplasia (80%) 0.45

hemangioma (89.7%) vs. hepatocellular adenoma (77.8%) 0.27 complex cyst (86.9%) vs. abscess (86.2%) 0.8

hemangioma (89.7%) vs. hematoma 0.16 complex cyst (86.9%) vs. hepatocellular adenoma (77.8%) 0.56

focal fatty alterations (89.1%)  vs. regenerative nodule (74.4%) 0.004 complex cyst (86.9%) vs. hematoma (60%) 0.33

focal fatty alterations (89.1%) vs. complex cyst (86.9%) 0.81 focal nodular hyperplasia (80%) vs. abscess (86.2%) 0.68

focal fatty alterations (89.1%) vs. focal nodular hyperplasia 
(80%)

0.12 focal nodular hyperplasia (80%) vs. hepatocellular adenoma 
(77.8%)

0.89

focal fatty alterations (89.1%) vs. abscess (86.2%) 0.88 focal nodular hyperplasia (80%) vs. hematoma (60%) 0.63

focal fatty alterations (89.1%) vs. hepatocellular adenoma 
(77.8%)

0.3 abscess (86.2%) vs. hepatocellular adenoma (77.8%) 0.72

focal fatty alterations (89.1%) vs. hematoma (60%) 0.19 abscess (86.2%) vs. hematoma (60%) 0.43

regenerative nodule (74.4%) vs. complex cyst (86.9%) 0.1 hepatocellular adenoma (77.8%) vs. hematoma (60%) 0.82

Table V. Comparison between the proportions of conclusive CEUS for 
di�erent types of malignant FLLs

FLLs compared p value

metastasis (86.4%) vs. hepatocellular carcinoma (76.4%) 0.001

metastasis (86.4%)  vs. cholangiocarcinoma (25%) <0.0001

hepatocellular carcinoma (76.4%) vs. cholangiocarcinoma 
(25%)

0.003



62 Sporea et al

J Gastrointestin Liver Dis, March 2014 Vol. 23 No 1: 57-63

Considering the FLL size, we found that the percentage of 
cases with a conclusive diagnosis was not signi�cantly di�erent 
in lesions smaller than 2 cm or larger,  such as in the DEGUM 
study [4]. One explanation can be that even if in small HCCs 
the CEUS diagnosis is more di�cult, in other lesions (such 
as liver metastases, FNH or hemangiomas) CEUS is able to 
establish a positive diagnosis despite the lesion size. 

So what is the main purpose of a physician performing 
CEUS? Firstly to establish the benign or malignant nature of 
the lesion and secondly to decide if a �nal diagnosis regarding 
the type of lesion can be established based on the enhancement 
pattern. For these two purposes, CEUS seems to be a good 
method in a center with a large experience. If these two 
questions are not answered, the physician must recommend 
the patient to undergo another diagnostic method. Usually 
a discussion with the radiologist will decide, in the clinical 
context, which is the next imaging method that should be 
used. Sometimes, even CE-CT and CE-MRI are not able to 
establish a �nal diagnosis and in this case a US-guided biopsy 
must be performed. �is strategy seems to be the most cost 
e�ective [31-34].

�e weakness of this study is that we did not use a “gold 
standard” method to evaluate our results. However, it was 
not  our intention to do that since the value of CEUS for the 
diagnosis of FLLs has been proven in large multicenter studies 
and meta-analyses, and also because three EFSUMB Guidelines 
(one in cooperation with WFUMB) have been published. It 
is thus the moment to use this method similarly to CE-CT 
or CE-MRI, and when the lesion has a typical enhancement 
pattern, to establish the �nal diagnosis. For an expert team, 
it is easy to decide if the aspect of the lesion is conclusive or 
not and, when  required, to ask for another imaging method.

CONCLUSION

�e CEUS patterns of enhancement fell into clear cut 
speci�c diagnostic patterns in 83% of the FLLs discovered by 
US, and into clear cut benign versus malignant patterns in 90% 
of the cases. For this reason, we strongly recommend CEUS as 
a �rst line imaging method to characterize FLLs found at US, 
at least in centers with a good experience in CEUS.

Con�icts of interest. No con�ict to declare.
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