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Abstract

Introduction The SOCEUS survey aims to evaluate how

contrast-enhanced ultrasound (CEUS) is effectively used in

the focal liver lesions characterization.

Materials and methods In the survey were involved Ver-

ona, Brescia and Trieste Radiological Centers and Arezzo

and Bologna Non-radiological Centers. Inclusion criteria

were liver focal lesion detection at conventional ultrasound

and studied by means of CEUS, with or without CT or MRI

examinations, done previous or subsequent to CEUS.

Results 1069 forms were collected. Patients with benign

lesions, who did not undergo any other studies, were 255/561

(45.5 %). Among patients with diagnosis of hemangioma at

CEUS, those who had no other investigations were 129/267

(48.3 %). Patients with malignant lesions who had studies pre-

CEUS (CT and/or MRI) were 328/508 (65 %), whereas those

who had examinations post-CEUS (CT and/or MRI) were

218/508 (42.9 %). Concordance rate between CEUS and CT

investigations pre- and post-CEUS was, respectively, 66 and

89 %. Concordance rate between CEUS and MRI studies pre-

and post-CEUS was, respectively, 87.5 and 81.5 %.

Conclusion This study proves contrast-enhanced ultra-

sound correct application in the involved centers.

Keywords Focal liver lesions � Contrast-enhanced

ultrasound � CEUS � Multicenter study

Riassunto

Introduzione Il sondaggio SOCEUS ha lo scopo di val-

utare come l’ecografia con mezzo di contrasto sia effetti-

vamente impiegata nella caratterizzazione delle lesioni

focali epatiche.

Materiali e Metodi Nel sondaggio sono tati coinvolti i

centri radiologici di Verona, Brescia e Trieste e i centri non

radiologici di Arezzo e Bologna. I criteri di inclusione sono

stati la presenza di lesione focale epatica all’esame eco-

grafico convenzionale studiata con ecografia con mezzo di

contrasto, con o senza correlazione TC or RM, prima o

dopo l’esame ecografico.

Risultati Sono state raccolte 1069 schede. I pazienti con

lesioni benigne che non hanno fatto altri esami sono stati

255/561 (45.5 %). Dei pazienti con diagnosi di angioma

alla ecografia con mezzo di contrasto, quelli che non hanno

eseguito altre indagini sono stati 129/267 (48.3 %). I

pazienti con lesioni maligne sottoposti ad indagini pre-

ecografia con mezzo di contrasto (TC e/o RM) sono stati

328/508 (65 %), mentre quelli che hanno eseguito esami
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post- ecografia con mezzo di contrasto (TC e/o RM) sono

stati 218/508 (42.9 %). La concordanza tra ecografia con

mezzo di contrasto ed esame TC pre- e post-ecografia con

mezzo di contrasto sono rispettivamente state pari al 66 e

89 %. La concordanza tra l’ecografia con mezzo di con-

trasto e l’esame RM pre- e post-ecografia con mezzo di

contrasto sono state rispettivamente di 87.5 e 81.5 %.

Conclusione Lo studio prova che l’ecografia con mezzo

di contrasto è utilizzata correttamente nei Centri valutati.

Introduction

Ultrasound study is often the first examination in liver

pathology study, due to its ubiquity and its low cost.

However, very often a focal liver lesion detection causes

diagnostic problems, due to poor specificity of many

findings that cannot be classified easily [1].

The application of contrast-enhanced ultrasound

(CEUS) during a conventional ultrasound study can

improve the differentiation among benign and malignant

liver focal lesions, thus avoiding the use of CT and MRI in

those cases of benign lesions with atypical appearance at

conventional ultrasound [2].

In 2004, the European Federation of Societies for

Ultrasound in Medicine and Biology (EFSUMB) edited

first CEUS guide lines, then updated in 2008 and in 2012,

recommending in clinical practice the use of CEUS in

evaluation of liver focal lesions [3–5]. According to the

National Health Institute Italian guide lines, use of CEUS

is recommended for the detection and the characterization

of focal liver lesions [6].

The SOCEUS project (Survey CEUS—Contrast-En-

hanced Ultrasound) is a multicenter retrospective study

based on clinical records of three radiological institutes and

two non-radiological institutes, with the aim of evaluating

CEUS role in diagnostic work-up of focal liver lesions in

centers that use highly this imaging method.

After many years of introduction of CEUS in Italy

(2001), this study aims to evaluate how this imaging

method is effectively used in focal liver lesions charac-

terization: specifically, if it is used as a ‘‘problem-solving’’

examination in doubtful cases at conventional ultrasound

or, at least, if it is considered as an added value to the

reference imaging methods CT and MRI.

Materials and methods

In this survey were involved Verona, Brescia and Trieste

Radiological Centers and Arezzo and Bologna Non-radio-

logical Centers. They were asked to fill in forms series

about CEUS studies done in patients with liver focal

lesions in the triennium 2010–2013. Inclusions criteria

were liver focal lesion detection at conventional ultrasound

and/or at CEUS study, with or without a CT or MRI

examinations, previous or subsequent to CEUS, describing

the lesion, in the same institute or in a different one.

A form was used for data collections. In this form it was

asked to insert data from imaging medical reports (con-

ventional ultrasound, CT and MRI), to provide a detailed

description, to suggest the diagnostic hypothesis at the end

of every study and to specify temporal order of examina-

tions execution. So this study was based on the analysis of

medical reports written during studies execution and it did

not provide for images revision in retrospect.

No informed consent was necessary in this retrospective

study.

Data analysis

All forms received from involved centers were analyzed

independently and clustered for diagnosis, evaluating the

presence of CT and/or MRI studies pre- and post-CEUS

examination and the concordance among diagnosis and

enhancement patterns at CEUS with reference imaging

methods. Later, the obtained results from different centers

were compared among them.

The appearance of every focal liver lesions in different

examinations was considered concordant both when was

reported the same enhancement pattern after contrast

medium injection and when was reported the same con-

clusive diagnosis, in the absence of enhancement pattern

description.

Results

1069 forms were collected. From these 1069, 656 from

radiological centers (395 men and 261 women, age

22–96 years) and 413 from non-radiological centers (198

men and 215 women, age 17–90 years).

Contrast-enhanced ultrasound (CEUS)

and reference imaging methods

Patients with liver focal lesions investigated at CEUS with

studies pre-CEUS (CT and MRI) were 506/1069 (47.3 %);

patients with studies post-CEUS were 379/1069 (35.4 %);

patients who were studied only with CEUS were 277/1069

(25.9 %).

Discriminating the results on different examinations

type (CT or MRI), it was seen that 445/1069 patients had

CT studies pre-CEUS (41.6 %), of which 362/445 (81.3 %)

in the same institute, and that 230/1069 patients had CT
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post-CEUS (21.5 %). MRI investigations pre-CEUS were

95/1069 (8.9 %), of which 75/95 (78.9 %) in the same

institute; MRI studies post-CEUS were 172/1069 (16.1 %).

Analyzing the concordance among different described

enhancement patterns and reported diagnosis at CEUS, CT

and MRI investigations (Fig. 1), it was found that in

patients who had CT pre-CEUS the concordance rate was

of 333/445 (74.8 %), in patients who had CT post-CEUS

the concordance rate was of 194/230 (84.3 %), in patients

who had MRI pre-CEUS the concordance rate was of 74/95

(77.9 %) and in patients who had MRI post-CEUS the

concordance rate was of 123/172 (71.6 %).

At CEUS was overall diagnosed 561/1069 (52.5 %)

benign lesions and 508/1069 (47.5 %) malignant lesions.

Benign lesions

Benign lesions diagnosed by CEUS were: hemangioma

(267/561, 47.6 %), focal nodular hyperplasia (128/561,

22.8 %), not specified benign lesion (43/561, 7.7 %),

regenerative nodule (36/561, 6.4 %), fatty focal area (24/

561, 4.3 %), simple cyst (16/561; 2.9 %), focal fatty sparing

area (15/561, 2.7 %), surgical results (12/561, 2.1 %),

necrotic nodule (5/561, 0.9 %), abscess (4/561, 0.7 %),

parasitic cyst (4/561, 0.7 %), shunt (3/561, 0.5 %), biliary

cystadenoma (3/561, 0.5 %), adenoma (1/561, 0.2 %).

Patients with benign lesion (Fig. 2) who did not undergo

other studies were 255/561 (45.5 %). Patients who had pre-

CEUS studies (CT or MRI) were 178/561 (31.7 %); those

who had only pre-CEUS studies were 145/561 (25.8 %).

Patients who had post-CEUS examinations (CT or MRI)

were 161/561 (28.7 %).

Concordance rate among CEUS and CT investigations pre-

CEUS and CT post-CEUS was, respectively, 64.9 and 62.1 %.

Concordance rate among CEUS and MRI examinations pre-

CEUS and MRI post-CEUS was, respectively, 64.1 and 65.4 %.

Regarding patients with diagnosis of hemangioma at

CEUS (Fig. 3), those who had no other investigations were

129/267 (48.3 %). Those who had CT pre-CEUS were

79/267 (29.6 %), of which 59/79 (74.6 %) in the same

institute where CEUS was done; in 61/79 (77.2 %) cases

there was concordance between the two different imaging

methods. Patients who had CT post-CEUS were 33/267

(12.4 %) and among which there was concordance in 26/33

(78.9 %) cases. Patients with diagnosis of hemangioma

who had MRI pre-CEUS were 13/267 (4.9 %), of which

6/13 (46.2 %) in the same institute where CEUS was done;

in 10/13 (76.9 %) cases there was concordance between the

two different imaging methods. Patients who had MRI

post-CEUS were 40/267 (15 %) and among which there

was concordance in 29/40 (72.5 %) cases.

Patients with diagnosis of focal nodular hyperplasia at

CEUS that were not studied with other kind of investiga-

tions were 96/128 (75 %). Those who had studies pre-

CEUS (CT or MRI) were 12/128 (9.4 %), of which 10/128

(7.8 %) had only studies pre-CEUS. Patients who had CT

or MRI post-CEUS were 22/128 (17.2 %). Patients who

had CT pre-CEUS were 4/128 (3.1 %) and they had it in
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Fig. 1 Concordance between CEUS and reference imaging methods.
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the same institute where CEUS was done, all of them with

concordance between the two studies. Those who had CT

post-CEUS, in the same institute were 2/128 (1.5 %) and

the 50 % demonstrated concordance between the two

investigations. Patients with diagnosis of focal nodular

hyperplasia who had MRI pre-CEUS were 8/128 (6.2 %),

of which 8/8 in the same institute where CEUS was done

and there was concordance in 7/8 (87.5 %) cases. Those

who had MRI post-CEUS in the same institute were 20/128

(15.6 %); in 18/20 (90 %) cases there was concordance

between the two different studies.

Malignant lesions

Malignant lesions were: metastases (264/508, 52 %), hep-

atocellular carcinoma (194/508, 38.1 %), cholangiocarci-

noma (24/508, 4.7 %), not specified malignant lesion (21/

508, 4.1 %), lymphoma (2/508, 0.4 %), metastases from

hypervascular tumors (2/508, 0.4 %), gallbladder carci-

noma (1/508, 0.2 %).

Patients with malignant lesions at CEUS (Fig. 4) who

had no other examinations (CT and/or MRI) were 22/508

(4.3 %).

Patients who had imaging studies pre-CEUS (CT and/or

MRI) were 328/508 (65 %), of which 268/508 (52.8 %)

patients who had only investigations pre-CEUS. Those

who had examinations post-CEUS (CT and/or MRI) were

218/508 (42.9 %). Concordance rate among CEUS and CT

studies pre-CEUS and post-CEUS was, respectively, 66

and 89 %. Concordance rate among CEUS and MRI

examinations pre- and post-CEUS was, respectively, 87.5

and 81.5 %.

Patients with diagnosis of metastases at CEUS who had

CT pre-CEUS were 178/264 (67.4 %), of which 120/178 in

the same institute. There was concordance in 160/178

(89.9 %) cases. Patients with diagnosis of metastases at

CEUS who had CT post-CEUS in the same institute were

71/264 (26.9 %) and in 63/71 (88.7 %) cases there was

concordance. Patients with diagnosis of metastases at

CEUS who had MRI pre-CEUS were 23/264 (8.7 %), of

which 16/23 (7 %) in the same institute and in 20/23

(87 %) cases there was concordance. Those who had MRI

post-CEUS in the same institute were 18/264 (6.8 %) and

in 14/18 (77.8) cases there was concordance.

Patients with diagnosis of hepatocellular carcinoma

(HCC) at CEUS who had pre-CEUS examinations (CT or

MRI) were 110/193 (52.3 %) and those who had only pre-

CEUS studies were 77/193 (39.9 %). Patients who had

post-CEUS investigations (CT or MRI) were 116/193

(60.1 %). So every patient had at least a study pre- or post-

CEUS.

Patients with diagnosis of HCC at CEUS who had CT

pre-CEUS were 97/193 (50.2 %), of which 93/97 (95.9 %)

in the same institute. From which, in 78/97 (80.4 %) cases

there was concordance between the two imaging methods.

Patients with diagnosis of HCC at CEUS who had CT post-
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CEUS with only CT / MRI
pre-CEUS

CEUS with CT / MRI post-
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Fig. 2 CEUS examinations in

patients with benign focal liver

lesions
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CEUS were 82/193 (42.5 %) and in 75/82 (91.5 %) cases

there were concordance. Patients with diagnosis of HCC at

CEUS who had MRI pre-CEUS were 25/193 (13 %), of

which 23/25 (92 %) in the same institute and from which in

23/25 (92 %) there was concordance between the two

studies. Those with diagnosis of HCC at CEUS who had

MRI post-CEUS were 39/193 (20 %) and in 34/39

(87.2 %) there was concordance.

Reference imaging methods and Radiological

department and Non-Radiological Department

In radiological institutes

Regarding radiological institutes (Fig. 5); benign lesions

were 269/656 (41 %) and malignant lesions were 387/656

(59 %).

Patients who had neither pre-CEUS studies nor post-

CEUS studies were 85/656 (13 %). Patients who had pre-

CEUS examinations were 396/656 (60 %), and those who

had only pre-CEUS examinations were 287/656 43.7 %).

Patients who had post-CEUS investigations were 284/656

(43.3 %).

Concordance rate among CT pre- and post-CEUS

studies was, respectively, 84.3 and 83.6 %. Concordance

rate among MRI pre- and post-CEUS investigations was,

respectively, 79.5 and 75.8 %.

Patients with benign lesion at CEUS who had CT pre-

CEUS were 111/269 (41.3 %), of which 90/111 (81.1 %)

in the same institute where CEUS was done. Of patients

who had CT pre-CEUS, in 77/111 (69.4 %) cases there

was concordance between the two imaging methods.

Patients with benign lesion at CEUS who had CT post-

CEUS in the same institute were 45/269 (16.7 %) and in

23/45 (51.1 %) there was concordance. Patients with

benign lesions at CEUS who had MRI pre-CEUS were

29/287 (10.1 %), of which 20/29 (69 %) in the same

institute and among these latter cases, in 20/20 (100 %)

there was concordance between the two studies. Patients

with benign lesion at CEUS who had MRI post-CEUS

were 77/269 (28.6 %) and in 55/77 (71.4 %) there was

concordance.

Patients with malignant lesion at CEUS who had CT

pre-CEUS were 240/388 (61.9 %), of which 179/240

(74.6 %) in the same institute. From those who had CT pre-

CEUS in the same institute, there was concordance in

211/240 (87.9 %) cases. Patients who had CT post-CEUS

in the same institute were 138/388 (35.6 %) with concor-

dance in 120/138 (87 %) cases. Patients with malignant

lesion at CEUS who had MRI pre-CEUS were 43/388

(11.1 %), of which 33/43 (76.9 %) in the same institute. Of

267218
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Fig. 4 CEUS examinations in

patients with malignant focal

liver lesions
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those who had MRI pre-CEUS in the same institute, 38/43

(88.4 %) cases show concordance between the two exam-

inations. Patients with malignant lesion at CEUS who had

MRI post-CEUS were 43/388 (11.1 %), and in 34/43

(81 %) cases there was concordance.

In non-radiological institutes

Regarding non-radiological institutes (Fig. 5), benign

lesions were 293/413 (70.9 %) and malignant lesions were

120/413 (29.1 %).

Patients who had pre-CEUS investigations were 125/413

(30.3 %); of which 121/413 (29.3 %) patients had only pre-

CEUS studies. Patients who had post-CEUS examinations

were 95/394 (23 %). Patients who had no other investiga-

tions pre- and/or post-CEUS, apart from CEUS, were

197/413 (43.1 %).

Concordance rate among CEUS and CT pre- and post-

CEUS studies was, respectively, 75 and 76.6 %. Concor-

dance rate among CEUS and MRI pre- and post-CEUS

investigations was, respectively, 81.2 and 84.6 %.

Patients with benign lesion at CEUS who had CT pre-

CEUS were 40/274 (14.6 %), of which 22/40 (55 %) in the

same institute. Of those who had CT pre-CEUS in the same

institute, 18/22 (81.8 %) cases show concordance between

the two studies. Patients who had CT post-CEUS in the

same institute were 21/274 (7.7 %) and in 13/21 (61.9 %)

cases there was concordance. Patients with benign lesions

at CEUS who had MRI pre-CEUS were 9/293 (3.1 %).

Among patients who had MRI pre-CEUS in the same

institute, 7/9 (77.8 %) show concordance. Patients with

benign lesion at CEUS who had MRI post-CEUS were

27/293 (9.2 %) and in 21/27 (77.8 %) there was concor-

dance between the two imaging methods.

Patients with malignant lesion at CEUS who had CT

pre-CEUS were 64/120 (53.3 %), of which 55/64 (85.9 %)

cases show concordance. Those who had CT post-CEUS in

the same institute were 26/120 (21.7 %), and in everyone

there was concordance. Patients with malignant lesion at

CEUS who had MRI pre-CEUS were 7/120 (5.8 %), and

among those who underwent studies in the same institute,

6/7 (85.7 %) cases show concordance. Those who had MRI

post-CEUS were 21/120 (17.5 %) and of which in 19/21

(90.5 %) there was concordance.

Discussion

In last 10 years several studies that proved CEUS value in

liver focal lesions characterization were published, con-

ferring CEUS a diagnostic role for indeterminate lesions

detected at conventional ultrasound [7–10]. Regarding the

accuracy, a multicenter study (DEGUM) pointed out that,

for liver lesions, results are superimposable to those

obtained with CT and MRI [2, 3]. Contrast medium

injection addition to a conventional ultrasound study

increases considerably accuracy and diagnostic confidence

[11–13], therefore imposing CEUS application in liver

focal lesions characterization detected at conventional

ultrasound. Furthermore, it is reported CEUS application

after non-diagnostic investigations (CT, MRI or CT-PET)

[14–19].

In last National Health Institute Italian guidelines is rec-

ommended the use of CEUS for the characterization of focal

liver lesions detected at conventional ultrasound [6]. The

National Institute of Health and Care Excellence recom-

mends contrast medium ultrasonography application not

only for the evaluation of liver focal lesions with indeter-

minate features at conventional ultrasound, but also for those

patients who cannot have CT or MRI examinations [20].

The discovery at CEUS of a typical benign lesion evi-

dence could be sufficient for the diagnosis, without addi-

tional medical deepening need that would represent an

useless additional cost. In reverse, atypical features impose

additional deepening, as certainly expected and recom-

mended [2, 3]. D’Onofrio et al. report a sensitivity of 95 %

in the differential diagnosis among benign and malignant

lesions investigated with contrast-enhanced ultrasound,

resulting CEUS even better that CT in hypervascular focal

lesions detection [21]. Furthermore, there are several

papers centered also on the metastatic lesions identification

at CEUS in comparison with referred imaging methods or

pathological, that reported the high accuracy of CEUS [22–

26]. However, if CEUS proves to be a reliable method in

the ability of differentiating benign from malignant lesions,

in the diagnosis of malignant liver focal lesion it is

essential the integration with CT and/or MRI for the dis-

ease staging, for the greater panoramic view of these two

imaging methods [9, 10].

EFSUMB guidelines recommend contrast media ultra-

sonography application in clinical practice for liver focal

lesions evaluation [3–5].

This study is a survey and as a survey it has intrinsic

limits in the evaluation model that can only take a picture

of CEUS application in different involved centers. It means

that it does not have the opportunity to show statistical

analysis about method accuracy. Moreover, this study is a

retrospective study and it is based only on the re-reading of

medical reports, conferring to CT and MRI a gold standard

role.

From this survey it deduces that in benign lesions

evaluation, 71.3 % of patients who had CEUS did not

undergo further additional research investigations, in par-

ticular, 74.9 % of patients with diagnosis of hemangioma

at CEUS did not have other examinations; furthermore, CT

and MRI studies post-CEUS done in patients group with
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diagnosis of hemangioma showed a concordance rate with

contrast-enhanced ultrasound, respectively, 78.9 and

72.5 %.

Patients with benign lesions diagnosed at CEUS who

had only studies pre-CEUS were 145/561 (25.8 %), those

who had no investigations pre- or post-CEUS were

255/561(45.5 %). Summing up these data, it is highlighted

how in 71.3 % of cases (400/561) CEUS was used as a

‘‘problem solving’’ method for the first-line diagnosis, as

reported in literature and as recommended from guidelines

previously mentioned. It is important to stress that CEUS is

the cheapest imaging method for indeterminate focal liver

lesion characterization detected at conventional ultrasound.

In particular, it was proved that CEUS resulted particularly

effective in benign liver lesions second-level evaluation in

‘‘pharmacoeconomic’’ terms [27–31].

Regarding malignant lesions characterization, CEUS

showed a global concordance rate with CT and MRI pre-

and post-CEUS of 79.4 %. From malignant lesions diag-

nosed at CEUS, only the 4.3 % of cases did not have any

previous or further studies. We consider that this factor, in

case of liver malignant lesion diagnosis, reveals a more

panoramic imaging method need, that it can supply a

complete systemic staging of disease.

Comparing statistical series of radiological institutes

with ones of non-radiological institutes, it is shown how the

number of research investigations done is higher in radio-

logical centers, nevertheless there is no significant differ-

ence in concordance rate for diagnosis and enhancement

features among CEUS and CT or MRI studies in different

centers; in particular in radiological centers only 13 % of

patients was evaluated only with contrast-enhancement

ultrasound compared with the 43.1 % of non-radiological

centers. These data are most likely suggestive of the high

number of complex patients at the radiological centers.

Indeed it is necessary to keep in mind that 59 % of lesions

valued in radiological centers were malignant, compared to

29.1 % of those in non-radiological centers.

Also with previously described limits, we consider that

our study proves the contrast-enhanced ultrasound correct

application, pursuant to the official guidelines in the

involved centers.
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Săndulescu L, Bota S, Calescu DP, Nedelcu D, Brisc C, Ciobâca
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