
Contrast-enhanced Ultrasound for the Characteriza-
tion of Focal Liver Lesions – Diagnostic Accuracy in
Clinical Practice1 (DEGUM multicenter trial)
Kontrastmittelsonografie bei B-Bild-morphologisch unklaren Leberraum-
forderungen – Diagnostische Treffsicherheit im klinischen Alltag (DEGUM-
Multicenter – Studie)
Authors D. Strobel1, K. Seitz2, W. Blank3, A. Schuler4, C. Dietrich5, A. von Herbay6, M. Friedrich-Rust7, G. Kunze8, D. Becker9,

U. Will10, W. Kratzer11, F. W. Albert12, C. Pachmann13, K. Dirks14, H. Strunk15, C. Greis16, T. Bernatik1

Affiliations Die Institutsangaben sind am Ende des Beitrags gelistet.

Key words
l" abdomen
l" tumor liver
l" contrast-enhanced

ultrasound

received 1.7.2008
accepted 28.8.2008

Bibliography
DOI 10.1055/s-2008-1027806
Published online 2008
Ultraschall in Med 2008; 29:
499 – 505 � Georg Thieme
Verlag KG Stuttgart · New York ·
ISSN 0172-4614

Correspondence
Deike Strobel
Internal medicine I, University
of Erlangen
Ulmenweg 18
91058 Erlangen
Tel.: ++ 49/91 31/8 53 50 00
Fax: ++ 49/91 31/8 53 52 52
deike.strobel@uk-erlangen.de

Zusammenfassung
!

Ziel: Ziel der Studie war, den diagnostischen
Stellenwert der Kontrastmittelsonografie in der
Differenzialdiagnose von Leberl�sionen im klini-
schen Alltag in einem multizentrischen Ansatz
zu evaluieren.
Material und Methoden: 1349 Patienten (M�n-
ner n = 677, Frauen n = 672) mit einem im B-Bild
und Farb-Doppler unklaren Lebertumor wurden
von Mai 2004 – Dezember 2006 in 24 Kranken-
h�usern mit Kontrastmittelsonografie nach ei-
nem standardisierten Protokoll (Pulsinversion-
stechnik, mechanischer Index < 0,4) untersucht.
Tumortypische Vaskularisationsmuster und das
Kontrastmittelenhancement der Lebertumoren
wurden w�hrend der arteriellen Phase, portalve-
nçsen Phase und Sp�tphase (> 2 Minuten nach
intravençser Bolusinjektion) nach einem stan-
dardisierten Protokoll dokumentiert und analy-
siert. Basierend auf tumortypischen Vaskularisa-
tionsmustern erfolgte eine Differenzierung in
maligne und benigne Leberl�sionen. Wenn mç-
glich, wurde eine spezifische Tumordiagnose
gestellt. Die Ergebnisse der Kontrastmittelsono-
grafie wurden mit der korrekten Enddiagnose
(basierend zu 75% auf histologisch gesicherten
Befunden bzw. in den �brigen F�llen mit CT oder
MRI) verglichen.
Ergebnisse: Basierend auf dem Goldstandard
wurden 573 benigne Leberraumforderungen (H�-
mangiome n = 242, fokal nodul�re Hyperplasien
n = 170, Leberzelladenome n = 19, andere benigne
L�sionen n = 142) und 755 maligne Leberraumfor-
derungen (Metastasen n = 383, hepatozellul�re
Karzinome n = 279, andere maligne L�sionen
n = 93) eingeschlossen. Die diagnostische Treffsi-
cherheit der Kontrastmittelsonografie lag im Ver-
gleich zur korrekten Enddiagnose bei 90,3%. Die
Kontrastmittelsonografie erkannte korrekt 723/
755 maligne L�sionen (Sensitivit�t 95,8%) und
476/573 benigne L�sionen (Spezifit�t 83,1%). Die

Abstract
!

Purpose: To evaluate the diagnostic benefit of
contrast-enhanced ultrasound for the differential
diagnosis of liver tumors in clinical practice.
Materials and Methods: From May 2004 to De-
cember 2006 1349 patients (male 677, female
672) with a hepatic tumor lacking a definite diag-
nosis based on B-mode ultrasound and power
Doppler ultrasound were examined at 14 hospi-
tals by contrast-enhanced ultrasound using a
standardized protocol (pulse/phase inversion
imaging, mechanical index < 0.4). The Tumor sta-
tus was assessed based on the vascularity pattern
and contrast enhancement seen in focal lesions
during the arterial, portal, and late phase. The di-
agnosis established after contrast-enhanced ul-
trasound was compared to histology (> 75%
cases) or in some cases to CT or MRI.
Results: The final diagnosis of hepatic tumors
included 573 benign hepatic tumors (hemangio-
mas n = 242, focal nodular hyperplasia n = 170,
hepatocellular adenoma n = 19, other benign le-
sions n = 142) and 755 malignant hepatic tumors
(metastases n = 383, hepatocellular carcinoma
n = 279, other malignant lesions n = 93). The over-
all diagnostic accuracy of contrast-enhanced ul-
trasound in comparison to the correct final diag-
nosis based on the combined gold standard was
90.3%. Contrast-enhanced ultrasound was able
to correctly assess 723/755 malignant lesions
(sensitivity 95.8%) and 476/573 benign lesions
(specificity 83.1%). The positive predictive value
of contrast-enhanced ultrasound for the diagno-
sis of a malignant tumor was 95.4% and the nega-
tive predictive value of contrast-enhanced ultra-
sound was 95.7%.
Conclusion: Contrast-enhanced ultrasound
clearly improves the differential diagnosis of he-

1 Parts of this manuscript were presented at the ultra-
sound Dreil�ndertreffen 2007, Leipzig.
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Introduction
!

B-mode ultrasound is the most frequently used imaging techni-
que for a number of abdominal disorders because of its rela-
tively low cost, noninvasiveness, and broad availability. The in-
cidental finding of a liver lesion that needs to be characterized
is one of the most common clinical issues, and the prevalence
of benign liver lesions in the general population is high [1, 2].
Unenhanced ultrasound (US) of the liver provides good spatial
resolution and inherent soft-tissue contrast and is sufficient for
characterizing many liver lesions. Typical morphological B-scan
features allow focal lesions such as cysts, hyperreflexive he-
mangiomas in a nonsteatotic liver, or typically localized focal
fat accumulations or fatty sparing to be specifically diagnosed
by conventional ultrasound without further diagnostic proce-
dures [3– 5]. Unfortunately in daily practice many lesions do
not fulfill these diagnostic B-scan criteria. In these lesions it is
impossible to differentiate benign from malignant lesions. In
hypervascular hepatic tumors such as focal nodular hyperplasia
or hepatocellular carcinoma, power or color Doppler imaging of
liver lesions has revealed characteristic vascular patterns sug-
gesting a tentative tumor diagnosis. However, these techniques
are limited with respect to the visualization of small and fine
tumor vessels and their high susceptibility to motion artifacts
[6 –8]. Therefore, the detection of a solid focal liver lesion with
basic ultrasound frequently necessitates further investigation
(e. g. computed tomography (CT) and magnetic resonance ima-
ging (MRI) with intravascular administered contrast agents or
biopsy.
Microbubble contrast agents and contrast-specific ultrasound
techniques now offer the potential to show enhancement of
liver lesions in sonography just as in contrast-enhanced CT
and MR imaging [9 –11]. Contrast agents in ultrasound are
gas-filled microbubbles which are administered in very small
volumes (bolus 0.1 – 4.8 ml) intravenously. The microbubbles
remain intravascular for several minutes and do not diffuse
into the interstitium [12]. Contrast-specific ultrasound techni-
ques use the nonlinear acoustic effects of microbubbles and
provide high resolution images of tissue vascularization. Liver
tumors show characteristic and specific vascular patterns dur-
ing different phases of liver perfusion, from the early arterial
phase to the portal-venous phase. Contrast-enhanced ultra-
sound (CEUS) is the only imaging modality that allows visua-
lization of those vascular patterns in real time [13 – 16]. There
is increasing consensus that contrast agents improve the abil-
ity of ultrasound to characterize focal liver lesions in compar-
ison to unenhanced ultrasound. Several studies have shown a

diagnostic benefit of using CEUS. Most were single center stu-
dies with a limited number of patients [17 – 20] or focused on
certain tumor entities [21 – 24]. Multicenter studies focusing
on the diagnostic accuracy of CEUS are very limited and did
not include large numbers of patients [25 – 26]. In this paper
we report the results of a prospective multicenter study initi-
ated by the German Society for Ultrasound in Medicine (DE-
GUM). The aim was to evaluate the diagnostic value of CEUS
for the differentiation of focal liver lesions in clinical practice.

Material and Methods
!

Study population
This prospective study received approval from the institutional
ethical review board. All patients gave written informed consent.
Consecutive patients with a solid liver tumor visible during rou-
tine ultrasound were recruited for CEUS at the time of their ul-
trasound examination. Patients with liver lesions diagnosed from
characteristic B-mode echomorphology, such as patients with
cysts or typical hemangiomas (in a nonsteatotic liver), were not
included in the study. Malignant liver tumors with tumor infil-
tration in hepatic vessels were also not included. Patients who
were critically ill or had severe pulmonary hypertension or un-
stable angina were excluded, as were pregnant and nursing wo-
men. Between 2004 and December 2006 1349 patients (677 men
and 672 women; mean age 59.8 years; range 12 – 91 years) were
recruited at fourteen ultrasound centers at four university hospi-
tals and ten non-university hospitals. In the majority of patients
(n = 841; 62.3%) the focal liver lesion was an incidental finding.
In 234 patients (17.3%) an underlying liver cirrhosis and in 364
patients (27.0%) an extrahepatic malignancy was known.

Ultrasound technique
The following Ultrasound systems were used: Elegra and Se-
quoia (CPS and CCI) (Siemens Medical Solutions), HDI 5000
(Philips Medical Systems); EUB 8500, 6500 and 6000 + (Hita-
chi); Aplio (Toshiba); LOGIQ 9 (GE Healthcare); SSD-6500 (Alo-
ka). Ultrasound was performed by physicians with more than
five years’ experience with liver ultrasound and at least two
years’ experience with contrast-enhanced liver ultrasound. The
ultrasound examination was performed according to the fol-
lowing standardized protocol, assessed at a consensus meeting.

Baseline ultrasound
Each patient underwent a complete examination of the liver in
fundamental B-mode. The echo pattern of the liver was graded

patic tumors and is very helpful in clinical practice when B-scan
or power Doppler morphological criteria are missing (page 16).

positive Voraussagekraft f�r das Vorliegen eines malignen Tumors
lag bei 95,4%, die negative Voraussagekraft f�r das Vorliegen eines
malignen Tumors lag bei 95,7%.
Schlussfolgerung: Die Kontrastmittelsonografie zeigt auch in
einem multizentrischen Ansatz an einer großen Anzahl von Le-
bertumoren eine sehr hohe diagnostische Treffsicherheit in der
Differenzierung von Leberraumforderungen, die im B-Bild und
im Farb-Doppler unklar sind. Diese im B-Bild und Farb-Doppler
unklaren Leberl�sionen kçnnen in > 90% korrekt in der Kontrast-
mittelsonografie differenziert werden. Somit kçnnen durch den
Einsatz von Ultraschallkontrastmitteln im klinischen Alltag
strahlenbelastende Computertomografien, teure MRI-Untersu-
chungen und invasive Biopsien deutlich reduziert werden.
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as follows: normal echo pattern, increased liver echogenicity
suggestive of fatty liver, or irregular echo pattern and irregular
liver surface (liver cirrhosis image). To provide a baseline refer-
ence of the liver tumor, the location according to the Couinaud
classification [27], size and echogenicity of the tumor were as-
sessed. The Description of the tumor was based on the echogeni-
city of the lesion in comparison to the surrounding liver tissue
(hypoechoic, isoechoic, hyperechoic), echo texture (homoge-
neous, inhomogeneous), margins (well-defined, regularly de-
fined), and a hypoechoic tumor boundary (“halo sign”). In addi-
tion, color and power Doppler images were used to assess tumor
vascularity. The pulse repetition frequency, gain and wall filter
of color and power Doppler ultrasound were adjusted appropri-
ately. Tumor vascularity was defined as hypervascular, isovascu-
lar or hypovascular compared to the surrounding liver parench-
yma.

Contrast-enhanced ultrasound
Ultrasound contrast agents are not nephrotoxic or cardiotoxic
and the incidence of hypersensitivity or allergic events appears
lower than in the case of current X-ray or MR contrast agents
[28]. A second-generation blood pool agent, BR 1 (SonoVue),
consisting of phospholipid-stabilized shell microbubbles filled
with sulfur hexafluoride gas was used in this study. This agent

is isotonic to human plasma and devoid of antigenic potential
[29]. An intravenous bolus of 1.2 to 4.8 ml Sonovue (BR1; Brac-
co, Milan, Italy) was injected in a cubital vein using an at least
20G needle followed by a 10 ml saline flush. The dose of con-
trast agent depended on the specific contrast software in the
ultrasound units used in each center. In addition the volume
of contrast agent was able to be adjusted by the clinician per-
forming the ultrasound. In deeply situated small liver lesions
or in the presence of a fatty or cirrhotic liver, a double dose or
second bolus of contrast agent could be injected for sufficient
contrast enhancement in the lesion and liver parenchyma. The
bolus injection was followed by immediate scanning of the fo-
cal lesion for up to five minutes using specific contrast soft-
ware (phase or pulse inversion imaging) with a mechanical in-
dex < 0.4.

Liver tumor characterization
Liver tumor characterization was based on: a) real-time as-
sessment of contrast enhancement of the focal lesion (hy-
poenhanced, isoenhanced, hyperenhanced) in comparison to
the surrounding liver parenchyma during the arterial phase
(5 – 25 sec), portal-venous phase (25 – 60 sec), and late phase
(> 120 sec after contrast injection), b) location of the initial
contrast enhancement in the lesion (center, periphery), and

Arterial Phase:

Central artery, wheel spoke pattern 

Early arterial homogenous contrast
enhancement  

Portal-venous and late phase:

Hyper- or Isoenhancement

Portal-venous Late PhaseArterial

Contrast Enhancement –Tumor / Livera

Arterial Phase

Contrast enhancement only in tumor
periphery – no intratumoral vessels  

Portal-venous phase and late phase

Centripetal contrast-enhancement –
nodular enhancement and „fill in“
pattern

Contrast enhancement – Tumor / Liver 

Late phaseArterial Portal-venous

b

Late phase

Arterial phase

Irregular tumor vessels

Hyperenhancement e.g. neuroendocrine tumor 

Hypoenhancement e.g. AdenoCa 

Portal-venous and late phase

Hypoenhancement – „washout pattern“ 

Contrast enhancement – Tumor / Liver

Arterial Portal-venous

c

Arterial Portal-venous Late phase

?

Arterial phase:

Irregular tumor vessels

Hyperenhancement

Portal-venous and late phase:

Iso orHypoenhancement
(related to tumor differentiation)  

Contrast enhancement – Tumor / Liverd

Fig. 1 Typical vessel architecture and contrast enhancement pattern.
a Focal nodular hyperplasia, b hemangioma, c metastatic liver lesion,
d hepatocellular carcinoma.

Abb. 1 Typische Gef�ßarchitektur und Kontrastmittelspeicherung.
a Fokal nodul�re Hyperplasie, b H�mangiom, c Metastase, d Hepato-
zellul�res Karzinom.
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c) specific vascularization pattern (wheel spoke pattern, irre-
gular arteries, nodular enhancement, rim sign) in the arterial
and portal-venous phases (fill-in pattern, wash-out pattern)
[8, 14, 28]. The following criteria were used for the differential
diagnosis of liver tumors (l" Fig. 1). Focal nodular hyperplasia:
An initial radial centrifugal vascularity in the early arterial
phases (wheel spoke pattern) followed by sudden complete
contrast enhancement of the lesion in the arterial phase and
iso- or hyperenhancement of the lesion in the portal-venous
and late phase was defined as characteristic of focal nodular
hyperplasia. Hemangioma: An initial solitary circular vascular-
ity pattern (without any central intratumoral vascularity) in
the arterial phase followed by a nodular fill-in pattern during
the portal-venous phase was defined as typical of hemangio-
ma. Metastasis: An irregular chaotic intratumoral vascularity
with or without a circular vascularity pattern in the arterial
phase followed by a wash-out (hypoenhancement of the tu-
mor) in the late phase was considered suspicious for malig-
nancy (e. g. metastasis in a noncirrhotic liver). Hepatocellular
carcinoma: An irregular chaotic intratumoral vascularity and
hyperenhancement in the arterial phase followed by iso- or
hypoenhancement in the late phase was considered suspicious
for hepatocellular carcinoma in a cirrhotic liver. If no tumor-
specific vascularity pattern in the arterial or portal-venous
phase could be noted, contrast enhancement in the late phase
was used to classify the lesion: an isoenhanced lesion in the
late phase was classified as benign, a hypoenhanced lesion in
the late phase with enhancement in the arterial and/or portal-
venous phase was classified as malignant. In patients with
multiple liver lesions, each lesion was analyzed separately
with one bolus injection of contrast medium per lesion. Tu-
mors were diagnosed at the time of the ultrasound exam. All
ultrasound examinations were digitally stored as images or
clips in the patient documentation system of each ultrasound
unit.

Tumor diagnosis reference (gold standard)
The majority of tumors were histologically confirmed (histolo-
gy n = 1006; cytology n = 19). Final diagnosis was based on all
available imaging and clinical data, including histology and fol-
low-up information. Final diagnosis without histological/cyto-
logical confirmation was made in patients with clear diagnosis
of hemangioma or FNH at CEUS, in whom a biopsy was not
ethically justified. In these cases imaging modalities (CT and/
or MRI) and follow-up were judged as the reference standard.
All CT examinations employed a commercially available multi-
detector CT scanner (Siemens Somatom Sensation, Somatom
Emotion; Toshiba, Asteion/VR). MRI examinations employed a
1.5 T imaging system (Siemens Magnetom Avanto, Magnetum
Symphony, Sonata; Philips Intera).

Statistics
Data relating to the patient characteristics, ultrasound system
and ultrasound examinations were analyzed using online data
forms, which were part of the study protocol and were comple-
ted by each examiner. The accuracy of CEUS for the characteri-
zation of focal liver lesions was assessed in terms of lesion sta-
tus and specific lesion type. The Tumor status was assessed as
benign, indeterminate or malignant. The Sensitivity was calcu-
lated as the percentage of true positive malignancies divided by
the number of malignant lesions based on the final diagnosis.

The Specificity was calculated as the number of true negative
malignancies (i. e. classification as benign) divided by the num-
ber of benign lesions based on the final reference diagnosis. In-
determinate classifications were rated as false classifications in
both calculations. The Accuracy was calculated as the sum of
true negatives and true positives divided by the total number
of patients. The positive predictive value was calculated as the
number of true positive malignancies divided by all positive
classifications from CEUS. The negative predictive value was
defined as the number of true negatives (i. e. classification as
benign) divided by all negative classifications from CEUS.
Preparation of the online data forms, quality control of the
enormous amount of data, calculation and statistical analysis
were performed by an independent statistics institute, the
Medidata Group, Konstanz, Germany. The work of Medidata
Group was financially supported by Bracco Research Pharma,
Konstanz, Germany. The authors had exclusive control of the
data and information presented in the manuscript. There was
no other financial support.

Results
!

A total of 1349 liver lesions from the fourteen ultrasound depart-
ments (4 university hospitals, 10 non-university hospitals) were
included in the study. Baseline characteristics of the patients are
given in l" Table 1.

Baseline ultrasound
Fundamental B-mode showed a normal echo pattern of the li-
ver parenchyma in 702 patients (52.0%); a hyperechogenic tex-
ture (fatty liver image) was found in 329 patients (24.4%); an
inhomogeneous echo pattern was seen in 410 patients (30.4%);
261 patients showed echomorphological signs of liver cirrhosis
(19.3%). Focal liver lesions were located throughout all seg-
ments of the liver. The mean size of the 1349 liver lesions was
41.6 € 28.6 mm with a range of 1 – 210 mm. Of the 1349 liver le-
sions, 811 were hypoechoic (60.1%) in comparison to the sur-
rounding liver parenchyma, 339 were hyperechoic (25.1%) and
199 were isoechoic (14.8%). In comparison to the surrounding
liver parenchyma 648 lesions were hypovascular, 288 isovascu-
lar and 279 hypervascular. Assessment of tumor vascularization

Table 1 Baseline characteristics of the patients.

Characteristic Value1

Age – years 59.8 € 14.6
(range 12 – 91)

Sex
– male – number (%)
– female – number (%)

677 (50.2)
672 (49.8)

Weight – kg 72.3 € 12.45
(range 39 – 148)

Body mass index – kg/m2 25.0 € 3.56
(15.1 – 46.7)

Underlying liver disease – number (%)

Liver cirrhosis 234 (17.3 %)

Extrahepatic malignancy 364 (27.0 %)

Liver tumor as incidental finding 841 (62.3 %)
1 Plus-minus values are means € SD.
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via power Doppler ultrasound was prevented by motion arti-
facts in 134 liver lesions (9.9%).

Contrast-enhanced ultrasound
CEUS was able to be assessed with sufficient diagnostic quality
in 1280/1349 patients (94.9%). In 69 patients (5.1%) the quality
of CEUS was reduced due to technical or patient-related factors:
In 38 patients limited penetration of the contrast signal and at-
tenuation due to adiposity, steatosis of the liver, calcifications in
the lesions or air interference were observed. In 18 patients le-
sions showed inhomogeneous or incomplete contrast enhance-
ment. In 8 patients the location of the lesions was limiting.
Real-time assessment of the successive vascular phases of liver
perfusion revealed the following tumor contrast enhancement
in comparison to the surrounding liver parenchyma: arterial
phase: 885/1349 liver lesions were hyperenhanced (65.6%),
364/1349 were isoenhanced (26.9%), 94/1349 were hypoen-
hanced (6.9%); portal-venous phase: 356/1349 were hyperen-
hanced (26.39%), 571/1349 were isoenhanced (42.3%), 414/
1349 were hypoenhanced (30.7%); late phase: no lesion was hy-
perenhanced, 493/1349 liver lesions were isoenhanced (36.5%),
829/1349 were hypoenhanced (61.4%).

Diagnostic accuracy
21 of the total 1349 lesions studied (0.2%) were unclear even in
the combined gold standard (histology and/or CT and/or MRI). Of
the remaining 1328, 573 were benign and 755 malignant in the
final diagnosis. Histological confirmation was available in 1006/
1349 liver lesions (74.6%), CT in 269/1349 liver lesions (19.9%),
and MRI in 269/1349 liver lesions (19.9%). The overall diagnostic
accuracy of CEUS in comparison to the correct final diagnosis
based on the combined gold standard was 90.3%. Only 92 out of
1349 lesions (all lesions unclear in B-mode and power Doppler)
remained unclear after contrast-enhanced ultrasound (6.8%).

Differentiation of malignant and benign liver lesions
In the differentiation of malignant and benign liver lesions, CEUS
correctly identified 723/755 malignant and 476/573 benign li-
ver lesions, resulting in a sensitivity of 95.8% and a specificity
of 83.1%. Counting the 69 patients, in whom the quality of CEUS
was insufficient, as false negative, the sensitivity of CEUS was
87.7%. The positive predictive value of CEUS for the classification
of malignant lesions was 95.4% (n = 723/820) and the negative
predictive value was 95.9% (n = 476/508) (l" Table 2).
In terms of the clinical background, 841 liver lesions were found
as incidental findings (benign lesions n = 414, malignant lesions
n = 410). In 364 patients the liver lesions were found on the ba-
sis of a known extrahepatic malignancy (benign liver lesions
n = 106, malignant liver lesions n = 255). In patients with an un-
derlying liver cirrhosis 233 liver lesions were studied (benign
lesions n = 32, malignant lesions n = 198).

Discussion
!

Several studies have recently demonstrated that the diagnos-
tic performance and reliability of liver lesion characterization
can be improved by real-time CEUS. On the basis of tumor
contrast enhancement in the arterial, portal-venous, and late
phases, typical vascularization patterns have been described
which can be assessed in a dynamic real-time exam beginning
with contrast injection and lasting up to 5 minutes. In the ar-
terial phase, typical vascularization patterns such as wheel-
spoke pattern in FNH, a nodular peripheral enhancement pat-
tern in hemangiomas or an irregular hypervascularity in hepa-
tocellular carcinoma and in hypervascular metastases (e.g.
neuroendocrine tumors) have been described. In tumor enti-
ties such as hypovascular metastases (e. g. metastases of gas-
trointestinal adenocarcinoma) or in some cholangiocellular
carcinomas, the contrast enhancement in the arterial phase
may be weak, but still visible. However, the differentiation of
a liver lesion is not based on the arterial phase alone [15]. If
contrast enhancement of a liver lesion in the arterial phase is
followed by wash-out of contrast and marked hypoenhance-
ment in the portal or late phase, this pattern is considered ty-
pical of a malignant liver lesion. If contrast enhancement in
the arterial phase is followed by iso- or hyperenhancement of
liver lesions in the portal and late (late) phase, this pattern is
considered typical of a benign liver lesion, except in cirrhotic
patients. In liver cirrhosis HCC are characterized by hyperen-
hancement in the arterial phase followed by iso- or hypoen-
hancement in the late phase [23].
Based on these well described enhancement patterns, several
studies showed improved differential diagnosis using CEUS in
comparison to conventional ultrasound (B-scan and color/pow-
er Doppler). Most of these studies are single center studies or fo-
cus on the characterization of contrast enhancement patterns in
certain tumor entities using CT or MRI techniques and in some
cases histology as a reference. To date, Multicenter studies fo-
cusing on the diagnostic accuracy of CEUS have included only
small numbers of patients [25, 26].Therefore, the clinical benefit
of CEUS in everyday routine differentiation of liver lesions is not
yet well defined.
This study was designed to evaluate the diagnostic value of
CEUS in a multicenter trial including university and non-uni-
versity hospitals, using a reasonably high diagnostic reference
standard, which should be histology in most cases. Indeed,
more than 75% of the liver lesions in our study had a con-
firmed histological diagnosis. In contrast to other studies, we
included only liver lesions that were unclear based on sono-
morphological criteria in B-scan and color or power Doppler
ultrasound performed by sonographically experienced clini-
cians. In the current clinical algorithm, patients lacking a defi-
nite tumor diagnosis with sonography are referred for con-
trast-enhanced imaging techniques such as CT or MRI or have
to undergo an invasive procedure such as tumor biopsy. With

Table 2 Diagnostic value of contrast-enhanced ultrasound (CEUS) for tumor differentiation.

CEUS Sensitivity Specificity PPV NPV Diagnostic accuracy

All lesions (n = 1 328) 95.8 % (n = 723 / 755) 83.1 % (n = 476 / 573) 95.4 %(n = 723 / 820) 95.9 % (n = 476 / 508) 90.3 % (n = 1 199 / 1 328)

Lesions > 2 cm (n = 999) 96.5 % (n = 571 / 592) 86 % (n = 350 / 407) 96.5 % (n = 571 / 592) 96.4 % (n = 350 / 363) 92.2 % (n = 921 / 999)

Lesions £ 2 cm (n = 329) 93.3 % (n = 152 / 163) 75.9 % (n = 126 / 166) 91.5 % (n = 152 / 166) 94.7 % (n = 126 / 133) 84.5 % (n = 278 / 329)
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the development of ultrasound contrast agents, we are now
able to differentiate liver lesions not only by echomorphology
in B-mode and macrovascularization in Doppler mode, but
also by assessing lesion microvascularization using ultrasound.
The clinical background of the 1349 patients included in this
study reflects the reality in most hospitals, where liver tumors
are frequently detected as incidental findings (62.3%). However,
patients with a known extrahepatic malignancy (27% of pa-
tients in our study) and patients with underlying liver cirrhosis
(17%) were also included. As usual in clinical practice in Germa-
ny, the ultrasound exam was performed with knowledge of the
clinical background of the patient and the tumor diagnosis was
assessed at the time of CEUS by the clinician performing the
exam. Regardless of the patient’s clinical background and the
provisional tumor diagnosis made by the clinicians, the most
important question for CEUS was to clarify whether the lesion
was malignant or benign. In our study more than 90% of the
1349 lesions lacking a definite diagnosis in B-mode and Dop-
pler techniques were able to be correctly diagnosed by CEUS
with a high predictive value for malignant lesions (PPV > 95%),
indicating the high diagnostic value of this new imaging techni-
que. Furthermore, in comparison to the surrounding liver par-
enchyma the enhancement pattern of liver lesions during the
3 phases of liver perfusion provides a specific criterion for dif-
ferentiation of malignant and benign liver lesions with a sensi-
tivity of 95.8% and a specificity of 83.1%.
Despite the very high diagnostic accuracy of CEUS in this study
(90.3%) there are limitations. CEUS has the same limitations as
all ultrasound techniques in patients with extreme meteorism
or obesity, and therefore is not suitable for all patients. How-
ever, other imaging techniques such as CT or MRI have their
own limitations associated with radiation or patient-related
factors such as allergies, renal insufficiency, claustrophobia, ex-
treme obesity or interference with metal foreign material [30–
33]. Ultrasound contrast agents are safe, well-tolerated and
have very few contraindications [34, 35]. Ultrasound is an ima-
ging method that depends on the experience of the examiner
(as is true for all diagnostic and especially imaging procedures).
Our multicenter trial included ultrasound physicians who had a
high level of experience with ultrasound imaging. According to
the qualification certificates of the German Society for Ultra-
sound in Medicine (DEGUM), all participants in the study had
a level II or III qualification (more than 6000 or 10 000 ultra-
sound exams) and had worked with ultrasound contrast agents
in the liver for more than two years. It is therefore not possible
to transfer these results to the broad range of ultrasound diag-
nostics throughout the country. Training is clearly needed to
learn this excellent technique. Furthermore, the use of CEUS is
currently limited to a modern high-end ultrasound machines,
which are still unavailable at some hospitals due to price. An-
other limitation of the study may be that there was no blinded
review of the images. However, the study was designed to re-
flect the diagnostic algorithm in clinical reality, where the ul-
trasound diagnosis of a tumor is made at the time of examina-
tion by the physician in knowledge of the clinical context of the
patient.
In view of the high accuracy of CEUS, we would like to suggest
the immediate use of CEUS in the diagnostic algorithm for focal
liver lesions lacking a definite diagnosis in B-mode and Dop-
pler ultrasound. The immediate use of contrast-enhanced ul-
trasound shortens the waiting time for patients who are terri-
fied by the diagnosis of an undefined liver tumor. In the case of

a confident diagnosis of a benign liver lesion in CEUS, further
imaging procedures or biopsy can be avoided. Due to the high
number of incidental benign findings in the liver, the use of
computed tomography, which exposes the patient to radiation
[36], and of costly procedures such as MRI can be reduced by
the availability of CEUS in clinical practice. In the case of a ma-
lignant tumor diagnosis in CEUS, further imaging will be nee-
ded for tumor staging and treatment decisions in many pa-
tients. Tumor biopsy remains the method of choice whenever
tumor status based on imaging modalities is unclear.
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