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INTRODUCTION

The American College of Radiology (ACR) endorsed the Liver Imaging Reporting and Data System (LI-RADS) for
standardized reporting and data collection of computed tomography (CT) and magnetic resonance (MR) imaging for
hepatocellular carcinoma (HCC) in high-risk patients [http://www.acr.org/quality-safety/resources/LIRADS]. The high-
risk patient is defined according to the published guidelines. The LI-RADS imaging criteria are used to classify CT or
MRI detected ‘observations’ from ‘definitely benign’ (LR-1) to ‘definitely HCC' (LR-5) based on imaging criteria."” The term
‘observation’refers to an area that is distinctive from the background liver and may represent a true lesion such as an HCC
nodule or a pseudolesion such as a perfusion alteration due to arteriovenous shunting.? Observations categorized as LR-5
can be managed as HCC without histological confirmation. Category LR-5V is used for definite tumor located within a vein,
even if a parenchymal component is not identified at imaging. Category LR-M is used for observations that are definitely
or probably malignant, but with imaging features not specific for HCC; the differential diagnosis for such lesions includes
atypical HCC and non-HCC malignancies such as intrahepatic cholangiocarcinoma (ICC) or metastases.

Coincident with the recent approval in the United States of a microbubble contrast agent for liver imaging (Lumason®,

known as SonoVue® in Europe and elsewhere), LI-RADS is being expanded to include contrast-enhanced ultrasound

(CEUS). CEUS is a powerful imaging method that can be used to characterize nodules detected on grayscale surveillance

US, or nodules discovered by other methods, including those indeterminate on CT or MR scans.

CEUS LI-RADS is being developed by an international working group of radiologists and hepatologists with expertise

in CEUS. The CEUS LI-RADS Working Group was convened in April 2014 by the ACR and has received input from the LI-

RADS Steering Committee to facilitate consistency between LI-RADS by CEUS and by CT/MR. CEUS LI-RADS includes the

following features:

e a categorization algorithm with well-defined CEUS criteria to reduce imaging interpretation variability and errors,
improve communication with referring clinicians and facilitate quality assurance and research [http://www.acr.org/
quality-safety/resources/LIRADS]

e an atlas of examples illustrating proper imaging technique, imaging feature characterization, lesion categorization,
pitfalls, and differential diagnosis, and

e alexicon of recommended terminology for use in clinical care and research.

The initial version of CEUS LI-RADS (v2016) was completed by the Working Group and approved by the LI-RADS Steering
Committee in July 2016. Sonographically distinct solid nodules > 10 mm in diameter may be diagnosed as definite HCC
(CEUS LR-5) if they show both of the following:*'2

1) arterial phase hyperenhancement (APHE)

2) mild and late (= 60s) washout.

The categorization algorithm of CEUS LI-RADS v2016 is shown in Figure 1.

TERMINOLOGY

The acronym CEUS was accepted as the official term describing contrast-enhanced ultrasound (ultrasonography)
techniques in general.”>'* A separate term is dynamic contrast-enhanced ultrasound (DCE-US) which describes time
intensity curve (TIC) analyses used for quantification of tumor perfusion, for example for assessment of treatment
response.’™'® CEUS guidelines were first introduced by the European Federation of Societies for Ultrasound in
Medicine and Biology (EFSUMB) in 2004, centred on liver applications.!” The CEUS liver guidelines were then updated
in 2008."® The current version was a joint venture between WFUMB (World Federation of Ultrasound in Medicine
and Biology) and EFSUMB. The guidelines were published simultaneously in Ultraschall in der Medizin/European
Journal of Ultrasound (EJU)" and Ultrasound in Medicine and Biology (UMB)." The CEUS LI-RADS Working Group has
adopted the terminology of these existing guidelines and adapted the terminology of CT and MR LI-RADS to CEUS.



Figure 1. LI-RADS algorithm for characterization of focal liver lesions (FLL) in the at-risk patient.
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HEPATOCELLULAR CARCINOMA IN THE CIRRHOTICLIVER

The development of HCC is thought to occur through a multistep pathway in about 90% of cases through the following
sequence:

1) regenerative nodule (> 4 mm)

2) large regenerative nodule with low- or high-grade dysplasia

3) dysplastic nodule with a focus of HCC

4) early HCC

5) progressed HCC (the latter two with progressive worsening of tumor cell differentiation).’™

This process of hepatocarcinogenesis is characterized by a progressive increase in arterial flow from newly formed
tumor arteries (neoangiogenesis) and a concurrent disappearance of normal intranodular vessels. These newly formed
tumor arteries are called ‘unpaired’ or ‘nontriadal’ arteries since they are not located in the embryologically derived
portal triads and so are unaccompanied by portal veins and bile ducts, and they tend to have a chaotic architecture.
Thus, early HCCs typically have greater arterial blood supply than the surrounding parenchyma and less portal venous
blood flow. These multistep changes in arterial and portal venous flow are key elements for the characterization of
hepatocellular nodules in cirrhosis during the vascular phases of all contrast agents.’”>'*'%2 |n parallel with these
changes in blood flow, the development of HCC is also characterized by nodule growth. The likelihood of a nodule
identified on imaging being an HCC increases with nodule size, from 66% in nodules 10 — 20 mm in diameter,?'?2 about
80% in nodules of 20 — 30 mm in diameter,® to above 92% for nodules larger than 30 mm in diameter.

The guideline algorithms for the diagnosis of HCC depend on the contrast behavior and size of the lesion. CEUS LR-5 is
a lesion = 10mm in size with CEUS behavior that is typical of HCC, namely arterial phase hyperenhancement and mild
and late washout.

INTRODUCTION TO LI-RADS CATEGORIZATION

Characterization of an observation begins as soon as it is detected. On US, benign liver cysts and focal calcifications may
be confidently identified and characterized without requiring contrast injection. An HCC may appear on the grayscale
examination as a nodule of increased or reduced echogenicity, but may also be occult to grayscale ultrasound or
difficult to delineate if it is isoechoic.



Real-time assessment of the arterial phase on CEUS allows detailed analysis of the vascular patterns characteristic
of benign and malignant tumors. Portal venous and late phase evaluation of a focal nodule in comparison to the
surrounding liver parenchyma will improve differentiation of benign from malignant masses, on the basis of sustained
enhancement or washout respectively.?*?

SPECIFIC INDICATIONS FOR CEUS

According to the LI-RADS recommendations, CEUS is used in the liver for several reasons to:

e characterize observations (generally > T0mm and visible as distinct nodules at pre-contrast grayscale US) in
patients at risk for HCC and establish a diagnosis of HCC

characterize observations categorized LR-3, LR-4, or LR-M on either CECT or CEMR

characterize biopsied nodules with inconclusive histology

contribute to the selection of observation(s) for biopsy when they are multiple or have different contrast patterns
monitor changes in enhancement pattern over time when a nodule under surveillance is not conclusive for HCC
differentiate bland thrombus from tumor in vein (“tumor thrombus”).

Outside of categorization of observations by CEUS LI-RADS, CEUS is also used for the localization of liver tumors for
treatment planning (including transabdominal and intraoperative approaches),?3° monitoring local ablative treatment,
imaging hepatic vessels (especially in liver transplants), dynamic contrast-enhanced ultrasound (DCE-US) quantification
for monitoring antiangiogenic and other types of treatment as well as for other purposes including hepatic transit time
measurements and evaluation of the transplant liver.’>*’

DIAGNOSTIC CRITERIA FOR LI-RADS CHARACTERIZATION

Size. The largest dimension of the liver nodule detected on B-mode ultrasound.

Arterial phase enhancement. The arterial phase enhancement of a liver nodule assessed by comparing the intensity of

the signal from a liver nodule with the signal intensity from adjacent liver at the same depth during the peak of arterial

phase enhancement (20-40 s after contrast injection).

The type of arterial phase enhancement should be characterized using one of four possible descriptors:

e hyperenhancement: higher contrast agent signal intensity in the liver nodule or observation as compared with the
intensity in the adjacent liver

e isoenhancement: equivalent contrast agent signal intensity in the liver nodule as compared with the adjacent liver

e hypoenhancement: less contrast agent signal intensity in the liver nodule as compared with the adjacent liver

e no-enhancement: lack of contrast agent signal in the liver nodule.

Washout. Visually assessed reduction in contrast agent signal intensity in a nodule relative to the adjacent liver over

time, following initial enhancement, resulting in hypoenhancement. The timing and degree of washout should be

characterized.

Timing of washout onset: timing of the first observation of unequivocal washout, reported in seconds after contrast

bolus injection.

Washout degree:

e mild washout used when a liver nodule becomes hypoechoic relative to the liver but continues to show some contrast
enhancement

e marked washout used when a focal liver nodule appears virtually devoid of contrast agent signal (“punched out”) at a
time when the surrounding parenchyma is overtly enhanced. It will look black on CEUS imaging.

LI-RADS CATEGORIZATION

The key feature of CEUS in the diagnosis of HCC in liver cirrhosis is the detection of hyperenhancement of the nodule
in comparison to the surrounding parenchyma in the arterial phase (whole or in part, not globular or rim-like), followed
by washout in the late phase (late in onset > 60 s and mild in degree), when the nodule becomes hypoenhanced in
comparison to the surrounding parenchyma.®'22This pattern is categorized as LR-5 and is considered diagnostic for



HCC. LR-4 indicates a high probability of HCC, whereas LR-3 suggests an intermediate probability of HCC. Thus patients
are managed according to the LR category, keeping in mind that in both cases of LR-4 and LR-3 there is a substantial
probability that the lesion is actually an HCC and hence, if the diagnosis is not solved by alternative imaging modalities,
histological confirmation may be considered.

CEUS LR-1 (definitely benign)

A liver nodule categorized as LR-1 has imaging features diagnostic of a definitely benign entity. There should be 100%
certainty that the observation is benign. LR-1 applies to simple cysts, classic hemangiomas, and some cases of focal
fat deposition or sparing; also a previously seen observation that demonstrates definite spontaneous disappearance
at follow-up may be categorized as LR-1. Observations interpreted as focal hepatic fat deposition or focal hepatic fat
sparing can only be categorized as LR-1 if the CEUS features are unequivocal and/or if the diagnosis was previously
confirmed at CT or MR. If there is any uncertainty in the diagnosis, it should be categorized as LR = 2 according to the
approved algorithm.

CEUS LR-2 (probably benign)
A liver observation categorized as LR-2 has imaging features that are probably benign, with a high likelihood that the
nodule is benign. When in doubt it is recommended to categorize a lesion as LR-3 rather than LR-2.

Examples of LR-2 lesions include:

« distinct solid nodules < T0mm with isoenhancement in all phases

+ not a distinct solid nodule of any dimension with isoenhancement in all phases

+ nodules previously categorized as CEUS LR-3, and stable dimension for 2 years or longer.

CEUS LR-3 (intermediate probability for HCC)

Aliver observation categorized as LR-3 demonstrates imaging features with intermediate probability for HCC. Both HCC

and benign entities may be considered as intermediate probability.

Examples include:

« =10 mm distinct solid nodule with arterial phase isoenhancement without washout of any type

« any size distinct solid nodule with arterial phase hypoenhancement without washout of any type

+ <20 mm distinct solid nodule with arterial phase iso- or hypoenhancement and mild/late washout

+ < 10 mm distinct solid nodule with arterial phase hyperenhancement (in whole or in part, not rim or peripheral
discontinuous globular enhancement) and without washout of any type.

CEUS LR-4 (probably HCC)

A liver observation categorized as LR-4 demonstrates imaging features probably indicating HCC (nodule is probably

HCC but there is not 100% certainty of malignancy):

+ =20 mm distinct solid nodule with arterial phase hypo- or isoenhancement with mild and late washout

« < 10 mm distinct solid nodule with arterial phase hyperenhancement (in whole or in part, not rim or globular
peripheral enhancement) with mild and late washout

« = 10 mm distinct solid nodule with arterial phase hyperenhancement (in whole or in part, not rim or peripheral
discontinuous globular enhancement) without washout of any type.

CEUS LR-5 (definitely HCC)

A liver observation categorized as LR-5 has imaging features indicating it is definitely HCC (100% certainty nodule is
HCC). The criteria are a distinct solid nodule = 10mm with arterial phase hyperenhancement (in whole or in part, not
rim or peripheral discontinuous globular enhancement) with mild and late washout (Figure 2).



Figure 2. Typical HCC in liver cirrhosis with hyperenhancement of the nodule (arrows) in comparison to the surrounding
parenchyma in the arterial phase (a-d, 26 (a), 30 (b), 40 (c), and followed by mild washout 95 seconds after injection (d) (LR-5).
Non-enhancing areas, likely reflecting necrotic zones, are also present.

LR-5V (definite tumor in vein)

Liver observations categorized as LR-5V have imaging features indicating there is definite tumor in vein (100% certainty
there is tumor within the vein). The criteria are definite enhancing soft tissue in vein regardless of visualization of
parenchymal mass/nodule. Late washout is often seen as well (Figure 3). Conventional B-mode features often observed
in tumor in vein are disruption of portal vein walls by the tumor and mass-forming aspect of the thrombus.

Figure 3. Typical HCC in liver cirrhosis with definite tumor in vein (a) and arterial phase enhancement of the portal vein
thrombosis (b, PVT) followed by washout in the late phase (c).

LR-M (nodule is malignant, but not specific for HCC)

Liver observations categorized as LR-M have malignant imaging features not specific for HCC (nodule is malignant,
but not specific for HCC). The criteria are a distinct solid nodule with at least some enhancement in the arterial phase
(regardless of morphological pattern or degree) with either or both of the following:

- early washout relative to the liver parenchyma within 60 seconds of contrast injection

- marked washout resulting in a “punched out” appearance.



LR-Misdefined by variable arterial phase enhancementincluding diffuse hyperenhancement, diffuse hypoenhancement,
and most often rim enhancement (in the case of metastases and cholangiocarcinoma). The mostimportant characteristic,
however, is the washout pattern, showing early onset at < 60 s and/or reaching marked or punched out appearance.

POTENTIAL PITFALLS AND CHALLENGES

Potential pitfalls and challenges of CEUS include, amongst others, heterogeneity from cirrhosis, nodule dimension
< 10 mm, subdiaphragmatic or deep location (beyond 12 ¢cm), large body habitus, hepatic steatosis, lack of patient
cooperation, interfering bowel gas and artifacts.3*3

CHARACTERIZATION OF NODULES OCCULT ON PRE-CONTRAST B-MODE
(GRAYSCALE) ULTRASOUND

In select cases, CEUS examiners, at their discretion, can perform CEUS to characterize nodules that are occult on
precontrast grayscale ultrasound using anatomical landmarks, image fusion or repeat contrast injections. Such
characterization requires substantial experience and expertise. The challenge is to keep the (small) lesion in the image
plane although it is not visualized but only presumed on precontrast images, to properly pick-up the contrast washin
or washout. This approach is outside the scope of the current CEUS LI-RADS v2016.

SUMMARY

The application of LI-RADS terminology on the use of CEUS for the characterization of focal liver lesions in patients at
risk is summarized. Further refinements of criteria and extension to other patient groups is expected in future versions
of CEUS LI-RADS.

Key messages

o Afterthe FDA approval of Lumason® for assessment of focal liver lesions the American College of Radiology
(ACR) has approved and endorsed a LI-RADS classification system for hepatocellular carcinoma (HCC)
in patients at risk based on contrast-enhanced ultrasound (CEUS). This classification system has been
developed by an international working group of radiologists and hepatologists with high expertise in
CEUS.

o With the release of the latest algorithm, LIRADS now provides standardized terminology, interpretation,
and reporting of CEUS in high-risk patients.

e Each modality (CEUS, CECT, MRI) has complementary advantages as well as limitations. Further research is
needed to inform the optimal integration of CEUS, CECT, and MRI for imaging these patients.

e In case of observations in high-risk patients made with screening unenhanced ultrasound, CEUS allows an
immediate characterization of the lesion in the same session.

e Arterial hyperenhancement and late and mild washout are the key feature of HCC and allow a non-invasive
diagnosis of this entity.

e When a diagnosis of HCC is not definitively achieved by CEUS, the algorithm stratifies lesions based on the
degree of HCC or other malignancy probability.

e The time of onset and degree of wash-out are essential for the proper classification of observations.
Therefore, representative images (or video sequences) should be recorded from all relevant enhancement
phases.




References

1k

10.
1.

- o

~

[ve)

1

1

1

~

12.

13.

>~

o

o

17.

Barth BK, Donati OF, Fischer MA, Ulbrich EJ, Karlo CA, Becker A, Seifert B, et al. Reliability, Validity, and Reader
Acceptance of LI-RADS-An In-depth Analysis. Acad Radiol 2016.

Tanabe M, Kanki A, WolfsonT, Costa EA, Mamidipalli A, Ferreira MP, Santillan C, et al. Imaging Outcomes of
Liver Imaging Reporting and Data System Version 2014 Category 2, 3, and 4 Observations Detected at CT and
MR Imaging. Radiology 2016:152173.

Shah A, Tang A, Santillan G, Sirlin C. Cirrhotic liver: What's that nodule? The LI-RADS approach. ) Magn Reson
Imaging 2016;43:281-294.

Mitchell DG, Bruix J, Sherman M, Sirlin CB. LI-RADS (Liver Imaging Reporting and Data System): summary,
discussion, and consensus of the LI-RADS Management Working Group and future directions. Hepatology
2015;61:1056-1065.

Bashir MR, Huang R, Mayes N, Marin D, Berg CL, Nelson RC, Jaffe TA. Concordance of hypervascular liver nodule
characterization between the organ procurement and transplant network and liver imaging reporting and
data system dlassifications. ) Magn Reson Imaging 2015;42:305-314.

Santillan CS, Tang A, Cruite |, Shah A, Sirlin (B. Understanding LI-RADS: a primer for practical use. Magn Reson
Imaging Clin N Am 2014;22:337-352.

Jha RC, Mitchell DG, Weinreb JC, Santillan CS, Yeh BM, Francois R, Sirlin CB. LI-RADS categorization of benign
and likely benign findings in patients at risk of hepatocellular carcinoma: a pictorial atlas. AJR Am J Roentgenol
2014;203:W48-69.

Fischer MA, Marquez HP, Gordic S, Leidner B, Klotz E, Aspelin P, Alkadhi H, et al. Arterio-portal shunts in

the cirrhotic liver: perfusion computed tomography for distinction of arterialized pseudolesions from
hepatocellular carcinoma. Eur Radiol 2016.

Wildner D, Bernatik T, Greis C, Seitz K, Neurath MF, Strobel D. CEUS in hepatocellular carcinoma and intrahepatic
cholangiocellular carcinoma in 320 patients - early or late washout matters: a subanalysis of the DEGUM
multicenter trial. Ultraschall Med 2015;36:132-139.

Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology 2011;53:1020-1022.
Barreiros AP, Piscaglia F, Dietrich CF. Contrast enhanced ultrasound for the diagnosis of hepatocellular carcinoma
(HCC): comments on AASLD guidelines. J Hepatol 2012;57:930-932.

Darnell A, Forner A, Rimola J, Reig M, Garcia-Criado A, Ayuso C, Bruix J. Liver Imaging Reporting and Data
System with MR Imaging: Evaluation in Nodules 20 mm or Smaller Detected in Cirrhosis at Screening US.
Radiology 2015;275:698-707.

(laudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, Piscaglia F, et al. Guidelines and good clinical
practice recommendations for contrast enhanced ultrasound (CEUS) in the liver--update 2012: a WFUMB-
EFSUMB initiative in cooperation with representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. Ultraschall
Med 2013;34:11-29.

(laudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, Piscaglia , et al. Guidelines and good clinical
practice recommendations for Contrast Enhanced Ultrasound (CEUS) in the liver - update 2012: A WFUMB-
EFSUMB initiative in cooperation with representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. Ultrasound
Med Biol 2013;39:187-210.

Dietrich CF, Averkiou MA, Correas JM, Lassau N, Leen E, Piscaglia F. An EFSUMB introduction into Dynamic
Contrast-Enhanced Ultrasound (DCE-US) for quantification of tumour perfusion. Ultraschall Med 2012;33:344-
351.

Ignee A, Jedrejczyk M, Schuessler G, Jakubowski W, Dietrich CF. Quantitative contrast enhanced ultrasound of
the liver for time intensity curves-Reliability and potential sources of errors. Eur J Radiol 2010;73:153-158.
Albrecht T, Blomley M, Bolondi L, Claudon M, Correas JM, Cosgrove D, Greiner L, et al. Guidelines for the use of
contrast agents in ultrasound. January 2004. Ultraschall Med. 2004;25:249-256.

/

\sintesi

InfoMedica

© 2016 Sintesi InfoMedica Srl - Via Ripamonti, 89 - 20141 Milano
Tel. +39 02 56665.1 - Fax +39 02 97374301 - e-mail: info@sintesiinfomedica.it - www.sintesiinfomedica.it

Executive Editor: Daniele Rizzi - Marketing: Marika Calo
Reg. Milan Court n. 128 - March 3, 2003

2.

21.

22.

2.

24.

25.

26.

27.

2.

2.

30.

31

32.

33.

. Claudon M, Cosgrove D, Albrecht T, Bolondi L, Bosio M, Calliada F, Correas JM, et al. Guidelines and good

clinical practice recommendations for contrast enhanced ultrasound (CEUS) - update 2008. Ultraschall Med
2008;29:28-44.

. Matsui 0, Kobayashi S, Sanada J, Kouda W, Ryu Y, Kozaka K, Kitao A, et al. Hepatocelluar nodules in liver cirrhosis:

hemodynamic evaluation (angiography-assisted CT) with special reference to multi-step hepatocarcinogenesis.
Abdom Imaging 2011;36:264-272.

Efremidis SC, Hytiroglou P, Matsui 0. Enhancement patterns and signal-intensity characteristics of small
hepatocellular carcinoma in cirrhosis: pathologic basis and diagnostic challenges. Eur Radiol 2007;17:2969-
2982.

Forner A, Vilana R, Ayuso C, Bianchi L, Sole M, Ayuso JR, Boix L, et al. Diagnosis of hepatic nodules 20 mm or
smaller in cirrhosis: Prospective validation of the noninvasive diagnostic criteria for hepatocellular carcinoma.
Hepatology 2008;47:97-104.

lavarone M, Sangiovanni A, Forzenigo LV, Massironi S, Fraquelli M, Aghemo A, Ronchi G, et al. Diagnosis
of Hepatocellular Carcinoma in Cirrhosis by Dynamic Contrast Imaging: The Importance of Tumor Cell
Differentiation. Hepatology 2010;52:1723-1730.

Bolondi L, Gaiani S, Celli N, Golfieri R, Grigioni WF, Leoni S, Venturi AM, et al. Characterization of small nodules
in cirrhosis by assessment of vascularity: the problem of hypovascular hepatocellular carcinoma. Hepatology
2005;42:27-34.

Strobel D, Seitz K, Blank W, Schuler A, Dietrich C, von Herbay A, Friedrich-Rust M, et al. Contrast-enhanced
ultrasound for the characterization of focal liver lesions--diagnostic accuracy in dlinical practice (DEGUM
multicenter trial). Ultraschall Med 2008;29:499-505.

Friedrich-Rust M, Klopffleisch T, Nierhoff J, Herrmann E, Vermehren J, Schneider MD, Zeuzem S, et al. Contrast-
Enhanced Ultrasound for the differentiation of benign and malignant focal liver lesions: a meta-analysis. Liver
Int 2013;33:739-755.

Dietrich CF, Lorentzen T, Sidhu PS, Jenssen C, Gilja OH, Piscaglia F, Efsumb. An Introduction to the EFSUMB
Guidelines on Interventional Ultrasound (INVUS). Ultraschall Med 2015;36:460-463.

Lorentzen T, Nolsoe CP, Ewertsen C, Nielsen MB, Leen E, Havre RF, Gritzmann N, et al. EFSUMB Guidelines on
Interventional Ultrasound (INVUS), Part |. General Aspects (long Version). Ultraschall Med 2015;36:E1-14.
Lorentzen T, Nolsoe CP, Ewertsen C, Nielsen MB, Leen E, Havre RF, Gritzmann N, et al. EFSUMB Guidelines on
Interventional Ultrasound (INVUS), Part |. General Aspects (Short Version). Ultraschall Med 2015;36:464-472.
Dietrich CF, Lorentzen T, Appelbaum L, Buscarini E, Cantisani V, Correas JM, Cui XW, et al. EFSUMB Guidelines on
Interventional Ultrasound (INVUS), Part IIl - Abdominal Treatment Procedures (Short Version). Ultraschall Med
2016;37:27-45.

Dietrich CF, Lorentzen T, Appelbaum L, Buscarini E, Cantisani V, Correas JM, Cui XW, et al. EFSUMB Guidelines on
Interventional Ultrasound (INVUS), Part IIl - Abdominal Treatment Procedures (Long Version). Ultraschall Med
2016;37:E1-E32.

(laudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, Piscaglia F, et al. Guidelines and good clinical
practice recommendations for Contrast Enhanced Ultrasound (CEUS) in the liver - update 2012: A WFUMB-
EFSUMB initiative in cooperation with representatives of AFSUMB, AlUM, ASUM, FLAUS and ICUS. Ultrasound
Med Biol 2013;39:187-210.

Dietrich CF, Ignee A, Greis C, Cui XW, Schreiber-Dietrich DG, Hocke M. Artifacts and pitfalls in contrast-enhanced
ultrasound of the liver. Ultraschall Med 2014;35:108-125; quiz 126-107.

Dietrich CF, Ignee A, Hocke M, Schreiber-Dietrich D, Greis C. Pitfalls and artefacts using contrast enhanced
ultrasound. Z Gastroenterol 2011;49:350-356.

Product liability: The publisher cannot guarantee the accuracy of any information about dosage and application contained in this publication. In every
individual case the user must check such information by consulting the relevant literature. This publication is funded by an educational grant from Bracco.
Bracco, however, exercises no editorial comment, review, or any other type of control over the contents of this publication. For any product or type of product,
whether a drug or device, referenced in this publication, physicians should carefully review the product’s package insert, instructions for use, or user’s manual
prior to patient administration to ensure proper utilisation of the product.

All rights reserved. No part of this publication may be translated into other languages, reproduced, stored in a retrieval system, or transmitted, in any form or by
any means, electronic, mechanical, photocopying, recording or otherwise, without the prior permission in writing of Sintesi InfoMedica Srl.



