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This article summarizes the proceedings of the recent symposium sponsored by 
Bracco Imaging at ECR 2017 on Contrast Enhanced Ultrasound (CEUS) imaging. 
Chaired by Prof.  J. M. Correas, the symposium featured presentations by three dis-
tinguished clinicians experienced in CEUS in the respective fields of liver, macrovas-
cular and breast imaging. 

global insights for Ceus in radiology 

ceUs in liver imaging: the new acr 
li-raDs classification
Prof. Fabio Piscaglia 
In 2013 the American College of Radi-
ology (ACR) released their recom-
mended flowcharts for CT and MRI 
characterization of the liver in patients 
at risk of Hepatocellular Carcinoma 
(HCC) and introduced the Liver Imag-
ing Reporting and Data System (LI-
RADS), the system of standardized ter-
minology and criteria to interpret and 
report imaging exams of the liver. The 
innovative feature of LI-RADS was that 
this was the first time that observations 
suspicious of HCC were classified into 
different risk categories, with related recommendations 
for patient management. Prior to this, if lesions were not 
HCC they were lumped together and considered benign.
In 2016 the Li-RADS classification scheme was expanded 
to include Contrast Enhanced Ultrasound (CEUS) with 
the same aims as before, namely to allow the radiology 
community to apply consistent terminology; to reduce 
variability and errors in image interpretation; to facilitate 
integration with other imaging modalities and to improve 
communication with referring clinicians and patients. 
The algorithm is available at www.acr.org/Quality-Safety/
Resources/LIRADS. Its use enables the establishment of 
six risk categories for focal liver lesions, which in turn 

influence subsequent management or therapy strategies 
[Figure 1]. 

LR-1 (Definitely Benign). This is the category where 
imaging features are diagnostic of a definitely benign 
entity. This category includes simple cysts, classic hem-
angioma, definite focal hepatic fat deposition or sparing. 

LR-2 (Probably Benign). This category is relatively rare 
and occurs when the nodule has imaging features sug-
gestive, but not diagnostic, of a benign entity. The criteria 
for this category are: isoenhancement in all phases; of 
very small distinct solid nodule (<10mm) or of a non 
mass-like observation of any dimension (pseudolesion). 
The category LR-2 can be applied to previous LR-3 cat-
egories which have had stable dimension for 2 years or 
more. Examples of LR-2 are probable cirrhotic regenera-
tive nodule, low-grade dysplastic nodules or pseudole-
sions. Management of LR-2 generally involves continued 
routine follow-up surveillance. 

LR-3 (Intermediate probability for HCC). The criteria 
for LR-3 are applied if a distinct solid nodule >10 mm 
is iso-enhancing in all phases (ISO-ISO); a distinct solid 
nodule of any size with arterial phase hypoenhancement 
without washout (HYPO-ISO); a solid nodule <20 mm 
with arterial phase iso- or hypoenhancement and mild, 
late wash-out (small ISO-HYPO); < 10mm distinct solid 
nodule with arterial phase hyperenhancement and with-
out washout of any type ( very small nodule, HYPER-ISO) 
. Management of LR-3 can vary, depending mainly on 
nodule diameter, its stability and other clinical consider-
ations. It often includes biopsy of the lesion.
In LR-3, both HCC and benign entities are considered 
intermediate possibilities so LR-3 is applied whenever the 
nodule does not unequivocally meet the criteria for the 
other LI-RADS categories.

LR-4 (probably HCC but not 100% certain). In LR-4, 
the nodule has imaging characteristics suggestive, but 
not definitely diagnostic of HCC. The criteria for 
LR-4 are: a distinct solid nodule ≥ 20mm with hypo-
or isoenhancement in arterial phase with mild and 
late washout (big ISO-HYP0); a distinct solid nodule 
< 10 mm with hyperenhancement in arterial phase Figure 1. CEuS LI‐RADS (Liver Imaging Reporting and Data System): 
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and mild and late washout 
(very small HYPER-HYPO); a 
distinct solid nodule ≥ 10 mm 
with hyperhenancement in 
arterial phase without washout 
of any type (HYPER-ISO).

LR-5 (definitely HCC). In LR-5 
the nodules have imaging fea-
tures diagnostic of HCC. The 
criteria for LR-5 are a nod-
ule ≥ 10 mm showing arterial 
phase enhancement (in whole 
or in part, excluding rim and 
peripheral discontinuous globu-
lar enhancement) followed by 
washout (late in onset and mild 
in degree (as observed by 120 
seconds after injection).   This 
pattern has an extremely high 
positive predictive value  for 
HCC and can be considered 
definitively diagnostic [Figure 
2].

LR-M (Definite or probable 
malignancy, but not specific 

for HCC). The criteria for this final category are: a nod-
ule with rim enhancement in the arterial phase on wash-
out either early in onset (within 60 seconds of contrast 
injection) and/or in intensity, regardless of the type of 
arterial enhancement. This category includes cholangio-
carcinoma, mixed hepatocholangiocarcinoma, hepatocel-
lular carcinoma ( often of poor differnetaiation grade) or,  
more rarely lymphoma or metasdtatic lesions. Therefore 
the management of LR-M can vary but frequently a biopsy 
is required. 

Reasons for incorporating ACR CEUS LI-RADS category 
in reports
1) To establish a definitive diagnosis of HCC and to avoid 
the possibility of misdiagnosis with cholangiocarcinoma 
(CCC).

2) To convey clear information to the hepatologist, particularly 
in non LR-5 cases or where the lesion cannot be biopsied

3) To allow monitoring of the progression of a lesion with 
time, even in the absence of a change in the size of the lesion. 

A complete selection of images representing all the CEUS LI-RADS 
categories can be found in the recent article: F Piscaglia et al. American 
College of Radiology Contrast Enhanced Ultrasound Liver Imaging 
Reporting and Data System (CEUS LI-RADS) for the diagnosis of 
Hepatocellular Carcinoma: a pictorial essay Ultraschall Med. 2017; 
38: 320 - 324.

ceUs in vascular imaging of pathol-
ogies in the macrovascular system
Prof D-A Clevert
As background, Prof Clevert 
reminded the audience that approxi-
mately 25-50% of all strokes (them-
selves the third leading cause of 
death after ischemic heart disease 
and cancer) are caused by unstable 
carotid artery plaque. It is  also vitally 
important to know whether a patient 
is suffering or not from a high grade 
stenosis, which in turn can affect the 
choice of treatment e.g. stenting, sur-
gery or no therapy. 
CT or MRI can already provide 
clear and extensive information, e.g. 
regarding stenosis of the carotid, so a valid question is what 
precise additional information does CEUS bring?

Contrast Enhanced Ultrasound (CEUS)
A typical ultrasound examination of the carotid artery begins 
with standard grey-scale ultrasound, followed by color Dop-
pler, which however has some well-known limitations, such 
as scanning angle and blooming artefacts. 
CEUS can overcome these limitations. In practice CEUS 
examinationscan be performed using different image disply 
techniques: e.g. overlay images including some tissue back-
ground information (which is advantageous if the anatomic 
landmarks are visible) or contrast only images displaying the 
pure contrast signal. 

Stenosis 
Approximately 10-15% of all ischemic strokes and transi-
tory ischemic attacks occur with a severely stenosed internal 
carotid artery (ICA). Prior to surgery it is important to be 
able to differentiate between pre-occlusive stenosis and com-
plete ICA occlusion [Figure 3[. 
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Figure 3. In cases where standard ultrasound or even color Doppler are not clear, 
CEuS shows a definite occlusion in the Internal Carotid Artery

Figure 2. An example of LR-5, 
i.e. definitely HCC, with character-
istic mild and late Hyper to Hypo 
enhancement.  
Top Panel: base-line. Middle 
Panel: arterial phase. Bottom 
Panel: portal phase
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Pseudo occlusions
These can be a particular challenge. In some patients 
color Doppler flow data can suggest a complete absence 
of flow (occlusion) — albeit without certainty — while 
CEUS allows the demonstration of even small residual flow 
(pseudo occlusion). With only grey-scale and color doppler 
images, it can be difficult to distinguish flow from pulsation 
artefacts. The use of CEUS enables precise information to 
be communicated to the surgeon regarding whether the 
ICA is patent or not. 
In other patients, color Doppler shows flow only in the 
external carotid artery, with none in the ICA. Even the use 
of power Doppler sometimes doesn’t help very much in 
such situations. In such casesCEUS can directly show the 
actual flow situation. 

Post-therapy follow-up 
Traditionally, carotid endarterectomy (CEA) or open sur-
gery has been the treatment of choice, but carotid artery 
stenting (CAS) is an alternative, particularly in patients with 
high surgical risk, e.g. patients undergoing neck radiation, 
with high or low cervical lesions or those with significant 
cardiopulmonary disease. In both CEA and CAS, re-steno-
sis is a potential problem that should be monitored. In any 
case, whether an open surgery or stenting approach is used, 
post-treatment monitoring is necessary. CEUS can precisely 
show in-stent stenosis and the impact on blood flow, in 
particular using cross-sectional views

Dissection 
Classified either as traumatic or spontaneous, dissection 
of the cervical segments of the carotid and vertebral 
arteries is relatively rare, but when it does occur, the 
result can be blood flow in the false lumen, an increase 
in the risk of thrombosis resulting in complete occlu-
sion or peripheral embolization. Again, on grey scale 
ultrasound it can sometimes be difficult to spot a dis-
section, and even with color Doppler the blood flow into 
the true and false lumen is difficult to understand. The 
use of CEUS enables clear identification of dissection 
and the demonstration of the entry of contrast into the 
false lumen in realtime. Axial views in CEUS can show 
clearly the false and true lumenincluding the membrane 
in between. 

Rare Cases
Other cases where CEUS can be of use are 

Arteriovenous fistula
Fistulae between carotid artery and the jugular vein, caused for 
example by dislocated central catheter line placement can be 
identified by color doppler, but CEUS provides a clearer image 
of the problem. 

Aneurysm of the external extracranial ICA is also rare, but 
requires characterisation prior to surgery. Color Doppler has 
limitations, whereas the use of CEUS can clearly identify and 
measure the size of the aneurysm and identify whether there 
are soft plaques or not. 

Carotid Body tumors 
Depending on the size 
of a carotid body tumor 
decisions have to be 
taken as to whether the 
tumor should be oper-
ated on or not. To moni-
tor the success of any 
intervention, it is useful 
to establish a basic pre-
treatment evaluation 
of the perfusion of the 
tumor. Post-treatment 
reduction of the perfu-
sion of the tumor indi-
cates successful treat-
ment [Figure 4a, 4b]. 
Grey scale US and color 
doppler can provide only 
orienting information 
but confirmative infor-
mation on the tumor 
viability can be obtained 
only with CEUS. 

Indications. 
In summary, the EFSUMB guidelines and recommendations 
on the clinical practice of CEUS in non-hepatic applications 
identify several indications for its use in the carotid artery:
• Ruling out stenosis
• Follow-up after carotid stenting
• Dissection 
• Complications of vascular intervention 
• Plaque characterisation

ceUs in Breast imaging: is it useful 
for the characterisation and Bi-raDs 
classification of focal breast lesions?
Dr Jun Luo, 
Introducing the subject by provid-
ing background information on the 
advantages of current ultrasound 
(US) approaches in breast imag-
ing, Dr Luo also pointed out that 
challenges still remain to be faced. 
Many papers have been published 
on the value of US in breast can-
cer screening, e.g. Shen et al Br J 
Cancer. 2015; 112: 998. which com-
pared modalities used for screening 
for breast cancer in Chinese women 
and concluded that US was superior 
to mammography from the point of 
view of cancer detection. The J-Start study from Japan (Ohu-
chi et al, Lancet. 2016 23; 387: 341) also showed a significant 
increase in sensitivity in the detection of early cancers when 
US was used as an adjunct to mammography. On the basis 

Figure 4a. Carotid body tumor. Pre-operative 
CEuS shows a high degree of perfusion in the 
tumor.

Figure 4b. Post-operative CEuS shows much 
reduced perfusion.
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of these results, US appears beneficial when screening Asian 
women but one question is whether similar results can be 
obtained in Caucasian women. Another multi-centre trial 
carried out in the USA, Canada and Argentina (Berg et al, 
J Natl Cancer Inst. 2015;108:367) concluded that the cancer 
detection rate with US was comparable to that of mammog-
raphy, with US identifying a greater proportion of invasive 
and node-negative cancers. However the remaining prob-
lem is the substantial increase in the rate of false positives, 
which are accumulating in the BI-RADS 4 category lesions. 
Characterising all BI-RADS 4 lesions with biopsy (acc. to the 
current guidelines) creates a huge number of biopsies with 
the related patient discomfort and costs.

Overdiagnosis. 
Although overdiagnosis is recognised as being a major challenge 
in breast cancer screening, methods for estimating its precise 
rates have not been standardized. Reported rates range from 
5 – 50 % or more (e.g. Hamashima et al. J Clin Oncol. 2016; 46: 
48, McCarthy et al Breast Cancer Res. 2015;17: 1); 7% to 9% of 
women will have a negative biopsy. 
The magnitude of these figures shows how big the problem is 
and suggests that the BI-RADS combination of US and mam-
mography (which do not provide any microvascular informa-
tion) needs to be improved. 
In addressing overdiagnosis, the key question is how to assess 
the risk of malignant transformation in benign lesions. CEUS 
has an important role to play in this context, but in turn also 
raises certain questions regarding how CEUS should be used, 
which CEUS patterns are useful, how to analyse such patterns 
and whether qualitative or quantitative analyses are more use-
ful. The concept of predictive models was developed to address 
these issues. 

Predictive Models 
The overall objective of the use of CEUS predictive models is the 
maximal reduction of unnecessary biopsies, while minimizing 
the possibility of missing invasive breast cancer. In addition, 
the models should be easy to use and have good inter-observer 
agreement. The predictive model includes 3 defined enhance-
ment pattern indicating malignancy [Figure 5a] and three pat-
terns indicating a benign lesion [Figure 5b]. An example of the 
application of these criteria is shown in Figure 6 where the use of 
CEUS with an apparently benign lesion on 2D US was identified 
as malignant by application of the model. The altered diagnosis 
was confirmed by biopsy. 

Refining BI-RADS 
In Dr Luo’s clinic in Chengdu, China, all (100%) patients 
who are BI-RADS 4 on the basis of mammography and 
2D US, are biopsied, with an overall cancer-to-biopsy yield 
of only 40%. Implementing the CEUS-based classification, 
the biopsy rate falls to 25 % and the cancer-to-biopsy ratio 
increases to 73% with only 2.98% of missed malignant 
lesions. These lesions would be picked up at the 6 month fol-
low-up examination, suggested for all patient downgraded 
from BI-RADS 4 based on the CEUS examination. These 
promising results have led to the initiation of a large multi-
center trial in China to confirm the findings and suggested 
diagnostic algorithm. 

Risk of malignancy transformation from apparently benign 
lesions
The use of the malignant or benign CEUS enhancement pat-
tern has been shown to be able to confirm benign lesions 
from apparently benign US images, and identify potentially 
malignant lesions in patients. An analogy of such development 
of breast lesions is that of geological volcanoes, which can be 
classified as “Dead”, “Silent” or “Active”. 

Conclusions
• BI-RADS classifications of breast cancer can be refined if 
CEUS is incorporated into the screening protocol.
• CEUS can help predict the risk of malignant transfor-
mation of benign lesions since such transformations are 
accompanied by micro-vascular proliferation which can be 
detected by CEUS.

Figure 6. The above CEuS image shows hyperenhancement, a larger lesion, that 
is regular-shaped and with clear margins. The model would predict malignancy, and 
this was confirmed to be IDC on biopsy

Figure 5a. Malignant Predictive Models

Figure 5b. Benign  Predictive Models


