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This article summarizes the proceedings of the recent symposium sponsored by Bracco 
Imaging at ECR 2018 on the evolving roles and uses of Contrast-Enhanced Ultrasound 
(CEUS). Chaired by Prof. V Cantisani, the symposium featured presentations by three 
experienced clinicians who described respectively the role of CEUS in vesico-ureteral 
reflux, the latest update of the EFSUMB guidelines on the use of CEUS and, finally, the 
role of the technique as a diagnostic tool in routine examinations with examples cover-
ing the liver, renal cysts and Endovascular Aneurysm Repair (EVAR).

Ceus: evolving roles and uses

vesico-ureteral reflux:   
the role of contrast ultrasound 
Dr Papadopoulou began her pre-
sentation by reminding the audi-
ence that vesico-ureteral reflux 
(VUR) is relatively common in 
children. For many decades, the 
techniques of Fluoroscopic Void-
ing Cystourethrography (VCUG) 
and Radionuclide Cystography 
(RNC) have been the standard 
methods for the diagnosis of VUR, 
but both techniques have the dis-
advantage of involving the use of 
ionizing radiation. 
Over the last twenty years or so, Contrast-Enhanced Void-
ing Ultrasonography (CE-VUS) has emerged as a safe, 
sensitive and radiation-free alternative that is now widely 
accepted in Europe for both reflux diagnosis and urethral 
imaging. The method involves ultrasonography and the 
administration of an ultrasound (US) contrast medium 
(CM). For many years the CM SonoVue was widely used 
off-label but this agent has now been approved for intra-
vesical use in VUR — the only CM approved for this 
indication in children). 

• The technique. 
This involves the catheterization of the bladder, which is 
first completely emptied and then filled with ultrasound 
CM either by direct injection into the bladder or by infu-
sion. The infusion approach has several advantages over 
direct injection, such as homogeneous bladder opacifica-
tion and thus better bladder wall delineation, and easier 
visualization of Grade 1 VUR, i.e. reflux into the lower part 
of the ureter. 
A relatively frequent problem with the approach occurs 
if there is incomplete emptying of the bladder. Since the 
patient is in the supine position, this means that residual 
urine can prevent access of the CM to the posterior bladder 
wall. If this happens there is a risk of not detecting reflux 
or of missing bladder wall lesions. The solution is to repeat 
the bladder emptying operation, and to temporarily place 
the child in the prone position. 
There are several important practical aspects of the tech-
nique which should be respected:
-The use of contrast-specific software and low Mechanical 
Index (MI < 0.1)
-The bladder and both ureters should be scanned alter-
nately during voiding and filling in both the supine and 
prone positions. 
-The urethra is usually scanned in the supine position dur-
ing voiding/filling, suprapubically for girls or perineally 
for boys. 

The in-vial half-life of the reconstituted CM SonoVue is 
several hours, so there is ample time to perform several 
scans. Unlike VCUG and RNC, there is no concern over 
repeated radiation exposure in small children. 
The extent of the reflux is described using a 5-point scale, 
as in VCUG [Figure 1].
A special form of reflux is the intra renal reflux (IRR), i.e. 
reflux of contrast and urine into the renal parenchyma. This 
is important clinically because of the risk of pyelonephritis. 
It should also be noted that a normal non-contrast ultra-
sound scan does not necessarily mean that there is no reflux. 
Figure 2 shows an example of reflux seen on CE-VUS that 
had not been apparent on non-enhanced ultrasound. [Fig-
ure 2]. Also, VUR grading is dynamic: a grade III VUR on 
filling can be classified as a grade IV VUR during voiding. 
 
• Diagnostic Value of VUS. 
As reported in many publications, the sensitivity of CE-VUS is 
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Figure 1. The extent of reflux is described using a 5-point scale, as with VCuG. Grade II – reflux 
into the renal pelvis and calyces without dilatation; Grade III – mild/moderate dilatation of the 
ureter, renal pelvis and calyces; Grade IV – dilation of the renal pelvis and calyces with moderate 
ureteral tortuosity. Grade V – gross dilatation of the ureter, pelvis and calyces; ureteral tortuosity; 
Not shown above is Grade I : reflux into non-dilated ureter;
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greater than that of VCUG and RNC. A recent meta-analysis of 30 
studies, involving 2549 patients and 5078 kidneys, found a sensitiv-
ity of 90% and a specificity of 92% for the detection of reflux. The 
sensitivity of CE-VUS has also been found to be higher than that of 
VCUG for the detection of IRR. 
A further question regarding the diagnostic value of CE-VUS con-
cerns more complex congenital anomalies. Can CE-VUS be used in 
such cases or is it necessary to use VCUG or RNC? Several publica-
tions have shown that CE-VUS can indeed identify even complex 
anomalies. For example, studies of cases of duplex kidneys have 
demonstrated that CE-VUS can easily identify the condition. Dr 
Papadopoulo presented another example in which CE-VUS showed 
its diagnostic value, namely the case of a 5 year-old boy with recur-
rent UTIs and known Grade IV reflux. In this case a Hutch diverticu-
lum had been missed by VCUG but was identified using CE-VUS. 
Hutch diverticula can be difficult to identify since their size changes 
significantly upon voiding. 

• Safety of the CE-VUS procedure. 
There are currently eight original studies in the literature on the 
safety of CE-VUS, involving a total of 2420 children who underwent 
CE-VUS with SonoVue and were observed for 48h after examina-
tion. No serious adverse events were reported. The largest of these 
safety-focused studies involved more than 1000 children who were 
injected intravesically with 0.5 mL SonoVue. (Papadopoulou F et al 
Pediatr Radiol. 2014; ;44:719-28). The children were observed for 7 
days and only a few (3.7%) minor adverse events such as dysuria 
were observed. These events were probably due to the catheter itself 
rather than the CM. 

• Updated Indications for CE-VUS
Current indications for the use of CE-VUS include: 
- As a first reflux study in both boys and girls (previously VUS was 
indicated  for first reflux study only in girls)
- Examination of urethral pathologies in girls and boys. 
- Follow- up of VUR in all children
- Screening for prenatal hydronephrosis
- Evaluation of siblings with VUR. 
In many European centers, CE-VUS has now almost completely 
replaced VCUG/RNC. 

• Future perspectives
A study to investigate 3D and 4D CE-VUS versus VCUG has shown 
that both approaches can provide more accurate VUR grading and 

improve the depiction of anatomy. (Woźniak MM et al. Eur J Radiol. 
2016; 85:1238) 
The study also investigated the intraoperative use of CE-VUS, such 
as during endoscopic treatment of VUR, and showed that results can 
be evaluated directly and that better estimations of outcome can be 
achieved. 

• Conclusions 
CE-VUS has high diagnostic value for the detection and grading 
of reflux as well as in imaging of the urethra. SonoVue has been 
approved for intra-vesical use in children and no serious adverse 
events have been reported The power of CE-VUS looks set to be even 
further enhanced with the introduction of 3D/4D and intraoperative 
CE-VUS. 
• The method is safe and does not require radiation. The diagnostic 
efficacy is high enabling CE-VUS to be used as a first-choice method 
for the examination of reflux in children. 

The latest update of eFsUmB  
guidelines for the use of ceUs 
Prof. Sidhu began his presentation 
by suggesting that, even if they didn’t 
know it, a large proportion of the audi-
ence were, thanks to membership of 
their national society, actually mem-
bers of EFSUMB — the European Fed-
eration of Societies for Ultrasound in 
Medicine and Biology. 
The EFSUMB was established in 1972 
by 13 European countries and now has 
28 membership societies, for a total of 
over 23 000 members. The EFSUMB is a 
multi-disciplinary society that includes 
physicists, clinicians and radiologists 
(who, in fact are not the majority of the membership). As far 
back as 2004, the EFSUMB was the first society to establish 
guidelines on the use of CEUS. 
A huge amount of information has been published on CEUS 
— nearly 3500 papers — for many different indications. The 
most widely used contrast agent, SonoVue is used predomi-
nantly in the heart, breast, peripheral vasculature and liver 

Figure 2. The use of CE-VuS can reveal VuR (here grade IV) that is not apparent with 
non-enhanced ultrasound
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Figure 3. The EFSuMB regularly issues updates to  its guidelines following a clearly 
defined, rigorous and lengthy  procedure to assess new evidence and applications. The 
most recent update is for the non-hepatic applications. 
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but many other uses have been reported. The reasons behind 
the wide-spread use of CEUS are of course  the many distinct 
advantages over CT and MRI. It can be performed immediately 
and in a variety of scenarios such as bedside, operating room, 
CT suite, etc. Importantly, it operates in real time so that rapid 
changes can be captured. 
Underpinning all this is the fact that CEUS is a very safe pro-
cedure with a very low incidence of side effects. The reported 
CEUS-related fatality rate is 0.0006%, i.e. much lower than that 
occurring with iodinated contrast agents. 
However, it is important to understand that many new areas 
are in effect “off-label” and are unlikely to become a “licensed 
usage”. This has been discussed in the guidelines but is worth 
emphasizing further and deliberating the consequences espe-
cially in pediatric applications. Physician obligations are par-
ticularly pertinent to the further development for “off-label” 
use of CEUS. 
Certain legal obligations however have to be met when using 
CEUS off-licence, such as being sure that it serves the patients’ 
needs and being sure that there is sufficient evidence to dem-
onstrate safety and efficacy. The guidelines provide the infor-
mation for this. 

Update on guidelines for non-hepatic use of CEUS
The EFSUMB guidelines on CEUS are intended to inform 
clinical practice rather than to report on research projects. 
Thus, they are a digest of current findings, formulated by a 
group of experts and are primarily based on surveys of the 
published peer-reviewed literature.
The procedure for updating the guidelines is quite involved, 

rigorous and lengthy, typically taking several years to produce 
guidelines ready for publication. 
Levels of evidence and grades of recommendations are 
assigned according to the Oxford Centre for Evidence-
based Medicine criteria. The end result of this process in 
the case of the latest update for non-hepatic use of CEUS is 
a document containing 74 recommendations in 19 chapters 
for a total word count of 17560 words, including 578 refer-
ences [Figure 3]. Before publication, the guidelines are sub-
jected to the usual peer-review processes and published in 
the European Journal of Ultrasound in two versions, short 

(without the references) and long, with references. (Sidhu PS 
et al The EFSUMB Guidelines and Recommendations for the 
Clinical Practice of Contrast-Enhanced Ultrasound (CEUS) 
in Non-Hepatic Applications: Update 2017 (Short Version). 
Ultraschall Med. 2018 Apr;39(2):154-180. doi: 10.1055/s-
0044-101254. Epub 2018 Mar)

The EFSUMB guidelines do NOT cover pediatric CEUS. 
In the United States, however, in 2016 the FDA approved 
the use of Lumason (the commercial name in the United 
States for Sono Vue) for “ultrasonography of the liver for 
characterisation of focal liver lesions in adult and pediat-

ric patients”, despite there being no published evidence 
for its use in pediatric patients or any prior-conducted 
dedicated clinical trial in pediatrics. This lack of evidence 
was the reason that EFSUMB has not included pediatric 
applications in the guidelines. Instead, the EFSUMB has 
issued a Pediatric Position Statement, (Sidhu PS et al. 
Role of Contrast-Enhanced Ultrasound (CEUS) in Pae-
diatric Practice: An EFSUMB Position Statement. Ultra-
schall Med. 2017; 38: 33). In the position statement, the 
EFSUMB recognizes that there is mounting evidence 
of the usefulness of CEUS in children, primarily as an 
imaging technique that reduces exposure to radiation, 
iodinated contrast medium and provides the “patient-
friendly” circumstances of ultrasonography. The position 
statement of the EFSUMB assesses the current status of 
CEUS applications in children and makes suggestions for 
further development of the technique. 

Extended use of CEUS 
Given all the advantages of CEUS, the question could reason-
ably be asked as to why microbubble contrast agents aren’t 
used much more often? 
In fact, use of microbubble contrast agents is steadily 
increasing, with 25% growth in USA, and growth also in 
China and Europe. Nevertheless one obstacle to even wider 
use is the reluctance of many sonologists to accept this way 
of performing ultrasound scanning. This may be due to 
the perceived obstacle of the need to interrupt the patient 
examination to insert an i.v. line for the administration 
of the contrast agent. In contrast, in CT there is currently 
no such barrier, although in the very early days of CT, the 
recommendation was only to “consider” use of contrast. A 
development in the acceptability of the use of contrast such 

“… there is mounting evidence of the usefulness 
of CEUS in children,... The position statement 

of EFSUMB assesses the current status of CEUS 
applications in children and makes suggestions 

for further development of the technique…”

“… However, it is important to understand that 
all these new areas are in effect “off-label”, and are 

unlikely to become a “licensed usage”. This has been 
discussed in the guidelines but is worth empha-
sising further and deliberating the consequences 

especially in pediatric applications. Physician obli-
gations are particularly pertinent to the further 

development for “off-label” use of CEUS.…”
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as occurred years ago in CT is likely to occur in ultrasound 
also. 

ceUs, a powerful 
diagnostic tool in daily 
practice: clinical cases
Prof Clevert’s presentation covered 
three applications of CEUS, namely 
in the liver, kidneys and in Endo-
vascular Aortic Aneurysm Repair 
(EVAR) 

Liver 
The prevalence of liver lesions is 
approximately 5% in the popu-
lation as a whole. Since 25-50% 
of tumor patients show hepatic 
metastases at the time of diagnosis, reliable detection of 
such metastases is vital for the establishment of a therapeutic 
treatment procedure. Overall, the diagnostic performance of 
CEUS compared to CT in the detection of focal liver lesions 
has been assessed in a prospective multi-center trial involv-
ing nearly 1300 patients examined under routine clinical 
conditions. (Seitz K et al. Ultraschall Med. 2009; 30: 383.). 
Diagnostic accuracy was found to be greater than 90%, and 
it was shown that CEUS was equivalent to CT for the assess-
ment of tumor differentiation and characterisation.

Conclusion: CEUS in the liver 
In the detection of focal liver lesions, the use of CEUS improves the 
diagnostic value of ultrasound and enables a complete diagnosis of 
liver lesions

Renal Cysts
The characteristic sonographic criteria of renal cysts include relative 
dorsal enhancement; well-defined round or oval mass; echo-free; 
enhanced surface and outlet echo; a thin imperceptible wall. Renal 
cysts are mostly asymptomatic and usually do not need any therapy. 
However there can be complications in renal cysts, such as bleeding, 
infection, rupture and — rarely — carcinoma in the cystic wall. The 
classification system introduced by Bosniak for the CT characterisa-
tion of renal cysts, has been adapted for CEUS [Figure 4]. 
The take-home points and questions to be asked regarding CEUS 

for renal lesions are: 
• Are the renal cysts simple or complicated? 
• Are they solitary? 
• For classification of cystic lesions the Bosniak CT (and sono-
graphic) criteria should be used 
• These allow a decision on therapeutic approach, such as the 
avoidance of surgical intervention for cysts of category I or 
II and the identification of category III or IV cysts that need 
surgery. 

Endovascular Aneurysm Repair (EVAR) 
The prevalence of aortic aneurysms (defined as having a diam-
eter > 3 cm) in the Western world is 4.5% at the age of 65 and 
11% at the age of 80. Aneurysms occur predominantly in males; 
60% of all aneurysms are asymptomatic and most are discovered 
incidentally. 
There is a close correlation between the risk of rupture and the 
diameter of the aneurysm.
 • The risk of rupture is 2% for aneurysms less than 4.5 cm in diam-
eter with diameter growth rates of less than 1 cm/yr. 
 • The rupture rate is only 3.5% over 10 years for aneurysms less 
than 5 cm diameter, but increases up to 10% for aneurysms mea-

suring 4.5 – 6 cm. 
Defined as the persistence of blood flow outside the lumen of the 
endoluminal graft but within the aneurysm sac, endoleaks are 
the most common complication of EVAR, with type I endoleaks 
requiring immediate treatment. Type II endoleaks are more com-
mon (5% to 17%) and need intervention if the leak increases with 
time [Figure 5].
In a study involving approximately 500 patients, the sensitivity and 
specificity of CEUS for the detection of endoleaks after EVAR were 
found to be 97% and 93%, respectively. This suggests that CEUS is as 
good as multislice CT angiography in this application, but with the 
added advantage of no radiation dose and no contrast nephrotoxicity. 

EVAR take-home messages 
• CEUS can facilitate EVAR interventions and improve follow-up 
monitoring, which is needed for the rest of the patient’s life
• CEUS does not affect renal function and has higher sensitivity in 
detecting endoleaks than CT with the added advantage of a lower 
risk of side-effects.  

Figure 5. Endoleaks are the most common complication after EVAR and are 
defined as the persistence of blood flow outside the lumen of the endoluminal graft 
but within the aneurysm sac. High flow endoleaks such as Type 1 and Type III need 
immediate treatment. The more common low flow endoleak, Type II, which occur in 
5% to 17% of cases, need monitoring to determine if the leak is increasing with 
time, in which case intervention is necessary
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Figure 4. Although initially introduced for CT, the Bosniak system of classification of renal 
cystic masses can be adapted for CEuS. It is helpful in predicting a risk of malignancy and 
suggesting either follow up (Bosniak II F) or treatment (Bosniak III, IV). Surgical intervention 
can be avoided in Category I or II cysts. 


