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Development of ultrasound contrast agents (UCAs) opened the pos-
sibility of a new radiation-free diagnostic technique called contrast-en-
hanced ultrasonography (CEUS) in pediatric imaging. First, the safety 
profile of CEUS is discussed, followed by the description of common 
clinical applications. UCAs are not registered for individuals younger 
than 18 years and their current use is off-label. The published studies 
concerning UCA safety have shown the high safety profile of UCAs. 
Following intravenous application of UCAs, only one severe anaphy-
lactic reaction has been reported in children, along with some mild 
adverse reactions, while during intravesical application no adverse ef-
fect related to UCAs has been reported. The main indication in the 
pediatric population for UCA application is voiding urosonography 
(VUS). The generally accepted standard VUS procedure is described 
together with its role in the urodiagnostic algorithm. The intravenous 
application of UCA is less widespread, but it is slowly gaining popular-
ity among pediatric radiologists as a problem solving method. Unfor-
tunately, there has been no standardization of the procedure and there 
are no official recommendations regarding the dose of UCAs, which 
should be appropriately adjusted according to the patient’s weight or 
age, and to the probe. The review of the published literature concern-
ing intravenous CEUS is presented. A step forward towards functional 
imaging is dynamic CEUS, which enables quantification of enhance-
ment. In addition, the role of the EFSUMB Paediatric Registry Data 
Base is presented. Conclusion – CEUS examinations have opened 
new prospects in ultrasound and have become promising non-invasive 
radiation-free method in children, 

Introduction

Contrast-enhanced ultrasonography (CEUS) 
in children is becoming an important modal-
ity in pediatric radiology. Ultrasound con-
trast agents (UCAs) in general have not been 
registered for individuals younger than 18 
years of age. Off-label use of UCA in chil-
dren makes the application of the CEUS 
questionable because of legal issues. On the 
other hand, there is a need for diagnostic in-
novation and child-friendly imaging in daily 

clinical routine (1-5). CEUS has a number of 
distinct advantages over computer tomogra-
phy (CT) and magnetic resonance (MRI). It 
can be performed immediately following ul-
trasound (US) examination in a variety of set-
tings (bedside, operating theatre), operates in 
real time (rapid changes can be recorded and 
evaluated), and it is a radiation-free and in-
expensive method. Second-generation UCAs 
are eliminated through the lungs. Therefore, 
poor kidney function is not a contraindica-
tion for UCA application. Factors contrib-
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uting to the growth of pediatric CEUS de-
scribed by Darge et al. include: the availabil-
ity of stabilized commercial UCA, develop-
ment of advanced US imaging equipment for 
use with UCA, greater ease of performing US 
on a child’s smaller body and more favorable 
tissue composition as compared to an adult, 
the relatively low cost and widespread avail-
ability of US equipment, and growing public 
concern about increasing utilization of radi-
ation-based diagnostic imaging, especially in 
children (5).

Some independent professional societies 
have published guidelines and clinical rec-
ommendations for the safe and appropriate 
use of CEUS in children. They are based on 
comprehensive literature surveys, including 
results from prospective clinical trials, and 
incorporate many indications, despite it be-
ing currently off-label. The European Federa-
tion of Societies of Ultrasound in Medicine 
and Biology (EFSUMB) first incorporated 
pediatric CEUS in its 2008 updated clini-
cal practice guidelines and recommendations 
for CEUS, and updated them in 2011 (6, 7). 
A “Pediatric CEUS Data Registry” has been 
established on the EFSUMB website, which 
allows data input in a prospective manner 
and records any adverse events. In addition, 
the European Society of Paediatric Radiol-
ogy (ESPR) Uroradiology Task Force and 
the European Society of Urogenital Radiol-
ogy (ESUR) Paediatric Working Group pub-
lished recommendations for pediatric CEUS 
imaging, primarily for intravesical admin-
istration, in 2008, 2012 and 2014 (8-10). 
There is a great difference between official 
statements on CEUS in Europe and Asia on 
the one hand and the United States on the 
other. In the United States intravenous and 
intravesical CEUS examinations are not inte-
grated into clinical practice.

The safety profile of UCAs and their cur-
rent clinical applications are described and 
discussed below.

Safety issues of ultrasound contrast 
agents

In pediatrics, many drugs have not been 
tested by randomized trials and thus are not 
specifically licensed for use in children. The 
same is true for UCAs. Unfortunately, rules, 
which are designed to protect patients, oc-
casionally limit the potential benefits for pa-
tients. Off-label use is a common and legal 
problem. Probably the most important as-
pect of the use of second-generation UCAs in 
pediatrics is their pharmacological safety. The 
rate of adverse effects connected with the use 
of UCAs is lower compared to other contrast 
agents in the adult population (11). The safe-
ty of UCAs, either intravenous or intravesi-
cal, has been evaluated in several studies, also 
in the pediatric populations. Recently a me-
ta-analysis of adverse effects after intravenous 
application of second-generation UCAs was 
performed by Piskunowicz et al. (12). Only 
one severe anaphylactoid reaction in a child 
following the intravenous administration of 
UCA was described. In some children some 
minor adverse reactions (urtica and rash, a 
brief alteration of taste sensation, mild tin-
nitus, light-headedness) were recorded. The 
European survey and meta-analysis of Darge 
et al. evaluated the intravesical use of UCA in 
more than 7000 children (13, 5). Only 0.8% 
transient adverse events were described, such 
as dysuria, hematuria, urinary retention, uri-
nary tract infection, perianal irritation, ab-
dominal or urethral discomfort etc. These are 
more likely related to bladder catheterization 
than the UCA (5). All these studies showed 
the high safety profile of UCA administered 
either intravesically or intravenously. How-
ever, the smallest possibility of adverse reac-
tions requires the undertaking of appropriate 
precautionary measures.

The importance of bioeffects related to 
UCA in the clinical setting is uncertain. It 
is known that the bioeffects of contrast-
aided diagnostic ultrasound take place on a 
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microscopic scale. UCAs are suspensions of 
gas bodies (stabilized microbubbles). The 
interaction of ultrasound pulses with these 
gas bodies causes their destabilization and 
acoustic cavitation. They may act as inertial 
cavitation nuclei. Bioeffects on nearby cells 
or tissues are caused by fluid jets, extreme 
heating, and free radicals generated when the 
microbubbles collapse (14). The American 
Institute for Ultrasound in Medicine stated 
that imaging with UCA should be performed 
under MI below 0.4, with a minimal agent 
dose, and short examination time (15).

It is of major importance to obtain writ-
ten informed consent before the examina-
tion, after a detailed explanation of the ex-
amination, procedure and clinical value, and 
the safety of UCA. 

Contrast-enhanced voiding  
cysto-urethro sonography 

Contrast-enhanced voiding urosonography 
(VUS) using intravesically administered 

UCA is a pediatric specific application for 
vesicoureteric reflux detection and grad-
ing, and for urethral imaging using a trans-
perineal approach. The VUS procedure and 
grading are well standardized. The basic pro-
cedural steps of echo-enhanced VUS encom-
pass: baseline pre-contrast US of the kidneys 
and bladder, the bladder catheterization and 
intravesical administration of normal saline 
and UCA, and repeated scans of the bladder 
and kidneys during bladder filling and void-
ing (Fig. 1). The post-contrast scan includes 
uretheral imaging during voiding. Contrast-
specific software dedicated to second-genera-
tion USCA should be used during the proce-
dure. The MI is set in the low specific mode 
(below 0.10). The second-generation UCA 
is used in small doses (16). The grading of 
VUR is similar to X-ray voiding cystoure-
thrography – five grades (17). Some authors 
used the three-grade system, similar to radio-
nuclide voiding cystography, or the upgraded 
three-grade system (18).

D. Ključevšek ■ Contrast–enhanced ultrasonography in children

Fig. 1 Contrast-enhanced voiding ultrasonography (VUS): ultrasound contrast agent is seen in pelvicalyceal 
system (white arrows) in right kidney. Vesicoureteric reflux grade III is confirmed.
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The diagnostic accuracy of VUS, in terms 
of VUR detection and grading, has been 
well-established and documented. It has been 
evaluated in a number of comparative stud-
ies with VCUG and RNVC. All these studies 
were collected and analyzed in two extensive 
reviews, which have shown that more VUR 
were detected by echo-enhanced VUS com-
pared to VCUG. In addition, the refluxes 
missed by VCUG were of higher grades com-
pared to those missed by VUS, which might 
be important in the management of children 
(19). These results suggested echo-enhanced 
VUS as a method of choice when looking for 
VUR. It was proved to be a safe, highly sen-
sitive, and radiation-free alternative for the 
detection and grading of VUR in children.

VCUS and RNVC are increasingly be-
ing replaced by VUS. The selection criteria 
for VUS are becoming wider in many medi-
cal centers and include not only follow-up 
examinations, first examinations in girls 
and screening high-risk patients, but also in 
children younger than one, including boys 
without voiding problems. There are recently 
more reports of imaging the urethra by VUS, 
which showed that imaging of the urethra is 
no longer a limitation of the techniques (20). 
Therefore, VUS is well accepted in the pedi-
atric community in Europe and has been in-
tegrated in everyday clinical routine through 
a urodiagnostic algorithm according to the 
ESPR Uroradiology Task Force (10).

Intravenous contrast-enhanced 
ultrasonography

Intravenous application of UCA is less com-
mon in children and thus performed only in 
some medical centers. Most of the published 
articles report the use of CEUS as a case re-
port for different diagnostic challenges (from 
spleen trauma evaluation to characterization 
of different parenchymal lesions in the abdo-
men, and contrast enhanced echocardiology). 

Only a few original research papers have been 
published evaluating the role of intravenous 
CEUS: evaluation of liver and spleen injuries 
after blunt abdominal trauma (21), postop-
erative evaluation of complications after liver 
transplantation (22), evaluation of liver le-
sions and portal vein anomalies (23, 24), and 
evaluation of solid tumors in the abdomen 
(25, 26) (Fig. 2). 

Piskunowicz et al. performed a meta-anal-
ysis of published papers related to intrave-
nous CEUS in children in 2012 (27), while 
Schreiber-Dietrich et al. provide a summary 
of the available literature describing the use 
of intravesical and intravenous CEUS in chil-
dren in 2015 (2).

In addition, dynamic contrast-enhanced 
ultrasound (DCE-US) enables objective eval-
uation of the enhancement. Quantification 
of DCE-US has several advantages, besides 
the objective evaluation of data. DCE-US en-
ables the comparison of imaging techniques, 
evaluation of new UCA applications, quanti-
fication of tissue and tumor enhancement in 
order to characterize focal lesions, and evalua-
tion of therapeutic response. It also limits the 
variability in clinical diagnosis (28). Tumor 
vascularity evaluation is the main clinical in-
dication of DCE-US, but it can also be used 
for therapy evaluation of inflammatory bowel 
disease (29). When performing DCE-US the 
equipment settings, patient preparation, data 
recording and choice of one of the available 
quantification software packages have a great 
influence on the interpretation of the time-
intensity curve obtained for quantification.

There are many unsolved problems, besides 
off-label use, for easier implementation of in-
travenous CEUS. First is the lack of procedure 
standardization. Second, there is no approved 
official written recommendation of the dose 
of UCA for different intravenous applica-
tions related to the child’s weight. According 
to Riccabona et al. the maximum single dose 
for intravenous application from the neonatal 
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period to 3 years of age is 0.07-0.1 ml/kg body 
weight, from 3 to 15 years of age 0.06 ml/kg 
body weight or a volume (ml) equivalent to age 
(years) divided by 20 (10). The dose should not 
be adapted only to the patient’s weight or age, 
but also to the probe (convex, linear).

EFSUMB has created a database (EF-
SUMB Scientific Corner) to collect European 
experiences in the use of CEUS in children. 
The aim is to demonstrate the safety, efficacy 
and efficiency of this method and encourage 
radiologists to perform particularly intrave-
nous CEUS and contribute the data to this 
database.  In this way everybody is able to 
support the efforts of the EFSUMB to obtain 
approval for UCA use in pediatric patients.

Conclusion 

CEUS, particularly its intravesical applica-
tion (VUS), is recognized as a safe and effec-

tive alternative imaging option for children 
in Europe. Intravenous CEUS in children is 
not so widespread, but initial studies in chil-
dren and the wide experience in adults are 
promising. Although not approved for use 
in children, there are numerous publications 
supporting its safety, its clinical importance, 
and its value as a problem solving method in 
childhood. It is recommended that radiolo-
gists submit their experiences with CEUS in 
children to the EFSUMB Pediatric Registry 
and thus support the idea of open access to 
CEUS in pediatrics and its benefits.
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