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The aim of this paper is to show the benefits of contrast-enhanced 
voiding urosonography as a new method in the diagnosis of vesico-
ureteral reflux. In the era of increasing radiation awareness, radiation 
doses to infants and children should be kept as low as reasonably 
achievable. Recent advances in tissue-harmonic and contrast-specific 
imaging techniques, together with the development of second-genera-
tion contrast agents, have improved the potential of ultrasonography, 
in both the diagnosis and grading of vesicoureteral reflux in children. 
Contrast-enhanced voiding urosonography is a radiation free, reliable, 
highly sensitive and safe imaging modality for vesicoureteral reflux and 
urethral evaluation in children. Conclusion – Therefore, due to all 
its advantages, contrast-enhanced voiding urosonography is the pre-
ferred method in the diagnosis and grading of vesicoureteral reflux 
and should be incorporated into the paediatric urinary tract infection 
diagnostic algorithm.  

Introduction

Vesicoureteral reflux (VUR) is one of the 
most common urinary tract anomalies in 
children and may be associated with reflux 
nephropathy (RN). Some patients with RN 
develop chronic kidney disease, hypertension 
and a small number of patients progress to 
end-stage renal disease (1). Early detection 
of children with these clinical characteristics 
should be the goal of evaluation of patients 
presenting with prenatal hydronephrosis or 
febrile urinary tract infection (UTI). The 
goals of the imaging procedure in general are 
to confirm the suspected diagnosis, with a 
high degree of sensitivity and specificity, to 
aid treatment and allow prognosis. 

VUR is not only a developmental anom-
aly related to the inadequate length of the 
intravesical submucosal ureter, but also a 

dysfunctional problem, in relation to which 
many patients have associated neurogenic 
and non-neurogenic bladder and bowel dys-
function (2, 3). VUR is associated with RN 
and renal scarring, which can cause hyperten-
sion and renal failure. Today, controversies 
exist about the role of VUR in the develop-
ment of UTI, as well as the effectiveness of 
antibiotic prophylaxis in preventing pyelone-
phritis and scarring (4-6). Nonetheless, it is 
recommended to exclude VUR in high-risk 
patients, including those with hydronephro-
sis, renal scarring, with an atypical UTI or 
complex clinical circumstances, especially in 
children with neurogenic and non-neurogen-
ic bladder and bowel dysfunctions (5, 7). 

The purpose of this review is to demon-
strate the advantages, as well as the limitations 
of contrast-enhanced voiding urosonography 
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(ceVUS), compared to other standard tech-
niques in diagnosing VUR. 

Diagnostic methods for vesicoureteral 
reflux identification

Three methods are currently used to identify 
VUR in children: (1) radiographic voiding 
cystourethrography (VCUG), (2) direct ra-
dionuclide cystography (DRNC) and, more 
recently, (3) contrast-enhanced voiding uro-
sonography (ceVUS). 

Radiographic voiding 
cystourethrography

Voiding cystourethrography (VCUG) has 
been the gold standard of imaging for diag-
nosing and grading of VUR. It is a fluoro-
scopic examination, utilizing radiographic 
contrast medium and fluoroscopic (X-ray) 
screening. The procedure involves bladder 
catheterization and intravesical administra-
tion of radiographic contrast via a urinary 
catheter, followed by continuous fluoroscop-
ic examination of the lower abdomen and 
pelvis. The presence of the radiographic con-
trast in the upper urinary tract during blad-
der filling and voiding is diagnostic of VUR. 
A standardized international system is used 
for reflux grading (8). This method involves 
exposure to ionizing radiation. The standard 
mean effective dose of VCUG is approximate-
ly 0.4 to 0.9 mSv (9). Patient dose reduction 
during VCUG can be achieved using pulsed 
fluoroscopy. With this new modality the ra-
diation exposure is at least eight times lower 
than that delivered by conventional continu-
ous fluoroscopy (10, 11). This is especially 
important in children who are more suscep-
tible than adults to the long-term hazards of 
radiation. Developing tissue in children is 
more sensitive to the effects of radiation and 
children have a longer life expectancy dur-
ing which the potentially oncogenic effects 

of radiation may be manifested (12). Also, as 
VUR is an intermittent phenomenon, it can 
sometimes be missed by intermittent fluoro-
scopic screening techniques. The dilution of a 
small amount of radiographic contrast in the 
already-dilated collecting system, and obscu-
ration by overlying bowel shadow, also con-
tribute to the lower sensitivity of VCUG (13).

Direct radionuclide cystography

Direct radionuclide cystography (DRNC) 
also involves bladder catheterization and 
intravesical administration of radiopharma-
ceuticals. The advantages of this method are 
the continuous examination of the kidneys 
and bladder during the filling phase, and the 
lower gonadal radiation dose. In general, it 
has comparable diagnostic performance with 
VCUG, but lower spatial resolution and im-
paired anatomical delineation. It is usually 
recommended for follow up of VUR, par-
ticularly in boys, due to its limited efficacy in 
examining the urethra (14).

Contrast-enhanced voiding 
urosonography

Contrast-enhanced voiding urosonography 
(ceVUS) is a new technique in the evaluation 
of VUR. The second generation of ultrasound 
contrast agents (UCA) and higher quality 
ultrasound machines, with contrast-specific 
software technology, have allowed the appli-
cation of ceVUS without ionizing radiation 
(15). ceVUS has become a routine method 
in the diagnosis of VUR in many European 
centres, because in recent years there is higher 
awareness of the potential harmful effects of 
exposure to ionizing radiation in diagnostic 
imaging procedures in children (15-23). Kis 
et al. (25) reported ceVUS to be more sensi-
tive than VCUG since it is a real time imag-
ing method, allowing prolonged, continuous 
scanning, and thus has the potential to detect 
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intermittent VUR (24). It can be repeated 
without exposure to radiation if the proce-
dure fails. It also allows adequate imaging of 
the urethra (26-29).

The first attempts at implementation of 
ultrasound (US) for diagnosis of VUR began 
in the mid-1970s. A comprehensive account 
of the evolution of this undertaking over the 
subsequent two decades has been presented 
by Darge (22)who presented various attempts 
that were undertaken in the past to introduce 
ultrasonography for diagnosis of VUR, the 
limitations of indirect methods and the revo-
lution that occurred with the availability of 
stable UCA.

Diagnostic imaging is now a practical op-
tion for examination of VUR, is relatively 
easy to perform using new and stable UCAs. 
The intravesical use of a sonicated albumin 
UCA (Albunex; Molecular Biosystems, San 
Diego, Calif.) for VUS in a child was first 
reported in 1994 (30). Another UCA used 
in the past was Echovist (Schering, Berlin, 
Germany), which is composed of galactose 
with incorporated microbubbles (31). It has 
a very short imaging window of approxi-
mately only 5 min, which, thus, prevents its 

routine application. A breakthrough in US 
diagnosis of VUR in children evolved during 
the mid-1990s with the availability of UCAs 
containing stabilized microbubbles. Levovist 
(Levograf, Schering Spain, Madrid, Spain; 
SHU-508-A, Schering, Berlin, Germany) 
was the first such UCA to become available 
for clinical use in Europe. This was the begin-
ning of the rapid development of VUS and 
its introduction as part of the routine diag-
nostic imaging option for VUR (32-34) (Fig. 
1). The diagnostic performance of ceVUS has 
further improved since the introduction of 
the more stabilized second generation UCA 
for intravesical application, as well as advanc-
es in ultrasound techniques, namely, har-
monic imaging (35, 36). Second-generation 
UCAs, such as SonoVue (SonoVue, Bracco, 
Italy), have several intrinsic advantages (37). 
SonoVue is a stable aqueous suspension of 
sulphur hexafluoride microbubbles, with a 
phospholipid shell, which resonates by asym-
metric contraction and expansion, and it 
strongly increases the ultrasound backscatter, 
allowing visualization. It remains stable for 
up to 6 hours. The procedure also involves 
tissue harmonic imaging, which is based on 

      
Fig. 1 Voiding contrast cystography with contrast enhanced voiding urosonography. Visualisation of the ultra-
sound contrast medium during voiding contrast cystography in B-mod “grayscale”. a) contrast in the kidney 
collecting system, b) contrast in the bladder.
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the phenomenon of non-linear distortion of 
the acoustic signal as the ultrasound wave 
insonates and travels through the body tis-
sues. It improves contrast and spatial resolu-
tion, and reduces artefacts when compared to 
conventional grayscale ultrasound (38, 39). 
Together with the subtraction technique, the 
contrast-specific harmonic imaging mode 
further increases the conspicuity of the mi-
crobubbles. With the application of newer-
generation UCA and ultrasound techniques, 
ceVUS is currently regarded in Europe as a 
valid, radiation-free imaging modality for ex-
amination of VUR.

The procedure is technically analogous to 
conventional VCUG. The UCA is admin-
istered intravesically via a urinary catheter, 
followed by continuous, alternate examina-
tion of the kidneys, urinary bladder, and the 
retrovesical region during filling and voiding 
phases, as well as the urethra, by means of the 
transperineal or interscrotal approach during 
the voiding phase. The diagnosis of VUR is 
determined by the presence of moving echo-
genic microbubbles from the ultrasound 
contrast in the upper urinary tract. The five-
tier grading system developed by Darge and 
Troeger (40) is similar to the international 
reflux system: Grade I Microbubbles only 
in the ureter; Grade II Microbubbles in the 
renal pelvis; no significant renal pelvic dila-
tation; Grade III Microbubbles in the renal 
pelvis + significant renal pelvic dilatation + 
moderate calyceal dilatation; Grade IV Mi-
crobubbles in the renal pelvis + significant 
renal pelvic dilatation + significant calyceal 
dilatation; Grade V Microbubbles in the re-
nal pelvis + significant renal pelvic dilatation 
and calyceal dilatation + loss of renal pelvis 
contour + dilated tortuous ureters.

The utilization of stable UCAs has revo-
lutionized ultrasound-based reflux imaging, 
by enabling prolonged sonographic examina-
tion of the upper urinary tract. Darge (41) 
showed the diagnostic performance of ce-

VUS using the first-generation ultrasound 
contrast Levovist. Using VCUG as the refer-
ence method, the sensitivity of ceVUS ranged 
from 57 to 100%, and its specificity from 85 
to 100%. The diagnostic accuracy, measuring 
the concordance of both positive and nega-
tive cases, ranged from 78 to 96%. Approxi-
mately 10% of all reflux units were diagnosed 
by VCUG alone, and 9% were diagnosed 
by ceVUS alone. However, the majority of 
reflux units missed on ceVUS were of low 
grade, while most missed refluxes on VCUG 
were of medium-to-high grade. The intermit-
tent nature of VUR, together with intermit-
tent fluoroscopy, and dilution of the radio-
graphic contrast were postulated to result in 
a lower detection rate of high-grade reflux on 
VCUG. On the other hand, the lower detec-
tion rate of low-grade reflux on ceVUS was 
attributed to the difficulty in visualizing the 
retrovesical regions and the non-dilated ure-
ter, related to the acoustic shadow cast by the 
intravesical contrast (41). Currently, second-
generation contrast SonoVue-enhanced VUS 
has superior sensitivity, ranging from 80 to 
100%, and specificity of 77 to 97% (19, 20, 
24, 37, 38, 39, 41). Moreover, SonoVue-en-
hanced VUS has a consistently higher reflux 
detection rate than VCUG. Data show that 
VCUG misses 6 to 62% of all reflux units. In 
the study by Ključevšek et al. (20) 26 (62%) 
out of 42 reflux units were additionally iden-
tified by ceVUS alone, but none by VCUG 
alone. On the other hand, ceVUS misses 
only 0 to 12% of all reflux units (19, 20, 24, 
38, 39). Therefore, ceVUS is not only highly 
concordant with VCUG for reflux detection, 
but also more sensitive than VCUG. 

 Studies have shown that with harmonic 
imaging and modified US techniques, ceV-
US has good reliability in diagnosing VUR 
in children, but requires highly skilled so-
nographers (42). The dosage of SonoVue for 
each ceVUS examination is about 0.5% of 
bladder capacity for age, which is adequate 
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for 2-3 cycles of filling and voiding phases. 
Therefore, a vial of SonoVue can be shared 
between several patients at each session (20). 

Adverse events with this method are ex-
tremely rare. In a recent European survey, 
there were no allergic reactions or adverse 
events related to SonoVue in 5079 paediatric 
ceVUS examinations performed in 45 Euro-
pean centres (43). Only a few minor adverse 
events related to catheterization were en-
countered. In our institution, we have been 
using ceVUS in VUR diagnosis for 10 years. 
We can also confirm the high safety profile of 
SonoVue-enhanced VUS. No adverse events 
related to the contrast agent, catheterization, 
or infection have been noticed. During the 
ceVUS procedure, we first perform baseline 
US in the prone position to assess renal size, 
parenchymal echogenicity and pelvicaliceal 
dilatation and then in the supine position for 
visualisation dilated ureters in the retrovesical 
space.

Using a 20 ml syringe, saline is slowly 
instilled into the bladder via the urethral 
catheter, while the child is in the supine po-
sition, until the bladder volume reaches the 
estimated age-related maximum. This is esti-
mated using the following equation: Bladder 
capacity volume (ml) = [age (years) x30] + 
30 ml (44). Then SonoVue is diluted into a 

5 ml solution. A total of 2.5 ml of the Son-
oVue solution is administered into the saline-
filled urinary bladder. The bladder, ureters 
and kidneys are scanned alternatively during 
continued filling, voiding, and after voiding 
in the supine position. The child is also ex-
amined in a prone position. Transabdominal 
and transperineal scanning of the urethra is 
performed throughout. The diagnosis and 
grading of VUR is determined by the pres-
ence of echogenic microbubbles from the ul-
trasound contrast in the upper urinary tract 
(40). In newborns and infants, who tend to 
void before maximum filling bladder capac-
ity is reached, ceVUS examination is repeat-
ed in a cyclical manner, with performance 
of successive cycles of bladder filling after 
voiding, until ceVUS examination is appro-
priately completed. A contrast-specific mode 
with a low mechanical index of 0.08-0.12 
and high-resolution ultrasound is used. The 
ceVUS study is digitally recorded and stored 
on a hard drive. It is obtained in all cases and 
available for review (19) (Fig. 2-6).

Most clinical indications of VCUG may 
be performed by ceVUS. ceVUS were incor-
porated into the joint guidelines for urologi-
cal examination of the European Society of 
Urogenital Radiology (ESUR) and the Euro-
pean Society of Paediatric Radiology (ESPR) 

Fig. 2 Voiding contrast cystography with contrast enhanced voiding urosonography. Bladder filled with ultra-
sound contrast medium. a) B-mod “grayscale”, b) B-mod + colour coding contrast (contrast specific software).

a b
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Fig. 3 Voiding contrast cystography with contrast enhanced voiding urosonography.  Reflux of the contrast 
medium into the ureter and kidney collecting system. Contrast specific software facilitates the visibility of the 
colour coded contrast medium in the ureter and kidney collecting system. a) “grayscale”, b) “grayscale” + contrast 
specific software.

Fig. 4 Voiding contrast cystography with contrast enhanced voiding urosonography. Reflux of the contrast me-
dium into the kidney collecting system; Contrast specific software allows colour coding of the ultrasound contrast 
medium and significantly increases the visibility of the contrast medium in the kidney collecting system. a) B-
mod “grayscale”, b) B-mod + contrast specific software.

in 2007 (45). The indications for ceVUS first 
included follow-up examination of known 
VUR, investigation of UTI in girls, as well 
as screening for familial history of VUR and 
foetal hydronephrosis. In recent years, ceV-
US has also allowed adequate imaging of the 
urethra (26-29). Duran et al. (46) revealed 
that diagnosis of urethral pathologies, such 
as posterior urethral valve, prostatic utricle 

diverticulum, and anterior urethral stricture 
may be achieved by using interscrotal and 
transperineal approaches in boys (46). The 
application of ceVUS has been extended 
to investigation of UTIs in boys and ure-
thral imaging in genitograms in the ESUR 
and ESPR guidelines 2012 (47). The main 
limitation of ceVUS is the acoustic shadow-
ing produced by the high concentration of 

a b
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ultrasound contrast, which can sometimes 
obscure the retrovesical region and, thus, de-
crease the sensitivity of ceVUS in detecting 
a grade I reflux. This is remedied by dilution 
of the ultrasound contrast by continuous sa-
line infusion, and is best assessed during the 
second cyclical examination. In addition, 
ceVUS has limitations in examinations that 
require detailed anatomical assessment, such 
as in the evaluation of fistula in children with 
anorectal malformation, or in detailed blad-
der neck evaluation (41). 

We should also mention that SonoVue, 
although it is commonly used for diagnosis 
of VUR in children, has not been registered 
for use in patients below the age of 18 years 
(43, 47). Its use is off-label and the lack of 
registration for use in paediatric patients 
is associated with the lack of clinical trials. 
Appropriate trials, allowing for the official 
legalization and registration of such agents 

thral imaging in children. It employs ultra-
sound technology (contrast-specific software) 
in combination with a commercially avail-
able second generation ultrasound contrast. 
Due to all its advantages, of which high sen-
sitivity, high specificity and no radiation are 
the most pronounced, ceVUS has the poten-

Fig. 5 Voiding contrast cystography with contrast en-
hanced voiding urosonography. Visualisation of the 
ultrasound contrast medium in the collecting system 
of the kidney using contrast specific software (“only 
contrast”).

Fig. 6 Voiding contrast cystography with contrast enhanced voiding urosonography. Intrarenal reflux Visualisa-
tion of the ultrasound contrast medium in the collecting system of the kidney using contrast specific software.

Conclusion 

There is increasing awareness of the risks of 
radiation exposure and invasiveness of VUR 
investigation. Currently, contrast-enhanced 
voiding urosonography (ceVUS) is a radia-
tion free, sensitive, reliable and safe imaging 
modality for vesicoureteral reflux and ure-

in paediatric patients, should be conducted 

(47). Despite the fact that SonoVue is not 
registered for use in patients below the age 
of 18, there are numerous reports worldwide 
describing ceVUS in paediatric patients with 
intravesical administration. (20, 24, 39, 45). 
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tial to greatly reduce the use of VCUG in 
specialized centres. 
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