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Abstract Two new recommendations of the European
Society of Radiology task force and the European Society of
Uroradiology workgroup on paediatric uroradiology are
presented. One deals with diagnostic imaging in children after
trauma to the urinary tract—renal trauma, in particular. The
other concerns the evaluation of suspected renal hypertension.
Available data in the paediatric literature are either unsatis-
factory or controversial for both of these clinical settings.
Therefore, the following consensus-based proposals aim at
outlining effective imaging algorithms to reduce invasive

imaging procedures while optimising diagnostic accuracy.
The objective of following a more uniform imaging approach
is to facilitate future meta-analysis as well as multicentre and
other more evidence-based studies. The practise in paediatric
radiology is typically based on local availability and on the
limitations of professional expertise and equipment, balanced
against the perceived needs of the individual child. Although
this is unlikely to change in the near future, it does not release
the physicians in charge of diagnostic imaging from their
responsibility in choosing and providing state-of-the-art
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imaging and management protocols that are adapted specif-
ically for use in children.

Keywords Hypertension . Renal artery stenosis . Renal
trauma . Urinary tract . Children

Introduction and rationale

Consistent effort made by the European Society of Paediatric
Radiology (ESPR) uroradiology task force and the European
Society of Uroradiology (ESUR) paediatric uroradiology
workgroup over recent years has resulted in the publication
of several imaging and procedural recommendations.

The aspects of paediatric uroradiology covered thus far
include imaging of the following conditions: prenatally
diagnosed moderate and high-grade hydronephrosis (HN),
childhood urolithiasis and haematuria, paediatric obstructive
uropathy, and urinary tract infection.

Additionally, procedural recommendations for the follow-
ing commonly indicated paediatric uroradiology procedures
have been issued: paediatric urosonography, contrast-enhanced

voiding urosonography, voiding cystourethrography, intrave-
nous urography, childhood uro-computed tomography (CT)
andmagnetic resonance (MR)-urography. A separate statement
on childhood aspects of nephrogenic systemic fibrosis has been
issued and a standardised adapted grading scheme for hydro-
nephrosis has been presented. These recommendations have
gained increasing acceptance throughout Europe and are being
discussed in the wider paediatric radiology community.

To complete the existing recommendations, the joint
working group has now addressed two additional contro-
versial, yet important, topics: imaging recommendations in
childhood hypertension and in paediatric renal trauma. The
objective was again to standardise paediatric uro-imaging
procedures and to minimise invasiveness and radiation
without sacrificing the diagnostic accuracy for causative
pathology in the individual patient.

Similar to the previous recommendations, there is a paucity
of evidence, and the new proposals are again consensus-based
after a thorough review of the literature and existing guidelines
and recommendations. The proposals have been thoroughly
discussed in the respective societies as well as with non-
member experts in the field and with colleagues from other

Fig. 1 Imaging algorithm in (a)
severe and (b) mild-to-moderate
paediatric urinary tract trauma. If
vascular complications are sus-
pected, angiography/embolisation
should be considered. Potentially,
MRI could be used for late
presentation and for follow-up.
It is important to avoid
unnecessary repeated CT.
1 Use voiding cystouretrography
for (suspected) injury to the uri-
nary bladder. Late phase contrast-
enhanced CT/CT-cystography
should be used only if CT is
already done on other indications.
2 See also previous
procedural recommendations.
3 Amplitude-coded colour
Doppler sonography (CDS;
potentially with intravenous
contrast administration) is the first
choice modality for follow-up.
DMSA Dimercaptosiccinidacid
static renal scintigraphy, CT
computed tomography, MRI
magnetic resonance imaging, US
ultrasound
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partner disciplines, e.g., paediatricians, paediatric nephrolo-
gists, surgeons and urologists.

Based on the above, the following two recommenda-
tions have been drafted and presented as well as
discussed during the mini-symposium “Paediatric uror-
adiology imaging recommendations, part IV” at the
annual ESPR meeting in June 2010 in Bordeaux, France.
This ensured the more general opinion was also heard.
Subsequent feedback obtained at the guideline session of
the annual ESUR meeting in September 2010 in Bruges,
Belgium, was included in the finalising of the new
recommendations.

It is hoped that these proposed recommendations will
help streamline optimal imaging procedures in paediatric
uroradiology throughout Europe, in spite of remaining
concerns and unresolved issues. This is a prerequisite to
facilitate the meta-analysis of results from future
multicentre studies, and a step towards obtaining more
evidence-based data.

Imaging children with renal trauma

Children have a higher risk of renal lesions than adults
following blunt abdominal trauma. This is due to age-related
increased organ mobility, relatively larger size and less
anatomical protection of the kidneys.

Gross or microscopic haematuria is a common presenting
symptom, but the degree of haematuria does not necessarily
correlate with the presence or severity of possible renal injury;
therefore, every child with haematuria after abdominal trauma
should undergo renal imaging.

CT is considered the imaging modality of choice in
severe abdominal trauma; its use at first-line evaluation is
unequivocally accepted in haemodynamically stable
children, especially in suspected spinal or pelvic girdle
involvement, and suspected rupture of the urinary
bladder (Fig. 1a). CT is also the first choice if US is not
possible, e.g., due to skin lesions, bandages or in obese or
restless patients. CT depicts most lesions that may escape

Fig. 1 (continued)
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US detection. It is also the safest, most reliable and most
widely available method to exclude significant urinary
tract injuries.

Of special concern in children, however, is the inevitable
and significant radiation exposure. Other disadvantages
include the need for intravenous iodinated contrast medium
administration and the potential risk related to transporting
an injured patient.

On the other hand, a comprehensive US examination
including colour and spectral Doppler analysis is often
sufficient to reliably exclude major renal injury when
performed under favourable conditions and by an experienced
examiner using adequate equipment. Minor renal lesions, e.g.,
a subtle contusion that would not have therapeutic conse-
quences, may be missed by US. Therefore, US may be the
initial choice of paediatric renal imaging in minor or moderate
trauma. Complementary CT should be considered in cases in
which US is inconclusive or discordant with more concerning
clinical findings, if there is clinical deterioration, or if the
findings by US indicate further imaging in view of directing
therapy and management (Fig. 1b). On the other hand, US

should certainly be considered as the method of choice in the
follow-up of children with traumatic renal lesions, even if
initially evaluated by CT. If additional cross-sectional
imaging is needed during follow-up in the nonemergency
setting, MRI should be used whenever available, especially
if US does not offer conclusive results.

Imaging in suspected childhood renal hypertension

Renovascular hypertension is rare in children. However,
unlike in adults, renovascular is more common than
idiopathic hypertension. There is an ongoing debate as to
how to image children with clinically suspected renovas-
cular hypertension. The use of noninvasive CT angiography
(CTA) is particularly controversial. MR angiography
(MRA) is feasible in older children and is relatively
sensitive for significant stenoses of the main renal artery,
but less sensitive in smaller children and for the more
peripheral interlobar and arcuate arteries due to the lower
temporal and spatial resolution.

Fig. 2 Imaging algorithm in
children with suspected reno-
vascular hypertension. 1 High
clinical suspicion: history of
renal trauma or radiation, um-
bilical artery catheterisation, re-
novascular thrombosis, bruit
over renal arteries, high renin
levels, presence of disease
associated with renovascular
abnormality (e.g. neurofibroma-
tosis, Williams syndrome,
tuberous sclerosis).
2 See previous
recommendations.
3 Potentially and increasingly
contrast-enhanced MR angiog-
raphy (MRA) can be used for
assessment of larger vessels and
infarcted areas. Non-enhanced
MRA techniques are emerging.
4 Captopril scintigraphy may
potentially be used prior to
percutaneous transluminal an-
gioplasty (PTA) for functional
assessment, particularly in
doubtful cases, or in neonates
until old enough for PTA; note
local variations in practice.
BP blood pressure, CDS colour
Doppler sonography, CTA com-
puted tomography angiography,
DDS spectral duplex Doppler,
DSA digital subtraction angiog-
raphy, PSV peak systolic veloc-
ity, RAR renal-aortic ratio, δ-RI
resistive index difference
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Various Doppler findings and flow parameters have
not been widely or adequately evaluated for diagnostic
performance in childhood renal arterial stenosis (RAS).
It is not clear whether the accepted criteria in adults, i.e.
a peak systolic velocity >180–200 cm/s, acceleration
time >80 ms (both parameters show age dependent
variations in early childhood), difference of resistive
index >0.05, and renal artery to aortic flow velocity
ratio >3–3.5, are applicable to children. Only the typical
distal pulsus tardus and parvus waveform and the direct
visualisation of the stenosis on CDS (turbulent flow at
increased velocity causing aliasing) are reliable predic-
tors for childhood RAS.

Given the above information and the variable availability
of state-of the-art equipment, it is difficult to establish an
effective, economic, reliable, evidence-based imaging algo-
rithm, particularly if one wants to favour and promote the use
of noninvasive and nonionising techniques.

The current recommendation is that children with a high
probability of renovascular disease, a positive CDS study
and severe disease should, following comprehensive US
evaluation, be referred for catheter angiography with renal
vein sampling, potentially with simultaneous endovascular
treatment. Further noninvasive imaging by CTA or MRA
has no significant benefit in these children; it only creates
additional costs and may introduce delay.

This strategy, however, is under discussion in equivocal
cases. It will likely have to undergo revision with respect to
the most recent multidetector-CT technology allowing for
digital subtraction CTA and thus evaluation of smaller
intrarenal vessels.

Continued (multicentre) research is necessary in various
aspects of renal vascular evaluation. Research topics should
include the predictive value of various Doppler indices in
childhood for different age groups, the potential of modern
CTA techniques in children and the use of nonenhanced
MRA techniques in children. The efficacy of these needs to
be re-evaluated: Are they reliable and how do they impact
on therapy and prognosis?

Selection of those patients who present with mild to
moderate or unclear disease, or who have a low
probability of significant RAS based on US, CDS and
clinical information prior to the more invasive test by
CTA (or, possibly, captopril scintigraphy) may be useful
(Fig. 2).

Follow-up of patients who have undergone treatment for
RAS has not been addressed with this algorithm.

Conclusion

The joint ESPR task force and ESUR workgroup on
paediatric uroradiology propose two new imaging algo-

rithms with the aim of improving and standardising
imaging in the child following urinary tract trauma and in
the child with suspected renovascular hypertension.

In severe urinary tract trauma, CT is the primary
modality, whereas in less severe or minimal trauma, a
comprehensive US evaluation including CDS may often
suffice for initial evaluation and for virtually all follow-up.
Controversy continues regarding the most appropriate
imaging modality and pathway for imaging children with
suspicion of renovascular hypertension. Angiography with
vascular intervention offers the highest diagnostic accuracy
with the option of simultaneous treatment. CDS, captopril
scintigraphy, MRA, CTA or a combination of these should
be considered prior to angiography, especially in question-
able cases or as an initial investigation in children with
lower probability for significant renovascular disease.
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