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Imaging strategies in pediatric urinary
tract infection

Abstract This article is focused on
the controversial topic of imaging
strategies in pediatric urinary tract
infection. A review of the recent
literature illustrates the complemen-
tary roles of ultrasound, diagnostic
radiology and nuclear medicine. The
authors stress the key role of ultra-
sound which has recently been de-
bated. The commonly associated
vesicoureteric reflux has to be classi-
fied as congenital or secondary due to
voiding dysfunction. A series of
frequently asked questions are ad-
dressed in a second section. The
proposed answers are not the product
of a consensus but should rather be
considered as proposals to enrich the
ongoing debate concerning the eval-
uation of urinary tract infection in
children.

Keywords Urinary tract infection .
Imaging strategies . Children

Introduction

Urinary tract infection (UTI) is a common bacterial disease
in children, observed at least once in 5% of girls and 0.5% of
boys. Maximum prevalence is observed in male neonates
and school age girls [1–3]. Diagnostic imaging plays a

quadruple role in this situation: (1) pre- and postnatal
ultrasound can identify fetuses and infants with a malfor-
mation of the urinary tract. Prevention of UTI can be started
in those infants immediately after birth. However, the major
preventive role of imaging is not within the scope of this
review; (2) different techniques have been shown useful to
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diagnose acute pyelonephritis (APN) as well as its early
complications (pyohydronephrosis, renal or para renal
abscess); (3) nuclear medicine studies are considered the
reference tool for the diagnosis and follow-up of late com-
plications, e.g. scarring, which is thought to favor arterial
hypertension, eclampsia, and renal insufficiency; (4) lastly,
imaging plays a key role in the follow-up of children who had
a previous UTI in order to detect underlying disease [ves-
icoureteric reflux (VUR), voiding dysfunction, obstruction].

Imaging modalities which have been described in the
context of pediatric UTI are: ultrasound (US) (including
grey scale, color and power Doppler), 99mTc-dimercapto-
succinic acid (DMSA) scintigraphy scan and reflux studies
[including voiding cystourethrography (VCUG), voiding
urosonography, direct and indirect isotopic cystography].
Intravenous urography (IVU) was previously considered
a reference examination of the urinary tract, whereas en-
hanced CT and MRI have been proposed by some authors.

The aims of this article were (1) to describe the ad-
vantages and limitations of those different modalities and
(2) to suggest diagnostic strategies in common clinical sit-
uations. The latter are not the product of a consensus. In fact,
they should be considered as proposals to enrich the ongoing
debate concerning this common disease. The ALARA prin-
ciple, cost effectiveness and availability of equipment were
taken into consideration.

Imaging modalities

Ultrasound

US scanning is absolutely non-invasive, feasible at bedside,
does not deliver ionizing radiation, and remains relatively
inexpensive. However, in a recent study, the role of US in
the evaluation of UTI in children was critically evaluated
[4]. Hoberman et al. [4] reported a 12% rate of sonographic
abnormalities in a population of children with UTI. More-
over, these authors stated that prenatal US could detect most
children with urinary tract malformation. They concluded
that in a child referred for UTI, renal US would not be
relevant if his/her prenatal US examinations were normal.
This approach can be criticized for several reasons. First of
all, prenatal US was shown to be unable to detect all chil-
dren with congenital vesicoureteric reflux, the most fre-
quent malformation associated with UTI [5–7]. Secondly,
hydronephrosis as a consequence of uretero–pelvic junction
obstruction can be diagnosed at any age of life in patients
who had had normal prenatal sonograms, and can become
complicated with severe infection. Thirdly, communication
between pre- and postnatal medical teams can fail for
several different reasons [8, 9]. In addition, during the acute
phase of infection, US was shown to be effective in the
diagnosis of infectious emergencies such as renal abscess,
pyohydronephrosis with or without kidney stone. Ultra-
sound (or CT) can also be employed as a treatment to guide

percutaneous drainage. Lastly, in neonates, urosepsis can be
life threatening and the role of ultrasound is even greater as
bedside examination at the intensive care unit is possible, as
well as high frequency scanning allowing excellent reso-
lution and optimal diagnosis. The main drawback of US in
the context of pediatric UTI is its reported sensibility. US
sensibility varied among the different published studies
regarding acute pyelonephritis [4, 10–14]. This may be
explained due to different operators (expert pediatric ra-
diologists involved in this field in some studies versus
residents or sonographers in others), different techniques
(use of prone and supine position scanning, of color/power
Doppler, of sedation, of injection of contrast medium, of
high frequency scanning) as well as variable equipment.
Even under optimal technical conditions, the diagnostic
accuracy of color Doppler US for APN ranged from 80 to
90% [13, 14] and remained below that of DMSA scintig-
raphy, enhanced CT or MRI. A normal US examination
cannot definitely eliminate renal involvement in a child
with clinical signs of upper UTI.

Under optimal conditions, subtle abnormalities should be
investigated in the context of an APN. US signs can be
divided into two categories: (i) signs of pyelitis include mild
dilatation, thickened pelvic wall (non-specific), and increased
echogenicity of the renal sinus [15]; (ii) signs of nephritis
include nephromegaly, triangular hyper-echogenicity or a
rounded hypo-echoic area. Decreased perfusion on color/
power Doppler (spontaneously or after IV infusion of con-
trast medium) is common [10, 11]. In addition, in school age
girls with UTI and voiding dysfunction, bladder US com-
pletes the flowmetry examination (or urodynamics) to
search for residual urine [16].

In summary, in spite of a recent study [4], we estimate
that US should remain the first line examination in children
with UTI. Moreover, follow-up examinations could be condi-
tioned by the US results, as shown in the following sections.

Reflux studies

VCUG remains a reference examination, since it permits
rapid and effective detection of VUR when performed with
cyclic filling [17, 18]. VCUG is the only available tech-
nique to analyze the male urethra. Furthermore, VCUG can
detect problems in micturition and help diagnose bladder
instability or dysfunctional voiding [16]. However, VCUG
delivers radiation and requires either an indwelling catheter
or a suprapubic puncture. For these reasons, VCUG should
be considered on an individual basis and limited in its use
and indications. Retrograde or suprapubic approaches do
not differ in terms of sensitivity. Retrograde catheterization
is usually considered as more invasive, but this technique is
also easier to perform, and does not require preliminary
bladder ultrasound.

Isotopic methods to detect VUR include direct and in-
direct cystography. Direct cystography is obtained by retro-
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grade filling of the bladder. Indirect cystography is obtained
via intravenous injection.Due to their poor anatomic resolution,
these techniques should be reserved for the follow-up of
children with VUR. The recently reported voiding uroso-
nography [19] could compete with isotopic methods in
VUR follow-up. However, it should be mentioned that the
latter remains an expensive and time-consuming technique.
In addition, US contrast medium is still not available (or
authorized for that study) throughout Europe.

After VUR is detected, it is necessary to classify the
condition as congenital or secondary [20]. Congenital re-
flux, a consequence of ureteral meatus malformation, main-
ly occurs in boys. Prenatal diagnosis is common. The grade
of that frequently bilateral reflux is usually high at the time
of diagnosis and tends to decrease with growth. The rate of
children who can be managed conservatively is inversely
proportional to the grade of VUR at the age of diagnosis.
After 3 years of age, congenital reflux in a previously
healthy child becomes a questionable diagnosis.

Secondary reflux is a frequent consequence of bladder
instability and dysfunctional voiding. Neurogenic bladder
should be considered and eliminated. VUR is usually the
consequence of anatomical distortion of the ureterovesical
junction due to continued high bladder pressure [21]. Sec-
ondary reflux mainly occurs in preschool and school age
girls. Grade is usually low and resolution occurs frequently
with the treatment of bladder sphincter disorder. Surgery is
certainly not the first line treatment in these children, but it
still may be required in some children [22].

DMSA scintigraphy

Currently, DMSA scintigraphy is considered the reference
examination in the diagnosis of post-infectious scarring
[23]. Intravenous urography in this instance is no longer
required. Several authors have suggested that DMSA could
also be useful in the diagnosis of APN. The renal uptake
of DMSA is conditioned by intra-renal blood flow and
proximal tubular cell membrane transport function. In
depth description of the technique has been provided by
international experts [23–25]. Images are performed 1.5–
6 h following tracer injection. The quantification of rela-
tive function (left to right DMSA uptake ratio) can be per-
formed on the posterior view, but is preferably calculated
by geometric means using both anterior and posterior views
[26]. The absolute uptake of DMSA is generally not used,
as its reproducibility has not been proven. In normal kid-
neys, the cortical uptake of DMSA is homogeneous and
renal contours are smooth. In APN, defects in the renal
outline of varied degrees are observed. Defects are not as-
sociated with any loss of volume. DMSA needs to be per-
formed within a brief delay after the occurrence of clinical
signs in the context of APN. Conversely, in cortical scar-
ring, the defect is associated with a focal loss of volume
(cortical thinning, flattening of the renal contour, or wedge-

shaped defect) [23–25, 27, 28]. For detection and follow-
up of scarring, the accepted recommendation is to perform
DMSA scintigraphy at least 6 months after the last episode
of APN. DMSA scintigraphy is limited in diagnosing post-
infectious scar which cannot be differentiated from a pre-
existing developmental one [29]. Those “scar-like” foci of
dysplasia have been described in some neonates without
any history of previous infection. Such developmental le-
sions can be severe and associated with poor renal growth.
Vis-à-vis post-infectious scarring, we previously demon-
strated a 100% negative predictive value for DMSA per-
formed during the acute phase of infection [14]. In fact,
none of the children with a normal DMSA performed
during APN was shown to have scarring 6 months later
(follow-up DMSA). Recently, we showed that the auto-
matic calculation of an index measured on acute DMSA
scintigraphy, could help to detect infected kidneys at risk of
subsequent scarring [30]. In children with acute pyelone-
phritis, we performed a mapping of DMSA studies based
on the activity value of kidney pixels. Isocounts were au-
tomatically calculated for each infected kidney: n% iso-
count was the region of interest containing all the pixels
with a value ≥n% of the maximal intensity value pixel. The
Cn% ratio was the n% isocount density divided by the 20%
isocount density. The C70% was shown to be the best index
for prediction of scarring. A cut-off value of 0.45 was able
to predict scarring with a sensitivity of 0.83, a specificity
of 0.78, a positive predictive value of 0.85, and a nega-
tive predictive value of 0.77.

MRI and CT

Enhanced CT scanner [10] and MRI [31] were shown to be
effective means to diagnose APN and scarring. Lonergan et al.
[31] reported in 1998 that gadolinium enhanced inversion
recovery sequences enabled detection of more pyelone-
phritic lesions that did renal cortical scintigraphy, and had
superior interobserver agreement. Up to now, for reasons of
limited availability, MRI has not found the place that it
deserves. Due to the radiation dose, enhanced CT could be
reserved for patients with severe or complicated disease.

Diagnostic strategies

There are many different subsets of children with UTI and
all do not require the same imaging management. Factors to
be considered whether or not to perform imaging are: fetal
US, age, gender, previous medical history, physical signs,
voiding dysfunction, renal function, and course of the dis-
ease under treatment.

Some basic rules deserve to be underlined. (1) Neonates
and infants with fever and a positive urinary culture should
be evaluated during the acute infection stage to rule out the
possibility of severe disease (abscess, pyohydronephrosis
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or APN). The high rate of complications and the well-
known risks of urosepsis in that age range justify imaging.
US is particularly effective in these thin patients. (2) The
high prevalence of congenital VUR in children under 3 years
of age with an initial proven APN justifies carrying out
a VCUG. Congenital reflux predominates in male infants,
and in cases of positive family history. (3) US scanning
could be sufficient in older children or adolescents with
typical uncomplicated acute pyelonephritis. Other imaging
modalities (DMSA, CT) should be reserved for children
with doubtful diagnosis, an uncommon course of treatment,
or infected with rare bacteria. (4) At least, if one considers
that UTI could present a risk of late complication (e.g. hy-
pertension, eclampsia, renal failure), a delayed DMSA scan
should be performed in children with a previous medical
history of proven acute pyelonephritis.

In order to illustrate our argument, we have chosen to
address ten frequently asked questions regarding this topic.

Should we perform DMSA in children with clinically sus-
pected upper UTI and normal sonography? A clear-cut
diagnosis of the presence or absence of renal involvement
has to be performed. Maximal effort should be made to
establish the diagnosis of APN based on US. In cases of
positive US, DMSAwould be less useful. However, it was
shown that a normal US examination could not completely
eliminate APN. Therefore, DMSA (or MR) could be ad-
vocated during the acute stage of upper UTI in a child with
equivocal diagnosis and normal US.

Should we perform VCUG in children with clinical criteria
of UTI and normal acute stage examinations? The associ-
ation of US and DMSA can definitely eliminate renal in-
fectious involvement. As the negative predictive value of
acute stage DMSAwas shown to be excellent, VCUG could
no longer be performed in this context (even in a child under
3 years of age). The exception would be a case of recurrent
UTI.

How long after APN should VCUG be performed in chil-
dren under 3 years of age?VCUGcan be performed as soon
as the follow-up urinary culture has become negative. There
was no demonstrated advantage of a delayed VCUG.

Is VCUG relevant in cases of significantly dilated urinary
tract on ultrasound? Obviously, question 2 excludes chil-
dren with a dilated urinary tract malformation due either to
high grade VUR or obstruction. US and VCUG remain the
first line examinations in children with a dilated urinary tract.

Should we perform VCUG in all children with positive US
or DMSA scan? We do not believe so. VCUG could be
considered based on age and gender. In a child under 3 years
of age with an initial episode of febrile UTI, we would
recommend VCUG rather than any other reflux test to de-
tect congenital reflux. Conversely, in the particular case of

preschool or school age girls with APN, it is extremely
important to diagnose voiding dysfunction first (oriented
interview, flowmetry) and to detect scarring by DMSA [16,
32, 33]. The frequently associated reflux is the consequence
of a long-standing high-pressure bladder. In most cases,
VCUGwhich is not well tolerated in this subset of children,
is of limited interest. The challenge in those children with
voiding dysfunction is to preserve the kidneys (preventing
recurrent infections) and the bladder sphincter function (e.g.
education, diet, biofeedback physiotherapy).We should spare
those children as well as possible procedures requiring an
indwelling catheter. Hence VCUG should be discussed on an
individual basis in girls with voiding dysfunction.

Should we perform VCUG in adolescent girls with an initial
APN? The clinical diagnosis of APN is usually straightfor-
ward in this age range. VCUG is not routinely performed in
adults, as congenital reflux is rare and functional bladder
disorders have spontaneously resolved. From a pathophys-
iological perspective, nothing differentiates a 15-year-old
adolescent girl from a young woman. Hence, we postulate
that imaging strategy should be the same. US is useful to
eliminate dilation of the urinary tract. When US is normal,
VCUG should not be performed, except in cases of re-
current infections.

When should enhanced CT be performed? Radiation dose
and injection of a potentially nephrotoxic agent do not
justify routine CT in children with APN. CT should be used
for children with unusual course of disease on treatment or a
very severe disease. CTcan be employed to evaluate a child
with intra- or pararenal abscess. Unenhanced CTcan also be
performed in children with UTI complicating kidney stone.

Which technique should be used for follow-up of children
with VUR? In this context, the high anatomic resolution of
VCUG is not required. Isotopic techniques or voiding uro-
sonography should be employed. The less invasive exam-
ination is indirect isotopic cystography, the non-radiating
one is voiding urosonography.

Which technique should be used to detect scarring?DMSA
scintigraphy is the reference examination in this field. How-
ever, we think that it should be coupled with US, which can
clarify some difficult situations. A common occurrence is a
scarred kidney with an intra-renal Bertin’s column compen-
satory hypertrophy. MRI could compete with DMSA scan,
since it can provide detailed anatomic depiction and func-
tional assessment [34]. It should be stressed that the role
of APN in the development of hypertension, eclampsia or
chronic renal failure has not been supported by recent studies
[35].

What about the usefulness of MR? Since the study reported
by Lonergan et al. [31], MR has had limited use in children
with APN or in the evaluation of scarred kidneys. The ex-
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planation is perhaps due toMR limited availability and high
cost contrasting with the high prevalence of the disease. In
our opinion, the role of MRI would deserve reconsideration
since it could probably address practically all questions.

There is no consensus in 2004 regarding the optimal
strategy to evaluate and follow up pediatric patients with
UTI. However, the association of US and DMSA should be
able to detect all children with APN who could deserve
reflux studies and/or DMSA follow-up. In addition, con-
tinuous effort has to be made to distinguish between chil-
dren with different kinds of vesicoureteric reflux. It is

probable that the role of congenital VUR has been over
emphasized in the past, as compared with that of secondary
reflux due to dysfunctional voiding. In fact, the manage-
ment is different in those two categories of children. Lastly,
MR should certainly play a more important role in a close
future, and could probably compete with DMSA.
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