@SCiMedCentral

Journal of Clinical Nephrology and Research

*Corresponding author

Tanja Kersnik Levart, Department of Paediatric
Nephrology, University Medical Centre, Bohoriceva
20, 1000 Ljubljana, Slovenia, Tel: 386-152-271-45; Fax:
386-152-296-20; Email: tanja.kersnik@guest.arnes.si

Submitted: 09 December 2014
Accepted: 21 March 2015
Published: 24 March 2015
ISSN: 2333-6706

Review Article

How to Detect Vesicoureteric
Reflux in Children?

Tanja Kersnik Levart'*, Damjana Kljucev§ek? and Rajko B. Kenda!

!Department of Paediatric Nephrology, University Medical Centre, Slovenia

Copyright
’Paediatric Radiology Unit, University Medical Centre, Slovenia pyng

© 2015 Kersnik Levart et al.

Keywords

 Vesicoureteric reflux (VUR)

* Urinary tract infection

* Catheter-using/ free methods for VUR detection

Abstract

The development in detecting and follow-up of Vesico Ureteric Reflux (VUR) has
gone in two directions: first, for whom and when it is important to detect VUR and,
second, introducing new techniques for its detection.

In this review article, we first discuss bottom-up (looking for VUR in each child),
and top-down (looking for VUR only in those in whom scars have been detected)
approaches for VUR detection. We strongly believe that regardless of which approach
one finds closer to one’s opinion, there should nevertheless be a general agreement
that the ongoing search for user-friendly investigations should be an imperative in
taking care of the children in question.

In the second part of this review article we discuss various catheter-using methods
for VUR detection. The grading of VUR by these different methods is shown. Catheter-
free methods for VUR detection are also presented, where Color Flow Doppler
ultrasonography and Ureteric jet Doppler Waveform measurement seems to be the

most promising.

ABBREVIATIONS

VUR: Vesicoureteric Reflux; UTI: Urinary Tract Infection;
VCUG: X-Ray Voiding Cystourethrography; RVC: Radionuclide-
Voiding  Cystography;  VUS:  Echo-Enhanced  Voiding
Urosonography; MRVCUG: Magnetic Resonance Voiding
Cystourethrography; cfRVC: Noninvasive Radionuclide Voiding
Cystography; cfVUS: Noninvasive Voiding Urosonography; MOD:
Measurement Of Midline To Orifice Distance; CFDU: Color Flow
Doppler Ultrasonography; UJDW: Ureteric Jet Doppler Waveform
Measurement; 3DUSC: Three-Dimensional Ultrasonography-
Based Virtual Cystoscopy; cfMRVCUG: Noninvasivemagnetic
Resonance Voiding Cystourethrography; TIME: Thermal Imaging
Using Microwave Energy; IVU: Intravenous Urography; MRU:
Magnetic Resonance Urography; US: Ultrasound

INTRODUCTION

Significant progress in detecting and follow-up of Vesico
Ureteric Reflux (VUR) in children has been made in past decades.
The development has gone simultaneously in two directions:
first, for whom and when it is important to detect VUR and,
second, introducing new techniques for its detection. In this
review article, this development is chronologically presented and
discussed.

FOR WHOM AND WHEN IT IS IMPORTANT TO
DETECT VESICOURETERIC REFLUX

The first direction in the development of detecting and

follow-up of VUR in children was to find for whom and when it is
important to detect VUR. A significant change in the algorithm for
the evaluation of children after Urinary Tract Infection (UTI) has
occurred in past decades. Currently, there are two approaches in
the management of children after UTI - looking for VUR in each
child (bottom-up), and looking for VUR only in those in whom
scars have been detected (top-down) [1,2].

Regardless of which approach one finds closer to one’s
opinion, there should nevertheless be a general agreement that
the ongoing search for user-friendly investigations should be an
imperative in taking care of the children in question [1].

Management of Children after Urinary Tract Infection
with Emphasis on the Detection of Vesicoureteric
Reflux - Bottom-Up Approach

Initially, X-ray Voiding Cystourethrography (VCUG) was the
only method used for VUR detection and, until recently, was
considered a gold standard method. Thereafter, Radionuclide-
Voiding Cystography (RVC) was introduced and diminished the
radiation burden on patients. However, despite this fact and its
acknowledged better sensitivity, it has not replaced VCUG in all
justified cases. It was only with the development of echo-contrast
agents that echo-enhanced Voiding Urosonography (VUS) was
offered as an alternative. So far, numerous studies have confirmed
that its sensitivity and specificity are high enough to allow it to be
introduced as a routine method. This was largely owing to the
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introduction of the second-generation echo-contrast agent, which
further improved the sensitivity of VUS [3-8]. Recently, however,
Magnetic Resonance Voiding Cystourethrography (MRVCUG)
was also shown as a feasible and promising test for VUR detection
without radiation exposure in children. It is however not feasible
in toddlers due to the need for general anesthesia and it can only
be performed in specialized MR units [9,10]. It should be noted
that VUS was the first method with no radiation at all, while the
fact that catheterization is still necessary, as in VCUG and RVC,
posed a drawback to those who strongly opposed catheterization
as such. It is therefore not surprising that various investigators
were vigorously searching for a noninvasive (catheter-free)
method that would still provide all the necessary information
on VUR. Until now, a number of such methods for VUR detection
have been described, i.e. Noninvasive Radionuclide Voiding
Cystography (cfRVC) [11], Noninvasive Voiding Urosonography
(cfVUS) [12-15], measurement of Midline to Orifice Distance
(MOD) [16], Color Flow Doppler Ultrasonography (CFDU) [17-21],
Ureteric Jet Doppler Waveform (UJDW) measurement [22-26],
Three-Dimensional Ultrasonography-based Virtual Cystoscopy
(3DUSC) [27], Noninvasive Magnetic Resonance Voiding
Cystourethrography (cfMRVCUG) [9-10], and in experimental
studies, Thermal Imaging using Microwave Energy (TIME)
[28]. Some of the mentioned catheter-free methods were found
to be good screening or follow-up methods for VUR detection.
In addition to them, various biological markers (C reactive
protein, beta-2-microglobulin, procalcitonin, interleukin-8 and
6, neutrophil gelatinase-associated lipocalin and some others)
were also tested to detect VUR, however none of that turned out
to be clinically validated [29-33].

The replacement of VCUG with RVC and finally with VUS
represents a significant improvement in diminishing the
radiation burden on patients, while the catheter-free procedures
presented as a “screening methods” remain as yet to be validated
on a larger number of patients.

Management of Children after Urinary Tract Infection
with Emphasis on the Detection of Vesicoureteric
Reflux through its Consequences (Renal Scarring) -
Top-Down Approach

In the eighties, Intravenous Urography (IVU) was
considered the gold standard for renal scar detection, and it
was recommended that it be performed in every child together
with VCUG after UTI [34]. Later on, it was almost completely
substituted by DMSA, and nowadays IVU is recognized as an
obsolete method for this purpose due to its low sensitivity, the
radiation hazard and side effects caused by the contrast medium.
In the last decade Magnetic Resonance Urography (MRU) has
had a growing role in the evaluation of renal parenchymal
defects. As compared to DMSA, it has superior anatomic and
temporal resolution, and a superb soft tissue contrast. Functional
MRU enables quantitative functional analysis (excretion curve,
calculation of split renal function, different transit times). It can
differentiate acquired renal scars (gained as a consequence of
UTI) from inherited renal parenchymal defects (renal dysplastic
parenchyma). The later being a great advantage of this method,
since it allows a more precise identification of children at risk for
renal parenchymal damage and progressive renal failure [9,10].

It could therefore be a very valuable tool to guide a follow up and
treatment of children at risk.

Along with the development of new, less invasive and more
sensitive methods for renal scars detection, many pediatric
nephrologists have questioned the role of VUR as a predisposing
factor for renal scarring. It was therefore suggested that VUR be
looked for (mostly using VCUG) only in those cases where renal
scars had been confirmed by DMSA. The latter was until recently
recognized as the most sensitive method for renal scar detection
[35-37]. In recent studies it has however been shown that MRU is
atleast equivalent to, or even superior to DMSA in the detection of
renal scarring [38-41]. Despite high sensitivity of both mentioned
methods for renal scar detection, DMSA unfortunately involves a
relatively high radiation load for the patient, while MRU in small
children in general needs to be done under general anesthesia,
and both can only be performed in specialized nuclear medicine
or magnetic resonance departments.

However, even when following this protocol, which differs
significantly from the one described in the previous chapter, aless
invasive and user-friendly approach can be achieved. There are
reports confirming that ultrasound (US), a harmless and widely
available method, can be used as a safe and efficient substitute
for DMSA in the detection and follow-up of children with renal
scars [42,43]. These papers are based on the assumption that
although US is less sensitive than DMSA in detecting renal scars,
it might well be the other way around, namely, that DMSA is too
sensitive, not to mention MRU, and detects scars that are too
small to be clinically significant, while US is sensitive enough to
detect clinically significant scars. This assumption was proved by
stratifying DMSA results according to the extent of renal scarring,
and correlating them to clinical parameters suggestive of renal
impairment in our latest studies [42,43]. Furthermore, when
one follows this protocol, which suggests VCUG only in those
children with proven scars, we believe there is enough evidence
supporting the statement that the sensitivity and specificity of
VUS is high enough for it to replace VCUG [3-8]. In other words,
DMSA could be replaced by US and VCUG by VUS, while the role
of new, catheter-free US techniques for VUR detection, as already
described, has yet to be validated.

TECHNIQUES FOR VESICOURETERIC REFLUX
DETECTION

The second direction in the development of detecting and
follow-up of VUR in children was to introduce new techniques
for VUR detection. The objective of this development has been
to diminish the radiation burden on the patient and to avoid
bladder catheterization without losing important data. Decades
ago, VCUG was not only the golden standard, but rather the
only method for the detection of VUR. It was followed by RVC,
which diminished the radiation burden on the patient. Later on,
VUS, the first method with no radiation at all, became a routine
procedure in an increasing number of centers [3-8]. A drawback
of all the mentioned methods, however, continues to be the need
for urinary bladder catheterization. To avoid this inconvenience,
various catheter-free methods for VUR detection have been
developed.

It appears that with the increasing number of new techniques
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for VUR detection, there is a need for the currently used
terminology to be thoroughly scrutinized, and for the introduction
of new terminology based on the actual characteristics of
various procedures (direct/indirect, catheter-using/catheter-
free, radiation-giving/radiation-free) rather than on commonly
accepted, though inaccurate denomination. In our recent paper
about catheter-free methods for VUR detection this has already
been proposed and is described in detail [44]. Following this
new terminology, characteristics of various methods for VUR
detection are presented in (Table 1) [44].

Catheter-Using Methods for Vesicoureteric Reflux
Detection

All catheter-using methods for VUR detection require
catheterization of the urinary bladder in order to fill it with a
contrast medium or radiotracer. These methods differ among
themselves by the kind of medium that the bladder is filled
with (iodinated contrast medium, radiotracer (*"Tc-colloid or
9mTC-DTPA (diethylenetriaminepentaacetic acid)), and echo
enhancing agent in VCUG, RVC, and VUS, respectively), and by the
mode of its detection in the collecting system of the urinary tract
(intermittent pulsed fluoroscopy, Gamma camera, and ultrasound
in VCUG, RVC, and VUS, respectively). The sensitivity of RVC and

VUS can be increased without additional radiation to the patient
by repeated fillings of the bladder and micturition (cyclic RVC and
cyclic VUS, respectively) through the same urinary catheter that is
not removed after each filling [45,46].

The grading of VUR by various catheter-using methods is
presented in (Table 2). It should be noted that the three-grade
VUS system of VUR by Kenda et al [47] was based on the use of
the first generation echo-contrast agent Levovist®. The second
generation echo-contrast agent SonoVue® is more conspicuous
than Levovist, and can thus more reliably differentiate the
extent of dilatation [48,49]. It therefore seems reasonable that a
three-grade scale be used for the first generation echo-contrast
medium, and a five-grade scale for the second-generation echo-
contrast medium.

Catheter-Free Methods for Vesicoureteric Reflux
Detection

As noted in the previous chapter, all catheter-using methods
for VUR detection require catheterization of the urinary bladder,
which is an invasive, unpleasant, painful, and even potentially
dangerous procedure. It is therefore not surprising that ongoing
efforts were aimed at finding a noninvasive, radiation-free
procedure that would be sufficiently reliable to detect VUR.

Table 1: Methods for vesicoureteric reflux detection categorized in terms of their characteristics (direct/indirect, catheter-using/catheter-free,

radiation-giving/radiation-free) [44].

gf::?:iiristics VCUG RVC vus cfRVC cfVUS MOD CFDU UJpw 3DUSC | cfMRVCUG TIME
Direct + + + + - - + - - + B
Catheter-Using + + + - - - - - _ _ _
Radiation + + - + - - - - . - -

Abbreviations: VCUG - X-ray Voiding Cystourethrography, RVC - Radionuclide Voiding Cystography, VUS - Echo-enhanced Voiding Urosonography,
cfRVC - Catheter-Free Radionuclide Voiding Cystography, cfVUS - Catheter-Free Voiding Urosonography, MOD - Ultrasound Measurement of Midline
to Orifice Distance, CFDU - Colour Flow Doppler Ultrasonography, UJIDW - Ureteric jet Doppler Waveform Measurement, 3DUSC - Three-Dimensional
Ultrasonography-Based Virtual Cystoscopy, cfMRVCUG - Catheter-Free Magnetic Resonance Voiding Cystourethrography, TIME - Thermal Imaging
Using Microwave Energy

Table 2: Grading of vesicoureteric reflux by various catheter-using methods.

vus
VCUG RVC
Kenda et al [47] Darge et al [53]

I I I I
11 11

Il Il
11 11
1\Y I\%

11 11
\ \

VCUG - X-ray Voiding Cystourethrography; Vesicoureteric Reflux (VUR) [50]: Grade I - contrast in ureter; Grade II - contrast in ureter and renal pelvis
without dilatation; Grade III - contrast in mildly/moderately dilated ureter and renal pelvis + no or slightly blunting calyces; Grade 1V - contrast in
moderately dilated and/or tortuous ureter with moderate dilatation of renal pelvis and calyces and complete obliteration of sharp angels of calyces,
but maintenance of papillary impressions in most calyces; Grade V - contrast in grossly dilated and tortuous ureter, gross dilatation of renal pelvis and
calyces; papillary impressions not visible in most calyces.

RVC - Radionuclide-voiding Cystography [51,52]: Grade I - radiotracer reaching the ureter only; Grade II - radiotracer reaching the pelvis; Grade III -
radiotracer reaching the pelvis, which seems dilated.

VUS - Echo-enhanced Voiding Urosonography; VUR is graded by two different grading systems into three and five grades, respectively.
¢ The three-grade system by Kenda et al [47]: Grade I - contrast in the ureter only; Grade II - contrast in the pelvis; Grade III - contrast in the pelvis,
which seems dilated.

¢ The five-grade system by Darge at al. [53]: Grade I - contrast only in the ureter; Grade II - contrast in the renal pelvis, no significant renal pelvic
dilatation; Grade III - contrast in the renal pelvis + significant renal pelvic dilatation + moderate calyceal dilatation; Grade IV - contrast in the renal
pelvis + significant renal pelvis dilatation + significant calyceal dilatation; Grade V - contrast in the renal pelvis + significant calyceal dilatation + loss
of renal pelvis contour + dilated tortuous ureter.
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Currently available evidence appears to be promising as
regards the use of various catheter-free methods for VUR
detection. All catheter-free methods for VUR detection are
performed without catheterization of the urinary bladder, and
they are all, except for cfRVC, based on the use of ultrasound,
and are therefore also radiation-free. These methods differ
among themselves by the signs of VUR that are detected, and
the mode (by gamma camera or ultrasound) of their detection.
Signs of VUR that are detected by catheter-free methods can be
direct as in cfRVC (radiotracer appearing in the kidney) [11],
CFDU (a change in color on the monitor suggests a reversal flow
from the bladder into the distal ureter) [17-21], and cfMRVCUG
(contrast appearing in the kidney) [9,10], or indirect as in cfVUS
(an increase in the antero-posterior diameter of the collecting
system during and/or after voiding) [12-15], MOD (ureters
with more laterally placed ureteric orifices are more likely to be
affected by VUR) [16], UJDW (the shape of UJDW) [22-26], 3DUSC
(gapping ostium configuration, an asymmetrical ureteral inflow
jet, alateralized position of the ostium, and dilatation of the distal
retrovesical ureter) [27], and TIME (localized heating) [28].

Among all the mentioned catheter-free methods, CFDU and
UJDW were shown to be the most promising. CFDU happened to
have a relatively high overall sensitivity especially in high grade
VUR [17-20], while UJDW seems to be the most promising of the
above-mentioned methods, especially as a screening method in
a two-stage protocol in detecting VUR. If one were to proceed
from UJDW measurement to VUS only in those cases where
UJDW measurement was indicative for VUR, a considerable
number of children over 3 years of age would be spared from one
of the invasive micturition cystographies [22-25]. In addition,
in a recent study by D’Souza et al, UUDW was shown to have a
uniformly high specificity regardless of age or etiological groups,
making it a good tool for follow-up [26].

CONCLUSION

Searching for patients at risk for renal scarring and searching
for new “patient-friendly” techniques for the detection of VUR, as
well as for the detection of renal scarring, should be an ongoing
process. The replacement of VCUG with RVC and ultimately with
VUS represents a significant improvement in diminishing the
radiation burden on patients, while the catheter-free procedures
presenting a “final solution” remain as yet to be validated on a
larger number of patients. Hopefully, radiation and catheter-free
methods are only one of the steps along this line. It seems that
in the future the genetics will play an important role in decision
making, help us to determine those patients who are genetically
at risk for renal scarring, and to perform investigations only on
them, while all others will be spared any investigations at all,
even though these may be “patient-friendly”.

REFERENCES

1. Tanja Kersnik Levart?, Damjana Kljucevsek, Gregor Novljan, Rajko B
Kenda. The growing role of ultrasonography in evaluating children
after urinary tract infection. Pediatric Health. 2010; 4: 227-232.

2. Lil-Sofie Ording Miiller. Imaging in urinary tract infection: top-down
or down-up? Pediatr Radiol. 2011; 41 Suppl 1: 96-98.

3. Bosio M. Cystosonography with echocontrast: a new imaging modality
to detect vesicoureteric reflux in children. Pediatr Radiol. 1998; 28:
250-255.

4. Darge K, Diitting T, Zieger B, Mohring K, Rohrschneider W, Troger J.
Diagnosis of vesicoureteral reflux with echo-enhanced micturition
urosonography. Radiologe. 1998; 38: 405-409.

5. Darge K, Troeger ], Duetting T, Zieger B, Rohrschneider W, Moehring
K, et al. Reflux in young patients: comparison of voiding US of the
bladder and retrovesical space with echo enhancement versus voiding
cystourethrography for diagnosis. Radiology. 1999; 210: 201-207.

6. Mentzel HJ, Vogt S, Patzer L, Schubert R, John U, Misselwitz ], et al.
Contrast-enhanced sonography of vesicoureterorenal reflux in
children: preliminary results. AJR Am ] Roentgenol. 1999; 173: 737-
740.

7. Kenda RB, Novljan G, Kenig A, Hojker S, Fettich J]. Echo-enhanced
ultrasound voiding cystography in children: a new approach. Pediatr
Nephrol. 2000; 14: 297-300.

8. Kljucevsek D, Battelino N, Tomazi¢ M, Kersnik Levart T. A comparison
of echo-enhanced voiding urosonography with X-ray voiding
cystourethrography in the first year of life. Acta Paediatr. 2012; 101:
e235-239.

9. Hekmatnia A, Merrikhi A, Farghadani M, Barikbin R, Hekmatnia
F, Nezami N. Diagnostic accuracy of magnetic resonance voiding
cystourethrography for detecting vesico-ureteral reflux in children
and adolescents. ] Res Med Sci. 2013; 18: 31-36.

10.Johnin K, Takazakura R, Furukawa A, Okamoto K, Murakami Y, Murata
K, et al. Magnetic resonance voiding cystourethrography (MRVCUG): a
potential alternative to standard VCUG. ] Magn Reson Imaging. 2013;
38:897-904.

11.Gordon I, Colarinha P, Fettich ]], Fischer S, Frokier ], Hahn K, et
al. Paediatric Committee of the European Association of Nuclear
Medicine. Guidelines for indirect radionuclide cystography. Eur ] Nucl
Med. 2001; 28: BP16-BP20.

12.Hiraoka M, Hori C, Tsukahara H, Kasuga K, Ishihara Y, Kotsuji F, et
al. Vesicoureteral reflux in male and female neonates as detected by
voiding ultrasonography. Kidney Int. 1999; 55: 1486-1490.

13.Hiraoka M, Kasuga K, Hori C, Sudo M. Ultrasonic indicators of ureteric
reflux in the newborn. Lancet. 1994; 343: 519-520.

14.Hiraoka M, Hashimoto G, Hori C, Tsukahara H, Konishi Y, Sudo M.
Use of ultrasonography in the detection of ureteric reflux in children
suspected of having urinary infection. ] Clin Ultrasound. 1997; 25:
195-199.

15.Kopac M, Kenig A, Kljucevsek D, Kenda RB. Indirect voiding
urosonography for detecting vesicoureteral reflux in children. Pediatr
Nephrol. 2005; 20: 1285-1287.

16.Marshall JL, Johnson ND, De Campo MP. Vesicoureteric reflux in
children: prediction with color Doppler imaging. Work in progress.
Radiology. 1990; 175: 355-358.

17.Nishizawa O, Ishida H, Sugaya K, Kohama T, Harada T, Tsuchida S.
Application of Doppler color flow imaging method on the detection of
vesicoureteral reflux. Tohoku ] Exp Med. 1989; 159: 163-164.

18.0ak SN, Kulkarni B, Chaubal N. Color flow Doppler sonography: a
reliable alternative to voiding cystourethrogram in the diagnosis of
vesicoureteral reflux in children. Urology. 1999; 53: 1211-1214.

19.Salih M, Baltaci S, Kili¢ S, Anafarta K, Bediik Y. Color flow Doppler
sonography in the diagnosis of vesicoureteric reflux. Eur Urol. 1994;
26:93-97.

20.Kosar A, Yesildag A, Oyar O, Perk H, Giilsoy U. Detection of vesico-
ureteric reflux in children by colour-flow Doppler ultrasonography.
BJU Int. 2003; 91: 856-859.

21.Haberlik A. Detection of low-grade vesicoureteral reflux in children by

J Clin Nephrol Res 2(1): 1016 (2015)

4/5


http://www.futuremedicine.com/doi/abs/10.2217/phe.10.7
http://www.futuremedicine.com/doi/abs/10.2217/phe.10.7
http://www.futuremedicine.com/doi/abs/10.2217/phe.10.7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3082696/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3082696/
http://www.ncbi.nlm.nih.gov/pubmed/9545481
http://www.ncbi.nlm.nih.gov/pubmed/9545481
http://www.ncbi.nlm.nih.gov/pubmed/9545481
http://www.ncbi.nlm.nih.gov/pubmed/9646348
http://www.ncbi.nlm.nih.gov/pubmed/9646348
http://www.ncbi.nlm.nih.gov/pubmed/9646348
http://www.ncbi.nlm.nih.gov/pubmed/9885609
http://www.ncbi.nlm.nih.gov/pubmed/9885609
http://www.ncbi.nlm.nih.gov/pubmed/9885609
http://www.ncbi.nlm.nih.gov/pubmed/9885609
http://www.ncbi.nlm.nih.gov/pubmed/10470914
http://www.ncbi.nlm.nih.gov/pubmed/10470914
http://www.ncbi.nlm.nih.gov/pubmed/10470914
http://www.ncbi.nlm.nih.gov/pubmed/10470914
http://www.ncbi.nlm.nih.gov/pubmed/10775072
http://www.ncbi.nlm.nih.gov/pubmed/10775072
http://www.ncbi.nlm.nih.gov/pubmed/10775072
http://www.ncbi.nlm.nih.gov/pubmed/22211993/
http://www.ncbi.nlm.nih.gov/pubmed/22211993/
http://www.ncbi.nlm.nih.gov/pubmed/22211993/
http://www.ncbi.nlm.nih.gov/pubmed/22211993/
http://www.ncbi.nlm.nih.gov/pubmed/23900240
http://www.ncbi.nlm.nih.gov/pubmed/23900240
http://www.ncbi.nlm.nih.gov/pubmed/23900240
http://www.ncbi.nlm.nih.gov/pubmed/23900240
http://www.ncbi.nlm.nih.gov/pubmed/23417820
http://www.ncbi.nlm.nih.gov/pubmed/23417820
http://www.ncbi.nlm.nih.gov/pubmed/23417820
http://www.ncbi.nlm.nih.gov/pubmed/23417820
http://www.ncbi.nlm.nih.gov/pubmed/11315612
http://www.ncbi.nlm.nih.gov/pubmed/11315612
http://www.ncbi.nlm.nih.gov/pubmed/11315612
http://www.ncbi.nlm.nih.gov/pubmed/11315612
http://www.ncbi.nlm.nih.gov/pubmed/10201014
http://www.ncbi.nlm.nih.gov/pubmed/10201014
http://www.ncbi.nlm.nih.gov/pubmed/10201014
http://www.ncbi.nlm.nih.gov/pubmed/7906765
http://www.ncbi.nlm.nih.gov/pubmed/7906765
http://www.ncbi.nlm.nih.gov/pubmed/9142619
http://www.ncbi.nlm.nih.gov/pubmed/9142619
http://www.ncbi.nlm.nih.gov/pubmed/9142619
http://www.ncbi.nlm.nih.gov/pubmed/9142619
http://www.ncbi.nlm.nih.gov/pubmed/15973525
http://www.ncbi.nlm.nih.gov/pubmed/15973525
http://www.ncbi.nlm.nih.gov/pubmed/15973525
http://www.ncbi.nlm.nih.gov/pubmed/2183279
http://www.ncbi.nlm.nih.gov/pubmed/2183279
http://www.ncbi.nlm.nih.gov/pubmed/2183279
http://www.ncbi.nlm.nih.gov/pubmed/2692213
http://www.ncbi.nlm.nih.gov/pubmed/2692213
http://www.ncbi.nlm.nih.gov/pubmed/2692213
http://www.ncbi.nlm.nih.gov/pubmed/10367854
http://www.ncbi.nlm.nih.gov/pubmed/10367854
http://www.ncbi.nlm.nih.gov/pubmed/10367854
http://www.ncbi.nlm.nih.gov/pubmed/7925538
http://www.ncbi.nlm.nih.gov/pubmed/7925538
http://www.ncbi.nlm.nih.gov/pubmed/7925538
http://www.ncbi.nlm.nih.gov/pubmed/12780848
http://www.ncbi.nlm.nih.gov/pubmed/12780848
http://www.ncbi.nlm.nih.gov/pubmed/12780848
http://www.ncbi.nlm.nih.gov/pubmed/9035208

	How to Detect Vesicoureteric Reflux in Children?
	Abstract
	Abbreviations
	Introduction
	For whom and when it is Important to Detect Vesicoureteric Reflux  
	Management of Children after Urinary Tract Infection with Emphasis on the Detection of Vesicoureteri
	Management of Children after Urinary Tract Infection with Emphasis on the Detection of Vesicoureteri

	Techniques for Vesicoureteric Reflux Detection
	Catheter-Using Methods for Vesicoureteric Reflux Detection
	Catheter-Free Methods for Vesicoureteric Reflux Detection 

	Conclusion
	References
	Table 1
	Table 2

