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Abstract

Background and objective: The prescriptive literature on vesicoureteral reflux (VUR) is
still limited and thus the level of evidence is generally low. The aim of these guidelines
is to provide a practical approach to the treatment of VUR that is based on risk analysis
and selective indications for both diagnostic tests and interventions. We provide a 2023
update on the chapter on VUR in children from the European Association of Urology
(EAU) and European Society for Paediatric Urology (ESPU) guidelines.
Methods: A structured literature review was performed for all relevant publications
published from the last update up to March 2022.
Key findings and limitations: The most important updates are as follows. Bladder and
bowel dysfunction (BBD) is common in toilet-trained children presenting with urinary
tract infection (UTI) with or without primary VUR and increases the risk of febrile UTI
and focal uptake defects on a radionuclide scan. Continuous antibiotic prophylaxis (CAP)
may not be required in every VUR patient. Although the literature does not provide any
reliable information on CAP duration in VUR patients, a practical approach would be to
consider CAP until there is no further BBD. Recommendations for children with febrile
UTI and high-grade VUR include initial medical treatment, with surgical care reserved
for CAP noncompliance, breakthrough febrile UTIs despite CAP, and symptomatic VUR that
persists during long-term follow-up. Comparison of laparoscopic extravesical versus
transvesicoscopic ureteral reimplantation demonstrated that both are good option in terms
of resolution and complication rates. Extravesical surgery is the most common approach
used for robotic reimplantation, with a wide range of variations and success rates.
ogy. Published by Elsevier B.V. All rights reserved.
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Conclusions and clinical implications: This summary of the updated 2023 EAU/ESPU
guidelines provides practical considerations for the management and diagnostic evalu-
ation of VUR in children.
Advancing practice: For children with VUR, it is important to treat BBD if present. A prac-
tical approach regarding the duration of CAP is to consider administration until BBD
resolution.
Patient summary: We provide a summary and update of guidelines on the diagnosis and
management of urinary reflux (where urine flows back up through the urinary tract) in
children. Treatment of bladder and bowel dysfunction is critical, as this is common in
toilet-trained children presenting with urinary tract infection.
� 2023 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

The aim of these guidelines is to provide a practical
approach for the treatment of vesicoureteral reflux (VUR)
that is based on risk analysis and selective indications for
both diagnostic tests and interventions. The panel strongly
shares the view that making simple and practical guidelines
would underestimate the complexity of VUR as an endpoint
for a wide range of underlying causes [1]. This publication is
a summary of the 2023 update of the chapter on VUR in
children from the European Association of Urology (EAU)
and of the European Society for Paediatric Urology (ESPU)
guidelines.

The lack of robust prospective randomised controlled tri-
als limits the strength of established guidelines on the man-
agement of VUR. The scientific literature on VUR remains
limited and thus the level of evidence is generally low. Most
of the studies are retrospective, include heterogeneous
patient groups, and have poor stratification of quality.
Therefore, for children with VUR, it is unfortunately not
possible to produce recommendations that are based on
high-quality studies.
2. Methods

Chapters of the EAU/ESPU guidelines on paediatric urology are updated

at regular intervals (every 4 yr). A previous summary of these guidelines

was published in 2012 [2]. For this update of the chapter on VUR, a struc-

tured literature search was performed by a librarian and reviewed by at

least two panel members for all relevant publications since the last

update (June 2018) up to March 2022. Only English publications were

eligible for inclusion. The literature search was performed using the fol-

lowing databases: MEDLINE, Embase, Cochrane CENTRAL, and Cochrane

Database of Systematic Reviews (via Ovid). We searched for Medical

Subject Headings (MeSH) terms and free text words related to VUR

AND reflux in paediatric patients, using Boolean operators. Variations

of root words were searched. Conference abstracts were excluded (Sup-

plementary material).
3. Results

3.1. Epidemiology, aetiology, and pathophysiology

Primary VUR is an anatomical and/or functional/physiolog-
ical disorder with potentially serious consequences, such as
focal uptake defects on a radionuclide scan, hypertension,
and renal failure. Genetic analysis studies have revealed
. Zachou et al., Update and
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monogenic causes for VUR and significant differentiation
of innate immunity and epithelial function genes in chil-
dren with VUR/febrile urinary tract infections (UTIs) in
comparison to control subjects [3–5].

Secondary VUR is caused by bladder outlet obstruction
or neurogenic bladder dysfunction. In these patients, reflux
often develops bilaterally and the grade of VUR can be
directly correlated with the rise in bladder pressure due to
bladder outlet obstruction, or neuropathological deteriora-
tion in a neurogenic bladder.

Primary VUR is a very common urological anomaly in
children, with an incidence of nearly 1%. Among infants in
whom hydronephrosis was prenatally identified on ultra-
sound (US) who were screened for VUR, the VUR prevalence
was 16.2% (7–35%). Siblings of children with VUR had a
27.4% (3–51%) risk of also having VUR, whereas the off-
spring of parents with VUR had a higher incidence of
35.7% (21.2–61.4%) [6].

Febrile UTIs are more common for girls than for boys
because of anatomical differences. However, among all chil-
dren with febrile UTIs, boys are more likely to have VUR
than girls (29% vs 14%). VUR by itself is not a cause of renal
damage postnatally, but if associated with recurrent infec-
tions it can lead to renal scarring.

Evidence of a focal uptake defect on a radionuclide scan
is present in 10–40% of children with symptomatic VUR,
resulting from either congenital dysplasia and/or acquired
postinfectious damage. Renal congenital damage is as a
result of disordered renal development secondary to signif-
icant alterations in bladder disease. Acquired damage after
pyelonephritis is thought to be due to a complex interaction
of host and bacterial factors that lead to acute alterations in
renal function and may lead to permanent renal scarring.
This may have a negative impact on somatic growth and
general wellbeing [7–9].

A focal uptake defect on a radionuclide scan is also a sig-
nificant risk factor for breakthrough febrile UTI and may be
used to determine those at risk of persistent symptomatic
VUR [10].

Spontaneous resolution of VUR is dependent on age at
presentation, sex, grade, laterality, mode of clinical presen-
tation, and anatomy (eg, duplex systems or an ectopic
ureter). Faster resolution of VUR is more likely for age <1
yr at presentation, lower grade of reflux (grade I–III), and
asymptomatic presentation with prenatal hydronephrosis
or a sibling with VUR. Resolution is nearly 80% for VUR
Summary of the European Association of Urology/European Society of
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grades I and II and 30–50% for VUR grades III–V within 4–5
yr of follow-up. Spontaneous resolution is low for bilateral
high-grade reflux [6]. In several Scandinavian studies, a
complete resolution rate of >25% for high-grade VUR has
been reported [11]. The presence of renal cortical abnormal-
ities, bladder dysfunction, and breakthrough febrile UTIs are
all negative predictive factors for VUR resolution [12,13].

Patients with higher grades of VUR often present with
higher rates of focal uptake defects on radionuclide scans.
Among those with prenatal hydronephrosis, a focal uptake
defect on a radionuclide scan occurs in 10% of patients,
whereas among patients with lower urinary tract dysfunc-
tion (LUTD) the prevalence may be as high as 30% [14].
Follow-up studies have shown that 10–20% of children with
a focal uptake defect on a radionuclide scan develop hyper-
tension or end-stage renal disease [15]. Furthermore, there
is a clear co-prevalence of LUTD and VUR, which may be
accompanied by bowel dysfunction [16].
Table 2 – Recommendations

Recommendation Rating
strength

For diagnosis of VUR apart from VCUG, ceVUS is another
option.

Weak

Inform parents of children with VUR that siblings and
offspring have a high prevalence of VUR.

Strong

Initially treat all symptomatic patients diagnosed within
the first year of life with CAP, regardless of the grade of
reflux or presence of focal uptake defects on a
radionuclide scan.

Weak

Offer immediate, parenteral antibiotic treatment for
febrile breakthrough infections.

Strong

Initially manage all children presenting at age 1–5 yr with
medical treatment.

Strong

Offer close surveillance without antibiotic prophylaxis to
children presenting with lower grades of reflux and
without symptoms.

Strong

Ensure that a detailed investigation for the presence of
LUTD is performed in all children and especially after
toilet training. If LUTD is found, the initial treatment
should always be for LUTD.

Strong

Offer reimplantation or endoscopic correction to patients
with frequent breakthrough infections.

Weak

Offer reimplantation to patients with persistent high-
grade reflux, and endoscopic correction for lower
grades of reflux.

Strong

Offer surgical repair to children above the age of 1 yr
presenting with high-grade reflux and abnormal renal
parenchyma.

Weak

Offer surgical correction if parents prefer definitive
therapy to conservative management.

Strong
3.2. Diagnostic evaluation

The diagnostic work-up should evaluate the overall health
and development of the child (patient’s height and weight,
blood pressure), the presence of febrile UTI, renal status
(serum creatinine and glomerular filtration rate [GFR]),
the presence of VUR, and bladder and bowel function.

Standard imaging tests include renal and bladder US,
voiding cystourethrography (VCUG) and nuclear renal
scans. The standard modality for diagnosis of VUR is VCUG,
especially for initial work-up. VUR is classified in five grades
(Table 1) [17].

According to the literature, only a few studies have accu-
rately investigated or compared radiation exposure in the
diagnosis of VUR. Conflicting opinions on radiation dose
exposure have arisen because of variability in VCUG proto-
cols (total fluoroscopy time), differing radiological equip-
ment, and radiation exposure from radionuclide studies in
children with reduced renal function [18,19]. Alternative
imaging modalities include contrast-enhanced voiding
urosonography (ceVUS), magnetic resonance VCUG, and
nuclear cystography [20,21]. However, despite concerns
about ionising radiation and its invasive nature, conven-
tional VCUG still remains the gold standard because it
allows better determination of the grade of VUR (in a single
or duplicate kidney) and assessment of the bladder and ure-
Table 1 – Grading system for vesicoureteral reflux on voiding
cystourethrography according to the International Reflux Study
Committee

Grade
I

Reflux does not reach the renal pelvis; varying degrees of
ureteral dilatation

Grade
II

Reflux reaches the renal pelvis; no dilatation of the collecting
system; normal fornices

Grade
III

Mild or moderate dilatation of the ureter, with or without
kinking; moderate dilatation of the collecting system; normal
or minimally deformed fornices

Grade
IV

Moderate dilatation of the ureter with or without kinking;
moderate dilatation of the collecting system; blunt fornices, but
impressions of the papillae still visible

Grade
V

Gross dilatation and kinking of the ureter; marked dilatation of
the collecting system; papillary impressions no longer visible;
intraparenchymal reflux
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thral configuration. A standardised protocol must be fol-
lowed when performing VCUG [22].

Intrarenal reflux is associated with a higher risk of devel-
oping renal scarring and it can be diagnosed on the images
acquired during VCUG or on ceVUS [23,24]. Dimercaptosuc-
cinic acid (DMSA) is considered to be the best nuclear agent
for visualising cortical tissue and differential function
between the two kidneys. Video-urodynamic studies are
important in patients in whom secondary VUR is suspected,
such as those with severe (neurogenic) bladder dysfunction
or boys in whom VCUG is suggestive of posterior urethral
valves (Table 2).

3.2.1. Infants presenting with prenatally diagnosed
hydronephrosis
US of the kidneys and bladder is the standard initial postna-
tal evaluation tool. US should be delayed until the first week
after birth because of early oliguria in neonates. The
absence of hydronephrosis on postnatal US does not
Select the most appropriate management option based on:
� The presence of a focal uptake defect on a radionuclide
scan

� Clinical course
� The grade of reflux
� Ipsilateral renal function
� Bilaterality
� Bladder function
� Associated anomalies of the urinary tract
� Age and sex
� Compliance
� Parental preference.Refer to Table 4 for risk factors and
follow-up.

Weak

In high-risk patients who already have renal impairment, a
more aggressive, multidisciplinary approach is needed.

Strong

VUR = vescicoureteral reflux; VCUG = voiding cystourethrography;
ceVUS = enhanced voiding urosonography; CAP = continuous antibiotic
prophylaxis; LUTD = lower urinary tract dysfunction.

Summary of the European Association of Urology/European Society of
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exclude VUR. Bladder wall thickness and configuration may
be an indirect sign of bladder outlet obstruction and VUR.
The visualisation of cortical abnormalities with DMSA war-
rants the use of VCUG for detection of VUR in neonates/in-
fants with prenatal hydronephrosis [6]. The panel
recommends the use of VCUG in the setting of antenatally
diagnosed hydronephrosis for patients with US findings of
bilateral high-grade hydronephrosis, duplex kidneys with
hydronephrosis, a solitary kidney with hydronephrosis,
ureterocele, ureteric dilatation, abnormal bladders, and a
history of febrile UTIs, as the likelihood of VUR is much
higher. In infants with prenatal minimal renal pelvic dilata-
tion and absent postnatal calicectasis, VCUG is not recom-
mended, as VUR is rare in these cases and, if present, is
like to be of low grade [25].
3.2.2. Siblings and offspring of reflux patients
The screening of asymptomatic siblings and offspring is
controversial. Screening in all siblings and offspring cannot
be recommended on the basis of the available evidence. It is
recommended that families of children with VUR be
informed that siblings and offspring have a higher chance
of VUR and be educated about the signs and symptoms of
UTIs (Table 2).
3.2.3. Children with febrile UTIs
Renal US should be performed as the initial evaluation for a
febrile UTI and US should become part of follow-up to
assess renal growth over time. US is the safest approach
as the evidence for the criteria for selecting patients for
reflux detection is weak. On diagnosing a child with a first
febrile UTI, risk factors that include age (>6 mo), presence
of sepsis, white blood cell count (�15 000/ml), and abnor-
mal renal US results can be used to generate a predictive
score for VUR presence [26]. The chapter on UTIs in the
EAU/ESPU paediatric urology guidelines provides a diagnos-
tic algorithm that can be followed for children with a febrile
UTI.

Children with febrile infections and abnormal renal US
findings have a higher risk of VUR and they should all be
evaluated for VUR using VCUG [27]. If VUR is diagnosed, fur-
ther evaluation has traditionally consisted of a DMSA scan,
when available. A DMSA scan, when performed at the right
time, can determine if there is renal scarring and the func-
tion of the individual kidneys and can be used to guide
treatment options. The ‘‘top-down’’ approach is a strategy
whereby an initial DMSA scan is carried out close to the
time of a febrile UTI to determine the presence of acute
pyelonephritis or a renal cortical abnormality, which is then
followed by VCUG if the DMSA scan reveals kidney involve-
ment [28–31]. This could especially be considered in chil-
dren aged >1 yr given the invasiveness of the VCUG
examination. Historically, the ‘‘bottom-up’’ approach was
more common, whereby VCUG is first performed after an
initial febrile UTI. A recent study used data from the Ran-
domized Intervention for children with Vesicoureteral
Reflux (RIVUR) and the Careful Urinary Tract Infection Eval-
uation (CUTIE) trials to compare the two approaches in
terms of recurrent UTIs, VCUG, and use of continuous
antibiotic prophylaxis (CAP). In this cohort of children the
Please cite this article as: M. Gnech, L. ’t Hoen, A. Zachou et al., Update and
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top-down approach was associated with higher incidence
of subsequent recurrent febrile UTIs and a risk of missed
VUR diagnoses, as well as significantly lower VCUG and
CAP use in comparison to the bottom-up approach [32].

3.2.4. Children with bladder and bowel dysfunction symptoms
and VUR
Detection of LUTD is essential when treating children with
VUR. It is suggested that VUR with LUTD resolves faster
after LUTD correction [33].

Among toilet-trained children, those with both LUTD and
VUR are at higher risk of developing recurrent febrile UTIs
than children with isolated VUR. Bladder and bowel dys-
function (BBD) is common in toilet-trained children pre-
senting with UTI with or without primary VUR. It has also
been shown that the presence of both BBD and VUR doubles
the risk of UTI recurrence. Thus, all children presenting with
UTIs should be carefully evaluated for the presence of BBD
and managed accordingly, before any treatment of VUR.
Effective management of BBD in these children may be as
impactful as CAP [34].

In LUTD, VUR is often of low grade, US findings are nor-
mal, and there is no indication for performing VCUG. LUTD
associated with febrile UTIs should be meticulously investi-
gated with US and VCUG. Furthermore, any child for whom
standard therapy for LUTD fails (reported in the chapter on
‘‘Day-time lower urinary tract conditions’’ in the EAU/ESPU
guidelines) should undergo video-urodynamic investigation.

3.3. Disease management

The main management goal is preservation of kidney func-
tion by minimising the risk of pyelonephritis. Controversy
persists over the optimal management of VUR, particularly
in relation to the choice of diagnostic procedures and treat-
ment, and the timing of treatment.

There are two main treatment approaches: conservative
(medical) and surgical.

3.3.1. Nonsurgical therapy
The conservative approach includes watchful waiting, inter-
mittent antibiotic prophylaxis or CAP, and bladder and
bowel rehabilitation in those with LUTD [33,35,36].

Regular follow-up with imaging studies (US) and moni-
toring of the child’s height and weight, as well as blood
pressure and possibly serum creatinine, are part of the con-
servative management strategy to monitor spontaneous
resolution of VUR and evaluate renal status. In the literature
there is no consensus as to optimal timing or frequency of
such studies. Follow-up should be tailored for each patient.

Assessment and management of all toilet-trained chil-
dren presenting with febrile UTI should be part of conserva-
tive follow-up. During conservative management of high-
grade infant VUR, spontaneous downgrading and resolution
of VUR are more likely. However, this also depends on sex,
breakthrough febrile UTI, the presence of a focal uptake
defect on a radionuclide scan, and bladder dysfunction.
There are practical scoring systems (Boston’s Children
Hospital VUR Resolution Rate Calculator or the iReflux Risk
Calculator) for making decisions on further treatment,
surveillance, prophylaxis, or surgical intervention.
Summary of the European Association of Urology/European Society of
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Circumcision during early infancy may be considered as
part of the conservative approach because it is effective in
reducing the risk of infection in normal children [37].

Conservative management should be dismissed in all
cases of febrile breakthrough infections despite prophylaxis,
and intervention should be considered.
3.3.1.1. CAP. Many prospective studies have evaluated
the role of CAP in the prevention of recurrent febrile UTI
and focal uptake defects on a radionuclide scan.

It is clear that CAP will not be required for every VUR
patient. Trials have demonstrated that the benefit of CAP
is none or minimal in low-grade reflux [38,39].

In a recent randomised controlled trial performed in 39
European centres (PREDICT), Morello et al. [40] assessed
and quantified the efficacy of CAP in infants with grade III,
IV, or V VUR and no previous UTIs. The number needed to
treat for 2 yr to prevent one UTI was seven children, without
any difference in kidney scarring, kidney function, or hospi-
talisation for UTIs. CAP provided just a small but significant
benefit in preventing a first UTI despite an increase in the
occurrence of non-Escherichia coli organisms and antibiotic
resistance [40]. For children with VUR receiving CAP,
younger age at initial diagnosis of febrile UTI (�12mo), bilat-
eral VUR, and BBD are all independent risk factors for the
occurrence of breakthrough febrile UTIs [41]. Toilet-trained
children and children with LUTD derive better benefit from
CAP [42,43]. The RIVUR study showed that prophylaxis could
reduce the risk of recurrent febrile UTI by 50%, but had no
effect on a focal uptake defect on a radionuclide scan nor
its consequences (hypertension and renal failure), and was
associated with an increase in antimicrobial resistance
[44,45]. Additional reviews of the RIVUR data using a risk
classification system defined a high-risk group (uncircum-
cised males, presence of BBD, and high-grade reflux) that
would benefit significantly from CAP. In the context of CAP
in VUR patients, medical management should be viewed as
a spectrum, with a shift from CAP in dilating VUR towards
a selective, risk-based approach [46]. Decision-making may
be influenced by the presence of risk factors for febrile UTI,
such as young age, high-grade VUR, toilet-training status,
LUTD, female sex, and circumcision status. Although the lit-
erature does not provide any reliable information about the
duration of CAP in VUR patients, a practical approach would
be to use CAP until BBD resolution.

Recommendation in the literature generally consist of
prescribing daily antibiotics at a quarter to half of the regu-
lar therapeutic dose. Trimethoprim-sulfamethoxazole
(TMP-SMZ), amoxicillin, and nitrofurantoin are the antibi-
otics most commonly used for CAP. TMP-SMZ must be
avoided in infants aged <6 wk owing to the risk of hepatic
injury and in children with severe renal insufficiency
because of potential kidney toxicity. Nitrofurantoin is best
avoided before the age of 4 mo owing to the risk of haemo-
lytic anaemia [47,48]. In children with a breakthrough feb-
rile UTI, a switch to an alternative antibiotic for prophylaxis
may be considered. An antibiogram, if available, can help in
choosing the most appropriate antibiotic. Children with a
febrile UTI and high-grade VUR can still be considered for
initial medical treatment, with surgical care reserved for
Please cite this article as: M. Gnech, L. ’t Hoen, A. Zachou et al., Update and
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CAP noncompliance, breakthrough febrile UTIs despite
CAP, and symptomatic VUR (recurrent flank pain whether
or not associated with febrile UTIs) that persists during
long-term follow-up [41,49].

The optimal timing for CAP discontinuation is controver-
sial; however, patients who have received CAP for <1 yr
after the last febrile UTI and those with bilateral VUR are
likely to have more frequent recurrences [50]. The surveil-
lance protocol and the decision to perform either an antire-
flux procedure or to discontinue CAP should be
individualised to each case and incorporate shared
decision-making with the patient and caregivers. It is
strongly advised that the risks, benefits, and alternatives
be discussed in detail and that access to health care during
febrile UTIs be taken into consideration.

One of the biggest concerns regarding CAP for patients,
caregivers, and physicians is the long-term effects. As a sec-
ondary outcome of the RIVUR study, TMP-SMZ prophylaxis
for 2 yr was not associated with any adverse effect on com-
plete blood count, serum electrolytes, or creatinine. Routine
laboratory tests in otherwise healthy children are not
mandatory [51]. The impact of long-term CAP on the gut
microbiota in children with VUR is controversial and
requires further research [52,53].

CAP can prevent new febrile UTIs in children with a his-
tory of febrile UTIs in the context of antenatal hydronephro-
sis with presumed or confirmed VUR. However, the
literature remains ambiguous as to whether infants diag-
nosed with asymptomatic VUR during the antenatal
hydronephrosis work-up might also benefit from CAP
(Table 2) [54].
3.3.2. Surgical therapy
Surgical treatment can be carried out via endoscopic injec-
tion of bulking agents or ureteral reimplantation (open vs
minimally invasive). In children with recurrent febrile UTIs
and hypofunctioning renal units, nephrectomy may be an
option.

3.3.2.1. Subureteric injection of bulking material. With the
availability of biodegradable substances, endoscopic subu-
reteric injection of bulking agents has become an alterna-
tive to long-term antibiotic prophylaxis and open surgical
intervention in the treatment of VUR in children. Reflux
timing during VCUG can be used to predict the success of
endoscopic treatment, since the success rate is higher for
VUR occurring only during the voiding phase than for the
filling-phase VUR [55].

Several bulking agents have been used over the past two
decades, including polytetrafluoroethylene (PTFE or Teflon).
Owing to concerns about particle migration, PTFE is not
approved for use in children. Currently, a solution of dextra-
nomer/hyaluronic acid (D/HA; Deflux, Dexell) and a
polyacrylate-polyalcohol copolymer (PPC) hydrogel (Van-
tris) are most commonly used [56].

In a meta-analysis of 5527 patients and 8101 renal units,
the reflux resolution rate (by ureter) following one treat-
ment was 78.5% for grade I and II reflux, 72% for grade III,
63% for grade IV, and 51% for grade V. If the first injection
was unsuccessful, the second treatment had a success rate
Summary of the European Association of Urology/European Society of
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of 68% and the third treatment 34%. The aggregate success
rate with one or more injections was 85%. The success rate
was significantly lower for duplicate (50%) versus single
(73%) systems, and for neuropathic (62%) versus normal
(74%) bladders. The injection volume required to achieve
the same success rate can differ between agents and is gen-
erally less for PPC than for D/HA [57–59].

Acquired vesicoureteral junction obstruction (VUJO) can
also occur as a long-term complication after endoscopic cor-
rection of VUR. Obstruction seems to be more common for
BBD patients. Patients with high-grade reflux and dilated
ureters are at risk of late obstruction. Although success rates
following short-term follow-up (3–6 mo) and VUJO rates
appear to be comparable between various bulking agents,
Table 4 – Management and follow-up according to risk category

Risk
category

Presentation Initial treatment

High Symptomatic male or female
patients after toilet training with
high-grade reflux (grade IV–V),
abnormal kidneys, and LUTD

Initial treatment is always fo
with CAP; an intervention m
considered in cases of BT infe
or persistent VUR

High Symptomatic male or female
patients after toilet training with
high-grade reflux (grade IV–V),
abnormal kidneys, and no LUTD

An intervention should be
considered

Moderate Symptomatic male or female
patients before toilet training with
high-grade reflux and abnormal
kidneys

CAP is the initial treatment;
intervention may be consider
cases of BT infections or pers
VUR

Moderate Asymptomatic patients (PNH or
sibling) with high-grade reflux and
abnormal kidneys

CAP is the initial treatment;
intervention may be consider
cases of BT infections or pers
VUR

Moderate Symptomatic male or female
patients after toilet training with
high-grade reflux and normal
kidneys with LUTD

Initial treatment is always fo
with CAP; an intervention m
considered in cases of BT infe
or persistent VUR

Moderate Symptomatic male or female
patients after toilet training with
low-grade reflux and abnormal
kidneys with or without LUTD

The choice of treatment is
controversial. Endoscopic tre
may be an option. LUTD trea
should be given if needed

Moderate All symptomatic patients with
normal kidneys, low-grade reflux,
and LUTD

Initial treatment is always fo
with or without CAP

Low All symptomatic patients with
normal kidneys, low-grade reflux,
and no LUTD

No treatment or CAP

Low All asymptomatic patients with
normal kidneys with low-grade
reflux

No treatment or CAP in infan

LUTD = lower urinary tract dysfunction; CAP = continuous antibiotic prophy
PNH = prenatal diagnosed hydronephrosis; BT = breakthrough.

Table 3 – Summary of evidence and recommendations for the managem

Summary of evidence

There is no evidence that correction of persistent low-grade reflux (grades I–III
The traditional approach of initial medical treatment after diagnosis and shifting

uptake defect on a radionuclide scan needs to be challenged, because the tre
Surgical correction should be considered in patients with persistent high-grade r

correction. The outcome of reimplantation is better than for endoscopic corr
with endoscopic injection for lower grades.

The choice of management depends on the presence of a focal uptake defect on
bilaterality, bladder function, associated anomalies of the urinary tract, age, c
and cortical abnormalities are considered to be risk factors for possible renal d
defect on a radionuclide scan.

LUTD = lower urinary tract dysfunction; UTI = urinary tract infection.
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longer-term follow-up studies have claimed that there is a
higher VUJO rate when PPC is used as the bulking material.
However, early and delayed obstruction after Deflux injec-
tion was reported for <1% of patients. Most cases resolved
after temporary double-J stenting, but some required open
reimplantation, independent of the substance injected
[60–64]. Although it has been shown that ureteric fibrosis
and/or inflammatory changes following PPC injection are
similar to those after injection of other materials, PPC has
continued to demonstrate higher obstruction rates [65].

The added benefit of endoscopic correction of VUR over
CAP alone remains uncertain owing to the few studies with
low methodological quality. Although there was a signifi-
cant reduction in the incidence of febrile UTI, there were
Comment Follow-up

r LUTD
ay be
ctions

Greater possibility of earlier
intervention

More aggressive follow-
up for febrile UTI and
LUTD; full re-evaluation
after 6 mo

Reimplantation has better results than
endoscopic surgery

Postoperative VCUG on
indication only; follow-
up of kidney status until
after puberty

an
ed in
istent

Spontaneous resolution is higher in
males

Follow-up for febrile UTI/
hydronephrosis; full re-
evaluation after 12–24
mo

an
ed in
istent

Follow-up for febrile UTI/
hydronephrosis; full re-
evaluation after 12–24
mo

r LUTD
ay be
ctions

In cases with persistent LUTD despite
urotherapy, an intervention should be
considered. The choice of intervention
is controversial

Follow-up for UTI and
LUTD, kidney status; full
re-evaluation after
successful urotherapy

atment
tment

Follow-up for febrile UTI,
LUTD, and kidney status
until after puberty

r LUTD Follow-up for UTI and
LUTD

If no treatment is given, parents
should be informed about the risk of
infection

Follow-up for febrile UTI

ts If no treatment is given, parents
should be informed about the risk of
infection

Follow-up for febrile UTI

laxis; UTI = urinary tract infection; VCUG = voiding cystourethrography;

ent of vesicoureteric reflux in childhood

) without symptoms and normal kidneys offers a significant benefit.
to interventional treatment in cases of breakthrough infection and a new focal
atment should be tailored to different risk groups.
eflux (grades IV/V). There is no consensus about the timing and type of surgical
ection for higher grades of reflux, whereas satisfactory results can be achieved

a radionuclide scan, clinical course, grade of reflux, ipsilateral renal function,
ompliance, and parental preference. Febrile UTI, high-grade reflux, bilaterality,
amage. The presence of LUTD is an additional risk factor for a new focal uptake
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no differences in either symptomatic UTI or renal damage
[39].

The ureteral diameter ratio is a relatively recent objec-
tive measurement and appears to be a new tool for predict-
ing clinical outcomes and success after endoscopic injection
for VUR [66]. Clinical validation of the effectiveness of
antireflux endoscopy is currently hampered by the lack of
methodologically appropriate studies.
3.3.2.2. Open surgical techniques. Various intravesical and
extravesical techniques have been described for surgical
correction of VUR. Although different methods have specific
advantages and complications, most share the basic princi-
ple of lengthening the intramural part of the ureter via sub-
mucosal embedding of the ureter. All techniques have been
shown to be safe, with a low rate of complications and
excellent success rates (92–98%) [67]. Overall, all surgical
procedures offer very high and similar success rates for
VUR correction.
3.3.2.3. Laparoscopic and robot-assisted laparoscopic tech-
niques. A considerable number of case series of patients
undergoing transperitoneal, extravesical, and pneumovesi-
coscopic intravesical ureteral reimplantation have demon-
strated the feasibility of these techniques. A recent
systematic review and meta-analysis comparing laparo-
scopic extravesical ureteral reimplantation (LEVUR) versus
transvesicoscopic ureteral reimplantation (TVUR) revealed
that both are good options in terms of resolution and com-
plication rates. LEVUR is generally preferred for unilateral
low-grade cases and currently appears to have a higher suc-
cess rate and a shorter hospital stay [61,68].

A number of antireflux surgeries have been performed
robotically, with an extravesical approach most commonly
used. Two recent systematic reviews analysed outcomes for
open ureteral reimplantation (OUR) and robot-assisted
laparoscopic ureteral reimplantation (RALUR). In the first
comparing OUR to RALUR, the robotic approach was consid-
ered a feasible, and effective surgical approach for primary
paediatric VUR, with similar success rates [69,70]. In the sec-
ond systematic review, operative times, costs, and rates of
postoperative complications requiring secondary interven-
tion were higher with RALUR, but postoperative pain and
hospital length of stay were lower in comparison to OUR [71].

In addition, laparoscopic and robot-assisted approaches
are more invasive than endoscopic correction and potential
advantages over open surgery continue to be analysed.
Therefore, a laparoscopic approach cannot be recommended
as a routine procedure at present. In centres with estab-
lished experience, laparoscopic surgery can be offered to
parents/caregivers as an alternative treatment option
[72,73]. Older children with complex anatomy and/or fol-
lowing a failed injection or open reimplantation could ben-
efit from RALUR, as a robotic approach can facilitate better
exposure. RALUR can be performed unilaterally or bilater-
ally, although caution is advised in bilateral cases owing
to the risk of transient urinary retention. De novo
hydronephrosis can occur in up to 30% of cases after extrav-
esical RALUR and is similar to that observed after open uret-
Please cite this article as: M. Gnech, L. ’t Hoen, A. Zachou et al., Update and
Paediatric Urology Paediatric Guidelines on Vesicoureteral Reflux in Childr
eral reimplantation, which is self-resolving in the
overwhelming majority of cases (Tables 3 and 4) [74].

4. Conclusions

The most important updates are as follows.

– Epidemiology, aetiology, and pathophysiology:
Genetic analyses have revealed monogenic causes for
VUR and significant differentiation of innate immunity
and epithelial function genes in children with VUR/feb-
rile UTIs in comparison to control subjects.

– Diagnostic evaluation: The diagnostic work-up should
evaluate the overall health and development of the child
(height and weight, blood pressure), febrile UTI, renal
status (serum creatinine and GFR), VUR, and bladder
and bowel function. US of the kidney and bladder is the
first postnatal standard evaluation tool. VCUG is recom-
mended in patients with US findings of:
o Bilateral high-grade hydronephrosis
o Duplex kidneys with hydronephrosis of the lower

pole and breakthrough febrile UTIs
o A solitary kidney with hydronephrosis
o A ureteric dilatation
o Abnormal bladders and a history of febrile UTIs

(because the likelihood of VUR is much higher).
DMSA is the best agent for visualising cortical tissue and
differential kidney function. Screening of asymptomatic
siblings and offspring is controversial. Childrenwith febrile
infections and abnormal renal US findings have a higher
risk of VUR and should be evaluated using VCUG. Among
toilet-trained children, those with both LUTD and VUR
are at higher risk of recurrent febrile UTIs than children
with isolated VUR. BBD is common among toilet-trained
children presenting with a febrile UTI with or without pri-
mary VUR. The presence of both BBD and VUR doubles the
risk of recurrent febrile UTI, so all children presenting with
UTI should be carefully evaluated for BBD and managed
accordingly, before treatment of VUR.

– Disease management: The main management goal is
preservation of renal function. There are two main treat-
ment approaches. The nonsurgical approach includes
watchful waiting, intermittent antibiotic prophtlaxis or
CAP, and BBD rehabilitation in those with LUTD. Regular
follow-up involves imaging and monitoring of height and
weight as well as blood pressure and possibly serum cre-
atinine to monitor spontaneous resolution of VUR and
evaluate kidney status. The surgical approach can
involve endoscopic injection of bulking agents or uret-
eral reimplantation (open vs minimally invasive).

– CAP: CAP may not be needed in every VUR patient and
generally consists of daily antibiotics given at a quarter
to half of the regular therapeutic dose. In the PREDICT
trial, CAP provided a small but significant benefit for
infants with grade III–V VUR and no previous UTIs in pre-
venting a first UTI, at the cost of an increase in non-E. coli
organisms and antibiotic resistance. A practical approach
is to use CAP until BBD resolution. Initial medical man-
agement can be considered for a child with a febrile
UTI and high-grade VUR, with surgical options reserved
Summary of the European Association of Urology/European Society of
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for CAP noncompliance, breakthrough febrile UTIs
despite CAP, and persistent symptomatic VUR during
long-term follow-up.

– Endoscopic treatment: VUJO may develop during long
term follow-up after endoscopic correction of VUR.
Patients with high-grade reflux and dilated ureters are
at higher risk of late VUJO despite comparable success
and VUJO rates over short-term (3–6 mo) follow-up.
For high-grade VUR in infants, injection therapy has a
higher resolution rate than CAP. However, endoscopic
treatment cannot be recommended for all high-grade
reflux cases, as not all are symptomatic. VUR resolution
or downgrading must be taken into account and is more
likely to be observed under favourable conditions such as
unilateral reflux, lower reflux grades, and high voiding
efficiency. The ureteral diameter ratio is a new tool for
predicting clinical outcomes and success after endo-
scopic injection for VUR.

– Surgical treatment: A recent systemic review and meta-
analysis revealed that LEVUR and TVUR are good alterna-
tives in terms of resolution and complication rates. Sev-
eral antireflux surgical procedures have been
performed robotically, most commonly via an extravesi-
cal approach. RALUR can be considered as a feasible and
effective surgical approach for primary paediatric VUR,
with equivalent success rates to OUR.
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