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Abstract
In recent years, progress has been made on understanding the relationship between vesicoureteral reflux (VUR) and urinary tract
infection (UTI). The findings on recent prospective, randomized, controlled studies have questioned the conventional VUR
clinical significance and, therefore, have challenged the traditional diagnostic and therapeutic recommendations. These new
studies have redefined the pathogenic role of vesicoureteral reflux in UTI as well as have disputed the routine use of urinary
antibiotic prophylaxis to prevent UTI and renal damage in VUR patients. The time to overinvestigate and treat the vast majority
of otherwise healthy children who have an uncomplicated UTI with long-term antibiotic prophylaxis seems to be over. Is there a
role of severe VUR in the development of chronic renal disease and renal failure? New ideas are needed to answer these questions
with the goal to avoid repeating past mistakes when therapeutic choices were based on expert opinions rather than facts.
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Definition

Vesicoureteral reflux (VUR) is defined as the retrograde move-
ment of urine from the bladder into the ureter(s). This retro-
grade flow of urine can distend (dilating VUR) or not (non-
dilating VUR) the pyelocaliceal system. This review will only
address the clinical significance andmedical therapy of primary
VUR in children.

The diagnosis and clinical significance of VUR in children
were defined in the 1960. Since then, VUR in children has
been the subject of numerous publications, but the past
12 years has seen randomized controlled trials (RCTs) on
VUR that have questioned its conventional clinical signifi-
cance and have disputed the traditional diagnostic and thera-
peutic recommendations.

Diagnosis

Voiding cystourethrogram (VCUG) is the gold standard for
the diagnosis and grading of VUR. Up to a few years ago,
VCUG was indicated after first febrile urinary tract infection
(UTI) regardless of the severity of the involvement. Based on
Bnew evidence demonstrating antimicrobial prophylaxis not
to be effective as presumed previously for VUR,^ the National
Institute for Health and Care Excellence in the United
Kingdom (NICE) (2007) [1] and the American Academy of
Pediatrics(AAP) (2011) [2] have recommended that VCUG
should not be performed routinely after first, febrile, UTI in
patients less than 24 months old unless renal ultrasound
(RUS) reveals abnormalities (Bhydronephrosis, scarring, or
other findings that would suggest either high-grade VUR or
obstructive uropathy^), or other atypical or complex clinical
circumstances such as atypical/recurrent febrile UTI. The
AAP has reaffirmed the same guidelines in 2015. In contrast,
the American (2012) and European (2015) Urological
Associations have continued to recommend performing a
VCUG after first febrile UTI in children less than 2 years of
age [3, 4].

Lee et al. presented the American experience on requesting
VCUG after the NICE and AAP guidelines were published.
These authors showed that in children 0–2 years old, VCUG
utilization did not decrease after the 2007 NICE guidelines
were announced but did significantly decrease after the 2011

Key summary facts
1. Non-dilating VUR does not predispose to UTI, acute pyelonephritis
(APN), and renal parenchymal damage.
2. Urinary antibiotic prophylaxis is not routinely indicated in healthy
children with non-dilating VUR.
3. The role of severe VUR in the pathogenesis of UTI, APN, and the use
of urinary antibiotic prophylaxis needs to be defined.

* Eduardo H. Garin
garineh@peds.ufl.edu

1 Pediatric Nephrology, University of Florida, Gainesville, FL, USA

Pediatric Nephrology (2019) 34:1513–1519
https://doi.org/10.1007/s00467-018-4045-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-018-4045-9&domain=pdf
http://orcid.org/0000-0002-4100-9496
mailto:garineh@peds.ufl.edu


AAP guidelines were published. In children 3–10 years old,
VCUG utilization decreased during the entire study period [5].

On VCUG, following a UTI, 80% of patients present
grades II and III VUR. Type IVor Vand grade I each represent
roughly 10% of the population of patients with VUR. The
distribution varies with age likely reflecting the natural course
of the condition, sex, and the reason to request VCUG (UTI,
congenital hydronephrosis).

Prevalence

The prevalence of VUR in a population without a history of
UTI is rather low.When data from different studies were com-
bined, VUR was present in only 4 of 1095 healthy neonates
and children [6]. Bailey reported a prevalence of 0.4 to 1.8%
in children without a history of UTI [7].

Depending of age and method of study, 34 to 45% of sib-
lings and first-order relatives of VUR patients do present
VUR. A history of UTI is usually absent in 75% of the siblings
[8]. A single dominant gene best explains the transmission of
the trait. This gene in cases of primary VUR has not been
identified though it is different than the one observed when
VUR is a component of a syndrome [9]. The AAP, in contrast
to the American Urological Association (AUA), does not rec-
ommend VCUG to routinely screen VUR patients’ siblings [2].

Vesicoureteral reflux in patients with UTI is more prevalent
in younger ages. In neonates, the prevalence has been found to
range from about 50 to 70%, but VCUG was requested in
some of these neonates because of congenital hydronephrosis
rather than UTI. The prevalence declines with age. In one
study, it was 10% by age 12 years [10]. Vesicoureteral reflux
undergoes spontaneous improvement and resolution with time
(see below). This explains the decrease prevalence with age.
VUR prevalence was found 10 times higher in white than
Afro-American girls evaluated for symptomatic UTI [11].

Natural course

Vesicoureteral reflux improves and resolves with time. The
spontaneous resolution is higher in grades I and II and less
in those patients with dilated VUR (grades III to V).
According to the South West Pediatric Nephrology Study
Group, the resolution rate was 80% of grade II ureters after
5 years of follow-up. During the same period of observation,
only 46% of ureters with grade III had resolved [12]. In the
report of the International Reflux Study that appeared about
the same time [13], unilateral reflux was shown to cease in
38% of patients with grade IV reflux and in 46% of those with
grade III in patients randomly allocated to the medical arm of
the study after 5 years of follow-up. In the Randomized
Intervention for Children with Vesicoureteral Reflux

(RIVUR) study, VUR had resolved in 50% of children (no
VUR grading given) at the end of the 2 years follow-up
[14]. Pennisi, saw persistence of grade IV VUR in 52% of
patients on prophylaxis at the end of 4 years of follow-up [15].

Time to resolution varies according to the degree of VUR.
Schwab estimated that median years to resolution was
2.7 years for grade I, 3.1 years for grade II, 4.5 years for grade
III, and 9.5 years for grade IV [16].

How often does VCUG need to be repeated in a patient
known to have VUR? VCUG is an uncomfortable and some-
times traumatic procedure. Thus, a review of recent studies
suggests that for VUR grade I and II, since VUR does not get
worse with time, there is no need to repeat the VCUG but to
continue aggressively treating episode(s) of recurrent UTI. In
the case of grade III to V, especially grade IV and V, and
knowing that sterile reflux does not cause renal damage,
VCUG may be repeated every 2 to 3 years to look for spon-
taneous resolution while continuing observing the upper tract
if recurrent acute pyelonephritis (APN) is documented.

Clinical significance

For many years, VUR has been considered a risk factor for
UTI, APN, and renal parenchymal damage. Bacteria reaching
the bladder from the urethra are not completely evacuated
after each voiding because of urine returning from the ure-
ter(s) in the presence of VUR. Urine, which is considered an
excellent culture medium, is present at all times in the bladder,
allowing bacterial multiplication. During voiding, VUR trans-
ports infected urine to the renal parenchyma, especially in
patients with intrarenal reflux. The concept of VUR as a risk
factor, developed in the 1960th, is rather entrenched in the
medical community and has led to the clinical practice of
obtaining a VCUG to evaluate for the presence of VUR in
children who have had a UTI and to prevent further UTI
and, therefore, renal damage with the long-term administra-
tion of daily low-dose antibiotics or the surgical correction of
VUR.

The concept of VUR as a risk factor for UTI, APN, and
renal scars is reviewed.

1. Does VUR predispose to UTI? Until recently, this as-
sumption was accepted based on expert opinions and nev-
er validated. Works by Kunin [17] and Elo [18] demon-
strating that the rate of recurrent UTI in VUR patients was
no higher than the one observed in patients without VUR
were overlooked. Even now, no study has specifically
addressed this question, but some answers can be obtain-
ed analyzing data available in the randomized controlled
trials (RCTs) on VUR and the use of urinary antibiotic
prophylaxis published since 2006 [14, 15, 19–24].
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Urinary tract infection recurrent rate in VUR patients com-
pared to patients without VUR with both groups not receiving
urinary antibiotic prophylaxis has been gathered from twoRCTs
[19, 20]. The group with VUR consisted of 179 patients and 27
of them had recurrence of febrile UTI (15.08%), while patients
without VUR were 175 and 24 of them had a UTI recurrence
(13.7%). The difference was not statistically significant (p =
0.39). In 2015, the members of the RIVUR study called our
attention to an ongoing study (Careful Urinary Tract Infection
Evaluation [CUTIE]) that would evaluate the same issue, but no
data have been published yet. The available data, therefore, do
not support the concept that VUR predisposes to UTI.

2. Does VUR increase the risk of APN and renal scar?
During voiding, infected urine may reach the renal paren-
chyma. Patient may develop APN that poorly or delayed
treated can result in renal scars. Supporting this chain of
events, there is a greater number of abnormal technetium-
99 m–labeled dimercaptosuccinic acid (DMSA) renal
scans in patients with higher VUR grades. Snodgrass have
reported that focal defects were present in 50% of patients
with grades IV but none with grade II [25]. However,
without DMSA scintigraphy data obtained before UTI,
the distinction between congenital and acquired damage
is impossible to make with absolute certainty, and, there-
fore, Snodgrass finding of focal defects in grades IVand V
may overstate acquired renal damage [25].

Febrile UTI episodes have been attributed to APN.
However, febrile UTI does not necessarily mean the presence
of APN. Only 60% of the children with febrile UTI in
Hoberman study presented focal defects on DMSA scan ob-
tained at the time of infection compatible with APN [26]. In
the RCT studies, DMSA renal scan was obtained at baseline
and repeated at the end of the trial. During the follow-up, if
there was a febrile UTI recurrence, no DMSA scintigraphy
that could confirm the presence of APN was requested in all
except one of the published RCTs [19]. In this study, DMSA
renal scan was performed at each episode of febrile recurrent
UTI during the year of follow-up. In the non-prophylaxis
VUR group of 58 patients, 1 episode of APN was reported.
In the non-prophylaxis, no VUR group of 60 patients, only 2
episodes of APN were recorded. The numbers are small, but
they suggest no difference in the recurrence of APN between
VUR and no VUR groups. The same study shows that two
patients in the non-prophylaxis VUR group developed renal
scar, while four in the non-prophylaxis no VUR group did so.

Finally, the presence of bacteria in the upper urinary tract
during voiding in VUR patients does not always imply renal
parenchyma involvement as it was documented in the study
by Hansson et al. on VUR and asymptomatic bacteriuria [27].

We conclude that there is no convincing evidence that VUR
predispose to APN or renal scars in patients with no dilating

VUR. There is the need for better studies documenting APN in
patients with grades IVand V VUR to support the assumption
that these VUR grades are risk factors for APN.

Long-term antibiotic prophylaxis for VUR

Management of children with VUR has been directed at
preventing UTI recommending either antibiotic prophylaxis
or surgical correction of VUR. Only data about the use of
antibiotic prophylaxis in VUR patients are reviewed.

1. Does antibiotic prophylaxis decrease UTI recurrence rate?
The effect of urinary prophylaxis in patients without VUR
is available from data gathered from three recent RTCs
[19–21]. Two hundred ninety-three patients received pro-
phylaxis and 256 placebo or no antibiotic and were
followed for a year. In the prophylaxis group, 23 children
(7.8%) and 30 in the no treatment group (11.7%) had a
UTI recurrence. The rate of recurrence was not statistical-
ly significantly different between the groups (p = 0.13).

The PRIVENT study included 576 patients with UTI [20].
Patients were allocated to two groups. Contrasting with pre-
viously cited RCTs, each group included patients with VUR
and without VUR. Therefore, the study did not address VUR
alone. One group received antibiotic prophylaxis and the other
placebo. During the study period, UTI was diagnosed in 36 of
288 patients (13%) in the antibiotic group and in 55 of 288
(19%) in the placebo group, a difference of six percentage
points (p = 0.029). The authors calculated that after 12months,
14 patients would need to have been treated to prevent one
UTI. In addition, when their data included only patients with
VUR with or without prophylaxis the difference between the
groups was not statistically different. Authors concluded that
long-term, low-dose antibiotic use was associated with a mod-
est reduction (seven percentage points) in the absolute risk of
symptomatic urinary tract infection in children.

2. Does antibiotic prophylaxis prevent UTI in VUR pa-
tients? Since 2006, eight RCTs have been published com-
paring the rate of UTI recurrence between patients with
reflux on or off long-term urinary antibiotic prophylaxis
[14, 15, 19–24]. Although PRIVENT enrolled patients
with or without VUR in the same group [19], the study
has been included among the eight RCTs.

In these RCTs, the number of patients enrolled varied from
93 to 607. Placebo was used in three trials [14, 20, 24].
Among studies, patient population was rather heterogeneous
regarding age, VUR grading, and methods of urine collection.
In some of the RCTs, patients were enrolled after their first
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febrile UTI. In other RCTs, patients had history of UTI(s)
before enrollment.

In four of the five studies not using placebo, prophylactic
antibiotics did not significantly reduce the recurrence rate in
the prophylaxis group [15, 19, 21, 22]. In the Swedish trial
[23], a beneficial effect of prophylaxis was observed but only
in girls who made up 39% of the patients. This study is char-
acterized by the high recurrence rate girls in the non-
prophylaxis (Bsurveillance^) group. This recurrence rate was
much higher than the one observed in the other RCTs and in
previously published data on Swedish children [28]. In addi-
tion, in this trial, the recurrences in 7 of the girls in the sur-
veillance group did not meet bacteriological criteria for UTI,
and in 10 patients, the sample technique was bag contrasting
with only three in the prophylaxis group. These two features
may have influenced the outcome results.

These studies were criticized because of small number of
patients, the lack of placebo, no evaluation of bladder bowel
dysfunction, and no data on adherence to antibiotic prophy-
laxis during the trial. However, in all of them, some of the
criticism were softened by the use of bacteriological evidence
of primary outcome (UTI) as objective criteria for UTI recur-
rence and by the fact that even in the studies including place-
bo, the compliance with the antibiotic was poor.

A meta-analysis of these studies in 2009 which did not
include the Swedish trial (data not available for meta-
analysis in 2009) did not demonstrate any advantage of using
urinary antibiotic prophylaxis in cases of VUR grades II and
III. Risk ratio of symptomatic urinary tract infection in the
antibiotic group was 0.92 (range from 0.58 to 1.45) for grade
III VUR and 0.90 (range from 0.42 to 1.90) for grade II [29].

There are two placebos, double-blind studies on the use of
antibiotic prophylaxis in VUR patients. The RIVUR [14] en-
rolled 607 patients. At the end of 2 years of follow-up, recur-
rent urinary tract infection developed in 39 of 302 children
who received prophylaxis (13%) as compared with 72 of 305
children who received placebo (24%). A difference of 33 chil-
dren (p < 0.001). Authors estimated that a sample of
300 children in each study group would have provided at least
80% power to detect a reduction in the proportion of children
with febrile or symptomatic recurrences during a 2-year fol-
low-up period from 20% in the placebo group to 10% in the
prophylaxis group. As shown on Fig. 3 of their report, the
difference of > 10%was only observed at the end of the 2 years
follow-up and decreased again to less than 10% a few months
later. Moreover, authors found the 10% difference only in
those patients younger than 2 years of age with VUR grade
I–II (p = 0.019) but not in those with VUR grades III–IV (p =
0.170). This latter finding raises questions as to the use of
routine antimicrobial prophylaxis in young children with
VUR grades III and IV. Authors attributed the lack of benefi-
cial effect in these groups to the small number of patients
enrolled.

Boys represented only 8% of the children studied as com-
pared with 33% of the 1660 children who participated in the
previous six studies [30].

VCUGwas obtained at 2 years in 428 children. Reflux had
resolved in 218 children (50.9%), improved in 100 (23.4%),
unchanged in 79 (18.5%), and worse in 31 (7.2%). Since it is
not knownwhen the VUR resolved, authors should have com-
pared data only in children who had persistent VUR at the end
of the 2 years.

Eight children would have had to be treated for 2 years to
prevent one case of febrile or symptomatic urinary tract infec-
tion. However, according to Hewitt and Montini, BThe treat-
ment showed statistical, but not clinical, significance; 16
patient-years of antibiotics were required to prevent one uri-
nary tract infection, and 22 patient-years of antibiotics were
required to prevent one febrile urinary tract infection^ [29].

Hari et al. in 2014 reported on 93 children (29 girls, 62
boys) age 1 to 12 years with VUR grades II to IV followed
for 1 year [24]. During the study, at least one symptomatic
UTI occurred in 10 of the 47(21.3%) patients receiving anti-
biotic prophylaxis and in three of the 46 (6.5%) patients re-
ceiving placebo (log rank test p = 0.02). Compared to the
placebo group, the antibiotic group had a 14.8% absolute in-
crease in the risk of UTI (95% CI 1–28, p = 0.03).

A recent meta-analysis on the role of antimicrobial prophy-
laxis in children with VUR included eight studies [31]. As
previously mentioned, data from PRIVENT study were incor-
porated in the analysis. Unfortunately, authors did not include
Hari study nor their input data for the Swedish study were
correct. RIVUR [14] and PRIVENT [20] studies were graded
as having a low risk of bias, and the remaining six studies [15,
19, 21–23] were considered to be at a high risk of performance
and detection bias. The meta-analysis concluded that prophy-
laxis was effective in preventing recurrence of UTI even in
those considered at high risk although, among them, only the
Swedish study showed beneficial effect of prophylaxis.

An overview of the RCTs demonstrate variable subpopu-
lations and methodologies of the studies evaluated. The many
confounding effects suggest caution on recommendations or
guidelines based on these meta-analyses.

3. Does urinary antibiotic prophylaxis decrease the rate of
APN in VUR patients? There are only two studies on
antibiotic prophylaxis and prevention of acute pyelone-
phritis in VUR patients. In a RCT open-labeled and un-
blinded that included 100 patients (30% of patients with
grade IV VUR), Pennisi et al., after 2 years of follow-up,
found that antibiotic prophylaxis was ineffective in
preventing APN recurrences [15]. Unfortunately, patients
were considered to have APN recurrence if they have a
febrile UTI during the follow-up. In our study, involving
87 patients, each episode of recurrent APNwas diagnosed
on DMSA renal scan. Seven patients recurred in the
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prophylaxis group and only one in the surveillance group
(p > 0.05) [19].

4. Does urinary antibiotic prophylaxis prevent the develop-
ment of renal scars? Renal scarring was a secondary end-
point for all trials. No significant difference in the preven-
tion of new renal scars was noted after antimicrobial pro-
phylaxis. None of the RCTS, including RIVUR, had been
sufficiently powered to detect differences in the rates of
scarring as a secondary outcome.Meta-analysis by Hewitt
et al. in 2018 addressed this issue [32]. The analysis in-
cludes seven RCTs (1427 subjects) with six RCTs (1004
subjects) included in the subgroup meta-analysis restrict-
ed to those with VUR. All RCTs had renal scarring as a
well-defined objective outcome. Both meta-analyses did
not show differences in the incidence of scarring between
the prophylaxis and no prophylaxis groups. New scarring
was shown in 5.7% of all children and in 6.3% of those
with VUR. There was no significant heterogeneity, and
the funnel plots did not demonstrate evidence of publica-
tion bias.

Conclusions

A review of RCTs on VUR during the last 12 years allows us
to revisit its clinical significance.

1. This review shows that the conventional assertions that
VUR predispose to UTI, APN, and renal damage are not
supported by the current data. (a) VUR does not lead to
increase recurrence rate of UTI, especially in those with
VUR grades I to III. Recurrences in grades IVand V seem
to follow the same pattern although the evidence is not
conclusive because of the small number of patients in-
cluded in the studies. (b) The VUR as a risk for APN
has not been confirmed but the limited available data sug-
gest that VUR does no predispose to APN. Finally, (c)
there is no evidence that VUR increases the incidence of
renal scars in UTI patients with no dilating VUR.
Available data on grades IVand V do not allow any con-
clusion, and new studies are needed to resolve this issue.

2. The assumption that antibiotic prophylaxis prevents UTI,
APN, and renal parenchymal damage has not been con-
firmed. Some studies have shown a small benefit from
antibiotic prophylaxis in preventing symptomatic and fe-
brile UTIs. A mild statistically significant decrease in re-
currence of UTI has been reported. However, the benefit
is small since most of UTI patients do not relapse, and it is
not known if those who frequently relapse would benefit
from urinary antibiotic prophylaxis. There seems to be a
consensus that children with normal urinary tracts or non-
dilating VUR do not benefit from prophylaxis.

There is a need to reassess our approach to VUR in children.
Thus, it is necessary to design rigorous studies to identify the
factors contributing to UTI recurrence, development of APN,
and renal parenchymal scars in patients with or without reflux.

There are two issues that need to be addressed.

1. Will antibiotic prophylaxis benefit those patients with
grades IVand VVUR? Except for the RIVUR study, there
are no published data differentiating between non-dilating
VUR and grade IV and V VUR. The RIVUR showed no
beneficial effect in these patients although authors felt that
the reason for the absence of benefit was that the study
was not sufficiently powered.

2. Will antibiotic prophylaxis benefit those patients present-
ing frequent recurrences of UTI especially APN? No data
are available to resolve these issues. Until the answers are
provided, a cautious approach using prophylaxis in these
clinical circumstances may be advocated.

The following conclusions can be inferred from this
review:

1. It is not necessary to request a VCUG in every child with
first febrile UTI unless abnormal RUS or other specific
clinical circumstances are present. This is the approach of
NICE and AAP and seems strongly supported by the re-
view of available data. In addition, there is no need for
routine VCUG in siblings of VUR patients unless they
fulfill the criteria set by the AAP to request VCUG in case
of febrile UTI.

2. It is not necessary to start routine antibiotic prophylaxis
after a first febrile UTI in a VUR patient. The current
thought is that antibiotic prophylaxis should be gear only
to those patients considered to be at high risk for renal
damage [33]. To avoid repeating past mistakes, rigorous
studies are needed to define UTI patients that are at risk
for renal damage and to assess the benefit of prophylaxis
in those patients.

3. The use of long-term urinary antibiotic prophylaxis does
have its drawbacks. The duration of follow-up during
prophylaxis in reflux patients has not been defined.
Increasing bacterial resistance and low adherence with
prescribedmedication represent major obstacles to try this
mode of therapy.

The time to overinvestigate and treat the vast majority of
otherwise healthy children who have an uncomplicated UTI
with long-term antibiotic prophylaxis seems to come to an
end. Is there a role of severe VUR in the development of
chronic renal disease and renal failure? New ideas are needed
to answer these questions. The responses will allow us to
avoid repeating past mistakes when therapeutic choices were
based on expert opinion rather than facts.
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Study questions (answers appear following
the reference list)

1. What percentage of VUR patients’ siblings had no history
of UTI?

a) 20%
b) 40%
c) 75%

2. What is the estimated median years to resolution for grade
IV VUR?

a) 3.1 years
b) 6.5 years
c) 9.5
d) 12.5

3. Do the RCTs reviewed above prove that VUR is a risk
factor for

a) UTI
b) Acute pyelonephritis(APN)
c) Renal parenchymal damage
d) All of the above
e) None of the above

4. InHoberman’ study, what percentage of children < 2 years
of age with febrile UTI presented focal defects on DMSA
scan compatible with acute pyelonephritis.

a) 20%
b) 50%
c) 60%
d) 75%

5. When urinary antibiotic prophylaxis could be started in
VUR patients?

a) After first febrile UTI.
b) Never
c) In patients with documented APN recurrences
d) In patients presenting asymptomatic bacteriuria
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