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Abstract Vesicoureteral reflux (VUR) increases the risk of
urinary tract infection (UTI) and renal scarring. Many pro-
spective studies have evaluated the role of antimicrobial pro-
phylaxis in the prevention of recurrent UTI and renal scarring
in children with VUR. Of these, the RIVUR trial was the
largest, randomized, placebo-controlled, double blind, multi-
center study, involving 607 children aged 2–72 months with
grade I–IV VUR and a first or second symptomatic UTI. The
median age of children in the RIVUR trial was 12 months,
92 % were female, 91 % were randomized after a first UTI,
86 % had a febrile index UTI, and 71 (56 %) of 126 toilet-
trained children had bladder bowel dysfunction.
Trimethoprim/sulfamethoxazole reduced the risk of UTI re-
currences by 50 % (hazard ratio 0.50; 95 % confidence inter-
val 0.34–0.74) as compared to placebo. No significant differ-
ence was seen in renal scarring between the two groups.
However, this does not invalidate the role of prophylaxis in
preventing renal scars because RIVUR and other recent pro-
spective studies were not designed to address renal scarring as
a primary study endpoint. In view of the RIVUR Trial and
other studies that showed similar results, albeit in selected

groups of patients, the debate on antimicrobial prophylaxis
should shift from “no prophylaxis” to “selective prophylaxis”
in children with VUR.
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Introduction

Vesicoureteral reflux (VUR) increases the risk of urinary tract
infection (UTI) and renal scarring [1, 2]. In the last decade
many prospective studies have been conducted to evaluate the
role of antimicrobial prophylaxis in the prevention of recur-
rent UTI and renal scarring in children with VUR. This
includes the RIVUR trial, which is to date the largest, ran-
domized, placebo-controlled, double blind, multicenter study
carried out in young children (age range 2–72 months) with
grade I–IV VUR and a first or second febrile or symptomatic
UTI. The primary outcome of the study was UTI recur-
rence, and the secondary outcomes included renal scar-
ring, antibiotic resistance, and treatment failure. Pilot
studies were done to guarantee consistency in method-
ology and imaging quality of dimercaptosuccinic acid
(DMSA) renal scans and voiding cystourethrograms
(VCUG). Digital images of DMSA scans were read
independently by two radiologists, and those of the
VCUG/renal ultrasound scan were read by two other
radiologists. Any difference of opinion was ultimately
adjudicated by consensus between the two radiologists
in each pair. Altogether 607 children were randomized
from 19 centers with very diverse clinical settings; 302
received trimethoprim/ sulfamethoxazole (TMP/SMZ) pro-
phylaxis and 305 received exactly matching placebo [3].
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Study results

The median age of the children in the RIVUR trial was
12 months, 92 % were females, 91 % were randomized after
a first UTI, 86 % had a febrile index UTI, and 71, 56 % of 126
toilet-trained children had bladder bowel dysfunction (BBD).
Recurrent UTI occurred in 39/302 children on prophylaxis
compared with 72/305 children who received placebo [rela-
tive risk (RR) 0.55; 95 % confidence interval (CI) 0.38–0.78].
Prophylaxis reduced the risk of UTI recurrences by 50 %
[hazard ratio (HR) 0.50; 95%CI 0.34–0.74]. Only 37 children
(8.3%) had new renal scars during the study period—8.2 % of
those on prophylaxis versus 8.4 % of those on placebo [abso-
lute risk difference 95 % CI 0.19 (−4.9 to 5.3)]. No significant
difference was seen in stool Escherichia coli resistance, but
the first symptomatic UTI recurrence with resistant E. coliwas
significantly more likely to occur among those on prophylaxis
(63 %) than on those on placebo (19 %) [absolute risk differ-
ence 95 % CI −44.0 (−64.1 to −24.0); p=<0.001] [4].

Discussion

The most recent prospective studies that have evaluated the
efficacy of antimicrobial prophylaxis in children with VUR
are summarized in Table 1. Some of these studies, including
the one by Garin et al. [5], showed no significant difference in
recurrence of UTI with antimicrobial prophylaxis [5–7],
whereas others, including the RIVUR trial [4], showed that
prophylaxis significantly lowered risk of UTI in some children
with VUR [8–10]. Roussey-Kesler et al. [10] reported a sig-
nificant decrease in UTI recurrence in boys, particularly those
with grade III VUR, which was the highest grade included in
the study. The authors of the PRIVENT study [8] reported a
52 % decreased risk of UTI (RR of active to placebo 0.66;
95 % CI 0.35–1.23) with prophylaxis in patients with VUR.
The Swedish reflux trial reported a significantly lower risk of
febrile UTI recurrence with prophylaxis in girls with grade
III–IV VUR than in those on surveillance (p=0.0002). In the
RIVUR study [4], the HR for UTI recurrences consistently
favored prophylaxis, irrespective of sex, age at entry, degree
of VUR, first versus second UTIs before enrolment, TMP/
SMZ-resistant pathogen causing index UTI, and status of
VUR during the study period. Children with baseline BBD,
as well as those with a febrile index infection, derived partic-
ular benefit, with reductions in recurrence of 80 and 60 %,
respectively [4].

Renal scarring was a secondary endpoint for the RIVUR
trial, and no significant difference was noted with antimicro-
bial prophylaxis. Similar observations have been reported by
the authors of other studies. However, this does not invalidate
the role of prophylaxis in preventing renal scars because none
of these studies, including the RIVUR trial, were sufficiently

powered to evaluate differences in renal scarring. Further-
more, the scarring outcome in the RIVUR trial could have
been affected by multiple factors, including a prompt diagno-
sis and treatment of UTI recurrence in study children, exclu-
sion of those with more than two infections, and the duration
of follow-up. Appropriately designed studies with longer
follow-up are needed to evaluate the role of antimicrobial
prophylaxis in the prevention of renal scarring.

A high rate of uropathogen resistance to the antimicrobial
being used for prophylaxis has been previously reported;
however, such a resistance pattern was not noted in stool
specimens of the children enrolled in the RIVUR trial. Also
in the RIVUR trial, the index UTI caused by TMP/SMZ-
resistant uropathogen did affect the benefit of antimicrobial
prophylaxis.

RIVUR and other recent studies

Comparison of the results of the RIVUR study with those of
other recent studies can be misleading because of significant
qualitative differences among the studies. The RIVUR trial
had the largest sample size with two- to sixfold more patients
than the other studies in children with VUR. Only PRIVENT
and RIVUR were placebo-controlled, double-blind trials, and
these trials also had the most rigorous patient inclusion and
exclusion criteria. In the RIVUR, older children, including
teenagers, and children with asymptomatic UTI were exclud-
ed, as were childrenwith no pyuria. Urine in non-toilet-trained
children was collected by uretheral catheterization only. Pilot
studies were done to have consistency in methodology and
interpretation of VCUG and DMSA scans. The limitations of
other prospective studies, cited by Cara-Fuentes et al [11]. in
their editorial commentary, have been highlighted in many
publications. These include a 2011 Cochrane analysis which
reported considerable heterogeneity (design or reporting lim-
itations) in the analysis of these studies, with only one study
adequately blinded [12]. A recently published systematic re-
view on the role of antimicrobial prophylaxis in children with
VUR evaluated 1,547 studies, eight of which were included in
the meta-analysis [13]. Of these eight studies, only PRIVENT
and RIVUR studies were graded as having a low risk of bias,
with the remaining six studies [5, 9, 10, 14–16] deemed to be
at a high risk of performance and detection bias. The meta-
analysis revealed that prophylaxis is effective in preventing
recurrence of UTI and that the effect is more pronounced in
the two studies with a low risk of bias.

RIVUR and the American Academy of Pediatrics guidelines

In 2011, the American Academy of Pediatrics (AAP) Sub-
committee on Urinary Tract Infection published its clinical
practice guidelines for the management of first febrile UTI in
children aged 2–24 months. Its recommendation against
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routine antimicrobial prophylaxis in young children after first
febrile UTI was based on data collected mainly from studies
with a high risk of bias [5–7, 10]. The bias and other flaws in
these studies are not mitigated by the AAP Subcommittee
limiting its analysis of data to infants aged only up to
24 months in their respective patient populations.

The authors of these guidelines acknowledge the importance
of the RIVUR trial and a possible need to review guidelines
once the study results are published. Soon after publication of
the RIVUR trial, the AAP Subcommittee reaffirmed the appli-
cability of its guidelines (www.aapnews.org; July 2014, page 5)
based on the assertions that VUR does not “appear” to be a
major cause of renal damage, active treatment of VUR “seems”
not to reduce the occurrence of chronic kidney disease,
prophylaxis for infants and young children does not “appear”
to reduce renal scarring, and the benefit of prophylaxis
“appears” to be a quite “modest” in delaying/preventing recur-
rence of UTI. However, it is difficult for any clinician to
translate these passive assertions into a blanket advice against
prophylaxis while counseling a parent of an infant with VUR,
particularly since RIVUR and other studies have shown a
significant decrease in UTI recurrence with prophylaxis in
children with VUR.

The RIVUR trial was not designed to validate the role of
VCUG after first UTI because all children in the trial had
VUR, which was a trial inclusion criterion. However, in view
of the RIVUR trial and other study results, it seems prudent to
diagnose VUR after the first UTI in selected children so that
the risk of UTI recurrence can be reduced with prophylaxis. A
need for VCUG in a selected group of patients with first
febrile UTI is also supported by the American Urological
Association [2, 17] and the European Association of Urology
(http://www.uroweb.org/guidelines/online-guidelines). The
Executive Committee, Section on Urology (AAP) has
expressed significant reservations about the AAP recommen-
dation against routine VCUG after a first febrile UTI. It stated
that the guidelines are based on studies that collected urine in
non-toilet-trained children by bag specimens in spite of the
guidelines emphasizing the importance of the urine collection
method, did not include circumcision status or evaluation of
BBD, lacked statistical power, and did not evaluate compli-
ance with medication; in addition, DMSA scans were not
done in all studies. The Executive Committee concluded that
“the recommendation is based on a flawed interpretation of
limited data” and “these conclusions are premature and repre-
sent a misinterpretation of the data presented,” adding further
that the VCUG should remain an accepted option after a
febrile UTI in selected children [17]. The potential risks of
not doing VCUG after a UTI were highlighted in a study that
evaluated the National Institute for Health and Clinical Excel-
lence (NICE) imaging guidelines against a historic cohort of
934 patients with UTI. Of these patients, 105 had abnormal
renal imaging findings and only 44 (42 %) would have been

diagnosed by using NICE criteria. Of the remaining 61 (58.
1 %) patients, 32 (52.5 %) had significant urological anoma-
lies including at least Grade III VUR and or renal scarring that
would have been missed [18].

RIVUR and statistical issues in the editorial commentary

The Cara-Fuentes et al. [11] editorial commentary includes a
post hoc redefining of outcomes and misrepresentations of the
statistical concepts and results reported in the RIVUR trial.
The RIVUR trial was designed with first post-randomization
UTI as the primary outcome. Participants were followed to
ascertain additional UTIs to determine those meeting a sec-
ondary outcome of treatment failure.

Analysis of our primary outcome by considering exactly
one post-randomization recurrent UTI, ignoring those patients
with more than one recurrent UTI and thereby combining
those with two or more UTIs together with those children
who had no recurrent UTI, as suggested in the commentary, is
an illogical and uninterpretable statistical comparison. The
authors go on to separately consider those children who had
three or four post-randomization UTIs (N=5 in the prophy-
laxis group and N=8 in the placebo group, a difference of 3
patients). While this may be a clinically relevant outcome, it is
not the outcome that RIVUR and most studies of recurrent
UTI have used. Indeed, we know of no published trial with
three or more recurrent UTIs as a pre-specified outcome.
Therefore, to assert that the RIVUR Investigators recommend
“starting routine long term urinary antibiotic prophylaxis in
302 patients to benefit only three patients” is inaccurate and
misleading.

While Cara-Fuentes et al. [11] are entitled to believe that a
50 % reduction of the risk of recurrent UTI with prophylaxis
(or doubling of the risk of recurrent UTI with placebo) is a
“slight benefit,” it is not correct to assume this occurred when
“almost half of the children did not have VUR.” While it is
correct that VUR had resolved in half of the 428 children who
had a VCUG performed at 2 years post-randomization, it is
not known when the VUR resolved and whether it resolved
before or after any recurrent UTI occurred.

In their discussion of “time to first recurrent UTI,”, Cara-
Fuentes et al. [11] focus on “the 10 % difference between the
two groups as expected” and “10 % threshold of significance”
in a statistically naïve transference of assumptions that were
made in the original RIVUR power assumptions to evaluate
the level of statistical significance of the trial results. As
described in the RIVUR protocol (available online through
the New England Journal of Medicine materials accompany-
ing the full article [4], a priori power analyses were performed
using varied assumptions for the expected event rates in the
placebo and prophylaxis groups, as well as rates for non-
compliance and attrition. The purpose of these power analyses
was to identify an appropriate sample size to address the
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primary hypothesis. In our report, we always acknowledged
that subgroup analyses, such as those discussed by Cara-
Fuentes et al. [11], would be under-powered except for
marked differences; that is, the sample size in the RIVUR
study might be insufficient to detect important treatment
group differences in the subgroup analyses. In particular,
insufficient power would be expected for the subgroups
depicted in Figure S2 in the Electronic Supplementary Mate-
rial appendix to the RIVUR results paper [4] (restricted to
children younger than 2 years of age and subgrouped by VUR
grade such that each subgroup was comprised of <95 chil-
dren). Interpretation of the RIVUR subgroup analyses must
acknowledge the sample size limitations. Therefore, it is in-
correct to conclude that “no benefit was observed in what has
been considered a high risk group, such as young children
with VUR grade III and IV.” Non-statisticians must be
reminded frequently that “absence of evidence is not evidence
of absence.”

Lastly, we did not include a comparator group of children
without VUR to investigate whether VUR increases the risk of
UTI because it would be unethical to randomize children
without VUR to antimicrobial prophylaxis. Absence of
VUR was a study exclusion criterion. However, a RIVUR
ancillary study “Careful Urinary Tract Infection Evaluation
(CUTIE)” has been completed and does provide a comparator
group of children without VUR who followed identical UTI
definitions and study procedures of the RIVUR study. Results
of the CUTIE study and analyses of joint RIVUR and CUTIE
data will be published in the near future.

Conclusion

The RIVUR trial was not designed to evaluate the AAP
guidelines. The trial was initiated 5 years before and complet-
ed 2 years after the guidelines were published. It showed a
50 % reduction in recurrences of UTI for children receiving
antibiotic prophylaxis. The results of RIVUR and other stud-
ies that showed similar results, albeit in selected groups of
patients, cannot be ignored. We cannot overlook the signifi-
cant limitations with most of the studies included in the AAP
meta-analysis for its guidelines on antimicrobial prophylaxis
and VCUG after first UTI in young children.We also must not
pass the onus for preventing morbidity of UTI recurrence and
potential renal injury to parents because of the challenges
associated with clinical presentation and diagnosis of UTI in
infants and young children. As clinicians, we bear the respon-
sibility to share evidence-based results with parents who have
the right to make a choice about what is best for their children.
We also need to keep in mind the limitations of renal imaging,
including renal ultrasound, VCUG and DMSA renal scan. In
view of the RIVUR trial results, the debate on antimicrobial

prophylaxis should shift from “no prophylaxis” to “selective
prophylaxis” in children with VUR.
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