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Purpose: The RIVUR (Randomized Intervention for Children with Vesicoure-
teral Reflux) trial reported that antibiotic prophylaxis reduced recurrent urinary
tract infection but antibiotic prophylaxis was not associated with decreased new
renal scarring. However, the original reports did not assess the relationship
among recurrent urinary tract infection, new renal scarring and antibiotic pro-
phylaxis in detail. Therefore, we investigated the relationship among these
issues.

Materials and Methods: We included subjects with dimercaptosuccinic acid scan
within 6 months of enrollment and at least 1 followup dimercaptosuccinic acid
scan from the RIVUR trial. The primary outcome was recurrent urinary tract
infection associated new renal scarring, defined as recurrent urinary tract
infection and new changes on dimercaptosuccinic acid scan. Due to a low number
of events, propensity score was used to adjust for confounders. Multivariate lo-
gistic regression was fitted to investigate the associations between the covariates
and the outcome.

Results: A total of 489 patients (91% female, mean age 20.3 months) were
included in the study. Any new renal scarring was more common among those
with recurrent urinary tract infection (OR 4.1, 95% CI 2.0e8.5, p <0.01) after
adjusting for age, sex, index urinary tract infection, duplication, bowel bladder
dysfunction and antibiotic prophylaxis. Recurrent urinary tract infection asso-
ciated new renal scarring occurred in 5 of 244 (2%) patients on antibiotic pro-
phylaxis and 13 of 245 (5%) on placebo. Compared to antibiotic prophylaxis,
placebo was associated with a higher risk of recurrent urinary tract infection
associated new renal scarring (OR 3.1, 95% CI 1.0e8.8, p[0.04) after adjusting
for age, sex, race, index urinary tract infection, bowel bladder dysfunction,
duplication, hydronephrosis, vesicoureteral reflux grade and baseline renal
scarring. There were no differences in scar severity at final dimercaptosuccinic
acid scan (p[0.88) or change from baseline (p[0.53) between antibiotic pro-
phylaxis and placebo.

Conclusions: Recurrent urinary tract infection was associated with new renal
scarring in the RIVUR trial. When limited to recurrent urinary tract infection
associated new renal scarring, antibiotic prophylaxis was associated with a
decreased risk of this outcome. It remains unclear why new renal scarring
developed in a proportion of subjects without recurrent urinary tract infection.
The results should be carefully interpreted due to the inherent limitations.
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Abbreviations

and Acronyms

AP [ antibiotic prophylaxis

BBD [ bowel bladder
dysfunction

DMSA[ dimercaptosuccinic acid

NRS [ new renal scarring

RIVUR [ Randomized Interven-
tion for Children with Vesicoure-
teral Reflux

rUTI [ recurrent urinary tract
infection

UTI [ urinary tract infection

VUR [ vesicoureteral reflux

Accepted for publication April 15, 2019.
The corresponding author certifies that, when

applicable, a statement(s) has been included in
the manuscript documenting institutional review
board, ethics committee or ethical review board
study approval; principles of Helsinki Declaration
were followed in lieu of formal ethics committee
approval; institutional animal care and use
committee approval; all human subjects provided
written informed consent with guarantees of
confidentiality; IRB approved protocol number;
animal approved project number.

No direct or indirect commercial, personal,
academic, political, religious or ethical incentive
is associated with publishing this article.

Presented at annual meeting of American
Urological Association, Boston, Massachusetts,
May 12-16, 2017.

* Correspondence: Department of Urology,
Boston Children's Hospital, 300 Longwood Ave.,
HU390, Boston, Massachusetts 02115 (tele-
phone: 617-355-7652; e-mail: scottwang3@
gmail.com).

† Supported by Agency for Healthcare
Research and Quality Grant T32-HS000063-24.
The funder had no role in the design and conduct
of the study; collection, management, analysis
and interpretation of the data; preparation, re-
view or approval of the manuscript; and decision
to submit the manuscript for publication.

0022-5347/19/2022-0400/0

THE JOURNAL OF UROLOGY®

� 2019 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEARCH, INC.

https://doi.org/10.1097/JU.0000000000000292

Vol. 202, 400-405, August 2019

Printed in U.S.A.

400 j www.auajournals.org/jurology
Copyright © 2019 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.

http://crossmark.crossref.org/dialog/?doi=https://doi.org/10.1097/01.JU.0000559959.95977.ba&domain=pdf
mailto:scottwang3@gmail.com
mailto:scottwang3@gmail.com
https://doi.org/10.1097/JU.0000000000000292
http://www.auajournals.org/jurology


SIGNIFICANT controversy and variability exist
regarding the management of vesicoureteral reflux.1

In particular, the effectiveness of antibiotic prophy-
laxis in children with VUR has been highly debated.2

In 2014 the multi-institutional RIVUR trial was
published, demonstrating that AP had a strong pro-
tective effect on recurrent urinary tract infection in
VUR.3 However, the incidence of new renal scarring
was not significantly different between those on AP vs
placebo. While the lack of impact on NRS prompted
many to conclude that AP is not an effective inter-
vention in primary VUR, this result is puzzling if our
underlying understanding of reflux nephropathy is
correct. If VUR associated pyelonephritis leads to
renal injury through an inflammatory cascade, why
did a 50% reduction in rUTI not result in less new
scarring? Possible explanations include the relatively
low baseline prevalence of scarring, the short study
duration (2 years) and the early treatment of rUTI
(and, thus, prevention of scar development) among AP
and placebo subjects in the clinical trial setting.
Others argue that other factors such as innate im-
munity4 or BBD5 are more significant contributors.

However, none of these explanations addresses
the fundamental paradox of the RIVUR results.
rUTI was significantly more common among those
in the placebo group and NRS was significantly
more common among subjects with rUTI, yet NRS
was not more common in the placebo group. This
apparent discrepancy prompted us to dig deeper as
we sought to better understand the relationship
among prophylaxis, recurrent infection and renal
scarring. Specifically, we sought to determine the
relationship of AP to the incidence of NRS specif-
ically occurring after rUTI, and we hypothesized
that rUTI associated NRS would be more common
in patients on placebo than in those on AP.

MATERIALS AND METHODS

Data Source and Cohort Selection
The RIVUR trial was a multicenter, randomized, double-
blinded, placebo controlled trial designed to determine
whether daily antimicrobial prophylaxis is superior to
placebo in preventing rUTI in children with VUR. The trial
cohort and rationale were published previously.3 Study
eligibility included 1) age at randomization between 2
months and 6 years, 2) a diagnosed first/second febrile or
symptomatic index UTI within 16 weeks before randomi-
zation and 3) presence of VUR (on voiding cystourethro-
gram). Patients were followed for 2 years with a primary
outcome of recurrence of febrile and/or symptomatic UTI.

Per trial protocol the study participants were sched-
uled for 3 DMSA renal scans. The baseline scan was
obtained within 2 weeks of randomization and within
16 weeks of the index UTI. A second DMSA scan was
obtained within 21 days of the 12-month followup visit. The
third DMSA scan was targeted within 10 days of the study
exit visit at 24 months after randomization. For all children

in whom treatment failed the outcome DMSA scan was
obtained approximately 4 months after meeting the criteria
for treatment failure. The DMSA scan review protocol by
central readers was previously described.6 Each kidney was
divided into 12 zones. The severity (grade) of the renal
scarring was categorized as mild (1 to 2 segments affected),
moderate (3 to 4 segments affected), severe (more than 4
segments affected) and global atrophy.

We reviewed the RIVUR data from the National
Institute of Diabetes and Digestive and Kidney Diseases
data repository. We included subjects with a baseline
DMSA study within 6 months of enrollment (to reduce
possible bias toward more baseline scarring) and at least 1
followup DMSA scan. Those whose first DMSA scan was
more than 6 months after the index UTI, those with rUTI
before the first DMSA scan (meaning no baseline DMSA
scan available) and those with rUTI occurring after the
last DMSA scan (ie no DMSA scan to reflect the rUTI
impact) were excluded from the study (see figure).

Covariates and Outcome Definition
The primary outcome was rUTI associated NRS, defined
as rUTI and NRS detected after a rUTI event. NRS was
defined in the RIVUR protocol as a change in number of
renal segments with scarring between initial DMSA and
last DMSA. Subjects with NRS but no rUTI, with rUTI
but no NRS, and those with neither were defined as
negative for the primary outcome.

Covariates included demographic factors (age, gender,
race), bowel bladder dysfunction (among toilet-trained chil-
dren, defined by dysfunctional voiding scale per protocol),
index UTI presentation (number of episodes, fever, symp-
toms), ultrasound results (hydronephrosis, hydroureter,
bladder wall thickening) and VUR grade/laterality.

The RIVUR trial used stringent criteria for UTI.7 For
index or recurrent UTI the event must have met all of the
criteria of pyuria on urinalysis, culture proven infection

Flow chart of cohort selection
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with single organism (50,000 CFU/mm3 or greater for
catheterized or suprapubic aspirated specimen, 100,000
CFU/mm3 or greater for clean voided specimen), fever (38C
or greater) or UTI symptoms within 24 hours of urine
collection (suprapubic, abdominal or flank pain/tenderness;
urinary urgency, frequency or hesitancy; dysuria; foul
smelling urine; or failure to thrive, dehydration or hypo-
thermia in infants age 4 months or younger).

Statistical Analysis and Model Development
Bivariate analyses were performed to compare potential
predictors between those with rUTI associated NRS and
those without. We used the chi-square test and Fisher’s
exact test as appropriate based on data characteristics
and distribution.

Due to the low number of NRS events and to account
for patient characteristics associated with targeted expo-
sure such as treatment arm (AP vs placebo), a propensity
score was built to account for possible confounding effects
in the final multivariate model. For treatment arms the
patient characteristics were relatively even between the
AP and placebo groups (supplementary table 1, https://
www.jurology.com). However, to ensure minimal residual
confounding effect we built the propensity score for
treatment arms with variables including age, sex, race,
prior UTI counts/type, BBD, duplication, hydronephrosis,
VUR grade and baseline renal scarring. Similarly, a pro-
pensity score was developed for rUTI with age, sex, index
UTI count, duplication, BBD and antibiotic prophylaxis.
Two multivariate logistic regression models were then
fitted, one with treatment arm and propensity scores as
independent variables and rUTI associated NRS (new
scar that occurred in the setting of rUTI) as outcome, and
the other with rUTI and propensity scores as independent
variables and all NRS (any new scar regardless of
whether rUTI occurred) as outcome. Additionally, to
investigate possible discrepancy in the severity of scar-
ring, we looked at the breakdown of scarring severity by
rUTI as well as NRS grade by treatment arm. An alpha of
0.05 and 95% CIs were used as criteria for statistical
significance. All analyses were performed using SAS� 9.4.

RESULTS

Demographics and Cohort Selection

We identified 489 participants (244 on AP, 245 on
placebo) with initial DMSA scan performed within 6

months of enrollment as baseline as well as a fol-
lowup DMSA scan. The overall RIVUR outcomes for
this cohort were similar to those reported in the
primary RIVUR data, with the findings again
showing a significant association of AP with rUTI,
and of rUTI with any NRS, but not of AP with any
NRS (table 1). This similarity suggests that the
subset is representative of the broader RIVUR
cohort.

The general characteristics of the cohort are
presented in supplementary table 2 (and detailed in
supplementary tables 3-5, https://www.jurology.
com). Mean age was 20.3 months. Female patients
constituted 91% of the overall cohort. Most (92%)
patients had a history of a single index UTI. A mi-
nority (23%) of patients were toilet-trained at
enrollment and of these patients 51% had BBD.
Approximately half (48%) of the patients presented
with grade 3-4 VUR. Baseline renal scarring was
relatively rare (3.6%). Recurrent UTI was found in
18% (89) of patients. Any NRS occurred in 7.5% (37)
and rUTI associated NRS was found in 3.7% (18) of
patients.

Any New Renal Scarring and rUTI

The univariate associations of these patient char-
acteristics with outcomes are shown in supple-
mentary table 2 (https://www.jurology.com).
Compared to children without rUTI, those with
rUTI were older (23.6 vs 19.6 months, p[0.01),
more likely to have had 2 (vs 1) index UTIs (14.6%
vs 6.8%, p[0.03) and more likely to have had more
baseline scarring (8.9% vs 2.5%, p[0.01). Children
with any NRS were also more likely to be older
(median 26 vs 11 months, p <0.01), have hydro-
nephrosis (14% vs 4%, p[0.02) or have grade 4
VUR (32% vs 7%, p <0.01).

On multivariate analysis incorporating pro-
pensity score, recurrent UTI (OR 4.1, 95% CI
2.0e8.5, p <0.01) remained independently and
significantly associated with any NRS after adjust-
ing for age, sex, index UTI count, duplication, bowel
bladder dysfunction and antibiotic prophylaxis.

Table 1. Associations of major RIVUR outcomes including rUTI and any NRS with AP, and with each other

No. Pts

No. Treatment Arm (%) No. rUTI (%)

AP Placebo Yes No

rUTI 89 28 (11.5) 61 (24.9)
No rUTI 400 216 (88.5) 184 (75.1)
p Value <0.01

Any NRS 37 17 (7.0) 20 (8.2) 18 (20.2) 19 (4.7)
No NRS 452 227 (93.0) 225 (91.8) 71 (79.8) 381 (95.3)
p Value 0.73 <0.01

rUTI associated NRS 18 5 (2.0) 13 (5.3)
No rUTI associated NRS 471 239 (98.0) 232 (94.7)
p Value 0.06

P values generated by Fisher's exact tests for all categorical comparisons.
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Recurrent UTI Associated New Renal Scarring

Factors related to rUTI associated NRS are shown
in supplementary table 2 (https://www.jurology.
com). As with any new renal scarring, rUTI associ-
ated NRS was significantly linked to older age group
(median 26 vs 12 months, p[0.04) and grade 4 VUR
(28% vs 8%, p[0.04). On the other hand, rUTI
associated NRS was not significantly associated
with sex, race, index UTI symptoms/presentations,
BBD, ultrasound results (hydronephrosis, duplica-
tion) and baseline DMSA findings.

In contrast to the effect of AP when looking at
any NRS, rUTI associated NRS was more common
in the placebo (5.3%) than in the AP arm (2%) (OR
2.7, 95% CI 0.9e7.6, p[0.06). After adjusting for
age, sex, race, prior UTI counts/type, BBD, dupli-
cation, hydronephrosis, VUR grade and baseline
renal scarring, placebo remained associated with a
higher risk of rUTI associated NRS (OR 3.0, 95% CI
1.0e8.8, p[0.04) compared to AP.

There were roughly equal numbers of patients
with rUTI associated NRS (18 [3.7%], of whom 13
had VUR grade 3-4) compared to those who had NRS
despite no documented rUTI (19 [3.9%], of whom 12
had VUR grade 3-4). The distributions of VUR
grades for these 2 groups were similar (p[0.6). Final
NRS grades were similar between rUTI associated
vs nonrUTI associated NRS (table 2). Further
breakdown by treatment showed that more severe
(moderate/severe) NRS was distributed similarly
between AP and placebo. On the other hand, the
placebo group had milder NRS, especially those with
rUTI (10 of 14 vs 2 of 9 on AP, p[0.04).

DISCUSSION
This study was prompted by the seeming paradox in
the RIVUR findings that rUTI was more common
among subjects who were on placebo, and NRS was
more common among those with rUTI, yet there
was no difference in NRS observed between AP and
placebo. Why did the strong effect of AP on rUTI not
extend to NRS prevention?

One of the most prominent findings in our study
was that when we defined the outcome of interest as

NRS specifically associated with rUTI, subjects on AP
were significantly less likely than those on placebo to
have this outcome. This apparent protective effect of
AP on NRS associated with rUTI is consistent with the
classic proposed mechanism of reflux nephropathy.8,9

However, these findings alone do not fully explain the
RIVUR trial results and many questions remain. Why
did NRS develop in so many subjects (mostly in the AP
arm) despite the absence of rUTI during the study
period? Is there another mechanism, apart from UTI,
that contributes to scar formation? Why was the AP
protective effect not observed in overall NRS formation
despite a very strong association between rUTI and
higher NRS rate (with 4.1 times the odds of NRS
developing if the patient had rUTI, and AP known to
reduce rUTI by half by the RIVUR report)?3

A possibility is that the subjects with NRS without
rUTI actually did have rUTI that was undiagnosed.
Given the stringent RIVUR protocol and close fol-
lowup this scenario seems unlikely but must be
considered. It is also possible that at least some of the
NRS outcomes represent the consequences of insults
suffered before study entry, but which continued to
evolve during the study period. In such cases the
DMSA scan appearance may worsen as progressive
inflammation and resultant scarring manifests,
despite the absence of any new clinical UTI episodes.
While this may explain why some patients without
rUTI had NRS, one would expect that such patients
would be equally distributed between the AP and
placebo arms. Above and beyond these “sterile NRS”
cases, one would still expect some NRS to be due to
actual rUTI events occurring during the study period.
As these events were significantly more common in
the placebo arm, we would expect that the NRS
associated with these events (rUTI associated NRS)
would result in a higher overall incidence of NRS in
the placebo arm. Instead, the sterile NRS events
occurred slightly more frequently in the AP arm,
balancing out the increase in rUTI associated NRS in
the placebo arm, resulting in a similar incidence of
overall NRS. Why these sterile NRS events occurred
disproportionately in the AP group, and their signifi-
cance, remain difficult to explain.

Table 2. Breakdown of patients with NRS by renal scarring grades on final DMSA

No. Mild No. Moderate No. Severe Total p Value*

Final scarring grade:
NRS with rUTI 12 2 4 18
NRS without documented rUTI 11 6 2 19

NRS with rUTI (D) study end renal scarring grade:
AP 2 1 2 5 0.3
Placebo 10 1 2 13

NRS with rUTI (�) study end renal scarring grade:
AP 7 3 2 12 0.67
Placebo 4 3 0 7

* Generated by Fisher's exact tests for all categorical comparisons.
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Further complicating the picture is the role of
congenital renal dysplasia, which can be difficult to
distinguish from acquired renal scarring on DMSA
scan. We typically think of congenital dysplasia as
being associated with high grade VUR. However, it
is also more common in patients diagnosed prena-
tally with urinary tract dilation (excluded from the
RIVUR trial) and it is also associated with diffuse
renal scarring.10e13 We did not observe more cases
of global renal scarring in patients with sterile NRS
compared to rUTI associated NRS. Furthermore,
congenital dysplasia at study entry would have been
noted on the baseline DMSA scan, and NRS was
based on a change from baseline, diminishing the
confounding effect of dysplasia. The overall distri-
bution of NRS severity was similar whether the
NRS was rUTI associated or sterile.

Our study findings should be viewed in the context
of its limitations. Although the RIVUR trial repre-
sented the most comprehensive, best described
cohort of such children available, specific cohort
characteristics warrant consideration. The RIVUR
trial enrolled children 2 months to 6 years old with a
heavy female predominance and most with mild to
moderate VUR. Children with congenital anatomical
abnormalities were excluded from analysis, which
may impact the generalizability, especially for pa-
tients out of the range of the cohort.3

Additionally, the power of our study is limited by
the cohort sample size and the overall low rate of
NRS. The RIVUR trial was not powered to study
NRS as a primary end point and, thus, it was not

surprising that NRS was not found to be signifi-
cantly associated with AP in the initial report. A fair
portion (19%, 118 of 607) of the original RIVUR
cohort had DMSA studies with inappropriate timing
and/or low quality, which led to even lower statis-
tical power to differentiate the AP effect on renal
scarring.

Moreover, the relatively short study period may
preclude detection of new renal scar formation as
some such cases may take more than 2 years to
manifest. The “healthy volunteer” phenomenon may
also have a role. Patients enrolled in a randomized
controlled trial may be less likely to experience
renal scarring due to parental/provider vigilance
and care at the first signs of UTI. Lastly, RIVUR
subjects were recruited after their first or second
UTI. Given that the risk of renal scarring after only
1 to 2 UTIs is reported to be quite low, it is not
surprising that renal scarring events were
uncommon.14

CONCLUSIONS
Recurrent UTI was associated with new renal
scarring in the RIVUR trial. When limited specif-
ically to new renal scarring associated with rUTI,
AP was associated with a decrease in the risk of this
outcome. It remains unclear why new renal scarring
developed in a proportion of RIVUR subjects
without rUTI. The results of this analysis should be
carefully interpreted due to the inherent limitations
of being a secondary analysis of the RIVUR trial.
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EDITORIAL COMMENTS

With the 2014 publication of the RIVUR trial,1 pe-
diatric urologists anticipated that questions about
the utility of antibiotic prophylaxis in patients with
VUR and UTI would be settled. Although the
RIVUR trial (and a followup renal scarring analysis)
demonstrated fewer recurrent UTIs in patients
assigned to AP (reference 6 in article), no difference
in NRS was observed among children in the AP vs
placebo groups. Thus, practitioner bias about AP
largely guides clinical application of RIVUR find-
ings, as those who believe in AP tout the rUTI
reduction and those who do not believe in AP
emphasize equivalent NRS rates.

To explain why AP reduced rUTI but not NRS,
Wang et al conducted a statistically sophisticated
secondary analysis of RIVUR data, focusing on
patients with NRS and rUTI. Recurrent UTI
associated NRS rates were low in the AP and
placebo groups (2% vs 5%) and the difference in
NRS rates between the groups was statistically

significant. There also remains an unexplained
subset of patients without rUTI in whom NRS
developed. The net result is still no overall dif-
ference in NRS when comparing patients
receiving AP vs placebo. Ultimately, prior biases
will likely continue to guide clinical recommen-
dations about antibiotic prophylaxis among pa-
tients with UTI and VUR.

Emilie K. Johnson
Division of Urology

Ann & Robert H. Lurie Children’s Hospital of Chicago and

Department of Urology

Northwestern University Feinberg School of Medicine
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Ilina Rosoklija
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Although the RIVUR trial findings regarding its
primary outcome, namely a 50% reduction in UTI,
are unquestionably significant,1 much controversy
has surrounded its secondary outcomes, particu-
larly the lack of renal scar prevention (reference 6 in
article).

Why does antibiotic prophylaxis work to prevent
UTIs but not renal scarring? Competing theories
have been advanced to explain this phenomenon,
including that the RIVUR trial’s lower than ex-
pected renal scarring rate was a “healthy volunteer”
effect (8% vs 42% in a previous meta-analysis)2 or a
Hawthorne effect of sorts, with providers and par-
ents treating UTIs more rapidly than in patients not
enrolled in a trial.

Against this backdrop, the authors are to be
congratulated for this novel analysis of RIVUR data,
which provides important insights into the RIVUR
trial’s most significant quirk. Among patients with

baseline and end of study DMSA scans, prophylaxis
was associated with a reduction in renal scarring
after UTI.

This analysis should be taken with a grain of salt,
as secondary analyses are notoriously error prone
when focused on selected populations with stringent
exclusion criteria. Nonetheless, this work helps to
explain (at least in part) one of the more vexing
findings of the RIVUR study. Further study is
required to understand other key aspects, including
why some children without recurrent UTI none-
theless had new renal scars. Clearly, we still have
much to learn about vesicoureteral reflux and reflux
nephropathy.

Jonathan C. Routh
Division of Urology

Duke University School of Medicine

Durham, North Carolina
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