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CONTEXT: Acute pyelonephritis may result in renal scarring. Recent prospective studies have
shown a small benefit of antibiotic prophylaxis in preventing symptomatic and febrile
urinary tract infections (UTIs), while being underpowered to detect any influence in
prevention of renal damage.

oBJECTIVES: Review of the literature and a meta-analysis to evaluate the effect of antibiotic
prophylaxis on UTI-related renal scarring.

DATA SOURCES: Medline, Embase, and Cochrane Controlled Trials Register electronic databases
were searched for studies published in any language and bibliographies of identified
prospective randomized controlled trials (RCTs) performed and published between 1946
and August 2016.

STUDY SELECTION: Subjects 18 years of age or younger with symptomatic or febrile UTIs, enrolled
in prospective RCTs of antibiotic prophylaxis where 2°™Tc dimercaptosuccinic acid scans
were performed at entry into the study and at late follow-up to detect new scar formation.

DATA EXTRACTION: The literature search, study characteristics, inclusion and exclusion criteria,
and risk of bias assessment were independently evaluated by 2 authors.

REsULTS: Seven RCTs (1427 subjects) were included in the meta-analysis. Our results show
no influence of antibiotic prophylaxis in preventing renal scarring (pooled risk ratio, 0.83;
95% confidence interval, 0.55-1.26) as did a subanalysis restricted to those subjects with
vesicoureteral reflux (pooled risk ratio, 0.79; 95% confidence interval, 0.51-1.24).

LimiTaTioNs: Limitations include the small number of studies, short duration of follow-up, and
insufficient children with high-grade dilating reflux and/or renal dysplasia enrolled in the
studies.

concLusions: Antibiotic prophylaxis is not indicated for the prevention of renal scarring after a
first or second symptomatic or febrile UTI in otherwise healthy children.

(]

aDepartment of Paediatric Nephrology, Princess Margaret Hospital for Children, Perth, Western Australia, Australia; "Department of Pediatrics and “Epidemiology and Biostatistics Unit,
Institute for Maternal and Child Health — IRCCS “Burlo Garofolo,” Trieste, Italy; and ¢Pediatric Nephrology, Dialysis and Transplant Unit, Department of Clinical Sciences and Community
Health, Fondazione IRCCS Ca' Granda - Ospedale Maggiore Policlinico, University of Milan, Italy

Dr Hewitt conceptualized the paper, selected the studies and performed the meta-analysis, and drafted the initial manuscript; Dr Pennesi conceived the meta-
analysis, selected the studies for review, and assisted with the meta-analysis; Dr Morello participated in the selection of the studies and drafting of the manuscript;
Dr Ronfani conceived the meta-analysis and reviewed the statistical analyses; Prof Montini conceptualized the paper, selected the studies for the meta-analysis,
drafted the initial manuscript, and reviewed and revised the manuscript; and all authors approved the final manuscript as submitted.

DOI: 10.1542/peds.2016-3145

To cite: Hewitt K, Pennesi M, Morello W, et al. Antibiotic Prophylaxis for Urinary Tract Infection—Related Renal Scarring: A Systematic Review. Pediatrics.
2017;139(5):e20163145

Downloaded from www.aappublications.org/news by guest on Jung
PEDIATRICS Volume 139, number 5, May 2017:¢20163145 REVIEW ARTICLE




Febrile urinary tract infection (UTI)
is a common bacterial infection in
young children,! with ~19% having
evidence of renal scarring on a late
follow-up 2°mTc¢ dimercaptosuccinic
acid (DMSA) scan.? Although the
prognosis of a single episode of
febrile UTI is usually good, major
concerns are related to the possible
long-term effects on renal function,
secondary to the appearance of renal
scarring.

Long-term antibiotic prophylaxis
has been advocated to reduce the
incidence of UTI with the intent

to reduce related renal scarring;
however, it is not without costs and
risks. The purpose of this systematic
review is to determine whether
those costs and risks might be
outweighed by a benefit of reducing
permanent renal damage in the form
of pyelonephritic scarring. We are
not of the view that the prevention
of a single symptomatic or febrile
UTI in the absence of a significant
reduction in scarring warrants up
to 16 patient-years of continuous
antibiotic prophylaxis,? along with
reconsideration of the need for
invasive radiologic investigation to
determine whether vesicoureteral
reflux (VUR) has resolved.*

The majority of the published
studies on antibiotic prophylaxis
have focused on the reduction in the
number of UTIs, although the most
appropriate surrogate end point

to evaluate the long-term efficacy,
in terms of renal function, is the
prevention of postinfectious renal
scars, which represent the most
important adverse outcome from the
patient’s perspective.

Hence, we have undertaken a
systematic review of the literature and
ameta-analysis to explore the role of
antibiotic prophylaxis as a preventive
measure in the appearance and
worsening of renal scars in children
after a symptomatic or febrile UTI,
given that no single study to date has
been sufficiently powered to detect

differences in the rates of scarring as a
primary outcome.

METHODS

The meta-analysis was undertaken
and reported in accordance with

the Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses guidelines®; however,

it was not registered on a Web

site. Searches were conducted in
Medline (1946 to August 2016),
Embase (1980 to August 2016),

and the Cochrane Controlled Trials
Register for studies reporting on
UTIs, with reports limited to children
(<18 years of age) who had been
randomized in a study involving the
use of prophylactic antibiotics. The
children needed to be prospectively
randomized to a treatment (antibiotic
prophylaxis) group or control (no
treatment or placebo) group. The
search terms used are included in
the Supplemental Information. The
electronic search was supplemented
by a search of the bibliographies of
the included articles. A requirement
for the detection of renal scarring
was the need for a technetium DMSA
scan at entry into the study with

a late scan 12 months to 2 years
later to document any scarring.

The reporting of DMSA scans in the
studies was extracted manually
because they were not reliably
documented in the Medical Subject
Headings of the references retrieved
electronically.

The DMSA scan at entry was
necessary for the detection of renal
parenchymal involvement of the
UTI with a photon-deficient area,

or previous scarring where, in
addition to a photon-deficient area,
contraction and distortion of the
renal cortex with loss of volume is
often seen. The late DMSA scan was
necessary to detect new scarring and
determine whether the intervention
(antibiotic prophylaxis) led to a
reduction in renal parenchymal
damage. The search was conducted

without exclusion based on language
of publication.

The study selection was performed
by 2 independent reviewers (I.LK.H.
and M.P.) based on titles and
abstracts. The full text of the papers
that appeared to meet the selection
criteria were reviewed. Disagreement
in selection and full-text review
was resolved by consensus. The
review outcome was the presence
of new scar formation or worsening
of existing scars as determined by
DMSA.

Statistical Methods

A Mantel-Haenszel fixed-effects
meta-analysis was performed,
combining data across studies to
test the efficacy of the intervention
(continuous antibiotic prophylaxis)
versus controls (placebo or no
treatment) on the risk of new scars
or worsening of existing scars.
Descriptive statistical analyses were
undertaken by using risk ratios (RR)
and 95% confidence intervals (Cls)
as appropriate. Heterogeneity across
the included studies was evaluated.
A subgroup analysis was performed
that was restricted to those children
with VUR. The statistics were
performed with Review Manager
version 5.3 (Nordic Cochrane Centre,
Cochrane Collaboration, Copenhagen,
Denmark).

Risk of Bias

The bias assessment was conducted
independently by 2 study authors
(LK.H., M.P.) in accordance with the
Cochrane Collaborative checklist.b
Differences were resolved by
discussion. Funnel plots were used to
detect evidence of publication bias.

A subgroup analysis was undertaken
for those children with VUR, with the
bias assessment repeated.

RESULTS

Search Results

A total of 1398 studies were
identified by using the search
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criteria listed in the Supplemental
Information. After electronic removal
of duplicates and screening of

titles and abstracts, 189 potentially
relevant studies were identified for
full review. A detailed analysis of
these studies, including a full-text
review when an article might meet
selection criteria, was undertaken.
Studies published in languages other
than English were translated by
study authors fluent in the language,
and recourse to institutional
translation staff proved unnecessary.
The search performed in the www.
clinicaltrial.gov database (26 studies
identified) did not find any additional
randomized controlled trials (RCTSs).
Seven published studies fulfilled all
criteria for inclusion in the meta-
analysis and were selected for the
final review (Fig 1).

Description of Excluded Studies

The broad search terms were
designed to capture all possible
relevant studies. The most common
papers excluded were comments and
reviews that contained the search
terms, duplicate articles reporting
on different aspects of the same
studies, studies of agents other

than antibiotics, adult studies, and
prospective studies often comparing
different antibiotics or antibiotics
versus surgical intervention without
a control placebo or no treatment
group. Three studies addressed
antenatal hydronephrosis without

a preceding UTL One study was
reported in abstract form at a
meeting as having been initiated;
however, a search of the authors and
title failed to disclose any published
outcomes.

Description of Included Studies

All the studies included in this meta-
analysis were prospective RCTs.
Seven RCTs37-12 (1427 subjects) were
included in the meta-analysis on the
effect of antibiotic prophylaxis on UTI-
related renal scarring. A subgroup
meta-analysis was conducted on

1398 references identified
625 from Medline
772 from Embase

1 abstract from bibliographies

v

473 duplicates removed electronically

v

736 references excluded based on title/abstract

A\ 4

189 references retrieved

A\ 4

182 references excluded
77 commentary or review articles
24 duplicate articles on the same study
23 no antibiotics
7 no prophylaxis
5 catheter studies
23 not RCTs
11 studies included adults
2 No UTI at presentation
3 no DMSA
6 guidelines, proceedings or surveys

1 study initiated without follow-up

\4

7 references included in final analysis

FIGURE 1

Flow diagram of selection process for the systematic review.

the included trials, restricting the

population to those with documented

VUR (1076 subjects) to determine

whether prophylaxis proved to be of

benefit in this population at increased
risk of UTI. Table 1 summarizes the
characteristics of the included
studies.
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TABLE 1 Characteristics of the Included Studies

Garin et al, 2006”7  Pennesietal,  Montini et al, 20088  Craig et al, 2009'°  Brandstrom etal,  Hoberman, et al Hari et al, 20152
20089 2011 20143
Total enrolled 218 100 338 576 203 607 93
patients
No. of patients 218 100 295 151 136 447 80
with a
complete DMSA
evaluation
Boy/girl 40/178 52/48 104/234 207/369 75/128 49/558 62/31
Age,y <18 <25 <7 <18 <2 <6 <12
VUR grade 0l -V 0l 0-v -1V A4 -1V
Previous UTI Yes Yes Yes Yes Yes Yes Yes
Study design Open-label Open-label Open-label Placebo Open-label Placebo Placebo
Type of TMP/SMZ TMP/SMZ TMP/SMZ or TMP/SMZ Trimethoprim TMP/SMZ TMP/SMZ
prophylaxis Amoxiclavulanate
Timing of follow-up 1 2 1 1 2 1and 2 1
DMSA, y

TMP/SMZ, Trimethoprim/Sulfamethoxazole.

Risk of Bias in the Included Studies

The risk of bias graph (Fig 2)
demonstrates the major bias to be

a lack of adequate blinding. Four
studies’-%11 provided no treatment
in the control arm, whereas only 3
studies®1%12 provided a placebo. For
all studies selected, scarring was a
secondary outcome. The primary
outcome was always symptomatic or
febrile UTI recurrence. One study!°
left the performance and timing

of DMSA scans for the detection

of scarring to the discretion of the
treating physician, introducing a
bias in terms of those selected for
investigation of scarring. In several
studies, the method of random
sequence generation or the method
of allocation concealment was not
clearly identified.”!! In 1 study,
attrition and reporting bias were
possible.” None of the studies
reported a loss to follow-up of >10%
in either arm.

Efficacy of Interventions

Seven RCTs37-12 (1427 subjects)
were included in the meta-analysis,
with 6 RCTs37-91112 (1004 subjects)
included in the subgroup meta-
analysis restricted to those with
VUR. Both meta-analyses did not
show differences in the incidence of
scarring between the prophylaxis
and no prophylaxis groups (pooled

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Alocation concealment (selection bias) N |

Incomplete outcome data (atiriton bias) [ |
Selective reporiing (reporting bias) N |
omervios [N

0%

25% 50% 75%  100%

| . Low risk of bias

I:l Unclear risk of bias

[l High risk of bias |

FIGURE 2
Risk of bias graph.

RR, 0.83; 95% CI, 0.55-1.26 [renal
scarring in all subjects]; RR, 0.82;
95% CI 0.51-1.31 [renal scarring
restricted to subjects with VUR])
(Figs 3 and 4). New scarring was
shown in 5.7% of all children and in
6.3% of those with VUR. There was
no significant heterogeneity. The
funnel plots did not demonstrate
evidence of publication bias (Figs 5
and 6).

DISCUSSION

The attention of pediatricians and
researchers investigating UTIs

as a risk factor for renal damage
has focused on the risk of UTI
recurrence, rather than the risk of
scarring, as a surrogate end point

for long-term renal function. In
this respect, almost all of the RCTs
performed involving antibiotic
prophylaxis have assumed that a
reduction in recurrent infection
rates would result in a significant
reduction of scarring. Up until
now, all trials have failed to
demonstrate any benefit with
regard to the reduction of UTI-
related renal scarring, apart from
the Swedish reflux trial.'! In this
trial of children with dilating VUR,
the girls in the control surveillance
group compared with the antibiotic
prophylaxis group demonstrated

a significant increase in new renal
damage. Because no single RCT to
date has been primarily designed
or powered to investigate the
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Prophylaxis

No Prophylaxis

RR

RR

Study or Subgroup  Events Total Evenis Total Weight, % M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Garin et al, 20067 7 100 6 18 121 1.38 (0.48-3.96) 1T
Montini et al, 2008% 2 187 2 108 56 0.58 (0.08-4.04) —
Pennesi et al, 2008° 0 50 0 50 Not estimable

Craig et al, 2009"° 5 68 7 83 139 0.87 (0.29-2.62) —
Brandstrém et al, 2011 0 68 9 68 210 0.05 (0.00-0.89) -

Hoberman, etal 2014® 18 220 19 227 413 0.98 (0.53-1.81) o

Hari et al, 20152 4 37 3 43 6.1 1.55 (0.37-6.48) —
Total (95% Cl) 730 697 100.0 0.83 (0.55-1.26)

Total events 36 46

Heterogeneity: y* = 5.68, df = 5 (P = .34); I = 12% =0 po 0# y : 1=0 : 005

Test for overall effect: Z=0.88 (P = .38)

FIGURE 3

Favors prophylaxis Favors no prophyalaxis

Risk of renal damage (scarring) according to the use or absence of antibiotic prophylaxis. df, degrees of freedom; M-H, Mantel-Haenszel.

Prophylaxis ~ No Prophylaxis RR RR
Study or Subgroup Events Total Events Total Weight, % M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Garin et al, 20067 5 55 2 58 48  2.64(0.53-13.03) —
Montini et al, 2008° 1 82 2 46 64 0.28 (0.03-3.01) —
Pennesi et al, 2008° 0 50 0 50 Not estimable
Craig et al, 20090 3 35 5 37 120 0.63 (0.16-2.46) 1
Brandstrém et al, 2011 g 68 9 68 235 0.05 (0.00-0.89) . S—
Hoberman, etal 2014° 45 220 19 227 464 0.98 (0.53-1.81) -
Hari et al, 2015 4 37 3 43 69 1.55 (0.37-6.48) o
Total (95% CI) 547 529 100.0 0.79 (0.51-1.24)

Total events 31 40
Heterogeneity: 3° = 7.84, df = 5 (P = .17); I = 36%
Test for overall effect: Z=1.02 (P =.31)

FIGURE 4

0.001 :
Favors [experimental]

0.1 1

10
Favors [control]

1000

Risk of renal damage (scarring) according to the use or absence of antibiotic prophylaxis restricted to children with VUR. df, degrees of freedom; M-H,

Mantel-Haenszel.

risk of scarring, we performed a
systematic review and a meta-
analysis to additionally explore

the possible influence of antibiotic
prophylaxis on scarring. In the
>1400 children (mostly girls)
studied who presented with febrile
or symptomatic UTI, there was no
significant influence of antibiotic
prophylaxis in the prevention of
scarring, as demonstrated by the
meta-analysis. The same holds true
for the subgroup analysis restricted
to the 1076 children with VUR.
Furthermore, the risk of developing
new scarring was low, ~6%, in the
population considered, with the
great majority of kidneys evaluated
being normal at presentation

and at the end of follow-up. This
indicates that the majority of
children with a symptomatic or first
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FIGURE 5

Funnel plot for all included studies of scarring.
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febrile UTI have normal kidneys

(as exemplified by the Randomized
Intervention for Children with
Vesicoureteral Reflux study,® where
96.4% of 582 children had normal
kidneys at enrollment) and are

not at risk for long-term adverse
outcomes.

The reduction in febrile UTIs has
been minimal, with the largest
study? requiring 16 or 22 patient-
years of antibiotics to prevent

1 symptomatic or 1 febrile UTI,
respectively. Given that 19% of
febrile UTIs result in scarring,? any
clinical benefit of prophylaxis is
negligible. This lack of influence
on scarring is also confirmed by
our meta-analysis, which did not
demonstrate any benefit, despite

0__SE(Iog[RR])

the combined studies documenting
1068 patient-years of antibiotic
prophylaxis.

Furthermore, the results of these
meta-analyses sustain the current
watchful-waiting approach of
published guidelines for the
investigation and management

of first febrile UTIs in infants

and young children.13-17 They do
not advocate routine antibiotic
prophylaxis (Table 2). The
American Academy of Pediatrics,

in particular, reconsidered its

UTI guidelines in light of the
Randomized Intervention for
Children with Vesicoureteral Reflux
trial, the most comprehensive study
on this topic, and reaffirmed the
2011 recommendations.!8
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FIGURE 6

Funnel plot for studies of scarring where VUR is present.

Data from the international
registries of end-stage renal
disease (ESRD)19-22 show that

the population at serious risk

of chronic kidney damage are
those children, predominantly
boys, with significant congenital
abnormalities of the kidney

and urinary tract (CAKUT),
particularly hypodysplasia,
whereas the risk of ESRD after
UTIs in otherwise healthy children
remains anecdotal. CAKUT are the
primary cause of ESRD and renal
replacement therapy (dialysis or
transplantation) in children,?2 and
are now detected on antenatal
ultrasound. Unfortunately, to

the best of our knowledge, no
prospective randomized studies
have been conducted on this
specific population. The rate at
which hypodysplastic kidneys
decline in function is acknowledged
to be slow2%22; interventions that
might retard the progression of
chronic kidney disease in this
population of children, including
antibiotic prophylaxis, have not
been prospectively evaluated.

In addition, much needs to be
understood regarding the genetic
determinants of CAKUT, in
particular hypodysplasia and the
propensity for scarring.

The limitations of this meta-
analysis relate to scarring

being a secondary rather than
primary outcome in all studies,
the absence of blinding and
placebo in most studies, the age
range of the populations studied

TABLE 2 Investigation and Management of a First Febrile UTI in Children Aged 2 to 24 Months: Published Nephrology Society Guidelines

Guideline Ultrasound VCUG DMSA Prophylaxis
National Institute for Health and Care Atypical, <6 mo of age No, unless <6 mo of age with positive  Yes >6 mo post-UTI No
Excellence (2007)'® US or atypical UTI
American Academy of Pediatrics (2011)'6 Yes No, unless abnormal US No No
Italian Society of Pediatric Nephrology Yes No, unless abnormal US or risk Yes >6 mo post-UTl if No
(2012)1 factors abnormal US or VUR
Kidney Health Australia — Caring for Yes, if: no second or third ~ No, unless abnormal US No No
Australasians with Renal Impairment trimester US; <3 mo of
(2014)1 age; or atypical UTI
Canadian Paediatric Society (2014) "7 Yes No, unless abnormal US No No
US, ultrasound; VCUG, Voiding Cystourethrogram
Downloaded from www.aappublications.org/news by guest on June 17, 2019
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varying considerably, and a
disproportionate proportion

of girls in several studies. The
strengths of this meta-analysis
relate to the search being restricted
to prospective RCTs with a well-
defined objective outcome: renal
scarring.

This is an exciting and challenging
time where it is no longer necessary,
nor is it justified, to overinvestigate
and treat the vast majority of

otherwise healthy children who
have an uncomplicated UTI, but
rather to focus on those infants
and children who are destined to
experience chronic kidney disease
to determine by what means we
can alleviate their suffering. In
children with or without VUR and
normal kidneys, the absence of any
statistical benefit in the reduction
of kidney scarring do not justify the
possible side effects of long-term
antibiotic exposure.

ABBREVIATIONS

CAKUT: congenital abnormalities
of the kidney and
urinary tract

CI: confidence interval

DMSA: ?°mTc¢ dimercaptosuccinic

acid

ESRD: end-stage renal disease

RCT: randomized controlled trial

RR: risk ratio

UTI: urinary tract infection

VUR: vesicoureteral reflux

Accepted for publication Feb 3, 2017

Address correspondence to Giovanni Montini, MD, Pediatric Nephrology, Dialysis and Transplant Unit, Department of Clinical Sciences and Community Health,
Fondazione IRGCS Ca’ Granda - Ospedale Maggiore Policlinico, University of Milan, Via della Commenda 9, 20122 Milan, Italy. E-mail: giovanni.montini@unimi.it

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2017 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: No external funding.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1. Morello W, la Scola G, Alberici I, Montini
G. Acute pyelonephritis in children.
Pediatr Nephrol. 2016;31(8) 1253—1265

2. Shaikh N, Craig JC, Rovers MM,
et al. Identification of children
and adolescents at risk for renal
scarring after a first urinary tract
infection: a meta-analysis with
individual patient data. JAMA Pediatr.
2014;168(10):893-900

3. Hoberman A, Greenfield SP, Mattoo
TK, et al; RIVUR Trial Investigators.
Antimicrobial prophylaxis for children
with vesicoureteral reflux. N Engl J
Med. 2014;370(25):2367-2376

4. Wang H-HHS, Gbadegesin RA,
Foreman JW, et al. Efficacy of
antibiotic prophylaxis in children
with vesicoureteral reflux: systematic
review and meta-analysis. J Urol.
2015;193(3):963-969

5. Moher D, Liberati A, Tetzlaff J, Altman
DG; PRISMA Group. Preferred reporting
items for systematic reviews and
meta-analyses: the PRISMA statement.
PLoS Med. 2009;6(7):e1000097

6. Higgins JPT, Altman DG, Gotzsche PC,
et al. The Cochrane Collaboration’s

tool for assessing risk of bias
in randomised trials. BMJ.
2011;343:d5928

7. Garin EH, Olavarria F, Garcia Nieto
V, Valenciano B, Campos A, Young
L. Glinical significance of primary
vesicoureteral reflux and urinary
antibiotic prophylaxis after acute
pyelonephritis: a multicenter,
randomized, controlled study.
Pediatrics. 2006;117(3):626—632

8. Montini G, Rigon L, Zucchetta P, et al;
IRIS Group. Prophylaxis after first
febrile urinary tract infection in
children? A multicenter, randomized,
controlled, noninferiority trial.
Pediatrics. 2008;122(5):1064—1071

9. Pennesi M, Travan L, Peratoner L, et al;

North East Italy Prophylaxis in VUR
study group. Is antibiotic prophylaxis
in children with vesicoureteral reflux
effective in preventing pyelonephritis
and renal scars? A randomized,
controlled trial. Pediatrics.
2008;121(6). Available at: www.
pediatrics.org/cgi/content/full/121/6/
e1489

10. Craig JC, Simpson JM, Williams GJ,
et al; Prevention of Recurrent Urinary

Tract Infection in Children with
Vesicoureteric Reflux and Normal
Renal Tracts (PRIVENT) Investigators.
Antibiotic prophylaxis and recurrent
urinary tract infection in children.

N Engl J Med. 2009;361(18):
1748-1759

11. Brandstrom P, Jodal U, Sillén U,
Hansson S. The Swedish reflux trial:
review of a randomized, controlled
trial in children with dilating
vesicoureteral reflux. J Pediatr Urol.
2011;7(6):594—600

12. Hari P, Hari S, Sinha A, et al. Antibiotic
prophylaxis in the management of
vesicoureteric reflux: a randomized
double-blind placebo-controlled trial.
Pediatr Nephrol. 2015;30(3):479—486

13. National Institute for Health and Care
Excellence. Urinary tract infection in
under 16s: diagnosis and management.
Available at: www.nice.org.uk/
guidance/CG54. Accessed February 22,
2017

14. Mctaggart S, Danchin M, Ditchfield M,
et al. KHA-CARI guideline: diagnosis and
treatment of urinary tract infection
in children. Nephrology (Carilton).
2015;20(2):55-60

Downloaded from www.aappublications.org/news by guest on June 17, 2019

PEDIATRICS Volume 139, number 5, May 2017




15.

16.

17.

Ammenti A, Cataldi L, Chimenz R, et al;
Italian Society of Pediatric Nephrology.
Febrile urinary tract infections in
young children: recommendations for
the diagnosis, treatment and follow-up.
Acta Paediatr. 2012;101(5):451-457

Roberts KB; Subcommittee on Urinary
Tract Infection, Steering Committee on
Quality Improvement and Management.
Urinary tract infection: clinical practice
guideline for the diagnosis and
management of the initial UTl in febrile
infants and children 2 to 24 months.
Pediatrics. 2011;128(3):595-610

Robinson JL, Finlay JC, Lang ME,
Bortolussi R; Canadian Paediatric
Society, Infectious Diseases and

Immunization Committee, Community
Paediatrics Committee. Urinary tract
infections in infants and children:
diagnosis and management. Paediatr
Child Health. 2014;19(6):315-325

. Subcommittee on Urinary Tract

Infection. Reaffirmation of AAP clinical
practice guideline: the diagnosis and
management of the initial urinary
tract infection in febrile infants and
young children 2—24 months of age.
Pediatrics. 2016;138(6):e20163026

. Hattori M, Sako M, Kaneko T, et al.

End-stage renal disease in Japanese
children: a nationwide survey
during 2006—2011. Clin Exp Nephrol.
2015;19(5):933-938

20. Wiihl E, van Stralen KJ, Verrina E,
et al. Timing and outcome of renal
replacement therapy in patients
with congenital malformations of
the kidney and urinary tract.

Clin J Am Soc Nephrol. 2013;8(1):
6774

21. Wiihl E, van Stralen KJ, Wanner G,
et al. Renal replacement therapy for
rare diseases affecting the kidney:
an analysis of the ERA-EDTA Registry.
Nephrol Dial Transplant. 2014,
29(suppl 4):ivi—iv8

22. Harambat J, van Stralen KdJ, Kim JJ,
Tizard EJ. Epidemiology of chronic
kidney disease in children. Pediatr
Nephrol. 2012;27(3):363-373

Downloaded from www.aappublications.org/news by guest on June 17, 2019

HEWITT et al



Antibiotic Prophylaxisfor Urinary Tract | nfection—Related Renal Scarring: A

Systematic Review

lan K. Hewitt, Marco Pennesi, William Morello, Luca Ronfani and Giovanni Montini

Pediatrics 2017;139;

DOI: 10.1542/peds.2016-3145 originally published online April 6, 2017;

Updated Information &
Services

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/139/5/€20163145

This article cites 21 articles, 7 of which you can access for free at:
http://pediatrics.aappublications.org/content/139/5/e20163145#B1BL

This article, along with others on similar topics, appearsin the
following collection(s):

Nephrology
http://www.aappublications.org/cgi/collection/nephrology _sub

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on June 17, 2019



http://http://pediatrics.aappublications.org/content/139/5/e20163145
http://pediatrics.aappublications.org/content/139/5/e20163145#BIBL
http://www.aappublications.org/cgi/collection/nephrology_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Antibiotic Prophylaxisfor Urinary Tract Infection—Related Renal Scarring: A
Systematic Review
lan K. Hewitt, Marco Pennesi, William Morello, Luca Ronfani and Giovanni Montini
Pediatrics 2017;139;
DOI: 10.1542/peds.2016-3145 originally published online April 6, 2017;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/139/5/€20163145

Data Supplement at:
http://pediatrics.aappublications.org/content/suppl/2017/04/04/peds.2016-3145.DCSupplemental

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print |SSN:
1073-0397.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.aappublications.org/news by guest on June 17, 2019


http://pediatrics.aappublications.org/content/139/5/e20163145
http://pediatrics.aappublications.org/content/suppl/2017/04/04/peds.2016-3145.DCSupplemental



