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Risk of Renal Scarring in Children With a First Urinary
Tract Infection: A Systematic Review

WHAT’S KNOWN ON THIS SUBJECT: The risk of renal scarring
in children with a urinary tract infection has not been
systematically studied.

WHAT THIS STUDY ADDS: The pooled prevalence values from
this study provide a basis for an evidence-based approach to the
management of children with urinary tract infections.

abstract
BACKGROUND: To our knowledge, the risk of renal scarring in children
with a urinary tract infection (UTI) has not been systematically studied.

OBJECTIVE: To review the prevalence of acute and chronic renal imag-
ing abnormalities in children after an initial UTI.

METHODS: We searchedMedline and Embase for English-, French-, and
Spanish-language articles using the following terms: “Technetium
99mTc dimercaptosuccinic acid (DMSA),” “DMSA,” “dimercaptosuc-
cinic,” “scintigra*,” “pyelonephritis,” and “urinary tract infection.” We
included articles if they reported data on the prevalence of abnormal-
ities on acute-phase (�15 days) or follow-up (�5 months) DMSA renal
scans in children aged 0 to 18 years after an initial UTI. Two evaluators
independently reviewed data from each article.

RESULTS: Of 1533 articles found by the search strategy, 325 full-text
articles were reviewed; 33 studies met all inclusion criteria. Among
children with an initial episode of UTI, 57% (95% confidence interval
[CI]: 50–64) had changes consistent with acute pyelonephritis on the
acute-phase DMSA renal scan and 15% (95% CI: 11–18) had evidence of
renal scarring on the follow-up DMSA scan. Children with vesi-
coureteral reflux (VUR) were significantly more likely to develop pyelo-
nephritis (relative risk [RR]: 1.5 [95% CI: 1.1–1.9]) and renal scarring
(RR: 2.6 [95% CI: 1.7–3.9]) compared with children with no VUR. Chil-
dren with VUR grades III or higher were more likely to develop scarring
than children with lower grades of VUR (RR: 2.1 [95% CI: 1.4–3.2]).

CONCLUSIONS: The pooled prevalence values provided from this study
provide a basis for an evidence-based approach to the management of
children with this frequently occurring condition. Pediatrics 2010;126:
000
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Parents of children with urinary tract
infections (UTIs) often have many
questions about their child’s illness: Is
this a simple bladder infection or does
it involve the kidneys? What are the
chances of recurrent UTIs? Will there
be permanent sequelae from this in-
fection? We explore answers to these
questions by way of a systematic re-
view. Review of individual studies, es-
pecially if the studies were conducted
in referral centers (which tend to have
a high proportion of children with re-
current UTIs and preexisting urologic
abnormalities), may overestimate ad-
verse outcome rates. On the other
hand, studies in which the diagnosis of
the index UTI was questionable may
lead to underestimation of adverse
outcome rates. A systematic review of
studies that were conducted in uns-
elected populations and that used us-
ing stringent diagnostic criteria, could
be helpful in developing evidence-
basedmanagement strategies for chil-
dren with UTIs.

UTI in childhood is one of the principal
causes of acquired renal scarring. Re-
nal scarring has been associated with
hypertension, preeclampsia, and end-
stage renal disease decades later.1–3

Knowledge of the prevalence of renal
scarring among different subgroups
of children can assist clinicians in se-
lecting children who would benefit
from additional imaging. For children
with a low probability of scar forma-
tion, routine imaging may not be nec-
essary. For such children, an indis-
criminate approach to imaging might
lead to more harm than benefit. We
systematically reviewed the prognosis
of children with UTIs to allow clinicians
to make evidence-based decisions
when caring for children with UTI.

METHODS

We searched Medline (from 1950 to
January 2009) and Embase (from 1974
to January 2009) for articles on the

prevalence of dimercaptosuccinic acid
(DMSA) scan abnormalities in children
0 to 18 years of age after a first UTI. The
following search terms were used:
“Technetium Tc 99m dimercaptosuc-
cinic acid (DMSA),” “DMSA,” “dimer-
captosuccinic,” “scintigra*,” “pyelone-
phritis,” and “urinary tract infection.”
The search was limited to children 0 to
18 years of age. This electronic search
was supplemented by a review of the
bibliographies of the included articles.

We included all cohort studies of chil-
dren presenting with a first UTI if data
on the prevalence of abnormalities on
the acute-phase (�15 days) or
follow-up (�5 months) planar DMSA
renal scans were presented in the ar-
ticle. DMSA is the current gold stan-
dard for the detection of renal
parenchymal involvement. When radio-
labeled DMSA is given to patients
whose tubular cell function is im-
paired because of acute pyelonephri-
tis (APN) or renal scarring, the scan
shows a photon-deficient area(s). In
addition to photopenia, renal scarring
often is characterized by a contraction
and loss of volume of the renal cortex.
The cutoffs selected for the timing
of the DMSA were chosen on the basis
of the literature: photopenia from an
APN is best seen within the first 2
weeks after diagnosis,4 and more than
90% of abnormalities noted on scans
conducted more than 5 months after
the index UTI are persistent.5

We only considered studies describing
clinical cohorts of children presenting
with a UTI. Studies in which UTI was not
the main criterion for inclusion were
excluded. For example, in 1 retrospec-
tive study,6 imaging results of 58 pa-
tientsundergoingDMSAscanningaftera
first UTI were described. However, the
58 children included were chosen
from a larger cohort of 159 children
with UTIs. The criteria used to decide
which children received a DMSA scan
were not described. It is possible that

only children at high risk were re-
ferred for a DMSA scan. Thus, to limit
bias, we excluded studies describing a
cohort of children referred for a DMSA
scan, not a cohort of children present-
ing with UTIs. By limiting the analysis to
children with their initial UTI, we hoped
to minimize the number of children
with preexisting acquired lesions that
may have artificially inflated our renal
scarring rates. A positive culture was
defined by the recovery of any organ-
isms from a suprapubic specimen,
10 000 or more colony-forming units
(CFU)/mL from a catheterized speci-
men, or 100 000 or more CFU/mL from
a clean-voided or bag specimen. We ex-
cluded studies that (1) did not specify
the timing of the DMSA scan, (2) in-
cluded insufficient data to calculate
prevalence, (3) included only a highly
selected subgroup of children (eg,
postsurgical patients with urologic ab-
normalities), or (4) included fewer
than 25 patients.

The following 3 outcomes were
assessed:

● prevalence of abnormalities on a
DMSA scan obtained within 15 days
of diagnosis;

● incidence of UTIs during the
follow-up period; and

● prevalence of abnormalities on a
DMSA scan obtained 5 months to 2
years after diagnosis of UTI.

Statistical Methods

Two independent reviewers (Dr Shaikh
and A.E.) determined study eligibility
and abstracted relevant data by using
a structured data-abstraction form.
Differences were resolved by discus-
sion. Data were imported into Stata
10.1 (Stata Corp, College Station, TX),
and publication bias was assessed vi-
sually by examining funnel plots and by
using the Egger test. Pooled estimates
were calculated by using a random-
effects model with inverse-variance
weighting using the DerSimonian and
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Laird method.7 All reported confidence
intervals (CIs) represent 95% CIs. We
conducted meta-regression with re-
gards to the following factors: year of
study publication; country; definition
of an abnormal DMSA scan result; clin-
ical setting (outpatient, inpatient);
overall illness severity (mild, moder-
ate, severe); use of antimicrobial pro-
phylaxis; proportion of children with
vesicoureteral reflux (VUR); and the
proportion of children with grades IV
or V VUR. To assess study quality, we
examined whether enrollment was
consecutive and whether the study
was prospective.8 A total quality score
was not calculated. Rather, we as-
sessed each of the study-quality indi-
cators separately.9 We conducted sen-
sitivity analysis by limiting the analysis
to studies in which (1) bag specimens
were not used and (2) all children
were febrile.

Prevalence of acute-phase DMSA scan
abnormalitieswascalculatedbydividing
the proportion of children with abnor-
mal DMSA scan results by the number of
children undergoing DMSA scanning.10

We also examined whether results were
influenced by the timing of the DMSA
(conducted within 72 hours of diagnosis
or afterward). Finally, when data were
available, we conducted stratified meta-
analyses according to the presence or
absence of VUR.

The incidence of reinfection was calcu-
lated by dividing the number of chil-
dren with 1 or more reinfections dur-
ing the follow-up period by the number
of children followed and by the dura-
tion of follow-up (number per person-
year). Only studies with a loss to
follow-up rate of 15% or less were in-
cluded in this analysis.

Prevalence of renal scarring was cal-
culated by dividing the number of ab-
normal follow-up DMSA scan results by
the number of follow-up scans per-
formed. In some studies, however, a
follow-up DMSA scan was conducted

only for children with an abnormal
acute-phase scan result. For these
studies, we assumed that a child with a
negative acute-phase scan would have
had a normal follow-up scan result if it
had been performed. This approach is
supported by the literature.5,11 Only
studies with a loss-to-follow-up rate of
15% or less were included in this anal-
ysis. When datawere available, we con-
ducted stratified meta-analyses ac-
cording to the presence or absence of
VUR and according to the grade of VUR
(grades I and II versus III, IV, and V).

Statistical heterogeneity between and
within groups was measured by using
the �2 test for heterogeneity. We used
clinical judgment and results of meta-
regression analysis and sensitivity
analysis to identify subgroups in which
pooling would be acceptable. To evalu-
ate the weight of particular articles on
the pooled estimates, we performed
influence analysis. This method recal-
culates the pooled prevalence esti-
mate while omitting 1 study at a time.
In addition, we used cumulative meta-

analysis to examine the effect of year
of publication on the results.

RESULTS

Description of Included Studies

Of 1533 articles found through our
search strategy (Fig 1), we retrieved
328 for full-text review. A total of 33
articles, which included 4891 children,
met all criteria for inclusion (Table 1).
Most studies (n� 26) were conducted
in an inpatient setting. In 25 studies,
children with known uropathy or
neurogenic bladder were excluded.
Twenty studies were conducted in Eu-
rope, where most boys are uncircum-
cised, which may explain the relatively
high proportion of boys in these stud-
ies (pooled prevalence: 41% [95% CI:
34–49]). Bag-collected urine speci-
mens were used in 12 studies. Fever
was required for inclusion in 17 stud-
ies, and an increased serum erythro-
cyte sedimentation rate and/or
C-reactive protein level was required
in 9 studies. The pooled prevalence of

1533 references identified  
  546 from Medline
 949 from Embase 

                     38 from review of references

328 references retrieved

33 references included in analysis 

295 references excluded
        90    UTI not required for inclusion
        59    Not first UTI
        34    DMSA timing did not meet criteria 
        30    Insufficient data to calculate prevalence
        27    Duplicate studies
        21    Urine culture criteria not met
          9    Case series (n < 25)
          8    Loss to follow-up >15%
          8    Study included adults
          5    Used SPECT DMSA
          5    Results according to kidney, not child

1205 references excluded based on the title/abstract

FIGURE 1
Flow diagram outlining the study-selection process. SPECT indicates single-photon emission
tomography.
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VUR was 24% (95% CI: 20–28). Only
2.5% (95% CI: 1.4–3.7) of the children
had grades IV or V VUR.

Prevalence of Acute-Phase DMSA
Scan Abnormalities Among
Children With a First UTI

Overall, 57% (95% CI: 50–64) of chil-
dren with an initial episode of UTI had
evidence of DMSA scan abnormalities
consistent with APN. As expected, the
prevalence of DMSA scan abnormali-
ties varied significantly across the 29
studies included in this analysis (P �
.001; in 4 studies, an acute-phase DMSA
scan was not performed). Of the fac-
tors investigated through meta-
regression, only the percentage of
male subjects in the study was signifi-
cantly associated with the prevalence
of early DMSA scan abnormalities (P�
.045). Studies with a higher propor-

tion of male subjects reported lower
rates of early DMSA scan abnormali-
ties. Limiting the analysis to studies
in which DMSA scanning was con-
ducted within the first 72 hours of

the index UTI, to studies in which bag-
collected urine specimens were not
used, or to studies that included only
febrile children did not alter the re-
sults significantly.

Children with VUR were 1.5 times (95%
CI: 1.1–1.9) (Fig 2) more likely than chil-
dren with no VUR to exhibit findings
consistent with APN on the acute-
phase DMSA scan (67 vs 49%; P �
.004). Limiting the analysis to studies
in which the DMSA scan was con-
ducted within the first 72 hours of the
index UTI or to studies in which bag-
collected urine specimens were not
used did not change any of the infer-
ences. Results of influence analysis
showed that no single study domi-
nated the results of this analysis. No
evidence of publication bias was
noted.

Prevalence of Reinfection

The overall incidence of UTI recur-
rence per year, from 6 studies, was
8% (95% CI: 5–11). The incidence of
febrile recurrences per year, from 3
studies, was 6% (95% CI: 3–12). None
of the clinical or demographic vari-
ables examined through meta-
regression or sensitivity analysis
(see “Methods”) were associated
with recurrence of UTIs.

TABLE 1 Characteristics of Included Studies

Study n Age
Range, y

Male,
%

All
Febrile

Bags
Used

VUR,
%

Oh et al22 (2008) 389 — 68 Yes No 24
Sheu et al23 (2008) 79 �10 42 Yes No 40
Montini et al24 (2007) 502 �7 36 No Yes 20
Tseng et al13 (2007) 142 �2 54 No No 30
Lin et al25 (2007) 114 �1 78 No Yes 15
Agras et al26 (2007) 105 �11 71 Yes No 19
Karavanki et al27 (2007) 60 �12 47 No No 17
Chroustova et al28 (2006) 382 0.5 to 19 30 Yes Yes 7
Ataei et al29 (2005) 52 5 to 12 15 Yes No 21
Taskinen et al30 (2005) 64 �16 55 Yes Yes 22
Tuerlinckx et al31 (2005) 63 �14 22 Yes Yes —
Zaki et al14 (2005) 235 �10 12 Yes No 32
Donoso et al32 (2004) 143 �12 34 No Yes 18
Ozcelik et al33 (2004) 157 �11 21 Yes — —
Camacho et al34 (2004) 152 �12 49 Yes — 21
Pecile et al35 (2004) 100 �13 31 Yes No 18
Ditchfield et al36 (2004) 193 �5 41 No No 36
Imperiale et al37 (2003) 58 �5 36 Yes No —
Prat et al38 (2003) 77 �12 — No No 10
Fernandez-Menendez et al39 (2003) 158 �14 41 No Yes 22
Hoberman et al19 (2003) 309 �2 11 Yes No 37
Cascio et al40 (2002) 57 �0.2 74 No Yes 33
Levtchenko et al41 (2001) 76 �15 — Yes No —
Biggi et al42 (2001) 101 �14 41 No — 26
Martin Aguado et al43 (2000) 103 �10 37 Yes Yes 22
Fretzeyas et al12 (2000) 83 �14 35 No — 19
Morin et al44 (1999) 70 �17 39 Yes — 31
Panaretto et al45 (1999) 290 �5 54 No No 29
Jakobsson et al5 (1997) 185 �10 30 No Yes 37
Stokland et al46 (1996) 175 �6 55 No Yes 27
Tullus et al47 (1994) 41 �9 — Yes — 31
Benador et al48 (1994) 111 �16 55 No Yes —
Rosenberg et al49 (1992) 65 — 32 No No —

— indicates missing data.

Overall

Taskinen and Ronnholm30 (2005)

Donoso et al32 (2004)

Morin et al44 (1999)

Agras et al26 (2007)

Hoberman et al19 (2003)

Camacho et al34 (2004)

Fretzeyas et al12 (2000)

Study

Pecile et al35 (2004)

Oh et al22 (2008)

Tseng et al13 (2007)

1.45 (1.13–1.87)

0.86 (0.44–1.67)

1.31 (1.13–1.51)

0.89 (0.72–1.11)

0.40 (0.14–1.17)

1.20 (1.01–1.42)

3.39 (2.09–5.50)

5.38 (2.36 

ES (95% CI)

1.24 (0.84–1.83)

2.31 (1.88–2.84)

1.38 (1.14–1.66)

ES (95% CI)Risk Ratio

11 2 5 VURNo VUR

–12.27)

FIGURE 2
Risk of acute pyelonephritis according to the presence or absence of VUR.
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Prevalence of Renal Scarring
5 Months to 2 Years After an
Initial Episode of UTI

The overall prevalence of renal scar-
ring, from 14 studies, was 18% (95% CI:
14–23). Limiting the analysis to stud-
ies in which bag-collected urine speci-
mens were not used or to studies that
included only febrile children did not
alter results significantly.

Significant heterogeneity between
studies (P � .001) was apparent. On
meta-regression, year of publication
was significantly associated with renal
scarring (P� .014); and recent studies
reported lower prevalence of renal
scarring (Fig 3). Results of cumulative
meta-analysis suggested that rates
have been relatively stable at 15%
(95% CI: 11–18) since 2002.

On stratified meta-analysis, both pres-
ence and grade of VURwere significantly
associatedwith renal scarring. Theprev-
alence of renal scarring was 2.6 times
(95% CI: 1.7–3.9) (Fig 4) higher among
childrenwith VUR than among children
with no VUR (41% vs 17%; P � .001).
Renal scarring was 2.1 times (95% CI:
1.4–3.2) (Fig 5) more likely in children
with grades III to V VUR than among
children with grades I and II VUR (53%
vs 25%; P� .001). Results of influence
analysis showed that no single study
significantly dominated these risk-
ratio estimates. No evidence of publi-
cation bias was noted. Results were
similar when the analysis was limited
to studies that included only febrile
children, to studies in which bag-
collected urine specimens were not
used, or to studies that were com-
pleted since 2002.

Prevalence of Preexisting Lesions
and Appearance of New Lesions on
DMSA Scans

The prevalence of abnormalities that
were morphologically consistent with
preexisting renal scarring or dyspla-
sia on the acute-phase DMSA scan was

reported from 4 studies.11–14 Only 0.6%
(95% CI: 0–1) of children had evidence
of such lesions. Four other studies pro-
vided information on appearance of

new renal lesions in areas that were
unaffected on the acute-phase DMSA
scan. Overall, 1.3% (95% CI: 0.2–2.2) of
children developed new lesions. Given

0
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FIGURE 3
Influence of the year of publication on rates of renal scarring.

Overall

Zaki  et al14 (2005)

Oh et al22 (2008)

 Study               

Panaretto et al45 (1999)

Taskinen and Ronnholm30 (2005)

Stokland et al4 (1996)

Jakobsson and Svensson5 1997

Chroustova et al28 (2006)

Hoberman et al19 (2003)

Camacho et al34 (2004)

2.62 (1.74–3.94)

1.22 (0.74–2.00)

2.29 (1.31– 4.02)

ES (95% CI)

2.96 (1.63–5.39)

1.05 (0.33–3.34)

2.23 (1.53–3.24)

1.94 (1.33–2.84)

7.08 (4.38–11.44)

2.47 (1.16–5.23)

10.31 (3.52–30.24)

ES (95% CI)Risk Ratio

11 2 5No VUR VUR

FIGURE 4
Risk of renal scarring according to the presence or absence of VUR.

Overall

Study

Panaretto et al45 (1999)

Jakobsson and Svensson5 (1997)

Hoberman  et  al19 (2003)

Stokland et al4 (1996)

2.13 (1.43–3.16)

ES (95% CI)

3.94 (1.60–9.71)

2.57 (1.42–4.63)

1.32 (0.53–3.27)

1.69 (0.99–2.88)

ES (95% CI)Risk Ratio

11 2 5 VUR III, IV, VVUR I, II

FIGURE 5
Risk of renal scarring according to the grade of VUR.
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the low rate of preexisting lesions and
newly acquired lesions, most of the ab-
normalities on the follow-up DMSA
scans were likely secondary to the
index UTI.

DISCUSSION

This study provides a systematic over-
view of the prognosis of children with
UTIs. Approximately 25% of children
with a first UTI had VUR, 2.5% had high-
grade (IV or V) VUR, and less than 1%
had preexisting renal scarring and/or
dysplasia. Approximately 57% of chil-
dren with UTIs had DMSA scan findings
consistent with APN. Nearly 8% of the
children experienced at least 1 more
UTI. Approximately 15% of children
with a first UTI showed evidence of re-
nal scarring 5 to 24 months later.

Although 2 previous systematic re-
views examined the prognosis of chil-
dren with UTIs, their focus was differ-
ent.15,16 The review by Gordon et al16

focused on whether VUR accurately
predicts DMSA abnormalities. The au-
thors included studies irrespective of
the duration between the index UTI and
the DMSA scan, which may have intro-
duced bias. The recent review by Faust
et al15 focused on answering a nar-
rower question: What proportion of
children with changes on the acute-
phase DMSA scan end up with renal
scarring? Because acute-phase DMSA
scans are not routinely performed,
this review does not address ques-
tions that most clinicians or parents
are likely to pose. In addition, 10 of 16
studies used in the calculation of renal
scarring rates did not meet inclusion
criteria for our study.

Children with VUR had a higher risk of
developing APN and renal scarring.
VUR may potentiate APN by facilitating
bacterial access to the kidney. Higher
rates of APN may lead to higher rates
of renal scarring. The observational
nature of the data pooled in this study,
however, does not allow us to reach

any definitive conclusions regarding
the causal pathways leading to APN or
renal scarring. Accordingly, it is possi-
ble that the observed association be-
tween VUR and renal scarring is attrib-
uted to confounding. It has been
argued, for example, that part of the
association between VUR and renal
scarring may be explained by the
higher rates of renal dysplasia in chil-
dren with VUR. With the improvements
in routine prenatal ultrasonography,
dysplastic kidneys are being identified
with increasing frequency in some
children (especially boys) with high-
grade VUR. If these lesions are missed
by the prenatal ultrasound, they could
be confused with acquired renal scar-
ring. However, we argue that in the
studies included in this review, it is un-
likely that renal dysplasia was a signif-
icant confounder. First, most of the
studies explicitly excluded children
with known genitourinary abnormali-
ties. Second, the proportion of chil-
dren with high-grade VUR was rela-
tively small (2.5%). Third, the 4 studies
that examined the prevalence of le-
sions consistent with renal dysplasia
on the early DMSA scan all reported
relatively low prevalence of dysplasia
(0.6%). Fourth, even if some children
with renal dysplasia were included in
some of the studies, it is unlikely that
the large differences in renal scarring
rates observed between children with
andwithout VUR (41% vs 17%) could be
explained by inclusion of a few chil-
dren with renal dysplasia. Finally, even
if VUR and renal scarring are not caus-
ally related, these data suggest that
identification of VUR can be a practical
method of identifying children who are
at risk for renal scarring.

Although we suggest that the identifi-
cation of VUR may be important, VUR is
neither necessary nor sufficient for
the development of renal scarring. In
fact, our analysis clearly shows that
most APN and renal scarring occur in

children with no VUR. Because VUR is
not the only risk factor for renal scar-
ring, a sole focus on VUR, as has been
the dominant strategy for decades, is
unlikely to result in large reductions in
rates of renal scarring. This hypothe-
sis is supported by recent reviews.17

The decision as to which tests, if any,
should be conducted routinely in chil-
dren with UTIs is necessarily informed
by many factors. Data presented here
can be used, to some extent, as a start-
ing point. The low rate of preexisting
abnormalities suggests that the yield
of routine ultrasonography in children
who present with an initial UTI and
have no known genitourinary abnor-
malities on prenatal ultrasonography
is likely to be low. This is in agreement
with recent literature: ultrasonogra-
phy modified management in less
than 1% of the cases.18–20 Although
routine voiding cystourethrograms
(VCUGs) are accurate at identifying
children with VUR, they are expensive
and invasive and miss a significant
proportion of children who are at risk
for renal scarring. Alternatively, an
early DMSA scan may be used as a
screening test (the “top-down” ap-
proach). In addition to identifying al-
most all children with significant VUR,
it also can identify most children who
are likely to scar.13,21 Although children
with a negative acute-phase DMSA
scan result are unlikely to develop to a
scar, like VCUGs, DMSA scans are ex-
pensive, invasive, and expose children
to radiation. Furthermore, it is unclear
how to best manage the large num-
bers of children with a positive acute-
phase DMSA scan result (57% of all
children with UTIs), most of whom
(85%) will not scar. Additional re-
search is warranted to help determine
management strategies for children
with UTIs.

The prevalence of renal scarring
seems to be decreasing over time. Per-
haps widespread availability of prena-
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tal ultrasonography has led to early
identification of children at high risk
(eg, children with high-grade VUR and
renal dysplasia). Inclusion of these
children in earlier studies may have
led to higher previously reported rates
of renal scarring.

Our analysis has several limitations.
First, differences in how data for sub-
groups were reported in the original
studies limited our ability to pool data
across studies. For example, we could

not calculate the prevalence of renal
scarring among children with grades
IV and V VUR (high-grade VUR), be-
cause most of the studies only re-
ported data for the subgroup of chil-
dren with grades III to V VUR. Second,
the heterogeneity among studies may
be considered a limitation. Much of the
heterogeneity, however, was likely be-
cause of the differences in the severity
of illness of the patients included in the
different studies. We explored reasons
for these differences and presented

stratified data for less heterogeneous
subgroups of patients whenever possi-
ble. In addition, by limiting the review
to well-defined cohorts of children pre-
senting with an initial episode of UTI in
whom DMSA scans were conducted
systematically, by using rigorous defi-
nitions for the diagnosis of UTIs, and by
careful attention to the timing of the
DMSA scan, we believe that this sys-
tematic review provides a valuable
overview of the prognosis of children
with UTIs.

REFERENCES

1. Wennerström M, Hansson S, Hedner T, Him-
melmann A, Jodal U. Ambulatory blood
pressure 16–26 years after the first uri-
nary tract infection in childhood. J Hyper-
tens. 2000;18(4):485–491

2. Martinell J, Lidin-Janson G, Jagenburg R, Si-
vertsson R, Claesson I, Jodal U. Girls prone
to urinary infections followed into
adulthood: indices of renal disease. Pediatr
Nephrol. 1996;10(2):139–142

3. Jacobson SH, Eklof O, Eriksson CG, Lins LE,
Tidgren B, Winberg J. Development of hyper-
tension and uraemia after pyelonephritis in
childhood: 27 year follow up. BMJ. 1989;
299(6701):703–706

4. Stokland E, HellstromM, Jacobsson B, Jodal
U, Lundgren P, Sixt R. Early 99mTc dimercap-
tosuccinic acid (DMSA) scintigraphy in
symptomatic first-time urinary tract infec-
tion. Acta Paediatr. 1996;85(4):430–436

5. Jakobsson B, Svensson L. Transient pyelo-
nephritic changes on 99mtechnetium-
dimercaptosuccinic acid scan for at least
five months after infection. Acta Paediatr.
1997;86(8):803–807

6. Macedo CS, Riyuzo MC, Bastos HD. Renal
scars in children with primary vesi-
coureteral reflux [in Portuguese]. J Pediatr
(Rio J). 2003;79(4):355–362

7. DerSirmonian R, Laird N. Meta-analysis in
clinical trials. Control Clin Trials. 1986;7(3):
177–188

8. Hayden JA, Cote P, Bombardier C. Evaluation
of the quality of prognosis studies in sys-
tematic reviews. Ann Intern Med. 2006;
144(6):427–437

9. Jüni P, Witschi A, Bloch R, Egger M. The haz-
ards of scoring the quality of clinical trials
for meta-analysis. JAMA. 1999;282(11):
1054–1060

10. Haynes RB SD, Guyatt GH, Tugwell P. Clinical

Epidemiology. 3rd ed. Philadelphia, PA: Lip-
pincott, Williams & Wilkins; 2006

11. Hoberman A, Wald ER, Hickey RW, et al. Oral
versus initial intravenous therapy for uri-
nary tract infections in young febrile chil-
dren. Pediatrics. 1999;104(1 pt 1):79–86

12. Fretzayas A, Moustaki M, Gourgiotis D, Bos-
sios A, Koukoutsakis P, Stavrinadis C. Poly-
morphonuclear elastase as a diagnostic
marker of acute pyelonephritis in children.
Pediatrics. 2000;105(2). Available at: www.
pediatrics.org/cgi/content/full/105/2/e28

13. Tseng MH, Lin WJ, Lo WT, Wang SR, Chu ML,
Wang CC. Does a normal DMSA obviate the
performance of voiding cystourethrogra-
phy in evaluation of young children after
their first urinary tract infection? J Pediatr.
2007;150:96–99

14. Zaki M, Badawi M, Al Mutari G, Ramadan D,
Adul Rahman M. Acute pyelonephritis and
renal scarring in Kuwaiti children: a
follow-up study using 99mTc DMSA renal
scintigraphy. Pediatr Nephrol. 2005;20(8):
1116–1119

15. Faust WC, Diaz M, Pohl HG. Incidence of post-
pyelonephritic renal scarring: a meta-
analysis of the dimercapto-succinic acid lit-
erature. J Urol. 2009;181(1):290 –297;
discussion 7–8

16. Gordon I, Barkovics M, Pindoria S, Cole TJ,
Woolf AS. Primary vesicoureteric reflux as a
predictor of renal damage in children hos-
pitalized with urinary tract infection: a sys-
tematic review and meta-analysis. J Am Soc
Nephrol. 2003;14(3):739–744

17. Hodson EM, Wheeler DM, Vimalchandra D,
Smith GH, Craig JC. Interventions for pri-
mary vesicoureteric reflux. Cochrane Data-
base Syst Rev. 2007;(3):CD001532

18. Alon US, Ganapathy S. Should renal ultra-
sonography be done routinely in children
with first urinary tract infection? Clin Pedi-
atr (Phila). 1999;38(1):21–25

19. Hoberman A, Charron M, Hickey RW, Baskin
M, Kearney DH, Wald ER. Imaging studies af-
ter a first febrile urinary tract infection in
young children. N Engl J Med. 2003;348(3):
195–202

20. Montini G, Rigon L, Zucchetta P, et al. Pro-
phylaxis after first febrile urinary tract in-
fection in children? A multicenter, random-
ized controlled, noninferiority trial.
Pediatrics. 2008;122(5):1064–1071

21. Preda I, Jodal U, Sixt R, Stokland E, Hansson
S. Normal dimercaptosuccinic acid scintig-
raphy makes voiding cystourethrography
unnecessary after urinary tract infection. J
Pediatr. 2007;151(6):581–584, 584.e1

22. Oh MM, Jin MH, Bae JH, Park HS, Lee JG,
Moon du G. The role of vesicoureteral reflux
in acute renal cortical scintigraphic lesion
and ultimate scar formation. J Urol. 2008;
180(5):2167–2170

23. Sheu JN, Chen MC, Chen SM, Chen SL, Chiou
SY, Lue KH. Relationship between serumand
urine interleukin-6 elevations and renal
scarring in childrenwith acute pyelonephri-
tis. Scand J Urol Nephrol. 2009;43(2):
133–137

24. Montini G, Toffolo A, Zucchetta P, et al. Anti-
biotic treatment for pyelonephritis in
children: multicentre randomised con-
trolled non-inferiority trial. Br Med J. 2007;
335:386–388

25. Lin CH, Yang LY, Wamg HH, Chang JW, Shen
MC, Tang RB. Evaluation of imaging studies
for vesicoureteral reflux in infants with first
urinary tract infection. Acta Paediatr Tai-
wan. 2007;48(2):68–72

26. Agras K, Ortapamuk H, Naldoken S, Tuncel A,
Atan A. Resolution of cortical lesions on se-
rial renal scans in children with acute pye-
lonephritis. Pediatr Radiol. 2007;37(2):
153–158

27. Karavanaki K, Angelos Haliotis F, Sourani M,
et al. DMSA scintigraphy in febrile urinary

ARTICLES

PEDIATRICS Volume 126, Number 6, December 2010 7
. Provided by University Of Pittsburgh, HSLS on November 16, 2010 www.pediatrics.orgDownloaded from 

www.pediatrics.org/cgi/content/full/105/2/e28
www.pediatrics.org/cgi/content/full/105/2/e28
pediatrics.aappublications.org/
http://www.pediatrics.org


tract infections could be omitted in children
with low procalcitonin levels. Infect Dis Clin
Pract. 2007;15(6):377–381

28. Chroustová D, Palyzova D, Urbanova I, Kol-
ska M. Results of a five-year study of 99mTc-
DMSA renal scintigraphy in children and ad-
olescents following acute pyelonephritis.
Nucl Med Rev. 2006;9(1):46–50

29. Ataei N, Madani A, Habibi R, Khorasani M.
Evaluation of acute pyelonephritis with
DMSA scans in children presenting after the
age of 5 years. Pediatr Nephrol. 2005;20(10):
1439–1444

30. Taskinen S, Ronnholm K. Post-pyelonephritic re-
nal scars are not associated with vesi-
coureteral reflux in children. J Urol. 2005;
173(4):1345–1348

31. Tuerlinckx D, Vander Borght T, Glupczynski
Y, et al. Is procalcitonin a good marker of
renal lesion in febrile urinary tract infec-
tion? Eur J Pediatr. 2005;164(10):651–652

32. Donoso G, Lobo G, Arnello F, et al. Tc 99M
DMSA scintigraphy in children with a first
episode of acute pyelonephritis: correlation
with laboratory tests, echography and the
presence of vesico-ureteral reflux [in Span-
ish]. Rev Med Chil. 2004;132(1):58–64

33. Ozçelik G, Polat TB, Aktas S, Cetinkaya F. Re-
sistive index in febrile urinary tract
infections: predictive value of renal out-
come. Pediatr Nephrol. 2004;19(2):148–152

34. Camacho V, Estorch M, Fraga G, et al. DMSA
study performed during febrile urinary
tract infection: a predictor of patient out-
come? Eur J Nucl Med Mol Imaging. 2004;
31(6):862–866

35. Pecile P, Miorin E, Romanello C, et al.
Procalcitonin: a marker of severity of acute
pyelonephritis among children. Pediatrics.

2004;114(2). Available at: www.pediatrics.
org/cgi/content/full/114/2/e249

36. Ditchfield MR, Grimwood K, Cook DJ, et al.
Persistent renal cortical scintigram de-
fects in children 2 years after urinary
tract infection. Pediatr Radiol. 2004;34(6):
465– 471

37. Imperiale A, Olianti C, Sestini S, et al. 123I-
hippuran renal scintigraphy with evalua-
tion of single-kidney clearance for predict-
ing renal scarring after acute urinary tract
infection: comparison with 99mTc-DMSA
scanning. J Nucl Med . 2003;44(11):
1755–1760

38. Prat C, Dominguez J, Rodrigo C, et al. Ele-
vated serum procalcitonin values correlate
with renal scarring in children with urinary
tract infection. Pediatr Infect Dis J. 2003;
22(5):438–442

39. Fernández-Menéndez JM, Malaga S, Mate-
sanz JL, Solis G, Alonso S, Perez-Mendez C.
Risk factors in the development of early
technetium-99m dimercaptosuccinic acid
renal scintigraphy lesions during first uri-
nary tract infection in children. Acta Paedi-
atr. 2003;92(1):21–26

40. Cascio S, Chertin B, Yoneda A, Rolle U, Kelle-
her J, Puri P. Acute renal damage in infants
after first urinary tract infection. Pediatr
Nephrol. 2002;17(7):503–505

41. Levtchenko E, Lahy C, Levy J, HamH, Piepsz A.
Treatment of ch i ldren wi th acute
pyelonephritis: a prospective randomized
study. Pediatr Nephrol . 2001;16(11):
878–884

42. Biggi A, Dardanelli L, Pomero G, et al. Acute
renal cortical scintigraphy in children with
a first urinary tract infection. Pediatr Neph-
rol. 2001;16(9):733–738

43. Martín Aguado MJ, Canals Baeza A, Vioque
Lopez J, Tarazona JL, Flores Serrano J.
Technetium-99m-dimercaptosuccinic acid
(DMSA) scintigraphy in febrile first-time uri-
nary tract infection in children. An Esp Pedi-
atr. 2000;52(1):23–30

44. Morin D, Veyrac C, Kotzki PO, et al. Compar-
ison of ultrasound and dimercaptosuccinic
acid scintigraphy changes in acute pyelone-
phritis. Pediatr Nephrol . 1999;13(3):
219–222

45. Panaretto K, Craig J, Knight J, Howman-Giles
R, Sureshkumar P, Roy L. Risk factors for
recurrent urinary tract infection in pre-
school children. J Paediatr Child Health.
1999;35(5):454–459

46. Stokland E, HellstromM, Jacobsson B, Jodal
U, Sixt R. Renal damage one year after first
urinary tract infection: role of dimercapto-
succinic acid scintigraphy. J Pediatr. 1996;
129(6):815–820

47. Tullus K, Fituri O, Linne T, et al. Urine
interleukin-6 and interleukin-8 in children
with acute pyelonephritis, in relation to
DMSA scintigraphy in the acute phase and
at 1-year follow-up. Pediatr Radiol. 1994;
24(7):513–515

48. Benador D, Benador N, Slosman DO, Nussle
D, Mermillod B, Girardin E. Cortical scintig-
raphy in the evaluation of renal parenchy-
mal changes in children with pyelonephri-
tis. J Pediatr. 1994;124(1):17–20

49. Rosenberg AR, Rossleigh MA, Brydon MP,
Bass SJ, Leighton DM, Farnsworth RH. Eval-
uation of acute urinary tract infection in
children by dimercaptosuccinic acid
scintigraphy: a prospective study. J Urol.
1992;148(5 pt 2):1746–1749

8 SHAIKH et al
. Provided by University Of Pittsburgh, HSLS on November 16, 2010 www.pediatrics.orgDownloaded from 

www.pediatrics.org/cgi/content/full/114/2/e249
www.pediatrics.org/cgi/content/full/114/2/e249
http://www.pediatrics.org


DOI: 10.1542/peds.2010-0685 
 published online Nov 8, 2010; Pediatrics

Nader Shaikh, Amy L. Ewing, Sonika Bhatnagar and Alejandro Hoberman 
 Systematic Review

Risk of Renal Scarring in Children With a First Urinary Tract Infection: A

 & Services
Updated Information

 http://www.pediatrics.org
including high-resolution figures, can be found at: 

 Permissions & Licensing

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

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

. Provided by University Of Pittsburgh, HSLS on November 16, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://www.pediatrics.org

	Risk of Renal Scarring in Children With a First Urinary Tract Infection: A Systematic Review
	METHODS
	Statistical Methods

	RESULTS
	Description of Included Studies
	Prevalence of Acute-Phase DMSA Scan Abnormalities Among Children With a First UTI
	Prevalence of Reinfection
	Prevalence of Renal Scarring 5 Months to 2 Years After an Initial Episode of UTI
	Prevalence of Preexisting Lesions and Appearance of New Lesions on DMSA Scans

	DISCUSSION
	REFERENCES


