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Antibiotic Prophylaxis for Urinary Tract Infections in
Antenatal Hydronephrosis

abstract
BACKGROUND AND OBJECTIVE: Continuous antibiotic prophylaxis
(CAP) is recommended to prevent urinary tract infections (UTIs) in
newborns with antenatal hydronephrosis (HN). However, there is
a paucity of high-level evidence supporting this practice. The goal
of this study was to conduct a systematic evaluation to determine
the value of CAP in reducing the rate of UTIs in this patient population.

METHODS: Pertinent articles and abstracts from 4 electronic data-
bases and gray literature, spanning publication dates between 1990
and 2010, were included. Eligibility criteria included studies of children
,2 years old with antenatal HN, receiving either CAP or not, and
reporting on development of UTIs, capturing information on voiding
cystourethrogram (VCUG) result and HN grade. Full-text screening and
quality appraisal were conducted by 2 independent reviewers.

RESULTS: Of 1681 citations, 21 were included in the final analysis (N =
3876 infants). Of these, 76% were of moderate or low quality. Pooled
UTI rates in patients with low-grade HN were similar regardless of
CAP status: 2.2% on prophylaxis versus 2.8% not receiving prophylaxis.
In children with high-grade HN, patients receiving CAP had
a significantly lower UTI rate versus those not receiving CAP (14.6%
[95% confidence interval: 9.3–22.0] vs 28.9% [95% confidence interval:
24.6–33.6], P, .01). The estimated number needed to treat to prevent
1 UTI in patients with high-grade HN was 7.

CONCLUSIONS: This systematic review suggests value in offering CAP
to infants with high-grade HN, however the impact of important var-
iables (eg, gender, reflux, circumcision status) could not be assessed.
The overall level of evidence of available data is unfortunately moder-
ate to low. Pediatrics 2013;131:e251–e261
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Antenatal hydronephrosis (HN) is one of
themostcommoncongenital anomalies,
occurring in 1% to 5% of all pregnan-
cies.1 Continuous antibiotic prophylaxis
(CAP) has been empirically recom-
mended for newborns who have ante-
natal HN in an attempt to reduce the
rate of urinary tract infections (UTIs)
during the first 2 years of life.2,3 Given
the 2009 American Urological Associa-
tion update and the 2010 Society for
Fetal Urology (SFU) consensus state-
ment on HN, it seems prudent to con-
sider use of CAP in “high-risk”
populations, such as those with higher
grades of HN.1,3,4 Nevertheless, this
practice is admittedly based on limited
data and heavily reflects expert opinion.

Previous reports have suggested that
infants who have moderate to severe HN
are at a higher risk of developing UTIs,
thus supporting the use of prophylactic
measures.4–6 However, recent studies
have provided contradictory informa-
tion, suggesting that infants with all
grades of HN can be safely managed
without CAP, with UTI rates as low as
4%.7–9 With increasing concerns about
bacterial antibiotic resistance and un-
known long-term effects, a growing
number of physicians and parents are
challenging the necessity and effective-
ness of CAP in preventing UTIs. Ulti-
mately, the issue becomes a risk/benefit
question, which heavily relies on
whether daily antibiotic administration
decreases the risk of infections and if
this risk reduction is enough to translate
into a clinically significant intervention.

To evaluate the current evidence on CAP
effectiveness and address the contempo-
rary status of clinical equipoise, we con-
ductedasystematicreviewofthepertinent
literature to assess the impact of CAP on
UTI rates in infantswhohave antenatal HN.

METHODS

Eligibility Criteria

Studies fulfilling the following eligibility
criteria were included: (1) primary

diagnosisofantenatalHN; (2)all subjects
aged ,2 years; (3) intervention arms
include CAP, no treatment, or both; (4)
reported rate of UTI; (5) reported
number of patients who underwent
voiding cystourethrogram (VCUG); (6)
HN grade according to the SFU classi-
fication and/or anteroposterior di-
ameter (APD) of the renal pelvis; and
(7) publication date between 1990 and
2010. Exclusion criteria included case
reports, case series with,5 subjects,
and review articles. No language
restrictions were imposed.

Identification of Studies

A comprehensive and systematic search
of 4 databases (Medline, Embase, CINAHL,
and CENTRAL) was conducted in dupli-
cate. When possible, the search used
MeSH terms, and the strategy was de-
vised with an information specialist at
our institution. Gray literature was
searched by using key words in Paper-
sFirst and ProceedingsFirst databases,
along with a hand search of Dialogues in
Pediatric Urology. The reference list of
prominent review articles was cross-
referenced to minimize omissions.
Lastly, a content expert review of the final
list of included studies was conducted.

Screening and Assessing for
Eligibility

Two reviewers screened titles and
abstracts of the identified studies from
the electronic search to select all
citations that might contain the com-
parisons of interest. Subsequently, 2
independent reviewers conducted full-
text screening of identified pertinent
articles as well as those obtained by
hand-search review of reference lists.
All screening resultswere reviewed for
concordance, and all disagreements
were resolved by a third reviewer and
content expert. The following lan-
guageswere included: English, French,
Italian, Dutch, Portuguese, Spanish,
German, Chinese, and Arabic. Study
selection was not blinded; conceal-
ment has been shown to have no sig-
nificant effect on the final results of
systematic reviews.10

Assessment of Methodologic
Quality

Critical appraisal and assignment of
a level of evidence for the included
studieswasconductedby 2 independent
reviewers byusing a quality assessment
instrument adopted from Elyas et al,11

modified to fit the objectives of this

TABLE 1 Quality Appraisal of Included Studies

Variable Yes (%) No (%) Unclear (%) NA (%)

Nature of the research question (was question regarding CAP on
antenatal HN, and/or possible impact on UTI prevention clearly
stated?)

13 (62) 5 (24) 3 (14) 0 (0)

Standard quality items
Was the study design reported? 18 (86) 0 (0) 3 (14) 0 (0)
Was a follow-up schedule reported? 14 (67) 7 (33) 0 (0) 0 (0)
Was the number of patients who were lost to follow-up

adequately described?
10 (48) 11 (52) 0 (0) 0 (0)

Were the reasons for loss to follow-up adequately
described?

4 (19) 15 (71) 0 (0) 2 (10)

Were statistical tests reported? 15 (71) 6 (29) 0 (0) 0 (0)
Was P value reported for primary research study question? 11 (52) 9 (43) 1 (5) 0 (0)
Were 95% CIs reported? 7 (33) 13 (62) 1 (5) 0 (0)
Were eligibility criteria reported (inclusion and exclusion)? 20 (95) 0 (0) 1 (5) 0 (0)

Specific quality items
Was antibiotic administration adequately described? 11 (52) 8 (38) 1 (5) 1 (5)
Was there a comparative group (control)? 5 (24) 16 (76) 0 (0) 0 (0)
Were the criteria for febrile UTI reported? 11 (52) 10 (48) 0 (0) 0 (0)
Was the method of urine collection reported? 9 (43) 12 (57) 0 (0) 0 (0)
Were any complications reported? 10 (47) 9 (43) 1 (5) 1 (5)

NA, not applicable.
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study (Table 1). All discrepancies were
resolved through third-party review of
the methodology.

Study rating was determined by di-
viding the number of criteria met (in-
dicated as “Yes”) by the total number of
quality assurance criteria in the in-
strument (n = 13), obtaining a per-
centage result. For scoring purposes,
we have assumed equal weight for all
questions. The data were then segre-
gated into studies that met ,25% of
the quality criteria (very low meth-
odologic quality), between 25% and
49% (low quality), between 50% and
74% (moderate quality), and .75% of
the criteria (high quality).

Extraction of Data

Data extraction was completed in du-
plicate and reviewed for accuracy and
quality.Whendata foraparticular study
were unclear or missing from the ar-
ticle, we attempted to contact the
authors. Unfortunately, in cases of
missing information, wewere unable to
obtain any additional information.

Assessment of Agreement

The k (k) statistic was used to examine
the extent of agreement between indi-
viduals who determined study eligibility
and to evaluate interobserver agree-
ment in methodologic quality scores.
A priori, we chose a criterion of k$ .65
to indicate adequate agreement.12

Outcome Measures

The SFU system was used to grade
postnatally confirmed HN. For the pur-
pose of this review, we considered SFU
grades I and II and/or corresponding
transverse renal pelvis APD ranging
between 4.0 and 14.9 mm on postnatal
ultrasound as low-grade HN. Whenever
possible, we excluded patients with no
HN when these were reported within
a category (ie, SFU 0–II). If not enough
information was provided to conduct
this segregation, these children were

analyzed with the lowest grade of HN
(SFU I). SFU grades III and IV and/or
a transverse APD of the renal pelvis
$15.0 mm on postnatal ultrasound
were grouped into high-grade HN.

The primary outcome was development
of UTI in infants with low-grade HN
compared with those with high-grade
HN, as previously defined and based
on the information extracted from the
included studies. This was analyzed in
the context of prophylaxis administra-
tion, with comparisons made between
infants receiving CAP versus those not
receiving CAP at the time of the UTI. We
accepted that the protocol for adminis-
tration, typeofantibiotic, anddurationof
prophylaxiswould varybetweenstudies.
Nevertheless, CAP does not refer to
antibiotics provided for surgical pro-
phylaxis or before completing imaging
studies (VCUG). For the purpose of this
review, we focused on administration of
antibiotics beyond that period.

Secondary analyses chosen a priori
were as follows: occurrence of a UTI in

patientswithconcomitantvesicoureteral
reflux (VUR) versus no VUR, and oc-
currence of a UTI in females compared
with males. Although we initially plan-
ned on assessing UTI rates in circum-
cised versus uncircumcised boys, data
from the available studies were in-
sufficient to allow for this particular
comparison.

Statistical Analyses

We anticipated that the search results
would yield case series (single group
retrospective or prospective studies)
reporting the overall proportion of UTI
and some comparative data reporting
the proportion of UTI for CAP status (yes
versus no) or HN grade (high versus
low). Therefore, due to the inherent
heterogeneity of the case series and
observational designs, we planned
apriori to use randomeffectsmodels to
account for between-study heteroge-
neity.

Odds ratios (OR) and 95% confidence
intervals (CIs) for the primary outcome

FIGURE 1
Selection process for study inclusion (PRISMA flow diagram).
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(UTI) were calculated whenever fre-
quency data were available. We in-
cluded in our primary meta-analyses
any study that reported a rate of UTI,
obtaining pooled estimates for infants
with low-andhigh-gradeHN,patientson
CAPversusnot, infantswithandwithout
VUR, and girls compared with boys. We
applied the random effects model by
using the DerSimonian-Laird method
due to the inherent heterogeneity of
case series to estimate the pooled
weighted UTI proportion of the included
studies in these meta-analyses. The
pooled weighted proportion was cal-
culated as the back-transformation of
the weighted mean of the transformed
proportions, using DerSimonian-Laird
(1986) weights for the random effects
model. StatsDirect software version
2.7.8 (www.statsdirect.com) was used
to calculate the pooled weighted pro-
portions.

When deemed appropriate, we con-
ducted a secondary meta-analysis of
any study that reported a direct
comparison of UTI rates for infants
with low- and high-grade HN, patients
on CAP versus not, and girls compared
with boys. We performed a random
effects model by using an inverse
variance method to calculate the OR
with 95% CIs for the primary outcome
(UTI) for CAP status (yes versus no), HN
grade (high versus low), and gender
(girls versusboys). RevMan version5.1
(Review Manager, Copenhagen: The
Nordic Cochrane Centre, The Cochrane
Collaboration, 2011) was used for
calculating ORs. A P value of .05 was
set for statistical significance. The
number needed to treat was also es-
timated to prevent the primary out-
come (UTI) by receiving CAP.

Evaluation of Heterogeneity

Heterogeneity between studies was
quantified by using the I2 statistic,
which represents the percentage of
total variation across included studies TA

BL
E
2

Ch
ar
ac
te
ri
st
ic
s
of

In
cl
ud
ed

St
ud
ie
s

Au
th
or

Ye
ar

Co
un
tr
y

St
ud
y
Ty
pe

N
Gi
rl
s

Bo
ys

Bo
ys

Ci
rc

SF
U
I–
II
Pa
tie
nt
s
N
(%

)
SF
U
III
–
IV
Pa
tie
nt
s
N
(%

)
CA
P
N
(%

)
VU
R
N
(%

)
UT
I

N
(%

)

Da
ch
er

et
al
13

19
92

US
Pr
os
pe
ct
iv
e

41
3

3
10

3
NS

NS
NS

47
(1
1%

)
13

(3
.1
%
)

Bl
ac
ha
r
et
al
14

19
94

Is
ra
el

Pr
os
pe
ct
iv
e

99
NS

NS
NS

10
1a

15
a

NS
14

(1
4.
1%

)
7
(7
.1
%
)

M
is
ra

et
al
15

19
99

UK
Pr
os
pe
ct
iv
e

42
17

25
NS

22
a

18
*

12
(2
8.
6%

)
5
(1
1.
9%

)
NS

He
rn
do
n
et
al
16

19
99

US
Re
tr
os
pe
ct
iv
e

71
15

56
37

NS
NS

NS
71

(1
00
%
)

18
(2
5.
4%

)
Ye
rk
es

et
al
17

19
99

US
Pr
os
pe
ct
iv
e

60
17

43
NS

60
(1
00
%
)

NS
6
(1
0%

)
NS

Fa
rh
at
et
al
18

20
00

Ca
na
da

Re
tr
os
pe
ct
iv
e

31
7

24
NS

31
a

9a
31

(1
00
%
)

31
(1
00
%
)

8
(2
5.
8%

)
M
cI
lr
oy

et
al
19

20
00

Ne
w
Ze
al
an
d

Re
tr
os
pe
ct
iv
e

69
37

32
NS

NS
NS

NS
69

(1
00
%
)

8
(1
1.
6%

)
Br
op
hy

et
al
20

20
02

US
Re
tr
os
pe
ct
iv
e

23
4

60
17
4

NS
14
1
(6
0.
3%

)
80

(3
4.
2%

)
97

(4
1.
5%

)
40

(1
7.
1%

)
10

(4
.3
%
)

M
c
Le
lla
n
et
al
21

20
02

US
Re
tr
os
pe
ct
iv
e

54
18

36
NS

NS
NS

54
(1
00
%
)

0
0

Sh
uk
la
et
al
22

20
05

US
Re
tr
os
pe
ct
iv
e

40
8

32
NS

NS
NS

12
(3
0.
0%

)
0

2
W
ol
le
nb
er
g
et
al
23

20
05

Sw
itz
er
la
nd

Re
tr
os
pe
ct
iv
e

78
NS

NS
NS

42
(5
3.
8%

)
36

(4
6.
2%

)
41

(5
2.
6%

)
9
(1
1.
5%

)
15

(1
9.
2%

)
M
ea
rs

et
al
24

20
07

UK
Pr
os
pe
ct
iv
e

55
16

39
NS

NS
NS

NS
8
(1
4.
5%

)
NS

So
ng

et
al
4

20
07

So
ut
h
Ko
re
a

Re
tr
os
pe
ct
iv
e

10
5

23
82

0
0

10
5
(1
00
%
)

0
0

38
(3
6.
2%

)
Co
el
ho

et
al
5

20
08

Br
az
il

Pr
os
pe
ct
iv
e

19
2

52
14
0

0
13
9
(7
2.
4%

)
53

(2
7.
6%

)
11
9
(6
2.
0%

)
16

(8
.3
%
)

27
(1
4.
1%

)
de
Ko
rt
et
al
25

20
08

Ne
th
er
la
nd
s

Re
tr
os
pe
ct
iv
e

12
5

26
99

NS
10
6
(8
4.
8%

)
19

(1
5.
2%

)
12
5
(1
00
%
)

11
(8
.8
%
)

9
(7
.2
%
)

Le
e
et
al
6

20
08

So
ut
h
Ko
re
a

Re
tr
os
pe
ct
iv
e

43
0

79
35
1

0
25
5
(5
9.
3%

)
17
5
(4
0.
7%

)
0

0
83

(1
9.
3%

)
Li
de
fe
lt
et
al
26

20
08

Sw
ed
en

Re
tr
os
pe
ct
iv
e

10
3

NS
NS

NS
NS

NS
50

(4
8.
5%

)
9
(8
.7
%
)

9
(8
.7
%
)

Es
tr
ad
a
et
al
28

20
09

US
Re
tr
os
pe
ct
iv
e

15
14

NS
NS

NS
15
14

(1
00
%
)

32
2
(2
1.
3%

)
32
2
(2
1.
3%

)
21

(1
.4
%
)

M
am

ie
ta
l2
9

20
09

Ita
ly

Pr
os
pe
ct
iv
e

22
3

NS
NS

NS
22
3
(1
00
%
)

0
4
(1
.8
%
)

8
(3
.6
%
)

Ro
th

et
al
7

20
09

US
Re
tr
os
pe
ct
iv
e

92
20

72
NS

0
92

(1
00
%
)

0
0

4
(4
.3
%
)

Ya
va
sc
an

et
al
27

20
10

Tu
rk
ey

Pr
os
pe
ct
iv
e

24
6

63
18
3

NS
NS

NS
24
6
(1
00
%
)

32
(1
3.
0%

)
NS

Ci
rc
,c
ir
cu
m
ci
se
d;
NS
,n
ot

st
at
ed
;U
K,
Un
ite
d
Ki
ng
do
m
;U
S,
Un
ite
d
St
at
es
.

a
In
re
na
lu
ni
ts
.S
om

e
st
ud
ie
s
di
d
no
t
sp
ec
ify

cr
ite
ri
a.

e254 BRAGA et al
 at UNIV OF CHICAGO on May 16, 2013pediatrics.aappublications.orgDownloaded from 

http://www.statsdirect.com
http://pediatrics.aappublications.org/


that is due to heterogeneity rather than
chance. Publication bias was graphi-
cally assessed by constructing funnel
plots depicting precision (measured
according to sample size) against the
logit of the event rate.

Secondary meta-analyses were selec-
tively conducted for studies that
reported a direct comparison between
UTI rates according to the grade of HN
(low versus high) and CAP use (yes
versus no) to reduce clinical hetero-
geneity. Methodologic heterogeneity
was explored by conducting sensitivity
analyses comparing low- versus high-
quality articles according to our
quality appraisal criteria.

RESULTS

Included Studies

Our literature search identified 1681
potentially relevant citations. After
screening, a total of 309 articles un-
derwent full-text review, and 21 of these
citations4–7,13–29 proved eligible for in-
clusion and final analysis (Fig 1). The
weighted k for overall agreement be-
tween reviewers for the final eligibility
decision was 0.85 (95% CI: 0.57–1.00).
None of the included studies was a ran-
domized clinical trial, and thus all were
observational. Thirteen studies had
a retrospective design4,6,7,16,18–23,25,26,28

and 8 were prospective.5,13–15,17,24,27,29

Patient Characteristics

Patient characteristics for the included
studiesaresummarized in Tables2and3.
The total number of infants in these
studies was 3876. Given the incon-
sistencies in available data provided by
each study, we conducted analyses in-
cluding only complete relevant in-
formation to obtain pooled estimates
that would specifically address the
objectives of our review.

Study Quality

Five studies were judged to be of high
methodologic quality,5,6,19,23,29 8 to be of

moderate quality,4,7,15,20,25–28 5 studies
to be of low quality,14,17,18,21,22 and 3
studies to be of very low quality13,16,24

(Table 4). Agreement between reviewers
in assessment of study quality was high
(k ..9).

Overall Rates of UTI

UTI rates in low-grade HN5,6,20,23,25,28,29

and high-grade HN4–7,20,23,25 were
reported in 7 of 21 studies, for 2420 and
560 infants, respectively. The pooled UTI
rate was significantly lower for low-
grade HN when compared with high-
grade HN (4.7% [95% CI: 2.3–7.9] vs
23.3% [95% CI: 12.0–37.0], P , .01)
(Figs 2 A and B, respectively).

CAP and Rates of UTI

UTI rates for infants receiving CAP were
reported in 95,18,20–23,25,26,28 of 21 studies,
for a total of 851 patients; UTI rates for
those not receiving CAP were reported
in 84,6,7,20,23,25,28,29 of 21 studies, for a total
of 2370 infants. The pooled UTI rate for
antenatal HN patients receiving CAPwas
similar to that of infants not receiving
CAP (9.9% [95% CI: 4.6–17.1] vs 8.3%
[95% CI: 2.9–16.0], P = .21) (Figs 3 A and
B, respectively).

High-Grade Versus Low-Grade HN
and Rates of UTI

A stratified analysis was conducted by
using individual patient data available
from eligible studies to determine UTI
rates in infants with low-grade and
high-grade HN according to their CAP
status. The pooled UTI rates in patients
with low-grade HN were similar re-
gardless of CAP status (2.2% [95% CI:
1.3–4.0] for infants on CAP vs 2.8% [95%
CI: 2.1–3.7] for those not on CAP, P = .52)
(Table 5, n = 2181 patients6,20,23,25,28,29).
In the high-grade HN group, infants on
CAP had a significantly lower UTI rate
versus those not on CAP (14.6% [95% CI:
9.3–22.0] vs 28.9% [95% CI: 24.6–33.6],
P, .01) (Table 6,n=507 infants4,6,7,20,23,25).
The estimated number needed to

treat to prevent UTIs in infants with
high-grade HN receiving CAP was 7,
which represents a measure of ben-
efit (ie, that prescribing CAP to 7
infants with high-grade HN translates
into preventing 1 UTI).

VUR and Rates of UTI

The pooled UTI rate for infants with VUR
was 22.8% (95% CI: 9.7–39.4) compared
with the pooled rate of 9.3% (95% CI:
3.1–18.5) for patients without VUR (P =
.31) (Figs 4 A and B). We could not ex-
tract sufficient data to examine the
association between VUR and UTI
stratified according to HN grade or use
of CAP.

Gender and Rates of UTI

A total of 8 studies4–7,16,18,20,22 reported
on UTI rates according to gender. UTI
rates were similar in boys and girls
with antenatal HN (15% vs 18.9%; P =
.21) (Fig 5). We could not extract

TABLE 3 Patient Characteristics Available
From Included Studies

Characteristic Stated Not Stated

N % N %

Gender
Publications 16 76 5 24
Patients 1859 48 2017 52

CAP status
Publications 16 76 5 24
Patients 3522 91 354 9

SFU grade
Publications 13 62 8 38
Patients 3225 83 651 17

UTI
Publications 17 81 4 19
Patients 3473 90 403 10

Circumcision
Publications 5 24 16 76
Boys 639 46 759 54

TABLE 4 Overall Methodologic Quality
Rating of Included Studies

Methodologic Quality No. (%) of Studies

High (.75%) 5 (24)
Moderate (50%–74%) 8 (38)
Low (25%–49%) 5 (24)
Very low (,25%%) 3 (14)
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sufficient data to compare UTI rates
between girls and boys based on HN
grade or addressing circumcision sta-
tus.

Heterogeneity and Publication Bias

To reduce heterogeneity, a random
effects model was followed when con-
ducting the current meta-analysis,
limited to studies reporting a direct
comparison between low- versus high-
grade HN (Fig 6). The pooled OR was 5.8
(95% CI: 3.9–8.7), suggesting that high-
grade HN was significantly associated
with a higher rate of UTI. To adjust for
potential confounding effects of VUR

and CAP on UTI, we have chosen to
display the percentage of VUR and CAP
patients in Fig 6. To further validate
these findings, a sensitivity analysis
was conducted, comparing moderate
versus high methodologic quality arti-
cles. The pooled OR for high-quality
studies (6.3 [95% CI: 3.9–9.5]) also
suggests that high-grade HN was sig-
nificantly associated with higher UTI
rates (Fig 7).

When we conducted a separate meta-
analysis including only studies that
compared CAPuse versus no use of CAP,
we obtained a pooled OR of 1.7 (95% CI:
1.1–2.8), indicating that patients re-

ceiving CAP had significantly lower UTI
rates (Fig 8).

A funnel plot was created, involv-
ing 17 studies that reported UTI
rates.5–7,13,14,16,18–23,25,26,28,29 The
distribution of studies is scattered
over the 4 quadrants of the graph,
suggesting a lack of publication bias
(Fig 9).

DISCUSSION

With thewidespread practice of routine
prenatal ultrasound, the number of
fetuses with detected HN has increased
commensurately. Management of the
many patients who have persistent HN

FIGURE 2
(A) UTI rates in infants with low-grade HN. Pooled UTI rate is 4.7% (95% CI: 2.3–7.9), I2 (inconsistency) = 85.4% (95% CI: 69.7–91.2). (B) UTI rates in infants with
high-grade HN. Pooled UTI rate is 23.3% (95% CI: 12.0–3.7), I2 (inconsistency) = 91.6% (95% CI: 85.7–94.4).

FIGURE 3
(A) UTI rates in infants with antenatal HN receiving CAP. Pooled UTI rate is 9.9% (95% CI: 4.6–17.1), I2 (inconsistency) = 87.8% (95% CI: 78.8–91.9). (B) UTI rates in
infants with antenatal HN not receiving CAP. Pooled UTI rate is 8.3% (95% CI: 2.9–16.0), I2 (inconsistency) = 96.2% (95% CI: 95–97).
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after birth remains controversial and
devoid of guidance based on high levels
of evidence. Among contentious topics,
the routine prescription of CAP has
gained attention due to the perceived
lack of clinically significant benefit in
VUR trials, as well as concerns for
bacterial resistance and long-term
adverse effects. Highlighting these
issues, the 2009 Canadian Urological
Association guidelines on antenatal HN
stated that the role of CAP is indeed
controversial and provided a grade D
recommendation (based on case series
and clinical experts’ opinion) for this
specific topic.30 More recently, the 2009
American Urological Association Up-
date Series on Prenatal Diagnosis of
Urological Disease stated that although
CAP is generally recommended for se-
vere (grades III and IV) HN, the practice
is not evidence based.1 Not surpris-
ingly, the lack of consensus has trans-
lated into noticeable differences
between individual health care pro-

viders and specialties.1,31–33 Ismaili
et al31 conducted a study among
French-speaking pediatric nephrolo-
gists and urologists and found a sig-
nificant variation in CAP prescribing
patterns for antenatal HN within and
across the 2 groups. Similarly, a survey
of pediatric urologists from Europe
and the United States concluded that
there is also a considerable variation
in CAP use for antenatal HN between
the 2 continents, as well as among
pediatric urologists from the same
country.32

In general, physicians prescribe CAP to
reduce the risk of UTI in infants who
have antenatal HN and to prevent UTI-
associated morbidity as well as long-
term complications of renal damage.34

Nevertheless, the ultimate decision to
start an infant on CAP currently cen-
ters on parental acceptance aligning
with individual health care provider
and/or institution protocols. Due to
the paucity of published data, treat-
ment philosophy plays an important
role. Thus, the decision is based on
partially defined risks and benefits,
heavily affected by the perception of
what is more valuable: potentially
preventing pyelonephritis and sepsis
or accepting the administration of
a drug that may provide little benefit
but can be associated with adverse
effects and bacterial resistance. Con-
ceptually, it would make sense to tai-
lor the prescription of CAP based on
specific patient characteristics that
affect the odds of experiencing the
outcome of interest. However, con-
sensus on what constitutes a risk
factor for UTI warranting CAP in this
population has yet to be determined.
To date, there is limited information
on the topic.

All of the reviewed publications have
recognized important shortcomings in
terms of study design, number of
patients evaluated, inclusion and ex-
clusioncriteria,definitionofevents,and

monitoring and assessment of com-
pliance. Thus, the information gathered
fromeachof themonan individualbasis
is difficult to bring into clinical practice.
In addition, the findings from relevant
series are at times inconsistent. Coelho
et al5 found that girls with VUR or uri-
nary tract obstruction had a higher
risk of UTI during follow-up and rec-
ommended CAP and close clinical
monitoring. Estrada et al28 observed
that in patients with postnatal persis-
tent grade II HN, identification of VUR
through a VCUG and use of CAP signif-
icantly reduced the risk of febrile UTI.
Conversely, some authors have argued
that CAP does not change the risk of UTI
in specific patient populations. Roth
et al7 conducted a retrospective study
of patients with SFU grade III/IV HN and,
based on an overall low baseline rate of
UTI (4%), recommended against wide-
spread use of CAP for all infants with
antenatal HN. Similarly, in a recent
prospective study, Islek et al9 con-
cluded that CAP use is not indicated in
infants with ureteropelvic junction ob-
struction, regardless of its severity, as
the risk of UTI was minimal in this
group.

Given thesediscrepancies, ourgoalwas
to conduct a systematic review, aiming
to summarize the current evidence
regarding theuseof CAP inantenatalHN
patients. In addition, this exercise
sought to further analyze direction and
magnitude of potential treatment
effects while highlighting deficiencies
in knowledge that shouldbe considered
for future studies. To our knowledge, no
similar reviews have been published on
this particular topic thus far. Our strict
eligibility criteria for included studies
have allowed us to gather a rather
homogeneous patient population,
summarizing information on a rela-
tively large number of infants identified
antenatally and followed up for a mini-
mum of 12 months after birth.

TABLE 5 Rates of UTI in Infants With SFU
Grades I and II HN

CAP Status UTI No UTI Total

N % N %

Yes 10 2.2a 449 97.8 459
No 49 2.8b 1673 97.2 1722
Total 59 2.7 2122 97.3 2181

Data were stratified according to CAP status based on
available data from the following studies included in the
analysis: 6, 20, 23, 25, 28, and 29 (VUR was an exclusion
criterion in studies 6 and 23). P = .52.
a 95% CI for CAP use: 1.3 to 4.0.
b 95% CI for no CAP use: 2.1 to 3.7; 348 (16%) of 2181
patients had VUR.

TABLE 6 Rates of UTI in Infants With SFU
Grades III and IV HN

CAP Status UTI No UTI Total

N % N %

Yes 18 14.6a 105 85.4 123
No 111 28.9b 273 71.1 384
Total 129 25.4 378 74.6 507

Data were stratified according to CAP status based on
available data from the following studies included in the
analysis: 4, 6, 7, 20, 23, and 25 (VUR was an exclusion
criterion in studies: 4, 6, 7, and 23). P # .01.
a 95% CI for CAP use: 9.3 to 22.
b 95% CI for no CAP use: 24.6 to 33.6; 28 (5.5%) of 507
patients had VUR.

REVIEW ARTICLE

PEDIATRICS Volume 131, Number 1, January 2013 e257
 at UNIV OF CHICAGO on May 16, 2013pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


Aggregate evaluation by using meta-
analysis demonstrated that UTI rates
are significantly higher in infants with
high-grade HN even when restricted to
selected articles that reported a direct
comparison of UTI rates between
patientswith low- versus high-gradeHN
within the same study. CAP in the high-

grade HN group was associated with
significant reduction of UTI rates when
compared with no treatment (14.6% vs
28.9%; P, .01). In contrast, UTI rates in
infants with low-grade HN were similar
regardless of CAP use. This core finding
supports the notion of selective use
of CAP for patients with high-grade

HN. Nevertheless, it should also be
noted that due to limitations of the
reported data in the studies included,
the effect of important variables (eg,
VUR, gender) could not be properly
evaluated.

Aswithmostmeta-analyses, thecurrent
report has important limitations. The

FIGURE 4
(A) UTI rates in infants with VUR. Pooled UTI rate is 22.8% (95% CI: 9.7–39.4), I2 (inconsistency) = 92.6% (95% CI: 88.4–94.8). (B) UTI rates in infants without VUR.
Pooled UTI rate is 9.3% (95% CI: 3.1–18.5), I2 (inconsistency) = 96.6% (95% CI: 95.4–97.3).

FIGURE 5
UTI rates in infants with antenatal HN grouped according to gender. IV, inverse variance.

FIGURE 6
Meta-analysis on UTI rate in high-grade versus low-grade HN. AHN, antenatal HN. M-H, Mantel-Haenszel.

e258 BRAGA et al
 at UNIV OF CHICAGO on May 16, 2013pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


most notable is the unavoidable re-
striction to observational studies be-
cause we could not identify any
randomized controlled trials examin-
ing the relationship between CAP and
UTIs in infants with antenatal HN. This
finding reflects the state of current
evidence on the topic of CAP and an-
tenatal HN. Methodologic and analyti-
cal issues related to observational
studies of different quality have to be
carefully considered and kept present
when aggregating data and placing
these outputs in perspective. Even if all
the included nonexperimental studies
were of high methodologic quality, the
resultant level of evidence would be
moderate. In addition, it is possible
that our estimates of UTI rates were
biased due to restricted analysis of the

6 studies with data on direct com-
parison of UTI rates between infants
with low- and high-grade HN. Never-
theless, the followed strategy allowed
for optimizing statistical power (by
virtue of a larger sample size) within
a more homogeneous patient pop-
ulation, ultimately combining results
and providing a common measure of
effect size. Moreover, the format in
which data were presented varied
widely between studies. We elected to
group infants based on SFU grade to be
able to make meaningful comparisons
between the studies. However, in-
consistent grading of HN (a situation
that was more notable in older studies)
made it difficult to compare all patient
populations. As previously indicated,
some studies were excluded from the

final analysis because the provided
measurements could not be translated
into SFU grading. Similarly, although
most articles reported on occurrence
of antenatal HN in individual patients,
some articles reported their results in
renal units without correlating these
data to the number of patients affected
(as shown in Table 2).

Due to the paucity of data, we were
unable to comment on the association
between antenatal HN concurrent with
VUR and UTI, and gender effect on UTI,
adjusted according to HN grade.
Associations between the primary
outcome and isolated HN (ureter-
opelvic junction obstruction–like) or
hydroureteronephrosis (primary mega-
ureter) were often difficult to analyze
because the included articles had not

FIGURE 7
Sensitivity analysis comparing high-quality versus moderate-quality studies. AHN, antenatal HN.

FIGURE 8
Meta-analysis on UTI rate in CAP use versus no CAP use.
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consistently provided UTI rates dis-
criminated according to etiology. In an
attempt to assess UTI rates solely in
patients with hydroureteronephrosis
without VUR (primary megaureter),
we obtained data from 4 pertinent
studies4–7 as displayed in Fig 10. The

pooled UTI rate was 34% (95% CI: 14–
58), significantly higher than the rate of
all patients with high-grade HN (23.3%
[95% CI: 3.7–12]), suggesting that these
patients might be at an even higher risk
of developing UTI and could benefit from
administration of CAP.

Finally, in the sameway,wewere unable
todrawconclusionsabout the impact of
circumcision on UTI rates; UTI data on
circumcised males were only available
for 10 boys in 2 studies.

Despite those limitations, we believe
there is value in the current report.
We present compelling evidence to
suggest that infants who have high-
grade HN who are not receiving CAP
are at a significantly higher risk of
UTI when compared with infants
who have high-grade HN who are re-
ceiving prophylaxis. This information
is a first step toward tailoring our
approach for patients with antenatal
HN, which could be selectively fa-
vored in cases of high-grade HN. This
systematic review corroborates the
presence of clinical equipoise re-
garding the postnatal management of
infants with antenatal HN due to the
lack of sound evidence supporting
or disproving the effectiveness of CAP
to prevent UTIs in this patient pop-
ulation.

CONCLUSIONS

This systematic review implies that
offering CAP to 7 infants who have
high-grade HN would prevent 1 UTI,
suggesting value in this subgroup
of patients. Given the existing data,
the effect of VUR, gender, and cir-
cumcision on UTI could not be de-
termined. Current lack of best
practice guidelines in the pediatric
urology community, coupled with the
controversial literature surrounding
this topic, calls for prospective, ran-
domized placebo-controlled trials to
investigate the effect of CAP in re-
ducing UTI rates in infants with an-
tenatal HN.
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FIGURE 9
Funnel plot portraying precision of included studies4–7,13,14,16,18–23,25,26,28,29 with regard to the UTI
rates.

FIGURE 10
UTIRates in infantswithhydroureterandnoVUR.PooledUTI rate is34%(95%CI: 14–58), I2 (inconsistency)
= 87% (95% CI: 61.7–93.2).
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