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BACKGROUND: Little generalizable information is available on the outcomes of children
diagnosed with bladder and bowel dysfunction (BBD) after a urinary tract infection (UTI).
Our objectives were to describe the clinical characteristics of children with BBD and to
examine the effects of BBD on patient outcomes in children with and without vesicoureteral

reflux (VUR).

METHODS: We combined data from 2 longitudinal studies (Randomized Intervention for
Children With Vesicoureteral Reflux and Careful Urinary Tract Infection Evaluation)

in which children <6 years of age with a first or second UTI were followed for 2 years.

We compared outcomes for children with and without BBD, children with and without

VUR, and children with VUR randomly assigned to prophylaxis or placebo. The outcomes
examined were incidence of recurrent UTIs, renal scarring, surgical intervention, resolution

of VUR, and treatment failure.

REsULTS: BBD was present at baseline in 54% of the 181 toilet-trained children included; 94%
of children with BBD reported daytime wetting, withholding maneuvers, or constipation.
In children not on antimicrobial prophylaxis, 51% of those with both BBD and VUR
experienced recurrent UTIs, compared with 20% of those with VUR alone, 35% with BBD
alone, and 32% with neither BBD nor VUR. BBD was not associated with any of the other

outcomes investigated.

CONCLUSIONS: Among toilet-trained children, those with both BBD and VUR are at higher risk
of developing recurrent UTIs than children with isolated VUR or children with isolated BBD
and, accordingly, exhibit the greatest benefit from antimicrobial prophylaxis.
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WHAT’S KNOWN ON THIS SUBJECT: Few studies have
examined the long-term outcomes of children with bladder
and bowel dysfunction (BBD). Furthermore, little is known
about the interaction between BBD and vesicoureteral reflux
(VUR). We examined the sequelae of BBD in children with and
without VUR.

WHAT THIS STUDY ADDS: We found that children with both
BBD and VUR are at higher risk of developing recurrent
urinarytract infections than children with isolated VUR or
children with isolated BBD. These findings have important
implications for the screening and treatment of VUR.
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TABLE 1 Characteristics and Results of Previous Studies Reporting Outcomes of Children With BBD Presented in Reverse Chronologic Order

Author, y N Age (y) Inclusion BBD BBD Definition Study Design BBD BBD BBD
Criteria Prevalence Associated Delayed VUR  Associated
With UTI Resolution With Renal
Recurrence Scarring
Koff et al,’ 143 — VUR 43% Clinical Convenience sample of Yes Yes —
1998 children whose VUR resolved
or was surgically corrected
Naseer and 2100 — UTl >38%? Daytime Prospective database of — — Yes
Steinhardt,? incontinence children with UTl in clinical
1997 practice
van Gool 386 — VUR 18% Questionnaire  Prospective randomized trial Yes Yes —
et al® 1992 of prophylaxis vs surgery;
children with overt
symptoms of BBD excluded
Snodgrass,* 109 0.1-18 UTl or BBD 41% Clinical Cross-sectional BBD — —
1991 associated
with
previous
utl
Seruca,® 1989 101 0.5-8 VUR and — Unclear Prospective cohort (n = 53) — Yes, but no —
BBD with treated BBD compared correction
with historical cohort (n = for baseline

48) with untreated BBD

differences in
the 2 cohorts

Dash indicates that data were not reported in the article.

2 Calculated with total number of children in the study as the denominator; however, some children in the study were not toilet trained.

Few studies have prospectively
characterized the outcomes of
children with urinary tract infection
(UTI) according to the presence

or absence of bladder and bowel
dysfunction (BBD). In many of the
existing studies (Table 1), enrollment
was restricted to certain high-

risk subgroups. Accordingly, little
generalizable information is available
about the outcomes of children with
BBD.

Our objectives were to examine
the clinical characteristics and
prevalence of BBD in a well-
characterized population of
toilet-trained children with UTI, to
determine how BBD affects patient
outcomes, to examine interactions
between BBD and vesicoureteral
reflux (VUR) on patient outcomes,
and to determine whether the
efficacy of antimicrobial prophylaxis
varies between children with and
without BBD.

METHODS

For this report, we combined
data from 2 longitudinal studies

(the Randomized Intervention

for Children With Vesicoureteral
Reflux [RIVUR] trial and the Careful
Urinary Tract Infection Evaluation
[CUTIE] study). Of the 802 total
children enrolled in these studies,
we excluded children who were not
toilet trained at baseline (N = 606)
and children with missing data for

baseline BBD (n = 13) or race (n = 2).

The final analytical sample included
181 children. The methods of the
RIVUR trial have been described
previously.® Briefly, we enrolled
children aged 2 to 71 months of age
presenting with grades I to IV VUR
diagnosed after a first or second UTI
at 19 clinical centers throughout
North America. Children in the
RIVUR trial were randomly assigned
to antimicrobial prophylaxis or
placebo. Children without VUR from
3 of the 19 RIVUR sites (Pittsburgh,
Washington, DC, and Philadelphia)
were enrolled in the parallel CUTIE
study.” The follow-up of children in
both studies was identical, with the
exception that children in the RIVUR
trial had a dimercaptosuccinic acid
(DMSA) renal scan at the 12-month

follow-up visit and had a voiding
cystourethrogram (VCUG) at the
24-month follow-up visit. Children
in the CUTIE study received no
antimicrobial prophylaxis. The 3
groups compared in this article
were the RIVUR placebo, RIVUR
prophylaxis, and CUTIE cohorts.

To assess BBD, we administered

the Dysfunctional Voiding Scoring
System (DVSS)® questionnaire

to parents of children who were
reportedly fully toilet trained (for
both bladder and bowel). The DVSS
was administered at enrollment and
at the 1- and 2-year follow-up visits.
The DVSS is a previously validated
10-item scale (total score range
0-30) that asks about the presence
of bladder and bowel symptoms over
the previous month. The majority of
items are rated on a 0 to 3 scale with
the following response categories:
almost never (0), less than half the
time (1), about half the time (2), and
almost every time (3). In this study,
we used the cutoffs recommended
by the developers: Girls with a score
of >6 and boys with a score of >9
were considered to have BBD. A
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symptom was considered absent
when the score for that item was 0.
We modified the wording of a few
questions to make them more easily
understandable for parents with
lower literacy levels. This modified
version was successfully piloted in
an earlier study.® Participants with
>3 missing items on the DVSS were
excluded from all analyses. The age of
bladder and bowel training was the
age the parent reported that the child
began urinating and defecating in

the toilet or potty. We asked parents
about toilet training every 2 months.

The Paris Consensus on Childhood
Constipation Terminology (PACCT)
6-item questionnaire asked about
the occurrence of 6 key symptoms
and signs of constipation (<3 bowel
movements per week, >1 episode of
fecal incontinence per week, large
stools obstructing the toilet, stool-
withholding behaviors, pain with
bowel movements, and palpable
stool on abdominal examination)
over the previous 8 weeks.10 We
used a modified 5-item version

of this scale (omitting the item
regarding the presence of palpable
stool on abdominal examination).
The presence of >2 symptoms on
this modified scale was considered
evidence of constipation. The PACCT
questionnaire was administered at
baseline, 12 months, and 2 years.

The following outcomes were
considered: recurrent UTIs, renal
scarring, treatment failure, resolution
of VUR, and surgery for VUR. Any
child with >1 UTI during the 2-year
follow-up period was considered to
have recurrent UTIs. Renal scarring
was defined as the presence of
photopenia plus contour change on
an outcome DMSA scan performed
after 2 years of follow-up or 3 to

4 months after treatment failure.
Treatment failure was defined as

the occurrence of 2 febrile UTIs,

1 febrile UTI and 3 symptomatic
UTIs, 4 symptomatic UTIs, or new or
worsening renal scarring. Resolution
of VUR was defined as the absence of
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VUR on the VCUG performed after 2
years of follow-up. Treatment failure,
resolution of VUR, and surgery for
VUR were assessed only for children
in the RIVUR trial.

We defined 2 versions of BBD: BBD
at baseline and BBD over time. For
the latter, we included children not
toilet trained at baseline, for a total
of n = 785 children. To calculate BBD
over time, we divided each child’s
follow-up period into 3 intervals.
During each interval, 4 states were
possible: BBD present, BBD absent,
not toilet trained, and toilet trained
but BBD unknown. The BBD status
during the first 6-month follow-up
period was determined based on the
BBD status at enrollment. The BBD
status during months 6 to 18 and

18 to 24 was determined based on
the BBD status at 1 year and 2 years,
respectively. Time periods where
BBD status was unknown were
excluded from the analyses.

For time-to-event outcomes (UT],
treatment failure), we computed
unadjusted and adjusted hazard
ratios (HRs) and P values by using
Cox proportional hazards regression.
Adjusted models were stratified by
administrative site (6 categories).
For binary outcomes (scarring,
resolution of VUR), we used logistic
regression to calculate unadjusted
odds ratios (ORs) and P values. For
surgery, because of the low number
of events we used Fisher’s exact test
to calculate P values. Children who
did not have an outcome VCUG or
DMSA scan were excluded from the
aforementioned analysis.

To assess differential effects of
treatment and the differential effects
of VUR in the BBD subgroups, we
used a Cox regression model that
included the interaction between
study group (RIVUR placebo, RIVUR
prophylaxis, or CUTIE) and BBD.

RESULTS

Table 2 describes clinical and
demographic characteristics of the

181 children included. BBD was
present at baseline in 97 (54%) of
the children. The CUTIE study group
had a higher proportion of Hispanic
children (21% vs 6% vs 8% in CUTIE,
RIVUR prophylaxis, and RIVUR
placebo, respectively) and a lower
proportion of children with a febrile
index UTI (40% vs 58% vs 69%,
respectively).

At baseline, the most frequent
urinary symptoms reported

in children with BBD were
urinary urgency in 82 (85%),
withholding maneuvers (ie, pee
dance, squatting, or crossing

legs) in 77 (80%), and daytime
wetting in 60 (63%); 88 (92%)
reported either daytime wetting
or withholding maneuvers. Among
children with BBD at baseline, 38
(39%) reported frequent painful
defecation and 8 (8%) reported <3
bowel movements per week over
the last 8 weeks; 21 (22%) met
criteria for constipation according
to the modified PACCT criteria.
Ninety children (94%) with BBD
at baseline reported daytime
wetting, withholding maneuvers,
or constipation (PACCT criteria). Of
the 47 children with none of these
symptoms, only 6 (13%) had BBD.

No significant differences were
noted in median age, race, ethnicity,
primary caregiver education level,
UTI type, and history of UTI in
children with and without BBD.

The minimum age of children with
no BBD was 24 months; 75% were
>40 months. The minimum age of
children with BBD was 26 months;
75% were >41 months. No boys
(0/4) met criteria for BBD, compared
with 97 out of 177 girls (55%,
Fisher’s exact test P = .04). Seventy-
one of 124 toilet-trained children
with VUR (57%) had BBD, compared
with 26 out of 57 (46%) of children
without VUR (P =.15). Among
toilet-trained children with VUR, the
proportions with BBD were similar
across VUR grades (44%-64%, P =
.64). None of the specific symptoms



Incidence of Recurrent UTI in Toilet-Trained
Children Not on Antimicrobial Prophylaxis

32%

FIGURE 1

Incidence of recurrent UTls according to the
presence of BBD and VUR in toilet-trained
children with UTI who are not receiving
antimicrobial prophylaxis.

of BBD or constipation were clearly
associated with VUR.

Outcomes of children with and
without BBD at baseline are
described in Table 3. In the RIVUR
placebo cohort, BBD was associated
with a higher risk of recurrent UTIs;
51% of children with BBD had a
recurrent UTI, compared with 20%
of children without BBD (HR =

3.49; 95% confidence interval [CI],
1.30-9.38) (Fig 1). This association
was even larger (HR = 5.71; 95% CI,
1.94-16.78) after we adjusted for
age, gender, and race and stratified
by site. In contrast, in the RIVUR
prophylaxis and CUTIE cohorts, the
rates of recurrent UTIs were similar
among children with and without
BBD (18% vs 25% in the RIVUR
prophylaxis group and 35% vs 32%
in the CUTIE group, for the BBD and
no BBD subgroups, respectively).
For children without BBD, the UTI
rate was slightly higher in children
without VUR (32%) than in children
with VUR (20%). In all 3 cohorts,
BBD was not associated with renal
scarring. In both RIVUR cohorts,
BBD was not associated with VUR
resolution or surgery for VUR.
However, because of the rarity of
these events in our cohort, we had
limited power to detect differences
for these outcome measures.

Results were similar when we

used the BBD over time variable
(Supplemental Table 4); BBD was
associated with recurrent UTIs in the

TABLE 2 Demographic and Clinical Characteristics of Study Population at the Time of Enrollment

Characteristic RIVUR RIVUR CUTIE (N = P
Prophylaxis  Placebo (N 57)
(N=62) =62)

Median age (IQR), mo 45 (36-56) 47 (41-58) 47 (42-57) 43
Female, % 100 97 96 A7
Hispanic, % 6 8 21 .04
Nonwhite race, % 18 21 25 63
Primary caregiver education 23

High school graduate or less, % 24 16 33

Some college, % 21 29 18

College or higher, % 55 55 49
Median age (IQR) of toilet training, mo 28 (24-33) 30 (24-36) 30 (24-36) 1
Index UTI febrile, % 58 69 40 .007
>1 UTlin the past, % 29 18 26 .30
VUR at baseline <.001

None, % 0 0 100

Grade 1,% 16 16 0

Grade 2, % 45 50 0

Grade 3, % 31 27 0

Grade 4, % 8 6 0
Constipation per PACCT at baseline, % 13 13 14 >99
BBD at baseline, % 55 60 46 31

IQR, interquartile range.

a Pvalues were computed with the x2 test for VUR, Fisher’s exact test for other categorical variables, and the Kruskal—

Wallis test for continuous variables.

TABLE 3 Clinical Outcomes of Children With UTI According to the Presence or Absence of BBD at

Baseline
Group and Outcome BBD No BBD BBD vs No BBD
% n/N % n/N OR or 95% Cl P
HR
VUR, on prophylaxis (RIVUR
prophylaxis)
Recurrent UTI? 18 6/34 25 7/28 0.69 0.23-2.07 51
Recurrent febrile UTI2 3/34 14 4/28 0.63 0.14-2.80 .54
Treatment failure? 3 1/34 1 3/28 0.28 0.03-2.68 27
Renal scarring® 25 6/24 15 4/27 192 0.47-7.83 .36
VUR resolved by year 2° 46 12/26 41 9/22 124 0.39-3.90 72
Surgery for VUR® 0 0/34 4 1/28 — — 45
VUR, no prophylaxis (RIVUR
placebo)
Recurrent UTI? 51 19/37 20 5/25 3.49 1.30-9.38 01
Recurrent febrile UTI? 27 10/37 16 4/25 2.08 0.65-6.65 22
Treatment failure? 19 7/37 8 2/25 2.89 0.60-13.92 19
Renal scarring? 21 6/29 22 5/23 0.94 0.25-3.58 93
VUR resolved by year 2° 46 12/26 53 9/17 0.76 0.22-2.59 66
Surgery for VUR® 8 3/37 0 0/25 — — 27
No VUR, no prophylaxis
(CUTIE)
Recurrent UTI? 35 9/26 32 10/31 1.10 0.45-2.70 84
Recurrent febrile UTI? 19 5/26 13 4/31 1.49 0.40-5.57 .55
Renal scarring® 10 2/20 14 3/22 0.70 0.11-4.71 72

Dash indicates not calculable; n/N = number of events/number of evaluable patients.

3 HR for time to event is reported.
b ORs are reported.

¢ Fisher’s exact test was used to compute Pvalues for VUR surgery.

RIVUR placebo cohort but not in the
RIVUR prophylaxis or CUTIE cohorts.
In the RIVUR placebo cohort, risk of

recurrent UTI during times with BBD
was 3 times the risk during times
without BBD.
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Among children with BBD, the
proportion of children with recurrent
UTIs in the RIVUR prophylaxis group
was lower (18%) than in the RIVUR
placebo group (51%). In contrast,
among children without BBD, the
proportion of children with recurrent
UTIs in the RIVUR prophylaxis group
(25%) and the RIVUR placebo group
(20%) were similar. We used a

Cox regression model with a BBD-
study group interaction and found
that this association between use

of antimicrobial prophylaxis and
recurrent UTIs was significantly
stronger (P value for interaction =
.04) in children with BBD (HR = 0.22;
95% CI, 0.08-0.61) than in children
without BBD (HR = 1.46; 95% CI,
0.45-4.79).

With regard to the impact of VUR

on BBD subgroups, compared with
the RIVUR placebo group, the CUTIE
group had a slightly lower proportion
of children with recurrent UTIs
among those with BBD (35%) but a
slightly higher proportion of children
with recurrent UTIs among those
with no BBD (32%). In the time-to-
event model, corresponding HRs for
VUR were 2.08 (95% CI, 0.85-5.09)
for the BBD group and 0.60 for the no
BBD group (95% CI, 0.19-1.85).

Of note, grade of VUR appeared not
to appreciably modify the association
between BBD and recurrent UTIs.
Among children with BBD in the
RIVUR placebo group, 50% of
children with VUR grades I or Il and
54% of children with VUR grades

[II or IV had recurrent UTIs. The
corresponding numbers for children
with no BBD in the RIVUR placebo
group were 24% and 13%.

DISCUSSION

Data presented in this article provide
a unique window into the poorly
understood relationship between
VUR, BBD, antimicrobial prophylaxis,
and recurrent UTIs. Children with
both VUR and BBD had the highest
rate of recurrent UTIs, whereas
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children with only BBD or only

VUR had no evidence of a higher
risk compared with children with
neither. Our results also underscore
that, among toilet-trained children,
prophylaxis was significantly more
effective in children with both VUR
and BBD than in any other subgroup
of children. This pattern suggests
that children with both BBD and
VUR have a substantial risk of
recurrent UTIs and could potentially
benefit the most from antimicrobial
prophylaxis.

What Is the Prevalence of BBD in
Children With UTI?

The prevalence of BBD in our sample
(54%) is clearly higher than what
has been reported in the general
population (20%),° probably because
of the association between BBD and
UTI. Our results are consistent with
those of previous studies of children
with UTL#

Are BBD and VUR CGausally Related?

Several studies have reported that
the prevalence of BBD in children
referred to urology clinics for VUR
is high (34%-70%).111-13 Perhaps
because of these studies, the
importance of BBD is well recognized
among urologists. The high
prevalence of BBD in children with
VUR has led some to assume that
VUR and BBD are causally related.
We found that BBD often is present
in children with UTI regardless of
the presence of VUR, which suggests
that BBD and VUR are not causally
related.

What Are the Practical Implications
of These Findings?

Because the risk of recurrent UTI is
particularly high among children who
have both BBD and VUR, it seems
logical to screen for >1 of these
conditions in children diagnosed
with UTI (provided that cost-
effective screening and treatment
strategies are available). With

proper training, screening for BBD
could be performed by primary care

physicians. In contrast, definitive
screening for VUR requires invasive
testing. Similarly, treatment of BBD
is arguably less likely to cause harm
than treatment of VUR; the former
usually requires use of laxatives,
timed voiding, or biofeedback?4,
whereas the latter requires using
long-term antimicrobial prophylaxis
or surgery. Thus, one approach
would be to routinely screen all
toilet-trained children with UTI for
BBD and to treat BBD in those who
screen positive. Determining whether
such an approach is more effective
than other approaches (eg, VCUG in
children with BBD, VCUG in children
with a second UTI or in children with
an abnormal ultrasound, VCUG in
children with a high biomarker level)
requires additional study.

Until such studies are conducted, our
results suggest that screening for
BBD is an important part of caring
for children with UTIs, especially
given the high prevalence of BBD
in this population. In a previous
study, we showed that BBD is often
overlooked and rarely treated by
general practitioners.” When faced
with a child with symptoms of

BBD (eg, with recurrent episodes
of urgency and incontinence),
many clinicians repeatedly test

for UT], failing to recognize BBD

as the underlying cause of the
child’s symptoms. These episodes
represent missed opportunities to
diagnose and treat BBD. Neither
the diagnosis nor treatment of BBD
requires specialist input. General
practitioners could easily ask about
constipation and treat it when it

is present. In addition to asking
about constipation, physicians
should ask about daytime wetting
and withholding behaviors. If
these symptoms are present, timed
voiding and double voiding (having
the child sit again on the toilet
right after he or she has finished
voiding) may help alleviate them. In
children who do not have daytime
wetting, withholding behaviors,



or constipation, no additional
assessment would be needed.
Alternatively, the DVSS, which

was used as the screening tool in
this study and takes 2 minutes to
complete, could be used in primary
care offices as a screening tool.

Several limitations are noteworthy.
First, we reached some of our
conclusions by comparing 3 cohorts
of children enrolled in 2 related
studies. Of the 3 cohorts, 2 represent
arms of a randomized controlled
trial (RIVUR). The CUTIE study
differed demographically from

the other cohorts, in part because
enrollment in the CUTIE study

was limited to 3 of the 19 sites
participating in RIVUR. However,
the study procedures were almost
identical in both studies. Second, the
number of toilet-trained children
was too few to evaluate some of the
less frequently occurring secondary
outcomes (eg, scarring, surgery).
Third, because of the small number
of boys included, our results apply
primarily to girls. Fourth, although
our data suggest that BBD is an
important risk factor for recurrent
UTIs, future studies must be

conducted to determine whether
screening and treatment of BBD
actually improve patient outcomes.
Finally, analyses conducted here
were not prespecified in the study
protocol. Nevertheless, our study

is unique in that children with UTIs
were systematically included from a
wide network of practices, including
many primary care practices.

All children had complete and
consistent anatomic evaluation. BBD
was assessed through a validated
questionnaire, and outcomes
associated with the presence of BBD
were examined longitudinally.

In conclusion, BBD is not limited to
children with VUR; it is present in
~50% of children with UTIs. Children
with both BBD and VUR are at
highest risk of developing recurrent
UTIs and receive the greatest benefit
from antimicrobial prophylaxis.
Screening and treatment of BBD may
reduce recurrent UTIs. For many
years, physicians caring for children
with UTI have focused their efforts on
identifying and managing VUR. This
report highlights the importance of
BBD in the pathogenesis of recurrent
UTIs and clearly signals a need to

broaden our attention beyond the
identification of VUR.
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