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Predicting the Risk of Breakthrough Urinary Tract Infections:
Primary Vesicoureteral Reflux
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Blake Selby, Crystal Dorgalli, Elias Wehbi, Irene McAleer, Gordon McLorie,

Sheldon Greenfield, Sherrie H. Kaplan and Antoine E. Khoury*

From the Department of Urology, Children’s Hospital of Orange County, Orange (GH, AN, TS, MSK, BS, CD, EW,

IM, GM, AEK) and School of Medicine, University of California, Irvine, Irvine (JB, SG, SHK), California
Purpose: We constructed a risk prediction instrument stratifying patients
with primary vesicoureteral reflux into groups according to their 2-year proba-
bility of breakthrough urinary tract infection.

Materials and Methods: Demographic and clinical information was retrospec-
tively collected in children diagnosed with primary vesicoureteral reflux and
followed for 2 years. Bivariate and binary logistic regression analyses were
performed to identify factors associated with breakthrough urinary tract infec-
tion. The final regression model was used to compute an estimation of the 2-year
probability of breakthrough urinary tract infection for each subject. Accuracy of
the binary classifier for breakthrough urinary tract infection was evaluated
using receiver operator curve analysis. Three distinct risk groups were identi-
fied. The model was then validated in a prospective cohort.

Results: A total of 252 bivariate analyses showed that high grade (IV or V)
vesicoureteral reflux (OR 9.4, 95% CI 3.8e23.5, p <0.001), presentation
after urinary tract infection (OR 5.3, 95% CI 1.1e24.7, p ¼ 0.034) and fe-
male gender (OR 2.6, 95% CI 0.097e7.11, p <0.054) were important
risk factors for breakthrough urinary tract infection. Subgroup analysis
revealed bladder and bowel dysfunction was a significant risk factor more
pronounced in low grade (I to III) vesicoureteral reflux (OR 2.8, p ¼ 0.018).
The estimation model was applied for prospective validation, which
demonstrated predicted vs actual 2-year breakthrough urinary tract infec-
tion rates of 19% vs 21%. Stratifying the patients into 3 risk groups based
on parameters in the risk model showed 2-year risk for breakthrough uri-
nary tract infection was 8.6%, 26.0% and 62.5% in the low, intermediate and
high risk groups, respectively.

Conclusions: This proposed risk stratification and probability model allows
prediction of 2-year risk of patient breakthrough urinary tract infection to better
inform parents of possible outcomes and treatment strategies.

Key Words: risk assessment, urinary tract infections, vesico-ureteral reflux
VESICOURETERAL reflux is a common
pediatric urology diagnosis with a
spectrum of severity ranging from an
asymptomatic, self-limiting incidental
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finding to a condition associated with
acute pyelonephritis, sepsis, renal
scarring and deterioration of kidney
function.1e3 Variability in disease
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presentation, outcome and health effects creates
controversy regarding diagnosis and management.

Several large-scale studies have revealed that the
factors associated with persistent, nonresolving
VUR include demographic and clinical characteris-
tics such as age at presentation, gender, race and
reflux grade.4e8 The clinical condition prompting
the diagnosis of VUR, unilateral vs bilateral reflux,
presence of renal scarring, number of past UTIs,
and the presence of bladder and bowel dysfunction
are other frequently studied risk factors for non-
resolving VUR. Risk of future UTI and renal injury
should drive the clinical treatment of patients with
primary VUR, rather than its resolution.

We created a risk prediction instrument that
stratifies patients with primary VUR into risk
groups according to their 2-year probability of hav-
ing a BTUTI. We constructed a formula that pre-
dicts individual risk of BTUTI. This instrument
will provide clinicians and parents with guidance
in determining optimal management.
METHODS

Definition of UTI and BTUTI
Based on the 2011 American Academy of Pediatrics
guidelines, a UTI is defined as an infection characterized
by fever, positive urinalysis and positive urine culture. In
this study urinalysis was performed on clean intermittent
catheterization sample, clean catch specimen or bagged
urine sample. Urinalysis was deemed positive if pyuria,
bacteria and leukocyte esterase were confirmed. A culture
was positive by having more than 50,000 cfu/ml of a single
uropathogenic organism.6 BTUTI was defined as a UTI
while taking prophylactic antibiotics. We collected data in
2 cohorts of patients following approval of the Children’s
Hospital of Orange County review board.

Retrospective Cohort
The hospital VCUG log from June 2008 to December 2010
was used to generate subjects diagnosed with primary
VUR. Patients who were lost to followup were invited
for followup. Families that failed to follow up in person
were interviewed by telephone. Only patients with at
least 2 years of followup were included.

Prospective Cohort
A total of 56 patients with primary VUR were followed for
a minimum of 2 years at our facility. Final followup data
were collected from January to December 2012.

Management protocol included CAP using trimetho-
prim/sulfamethoxazole or nitrofurantoin initiated at first
urological consultation for all patients. Education con-
cerning BBD and UTI prevention was provided to each
family. Patients who experienced BTUTI or new renal
scarring during followup were excluded from the cohort.

Measures and Data Collection
Demographic and clinical information collected included
current age, gender, age at presentation (plus or minus
12 months), reflux grade, laterality (on initial VCUG),
initial presentation (after urinary infection or other),
presence of BBD, history of BTUTI and hydronephrosis.
Information was obtained through review of the medical
record. Missing clinical information was obtained from
followup visits or telephone calls to the family.

BBD was defined as presence of either daytime incon-
tinence, symptoms of urgency and frequency, or holding
maneuvers as assessed by clinical history, uroflowmetry
with post-void residual and use of the validated Dys-
functional Voiding Symptom Score questionnaire in toilet
trained children.9 Constipation was defined as clinical
history of difficult, incomplete or infrequent evacuations
(less than 1 bowel movement daily). Since voiding func-
tion is difficult to evaluate in patients not yet toilet
trained, BBD was limited to the presence of constipation
in this population. Renal parenchymal defects were eval-
uated using ultrasound or DMSA scan.

VUR grade was determined using the International
Reflux Study in Children grading system. A pediatric
radiologist and a urologist reviewed all VCUGs to grade
the VUR. When agreement was not reached regarding
grade assessed independently, the higher of the 2 grades
was assigned to the patient. The highest grade of VUR
was used for categorization in those with bilateral VUR.

Statistical Analysis
Risk prediction model development. All statistical anal-
yses were performed using SPSS�, version 21.0. Data
collected from the retrospective cohort were used to
develop the risk prediction model. We used descriptive
statistics to characterize this cohort. Candidate variables
for inclusion in the risk model were first evaluated by
examining the bivariate associations with BTUTI using
the Fisher exact test. Variables demonstrating association
with BTUTI in the unadjusted bivariate analysis (p <0.2)
were included in an initial multivariable logistic regres-
sion model. A parsimonious model was then created,
retaining only variables from the initial model that car-
ried a significant independent association with BTUTI.

Subgroup analysis comparing associations of the risk
factors with BTUTI in the low VUR grade (I to III) vs high
grade (IV or V) subgroups was performed using stratified
unadjusted bivariate analyses and binary logistic regres-
sion. This examination included an analysis of risk factor
interactions.

Estimating risk of BTUTI. The final logistic regression
model developed was used to estimate 2-year risk of
BTUTI for each patient in the retrospective and
prospective cohorts. We calculated a risk score (RSi) by
multiplying each variable in the multivariate model by
its b coefficient (natural logarithm of odds ratio) and
summing the products. The risk score was used to compute
the odds of BTUTI using the formula, Odds(BTUTI)i ¼ eRSi.
Odds were then converted to a probability [Pr(BTUTI)i],
Pr(BTUTI)i ¼ Odds(BTUTI)i/1 þ Odds(BTUTI)i. ROC
analysis was used to evaluate the performance of the
continuous risk models in discriminating patients who
would have a BTUTI on followup.

Categorical risk model. Results from the continuous
risk model were used to define categorical risk groups.



Table 1. Adjusted logistic regression of factors associated with
2-year risk of BTUTI

OR (95% CI) p Value

High grade VUR (IV or V) 8.9 (3.4, 23.2) <0.001
Presentation as UTI 4.8 (1.0, 22.4) 0.045
Female gender 2.0 (0.7, 5.7) 0.19
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Patients with factors associated with less than 10%, 10%
to 30% and greater than 30% incidence of BTUTI were
assigned to the low, intermediate and high risk groups,
respectively. Odds ratios comparing the likelihood of
BTUTI in the intermediate and high risk groups to the
low risk group were estimated using logistic regression.
BBD 1.8 (0.8, 4.0) 0.13
RESULTS
The retrospective cohort consisted of 252 patients.
Of the patients 88% had low grade VUR, 74% were
female and 84% were diagnosed with VUR after a
UTI. Mean � SD age at diagnosis was 22 � 23
months (range 0 to 130). Males presented at an
earlier age than females (mean � SD 16 � 27 vs
25 � 26 months, p ¼ 0.044). Males presented more
commonly due to a condition other than UTI (26%)
vs females (13%, p ¼ 0.018). DMSA scan was per-
formed in fewer than 10 subjects, and no correlation
was noted between DMSA findings and BTUTI
rates. DMSA scans were conducted only in subjects
who had abnormal findings of parenchymal defects
or significant size discrepancy of the kidneys on
ultrasound.

Risk Prediction Model Development

Evaluating candidate risk factors. Bivariate associa-
tions between each baseline risk factor and onset
of BTUTI are summarized for the retrospective
cohort in the supplementary table (http://jurology.
com/). BTUTI was more common in females
(18.7%) than males (10.8%, p ¼ 0.18). BTUTI
occurred in 1 of the 23 circumcised males (4%).
High grade VUR was significantly associated
with BTUTI (46.9% vs 12.3% in low grade cases,
p <0.001). This significant difference was lost
when we defined high grade VUR as grade III to V
(19.6% vs 14.4%, p ¼ 0.31).

Diagnosis of VUR following a UTI was signifi-
cantly associated with BTUTI (19.1% vs 4.9%,
p ¼ 0.023). Although female gender and BBD were
not significantly associated with BTUTI, both met
our criteria for inclusion in the multivariable risk
model (p <0.20).

In a multivariable logistic regression model
including all variables that had evidence of a
bivariate association with BTUTI (p <0.2) VUR
grade IV or V (OR 8.9, 95% CI 3.4, 23.2) and pre-
sentation after UTI (OR 4.8, 95% CI 1.0, 22.4) were
each significantly associated with BTUTI (table 1).

Subgroup analysis. Subgroup analyses were done
comparing the association between each model
covariate and BTUTI for high grade vs low grade
VUR subgroups. Table 2 summarizes the clinical
characteristic of each subgroup.

Of the 32 patients with high grade reflux BTUTI
occurred in 15 (47%). Trends suggesting a higher
rate of BTUTI in females than males (61% vs 29%,
p ¼ 0.087) and in patients diagnosed after UTI
(56% vs 14%, p ¼ 0.088) were observed.

For those with low grade reflux BTUTI was
significantly more common if BBD was present
(21% vs 9%, OR 2.6, 95% CI 1.1, 6.1, table 2).
Diagnosis after UTI was associated with BTUTI
with a trend toward significance (19% vs 3%, OR
5.3, 95% CI 0.7, 41.1). The incidence of BTUTI was
14% in females and 6% in males (p ¼ 0.145). In this
subgroup BBD was associated with BTUTI (OR 2.6,
95% CI 1.1, 6.1).

Analysis comparing circumcised (23) to uncir-
cumcised males (42) showed that none of the
circumcised males with low grade VUR had a
BTUTI. The only circumcised male with a BTUTI
during followup had high grade VUR.

Estimating Risk of BTUTI

Based on the results of the regression models, a
final parsimonious logistic regression model was
created. Since the subgroup analyses revealed a
trend suggesting an interaction between BBD and
VUR grade, we included this interaction term in
the model. Table 3 summarizes the model.

Assessing Model Performance

Training data set. The model was applied to the
retrospective cohort to predict likelihood of BTUTI.
ROC curve analysis demonstrated good discrimi-
nation of positive BTUTI (AUC 0.76). We devel-
oped the iReflux Risk Calculator, a Web based
application to estimate BTUTI risk from pa-
tient characteristics (http://www.choc.org/programs-
services/urology/ireflux-risk-calculator/, fig. 1).

Validation data set. We tested the risk model in a
validation data set from the prospective cohort.
Mean � SD predicted probability of BTUTI was
19.5% � 12% (range 1% to 51%). A total of 12 pa-
tients (21%) in this group experienced UTI. The
model showed good discrimination between pres-
ence and absence of BTUTI (AUC 0.80).

Categorical Risk Stratification

To create a simplified categorical risk stratification
algorithm for BTUTI, we generated a summary set
of conclusions based on the results of the bivariate
and multivariate analyses. Although no significant

http://jurology.com/
http://jurology.com/
http://www.choc.org/programs-services/urology/ireflux-risk-calculator/
http://www.choc.org/programs-services/urology/ireflux-risk-calculator/


Table 2. BTUTI incidence in patients with high vs low grade VUR

High Grade VUR (IV or V) Low Grade VUR (I-III)

BTUTI OR (95% CI)* BTUTI OR (95% CI)*

No. gender/total No. (%): 3.1 (0.6e16.8) 1.8 (0.5e6.6)
Female 11/18 (61) 24/169 (14)
Male 4/14 (29) 3/51 (6)

No. BBD/total No. (%): 1.0 (0.9e1.0) 2.6 (1.1e6.1)
Present 10/20 (50) 13/61 (21)
Absent 3/7 (43) 13/143 (9)

No. diagnosis by UTI/total No. (%): 5.6 (0.5e58.3) 5.3 (0.7e41.1)
Yes 14/25 (56) 26/186 (19)
No 1/7 (14) 1/34 (3)

*Odds ratio for each factor derived from separate logistic regression models stratified by VUR grade subgroup.
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association between gender and BTUTI incidence
was observed in the final multivariate model, re-
sults from the bivariate analyses and other studies
suggest that male gender may be a protective factor,
particularly among circumcised males, and this
was included in the algorithm.

Based on these conclusions, we constructed cat-
egorical definitions for groups at low, intermediate
and high risk for BTUTI (fig. 2). Table 4 outlines the
distribution of the retrospective sample and the rate
of BTUTI in the different risk groups.

In the prospective sample we found that 25 pa-
tients (44%) stratified into the low risk group had an
actual BTUTI rate of 4%. A total of 30 patients
(53%) fell into the intermediate risk group and had
an actual BTUTI rate of 33%. Only 1 patient was in
the high risk group, and she had a BTUTI.
DISCUSSION
We investigated the association of different clinical
and demographic factors with the incidence of
BTUTI during the first 2 years after the diagnosis
of primary VUR. Results revealed that risk
groups defined by VUR grade, gender, circumcision
status, presence of BBD and cause of presentation of
VUR differentiate patients at low, moderate and
high risk for BTUTI. Females with high grade VUR
diagnosed after urinary infection had the highest
risk of BTUTI.

These findings are consistent with previous
studies. Dias et al retrospectively followed 740
Table 3. Final logistic regression model estimating 2-year risk
of BTUTI

b Coefficient OR

95% CI for
Exp(B)

p ValueLower Upper

Female gender 0.800 2.226 0.749 6.614 0.15
Presentation (diagnosis by UTI) 1.811 6.114 1.226 30.483 0.03
Grade IV or V VUR 2.846 17.219 5.137 57.715 0
BBD 0.955 2.597 1.107 6.095 0.03
BBD þ grade IV or V VUR �1.985 0.137 0.018 1.055 0.06
patients for 37 years.10 In that cohort clinical pre-
sentation after UTI, female gender, BBD and reflux
grade were significantly associated with recurrent
UTI. Interestingly, unlike our study, age less than 6
months at presentation was a significant risk factor.
The larger cohort may explain this difference.

The important role of BBD in the rate of BTUTI
is well documented. Based on a meta-analysis, the
2010 AUA guidelines panel reported that when
managing primary vesicoureteral reflux in children
the presence of BBD is associated with an increased
risk of BTUTI during continuous antibiotic pro-
phylaxis (44% vs 13%) and a decreased rate of
spontaneous resolution of reflux (31% vs 61%).8

Presence or absence of normal bladder function
was also associated with reduced success of endo-
scopic correction therapy (57% vs 90%). Leslie et al
demonstrated that after stopping CAP patients
with BBD were at significantly increased risk for
UTI.11 In our cohort the role of BBD was confirmed
in the low grade reflux population but could not be
confirmed in patients with high grade disease, likely
due to the small number of patients in our high
grade category.

Our findings led us to identify 3 risk groups,
stratifying patients according to the risk of BTUTI
(fig. 1). When we validated these risk groups in 56
prospectively collected patients, we found similar
results and good predictability. We validated this
instrument in the prospective cohort with good
predictability and accuracy (AUC 0.8).

Instruments for prediction of the probability of
spontaneous resolution of VUR are available. In-
vestigators at Boston Children’s Hospital developed
a calculator to predict probability using logistic
regression analysis of retrospectively collected
data in 2,462 patients.12 The computational model
from Iowa University predicts the same point.13

VUR associated morbidity is mostly due to in-
fections and related complications. Accordingly the
goal of treatment should be prevention of compli-
cations, not resolution of VUR. In our study we
constructed a prediction model that estimates the



Figure 1. iReflux Risk Calculator (Web based application to apply risk prediction model)
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individual likelihood of BTUTI in a child with
primary VUR.

There are several clinical implications for this
study. Providers and parents will be able to appre-
ciate the level of risk and probability of experiencing
a BTUTI in the first 2 years after diagnosis. We
hope that these findings will aid in determining
optimal treatment and followup plans.14

Although the RIVUR (Randomized Intervention
for ChildrenwithVesicoureteral Reflux) trial showed
Figure 2. Stratification into low, intermediate and high risk

groups according to 2-year risk of BTUTI. PNH, prenatally

detected hydronephrosis.
a widening effect of treatment over prophylaxis,
infection developed in 25% of those on placebo vs
13% in the treatment group.15 In effect 8 patients
would need to be treated so that 1 would benefit. The
RIVUR trial actually revealed that higher grades of
VUR, diagnosed after a febrile index infection, and
presence of bowel and bladder dysfunction were
modifiers that predicted for subsequent UTI. The
advantage of our risk categorization system will be
in helping to identify which patients would benefit
most from prophylaxis, which will allow us to deter-
mine specifically who should receive CAP. BBD and
circumcision status are modifiable factors that can
increase the risk of BTUTI, and, therefore, they
represent important treatment targets.

These results should be considered despite po-
tential limitations associated with the retrospective
design of this study. The main weakness is the dif-
ficulty in verifying parental adherence to CAP.
Table 4. Distribution of population and BTUTI incidence
stratified by risk group in retrospective sample

Low Risk Intermediate Risk High Risk

% Population at risk 68.0 28.0 6.3
BTUTI risk 8.6 27.0 62.5
OR 1 4 17
p Value <0.001 0.005
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Furthermore, some patients were lost to followup
and information was obtained via telephone, so
recall bias may have occurred. Another limitation of
the study is that all patients were treated with CAP.
Rate of BTUTI in different patients treated with
observation alone remains unknown.

Despite the relatively small cohort and pre-
liminary nature of this study, we were able to
highlight the weight of different variables on the
risk of BTUTI. These results should be confirmed
in a larger multicenter prospective trial.
The major strength of this study is validation
of the risk stratification groups and the proba-
bility score completed in the prospective cohort,
with encouraging results. Another strength is the
homogeneous nonselected sample, which was
managed by the same medical team.

In conclusion, this proposed risk stratification
and probability model allows the clinician to predict
2-year risk of having a BTUTI on a more individu-
alized basis to better inform parents of possible
outcomes and treatment strategies.
REFERENCES
1. Rushton HG, Majd M, Jantausch B et al: Renal
scarring following reflux and nonreflux pyelo-
nephritis in children: evaluation with 99mtech-
netium-dimercaptosuccinic acid scintigraphy.
J Urol 1992; 147: 1327.

2. Rushton HG: The evaluation of acute pyelone-
phritis and renal scarring with technetium 99m-
dimercaptosuccinic acid renal scintigraphy:
evolving concepts and future directions. Pediatr
Nephrol 1997; 11: 108.

3. Chang SL and Shortliffe LD: Pediatric urinary
tract infections. Pediatr Clin North Am 2006;
53: 379.

4. Elder JS, Peters CA, Arant BS Jr et al: Pediatric
Vesicoureteral Reflux Guidelines Panel summary
report on the management of primary ves-
icoureteral reflux in children. J Urol 1997; 157:
1846.

5. Zorc JJ, Levine DA, Platt SL et al: Clinical and
demographic factors associated with urinary
tract infection in young febrile infants. Pediatrics
2005; 116: 644.
6. Roberts KB: Urinary tract infection: clinical
practice guideline for the diagnosis and man-
agement of the initial UTI in febrile infants
and children 2 to 24 months. Pediatrics 2011;
128: 595.

7. Swerkersson S, Jodal U, Sixt R et al: Relation-
ship among vesicoureteral reflux, urinary tract
infection and renal damage in children. J Urol
2007; 178: 647.

8. Peters CA, Skoog SJ, Arant BS Jr et al:
Summary of the AUA Guideline on Management
of Primary Vesicoureteral Reflux in Children.
J Urol 2010; 184: 1134.

9. Farhat W, B€agli DJ, Capolicchio G et al: The
dysfunctional voiding scoring system: quantita-
tive standardization of dysfunctional voiding
symptoms in children. J Urol 2000; 164: 1011.

10. Dias CS, Silva JM, Diniz JS et al: Risk factors for
recurrent urinary tract infections in a cohort of
patients with primary vesicoureteral reflux.
Pediatr Infect Dis J 2010; 29: 139.
11. Leslie B, Moore K, Pippi Salle JL et al: Outcome
of antibiotic prophylaxis discontinuation in pa-
tients with persistent vesicoureteral reflux
initially presenting with febrile urinary tract
infection: time to event analysis. J Urol 2010;
184: 1093.

12. Estrada CR Jr, Passerotti CC, Graham DA et al:
Nomograms for predicting annual resolution rate
of primary vesicoureteral reflux: results from
2,462 children. J Urol 2009; 182: 1535.

13. Knudson MJ, Austin JC, Wald M et al: Compu-
tational model for predicting the chance of early
resolution in children with vesicoureteral reflux.
J Urol 2007; 178: 1824.

14. Hidas G, Nam A, Soltani T et al: Primary vesico-
ureteric reflux: the need for individualised risk
stratification. Arab J Urol 2013; 11: 8.

15. RIVUR Trial Investigators: Antimicrobial prophy-
laxis for children with vesicoureteral reflux.
N Engl J Med 2014; 370: 2367.


	Predicting the Risk of Breakthrough Urinary Tract Infections: Primary Vesicoureteral Reflux
	Methods
	Definition of UTI and BTUTI
	Retrospective Cohort
	Prospective Cohort
	Measures and Data Collection
	Statistical Analysis
	Risk prediction model development
	Estimating risk of BTUTI
	Categorical risk model


	Results
	Risk Prediction Model Development
	Evaluating candidate risk factors
	Subgroup analysis

	Estimating Risk of BTUTI
	Assessing Model Performance
	Training data set
	Validation data set

	Categorical Risk Stratification

	Discussion
	References




