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Economic analysis of continuous
antibiotic prophylaxis for prevention of
urinary tract infections in infants with
high-grade hydronephrosis
H.Y.V. Tu a,b,1, J. Pemberton c,d,1, A.J. Lorenzo e, L.H. Braga a,b,c,d
Summary
Background
For infants with hydronephrosis, continuous antibi-
otic prophylaxis (CAP) may reduce urinary tract in-
fections (UTIs); however, its value remains
controversial. Recent studies have suggested that
neonates with severe obstructive hydronephrosis are
at an increased risk of UTIs, and support the use of
CAP. Other studies have demonstrated the negligible
risk for UTIs in the setting of suspected ureteropelvic
junction obstruction and have highlighted the
limited role of CAP in hydronephrosis. Furthermore,
economic studies in this patient population have
been sparse.
Objective
This study aimed to evaluate whether the use of CAP
is an efficient expenditure for preventing UTIs in
children with high-grade hydronephrosis within the
first 2 years of life.
Study design
A decision model was used to estimate expected
costs, clinical outcomes and quality-adjusted life
years (QALYs) of CAP versus no CAP (Fig. 1). Cost
data were collected from provincial databases and
converted to 2013 Canadian dollars (CAD). Estimates
of risks and health utility values were extracted
from published literature. The analysis was per-
formed over a time horizon of 2 years. One-way and
probabilistic sensitivity analyses were carried out to
assess uncertainty and robustness.
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Results
Overall, CAP use was less costly and provided a
minimal increase in health utility when compared to
no CAP (Table). The mean cost over two years for
CAP and no CAP was CAD$1571.19 and CAD$1956.44,
respectively. The use of CAP reduced outpatient-
managed UTIs by 0.21 infections and UTIs requiring
hospitalization by 0.04 infections over 2 years. Cost-
utility analysis revealed an increase of 0.0001
QALYs/year when using CAP. The CAP arm exhibited
strong dominance over no CAP in all sensitivity an-
alyses and across all willingness-to-pay thresholds.

Discussion
The use of CAP exhibited strong dominance in the
economic evaluation, despite a small gain of 0.0001
QALYs/year. Whether this slight gain is clinically
significant remains to be determined. However,
small QALY gains have been reported in other pedi-
atric economic evaluations. Strengths of this study
included the use of data from a recent systematic
review and meta-analysis, in addition to a compre-
hensive probabilistic sensitivity analysis. Limitations
of this study included the use of estimates for UTI
probabilities in the second year of life and health
utility values, given that they were lacking in the
literature. Spontaneous resolution of hydronephrosis
and surgical management were also not imple-
mented in this model.

Conclusion
To prevent UTIs within the first 2 years of life in
infants with high-grade hydronephrosis, this proba-
bilistic model has shown that CAP use is a prudent
expenditure of healthcare resources when compared
to no CAP.
ll rights reserved.
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Table Base case results.

Treatment arm Expected value

Cost (CAD$) Number of
UTIs

Number of
inpatient UTIs

Quality-adjusted
life years

Continuous antibiotic prophylaxis 1571.19 0.204 0.010 1.6986
No continuous antibiotic prophylaxis 1956.44 0.418 0.049 1.6985
Incremental (continuous antibiotic prophylaxis e no

continuous antibiotic prophylaxis)
�385.25 �0.213 �0.039 0.0001
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Introduction

Despite the paucity of high-level evidence-based data,
continuous antibiotic prophylaxis (CAP) continues to be
empirically recommended in order to reduce the UTI rate in
infants, particularly in the first 2 years of life [1]. The
rationale for this approach is based on reported incidences
of febrile UTIs in children with hydronephrosis (HN); in-
cidences range between 4 and 50%, depending on the eti-
ology [2]. Recent evidence suggests that neonates with
obstructive uropathy and severe HN are at an increased risk
of UTI, which supports the concept that CAP should be
given to this population [2e4]. Conversely, other studies
have reported a negligible risk of UTI in patients with sus-
pected ureteropelvic junction obstruction (UPJO) and that
CAP offers little or no benefit; thus, antibiotics should no
longer be recommended, regardless of severity of HN
[5e7]. Given this evident clinical equipoise, a high-quality
randomized controlled trial (RCT) is currently being con-
ducted to provide definitive treatment recommendations
[8]. However, treatment efficacy derived from RCTs only
comprises part of a patient-care-improvement strategy, as
additional information such as economic evaluations is
typically required prior to health policy implementation.

Few economic studies have been conducted in pediatric
urology, with the majority of the existing literature sur-
rounding the assessment of surgical interventions [9]. It is
believed that there are no reports, to date, of economic
evidence for the use of CAP (versus no treatment) to pre-
vent UTIs in infants with HN within the first 2 years of life.
With this in mind, data were extracted from a recent sys-
tematic review [10] to inform a probabilistic decision model
analysis, with the goal of systematically evaluating whether
offering CAP to children with high-grade HN within the first
2 years of life, for prevention of febrile UTIs, is an efficient
use of limited Canadian healthcare resources.
Materials and methods

A probabilistic decision model was developed to estimate
expected costs, clinical outcomes and quality-adjusted life
years (QALYs) of two treatment options commonly offered
to infants with high-grade HN: (1) CAP and (2) expectant
management (i.e. no CAP). The base case consisted of an
infant with Society of Fetal Urology (SFU) Grade III or IV HN,
without VUR and with an anterior posterior diameter (APD)
of the renal pelvis �15 mm. The analysis was performed
from a third party payer perspective with a time horizon of
2 years, as this is the current recommendation for CAP
duration in this patient population [11]. This study used
discounting e the process of adjusting the value of future
costs and benefits to allow for their comparison with pre-
sent day data [12]. A discount rate of 5% was performed on
all year-2 costs and consequences according to consensus
recommendations [13].

Model design

The decision tree included two 1-year phases (Fig. 1) using
the base case as described above. Treatment options at the
decision node included either CAP or no CAP. Regardless of
treatment status, each base-case infant entered one of
three health states of 1-year duration per cycle: well with
no UTIs, occurrence of an outpatient-managed UTI (UTIo),
or occurrence of an inpatient-managed UTI (UTIi). The
proportion of patients developing UTIo and UTIi differed
between treatment groups, and the pathways were mutu-
ally exclusive and exhaustive. This model estimated the
expected costs of being in each of the three states
described above, as well as the expected number of UTIs
and expected QALYs for both treatment groups.

Calculation of Incremental Cost Effectiveness Ratios
(ICERs) was planned in case of lack of dominance of a
treatment group on the three health states.

Model assumptions

It was assumed that in this model, no early resolution or
downgrading of HN occurred (i.e. patient’s HN did not
decrease from high grade (SFU III/IV) to low grade (SFU I/
II), or resolved completely). If a patient’s HN either
decreased or resolved, CAP would no longer be indicated.
The next assumption was that all patients in the CAP group
had 100% compliance with their medication. This assump-
tion was derived from the current patient medication
compliance of the pilot randomized controlled trial on
antenatal hydronephrosis (ALPHA), which was 98% [8]. It is
believed that, to date, there is no accurate data regarding
the compliance rate to CAP in the pediatric population;
thus, an assumption had to be made regarding compliance
rates. A further assumption was that the risk of surgical
intervention did not differ between treatment groups, and
that no patients from either group required surgery during
the first 2 years of life. Current literature on rates of sur-
gery in the high-grade HN population reflected no differ-
ences based on CAP status [3]. Finally, the last assumption
was that the probability of developing a UTI in year 2 was



Figure 1 Structure of decision model. Abbreviations: CAP (continuous antibiotic prophylaxis), HN (hydronephrosis), UTI(o)
(outpatient-managed urinary tract infection), UTI(i) (inpatient-managed urinary tract infection), VUR (vesico-ureteral reflux).
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independent of the patient’s UTI status in year 1. This is
due to the lack of high-quality UTI probability estimates in
the second year of life in the literature.

Outcome measures

Three different outcomes were assessed: two measures of
effectiveness and one of health utility.

Effectiveness measures

1. Overall number of UTIs over 2 years

This was a dichotomous outcome where the patient either
developed a UTI or did not within each 1-year phase. This
outcome did not differentiate between UTIo and UTIi. For
each potential pathway, a patient could either develop
zero, one or two UTIs over the 2-year time horizon. For this
outcome, a lower score represented a lower number of
UTIs.

2. Number of UTIs that required hospital admission over 2
years

This was also a dichotomous outcome where the patient
either developed a UTIi or did not within each 1-year phase.
UTIi was intended to capture a more severe UTI that
required hospital admission and, thus, represented a more
costly outcome. Each potential pathway resulted in either
no UTIi, one or two UTIi over the 2-year time horizon.

Utility measure

3. Quality-adjusted life years

A health utility value was assigned to each of the three
potential health states (well, UTIo and UTIi) from values
published in the literature. An estimated duration for each
health state was obtained from a panel of pediatric urolo-
gist clinical experts and informed by enrolled patients in
the ALPHA trial [8]. These values were combined to obtain
expected QALYs for each potential pathway. For this
outcome, a higher score represented the QALYs gained for a
given pathway.
Determining model probabilities (Appendix 1)

A recent systematic review was examined in order to
determine reliable probabilities of UTI rates for HN patients
on CAP versus those not on CAP [10]. Twenty-one studies
were selected and pooled rates of UTI from 3876 patients
were analyzed. The meta-analysis demonstrated that in
patients with high-grade (III/IV) HN, a significant decrease
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in UTI rates was observed in those receiving CAP versus
those not on CAP (14.6% vs. 28.9%, P < 0.01).

In order to determine hospitalization rates for patients
with a febrile UTI, Walsh and colleagues [14] investigated
the risk of hospital admissions for infants with pyelone-
phritis with and without HN. The overall hospitalization
rate for patients with HN was reported as 5% (26/522);
however, the study did not stratify this rate by HN severity
[14]. According to another trial, the hospitalization due to
UTI was 8% in the CAP group versus 10% in the placebo
group [15]. Finally, a prospective cohort study that fol-
lowed 192 patients diagnosed with renal pelvic dilation
with a median follow-up of 24 months (interquartile range
12e39) was identified. All patients were prescribed CAP at
birth and the KaplaneMeier survival curves revealed a UTI
cumulative incidence of 8% at 12 months and 13% at 24
months [16].

Determining treatment costs (Appendix 2)

Costs for each of the three health states (well, UTIo and
UTIi) were separately calculated, prior to being combined
in the decision model. For the well health state, costs were
derived from the Ministry of Health and Long-term Care
Schedule of Benefits for Physician Services (MOHLTC SOB)
[17] and included an initial consultation visit with a pedi-
atric urologist and a renal bladder ultrasound. In the first
year, additional costs included the 3-, 6-, 9-, and 12-month
follow-up visits, with each clinic visit being associated with
a mandatory renal bladder ultrasound, according to the
clinical protocol. Overhead costs were not included as
these costs were consistent between treatment groups
regardless of medication status. In the second year, a
similar number of follow-up clinic visits and renal bladder
ultrasounds were included. Each ultrasound consisted of
both diagnostic and technician fees.

Additional medication-associated costs were collected
for both the CAP treatment group and for the oral antibi-
otics needed to treat a UTIo. These included the medica-
tion cost for a standard dose obtained from the Ontario
Drug Benefit (ODB) Formulary [18], which was then com-
bined with the dose and frequency recommendations for
trimethoprim/sulfamethoxazole (TMP / SMX) (DIN 00726540)
from the American Academy of Pediatrics (AAP) and using
standardized weight curves by age [1]. TMP/SMX has been
recommended by the AAP as the gold standard for CAP and
therapeutic treatment in this patient population. There-
fore, it was used in this study despite other medications
being used in the clinical setting. In addition, mark-up costs
Table 1 Base case quality-adjusted life years calculations.

Health state Utility valuea Approximation
for UTI

Dura
stat

Well 0.87 1
UTIo 0.865 0.994 0.01
UTIi 0.832 0.957 0.03

Abbreviations: UTIo (outpatient-managed urinary tract infection), UT
a Calculated as Utility value in well state* approximation for UTI.
b Calculated as. SUtility value in health state � Duration in health s
were added for both the ODB (8%) and pharmacy (10%).
Detailed calculations can be found in Appendix 3.

In addition to the medication needed to treat a UTIo,
several other expenses were considered. For this calcula-
tion, it was assumed that the patient was first seen at their
local pediatrician or family physician, had a bag urinalysis
and urine dipstick positive for nitrites and leukocytes.
Following a positive urine dipstick, the patient was then
sent to a tertiary hospital and seen in the Emergency Room
(ER). At the ER, the child was catheterized and a urine-
specimen was taken and sent for culture. This assumed
care pathway, derived from the ALPHA trial [8], was
intended to obtain a true documented UTI and mitigate the
effects of over treating false-positive UTIs diagnosed from
bagged specimens. All costs were adjusted to 2013 Cana-
dian dollars (CAD) using the Bank of Canada’s inflation
calculator [19].

Finally, costs associated with a UTIi were obtained from
the Ontario Case Costing Initiative (OCCI) [20] and again
corrected to 2013 CAD. Within the OCCI cost estimate, a
mean length of stay of 5.7 days was used, and indirect and
direct costs based on average of 80 admissions from all
participating hospitals were included in the UTIi costing
estimate.

Determining utilities

Quality-adjusted life years
Quality-adjusted life years and expected QALYs were
calculated for each pathway contained within the decision
model (Table 1). First, health utility values were obtained
using close estimates from predetermined values published
in the literature and the Cost Effectiveness Analysis Regis-
try from Tufts Medical Center [21]. A health utility value of
0.87 for VUR was used [22] as no utility value for HN has
been established thus far [21]. Existing utility values were
found for UPJO [23]; however, unlike the VUR estimates,
these utilities were not based on a direct estimation study
using standardized economic evaluation techniques. These
UPJO utilities were used to inform the sensitivity analysis
but were not used in the base-case analysis for the afore-
mentioned reasons. It is believed that, to date, a utility
value for the combined health state of hydronephrosis,
outpatient and inpatient UTI has not been reported. An
approximation was created through the multiplication of
the VUR utility and available utility values (approximation
factor for UTI) for non-systemic infection (pneumonia) and
severe bacteremia for UTIo and UTIi, respectively. Included
in this calculation was the assumption that when not
tion in health
e (years)

Quality-adjusted
life yearsb

Source

0.87 Lloyd et al. [22]
9231 0.8699
8462 0.8686

Ii (inpatient-managed urinary tract infection).

tate
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experiencing a UTI, the patient’s utility returned to the
baseline ‘well health state’ utility for the remaining dura-
tion of the year in each phase.

Further calculations were necessary to transform the
health utility values into QALYs. First, the duration of each
utility value needed to be established. Based on previous
experience with patients enrolled in the ALPHA trial who
developed a UTI, the duration for UTIo was 1 week and for
UTIi it was 2 weeks. This estimated duration included the
onset of symptoms until resolution and completion of pre-
scribed antibiotics. In order to improve clinical accuracy,
the duration of UTIs was factored into the QALY calculation.
Using methods described by Drummond et al. [12], overall
QALYs for a UTI health state were calculated by adding the
QALYs associated with a UTI to the QALYs gained from being
infection free.

Determining willingness-to-pay threshold

A willingness-to-pay (WTP) threshold of US$50,000 (1982)
per QALY was used in the base case analysis to determine
whether an intervention was cost-effective, as defined in
previous value-of-life literature [24]. Using the United
States Consumer Price Index [25] to adjust for inflation, at
the time of writing the WTP threshold in 2013 CAD was
approximately CAD$130,000 per QALY. In comparison with
the Canadian healthcare system, a recent paper published
by the University of Toronto Health Economics department
(UTMH 2013) quoted a WTP range of CAD$20,000 to
CAD$100,000 per QALY in 1992. Adjusting for inflation using
the Canadian Consumer Price Index [25], the WTP range is
equivalent to CAD$29,000 to CAD$145,000 (2013) per QALY.
Thus, the WTP threshold as derived from the US healthcare
system is applicable to this model, as it falls within the
accepted WTP ranges described for the Canadian health-
care system.

One-way and probabilistic sensitivity analyses

One-way sensitivity (OWS) analyses were performed to
assess the impact of a number of structural assumptions
and alternative patient characteristics on the model re-
sults. All model parameters utilized in the one-way sensi-
tivity analysis are outlined in Appendix 1. Confidence
intervals around a point estimate were used from published
meta-analysis, where possible. If not possible, efforts were
made to make an informed estimate based on reported
measures of variance (i.e. standard deviations). For costing
estimates, 95% CI around the standard deviation for
Table 2 Base case results.

Treatment arm Expected value

Costs (CAD$) Number of UTIs Num

CAP $1571.19 0.204 0.
No CAP $1956.44 0.418 0.
Incremental (CAP-no CAP) e$385.25 �0.213 �0.

Abbreviations: CAP (continuous antibiotic prophylaxis), ICER (increme
(inpatient-managed urinary tract infection).
inpatient hospitalization costs were obtained from OCCI.
Due to the nature in which the other costs were obtained,
only costs for inpatient hospitalizations were included in
the sensitivity analysis. Finally, a probabilistic sensitivity
analysis was conducted to ensure all possibilities were
exhaustively explored across all willingness-to-pay thresh-
olds. All analyses were conducted using TreeAge software
(Williamston, Massachusetts).

Results

Base case: Overall, the estimated expected costs for
CAP use for prevention of UTIs in infants with high-grade HN
were CAD$1571.19 versus CAD$1956.44 when CAP was not
utilized. Use of CAP was estimated to reduce costs by
CAD$385.25, UTIo by 0.21 infections and UTIi by 0.04 in-
fections, as well as to produce 0.0001 more QALYs when
compared to no CAP (Table 2). The use of CAP exhibited
strong dominance over not using CAP, as it was less costly,
more effective in reducing UTIs and increasing QALYs;
therefore, an incremental cost effectiveness ratio was not
calculated.

Sensitivity analysis: Many different parameters were
varied according to literature-derived ranges and their ef-
fect on the two clinical outcomes and QALYs graphically
illustrated (Appendix 4). A WTP threshold of CAD$130,000
per QALY was used as defined previously for the base case
and one-way sensitivity analysis (Fig. 2). Probabilistic
sensitivity analysis was performed and demonstrated that
CAP use continued to exhibit strong dominance, as no
overall changes were observed in the cost-effectiveness or
cost-utility analysis at all willingness-to-pay thresholds
(Fig. 3a and b).

Discussion

Overall, this probabilistic model provided a Canadian-
specific assessment of two cost effectiveness and one cost
utility measures. Across all three outcomes, CAP use was
shown to be a better expenditure of scarce healthcare re-
sources when compared to no utilization of CAP for the
prevention of UTI in infants with high-grade HN.

It is important to note that from the analysis the QALYs
gained per year from CAP use compared to no CAP use were
quite small. Whether a gain of 0.0001 QALYs per year is
clinically relevant remains to be determined. It is probably
not clinically important; however, small QALY differences
have also been seen in other pediatric urology economic
evaluations. A study examining the use of tolterodine
ICER

ber of UTIis QALYs $/UTI $/UTIi $/QALY

010 1.6986 e e e

049 1.6985 e e e

039 0.0001 Dominated Dominated Dominated

ntal cost-effectiveness ratio), UTI (urinary tract infection), UTIi



Figure 2 Sensitivity analysis of CAP-UTIo-UTIi pathway.
Abbreviations: CAP (continuous antibiotic prophylaxis),
CAP_UTIo_UTIi (pathway describing infant on continuous anti-
biotic prophylaxis with an outpatient-managed UTI in the first
year of life and an inpatient-managed UTI in the second year),
wtp (willingness-to-pay).

Figure 3 a. Acceptability curve of probabilistic sensitivity
analysis. Willingness to pay in 2013 Canadian dollars. b. Cost-
utility scatter plot of cost in 2013 Canadian dollars versus QALY.
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versus no treatment for children with over-active bladder
revealed only a 0.03 QALY difference between groups [25].
Overall, despite the potential lack of clinical significance,
the CAP arm was still dominant, as it remained the least
costly and most effective in terms of QALYs per year gained
and UTIs prevented.

After general consensus among the authors, the use of a
2-year horizon was decided upon in concordance with the
CUA guidelines on antenatal hydronephrosis. Similarly, the
time horizon used in the AAP clinical practice guidelines for
febrile UTIs [1] was also centered upon the initial 2 years of
life. Justification for the choice of time horizon included a
higher incidence rate of UTIs in this age group that is typi-
cally associated with more systemic infections. Further-
more, in their prospective study, Coelho et al. reported on a
reduction in UTI episodes from the first to second year of life,
thereby reducing the likelihood of CAP use given the lower
risk of UTIs after the second year of life [16].

The limit to the maximum number of UTIs per year in the
present model was chosen to mitigate the effect of recur-
rent UTIs on the analysis. Studies have shown that patients
that are prone to recurrent UTIs also tend to have VUR.
However, according to a recent study by Zareba et al. [26],
only 21% of patients with antenatal hydronephrosis had
VUR. Moreover, recurrent UTIs in this patient population
would constitute an indication for surgical intervention,
ultimately excluding these patients from the present study.

Strengths of the present study included collecting
probabilities of overall UTI rates in both CAP and no CAP
groups from a recent systematic review and meta-analysis,
and exploring uncertainty in a comprehensive one-way and
probabilistic sensitivity analysis. Other strengths of the
model included high precision in estimating associated
costs, converting all costs to 2013 CAD, where applicable,
and the use of micro-costing, where available. The care
pathway modeled in this study was informed by patients
enrolled in a current RCT, which is investigating the clinical
efficacy of CAP in the exact same patient population [8].

The following limitations of this study were: firstly, in
the second year of life, the evidence for estimating UTI
probabilities in both groups was lacking in the literature.
Further high-quality evidence is needed to improve this
parameter. Secondly, as it normally occurs with any cost-
utility analyses in pediatric urology, the estimation of the
health utility values was challenging. Direct estimation of
health utility values for HN was not possible and values
were instead adopted from a study investigating VUR.
Although important clinical distinctions between the health
states of HN and VUR exist, the only other potential option
for a previously reported utility value that could be clini-
cally equivalent to HN was from a study on UPJO. This study
reported a utility value for UPJO as 0.65, which seemed
very low compared to other published urological health
utility values, including: ureteroscopy (0.914), extracorpo-
real shock wave lithotripsy (0.967) and chronic urolithiasis
(0.974) [27]. For pediatric urological conditions, it is
recognized that the derivation of direct health utility
values are challenging, resulting in a wide variety of health
utility values utilized in this cost-effectiveness analysis.
Even though a recent economic analysis has identified new
utility values for VUR [22], further studies are required for
direct estimation of health utility values for HN, which
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would be a valuable contribution to pediatric literature.
Thirdly, while gender, circumcision status and etiology of
HN may interfere with UTI rates, a generic case of high-
grade HN without VUR was adopted to be the clinical sce-
nario for the decision model analysis. It is believed that
having a broad, common base case simplified the analysis
and allowed for more generalizability of the results.

Further limitations in this study included a lack of
comparison of the results of the present study with the
existing literature due to the lack of medication-based
economic evaluations in pediatric urology, as most existing
studies were focused on surgical interventions, as well as
the assumption regarding absence of HN resolution or po-
tential surgical management. These assumptions do not
reflect the natural course of HN patients, as it is known that
two thirds of high-grade HN patients resolve within 24
months to either SFU Grade I or II. However, due to the
nature of a decision tree model, these factors could not be
incorporated in the model. It is recognized that the
assumption of 100% antibiotic compliance might be too
optimistic, but this data was derived from a pilot random-
ized trial results [8]. As a future direction, upon the
completion of a current RCT on antenatal HN, we hope to
populate a Markov model and determine whether such a
model would create a more accurate representation of the
patient population. Nonetheless, overall, the base case
used in the present study does represent most high-grade
HN patients and, therefore, is still an important first step.
Finally, it would be interesting to incorporate societal costs
into the analysis such as caregiver hours of lost productivity
for emergency department visits or hospital admissions.
This would increase the applicability of the results in
healthcare policy making. Further work needs to be done
on collecting the impact of HN, regardless of treatment, on
caregiver productivity loss, follow-up visitation costs, and
societal costs for both UTIo and UTIi health states [28].
Conclusion

Overall, this probabilistic model provided a Canadian-
specific assessment of two cost effectiveness and one cost
utility measure. Using CAP was found to be a better
expenditure of healthcare resources when compared to not
using CAP for prevention of UTI in infants with high-grade
HN within the first 2 years of life. The results of this eco-
nomic evaluation should be combined with findings from a
RCT on effectiveness of CAP for the prevention of UTI in HN
patients prior to providing definitive health policy recom-
mendations on this matter.
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