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Abstract

Urinary tract infections (UTIs) represent a common bacterial cause
of febrile illness in children. Of children presenting with a febrile
UTI, 25-40% are found to have vesicoureteral reflux (VUR).
Historically, the concern regarding VUR was that it could lead to
recurrent pyelonephritis, renal scarring, hypertension, and chronic
kidney disease. As a result, many children underwent invasive sur-
gical procedures to correct VUR. We now know that many cases of
VUR are low-grade and have a high rate of spontaneous resolution.
The roles of surveillance, antibiotic prophylaxis, endoscopic injec-
tion, and ureteral reimplantation surgery also continue to evolve. In
turn, these factors have influenced the investigation of febrile UTIs.

Voiding cystourethrography (VCUG) is the radiographic test of
choice to diagnose VUR. Due to its invasive nature and question-
able benefit in many cases, the American Academy of Pediatrics
(AAP) no longer recommends VCUG routinely after an initial
febrile UTI. Nevertheless, these guidelines pre-date the landmark
Randomized Intervention of Children with Vesicoureteral Reflux
(RIVUR) trial and there continues to be controversy regarding the
diagnosis and management of VUR. This paper discusses the cur-
rent literature regarding radiographic testing in children with febrile
UTIs and presents a practical risk-based approach for deciding
when to obtain a VCUG.

Introduction

Urinary tract infections (UTIs) affect 2% of boys and 8% of
girls by age seven.! In febrile infants with no other identifi-
able cause, the prevalence of a UTl is approximately 7%.? Of
children presenting with febrile UTIs, 25-40% are found to
have vesicoureteral reflux (VUR).># Historically, the default
concern was that children with any degree of VUR had a
substantially increased risk for recurrent pyelonephritis and
secondary renal damage with sequelae of scarring, hyperten-
sion, and end-stage renal disease.” This led to investigation
and treatment for all.

Firstly, we now know that the majority of VUR cases are
low-grade (i.e., Grades I-Ill) and have a high rate of spon-
taneous resolution.® Secondly, a select group of low-risk
patients could be managed with surveillance alone.” Thirdly,
while VUR is a risk factor for pyelonephritis and renal scar-
ring, this association is not always present. In other words,
some children present with pyelonephritis and subsequent
renal scarring (or dysplasia) even without VUR.? In these
patients, the value of a voiding cystourethrography (VCUG)
is sometimes questionable.

Management for VUR continues to evolve and is trend-
ing towards less aggressive options.?'® The Randomized
Intervention for Vesicoureteral Reflux (RIVUR) trial was a
multicentre, placebo-controlled, double-blinded, random-
ized, control trial comparing placebo and antibiotic pro-
phylaxis in children with Grades I-IV VUR. While antibiotic
prophylaxis reduced UTI recurrence, it came at the cost of
increased antibiotic resistance and had no statistically sig-
nificant effect on renal scarring.' The Swedish Reflux Trial
compared antibiotic prophylaxis with endoscopic injection.
In this trial, girls benefitted from both antibiotic prophylaxis
and endoscopic injection. However, there was no difference
among the two treatment groups in boys.'>"> Although it is
not the only important outcome to consider, chronic kidney
disease (CKD) was often used as justification for aggressive
surgical intervention. However, the overall risk of a child
with a UTI developing end-stage renal disease is less com-
mon than previously thought (an estimated 1 in 10 000)."
There is also a paucity of data to show that more aggressive
surgical management will prevent CKD. In an Australian
study, there was no decrease in reflux nephropathy over a
27-year period following the introduction of reflux surgery.'
With increasing knowledge regarding the natural history of
VUR and UTI, controversies have arisen regarding the diag-
nosis and management of these conditions in children.

Voiding cystourethrogram (VCUG), the gold standard
radiographic test used to diagnose VUR, is a widely accepted
test. However, it may also cause anxiety for patients and
families due to its invasive nature,'® and carries a risk of radi-
ation exposure'” and iatrogenic UTI."® When weighing the

210 CUAJ ® May-June 2016 @ Volume 10, lssues 5-6
© 2016 Canadian Urological Association



risks of VCUG with the benefits of diagnosing a potentially
benign condition, ordering this test has become individual-
ized rather than a routine study. Recent guidelines regarding
VCUG use have provoked debate and confusion for ordering
physicians when compared to the past dogmatic approach.

Controversies regarding the 2011 AAP guidelines

In 2011, the American Academy of Pediatrics (AAP) pub-
lished a revised guideline on the diagnosis and manage-
ment of a febrile illness in children between ages of two
and 24 months.” It recommends that children presenting
with an initial febrile UTI should have a renal and blad-
der ultrasound (RBUS). Only if there are abnormalities on
RBUS (e.g., hydronephrosis, findings suggestive of scarring
or suggestive of high-grade VUR) or after a second febrile
UTI should patients be considered for a VCUG. It represents
a dramatic departure from its recommendations in 1999,%
which advocated RBUS and VCUG after the initial febrile
UTI. One major reason that it cites for limiting VCUG use is
that its meta-analysis of randomized, controlled trials com-
paring antibiotic prophylaxis and placebo did not show a
benefit with antibiotic prophylaxis.?'* It also emphasized
that its 2011 publication was before the RIVUR trial."!

The RIVUR trial found that antibiotic prophylaxis reduced
recurrent febrile or symptomatic UTls by 50% and the bene-
fit was greater in those with a febrile index infection and
bowel-bladder dysfunction. As mentioned earlier, the study
found that antibiotic prophylaxis did not prevent renal scar-
ring, although it was possibly underpowered to demonstrate
this. The AAP’s recommendations for limiting VCUG use
hinged on the argument that antibiotic prophylaxis was not
effective. The RIVUR authors directly challenged this and
stated the following:

“As long as evidence supporting the benefit of prophy-
laxis was dubious, the recommendation of a watchful-
waiting approach, without performance of a voiding cys-
tourethrographic study, seemed reasonable, because the
imaging findings would not affect the nature of treatment.
However, our finding that antimicrobial prophylaxis was
associated with a reduced risk of recurrence may warrant
reconsideration of that recommendation.”

Another common critique of the AAP guidelines is that
RBUS has supplanted VCUG as an initial “screening test.”
Although the authors do not explicitly refer to RBUS as a
screening test, it is used in a similar manner.2* When a child
presents with an initial febrile UTI, the AAP recommends
obtaining a RBUS first. If the RBUS shows an abnormality or
if the child presents with a second febrile UTI, then a VCUG
is recommended. However, one may argue that RBUS is a
poor screening test for VUR. Juliano et al performed a retro-
spective review of patients with a history of a febrile UTI,
RBUS, and VCUG.?” They found that a quarter of patients
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with a normal RBUS had dilating (i.e., Grade Il and above)
VUR and 15% of those with a normal RBUS had recurrent
pyelonephritis. Similarly, Nelson et al found that an abnor-
mal RBUS had a low positive predictive value for VUR.?¢
The authors stated that VCUG and US should be viewed as
complementary and that US does not replace VCUG as a
screening test.

While cortical defects on dimercaptosuccinic acid
(DMSA) scans suggest pyelonephritis in the acute phase and
renal scarring or dysplasia in the chronic phase, DMSA pro-
vides information that RBUS and VCUG do not. The AAP
guidelines notably exclude the role of nuclear scanning in
the routine investigation of febrile UTls." The authors assert
that a DMSA scan in the acute setting rarely changes man-
agement and cites the radiation risk of a DMSA (~1 mSv),
especially when adding it to a VCUG (~0.5-3.2 mSv).?
A recent shortage of DMSA has affected hospitals world-
wide, although the manufacturer expects the shortage to be
resolved by August 2016.% The AAP does not clearly advo-
cate for either a classic top-down or bottom-up approach,*
as RBUS is essentially used as a screening test after the first
febrile UTI. The debate regarding a top-down vs. bottom-up
approach is beyond the scope of this paper.

The AAP guidelines refer to a “normal” RBUS, yet this
term can be ambiguous. The authors suggest that a VCUG
is indicated if a RBUS shows hydronephrosis, findings sug-
gestive of renal scarring or suspicious of high-grade VUR.
What is reported as urothelial thickening may be interpreted
as abnormal, prompting a VCUG, or simply in keeping
with an active infection. Although VCUG is the gold stan-
dard for diagnosing reflux, there is variability in protocols,
reporting, and discordance amongst pediatric radiolo-
gists.3*3 Alexander and colleagues describe their protocol
as, “two filling and voiding cycles in a non-sedated child.
The contrast material is room temperature and infused from
a height of approximately 70 cm above the pubic symphy-
sis.”** Few studies involving VCUG explicitly report their
protocol. Clinicians should be aware of the inconsistencies
in the literature regarding VCUGs. On a final note, the pref-
erences and values of the families are key factor in decision-
making. As a guideline, it is not intended to be followed in
every scenario and permits clinicians make decisions on a
case-by-case basis.

A risk-based approach to VCUG ordering

When counselling families regarding VCUG use, one must
consider the potential risks and benefits of ordering this test.
On one hand, a VCUG could give the family more infor-
mation about the cause of the febrile UTI(s), information
about the degree and bilaterality of the VUR for risk strati-
fication, expedite subsequent management (e.g.,watchful
waiting, antibiotic prophylaxis, endoscopic injection, or
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Case study

A one-year-old previously healthy girl presents with her first febrile UTI,
diagnosed by a catheterized sample. She was seen in the local emergency
department, given a freatment dose of antibiotics for a UTI. The urine culture
later grew E. coli and she was started on prophylactic antibiotics (TMP/SMX)
until her consultation in the urology clinic. A RBUS is normal.

Do you order a VCUG?
Proponents of performing a VCUG may cite the Swedish Reflux Trial, where
antibiotic prophylaxis was shown to reduce the risk of UTI recurrence and renal
scarring in girls with VUR, but not boys.'>'3 A normal RBUS also does not
exclude VUR. This child may go on to have another episode of pyelonephritis
before a VCUG is ordered, thus delaying subsequent diagnosis and treatment.
During the next episode, she may end up in the emergency department and
possibly require hospitalization.

According to the 2011 AAP guidelines, this child would not get a VCUG
at this point." While the AAP recommends prompt evaluation of a febrile ill-
ness, there is conflicting evidence as to whether this has an impact on renal
scarring.**%7 Additionally, if a VCUG is ordered with the intention of continuing
antibiotic prophylaxis in the setting of VUR, it is not supported by the RIVUR
trial that prophylaxis prevents renal scarring. Ulfimately, many patients in her
situation would have a normal VCUG and this may not be worth the risk of
radiation exposure (especially in girls, where the ovaries are in the radiation
fiild), as well as the risk of iatrogenic UTI, distress, and invasiveness of urethral
catheterization. With a VCUG after the inifial febrile UTI, one may go down
the road of diagnosing VUR and continues this child on antibiotic prophylaxis
only to develop antibiotic resistance. In the RIVUR trial, the risk of recurrent
febrile or symptomatic UTI was still only 23% on placebo."”

open ureteral reimplantation) and in doing so, potentially
minimize the harm of a recurrent pyelonephritis. However,
this represents the minority. Most patients will have either
a negative VCUG or have low-grade, unilateral VUR with
a high rate of spontaneous resolution and low risk of renal
scarring. Rather than strict adherence to guidelines that pre-
date the RIVUR trial, we recommend a risk-based approach
to VCUG ordering and considering each patient on an indi-
vidual basis. The following questions can be used to guide
this complex decision-making process:

1. What is the probability of VUR?

The rate of VUR is estimated to be around 25-40% in
patients presenting with a UTI.>* A more relevant question
should be, “What is the probability of clinically significant
VUR with a low chance of spontaneous resolution?” Factors
affecting spontaneous resolution include age, gender, initial
grade of VUR, renal scarring, bowel-bladder dysfunction,
and bladder volume at onset of VUR.'**® The VUR index is
a simple tool to predict the chance of spontaneous resolu-
tion in children under two years of age and assigns a score
depending on the gender, bladder volume at onset of VUR,

ureteral anatomy, and initial VUR grade.* In addition, other
concomitant diagnoses may need to be considered and ruled
out (e.g., posterior urethral valves, neurogenic bladder, etc.).

2. What is the probability of major morbidity from VUR?

Children who are sicker at initial infection, more medically
fragile, or immunosuppressed potentially have a chance of
incurring significant morbidity with recurrent pyeloneph-
ritis. Infants may be considered more vulnerable than older
children, as signs and symptoms of pyelonephritis are often
non-specific and infants may have more morbidity associ-
ated with a UTI.” Conversely, some evidence suggests that
the rate of renal scarring following pyelonephritis may be
similar in infants and young children, compared to older
children.?” In general, it is important to assess how reliable
parents are, as it allows for prompt evaluation and manage-
ment of a febrile UTI. Although the AAP guidelines recom-
mend prompt evaluation of fever in children with a history
of UTI, it is controversial whether early intervention actually
impacts renal scarring.*”

Prediction models can help to counsel parents on the
risk of recurrent breakthrough UTIs based on factors such
as high-grade VUR, presentation after a UTI, and female
gender.** Renal scarring can lead to hypertension and com-
promised renal function, especially in those with existing
renal insufficiency. Again, we should consider that the
chance of renal failure from UTI alone is lower than previ-
ously thought, an estimated 1 in 10 000 patients presenting
with a UTL™ Overall, it is important to individualize ther-
apies according to the patient and family factors.

3. What if we find VUR on VCUG?

If VUR is detected, some parents may have a strong desire
to avoid antibiotic prophylaxis and/or surgical intervention
and prefer watchful waiting until spontaneous resolution.
Emerging awareness about antibiotic resistance is also a
factor in this decision."" As a result, it may not change man-
agement significantly to know about VUR unless the pyelo-
nephritis is recurrent. In a case such as the one described
here, the benefit of knowing about VUR and obtaining a
VCUG is questionable.

4. What if we don't find VUR on VCUG?

As with any test, there is the possibility of over-investiga-
tion. In cases where the findings are normal, can one justify
the risks of ordering a VCUG? On one hand, some fam-
ilies may benefit from the reassurance of a negative VCUG.
On the other hand, VCUG does have a few notable risks.
This includes potential distress and anxiety involving both
patients and families.'®*' VCUG carries a risk of iatrogenic
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UTI both with (2%) and without (6—-22%) antibiotic prophyl-
axis.'® Radiation exposure (~0.5-3.2 mSv)* is also important
to consider, as it potentially has long-term implications for
infertility, cancer risk, etc.”” While VUR s a risk factor, it
should be emphasized again that pyelonephritis can occur
in the absence of VUR.?

Conclusion

As more is known about the natural history of VUR and
alternatives to open surgery (i.e., surveillance, antibiotic pro-
phylaxis, and endoscopic injection), VUR has moved from
being a surgical condition to a medical one. The next era of
VUR management will be about whom to screen for VUR.
In many ways, VUR parallels the current debate surround-
ing prostate cancer facing our adult urology colleagues. It
shares similar themes of over-diagnosis and over-treatment
that affect many common conditions.

VUR represents a wide spectrum. The decision to order a
VCUG should be based on weighing the potential risks and
benefits. If a VCUG is recommended, there should be an
expected benefit and not simply done to detect VUR. While
guidelines help clinicians navigate through conflicting and
confusing evidence, they are not applicable in every situa-
tion. It is important for clinicians to have knowledge of the
current evidence and ask relevant questions, such as, “How
does this change management?”
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e Hypersensitivity reactions including anaphylaxis

e Atypical femoral fractures

¢ Not recommended for use in pregnant women. Women should not
become pregnant during treatment and for at least 5 months after the
last dose of XGEVA.

For more information:

Please consult the Product Monograph at
http://www.amgen.ca/Xgeva_PM.pdf for important information relating
to adverse reactions, drug interactions, and dosing that have not been
discussed here.

The Product Monograph is also available by calling Amgen Medical
Information at 1-866-502-6436.

Fizazi et al. study?

Phase 3, randomized, double-blind, double-dummy, active-controlled study. Patients with
castrate-resistant prostate cancer and bone metastases (n=1901) received either 120 mg XGEVA SC
Q4W (once every 4 weeks) (n=950) or 4 mg zoledronic acid IV Q4W (n=951). The primary outcome
measure was to demonstrate non-inferiority of time to first on-study SRE as compared to zoledronic
acid. The secondary outcome measures were superiority of time to first on-study SRE and superiority of
time to first and subsequent SREs. An SRE is defined as any of the following: pathologic fracture,
radiation therapy to bone, surgery to bone or spinal cord compression.
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