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ABSTRACT

Vesicoureteral reflux (VUR) is a common pediatric condition historically
managed with a goal of preventing renal injury from recurrent urinary tract
infections (UTIs). However, contemporary understanding recognizes that
not all reflux confers the same risk. This review highlights evolving
diagnostic strategies, risk stratification tools, and treatment trends in VUR
management. The natural history of VUR is influenced by multiple factors,
including grade, timing on voiding cystourethrogram (VCUG) presence of
bladder and bowel dysfunction (BBD), and anatomical anomalies. While
many cases of low-grade reflux resolve spontaneously, high-grade or
early-filling VUR, especially with BBD, poses a higher risk of persistent
disease and recurrent febrile UTls.Diagnosis has shifted toward
minimizing invasive testing and radiation exposure. Contrast-enhanced
voiding urosonography (ceVUS) offers a non-radiating alternative to
VCUG with excellent diagnostic accuracy. Adjunctive tools such as the
ureteral diameter ratio (UDR) and Vesicoureteral Reflux Index (VURX)
enhance risk stratification and predict likelihood of resolution or
breakthrough infections. Treatment has similarly evolved. Observation
and selective use of continuous antibiotic prophylaxis (CAP) are now
standard for low-risk patients, reflecting concerns about resistance and
microbiome disruption. Endoscopic injection using the Double HIT
method provides high success rates with minimal morbidity and is now
widely favored over open surgery in most cases. Robotic ureteral
reimplantation is increasingly utilized, though its cost and learning curve
remain barriers to widespread adoption. Emerging research in artificial
intelligence, urinary biomarkers, and microbiome preservation offers
promise for even more personalized care. Revised guidelines and
multicenter registries are fostering data-driven, risk-based approaches.
VUR management has transitioned from a uniform treatment model to a
nuanced, individualized strategy. Innovations in diagnostics, quantitative
risk tools, and minimally invasive therapies now support safe, effective,
and tailored care. The focus continues to shift toward optimizing long-
term outcomes while reducing treatment burden for children with VUR.
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Introduction

Vesicoureteral reflux (VUR) is a common pediatric
condition that affects approximately 1% of children
and has long been a subject of ongoing debate
regarding the most appropriate diagnostic and
therapeutic approach®?. Historically, the presence
of VUR has been associated with an increased risk
of recurrent febrile urinary tract infections (UTIs),
renal scarring, and the potential development of
reflux nephropathy®®. As a result, prevention of
renal injury was the central goal of VUR
management. However, over the last two decades,
our understanding of the disease process has
evolved, shifting clinical practice toward a more
individualized, risk-based approach®@?,

Although VUR may resolve spontaneously, particularly
in cases where the voiding cystourethrogram
(VCUG) shows late filing or voiding-only, low-grade
reflux, persistence is more likely in children with
early filling, high-grade or bilateral reflux and in
those with concurrent bladder and bowel dysfunction
(BBD)?®. The etiology of renal scarring is now
understood to be multifactorial, involving not only
infection but also congenital dysplasia and voiding
dysfunction®®. These insights have reframed the
role of VUR from a direct cause of renal injury to
one component in a broader clinical picture.

Advances in imaging techniques have mirrored this
perspective. While
cystourethrography remains the gold standard for
diagnosing and grading VUR, its invasive nature
and radiation exposure have prompted growing

evolving voiding

interest in contrast-enhanced voiding urosonography
(ceVUS), which has demonstrated high diagnostic
accuracy without ionizing radiation and is now
widely used in European centers®. In addition,
quantitative tools such as the ureteral diameter
ratio (UDR) and the vesicoureteral reflux index
(VURX) have emerged as valuable adjuncts to grade
alone in predicting the likelihood of spontaneous
resolution and breakthrough infections®9.

Therapeutic options have also shifted. Continuous
antibiotic prophylaxis (CAP), once widely used in all
grades of reflux, is now reserved for carefully

selected patients due to growing concerns about
antibiotic resistance, low adherence, and potential
effects on the microbiome®!V. While there will
always be a role for traditional open surgery, the
approach is now being challenged as the “gold
standard” in operative correction?. Endoscopic
correction using the Double HIT method is outpatient,
minimally invasive, well-tolerated, and provides cure
rates approaching those of open surgery®. Robot-
assisted ureteral reimplantation continues to expand
in use, though it is associated with higher costs and
a steeper learning curve, and its comparative
effectiveness remains under evaluation®4,

This review aims to summarize current concepts
and evolving approaches to the diagnosis and
management of pediatric VUR in 2025, incorporating
the latest evidence, updated clinical tools, and
future directions toward more personalized and
evidence-based care.

Epidemiology and Natural History

VUR is diagnhosed in approximately 1% of the
general pediatric population and in up to 30-40%
of children evaluated for febrile UTIs?!. The
condition demonstrates a clear familial and genetic
predisposition, with siblings of affected children
exhibiting VUR prevalence rates as high as 25-35%
and offspring of affected parents reaching rates
over 50%1!9. These observations suggest a strong
heritable component, although the specific genetic
architecture remains incompletely defined. Several
candidate genes involved in ureteric bud
development (e.g., ROBO2, RET, and AGTR2) have
been proposed, though no single causative
mutation has been universally accepted’1®, This
has led to ongoing debate about the clinical value
of proactive sibling screening, especially for
asymptomatic children.

The natural course of VUR varies widely and
depends on multiple clinical and anatomical factors.
While not the only factor, spontaneous resolution
may be more common in low-grade reflux (grades
[-111), particularly in younger children, with annual
resolution rates estimated between 10-20%#19, In
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contrast, high-grade VUR (grades IV-V), bilateral
reflux, and abnormalities in bladder function, such
as BBD, are associated with lower rates of
resolution and a higher risk of recurrent infection
and renal damage®'®. The timing of reflux on the
VCUG, particularly early filling reflux, has been
proven to be a very critical risk factor in both reflux
resolution and the risk of breakthrough UTI??, In
fact, the finding of early filling reflux as the sole
factor evaluated has been shown to decrease the
chance of resolution by 50%. Other factors, such as
female gender, anomalies (e.g. duplex systems or
periureteral diverticula), and high grade reflux
render the chance for resolution even lower.

While early studies attributed much of the renal
injury in VUR to ascending infections and scarring
from pyelonephritis, more recent evidence
suggests that congenital renal dysplasia plays a
substantial role, especially in children with high-
grade or prenatal reflux®2?, Distinguishing between
congenital dysplasia and acquired scarring can be
challenging, but advances in imaging, particularly
with DMSA scintigraphy, have improved the ability
to characterize renal parenchymal abnormalities.
However, the presence of renal scarring alone does
not always correlate with clinical severity, and many
children with radiographic findings
asymptomatic with preserved renal function®.

remain

The clinical significance of VUR has therefore
shifted from being viewed as a universal risk factor
for renal disease to a marker for a subset of children
at elevated risk. This evolving understanding has
contributed to a more selective and individualized
approach to both surveillance and intervention,
with increased emphasis on patient age, reflux
grade, recurrent febrile UTIs, presence of BBD, and
renal imaging findings.

Diagnosis and Imaging

The diagnosis of VUR typically follows the
evaluation of a child with a febrile UTI.
Ultrasonography is often the initial imaging
modality due to its noninvasive nature, but its
sensitivity for detecting VUR is limited. VCUG

remains the gold standard for diagnhosing and
grading VUR, particularly in children with recurrent
febrile UTls, abnormal renal ultrasound findings, or
family history of reflux@223,

The VCUG remains the gold standard for VUR
diagnosis and grading, offering direct visualization
of reflux severity and timing during bladder filling
and voiding. It also provides critical anatomic
details, such as urethral morphology and bladder
contour. Although widely used, VCUG presents
several limitations: it is invasive, exposes children
to ionizing radiation, and can be distressing for
patients and families. Despite its utility, VCUG
interpretation is subject to inter-rater variability.
While some studies have reported favorable
intraclass correlation coefficients in the range of 0.8
to 0.9, interobserver agreement rates as low as 50—
60% have also been documented®-?®. To enhance
reliability, it is critical to follow a standardized
VCUG protocol®”?), Key elements include consistent
use of contrast agents, standardized infusion
techniques, acquisition of high-quality spot
images, documentation of bladder volume at the
onset of reflux, and use of appropriate timing
during both filling and voiding phases?®.
Performing more than one fill-void cycle may be
necessary to avoid missed diagnoses of
intermittent reflux®. Inconsistent adherence to
these protocols remains a limitation in routine
clinical practice and represents a clear opportunity
for quality improvement. The use of VCUG has
become more selective over the last decade,
guided by risk stratification algorithms and clinical
practice guidelines that aim to reduce unnecessary
testing in low-risk children=0,

An important development in the field has been
the increasing use of ceVUS, particularly in Europe.
CeVUS offers a radiation-free alternative to VCUG
with high diagnostic concordance and excellent
sensitivity and specificity. CeVUS uses ultrasound
contrast agents to visualize reflux in real time
without ionizing radiation. While it has not been
adopted as widely in North America, accumulating
data support its safety and efficacy, and its use is
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expected to expand with broader access to trained
personnel and contrast agents®3?, However, while
CeVUS reduces radiation exposure, it does not
alleviate the pain and anxiety associated with
catheterization.

Additionally, tools such as UDR and the
vesicoureteral reflux index (VURX) have emerged to
complement the international grading system in
assessing reflux severity and predicting spontaneous
resolution. These measures incorporate quantitative
measures, allowing for more
stratification, particularly in infants and young
children®32, When applied consistently, these
tools may reduce interobserver variability in VUR
grading and help guide management decisions.

refined risk

UDR, defined as the diameter of the distal ureter
normalized to the distance between the L1 and L3
vertebral bodies on VCUG, has emerged as a
reliable predictor of both spontaneous VUR
resolution and the risk of breakthrough febrile
fUTI®+3", Notably, each 0.1 unit increase in UDR is
associated with a significantly higher likelihood of
persistent VUR®373_ |n addition to its predictive

value, UDR assessment has demonstrated superior
inter-rater reliability compared to traditional VUR
grading, with intraclass correlation coefficients of
0.95 versus 0.87, respectively®d.

Growing understanding of the factors influencing
spontaneous resolution of VUR led to the
development of computational tools to enhance
clinical prediction. One such tool, the VUR Index
(VURX), was proposed to estimate the probability
of spontaneous resolution based on individual
patient characteristics, including sex, VUR grade,
and timing of reflux during the voiding cycle®?. The
VURx was initially derived from a cohort of 229
children under 2 years of age and subsequently
validated in two independent cohorts: one with
369 children under 2 years and another with 271
children over 2 years®4 |n addition to
predicting the VURx has also
demonstrated correlation with the risk of urinary
tract infections (UTIs), providing added clinical
value. (Figure 1)@04041),

resolution,

Figure 1 - Scoring the components of the VUR index based on the initial VCUG. Points are given for VUR
timing, female gender, the presence of ureteral anomalies (periureteral diverticulum or complete
duplication), and high-grade reflux. The absence of ureteral anomalies and the presence of low or moderate
grade VUR are each given a weight of zero (A). Rates of spontaneous resolution as well as risk future or
recurrent febrile UTI rates based on VUR Index. (B).
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Radionuclide renal cortical scintigraphy with DMSA
remains the most sensitive method for detecting
renal parenchymal injury and is often used to
assess for congenital dysplasia or scarring
following febrile UTI. However, the routine use of

DMSA scanning in follow-up has declined due to
concerns over radionuclide availability, cost,
limited influence on clinical management in many
cases, and the cumulative radiation exposure from
repeated studies(19,42).
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The current diagnostic landscape for VUR
increasingly emphasizes targeted
individualized evaluation, and the reduction of
unnecessary exposure. As novel
techniques, such as artificial intelligence-enhanced
ultrasound interpretation and automated bladder
dynamics analysis continue to evolve, the potential
exists for further refining diagnostic accuracy in a
child-centered, minimally invasive manner®,

imaging,

radiation

Treatment Approaches

The management of VUR has evolved considerably,
reflecting a more individualized and risk-based
approach to intervention. While spontaneous
resolution remains common, especially in low-
grade and low VURX reflux, the decision to initiate
treatment depends on factors such as age, grade
of reflux, sex, history of febrile UTIs, presence of
renal abnormalities, and coexisting BBD“¥.

Observation

Observation remains the cornerstone of management
for many children with low-risk VUR. Children with
a low VURx and the majority with low grade (I-II)
VUR, and no history of febrile UTIs or renal
abnormalities may be safely managed with
observation alone in most cases. Studies have
shown that many of these children experience
spontaneous resolution over time, particularly if
BBD is well controlled. Observation protocols typically
include periodic renal ultrasounds and urinalysis,
with prompt evaluation for any febrile episodes. In
patients with intermediate risk, such as those with
grade Il reflux or minor renal abnormalities, a
tailored follow-up plan may incorporate repeat
imaging at intervals or surveillance VCUG in the
setting of breakthrough UTI. In select cases of high
risk patients, repeat VCUG may be warranted to
assess for resolution®. The increasing use of
predictive tools like UDR and VURx has improved
the precision of these decisions.

Antibiotic Prophylaxis
CAP has been a longstanding component of VUR
management. The rationale for CAP stemmed from

early observations linking febrile UTIs to renal
scarring, prompting widespread prophylactic use
across all reflux grades. However, growing
concerns over antimicrobial resistance, variable
adherence, and emerging evidence about long-
term renal outcomes have prompted a more
selective application of this strategy©#649),

The landmark Randomized Intervention for
Children with Vesicoureteral Reflux (RIVUR) trial
was instrumental in redefining the role of CAP. This
multicenter, double-blind, placebo-controlled study
demonstrated that trimethoprim-sulfamethoxazole
prophylaxis reduced the incidence of recurrent
UTIs by approximately 50% in children with grades
-1V VUR, particularly in those with prior febrile
infections or BBD. However, CAP did not significantly
reduce the risk of new or progressive renal scarring
at two years, though it should be noted the trial
was not powered to detect these differences.

Studies have shown that CAP can alter the
composition of the infant gut microbiome. A recent
study demonstrated that long-term antibiotic
exposure reduced microbial diversity and promoted
the selection of resistance genes, raising concerns
about the broader ecological and developmental
impacts of CAP®, These findings underscore the
need for judicious prescribing and consideration of
potential long-term effects, especially in otherwise
healthy children with low-grade reflux. Current
guidelines recommend CAP primarily for children
with recurrent UTIs, high-grade reflux, or abnormal
renal imaging, with an emphasis on careful patient
selection and parental education®. Shorter
durations of CAP and targeted prophylaxis
strategies are actively being studied. The American
Academy of Pediatrics UTI guidelines are currently
being reevaluated to better assess the risk of renal
scarring from recurrent UTIs, with the goal of
improving our ability to selectively identify children
who should be evaluated for VUR.

Endoscopic Injection

Endoscopic correction using the Double HIT
method is minimally invasive, well-tolerated, and
provides cure rates approaching those of open
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surgery®?, Based on proven benefits of El over the
past 2 decades, open surgery has been challenged
as the “gold standard” for anti-reflux surgery3,
In fact, the rate of open surgery has consistently
decreased over the same time period®. Despite
these trends, open surgery may still be a preferred
approach, particularly in young children with
complex ureteral anatomy and refluxing megaureter.
Clinical data from numerous studies have confirmed
long term safety and efficacy of endoscopic
injection, though there is significant variation
depending on surgeons and technique®>®® on the
ultimate success rates. In a systematic review
evaluating dextranomer/ hyaluronic acid (Dx/HA)
for pediatric VUR, the estimated aggregate success
rate for endoscopic therapy, prior to widespread
use of the double HIT method, was 72% with 89%
success for grade I, 83% for grade Il, 71% for grade
[, 59% for IV and 62% for grade V reflux. (55) More
recently, a meta-analysis, including nine studies
and more than 1400 renal units, the authors found
no differences in UTls for patients undergoing
endoscopic management than vesicoureteral
reimplantation for high grade VUR (grades I11-V)®7,
In our own institutional experience, endoscopic
injection for primary VUR demonstrates excellent
intermediate and long-term clinical outcomes for
grades I-IV VUR, with reported success rates
exceeding 90% and low rates of secondary
intervention even beyond five vyears post-
procedure®®%®. Our institutional experience has
also discouraged routine VCUGs as part of the
post-operative protocol as clinical success was no
different in patients who underwent post-operative
VCUG compared to those who did not®. While
endoscopic therapy is highly effective for the
treatment of most primary VUR using the double
HIT method®Y, its efficacy in cases of structural/
functional bladder anomalies is not as well
established, such as paraureteral diverticulum®&3,
posterior urethral valves® and renal transplant®>¢,

Ureteral Reimplantation

Surgical correction remains the most definitive
treatment for VUR and is indicated in cases of

persistent high-grade reflux, breakthrough febrile
UTls, failure of endoscopic treatment, or parental
preference. Open reimplantation,
including the Cohen cross-trigonal and Politano-
Leadbetter techniques, has long been the gold
standard, with success rates exceeding 95%®". In
the most recent and largest study of over 1000
children undergoing open ureteral reimplantation,
radiographic and clinical success rates were both
94%8. In their study, risk factors for postop febrile
UTI were female gender, the number of preop
UTls, high grade VUR, and renal scarring.

ureteral

Minimally invasive techniques, including laparoscopic
and robot-assisted approaches, have become
increasingly common. These techniques offer
reduced postoperative pain, shorter hospital stays,
and improved cosmesis, though they require
specialized expertise and carry higher initial costs.
Recent studies have demonstrated the safety and
efficacy of robot-assisted ureteral reimplantation in
pediatric patients, with comparable success to
open techniques®.

Certain populations, such as children with prior
abdominal surgery, complex ureteral anatomy, or
failed endoscopic treatments, may benefit from open
approaches due to the technical demands of these
cases. Conversely, older children and adolescents
may be ideal candidates for robot-assisted ureteral
reimplantation due to their body habitus and lower
risk of postoperative urinary retention.

Regardless of surgical technique, successful ureteral
reimplantation requires optimization of bladder
function prior to surgery. Untreated bladder and
bowel dysfunction (BBD) has been associated with
increased risk of postoperative UTIs and persistent
symptoms, even in the absence of persistent reflux.
Addressing BBD preoperatively remains a critical
determinant of long-term success®7?. Postoperative
follow-up after reimplantation has also evolved.
Routine post-op VCUG to confirm radiographic
resolution is increasingly avoided in favor of
symptom-based monitoring, particularly in
asymptomatic patients with low risk of recurrence.
This shift reflects a broader emphasis on clinical
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success and quality of life, rather than strictly
radiographic endpoints™7°.

In summary, ureteral reimplantation remains a
highly effective option for children with complex or
refractory VUR. The choice between open and
robotic approaches should be individualized based
on patient anatomy, surgeon experience, and
institutional capabilities. With appropriate patient
selection and BBD management, surgical
correction offers excellent long-term outcomes
with minimal recurrence and morbidity.

Future Directions

The future of VUR management is centered on
innovation in diagnostics, risk stratification, and
individualized therapy. A few areas of particular
promise include:

o Atrtificial intelligence (Al): Al-assisted image
interpretation and predictive analytics are being
explored to enhance diagnostic accuracy, improve
inter-rater reliability in reflux grading, and develop
clinical decision-support tools for treatment
planning.7,

o Biomarkers and genetic profiling: The identification
of urinary, serum, and genetic biomarkers could
help distinguish which children are most at risk for
renal injury, guide treatment intensity, and predict
treatment outcomes. Urinary neutrophil gelatinase-
associated lipocalin (NGAL), for example, has been
studied as a potential noninvasive marker of renal
scarring in children with VUR(®),

e Microbiome research and targeted prophylaxis:
The impact of antibiotics on the developing gut
and urinary microbiomes is becoming more
recognized. Research into microbiome preservation
and alternative approaches to UTI prevention, such
as probiotics, immunoprophylaxis, and vaccine
development, may change the landscape of
infection prevention in VUR®0.79:80),

e Guideline evolution and data registries: Updated
guidelines from the AUA and EAU emphasize risk-
based, individualized management and integration
Collaborative

of emerging evidence“®d,

multicenter registries and long-term outcome

studies are helping define best practices and
patient-centered outcomes®?.

Conclusions

The contemporary management of vesicoureteral
reflux is defined by a shift from broad treatment
strategies to nuanced, evidence-based care
tailored to each patient's risk profile. Advances in
diagnostics, particularly in imaging and risk
stratification tools, have refined clinical decision-
making. Treatment options have expanded beyond
traditional surgical intervention to include effective,
less invasive modalities such as endoscopic
injection, while observation and selective use of
antibiotics remain appropriate for many“4>%,
Future innovations in artificial intelligence,
biomarker discovery, and microbiome science
promise to further personalize care and improve
outcomes. As our understanding of VUR continues
to evolve, the goal remains constant: to provide
safe, effective, and individualized care that
preserves renal function and quality of life for
children affected by this condition.
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