CUA PRIZE ESSAY

A quantitative analysis of voiding cystourethrogram
features confirms the association between high-
grade vesicoureteral reflux with male sex, younger

age, and hydronephrosis

Adree Khondker!, Jethro C.C. Kwong?, Priyank Yadav', Justin Y.H. Chan?,
Anuradha Singh?®, Lauren Erdman?, Daniel T. Keefe'®, Mandy Rickard',
Armando J. Lorenzo!

'Division of Urology, The Hospital for Sick Children, Toronto, ON, Canada; Division of Urology, Department of Surgery,
University of Toronto, ON, Canada; *Division of Medical Imaging, The Hospital for Sick Children, Toronto, ON, Canada;
“Department of Computer Science, University of Toronto, Toronto, ON, Canada; *Department of Surgery, IWK Hospital,
Halifax, NS, Canada

Cite as: Khondker A, Kwong JCC, Yadav P, et al. A quantitative analysis of voiding cystourethrogram features confirms the
association between high-grade vesicoureteral reflux with male sex, younger age, and hydronephrosis. Can Urol Assoc |
2023;17(8):243-6. http://dx.doi.org/ 10.5489/cuaj.8460

ABSTRACT

INTRODUCTION: Vesicoureteral reflux (VUR) is commonly diagnosed in the workup of
urinary tract infections or hydronephrosis in children. Traditionally, VUR severity is graded
subjectively based on voiding cystourethrogram (VCUG) imaging. Herein, we characterized
the association between age, sex, and indication for VCUG, by employing standardized
quantitative features.

METHODS: We included renal units with a high certainty in VUR grade (>80% consen-
sus) from the qVUR model validation study at our institution between 2013 and 2019.
We abstracted the following variables: age, sex, laterality, indication for VCUG, and gVUR
parameters (tortuosity, ureter widths on VCUG). High-grade VUR was defined as grade 4
or 5 The association between each variable and VUR grade was assessed.

RESULTS: A total of 443 patients (523 renal units) were included, consisting of a 48:52
male/female ratio. The median age at VCUG was |3 months. Younger age at VCUG (<6
months) was associated with greater odds of severe VUR (odds ratio [OR] 2.0), and there
was a weak correlation between age and VUR grade (p=-0.17). Male sex was associated
with increased odds of high-grade VUR (OR 2.7). VCUGs indicated for hydronephrosis were
associated with high-grade VUR (OR 4.1) compared to those indicated for UTI only. Ureter
tortuosity and width were significantly associated with each clinical variable and VUR severity.

CONCLUSIONS: Male sex, younger age (<6 months), and history of hydronephrosis are
associated with both high-grade VUR and standardized quantitative measures, including
greater ureter tortuosity and increased ureteral width. This lends support to quantitative
assessment to improve reliability in VUR grading.
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INTRODUCTION
Vesicoureteral reflux (VUR) is an
important prognostic factor in chil-
dren for recurrent urinary tract
infection (UTI) and may predispose
patients to adverse kidney out-
comes.'? The reported incidence of
VUR in all children ranges from 0.4—
1.8%, while it is present in 30-50%
of children who experience a UTI3*
Importantly, children with VUR can
benefit from prophylactic antibiotics
and those with severe VUR will often
require surgical intervention.*> VUR
severity is determined from a grade
between | and 5 from voiding cysto-
urethrogram (VCUG). VUR severity
has been associated with the risk of
breakthrough UTI, renal scarring, and
likelihood of self-resolution of VUR'
Previous studies have shown
that VUR affects more males than
females, with higher grades at young-
erages®''""* however, the subjectivity
in VUR grading and institutional differ-
ences have limited the generalizability
of these associations by reducing our
certainty in classifying VUR.'*'® This
may explain the contradictory findings
that have hindered the development
of more individualized approaches
to VUR imaging."” With the current
drive to reduce invasive imaging in
children'®!” and the need to reli-
ably assess VUR severity, there is a
role for standardized assessment of
VUR grading. Our group has recent-
ly developed qVUR, a multi-center,
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validated model, which determines quantitative features
from VCUGs to predict VUR grade.”

The purpose of this study was to investigate the
association of objective parameters of VUR severity
(grade and quantitative features on VCUG) with clinical
information, such as age, sex, and indication for imaging.

METHODS

Setting, study population, variables

qVUR is a multi-institutional, machine-learning model
that was trained from the imaging repository at The
Hospital for Sick Children (Toronto, ON, 2013-2019)."
In gVUR, VCUGs are split into two renal units (i.e., left

Table 1. Patient characeristics of children with VUR

Number of patients
Number of renal units™
Age (months)
Median age (IQR)
<6 months
>6 months
Sex
Male
Female
VUR grade
2

3

4

5
Laterality

Left

Right
Indication

UTI + HN

HN

utl
Other

Unilateral reflux Bilateral reflux Unilateral vs. | Overall

bilateral
n (%) n (%) p Median/n (IQR/%)
363 (82%) 80 (18%) - 443
363 (69%) 160 (31%) - 523
13 (IQR 4, 51) 13 (IQR 3, 37) 0.11 13 (IQR 3, 44)
127 (35%) 68 (43%) 0.12 195 (37%)
236 (65%) 92 (57%) 328 (63%)
165 (45%) 86 (54%) 0.09 251 (48%)
198 (54%) 74 (46%) 272 (52%)
87 (24%) 31(19%) 0.16 118 (23%)
151 (42%) 78 (49%) 229 (44%)
66 (18%) 20 (13%) 86 (16%)
59 (16%) 31(19%) 90 (17%)
212 (58%) - - 292 (56%)
151 (42%) - 231 (44%)
31(9%) 12 (8%) 0.62 43 (8%)
72 (19%) 34 (21%) 106 (20%)
175 (48%) 84 (53%) 259 (50%)
85(23%) 30 (19%) 105 (20%)

*Used as denominator for statistical analysis. HN: hydronephrosis; IQR: interquartile range; UTI:

urinary tract infection.
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and right) and assessed for VUR grade by >5 clinical
raters. Due to the highly subjective nature of VUR grad-
ing, only renal units with very high agreement (agree-
ment between >80% of raters) were included in this
study.'*'> Renal units, or patients, were excluded for
unavailable clinical information, VUR grade |, or major
congenital abnormalities.

Patient age, sex, and indication for VCUG were
abstracted. The indication for VCUG was then
abstracted and categorized into: UTI, hydronephrosis
(HN, including pelviectasis, caliectasis), both, and other
(followup outside VUR, query duplex, congenital abnor-
mality, lower urinary tract symptoms, sepsis, decreasing
renal function, unknown).

The primary outcome for VUR severity was severe
or high-grade VUR, defined as VUR grade 4 or 5
(dichotomous). We also assessed VUR severity by
quantitative features (continuous): tortuosity and ure-
teral width, as described below.

Image annotation

To determine quantitative features from each VCUG,
we used standardized feature labelling and annotation,
provided in gVUR.'®'7 Briefly, two features of each
renal unit were annotated and approximated within the
model: ureter tortuosity and maximum ureter width.
Each feature has been validated to correlate with VUR
severity, and qQVUR is freely available for use at: https://
sickkidsurology.shinyapps.io/qVUR/.

Statistical analysis

Descriptive statistics were tabulated between renal units.
Comparative statistics between renal units were per-
formed using the Kruskal-Wallis test for continuous vari-
ables. Fisher's exact test and Chi-squared test were used
for categorical vanables. Spearman’s rank correlation was
calculated for continuous associations. All statistical analy-
ses were performed using Matlab 202 1a (Mathworks),
with a p-value of <0.05 used for statistical significance.

RESULTS

A total of 6288 renal units (from 3144 VCUGs) were
identified in the study period and screened for VUR.
Of these, 1935 renal units had documented VUR, with
1220 meeting inclusion criteria, and 523 (43%) reached
at least 80% agreement on the individual VUR grade
between the raters.

The 523 renal units came from 443 patients, includ-
ing 363 patients with unilateral reflux and 80 patients
with bilateral reflux. The population characteristics are
provided in Table |. The median age at VCUG was |3



months (interquartile range [IQR] 3, 44). Of the 523
renal units, 272 (52%) were from female patients and 23|
(44%) were right-sided. No significant differences in age,
sex, VUR grade, or indication for VCUG were observed
between patients with unilateral and bilateral reflux.

The median age at presentation for patients with
grade 5 VUR was four months (IQR |, 19), while patients
with grade 2 VUR were 27 months (IQR 9, 62) at imaging
(p<0.001) (Figure | A). There is a significant weak corre-
lation between age and VUR grade (p=-0.17, p<0.001),
as shown in Figure | A. Renal units from patients with
VCUG before six months of age had increased odds
of having high-grade VUR than imaging occurring at >6
months (odds ratio [OR] 2.0, 95% confidence interval
[CI] 1.4, 2.9, p<0.001) (Figure IB). The male/female
ratio for patients <6 months was 4:| compared to |:|
patients >6 months at imaging (p<0.001). Male sex was
associated with increased odds of high-grade VUR (OR
2.7,95% Cl 1.8, 3.9, p<0.001) and greater median VUR
grade (p<0.001) (Figure 1C) compared to female sex.

There was no significant difference in VUR
grade between left- and right-sided VUR (p=0.40)
(Figure 1D). VCUGs indicated in the workup for HN
were associated with increased odds of having high-
grade VUR compared to those with only UTI con-
cerns (OR 4.1, 95% ClI 2.6, 6.3, p<0.001) (Figure IE).
VUR grade was strongly associated with tortuosity and
maximum ureteral dilatation (Figures 2A, 2D). Male
sex, age <6 months, and HN were associated with a
significantly greater tortuosity and increased maximum
ureteral dilatation (Figures 2B-D, 2F—H).

DISCUSSION

Current studies lack reliability in VUR grading to deter-
mine associations between VUR severity and clinical
characteristics. By associating quantitative features on
VCUG, with gVUR, with clinical characteristics, we
can be more certain in the strength of their associa-
tions. By demonstrating known clinical characteristics
are associated with these quanitative features, we can
begin implementing qVUR measures as a more reliable
metric for VUR severity. This may be clinically useful in
determining tailored workup for children with VUR and
inform future reporting standards for VCUG.

There is a high degree of variability in VUR grading
between clinicians when interpreting VCUGs, which
limits the validity of previous studies assessing the asso-
ciation of VUR severity and clinical outcomes.*!*!520
For example, Schaeffer et al showed that there was
consensus on VUR grade by three radiologists in only
43% of renal units."* The strength of this study stems
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Figure 1. (A) Distribution of age for patients with each VUR grade. (B) percent of patients with severe (grade 4+) VUR
based on age af VCUG with comparison between <6 and >6 months with % male/female per group. Comparison of VUR grade
between (C) male vs. female, (D) left vs. right renal unit, and (E) indication for VCUG. VCUG: voiding cystourethrogram; VUR:

vesicoureteral reflux.
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Figure 2. (A) Tortuosity by VUR grade with (B) sex, (C) age, or (D) indication for VCUG. (E) Maximum ureter width by VUR
grade, with (F) sex, (G) age, or (H) indication for VCUG. All comparisons are significant (p<0.001 on Kruskal Wallis test). VCUG:

voiding cystourethrogram; VUR: vesicoureteral reflux.

from the use of a consensus grade from at least five
experts to ensure reliable outcome assessment.

In our study, we corroborate findings from pre-
vious studies with a validated approach using both
VUR grade and quantitative VUR features. For exam-
ple, multiple studies have shown VUR prevalence to
decline with increasing age and to have an older onset
in females.'"'22" We confirm this correlation between
age, sex, and both VUR prevalence and grade. Capozza
et al suggest that the natural history of VUR is different
between males and females;'® younger males are likely
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to have higher-grade VUR, which will likely self-resolve,
potentially due to higher detrusor pressures,? while
non-infant males and females are likely to have a similar
prevalence of VUR grade. Our results agree with this
finding, as younger males are found to be the most
at-risk for severe VUR (compared to older females).

Over the last decade, evidence and guidelines have
recommended more judicious use of VCUGs.'® Our
study suggests that certain clinical factors may predis-
pose patients to greater risk of severe VUR, which adds
nuance to VCUG ordering pattems. For example, in our
study, a history of HN is associated with higher VUR
grade, as also shown in previous studies.'” With current
guidelines recommending surgery in VUR grade 4 or 5,
this raises a question of whether a VCUG would affect
management in patients without HN, as there would be
a lower likelihood of showing high-grade VUR.

Limitations

Limitations of the current study include its retrospec-
tive methodology and largely case-control analysis.
Additionally, the patients studied in this work may cor-
respond to patients who have more significant VUR
than the general population because patients included
in this analysis were indicated for VCUG and patients
with VUR grade | were excluded. Extending upon this,
as it is a strength to have a high certainty in VUR grade
label, it also introduces a selection bias against patients
with uncertain imaging or more complex patients.
Patients who have higher-grade VUR are more likely to
be symptomatic, prompting investigation at a younger
age, which may introduce bias to these results. Lastly,
this study lacks prospective data associating VUR sever-
ity with definite clinical outcomes, such as recurrent or
breakthrough UTIs, reduced kidney function, or need
for surgical intervention — primary considerations in
current guidelines.***

CONCLUSIONS

Male sex, younger age, and HN were all associated
with more severe VUR grade, ureter tortuosity, and
dilatation. While further validation is needed, we dem-
onstrate a strong association between validated mea-
sures for VUR severity and clinical characteristics, which
informs the epidemiology of VUR, while highlighting the
need for more standard VUR grading.
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