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Summary

Introduction
Voiding cystourethrography (VCUG) is the modality
of choice to diagnose vesicoureteral reflux (VUR).
Although grading of VUR is essential for prognosis
and clinical decision-making, the inter-observer
reliability for grading has been shown to vary sub-
stantially. The Randomized Intervention for Children
with VesicoUreteral Reflux (RIVUR) trial provides a
large cohort of children with VUR to better under-
stand the reliability of VCUG findings.

Objective
To determine the inter-observer consistency of the
grade of VUR and other VCUG findings in a large
cohort of children with VUR.

Study design
The RIVUR trial is a randomized controlled trial of
antimicrobial prophylaxis in children with VUR
diagnosed after UTI. Each enrollment VCUG was
read by a local clinical (i.e. non-reference) radiol-
ogist, and independently by two blinded RIVUR
reference radiologists. Reference radiologists’ dis-
agreements were adjudicated for trial purposes. The
grade of VUR and other VCUG findings were extrac-
ted from the local clinical radiologist’s report. The
unit of analysis included individual ureters and in-
dividual participants. We compared the three in-
terpretations for grading of VUR and other VCUG
findings to determine the inter-observer reliability.

Results
Six-hundred and two non-reference radiology re-
ports from 90 institutions were reviewed and yielded
the grade of VUR for 560 left and 524 right ureters.
All three radiologists agreed on VUR grade in only
59% of ureters; two of three agreed on 39% of ure-
ters; and all three disagreed on 2% of ureters
(Table). Agreement was better (�92%) for other
VCUG findings (e.g. bladder shape “normal”). The
non-reference radiologists’ grade of VUR differed
from the reference radiologists’ adjudicated grade
by exactly one grade level in 19% of ureters, and by
two or more grade levels in 2.2% of ureters. When
the participant was the unit of analysis, all three
radiologists agreed on the grade of VUR in both
ureters in just 43% of cases.

Discussion
Our study shows considerable and clinically relevant
variability in grading VUR by VCUG. This variability
was consistent when comparing non-reference to
the adjudicated reference radiologists’ assessment
and the reference radiologists to each other. This
study was limited to children with a history of UTI
and grade IeIV VUR and may not be generalizable to
all children who have a VCUG.

Conclusion
The considerable inter-observer variability in VUR
grading has both research and clinical implications,
as study design, risk stratification, and clinical
decision-making rely heavily on grades of VUR.
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Introduction

Voiding cystourethrography (VCUG) is the modality of
choice to diagnose vesicoureteral reflux (VUR) and certain
other urinary tract abnormalities in children. VCUG permits
grading of VUR using the five-level International Reflux
Scale (IRS) [1], and grade of VUR is strongly associated with
outcomes such as spontaneous resolution, recurrence of
urinary tract infection (UTI), renal scarring, and others
[2e4]. Recent guidelines recommend clinical decision-
making based on the grade of VUR on VCUG, including
observation (without medical therapy) for selected children
with grade I or II VUR [5].

While both research findings and clinical recommenda-
tions assume that the IRS grading scale is reliable and
reproducible, this may not be the case, as grade discrep-
ancies between readers occur in significant numbers of
children with VUR [6e8]. However, there are limitations to
the published data, and more rigorous measurement of
inter-observer agreement regarding VCUG findings is
needed.

The Randomized Intervention for Children with Ves-
icoUreteral Reflux (RIVUR) trial is a randomized double-
blind placebo-controlled trial of antimicrobial prophylaxis
among children with grade IeIV VUR and urinary tract
infection [9]. Each child included in RIVUR had a VCUG at
study entry, and each VCUG was independently reviewed by
a local clinical (non-reference) radiologist, as well as by
two RIVUR reference radiologists.

The purpose of this study was to assess inter-observer
agreement for grade of VUR and other VCUG findings among
RIVUR participants.

Materials and methods

The RIVUR trial randomized 607 children with VUR to
trimethoprim-sulfamethoxazole prophylaxis or placebo [9].
Three assessments of pre-enrollment VCUG images were
performed: one by the non-reference radiologist who

performed the initial clinical interpretation, and one by
each of the two reference pediatric radiologists designated
to read VCUGs for the RIVUR trial (JMZ, JSC). The RIVUR
reference radiologists assessed grade of VUR and other
findings including but not limited to bladder (i.e. shape,
trabeculation) and urethral anatomy. Disagreements be-
tween reference radiologists were adjudicated. Reference
radiologists accessed original digital images placed on
compact discs in the DICOM format and viewed them on
high-resolution monitors. There was no standardized reader
software.

The non-reference radiology reports were reviewed for
findings besides VUR using the same data form used by the
reference radiologists. Two differences exist between the
non-reference and reference assessments. First, although
each reference radiologist was required to provide an
assessment for every item on the RIVUR data report form,
the local (non-reference) radiologists were under no such
requirements. Accordingly, not every item assessed by the
RIVUR reference radiologists was included in every non-
reference VCUG report. If no statement was made about a
certain item (e.g. left but not the right ureter grade of VUR)
in the non-reference report, the field for that item was
coded as missing. However, all other items mentioned in
the report were analyzed. Second, the non-reference
radiologist could report intermediate grades of VUR (e.g.
grade IIeIII), whereas the reference radiologists were only
permitted to use grades I, II, III, IV, or V. Of ureters graded
by non-reference radiologists, 8% (90/1080) received such
an intermediate grade. To handle this discrepancy analyt-
ically, intermediate grades of reflux assigned by non-
reference radiologists were given 0.5 units for each grade
they encompassed. For example, 0.5 units were assigned to
grade II and 0.5 units to grade III for non-reference grade
IIeIII VUR.

A three-way comparison between the non-reference
radiologist and each reference radiologist was used to
determine the number and percent of responses in which
all three radiologists agreed, two radiologists agreed and
one disagreed, or all three radiologists disagreed. Similarly,

Table Study summary

Characteristic

No. of VCUG reports analyzed 602
Gender of participants

Male 49
Female 553

Age in months at time of VCUG (median) [IQR] 11 [5,30]
No. of ureters analyzed 1081
Reflux grade agreement

Between non-reference and each reference radiologist (three-way)
All three agree 638/1081 (59%)
Two agree, one disagree 417/1081 (39%)
All three disagree 27 (2%)

Between non-reference and adjudicated reference radiologists’ score (two-way)
Agree 805 (75%)
Disagree 275 (25%)
Kappa (95% CI) 0.66 (0.62e0.69)
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