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Summary

Introduction—Technetium-99m dimercaptosuccinic acid (DMSA) renal scans are used in the
diagnosis of renal scarring. In the Randomized Intervention for Children with Vesicoureteral
Reflux (RIVUR) trial that randomized 607 children, DMSA renal scans were used for evaluating
the presence and the severity of renal scarring.

Objective—The aim was to determine interobserver variability in reporting of DMSA renal scans
in the RIVUR trial.

Study design—We compared DMSA renal scan reports for renal scarring and acute
pyelonephritis from all non-reference local radiologists (ALRS) at study sites with adjudicated as
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well as non-adjudicated reports from two reference radiologists (RRs) of the RIVUR trial. Two-
way comparisons of concordant and discrepant responses were analyzed using an unweighted
kappa statistic between the ALR and the adjudicated RR interpretations. All analyses were
performed using SAS v 9.4 (SAS institute 2015) and significance was determined at the 0.05 level.
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Results—Of the 2,872 kidneys evaluated, adjudicated RR reports had 119 (4%) kidneys with
renal scarring compared with 212 (7%) by the ALRs. For 79% kidneys the grading for scarring
reported by ALRs was either upgraded (24%) or downgraded (55%) by RRs. For acute
pyelonephritis (7= 2,924), adjudicated RR reports had 85 (3%) kidneys with pyelonephritis
compared with 151 (5%) by the ALRs. For 85% Kidneys, the grading for pyelonephritis reported
by the ALRs was either upgraded (28%) or downgraded (57%) by the RRs. A three-way
comparison revealed that all three (RR1, RR2, and ALR) agreed over presence of renal scarring in
19% cases and two of the three agreed in 80% cases (Table). The respective numbers for
pyelonephritis were 13% and 84%. The agreement rate for all DMSA scan reports between the
RRs and the ALRs was 93%.

Discussion—The study revealed significant interobserver variability in the reporting of
abnormal DMSA renal scans compared with the previously published studies. A noteworthy
limitation was a lack of uniformity in local reporting of the scans.

Conclusions—Our study highlights the need for optimizing the clinical yield of DMSA renal
scans by more specific guidelines, particularly for standardized and uniform interpretation.

Introduction

Renal scarring because of pyelonephritis can occur with or without vesicoureteral reflux
(VUR), but the risk is higher in the presence of VUR, particularly high-grade VUR [1,2].
Scarring can result from a single episode of acute pyelonephritis or may take several years to
develop [3,4]. Renal scarring can also be due to abnormal renal development resulting in
focal renal hypoplasia/dysplasia [5]. Depending on its severity, the diagnosis of renal
scarring can be important for clinical management and patient counseling for potential long-
term complications that include hypertension, proteinuria, and progression to end-stage renal
failure [6].

Renal scintigraphy using the technetium-99m dimercaptosuccinic acid (DMSA) renal scan is
the current standard for identifying renal scars in clinical practice [6,7]. However,
inconsistencies in methodology and inter- and intraobserver variability in the interpretation
of DMSA scans have been an ongoing concern. Published studies have reported a variable
rate of reproducibility in scan interpretation, ranging from poor [7,8] to high [7,9-12].
Various guidelines have attempted to improve the quality of DMSA scans and interpretation
of the results. These include the Society of Nuclear Medicine guidelines published by
Mandell et al. [13], the international consensus by the Scientific Committee of
Radionuclides in Nephrourology by Piepsz et al. [14] and the European guidelines by the
Pediatric Committee of the European Association of Nuclear Medicine by Piepsz et al. [15].

The Randomized Intervention for Children with Vesicoureteral Reflux (RIVUR) trial
evaluated the role of antimicrobial prophylaxis in the prevention of recurrent urinary tract
infection (UTI) and renal scarring in 607 children with VUR [16,17]. During the study
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period of 2 years, each study participant underwent three DMSA renal scans, offering a
unique opportunity to evaluate interobserver agreement in our study cohort. The main
objective of the present report was to determine interobserver agreement in the reporting of
DMSA scans, particularly abnormal scans, by two reference radiologists (RRs) of the
RIVUR trial and all non-reference local radiologists (ALRs) who initially read the scans at
study sites.

Patients and methods

The RIVUR trial was a multicenter, randomized, placebo-controlled trial in 607 children
aged 2-71 months with grade I-1V primary VUR diagnosed after a first or second febrile or
symptomatic UTI. Study participants received trimethoprim/sulfamethoxazole (TMP/SMZ)
or a closely matched placebo and were followed for 2 years. Details on methods for patient
selection, data collection, and statistical considerations for the trial have been described
previously [16,18].

Study participants in the RIVUR trial were scheduled for three DMSA renal scans. The
baseline scan was obtained within 2 weeks of randomization and < 112 days from the index
UTI. Second and third DMSA scans were obtained around the 12- and 24-month follow-up
visits. For 41 children, the final DMSA scan was done approximately 4 months after
meeting the criteria for treatment failure, which were defined as identification of new or
worsening renal scarring, two febrile UTI recurrences, one febrile and three symptomatic
recurrences, or four symptomatic recurrences over the course of the study. For participants
diagnosed with pyelonephritis at baseline (first), the DMSA scan was not repeated prior to
the end of the first year unless the participant met the criteria for treatment failure. Only
patients whose initial DMSA showed grade 3 or higher (> 4 kidney segments) scarring in
either kidney and had a recurrence of UTI during the study had repeat scan before the end of
the first year. All scans were performed at study participating sites. A pilot study was
conducted to ensure uniformity in methodology and imaging quality for DMSA renal scans
[19] and written guidelines were provided to each site regarding methodology for the scans.

All DMSA renal scans were reviewed independently by two blinded RRs (RR1 and RR2)
and all differences were adjudicated by phone conversation to reach a consensus reading
between the two. Methods for obtaining the scan and the definitions for their interpretation
by RRs has been described previously [1]. The severity (grade) of scarring and
pyelonephritis were reported as none, mild, moderate, and severe. Scarring could also be
rated as global atrophy. 6 All DMSA renal scans also had local reporting by a non-RR.
Grading of renal involvement was assessed by dividing the renal cortex into 12 segments,
and the severity was defined by the number of segments involved (Fig. 1). Scarring was
distinguished from pyelonephritis on the basis of decreased radiotracer uptake associated
with loss of contour or cortical thinning, and decreased uptake that was seen in preceding
scan and not in the follow-up scan was considered as APN and not scarring.

For this report, two investigators (T.M. and S.S.) reviewed together the local radiologists’
DMSA renal scan reports. Data were extracted from the local scan reports regarding severity
(grade) of scarring and pyelonephritis and were translated into the same format as for the
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RIVUR trial. DMSA renal scans (n7=51) that indicated a doubtful interpretation by the local
radiologists themselves and the scans whose reporting was indefinable during the study
review were categorized as “doubtful” and excluded from analysis. Also excluded from
analysis were any scans for which a local and/or a reference assessment was not available
and one child who was determined to have a horseshoe kidney. Altogether, 158 kidney units
were excluded from the renal scarring analysis and 106 kidney units were excluded from the
pyelonephritis analysis.

We compared DMSA scan assessments from all local radiologists as a collective single
group with those of the two RIVUR RRs, both individually and as a single adjudicated
(consensus) observer. Two-way comparisons of concordant and discrepant responses were
analyzed using an unweighted kappa statistic between the local reports and the adjudicated
RRs’ interpretations. All analyses were performed using SAS v 9.4 (SAS institute 2015) and
significance was determined at the 0.05 level.

RRs (RR1 and RR2) and ALRs evaluated a total of 2872 kidneys for renal scarring, 1,432
left kidneys and 1,440 right kidneys. The corresponding numbers for pyelonephritis were
2,924 kidneys, 1,461 left kidneys, and 1,463 right kidneys. The agreement rates for all
DMSA scan reports between the RRs and ALRs was 93%.

Renal scarring

The comparison of adjudicated DMSA renal scan assessment of renal scarring between two
RRs and ALRs is shown in Table 1. Of the 2,872 total kidney units evaluated, 119 (4%)
were reported as having renal scarring by RRs compared with 212 (7%) by the ALRs. For
the right kidney (7= 1440), 50 (3%) were reported as having renal scarring by RRs
compared with 86 (6%) by ALRs. Corresponding numbers for the left kidney (n = 1432)
were 69 (5%) and 126 (9%).

A comparison of non-adjudicated reporting between RRs and ALRs revealed that RR1
reported renal scarring in 50 (3%) right kidneys (/7= 1440) compared with 86 (6%) by the
ALRs; the corresponding numbers for left kidneys (n= 1432) were 68 (5%) and 126 (9%),
respectively. RR2 reported renal scarring in 45 (3%) of the right kidneys (n= 1439)
compared with 86 (6%) by the ALRs; the corresponding numbers for the left kidneys (7=
1431) were 69 (5%) and 126 (9%), respectively.

Grades of renal scarring as reported by ALRs and finally upgraded or downgraded by two
RRs are shown in Table 2. For 51 (21%) kidneys there was no change in grading. Of the
remaining 192 (79%), 59 (24%) were upgraded for scarring by the RRs and 133 (55%) were
downgraded by the RRs for renal scarring.

Pyelonephritis

The comparison of adjudicated DMSA renal scan reports for pyelonephritis between two
RRs and ALRs is shown in Table 1. Of the 2,924 kidneys units, 85 (3%) were reported to
have pyelonephritis by the RRs compared with 151 (5%) by the ALRs. Of the 1,463 right
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kidneys, 37 (3%) were reported to have pyelonephritis by the RRs compared with 63 (4%)
by the ALRs; the corresponding numbers for the left kidney (7= 1461) were 48 (3%) and 88
(6%).

A comparison of non-adjudicated reporting between RRs and ALRs revealed that RR1
reported pyelonephritis in 37 (3%) right kidneys (7= 1463) compared with 63 (4%) by the
ALRs; the corresponding numbers for left kidneys (7= 1461) were 48 (3%) and 88 (6%),
respectively. RR2 reported pyelonephritis in 32 (2%) of the right kidneys (7= 1463)
compared with 63 (4%) by the ALRs; the corresponding numbers for the left kidneys (7=
1460) were 47 (3%) and 88 (6%), respectively.

Grades of pyelonephritis as reported by the ALRs and finally upgraded or downgraded by
two RRs are shown in Table 2. For 29 (15%) kidneys there was no change in grading. Of the
remaining 166 (85%), 55 (28%) were upgraded for pyelonephritis by the RRs, and 111
(57%) were downgraded by the RRs for pyelonephritis.

Three-way comparison

The three-way comparison of independent DMSA reporting of all abnormal scans for renal
scarring and pyelonephritis by the two RRs and the ALRs is shown in Table 3. Overall, for
DMSA scans with renal scarring, all three (RR1, RR2, and ALRs) agreed in 46 (19%) cases,
two agreed in 195 (80%) cases, and all three disagreed in three (1%) cases. For DMSA scans
with pyelonephritis, all three agreed in 26 (13%) cases, two agreed in 167 (84%) cases, and
all three disagreed in five (3%) cases.

The concordance rates for reporting of abnormal DMSA scans with scarring by the ALRs
and adjudicated reporting by the RRs were 22% for right kidneys and 20% for left kidneys.
For pyelonephritis, the corresponding numbers were 15% for the right and the left kidneys
(Table 4).

Discussion

The clinical usefulness of the DMSA renal scan is dependent on the precision of its
methodology and consistency in interpretation. The former may be somewhat easier to
achieve by following well-established protocols. Interpretation, however, is reader dependent
and can vary between and within interpreters when viewing scans on different occasions. De
Sadeleer et al. [9] reported a study on 42 scans where the median percentage of agreement
among 42 observers was 92%: 93.5% for normal and 90.5% for abnormal scans. Guevera et
al. reported that in 96 kidneys from 46 children, interobserver agreement between three
observers was seen in 75%, 78%, and 77% cases for an early DMSA scan during acute
pyelonephritis, a late DMSA scan 6 months later, and a late DMSA with an earlier scan for
comparison, respectively [7]. Patel et al. [10] reported a study on 57 scans, each read twice
by two experts. High levels of intra- (95.9% and 90.6%, p < 0.05) and interobserver
agreement (84.4%, p < 0.05) were demonstrated when using a standardized rating scale.
However, all of these studies evaluated a small number of scans and included normal scans
in the analyses.
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In our study, the agreement rates for all DMSA scan reports between the RRs and ALRS was
93%. A three-way comparison of only abnormal scans for renal scarring and pyelonephritis
by the two RRs and the ALRs revealed that all three radiologists agreed only in 19% and
14% of cases respectively. Our study also revealed that nearly twice as many renal units (left
> right) were reported as having scarring by the ALRs compared with the adjudicated
reports by the RRs (119 vs. 212). However, the difference was not significant when normal
scans were included in the analysis (RR 4% and ALR 7%). Also, in nearly half of the
instances, the grades of renal scarring reported by the ALRs were downgraded by the RRs.
These numbers don’t take into account the DMSA scan reports from the ALRs that were
categorized as doubtful and excluded from the study, the inclusion of which would have
increased the difference even further.

A DMSA renal scan is integral to the diagnosis and tracking of renal scarring. In children
with VUR and UTI, DMSA scans have been used in a “bottom-up approach,” following a
voiding cystourethrogram (VCUG). Sometimes, the DMSA renal scan has been
recommended as an initial investigation following UTI to assess renal injury and the
possible need for a subsequent VCUG in selected children (top-down approach). The latter
has been advocated by some guidelines in the management of UTI and VUR in children
[20]. An erroneous interpretation of an acute DMSA renal scan in such cases could lead to
an unwarranted VCUG or no VCUG with potential clinical consequences from missing a
high-grade VUR.

Clinicians rely heavily on renal imaging results in the management of children with UTI/
VUR. Abnormal findings influence short- and long-term clinical management, which may
include additional renal imaging and surgical intervention. For patients wrongly diagnosed
with pyelonephritis on a DMSA renal scan, the tendency is to follow up with another DMSA
renal scan to confirm its resolution or progression to renal scarring. Those wrongly
diagnosed with renal scarring may also have additional follow-up renal imaging, surgical
correction of VUR, monitoring for hypertension and proteinuria, and counseling at the time
of transfer to adult programs for potential pregnancy-related complications. In this study,
local readings reported an excess of 93 (212-119) renal units with scarring and 66 (151-85)
renal units with pyelonephritis compared with the central reading. Furthermore, 158 renal
units that were reported to have scarring and 106 to have pyelonephritis on local reading and
excluded from the study were reported as normal on central reading. We do not know how
many patients could potentially have been affected if the clinical management was based
entirely on local readings because clinical management varies from one practitioner to
another and from place to place.

Various guidelines have been published to help improve the quality of DMSA renal scans
and reduce variability in interpretation [14,15,21]. Some studies have shown that following
the agreed guidelines for data interpretation does not significantly improve the consistency
of reports [7]. Others have reported improvement in interobserver reproducibility and
objectivity by using standardized criteria [8,10]. In the RIVUR trial, we conducted a pilot
study to assess inconsistencies in imaging methodology at participating study sites, and
standardized methodology for the procedure, interpretation of scans, and the process of
adjudication between the two RRs [22]. The pilot study reported that despite guidelines,
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considerable variation existed in the dose administered, methods of image acquisition, and
image quality between the institutions. We do not know the impact of our pilot study on the
reporting of DMSA renal scans in the RIVUR trial.

The strength of our report is the number of DMSA renal scans evaluated, which is
significantly much more than any previous study. Also, the methods used for central reading
of DMSA scans by two RRs, including the blinding and adjudication process, helped
establish the gold standard for comparison with local readings by non-RRs. However, the
study does have some limitations. The two investigators who reviewed the local reports for
this study did not examine the DMSA scans. We could not confirm how compliant the study
sites were with the methodology provided by RIVUR investigators. A lack of uniformity in
local reporting made their review difficult and led to the exclusion of many scan reports
from the study. Many reports by local radiologists lacked specificity and standardization,
reflecting their clinical purpose. The reports often included statements like “possible mild
cortical malfunction of the right upper pole,” “slightly diminished tubular volume at the
right,” “if clinically indicated, a gallium scan is useful in distinguishing active pyelonephritis
from renal scan,” “cortical thinning suggestive of chronic inflammation,” “may represent
possible scar versus normal physiologic cortical variation,” “decreased uptake likely
developmental secondary to reflux nephropathy,” and “findings compatible with scar or
pyelonephritis.”

In conclusion a DMSA renal scan is an expensive and somewhat invasive investigation that
is done mostly to evaluate renal parenchymal injury and differential renal function so that
appropriate clinical decisions can be made. Many factors seem to affect inter- and
intraobserver variability including the techniques used for the procedure, inadequate
emphasis on following published guidelines for detailed reporting, expertise of the
radiologist reading the scan, severity of renal injury, and the presence of any previous
comparative study. Unlike many previous studies, our study revealed significant
interobserver variability in the reporting of abnormal DMSA scans and highlights the need
for optimizing the clinical yield of DMSA renal scans by standardized and uniform
interpretation. In the meantime, clinicians taking care of such patients need to be aware of
this limitation with the DMSA renal scans
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Figure 1. Kidney segments for DMSA renal scan interpretation
Grading system for characterizing the severity of renal involvement by pyelonephritis or

renal scarring. Mild (Grade 1): 1-2 kidney segments affected; Moderate (Grade 2): 3-4
kidney segments affected; Severe (Grade 3): >4 kidney segments affected; Global atrophy
(Grade 4): Diffusely scarred and shrunken kidney
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Change of grading by reference radiologist for scans reported with renal scarring or pyelonephritis by
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nonreference local radiologists.

Non-reference radiologist’ DMSA grade reported as N (%)
Scarring no different than RIVUR read 51 (21)
Pyelonepbhritis no different than RIVUR read 29 (15)
Upgraded by RIVUR reference radiologist
One scarring grade lower than RIVUR read 36 (15)
Two scarring grades lower than RIVUR read 13 (5)
Three to four scarring grades lower than RIVUR read 10 (4)
One pyelonephritis grade lower than RIVUR read 38 (19)
Two to three pyelonephritis grades lower than RIVUR read 17 (9)
Downgraded by RIVUR reference radiologist
One scarring grade higher than RIVUR read 104 (43)
Two scarring grades higher than RIVUR read 23 (10)
Three to four scarring grades higher than RIVUR read 6(2)
One pyelonephritis grade higher than RIVUR read 98 (50)
Two to three pyelonephritis grades higher than RIVUR read 13 (7)
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Agreement between non-reference radiologists, reference radiologist 1 and reference radiologist 2 (3-way
comparison) on abnormal DMSA scans with scarring or pyelonephritis.

2 radiologists agree, and 1 disagrees N

All 3 radiologists agree N (%) (%) All 3 radiologists disagree N (%)
Scarring
Right kidney (7= 1,439) 18 (18%) 79 (81%) 1 (1%)
Left kidney (7= 1,431) 28 (19%) 116 (80%) 2 (1%)
Pyelonephritis
Right kidney (7= 1,462) 12 (15%) 65 (80%) 4 (5%)
Left kidney (7= 1,460) 14 (12%) 102 (87%) 1 (1%)
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Agreement between radiologists on abnormal DMSA scans with scarring or pyelonephritis.

Concordant response no.

Discrepant response no.
0,

(%) (%) Kappa (95% CI)
Non-reference radiologists compared with
adjudicated reference radiologists
Scarring
Right kidney 22 (22) 76 (78) 0.02 (~0.10 to 0.14)
Left kidney 29 (20) 116 (80) -0.01 (-0.10 to 0.08)
Pyelonephritis
Right kidney 12 (15) 69 (84) -0.30 (-0.44 to -0.15)
Left kidney 17 (15) 97 (85) -0.30 (~0.42 t0 -0.17)
RIVUR radiologist 1 compared to RIVUR
radiologist 2
Scarring
Right kidney 43 (84) 8 (16) 0.7869 (0.6575 to0 0.9164)
Left kidney 65 (90) 7 (10) 0.8673 (0.7752 o0 0.9594)
Pyelonephritis
Right kidney 27 (73) 10 (27) 0.5334 (0.2959 to 0.7709)
Left kidney Level 42 (82) 9(18) 0.6575 (0.4611 to 0.8539)
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