
Ultrasound as a Screening Test for Genitourinary
Anomalies in Children With UTI

WHAT’S KNOWN ON THIS SUBJECT: Current guidelines
recommend renal ultrasound as a screening test after febrile
urinary tract infection, with voiding cystourethrogram (VCUG) only
if the ultrasound is abnormal. Few studies have evaluated the
accuracy of ultrasound as a screening test for VCUG-identified
abnormalities.

WHAT THIS STUDY ADDS: This study shows that ultrasound is
a poor screening test for genitourinary abnormalities identified
on VCUG, such as vesicoureteral reflux. Neither positive nor
negative ultrasounds reliably identify or rule out such
abnormalities. Ultrasound and VCUG provide different, but
complementary, information.

abstract
BACKGROUND: The 2011 American Academy of Pediatrics guidelines
state that renal and bladder ultrasound (RBUS) should be performed
after initial febrile urinary tract infection (UTI) in a young child, with
voiding cystourethrogram (VCUG) performed only if RBUS shows ab-
normalities. We sought to determine test characteristics and predic-
tive values of RBUS for VCUG findings in this setting.

METHODS: We analyzed 3995 clinical encounters from January 1, 2006
to December 31, 2010 during which VCUG and RBUS were performed for
history of UTI. Patients who had previous postnatal genitourinary im-
aging or history of prenatal hydronephrosis were excluded. Sensitivity,
specificity, and predictive values of RBUS for VCUG abnormalities were
determined.

RESULTS: We identified 2259 patients age,60 months who had UTI as
the indication for imaging. RBUS was reported as “normal” in 75%. On
VCUG, any vesicoureteral reflux (VUR) was identified in 41.7%, VUR
grade.II in 20.9%, and VUR grade.III in 2.8%. Sensitivity of RBUS for
any abnormal findings on VCUG ranged from 5% (specificity: 97%) to
28% (specificity: 77%). Sensitivity for VUR grade .III ranged from 18%
(specificity: 97%) to 55% (specificity: 77%). Among the 1203 children
aged 2 to 24 months imaged after a first febrile UTI, positive predictive
value of RBUS was 37% to 47% for VUR grade.II (13% to 24% for VUR
grade .III); negative predictive value was 72% to 74% for VUR grade
.II (95% to 96% for VUR grade .III).

CONCLUSIONS: RBUS is a poor screening test for genitourinary abnor-
malities. RBUS and VCUG should be considered complementary as they
provide important, but different, information. Pediatrics 2014;133:394–
403

AUTHORS: Caleb P. Nelson, MD, MPH,a Emilie K. Johnson,
MD, MPH,a,b Tanya Logvinenko, PhD,c and Jeanne S. Chow,
MDd

aDepartment of Urology; bHarvard-wide Pediatric Health Services
Research Fellowship; cClinical Research Center; and dDepartment
of Radiology, Boston Children’s Hospital, Harvard Medical School,
Boston, Massachusetts

KEY WORDS
urinary tract infection, imaging, vesicoureteral reflux, pediatrics

ABBREVIATIONS
AAP—American Academy of Pediatrics
GU—genitourinary
SFU—Society for Fetal Urology
RBUS—renal and bladder ultrasound
UTI—urinary tract infection
VCUG—voiding cystourethrogram
VUR—vesicoureteral reflux

Dr Nelson conceptualized and refined the study design,
performed a substantial portion of data collection and
interpretation, and drafted the initial manuscript; Dr Johnson
contributed substantially to data collection and interpretation,
critically reviewed the manuscript, and incorporated revisions
from all the authors; Dr Logvinenko performed data analysis
and critically reviewed the manuscript; Dr Chow contributed to
conceptualization and refinement of the study design and data
interpretation and critically reviewed the manuscript; and all
authors approved the final manuscript as submitted.

www.pediatrics.org/cgi/doi/10.1542/peds.2013-2109

doi:10.1542/peds.2013-2109

Accepted for publication Nov 22, 2013

Address correspondence to Caleb P. Nelson, MD, MPH,
Department of Urology, Boston Children’s Hospital, 300 Longwood
Ave, HU-355, Boston, MA 02115. E-mail: caleb.nelson@childrens.
harvard.edu

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2014 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

FUNDING: Dr Nelson is supported by grant K23-DK088943 from
the National Institute of Diabetes and Digestive and Kidney
Diseases. Dr Johnson is supported by AHRQ/ARRA Recovery Act
2009 T32 HS19485 National Research Service Award in Expanding
Training in Comparative Effectiveness for Child Health
Researchers. Funded by the National Institutes of Health (NIH).

POTENTIAL CONFLICT OF INTEREST: The authors have indicated
they have no potential conflicts of interest to disclose.

COMPANION PAPER: A companion to this article can be found on
page 535, and online at www.pediatrics.org/cgi/doi/10.1542/
peds.2013-4158.

394 NELSON et al

mailto:caleb.nelson@childrens.harvard.edu
mailto:caleb.nelson@childrens.harvard.edu
http://www.pediatrics.org/cgi/doi/10.1542/peds.2013-4158
http://www.pediatrics.org/cgi/doi/10.1542/peds.2013-4158


Recommendations regarding appropri-
ate evaluation of infants and young
children who have a first febrile urinary
tract infection (UTI) continue to evolve.
The 1999 American Academy of Pediat-
rics (AAP) clinical practice guidelines
recommended both voiding cystour-
ethrogram (VCUG) and renal and blad-
der ultrasound (RBUS) in this situation.1

The most recent AAP guidelines, how-
ever, state that after an initial febrile UTI
in an infant age 2 to 24 months, only
RBUS should be performed and that
VCUG should only be performed after
a second febrile UTI, or if the RBUS
“reveals hydronephrosis, scarring, or
other findings that would suggest either
high-grade vesicoureteral reflux (VUR)
or obstructive uropathy.”2

Although the new guidelines do not ex-
plicitly frame RBUS as a screening test,
the guidelines do suggest that the de-
cision to perform VCUG after a first fe-
brileUTI shouldbebasedinpartonRBUS
findings. The implicit assumption is that
RBUS is a useful tool to identify patients
likely tohaveabnormalitiesonVCUG,and
that a normal RBUS effectively rules out
clinically significant genitourinary (GU)
abnormalities. However, most published
studies evaluating RBUS as a screening
tool in this context have significant
limitations.

The purpose of this study was to assess
the test characteristics of RBUS as
a screening test for VUR and other GU
conditions, and to determine the posi-
tive and negative predictive value of
RBUS for these conditions, particularly
among children age 2 to 24monthswho
have a history of first febrile UTI.

METHODS

Data Source

With Institutional ReviewBoardapproval
and a waiver of informed consent, we
reviewed institutional billing records to
identify all clinical encounters between
January 1, 2006 and December 31, 2010

during which a patient underwent both
aVCUG(CurrentProceduralTerminology
[CPT] code 74455) and RBUS (CPT codes
76700 [abdominal], 76705 [abdominal,
limited], 76770 [retroperitoneal], 76775
[retroperitoneal, limited], 76856 [pel-
vic], or 76857 [pelvic, limited]) on the
same day. Results of these studies were
abstracted directly from the text of the
radiology report in the electronic med-
ical record (imageswere not reviewed).
Clinical information on specific patients
wasabstractedfromthemedical record.

Patient Selection

The sample consisted of children age
,60 months who underwent VCUG and
RBUS on the same day. We excluded
patients who had previous postnatal GU
imaging (VCUG, RBUS, or other ultra-
sound or cross-sectional studies during
which the urinary tract was imaged),
based on review of the medical record.
The indication for VCUG/RBUS was cat-
egorized as UTI (febrile or nonfebrile,
initial or recurrent), history of prenatal
GU abnormalities, or “other” indications.
We then selected only those patients
whose indication for imaging was UTI.
Children who had a history of prenatal
hydronephrosis or other prenatal GU
abnormalities were also excluded,
even if they had not previously un-
dergone postnatal GU imaging. Cir-
cumcision status was also assessed
among males.

RBUS Data Abstraction and
Classification

RBUSfindingswere categorized as renal
or ureteral dilation, renal parenchymal
findings, bladder findings, and “other.”
Synonyms for “hydronephrosis” in-
cluded pelviectasis, pelvocaliectasis,
caliectasis, and pelvic/calyceal dilation.
Terms including “extra-renal pelvis,”
“fullness,” and “prominence” were
considered dilation without hydrone-
phrosis. Synonyms for ureteral dilation
included hydroureter, ureterectasis,

and megaureter. Dilation was charac-
terized on mild-moderate-severe scale.
(At our institution, these terms approx-
imated the Society for Fetal Urology
[SFU] hydronephrosis scale3; “mild” =
SFU grade 1–2, “moderate” = SFU grade
3, “severe” = SFU grade 4. “Fullness” or
“prominence” corresponded to SFU
grade 0–1). Renal parenchymal findings
included abnormal echogenicity, ab-
normal cortico-medullary differentia-
tion, cortical thinning/scarring, cysts,
ectopia, duplication, hypotrophy or size
discrepancy, agenesis, or calcifications.
Bladder findings included wall thicken-
ing, trabeculation, diverticulum, ure-
terocele, dilated posterior urethra, and
debris. RBUS reports in which none of
these findings are identified, or in which
the “impression” section states that the
ultrasound is “normal,” were consid-
ered to represent a “negative” RBUS.

We defined a range of thresholds for
a “positive” RBUS screening test, based
on presupposed severity of specific
findings (Table 1). Using the most strin-
gent threshold, only studies with the
most severe findings (eg, “severe
hydroureter”) would be considered
“positive.” At the most relaxed thresh-
old, an RBUS with any abnormal findings
regardless of severity (eg, pelvic “full-
ness”without hydronephrosis) would be
considered “positive.”

VCUG Data Abstraction and
Classification

VCUG findings were divided into 4 cate-
gories: VUR, peri-ureteral diverticulum,
other bladder findings, and urethral
findings. VUR was graded on the 5-point
international grading system,4 and lat-
erality and duplication status were
recorded. Bladder findings included di-
verticula, trabeculation, ureterocele,
capacity above or below expected vol-
ume, or wall thickening, as noted by
increased distance from pubic sym-
physis on bladder filling. Any urethral
findings were considered clinically
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significant. As with RBUS, we defined
different VCUG thresholds for a “posi-
tive” study, varying primarily by VUR
grade (Table 2). At the most stringent
threshold, only VUR . grade III in-
dicated a “positive” VCUG, whereas un-
der the most relaxed threshold, any
degree of VUR indicated a “positive”
VCUG. Other bladder and urethral find-
ings were also included in the threshold
definitions. Any VCUG in which the “im-
pression” section stated that the VCUG
is “normal” was considered to repre-
sent a “negative” VCUG at all thresholds.

Data Analysis: Test Characteristics
and Predictive Values

Test characteristics and predictive
values were calculated by using the
various threshold definitions of RBUS to

predict each VCUG outcome. Sensitivity

was defined as the proportion of all

patientswith a “positive” VCUGwho had

a “positive” RBUS. Specificity was de-
fined as the proportion of all patients

with a “negative” VCUG who had

a “negative” RBUS. Positive predictive

value was the proportion of all patients

with a “positive” RBUS who had
a “positive” VCUG. Negative predictive
value was the proportion of all patients
with a “negative” RBUS who had
a “negative” VCUG. We calculated test
characteristics and predictive values
in both the larger sample of all patients
age ,60 months who had UTI as in-
dication for imaging, as well as in the
subset age 2 to 24 months with first
febrile UTI (the AAP guidelines pop-
ulation). Receiver Operating Charac-
teristic curveswere developed for each
of the VCUG outcomes. Analyses were

TABLE 1 Criteria for Specific Thresholds for “Abnormal” or (“Positive”) RBUS, Based on Type and Severity of Observed Findings

Normal ←←←←←←←←←←←←→→→→→→→→→→→→ Abnormal

No Abnormal
Findings Reported

Abnormal Level
D (RBUS-D)

Abnormal Level
C (RBUS-C)

Abnormal Level
Ba (RBUS-B)

Abnormal Level
A (RBUS-A)

N = 1694 N = 41 N = 135 N = 298 N = 91

75.0% 1.8% 6.0% 13.2% 4.0%

Renal collecting
system

Normal Normal “Fullness” or “prominence”
of collecting system
without hydronephrosis

Mild hydronephrosis .Mild hydronephrosis

Extra-renal pelvis Urothelial thickening
Ureter Normal Normal Normal Mild ureteral dilation .Mild ureteral dilation
Renal parenchyma Normal Duplication

Solitary kidney
Simple cyst (single) Size discrepancy

Renal ectopia
Stone(s)
Dysplasia/increased

echogenicity
Cortical thinning/scar
Abnormal cortico-medullary

differentiation
Multicystic/polycystic kidney

Bladder Normal Normal Debris
Wall thickening

Trabeculation
Diverticulum

Ureterocele
Dilated posterior urethra

The RBUS severity threshold is set according to column furthest to the right that contains finding(s) observed in the RBUS screening test. The screening test is considered “abnormal” (or
“positive”) at the threshold of that column, as well as for all those thresholds to the left of that level.
a Threshold RBUS-B included findings categorized as “other”: 1 example each of acute pyelonephritis, renal mass, large bladder, urachal remnant, and bilateral enlarged kidneys.

TABLE 2 Criteria for the VCUG Threshold Groups

VCUG-E VCUG-D VCUG-C VCUG-B VCUG-A

VUR Any VUR Any VUR VUR . Grade I VUR . Grade II VUR . Grade III
Peri-ureteral (Hutch)
diverticulum

Any peri-ureteral
diverticulum

Any peri-ureteral
diverticulum

Any peri-ureteral
diverticulum

Any peri-ureteral
diverticulum

Any peri-ureteral
diverticulum

Bladder Any abnormalities “Significant”
abnormalities

“Significant”
abnormalities

“Significant”
abnormalities

“Significant”
abnormalities

Diverticulum Diverticulum Diverticulum Diverticulum Diverticulum
Trabeculation Trabeculation Trabeculation Trabeculation Trabeculation
Ureterocele Ureterocele Ureterocele Ureterocele Ureterocele
Large volume
Small volume
Bladder wall

thickening
Urethra Any urethral

abnormalities
Any urethral

abnormalities
Any urethral
abnormalities

Any urethral
abnormalities

Any urethral
abnormalities

A VCUG is positive for a particular category if any of the findings in that column were reported during the VCUG. If none of the findings in a given column were present, then the VCUG was
“negative” for that threshold definition.
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performed by using SAS 9.3 (SAS In-
stitute Inc; Cary, NC) and R 2.15.2
(http://www.R-project.org/).

RESULTS

We identified 3995 clinical encounters
during which patients underwent RBUS
and VCUG studies on the same date be-
tween January 1, 2006 and December 31,
2010. We excluded 930 patients who had
previous postnatal GU imaging, leaving
3065 subjects. Of these, 198 were age
$60 months and were also excluded,
leaving 2867 children. Among this group,
the indications for imaging were UTI in
2259 (78.8%), prenatally identified ab-
normalities in 509 (17.8%), and other
indications in 99 (3.5%). The 2259
patients who underwent initial GU im-
aging for UTI are described in Table 3. A
total of 79.0% were female, 75.3% were
aged 2 to 24 months, and 43% (975/
2259) were seen clinically in the De-
partment of Urology at our institution.
Among the boys, most were un-
circumcised. Among the group aged 2 to
24 months, we confirmed that this was
an initial, febrile UTI episode in 1203
patients.

RBUS findings among both the whole
cohort and “initial febrile UTI, age 2 to
24 months” group are shown in Table 4,
along with the proportions in each
group meeting thresholds for a “posi-
tive” RBUS screening test. Depending
on the threshold, RBUS was “positive”
(abnormal) in 4% (RBUS-A), 17% (RBUS-B),
23% (RBUS-C), or 25% (RBUS-D) of chil-
dren who had “any UTI.” Positive rates
were similar for the “initial febrile
UTI” group. Overall, the RBUS findings
were notable for the small number of
patients who had higher grades of
hydronephrosis; only approximately
1.5% of children had hydronephrosis
greater than “mild” on either side.
Similarly,,5% of children had ureteral
dilation noted, in any degree. The most
common renal parenchymal findings
were size discrepancy and duplication;
more discrete renal scarring or other
cortical pathology was seen in ∼1% of
the group.

VCUG findings among both patient
groups are shown in Table 5, along with
the proportions in each group meet-
ing each threshold for a “positive”
VCUG. Abnormalities of any kind were

identified in 43.9% of studies (49.2% of
the initial febrile UTI group), and VUR
was identified in 41.7% (47.5%). Signifi-
cant numbers of children had dilating
VUR, with VUR grade .II seen in 20.9%
(26.9%). However, high-grade VUR was
uncommon: VUR grade.III was present
in just 2.7% (2.6%). As with RBUS, the
proportion of children who had a posi-
tive VCUG depended on the threshold
used: VCUGwas “positive” (abnormal) in
7% (VCUG-A), 23% (VCUG-B), 39% (VCUG-
C), or 43% (VCUG-D) of the “any UTI, age
,60months” group. Positive rateswere
slightly higher for the “initial febrile UTI,
age 2 to 24 months” group.

Test characteristics and predictive val-
ues forRBUSasascreeningtest forVCUG
findings are shown in Table 6. Receiver
Operating Characteristic curves are
shown in Fig 1 A–D. As expected, there
was little difference in test character-
istics (sensitivity and specificity) be-
tween the “any UTI” and “initial febrile
UTI” groups. Predictive values differed
somewhat more, particularly for nega-
tive predictive value. RBUS is not a sen-
sitive test regardless of the threshold
used, with amaximumsensitivity of 55%
(RBUS-D for the VCUG-A outcome).
Specificity did reach high levels (maxi-
mum 97%) but only at extremely low
levels of sensitivity (,10%). Positive
predictive values were also low, sug-
gesting that only a fraction of those who
have a positive RBUS have VCUG findings
at any “positivity” level. Finally, negative
predictive values were high, but only for
the highest grades of VUR.

DISCUSSION

The 2011 AAP guidelines regarding the
evaluation of infants who have a first
febrile UTI represent significant evolu-
tion in management, with the most
significant change being the recom-
mendation that VCUG be deferred until
after a second febrile UTI.2 The dis-
cussion regarding VCUG timing has
been vigorous5 and is beyond the scope

TABLE 3 Characteristics of Children Undergoing Initial RBUS and VCUG on the Same Day for
History of UTI

Children Age ,60 Mo With
History of UTI as Indication

for Initial GU Imaging (N = 2259)

Children Age 2–24 Mo With
First Febrile UTI as Indication

for Initial GU Imaging (N = 1203)

Gender, (%)
Female 1787 (79.1) 912 (75.8)
Male: uncircumcised 306 (13.6) 209 (17.4)
Male: circumcised 50 (2.2) 37 (3.1)
Male: circumcision status unknown 116 (5.1) 45 (3.7)

Age, (%)
0–1 mo 78 (3.45) 0 (0)
2–6 mo 591 (26.16) 463 (38.5)
7–12 mo 729 (32.27) 515 (42.8)
13–18 mo 230 (10.18) 138 (11.5)
19–24 mo 151 (6.68) 87 (7.2)
25–59 mo 480 (21.25) 0 (0)

Previous UTI history, (%)
First UTI 1557 (68.9) 1203 (100)
Recurrent UTI 176 (7.8) 0 (0)
Recurrence status unknown 526 (23.3) 0 (0)

UTI fever status, (%)
Febrile UTI 2045 (90.5) 1203 (100)
Nonfebrile UTI 89 (3.9) 0 (0)
Febrile history unknown 125 (5.5) 0 (0)
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of this paper. Much less attention has
been paid to the recommendation that
VCUG be performed if the RBUS is ab-
normal. Although RBUS is not explicitly
characterized in the guidelines as
a screening test, and although the
guidelines acknowledge that RBUS is
insensitive for VUR, the practical result
of this recommendation is to sort chil-
dren into groups who should or should

not proceed to VCUG after first febrile
UTI, based on RBUS results. Use of RBUS
in this manner bears many features of
a screening test, yet there has been very
little discussion regarding the value of
RBUS as a screening test in such cir-
cumstances.

Although the AAP guidelines committee
recommended RBUS, they graded the
supporting evidence with a “C” grade.

They felt that, although the RBUS would
only identify “abnormalities that would
lead to action” in 1% to 2% of cases, the
potential benefit outweighed the poten-
tial harm. However, few primary refer-
ences are cited.

Before this investigation, several large
studies have reported test character-
istics of RBUS as a screening test for GU
abnormalities, and although findings

TABLE 4 Findings on RBUS Among Children Undergoing Initial RBUS and VCUG on the Same Day for History of UTI

Children Age ,60 Mo With History of UTI as
Indication for Initial GU Imaging (N = 2259)

Children Age 2–24 Mo With First Febrile UTI as
Indication for Initial GU Imaging (N = 1203)

Renal collecting system dilation, (%)
None (normal) 1921 (85.0) 1013 (84.2)
“Fullness” or extrarenal pelvis

but no hydronephrosis
113 (5.0) 57 (4.7)

“Mild” hydronephrosis 191 (8.5) 104 (8.6)
“Mild-moderate” hydronephrosis 13 (0.6) 8 (0.7)
“Moderate” hydronephrosis 9 (0.4) 5 (0.4)
“Moderate-severe” hydronephrosis 9 (0.4) 5 (0.4)
“Severe” hydronephrosis 0 (0) 0 (0)
Degree not characterized 3 (0.1) 1 (0.1)

Ureteral dilation, (%)
None (normal) 2169 (96.0) 1144 (95.1)
“Mild” dilation 44 (1.95) 30 (2.5)
“Mild-moderate” dilation 9 (0.4) 6 (0.5)
“Moderate” dilation 11 (0.5) 9 (0.7)
“Moderate-severe” dilation 5 (0.2) 2 (0.2)
“Severe” dilation 1 (0.04) 1 (0.1)
Degree not characterized 20 (0.9) 11 (0.9)

Renal Parenchyma, (%)
None (normal) 2015 (89.2) 1075 (89.4)
Size discrepancy/atrophy 90 (4.0) 48 (4.0)
Duplication of collecting system 80 (3.5) 43 (3.6)
Urothelial thickening 42 (1.9) 19 (1.6)
Cortical thinning/scarring 18 (0.8) 9 (0.8)
Renal cyst, single 14 (0.6) 9 (0.8)
Increased echogenicity/dysplasia 10 (0.4) 8 (0.7)
Renal ectopia 9 (0.4) 4 (0.3)
Stones/calcification 4 (0.2) 3 (0.3)
Abnormal corticomedullary differentiation 3 (0.1) 1 (0.1)
Multiple renal cysts 2 (0.1) 2 (0.2)
Solitary kidney 1 (0.04) 1 (0.1)

Bladder, (%)
None (normal) 2197 (97.3) 1183 (98.3)
Debris 36 (1.6) 11 (0.9)
Bladder wall thickening 21 (0.9) 6 (0.5)
Trabeculation 5 (0.2) 3 (0.3)
Ureterocele 4 (0.2) 1 (0.1)
Diverticulum 0 (0) 0 (0)
Dilated posterior urethra 0 (0) 0 (0)

Other GU findings 5 (0.2) 2 (0.2)
Counts of patients at various thresholds
for “positive” RBUS, (%)

“Positive” test (abnormal) “Negative” test (normal) “Positive” test (abnormal) “Negative” test (normal)

RBUS-A threshold (most stringent criteria) 91 (4.0) 2168 (96.0) 55 (4.6) 1148 (95.4)
RBUS-B threshold 389 (17.2) 1870 (82.8) 215 (17.9) 988 (82.1)
RBUS-C threshold 524 (23.2) 1735 (76.8) 287 (23.9) 916 (76.1)
RBUS-D threshold (most relaxed criteria) 565 (25.0) 1694 (75.0) 310 (25.8) 893 (74.2)
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have varied widely, none have found
RBUS to be an accurate screening test in
this setting. Sensitivity has ranged from
18% to 79% and specificity from 41% to
99%, depending on how a “positive”
RBUS was defined and what VUR out-
come was assessed (eg, any VUR, “di-
lating VUR,” “high-grade VUR”).6–11 Many
other groups have reported GU imaging
findings among children who have
a history of UTI. However, most of these
papers have limitations that make it

impossible to determine the test char-

acteristics of RBUS; most common is

that many studies do not provide suffi-

cient data to directly compare RBUS

findings with VCUG findings in individual

patients.12–19 Other studies focus on the

value of RBUS to predict renal scinti-

graphic findings (scarring).13,20–22

Verification bias is a commonweakness
in the published literature. For example,
Foresman et al assessed the correlation

betweenRBUSandVCUGamongpatients
hospitalized for acute pyelonephritis.23

RBUS was performed in all patients
during the hospitalization; however, not
all patients subsequently underwent
VCUG, and performance of the VCUG
varied depending on RBUS findings,
with 67% of patients who had normal
RBUS having VCUG, but 87% of patients
who had abnormal RBUS having
VCUG. Such differential assessment
introduces an inherent bias into the

TABLE 5 Findings on VCUG Among Children With UTI as Indication for Initial GU Imaging

Children Age ,60 Mo With History of UTI as
Indication for Initial GU Imaging (N = 2259)

Children Age 2–24 Mo With First Febrile
UTI as Indication for Initial GU Imaging (N = 1203)

VUR laterality, (%)
No VUR 1317 (58.3) 632 (52.5)
Unilateral right VUR 192 (8.5) 108 (9.0)
Unilateral left VUR 298 (13.2) 154 (12.8)
Bilateral VUR 452 (20.0) 309 (25.7)

Highest VUR grade, (%)
No VUR 1317 (58.3) 632 (52.5)
I 112 (5.0) 53 (4.4)
I–II 5 (0.2) 3 (0.25)
II 352 (15.6) 193 (16.0)
II–III 150 (6.6) 111 (9.2)
III 260 (11.5) 180 (15.0)
III–IV 30 (1.3) 14 (1.2)
IV 23 (1.0) 11 (0.9)
IV–V 3 (0.1) 3 (0.25)
V 3 (0.1) 0 (0)
Not graded (concurrent obstruction) 4 (0.2) 3 (0.25)

Peri-ureteral (Hutch) diverticulum, (%)
No (normal) 2193 (97.1) 1165 (96.8)
Yes 65 (2.9) 37 (3.1)
Not reported 1 (0.04) 1 (0.08)

Bladder abnormality, (%)
Normal 2211 (97.9) 1185 (98.5)
Minor findinga 28 (1.2) 7 (0.6)
Major findingb 18 (0.8) 9 (0.7)
Not reported 2 (0.1) 2 (0.2)

Urethral abnormality, (%)
Normal 2139 (94.7) 1139 (94.7)
Abnormalityc 11 (0.5) 6 (0.5)
Urethra not reported 109 (4.8) 58 (4.8)

Counts of patients at various thresholds
for “positive” VCUG, (%)

“Positive” test (abnormal) “Negative” test (normal) “Positive” test (abnormal) “Negative” test (normal)

VCUG-A threshold (urethral findings or
major bladder finding or VUR .III)

137 (6.1) 2122 (93.9) 71 (5.9) 1132 (94.1)

VCUG-B threshold (urethral findings or
major bladder finding or VUR .II)

528 (23.4) 1731 (76.6) 351 (29.2) 852 (70.8)

VCUG-C threshold (urethral findings or
major bladder finding or VUR .I)

873 (38.65) 1386 (61.35) 542 (45.05) 661 (54.95)

VCUG-D threshold (urethral findings or
major bladder finding or any VUR)

975 (43.2) 1284 (56.8) 590 (49.0) 613 (51.0)

VCUG-E threshold (any abnormal finding on VCUG) 992 (43.9) 1267 (56.1) 592 (49.2) 611 (50.8)
a Minor bladder finding: volume higher or lower than predicted; bladder wall thickening.
b Major bladder finding: trabeculation, ureterocele, or diverticulum.
c Urethral findings: posterior urethral valves (5), dilated urethra (2), anterior urethral diverticulum (1), spinning top (1), utricle (1), urethral prolapsed (1).
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data. Many studies have similar limita-
tions.6,7,9,19,24 Other studies have limited
generalizability owing to narrow10,25 or
broad26–28 age ranges, or small sample
size.8,26–28 One study looked specifically
at the predictive value of ureteral di-
lation as an isolated finding on RBUS.29

Specific featuresof GU imagingpractice
at our institution during the study pe-
riod address some previous studies’
weaknesses. First, routine practice in
our region (before 2011) was to obtain
both RBUS and VCUG in children who
had febrile UTI. Such universal as-
sessment is a key characteristic of
evaluation of any screening test: both
the screening test and the gold stan-
dard test must be performed in all
subjects. Differential ascertainment
can result in verification bias, because

patients who have certain (usually
negative) findings will be systemati-
cally excluded from the sample of
patients undergoing both tests. In the
current study we have limited this bias
by including only patients scheduled
a priori for RBUS and VCUG on the same
day; performance of either test was not
dependent on the findings of the other.
Second, the sample includes a large
number of patients followed at com-
munity practices, and seen at our in-
stitution only for imaging (only 43%
[975/2259] were ever seen in our
Urology Department). Our sample
therefore is more representative of the
population of children who had UTI, and
does not only contain patients treated
at a tertiary center. Such patients can
be expected to have a higher disease

severity than the overall study pop-
ulation; inclusion of community patients
therefore reduces the selection bias
that often compromises clinical studies
at tertiary centers.

Additionally, the imaging studies were
almost entirely performed after the
acute pyelonephritis episode. (Among
a 10% random sample, mean time from
UTI to imaging was 41 days, and only
7% were imaged within 5 days of UTI).
Thus, the RBUS test characteristics we
observed may differ from RBUS per-
formed during the acute infection. Al-
though the AAP guidelines state that
RBUS may be useful during the first 2
days of treatment to identify compli-
cations (eg, abscess), the guidelines
are also clear that acute-phase imag-
ing may actually be misleading.2

FIGURE 1
ROCcurves for RBUSas a screening test for GUabnormalities onVCUG. Each graph represents specific VCUGoutcome threshold. Points on each curve represent
each RBUS thresholds A through D (see Table 1). A, ROC curve for VCUG-A (urethral findings or major bladder findings or VUR. grade III). Area under curve
(AUC) = 0.674. B, ROC curve for VCUG-B (urethral findings or major bladder findings or VUR. grade II). AUC = 0.573. C, ROC curve for VCUG-C (urethral findings
or major bladder findings or VUR . grade I). AUC = 0.532. D, ROC curve for VCUG-D (urethral findings or major bladder findings or any VUR). AUC = 0.527.
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The low overall incidence of significant
GU anomalies in our sample warrants
comment.Previousstudieshavereported
a similar phenomenon. Hoberman
et al examined imaging results among
309 children who had febrile UTI, and
noted that patients who had high-grade
VUR were under-represented in their
sample, and stated that “the validity of
renal ultrasonography in identifying
such children [with high-grade VUR]
warrants further study.”30 A relatively
low incidence of high-grade VUR has
been seen in other series as well.8 Al-
though our sample was much larger
than these studies, we too noted that
,3% of our sample had high-grade
VUR (grade .III). Similarly, ,1.5% of
children had higher-grade hydro-
nephrosis on RBUS. The low prevalence
of severe abnormalities may be at-
tributable to the effect of prenatal
screening. We excluded children who
had a history of prenatally diagnosed
abnormalities because (1) the AAP im-
aging guidelines can be read as being
applicable to children who have no
history of prenatal abnormalities, and
(2) such children usually undergo GU
imaging as newborns, and we excluded
children who had a history of previous
GU imaging. Many, although not all,
cases of high-grade disease are likely
detected prenatally, reducing the in-
cidence of such anomalies among
children presenting with de novo UTI
postnatally. Fifty years ago, we pre-
sumably would have observed much
higher rates of such anomalies, be-
cause many of the children who are

now diagnosed in utero would have
presented postnatally with clinical UTI.

The results of our investigation should
be interpreted in light of its limitations.
This study was retrospective, subject to
the limitations of this design. For ex-
ample, study subjects all had history of
UTI, but many of these diagnoses were
made elsewhere and could not be in-
dependently verified. As some patients
may have been misdiagnosed, the
results may not reflect those that would
be seenamong childrenwhohad strictly
defined and confirmedUTI. However, our
radiologists take a detailed history be-
fore VCUG, to verify the history. Fur-
thermore, irrespective of the diagnostic
details, these are the patients being
referred for GU imaging, and so reflect
the “real-world” screening population
seen in practice. With respect to imag-
ing findings, we relied on the final
interpretations of the imaging studies
as dictated by the clinical radiologist;
independent confirmatory review of
imageswas not performed. The findings
therefore are subject to the relative
variability of interpretation (eg, grading
of VUR) that occurs in all clinical care.
Furthermore, the radiologists reading
each study were not systematically
blinded to the findings of the other test,
so it is possible that interpretation of 1
study could have been influenced by
knowledge of the findings on the other
test. However, the radiologist interpret-
ing the VCUG was usually a different
individual than that radiologist inter-
preting the RBUS, and in most patients
the RBUS was performed (and usually
read) before the VCUG, which would

minimize the impact of such unblind-
ed interpretation. Furthermore, most
findings on both RBUS and VCUG are
relatively objective. As noted, verifica-
tion bias is a concern in any evaluation
of a screening test. To minimize this, we
included only patients who underwent
both VCUG and RBUS on the same day.
However, it is likely that some patients
underwent RBUS or VCUG separately,
or underwent 1 test but not the other;
such patients would be excluded from
our sample. If such patients were nu-
merous, and if the decision not to ob-
tain the second test was based on the
results of the first test, then bias could
have been introduced into our sample.
As we also noted, however, several
features of our practice environment
during the study period make this less
likely, including the widespread ad-
herence within our institution and
community to the 1999 AAP guidelines,
the routine practice of scheduling both
RBUS and VCUG on the same day for
patients who have a history of UTI, and
the routine completion of both tests,
regardless of findings.

CONCLUSIONS

Among young children who have a his-
tory of UTI, RBUS is a poor screening
test for GU abnormalities, with low
sensitivity/specificity. A negative RBUS
does not rule out significant GU pa-
thology (particularly VUR grades III and
higher), whereas a positive RBUS is
a poor predictor. In such children, RBUS
and VCUG should be considered com-
plementary as they provide important,
but different, information.
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