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Clinical Predictors for Abnormal Renal Bladder
Ultrasound in Hospitalized Young Children
With a First Febrile Urinary Tract Infection
Sowdhamini S. Wallace, DO, MS,c Kathryn Ban, MD,c Amrita Singh, MD,c Karen Lui, MD,c Imgard Carolina Molleda, MD,c Robert C. Orth, MD, MPH, PhD,b
Stacy B. Pierson, MD,c Lauren Hess, MD,c Huay-ying Lo, MD,c Chester J. Koh, MD,a,d Lauren Walker, MD,c Hannah Neubauer, MD,c Charles G. Macias, MD, MPHe

BACKGROUND: Physicians often obtain a routine renal bladder ultrasound (RBUS) for young
children with a ﬁrst febrile urinary tract infection (UTI). However, few children are diagnosed
with serious anatomic anomalies, and opportunity may exist to take a focused approach to
ultrasonography. We aimed to identify characteristics of the child, prenatal ultrasound (PNUS), and
illness that could be used to predict an abnormal RBUS and measure the impact of RBUS on
management.

ABSTRACT

METHODS: We conducted a single-center prospective cohort study of hospitalized children 0 to
24 months of age with a ﬁrst febrile UTI from October 1, 2016, to December 23, 2018. Independent
variables included characteristics of the child, PNUS, and illness. The primary outcome, abnormal
RBUS, was deﬁned through consensus of a multidisciplinary team on the severity of ultrasound
ﬁndings important to identify during a ﬁrst UTI.
RESULTS: A total of 211 children were included; the median age was 1.0 month (interquartile range
0–2), and 55% were uncircumcised boys. All mothers had a PNUS with 10% being abnormal.
Escherichia coli was the pathogen in 85% of UTIs, 20% (n 5 39 of 197) had bacteremia, and 7%
required intensive care. Abnormal RBUS was found in 36% (n 5 76 of 211) of children; of these,
47% (n 5 36 of 76) had moderately severe ﬁndings and 53% (n 5 40 of 76) had severe ﬁndings.
No signiﬁcant difference in clinical characteristics was seen among children with and without
an abnormal RBUS. One child had Foley catheter placement, and 33% received voiding
cystourethrograms, 15% antibiotic prophylaxis, and 16% subspecialty referrals.
CONCLUSIONS: No clinical predictors were identiﬁed to support a focused approach to RBUS
examinations. Future studies should investigate the optimal timing for RBUS.
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Urinary tract infections (UTIs) occur in 5%
to 8% of febrile infants and frequently result
in emergency department (ED) visits and
hospitalizations.1–3 Renal scarring occurs in
15% of this population, and in the presence
of genitourinary tract anomalies or highgrade vesicoureteral reﬂux (VUR), the
risk is two fold.4 For this reason, the
2011 American Academy of Pediatrics
guideline for ﬁrst febrile UTI in children 2
to 24 months recommends screening for
genitourinary anomalies with routine renal
bladder ultrasound (RBUS)5 and further
afﬁrmed this recommendation in the
2016 guideline.6 The purpose of routine
RBUS examinations is to identify signs of
genitourinary anomalies or high-grade VUR
that may require further radiologic testing,
surgery, or subspecialty referral.5 This
recommendation, however, is supported by
low-quality evidence from observational
studies,5 and it is unclear whether the
beneﬁts of routine testing outweigh
the risks.
Approximately one-third of children have
abnormal RBUS ﬁndings; however, few
children are ultimately diagnosed with
obstructive genitourinary tract anomalies
that require timely intervention at the time
of ﬁrst febrile UTI.7–11 Thus, the beneﬁt may
be small but nevertheless important for the
1% of the population affected by serious
genitourinary tract anomalies.3 The risks of
routine RBUS testing may include exposing a
greater number of infants to subsequent
imaging tests, and these risks may be
higher when the RBUS examination is
performed in the presence of acute
pyelonephritis and inﬂamed kidneys.
Certain ﬁndings, such as increased renal
size, urothelial thickening, and pelviectasis,
may be present both in the setting of
acute pyelonephritis and VUR.12–15
A targeted approach to performing RBUS
may allow for a more judicious use of
resources to identify infants at higher risk
of having serious genitourinary anomalies.
A targeted approach may be especially
important in the hospital setting where
children are still recovering from an acute
UTI. We aimed to identify clinical predictors
of abnormal RBUS examinations in
hospitalized young children with ﬁrst febrile

UTI. We hypothesize that abnormal prenatal
ultrasound (PNUS),16–18 male sex,19 young
age, and high illness severity could be
associated with abnormal RBUS. Secondly,
we sought to speciﬁcally identify
clinical predictors for the most severe
abnormalities on RBUS knowing that
provider perspectives regarding which
abnormalities merit detection during the
ﬁrst febrile UTI may vary. Last, we aimed to
measure the acute impact of routine RBUS
on subsequent medical and surgical
interventions in these young children.

METHODS
We conducted a prospective cohort study of
hospitalized children 0 to 24 months of age
with a ﬁrst febrile UTI from October 2016 to
December 2018 at a large quaternary-care
children’s hospital in the southern United
States. Data for covariates and outcomes
were collected by interview of caregivers,
chart review, and phone calls 6 weeks after
discharge. The local institutional review
board approved the study protocol before
study commencement.

Study Population
We identiﬁed potential participants via a
daily report that queried the electronic
medical record for hospitalized children
with receipt of a urine culture. We focused
on children in the hospital setting to enable
complete capture of RBUS results.
Children 0 to 24 months of age were eligible
if they had fever and a laboratory-conﬁrmed
UTI. Fever was deﬁned as temperature of
$100.4°F by caregiver history or during the
ED visit or hospitalization. Urine specimens
had to be collected by either catheterization
or suprapubic aspiration. For children 2 to
24 months of age, UTI was deﬁned as
$50 000 colony-forming units (CFUs) of
bacteria plus urinalysis with pyuria.5 Pyuria
was deﬁned as either a positive leukocyte
esterase result and/or $5 white blood
cell per high-power ﬁeld.5 For infants
,2 months of age, UTI was deﬁned on
the basis of previous literature for this
age group; infants could either have
$50 000 CFUs of bacteria on urine culture
regardless of the urinalysis result or
$10 000 CFUs of bacteria with pyuria on
urinalysis.13,20

Children were excluded if they had a history
of a previous UTI, postnatal diagnosis of
genitourinary anomalies, previous postnatal
imaging of the genitourinary tract,
genitourinary tract instrumentation,
or a history of neurogenic bladder.

Covariates
The data for all covariates were collected
by interview of the caregiver by using a
standardized data collection form and
through review of the electronic medical
record. Covariates included characteristics
of the participant, illness, and PNUS history.
Deﬁnitions for less familiar covariates are
listed in Table 1. Comorbidities were deﬁned
according to previous studies of young
children with UTIs.20 The uropathogen grown
on urine culture was categorized as
Escherichia coli or non–E coli because of
the known association between non–E coli
uropathogens and VUR.13 Variables related
to the illness severity included ICU stay,
positive pediatric systemic inﬂammatory
response syndrome (SIRS) criteria,21 and
bacteremia (excluding contaminants22). We
recorded variables related to PNUS
examinations because the ability to identify
abnormal ﬁndings in utero might be
inﬂuenced by the timing of ultrasound and
the quality of the study.5 Variables related to
PNUS included the number of ultrasounds
during pregnancy, trimester of last
ultrasound, general PNUS result, and,
speciﬁcally, PNUS genitourinary tract
anomalies. PNUS characteristics were
measured by parent report because this
was considered the most feasible in realworld clinical settings.
Outcomes
The primary outcome was an abnormal
RBUS with clinically important
abnormalities that require detection at the
time of a ﬁrst febrile UTI. As part of clinical
care, pediatric radiology staff read each
RBUS examination. Because of varying
physician thresholds in deeming ﬁndings on
RBUS as clinically important, we deﬁned
abnormal RBUS in 3 categories on the basis
of the severity of ﬁndings similar to
2 recently published studies.12,23 An RBUS
was categorized as abnormal within 1 of the
3 thresholds on the basis of the most severe
ﬁnding found on the report (Table 2).

HOSPITAL PEDIATRICS Volume 10, Issue 5, May 2020

Downloaded from www.aappublications.org/news by guest on September 25, 2021

393

TABLE 1 Deﬁnitions of Select Covariates
Category
Participant
characteristics

Covariate
Prematurity
Comorbidities

Family history

Illness characteristics

Uropathogen
Pediatric SIRS

Bacteremia
PNUS characteristics

PNUS result

PNUS genitourinary
abnormalities
a

b

Deﬁnition
Gestational age ,37 wk
Congestive heart failure, chronic lung disease,
immunodeﬁciency, malignancy, diabetes
mellitus, HIV, sickle cell disease, chronic
neurologic problems
History of kidney disease, nephrolithiasis,
genitourinary tract anomalies, and VUR in
an immediate family member
E coli or non–E coli
Common contaminants were excludeda
$2 criteria, but 1 criterion must be abnormal
temperature or leukocyte count
Four criteria
Temperature .38.5°C or ,36.0°C
Tachycardia or bradycardia by using
age-speciﬁc parameters
Tachypnea or initiation of mechanical
ventilation
Abnormal leukocyte count or .10% bands
Growth of any bloodborne pathogen
Contaminants were excludedb
General result of last PNUS performed in
pregnancy by caregiver report; classiﬁed as
either normal or abnormal
Of those with abnormal PNUS, abnormalities
speciﬁcally related to the kidney, ureter, or
bladder by caregiver report

Contaminants on urine culture: coagulase-negative Staphylococcus, Lactobacillus, Micrococcus,
Diphtheroids, and Bacillus species.20
Contaminants on blood culture: coagulase-negative Staphylococcus, Micrococcus, viridans group
Streptococcus or a Streptococcus, Corynebacterium, and Bacillus were considered contaminants.22

Because radiologists may report
hydronephrosis using varying terminology,
the Society of Fetal Urology (SFU) grading
system was used to objectively deﬁne the
severity of hydronephrosis for each RBUS
examination in a standard way. The SFU
grading system is similar to other scoring
systems for hydronephrosis, such as the
urinary tract dilation classiﬁcation system.24
A multidisciplinary panel of 9 members was
convened to reach consensus on the lowest
threshold of abnormalities that should be
deemed important to identify at the time of
ﬁrst febrile UTI. The investigative team
anchored each threshold to a clinical
meaning to assist the panel. The panel
included 3 pediatric hospitalists,
2 outpatient pediatricians, 2 pediatric
urologists, 1 radiologist, and 1 pediatric
emergency medicine physician. Consensus
was obtained by sending an electronic
survey to the panel for anonymous polling.
The stop criterion was set with a target goal
of 80% consensus and was achieved after

1 round of surveys. Eighty-nine percent
(8 of 9) panel members chose threshold B
(moderately severe abnormalities) to
be the lowest clinically important
threshold to identify at the time of ﬁrst
febrile UTI. On the basis of this result,
abnormal RBUS was deﬁned as thresholds
B and C. Threshold A and normal RBUS
reports were considered a normal RBUS.
Knowing that the perspective on the
threshold of abnormalities for detection
with the ﬁrst UTI may vary among providers,
we also evaluated whether any predictors
existed in association with the most
severe abnormalities, threshold C, as a
secondary outcome.
Additional secondary outcomes were
chosen to measure the impact of RBUS on
subsequent medical or surgical
interventions. These secondary outcomes
were measured via review of the electronic
medical record and by phone calls to
parents 6 weeks after discharge. The follow-

up period of 6 weeks was chosen to capture
interventions or new diagnoses made that
could have occurred as a result of obtaining
the RBUS test. Secondary outcomes
included the following tests, treatments,
or procedures: medical or surgical
interventions for decompression of the
bladder (eg, Foley catheter), other surgical
interventions, voiding cystourethrograms
(VCUGs), antibiotic prophylaxis, and
subspecialty referrals. We also measured
the number of children diagnosed with VUR
by VCUG.

Data Analysis
Sample size was estimated by the rule of 10
(or 1-in-10 rule) for logistic regression with
an estimate of including 5 variables in our
ﬁnal model. Thus, we needed $50 patients
with an abnormal RBUS within the sample.
By using an estimate from previous
literature of 25% of the population with an
abnormal RBUS,23,25 the sample size was
calculated to be 200 children. Descriptive
statistics were used to describe measures
of central tendency and dispersion for
covariates. Univariable analysis was used to
look for associations between independent
and dependent variables. For variable
selection for the multivariable model,
statistical signiﬁcance was set with an
a , .20. Independent variables found to
have a statistically signiﬁcant association
with abnormal RBUS were selected
for multivariable analysis to identify
independent predictors. Multivariable
logistic regression analysis was used to
build a prediction model for abnormal
RBUS. R package version 3.3.2 software
was used for the analysis.
RESULTS
Initial screening identiﬁed 3721 children
with a urine culture, 378 children met
criteria for febrile UTI, and after exclusion
criteria, 211 children remained in the ﬁnal
study population (Fig 1). The median age
was 1.0 month (interquartile range [IQR]
0–2) with 65% (n 5 137) being ,2 months
of age. The majority of children were male
(60%), Hispanic (61%), and had public
insurance (66%) (Table 3). The median
gestational age of infants was 39.0 weeks
(range 29–42) with 87% (n 5 184) at term
gestation. Five percent (n 5 11) of children
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TABLE 2 Deﬁnition of Abnormal RBUS by Using Thresholds of Severity for Ultrasound Findings
Normal RBUS Finding
Threshold Aa

Normal
Collecting
system
dilation

None

Ureter

Normal Normal

SFU 0b

Urothelial
None
thickening

Any dilation without
hydronephrosis
(prominence, fullness,
extrarenal pelvis)
SFU 1b

None

Abnormal RBUS Finding
Threshold Ba
Mild hydronephrosis
(pelviectasis,
caliectasis)

Threshold Ca
Moderate to severe
hydronephrosis

SFU 2b

SFU 3–4b

Normal

Any ureteral dilation
(hydroureter)

Present

Present

Parenchyma

Normal Simple cyst

Solitary kidney,
duplication, size
discrepancy, renal
ectopia

Stone, dysplasia, cortical
thinning or scar,
abnormal
corticomedullary
differentiation and/or
echogenicity,
multicystic or
polycystic

Bladder

Normal Bladder debris

Bladder wall thickening
or diverticulum

Ureterocele, dilated
posterior urethra,
bladder trabeculation

a

b

Our multidisciplinary panel created a clinical meaning to anchor to each threshold of abnormalities.
Threshold A ﬁndings were mild abnormalities that could be incidental ﬁndings or related to the UTI itself.
Threshold B ﬁndings were moderate abnormalities that could lead to medical interventions, further
testing or need for subspecialty involvement. Threshold C ﬁndings were considered to be severe
abnormalities for which close subspecialty follow-up and possible future surgical interventions might be
needed.
The SFU grading system was used to objectively deﬁne the severity of hydronephrosis for each RBUS
examination.

had comorbidities, which included genetic
syndromes, malignancy, or cardiac
or neurologic conditions. Of the 127
male children, 91% (n 5 115) were
uncircumcised. Eight percent (n 5 16) had
a positive family history. E coli was the
predominant uropathogen found in 85%
(n 5 180) of UTIs, and 7% (n 5 15) of UTIs
were due to Klebsiella species. Of the
197 children who had blood cultures
obtained, 20% (n 5 39) had bacteremia. All
39 children had the same pathogen in their
blood and urine cultures except for 1 child.
Although 69% met criteria for SIRS after
presentation to the ED, only 7% (n 5 15)
received treatment in the ICU.
All mothers had a PNUS performed during
pregnancy; 84% (n 5 176/210) had
$3 ultrasounds, and 84% (n 5 171/204)
had their last ultrasound during their third
trimester. When being interviewed, 10%
(n 5 22) of mothers reported that the
last PNUS was abnormal and of those
women, 2 reported genitourinary tract
abnormalities on PNUS. One infant had “ﬂuid

on the kidneys” and another infant had
discrepancy in kidney size with 1 kidney
appearing small.
RBUS was performed on all 211 children
during hospitalization; 36% (n 5 76) had an
abnormal RBUS result. Of the 76 abnormal
RBUS tests, 47% (n 5 36) had moderately
severe abnormalities (threshold B) and 53%
(n 5 40) had severe abnormalities
(threshold C). After univariable analysis,
only gestational age and genitourinary
abnormalities on PNUS were found to be
possibly associated with abnormal RBUS
with a P value ,.20 (Table 3). Multivariable
logistic regression revealed that increased
gestational age minimally increased the
odds of having an abnormal RBUS (odds
ratio [OR] 1.21; 95% conﬁdence interval [CI]
1.01–1.46), whereas the OR for abnormal
genitourinary ﬁndings on PNUS was
inconclusive because only 2 infants were
affected (OR 1.0; 95% CI ‘–‘). Of the
2 infants with abnormal genitourinary
ﬁndings on PNUS, the RBUSs revealed (1)
focal hyperechogenicity of the renal

parenchyma of 1 kidney and (2)
hydroureteronephrosis later conﬁrmed to
be grade III VUR by VCUG. Overall, in terms of
the timing of RBUS, RBUSs obtained while
children were still febrile were more often
abnormal than if obtained $1 day after
fever resolution (45% [n 5 45 of 99] vs 26%
[n 5 27 of 103], respectively; P value 5
.004).
When examining the association between
covariates and the most severe threshold C
abnormalities, abnormal genitourinary
ﬁndings on PNUS and non–E coli organisms
had possible associations (Table 4).
Multivariable logistic regression revealed
no statistically signiﬁcant predictors of
threshold C severe abnormalities;
non–E coli uropathogen had an OR of 2.10
(95% CI 0.85–4.92), and abnormal PNUS
genitourinary ﬁndings had an OR of 1.0
(95% CI ‘–‘).
One child required additional acute hospital
intervention after the RBUS. She was a
3-month-old healthy girl who presented to
the PICU in septic shock. She had a Foley
catheter placed to decompress the bladder
because of severe bilateral hydronephrosis
and hydroureter with a duplicated rightsided collecting system with obstructing
ureterocele. The Foley catheter was
removed after 24 hours when clinical
improvement was seen; subsequently, the
infant voided spontaneously with normal

FIGURE 1 Flow diagram of study participants.
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TABLE 3 Characteristics of 211 Young Children With First Febrile UTI
Characteristic
Median age, mo (IQR)

Total Population (N 5 211)
1.0 (0–2)

Normal RBUS (n 5 135)

Abnormal RBUS (n 5 76)

1.0 (0–2)

1.0 (0–3)

Female

127 of 211 (60)

81 of 135 (60)

46 of 76 (61)

84 of 211 (40)

54 of 135 (40)

30 of 76 (39)

Hispanic

—
—
.424b

Ethnicity, n of N (%)
Non-Hispanic

.528a
.970b

Sex, n of N (%)
Male

P

79 of 202 (39)

54 of 130 (42)

25 of 72 (35)

—

123 of 202 (61)

76 of 130 (58)

47 of 72 (65)

—
.883c

Race, n of N (%)
155 of 193 (80)

101 of 126 (80)

54 of 67 (81)

—

African American

24 of 193 (12)

15 of 126 (12)

9 of 67 (13)

—

Asian American

14 of 193 (7)

10 of 126 (8)

4 of 67 (6)

—

White

.964c

Insurance, n of N (%)
Private

65 of 211 (31)

42 of 135 (31)

23 of 76 (35)

—

Public

139 of 211 (66)

88 of 135 (65)

51 of 76 (67)

—

7 of 211 (3)

5 of 135 (4)

2 of 76 (3)

—

Self-pay
Median gestational age, mo (IQR)

39.0 (29–42)

38.0 (37–39)

39.0 (38–39)

1.0c

Circumcision, n of N (%)
Uncircumcised
Circumcised

116 of 127 (91)

74 of 81 (91)

42 of 46 (91)

—

11 of 127 (9)

7 of 81 (9)

4 of 46 (9)

—
.762b

Family history, n of N (%)
Negative

193 of 209 (92)

120 of 134 (90)

73 of 75 (97)

Positive

16 of 209 (8)

14 of 134 (10)

2 of 75 (3)

E coli

—
—
.954b

E coli versus non–E coli, n of N (%)
Non–E coli

.052a

31 of 211 (15)

20 of 135 (15)

11 of 76 (14)

180 of 211 (85)

115 of 135 (85)

65 of 76 (86)

—
—
1.0c

ICU stay, n of N (%)
No

196 of 211 (93)

125 of 135 (93)

71 of 76 (93)

—

Yes

15 of 211 (7)

10 of 135 (7)

5 of 76 (7)

—
.970b

SIRS, n of N (%)
Yes

143 of 207 (69)

92 of 133 (69)

51 of 74 (69)

No

64 of 207 (30)

41 of 133 (31)

23 of 74 (31)

—
—
1.0c

Bacteremia, n of N (%)
No

158 of 197 (80)

103 of 128 (80)

55 of 69 (80)

—

Yes

39 of 197 (20)

25 of 128 (20)

14 of 69 (20)

—

211 of 211 (100)

135 of 135 (100)

76 of 76 (100)

3.0 (3–3)

3.0 (3–3)

3.0 (3–3)

PNUS done in pregnancy, n of N (%)
Median quantity of PNUS (IQR)

NA
.829a

1 PNUS, n of N (%)

5 of 210 (2)

3 of 135 (2)

2 of 75 (3)

—

2 PNUS, n of N (%)

29 of 210 (14)

20 of 135 (15)

9 of 75 (12)

—

176 of 210 (84)

112 of 135 (83)

64 of 75 (85)

$3 PNUS, n of N (%)
First trimester, n (%)
Second trimester, n of N (%)
Third trimester, n of N (%)

—
1.0c

Trimester of last PNUS
0 (0)

0 (0)

0 (0)

—

33 of 204 (16)

22 of 133 (17)

11 of 71 (16)

—

171 of 204 (84)

111 of 133 (83)

60 of 71 (85)

—
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TABLE 3 Continued
Total Population (N 5 211)

Characteristic

Normal RBUS (n 5 135)

Abnormal RBUS (n 5 76)

P
.787b

PNUS result, n of N (%)
Normal
Abnormal

189 of 211 (90)

122 of 135 (90)

67 of 76 (88)

—

22 of 211 (10)

13 of 135 (10)

9 of 76 (12)

—
.129c

PNUS genitourinary anatomy result, n of n (%)
Normal
Abnormal

20 of 22 (91)

135 of 135 (100)

74 of 76 (97)

—

2 of 22 (9)

0 of 135 (0)

2 of 76 (3)

—

NA, not available; —, not applicable.
Wilcoxon rank test.
b
x2 test.
c
Fisher’s exact test.
a

urine output. Urology recommended
outpatient VCUG and diuretic renal scan for
further evaluation.
To measure the subsequent impact of RBUS
testing after discharge, 194 of 211 (92%)
caregivers were reached by phone call, and
4 additional children had VCUG results
available through medical record review.
Sixty-six of 198 children (33%) had a
subsequent VCUG test, and of these, 22 had
a normal RBUS. Reasons for obtaining
VCUGs in these 22 children are described in
Supplemental Table 5. Of the 66 children
with VCUG, 25 (38%) were diagnosed with
VUR. Sixteen children (64% of children with
VUR) had dilating grade III (n 5 4), IV (n 5
7), or V (n 5 5) VUR. Of the 194 children,
29 (15%) received antibiotic prophylaxis.
None of the 194 children had surgical
interventions performed within 6 weeks of
hospital discharge. Review of the medical
records revealed that 33 of 211 (16%) had
subspecialty referrals to a nephrologist or
urologist because of an abnormal RBUS
result (24 consults during hospitalization
and 9 referrals by the pediatrician after
discharge). The majority of
recommendations in the hospital setting
involved nonurgent VCUG after resolution of
the acute illness and antibiotic prophylaxis.

DISCUSSION
In our prospective cohort of hospitalized
children with ﬁrst febrile UTI, we found no
clinical characteristics of PNUS testing,
the child, or presenting illness that were
associated with clinically important
abnormalities on RBUS. This also holds true
for the most severe abnormalities seen on
RBUS, although further exploration of

whether an association exists between
non–E coli pathogens and severe
abnormalities on RBUS is warranted for
future research. RBUS examinations in this
cohort of hospitalized children infrequently
resulted in the need for acute medical or
surgical interventions during hospitalization
but did result in a substantial proportion of
children receiving VCUG testing, antibiotic
prophylaxis, and subspecialty referrals.
Overall, we were unable to identify clinical
predictors for abnormal RBUS to support a
focused approach to RBUS examinations at
the time of ﬁrst febrile UTI in hospitalized
children.
Our ﬁndings are similar to other studies
that report the impact of RBUS and
continued need for routine examinations at
the time of ﬁrst febrile UTI. Giorgi et al8
studied a population of infants using a
“bottom to up” approach in which VCUG was
performed before RBUS. They found that
even with a normal VCUG, RBUS studies
identiﬁed ﬁndings of obstruction,
duplication, and cystic kidney disease.
Approximately 4% of their population
received alterations in management,
including surgical interventions or
subspecialty referrals. Authors of
2 additional retrospective studies and
1 prospective study of predominantly
infants and young children with ﬁrst UTI
found 10% to 16% had important ﬁndings on
RBUS.10,26,27 In our population, approximately
one-third of participants received further
testing or subspecialty referrals on the
basis of the RBUS result. However, we must
be cautious when interpreting these results
because additional testing may not always
equate to beneﬁt for the patient. In some

cases, spurious ﬁndings on 1 test could
cascade to multiple future interventions
that could have been avoidable.28,29 In our
population, 40 children had a normal VCUG,
and it is possible that some of this testing
could have been performed as a result of
acute inﬂammatory changes seen on RBUS.
In contrast to our study ﬁndings, several
other studies that included older
populations with a female predominance
found less utility in RBUS examinations
with low prevalence of detection of
genitourinary anomalies or alterations in
management.9,11,30 Thus, on the basis of our
ﬁndings and previous literature, RBUS is
needed at the time of ﬁrst UTI in
hospitalized populations of children
,2 years of age, but the utility is
questionable in older children.
To avoid the cascade effect of additional
testing driven by inﬂammatory changes
seen on early RBUS examinations, the timing
of RBUS may warrant further exploration in
future studies. The American Academy of
Pediatrics clinical practice guideline for
ﬁrst febrile UTI recommends obtaining an
RBUS after resolution of the acute illness.5
This may be especially important to note
because RBUS abnormalities attributable
to the acute illness, such as urothelial
thickening, can be seen in both acute
infection and VUR.14 Although we cannot
discern which RBUS ﬁndings resolved
after acute illness in our study, we did ﬁnd
that abnormal RBUS was more frequent
among children while still febrile. In
addition, our ﬁndings support the lack
of urgency in performing RBUS because
acute procedures, such as bladder
decompression, were uncommon as a result
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TABLE 4 Comparison of Characteristics of Young Children With First Febrile UTI by Threshold C RBUS Severe Findings
Non–Threshold C (n 5 171)

Characteristic
Median age, mo (IQR)

1.0 (0–2)

Threshold C (n 5 40)
1.0 (0.5–3)

P
.455a
.836b

Sex, n of N (%)
Female
Male

67 of 171 (39)

17 of 40 (43)

—

104 of 171 (61)

23 of 40 (58)

—

63 of 163 (39)

16 of 40 (40)

100 of 163 (61)

23 of 40 (58)

.928b

Ethnicity, n of N (%)
Non-Hispanic
Hispanic

—
—
.573c

Race, n of N (%)
128 of 157 (82)

27 of 36 (75)

—

African American

18 of 157 (11)

6 of 36 (17)

—

Asian American

11 of 157 (7)

3 of 36 (8)

White

—
.565c

Insurance, n of N (%)
Private

53 of 171 (31)

12 of 40 (30)

—

Public

111 of 171 (65)

28 of 40 (70)

—

7 of 171 (4)

0 of 40 (0)

—

Self-pay
Median gestational age, mo (IQR)

39.0 (37–39)

39.0 (38–39)

.532a
1.0c

Circumcision, n of N (%)
Uncircumcised
Circumcised

94 of 103 (91)

21 of 23 (91)

—

9 of 103 (9)

2 of 23 (9)

—
.510b

Family history, n of N (%)
Negative

156 of 170 (92)

37 of 39 (95)

—

Positive

14 of 170 (8)

2 of 39 (5)

—
.193b

E coli versus non–E coli, n of N (%)
Non–E coli
E coli

22 of 171 (13)

9 of 40 (23)

—

149 of 171 (87)

31 of 40 (78)

—
.742c

ICU stay, n of N (%)
No

158 of 171 (92)

38 of 40 (95)

—

Yes

13 of 171 (8)

2 of 40 (5)

—
.579b

SIRS, n of N (%)
No

50 of 168 (30)

14 of 39 (36)

—

Yes

118 of 168 (70)

25 of 39 (64)

—
.253c

Bacteremia, n of N(%)
No

131 of 160 (82)

27 of 37 (73)

—

Yes

29 of 160 (18)

10 of 37 (27)

—

Quantity PNUS (IQR)

3.0 (3–3)

3.0 (3–3)

.633c

Trimester of last PNUS, n of N (%)
First
Second
Third

0 of 166 (0)

0 of 38 (0)

—

26 of 166 (16)

7 of 38 (18)

—

140 of 166 (84)

31 of 38 (82)

Normal
Abnormal

154 of 171 (90)

35 of 40 (88)

17 of 171 (10)

5 of 40 (13)

—
—
.0352c

PNUS genitourinary anatomy result, n of N (%)
Normal

—
.849b

PNUS result, n of N (%)

Abnormal

.829a

171 of 171 (100)

38 of 40 (95)

—

0 of 171 (0)

2 of 40 (5)

—

—, not applicable.
a
Wilcoxon rank test.
b
x2 test.
c
Fisher’s exact test.
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of RBUS. The decision to perform RBUS
during hospitalization or after discharge
should also take into account the reliability
of the caregivers and their preferences.
Researchers have shown that follow-up
rates can be lower for VCUG when
performed as an outpatient.31 In future
studies, researchers should also investigate
the association between non–E coli
uropathogens and severe RBUS ﬁndings
because this could be 1 potential parameter
that could help risk stratify which children
should have RBUS more urgently without
deferring to the outpatient setting.
Physicians could also consider asking about
prenatal history because both infants with
genitourinary abnormalities on PNUS had
abnormal RBUS.
We have several limitations to our study.
First, we focused on hospitalized children to
fully capture RBUS examinations as the
primary outcome. With the focus on

hospitalized children, however, the age of
our population could be younger, and the
illness severity could be higher than in
children with UTI cared for in the outpatient
setting. Thus, our ﬁndings may not be
generalizable to children seen in the
outpatient setting. Second, knowing that
22 children with normal RBUS examinations
had a VCUG, the practice of obtaining VCUGs
may have differed in our cohort compared
to other institutions (Supplemental Table 5).
Third, all RBUS examinations were
performed during the acute phase of illness
in the hospital setting. Our results may have
been different had a large proportion of
RBUS examinations been performed after
the acute illness when inﬂammatory
changes would have resolved. Previous
reports, however, indicate that most centers
perform RBUS on children before discharge,
making these ﬁndings generalizable to
most hospital settings.9,11,32 Last, we used a

single-center design, in which all mothers
had receipt of at least 1 PNUS. The prenatal
care received by this population could
impact the results,26 and it would be
prudent to replicate the study in other
centers to conﬁrm the ﬁndings.

CONCLUSIONS
Given the lack of clinical predictors
identiﬁed for abnormal RBUS, we are unable
to develop a focused imaging strategy for
RBUS examinations at the time of ﬁrst
febrile UTI for hospitalized children ages
0 to 24 months. Further studies are needed
to evaluate the optimal timing for RBUS
testing and whether postponing RBUS until
after fever resolution or hospital discharge
is associated with any beneﬁts or harms.
Additionally, future studies could explore
whether an association exists between
non–E coli uropathogens and severe
abnormalities on RBUS.

Dr Wallace conceptualized the study question and design, led the study team, participated in data collection and review of renal ultrasound reports,
performed data analysis, and wrote the initial draft of the manuscript; Drs Ban and Singh contributed to the study design, determined the threshold of
severity of ﬁndings on renal ultrasound reports, collected data, and critically revised the manuscript; Dr Lui contributed to the study design, substantially
contributed to data collection, critically revised the manuscript, and participated in the consensus panel for the primary outcome; Dr Molleda
contributed to the study design, substantially contributed to data collection, and critically revised the manuscript; Dr Orth contributed to the study
design, participated on the consensus panel for the primary outcome, determined the Society of Fetal Urology scores for hydronephrosis in renal
ultrasound examinations, and critically revised the manuscript; Drs Pierson, Hess, Lo, and Neubauer contributed to the study design, collected data, and
critically revised the manuscript; Drs Koh and Walker contributed to the study design, collected data, critically revised the manuscript, and participated
on the consensus panel for the primary outcome; Dr Macias provided guidance for the study design and data analysis, participated in the consensus
panel for the primary outcome, and critically revised the manuscript; and all authors approved the ﬁnal manuscript as submitted and agree to be
accountable for all aspects of the work.

REFERENCES
1. Kadish HA, Loveridge B, Tobey J, Bolte RG,
Corneli HM. Applying outpatient
protocols in febrile infants 1-28 days of
age: can the threshold be lowered? Clin
Pediatr (Phila). 2000;39(2):81–88
2. Schlager TA. Urinary tract infections in
children younger than 5 years of age:
epidemiology, diagnosis, treatment,
outcomes and prevention. Paediatr
Drugs. 2001;3(3):219–227
3. Hoberman A, Wald ER. Urinary tract
infections in young febrile children.
Pediatr Infect Dis J. 1997;16(1):11–17

4. Shaikh N, Ewing AL, Bhatnagar S,
Hoberman A. Risk of renal scarring in
children with a ﬁrst urinary tract
infection: a systematic review.
Pediatrics. 2010;126(6):1084–1091
5. Subcommittee on Urinary Tract Infection;
Steering committee on Quality
Improvement and Management. Urinary
tract infection: clinical practice guideline
for the diagnosis and management of
the initial UTI in febrile infants and
children 2 to 24 months. Pediatrics.
2011;128(3):595–610
6. Subcommittee on Urinary Tract Infection.
Reafﬁrmation of AAP clinical practice

guideline: the diagnosis and
management of the initial urinary tract
infection in febrile infants and young
children 2-24 months of age. Pediatrics.
2016;138(6):e20163026
7. Huang H-P, Lai Y-C, Tsai I-J, Chen S-Y, Tsau
Y-K. Renal ultrasonography should be
done routinely in children with ﬁrst
urinary tract infections. Urology. 2008;
71(3):439–443
8. Giorgi LJ Jr, Bratslavsky G, Kogan BA.
Febrile urinary tract infections in
infants: renal ultrasound remains
necessary. J Urol. 2005;173(2):568–
570

HOSPITAL PEDIATRICS Volume 10, Issue 5, May 2020

Downloaded from www.aappublications.org/news by guest on September 25, 2021

399

9. Zamir G, Sakran W, Horowitz Y, Koren A,
Miron D. Urinary tract infection: is
there a need for routine renal
ultrasonography? Arch Dis Child. 2004;
89(5):466–468
10. Hannula A, Venhola M, Perhomaa M,
Pokka T, Renko M, Uhari M. Imaging the
urinary tract in children with urinary
tract infection. Acta Paediatr. 2011;
100(12):e253–e259
11. Alshamsam L, Al Harbi A, Fakeeh K, Al
Banyan E. The value of renal ultrasound
in children with a ﬁrst episode of
urinary tract infection. Ann Saudi Med.
2009;29(1):46–49
12. Logvinenko T, Chow JS, Nelson CP.
Predictive value of speciﬁc ultrasound
ﬁndings when used as a screening test
for abnormalities on VCUG. J Pediatr
Urol. 2015;11(4):176.e1–176.e7
13. Bonadio W, Maida G. Urinary tract
infection in outpatient febrile infants
younger than 30 days of age: a 10-year
evaluation. Pediatr Infect Dis J. 2014;
33(4):342–344
14. Tain Y-L. Renal pelvic wall thickening in
childhood urinary tract infections-evidence of acute pyelitis or
vesicoureteral reﬂux? Scand J Urol
Nephrol. 2003;37(1):28–30
15. Dinkel E, Orth S, Dittrich M, SchulteWissermann H. Renal sonography in the
differentiation of upper from lower
urinary tract infection. AJR Am J
Roentgenol. 1986;146(4):775–780
16. Grandjean H, Larroque D, Levi S. The
performance of routine
ultrasonographic screening of
pregnancies in the Eurofetus Study. Am J
Obstet Gynecol. 1999;181(2):446–454
17. Sasaki J, Parajuli N, Sharma P, et al.
Utility of post-urinary tract infection
imaging in patients with normal

prenatal renal ultrasound. Clin Pediatr
(Phila). 2012;51(3):244–246
18. Miron D, Daas A, Sakran W, Lumelsky D,
Koren A, Horovitz Y. Is omitting post
urinary-tract-infection renal ultrasound
safe after normal antenatal ultrasound?
An observational study. Arch Dis Child.
2007;92(6):502–504
19. Burbige KA, Retik AB, Colodny AH, Bauer
SB, Lebowitz R. Urinary tract infection in
boys. J Urol. 1984;132(3):541–542
20. Schnadower D, Kuppermann N, Macias
CG, et al; American Academy of
Pediatrics Pediatric Emergency Medicine
Collaborative Research Committee.
Febrile infants with urinary tract
infections at very low risk for adverse
events and bacteremia. Pediatrics. 2010;
126(6):1074–1083
21. Goldstein B, Giroir B, Randolph A;
International Consensus Conference on
Pediatric Sepsis. International Pediatric
Sepsis Consensus Conference:
deﬁnitions for sepsis and organ
dysfunction in pediatrics. Pediatr Crit
Care Med. 2005;6(1):2–8
22. Biondi EA, Mischler M, Jerardi KE, et al;
Pediatric Research in Inpatient Settings
(PRIS) Network. Blood culture time to
positivity in febrile infants with
bacteremia. JAMA Pediatr. 2014;168(9):
844–849
23. Nelson CP, Johnson EK, Logvinenko T,
Chow JS. Ultrasound as a screening test
for genitourinary anomalies in children
with UTI. Pediatrics. 2014;133(3).
Available at: www.pediatrics.org/cgi/
content/full/133/3/e394
24. Han M, Kim HG, Lee J-D, Park SY, Sur YK.
Conversion and reliability of two
urological grading systems in infants:
the Society for Fetal Urology and the
urinary tract dilatation classiﬁcations
system. Pediatr Radiol. 2017;47(1):65–73

25. Wallace SS, Zhang W, Mahmood NF, et al.
Renal ultrasound for infants younger
than 2 months with a febrile urinary
tract infection. AJR Am J Roentgenol.
2015;205(4):894–898
26. Preda I, Jodal U, Sixt R, Stokland E,
Hansson S. Value of ultrasound in
evaluation of infants with ﬁrst urinary
tract infection. J Urol. 2010;183(5):
1984–1988
27. Jahnukainen T, Honkinen O, Ruuskanen
O, Mertsola J. Ultrasonography after the
ﬁrst febrile urinary tract infection in
children. Eur J Pediatr. 2006;165(8):
556–559
28. Mold JW, Stein HF. The cascade effect in
the clinical care of patients. N Engl J
Med. 1986;314(8):512–514
29. Coon ER, Quinonez RA, Moyer VA,
Schroeder AR. Overdiagnosis: how our
compulsion for diagnosis may be
harming children. Pediatrics. 2014;
134(5):1013–1023
30. Hoberman A, Charron M, Hickey RW,
Baskin M, Kearney DH, Wald ER. Imaging
studies after a ﬁrst febrile urinary tract
infection in young children. N Engl J
Med. 2003;348(3):195–202
31. McDonald A, Scranton M, Gillespie R,
Mahajan V, Edwards GA. Voiding
cystourethrograms and urinary tract
infections: how long to wait? Pediatrics.
2000;105(4).Available at:
www.pediatrics.org/cgi/content/full/105/
4/E50
32. O’Connor K, Shanley L, Garber M Renal
ultrasound and voiding
cystourethrogram utilization in
hospitalized infants with ﬁrst febrile UTI:
baseline data from an AAP QUIIN VIP
Quality Improvement Initiative.
Pediatrics. 2018;141(1 MeetingAbstract):
431

400

WALLACE et al

Downloaded from www.aappublications.org/news by guest on September 25, 2021

Clinical Predictors for Abnormal Renal Bladder Ultrasound in Hospitalized
Young Children With a First Febrile Urinary Tract Infection
Sowdhamini S. Wallace, Kathryn Ban, Amrita Singh, Karen Lui, Imgard Carolina
Molleda, Robert C. Orth, Stacy B. Pierson, Lauren Hess, Huay-ying Lo, Chester J.
Koh, Lauren Walker, Hannah Neubauer and Charles G. Macias
Hospital Pediatrics 2020;10;392
DOI: 10.1542/hpeds.2019-0240 originally published online April 17, 2020;

Updated Information &
Services

including high resolution figures, can be found at:
http://hosppeds.aappublications.org/content/10/5/392

Supplementary Material

Supplementary material can be found at:
http://hosppeds.aappublications.org/content/suppl/2020/04/16/hpeds.
2019-0240.DCSupplemental

References

This article cites 30 articles, 7 of which you can access for free at:
http://hosppeds.aappublications.org/content/10/5/392#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Genitourinary Disorders
http://www.hosppeds.aappublications.org/cgi/collection/genitourinar
y_disorders_sub
Infectious Disease
http://www.hosppeds.aappublications.org/cgi/collection/infectious_d
iseases_sub
Urology
http://www.hosppeds.aappublications.org/cgi/collection/urology_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.hosppeds.aappublications.org/site/misc/Permissions.xht
ml

Reprints

Information about ordering reprints can be found online:
http://www.hosppeds.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on September 25, 2021

Clinical Predictors for Abnormal Renal Bladder Ultrasound in Hospitalized
Young Children With a First Febrile Urinary Tract Infection
Sowdhamini S. Wallace, Kathryn Ban, Amrita Singh, Karen Lui, Imgard Carolina
Molleda, Robert C. Orth, Stacy B. Pierson, Lauren Hess, Huay-ying Lo, Chester J.
Koh, Lauren Walker, Hannah Neubauer and Charles G. Macias
Hospital Pediatrics 2020;10;392
DOI: 10.1542/hpeds.2019-0240 originally published online April 17, 2020;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://hosppeds.aappublications.org/content/10/5/392

Data Supplement at:
http://hosppeds.aappublications.org/content/suppl/2020/04/16/hpeds.2019-0240.DCSupplemental

Hospital Pediatrics is an official journal of the American Academy of Pediatrics. Hospital
Pediatrics is owned, published, and trademarked by the American Academy of Pediatrics, 345
Park Avenue, Itasca, Illinois, 60143. Copyright © 2020 by the American Academy of Pediatrics.
All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on September 25, 2021

