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WHAT’S KNOWN ON THIS SUBJECGT: Urinary tract infections \
represent a significant source of exposure to antibiotics in the
pediatric population and often physicians must select the
antibiotic treatment empirically. No examination of ambulatory
antibiotic prescribing patterns in the United States for children
with urinary tract infections has been performed.

WHAT THIS STUDY ADDS: Ambulatory care physicians commonly
prescribe broad-spectrum antibiotics, especially third-generation
cephalosporins, for the treatment of pediatric urinary tract
infections. Given that narrower-spectrum alternatives are

frequently appropriate options for the treatment of these

infections, efforts are necessary to promote more judicious
antibiotic prescribing for pediatric urinary tract infections.

- /

OBJECTIVE: The goal of this study was to investigate patterns of ambula-
tory antibiotic use and to identify factors associated with broad-spectrum
antibiotic prescribing for pediatric urinary tract infections (UTls).

METHODS: We examined antibiotics prescribed for UTIs for children
aged younger than 18 years from 1998 to 2007 using the National
Ambulatory Medical Care Survey and National Hospital Ambulatory
Medical Care Survey. Amoxicillin-clavulanate, quinolones, macrolides,
and second- and third-generation cephalosporins were classified as
broad-spectrum antibiotics. We evaluated trends in broad-spectrum anti-
biotic prescribing patterns and performed multivariable logistic regres-
sion to identify factors associated with broad-spectrum antibiotic use.

RESULTS: Antibiotics were prescribed for 70% of pediatric UTI visits.
Trimethoprim-sulfamethoxazole was the most commonly prescribed
antibiotic (49% of visits). Broad-spectrum antibiotics were prescribed
one third of the time. There was no increase in overall use of broad-
spectrum antibiotics (P = .67); however, third-generation cephalospo-
rin use doubled from 12% to 25% (P = .02). Children younger than 2
years old (odds ratio: 6.4 [95% confidence interval: 2.2—18.7, compared
with children 13—17 years old]), females (odds ratio: 3.6 [95% confi-
dence interval: 1.6—8.51), and temperature =100.4°F (odds ratio: 2.9
[95% confidence interval: 1.0—8.6]) were independent predictors of broad-
spectrum antibiotic prescribing. Race, physician specialty, region, and in-
surance status were not associated with antibiotic selection.

CONCLUSIONS: Ambulatory care physicians commonly prescribe
broad-spectrum antibiotics for the treatment of pediatric UTIs, espe-
cially for febrile infants in whom complicated infections are more
likely. The doubling in use of third-generation cephalosporins suggests
that opportunities exist to promote more judicious antibiotic prescrib-
ing because most pediatric UTls are susceptible to narrower alterna-
tives. Pediatrics 2011;127:1027-1033

1027


pediatrics.aappublications.org/

Urinary tract infections (UTIs) affect
up to 3.5% of children in the United
States annually and represent a signif-
icant source of exposure to antibiotics
in the pediatric population.'? Fre-
quently, a clinician must prescribe an-
tibiotics empirically for UTls because
antibiotic administration is necessary
before the return of urine culture re-
sults. Various factors are involved in
antibiotic selection for outpatient
treatment of UTIs, including patient
age, allergies, cost, compliance and
dosing frequency, and resistance pat-
terns. The 1999 UTI practice parameter
published by the American Academy of
Pediatrics suggests a number of anti-
biotic options for the treatment of a
suspected UTIS

To our knowledge, no previous study
has examined ambulatory antibiotic
prescribing patterns in the United
States for children with UTls. Studies
in the adult literature have demon-
strated an increase in the use of
broad-spectrum antibiotics for UTls,*
raising concerns that unnecessary
broad-spectrum antibiotic use may
lead to the development of antibiotic
resistance through antibiotic selection
pressures.” The goals of the present
study were to determine trends in an-
tibiotic prescribing for pediatric UTIs
and to identify factors associated with
broad-spectrum antibiotic prescription.

METHODS

Study Design

We performed a retrospective obser-
vational study examining antibiotics
prescribed for pediatric outpatient vis-
its for UTIs from 1998 to 2007 in the
United States.

Data Sources

We analyzed data from the National Am-
bulatory Medical Care Survey (NAMCS)
and the National Hospital Ambulatory
Medical Care Survey (NHAMGS) from
1998 to 2007. We grouped years into 5
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study periods (1998—-1999, 2000—2001,
2002—-2003, 2004—-2005, and 2006-
2007) to add power to our analysis, as
recommended by the National Center
for Health Statistics.® The center ad-
ministers these surveys annually to
collect data on a nationally represen-
tative sample of outpatient visits to
nonfederally funded, office-based phy-
sicians (NAMCS), emergency depart-
ments (NHAMCS-ED), and hospital out-
patient departments (NHAMCS-OPD).
By means of multistage, clustered
probability sampling based on geo-
graphic location and provider spe-
cialty, various physicians throughout
the United States are selected to par-
ticipate in these surveys to generate
national estimates. Different physi-
cians and patients participate in each
survey year. Each selected physician is
randomly assigned a 1-week reporting
period in which predetermined data
from every patient visit during the
period are recorded for the survey.
National estimates are generated
through a multistage estimation pro-
cedure and patient visit weights.?®
Monthly resident population data ob-
tained from the US Census Bureau
were used to generate population-
based estimates.®

Visits for Urinary Tract Infections

NAMCS/NHAMGS collects data on up to
3 diagnoses related to the visit. The
study population included all visits by
patients younger than 18 years who
had an International Classification of
Diseases, Ninth Revision, code in any 1
of the 3 diagnosis fields consistent
with UTls (695.0, 595.9, 590.1x, 590.2,
590.8, 590.9, and 599). We included
those codes representative of acute
cystitis and pyelonephritis because
there is frequently overlap between
these diagnoses in children with fever
and UTI. As described previously, we
excluded a small number of visits in
which patients were diagnosed with
both a UTl and another infection for

which antibiotics are commonly pre-
scribed to ensure that UTl was the pri-
mary reason for the visit and any re-
sulting antibiotic prescriptions.®

Urinary Tract Infection Antibiotic
Visits

We defined “UTl antibiotic visits” as UTI
visits during which an antibiotic was
prescribed. The Multum Lexicon Plus
system was used to identify drug
classes and individual drugs® The
following antibiotic categories were
included: penicillin, cephalosporin,
macrolide, lincosamide, tetracycline,
quinolone, urinary anti-infective agent,
aminoglycoside, and trimethoprim-
sulfamethoxazole. Antibiotics within
the trimethoprim-sulfamethoxazole
category included trimethoprims and
sulfonamides prescribed alone and in
combination. The urinary anti-infective
group was composed of nitrofuran-
toins and methenamine mandelates.
For the purposes of this study, broad-
spectrum antibiotics were defined
as amoxicillin-clavulanate, quinolones,
macrolides, and second- and third-
generation cephalosporins. Mode of
antibiotic administration (oral versus
parenteral) was not recorded. There-
fore, the percentage of visits receiving
parenteral therapy was determined
based on identification of antibiotics
for which only a parenteral formula-
tion is available (eg, ceftriaxone).

Measurements

Age was evaluated as a categorical
variable with categories of younger
than 2 years, 2to 5 years, 6to 12 years,
and 13 to 17 years because the preva-
lence of UTlvaries by age inanonlinear
fashion.'®"2 Race was dichotomized
into white versus nonwhite and insur-
ance status was categorized into pri-
vate versus nonprivate because of
sample size limitations. Private insur-
ance included those with health main-
tenance organization and preferred
provider organization coverage. Non-



private insurance included govern-
ment forms of coverage (Medicare,
Medicaid, and other governmental
programs) plus self-pay, charity care,
and no charge. Geographic region was
recorded in the survey as Northeast,
Midwest, South, and West. Physician
specialty was divided into 3 categories:
pediatrics, family practice, and emer-
gency department/other. Major rea-
son for visit was classified as acute
problem, chronic problem, or other
(pre- or postsurgery, injury follow-up,
or nonillness care).

The clinical characteristics recorded
for each visit included: presence of fe-
ver (temperature =100.4°F) from 2003
102007 when such data were available,
whether a urinalysis was collected,
and whether hospital admission was
required.

Statistical Analysis

To account for the multistage probabil-
ity sampling frame, all analyses were
performed using survey design vari-
ables and appropriate survey com-
mands in Stata 11 statistical software
(Stata Corp, College Station, TX). De-
scriptive statistics were completed on
the general characteristics of UTl visits
and the type of antibiotic used at each
UTI antibiotic visit. To assess trends in
the population-adjusted rate of UTI di-
agnoses, we used a linear test for
trend across 2-year periods. Across
the same 2-year intervals, we exam-
ined trends in the prescription of
antibiotics and of broad-spectrum
antibiotics using logistic regression.
Because of sample size limitations,
use of individual antibiotic classes
was compared between the first and
last 3-year periods (1998—2000 vs
2005—-2007).

Unadjusted associations were tested
between predictor variables and the
outcome variable (broad-spectrum an-
tibiotic prescription) using the x? test.
Multivariable logistic regression was
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performed to identify factors associ-
ated with broad-spectrum antibiotic
prescription. Covariates with P<< .2 on
univariate analysis were included in
the final model. All analyses were
2-sided, and P < .05 was considered
statistically significant. All estimates
were notated that had relative SEs
>30% or that were based on <30 ob-
servations. This research was ap-
proved by the Committee on Human
Research of the University of Califor-
nia, San Francisco.

RESULTS

Visit Characteristics

There were an estimated 16 million
(95% confidence interval [Cl]: 1418
million) visits for UTls in children aged
younger than 18 years in the United
States from 1998 to 2007 based on
1828 visits captured by NAMCGCS/
NHAMCGS. The number of UTl visits aver-
aged ~1.5 to 1.75 million annually,
with no change overtime (P=.71).The
majority of visits were by female pa-
tients with an acute problem (Table 1).
Less than 1% of the total visits for pe-
diatric UTls required hospital admis-
sion. Temperature =100.4°F was re-
corded in 11% of patients. Urinalysis
was obtained in 72% of UTI visits.

Antibiotic Prescription Trends

Antibiotics were prescribed for 70% of
pediatric UTI visits (ie, UTI antibiotic
visits) during the observation period,
with no change inthe percentage of UTI
antibiotic visits over time (P = .88) (Ta-
ble 2). Parenteral therapy was used in
10.6% of UTI antibiotic visits, with no
time trend observed. Third-generation
cephalosporins constituted the major-
ity of parenterally administered antibi-
otics (77%) and, among these, ceftriax-
one was selected in 95% of the visits.
Trimethoprin-sulfamethoxazole  was
prescribed in 49% of UTI antibiotic vis-
its and was the single most commonly
prescribed antibiotic throughout the
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TABLE 1 Demographic Characteristics of
Visits for Pediatric UTIs

Characteristic Percentage
of UTI Visits
Overall (N = 18282)
Age,y
<2 15
2-5 27
6-12 33
13-17 25
Gender
Female 82
Male 18
Race
White 79
Nonwhite 21
Physician specialty
Pediatrics 43
Family practice 21
Emergency department/other 36
Region
Northeast 18
Midwest 23
South 42
West 17
Insurance type (n = 1748)
Private 58
Medicare/Medicaid/SCHIP 33
Self-pay/other 9
Major reason for visit (n = 745)
Acute/new problem 78
Chronic problem 16
Other 6
SCHIP indicates State Children’s Health Insurance
Program.

a Atotal of 1828 sample visits correspond to an estimated
16 million visits in the United States.

study period. First-generation cephalo-
sporins and urinary anti-infective
agents comprised <5% and 8% of an-
tibiotics prescribed for UTIs, respec-
tively. In 32% of UTI antibiotic visits, a
broad-spectrum antibiotic was pre-
scribed, and there was no change in
the percentage of broad-spectrum anti-
biotics prescribed (P = .67) over time.
Amoxicillin-clavulanate use ranged be-
tween 4% and 9% of UTI visits, with no
significant change in trend over time.
However, third-generation cephalospo-
rin use doubled from 12% in 19982000
10 25% in 2005—2007 (P = .02).

Predictors of Broad-Spectrum
Antibiotic Use

In bivariate analysis, children aged
younger than 2 years were more likely
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TABLE 2 Antibiotics Prescribed for Pediatric UTI Visits?

Antibiotic Prescribed

Percentage of Pediatric UTI Visits Receiving Antibiotic

All Years 1998-2000 2005-2007

Trimethoprin-sulfamethoxazole 49 52 47
Amoxicillin/ampicillin 9 1 B
Urinary anti-infective agents® 8 7 10

Nitrofurantoin® 8 7 9
Amoxicillin-clavulanate 6 9
First-generation cephalosporins® 5 2 7
Second-generation cephalosporins® 3 6 1
Third-generation cephalosporinsd 17 12 25

Oral® 9 4 15

Parenteral 8 8 10
Quinolones® 5 5 4
Othere 3 1 7
Broad-spectrum antibiotics® 32 32 35

aBecause >1 antibiotic was prescribed in a few cases, classes will sum to >100%.
bThe estimate for one 3-year period (the smaller percentage) relies on <30 observations, and the relative SE is >30%.
°The estimate for each 3-year period relies on <30 observations, and the relative SE is >30%.
dThird-generation cephalosporin use increased from 12% to 25% (P < .02).

¢ Broad-spectrum antibiotics include amoxicillin-clavulanate, quinolones, macrolides, and second- and third-generation

cephalosporins.

to receive broad-spectrum antibiotics
(52% of the time) than children aged
13 to 17 years (23%) (P = .01) (Table
3). Children with fever and children ad-
mitted to the hospital were also more
likely to receive broad-spectrum anti-
biotics compared with those without
fever and those not admitted to the
hospital, respectively (P =.01).In mul-
tivariable analysis for all years of the
study period, children aged younger
than 2 years (odds ratio: 3.7 [95% Cl:
1.7-7.7] compared with children aged
13-17 years) had increased odds of
being prescribed broad-spectrum
antibiotics. On subanalysis of the
years for which data on temperature
were available (2003-2007), children
younger than 2 years (odds ratio: 6.4
[95% Cl: 2.2—18.7] compared with chil-
drenaged 13—17 years), females (odds
ratio: 3.6 [95% Cl: 1.6—8.51), and having
a temperature =100.4°F recorded
during the visit (odds ratio: 2.9 [95% Cl:
1.0—8.61) were independent predic-
tors of broad-spectrum antibiotic pre-
scribing. Race, physician specialty, re-
gion, and insurance status were not
associated with broad-spectrum anti-
biotic selection. Similar trends were
observed with third-generation cepha-
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losporin prescription; however, there
were insufficient data to perform mul-
tivariate analysis.

DISCUSSION

Summary of Findings

To our knowledge, this is the first study
to describe ambulatory prescribing
patterns and factors associated with
broad-spectrum antibiotic prescrip-
tion for pediatric UTls on a national
level. Not only did we find that broad-
spectrum antibiotics were prescribed
in a significant percentage of children
receiving antibiotics for UTI, we also
identified a substantial increase in the
use of third-generation cephalosporins.

TABLE 3 Factors Associated with Prescribing Broad-Spectrum Antibiotics for Pediatric UTls

Factor Broad-Spectrum P Adjusted Odds Ratio  Adjusted 0dds Ratio?
Prescribing Rate (95% Cl), (95% Cl),
1998-2007 2003—-2007

Age,y .01

<2 0.52 3.7 (1.7-1.7) 6.4 (2.2-18.7)°

2-5 0.36 1.7 (0.9-3.3)° 1.6 (0.5-4.5)°

6-12 0.27 1.2 (6-2.6)° 1.4 (0.5-3.7)°

13-17 0.23 Reference Reference
Gender 19

Female 0.33 2.0 (0.8-4.9)° 3.6 (1.6-8.5)°

Male 0.23 Reference Reference
Race .36

White 0.33 — —

Nonwhite 0.27 — —
Physician specialty a7

Pediatrics 0.40 Reference Reference

Family practice 0.26 0.6 (0.3-1.4)® 0.3 (0.1-1.1)

Emergency department/other 0.30 0.7 (0.4-1.1) 0.5(0.2-1.4)b
Region .76

Northeast 0.33 — —

Midwest 0.27 — —

South 0.35 — —

West 0.29 — —
Insurance A1

Private 0.30 — —

Nonprivate 0.35 — —
Major reason for visit 40

Acute/new problem 0.33 — —

Chronic problembe 0.27 — —

Otherb-e 0.11 — —
Temperature .01

<100.4°F 0.57 — Reference

=100.4°F 0.31 — 29 (1.0-8.6)°
Admission to hospital .01

No 0.32 — —

Yes® 0.72 — —

a Subanalysis from 2003 to 2007 when temperature was available as a data point.

b Relative SE >30%.

¢ Fewer than 30 observations and therefore not included in multivariable analysis.



When considered in the context of na-
tional patterns of antibiotic resis-
tance, our findings suggest that there
may be a mismatch between empiric
prescribing and resistance patterns.
The 1999 UTI practice parameter
recommends numerous antibiotic
options, including sulfonamide combi-
nations, amoxicillin, ampicillin, genta-
micin, tobramycin, ticarcillin, and first-,
second-, and third-generation cephalo-
sporins, for the empiric treatment of
UTls.® Ultimately, it is the treating physi-
cian who is charged with determining
the appropriate antibiotic regimen. The
specific clinical and microbiologic condi-
tions that might favor the selection of 1
antibiotic class versus another vary
based on factors that are simultane-
ously unique to the individual (eg, age,
tolerance, compliance) and dependent
on the external environment (eg, local
resistance patterns, formulary availabil-
ity). Empiric treatment is also based on
what will typically be the cause of the UTI;
~80% to 90% of the time the causative
organism is Escherichia coli, even in the
setting of recurrent UTL.'>-'8 A study of
national uropathogen resistance rates
among pediatric UTls found that £ coli
isolates, on average, were resistant to
first-generation cephalosporins <<3.5%
of the time in female patients and 6.5%
of the time in male patients.” It is
therefore surprising that we found
that first-generation cephalosporins
were only prescribed in 5% of vis-
its. Conversely, we found that
trimethoprim-sulfamethoxazole was
prescribed consistently throughout
the observation period for ~50% of UTI
antibiotic visits, despite publication of
numerous studies demonstrating that
resistance rates to this antibiotic
range from 20% to 40%.'417-19

Broad-spectrum antibiotics were ad-
ministered in approximately one third
of UTI antibiotic visits. Whether this is
an example of overprescribing of
broad-spectrum antibiotics in the em-

PEDIATRICS Volume 127, Number 6, June 2011

piric treatment of UTl is difficult to es-
tablish. Specific clinical information
that is invaluable in the decision-
making process for determining ap-
propriate empiric UTI treatment is not
captured in NAMCS/NHAMCS. This in-
formation includes factors that have
been shown to be associated with an
increased risk of UTI by a resistant or-
ganism, such as the current use of pro-
phylactic antibiotics, previous antibi-
otic therapy, hospitalization within the
previous year, or genitourinary tract
abnormality.’$16172021 Qur findings re-
veal that although broad-spectrum an-
tibiotics were administered in a signif-
icant percentage of UTl antibiotic
visits, this number did not increase
over time. Furthermore, we observed
no differences in antibiotic prescrib-
ing based on nonclinical factors such
as physician specialty or insurance
type. Rather, broad-spectrum antibi-
otic prescription was associated with
younger age, female gender, and those
with fever. Although broad-spectrum
antibiotics may nonetheless be over-
prescribed for many of these patients,
these groups do represent pediatric
subpopulations at higher risk for UTls
and associated complications, which
may justify more aggressive empiric
antibiotic selection.102

An additional complexity of antibiotic
treatment selection in pediatric UTl is
its customary management in the out-
patient setting. The 1999 UTI practice
parameter supports outpatient man-
agement of febrile UTIs in children who
are nontoxic, not dehydrated, and can
tolerate oral intake.® By prescribing
broad-spectrum antibiotics, there is
an increased likelihood that the caus-
ative organism will be susceptible to
the prescribed therapy and, therefore,
less risk that inadequate treatment
will be administered even when
follow-up cannot be guaranteed. A ran-
domized controlled trial published by
Hoberman et al?® in 1999 likely addi-
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tionally popularized the use of a spe-
cific class of broad-spectrum antibiot-
ics, third-generation cephalosporins,
by reporting that oral cefixime was
safe and effective for the outpatient
treatment of pyelonephritis. However,
a more recent meta-analysis evaluat-
ing different antibiotic regimens for
acute pyelonephritis in children found
that there was no difference in the ef-
fectiveness of oral therapy with third-
generation cephalosporins compared
with amoxicillin-clavulanate.2 More-
over, third-generation cephalosporins
may no longer offer the assured anti-
microbial coverage for patients with
complicated UTIs that they once did.
Lutter et al?' reported that children re-
ceiving antimicrobial prophylaxis with
breakthrough UTls were often infected
with an organism resistant to third-
generation cephalosporins, despite the
factthat none ofthese children were tak-
ing cephalosporin prophylaxis.

Another potential reason for the ob-
served increase in use of third-
generation cephalosporins is due to
the selection of a specific antibiotic,
ceftriaxone, which is popular because
of its availability as a parenteral for-
mulation with once-daily dosing. A
1-time dose of parenteral antibiotic
therapy in combination with oral treat-
ment is a commonly used strategy for
the outpatient management of pyelo-
nephritis.2* This regimen assures com-
plete medication delivery in the clinic
or emergency department, reducing
concerns regarding compliance or tol-
erance in patients who can become
very ill and potentially unable to retain
oral medications as outpatients. It also
ensures 24 hours of additional time to
safely monitor the evolution of the ill-
ness inthe outpatient setting with little
risk that insufficient therapy has been
administered. Unfortunately, due to
sample size limitations, we were un-
able to determine if oral, parenteral,
or a combination of both formulations

1031


pediatrics.aappublications.org/

was responsible for the overall in-
crease in prescription of third-
generation cephalosporins.

Limitations

Our results should be interpreted in
the context of important limitations. As
mentioned, the data sets do not con-
tain certain clinical information that
would enable assessment of the ap-
propriateness of the antibiotic choice.
For example, we were unable to take
into account important factors such as
the presence of genitourinary anoma-
lies, history of UTI, bacterial etiologies
of UTI, prior antibiotic exposure, recent
hospitalizations, medication intoler-
ance, or local antibiotic resistance
patterns. All of these variables clearly
influence a provider’s prescribing de-
cisions and would permit more reli-
able judgment as to how well suited
the selected antibiotic was for the
given clinical scenario. In addition,
mode of drug administration was not
recorded. However, we were mainly in-
terested in determining the mode of
delivery for third-generation cephalo-
sporins, and each specific antibiotic
within this class typically has a single
formulation (eg, ceftriaxone is only
available by parenteral administra-
tion). Finally, the inability to discern
whether a visit was a follow-up or ini-
tial visit may explain why 30% of pa-
tients at UTI visits did not receive an
antibiotic. Depending onthe timing of a
follow-up visit for UTI, additional ther-
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ADVANCGES IN TISSUE-ENGINEERING: Autologous tissue-engineering, the biome-
chanical science of growing tissues and organs from a patient’s own cells, is
viewed as having the potential to transform the field of transplant medicine and
offer new treatment options for a variety of conditions. Researchers now report
that the practice can successfully treat urethral injury in young boys (Raya-
Rivera et al. Lancet. March 8 2011). Five boys aged 10 to 14 with urethral
damage secondary to trauma underwent urethroplasty with grafts made from
autologous cells grown onto a tubular scaffold. Two of the patients required
subsequent surgical treatment for complications (transurethral incision for
stenosis and pubovesical sling for pelvic disruption), but all five eventually
achieved complete urinary continence (follow-up lasted 36 to 71 months). Al-
though further studies and procedural modifications are in order, this achieve-
ment will hopefully lay a critical foundation for future tissue grafting experi-
ments. A future in which patients would no longer need immunosuppressive
medications following transplantation would be a landmark success indeed.

Noted by Patrick Huffer, MS-IV
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