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Abstract

Objective—To determine the frequency that non-first-line antibiotics, safety-net antibiotic
prescriptions (SNAPS), and longer than recommended durations of antibiotics were prescribed for
children =2 years of age with acute otitis media and examine patient and system level factors that
contributed to these outcomes.

Study design—Children age =2 years with acute otitis media seen at Denver Health Medical
Center outpatient locations from January to December 2018 were included. The percentages of
patients who received first-line antibiotics, SNAPs, and recommended durations of antibiotics
were determined. Factors associated with non-first-line and longer than recommended antibiotic
durations were evaluated using multivariate logistic regression modeling.

Results—Of the 1025 visits evaluated, 98.0% were prescribed an antibiotic; only 4.5% of
antibiotics were SNAPs. Non-first-line antibiotics were prescribed to 18.8% of patients. Most
antibiotic durations (94.1%) were longer than the institution recommended 5 days and 54.3% were
>10 days. Private insurance was associated with non-first-line antibiotics (aOR, 1.89; 95% ClI, 1;
14-3.14, P=.01). Patients who were younger (2-5 years; aOR2.01; 95% Cl, 1.32-3.05; < .001)
or seen in emergency/urgent care sites (aOR, 1.73; 95% Cl, 1.26-2.38; £ < .001) were more likely
to receive =10 days of antibiotic compared with those in pediatric clinics.

Reprint requests: Holly M. Frost, MD, Department of Pediatrics, Denver Health Medical Center, 601 Broadway Ave, Denver, CO
80204. Holly.Frost@dhha.org.

Portions of this study were presented at the 10th Annual Pediatric Antimicrobial Stewardship Conference, 30-31, 2019, St. Louis,
Missouri.
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Conclusions—Antibiotic stewardship interventions that emphasize the duration of antibiotic
therapy as well as the use of SNAPs or observation may be higher yield than those focusing on
first-line therapy alone. Numerous system and patient level factors are associated with off-
guideline prescribing.

Antibiotics are the most commonly prescribed medications to children.! Unfortunately, the
overuse of antibiotics and the use of overly broad antibiotics have led to an alarming
increase in antimicrobial-resistant organisms.2 Additionally, overuse of antibiotics and the
use of overly broad antibiotics results in increased adverse drugs events,® dysbiosis of the
microbiome that places children at risk for future chronic diseases such as juvenile
idiopathic arthritis,* and inflammatory bowel disease,> higher risk for community-acquired
Clostridium difficile infections,® and increased costs.’

Acute otitis media (AOM) is the most commonly cited indication for antibiotics in children
accounting for 24% of all pediatric antibiotic prescriptions and 8.7 million prescriptions
annually.! By 3 years of age, 60% of children have had >1 episode of AOM and 24% have
had >3 episodes.8 Thus, understanding prescribing habits for AOM is critical to designing
effective strategies to improve overall pediatric antibiotic use.

For most children with AOM, antibiotics are of limited benefit. American Academy of
Pediatrics 2013 guidelines recommend using safety-net antibiotic prescriptions (SNAP; also
delayed antibiotic prescriptions) for children >6 months of age with mild to moderate
unilateral AOM. SNAPs have been shown to reduce antibiotic use while maintaining patient
satisfaction.19 Amoxicillin is recommended as first-line therapy for most children with
AOM with a duration of 10 days for patients <2 years of age, 7 days for patients 2-5 years of
age with mild to moderate infection, and 5-7 days for patients >5 years of age with mild to
moderate infection.11 A duration of 10 days is recommended for children with severe
infection (fever 2102.2°F, moderate to severe otalgia, or otalgia =48 hours). In contrast, the
2018 National Institute of Health and Care Excellence (UK) guidelines focus on
symptomatic care and recommend no antibiotic or a SNAP for the majority of children. If an
antibiotic is prescribed, amoxicillin with duration of 5-7 days is recommended.12

For many childhood infections, including community-acquired pneumonia, shorter courses
of antibiotics have been shown to be equally effective as longer courses.13:14 Similarly,
studies suggest that for most children with AOM treatment failure at >30 days does not
differ between those who receive 5 days of therapy and those who receive =7 days of
therapy.1® However, though prior studies have evaluated the rates of broad-spectrum
antibiotic use for AOM, the prescribing rates of SNAPs and duration of antibiotics
prescribed for AOM remain largely unknown.6-18 Prior pediatric antimicrobial stewardship
program interventions for AOM have focused predominately on reducing broad-spectrum
antibiotic use.1® A complementary strategy to decrease antibiotic exposure is to use the
shortest effective duration of antibiotics.2? Thus, we aimed to determine the frequency that
non-first-line antibiotics, SNAP prescriptions, and longer than recommended durations of
antibiotics were prescribed for children =2 years of age with AOM and examined patient and
system level factors that contributed to these outcomes.
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The study was completed at Denver Health (DH) Medical Center in Denver, Colorado. DH
is a university-affiliated, community-based health care system that includes 27 federally
qualified health care system clinics and serves as the safety-net health care system for the
region. In 2018, racial and ethnic demographics for all patients who presented to DH were
58% white, 26% black, and 15% other/unknown race; 47% of patients identified as
Hispanic.2! Among all DH patients, 16.0% were uninsured and 60.9% had Medicaid or
Children’s Health Insurance Program.2?

Children are seen in a variety of outpatient settings at DH, including a pediatric emergency
department, 2 urgent care centers, 10 community-based health centers, and 17 school-based
clinics. A formal antibiotic stewardship program has been in place since July 2008.23
Institution-specific clinical care guidelines for AOM that recommend the use of SNAPs and
a duration of antibiotics of 7 days for children 2-5 years of age and 5 days for children =6
years of age with nonrecurrent infection without tympanic membrane perforation have been
available online and in a mobile application since 2016.24 Current institutional guidelines
recommend 5 days of therapy for patients =2 years of age.

Patient Population

Patients age 2-18 years of age seen at DH clinics, emergency department, or urgent care
centers between January 1, 2018, and December 31, 2018, with an /nternational
Classification of Diseases, 10th edition, code for AOM were included (Table I; available at
www.jpeds.com). Patients with a competing bacterial diagnosis that may warrant an
antibiotic, such as a urinary tract infection or pneumonia, were excluded from the initial data
pull.18 Patients were also excluded if they had received an antibiotic within 30 days before
the visit or had a history of tympanostomy tubes because these patients were more likely to
have recurrent or chronic infections. Patients who were not prescribed any antibiotic were
excluded as first-line therapy and antibiotic duration could not be assessed for these patients;
patients who were prescribed SNAPs were included. Patients who received intramuscular
antibiotics or azithromycin were included in the analysis of first-line antibiotic prescriptions,
but excluded from the analysis of duration of antibiotic therapy.

Data Abstraction

Data were electronically and manually abstracted from the electronic health record (EHR;
Epic, Verona, Wisconsin). Electronically abstracted data included demographics, history of
sick visits and hospitalizations, diagnoses, antibiotics prescribed including dosage and
duration of therapy, visit location, and allergies. Manually abstracted data included smoke
exposure; history of tympanostomy tubes; SNAP data; patient signs and symptoms including
conjunctivitis, fever, and infection laterality; trial of over-the-counter medications; and
pneumococcal conjugate vaccine immunization status. Patients with tympanostomy tubes
identified on manual abstraction were excluded. Insufficient data were available to abstract
otalgia severity or tympanic membrane findings, including perforation.
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Statistical Analyses

Results

First, descriptive statistics demonstrating the percentage of non-first-line, longer than
recommended, and SNAPs were calculated along with 95% Wald Cls. The total number of
days of antibiotic exposure was calculated. Univariate and multivariate statistical analyses
were completed to determine patient and system level risk factors for non-first-line antibiotic
prescriptions; and longer than recommended antibiotic prescriptions. Amoxicillin was
considered first-line therapy; all other agents were classified as non-first-line therapy.
Because patients with recurrent or recently treated AOM were excluded from the study and
the prevalence of penicillin allergy and conjunctivitis were low alternative antibiotics were
not considered first-line, even though they may have been appropriate for a small subset of
patients. For comparative analyses, recommended duration of therapy was defined as <7
days and longer than recommended duration of therapy was defined as =10 days.1!

Patient- and system-level factors were compared across groups using X2 and Fisher exact
tests. Multivariable logistic regression models were developed using stepwise selection for
variables with £< .01 on univariate analyses. Race and ethnicity were included in regression
models, regardless of significance, because they have previously been shown to be
associated with differences in AOM treatment.22:26 Best subset regression was used to verify
the validity of the models. Results were summarized using aORs and Wald 95% Cls.
Significance was defined as a P value of <.05. Statistical analysis was completed using SAS
9.4 (SAS Institute, Cary, North Carolina).

The project was completed as a baseline assessment for an antimicrobial stewardship quality
improvement intervention and was reviewed by the Quality Improvement Committee of DH,
which is authorized by the Colorado Multiple Institutional Review Board at the University
of Colorado, Denver, and was determined not to be human subjects research.

Between January and December of 2018, there were 1025 visits for children ages 2-18 years
for AOM (Figure). After removing the visits that did not meet inclusion criteria, 926 were
included in the analysis of first-line vs non-first-line antibiotic prescribing. After further
excluding children who received azithromycin or an intramuscular antibiotic, the duration of
therapy analysis included 911 visits. Overall, 98% of children (1005 of 1025) who presented
with AOM were prescribed an antibiotic. Of those who met inclusion criteria, only 42
prescriptions (4.5%) were SNAPs.

Antibiotic Selection

Of 926 antibiotic prescriptions, 752 (81.2%) were for amoxicillin, the first-line antibiotic
(Table I1). Amoxicillin-clavulanate was the most common non-first-line antibiotic prescribed
(174, or 18.8% of non-first-line antibiotics; Table 11). Of patients prescribed amoxicillin-
clavulanate, 40 (23.0%) had conjunctivitis noted during their visit.

Bilateral infections, private insurance, >3 sick visits in the prior year, and penicillin allergy
were independently associated with non-first-line prescribing in the multivariate logistic
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regression model (Table I1). Patients who were age 2-5 years and female were more likely
to receive first-line antibiotics. Antibiotic choice did not vary by patient race or ethnicity.

Duration of Therapy

Of the 911 prescriptions included in the duration of therapy analysis, only 54 (5.9%)
received a duration of 5 days of antibiotic therapy (Table I1). In contrast, 362 (39.7%)
received 7 days, 493 (54.1%) received 10 days, and 2 received 14 days of antibiotics. No
patients received 8 or 9 days of antibiotic therapy. In total 7772 antibiotic exposure days
were prescribed. Younger age (2-5 years), female sex, bilateral infections, and evaluation at
an emergency department or urgent care were independent predictors of longer than
recommended antibiotic durations in the multivariate analysis (Table 1V). Fever was not
significantly associated with longer than recommended antibiotic durations (P = .45).
Patients who received SNAP prescriptions had failed a trial of over-the-counter analgesics,
or were Hispanic and were less likely to be prescribed longer than recommended antibiotic
courses.

Discussion

In this study of >900 children age =2 years presenting with AOM, 98% were prescribed an
antibiotic. Nearly 20% of the prescriptions were for non-first-line antibiotics. Most
prescriptions (94%) were for longer than the current institution recommended duration of
therapy and more than one-half (54%) were for =10 days of therapy. By logistic regression,
numerous factors including age, sex, and laterality were independently associated with non-
first-line antibiotic selection and longer than recommended durations of therapy.

To date, most institutional and national efforts to improve antibiotic prescribing for AOM
have focused on the use of first-line rather than broader spectrum antibiotics.1® In our
system, most patients (81%) received first-line antibiotics and, in contrast with other reports,
receipt of first-line antibiotics did not vary by clinical location.16:27.28 Amoxicillin-
clavulanate was the most commonly prescribed non-first-line antibiotic. In 23% of cases
where amoxicillin-clavulanate was prescribed, the patient had concurrent conjunctivitis, for
which use of amoxicillin-clavulanate is appropriate. Contrary to prior studies, we did not

detect a difference in first-line prescribing between patients of different races or ethnicities.
25,26

Despite current institutional guidelines recommending 5 days of antibiotics for children age
=2 years with AOM, nearly all patients (94%) received antibiotic durations of >5 days, most
patients (77%) received durations that exceeded prior institutional recommendations, and
more than one-half of patients (55%) were prescribed =10 days of therapy. In our patient
population, an antibiotic duration of 5 days, rather than =7 days, would have reduced days of
antibiotic exposure by 41.3% (from 7762 to 4555 days) and an antibiotic duration of <7
days, rather than =10 days, would have decreased days of antibiotic exposure by 19.2%
(from 7762 to 6269 days). Because AOM is the most common indication for antibiotics in
children, a decrease in the duration of antibiotics prescribed would have a profound impact
on overall antibiotic exposure for children. Thus, our leading priority for pediatric antibiotic
stewardship has become decreasing the duration of therapy for AOM.
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Numerous factors likely contribute to longer durations of antibiotics in our system.
Currently in our EHR, only single-click options for antibiotic durations of 7 and 10 days are
available and additional clicks are required to modify the antibiotic duration to 5 days.
Although prescribing guidelines are available online and via a mobile app, clinical decision
support is not directly available in the EHR. Finally, many providers continue to use 10 days
of therapy for respiratory infections, potentially from extrapolation of streptococcus
pharyngitis recommendations, lack of knowledge regarding current guidelines, or concern
for lack of follow-up.

Several factors were associated with prolonged antibiotic courses. Patients who were
younger and, thus, at greatest risk for disruption of the developing microbiome, were most
likely to receive longer than recommended antibiotic courses.2® Although we did not detect
differences in antibiotic duration by race, disparities in care were evident for different sexes
and ethnicities. Patients who were non-Hispanic were more likely to receive prolonged
antibiotic courses as well as females. Smith et al similarly found that in a Kentucky
Medicaid population females were more likely to be prescribed antibiotics, although the
reason for this disparity is unknown.30 We found that patients who were seen in the ED or
urgent care were more likely to receive excessively long antibiotic courses compared with
those seen in pediatric clinics. This finding parallels those from previous studies that have
demonstrated that children managed in emergency departments are less likely to receive
guideline-concordant treatment for common pediatric infections compared with those
evaluated in outpatient clinics.28 Given this finding, our antibiotic stewardship interventions
will target providers in all outpatient settings, including pediatric and nonpediatrics clinics
as well as urgent cares and the emergency department.

The use of observation or SNAPs was exceedingly low. Immediate antibiotics were
prescribed in 94% of cases. SNAPs and observation for AOM have shown to substantially
reduce antibiotic use in children from 93% in children who receive an immediate
prescription to 31%-45% for children who receive a SNAP and 14% in children who are
initially managed by observation.1931 However, given the challenges with distinguishing
immediate vs SNAP prescriptions the national clinical prescribing rate of SNAPs for AOM
are unknown.

Given that DH is a safety-net hospital and serves a predominantly high-risk Medicaid
population, providers likely have enhanced concern for treatment failure and loss to follow-
up, which could limit the use of observation and SNAPs. Transportation barriers and
pharmacy access during non-DH pharmacy hours also limit the ability of patients to fill
SNAPs or access care after failed observation if needed. Thus, although the use of SNAPs
and observation has the ability to substantially decrease antibiotic use in many settings,
broader systematic changes that also address social determinates of health are likely needed
to improve SNAP and observation rates at DH. For some patients in our population, SNAPs
or observation may simply not be practical or feasible. Additionally, challenges with EHR
ordering of antibiotics likely contribute to low use of SNAPs in our system. Currently in our
EHR, and we suspect in most EHR systems, antibiotic prescription orders do not have an
efficient mechanism to differentiate an immediate prescription from a SNAP. Thus,
providers must take additional time to send or print SNAPs. Changes to EHR systems to

J Pedliatr. Author manuscript; available in PMC 2021 May 01.
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simplify ordering of SNAPs are needed. Such changes would also permit monitoring of
SNAP prescribing rates to provide feedback to providers.

Our study has several strengths; the use of patient-level data permitted for an in-depth
analysis of prescribing patterns. Although DH is university affiliated, it is predominantly a
community-based integrated system and the patient population is likely similar to other
urban health care systems.32 DH has a comprehensive EHR and patients largely use DH as
their sole source of care, thus facilitating complete data capture. Additionally, we were able
to evaluate prescribing patterns across a variety of clinical locations and provider types.

There are several important limitations to this study. First, despite manual chart abstraction
we were unable to determine if patients diagnosed with AOM were diagnosed correctly or
decipher the severity of infection. Second, we could not determine if patients filled or took
antibiotics that were prescribed or for how long. This may have resulted in underreporting of
SNAP prescribing. Third, because DH has a long-standing antimicrobial stewardship
program and low comparative antibiotic use, the overuse of antibiotics for AOM
demonstrated in this study may be an underrepresentation of antibiotic use for AOM at other
institutions. The data presented here are from a single health care system and may not be
generalizable to all institutions. However, the use of longer than recommended durations of
antibiotics for other respiratory infections has been demonstrated on a national level,
indicating that this is likely a ubiquitous problem.33:34 Finally, because we wanted to
understand prescribing practices in the context of penicillin allergy and conjunctivitis and
the number of patients who would have been excluded from these criteria was small (51
patients), we did not exclude them from the analysis. Had we excluded these patients, and
the percent of patients who received first-line antibiotics would have been slightly higher
(85.4%).

Given the magnitude of antibiotics prescribed for AOM, a variety of strategies are likely
needed to reduce unnecessary antibiotic use. Although most antimicrobial stewardship
interventions for AOM have focused on improving first-line antibiotic use, our data suggest
that an emphasis on the duration of antibiotic therapy as well as the use of SNAPs or
observation may be higher yield targets. The considerable variability in prescribing patterns
between provider types presented here and in other studies suggests that antimicrobial
stewardship interventions targeting a broad range of provider types, rather than pediatricians
alone, are vital to improving overall antibiotic use for AOM in children.
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n=1025
Visits for children 2-18 years
old for AOM from Jan-Dec

Page 10

2018
n=99
Excluded:

23 No antibiotic prescribed
36 Antibiotics in preceding 30 days
41 Tympanostomy tubes

n=926

Included in first-line antibiotic
analysis

n=752
First-line antibiotic

n=174
Non-first-line antibiotic

n=15
Excluded:
3 Intramuscular antibiotic
12 Azithromycin
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Included in duration of therapy
analysis?

N

n=412 n=499
<7 Days 210 Days?®
Figure.

Visits and antibiotic prescribing for children 2-18 years old with AOM at DH Medical
Center; January to December 2018. 10ne patient had both tympanostomy tubes and received
antibiotics in the prior 30 days. 2Includes patients who received safety net antibiotic
prescriptions. 3No patients were prescribed 8 or 9 days of antibiotics.
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Table I.

International Classification of Disease, 10th edition, codes for AOM

H65.00-.07
H65.191-.199
H66.001-.009
H66.40-.43
H66.90-.93
H67.1-.3
H67.9
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Table Ill.

Page 13

Characteristics of children 2-18 years old with AOM who received first-line antibiotics compared with those
who received non-first-line antibiotics at DH Medical Center, January to December 2018

Characteristics First-line antibiotics (n = 752)  Non-first-line antibiotics (n = 174) P value®
Age (years) .03
2-5 443 (58.9) 94 (54.0)
6-10 214 (28.5) 44 (25.3)
>10 95 (12.6) 36 (20.7)
Female 376 (50.0) 74 (42.5) .08
Non-white/other race 245 (32.6) 53 (30.5) .59
Hispanic 549 (73.0) 127 (73.0) .99
Private insurance 66 (8.8) 27 (15.5) .008
Location .93
Pediatric clinic 345 (45.9) 79 (45.4)
Nonpediatric clinic 158 (21.0) 35(20.1)
Emergency/urgent care 249 (33.1) 60 (34.5)
SNAPs 35 (4.7) 7 (4.0) 72
Penicillin allergy 4 (0.5) 7 (4.0) .001
Received >1 dose PCV13 603 (80.2) 126 (72.4) .02
Received =2 doses any PCV 682 (73.7) 151 (86.8) 12
Smoke exposure 103 (13.7) 29 (16.7) 31
Hospitalized in prior year 23(3.1) 2(1.2) .20
23 Sick visits in prior year 277 (36.8) 69 (39.7) 49
Bilateral infection 146 (19.4) 47 (27.0) .03
Failed OTC medication trial 52 (6.9) 11 (6.3) .78
Fever” 348 (46.3) 73 (42.0) 30
Multivariate logistic model for first-line vs non-first-line antibiotics?
Final model
Age, years
2-5 0.55 (0.29-1.05) .05
6-10 0.52 (0.27-0.99) 07
>10 Referent
Female 0.70 (0.50-0.99) .04
Non-white/other race 0.94 (0.64-1.38) 77
Hispanic 1.03 (0.68-1.54) .90
Private insurance 1.89 (1.14-3.14) .01
Penicillin allergy 8.13(2.3-28.7) .001
Received =1 dose PCV13 1.09 (0.63-1.89) .76
Bilateral infection 1.56 (1.06-2.31) .02

OTC, over-the-counter; PCV, pneumococcal conjugate vaccine.

Values that are statistically significant are in bold.
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Values are number (%) or aOR (Wald 95% ClI).

*

Calculated using 2-sided XZ or Fisher exact test with significance defined as £ < .05.
fFever subjectively reported by parents or documented as 2100.4°F.

iFactors with £< .1 on univariate analysis were included in the logistic regression model along with race and ethnicity regardless of significance.
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Table IV.
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Characteristics of children 2-18 years old with AOM who received <7 days of antibiotics compared with those
who received =10 days at DH Medical Center, January-December 2018

Characteristics <7 Days of therapy (n =412) =10 Days of therapy (n =499) P value®
Age, years <.0001
2-5 208 (50.5) 324 (64.9)
6-10 130 (31.6) 124 (24.9)
>10 74 (18.0) 51 (10.2)
Female 187 (45.4) 256 (51.3) .08
Non-white/other race 129 (31.3) 164 (32.9) .62
Hispanic 310 (75.2) 351 (70.3) .10
Private insurance 35 (8.5) 56 (11.2) 17
Location <.01
Pediatric clinic 212 (51.5) 205 (41.1)
Nonpediatric clinic 87 (21.1) 104 (20.8)
Emergency/urgent care 113 (27.4) 190 (38.1)
First-line antibiotic 352 (85.4) 400 (80.2) .04
SNAPs 26 (6.3) 14 (2.8) 01
Penicillin allergy 3(0.7) 8(1.6) .36
Received =1 dose PCV13 317 (76.9) 403 (80.8) 16
Received =2 doses any PCV 369 (89.6) 450 (90.2) .76
Smoke exposure 54 (13.1) 75 (15.0) 41
Hospitalized in prior year 10 (2.4) 15 (3.0) .59
>3 Sick visits in prior year 280 (68.0) 293 (58.7) .02
Bilateral infection 69 (16.8) 122 (24.5) <.01
Failed OTC medication trial 37 (9.0) 23 (4.6) <.01
Fever” 182 (44.2) 233 (46.7) 45
Multivariate logistic model for <7 vs =10 days of therapyi
Final model
Age, years
25 2.01 (1.32-3.05) <.001
6-10 1.28 (0.82-2.02) .28
>10 Referent
Female 1.32 (1.01-1.74) .04
Non-white/other race 1.16 (0.86-1.58) .34
Hispanic 0.72 (0.52-1.00) .05
Location
Emergency/urgent Care 1.73 (1.26-2.38) <.001
Nonpediatric clinic 1.16 (0.81-1.67) 42
Pediatric clinic Referent
>3 Sick visits in prior year 1.35(1.01-1.80) .04
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Characteristics

<7 Days of therapy (n =412) =10 Days of therapy (n = 499)

*
P value

Non-first-line antibiotic
Safety net antibiotic
Failed OTC medication

Bilateral infection

1.44 (1.00-2.08)
0.48 (0.24-0.96)
0.56 (0.32-0.99)
1.69 (1.20-2.38)

.05
.04
.05
<.01

Values that are statistically significant are in bold.

Values are number (%) or aOR (Wald 95% ClI).

Calculated using 2-sided XZ or Fisher exact test with significance defined as £ < .05.

fFever subjectively reported by parents or documented as 2100.4°F.

iFactors with £< .1 on univariate analysis were included in the logistic regression model along with race and ethnicity regardless of significance.
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