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Background. Despite increasing recognition of the importance of optimal antibiotic selection and expansion of antimicrobial
stewardship activities to ambulatory settings, few studies have examined the frequency of parenteral antibiotic use among ambula-
tory children. We assessed the prevalence and patterns of parenteral antibiotic administration among ambulatory children in pedi-
atric emergency departments (EDs).

Methods. 'We conducted a cross-sectional assessment of parenteral antibiotic use among ambulatory children aged 0-18 years
in 49 US children’s hospital EDs in 2018. We assessed the prevalence rates of parenteral antibiotic use and stratified these by patient-,
clinic-, and hospital-level characteristics. We also assessed the prevalence of use of specific antibiotics by age and diagnosis cate-
gory. Among encounters associated with an infection diagnosis, we identified factors associated with parenteral antibiotic use using
multivariable logistic regression.

Results. Among 3452011 ambulatory ED encounters in 2018, parenteral antibiotics were administered in 62 648 (1.8%). The
highest proportion of parenteral antibiotic use occurred in the 15-18-year age group (3.3%) and among encounters in children with
complex chronic conditions (8.9%) and with primary diagnoses of neoplasms (36%). Ceftriaxone was the most commonly adminis-
tered parenteral antibiotic (61%). In multivariable analysis, several factors including age <2 months, White race, private insurance,
complex chronic conditions, digestive and genitourinary system diseases, and encounters attributed to emergency medicine pro-

viders were significantly associated with higher odds of parenteral antibiotic use.

Conclusions.

This study demonstrates substantial variability in the frequency of parenteral antibiotic administration by age and

diagnosis in the ambulatory ED setting and highlights potential opportunities to target stewardship activities.
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Infections are among the most common indications for emer-
gency department (ED) visits in children, and antibiotics are
commonly prescribed among the >28 million annual pediatric
ED visits in the United States [1-4]. Respiratory illnesses ac-
count for more than two-thirds of antibiotic prescriptions in
ambulatory children [5]. Yet, many of these prescriptions are
not in accordance with national guidelines for management of
these conditions [2]. Antibiotic use in health care settings is
among the primary drivers of antibiotic resistance and is also
associated with adverse drug events, such as allergic reactions,
Clostridioides difficile infections, and increased health care
costs [6, 7].
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A study of US pediatric ED visits found that between 2009
and 2014, antibiotics were prescribed in 23% of encounters, and
32% of prescriptions were for conditions for which antibiotics
are generally not indicated [3]. Compared with dedicated pe-
diatric EDs, pediatric visits in nonpediatric EDs had a lower
frequency of guideline-concordant prescribing for certain res-
piratory conditions [3]. These assessments largely focused
on overall antibiotic prescribing, but few studies have distin-
guished the use of oral vs parenteral antibiotics. In contrast to
oral antibiotics, guideline-concordant indications for use of
parenteral (intravenous [IV] or intramuscular [IM]) antibiotic
therapy in common infectious conditions among children and
adolescents who do not require hospitalization are very few ex-
cept in certain circumstances, such as use of IM penicillin G for
group A streptococcal pharyngitis [8], use of IM ceftriaxone in
children with otitis media who have failed oral antibiotics or
experience recurrence of otitis media within 2 weeks of a prior
treatment course [9], and use of ceftriaxone for uncomplicated
gonococcal infections [10]. Third-generation cephalosporins,
such as ceftriaxone, are broad-spectrum antibiotics and are fre-
quently prescribed in pediatrics despite a lack of first-line indi-
cations [11]. Preserving the use of such agents to treat serious
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and resistant bacterial infections [12] and reducing unnecessary
broad-spectrum and parenteral antibiotic use are key to opti-
mizing treatment of infectious conditions and to minimizing
the risk of antibiotic-associated adverse events and develop-
ment of antibiotic resistance.

Despite increasing recognition of the importance of optimal
antibiotic selection and expansion of antimicrobial stewardship
activities to ambulatory settings, few studies have examined the
prevalence of parenteral antibiotic use among children who
are treated in the ED. Using data from a large administrative
database of freestanding childrens hospitals, we assessed the
prevalence and patterns of parenteral antibiotic administration
among children discharged from the ED and examined factors
associated with this practice.

METHODS

Study Design and Data Source

We conducted an observational cross-sectional study of par-
enteral antibiotic use among children who were evaluated in
and discharged from EDs in hospitals that participate in the
Children’s Hospital Associations Pediatric Health Information
System (PHIS). We assessed the prevalence of parenteral anti-
biotic use, and we assessed factors associated with parenteral
antibiotic use, including patient demographic and clinical char-
acteristics, primary diagnosis category associated with each en-
counter, and encounter- and hospital-level characteristics.

Data for this study were obtained from PHIS, an adminis-
trative database that contains detailed ED, inpatient, ambula-
tory surgery, and observation encounter-level data from over
50 not-for-profit, tertiary care freestanding childrens hospitals
in the urban United States. PHIS data contain detailed informa-
tion for each ED encounter, including patient demographic
information, associated diagnoses, medications administered,
procedures, and laboratory tests. Data are maintained by the
Children’s Hospital Association, participating hospitals, and
Truven Health Analytics. Children are assigned unique study
identifiers to allow for linking across encounters within a hos-
pital while preserving the privacy of their personal information.

Ethics and Patient Consent Statement

This study of existing, deidentified patient data does not include
factors necessitating patient consent and was considered ex-
empt from further review by the Vanderbilt University Medical
Center Institutional Review Board.

Study Population

We included any ED encounter in a PHIS-participating hos-
pital from January 1, 2018, to December 31, 2018, in children
0 to 18 years of age who were discharged directly from the ED
without being admitted under “observation” status. We iden-
tified ED encounters using the PHIS Clinical Transaction
Classification (CTC) system, a proprietary system used by the

PHIS to categorize hospital billing for clinical, pharmacy, and
other services. We considered an ambulatory ED encounter to
represent any encounter associated with an ED CTC code cor-
responding to any level of service (Supplementary Table 1) and
associated with a discharge status of “emergency department,’
the PHIS designation indicating that the patient was evaluated
and discharged from the ED. We also identified the specialty
training of the attending provider of record for the encounter,
as available.

Sociodemographic Information From Children

We characterized sociodemographic information of children
associated with each ED encounter, including age, gender, race,
insurance payor status, and the presence of at least 1 complex
chronic condition (CCC), defined using a validated method for
characterizing coded diagnosis-based pediatric complex chronic
conditions, represented by 11 categories: neuromuscular, cardio-
vascular, respiratory, renal, gastrointestinal, hematologic or im-
munologic, metabolic, malignancy, genetic or other congenital
defect conditions, premature, and neonatal [13].

Diagnostic Categories

For each encounter, we identified the primary diagnosis using
International Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM), diagnosis codes, and these were clas-
sified into 1 of 21 system-based groups (Supplementary Table 2).
We further subclassified encounters associated with ICD-10-CM
codes that are considered consistent with “infection diagnoses” as
the primary diagnosis using Agency for Healthcare Research and
Quality pediatric quality indicators [14, 15].

Parenteral Antibiotic Use

We defined parenteral antibiotic administration as the admin-
istration of an IV or IM antibiotic during an individual ED
encounter using billing codes associated with each individual
antibiotic. A comprehensive list of parenteral antibiotics in-
cluded is shown in Supplementary Table 3.

Hospital-Level Assessments

Hospital-level variables of interest included geographic/
census region of hospital (Northeast, South, Midwest, West),
type of hospital (academic/teaching hospital or community/
nonteaching hospital), insurance payor mix, ED patient volume
(number of visits), and case mix index (CMI), a widely used
surrogate for severity of illness and risk of mortality that repre-
sents the clinical complexity of the patient population of each
individual hospital [16]. In PHIS, CMI is based on All Patients
Redefined Diagnosis-Related Groups (APR-DRG) categories
and severity levels and is calculated as the ratio of the average
charge for encounters in a particular APR-DRG category/se-
verity level combination to the average charge for all encounters
included in the PHIS database.
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Statistical Analysis

We reported the overall number of eligible ED encounters and
the number and proportion of these encounters that resulted in
administration of a parenteral antibiotic and stratified this in-
formation according to sociodemographic characteristics of pa-
tients including age, gender, race, insurance payor, and calendar
month. We also reported the prevalence of parenteral antibiotic
use overall for each clinical diagnosis group and ranked the most
commonly administered parenteral antibiotics for each group.
Among encounters associated with an ICD-10-CM “infection
diagnosis” code [15], we identified factors associated with par-
enteral antibiotic use using multivariable logistic regression and
accounted for clustering within hospitals using a random in-
tercept for each hospital. Potential associated factors included
age, gender, race, insurance payor, presence of a CCC, provider
subspecialty, calendar month, diagnostic category, and transfer
status from an outside facility. For each hospital, we reported
CMI and calculated the number of ambulatory ED visits and pro-
portion of ED visits with parenteral antibiotic use. At the hospital
level, we examined the association of hospital CMI and ambula-
tory ED parenteral antibiotic use using Pearson’s correlation.

RESULTS

Overview of Parenteral Antibiotic Use in the Study Population

Among 49 hospitals contributing complete data for the study
period, 3452011 ambulatory ED encounters occurred among
2417609 individual children (Table 1). In 3448 506 (99.9%) of
these encounters, patients were evaluated in the ED and dis-
charged on the same calendar day. Parenteral antibiotics were
administered in 62648 (1.8%) ambulatory ED encounters. In
the 62648 encounters associated with parenteral antibiotics,
66056 parenteral antibiotic administrations occurred. The
proportion of ED encounters associated with parenteral anti-
biotic use was highest among adolescents (3.3% 15-18-year age
group). The proportion of encounters associated with paren-
teral antibiotic use was similar across racial categories, although
it was lowest (1.6%) among Hispanic children. Among children
with a CCC, the proportion of ambulatory ED encounters asso-
ciated with parenteral antibiotic use was 8.9%. The proportion
of encounters associated with parenteral antibiotics was higher
among emergency medicine providers (2.0%), which included
subspecialists in pediatric emergency medicine, compared with
pediatrics (1.5%) or “other” (1.4%) types of providers. Among
630 480 encounters associated with an infection diagnosis code,
33156 (5.3%) were associated with parenteral antibiotic use.

Preferred Parenteral Antibiotics

Overall, the most common parenteral antibiotic administered
was ceftriaxone (40508/66 056 parenteral antibiotic adminis-
trations; 61.3%), followed by penicillin G (7869/66 056; 11.2%),
clindamycin (5019/66056; 7.6%), cefazolin (3726/66056;
5.6%), ampicillin/sulbactam (2245/66056; 3.4%), cefepime

Table 1. Sociodemographic Characteristics of Children and Encounter
Characteristics for Ambulatory ED Visits in Which Parenteral Antibiotics
Were Administered From 49 Children’s Hospital EDs Included in the PHIS

Network
Ambulatory ED Parenteral
Encounters, Antibiotics,
No. (Column %) No. (Row %)
ED visits, No. 3452 011 62 648 (1.8)
Individual children, No. 2 417 609 55919 (2.3)
Age group
<2 mo 126 059 (3.7) 2040 (1.6)
3mo—<1y 386 321 (11.2) 5877 (1.5)
-4y 1219319 (35.3) 19 844 (1.6)
5-9y 790 537 (22.9) 14 511 (1.8)
0-14y 583 464 (16.9) 8969 (1.5)
15-18y 346 311 (10) 11 407 (3.3)
Gender
Female 1649 110 (47.8) 33120 (2)
Male 1802 901 (52.2) 29528 (1.6)
Race
White 1207 804 (35) 23141 (1.9)
Black 882 901 (25.6) 16 590 (1.9)
Hispanic 975 640 (28.3) 15 960 (1.6)
Asian 90 522 (2.6) 1653 (1.7)
Other 295 144 (8.5) 5404 (1.8)
Complex chronic condition 128198 (3.7) 11 455 (8.9)
Insurance payor
Government/public 2126 999 (61.6) 35525 (1.7)
Private 961 364 (27.8) 19 286 (2)
Other 363 648 (10.5) 7837 (2.2)
Provider subspecialty
Emergency medicine® 2 146 843 (72.9) 45019 (2.1)
Pediatrics 388162 (13.2) 7094 (1.8)
Unknown 151 966 (5.2) 2631 (1.7)
Other 256 319 (8.7) 4214 (1.6)
Primary infection diagnosis 630 480 (18.3) 33 156 (5.3)
Discharge month
January 347 635 (10.1) 5969 (1.7)
February 332 368 (9.6) 5739 (1.7)
March 299 767 (8.7) 5596 (1.9)
April 279 694 (8.1) 5449 (1.9)
May 289 993 (8.4) 5492 (1.9)
June 241190 (7) 4667 (1.9)
July 235 832 (6.8) 4682 (2)
August 248 260 (72) 4299 (1.7)
September 275 763 (8) 4663 (1.7)
October 289 341 (8.4) 4995 (1.7)
November 286 982 (8.3) 5043 (1.8)
December 325186 (9.4) 6054 (1.9)

Abbreviations: ED, emergency department; PHIS, Pediatric Health Information System.

“Includes subspecialty-trained pediatric emergency medicine providers.

(1687/66056;  2.6%),
piperacillin/tazobactam

ampicillin

(620/66 056

(1108/66 0565
vancomycin

1.7%),

(618/66 056; 0.9%), and metronidazole (541/66 056; 0.8%).

Variation Across Clinical Conditions

The antibiotics most commonly administered for each clinical

condition listed as the primary diagnosis for each encounter
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are listed in Table 2, ranked by diagnostic categories with the ambulatory ED encounters associated with the “neoplasms”
highest proportion of encounters associated with parenteral or “diseases of blood/immunity” diagnostic codes were as-
antibiotic administration. According to clinical condition, sociated with the highest proportion of parenteral antibiotic

Table 2. Prevalence and Type of Parenteral Antibiotic Administration for Common Clinical Conditions Listed as the Primary Diagnosis Among Ambulatory
Children in Children’s Hospital EDs, Ranked From Highest to Lowest Proportion of Encounters Associated With Parenteral Antibiotic Administration

Encounters Receiving Top 2 Antibiotics Most
ED Encounters, Parenteral Antibiotics, Commonly Administered
Clinical Condition No. (% of Total) No. (Row %) (% Within Category)
Neoplasms 3252 (<0.1) 1172 (36.0)

Ceftriaxone (59.2)
Cefepime (17.1)

Diseases of blood/immunity 13083 (0.4) 3422 (26.2)

Ceftriaxone (87.2)

Cefepime (5.1)
Diseases of the genitourinary system 81616 (2.4) 8556 (10.5)

Ceftriaxone (89.9)

Cefazolin (4.6)
Pregnancy, childbirth, puerperium 2275 (0.07) 97 (4.3)

Ceftriaxone (82.5)

Azithromycin (2.9)
Diseases of the circulatory system 11292 (0.3) 342 (3.0)

Clindamycin (51.3)

Ceftriaxone (23.8)
Endocrine, nutritional, metabolic 20410 (0.6) 594 (2.9)

Ceftriaxone (70.1)

Penicillin G (14.0)
Diseases of ear/mastoid 204643 (5.9) 5251 (2.6)

Ceftriaxone (94.2)

Clindamycin (1.7)
Congenital/chromosomal 4767 (0.1) 114 (2.4)

Ceftriaxone (60.5)

Cefazolin (10.5)
Diseases of skin/subcutaneous tissue 142208 (4.1) 3163 (2.2)

Clindamycin (68.2)

Ceftriaxone (13.7)
Diseases of the respiratory system 769512 (22.3) 14587 (1.9)

Penicillin G (43.0)

Ceftriaxone (42.9)
Symptoms/signs not elsewhere classified 723773 (21.0) 11226 (1.6)

Ceftriaxone (77.4)

Cefepime (5.8)
Certain infectious and parasitic diseases 241012 (7.0) 2774 (1.2)

Ceftriaxone (74.8)

Penicillin G (13.4)
Factors influencing health status 83962 (2.4) 984 (1.2)

Ceftriaxone (85.0)

Cefazolin (3.3)
Diseases of the digestive system 191392 (5.5) 2162 (1.1)

Ceftriaxone (35.5)

Clindamycin (16.1)
Injury/poisoning 698079 (20.2) 6851 (1.0)

Cefazolin (40.7)

Ceftriaxone (27.8)
Certain perinatal conditions 25414 (0.7) 236 (0.9)

Ampicillin (40.2)

Ceftriaxone (16.9)
External causes of morbidity 132 (<0.1) 1(0.8)
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Table 2. Continued

ED Encounters,

Encounters Receiving
Parenteral Antibiotics,

Top 2 Antibiotics Most
Commonly Administered

Clinical Condition No. (% of Total) No. (Row %) (% Within Category)
Penicillin G (100)
Diseases of nervous system 38116 (1.1) 264 (0.7)
Ceftriaxone (64.1)
Vancomycin (8.2)
Diseases of eye/adnexa 59049 (1.7) 273 (0.5)
Ceftriaxone (46.6)
Clindamycin (26.2)
Mental, behavioral, neurodevelopmental 48450 (1.4) 204 (0.4)
Ceftriaxone (91.7)
Penicillin G (2.9)
Diseases of musculoskeletal/connective 89574 (2.6) 375 (0.4)

Ceftriaxone (45.5)
Clindamycin (23.7)

Abbreviation: ED, emergency department.

administration (1172/3252; 36.0%; and 3422/13083; 26.2%;
respectively), although these conditions combined comprised
only 16335 (0.47%) of the study ambulatory ED encounters
(Table 2, Figure 1). “Diseases of the genitourinary system,” com-
prising 81616 (2.4%) of the ambulatory ED encounters, were
associated with parenteral antibiotic use in 10.5% of encounters.
The remaining clinical conditions were associated with paren-
teral antibiotic use in 0.4%-4.3% of ambulatory ED encounters.
The diagnostic categories most frequently associated with par-
enteral antibiotic use and most commonly administered anti-
biotics among encounters associated with parenteral antibiotic
use stratified by age group are listed in Table 3.

Factors Associated With Parenteral Antibiotic Use Among Children With
Infection Diagnoses

In our multivariable regression analysis, among encounters
associated with an “infection diagnosis,” compared with age
15-18 years, age <2 months was associated with higher odds
(adjusted odds ratio [OR], 1.34; 95% CI, 1.23-1.46) of paren-
teral antibiotic administration, while the other age groups were
associated with lower odds of parenteral antibiotic administra-
tion (Figure 2). Females had similar odds of parenteral antibi-
otic administration (OR, 1.01; 95% CI, 0.98-1.03) compared
with males. Compared with children in the “White” race group
category, encounters among children from the Black (OR, 0.87;
95% CI, 0.84-0.90) and Hispanic (OR, 0.79; 95% CI, 0.76-0.81)
race groups were associated with lower odds of parenteral an-
tibiotic administration. Children with public insurance had
lower odds of receiving parenteral antibiotics (OR, 0.76; 95%
CI, 0.74-0.78) than those who were privately insured. The
presence of a CCC was associated with higher odds of paren-
teral antibiotic administration (OR, 3.11; 95% CI, 2.97-3.26).
Compared with emergency medicine providers, encounters as-
sociated with “pediatrics” or “other” specialty types were asso-
ciated with lower odds of parenteral antibiotic administration

(pediatrics: OR, 0.79; 95% CI, 0.76-0.82; other: OR, 0.59; 95%
CL 0.56-0.61). Compared with December (reference), encoun-
ters in April were associated with higher odds of parenteral
antibiotic administration (OR, 1.10; 95% CI, 1.04-1.16), while
other months were associated with similar or lower odds of par-
enteral antibiotic administration. While comprising only 5.5%
of all encounters and 1% of encounters associated with paren-
teral antibiotic use, in multivariable regression, “diseases of the
digestive system” was associated with increased odds of paren-
teral antibiotic use compared with the reference, “diseases of the
respiratory system.” The most common conditions associated
with parenteral antibiotic use within this category were unspec-
ified acute appendicitis (ICD-10-CM K3580, 21.8%), periapical
abscess (ICD-10-CM K047, 16.8%), noninfective gastroenteritis
and colitis, unspecified (ICD-10-CM K529, 11.2%), and con-
stipation, unspecified (ICD-10-CM, 9.8%). “Diseases of the
genitourinary system” was also significantly associated with
increased odds of parenteral antibiotic use compared with the
reference in multivariable analysis.

Hospital-Level Assessment

Forty-seven of 49 (96%) hospitals contributing data to this anal-
ysis were academic teaching hospitals. The prevalence rates of
parenteral antibiotic use among the 2 nonteaching hospitals
were 2.1% and 3.0% in 169 628 combined encounters. The pro-
portion of ambulatory ED encounters associated with parenteral
antibiotic use was higher in the South (29 164/1252707, 2.3%,
n = 19 hospitals) compared with the Midwest (14 829/1 092 666,
1.4, n = 14), Northeast (6361/337921, 1.9%, n = 6), and West
(12294/768717, 1.6%, n =10). Among hospitals, the prev-
alence of parenteral antibiotic use ranged from 0.6% to 4.5%.
There was no significant correlation between hospital median
CMI and the proportion of visits associated with parenteral
antibiotic use (Pearson correlation coefficient =.13, P = .38)
(Supplementary Figure 1).
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DISCUSSION
We found that parenteral antibiotics were administered in 1.8%
of the >3 million ambulatory ED encounters captured in 49

pediatric EDs associated with PHIS-participating freestanding
children’s hospitals in 2018. In multivariable analysis, several
factors were significantly associated with increased odds of
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color that is consistent between panels A and B. Abbreviation: ED, emergency department.
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Table 3. Diagnostic Categories Associated With the Highest Number of Parenteral Antibiotic Administrations and the Most Commonly Administered
Antibiotics Among Encounters Associated With Parenteral Antibiotic Administration, by Age Group, Among Ambulatory Children in US Pediatric Emergency

Departments
Top 3 Diagnostic Categories Associated With Most Parenteral Antibiotic Administrations
Age (No. of Encounters With Parenteral Antibiotic Administration/Total Encounters for Each Most Commonly Administered Antibiotics (No./
Group Category; %) No. of Encounters With Antibiotic Use; %)
<2 mo Symptoms/signs not elsewhere classified (820/36 151; 2.3) Ceftriaxone (1674/2040; 82.0)
Diseases of the genitourinary system (403/1662; 24.2) Ampicillin (290/2040; 14.2)
Diseases of the respiratory system (249/24727; 1.0) Ceftazidime (85/2040; 4.2)
3mo-1y Symptoms/signs not elsewhere classified (1364/86 749; 1.6) Ceftriaxone (56348/5877; 91.0)

Diseases of ear/mastoid (1183/35641; 3.3)

Diseases of the genitourinary system (1164/5983; 19.5)
-4y Diseases of the respiratory system (4898/311921; 1.6)
Symptoms/signs not elsewhere classified (3688/236 135; 1.6)
Diseases of ear/mastoid (3245/104 124; 3.1)
Diseases of the respiratory system (4967/181810; 2.7)
Symptoms/signs not elsewhere classified (2333/157 397; 1.5)
Injury/poisoning (1564/179041; 0.9)
Diseases of the respiratory system (2114/84838; 2.7)
Injury/poisoning (1885/172 006; 1.1)
Symptoms/signs not elsewhere classified (1146/123 943; 0.9)
Diseases of the genitourinary system (3302/16 700; 19.8)
Symptoms/signs not elsewhere classified (1875/83 398; 2.2)
Injury/poisoning (1491/84731; 1.8)

59y

10-14y

15-18y

Clindamycin (240/5877; 4.1)
Cefazolin (66/5877; 1.1)
Ceftriaxone (13551/19844; 68.3)
Penicillin G (2187/19844; 11.0)
Clindamycin (1466/19844; 7.4)
Ceftriaxone (6940/14511; 47.8)
Penicillin G (3636/14511; 25.1)
Clindamycin (1332/14511; 9.2)
Ceftriaxone (4499/8969; 50.2)
Penicillin G (1369/8969; 15.3)
Clindamycin (1056/8969; 11.8)
Ceftriaxone (8496/11407; 74.5)
Clindamycin (877/11407; 7.7)
Penicillin G (652/11407; 5.7)

parenteral antibiotic administration, including age <2 months,
white race, private insurance payor, presence of a CCC, en-
counters associated with emergency medicine providers, and
encounters associated with genitourinary and digestive system
diseases. The frequency of parenteral antibiotic administra-
tion also varied significantly by calendar month, which may
reflect some seasonal variability in patterns of presenting ED
conditions [17]. Ceftriaxone, for which few first-line pediatric
indications exist, was the most commonly administered paren-
teral antibiotic, highlighting a potential stewardship target. The
frequency of administration of ceftriaxone and other antibiotic
types varied by age group and clinical condition. Substantial
variability was seen in parenteral antibiotic administration fre-
quency across hospitals, with a >7-fold difference between the
lowest and highest prescribing hospitals, which did not corre-
late with hospital CML

Of the 21 diagnostic categories, encounters associated with
a primary diagnosis code included in the “diseases of the geni-
tourinary system” category had among the highest proportions
of parenteral antibiotic use (10.5%). Although the specific di-
agnostic codes within these categories were not examined,
much of this use may be attributable to urinary tract infections
(UTIs), especially among the younger age groups, in which
these infections occur commonly [18, 19]. While clinical prac-
tice guidelines for UTI management in young children en-
dorse oral antibiotic therapy in most cases, parenteral therapy
may be used in patients whom clinicians judge to be “toxic”-
appearing or those who are unable to retain oral medications
[19]. However, a recent retrospective assessment of patients
29 days to 2 years of age in an ambulatory ED setting in the
PHIS network found that children diagnosed with a UTI who

received parenteral antibiotics before ED discharge (36%) had
similar rates of revisits leading to admission as those who did
not receive parenteral antibiotics, thus supporting the use of
oral antibiotics for most children with UTI, and potentially
identifying a high-yield target for stewardship efforts [20].

By age group, the highest proportion of parenteral antibiotic
administration was observed in older adolescents (15-18 years;
3.3%). In this group, encounters with a primary diagnosis code
consistent with “diseases of the genitourinary system” contrib-
uted the highest frequency of parenteral antibiotic adminis-
tration, accounting for 3302/8496 (39%) parenteral antibiotic
administrations in this age group. While UTI may also be a
frequent genitourinary diagnosis in females in this age group,
pelvic and/or genital inflammatory disorders, for which empiric
ceftriaxone use is guideline-concordant, are included within
this category and may represent more prevalent diagnoses in
this age group compared with younger age groups. Of note, spe-
cific diagnostic codes for gonococcal infections, for which the
use of ceftriaxone is concordant with guidelines for first-line
therapy, are not included within the ICD-10-CM “diseases of
the genitourinary system” category, but rather the “certain in-
fectious and parasitic diseases” diagnostic category.

Among the 3 month-1 year and 1-4-year-old age groups,
“diseases of the ear/mastoid” were among the most common in-
dications for parenteral antibiotic use, consistent with the high
frequency of recurrent/refractory otitis media (OM) in this age
group [21, 22]. The use of ceftriaxone is potentially guideline-
concordant for recurrent or refractory OM in this age group
[9], although the use of administrative data did not enable de-
tailed evaluations of the appropriateness of antibiotics for each
encounter.
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Figure 2. Proportional odds regression of parenteral antibiotic use adjusted for several sociodemographic and clinical characteristics. Circles indicate odds ratios; lines
represent 35% confidence intervals. Covariates include age group, gender, race, insurance payor, provider type, presence of a complex chronic condition, calendar month, and

disease category. Abbreviation: CCC, complex chronic condition.

In multivariable regression, “symptoms, signs, abnormal
clinical and laboratory findings, not elsewhere classified,”
encompassing nonspecific febrile syndromes, were associated
with likelihood of parenteral antibiotic use similar to “diseases
of the respiratory system.” While this category may be con-
sidered to be associated with nonspecific, less severe illnesses, it
likely encompasses encounters associated with fever in children
with other complicating factors such as neonatal status or
immunocompromising conditions, although the contributions
of specific diagnoses to the overall prevalence of parenteral an-
tibiotic use within this category are not known.

Age <2 months was associated with the highest odds of par-
enteral antibiotic use in the ambulatory ED setting. The evalua-
tion of the febrile infant <2 months of age includes assessment
for invasive bacterial infection (bacteremia, UTI, and/or men-
ingitis) and often includes hospital admission and empiric an-
tibiotic administration. However, recent efforts have focused

on identifying lower-risk infants who may be managed with
fewer invasive interventions with or without oral or parenteral
antibiotics in the ambulatory setting [23]. Febrile neonate eval-
uation is among the most common conditions managed in pe-
diatric EDs [24], and these lower-risk infants managed in the
ambulatory setting may have contributed to the parenteral anti-
biotic use we observed in this age group.

Encounters associated with an emergency medicine pro-
vider were associated with higher odds of parenteral antibi-
otic administration than pediatrics and other provider types in
multivariable analysis. While there may be some misclassifica-
tion of provider type, there is also likely some variation among
hospitals with regards to provider type in the pediatric ED set-
ting. In many hospitals, it may be common practice for general
emergency medicine providers without pediatric subspecialty
training to practice in pediatric ED settings. While some dif-
ferences in approaches to management of febrile illnesses have
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been reported between general emergency medicine and pedi-
atric emergency medicine providers [25-27], this has not been
consistently demonstrated [28]. However, few prior studies have
assessed differences in approaches to management of infections
and/or antibiotic prescribing practices among emergency med-
icine and pediatric providers in the ED setting. Differences in
patient complexity or acuity seen by emergency medicine com-
pared with pediatric providers in ED settings may have contrib-
uted to some of the variability we observed, although we were
not able to determine the acuity of the individual encounters
in this assessment. In addition to provider specialty, a number
of other provider characteristics, such as degree and time since
completion of training, may also be associated with antibiotic
prescribing practices [29, 30], but we were not able to access
detailed provider data for individual encounters.

Our finding that White race was associated with increased
odds of parenteral antibiotic use is consistent with other re-
ports that individuals of White race are more likely to be pre-
scribed antibiotics in ambulatory settings [31-33]. Importantly,
lower incidences of infectious diseases [34, 35] and infection-
associated mortality [36] have also been reported among White
persons in the United States compared with non-White per-
sons. Improving the understanding of these disparities is crit-
ical to reducing the inequities in the health care system and to
informing improved antimicrobial stewardship strategies.

Our study has several strengths, including detailed character-
ization of pediatric ED encounters with a broad range of med-
ical conditions and a large sample size with representation of
many large children’s hospitals in the United States. Our study
also has several limitations. Without detailed chart review and
specific clinical information, we used primary discharge di-
agnosis codes as a surrogate for indication for antibiotic use.
Certain common conditions may warrant the use of more
than 1 diagnostic code. For example, febrile neutropenia may
be assigned both R50.81 (fever, “symptoms, signs, abnormal
clinical and laboratory findings”) and D70.9 (neutropenia, “dis-
eases of blood/immunity”). Additionally, encounters may have
been associated with multiple symptoms or conditions. With
access only to primary diagnosis codes and without access to
detailed clinical information pertaining to the encounter, we
were unable to draw inferences with regards to the indications
for antibiotic use or the guideline concordance of each paren-
teral antibiotic administration. Even if the use of parenteral
antibiotics is not guideline-concordant, such use may not be
inappropriate given other clinical factors that may inform the
provider’s prescribing decision-making, such as ill appearance
of the patient, inability to tolerate oral antibiotics, or a prior
history of complicated or resistant infection. The frequency of
overall antibiotic prescriptions has been shown to be higher,
and guideline-discordant antibiotic use lower, among pediatric
visits to nonpediatric EDs compared with dedicated pediatric
EDs [3]. Our study included only pediatric EDs associated with

free-standing children’s hospitals; thus, our findings may un-
derestimate the true prevalence of parenteral antibiotic use in
ED visits overall. Furthermore, selection of only ambulatory ED
encounters not requiring a 23-hour observation or admission
likely excluded encounters associated with more complicated
illnesses. Similarly, our findings may be difficult to generalize
to settings outside the United States. Provider type informa-
tion was extracted from discharge data; thus, potential exists
for misclassification of provider to whom parenteral antibiotic
administration was attributed, as multiple providers may have
provided care in individual encounters. Furthermore, by re-
porting data from only a single 1-year period, we are unable to
determine whether there may be consistent seasonal differences
in parenteral antibiotic prescribing practices. Additionally, it is
unclear whether there have been underlying trends in paren-
teral antibiotic use following enhanced ambulatory antibiotic
stewardship efforts, which may vary by hospital.

CONCLUSIONS

Parenteral antibiotics were administered in approximately
1 of every 55 ambulatory pediatric ED encounters in 2018.
Variability observed in parenteral antibiotic prescribing prac-
tices by patient age, provider type, and diagnostic condition
highlights potential opportunities to target stewardship activ-
ities in the ED setting. Future studies should evaluate the ap-
propriateness of parenteral antibiotics administered in the ED
setting.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.

Acknowledgments

Financial support. This work was supported by the Vanderbilt
University Trans-institutional Programs (TIPS) Vanderbilt Initiative for
the Study of Antimicrobial Resistance (VI-StAR). Dr. Howard is supported
by the National Institutes of Health under award number 1K23A1141621.
Work by Dr. Howard has been performed as a Young Investigator Award
recipient of the Infectious Diseases Society of America Education and
Research Foundation supported by Pfizer.

Potential conflicts of interest.  Dr. Banerjee receives research funding
from the National Institutes of Health and Biofire. Dr. Ward has re-
ceived support from the National, Heart, Lung, and Blood Institute
(K23HL127130) and the Department of Veterans Affairs, Veterans Health
Administration, VA Office of Rural Health (ORH-10808). Dr. Katz received
grant support from the Centers from Disease Control and Prevention as
a recipient of the Leadership in Epidemiology, Antimicrobial Stewardship
and Public Health (LEAP) fellowship, sponsored by the Society for
Healthcare Epidemiology of America (SHEA), Infectious Diseases Society
of America (IDSA) and Pediatric Infectious Diseases Society (PIDS). The
other authors have no financial relationships relevant to this article to dis-
close. All authors: no reported conflicts of interest. All authors have sub-
mitted the ICMJE Form for Disclosure of Potential Conflicts of Interest.
Contflicts that the editors consider relevant to the content of the manu-
script have been disclosed.

Parenteral Antibiotic Use in Pediatric Emergency Departments « OFID « 9



Author contributions.

Dr. Howard conceptualized and designed the

study, drafted the initial manuscript, and reviewed and revised the man-
uscript. Dr. Thurm designed the study, coordinated and supervised data
collection and analysis, and reviewed and revised the manuscript. Dr.
Dantuluri and Ms. Griffith critically reviewed and revised the manuscript.
Drs. Katz, Ward, and Banerjee critically reviewed and revised the manu-
script. Dr. Grijalva conceptualized and designed the study and reviewed and
revised the manuscript. All authors approved the final manuscript as sub-
mitted and agree to be accountable for all aspects of the work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Bourgeois FT, Shannon MW. Emergency care for children in pediatric and
general emergency departments. Pediatr Emerg Care 2007; 23:94-102.

. Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of inappropriate an-

tibiotic prescriptions among US ambulatory care visits, 2010-2011. JAMA 2016;
315:1864-73.

. Poole NM, Shapiro DJ, Fleming-Dutra KE, Hicks LA, Hersh AL, Kronman MP.

Antibiotic prescribing for children in United States emergency departments:
2009-2014. Pediatrics 2019; 143:€20181056.

. Centers for Disease Control and Prevention. National Hospital Ambulatory

Medical Care Survey: 2017 Emergency Department Summary Tables. Atlanta:
Centers for Disease Control and Prevention; 2017.

. Hersh AL, Shapiro DJ, Pavia AT, Shah SS. Antibiotic prescribing in ambulatory

pediatrics in the United States. Pediatrics 2011; 128:1053-61.

. Principi N, Esposito S. Antibiotic-related adverse events in paediatrics: unique

characteristics. Expert Opin Drug Saf 2019; 18:795-802.

. Lovegrove MC, Geller Al Fleming-Dutra KE, et al. US emergency department

visits for adverse drug events from antibiotics in children, 2011-2015. J Pediatric
Infect Dis Soc 2019; 8:384-91.

. Shulman ST, Bisno AL, Clegg HW, et al; Infectious Diseases Society of America.

Clinical practice guideline for the diagnosis and management of group A strep-
tococcal pharyngitis: 2012 update by the Infectious Diseases Society of America.
Clin Infect Dis 2012; 55:e86-102.

. Lieberthal AS, Carroll AE, Chonmaitree T, et al. The diagnosis and management

of acute otitis media. Pediatrics 2013; 131:e964-99.

Centers for Disease Control and Prevention. Gonococcal infections. Available at:
https://www.cdc.gov/std/tg2015/gonorrhea.htm. Accessed 11 March 2020.
Wattles B, Vidwan N, Ghosal S, et al. Cefdinir use in the Kentucky Medicaid popu-
lation: a priority for outpatient antimicrobial stewardship [published online ahead of
print December 11, 2019]. J Pediatric Infect Dis Soc. 2019; doi:10.1093/jpids/piz084.
King LM, Talley P, Kainer MA, et al. Inappropriate ceftriaxone use in outpatient
acute respiratory infection management. Infect Control Hosp Epidemiol 2019;
40:487-90.

Feudtner C, Feinstein JA, Zhong W, et al. Pediatric complex chronic conditions
classification system version 2: updated for ICD-10 and complex medical tech-
nology dependence and transplantation. BMC Pediatr 2014; 14:199.

Agency for Healthcare Research and Quality. Pediatric Quality Indicators over-
view. Available at: https://www.qualityindicators.ahrq.gov/Modules/pdi_re-
sources.aspx. Accessed 16 March 2020.

Agency for Healthcare Research and Quality. Review of proposed changes with
ICD-10-CM/PCS conversion of AHRQ quality indicators (QI). Available at:
https://www.qualityindicators.ahrq.gov/icd10/. Accessed 1 April 2020.

Mendez CM, Harrington DW, Christenson P, Spellberg B. Impact of hospital vari-
ables on case mix index as a marker of disease severity. Popul Health Manag 2014;
17:28-34.

McDermott KW, Stocks C, Freeman WJ. Statistical brief #242: overview of pedi-
atric emergency department visits. 2015. Available at: https://www.hcup-us.ahrq.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

gov/reports/statbriefs/sb242-Pediatric-ED-Visits-2015.pdf. Accessed 8 April
2020.

Shaikh N, Morone NE, Bost JE, Farrell MH. Prevalence of urinary tract infection
in childhood: a meta-analysis. Pediatr Infect Dis ] 2008; 27:302-8.
Subcommittee on Urinary Tract Infection, Steering Committee on Quality
Improvement and Management. Urinary tract infection: clinical practice guide-
line for the diagnosis and management of the initial UTI in febrile infants and
children 2 to 24 months. Pediatrics 2011; 128:595-610.

Chaudhari PP, Monuteaux MC, Bachur RG. Emergency department revisits after
an initial parenteral antibiotic dose for UTI. Pediatrics 2018; 142:¢20180900.
Zhou E, Shefer A, Kong Y, Nuorti JP. Trends in acute otitis media-related health
care utilization by privately insured young children in the United States, 1997-
2004. Pediatrics 2008; 121:253-60.

Wiese AD, Huang X, Yu C, et al. Changes in otitis media episodes and pressure
equalization tube insertions among young children following introduction of
the 13-valent pneumococcal conjugate vaccine: a birth cohort-based study. Clin
Infect Dis 2019; 69:2162-9.

Kasmire KE, Hoppa EC, Patel PP, Boch KN, Sacco T, Waynik IY. Reducing inva-
sive care for low-risk febrile infants through implementation of a clinical pathway.
Pediatrics 2019; 143:¢20181610.

Gomez B, Mintegi S, Bressan S, et al. Validation of the “step-by-step” approach in
the management of young febrile infants. Pediatrics 2016; 138:e20154381.
Isaacman DJ, Kaminer K, Veligeti H, et al. Comparative practice patterns of emer-
gency medicine physicians and pediatric emergency medicine physicians man-
aging fever in young children. Pediatrics 2001; 108:354-8.

Seow VK, Lin AC, Lin IY, et al. Comparing different patterns for managing febrile
children in the ED between emergency and pediatric physicians: impact on pa-
tient outcome. Am J Emerg Med 2007; 25:1004-8.

Khine H, Goldman DL, Avner JR. Management of fever in postpneumococcal
vaccine era: comparison of management practices by pediatric emergency
medicine and general emergency medicine physicians. Emerg Med Int 2014;
2014:702053.

Chime NO, Katznelson ], Gangadharan S, et al; International Network for
Simulation-based Pediatric Innovation, Research, and Education (INSPIRE)
IMPACTS Investigators. Comparing practice patterns between pediatric and
general emergency medicine physicians: a scoping review. Pediatr Emerg Care
2017; 33:278-86.

Katz SE, Staub M, Ouedraogo Y, et al. Population-based assessment of patient and
provider characteristics influencing pediatric outpatient antibiotic use in a high
antibiotic-prescribing state. Infect Control Hosp Epidemiol 2020; 41:331-6.
Schmidt ML, Spencer MD, Davidson LE. Patient, provider, and practice charac-
teristics associated with inappropriate antimicrobial prescribing in ambulatory
practices. Infect Control Hosp Epidemiol 2018; 39:307-15.

Goyal MK, Johnson TJ, Chamberlain JM, et al. Racial and ethnic differences
in antibiotic use for viral illness in emergency departments. Pediatrics 2017;
140:20170203.

Gerber JS, Prasad PA, Localio AR, et al. Racial differences in antibiotic pre-
scribing by primary care pediatricians. Pediatrics 2013; 131:677-84.

Olesen SW, Grad YH. Racial/ethnic disparities in antimicrobial drug use, United
States, 2014-2015. Emerg Infect Dis 2018; 24:2126-2128.

Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. N Engl ] Med 2003; 348:1546-54.
Robinson KA, Baughman W, Rothrock G, et al; Active Bacterial Core
Surveillance (ABCs)/Emerging Infections Program Network. Epidemiology
of invasive Streptococcus pneumoniae infections in the United States, 1995-
1998: opportunities for prevention in the conjugate vaccine era. JAMA 2001;
285:1729-35.

Richardus JH, Kunst AE. Black-white differences in infectious disease mortality
in the United States. Am ] Public Health 2001; 91:1251-3.

10 « OFID « Howard et al


https://www.cdc.gov/std/tg2015/gonorrhea.htm
https://doi.org/10.1093/jpids/piz084
https://www.qualityindicators.ahrq.gov/Modules/pdi_resources.aspx
https://www.qualityindicators.ahrq.gov/Modules/pdi_resources.aspx
https://www.qualityindicators.ahrq.gov/icd10/
https://www.hcup-us.ahrq.gov/reports/statbriefs/sb242-Pediatric-ED-Visits-2015.pdf
https://www.hcup-us.ahrq.gov/reports/statbriefs/sb242-Pediatric-ED-Visits-2015.pdf

