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BACKGROUND/OBJECTIVE: Pediatric patients hospitalized
with bacterial infections often receive intravenous (IV)
antibiotics. Early transition to enteral antibiotics can reduce
hospital duration, cost, and complications. We aimed

to identify opportunities to transition from IV to enteral
antibiotics, describe variation of transition among hospitals,
and evaluate feasibility of novel stewardship metrics.

METHODS: This multisite retrospective cohort study
used the Pediatric Health Information System to identify
pediatric patients hospitalized with pneumonia, neck
infection, orbital infection, urinary tract infection (UTI),
osteomyelitis, septic arthritis, or skin and soft tissue
infection (SSTI) between 2017 and 2018. Opportunity days
were defined as days on which patients received both IV
antibiotics and enteral medications, suggesting enteral
tolerance. Percent opportunity was defined as opportunity
days divided by days on any antibiotics. Both outcomes
excluded IV antibiotics that have no alternative oral
formulation. We evaluated outcomes per infection and
antibiotic and assessed across-hospital variation.

acterial infections are a common reason for pediatric

hospital admissions in the United States.! Antibiotics

are the mainstay of treatment, and whether to admin-

ister them intravenously (IV) or enterally is an import-
ant and, at times, challenging decision. Not all hospitalized
patients with infections require IV antibiotics, and safe, effec-
tive early transitions to enteral therapy have been described
for numerous infections.?” However, guidelines describing the
ideal initial route of antibiotic administration and when to tran-
sition to oral therapy are lacking.>”® This lack of high-quality
evidence-based guidance may contribute to overuse of IV an-
tibiotics for many hospitalized pediatric patients, even when
safe and effective enteral options exist.?
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RESULTS: \We identified 88,522 aggregate opportunity
days in 100,103 hospitalizations. On 57% of the antibiotic
days, there was an opportunity to switch patients to

enteral therapy, with greatest opportunity days in SSTI,
neck infection, and pneumonia encounters, and with
clindamycin, ceftriaxone, and ampicillin-sulbactam. Percent
opportunity varied by infection (73% in septic arthritis to
40% in pneumonia). There was significant across-hospital
variation in percent opportunity for all infections.

CONCLUSION: This multicenter study demonstrated

the potential opportunity to transition from IV to enteral
therapy in over half of antibiotic days. Opportunity varied
by infection, antibiotic, and hospital. Across-hospital
variation demonstrated likely missed opportunities for
earlier transition and the need to define optimal transition
times. Stewardship efforts promoting earlier transition for
highly bioavailable antibiotics could reduce healthcare
utilization and promote high-value care. We identified
feasible stewardship metrics. Journal of Hospital Medicine
2021;16:70-76. © 2021 Society of Hospital Medicine

Significant costs and harms are associated with the use of
IV antibiotics. In particular, studies have demonstrated longer
length of stay (LOS), increased costs, and worsened pain or
anxiety related to complications (eg, phlebitis, extravasation
injury, thrombosis, catheter-associated bloodstream infections)
associated with IV antibiotics.>*'%"® Earlier transition to enteral
therapy, however, can mitigate these increased risks and costs.

The Centers for Disease Control and Prevention lists the
transition from IV to oral antibiotics as a key stewardship inter-
vention for improving antibiotic use. The Infectious Diseas-
es Society of America (IDSA) antibiotic stewardship program
guidelines strongly recommend the timely conversion from IV
to oral antibiotics, stating that efforts focusing on this transition
should be integrated into routine practice.” There are a few
metrics in the literature to measure this intervention, but none
is universally used, and a modified delphi process could not
reach consensus on [V-to-oral transition metrics.'

Few studies describe the opportunity to transition to enter-
al antibiotics in hospitalized patients with common bacterial
infections or explore variation across hospitals. It is critical to
understand current practice of antibiotic administration in
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order to identify opportunities to optimize patient outcomes
and promote high-value care. Furthermore, few studies have
evaluated the feasibility of IV-to-oral transition metrics using
an administrative database. Thus, the aims of this study were
to (1) determine opportunities to transition from IV to enter-
al antibiotics for pediatric patients hospitalized with common
bacterial infections based on their ability to tolerate other en-
teral medications, (2) describe variation in transition practices
among children’s hospitals, and (3) evaluate the feasibility of
novel IV-to-oral transition metrics using an administrative data-
base to inform stewardship efforts.

METHODS

Study Design and Setting

This multicenter, retrospective cohort study used data from the
Pediatric Health Information System (PHIS), an administrative
and billing database containing encounter-level data from 52
tertiary care pediatric hospitals across the United States affil-
iated with the Children’s Hospital Association (Lenexa, Kan-
sas). Hospitals submit encounter-level data, including demo-
graphics, medications, and diagnoses based on International
Classification of Disease, Tenth Revision, Clinical Modification
(ICD-10-CM) codes. Data were de-identified at the time of sub-
mission, and data quality and reliability were assured by joint
efforts between the Children’s Hospital Association and partic-
ipating hospitals.

Study Population

This study included pediatric patients aged 60 days to 18 years
who were hospitalized (inpatient or observation status) at one
of the participating hospitals between January 1, 2017, and De-
cember 31, 2018, for one of the following seven common bac-
terial infections: community-acquired pneumonia (CAP), neck
infection (superficial and deep), periorbital/orbital infection,
urinary tract infection (UTI), osteomyelitis, septic arthritis, or skin
and soft tissue infection (SSTI). The diagnosis cohorts were de-
fined based on ICD-10-CM discharge diagnoses adapted from
previous studies (Appendix Table 1).3"7% To define a cohort of
generally healthy pediatric patients with an acute infection, we
excluded patients hospitalized in the intensive care unit, patients
with nonhome discharges, and patients with complex chronic
conditions.?* We also excluded hospitals with incomplete data
during the study period (n=1). The Institutional Review Board at
Cincinnati Children’s Hospital Medical Center determined this
study to be non—human-subjects research.

Outcomes

The primary outcomes were the number of opportunity days
and the percent of days with opportunity to transition from IV
to enteral therapy. Opportunity days, or days in which there
was a potential opportunity to transition from IV to enteral an-
tibiotics, were defined as days patients received only IV antibi-
otic doses and at least one enteral nonantibiotic medication,
suggesting an ability to take enteral medications.” We exclud-
ed days patients received IV antibiotics for which there was no
enteral alternative (eg, vancomycin, Appendix Table 2). When
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measuring opportunity, to be conservative (ie, to underesti-
mate rather than overestimate opportunity), we did not count
as an opportunity day any day in which patients received both
IV and enteral antibiotics. Percent opportunity, or the percent
of days patients received antibiotics in which there was poten-
tial opportunity to transition from IV to enteral antibiotics, was
defined as the number of opportunity days divided by number
of inpatient days patients received enteral antibiotics or IV an-
tibiotics with at least one enteral nonantibiotic medication (an-
tibiotic days). Similar to opportunity days, antibiotic days ex-
cluded days patients were on IV antibiotics for which there was
no enteral alternative. Based on our definition, a lower percent
opportunity indicates that a hospital is using enteral antibiot-
ics earlier during the hospitalization (earlier transition), while a
higher percent opportunity represents later enteral antibiotic
use (later transition).

Statistical Analysis

Demographic and clinical characteristics were summarized by
diagnosis with descriptive statistics, including frequency with
percentage, mean with standard deviation, and median with
interquartile range (IQR). For each diagnosis, we evaluated
aggregate opportunity days (sum of opportunity days among
all hospitals), opportunity days per encounter, and aggregate
percent opportunity using frequencies, mean with standard
deviation, and percentages, respectively. We also calculated
aggregate opportunity days for diagnosis-antibiotic combi-
nations. To visually show variation in the percent opportunity
across hospitals, we displayed the percent opportunity on a
heat map, and evaluated percent opportunity across hospitals
using chi-square tests. To compare the variability in the percent
opportunity across and within hospitals, we used a generalized
linear model with two fixed effects (hospital and diagnosis),
and parsed the variability using the sum of squares. We per-
formed a sensitivity analysis and excluded days that patients
received antiemetic medications (eg, ondansetron, granise-
tron, prochlorperazine, promethazine), as these suggest po-
tential intolerance of enteral medications. All statistical anal-
yses were performed using SAS v.9.4 (SAS Institute Inc, Cary,
North Carolina) and GraphPad Prism 8.0 (GraphPad Software
Inc., San Diego, California), and P values < .05 were considered
statistically significant.

RESULTS

During the 2-year study period, 100,103 hospitalizations met
our inclusion criteria across 51 hospitals and seven diagnosis
categories (Table 1). Diagnosis cohorts ranged in size from
1,462 encounters for septic arthritis to 35,665 encounters for
neck infections. Overall, we identified 88,522 aggregate op-
portunity days on which there was an opportunity to switch
from IV to enteral treatment in the majority of participants (per-
cent opportunity, 57%).

Opportunity by Diagnosis

The number of opportunity days (aggregate and mean per en-
counter) and percent opportunity varied by diagnosis (Table 2).
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TABLE 1. Cohort Demographics by Diagnosis?

Demographic Periorbital/orbital

Variable CAP infection SSTI
No. of discharges 22,605 4,150 24,736
Age, y

<1 1.1 10.2 11.5

1-4 54.8 37.8 34.0

5-9 22.4 28.5 22.6

10-18 1.7 23.5 320
Sex

Male 51.3 58.9 53.6

Female 48.6 41.1 46.3
Race/Ethnicity”

Non-Hispanic White 454 48.0 47.5

Non-Hispanic Black 16.8 22.9 19.0

Hispanic 23.6 17.9 22.3

Asian 3.7 2.7 2.7

Other 10.5 8.6 8.5
Payor

Government 53.9 55.4 60.7

Private 42.8 40.5 35.7

Other 33 4.1 36
Case Mix Index

Mean (SD) 0.4(0.3) 0.4(0.3) 0.4(0.3)
Length of stay, d

Median (IQR) 2101,3] 2101,3] 201,2]

#Values are represented as percentages unless otherwise specified.
bRace/Ethnicity data were self-reported.

Abbreviations: CAP, community-acquired pneumonia; IQR, interquartile range; SSTI, skin and soft tissue infection; UTI, urinary tract infection.

TABLE 2. Potential Opportunity to Transition to Enteral Antibiotics by Diagnosis

Opportunity Variable CAP Periorbital/orbital infection
Percent opportunity® 39.7 58.1
Aggregate opportunity days® 17,238 4,254

Opportunity days per encounter, mean (SD) 0.9(1.3) 1.3(1.4)

Neck infection uTi Osteomyelitis Septic arthritis
35,665 8,673 2,812 1,462
4.2 344 3.9 74
54.1 225 24.5 429
245 18.5 283 26.8
171 246 43.2 229
55.0 19.6 61.0 58.9
45.0 80.3 39.0 411
49.6 49.2 53.6 55.2
204 10.3 15.0 133
18,1 27.8 19.0 18.9
2.1 33 2.6 35
9.8 93 9.8 9.1
55.7 59.2 45.8 423
40.6 36.7 50.7 54.2
38 4.1 35 35
0.4(0.2) 0.4(0.2) 1(0.6) 1(0.5)
2] 201,31 403, 6] 403,5]
SSTI Neck infection uTl Osteomyelitis Septic arthritis
60.2 63.6 67.8 69.0 727
25,359 21,696 10,334 5,948 3,693
1.3(1.2) 1.3(1.2) 1.5(1.2) 2.5(2.4) 2.8(2.5)

*Percent opportunity, defined as aggregate percent of days patients received IV or enteral antibiotics that were opportunity days

5Opportunity days, defined as days patients received IV antibiotics and an enteral nonantibiotic medication

Abbreviations: CAP, community-acquired pneumonia; SSTI, skin and soft tissue infection; UTI, urinary tract infection.

The aggregate number of opportunity days ranged from 3,693
in patients with septic arthritis to 25,359 in patients with SSTI,
and mean opportunity days per encounter ranged from 0.9 in
CAP to 2.8 in septic arthritis. Percent opportunity was highest
for septic arthritis at 72.7% and lowest for CAP at 39.7%.

Variation in Opportunity Among Hospitals

The variation in the percent opportunity across hospitals was
statistically significant for all diagnoses (Figure). Within hospi-
tals, we observed similar practice patterns across diagnoses.
For example, hospitals with a higher percent opportunity for
one diagnosis tended to have higher percent opportunity for
the other diagnoses (as noted in the top portion of the Figure),
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and those with lower percent opportunity for one diagnosis
tended to also have lower percent opportunity for the other di-
agnoses studied (as noted in the bottom portion of the Figure).
When evaluating variability in the percent opportunity, 45% of
the variability was attributable to the hospital-effect and 35%
to the diagnosis; the remainder was unexplained variability.
Sensitivity analysis excluding days when patients received an
antiemetic medication yielded no differences in our results.

Opportunity by Antibiotic

The aggregate number of opportunity days varied by antibi-
otic (Table 3). Intravenous antibiotics with the largest number
of opportunity days included clindamycin (44,293), ceftriaxone
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FIG. Heat Map of Percent Opportunity by Diagnosis and Hospital.
Hospital-level variation in percent opportunity, or percent of antibiotic days with
opportunity to transition from intravenous to enteral antibiotics, are displayed
as a heat map. Individual hospitals are displayed in the rows, and diagnoses by
column. Hospitals are ordered from highest opportunity (top of map) to lowest
opportunity (bottom of map). Color values within each diagnosis correspond to
percent opportunity (in order, red representing highest opportunity and green
representing lowest opportunity). The variation across hospitals was statisti-
cally significant (P < .001) for all diagnoses. Forty-five percent of the variability
in percent opportunity was attributable to the hospital-effect and 35% to the
diagnosis-effect.

Abbreviations: CAP, community-acquired pneumonia; SSTI, skin and soft tissue infection;
UTI, urinary tract infection.

(23,896), and ampicillin-sulbactam (15,484). Antibiotic-diagno-
sis combinations with the largest number of opportunity days
for each diagnosis included ceftriaxone and ampicillin in CAP;
clindamycin in cellulitis, SSTI, and neck infections; ceftriaxone
in UTI; and cefazolin in osteomyelitis and septic arthritis.

DISCUSSION

In this multicenter study of pediatric patients hospitalized with
common bacterial infections, there was the potential to transi-
tion from IV to enteral treatment in over half of the antibiotic
days. The degree of opportunity varied by infection, antibiot-
ic, and hospital. Antibiotics with a large aggregate number of
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opportunity days for enteral transition included clindamycin,
which has excellent bioavailability; and ampicillin and ampi-
cillin-sulbactam, which can achieve pharmacodynamic targets
with oral equivalents.?% The across-hospital variation for a
given diagnosis suggests that certain hospitals have strategies
in place which permit an earlier transition to enteral antibiot-
ics compared to other institutions in which there were likely
missed opportunities to do so. This variability is likely due to
limited evidence, emphasizing the need for robust studies to
better understand the optimal initial antibiotic route and tran-
sition time. Our findings highlight the need for, and large po-
tential impact of, stewardship efforts to promote earlier transi-
tion for specific drug targets. This study also demonstrates the
feasibility of obtaining two metrics—percent opportunity and
opportunity days—from administrative databases to inform
stewardship efforts within and across hospitals.

Opportunity days and percent opportunity varied among
diagnoses. The variation in aggregate opportunity days was
largely a reflection of the number of encounters: Diagnoses
such as SSTI, neck infections, and CAP had a large number of
both aggregate opportunity days and encounters. The range
of opportunity days per encounter (0.9-2.5) suggests poten-
tial missed opportunities to transition to enteral antibiotics
across all diagnoses (Table 2). The higher opportunity days
per encounter in osteomyelitis and septic arthritis may be re-
lated to longer LOS and higher percent opportunity. Percent
opportunity likely varied among diagnoses due to differences
in admission and discharge readiness criteria, diagnostic eval-
uation, frequency of antibiotic administration, and evidence
on the optimal route of initial antibiotics and when to transi-
tion to oral formulations. For example, we hypothesize that
certain diagnoses, such as osteomyelitis and septic arthritis,
have admission and discharge readiness criteria directly tied
to the perceived need for IV antibiotics, which may limit in-hos-
pital days on enteral antibiotics and explain the high percent
opportunity that we observed. The high percent opportunity
seen in musculoskeletal infections also may be due to delays
in initiating targeted treatment until culture results were avail-
able. Encounters for CAP had the lowest percent opportunity;
we hypothesize that this is because admission and discharge
readiness may be determined by factors other than the need
for IV antibiotics (eg, need for supplemental oxygen), which
may increase days on enteral antibiotics and lead to a lower
percent opportunity.*

Urinary tract infection encounters had a high percent oppor-
tunity. As with musculoskeletal infection, this may be related to
delays in initiating targeted treatment until culture results be-
came available. Another reason for the high percent opportuni-
ty in UTI could be the common use of ceftriaxone, which, dosed
every 24 hours, likely reduced the opportunity to transition to
enteral antibiotics. There is strong evidence demonstrating no
difference in outcomes based on antibiotic routes for UTI, and
we would expect this to result in a low percent opportunity.?*'
While the observed high opportunity in UTI may relate to an
initial unknown diagnosis or concern for systemic infection, this
highlights potential opportunities for quality improvement ini-
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TABLE 3. Aggregate Opportunity Days by Intravenous Antibiotic

IV Antibiotic® CAP Periorbital/orbital infection SSTI Neck infection uTl Osteomyelitis Septic arthritis Total opportunity days®
Clindamycin 2,357 3,154 22,404 11,538 67 3,039 1,734 44,293
Ceftriaxone 8,767 1,261 1,330 1,882 9,518 437 701 23,8%
Ampicillin-sulbactam 812 2,038 4,848 7,504 67 164 51 15,484
Ampicillin 8,734 10 211 596 862 115 170 10,698
Cefazolin 60 53 2,806 856 388 3,119 2,069 9,351
Azithromycin 913 1 15 50 8 0 2 989
Metronidazole 22 75 346 36 41 27 4 551
Nafcillin 2 30 136 27 1 212 96 504
Ciprofloxacin 16 4 214 7 178 34 1 454
Oxacillin 7 4 75 10 5 213 94 408

“Top 10 IV antibiotics with largest number of aggregate opportunity days.

“Opportunity days, defined as days patients received IV antibiotics and an enteral nonantibiotic medication.

Abbreviations: CAP, community-acquired pneumonia; IV, intravenous; SSTI, skin and soft tissue infection; UTI, urinary tract infection.

tiatives to promote empiric oral antibiotics in clinically stable
patients hospitalized with suspected UTI.

There was substantial variation in percent opportunity across
hospitals for a given diagnosis, with less variation across diag-
noses for a given hospital. Variation across hospitals but consis-
tency within individual hospitals suggests that some hospitals
may promote earlier transition from IV to enteral antibiotics as
standard practice for all diagnoses, while other hospitals con-
tinue IV antibiotics for the entire hospitalization, highlighting
potential missed opportunities at some institutions. While
emerging data suggest that traditional long durations of IV
antibiotics are not necessary for many infections, the limit-
ed evidence on the optimal time to switch to oral antibiotics
may have influenced this variation.?” Many guidelines recom-
mend initial IV antibiotics for hospitalized pediatric patients,
but there are few studies comparing IV and enteral therapy.2>?
Limited evidence leaves significant room for hospital culture,
antibiotic stewardship efforts, reimbursement considerations,
and/or hospital workflow to influence transition timing and
overall opportunity at individual hospitals.”8%23 These findings
emphasize the importance of research to identify optimal tran-
sition time and comparative effectiveness studies to evaluate
whether initial IV antibiotics are truly needed for mild—and
even severe—disease presentations. Since many patients are
admitted for the perceived need for IV antibiotics, earlier use
of enteral antibiotics could reduce rates of hospitalizations,
LOS, healthcare costs, and resource utilization.

Antibiotics with a high number of opportunity days includ-
ed clindamycin, ceftriaxone, ampicillin-sublactam, and am-
picillin. Our findings are consistent with another study which
found that most bioavailable drugs, including clindamycin,
were administered via the IV route and accounted for a large
number of antibiotic days.* The Infectious Diseases Society of
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America recommends that hospitals promote earlier transition
to oral formulations for highly bioavailable drugs.” Given the
high bioavailability of clindamycin, its common use in high-
frequency encounters such as SSTI and neck infections, and the
fact that it accounted for a large number of opportunity days,
quality improvement initiatives promoting earlier transition to
oral clindamycin could have a large impact across health sys-
tems.?? Additionally, although beta-lactam antibiotics such
as amoxicillin and amoxicillin-sulbactam are not highly bio-
available, oral dosing can achieve sufficient serum concentra-
tions to reach pharmacodynamic targets for common clinical
indications; this could be an important quality improvement
initiative.?”? Several single-site studies have successfully im-
plemented quality improvement initiatives to promote earlier
[V-to-enteral transition, with resulting reductions in costs and
no adverse events noted, highlighting the feasibility and im-
pact of such efforts.13%3%

This study also demonstrates the feasibility of collecting
two metrics (percent opportunity and opportunity days) from
administrative databases to inform IV-to-oral transition bench-
marking and stewardship efforts. While there are several met-
rics in the literature for evaluating antibiotic transition (eg, days
of IV or oral therapy, percentage of antibiotics given via the
oral route, time to switch from IV to oral, and acceptance rate
of suggested changes to antibiotic route), none are universally
used or agreed upon.’>'3” The opportunity metrics used in this
study have several strengths, including the feasibility of obtain-
ing them from existing databases and the ability to account for
intake of other enteral medications; the latter is not evaluated
in other metrics. These opportunity metrics can be used to-
gether to identify the percent of time in which there is oppor-
tunity to transition and total number of days to understand the
full extent of potential opportunity for future interventions. As
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demonstrated in this study, these metrics can be measured by
diagnosis, antibiotic, or diagnosis-antibiotic combination, and
they can be used to evaluate stewardship efforts at a single
institution over time or compare efforts across hospitals.

These findings should be interpreted in the context of im-
portant limitations. First, we attempted to characterize poten-
tial opportunity to transition to enteral medications based on
a patient’s ability to tolerate nonenteral medications. However,
there are other factors that could limit the opportunity to transi-
tion that we could not account for with an administrative data-
set, including the use of antibiotics prior to admission, disease
progression, severity of illness, and malabsorptive concerns.
Thus, though we may have overestimated the true opportunity
to transition to enteral antibiotics, it is unlikely that this would ac-
count for all of the variation in transition times that we observed
across hospitals. Second, while our study required patients to
have one of seven types of infection, we did not exclude any ad-
ditional infectious diagnoses (eg, concurrent bacteremia, Clost-
ridioides difficile, otitis media) that could have driven the choice
of antibiotic type and modality. Although emerging evidence is
supporting earlier transitions to oral therapy, bacteremia is typ-
ically treated with IV antibiotics; this may have led to an overes-
timation of true opportunity.®* “ Clostridioides” difficile and oti-
tis media are typically treated with enteral therapy; concurrent
infections such as these may have led to an underestimation
of opportunity given the fact that, based on our definition, the
days on which patients received both IV and enteral antibiotics
were not counted as opportunity days. Third, because PHIS uses
billing days to capture medication use, we were unable to dis-
tinguish transitions that occurred early in the day vs those that
took place later in the day. This could have led to an underes-
timation of percent opportunity, particularly for diagnoses with
a short LOS; it also likely led to an underestimation of the vari-
ability observed across hospitals. Fourth, because we used an
administrative dataset, we are unable to understand reasoning
behind transitioning time from IV to oral antibiotics, as well as
provider, patient, and institutional level factors that influenced
these decisions.

CONCLUSION

Children hospitalized with bacterial infections often receive IV
antibiotics, and the timing of transition from IV to enteral anti-
biotics varies significantly across hospitals. Further research is
needed to compare the effectiveness of IV and enteral antibi-
otics and better define criteria for transition to enteral therapy.
We identified ample opportunities for quality improvement
initiatives to promote earlier transition, which have the po-
tential to reduce healthcare utilization and promote optimal
patient-directed high-value care.
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