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Intravenous (IV) antibiotics are commonly used in hospital-
ized pediatric patients to treat bacterial infections. Antimi-
crobial stewardship guidelines published by the Infectious 
Diseases Society of America (IDSA) recommend institutions 

develop a systematic plan to convert from IV to enteral antibi-
otics, as early transition may reduce healthcare costs, decrease 
length of stay (LOS), and avoid prolonged IV access complica-
tions1 such as extravasation, thrombosis, and catheter-associ-
ated infections.2-5

Pediatric patients with community-acquired pneumonia 
(CAP) and mild skin and soft tissue infections (SSTI) may not 

require IV antibiotics, even if the patient is hospitalized.6 Al-
though national guidelines for pediatric CAP and SSTI recom-
mend IV antibiotics for hospitalized patients, these guidelines 
state that mild infections may be treated with enteral antibiot-
ics and emphasize discontinuation of IV antibiotics when the 
patient meets discharge criteria.7,8 Furthermore, several en-
teral antibiotics used for the treatment of CAP and SSTI, such 
as cephalexin and clindamycin,9 have excellent bioavailability 
(>90%) or can achieve sufficient concentrations to attain the 
pharmacodynamic target (ie, amoxicillin and trimethoprim–
sulfamethoxazole).10,11 Nonetheless, the guidelines do not ex-
plicitly outline criteria regarding the transition from IV to enter-
al antibiotics.7,8

At our institution, patients admitted to Hospital Medicine 
(HM) often remained on IV antibiotics until discharge. Data 
review revealed that antibiotic treatment of CAP and SSTI 
posed the greatest opportunity for early conversion to enteral 
therapy based on the high frequency of admissions and the 
ability of commonly used enteral antibiotics to attain pharma-
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BACKGROUND: Despite national recommendations for 
early transition to enteral antimicrobials, practice variability 
has existed at our hospital.

OBJECTIVE: The aim of this study was to increase the 
proportion of enterally administered antibiotic doses 
for Pediatric Hospital Medicine patients aged >60 
days admitted for uncomplicated community-acquired 
pneumonia or skin and soft tissue infections from 44% to 
75% in eight months.

METHODS: This quality improvement study was 
conducted at a large, urban, academic children’s hospital. 
The study population included Hospital Medicine patients 
aged >60 days with diagnoses of pneumonia or skin and 
soft tissue infections. Interventions included education 
on intravenous and enteral antibiotic charge differentials, 
documentation of transition plan, structured discussions 
of transition criteria, and real-time identification of failures 
with feedback. Our process measure was the total number 
of enteral antibiotic doses divided by all antibiotic doses 

in patients receiving enteral medications on the same day. 
An annotated statistical process control chart tracked the 
impact of interventions on the administration route of 
antibiotic doses over time. Additional outcome measures 
included antimicrobial costs per patient encounter using 
average wholesale prices and length of stay.

RESULTS: The percentage of enterally administered 
antibiotic doses increased from 44% to 80% within eight 
months. Antimicrobial costs per patient encounter and 
the associated standard deviation of costs for our target 
diagnoses decreased by 70% and 84%, respectively. 
Average length of stay did not change.

CONCLUSIONS: Standardized communication about 
criteria for transition from intravenous to enteral antibiotics 
can lead to earlier transitions for patients with pneumonia 
or skin and soft tissue infections, subsequently reducing 
costs and prescribing variability. Journal of Hospital 
Medicine 2020;15:10-15. © 2020 Society of Hospital 
Medicine
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codynamic targets. We sought to change practice culture by 
decoupling transition to enteral antibiotics from discharge and 
use administration of other enteral medications as an objective 
indicator for transition. Our aim was to increase the propor-
tion of enterally administered antibiotic doses for HM patients 
aged >60 days admitted with uncomplicated CAP or SSTI from 
44% to 75% in eight months.

METHODS
Context
Cincinnati Children’s Hospital Medical Center (CCHMC) is a 
large, urban, academic hospital. The HM division has 45 at-
tendings and admits >8,000 general pediatric patients annu-
ally. The five HM teams at the main campus consist of attend-
ings, fellows, residents, and medical students. One HM team 
serves as the resident quality improvement (QI) team where 
residents collaborate in a longitudinal study under the guid-
ance of QI-trained coaches. The focus of this QI initiative was 
determined by resident consensus and aligned with a high-val-
ue care curriculum.12

To identify the target patient population, we investigated 
IV antimicrobials frequently used in HM patients. Ampicillin 
and clindamycin are commonly used IV antibiotics, most fre-
quently corresponding with the diagnoses of CAP and SSTI, 
respectively, accounting for half of all antibiotic use on the 
HM service. Amoxicillin, the enteral equivalent of ampicillin, 
can achieve sufficient concentrations to attain the pharma-
codynamic target at infection sites, and clindamycin has high 
bioavailability, making them ideal options for early transition. 
Our institution’s robust antimicrobial stewardship program has 
published local guidelines on using amoxicillin as the enter-
al antibiotic of choice for uncomplicated CAP, but it does not 
provide guidance on the timing of transition for either CAP or 
SSTI; the clinical team makes this decision.

HM attendings were surveyed to determine the criteria 
used to transition from IV to enteral antibiotics for patients 
with CAP or SSTI. The survey illustrated practice variability with 
providers using differing clinical criteria to signal the timing of 
transition. Additionally, only 49% of respondents (n = 37) rat-
ed themselves as “very comfortable” with residents making 
autonomous decisions to transition to enteral antibiotics. We 
chose to use the administration of other enteral medications, 
instead of discharge readiness, as an objective indicator of a 
patient’s readiness to transition to enteral antibiotics, given the 
low-risk patient population and the ability of the enteral anti-
biotics commonly used for CAP and SSTI to achieve pharma-
codynamic targets.

The study population included patients aged >60 days ad-
mitted to HM with CAP or SSTI treated with any antibiotic. 
We excluded patients with potential complications or signif-
icant progression of their disease process, including patients 
with parapneumonic effusions or chest tubes, patients who 
underwent bronchoscopy, and patients with osteomyelitis, 
septic arthritis, or preseptal or orbital cellulitis. Past medical 
history and clinical status on admission were not used to ex-
clude patients.

Interventions
Our multidisciplinary team, formed in January 2017, included 
HM attendings, HM fellows, pediatric residents, a critical care 
attending, a pharmacy resident, and an antimicrobial steward-
ship pharmacist. Under the guidance of QI coaches, the resi-
dents on the HM QI team developed and tested all interven-
tions on their team and then determined which interventions 
would spread to the other four teams. The nursing director of 
our primary HM unit disseminated project updates to bedside 
nurses. A simplified failure mode and effects analysis identified 
areas for improvement and potential interventions. Interven-
tions focused on the following key drivers (Figure 1): increased 
prescriber awareness of medication charge, standardization of 
conversion from IV to enteral antibiotics, clear definition of the 
patients ready for transition, ongoing evaluation of the anti-
microbial plan, timely recognition by prescribers of patients 
ready for transition, culture shift regarding the appropriate 
administration route in the inpatient setting, and transparency 
of data. The team implemented sequential Plan-Do-Study-Act 
(PDSA) cycles13 to test the interventions.

Charge Table
To improve knowledge about the increased charge for com-
monly used IV medications compared with enteral formula-
tions, a table comparing relative charges was shared during 
monthly resident morning conferences and at an HM faculty 
meeting. The table included charge comparisons between 
ampicillin and amoxicillin and IV and enteral clindamycin.

Standardized Language in Electronic Health Record (EHR) 
Antibiotic Plan on Rounds
Standardized language to document antibiotic transition plans 
was added to admission and progress note templates in the EHR. 
The standard template prompted residents to (1) define clinical 
transition criteria, (2) discuss attending comfort with transition 
overnight (based on survey results), and (3) document patient 
preference of solid or liquid dosage forms. Plans were reviewed 
and updated daily. We hypothesized that since residents use the 
information in the daily progress notes, including assessments 
and plans, to present on rounds, inclusion of the transition crite-
ria in the note would prompt transition plan discussions.

Communication Bundle
To promote early transition to enteral antibiotics, we standard-
ized the discussion about antibiotic transition between resi-
dents and attendings. During a weekly preexisting meeting, 
the resident QI team reviewed preferences for transitions with 
the new service attending. By identifying attending preferences 
early, residents were able to proactively transition patients who 
met the criteria (eg, antibiotic transition in the evening instead 
of waiting until morning rounds). This discussion also provided 
an opportunity to engage service attendings in the QI efforts, 
which were also shared at HM faculty meetings quarterly.

Recognizing that in times of high census, discussion of pa-
tient plans may be abbreviated during rounds, residents were 
asked to identify all patients on IV antibiotics while reviewing 
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patient medication orders prior to rounds. As part of an exist-
ing daily prerounds huddle to discuss rounding logistics, resi-
dents listed all patients on IV antibiotics and discussed which 
patients were ready for transition. If patients could not be tran-
sitioned immediately, the team identified the transition criteria.

At preexisting evening huddles between overnight shift HM 
residents and the evening HM attending, residents identified 
patients who were prescribed IV antibiotics and discussed 
readiness for enteral transition. If a patient could be transi-
tioned overnight, enteral antibiotic orders were placed. Over-
night residents were also encouraged to review the transition 
criteria with families upon admission.

Real-time Identification of Failures and Feedback
For two weeks, the EHR was queried daily to identify patients 
admitted for uncomplicated CAP and SSTI who were on antibi-
otics as well as other enteral medications. A failure was defined 
as an IV antibiotic dose given to a patient who was administered 
any enteral medication. Residents on the QI team approached 
residents on other HM teams whenever patients were identified 
as a failed transition to learn about failure reasons.

Study of the Interventions
Data for HM patients who met the inclusion criteria were collect-
ed weekly from January 2016 through June 2018 via EHR query. 
We initially searched for diagnoses that fit under the disease 
categories of pneumonia and SSTI in the EHR, which generated 
a list of International Classification of Disease-9 and -10 Diag-
nosis codes (Appendix Figure 1). The query identified patients 
based on these codes and reported whether the identified pa-
tients took a dose of any enteral medication, excluding nystatin, 
sildenafil, tacrolimus, and mouthwashes, which are commonly 
continued during NPO status due to no need for absorption or 
limited parenteral options. It also reported the ordered route of 
administration for the queried antibiotics (Appendix Figure 1).

The 2016 calendar year established our baseline to account 
for seasonal variability. Data were reported weekly and re-
viewed to evaluate the impact of PDSA cycles and inform new 
interventions.

Measures
Our process measure was the total number of enteral antibi-
otic doses divided by all antibiotic doses in patients receiving 

FIG 1. Key Driver Diagram. The team identified drivers that could improve the transition of intravenous antibiotics to enteral antibiotics and tested the interventions 
around these drivers.

Abbreviations: CAP, community-acquired pneumonia; EHR, electronic health record; IV, intravenous; SSTI, skin and soft tissue infections.

SMART AIM
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(Level of Reliability)
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doses for Hospital Medicine patients 
aged >60 days admitted for  

uncomplicated CAP and SSTI from 
44% to 75% within eight months
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templates with transition criteria (1)

IV vs. enteral medication charge table (1)
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administration route of antibiotics  

in inpatient setting
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with attending weekly about preferences,  

pre-round huddle, evening huddle (2)

Clear definition of which patients qualify  
for IV to enteral antimicrobial transition
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any enteral medication. We reasoned that if patients were well 
enough to take medications enterally, they could be given an 
enteral antibiotic that is highly bioavailable or readily achieves 
concentrations that attain pharmacodynamic targets. This 
practice change was a culture shift, decoupling the switch to 
enteral antibiotics from discharge readiness. Our EHR query 
reported only the antibiotic doses given to patients who took 
an enteral medication on the day of antibiotic administration 
and excluded patients who received only IV medications.

Outcome measures included antimicrobial costs per patient 
encounter using average wholesale prices, which were report-
ed in our EHR query, and LOS. To ensure that transitions of 
IV to enteral antibiotics were not negatively impacting patient 
outcomes, patient readmissions within seven days served as a 
balancing measure.

Analysis
An annotated statistical process control p-chart tracked the im-
pact of interventions on the proportion of antibiotic doses that 
were enterally administered during hospitalization. An x-bar 
and an s-chart tracked the impact of interventions on antimi-
crobial costs per patient encounter and on LOS. A p-chart and 
an encounters-between g-chart were used to evaluate the im-
pact of our interventions on readmissions. Control chart rules 
for identifying special cause were used for center line shifts.14

Ethical Considerations
This study was part of a larger study of the residency high-value 
care curriculum,12 which was deemed exempt by the CCHMC 
IRB.

RESULTS
The baseline data collected included 372 patients and the 
postintervention period in 2017 included 326 patients (Table). 
Approximately two-thirds of patients had a diagnosis of CAP.

The percentage of antibiotic doses given enterally increased 

from 44% to 80% within eight months (Figure 2). When study-
ing the impact of interventions, residents on the HM QI team 
found that the standard EHR template added to daily notes 
did not consistently prompt residents to discuss antibiotic 
plans and thus was abandoned. Initial improvement coincid-
ed with standardizing discussions between residents and at-
tendings regarding transitions. Furthermore, discussion of all 
patients on IV antibiotics during the prerounds huddle allowed 
for reliable, daily communication about antibiotic plans and 
was subsequently spread to and adopted by all HM teams. 
The percentage of enterally administered antibiotic doses in-
creased to >75% after the evening huddle, which involved all 
HM teams, and real-time identification of failures on all HM 
teams with provider feedback. Despite variability when the to-
tal number of antibiotic doses prescribed per week was low 
(<10), we demonstrated sustainability for 11 months (Figure 
2), during which the prerounds and evening huddle discus-
sions were continued and an updated control chart was shown 
monthly to residents during their educational conferences.

Residents on the QI team spoke directly with other HM res-
idents when there were missed opportunities for transition. 
Based on these discussions and intermittent chart reviews, 
common reasons for failure to transition in patients with CAP 
included admission for failed outpatient enteral treatment, re-
cent evaluation by critical care physicians for possible transfer 
to the intensive care unit, and difficulty weaning oxygen. For pa-
tients with SSTI, hand abscesses requiring drainage by surgery 
and treatment failure with other antibiotics constituted many of 
the IV antibiotic doses given to patients on enteral medications.

Antimicrobial costs per patient encounter decreased by 70% 
over one year; the shift in costs coincided with the second shift 
in our process measure (Appendix Figure 2A). Based on an es-
timate of 350 patients admitted per year for uncomplicated 
CAP or SSTI, this translates to an annual cost savings of ap-
proximately $29,000. The standard deviation of costs per pa-
tient encounter decreased by 84% (Appendix Figure 2B), sug-

TABLE. Demographics of Patients and Number of Antibiotic Doses Administered per Week in Preintervention  
and Postintervention Periods

2016 Patients

(Preintervention)

2017 Patients

(Postintervention) P Value

Number of patients

   All, n

   CAP, n (%)

   SSTI, n (%)

372

252 (68%)

120 (32%)

326

225 (69%)

101 (31%) .72a

Median age in years of patients, [IQR]

   All

   CAP

   SSTI

4.6 [2.0-9.8]

4.5 [2.1-9.2]

5.5 [1.9-10.3]

3.5 [1.6-9.2]

3.3 [1.7-8.2]

3.8 [1.4-11.1]

.07b

.15b

.36b

Median number of antibiotic doses (IV and enteral) administered to study patients per week [IQR] 34 [27-47] 25 [12-38] .01b

P value calculated by aChi-square test or bMann-Whitney test

Abbreviations: CAP, community-acquired pneumonia; IQR, Interquartile range; SSTI, skin and soft tissue infections.
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gesting a decrease in the variability of prescribing practices.
The average LOS in our patient population prior to interven-

tion was 2.1 days and did not change (Appendix Figure 2C), 
but the standard deviation decreased by >50% (Appendix Fig-
ure 2D). There was no shift in the mean seven-day readmission 
rate or the number of encounters between readmissions (2.6% 
and 26, respectively; Appendix Figure 3). In addition, the hos-
pital billing department did not identify an increase in insur-
ance denials related to the route of antibiotic administration.

DISCUSSION
Summary
Using improvement science, we promoted earlier transition 
to enteral antibiotics for children hospitalized with uncompli-
cated CAP and SSTI by linking the decision for transition to 
the ability to take other enteral medications, rather than to 
discharge readiness. We increased the percentage of enterally 
administered antibiotic doses in this patient population from 
44% to 80% in eight months. Although we did not observe a 
decrease in LOS as previously noted in a cost analysis study 
comparing pediatric patients with CAP treated with oral an-
tibiotics versus those treated with IV antibiotics,15 we did find 
a decrease in LOS variability and in antimicrobial costs to our 

patients. These cost savings did not include potential savings 
from nursing or pharmacy labor. In addition, we noted a de-
crease in the variability in antibiotic prescribing practice, which 
demonstrates provider ability and willingness to couple antibi-
otic route transition to an objective characteristic (administra-
tion of other enteral medications).

A strength of our study was that residents, the most frequent 
prescribers of antibiotics on our HM service, were highly in-
volved in the QI initiative, including defining the SMART aim, 
identifying key drivers, developing interventions, and complet-
ing sequential PDSA cycles. Under the guidance of QI-trained 
coaches, residents developed feasible interventions and as-
sessed their success in real time. Consistent with other stud-
ies,16,17 resident buy-in and involvement led to the success of 
our improvement study.

Interpretation
Despite emerging evidence regarding the timing of transi-
tion to enteral antibiotics, several factors impeded early tran-
sition at our institution, including physician culture, variable 
practice habits, and hospital workflow. Evidence supports 
the use of enteral antibiotics in immunocompetent children 
hospitalized for uncomplicated CAP who do not have chronic 

FIG 2. P-Control Chart: Proportion of Antibiotic Doses that were Enterally Administered between January 2016 and June 2018. The process measure on the y-axis is 
the percentage of doses given enterally to patients with CAP or SSTI taking other enteral medications. Each data point represents one week of antibiotic doses. N is 
the total number of IV and enteral antibiotic doses administered.
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lung disease, are not in shock, and have oxygen saturations 
>85%.6 Although existing literature suggests that in pediatric 
patients admitted for SSTIs not involving the eye or bone, IV 
antibiotics may be transitioned when clinical improvement, 
evidenced by a reduction in fever or erythema, is noted,6 
enteral antibiotics that achieve appropriate concentrations 
to attain pharmacodynamic targets should have the same 
efficacy as that of IV antibiotics.9 Using the criterion of ad-
ministration of any medication enterally to identify a patient’s 
readiness to transition, we were able to overcome practice 
variation among providers who may have differing opinions 
of what constitutes clinical improvement. Of note, new evi-
dence is emerging on predictors of enteral antibiotic treat-
ment failure in patients with CAP and SSTI to guide transition 
timing, but these studies have largely focused on the adult 
population or were performed in the outpatient and emer-
gency department (ED) settings.18,19 Regardless, the stable 
number of encounters between readmissions in our patient 
population likely indicates that treatment failure in these pa-
tients was rare.

Rising healthcare costs have led to concerns around sustain-
ability of the healthcare system;20,21 tackling overuse in clinical 
practice, as in our study, is one mitigation strategy. Several 
studies have used QI methods to facilitate the provision of 
high-value care through the decrease of continuous monitor 
overuse and extraneous ordering of electrolytes.22,23 Our QI 
study adds to the high-value care literature by safely decreas-
ing the use of IV antibiotics. One retrospective study demon-
strated that a one-day decrease in the use of IV antibiotics in 
pneumonia resulted in decreased costs without an increase 
in readmissions, similar to our findings.24 In adults, QI initia-
tives aimed at improving early transition of antibiotics utilized 
electronic trigger tools.25,26 Fischer et al. used active orders for 
scheduled enteral medications or an enteral diet as indication 
that a patient’s IV medications could be converted to enteral 
form.26

Our work is not without limitations. The list of ICD-9 and 
-10 codes used to query the EHR did not capture all diagno-
ses that would be considered as uncomplicated CAP or SSTI. 
However, we included an extensive list of diagnoses to ensure 
that the majority of patients meeting our inclusion criteria were 
captured. Our process measure did not account for patients 
on IV antibiotics who were not administered other enter-
al medications but tolerating an enteral diet. These patients 
were not identified in our EHR query and were not included 
in our process measure as a failure. However, in latter inter-
ventions, residents identified all patients on IV antibiotics, so 
that patients not identified by our EHR query benefited from 
our work. Furthermore, this QI study was conducted at a single 
institution and several interventions took advantage of preex-
isting structured huddles and a resident QI curriculum, which 
may not exist at other institutions. Our study does highlight 
that engaging frontline providers, such as residents, to review 
antibiotic orders consistently and question the appropriate-
ness of the administration route is key to making incremental 
changes in prescribing practices.

CONCLUSIONS
Through a partnership between HM and Pharmacy and with 
substantial resident involvement, we improved the transition 
of IV antibiotics in patients with CAP or SSTI by increasing the 
percentage of enterally administered antibiotic doses and  
reducing antimicrobial costs and variability in antibiotic pre-
scribing practices. This work illustrates how reducing overuse 
of IV antibiotics promotes high-value care and aligns with ini-
tiatives to prevent avoidable harm.27 Our work highlights that 
standardized discussions about medication orders to create 
consensus around enteral antibiotic transitions, real-time feed-
back, and challenging the status quo can influence practice 
habits and effect change.

Next steps include testing automated methods to noti-
fy providers of opportunities for transition from IV to enteral 
antibiotics through embedded clinical decision support, a 
method similar to the electronic trigger tools used in adult QI 
studies.25,26 Since our prerounds huddle includes identifying all 
patients on IV antibiotics, studying the transition to enteral an-
tibiotics and its effect on prescribing practices in other diagno-
ses (ie, urinary tract infection and osteomyelitis) may contribute 
to spreading these efforts. Partnering with our ED colleagues 
may be an important next step, as several patients admitted to 
HM on IV antibiotics are given their first dose in the ED.
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