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Abstract

Objective: To evaluate oral antibiotic prescribing for common infections at hospital discharge before and after implementation of
a pharmacist-driven transitions-of-care (TOC) program.

Design: Single-center before-and-after study.

Setting: Acute-care, academic, community hospital in Santa Barbara, California.

Patients: Eligible adult patients prescribed oral antibiotics at hospital discharge for community-acquired pneumonia, skin and soft-tissue
infections, and urinary tract infections between September 2019 and December 2019 (preimplementation period) and between March
2021 and May 2021 (postimplementation period).

Intervention: Antimicrobial stewardship–initiated, department-wide, TOC program requiring all clinical pharmacists to review discharge
antibiotic prescriptions in real time.

Results: In total, 260 antibiotic prescriptions were assessed for appropriateness: 140 before implementation and 120 after implementation.
After implementation, the number of prescriptions considered inappropriate significantly decreased by 18% (52% vs 34%; P= .005).
Inappropriate rates decreased in all assessment categories: dosing (15% vs 2%; P< .001), treatment duration (42% vs 31%; P= .08), antibiotic
selection based on infection type or microbiology (8% vs 4%; P= .33), and antibiotics not indicated (16% vs 10%; P= .18). Median total
antibiotic days decreased by 1 day after implementation (10 days vs 9 days; P= .67), and 30-day readmission rates were similar between
both phases.

Conclusions: A real-time, pharmacist-driven, TOC program for oral antibiotic prescriptions had a significant impact in reducing inappro-
priate prescribing of antibiotics at hospital discharge for common infections. Incorporating discharge antibiotic prescription review into
pharmacist daily workflow may be a sustainable approach to outpatient antimicrobial stewardship in a setting with limited resources.

(Received 18 August 2022; accepted 10 October 2022)

Antimicrobials are powerful medications that can be used to treat
life-threatening infections. However, inappropriate prescribing
can result in negative consequences such as emergence of antibi-
otic resistance and adverse reactions. Antibiotic resistance devel-
oping from inappropriate antibiotic use has been identified as
one of the greatest public health threats, as well as increased risk
of Clostridioides difficile infections.1 According to the Centers
for Disease Control and Prevention (CDC), ∼30% of all antibiotics
prescribed in the United States hospital setting are unnecessary or
suboptimal, with 20% of those patients subsequently experiencing

adverse effects.1 The most common inappropriate prescribing
patterns have been related to excessive treatment duration, inap-
propriate antibiotic selection, incorrect doses, and conditions
not warranting antibiotic treatment.2,3 Antimicrobial stewardship
efforts have helped reduce antibiotic days of therapy and the
associated risks during hospitalization, but an opportunity exists
to expand these efforts to the community setting. As part of a
multifaceted approach, the CDC “Core Elements of Hospital
Antibiotic Stewardship Programs, 2019” recommends that antimi-
crobial stewardship programs (ASPs) also assess how often
patients are discharged on the correct antibiotics for the appropri-
ate duration.1

Recent studies have shown that many hospital-initiated antibiotic
courses are completed after hospital discharge.2,4–6 Furthermore,
community-acquired pneumonia (CAP), skin and soft-tissue
infection (SSTI), and urinary tract infection (UTI) account for
most inappropriate prescriptions.2,6–8 Therefore, assessing current
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prescribing practices and optimizing antibiotic discharge prescrip-
tions for these infections could be an effective intervention in anti-
microbial stewardship. Based on evaluation of our hospital
discharge antibiotic prescriptions, we identified a need to optimize
oral antibiotic prescriptions for common infections. Although
antimicrobial stewardship needs continue to grow, many acute-
care facilities are ill-equipped to support all the recommended
initiatives due to inadequate resources among antimicrobial stew-
ardship pharmacists, antimicrobial stewardship physicians, and
transitions-of-care (TOC) pharmacists. We implemented a phar-
macy department–wide protocol for real-time assessment of oral
discharge antibiotic prescriptions, and we evaluated its impact
on appropriate antibiotic usage for CAP, SSTI, and UTI at hospital
discharge.

Methods

In this single-center, quasi-experimental study, we compared
appropriate antibiotic usage at hospital discharge before and after
implementation of a department-wide program requiring all phar-
macists to conduct real-time assessment of antibiotic prescriptions
filled through the hospital-operated outpatient pharmacy. The
study was approved by the organization’s institutional review
board as a quality improvement project. The study site is a 519-
bed, acute-care, community-based, teaching hospital and level 1
trauma center, and >50% of all discharge prescriptions are typi-
cally filled at the hospital outpatient pharmacy. The outpatient
pharmacist provides medication reconciliation and discharge
counseling upon the patient’s request. However, due to staffing
limitations, pharmacists, inpatient or outpatient do not routinely
conduct critical assessment of all discharge prescriptions.

Intervention

The antimicrobial stewardship team developed a TOC policy
requiring inpatient pharmacists to review all oral discharge antibi-
otic prescriptions sent to the hospital-operated outpatient phar-
macy in real time. This department-wide TOC policy was
approved by the antibiotic subcommittee of pharmacy and thera-
peutics committee and by the chief medical officer. Informational
notification was sent to the prescribers regarding the new policy for
inpatient pharmacists to review discharge antibiotic prescriptions
being sent to the hospital-operated outpatient pharmacy. The anti-
microbial stewardship pharmacist provided education to all
inpatient pharmacists on the TOC policy, institutional guidelines
adapted from the Infectious Diseases Society of America treatment
guidelines, and clinical parameters to determine the appropriate-
ness of the prescriptions.9–11 To further promote consistency, a rec-
ommended “duration of therapy” handout was created. Discharge
prescriptions were configured by the information technology team
to show as a stat order on the inpatient pharmacist’s order-
verification queue. The pharmacist was responsible for reviewing
the patient’s hospitalization medical record to verify the indication
and overall appropriateness of the discharge prescription. If inter-
vention was required, the pharmacist contacted the prescribing
physician to make a recommendation or to obtain clarification.
Once verified, the prescription was sent electronically to the hos-
pital outpatient pharmacy.

Patient population

The patients who were prescribed 1 or more oral antibiotics at hos-
pital discharge were identified through the prescriptions filled at

the hospital outpatient pharmacy during 2 phases: between
September 16, 2019, and December 16, 2019 (preimplementation
period) and betweenMarch 1, 2021, andMay 31, 2021 (postimple-
mentation period). Subsequently, adult patients discharged with
oral antibiotic prescriptions for primary indications of CAP,
SSTI, and UTI were eligible for inclusion. We excluded patients
who were aged<18 years; those admitted to the emergency depart-
ment only; those diagnosed with endocarditis, osteomyelitis, cen-
tral nervous system infections or infections with nonbacterial
pathogens; those who left the hospital against medical advice;
patients discharged with parenteral antimicrobials; and patients
receiving chronic immunosuppressive therapy or antibiotics for
long-term suppression or prophylaxis. For quasi-random selec-
tion, the first 5 consecutive prescriptions were included for analy-
sis, the next 5 consecutive prescriptions were excluded, and the
process was repeated.

Pre- and postimplementation assessments

The prescriptions were assessed for appropriateness in the
following 4 areas: antibiotic dose, treatment duration, antibiotic
selection, and need for antibiotic at discharge. Appropriate dosing
was based on indication and dosing recommendations listed in
Lexicomp (Lexi-Comp, Hudson, OH) and the institutional guide-
lines. Prescriptions were defined as having an appropriate duration
if the total number of days of antibiotics, including the days during
hospitalization, fell within 1 day of the recommended duration
based on the guidelines and based on clinical parameters including
vital signs, resolution of symptoms, white blood cell count,
procalcitonin, C-reactive protein, lactate, urinalysis, imaging,
and microbiology results. Appropriateness of antibiotic selection
was determined based on approved indications, institutional
treatment guidelines, allergies, local antibiogram, or any antibi-
otic exhibiting susceptibility on microbiological results. Finally,
the ongoing need for antibiotics at the time of discharge was
based on the total number of days of antibiotics and patient’s
clinical response during hospitalization. Discharge prescriptions
deemed excessive duration of therapy in the absence of any clinical
reason were considered inappropriate. In addition, asymptomatic
bacteriuria was considered an inappropriate indication for
antibiotics. The prescription was assessed for each category of
inappropriateness; however, the prescription was counted as inap-
propriate only once. Along with discharge antibiotic prescription
data, patient demographics, comorbidities, and 30-day readmis-
sion data were collected.

Outcomes

Our primary objective was to compare pre- and postimplementa-
tion inappropriate antibiotic prescribing rates for CAP, SSTI, and
UTI indications. Secondary objectives included comparing the
types of prescribing pattern change (dosage, duration, selection,
and need for antibiotic) and 30-day readmission rates.

Statistical analysis

To compare pre- and postimplementation data, statistical analysis
was performed using R version 3.5.1 software (R Foundation,
Vienna, Austria). Prescription inappropriateness for overall
prescribing, dosage, duration, selection, need at time of discharge,
and 30-day readmission were compared using the χ2 test of homo-
geneity. Post-hoc analyses using the Bonferroni correction were
conducted to identify which category significantly changed in

2 Sarah M. Halcomb et al



infection types. The Mann-Whitney U test was used to test for
significance in overall antibiotic days of therapy.

Results

Patient characteristics

In total, 861 prescriptions identified during the preimplementation
phase were filtered to include indications for CAP, SSTI, and UTI
and removal of those meeting the exclusion criteria resulted in 280
prescriptions included in this study. Subsequent quasi-randomiza-
tion resulted in 140 prescriptions for 140 patients. During the post-
implementation phase, 619 prescriptions were identified, among
which 225 prescriptionsmet the inclusion criteria. Finally, 120 pre-
scriptions from 113 patients were randomly selected. Baseline
patient characteristics overall were similar between groups with
a few differences. The patients in the preimplementation group
were older than those in the postimplementation group, with
the mean ages of 66 and 60 years, respectively (Table 1).

Pre- and postimplementation analyses

Prior to implementation, excessive treatment duration (42%) was
the most common reason for inappropriateness, followed by no
indication for antibiotic (16%), incorrect dose (15%), and incorrect
antibiotic selection (8%) (Table 2). After the real-time pharmacist
assessment and intervention implementation, the total number of

antibiotic prescriptions considered inappropriate overall decreased
significantly in comparison to the preimplementation period
(52% vs 34%; P = .005). Overall rates of inappropriate prescrip-
tions decreased in all assessment categories of dosage, treatment
duration, antibiotic selection, and continued need for antibiotic
at the time of discharge (Fig. 1). Notably, number of prescrip-
tions with inappropriate dose decreased significantly by 13%
(P < .001). Common reasons for dosing errors were related to
not adjusting the dose based on patient’s renal function and
selecting incorrect dose for the infection type. Excessive treat-
ment duration showed a downward trend overall, but there
was a significant reduction in the number of inappropriate pre-
scriptions for SSTI after implementation of the TOC policy (57%
vs 15%; P < .001). The median total antibiotic days decreased
by 1 day after implementation of the TOC policy (Table 3).
Most antibiotic treatment courses were completed in the outpa-
tient setting with approximately 60% of antimicrobial exposure
occurring after hospital discharge.

Regarding selection of discharge antibiotics, amoxicillin-
clavulanate, sulfamethoxazole-trimethoprim, cephalosporins, and
fluoroquinolones were the most-prescribed agents in both periods.
Notably, both levofloxacin and ciprofloxacin prescriptions
decreased after implementation by approximately 40% and 50%,
respectively. Positive microbiology data were available in approxi-
mately half of the patients in both study periods to assist in antibiotic
selection (58% and 47%; P= .09). The most isolated organisms
were Escherichia coli,methicillin-susceptible Staphylococcus aureus,
and Streptococcus spp. Based on available microbiology data, an
appropriate antibiotic was chosen most of the time in both the
pre- and postimplementation periods (89% and 91%, respectively).
In 8 cases, the appropriate antibiotics were selected based on the
susceptibility report but were not de-escalated. Inappropriate anti-
biotic selection was often due to a culture result returning after
the patient was discharged. Continuing antibiotics after completion
of therapy and achieving clinical resolution during hospitalization
were the primary reasons for patients not needing antibiotic pre-
scription at discharge.

Overall, 30-day readmission rates were comparable in the
pre- and postimplementation groups (10% and 12%, respectively;
P = .547), among whom 6 patients (2 before and 4 after imple-
mentation; P =.273) were readmitted for reasons related to the
previous discharge conditions. C. difficile was not reported
among these subgroups.

Discussion

Despite improved antimicrobial use through stewardship interven-
tions in the inpatient setting, recent studies have estimated that
50%–70% of antibiotic prescriptions upon hospital discharge are
inappropriate.2,3 Excessive treatment duration was frequently
reported with approximately 60% of the treatment course occur-
ring outside the hospital. Antimicrobial stewardship is needed dur-
ing patient transitions from hospitals to outpatient settings.5,7,12

In this quasi-experimental study of oral discharge antibiotic
prescriptions for common infections requiring hospitalization at
a community hospital, we demonstrated a successful implementa-
tion of a pharmacist-led TOC program. After the implementation
of real-time pharmacist assessment and intervention, the inap-
propriate prescription rate significantly decreased by 18%. The
number of inappropriate prescriptions decreased across all subca-
tegories of dosing, treatment duration, antibiotic selection, and
need for antibiotic at discharge. The most significant impact was

Table 1. Patient Characteristics

Characteristic

Before
Implementation
(N = 140)

After
Implementation

(N = 113)
P

Value

Age, years

Range 21–96 18–95

Mean (SD) 65.8 (18.2) 59.9 (19.5) <.001

Sex

Male, no. (%) 72 (51) 52 (46) .767

Female, no. 68 (49) 61 (54)

Comorbidities

Diabetes mellitus 31 23 .730

Obesity 9 5 .488

AKI or CKD 26 13 .122

Liver disease 15 11 .799

CVA/TIA 14 11 .944

Myocardial infarction or
congestive heart failure

12 7 .476

COPD 8 8 .657

Immunocompromised 5 3 .679

Infection type, no. (%)

CAP 40 (29) 38 (34) .387

SSTI 44 (31) 36 (32) .942

UTI 56 (40) 39 (34) .370

Note. SD, standard deviation; AKI, acute kidney injury; CKD, chronic kidney disease; CVA,
cerebrovascular accident; TIA, transient ischemic attack; CAP, community-acquired
pneumonia; COPD, Chronic obstructive pulmonary disease; SSTI, skin and soft-tissue
infection; UTI, urinary tract infection.
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in antibiotic dosing, which is not surprising given that pharmacists
have specialized knowledge to effectively review patient informa-
tion and to determine appropriate doses. Excessive treatment
duration was the most common reason for inappropriate prescrib-
ing in both study phases. This finding is similar to the findings of
Vaughn et al,5 who assessed discharge prescriptions for CAP or
UTI in a multihospital cohort. Overall, 49% of prescriptions were
identified as antibiotic overuse, among which the majority were
due to excess duration (63% for CAP and 44% for UTI).5

Interestingly, we noted a slight increase in the number of prescrip-
tions with inappropriate treatment durations for CAP during the
postimplementation period (40% vs 50%; P= .37). This finding
may be related to empiric treatment of bacterial superinfections
in the setting of coronavirus disease 2019 (COVID-19). Most pre-
scriptions were appropriately selected. However, stewardship
opportunities were identified for timely de-escalation of therapy
based on the susceptibility during hospitalization as well as fol-
low-up of microbiology results that are reported after patient

discharge. Readmission rates remained similar, suggesting that
improved prescribing patterns, including reduction in the total
antibiotic days, did not affect patient safety. Ultimately, these
improvements align with national goals to reduce inappropriate
prescribing to combat the emergence of antibiotic resistance with-
out further complications to patients.13

A limited number of studies have shown the impact of dis-
charge antibiotic prescriptions stewardship by specialty-trained
pharmacists.8,14–17 In a retrospective descriptive study of 1,100
adult patients at high risk for readmission and mortality, TOC
pharmacists intervened in 298 discharge antimicrobial medica-
tions.14 Common intervention types were dosing (30%) and treat-
ment duration (25%), most of which were accepted by the
discharging prescribers. Parsels et al15 evaluated the impact of
an antimicrobial stewardship team consisting of a full-time adult
infectious disease (ID) pharmacist, a full-time pediatric ID phar-
macist, a pharmacy school-funded ID pharmacist faculty, and a
postgraduate year ID pharmacy resident on discharge oral

Table 2. Comparison of Inappropriate Prescribing Patterns of Discharge Antibiotic Prescriptions

Variable
Before Implementation

(N= 140), No. (%)
After Implementation
(N= 120), No. (%) P Value

Overall prescriptions considered inappropriate 73 (52) 41 (34) .005

Dosed inappropriately 21 (15) 2 (2) <.001

Inappropriate duration 59 (42) 38 (31) .08

Excessive treatment duration by infection type CAP: 16 of 40 (40) CAP: 20 of 40 (50) .37

SSTI: 25 of 44 (57) SSTI: 6 of 40 (15) <.001

UTI: 18 of 56 (32) UTI: 12 of 40 (30) .82

Inappropriate selectiona 11 (8) 5 (4) .33

Antibiotic not indicated at discharge 23 (16) 12 (10) .18

Note. CAP, community-acquired pneumonia; SSTI, skin and soft-tissue infection; UTI, urinary tract infection.
aBased on indication or microbiology results.

Fig. 1. Summary of inappropriate prescribing patterns of discharge antibiotic prescriptions: before and after implementation of a pharmacist-led transitions-of-care program.
*Statistical significance.
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antimicrobial prescriptions in a retrospective, single-center study.
Among 438 interventions by the antimicrobial stewardship team, a
significant impact was demonstrated in the median number of
antimicrobial days, which decreased from 8 days (range, 5–10)
to 4 days (range, 0–5.5). Despite the positive impact demonstrated
by the specialty-trained pharmacists, limited resources have been
mentioned in the literature. In a retrospective audit of 236 dis-
charge antibiotic prescriptions at a 300-bed regional hospital,
appropriateness of dosing (odds ratio [OR], 5.6; 95% confidence
interval [CI], 1.9–9.2), microbiological specimens (OR, 4.3; 95%
CI, 1.6–11.6), and targeted antibiotic selection (OR, 2.8; 95% CI,
1.8–6.2) were more likely when an antimicrobial stewardship team
of an ID physician and a dedicated antimicrobial stewardship
pharmacist was involved.16 However, due to limitations in the
existing resources, only 18% of discharge antibiotic prescriptions
were reviewed during the study period. Barnett et al8 reported
an opportunity for antimicrobial stewardship intervention at hos-
pital discharge by 1 or more antimicrobial stewardship members
(eg, ID physician, fellow, and pharmacist) in a retrospective cohort
study at a small Veterans’ Affairs Hospital.8 However, the antimi-
crobial stewardship reviews occurred only twice weekly due to lim-
ited resources. In a multicenter, quality improvement study of 800
patients, utilizing pharmacists to proactively identify soon to be
discharged patients and to create optimal oral discharge prescrip-
tions for final approval provided effective TOC at hospital dis-
charge.17 However, this practice model requires multiple clinical
pharmacists who are already integrated within the medical teams.
There is a critical need for a practical approach to stewardship,
especially at a community hospital with limited resources. Our
TOC policy leveraging all inpatient pharmacists was unique in
expanding antimicrobial stewardship services during hospital dis-
charge without requiring additional resources. A mean of 7 pre-
scriptions each day required additional dedicated time to review
and intervene. In place of having one or more specialty-trained
TOC or antimicrobial stewardship pharmacists, training all phar-
macists and incorporating antimicrobial stewardship into their
daily workflow results in continuity in patient care and sustainabil-
ity of a successful program.

Given the nature of the retrospective review at a single center,
this study had several limitations. We lacked the opportunity or
documentation to further clarify specific prescribing by physicians
during the preimplementation period. Implementation of the pol-
icy was delayed due to the COVID-19 pandemic. As such, the post-
implementation analysis period could not be matched seasonally
with the preimplementation period. Prescribing behavior may
have been altered due to the unfolding COVID-19 pandemic.
However, overall antibiotic susceptibility for common pathogens
remained stable, and similar antibiotics were prescribed during
the pre- and postintervention periods. Finally, many interventions
were incompletely documented, which may have been due to the

staffing shortages and frequent changes in workflow during
COVID-19. Due to the lack of documentation, wemay havemissed
prescriptions that were discontinued based on pharmacist recom-
mendation as unnecessary at hospital discharge.

In summary, implementation of a pharmacy department–wide,
real-time assessment of discharge antibiotic prescriptions had a
significant impact on reducing the number of inappropriate pre-
scriptions for common infections at hospital discharge. This study
provides an example of a practical and sustainable TOC program
leveraging existing pharmacist staff that can be implemented at
other community hospitals with limited resources.
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