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Abstract

Purpose of Review Antimicrobial stewardship within acute care is common and has been expanding to outpatient areas.
Some inpatient antimicrobial stewardship tactics apply to outpatient parenteral antimicrobial therapy (OPAT) and complex
outpatient antimicrobial therapy (COpAT) management, but differences do exist.

Recent Findings OPAT/COpAT is a growing area of practice and research with its own unique considerations for antimicro-
bial stewardship. Potential ideas for antimicrobial stewardship in the OPAT/COpAT setting include redesigning the regimen
to COpAT instead of OPAT, ensuring the use of the shortest effective duration of antimicrobial therapy; using antimicrobials
dosed less frequently, such as long-acting glycopeptides; optimizing antimicrobial susceptibility testing reporting for common
OPAT/COpAT drugs; and establishing routine laboratory and safety monitoring. Future consensus is needed to determine
validated OPAT program metrics and outcomes.

Summary As more focus is placed on outpatient antimicrobial stewardship, clinicians practicing in OPAT should publish
more data regarding OPAT program methods and outcomes as they relate to antimicrobial stewardship. These can involve
patient clinical outcomes, OPAT readmission rates, OPAT therapy completion, and central line-related complications.

Keywords Antimicrobial stewardship - Home care - Outpatient parenteral antimicrobial therapy - OPAT

Introduction

Outpatient parenteral antimicrobial therapy (OPAT) is the
administration of intravenous (I'V) antimicrobials outside of
the acute care hospital setting for at least 2 doses without
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intervening hospitalization [1]. OPAT is an alternative to
inpatient care administered in a variety of models including
at infusion centers or ambulatory care clinics, at home with
nursing services or caregiver(s), and in skilled nursing facili-
ties [2]. Many infections are treated via OPAT, including
bone and joint, skin and soft tissue, pulmonary, central nerv-
ous system, intra-abdominal, catheter-associated, urogenital,
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cardiac device related, and endocarditis. Treatment dura-
tions generally range 2—8 weeks. Clinicians may choose oral
antimicrobial(s) with adequate bioavailability and infection
site penetration as an OPAT alternative. Oral antimicrobials
used for extended periods of time or that require outpatient
monitoring have been termed complex outpatient antimicro-
bial therapy (COpAT) [3ee].

While long term, often broad-spectrum, antimicrobi-
als appear ripe for stewardship interventions, inpatient
methodologies do not directly translate to OPAT/COpAT.
Traditional stewardship cornerstones such as prospective
audits with intervention and feedback, formulary restric-
tion, and preauthorization can be challenging to apply to
OPAT/COpAT [4]. Prospective audits can be rapidly imple-
mented in data-rich inpatient environments using real-time
antimicrobial orders and administration records. However,
these are not available for outpatients in the home and lim-
ited in skilled facilities/infusion centers [5]. Capture of
antimicrobial days of therapy (DOT) and other longitudi-
nal antimicrobial usage metrics face a similar data barrier.
An additional challenge is that OPAT patients’ settings can
change throughout the therapy course. Outside of single
payer systems, antimicrobial formulary restrictions and pre-
authorizations are difficult to apply as individual patient’s
insurance companies generally maintain formulary control.
Lastly, drug dispensing may be externally controlled by
for-profit infusion companies; thus, product-based steward-
ship cost containment initiatives (e.g., batching, extending
infusions, contracting purchases prices, etc.) are limited or
non-existent.

OPAT/COpAT is commonly definitive therapy adminis-
tered by patients or caregivers; therefore, the OPAT regimen
design prioritizes ease of administration, drug consolida-
tion, safety, and tolerability to optimize patient or caregiver
adherence along with antimicrobial spectrum and pharma-
cokinetics/pharmacodynamics (PK/PD). A narrow spectrum
of activity is often sacrificed to promote adherence, which
should be taken into account within OPAT/COpAT steward-
ship methods. While inpatient stewardship models do not
neatly fit into OPAT/COpAT, this creates opportunities for
new and re-invented stewardship methods.

In this paper, we review recent advances in OPAT litera-
ture, specifically with antimicrobial stewardship objectives,
with a focus on publications within the last five years.

Regimen Redesign from OPAT to COpAT

A critical target for antimicrobial stewardship efforts in the
context of OPAT is consideration for changing an OPAT
regimen to COpAT [6]. Transitioning IV antimicrobials into
oral regimens may occur at various time points and in var-
ied fashions throughout the OPAT care process. This may
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include transition at the time of discharge, following initial
discharge on OPAT, or the use of a mixed regimen contain-
ing both intravenously and orally administered antibiotics.
Specifically, employing the use of COpAT at the time of dis-
charge avoids the need for peripherally inserted central cath-
eters (PICCs) which are associated with numerous potential
complications including bloodstream infection, deep vein
thrombosis, insertion site redness or discomfort, acciden-
tal removal, and/or catheter occlusion [7, 8]. Estimated
complication rates vary; however, one study demonstrated
that 61.4% of outpatients self-reported at least one PICC-
related complication [7]. The economic impact of avoid-
ing PICCs should also be considered, given cost estimates
for placement alone ranging from $158.40 to $690.00 per
patient [9]. COpAT can also negate OPAT requirements for
home health, frequent infusion therapy clinic visits, or even
entirely avoid OPAT-related admission to a skilled facility.
During the COVID-19 pandemic where minimization of
exposure risk was critical, use of COpAT in place of OPAT
was of particular interest for these reasons [10].

Beyond the minimization of line placement and health-
care exposure, COpAT is accompanied by other significant
benefits. A study of pediatric patients comparing economic
and patient-related benefits of those receiving COpAT with
those receiving OPAT found COpAT was associated with
significantly lower direct costs of therapy, less missed school
for children, less missed work for caregivers, a higher level
of caregiver comfort with the planned regimen, and better
caregiver quality of life [11]. Multiple studies have evaluated
the impact of the use of oral antimicrobials or implementa-
tion of protocols allowing for the use of oral antibiotics in
the treatment of bone and joint infections [12e, 13]. One
such study evaluated the economic impact of transition
to COpAT in eligible patients with bone and joint infec-
tions demonstrated a 19.5 day reduction in IV antimicrobial
administration which was associated with £1234 ($1746.48)
in cost savings per patient. Notably, in this study, those who
transitioned to COpAT did so after a median of 17 days
of OPAT, thereby demonstrating the value of ambulatory
OPAT to COpAT transition [12e].

When looking to implement the use of COpAT, several
important factors should be considered. As opposed to sim-
ply changing the same antimicrobial from IV to oral for-
mulation, creation of a COpAT regimen usually requires
modification of an IV regimen to different drug(s) and/or
drug classes. Therefore, COpAT selection must be accom-
panied by careful evaluation of patient factors that may
complicate outcomes (e.g., gastrointestinal malabsorption
potential, non-adherence) or misalign with study protocols
(e.g., organisms not included, failure to meet “clinical sta-
bility” definitions). Additionally, COpAT must provide suf-
ficient coverage of suspected or confirmed pathogens, and
ideally should have high oral bioavailability and achieve
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adequate tissue penetration at the infection site. It should
be clearly stated that COpAT is not void of complications.
Oral antimicrobials have been associated with significant
rates of discontinuation, especially when administered at
high doses and for long durations such as during prosthetic
joint infections [14]. Patients receiving COpAT are recom-
mended to have close follow-up for medication adherence,
antimicrobial tolerance, and clinical improvement. There-
fore, the practice of instituting and monitoring COpAT is
best performed by those with expertise in infectious diseases
(ID), and represents an opportunity for OPAT teams to iden-
tify COpAT candidates, aid in agent selection, and provide
close follow-up [3ee].

Antimicrobial Duration

Optimizing duration of antimicrobial therapy is a key ten-
ant of antimicrobial stewardship [15]. There has been a
significant push to decrease the duration of therapy for
many common infectious etiologies. In some cases, a short
duration may preclude patients from even needing OPAT/
COpAT [16, 17]. Notable examples of possible shortened
durations for infections treated in the OPAT/COpAT set-
ting include but are not limited to: diabetic foot infections
with osteomyelitis (3 vs. 6 weeks) [18], septic arthritis (2 vs.
4 weeks) [19], and vertebral osteomyelitis (6 vs. 12 weeks)
[20]. It should be noted that many of these trials evaluated
duration of treatment with optimum source control. Given
the diversity of patient presentations and care provided
prior to hospital discharge, a short duration should not be
a guarantee for all patients but a decision that is based on
the clinical evolution of the patient. For example, increases
in age, C-reactive protein, and more frequent OPAT clinic
monitoring were all associated with longer durations of IV
antibiotics for skin and soft-tissue infections within a single
English teaching hospital [21]. The ideal approach remains
to limit antibiotic exposure to the shortest effective duration
in order to eradicate an infection, which cannot always be
projected at the start of therapy.

Microbiology Collaboration
and Coordination

Significant effort has been invested to optimize the col-
laboration between the microbiology laboratory and anti-
microbial stewardship programs. One such intervention has
been the use of antimicrobial cascade reporting (CR). By
selectively reporting susceptibility based on specific results,
CR has nudged providers into de-escalating antimicrobial
treatments without requiring significant dedicated time from
the antimicrobial stewardship program. Cascade report-

ing has been associated with a significant increase in de-
escalation without increasing length of stay, Clostridioides
difficile rates, or mortality [22e, 23, 24]. While CR is a
high yield intervention, it should be implemented thought-
fully to ensure there are minimal downstream repercussions
for OPAT/COpAT patients. It is not uncommon for OPAT/
COPpAT to require adjustment for a variety of reasons. For
example, a patient with Staphylococcus aureus bacteremia
and osteomyelitis may be de-escalated to oral antibiotics
when clinically appropriate. Susceptibilities for this iso-
late will likely be based on the blood culture which may
not report oral antimicrobial susceptibilities. Conversely, a
patient may need a broader antimicrobial agent secondary to
an adverse event or isolation of an organism with a different
resistance profile [25]. It is common for isolates to no longer
be available for additional testing for the OPAT clinician.
As part of the OPAT evaluation and/or transition of care
process, patients’ microbiologic data should be evaluated
to ensure all necessary information is obtained, especially
if the patient is transferring from a different institution. For
multidrug resistant or recurring infections, adding non-
routine susceptibilities should be considered, or communi-
cating with clinical microbiology laboratory staff to release
additional susceptibilities.

Certain barriers can be addressed by OPAT clinicians
through pre-emptive collaboration with clinical microbiolo-
gists. This includes providing input on antimicrobial suscep-
tibility testing (AST) panel design such as creating infection
site-specific panels that include future oral agents, prespec-
ifying certain AST released only by ID/OPAT clinicians’
direct request (modified CR), including narrative comments
in the microbiology results section that informs on drug
choice and dosing (e.g., defining susceptible-dose dependent
(SDD) drug dose ranges), and implementing of AST rapid
diagnostics/susceptibility (i.e., Accelerate Pheno). Addi-
tionally, electronic medical record clinical microbiology-
based reports containing real time results of new positive
cultures, broad range polymerase chain reactions (PCRs),
serologies, and AST from OPAT/COpAT patients allow for
same day interventions by OPAT clinicians as needed for
new or different antimicrobials, streamlining/simplification
of regimens, and addition of AST while samples are still
available [26].

Patient Adherence and Ease of Antimicrobial
Administration

In order for any antimicrobial to be effective, the patient
must first take the antimicrobial. Less frequent dosing
decreases the burden of effort on OPAT patients and their
caregivers, particularly in the home setting. One study found
that patients whose OPAT regimen was dosed once or twice
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daily were more likely to be adherent compared with patients
whose antimicrobials were dosed more than twice daily
[27e¢]. To facilitate less frequent dosing and to maximize
chances of PK/PD target attainment, certain beta-lactams
and vancomycin can be given as a continuous infusion (CI)
[28-30]. The option for bolus or CI should be explored in
advance as some patients may prefer multiple daily dosing,
or insurance may not cover the necessary CI infusion pump
devices [28]. The long-acting lipoglycopeptides oritavancin
and dalbavancin are attractive options for patients requiring
OPAT, since they are administered infrequently and do not
require a PICC or midline, thereby increasing the chances
of adherence [31e, 32, 33].

To facilitate less frequent dosing and ease of admin-
istration, a broader spectrum antimicrobial agent may be
selected. Strategically choosing a broader spectrum agent is
unlikely with inpatient stewardship teams, but patient con-
venience and ease of administration are often prioritized
for OPAT. For example, daptomycin or ertapenem may
be selected instead of vancomycin or other beta-lactams,
because they are infused only once daily. When broader
spectrum agents are used, efficacy, safety, and cost concerns
must be addressed. One study suggested that daptomycin
and ertapenem regimens may result in higher antimicro-
bial cost, but that drug purchase cost should be compared to
the acute care admission costs saved by OPAT facilitating
discharge [34]. They additionally found low rates of adverse
events (12% of readmissions) and C. difficile infection (7%)
with these broader spectrum agents. Likewise, in a small
study comparing ceftriaxone, which is generally given once
or twice daily, versus oxacillin or cefazolin, which are gener-
ally given three to six times daily, for methicillin-susceptible
S. aureus (MSSA) bloodstream infections via OPAT, 90-day
all-cause mortality, readmission due to MSSA bloodstream
infection, microbiologic failure, and required antibiotic
switches due to intolerance were all similar between the
groups [35].

Safety Monitoring

Routine laboratory testing and safety monitoring are consid-
ered standard of care in OPAT. In the inpatient setting, serum
laboratory testing is generally performed daily, and results are
available within hours of order for the antimicrobial steward’s
review. In the outpatient setting, it is the OPAT team’s respon-
sibility to initiate laboratory orders and follow-up on results
appropriately. Timely receipt of OPAT laboratory results can
be challenging, and over half (58.5%) of surveyed ID physi-
cians reported this as a significant barrier to safe OPAT in one
study [36ee]. The non-availability of laboratory test results
alone is independently associated with OPAT readmissions
[37]. Opportunities exist for OPAT stewards, with these limi-
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tations in mind, to tailor frequency of laboratory testing and
enhance safety monitoring plans for patients.

The risk of antibiotic-related adverse events increases
with longer antibiotic duration in hospitalized patients
[38]. Perhaps to a greater extent than their inpatient coun-
terparts, OPAT/COpAT stewards must monitor closely
for delayed-onset adverse drug reactions. Certain antibi-
otic-related adverse events occur on average two or more
weeks after antibiotic initiation (e.g., linezolid-induced
thrombocytopenia, beta-lactam-induced neutropenia) [39,
40]. Early post-discharge OPAT follow-up is necessary for
timely detection and management of these events. Outpa-
tient ID follow-up, including review and assessment of
laboratory testing and adverse events within 2 weeks of
hospital discharge, has been associated with reduced read-
missions in patients receiving OPAT [41].

Many OPAT programs have adopted a once-weekly
monitoring approach based on expert opinion and guide-
line recommendations [1]. Adjustments to a weekly
schedule may be warranted based on antimicrobial regi-
men chosen, drug-drug interactions, and co-morbidities.
More frequent laboratory testing may be needed in patients
receiving aminoglycosides, while less frequent monitor-
ing or no monitoring may be indicated when using long-
acting lipoglycopeptides. Adjustments in dosing schemes
to facilitate laboratory testing and interpretation should
be considered. If a CI vancomycin dosing scheme is
employed, for example, blood samples can be drawn at
any time after steady state has been achieved, and AUC24
can be estimated based on one level. Implementation of
CI vancomycin can lead to reduction of 1) amount of care
coordination required between OPAT programs, nursing
facilities, and home infusion companies; 2) risk of inap-
propriately timed laboratory testing and delays in anti-
biotic dose adjustments; and 3) risk of antibiotic-related
adverse events [30, 42].

For patients without regular clinical assessment in a nurs-
ing facility, there may be a role for expanded safety monitor-
ing by the OPAT pharmacist. A study characterizing drug-
related problems experienced by patients on OPAT found that
drug-drug interactions were the second most common type of
problem [43]. Direct contact with a pharmacist post-hospital
discharge can reduce medication-related problems and pro-
vide an opportunity for management of drug-drug interac-
tions [44]. Pharmacist-conducted patient interviews may also
be valuable in the identification of adverse events, as a high
rate of discordance between clinician-reported and patient-
reported adverse events during OPAT has been described
[45]. Lastly, clinicians are in a unique role to provide educa-
tion, a goal important to patients, and their caregivers for the
successful completion of OPAT at home [46e¢]. Unrealized
opportunities may exist for comprehensive safety monitor-
ing follow-up by a pharmacist beyond laboratory monitoring,
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including post-discharge medication reconciliation, assess-
ment of medication adherence, management of drug-drug
interactions, monitoring for patient-reported adverse events,
and patient education. The successful use of telemedicine
for OPAT follow-up and monitoring has previously been
described and endorsed by the Infectious Diseases Society
of America [47, 48]. Beyond the obvious advantages during
the COVID-19 pandemic era, telemedicine may continue to
play a role in the future of OPAT safety monitoring.

OPAT Metrics

Traditional antimicrobial stewardship metrics are difficult to
implement in OPAT, since OPAT mainly consists of defini-
tive therapy in non-acute care settings. Consensus is lacking

Table 1 OPAT stewardship initiatives and program metrics

around a set of accepted OPAT metrics. There is no separate
accreditation for OPAT programs; however, they may qualify
for Joint Commission outpatient antimicrobial stewardship
accreditation [49] or ambulatory infusion center accredita-
tion [50], depending on program structure. While this is an
area of need for future consensus and development, some
proposed initiatives and metrics are in Table 1.

National guidelines suggest potential OPAT program out-
come measures, although these may not qualify as steward-
ship metrics. Patient clinical outcomes, readmission rates,
OPAT therapy completion, and central line-related compli-
cations are commonly suggested [2, 51, 52] One group of
researchers identified five core elements of inpatient antimi-
crobial stewardship which can pertain to OPAT: 1) antimi-
crobial use based on pathogen susceptibility, 2) duration of
OPAT, 3) lack of C. difficile infection, 4) no emergency

Intervention Potential benefits

Potential metric

OPAT changed to COpAT [59, 60]

services

Avoidance of requirement for PICC placement
and associated cost/risk of complications

Avoidance of need for home health, infusion
therapy center, or skilled nursing facility

Line days avoid

Direct cost savings (PICC line, line mainte-
nance supplies, IV antibiotics, compounding
time, nursing time, etc.)

Patient satisfaction surveys

Decrease laboratory monitoring requirements

Potential cost-savings to patient in the form of
direct antimicrobial costs

Favorable impacts on patient quality of life

Duration of therapy

Decrease antimicrobial exposure/resistance

DOT vs clinical failures

Decrease in adverse drug events, including

line-related
Long-acting agents (dalbavancin, orita-

vancin) [31e, 32, 33] 7-14 days)

Administered infrequently (often every

Line days saved/or OPAT days saved
Patient satisfaction surveys

Only require peripheral line (do not require a

PICC or midline)

Continuous infusion antimicrobials [2, 42, 61]
of IV antibiotics

Decrease in regimen changes for ease of
administration (e.g., daptomycin, ceftriax-

one)

Decrease admission to SNFs for administration

Rate of antimicrobial regimen changes
Once daily antimicrobial utilization
Vancomycin time within goal

Rate of acute kidney injury

Vancomycin specific benefit:
Decrease in inappropriately drawn vancomycin

TDM levels

Decrease in nephrotoxicity
Facilitates AUC:MIC monitoring

Laboratory monitoring availability [37, 41]

Outpatient clinical microbiology reporting

Patient outcomes

Reduced health-care utilization during OPAT

Allows for real-time tailoring of antimicrobial
regimens based on microbiology results

Facilitates timely additional susceptibility test-
ing when needed

Annual tracking and benchmarking
Annual goal setting

Frequency of laboratory availability

Rate of de-escalation in the outpatient setting?

Time to appropriate therapy

Oral susceptibility reports available for each
organism

Time to outpatient follow up

OPAT completion rates

Adverse effects

Clostridioides difficile rates

30-day ED/hospital readmission

Abbreviations: AUC area under the concentration, COpAT complex outpatient antimicrobial therapy, DOT duration of therapy, ED emergency
department, [V intravenous, MIC minimum inhibitory concentration, OPAT outpatient parenteral antimicrobial therapy, PICC peripherally
inserted central catheter, SNF skilled nursing facility, TDM therapeutic drug monitoring
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department visit related to OPAT, and 5) no hospitalization
related to OPAT [53]. It is important to differentiate between
outcomes directly related to and influenced by OPAT versus
other. Recent studies have shown implementing an OPAT
“bundle” decreased 30-day readmission rates by half (13.0%
vs. 26.1%, P<0.01) [54]. Similarly, two studies developed
risk prediction scores for 30-day readmission [55] and OPAT
complications [56]. Potentially targeting these patient popu-
lations can improve OPAT program measures.

While two recent studies used RAND-modified Delphi
procedures to create quality indicators for outpatient antimi-
crobial use, including OPAT, they did not overtly measure
program outcomes or metrics [57, 58]. Best practices such as
multidisciplinary teams, patient and family education, medi-
cation storage, and communication strategies are stressed.
However, some overlap with metrics included intravenous to
oral switches, tracking treatment failure and adverse events,
and rapid availability of laboratory values.

Access to a national database can lend to benchmarking
against other similar institutions. The National Outcomes
Registry System (NORS) database allows for this in the
UK [52]; however, as of 2000, the USA is devoid of such a
database [2]. Reviving and sustaining a database in the USA
should be prioritized by regulatory and professional societies.
Until such a database can be revived, institutions should create
internal dashboards, identifying and tracking real-time data
(current OPAT patients) and pertinent annual metrics. Similar
to antimicrobial stewardship programs, these metrics should
be reviewed annually and presented to leadership, with selec-
tion and work towards completing one goal annually.

Conclusion

Many advances and publications in the realm of OPAT and
antimicrobial stewardship have been made in the last 5 years.
In light of outpatient antimicrobial stewardship requirements
by several US regulatory and accreditation bodies, the focus
on OPAT stewardship will continue to increase. Creating
a consensus on OPAT stewardship interventions and pro-
gram metrics will be crucial for standardization and com-
parison. Until then, programs can consider applying OPAT
to COpAT conversions, collaborating with microbiology
laboratories on OPAT-related susceptibility algorithms,
redesigning OPAT regimens upon transitions of care to
ensure patient success, and employing appropriate safety and
efficacy monitoring. Programs engaging in care for patients
on OPAT/COpAT should be encouraged to publish on their
experiences, in particular on stewardship metrics and pro-
gram outcomes data.
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