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Abstract

Antimicrobial stewardship programs (ASPs) have made immense strides in optimizing antibiotic,
antifungal, and antiviral use in clinical settings. However, although ASPs are required
institutionally by regulatory agencies in the United States and Canada, they are not mandated for
transplant centers or programs specifically. Despite the fact that solid organ transplant recipients
in particular are at increased risk of infections from multidrug-resistant organisms, due to host and
donor factors and immunosuppressive therapy, there currently are little rigorous data regarding
stewardship practices in solid organ transplant populations, and thus, no transplant-specific
requirements currently exist. Further complicating matters, transplant patients have a wide range
of variability regarding their susceptibility to infection, as factors such as surgery of transplant,
intensity of immunosuppression, and presence of drains or catheters in situ may modify the risk
of infection. As such, it is not feasible to have a “one-size-fits-all” style of stewardship for this
patient population. The objective of this white paper is to identify opportunities, risk factors,

and ASP strategies that should be assessed with solid organ transplant recipients to optimize
antimicrobial use, while producing an overall improvement in patient outcomes. We hope it

may serve as a springboard for development of future guidance and identification of research
opportunities.
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ANTIMICROBIAL STEWARDSHIP: A NECESSITY IN SOT RECIPIENTS?

Antimicrobial stewardship programs (ASPs) have made immense strides in optimizing
antibiotic, antifungal, and antiviral use in clinical settings. Their importance has been
enhanced primarily by the Presidential Advisory Council on Combating Antibiotic-Resistant
Bacteria announced initially in 2014.1 Following these landmark recommendations in

the United States, The Joint Commission issued a recommendation that every hospital’s
infection prevention team should include at a minimum—an infection diseases physician, a
pharmacist, an infection preventionist, and a practitioner as members.23

In addition to the standards established by The Joint Commission for antimicrobial
stewardship noted above, the Centers for Medicare and Medicaid Services (CMS) proposed
a rule in 2016 that would require all acute care and critical access hospitals that participate
in Medicare or Medicaid to implement an ASP.# This rule was finalized in September

2019 and is intended to engage clinicians and hospital staff in fighting multidrug-resistant
organisms (MDRO) that contribute innumerable complications and added costs to patients,
especially those who are at higher risk for infections, such as transplant recipients.*>
However, although ASPs are institutional requirements by regulatory agencies in the United
States and Canada, they are not specifically mandated for transplant centers or programs.
Furthermore, there are little rigorous data to support stewardship practices in solid organ
transplant (SOT) populations, and thus, no transplant-specific requirements currently exist.

As noted in Table 1, SOT recipients are particularly at increased risk of MDRO infections,
due to host and donor factors and immunosuppressive therapy. Additionally, a summary of
MDROs with emerging new infections are detailed in Table 2, and the list is continually
expanding as new reported resistance patterns emerge.

The risk of infection depends on the type and timing of transplantation and can include
donor-derived infections. The broad application of stewardship measures may not account
for variables specific to the SOT population, such as timing since transplantation, depth
and duration of immunosuppression, the type of organ transplanted, and donor-derived
infections. Pretransplant patients, especially pre-lung transplant (i.e., those with cystic
fibrosis) and pre-liver transplant, may already be colonized with MDROs from prolonged
antimicrobial exposure for recurrent lung infections, spontaneous bacterial peritonitis, or
recurrent bacterial cholangitis.

Additionally, a recent posttransplant patient with intense immunosuppression, catheters, and
drains in situ will be at increased risk of infection—as compared with a patient who has

had a transplant for more than 1 year. As such, a one-size-fits-all style of stewardship
implementation is not feasible. To compound this issue, the lack of clinical data on specific
ASP interventions and durations of effective therapy (Table 3) in these populations further
necessitates the need of tailoring the ASP interventions among SOT populations.

The objective of this white paper is to identify opportunities, risk factors, and strategies that
should be assessed with SOT recipients to optimize antimicrobial use (AU), while producing
an overall improvement in patient outcomes. With bacterial, fungal, and viral pathogens
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developing ever-increasing resistance to available medications and challenges for future
antimicrobial development, the timely development of such strategies is critical.

METHODS

The working group (WG) was composed of representatives from the Communities of
Practice (CoP) of the American Society of Transplantation (AST), at the recommendations
of the CoP chairs. The CoPs include Transplant Administration and Quality Management,
Thoracic and Critical Care, Liver and Intestinal, Kidney and Pancreas, Pharmacy, and
Infectious Diseases. We also invited representatives from the Centers for Disease Control
and Prevention (CDC) and Society of Hospital Epidemiology of America (SHEA) to join
the WG. After the introductory meeting, we created two subgroups, antimicrobial resistance
(AMR) and antimicrobial stewardship (AMS). Each subgroup was jointly led by one of the
cochairs (JH and MS) and a subgroup lead (GF and SMP). Each subgroup generated a list of
topics pertaining to the current state of AMS and AMR in the transplant population. Upon
consultation with a medical information specialist, a literature search strategy was devised
to identify relevant publications to address the predefined topics. Initial drafts created by
WG members were reviewed with the subgroup and then edited and summarized in a

draft manuscript for readability. As the white paper was intended to serve as a springboard
for future consensus guidance development and research opportunities, we did not assign
evidence rating for the best practices recommendations based on current literature. Two
patient reviewers recommended by the AST provided feedback on the manuscript. The draft
was then reviewed by all members of the WG, the AST Infectious Diseases CoP Executive
Committee and the AST Education Committee, the CDC, and SHEA. The WG Chair,
cochairs, and subgroup leads made final revisions to the white paper based on reviewers’
comments.

CURRENT LANDSCAPE OF AMS INTERVENTIONS FOR SOT

RECIPIENTS

As noted above, there are limited data regarding the implementation of ASP practices among
SOT recipient populations. Although some studies have included SOT patients, the efficacy,
safety, and optimal intervention strategies have not been widely evaluated. Additionally,
process and outcome metrics have yet to be defined. Due to this lack of data, infectious
disease and transplant societies make little to no mention of stewardship recommendations
for SOT recipients in published guidelines. A 2016 survey of US transplant centers

found that only 74% of institutional ASPs included coverage for adult SOT recipients.6
Involvement of transplant infectious diseases specialists in the care of transplant patients

is associated with improved outcomes, as well as an increase in stewardship-concordant
care.”8 Preauthorization of formulary-restricted antimicrobials and prospective audit with
feedback (PAF) are recommended by national guidelines and are core strategies for ASPs
at transplant centers.® Though limited data exist for either strategy, PAF has resulted in
improved prescribing in a single-center report.8 The selection of optimal antimicrobial
agents using transplant-specific antibiograms, allergy assessments, MDRO infection risk
prediction, and rapid diagnostics are additional functions of ASPs that are currently not
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well studied in transplant populations. The small number of transplanted patients in some
centers and the center’s expertise managing high risk/complex cases vs. lower risk may
add to the complexity of measuring this information or setting benchmarks between
transplant sites. Although some centers use syndrome-specific treatment duration guidance
for SOT patients, the literature supporting this practice is currently limited. Optimization
of antifungal medications through indication-specific guidance, diagnostic advice, and
therapeutic drug monitoring has been successful at multiple centers and is recommended
for immunocompromised patients in national guidelines.® Improving the timing, route, and
dosing of cytomegalovirus (CMV) specific antiviral agents is also a reported function of
ASPs in SOT centers and has been associated with more appropriate prescribing and better
CMV-specific outcomes.10 Finally, though rapid diagnostic tests are commonly used in SOT
patient care, the in-house availability of such testing is varied and may be limited.®

QUALITY METRICS AND PERFORMANCE INDICATORS FOR AMS IN

SOT RECIPIENTS

5]

5.1

At their core, ASPs are quality improvement initiatives. To reflect and assess the impact of
AMS on patient safety and optimization of care, we need valid and reliable measurements
to determine gaps in current practices and opportunities for improvement.1! Metrics can
also be used to guide future directions. Quality indicators are standardized, evidence-based
measures to track clinical performance and outcomes.!? It is within the purview of ASPs
to track and disseminate metrics such as antimicrobial consumption, appropriateness of
prescribing, AMR patterns, and incidence of Clostridioides difficile infections.12 In this
section, we aim to identify currently recommended AMS metrics already reported by
hospital-based ASPs that are also applicable to the SOT population, as supported by
literature.

AMS METRICS FOR SOT RECIPIENTS

AMS metrics pertaining to quality improvement can be categorized into outcome measures,
process measures, and balancing measures.

As illustrated in Table 3, the literature reviewed in this section includes SOT patients in their
study population, either as the target population or as part of a larger, immunocompromised
host population.

Outcome measures

Outcome measures should be specific to the intervention(s) implemented. Therefore, if

the interventions are syndrome-based, outcome measures should be reflective of that

as well. For antifungal stewardship programs whose interventions target invasive fungal
infections, outcome measures such as mortality, time to microbiologic clearance, incidence
and recurrence of candidemia, and proportion of fluconazole-resistant isolates have been
evaluated over the study periods.13-17 Detection and avoidance of adverse events, including
toxicities, graft injury, and drug—drug interactions, are also valuable outcome measures to
consider in reporting the impact of an ASP.18

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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For ASPs that have implemented interventions in collaboration with a microbiology
laboratory, pertinent outcome measures that have been reported include SOT specific
antibiograms comparing the susceptibilities of most common gram-negative isolates with
those of the institution’s general antibiogram.1®

A study evaluating collaborations of an AMS team with infection prevention and surgical
teams reported a decrease in overall and specific surgical site infections in liver transplant
recipients, as well as the proportion of inappropriate surgical antimicrobial prophylaxis as
per local guidelines.20

One study assessed the appropriateness of AU in SOT recipients at baseline, in order to
identify opportunities for AMS.21 The authors followed up with comparing appropriate use
before vs. after an ASP was implemented within their multiorgan transplant program.8 Due
to the absence of local guidelines specific to SOT recipients at the time, the authors used

the CDC’s Core Elements of Antibiotic Stewardship?? as their adjudication framework.23
Hospital-acquired C. difficile infections, duration of hospitalization, unplanned readmission,
and in-hospital mortality were additional outcome measures.®

Process measures

Process measures help us gauge whether applied interventions are heading in the intended
direction and can be assessed for their congruence with outcome measures. They may also
be more efficient to obtain than outcome measures—which often take longer to materialize
and are more costly to gather. Process measures play important roles in accountability
reporting to hospital administration as indicators of resource stewardship.12

Antimicrobial consumption and costs are common process measures in transplant-

specific ASPs®21 and in antifungal stewardship programs for immunocompromised
populations.14-16.24 The National Healthcare Safety Network (NHSN) AU AMR modules?®
were developed by CDC for general inpatient settings26 for participating hospitals. Although
the modules were developed for a general patient population, uploaded data can be used

for internal comparison, including unit-specific trends, and therefore can be applied to SOT
units. Participating hospitals can also perform peer-to-peer comparison with external sites
that have a comparable transplant population.

Balancing measures

Balancing measures are a necessity for systematic monitoring—to ensure that improvement
in one aspect or area of care does not inadvertently or negatively impact another. Some
process measures, such as length of stay and rehospitalization rates, are also balancing
measures; and some outcome measures, such as surgical site infections, recurrence of
infection, and mortality, are balancing measures as well.8:1520 Some parameters such

as surgical site infections are already collected for existing quality programs such as

the National Surgical Quality Improvement Program?7 and its transplant-specific quality
improvement program TransQIP, jointly created by the American College of Surgeons
and the American Society of Transplant Surgeons.28 Similar to outcome and process
measures, balancing measures should be tailored to reflect possible consequences of AMS
intervention(s) following implementation.

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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A relatively recent concept in ASP, with great potential to be utilized in SOT recipients,

is Desirability of Outcome Ranking (DOOR) and Response Adjusted for Duration of
Antibiotic Risk (RADAR) analysis. DOOR analyses are constructed by assigning rankings
to patients with better overall clinical outcomes and shorter durations of antibiotic use for
similar overall clinical outcomes. RADAR is a novel methodology utilizing a superiority
design and a two-step process that categorizes patients into an overall clinical outcome based
on benefits and harms, then ranking patients with respect to DOOR.2°

DOOR distributions allow comparison between different antibiotic use strategies. The
proposed framework has potential in antimicrobial trials involving SOT recipients to account
for the complex yet dynamic interplay between infection, rejection, impaired graft function,
and adverse events and toxicities from antimicrobials and immunosuppressive medications.

However, a potential drawback in this methodology is its reliance on subjective assumptions
based on the perspective of the person responsible for ranking outcomes within the DOOR-
RADAR framework.30 Although DOOR-RADAR has potential to be used for global
assessment of SOT patients’” experience with antimicrobial therapy, further research into

its application is warranted.

An additional factor for consideration is improvement in the accessibility and transparency
of transplant outcomes for SOT patients. Although currently these metrics are made
available for review, they are often presented in ways that are difficult for nonhealthcare
workers to interpret. Reporting mechanisms focused at conveying these outcomes in an
accessible way for patients would be ideal. Organizations such as the United Network

for Organ Sharing (UNOS) are in a prime position for relating antimicrobial and resistance-
related outcomes directly to SOT patients, empowering them with information that may help
them take charge of their healthcare decisions.

To summarize, measurements in quality improvement demonstrate baseline conditions and
current performance, set goals for future directions, and monitor the effects of changes as
they are made.3! ASPs are quality improvement initiatives; so for their interventions to be
successful, metrics should ideally be determined concurrently with the design phase of the
interventions. This will help to ensure that the metrics are feasible and attainable, tailored for
the patient population, and specific to the interventions. As laid out in Table 3, the current
literature on AMS interventions among SOT populations supports the application of these
metrics, some of which are part of the wider institution-based AMS or SOT programs, which
makes them efficient to collect, track, and disseminate to all key stakeholders.

BEST PRACTICE RECOMMENDATIONS FOR AMS IN SOT RECIPIENTS

Transplant-centered ASPs are in a unique position to impact AMR rates and improve
patient outcomes in this vulnerable population. Multiple AMS strategies supported by the
literature have been found to be successful.32 Although the AMS practices used were varied,
implementation of some specific ASP-driven core elements?? that have been shown to be
successful in affecting complex populations will likely impact transplant recipients as well.

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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6.1| Establish a multidisciplinary team

The creation of a multidisciplinary collaborative AMS team is one important approach.

It is vital that representatives from each discipline are fully engaged in and supportive

of the team’s stewardship efforts. Team members should include clinicians from both
hospital medicine and those from the specific organ system (i.e., transplant pulmonary/
cardiothoracic surgery vs. transplant hepatology/transplant surgery), a transplant infectious
disease specialist, a pharmacist, and a representative from infection prevention, nursing,
hospital epidemiology, micro-biologist, and quality assurance. Additionally, information
technology staff are a critical part of the team, in order to help integrate stewardship
protocols into the existing electronic medical record workflow.

6.2 | Handshake stewardship

Given the complexity of SOT recipients, it is imperative for the team to have regular face-
to-face interactions. Members of the ASP team rounding together in person (“handshake
stewardship”) is an effective and sustainable ASP approach. Although it is time intensive,
the structure of “handshake stewardship,” including multidisciplinary discussions and lack
of antimicrobial restrictions, has been shown to be perceived as more efficient than chart
review by each member of the team separately.33:34 The “handshake stewardship” strategy
has been shown to be an effective way to enhance the visibility of the ASP in other

patient populations. It has been associated with a reduction in AU and with enhancing

the understanding of antimicrobial prescribing practices and clinical decision-making
between each team member.3> “Handshake stewardship” may also contribute to a deeper
understanding of the psychology of antimicrobial prescribing practices among the various
transplant subspecialties. Additionally, a recent survey of the AST addressing perceptions
and attitudes of transplant clinicians toward AMS revealed that involvement of the ASP
team in bedside rounds was found to be the most favorable intervention.36

6.3 | Prospective audit and formulary restriction

Associated processes that have been incorporated into the most successful ASPs are the
use of PAF and formulary restrictions.32 A recent systemic review and meta-analysis
demonstrated that these are critical components of an ASP.37 These interventions have
been associated with a large reduction in targeted AU among patients who met stewardship
review criteria.38 The impact of PAF is likely dependent on how frequently it is completed,
how quickly it is implemented after antimicrobial prescriptions are initiated, and which
antimicrobials are targeted. The impact is maximized if it occurs frequently and focuses
not only on antimicrobials that are costly or broad spectrum but all antimicrobials used.3°
Furthermore, PAF may be more effective than formulary restriction in transplant ASPs, as
restriction was found to be the least favorable ASP intervention in a survey of transplant
clinicians.8:36.40

6.4 | Organ-specific guidelines

As described above, multidisciplinary and collaborative decisions regarding antimicrobial
prescriptions are pivotal. However, additional systematic efforts to address dose
optimization, intravenous to oral antimicrobial conversion, drug—drug interactions, and

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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therapeutic drug monitoring are important components of transplant ASPs. These decisions
have been deemed particularly beneficial for antiviral and antifungal therapeutics as
well.941-43 Although evidence regarding optimal duration of therapy for common

clinical syndromes in SOT is limited, generation of institution- and organ-specific
guidelines for antimicrobial prophylaxis and empiric therapy may result in improvement
in antimicrobial utilization. Such guidelines may be further informed by the development
of transplant-specific antibiograms, which may show higher rates of resistant gram-
negative infections in transplant units compared with institution-specific antibiograms.1®
Furthermore, antimicrobial allergy labels have been associated with increased rates of
AMR in a small cohort of liver transplant recipients.*# Although data regarding the impact
of antimicrobial allergies in solid organ transplantation are currently limited, ASP-driven
allergy de-labeling initiatives may optimize antimicrobial selection for individual patients
and lead to a positive downstream effect on AMR in transplant recipients.

Active communication with microbiology laboratory

Collaboration between ASPs and the microbiology laboratory has been shown to reduce
the time for communication of results.#>46 This is particularly germane to the transplant
population, in which inadequate empiric antimicrobial therapy has been associated with
mortality.*” This partnership is also crucial to improve and better inform diagnostic
stewardship, or the appropriate application of laboratory testing in patient evaluation and
management,*8 in SOT. Multiplex polymerase chain reaction (PCR) panels, nucleic acid
tests which rapidly detect genes conferring AMR, including CTX-M, KPC, NDM, OXA,
VIM, IMP, vanA/B, and mecA/C,*%-51 matrix-associated laser desorption/ionization-time of
flight (MALDI-TOF) mass spectrometry, and other rapid diagnostic assays, may improve
time to initiation of effective antimicrobials and aid de-escalation strategies. However,
availability of rapid diagnostics varies,® and their diagnostic and epidemiologic utility

in solid organ transplantation warrants further study. Collaboration between ASPs and
the microbiology laboratory may lead to improved understanding of new and evolving
diagnostics and further inform their use in the setting of SOT.

SOT recipients are at significant risk for MDRO colonization and infection, and SOT
candidates and recipients may drive institutional healthcare-associated infection rates. As
such, collaboration between ASPs and hospital epidemiology is critical. In identifying trends
in MDRO rates, ASPs work intricately with local infection prevention and control measures.
In turn, hospital epidemiology aids in guiding surveillance procedures, interventions, and
education targeting relevant pathogens.52 Partnership between ASPs, hospital epidemiology,
and the quality assurance administrator also reinforce institutional and programmatic
commitment to patient safety.

An additional practice that may improve the care of SOT recipients is the provision

of patient and caregiver education on common antimicrobial treatment issues prior to
transplant. By providing this information to patients and caregivers, SOT programs are
able to arm patients with knowledge to advocate for best practices in the prescription of
antimicrobial medications.

Am J Transplant. Author manuscript; available in PMC 2022 November 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Soetal.

7|

Page 10

All of the interventions described above are variable in their demands on time and labor, and
the degree to which they may be implemented at a specific center is dependent upon local
resources. A major factor predicting the success of these strategies is the engagement of
transplant teams and the support of transplant center administration. Moreover, although
each AMS strategy is important independently, ASP success is likely related to the
combined impact of these interventions. It will be crucial to develop standard metrics for
each selected intervention so that each may be dynamically monitored in order to guide
future center-specific AMS strategies. It will be vital to reach a consensus on which metrics
will most optimally assess the impact of an ASP.

RESEARCH GAPS

AMS has been increasingly recognized as an essential quality improvement initiative

in the management of infections by the infectious diseases community, accrediting
agencies (e.g., The Joint Commission), and payers (e.g., CMS). ASPs are an excellent
example of the continuum of improvement measures between SOT programs and hospital
quality communication and collaboration. Unfortunately, implementing AMS strategies in
immunocompromised hosts in general, and in SOT recipients in particular, has not been a
priority. The majority of existing data is extrapolated from nonimmunocompromised hosts,
and thus, their validity in the setting of SOT recipients remains unverified at best.

The first and foremost gap is the lack of a comprehensive understanding regarding the
magnitude of AMR and antimicrobial consumption in SOT recipients. The studies that

have been conducted in this highly specialized patient population are few and are primarily
single-center studies. Robust multicenter epidemiological studies must be performed in
order to assess current antimicrobial prescription practices and gauge the magnitude of
AMR in SOT recipients. This objective can be initially achieved through the use of
multicenter point prevalence studies, utilizing tools such as the “Antimicrobial Use and
Resistance Modules” produced by NHSN or the National Antimicrobial Prescription Survey
(NAPS). It is important for the transplant community to advocate for transplant quality
assurance organizations to include SOT-specific data in NHSN. Accreditation of a transplant
program by Medicare should include AU policies specific to SOT that is standardized across
different centers through AMS3:22,53-55

The two main cited barriers in the implementation of AMS protocols among SOT recipients
were diagnostic uncertainty of infectious syndromes and the delay in the turnaround

of diagnostic test results. Further complicating the issue are the lack of well-defined
appropriateness measures, coupled with existing so-called “gold standards.” As evidenced
from the review of literature delineated in Table 4, one commonly used parameter of
appropriateness, the “duration of antimicrobial therapy in SOT recipients for common
clinical syndromes,” is not well defined.

Although the AST has recently published guidelines for therapy of common clinical
syndromes, they note that data to firmly support these strategies are currently lacking,

as underscored by the low-strength ratings proposed for their recommendations. In the
absence of randomized clinical trials, an excellent initial step would involve using the Delphi

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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method to engage a panel of experts on appropriate use of antimicrobial prophylaxis and
treatment of prevalent clinical syndromes, followed by robust cohort analyses with matching
propensity scoring.

Although immediately postsurgery, SOT recipients will be followed as hospital inpatients by
their transplant physicians; for the majority of an SOT recipient’s care over the lifetime of
their transplanted organ, they may be seen by nontransplant physicians.

Due to the lack of formalized guidelines regarding the treatment of common infections
(such as otitis, pharyngitis, and urinary tract infections) among SOT patients, the primary
care team and other nontransplant physicians caring for SOT recipients may have

a lower threshold to prescribe antimicrobials to this patient population due to their
immunosuppressed status.

As such, in order to communicate transplant-specific antimicrobial data and best practices
to the nontransplant physicians responsible for the majority of outpatient care for SOT
recipients, it is essential that local treatment guidelines for common clinical syndromes are
developed.

Additional functions of ASPs that are currently not well studied in SOT populations

include the selection of optimal antimicrobial agents using transplant-specific antibiograms,
antimicrobial allergy assessments and de-labeling, MDRO infection risk prediction, and
rapid diagnostics. However, assessment of antibiograms specific to transplant populations at
the institutional or regional level may be helpful in this regard.1®

Implementation of ASP in the SOT population may be more complicated than in some
other patient populations. Emotional factors such clinician fears of the worst-case scenario
may play a significant role in overprescription of antimicrobials. Behavioral components of
interventions and reporting of behavioral economics principles in research are warranted.
The necessity of incorporating a multidisciplinary team into the ASP is of paramount
importance. A recent survey36 and a single-center study® have highlighted the significance
of involving a transplant infectious disease physician along with stakeholder engagement,
as illustrated in Figure 1. A comparative evaluation of various implementation strategies
including group audit and feedback, physician-specific audit and feedback, formulary
restrictions, and handshake stewardship needs to be evaluated in future cluster randomized
controlled trials to determine the optimal method of implementation. We believe that
optimally, an ASP in SOT should be coled by a transplant infectious diseases physician
and an immunocompromised-host infectious diseases pharmacist.

AMS interventions are evaluated by several quality metrics and outcome measure
assessments. In the literature, a few process, outcome, and balancing measures have been
reported in various studies as elaborated in Section 3. However, there is a dearth of AMS
studies that have been conducted in the SOT population specifically. Development of
ASP process measures related to meaningful clinical outcomes in the SOT population is
important. Some measures such as length of stay might not be as meaningful in SOT as in
the general population, whereas other measures like drug interactions, allergies, potential
toxicities, and development of antibiotic resistant pathogens may be more relevant in

Am J Transplant. Author manuscript; available in PMC 2022 November 25.
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SOT. Global assessment measures such as DOOR-RADAR has a potential to be useful

in SOT recipients. The relative utility of intervention specificity of these quality metrics
and outcomes measures needs to be evaluated in large-scale studies. Use of multisite cluster
randomization, crossover, time-series analysis, or stepped-wedge designs could potentially
avoid institution-based biases.>®

8| RECOMMENDATIONS

AMS recommendations for SOT patients are noted in Table 5.

9| FUTURE DIRECTIONS

Although institutional ASPs have become more widespread and acceptance of their presence
has become mainstream in the hospital environment, there are nevertheless further steps that
we would like to see implemented over time.

Currently, it is common to see a “one-size-fits-all” approach for stewardship across all
hospitalized patients. However, SOT programs host a very specific patient population, which
does not always conform to the ASP recommendations for other general hospital patients.
Going forward, SOT programs should be encouraged to develop specific policies for ASP in
their specific patient population. Ideally, this would be coled by a Transplant ID physician
and ASP pharmacist with expertise in immunocompromised hosts.

In order to further legitimize the presence of specific ASPs for the SOT environment, we
would like to see the inclusion of an ASP component within the CMS accreditation of SOT
programs.

We would like to see the development and routine collection of metrics that track the
duration of antimicrobial courses for common clinical syndromes and patient outcomes of
ASP measures used in SOT programs. Through utilization of the AU Option, public health
organizations such as the CDC ideally could highlight the importance of these metrics so
that they are widely adopted.

Currently, allergy and drug interaction assessments are not included as a core safety
component of ASP in SOT. Moving forward, we would like to ensure that allergy and
drug interaction assessments are included as an essential step in ASPs.

Finally, as with the unsuitability of a “one-size-fits-all” approach for ASPs in SOT patients,
consideration should be given for the development of an SOT-specific antibiogram as part of
the ASP process, separate from a hospital’s antibiogram for the general patient population.

10| CONCLUSION

The field of AMS is evolving and gaining its due recognition in healthcare and society. It is
of utmost importance that ASPs are integrated into care provided for SOT populations. As
SOT patients are treated as outpatients for the majority of their care following surgery,

it is essential that local guidelines are produced in order to guide the prescription of
antimicrobials from their primary care team to this patient population for common clinical
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syndromes. Herein, we have provided a summary of the current landscape of AMS in SOT
and highlighted the importance of ASP in this patient population. The summary of our key
findings is highlighted in Table 6. The recognition of the uniqueness and complexities of
ASPs in SOT needs to be recognized. There should be a concerted effort by the transplant
community to develop appropriate implementation strategies and measurement tools and to
conduct robust multicenter studies to better serve our SOT patients.
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Key stakeholders in antimicrobial stewardship initiatives for solid organ transplant
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TABLE 2

Summary of emerging drug-resistant organisms in solid organ transplantation
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Gram-positive bacteria
Staphylococcus aureus
Enterococcus spp.
Streptococcus pneumoniae

Gram-negative bacteria
E. coli
Kilebsiella spp.
Haemophilus influenzae
Enterobacter spp.
Citrobacter/Serratia spp.
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
Burkholderia cepacia
Achromobacter spp.

Gram-negative anaerobes
Bacteroides spp.

Fungi
C. albicans
C. glabrata
C. aurfs
Aspergillus fumigatus

Viruses
Influenza

Cytomegalovirus

Emerging resistance

Clindamycin, trimethoprim-sulfamethoxazole, vancomycin, linezolid, and daptomycin

Daptomycin and linezolid

Quinolone

CRE and CPE

CRE and CPE

Beta lactamase resistance
Pan drug resistance and CPE
Pan drug resistance and CPE
Pan drug resistance and CPE
Pan resistance

Pan drug resistance

Carbapenems

Metronidazole, piperacillin-tazobactam, and carbapenems

Echinocandins
Echinocandins and amphotericin B
Echinocandins

Voriconazole

Oseltamivir and baloxavir marboxil

Ganciclovir and letermovir

Abbreviations: Amp C, AmpC beta-lactamase enzymes; CPE, carbapenemase-producing Enterobacteriaceae; CRE, carbapenem-resistant
Enterobacteriaceae, ESBL, extended spectrum beta-lactamase; MRSA, methicillin-resistant Staphylococcus aureus.
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