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Abstract (250 words)
Backgrchrobial stewardship (AMS) aims to optimize antimicrobial use. Auditing and

reporting c@aial prescribing are essential. Auditing tools for solid organ transplant (SOT)

patients should tailor to their needs.
I I

Methods: jewed published data describing auditing tools in the general and solid organ
transplant @n.

Results: Wegdo d on three internationally or nationally available auditing tools. The National
Antimicrobmibing Survey (NAPS) is web-based tool to report antimicrobial consumption and
assess appropriat;ess using standardized definitions based on consensus guidelines, therefore

NAPS is ap o SOT patients if guidelines are available. In the absence of guidelines,

adjudicati d on AMS principles . An automated dashboard, analyses by indication or

antimicrobja enchmarking reports are available. An antifungal survey is an upcoming feature
pertine tients. The National Healthcare Safety Network Antimicrobial Use/Resistance
module wa ed by the Centers for Disease Control and Prevention for hospitals to upload

monthly data, which are standardized for benchmarking. It does not assess appropriateness or

address S(&ards. The Global-Point Prevalence Survey from bioMérieux collects data on

p——

antimicrobial regimen, indication and microorganisms by resistance type. Variables unique to SOT

 J

patients include morbidities and devices, however, assessment of appropriateness is limited to

]

guideline adherence. Benchmarking requires pre-arrangement. Advances in electronic health record

- -
systems and clinical decision support tools can improve the efficiency of the auditing process.

Conclusion: Each AMS auditing tool has unique features for SOT patients. Capturing

l

immunosuppression, source control, organ dysfunction, donor-derived infection, serology and

)

colonization status will enhance their applicability.

/

Introduction
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As a patient safety initiative grounded in quality improvement, antimicrobial stewardship (AMS) is

defined as a coordinated set of interventions to improve and measure the appropriate use of

antimicrob!l promoting the selection of the optimal antimicrobial regimen including dosing,
duration o d route of administration." Multidrug-resistant organisms (MDRO) pose

significa-nt Erea s to solid organ transplant (SOT) patients, impacting colonization status and

infection pre; angd post-transplant, as well as adverse events associated with antimicrobial

2,3

antreatme spite the availability of new antimicrobials targeting MDRO, especially against

gram—negaw clinicians are urged to be judicious in prescribing these agents to preserve their
effectivenmier the auspices of quality improvement and patient safety, the goal of
antimicrob ardship programs is to promote responsible use of antimicrobials in SOT
patients.6'7!o accomplish that goal, prospective audit and feedback is one of the “Core Elements of
Antibiotic hip” recommended by the US Centers for Diseases Prevention and Control, the
Centers for Me re Medicaid, the Joint Commission, and the Agency for Healthcare Research and
Quality, t ational Health Services, Accreditation Canada and Health Standards Organization
for anti i wardship programs, among many countries and jurisdictions.>*! However, data
comparing auditing tools and their suitability to address the unique and complex needs of SOT

patients are ||m|!ea. This review aims to describe the role of auditing, the current landscape of

auditing to @ examine their potential use for antimicrobial stewardship in SOT patients.

What is EE% Eoie ;;a Standardized Antimicrobial Auditing Tool in Solid Organ Transplant Patients?

The goal oﬂ is to assess the patterns of antimicrobial use, encompassing the quantity and

quality of g against a “gold standard” or best practice, which may be local, regional,

121% |y the absence of an accepted standard—a

nationa ished syndrome-based guidance.
challenge more alent in SOT patients than the general population due to scarcity of data®—

adjudication of the antimicrobial regimen may be deferred to the guiding principles of antimicrobial
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stewardship based on patient factors, the most likely causative pathogens, local epidemiology, and

the pharmacological characteristics of the antimicrobial. Unique to SOT patients, the auditing

16,17

process ou!h: :: accommodate additional pertinent factors such as type of transplant, organ

function, s | attainment and the net state of immunosuppression.

I I
The rationalg forstandardizing the auditing tool is to ensure the instrument is valid with pertinent

variables e tified and collected, while applying a consistent adjudication framework to

evaluate tw and quantity of antimicrobial pl"escr‘ibiﬂg'18 Subsequently, the survey reports are
used for in d external benchmarking. Therefore, a standardized auditing tool plays several
roles in an obial stewardship program. First, it is an instrument for prospective audit-and-

feedback cgducted at point of care by the AMS team.”® The primary aim is to generate dialogues

with SOT p s, such as but not limited to the so-called “handshake stewardship.”******%% The
discussion nay Ive validating the prescriber’s antimicrobial plan, or recommending an

alternative T@gigaen based on patient factors, antimicrobial factors, microbiology, best practices and
suppor i 219 Although currently there is no general consensus on the preferred format to

conduct audit and feedback with SOT clinicians, a standardized auditing tool will improve the
o; !He !'QI

Second,atﬂplant program or unit level, the AMS team can use a standardized auditing tool
to conduc Fom -ﬁievalence studies (PPS), either at a singular time point to gain insight into the

efficiency S team in its day-to-day work at the patient level.>*

prescribin iars of a particular clinical area (e.g. a specific organ transplant), or serially at pre-
specified i o monitor changes following implementation of AMS interventions. The AMS
team ¢ the longitudinal data to better understand the potential impact of their

18,21

interventions on prescribing behavior, and identify gaps in knowledge. Therefore, serial auditing

with a standardized tool fulfills the requirement to demonstrate the AMS program’s accountability
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to the institution,® while simultaneously sets targets and identifies new opportunities to optimize
antimicrobial use. Extrapolating from experience in benchmarking at the facility level,? SOT-specific
PPS has th!p:::ntial to be used in internal and external benchmarking antimicrobial prescribing

among tra rams of similar resource allocation and patient population.

I I
Third, at the:’ndi:’dual prescriber level, a valid, standardized auditing tool can generate prescriber-

8,14,23

specific rep rocess measures such as adherence to guidelines. In this context, the

auditing prwi the ensuing report is in itself a behavioral change intervention that motivates
practice ch ugh self-reflection.”*** Additionally, it is an opportunity to raise awareness
about best s.2”° However, data supporting the role of prescriber-specific feedback as an AMS

interventiof in SOT population are limited.

What Consmw Ideal Auditing Tool for Antimicrobial Use in Solid Organ Transplant Patients?
An ideal st ized auditing tool needs to fulfill several criteria: 1) able to capture valid data
elemen ell defined and convenient to identify; 2) has an intuitive user-interface for data
entry; 3) apilies an a priori adjudication framework that incorporates applicable local consensus

guidelines, yet maintains flexibility to accommodate clinical scenarios where guidelines do not exist

or are not 2732 4) Crucially, retrieval of data for reporting the quality and quantity of

22,30,33

antimicrobj ibing should be efficient, timely, and transportable. 5) To encourage

widespread hospitals in both resource-rich and resource-limited jurisdictions, cost of the

auditing to be sufficiently low. For an auditing tool specific to SOT patients, however,
accommodati data collection and adjudication framework are required to reflect diagnostic
ambiguj e of immunosuppressive therapy, organ dysfunction, serological and colonization

status, iatrogeni posure to antibiotic-resistant nosocomial pathogens including donor-derived

16,17

infections, as well as technical difficulties with source control attainment. As for benchmarking,
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although there are common characteristics shared among SOT patients, there is significant
heterogeneity between organ recipients (e.g., liver vs. lung), which influences the approach to
infectiorMent.17 While clinical guidelines for SOT patients exist,>* they do not and are not
expected t common infections, and facility-specific guidelines tailored to local context

may beFes_c!urce—ln ensive to develop. These factors culminate to the need for a standardized

auditing tootha:’s both specific and flexible for the complexity of SOT patients.

How Do thimicrobial Stewardship Auditing Tools Compare in Their Abilities to Meet The

Needs of T:t Programs?
Although t o standardized auditing tool created solely for adjudicating antimicrobial

prescribing!E SOT patients, there is increasing recognition of an unmet need.” This review will focus
onthree a ols that have the potential to accommodate the unique needs of

immunoconpr ed patients (Table 1).

Australiz Centre for Antimicrobial Stewardship developed the National Antimicrobial

Prescribing Survey (NAPS).”**> NAPS is a web-based tool (printable forms available) to adjudicate

guidelines, e absence of guidelines, the principles of antimicrobial stewardship are

antimicrob|a| rellmens, with standardized definitions of appropriateness centered around consensus

30,3

applied. s included in the auditing tool are standardized, validated and frequently

updated to_meet the needs of end-users.* In addition to access to the raw data, a distinctive feature

of NAPS is j oard and benchmarking report which is automated and offers a real-time, at-a-
glance su the pertinent metrics on the quantity and quality of antimicrobial prescribing.*
Quality ers are categorized into appropriate prescribing, which is further sub-categorized

into optimal or ad€uate use; and inappropriate prescribing which is sub-categorized into

suboptimal or inadequate use.*® Thus, NAPS is an instrument to assess, report and monitor
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antimicrobial use, as well as a behavioral change intervention to optimize prescribing practices.
Beyond Australia, it has been piloted in Canada, Malaysia, Bhutan, New Zealand, Fiji, Timor-Leste,
and theH: to immunocompromised patients, although NAPS can be used to assess
adherence utropenia guidelines in hematology-oncology, stem cell transplant and solid
tumor p-atiiﬂis,etails of cancer therapy are not captured. Currently, there are no features to

accommodate the unique needs of SOT patients such as details of immunosuppression.

Neverthele is applicable to SOT patients if facility-specific consensus guidelines dedicated to
SOT patierwilable.30 Importantly, NAPS captures all antimicrobial classes (antibiotics,
antifungal ivirals) with each antimicrobial regimen linked to a detailed, coded indications
list. The an ial stewardship team is therefore afforded a high degree of flexibility to explore

prescribinggractices addressing specific antimicrobial class, antimicrobial, indication (infectious
syndrome) escriber and prescriber group (specialist consultation). Furthermore, using the
Delphi meth8d, N€AS has established a set of core metrics to comprehensively evaluate the quantity
and quaIitE’Eungal prescribing *° A detailed antifungal stewardship audit has been

incorp i e hospital NAPS, which is expected to be released soon.?’” Both initiatives are
relevant to SOT patients given their vulnerability to invasive fungal diseases.’® NAPS offers an a priori

adjudication !ramework based on consensus guidelines, and has potential flexibility to accommodate

clinical synhere guidelines are not available or applicable to SOT patients.

The US Ce isease Control and Prevention (CDC) National Healthcare Safety Network
(NHSN) Antimai al Use (AU) and Antimicrobial Resistance (AR) module was developed for
hospital , analyze and report antimicrobial consumption and resistance data electronically
for internal an onal benchmarking.**® Hospitals submit monthly antimicrobial use data, and

one of the output from the module is the Standardized Antimicrobial Administration Ratio

This article is protected by copyright. All rights reserved.
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(SAAR).3** The SAAR is a risk-adjusted benchmarking measure developed by the CDC to inform

stewardship efforts through comparison with peer facilities of similar characteristics, and are

t

P

available for review.*! Longitudinal data are used to inform and assess AMS interventions.* As of
2021, mor acute care hospitals across the US have submitted at least one month of

data.** Thefe are specific technical requirements in the format of Health Level 7 Clinical Document

3

Architecturegas gaanual entry is not an option due to the volume of data to be uploaded.*® The SAAR

C

reports are ized by ward type and antimicrobial classes. Currently, the SAAR is benchmarked

to baselinglyedlfl 2047 (2018 for neonatal data). Specific to immunocompromised patients, reports

S

addressing ral hematology-oncology ward are available, but not for solid organ

U

transplant ppropriateness of antimicrobial use is assessed through a separate checklist to

be completgd periodically to evaluate AMS program effectiveness and adherence to clinical practice

)

guidelines n common infectious syndromes, such as community-acquired pneumonia and

d

urinary tract9n ons. Currently, there is no special accommodation to address infectious

syndromes atients.*!

\V

[

The Global @i valence Survey (Global-PPS), made available by bioMérieux, involves an

internatio rk of hospitals grouped by the United Nations region to measure antimicrobial

42,43
d.

prescribing istance with a standardized surveillance metho Data are collected manually

n

using pi s or a web-based data entry tool.* There are three survey periods for data

|

collection Within the calendar year and at the end of 2018, Global-PPS has been used in over 700

3

hospitals in more gian 70 countries worldwide.** The Global-PPS auditing tool collects detailed data
on patient aphics, antimicrobial regimen, indication by diagnostic codes, and intention

(prophylaxis, jcal, or targeted therapy). Similar to the NHSN AU and AR module,

A

microorganisms by resistance type is categorized and reported. Specific to immunocompromised

patients, reporting from the hematology-oncology ward and SOT ward are available for peer facility

This article is protected by copyright. All rights reserved.
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42,44,45

or regional benchmarking, with permission. Accommodation for the unique concerns among

SOT patients are made through a selection of “underlying morbidities” and “inserted devices”, which

t

P

are optiondl data variables to address healthcare-associated infections.** Global-PPS data provide
granular d imicrobial consumption and resistance. Quality of prescribing are limited to

whethelt regimen is compliant with guideline, without more refined quality measures.* Hospital-

[

specific dataandeteport are available for download.*

SC

What are the implications of electronic health record systems?

Large-scal ic health record systems (EHR) from vendors such as EpicSystems (Verona,

Ui

Wisconsin)jfCerner Corporation (North Kansas City, Missouri), and Meditech (Westwood,

N

Massachuset e become increasingly common among hospital systems in well-resourced

a

regions.*® | following the Health Information Technology for Economic and Clinical Health

(HITEC adoption of EHR was financially incentivized by the Centers for Medicare and Medicaid

46

Service ost EHR systems offer built-in modules to facilitate the workflow for AMS

%

interventions, and reporting of pertinent quality improvement metrics such as antimicrobial

46-52

[

consumpti socomial C. difficile infection rates. These advanced EHR systems provide

clinical deg port tools, such as syndrome-specific order sets, best practice advisories, and

recommen ing, to guide the prescriber at point-of-care. They can streamline the information

h

gatheri hereby improving the efficiency in adjudicating appropriateness of use by

|

syndrome 8 by antimicrobial, irrespective of which auditing tool is used. Alternatives to advanced

J

EHR systems are “atld-on” clinical decision support software that interface with or support an

existing EH to facilitate the workflow of antimicrobial stewardship interventions.**>* One
software, Sp Mobile Health™ (Firstline Clinical, Vancouver, BC, Canada), was paired with

NAPS to audit and benchmark appropriateness of antimicrobial use at two tertiary academic

This article is protected by copyright. All rights reserved.
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hospitals in Canada.”® Although the study was not aimed at SOT patients specifically, it
demonstrated the potential synergy between add-on software and auditing tools.
What are t ions of currently available auditing tools?

A comm-on_ap among the three auditing tools is that they do not assess situations of under-

treatment whergan antimicrobial is indicated but is not prescribed, since only antimicrobials that
are active

y of the survey are included. Furthermore, auditing tools tailored to assessing
antimicrobwming in outpatient SOT care are lacking. The context of antimicrobial prescribing
for outpati s from that for inpatient, as pertinent microbiology or laboratory results may not
be readily , and follow-up assessment to antimicrobial therapy may be indirect or delayed.

The three !ols described above are primarily designed to assess inpatient prescribing and

consumpti imicrobials. Although much AMS efforts are directed at hospitalized SOT
patients, an ials are frequently prescribed in the SOT ambulatory clinics or by primary care
providers. re, auditing outpatient prescribing practices is an “untapped territory” for AMS in
SOT.’ L re auditing tools created specifically for a geographical region or hospital

network to meet local needs. Therefore, they are context-specific for internal benchmarking to

standardize care. However, they are not necessarily accessible, validated or applicable outside the

particular i or hospital system, which limits their external validity and the opportunity for

external b king. It is beyond the scope of this review to examine their suitability for external
benchmar wider SOT patient population.

Conclusio:

With th g global COVID-19 pandemic, rising antimicrobial use and resistance have been

reported as a re of bacterial coinfections or secondary infections, creating additional pressure for

antimicrobial stewardship.*® Although the full impact of the pandemic on SOT patients remains to be

This article is protected by copyright. All rights reserved.
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elucidated, coupled with an ever increasing number of patients undergoing organ transplant,

57,58

challenges in AMS for SOT patients persist, and may continue to grow. A standardized auditing

t

P

tool to assess antimicrobial use that accommodates the unique complexities of SOT patients is an

unmet nee ires attention.

I I
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Table 1. Comparison of NAPS, NHSN and Global-PPS on their ability to meet the needs of SOT
patients

Parameter! NAPS

NHSN AU/R Module

Global-PPS

Survey typ Point-prevalence of Monthly data upload of Point-prevalence of
ctive antimicrobials antimicrobial usage active antimicrobials
prescriptions prescriptions
Data input Web-based or printable | Web-based only Web-based or
format orm for manual input printable form for
manual input
Technical nternet access Internet access Internet access
requireme

Health Level 7 Clinical
Documentation
Architecture for data
upload
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Adjudication Consensus or locally

framework endorsed guidelines.

" Principles of
ptimicrobial

- tewardship are applied
in the absence of
cuidelines.

Does not assess
appropriateness of use.

Consensus guidelines.

Data outp ospital’s own data on
prescribing, indication

’ and appropriateness.

Automated dashboard
eports on the quantity
- and quality of
prescribing.
icrobiology result is
‘ aptured but not as
discrete variable.

‘

inks antimicrobial
regimen to a coded list
of indication, ward
prescriber, prescriber

.) group.
- Analyses can be made to

address prescribing
practice by antimicrobial
lass, antimicrobial,

Mndication, and
prescriber.

Hospital’s own data on
quantity of prescribing and
antimicrobial resistance.
AU/R module does not
include assessment of
quality of prescribing by
indication.

Automated reports on
antimicrobial use and
resistance.

A separate assessment tool
for appropriateness of
antibiotic use in common
infectious syndromes based
on guideline adherence is
available. Not tailored for
SOT patients.

Hospital’s own data on
quantity of prescribing,
antimicrobial
resistance and
indication.

Feedback report
available on quantity of
antimicrobial use,
resistance and
indication.

Quality parameter
limited to guideline
adherence.

Bench 1@ Available and included

or internal and external
benchmarking

Available and included for
internal and external
benchmarking using SAAR.

Pre-arranged with
Global-PPS leader

Accommodation | Not tailored specifically

Not tailored specifically for

Addresses unique
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for SOT patients | for SOT patients unless

local guidelines for SOT

atients are available.

re surveys include
ntifungal stewardship,
which is relevant to SOT

he ward level if there is
dedicated SOT ward.

SOT patients.

needs of SOT patients
under categories of
morbidities and
devices.

Reports specific for
transplant wards
available.

ot addressed

Not addressed

Not addressed

roprietary to Royal

elbourne Hospital
(Melbourne Health)

Proprietary to the CDC.
External information
technology support may be
required for data upload.

Proprietary to
bioMérieux

Imicrobial Prescribing Survey; NHSN AUR module: National Healthcare Safety Network
sistance Module; Global-PPS: Global Point Prevalence Survey and Resistance.
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