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Fredrik Resman

Abstract: Regardless of one’s opinion of antimicrobial stewardship programs (ASPs], it is
hardly possible to work in hospital care and not be exposed to the term or its practical effects.
Despite the term being relatively new, the number of publications in the field is vast, including
several excellent reviews of general and specific aspects. Work in antimicrobial stewardship
is complex, and includes not only aspects of infectious disease and microbiology, but also of
epidemiology, genetics, behavioural psychology, systems science, economics and ethics, to
name a few. This review aims to take several of these aspects and the scientific evidence of
antimicrobial stewardship studies and merge them into two questions: How should we design
ASPs based on what we know today? And which are the most essential unanswered questions
regarding antimicrobial stewardship on a broader scale?

This narrative review is written in two separate parts aiming to provide answers to the two
questions. This first part is written as a step-wise approach to designing a stewardship
intervention based on the pillars of unmet need, feasibility, scientific evidence and necessary
core elements. It is written mainly as a guide to someone new to the field. It is sorted into

five distinct steps: (a) focusing on designing aims; (b) assessing performance and local
barriers to rational antimicrobial use; (c) deciding on intervention technique; (d) practical,
tailored design including core element inclusion; and (e) evaluation and sustainability. The
second part, published separately, formulates ten critical questions on controversies in the
field of antimicrobial stewardship. It is aimed at clinicians and researchers with stewardship
experience and strives to promote discussion, not to provide answers.
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Background and context

Antimicrobial resistance provides a formidable chal-
lenge to healthcare as we know it.! A World Health
Organisation (WHO) report presented to the secre-
tary general of the United Nations in April 2019
stated that antimicrobial resistance may cause 10mil-
lion annual deaths worldwide by 2050 and cause eco-
nomic damage comparable with the effects of the
2008-2009 economic crisis.? Whereas most stake-
holders, such as clinical doctors, politicians and

researchers, agree on the threat of antimicrobial resist-
ance, it is difficult to reach consensus regarding the
most appropriate solutions. The complexity of the
issue cannot be overstated. A variety of interacting
drivers contribute to the generation of resistance and
selection of resistant bacteria, including not only
antibiotic misuse in human and animal health, but
also correct use of antibiotics, transmission of resist-
ant bacteria in hospitals and during travel and migra-
tion, as well as through foodstuffs and environmental
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contamination of antimicrobial residues.? Efforts to
estimate the relative contribution to resistance of
these factors have been made, even though such
research is, per definition, challenging and biased
towards what has been studied more extensively.*
In this context, no single solution has the potential
to be effective alone, and there is need for coordi-
nated, synergistic strategies in order to successfully
counteract resistance development.

ASPs in human medicine are thus only a part of
the counter-measures needed.>® In the WHO
action plan on antimicrobial resistance, five strate-
gic objectives were defined. In addition to opti-
mising the use of antimicrobial agents and
reducing the incidence of infection, the WHO
stresses the need for improving awareness, increas-
ing knowledge as well as developing an economic
case for sustainable investment in new antimicro-
bials, diagnostic procedures and vaccines.” In the
review on antimicrobial resistance chaired by
Professor Jim O’Neill, 10 strategic objectives were
stated.® Most of them overlap with the WHO
objectives, but more focus is given to antimicro-
bial use in agriculture and to human resources
working in the infectious diseases area. Both
reports stress global coalition and cooperation.

Even though antimicrobial overuse and misuse in
human medicine is only a part of the problem, it is
well-established that increased use of antibiotics is
associated with increased risk of selection of
microorganisms resistant to antibiotics in popula-
tions and individuals, even though the reporting of
such associations need improvement.>°-12 This
particular issue is complex in its own right, and
the impact between different antimicrobials and
patterns of use likely differs.!3 It is, however, clear
that the use of antimicrobials varies substantially
between different geographical regions, for rea-
sons that are not solely motivated by differences
in the incidence of infections where antimicrobi-
als are needed. It is therefore reasonable to allo-
cate resources to reduce the use of antibiotics
where it does not directly promote health.
Moreover, practical clinical problems pertaining
to antimicrobial resistance are most evident in
hospital care, and here the consequences are also
potentially the most grave,!415 even though resist-
ance in hospital-acquired infections is not une-
quivocally associated with increased mortality.16:17
It is thus not surprising that most initial steward-
ship efforts have been initiated ‘bottom-up’ in
hospital settings by infectious disease clinicians

and researchers linked to hospitals. This is now
changing quickly. ASPs are spreading to different
contexts and to a variety of stakeholders with vary-
ing degrees of experience and knowledge. On 30
September 2019, it became a CMS (Centers for
Medicare & Medicaid Services) requirement that
all US acute-care hospitals develop and imple-
ment an ASP by 30 March 2020.18

This first part aims to provide clarity to different
aspects of designing an ASP from the start in five
major steps (Figure 1) — the definition of clear
aims, the assessment of current performance and
of local barriers to rational antimicrobial use, the
choice of methodology based on scientific evi-
dence and results from steps 1 and 2, the practical
design with inclusion of necessary core elements,
tailored to local prerequisites and finally ensuring
evaluation and sustainability. Each step is ended
with a brief summary. Even though the steps are
written in a logical order, the design process will
in practice rarely be performed in simple, ordered
steps. Findings in latter steps may, and should,
prompt re-evaluation of prior steps. The scope of
the review is thus very broad even though it is lim-
ited to ASPs addressing antibiotic misuse in
human medicine, and the review does not aspire
to be fully detailed in each aspect.

A five-step guide to designing an
antimicrobial stewardship intervention

Step 1: Prior to start - define specific aims of

the ASP

Regardless of context, all ASPs should strive to
have clearly defined aims. An overall aim of hav-
ing an ASP is not specific enough, but potential
adequate aims may vary. In this first step, the
definition of antimicrobial stewardship is first
presented, followed by a discussion on the univer-
sal objectives of ASPs. The section ends with a
discussion on potential specific aims that are
aligned with the overarching objectives.

Defining antimicrobial stewardship and responsible
use of antibiotics. Antimicrobial stewardship is a
term that is used liberally in a variety of contexts.
Since many decision-makers recognise the need to
counteract the development of antimicrobial resis-
tance, and since ‘antimicrobial stewardship’ has
been broadly (but sometimes vaguely) suggested
to be a part of the solution, the term has an inher-
ent value and there is a potential for misuse and
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Figure 1. The five steps of antimicrobial stewardship design.

confusion. According to the Oxford English dic-
tionary, the contextual definition of a steward is
‘one who manages the affairs of an estate on behalf
of his employer’.1° The general use of the term has
a biblical origin, urging a good steward not to con-
sume all he or she has been given, but to preserve
some for others. The term ‘stewardship’ was first
applied to antimicrobial use by McGowan and
Gerding in 1996, even though coordinated work
with the same objective had been carried out before
the term was used.? In the review by Dyer and
colleagues,?! tracing the origin of the term, antimi-
crobial stewardship is def ined as: ‘a coherent set of
actions which promote using antimicrobials
responsibly’. This denotes a general strategy rather
than a specific intervention. An ASP, in turn,
defines the set of practical actions to be applied in
this strategy and may vary. The definition leads to
the question of how ‘responsible use of antimicro-
bials’ should be defined. A consensus definition of
what responsible use is, including 22 different
aspects — of which some are not generally associ-
ated with ASPs, such as waste disposal and local

access — has been suggested by the DRIVE-AB
initiative.2?

What is the overarching objective of antimicrobial
stewardship? To define the main overarching
objective of ASPs should be straightforward. After
a read of key reviews on the subject, this is not
necessarily the case. Simplified, there are two
overlapping trains of thought on the primary
objectives of ASPs: (a) using antibiotics in a way
that aims to optimise healthcare outcomes while
minimising unintended consequences of antibi-
otic use/the primary goal of hospital ASPs is to
improve patient care?324; and (b) using antibiotics
in a way that aims to ensure sustainable access for
all who need them.?!:25 Depending on perspec-
tive, these objectives may be interpreted differ-
ently.26-28 The objectives are, while not mutually
exclusive, subtly different in their basic premise.
Whereas the first objective emphasises present
patients and the reduction of unnecessary use of
antibiotics primarily to reduce harm to the pres-
ent patient, the latter objective to a greater degree
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Table 1. Step 1 - Tips on defining aims of the planned intervention.

Step 1
Define specific aims

Spend time and thought on this step
Re-assess if necessary

e Aims should always be:
Well-defined

Realistic

Possible to measure effortlessly (automatically) and reliably over time

Related to the general objectives of ASPs
e Aims should preferably be:

Specific and objective

Ambitious

Linked to a time-Lline

Acceptable for all stake-holders
Possible to benchmark and compare

ASP, antimicrobial stewardship program.

implies balancing the need of present patients and
potential future patients.

In an ideal situation, when all patients with infec-
tions have clearly defined diagnoses at the outset,
including information on aetiology, and consen-
sus documents on evidence-based therapeutic
guidelines exist for all infections, the two interpre-
tations are easily aligned. However, in real-life
situations, where a substantial portion of antibi-
otic treatment in human medicine is given empiri-
cally, and where there is sometimes insufficient
evidence to support consensus guidelines even
when a diagnosis is clearly defined, a subjective
assessment has to be made. This assessment will
be affected by many of the factors which will later
in this review be defined as potential barriers to
rational use of antibiotics, including subject mat-
ter experience and knowledge, local treatment tra-
ditions and risk perception. The choice or
interpretation of the primary objective of ASPs
from the two above may also impact empirical
treatment decisions, as a conflict between the two
viewpoints may occur. It can be argued that, based
on the evidence that unnecessary antibiotic treat-
ment is one of the factors that leads to increased
prevalence of resistance, we should strive to reduce
unnecessary treatment even if this means that cer-
tain empirical choices entail a small, calculated
risk to present patients, and then do our best to
minimise this risk. On the contrary, it can also be
fairly argued that such a level of risk, however
small, is not acceptable to present patients since
there is no way of being sure that this risk provides
benefit to future patients. Both viewpoints strive

to maximise total benefit, and the choice between
the two is subjective, likely based on personality,
experience and cultural context.

What are reasonable aims for stewardship
programs? In short, aims of ASPs should be (a)
well-defined and preferably specific, (b) possible to
measure and evaluate objectively and reliably, (c)
related to the central objectives stated above, and
(d) realistic and acceptable to all stakeholders. They
do not necessarily have to be exactly quantitatively
specified to be reasonable, but the more specifically
stated they are, the easier they are to evaluate (Table
1). Potential general aims include improvement in
patient outcomes, microbial outcomes or quality of
use/process outcomes, as well as reductions in anti-
microbial use or costs (including length-of-stay in
hospitals). There is no absolute consensus on best
practice, and stewardship programs can have an
effect on a variety of outcomes.2°-3! However, there
seems to be a mismatch between the perception of
the most important aims, and measures actually
used. In a survey of physicians and pharmacists,
most favoured aims related to patient outcomes
and appropriateness of antibiotics, whereas per-
formed studies had focussed mainly on quantitative
antibiotic use and cost.?%32

All stewardship interventions should try to eval-
uate and report on objective patient outcomes,
even if changes to patient outcomes are not the
primary aim of the intervention.3? No effect on
all-cause mortality from ASPs was seen in the
latest Cochrane meta-analysis,3° so it is perhaps
not realistic from scientific evidence that
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improvements in all-cause mortality would be
generally expected, even though it has been dem-
onstrated in some studies.?® All-cause mortality is
objective, but has been criticised for not being
causally related to stewardship. It is not recom-
mended to define aims for a reduction of quanti-
tative antibiotic use or cost without simultaneously
assessing patient outcomes. However, the effect
on treatment duration and quantitative antimi-
crobial use from the cited Cochrane review show
high-certainty evidence that interventions can be
effective in reducing duration of antibiotic treat-
ment. Thus, a combined aim of reduced use with
neutral effects on patient outcomes may be rea-
sonable, and satisfies the objective of improving
the use of antibiotics in a way that aims to opti-
mize healthcare outcomes while minimising unin-
tended consequences of antibiotic use.?3

Aims that focus on improving antibiotic use qual-
ity/process measures, such as treatment guideline
adherence, proportion of prescriptions where indi-
cations are documented in the medical record or
increased appropriateness of prescribing are rea-
sonable. Such outcomes have been criticised for
measuring intermediates to general objectives
rather than the objectives themselves.2%:27 Also, as
appropriateness has an inherent subjective compo-
nent,3* and clinical treatment guidelines are not
always as evidence-based as we assume,?> qualita-
tive aims can be challenging to assess and interpret.
Aims related to microbial outcomes (reduction of
Clostridioides difficile or reduced carriage of resistant
bacteria) may also be reasonable if they are com-
bined with patient outcomes. A meta-analysis sug-
gested potential effects on microbial outcomes
from ASPs, especially when stewardship programs
were implemented together with infection control
measures.3! The Cochrane meta-analysis, which
applies a more strict process in the selection of
underlying studies, found microbial outcome
results inconsistent.3? The merit of having defined
aims, either regarding specific antimicrobials or
overall quantitative use, has been demonstrated in
several studies and programmes, from Scotland,
Sweden and Denmark to name a few,20-36-38

Summary. Pre-defined aims should be a part of
antimicrobial stewardship design. Aims should be
specific, evaluable and in line with overall objec-
tives of antimicrobial stewardship. The chosen
aims may vary according to context and unmet
need, but an assessment of objective patient out-
comes should be included among them.

Step 2: Prior to start - choose metrics, assess
current performance and barriers to rational

and responsible antimicrobial use

Prior to a successful intervention, an assessment
of current performance and an analysis of the
most prominent barriers to reaching the proposed
aim of the intervention (the unmet need) is essen-
tial. Unless the stewardship intervention is per-
formed as a response to a particular problem (an
outbreak or other), this step is not always per-
formed in a formal and deliberate manner prior to
the design of an intervention. Properly assessing
performance prior to the start of change also facil-
itates evaluation considerably. Here, we describe
the most common metrics related to antimicro-
bial stewardship and also describe the most com-
mon barriers to rational use of antimicrobials. If
current performance and barriers suggest, the
aims defined in step 1 can be re-defined.

By what metrics should current performance be
assessed? Several different metrics that reflect
antimicrobial use are possible. They can be
divided broadly into patient outcome measures,
quantitative use measures, process/quality mea-
sures, microbial outcome measures and costs.3°
Whatever metric is chosen, general rules apply.
All metrics should preferably be objective, reliable
(locally validated), easy to measure (now as well
as later) and preferably directly related to aims
and objectives. Even though objective compari-
son between healthcare settings requires the use
of consensus metrics and common definitions of
metrics, such are too seldom applied. Several
reviews have specifically discussed the choice of
appropriate metrics to assess the impact of
ASDPs.24:26,27,33,40-42 Here, available metrics are
discussed, one group at a time (Table 2).

The assessment of patient outcome measures is an
important part of any ASP, regardless if it is the main
outcome or not.¥3 A program that results in negative
objective patient outcomes should be abandoned.
Different patient outcome metrics are possible,
depending on context: all-cause mortality, infection-
related mortality, re-admissions to hospital and
number of unintended consequences, to name a
few. The main criticism against the most used
patient outcome metrics is the lack of causal effect
between the intervention and the outcome. The
recent STEWARDS panel consensus statement did
not consider a single patient outcome measure as
ready for immediate use.?* However, until updated
metrics on individual patient outcomes, such as
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Table 2. Step 2 - Potential metrics and their assessment.

Step 2

Choose metrics, assess current performance and assess barriers to rational use

Metrics to choose from

Assessment

Patient outcome metrics;
All-cause mortality, infection-related re-occurrence or
re-admission, number of unintended effects etc.

Quantitative antibiotic use metrics;
DDD, DOT or number of prescriptions per capita (outpatient

care)

Strict process metrics;
How is protocol followed, who attends rounds, how many
changes to treatment courses are made, etc.

Qualitative metrics;

Appropriateness of use, compliance to clinical guidelines,

quality indicators

Microbial outcome measures;
Incidence of Clostridioides difficile infections, prevalence and

and

Should be a part of an analysis.
The more causally related to the intervention, the better
patient outcome metric

Choose metric based on:
What can be reliably measured,

What will allow benchmarking
Adjust for case-mix or use SAAR

Measures the reach, fidelity and usefulness of an antimicrobial
stewardship intervention
Evaluates implementation quality and perceived usefulness

Appealing in theory, but often challenging in practice

infections caused by antibiotic-resistant organisms

Cost measures;

Costs directly related to antibiotics, costs related to length of
stay in hospital, costs related to other outcomes.

Quality indicators may be useful

Effect affected by many factors outside of ASPs
Often slow changes over time

Often presented,

Important in practice, but not directly related to the general
objectives of ASPs

ASP, antimicrobial stewardship program, DDD, defined daily dose; DOT, days of therapy; SAAR, standardized antimicrobial administration ratio.

the ranking of different combinations of efficacy
and safety outcomes in a single patient according
to desirability,** are more widespread, it is still
strongly recommended to pre-specify and report
patient outcome metrics, mainly to make sure
that the intervention is safe.33%! Even though all-
cause mortality is objective and should be consid-
ered, alternative outcome metrics, such as
infection-related re-occurrence or readmission,
disease/pathogen-specific rates of cure/treatment
failure or on unintended effects, may be better
purposed.26:40:41,45

Almost all stewardship programs include an
assessment of quantitative antibiotic use.
Quantitative use is only an intermediate in rela-
tion to the overarching objective, but with an
assumed relation to it. The defined daily dose
(DDD) or the days of therapy (DOT), per defined
population or per admission (in hospitals), are
most commonly applied. DDD is generally easier
to access, whereas DOT is less affected by dosing
differences between patients. The DDD measure

is used by the European Surveillance of
Antimicrobial Consumption Network (ESAC-
NET)%¢ as well as by the WHO,*” whereas DOT
is used by the US Centre for Disease Control and
Prevention (CDC).#® In paediatric populations,
DDD is not useful as it is not adjusted for dosing
differences, and DOT is generally preferred.*®
DOT is more intuitive to most clinicians and may
correlate better with measures used in clinical
trials.#0 Unfortunately, the correlation between
the two is not always good even when comparable
dosing is used,’® possibly due to differences in
data registration and extraction procedures. Most
of the same metrics apply to quantitative use in
outpatient care. A recent European interdiscipli-
nary consensus document suggested a small range
of outpatient use metrics; DDDs, prescriptions or
courses per defined population or prescription/
course per defined number of physician con-
tacts.’! What metric to use for adults in the end
depends on (a) what is locally feasible to measure
reliably, (b) the need for comparison with other
sources and (c) preference. It is worthwhile to
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consider what measures reflect; total population
volume (DDD, DOT), or individual exposure
(prescriptions), denominated by population or
hospital admissions, since they reflect on different
aspects of quantitative use.’2 In order to better
provide benchmarking for comparison, several
ways of providing adjusted quantitative data for
risk and setting have been proposed,>3-3% of which
the CDC’s SAAR (Standardized Antimicrobial
Administration Ratio) metric has gained the most
attention.

Process metrics that quantify the actions of a pro-
gram or the adherence to a program, are impor-
tant to document how resources are used, how
often an indication for a prescription is recorded
in the medical record and the level of adherence
to stewardship program recommendations. Such
measures are important features of assessing the
success of the implementation process of a stew-
ardship program and the impact of such a pro-
gram,?? but have been criticised for measuring
intermediates to the general objectives rather the
objectives themselves.26:27

If qualitative process metrics, related to the
appropriateness of use and compliance to clinical
guidelines are included, however, they may be
directly related to objectives. Appropriateness of
use/adherence to guidelines is considered an
attractive metric by most, including many
reviews.26:57-60 Most also realize the inherent sub-
jectiveness of appropriateness as a measure,
including the difficulty of fitting clinical patients
into clinical guidelines that in turn are not always
evidence-based.?*3440 Several attempts to define
what appropriate really entails has been per-
formed. Reviews have defined quality indicators
in outpatient and inpatient antimicrobial use that
reflect appropriateness. 57-58:60 Antimicrobial pre-
scribing audit tools have also been designed.>® An
assessment of quality indicators can very well be
used as a metric, and improvement in them as an
indication of improved quality, but it is recom-
mended that they are accompanied by other out-
come measures.

Microbial outcome metrics are related directly to
the general objective of a stewardship program
and are thus potentially important metrics.
Metrics related to the incidence of C. difficile
infection, to colonisation as well as infections
with resistant bacteria are all potentially useful.
Even though such metrics are recommended by

the STEWARDS panel and other authors,2433:41
the prevalence of resistant organisms are affected
by screening processes, community transmissions
as well as antimicrobial use, and often shifts over
long periods of time. The potential effects in
resistance levels are also dependent on starting
levels.4%41 Such measures can thus be recom-
mended as complementary, but rarely as primary
aims of a stewardship program.

Cost metrics are secondary in the context of
antimicrobial stewardship, even though they are
often measured, and interventions are often asso-
ciated with positive outcomes (lower costs).%!
Cost measures are mainly secondary aims. It is
important to note, however, that they are not
secondary in the eyes of decision-makers, and
cost-effectiveness analyses are needed for antimi-
crobial stewardship interventions, even though
they are challenging. We will get back to cost-
effectiveness analyses later in the review.

Benchmarking current performance. We suggest
assessing current performance prior to the start of
any antimicrobial stewardship intervention. Sev-
eral studies have demonstrated that benchmark-
ing can identify ‘outliers’ and problem areas with
most urgent need for stewardship interven-
tions.%%63 Whereas some measures, such as the
proportion of appropriate prescriptions or adher-
ence to guidelines, may intuitively tell us if the
current performance is acceptable or not, most do
not. The benchmarking of current assessment in
turn requires the use of common metrics. This is
the main reason for using the most commonly
used metrics, especially for quantitative antimi-
crobial use. Yearly surveillance reports are pub-
lished in several regions, but most prominently by
the ECDC,*5 that can be used for benchmarking.
It is also often useful to assess local performance
over time in an individual hospital or clinic, to
adequately time and direct efforts. As earlier men-
tioned, recent publications have suggested met-
rics that adjust for case-mix and setting,>3:93 which
allows more fair comparisons. These should pref-
erably be expanded.

Barriers to rational and responsible antimicrobial
use. Why are antimicrobials not always given
responsibly and rationally? Whereas the definition
of what is responsible and rational is to a degree
subjective, there is apparent unexplained differ-
ences in antibiotic use between different areas
and settings, as evident by data from European
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countries in 2017.%% Even in the Netherlands, a
country with consistent, low levels of antimicro-
bial use in human medicine,!%%4 point-prevalence
studies still suggest that 30% of initiated therapy
is inappropriate.%> On a more general level, anti-
microbial overuse has been applied to the context
of the tragedy of the commons,®%%7 where an
exhaustible, common resource is used at the dis-
cretion of individuals and 1is subsequently
depleted. Most experts believe that non-regu-
lated antibiotic use has led to, or may lead to, a
tragedy of the commons.%8:%° In order to provide
an adequate intervention to improve rational
antimicrobial use, an assessment of the determi-
nants of prescription behaviour is needed. This
includes analysis of components of behaviour
psychology, health-care structure and cultural
context, and an addressing of those that lead to
irrational use.”?

Simplified, there are two levels on which determi-
nants that affect prescriber behaviour and can be
barriers to rational antimicrobial use exist, even
though they often overlap. Internal barriers (barri-
ers that affect subjective prescriber behaviour) and
external or structural barriers, that in turn can
occur in- and outside the healthcare system. The
‘internal barriers’ have in turn been separated into
three different aspects in a recent review by
Warreman et al.; behavioural beliefs (attitude
towards behaviour, including their consequences,
and responsibility towards patients, society and
oneself), normative beliefs (the social team
dynamics and relations to peer physicians) and
control beliefs (including autonomy and hierarchy
aspects that overlap with structural barriers).”!

Some of the most commonly described internal
barriers to rational use of antimicrobials include
(a) insufficient knowledge regarding infectious
diseases and clinical treatment guidelines,”2-76 (b)
a lack of trust in clinical treatment guidelines
(indicating a discordance between guideline
authors and prescribers),””-80 (¢) a discounting of
the effects of ones own prescription on resistance
in general,”>-81-83 (d) general uncertainty avoid-
ance,’275:84 (¢) an unbalanced belief from anec-
dotal empirical experience,’%83 (f) an unbalanced
wish to satisfy patient demands,8%-86 (g) an ‘own-
ership’ of patients or a patient category that are
viewed as exempt to general guidelines,37:8% (h)
demand for autonomy’®8° and (i) a categorical
perception of risk.8® Many of these factors co-
exist, and some may be beneficial if properly

balanced. For instance, some patient categories
are more vulnerable to severe infections and a
complete lack of uncertainty avoidance is not in
the interest of patients. However, when guide-
lines are not followed, these are some of the pre-
scriber behavioural factors that are often perceived
as explanations.

External or structural barriers directly related to
healthcare that may affect rational use of antimi-
crobials (excluding absence/presence of an anti-
microbial stewardship intervention) include (a)
insufficient available diagnostics,®3 (b) stress/high
work-load,”>%° (c¢) social team dynamics,”37¢ (d)
insufficient resources to provide a wait-and-see
approach,83 (e) separate prescription pattern cul-
tures in areas that deviate from guidelines,®! and
(f) hierarchical structures that hinder decision
sharing.80-88:92 External or structural barriers not
related directly to health-care may include (a)
lack of access to key antimicrobials,®3 (b) access
to over-the-counter antimicrobials,* (¢) low pub-
lic awareness of antimicrobial resistance,®®> and
(d) reimbursement models or litigation processes
that are discordant with rational use.80-96

How are barriers best assessed? There are a num-
ber of ways to objectively assess what is going on
when decisions regarding antimicrobial therapy
are made and what determinants affect them.
Excluding anecdotal reports, the most commonly
used ways include structured surveys, semi-struc-
tured interviews, focus groups and direct observa-
tion. All of these methods have been used in
assessment studies regarding barriers to rational
antimicrobial use and they all have their respective
merits and disadvantages.” Whereas interviews
and focus groups are costly, surveys are generally
cheaper. All three mentioned methods are associ-
ated with response biases compared with direct
observation. When conducting a survey, it is essen-
tial to acknowledge best practice techniques.®” It is
possible to include an assessment of knowledge in
addition to attitudes and behaviour in a survey
context.” It is recommended to use at least two
complementary methods, ideally ones that do not
have the same risks of bias, in order to provide a
high-quality barrier assessment.?® It is suggested
that one of these methods include an assessment
not only of barriers but also of acceptability (and
thus feasibility) of potential interventions, to
improve detailed action planning and implementa-
tion techniques that is missing from most prior
stewardship studies.®®
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Table 3. Step 3 - Different intervention strategies and their assessment.

Step 3

Decide on a general intervention strategy

Intervention type

Assessment

Restriction intervention

Supported by scientific evidence
May have low level of acceptance

Flexible, but demanding
Can be adjusted to barriers

Enablement intervention

Supported by scientific evidence

Higher degree of acceptance
Flexible, but demanding and sustained programs may be challenging
Can be adjusted to barriers

Education and guidelines

Not supported by evidence as sole measure,

Complementary to restriction or intervention
Can be adjusted to barriers

Antibiotic cycling

Not supported by scientific evidence
Not very flexible

Not very demanding

Behavourial change interventions  Promising

Not enough studied in the context of antimicrobial stewardship

Mixed strategy

Appealing due to flexibility

Better adjusted to actual barrier analysis
Less generalizability

Summary. Prior to initiating an ASP, the assess-
ment of current performance as well as an assess-
ment of barriers and facilitators to rational use
of antibiotics, is recommended. This will not
only provide an assessment of current perfor-
mance, but also identify to the most pressing
unmet needs, the best potential for intervention
and a test of what metrics can be reliably
assessed. This step may lead to a re-stating or
adjustment of the aims defined in step 1.

Step 3: Prior to start - based on aims, current
performance, barrier analysis and scientific
evidence, decide on an intervention strategy
Whichever aims are stated, and whatever deter-
minants are defined as the greatest barriers to
reaching that aim, a specific intervention should
always be designed with respect to the scientific
evidence. In this section, we discuss different
types of intervention methods and implementa-
tion techniques in antimicrobial stewardship.

Evidence-based stewardship design - a myth of
fingerprints?. ‘T’ve seen them all and man they’re all
the same’ as Paul Simon sings in the song from his

1986 Graceland album. Does it matter what type of
intervention is started, as long as people are truly
engaged and agree on the aim? Scientific evidence
suggests that it does. Antimicrobial stewardship
interventions can be divided into four main types of
strategies; restriction interventions, enablement
interventions, educational interventions and antibi-
otic cycling, or a mix of several strategies (Table 3).

Restriction interventions can, for example, con-
sist of formulary restrictions, the set-up of regu-
lated lists of antibiotics, pre-authorization of use
for selected antibiotics or that the choice of cer-
tain antimicrobial agents triggers an automatic
infectious disease (ID) consultation. Restriction
interventions have been demonstrated as inde-
pendently associated with increased adherence to
clinical guidelines and reducing antimicrobial use
without negatively affecting patient outcomes.30
However, there is concern that restriction inter-
ventions, including need for pre-authorization,
may lead to delays in appropriate treatment and
that they generally do not foster a cooperative
atmosphere regarding antimicrobial stewardship,
which may lead to long-term negative effects.30:4>
There are also publications questioning the
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feasibility of pre-authorization in settings with
limited resources and expertise.!00

Enablement interventions, which generally
include audits or reviews of prescriptions and
subsequent feedback, have also been demon-
strated as independently associated with increased
adherence to clinical guidelines and reduced anti-
microbial use without evidence of patient harm.30
Moreover, they can enhance the effects of restric-
tion interventions. It is clear from other types of
healthcare interventions that monitoring (or self-
monitoring) and feedback can be effective as
behavioural change techniques.!01:102 Such a strat-
egy may thus directly affect barriers to rational use
that are associated with physician behaviour
(interval barriers in step 2). Unfortunately, ena-
blement interventions in the area of antimicrobial
stewardship are generally poorly specified and
detailed in publications, perhaps because they are
not viewed from the aspect of behavioural psy-
chology.?® There is evidence that audit-feedback-
based interventions are optimised if feedback is
given using multimodal presentation, if feedback
is repeated, if it is delivered by a colleague with
sufficient mandate and is accompanied by clear
targets and goals.193 If audit-feedback can be per-
formed in the real-time patient care, it also bor-
ders on shared decision making, which is a related
strategy that in turn has been suggested as benefi-
cial.104105 The downside of enablement interven-
tions is that they are generally labour intensive.

Educational and guideline implementation strate-
gies are intuitively attractive as they are compara-
tively simple and often feasible even with limited
resources. Educational efforts and the spread of
clinical guidelines also have a theoretical empow-
erment aspect. However, both the effects of ‘pas-
sive’ educational interventions and guideline
publication on antimicrobial stewardship out-
comes have been disappointing, generally
explained by low guideline compliance without
contextualised audit and feedback.*? Thus, educa-
tional efforts and guidelines are suggested as com-
plementary aspects to restriction or enablement
interventions in order to maximise effect. Antibiotic
cycling is another strategy that has been suggested,
but is supported neither by theory (mathematical
modelling),!%¢ nor clinical studies.1%” Moreover, in
studies that have been performed to test antibiotic
cycling, adherence to protocols has been low.108

Choosing a strategy based on current performance
and barrier assessments. It is thus clear from sci-
entific evidence that certain types of interventions,
mainly restriction and enablement interventions,
have higher potential to change prescription
behaviour. However, it is reasonable to assume
that the efficacy of an intervention will reflect the
current performance and the spectra of barriers
with highest impact prior to the intervention.199
If current performance suggests high levels of use
of wide-spectrum agents, combined with limita-
tion in knowledge of clinical guidelines, a restric-
tion intervention combined with an educational
effort may be preferred. If the assessment shows
that uncertainty avoidance and lack of clinical
support are strong barriers to rational antimicro-
bial use, the effect of an enablement intervention
with decision-sharing capacity will have the best
potential to meet the unmet need. On the other
hand, if external or structural factors, such as
scheduling issues or reimbursement incentives
promoting over-use, are found as essential barri-
ers to rational use of antibiotics, efforts to change
these should have higher priority. Thus, even
though studies suggest that some general types of
interventions have a better effect than others,
which actual interventions to choose should be
based on this evidence, but tailored to current
performance and the state of the barriers to ratio-
nal use.

How can barriers be overcome: evidence from
behavioural science. As discussed in step 2, aspects
of behavioural psychology often explain non-ratio-
nal use of antimicrobials, even though structural
factors within healthcare and outside of healthcare
also contribute. Within behavioural science, spe-
cific taxonomy, methodology and implementation
techniques have been designed to support behav-
ioural change in other areas, such as smoking ces-
sation and obesity.!10:111 Until recently, very few
studies or initiatives in the antimicrobial steward-
ship context had used or reported on the effects of
such techniques.?%:112113 It is thus not clear to what
extent such techniques are generalisable to the
context of antimicrobial use. Recent reviews sug-
gest using, and studies have used, proper behav-
ioural science techniques,’%!1%115 including
intervention mapping and the behavioural change
wheel in antimicrobial stewardship interventions,
and the results are encouraging. However, since
the issue of non-rational antimicrobial use is
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Table 4. Step 4 - Core component and respective reflections.

Step 4

Core components of antimicrobial stewardship programs

Core component

Reflection

Senior management commitment

Accountability and leadership

Essential for general support and resource allocation.

Essential for external accountability

Define and document a team, respective responsibilities and plans for
reporting
Make sure the team and the proposed intervention is accepted and has
mandate in the intervention target group

Subject matter expertise
Action plans for antimicrobial use improvement

Education and practical training

A necessity in any expert-based intervention

Has been reflected on in steps 2 and 3

Often overlooked

Monitoring use and disease epidemiology

Report, evaluate and give feedback

A necessary part of any program, reflected upon in step 2

Will be reflected on in step 5

Of the stewardship team as well as of the target group of the intervention

affected by a plethora of factors working on differ-
ent levels and not only on individual behavioural
psychology,!1® more studies are needed to identify
how to properly apply such techniques to the stew-
ardship context.

Summary. Several different types of antimicrobial
stewardship interventions may have a positive
effect on outcomes, but the available scientific
evidence favours programs based on either restric-
tion or enablement interventions. The latter bet-
ter promotes collegiality and is generally preferred.
Complementary techniques may include educa-
tional activities and computer-based clinical sup-
port. Any chosen intervention technique should
be tailored to the barriers that were identified in
step 2.

Step 4: Start - Include core components, tailor

to your particular setting and assure proper
implementation

Following the definition of aims, the assessment
of barriers to rational antimicrobial use and decid-
ing on an antimicrobial stewardship intervention
type, a practical stewardship program needs to be
designed. This design should be guided by the
three steps above, but needs to contain certain
key core components and needs to be tailored to
local prerequisites in order to succeed. The imple-
mentation phase of the program also has to be

carefully planned in order to optimise chances of
success. In this step, we discuss core components
of stewardship programs, aspects of the steward-
ship team and aspects in certain patient popula-
tions or contexts. The section ends with a
reflection on implementation techniques.

Core components of ASPs. The CDC, the Euro-
pean Commission, the Transatlantic Taskforce on
Antimicrobial Resistance (TATFAR) and an
international consensus group have all issued
guidelines on core elements and components of
ASPs.117-120 \With the exception of the European
Centre for Disease Prevention and Control
(ECDC) document, which is structured differ-
ently, the core components of stewardship overlap
in these documents and concern seven main
aspects: (a) senior management commitment
including resource allocation, (b) leadership
including accountability, (c) expertise on infection
management and antimicrobials, (d) action plans
regarding rational antimicrobial use, (e) education
and practical training, (f) monitoring use and
resistance epidemiology and (g) reporting and
feedback (Table 4). The TATFAR summary pres-
ent 17 core indicators, whereas the CDC and
international consensus group presents 29. The
aspects of action plans regarding antimicrobial use
and monitoring use and resistance epidemiology
have been thoroughly covered in steps2 and 3,
and will not be discussed further here.
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Senior management and resource allocation is a
key core component of antimicrobial stewardship
that is often not stressed enough. The effects of
political leaders as well as hospital level manage-
ment on enabling antimicrobial stewardship inter-
ventions cannot be over stated.!21:122 This applies
not only to proper resource allocation,!?3 but also
to general attitudes towards prioritising the threat
of antimicrobial resistance, which will affect
chances of success. Thus, prior to starting a stew-
ardship program, make sure that the initiative is
supported by staff leaders and senior manage-
ment, and that proper resources are allocated for
its financing. As a second core component, the
initiative should have a clear formal strategy with
an identified leader, a defined multi-disciplinary
team, documented roles of all participants, the
collaborations between them and regular report-
ing. This is to ensure accountability of the stew-
ardship program and its effect. In order to
successfully drive such a program, the leader
should have a clear mandate, not only formally
but also informally among colleagues. Moreover,
a continuous dialogue with prescribers and other
target groups for the intervention, including
involvement of local key opinion leaders, can
increase adherence and acceptance and are poten-
tial factors for success.124125

Providing expertise on infection management may
sound self-evident, but providing that this includes
proper diagnostic services as well as healthcare
professionals trained in infectious disease manage-
ment, not all hospitals or outpatient care facilities
are self-sufficient. Recently, a consensus list of
generic competencies in diagnostics, antimicrobial
prescribing and stewardship was suggested.!26
The fifth core component suggests that a steward-
ship program should contain an educational com-
ponent on two levels: an education of staff working
within an ASP as well as an education of prescrib-
ers targeted by the program, including easily
accessed, updated facility-specific treatment
guidelines. As mentioned, it has been established
that a passive education of prescribers is not suf-
ficient on its own, but has potential for effect when
paired with other interventions. In some studies,
active guideline dissemination has demonstrated
positive effects on antimicrobial use.!?? Finally,
regular reporting on chosen objective outcomes,
potentially including self-assessments, is a key
core component of any healthcare intervention
including antimicrobial stewardship, to provide a
basis for sustainability and non-harm.

There are a number of practical guidelines based
on evidence and core components above. The
most cited include the Infectious Diseases Society
of America (IDSA) guidelines from 2007 and
2016,23:197 and the ECDC guidelines,!?8 but sev-
eral countries, including Germany, France, the
UK and Australia, have published independent
national guidelines that are compiled on the
ECDC web page.!2° On a more local level, several
regions and hospitals have published their own
guidelines tailored to respective prerequisites.
The content and structure of these guidelines
vary in scope and focus, but few of them suggest
analysis of local barriers to rational use and
adjusting interventions accordingly.

Adjusting to local prerequisites and settings

The stewardship team. In international litera-
ture, the stewardship team generally consists of
infectious disease physicians, pharmacists, micro-
biologists and, possibly, administrators.4? How-
ever, the composition varies, as the role in clinical
care for pharmacists, physicians and microbi-
ologists varies between different settings. Not
all countries have dedicated infectious disease
physicians, who would normally take the team
leader role to ensure that guidelines and policies
are based on evidence and best practice. Even
in countries where there are dedicated ID phy-
sicians, these may focus generally on infections
in tertiary settings and not on stewardship. The
roles of pharmacists vary between different set-
tings, but, in settings where pharmacists process
medication orders, they are essential to practical
stewardship. They, however, have to be formally
trained in antimicrobial use and stewardship.
Pharmacist involvement has been demonstrated
to lead to more appropriate therapy in studies.!30
The clinical microbiologist should provide timely
diagnostics as well as surveillance data. In addi-
tion, many teams have information technology
experts and implementation scientists as essential
components to provide adequate data, structure
and follow-up.

The composition of a team will affect what types
of intervention are feasible. Several publications,
including the ECDC guidelines, suggest that
nurses can contribute substantially to a steward-
ship team effort,!3! and the same is suggested for
infection control practitioners.!28 The stewardship
team components should be tailored to the aims
and objectives of the program and the program
design itself.
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Populations and settings other than adult hospital
care. Most ASPs focus on adults treated in hospital
care. In reality, the majority of antibiotics are used
in outpatient settings, in paediatrics and in long-
term care facilities. Since paediatric hospital care,
long-term care facilities and outpatient settings
have distinct features that separate them from adult
hospital settings, neither knowledge nor interven-
tion types can be fully generalised to such settings.

In paediatrics, the use of multidisciplinary antimi-
crobial stewardship teams mimicking those for
adults is encouraged, even though the evidence is
limited compared with ASP in adults.%%:132:133
Children are especially vulnerable to overuse
(resistance and adverse events) as well as under-
use of antibiotics, and treatment indications as
well as dosing practice differ from adults. In addi-
tion, clinical and microbiological diagnostics is
often challenging in children. This suggests that a
multidisciplinary stewardship team in paediatrics
should be separate from adult teams, with specific
expertise tailored to paediatric care.!34

With an increasing portion of the population reach-
ing old age, the demand for healthcare facilities for
the elderly has increased, and variants of long-term
care facilities are increasingly common. However,
the organisation of care in long-term care facilities
differs substantially from that of hospital care.
Elderly individuals cared for in long-term care facil-
ities (LTCFs) are often frail and vulnerable to
infections, and the diagnosis of infections is chal-
lenging due to atypical presentations and the
reduced ability to describe complaints.!3> There is
vast variation of antimicrobial consumption in
LTCFs and studies suggest a large proportion of
inappropriate prescriptions.!3%13¢ There is thus a
need for stewardship interventions tailored to
LTCEF populations, but only moderate evidence of
their effect, due mainly to study heterogeneity.137
Recently, reviews have suggested what specific
components may facilitate successful stewardship
interventions in L'TCF settings (multidisciplinary
education, review tools integrated in the workflow
of prescribers and limiting unnecessary cultures
from urine and wounds).115:138,139

Since the majority of antimicrobial use occurs in
outpatients, and since studies suggest that a sub-
stantial proportion of this use is inappropriate or
without documented indication,!4%141 antimicro-
bial stewardship in outpatient settings has major
potential in affecting antimicrobial use. Outpatient

antimicrobial use primarily addresses primary care
prescribing, but also includes antimicrobial use at
discharge from the emergency department and
from hospital care.l42144 Studies have suggested
that individualised audit and feedback may have
positive effects in this setting as well,!4> but inter-
ventions have to be tailored to the outpatient set-
ting. The CDC has identified core elements for
outpatient stewardship that mirror those of hospital
core elements, including leadership commitment,
action plans for optimising use, surveillance/report-
ing and education/expertise.!46 Different interven-
tions have been tried in the outpatient setting,
including feedback from a high-profile messenger
resulting in a reduction in unnecessary use.l4’
Guidelines suggest that conditions where antimi-
crobials are rarely indicated should be targeted spe-
cifically (upper respiratory tract infections,
pharyngitis and sinusitis).!4® A systematic review on
outpatient stewardship showed great heterogeneity
in design and effect, and details of interventions
were seldom reported.!4?

Considerationsinlow-andmiddle-incomesettings.
The health-care system organisation, the avail-
ability of diagnostic testing and antibiotics in
the AWaRe access category, public awareness
and prescribing practices differs between high-
income countries and low- and middle-income
countries (LMIC).150 Cultural and contextual
factors also vary widely between different set-
tings, highlighting the need for contextualisation
of interventions.!51:152 A recent systematic review
on hospital stewardship interventions in LMIC
settings concluded that the majority of published
studies reported positive effects, but heterogene-
ity of methodology and a lack of coverage of major
parts of the world impaired generalisations.!>3
The WHO has issued a separate practical toolkit
for ASPs in LMICs, based on its five-point action
plan from 2015.7:15¢ A specific challenge is the
surveillance and control of multi-drug resistant
organisms in the LMIC setting, where prevalence
is often high or unknown. There is optimism of
increasing laboratory capacity in LMIC, in light
of the successful rollout of point-of-care diagnos-
tics for human immunodeficiency virus (HIV),
tuberculosis (TB) and malaria. These may pave
the way for similar point-of-care diagnostics for
multi-resistant bacteria, increasing local surveil-
lance and potentiating stewardship.155:156

Focusing on specific disease syndromes. In
response to analysis of determinants of antimicro-
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bial use, it may be reasonable and cost-effective to
focus effort on specific disease syndromes, or even
specific antibiotics. In addition to the most com-
monly targeted respiratory tract and urinary tract
infections, efforts for antimicrobial stewardship
have been suggested in urology, intensive care unit
(ICU) infections, intra-abdominal infections and
skin and soft tissue infection (SSTI), to name just
a few.157-160 A further examples, specific interven-
tions have also been proposed and performed to
target fluoroquinolone and carbapenem use.161,162
The essential issue is to try to assess what interven-
tions are needed and where they are needed prior
to start, in order to optimise chances of effect.

Evidence-based implementation techniques of
ASPs. In reality, the techniques of a healthcare
intervention and the implementation of that
intervention overlap substantially and are some-
times confused.!%3 The intervention part defines
what type of intervention that is suggested to be
clinically beneficial and should be implemented.
The results can be evaluated using defined out-
come measures as discussed above. The imple-
mentation part, in contrast, provides a structure
on how this intervention should be spread to opti-
mize adherence. This can be evaluated using pro-
cess measures. However, if the results of process
measures are poor, the outcome measures will
be duly affected. Since interventions in clinical
healthcare are complex, even if aspects of the first
three steps in this review are considered carefully
prior to starting a program, the program risks
failure unless proper implementation technique is
applied. A qualitative study from Virginia, assess-
ing barriers to successful implementation of anti-
microbial stewardship, highlights that the buy-in
by target groups is an essential factor for success,
and was in turn affected by communication style
and conflict management.1%¢ This emphasises a
point from step 2, that an assessment of barriers
to implementation to stewardship interventions is
an important addition to assessment of barriers to
rational antimicrobial use.%°

In addition to context-dependent barriers to imple-
mentation, several considerations have to be made
in the implementation phase of an intervention to
ensure delivery according to the intended plan,
with adequate coverage in spite of unexpected chal-
lenges.!!* Implementation science is a scientific
field in its own right, and suggests a step-wise pro-
cess to implement complex interventions in reac-
tion to new scientific information, guidelines or

protocols. The steps include an initial proposal for
change, an analysis of current performance and
identification of targets for change, a problem anal-
ysis of the intended target group, a design of an
evidence-based intervention strategy including fac-
tors of dissemination and maintenance, the testing
and execution of intervention plans, the integration
of the changes into sustainable routine, and the
evaluation of intended and unintended conse-
quences, with a readiness to go back and reassess at
any step if necessary.1%> This review has been writ-
ten in the vein of implementation science, with the
final three steps collapsed into one. Practical exam-
ples that may be used to ensure proper implemen-
tation include implementation mapping in parallel
to intervention mapping and behaviour change
techniques, such as the behavioural change
Wheel.166’167

Summary. Regardless of the prior steps, sustain-
able success of antimicrobial stewardship requires
the establishment of core elements (such as com-
mitment from leadership, proper resources, staff
expertise and accountability). The ASP also needs
to be tailored to local prerequisites and last, but
not least, an intervention needs to heed proper
implementation techniques in order for effects to
be properly evaluated.

Step 5: After start - pilot, evaluate and either
re-assess or integrate into clinical care

Three essential, but often neglected, parts of anti-
microbial stewardship design are testing, evaluat-
ing and planning for sustainability or change. In
this final step of the review, a reflection on the
general quality of the scientific evaluations of
ASPs in published research is made. Testing and
evaluation techniques is then discussed, as well as
attributes of programs that support sustainability
and finally the aspect of cost-effectiveness of anti-
microbial stewardship interventions.

What is the state of quality of research of
antimicrobial stewardship interventions? There is
consensus that the reason for the relative shortage
of scientific evidence regarding best practice of
intervention and implementation strategies in
antimicrobial stewardship is that many studies are
of moderate quality and are heterogenous in
design and outcome. This notion is supported by
several reviews,29:109:168,169 Important aspects are
often lacking or should have been performed dif-
ferently. This includes elements of proper research
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Table 5. Step 5 - A flowchart for initial evaluation.

Step 5

Pilot, evaluate, re-assess or integrate into clinical care

Flow-chart

e Perform a small-scale pilot project on especially motivated targets
e Assess process measures [delivery, fidelity and acceptance)

e Assess the validity and ease of applied metrics

e |f necessary, go back to step2, 3 or 4 and adjust implementation technique and/or metric

e |f process measures are satisfactory and metrics valid, assess outcome metrics

e |f outcome metrics are satisfactory, plan for gradual expansion and normalisation

e If outcome metrics are unsatisfactory, start over and go back to step 1 (Did we have realistic aims?),
step 2 (Is there really room for improvement? Do we address the identified barriers?), step 3 (Is this
intervention technique proper?) and 4 (Do we have core elements in place? Have we tailored the

intervention properly?)

design such as cluster randomisation or placebo-
controlled interrupted time series,!7%171 g lack of
reporting on clinical and microbiological out-
come data including unintended consequences,!6°
and a lack of details regarding the actual interven-
tion program and process.?? These factors make
the published data on stewardship intervention
difficult to interpret and generalise.

However, antimicrobial stewardship interventions
are complex healthcare interventions, and there is
a need to contextualise. For most diseases sub-
jected to intervention studies, the pathogenesis of
the disease and the underlying objective is reason-
ably well known. This cannot be said for either the
relationship between human antimicrobial use
and resistance development in general or even in
specific contexts, or for optimal objective assess-
ment in the balance between use of antimicrobials
today and sustainable access to all who need them.
This does not defend using improper research
designs. On the contrary, this emphasises the need
for proper and rigorous research methodology and
detailing of interventions, implementations of
interventions and outcomes. However, even if this
is properly performed, the generalisability of ASPs
will still be unclear.

Practical testing, evaluation and reporting of stew-
ardship interventions. A reasonable start to any
complex intervention in a new setting is to perform
a pilot intervention. Ideally, this should be a small-
scale test of the plan on motivated persons, groups
or institutions.!%> This helps in preliminary evalua-
tions of the validity of chosen outcome metrics and
of intended and unintended outcomes, but also in
assessments of process measures such as delivery,

fidelity and acceptance of the intervention. If out-
come metrics are not valid, they should be changed.
If outcome measures do not meet expectations,
first analyse process measures, and, if these per-
form poorly, the implementation method should
probably be changed. If the process measures per-
form well, but preliminary outcome measures are
poor, the reasons for this should be analysed and
adjustments to aims, intervention strategy, core
elements, target group or other factors should be
adjusted. If process measures and outcome mea-
sures perform well, a plan for gradual expansion
can be considered (Table 5).

How to evaluate change depends on the purpose
of the evaluation, separated into to quality
improvement assessment or research. Whereas
projects planned for research publication should
be stringently designed according to earlier dis-
cussion,!70 interventions striving to increase qual-
ity of care can be evaluated differently. This
ultimately goes back to the aims chosen in step 1
and the outcome and process metrics chosen in
step 2. These aims should be precise and unam-
biguous as well as ambitious but realistic in order
to evaluate success.!%> These aims should also
have a time-line or a deadline.

Reporting of results of interventions as well as on
antibiotic use and resistance to all relevant stake-
holders is a core element of stewardship guide-
lines. How results and evaluations should be
reported depends on the context. However, it is
crucial that regular reporting of process measures
and outcomes measures in relation to objectives
and goals are performed to ensure accountability.
Such reporting can include feedback from audits
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and reviews. Several national and international
antimicrobial stewardship guidelines mentioned
earlier have useful tips on reporting facility-specific
and appropriateness results as well as benchmark-
ing results.!18:172,173 Specific reports to providers
including comparisons with comparable peers,
may be an inspirational tool, and have been effec-
tive in improving antimicrobial use.l74175

How can we make effects sustainable? One of the
most challenging issues to antimicrobial stewardship
interventions in addition to external validity has
been the lack of sustainability. Old habits die hard,
and the relapse of earlier behaviour and outcomes is
often the case when a successful project is discontin-
ued, which has been demonstrated for antimicrobial
stewardship interventions from Maryland and Penn-
sylvania to name a few.!14176-178 Apart from securing
long-term resources to a stewardship program that is
successful, system analysis tells us that the best
way to provide sustainable change is to integrate
the planned improvement or intervention in
normal clinical routines, a process referred to as
normalisation.!” To achieve sustainable effect, a
project should be planned from the outset based on
the capacity to incorporate it into the normal work
routine of the intended targets of the intervention.
This suggests that interventions using intense
resources and methods that depart substantially
from clinical routines have slim chances of long-term
success, however successful they may initially seem.

It is also important to consider what factors are
most crucial to a sustained process or a sustained
effect. Sustainability requires continuous involve-
ment from all stakeholders (leadership, interven-
tionists and target groups), continuous follow up,
long-term budgets, the visibility of positive effects
along the way, a dedicated champion/pioneer, con-
tinued good structure and adaptability.18° The UK
National Health Service (NHS) has developed an
instrument specifically dedicated to the sustaina-
bility of an intervention project, highlighting these
factors and others such as credibility, vulnerability
and infrastructure.!8! It is recommended that this
or similar guidelines are reviewed prior to the start
of an antimicrobial stewardship intervention.

Evaluating costs and benefits. The issue of cost-
effectiveness is essential in order to provide a
rational basis for prioritising between different
efforts to counter antimicrobial resistance. There
are several ways to assess the costs of an ASP,

including a cost-balance analysis, cost-effectiveness
analyses and cost-benefit analyses. Whereas cost
and cost-benefit analyses consider monetary units
only (and consequences that are not strictly mon-
etary are translated to monetary units), cost-
effectiveness analyses consider health outcomes. 182
Cost-effectiveness analysis, cost-utility analysis,
cost-benefit analysis and direct cost analysis have
all been used to evaluate ASPs.183

To perform a cost-effectiveness/cost-utility analy-
sis (here batched for simplicity), a unit of health
benefit and an incremental cost-effectiveness ratio
(ICER) threshold first has to be defined. The cho-
sen unit of health should lend itself to feasible,
objective measurement. Quality-adjusted life year
(QALY) is often used but alternatives can be rea-
sonable, such as the number of infections pre-
vented (vaccine studies) or years of life gained. An
acceptable ICER threshold has to be pre-defined,
and ultimately decides whether the intervention is
cost-effective. Reviews suggest that restrictive or
enablement antimicrobial stewardship interven-
tions are likely cost-effective, but that the scientific
evidence is limited and few studies have performed
a full cost-effectiveness analysis.!8%:184185 Ag in
most research evaluating ASPs, studies are gener-
ally of moderate quality, and there is heterogeneity
in design and outcomes.!85

Cost-benefit analyses of stewardship programs
imply a calculation of the total monetary costs of
antimicrobial resistance, which is complicated.
Different estimations have been performed to
assess such costs, using costs of resistance com-
pared with susceptible bacteria,!# costs per antibi-
otic consumed,!8% total cost and total economic
burden.!87:188 However, due to the heterogeneity
of studies and a lack of inclusion of multiple per-
spectives, failure to include marginal costs and to
adjust for inflation, it is difficult to get a compre-
hensive view of the cost-benefits of ASPs.!189

Summary. A necessary part of any intervention
program is to have a plan for evaluation using
robust evaluation techniques. Following proper
evaluation, it is essential to adjust programs if they
do not provide the effects hoped for. Move back to
stepl and re-assess aims, current performance
and intervention strategies. If results are satisfac-
tory, it is important to have a strategy for sustain-
ability of a program, normally by incorporating it
into the clinical routine.
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Conclusion and future aspects

A successful antimicrobial stewardship interven-
tion needs to be carefully planned and imple-
mented in order to maximise chances of success.
This five-step review offers a framework for doing
so based on current scientific knowledge in the
field of stewardship and on implementation sci-
ence. However, antimicrobial stewardship is a
comparatively young field in a complex context.
There are still many unanswered questions and
controversies. A selection of 10 such questions is
raised in the second part of this review with the
explicit purpose to stimulate discussion and dis-
course. Three recent, excellent reviews have also
defined pressing research need within the
field.45:178:190 Tt is likely that novel scientific find-
ings, for instance regarding the complex dynamic
between use and resistance,!°1-19¢ and the appli-
cation of clinical support systems in treatment
decisions based on artificial intelligence,95-197
will affect the way we perform antimicrobial stew-
ardship in the not so distant future. It is clear that
antimicrobial stewardship has come a long way
since the start more than 20years ago, but also
clear that a combination of globally coordinated
and locally adjusted efforts are needed to achieve
even better impact.25198
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