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Abstract

Purpose of review Invasive fungal infections (IFIs) are recognized as a significant health
problem worldwide. Inappropriate use of antifungals contributes to antifungal resistance
and emerging fungi. There is an urgent clinical need to limit inappropriate antifungal
usage through judicious antifungal stewardship (AFS).

Recent findings The main goals of AFS are optimized care, de-escalation or withdrawal of
antifungal therapy when appropriate, reduced costs, and reduced fungal resistance, with no
negative impact in terms of morbidity or mortality. AFS should be tailored for each
institution and health-care system, and should be performed by an experienced and trained
multidisciplinary team, based on education, bedside interventions, and daily collaboration
with the microbiology department and pharmacy team. Performance measures are needed to
evaluate the impact of AFS. It is recommended that AFS be implemented in a stepwise
manner, with modest initial goals to enable demonstration of success in the short term.
Summary Encouraging the appropriate use of antifungal drugs should help to decrease the
incidence of IFIs, thereby reducing antifungal resistance.

Introduction

Invasive fungal infections (IFls) are increasingly recog-
nized as a significant health problem worldwide, asso-
ciated with high costs and poor outcomes [1].
Mortality rates of 45-63% and 50% have been re-
ported for invasive aspergillosis and invasive candidia-
sis, respectively [1]. In addition to high costs [2], several
factors are associated with this high mortality, including

diagnostic difficulties and delays in appropriate treat-
ment, and excessive use of antifungal therapy [3]. It
has been estimated that 57% of antifungal prescriptions
are inappropriate, with 16% considered unnecessary [4,
5ee]. Another problem with the use of antifungals is that
systemic agents often have greater toxicity and potential
for severe interactions than antibacterial drugs, and are
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also related to emerging fungal pathogens and the glob-
al increase in antifungal resistance |3, 6]. Recent reports
show that the emergence of resistance to fluconazole
and echinocandins in some species of Candida are asso-
ciated with unnecessary exposure [5ee]. Multidrug-
resistant Candida auris and azole-resistant Aspergillus
fumigatus pose an alarming threat, which takes us to
the urgency for implementation of effective antifungal
stewardship (AFS) programs [5ee, 7].

The complexity of patients who develop IFls requires
a multidisciplinary team with complementary skills to
monitor and ensure an adequate clinical response. AFS
efforts focused on empirical use in intensive care units

(ICUs) and other critical care units, where most antifun-
gal use takes place (e.g., oncology units), may have the
greatest impact [8]. Antifungal administration by means
of surveillance programs are important for increasing
adherence and safety, thus improving clinical and mi-
crobiological response; these programs require consid-
eration of the patient’s risk factors, comorbidities, target
organisms, biological markers, drug interactions, cost
factors, and the likelihood of emergence and spread of
resistance [9-11].

Encouraging the appropriate use of antifungal drugs
should help to limit, and possibly reduce, the emergence
of antifungal resistance [12].

Main factors related to overuse of antifungals

* Under-recognition of IFls [5ee]

» Lack of rapid, sensitive, and specific fungal diagnostics tools to facilitate
accurate and timely diagnosis, leading to excessive empirical prescribing [2]

* Inadequate prescriber knowledge regarding the management of IFIs 2]

* Vulnerability of high-risk patient groups with high mortality attributable
to IFI, even with appropriate treatment, often leading to reluctance to delay

treatment [2]

 Difficult prescribing decisions due to the complexity of the evidence-based
information supporting treatment and prophylaxis [2]

* Complex pharmacokinetics and pharmacodynamics of antifungals (inter-
and intra-patient variations), and the need for individualized drug regimes
in the context of patient comorbidities and drug-drug interactions [2]

* Adverse drug reactions, reported in 29% of hospitalized patients receiving
antifungal agents [5ee]

Definition of stewardship

Antimicrobial stewardship has been defined as coordinated interventions de-
signed to improve and measure the appropriate use of antimicrobials in order
to improve patient outcomes, ensure cost-effective therapy, and reduce adverse
sequelae [4, 13-15]. The most effective antimicrobial programs incorporate
multiple strategies simultaneously, in collaboration with the various specialties
within a given health care facility, although interventions on a smaller scale to
improve antimicrobial use are also valuable in some settings [14].

AFS refers to a program or series of interventions organized to monitor and
direct the use of antifungal drugs in a health care institution, balancing the need
to provide prompt, appropriate, effective therapy while avoiding the use of
antifungals when not indicated [14-16].
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Given the rarity of IFIs and the lower incidence of resistance relative to
bacteria, AFS has received less attention than antibiotic stewardship [2].
There are some differences between the programs, as shown in Table 1.

Aims of antifungal stewardship
- 0000000000000

There are three main goals:
[. De-escalation of antifungal therapy when appropriate

- decreasing the number of prescriptions
- switching from intravenous to oral prescriptions
- stopping when unnecessary

II. Reduced costs and optimized care of patients with IFI

- shorter length of hospitalization
- fewer complications
- less use of antifungals

III. Reduced fungal resistance

Suggested components of AFS program

There are several steps involved in creating an adequate AFS program, and as
there is no consensus about the order of these, we propose the following

sequence: (Fig. 1)

Table 1. Differences between antimicrobial and antifungal stewardship. Adapted from [2]

Setting
Specialists involved

Indication

Diagnosis

Resistance
Pharmacokinetics

Prophylactic measures
Tailored treatment

Consensus on treatment

Antimicrobial
Primary and secondary care
All specialists

Mainly treatment or single-dose
prophylaxis

CRP

Procalcitonin

Culture: Earlier

Increasing multidrug resistance reports
Less complex—few interactions

Defined
Developed
Better

Antifungal
Secondary care

Certain specialists: critical care, hemato-oncology,
oncology, organ transplantation, gastrointestinal
surgery, respiratory, internal medicine

Prolonged prophylaxis and treatment

R-p-glucan
Galactomannan
Computerized tomography
Culture: Not early

Difficult if deep-seated

Reported mainly for Candida glabrata, Candida auris

Complex—many interactions and contraindications,
therapeutic drug monitoring indicated (azoles)

Not clearly defined
Not well developed
Needs to be improved
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Local epidemiology

Anfifungal prescribing guidelines,

education

Antifungal stewardship program

Creation of multidisciplinary team

Measure the of Fungal diagnostics
antifungal use

Prescribing restrictions and pre-
authorization requirements

Optimizing drug usage Drug monitoring

Performance measures

Fig 1. Recommended steps for the creation and implementation of an antifungal stewardship program.

a) Creation of a multidisciplinary team

One of the first steps is to organize a collaborative group that receives
approval, empowerment, and support from hospital managers [18, 19ee]. It
is important to select a respected leader who can ensure clinical governance
[18]. The specialty of the leader may differ among hospitals; essential charac-
teristics include having a deep understanding of the diagnosis and management
of fungal infections, contributing to post-prescription review and feedback, and
having the capacity to coordinate the group [5ee, 13, 18].

The suggested best leader is an infectious disease (ID) specialist who is
trained to handle complicated or critical patients with multiple infections, with
experience in evaluating clinical signs and symptoms in different types of
patients and in treating associated complications [20]. ID physicians have
experience in the evaluation of risk factors for the development of fungal
infections and the selection of diagnostic studies that must be ordered to
establish the diagnosis [5¢¢]. They can also guide other physicians who treat
patients with IFIs, in the selection and interpretation of diagnostic test results,
recommendations regarding the retention or suspension of antifungals, and
patient-specific- dosing and preventing the development of resistance [21e].
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The other team members should be seen as local authorities and opinion
leaders; it is suggested to include personnel from the ID and microbiology
department, pharmacists, internists, a hospital epidemiologist, an infection
control specialist, and a computer systems analyst. Also, hemato-oncology,
organ transplantation, critical care, and gastrointestinal surgery specialists could
be considered [4, 19ee].

These members should work closely with the infection control committee
and pharmacy team in order, supported by hospital administration and med-
ical staff leadership. The multidisciplinary team should serve to maximize
engagement with clinical specialties, develop and implement new interven-
tions, and monitor performance [18].

b) Local epidemiology with continuous surveillance

Once human resources are ready, it is necessary to assess the magnitude of
the problem and audit antifungal use to determine where, how, and by whom
antifungals are prescribed [19es].

Local epidemiology should be collected from each center, specifying the
methods used. A registry of all IFIs is necessary: the microbiology department
must maintain records of isolates reflecting proven infections, in addition to an
experienced physician who reviews each case and identifies clinically significant
infections [1].

When an isolate is found by an automated system, its resistance should be
confirmed by micro-broth dilution, as this is considered the gold standard [1].
The Clinical and Laboratory Standards Institute (CLSI) and the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) have published
specific clinical cutoff points for triazoles and echinocandins, as well as specific
epidemiological cutoff values for each of them, that help us determine suscep-
tibility and potential resistance and to guide the choice and dosage of the proper
antifungal drug [18]. It should be noted that clinical breakpoints of many
antifungals are available for certain Candida species but not for molds, making
the interpretation of some fungi very difficult [1]. Internal quality control and
enrollment in national external quality control programs is recommended to
ensure robust results [1].
¢) Fungal diagnostics

The development of improved diagnostic methods is associated with re-
duced antifungal use [1].

The realization of cultures in specific media, guided by the clinical context of
each case, improves the opportunity to obtain the correct diagnosis [14]. However,
delay in the time to positive identification and lack of availability of susceptibility
tests, as previously mentioned, results in low sensitivity and specificity of fungal
cultures [1, 14]. It has been demonstrated that timely access to radiological inves-
tigations and bronchoscopy leads to optimal prescription decisions [2].

The adoption of a diagnostic-driven approach incorporating non-culture-
based tests (NCBRs), such as galactomannan, beta-p-glucan, and Aspergillus
polymerase chain reaction (PCR), can have excellent negative predictive value
that can be harnessed to exclude IFIs [22].

Specifically, for candidemia, rapid diagnostic techniques such as pep-
tide nucleic acid fluorescence in situ hybridization (PNA-FISH), T2Can-
dida magnetic resonance, multiplex PCR, and matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-
MS) have recently been developed and can aid the stewardship process



86

Treatment and Prevention of Hospital Infections (D Vilar-Compte, Section Editor)

by improving the accuracy and timeliness of identification of Candida
spp., enabling earlier tailoring of empirical therapy [2].

The use of NCBRs with traditional radiological tests has been associ-
ated with significantly reduced duration of antifungal treatment, and can
guide discontinuation of empirical antifungal treatment in a safe, and
cost-effective way, without increasing the risk of mortality [2, 5ee, 23].
d) Antifungal prescribing guidelines, education, and feedback

There are significant geographical variations in fungal epidemiology and
resistance; local trends must be monitored in order to develop guidelines for
appropriate antifungal treatment [24, 25].

These guidelines should be drafted and agreed upon within the AFS
group and updated at least every 2 years, incorporating the suggestions
of prescribers, microbiologists, and pharmacists, as well as newly avail-
able knowledge [19ee].

The development of accessible and easy-to-use guidelines has implications in
the correct prescription of antifungals, accounting adherence, and patient related
comorbidities [5ee]. These guidelines should be applied during everyday care
based on an understanding of those areas in which consensus has and has not
been reached, but is important to understand that guidelines and education alone
are unlikely to be successful, and must be combined with other strategies [21e, 25].

The multidisciplinary team must carry out periodic educational ses-
sions, focused from the lower level of care to the most accurate, and not
only for clinicians specialized in infectious diseases [26, 27]. An educa-
tional program is highly desirable in order to increase antifungal pre-
scriber knowledge in diagnosing and managing IFIs [19ee].

Before initiating education, is important to consider that there are inconsis-
tencies and lack of knowledge in relation to adequate diagnosis, confusion
between colonization and real infection, selection and appropriate dosing of
drugs, available diagnostic methods, interpretation of the specific microbiolog-
ical results for each drug, prophylaxis indications, and first-line therapy [18, 28].
These barriers should be considered in designing training strategies [5ee].

Passive educational activities, such as lectures or informational pamphlets,
should be used to complement other stewardship activities, but these are not
recommended as the only educational tool [13].

e) Prescribing restrictions and preauthorization requirements

Restrictions on prescribing could be implemented using two types of
interventions:

1. Restrictive (e.g. necessitating a limited formulary and requiring pre-approval

for antifungal use by designated individuals) [18].

Advantages: Reduces initiation of unnecessary/inappropriate antifungals; opti-
mizes empirical choices and influences downstream use; prompts review of
clinical data/prior cultures at the time of initiation of therapy; reduces
antibiotic costs; and allows direct control over antifungal use [18].

Disadvantages: Impacts on the use of restricted agents; loss of prescriber autono-
my; delays in therapy; effectiveness depends on skill of approver; and ad-
dresses empirical use to a much greater degree than downstream use [18].

2. Persuasive and prospective (e.g. encouraging education, developing guide-
lines, improving access to experts to discuss cases or post-prescription
bedside review for dosage optimization and sequential treatment) [29]. This
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strategy requires more time and effort and a high level of expertise, but is
believed to have better long-term acceptance than restrictive measures [18].
Involving prescribing physicians in the discussion of antifungal use is
strategically crucial [19ee].

Advantages: Can increase visibility of AFS and build collegial relationships; more

clinicians available for recommendations, enhancing uptake by prescribers;
greater flexibility in timing of recommendations; can be done on less than
daily basis if resources are limited; provides educational benefit to clini-
cians; prescriber autonomy maintained; and can address de-escalation of
antibiotics and duration of therapy [13, 21e].

Disadvantages: Participation is voluntary and typically labor-intensive; involves

a great commitment; success depends on the method of sending informa-
tion to prescribers; prescribers may be reluctant to change therapy if the
patient is clinically stable; the identification of interventions may require
support from information technology and/or the purchase of computer-
ized surveillance systems; and more time is required to achieve reductions
in the use of targeted antibiotics [13, 21e].

The choice of one of the two strategies can be based on the attitude, disposi-

tion, and adaptability to change on the part of the local health team [21¢].

An electronic prescribing and approval system is a helpful tool, enabling

new orders to be flagged automatically for expert AFS review, preventing delays
in commencement of antifungals [5ee].

f)

8)

Optimizing drug usage

Choice of antifungal drug: In accordance with local guidelines and resis-
tance patterns. Consider the pharmacokinetics-pharmacodynamics (PK/
PD) of each drug [30]. Adjustment must be made based on the results of
microbiological culture [30].
Dosage adjustment considering clinical characteristics and other concom-
itant diseases of patients who develop fungal infections, such as weight,
and renal or liver failure [30].
The use of other medications requires analysis of potential drug-drug
interactions [5ee, 10, 31].
De-escalation or step-down therapy is vital to antimicrobial stewardship pro-
grams, and it is also applicable for antifungal use 30, 32]. Antifungal de-scaling
on day 10 has been carried out in different randomized clinical trials, but
decisions should be based on the systemic inflammatory response syndrome
(SIRS) criteria as an objective clinical evaluation to effect the treatment change
safely, after improvement in clinical status, sterilization of blood cultures, and
documented in vitro susceptibility of the causative yeast/mold [32].
Switching from intravenous (IV) to oral (PO) route whenever possible [30,
32]. Elimination of the IV route prevents the development of other infec-
tions in the bloodstream [26].

Drug monitoring

Proper monitoring of liver and/or kidney function tests [31].
Therapeutic drug monitoring (TDM) is recommended by some guide-
lines as part of standard patient care, used as a tool to guide dosing,
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in order to enhance the safety and efficacy of some antifungals [5ee].
TDM is most relevant to triazole antifungals, which have varied and
unpredictable pharmacokinetics, especially in severely ill adults and in
children, and is important when managing patients on long-term
therapy and those at risk of developing resistance [17]. TDM improves
outcomes in the context of patient-related factors such as signs of
malabsorption, drug interactions, and poor treatment response [5ee,
33]. An important barrier to TDM use is its lack of availability in all
hospitals, and thus few programs have included antifungal TDM as a
feasible intervention [33].

h) Performance measures

Measuring antimicrobial use is an essential step in AFS programs in order to
correlate antifungal prescribing quality with patient outcome and evaluate
performance, and to justify resources over and above antifungal cost savings
[5ee, 8]. Some of the main activities include establishing goals and indicators,
designing a written annual plan, and selecting the metrics that will be used to
check whether the program is working [18].

Measures should include patient outcomes, costs, and consumption
of antifungals, assessed via adherence to therapeutic advice by the AFS
team and other quality indicators [5¢e, 34]. Some indicators may be
recorded monthly. The number of indicators should be low [19ee].

Quality indicators described include:

Antifungal quantitative metrics. This measure is suggested to be performed in the
same hospital pre- and post-implementation of an appropriate AFS pro-
gram (it may over- or underestimate the numbers if it is compared with
other hospitals) [35]. Antifungal consumption is used as the primary
measure; when it is used in specific units or teams, it can lead to the
identification of higher users (e.g. hematology-oncology and ICU patients)
[36]. Antifungal consumption could be measured by defined daily dose
(DDD) adjusted for bed occupancy (e.g. 1000/ patient-days). This data is
limited to inpatients, tends to overestimate usage for some drugs, and can
have large fluctuations in small populations [36]. Days of therapy (DOT),
adjusted for bed occupancy, is less sensitive to individualized antifungal
dosing. Patient-level consumption data are necessary, and not feasible
without electronic prescribing [5ee, 37]. The results of DDD and DOT are
adjusted for the costs of each antifungal.

Quality metrics. These include activities performed, recommendations by
the AFS team with acceptance rates, availability of locally adapted
antifungal guidelines, and prescriber education. These measures are
important but do not directly assess the impact on antifungal con-
sumption and patient outcomes [5¢e]|. Audit tools for assessing
compliance with international guidelines have recently been pro-
posed; these tools may not consider nonadherence because of
patient- and treatment-related factors [5ee].

Patient outcomes and microbiological metrics. These are measures of the impact on
patient outcomes such as incidence of IFIs, mortality, and adverse drug
reactions from antifungals [5ee].

Finally, all the information should flow in all directions, and every
success must be shared with all the members of the multidisciplinary
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team and with the involved departments [19ee]. Unit-specific feedback
is necessary and should be provided periodically [19ee].

Several studies have shown that AFS programs are extremely effective in
reducing the costs associated with the management of IFIs [6, 37, 38].

Conclusions

AFS and antibiotic stewardship programs share similar goals, but with
distinctive clinical priorities. AFS should be tailored for each institution
and health-care system, and performed by an experienced and trained
multidisciplinary team, based on education, bedside interventions, and
daily collaboration with the microbiology department and pharmacy. To
achieve optimal results, AFS programs should be implemented in a
stepwise manner, and the initial goals should be modest, enabling
demonstration of success in the short term.
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