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ABSTRACT
In 2012, The Spanish Societies of Infectious Diseases and Clinical Microbiology
(SEIMC), Hospital Pharmacy (SEFH), and Preventive Medicine, Public Health and
Healthcare Management (SEMPSGS) lead a consensus document including
recommendations for the implementation of antimicrobial stewardship (AMS) programs
(AMSP; PROA in Spanish) in acute care hospitals in Spain. While these
recommendations were critical for the development of these programs in many centers,
there is a need for guidance in the development of AMS activities for specific patient
populations, syndromes or other specific aspects which were not included in the previous
document or have developed significantly since then.
The objective of this expert recommendation guidance document is to review the
available information about these activities in these patient populations or circumstances,
and to provide guidance recommendations about them. With this objective the SEIMC,
SEFH, SEMPSPGS, the Spanish Society of Intensive Care Medicine (SEMICYUC) and
the Spanish Pediatric Infectious Disease Society (SEIP) selected a panel of experts who
chose the different aspects to include in the document. Because of the lack of high-level
evidence in the implementation of the activities, the panel opted to perform a narrative
review of the literature for the different topics for which recommendations were agreed
by consensus. The document was open to public consultation for the members of these
societies for their comments and suggestions, which were reviewed and considered by the
panel.

Keywords: Antimicrobial stewardship; Antimicrobial stewardship in ICU;
Antimicrobial stewardship pediatrics; Antimicrobial stewardship oncology-haematology;
Antimicrobial stewardship clinical syndromes; Antimicrobial stewardship emergency;
diagnostic stewardship.
4

Programas de optimización del uso de antimicrobianos en hospitales: guía de
recomendaciones de expertos para actividades en poblaciones específicas,
síndromes y otros aspectos (PROA-2) de la SEIMC, SEFH, SEMPSPGS y SEIP.

RESUMEN
En 2012, las Sociedades Españolas de Enfermedades Infecciosas y Microbiología
Clínica (SEIMC), Farmacia Hospitalaria (SEFH) y Medicina Preventiva, Salud Pública y
Gestión Sanitaria (SEMPSPGS) lideraron un documento de consenso que incluía
recomendaciones para la implementación de Programas de Optimización del Uso de
Antimicrobianos (PROA) en hospitales de agudos en España. Si bien estas
recomendaciones fueron críticas para el desarrollo de estos programas en muchos centros,
actualmente es necesario establecer unas guías para la implementación de las actividades
de los PROA en determinadas poblaciones de pacientes, síndromes clínicos y otros
aspectos específicos que no se incluyeron en el documento previo o que desde entonces
se han desarrollado significativamente.
El objetivo de esta guía de recomendaciones de expertos es revisar la información
disponible acerca de esas actividades en estas poblaciones o circunstancias de pacientes
y proporcionar unas recomendaciones que sirvan de guía sobre las mismas. Con este
objetivo, la SEIMC, SEFH, SEMPSGS, así como la Sociedad Española de Medicina
Intensiva, Crítica y Unidades Coronarias (SEMICYUC) y la Sociedad Española de
Infectología Pediátrica (SEIP) seleccionaron un panel de expertos que eligieron los
diferentes aspectos a incluir en el documento. Debido a la ausencia de evidencia de alto
nivel en la implementación de las diferentes actividades, el panel optó por realizar una
revisión narrativa de la literatura de los diferentes aspectos, en los que las
recomendaciones se acordaron por consenso. El documento se abrió para consulta pública
a los miembros de estas sociedades para sus comentarios y sugerencias, que fueron
revisadas y consideradas por el panel.
5

Palabras clave: programas de optimización del uso de antimicrobianos; proa;
PROA en UCI; PROA pediátrico; PROA en oncología-hematología; PROA en urgencias;
PROA en síndromes clínicos; PRODIM
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INTRODUCTION

In 2012, The Spanish Societies of Infectious Diseases and Clinical Microbiology
(SEIMC), Hospital Pharmacy (SEFH), and Preventive Medicine, Public Health and
Healthcare Management (SEMPSPGS) lead a consensus document including
recommendations for the implementation of antimicrobial stewardship (AMS) programs
(AMSP; PROA in Spanish) in acute care hospitals in Spain.1 While these
recommendations were critical for the development of these programs in many centers,
there is a need for guidance in the development of AMS activities for specific patient
populations, syndromes or other specific aspects which were not included in the previous
document or have developed significantly since then.
The objective of this expert recommendation guidance document is to review the
available information about these activities in these patient populations or circumstances,
and to provide guidance recommendations about them. To do so, the SEIMC, SEFH,
SEMPSPGS, the Spanish Societies of Critical Care Medicine and Coronary Units
(SEMICYUC) and the Spanish Pediatric Infectious Disease Society (SEIP) selected a
panel of experts who chose the topics to be included. Because of the lack of high-level
evidence in the implementation of the activities, a systematic review and graded
recommendations according to available evidence was not performed; the panel opted to
perform a narrative review of the literature for the different topics for which guidance
recommendations were agreed by consensus. The document was open to public
consultation for the members of these societies for their comments and suggestions, which
were reviewed and considered by the panel.

1. ANTIMICROBIAL STEWARDSHIP IN SPECIFIC POPULATIONS
7

CRITICALLY-ILL PATIENTS ADMITTED TO INTENSIVE CARE UNITS
While antimicrobial agents are essential in the care of critically ill patients with
infections, their overuse can promote the emergence and spread of antimicrobial
resistance with the consequent effects on morbidity, mortality and costs in intensive care
units (ICUs).2-5 Implementation of AMSP in ICUs is challenging because of the
difficulties in taking decisions in severely ill patients, their pharmacokineticpharmacodynamic (PK-PD) particularities and the higher prevalence of resistance in
these settings.

Differential characteristics of the critical patient for the application of AMSP

Clinical characteristics
Critically ill patients are by definition at high risk of death. In the ICON study, the
mortality in ICU patients was 16.2%, and 25.8% in septic patients.6 The importance of
administering early active treatment in life-threatening infection triggers a high number
of empirical treatments, as infection diagnosis is complex in this scenario.7 Also, organ
dysfunctions, which are frequent in critically-ill patients,8 may modify the
pharmacokinetic of antimicrobials, as discussed below. Invasive devices are frequently
used in this population; in the ENVIN 2021 report of Spanish ICUs, the proportion of
patients with mechanical ventilation, central venous catheter and urethral catheter were
48.55%, 69.57% and 79.68%, respectively.5 Finally, antibiotic use in ICU patients is very
frequent;in the same ENVIN report, 66.71% of ICU-admitted patients receive at least one
antibiotic during their ICU stay.5
Microbiological and epidemiological characteristics
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As a consequence of exposure to antimicrobial agents, nutrient deprivation and
use of opioids, vasoactive agents and proton pump inhibitors, dysbiosis is frequent in ICU
patients. Some studies are suggesting that microbiota patterns can be predictive of clinical
outcomes.9 Alterations in the microbiota pose patients at increased risk of colonization
and subsequent infection by multidrug-resistant organisms (MDRO). Since infection by
multidrug-resistant (MDR) bacteria, in particular Gram-negative organisms, confers a
worse prognosis compared to susceptible microorganisms,10 bundles of measures for the
prevention and control of these have been developed.11 Rapid diagnostics and efficient
workflows in the microbiology laboratory should be implemented to allow early
optimization of antimicrobial therapy2, 13 or even delaying the initiation of antibiotics in
hemodynamically stable patients.14 Important challenges are discriminating colonization
from infection and lack of etiological diagnosis in a high proportion of patients with
infection, which frequently prevents streamlining of antibiotic treatments. To avoid this,
appropriate sampling remains pivotal to AMSP in ICUs.
Fungal infections are also important in ICU patients, particularly invasive
candidiasis,15 for which early treatment is associated with improved survival but promotes
overuse of antifungals, which has caused an increase in resistant Candida spp. However,
the real epidemiology of invasive candidiasis is imprecise because its diagnosis is
challenging.16 Regarding aspergillosis, while emerging in ICU patients with specific risk
factors, it should be noted that around half of Aspergillus spp. isolated from ICU patients
are colonizers.17 All these facts reinforce the need of clinical microbiology laboratories
with 24/7 performance and evidence the benefits of a sustained partnership between the
intensivists, clinical microbiologists and preventive medicine specialists, among other
AMSP team specialists.

Pharmacokinetic characteristics
9

Early adequate antibiotic treatment in patients with septic shock is essential.18
In septic shock, reaching the appropriate PK-PD target early enough is challenging; in
fact, the results of randomized trials including mostly patients with stable hemodynamic
conditions may not be extrapolated to critically ill patients.19 While reviewing the PK-PD
and dosing in critically ill patients is beyond the scope of this document, it is well
stablished that, in these patients, hydrophilic antibiotics (i.e., aminoglycosides, betalactams, glycopeptides or lipopeptides) are affected by changes in renal function, require
higher loading dose, and increases or decreases of maintenance dose depending mainly
on the renal function. We warn against dose adjustments due to transient decreases in
creatinine clearance in acute renal failure;20 also, there is a risk of underdosing when data
based on studies in patients with chronic renal failure are applied to patients with acute
renal failure.21 On the other hand, lipophilic antibiotics (fluoroquinolones, tigecycline,
tetracyclines, lincosamides, macrolides or metronidazole) are affected by the liver
function and usually accumulate in the intracellular tissue, not affecting the need to
change loading or maintenance doses.
Although extended and continuous infusion of beta-lactams have been
associated to better outcomes compared to intermittent perfusion in some studies,22 the
benefit of this strategy has been questioned.23 On the other hand, antibiotics such as
aminoglycosides or fluoroquinolones must be administered in intermittent infusion in
order to reach their optimal PK-PD targets. Regarding therapeutic drug monitoring in
critically ill patients, it is considered important for aminoglycosides, beta-lactams,
linezolid, teicoplanin, vancomycin and voriconazole, but there are important barriers for
its implementation.24

Methodological application of AMSP in the critical care setting
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Successful AMSP in ICU includes three phases.25 First, before starting, several
aspects must be prepared: a multidisciplinary team integrated by intensivists,
infectologists, pharmacists, microbiologists and preventive medicine specialists, with an
ICU staff member as leader, must be formed; a bundle change package must be designed;
and an appropriate data collection system with feedback to prescribers must be developed.
Then, quality of antimicrobial use and resistance patterns should be analyzed in order to
detect the main priorities; computer software can be useful for this analysis.19 Finally, for
the implementation phase, multifaceted intervention based on the specific needs of the
ICU, and with clearly defined goals and indicators must be built. Three types of
interventions20-22 may be considered: (1) Restrictive, including formulary restrictions,
pre-approval by a senior AMSP physician and automatic stop orders; except in very
specific circumstances, these interventions are worse accepted and not preferred.1 (2)
Collaborative enhancement, including education of prescribers, implementation of
treatment guidelines and prospective audit and feedback to providers. And (3) structural
interventions, which can be added to the latter, such as computerized antibiotic decision
support systems, faster diagnostic methods, ICU leadership commitment and ward rounds
with multidisciplinary team. Besides, an updated, easily accessible dashboard with data
on antimicrobial resistance rates, adherence to protocols, nosocomial infection rates, and
antimicrobial consumption might be useful.26-28 Among these types of interventions,
collaborative strategies are the most commonly used and have been associated with a
significant improvement in antimicrobial consumption without deleterious impact on
mortality.29-31
One of the main challenges is addressing the fear of under-treatment in initial
phases of infection. Therefore, many AMSP are focused on evaluating the
appropriateness of therapy after 2-3 days of treatment, when information about the
aetiology of the infection is already available; de-escalation has shown to be safe, but is
11

scarcely applied in ICUs.14,

32

In addition, shortening of antimicrobial treatments is

increasingly recognized as a feasible activity.22
Finally, the application of an AMSP will not be enough to control the spread of
resistant pathogens in ICUs; to achieve this, the joint application of basic and advanced
infection-control measures is absolutely needed.33

Evidence of the effectiveness of AMSP in the ICU

The studies performed in critical care settings have shown that AMSP are
associated with a decrease in antimicrobial consumption and healthcare costs without
causing deleterious effects on patients’ outcomes. Their effect on the rate of MDRO has
been scarcely studied and the results are heterogeneous (Table 1).29, 34-43

Guidance recommendations for antimicrobial stewardship programs in critically-ill
patients admitted to Intensive Care Units (ICUs)

-

Structured antimicrobial stewardship programs (AMSP) should be implemented in
all ICUs.

-

AMSP in the critical care setting should be led by an expert ICU staff member
and implemented by a collaborative and multidisciplinary team including
infectologists, microbiologists, pharmacists preventive medicine specialists, and
other specialists as needed.

-

Specialists of preventive medicine will form part of AMSP, for the coordination
of outbreak control actions and other preventive measures to implant (patient
hygiene, asepsis and antisepsis measures in taking samples, etc.) for invasive
procedures device monitoring, for surveillance and monitoring of surgical
prophylaxis, and for control of environmental biosafety in controlled environment
12

rooms in order to minimize infection transmission and prevent the appearance of
outbreaks of environmental origin.
-

The design and implementation of AMSP in critically ill patients should consider
the specificities of this patient population. Infection severity, organ dysfunctions
and changes in PK should be taken into account. Therapeutic drug monitoring, if
available, is helpful for dose adjustments in ICU patients.

-

Collaborative, non-compulsory interventions including audit and feedback should
be prioritized. De-escalation and shortening of treatments should be the main
targets.

-

AMSP in critically ill patients should be fueled by real-time microbiological
information and clinical microbiologists support.

-

Updated knowledge of the local epidemiology is mandatory to design the
antibiotic policy.

HAEMATOLOGIC

AND

SOLID-ORGAN

CANCER

PATIENTS,

AND

PATIENTS NEAR THE END OF LIFE

Patients with cancer and/or undergoing haematopoietic stem cell transplantation
(HSCT) may benefit from AMSP as they are frequently exposed to broad-spectrum
antibiotics and their antimicrobial treatments can frequently be optimized.44 Patients with
cancer developing infections caused by resistant organisms have much poorer outcomes
than those with susceptible organisms.45 However, AMSP efforts in immunocompromised
patients are challenging because of their inherent complexity. Despite the most optimal
approach to improving, antimicrobial use in these patients remains uncertain, the available
data suggest that the AMSP principles for the general population are applicable. Several
studies including patients with cancer and/or HSCT recipients showed an association of
AMSP with decreased antimicrobial use and cost without resulting in harm.46, 47 However,
13

there are barriers to standard interventions in these populations.48,

49

A stable and

successful collaboration between cancer clinicians (oncologists, haematologists) and the
AMSP team may ensure the long-term success of AMSP in this patient population.

Antimicrobial stewardship in patients with haematological malignancies

Antimicrobial prophylaxis and early appropriate empiric antimicrobial therapy are
key to prevent and/or minimize the impact of infectious complications in patients with
haematological malignancies. As a consequence, antimicrobial consumption is high in
hematologic wards,50 contributing to an increased risk of colonization and subsequent
infection by MDRO and a higher probability of inappropriate prophylactic or empirical
regimens.45, 51 In this context, optimization of antimicrobial use is a priority.52
Universal antibacterial prophylaxis with fluoroquinolones in neutropenic patients
is associated with lower risk of febrile episodes and bacteraemia but has not demonstrated
a benefit in mortality. In the setting of high quinolone-resistance, the benefit of universal
antibacterial prophylaxis is associated with an increased risk of colonization/infection by
MDRO.45, 53-55 Therefore, a benefit-risk balance must be considered for the prophylactic
use of quinolones.55 Antifungal prophylaxis should be offered, along with other
preventive measures, to patients at high risk of invasive fungal infections (IFI). The
expected duration of neutropenia is one of the best predictors of IFI, but other factors56
and the potential risks of new therapies should be considered.57, 58
The selection of empirical therapy in febrile neutropenia is an important
opportunity to optimize antimicrobial therapy. At present, it should be individualized, as
the “one-size-fits-all” model is associated with a significant risk of both over and under
treatment. The severity of presentation, the suspected source of infection and the risk for
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specific etiologies and resistant pathogens should be considered; by doing so, step-down
(de-escalation) or step-up (escalation) approaches may be each indicated to specific
patients.59, 60 Finally, recent studies suggest that duration of antimicrobial therapy during
febrile neutropenia could be safely reduced in many patients.61-65

Implementation of antimicrobial optimization practices in Haematology wards

Changing prescribing habits requires a detailed analysis of antimicrobial use
patterns and of the potential barriers; measures or interventions aiming to improve
antimicrobial prescribing should be locally tailored to overcome these barriers.52
Antimicrobial prophylaxis, empirical treatment of febrile neutropenia and adjustment and
duration of therapy, according to risk-stratified criteria, should be protocolized. Updated
local antimicrobial resistance patterns and prior colonization/infection with certain
MDRO should be considered.52,

66

Protocols should be simple and accessible, and

elaborated in multidisciplinary collaboration between haematologists and the AMSP
team63,

67-69

On-demand availability of infectious diseases specialists and clinical

microbiologists should be warranted; additionally, multidisciplinary rounds might
enhance adherence to local guidelines.52

Guidance recommendations
haematological patients

-

for

antimicrobial

stewardship

programs

in

AMSP should be developed by a multidisciplinary team including haematologists,
infectious diseases experts, microbiologists, preventive medicine specialists and
pharmacists.

-

Patterns of antimicrobial prescription and antimicrobial resistance should be
monitored periodically.
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-

The implementation of screening samples to detect colonization by multidrugresistant organisms (MDRO) may be considered, at least in patients at highest risk.

-

Antimicrobial prophylaxis, empirical and streamlined therapy for febrile
neutropenia should be protocolized considering local epidemiology and different
patient risk profiles. Adherence to recommendations should be measured.

-

On-demand availability of infectious diseases experts, clinical microbiologists
and pharmacists should be warranted, at least for the most complex cases, and also
specialists in preventive medicine in order to control outbreaks or isolation.

-

Periodical, regular, multidisciplinary rounds are recommended.

Considerations for AMSP in Oncology wards

Similar to other immunocompromised hosts, patients with solid tumors are
frequently exposed to the consequences of inappropriate use of antimicrobials and risk
for MDRO.70 However, experiences in implementation of specific AMSP in Oncology
wards are scarce. A recent survey in 79 Spanish hospitals showed that only 36% had
already implemented at least the basic measures in these departments.71
Infections in patients with solid tumors have singular clinical features. While
febrile neutropenia is less frequent than in haematological patients, deep-seated infection
(frequently with difficult-to-control source) is a leading cause of hospitalization.72-74
Invasive fungal infections are also less frequent, and antifungal prophylaxis is not
routinely recommended.75 Thus, interventions targeting febrile neutropenia or antifungal
stewardship may have a limited impact; despite this, most guidelines circumscribed their
recommendations to febrile neutropenia.76,

77

There is limited evidence regarding the

management of the most prevalent infections including duration of therapy, which frequently
leads to prolonged treatments.48 Therefore, the development of specific local guidelines
16

developed with a multidisciplinary view is necessary.46 AMSP will more probably
succeed if developed in parallel with an accessible program of infectious diseases
consultation.78-80 Feasible targets for AMSP in oncology patients may include improved
selection of empiric treatments, timely de-escalation, early switch to oral treatments,
shortening durations and antimicrobial dose optimization.46
Some successful interventions in this population have been published. An
educational AMSP based on short, weekly pedagogic interviews with prescribers in the
Oncology ward associated with a stable infectious diseases consultation showed
significant long-term improvements in the use of all-class antibiotics, and a reduction in
mortality of bacteraemic infections.73 Implementation of a nurse-led clinical pathway for
patients developing sepsis at a comprehensive cancer center through different educational
measures improved early management of sepsis, and was associated with significant
benefits regarding hospital stay, mortality and hospitalization costs.81,

82

Several

interventions for de-labelling cancer patients with suspected antibiotic hypersensitivity
have succeed improving antimicrobial use and reducing costs.83, 84. Rapid diagnostic tests
associated with proper AMSP interventions might be useful in this population85-87
although its clinical impact has not been proven yet in this setting.88 Conversely,
biomarkers have showed poor sensitivity and specificity in patients with solid tumors.89

Guidance recommendations for antimicrobial stewardship programs in solid cancer
patients

-

Specific local guidelines for the treatment of the most frequent infectious
syndromes in patients with solid tumors (not only febrile neutropenia) based on
local epidemiology, must be developed by the AMSP team and oncologists.
Implementation of clinical pathways is more complex but also useful.
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-

The AMSP should include availability of infectious diseases specialists for
consultation.

-

Continuous active training on appropriate antimicrobial use must be implemented.

-

Interventions specifically targeting febrile neutropenia, antifungal stewardship or
biomarker-based algorithms may have a limited impact on patients with solid
tumors and should not be prioritized.

-

Research is needed regarding optimal duration of antimicrobial treatments or the
clinical impact of rapid diagnostic tests in this setting.

Antimicrobial stewardship in patients near the end of life

Antibiotics are very frequently prescribed to patients at the end of life; 90% of
hospitalized patients with advanced malignancies, and 40% of patients with advanced
dementia in nursing homes receive antibiotics during their last week of life;90 excessive
use of antibiotics contributes to increased rates of MDRO in nursing homes.91,

92

The

complexity of decisions regarding treatments at the end of life requires multimodal
interventions addressing scientific evidence and considering quality of life, patients and
care-givers expectations, ethics and public health issues.93 Therefore, it is mandatory that
experts in palliative care participate in the guidelines development for these situations.
The goals of antimicrobial treatment should be balanced with the risk of
prolonging suffering.94 The risks of antibiotic treatments (e.g. toxicity, interactions,
eventually need for a venous catheter, acquisition of MDRO, etc.) should be carefully
considered if the main goal of care is patient comfort.93 Antimicrobials have showed to
improve symptoms of only 21 to 56% of palliative care patients,95 and of less than 10%
during the last week of life.96 Experience in AMSP implementation in this setting is
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limited. Patients and care-givers’ expectations, and the difficulties to overcome the
perception of desisting on patient care, are recognized barriers.97

Guidance recommendations for antimicrobial stewardship programs in patients
near the end of life
-

To develop local protocols with criteria helping in the identification of patients
who will most probably benefit from antibiotics (i.e. improvement in survival or
symptom relief while maintaining the quality of life) and those in which avoiding
futile treatments, developed by palliative care experts and the AMSP team. The
antibiotics and routes to be used in the most frequent syndromes and rules for
early stopping should be included.

-

A multimodal approach targeting physicians, patients and care-givers’
perceptions is also recommended. Availability of consultation to palliative care
and infectious diseases specialists is recommended.

-

Research is needed about the optimal approach for developing and implementing
AMSP in palliative care.

CHILDREN

Infectious diseases are the main reason for consultation and admission to hospital
in children,98, 99 and antibiotics are the most widely prescribed drugs in children: around
40% of admitted children receive at least one antibiotic, 60% in paediatric ICUs.98-104
Antimicrobial resistance patterns are different to those in adults, and therapeutic options
may be more limited in children.

Special considerations in children
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Several features of infectious diseases and their management in children must be
considered when planning an AMSP. Infectious diseases differ between adults and
children in aetiology, clinical presentation, natural history, underlying comorbidities and
mortality. Viral infections, mostly upper respiratory tract infections are more frequent in
paediatric populations, mainly in children under 5 years.105,

106

However, uncertainties

regarding the causal pathogens is common as rapid diagnostic techniques are often
unavailable.107 In recent years, infections due to MDRO have increased in infants and
children, which has been associated to higher morbidity and mortality;108-112 of note, a
20% rise has been reported in the use of broad-spectrum antibiotics.98, 113, 114
An expert paediatrician in infectious diseases and antimicrobial use must be
included in paediatric-AMSP teams. Specific guidelines for antimicrobial use are
required; these should not be simple dosing adjustments of adult guidelines.115, 116 Ageassociated changes in body composition and organ function (absorption, distribution,
metabolism, and elimination) are dynamic, especially in newborns and during the first
decade of life and may affect the efficacy and safety of antimicrobial agents.116,

117

Frequently, adequate evaluation of older antimicrobials in children is lacking, and those
for new drugs may be delayed as less trials are performed in paediatric patients;118-120 as
a consequence, antimicrobial agents are often used off-label120, 121
The most frequently indicators used in AMSP in paediatric wards are length of
stay, 30-day readmissions, mortality and resistance;122-131 some indicators often used in
adults are not appropriate in children (e.g., the rate of Clostridioides difficile infection, as
carriers under two years of age are frequent). Also, consumption data based on defined
daily dose(DDD) are inaccurate as dosing depends on body weight. The most widely
standardized indicator in paediatrics is days of therapy (DOT) per 1000 patient-days,
which may be calculated for specific drugs, for wards or groups of patients associated
with a specific diagnosis.99,

103, 122, 125, 132-137
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Prescribed daily doses (PDD) can also be

used as asupplementary value, especially for monitoring adherence to protocols. Length of
therapy(LOT) per 1000 patient-days and DOT/LOT can be used as advanced indicators
in paediatrics. Switch from intravenous to oral rate can also be used as an advanced
indicator for antimicrobial agents with high oral bioavailability as ratios between
standardized antimicrobial agents in specific clinical settings.103

Antimicrobial stewardship strategies in children

Different scientific societies have emphasized the importance of AMSP in
paediatrics in recent years; however, there is less data on the results of AMSP, and
published studies show highly variable methods. However, most of the main strategies
for AMSP in adults seem applicable to paediatric patients.138

Limiting the duration of antimicrobial therapy
There is an increasing interest in performing studies comparing short with long
duration of treatment in the paediatric population. Randomized trials have shown that 5
days of therapy is enough for mild-moderate community-acquired pneumonia (CAP) 139,
140

(the SCOUT-CAP and SAFER trials h a v e n o t yet b e e n published at the time of

t h i s writing).
Recently developed paediatric guidelines and systematic reviews have launched
recommendations for duration of therapy in different infections (Table 2)141,

142

.

Nevertheless, more data is still needed and an individually approach may be necessary.

Switch from intravenous to oral administration and dose optimization
The conditions for switching to oral therapy include clinical improvement, source
control, lack of conditions compromising oral absorption (neonatal age, vomiting or
mucositis, among others), availability of an appropriate oral drug and adherence.138 This
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strategy is feasible even in complex infections as bacteraemia, ventilator-associated
pneumonia, brain or lung abscess, septic arthritis or acute osteomyelitis.141, 143, 144 Dosing
in life-threatening infections in children may be suboptimal. Therapeutic drug monitoring
is an essential strategy in children to ensure effectiveness and reduce toxicity, but its
availability may be limited.

Diagnostic stewardship in children
The role of microbiological diagnosis as support for AMSP has been studied in
adults (see below),145-151 but the experience in the paediatric field is less extensive.
Because viruses are the main cause of infectious diseases in children, the use of rapid tests
may help optimizing therapy.148, 149 Also, methods for rapid identification of bacteriaand
susceptibility testing directly from positive blood cultures help to reduce the time to
optimal treatment.145, 150, 151
As for adults, obtaining optimal clinical samples for microbiological diagnosis is
of utmost importance, but the sample volume is especially relevant in children. For blood
cultures, sometimes a single bottle with lower-than-desired volume is what can be best
obtained. There are systems and techniques adapted for paediatric blood cultures.152, 153
Similarly, there is no simple and easy technique to obtain appropriate sputum or urine
cultures from newborns and infants. The recommended suprapubic puncture is painful
and the bag system is not helpful due to high rates of sample contamination.154 The new
microbiological techniques developed in recent years make diagnostic stewardship
mandatory.155

Evidence for AMSP effectiveness in children
Several authoritative documents have defined key principles and strategies to
develop AMSP in children,132, 156-159 and some studies have evaluated the impact of
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AMSP in paediatrics although to a lower extent than in adults.129,

160

To date, the

development of empirical antibiotic guidelines and infectious diseases consultation in the
context of formal AMSP seem to be the most useful interventions in children.
Regarding the clinical indicators for AMSP, since in-hospital mortality in children
is lower than in adults, its usefulness as indicator is poorer in this age group. Nevertheless,
AMSP have been shown to be safe in terms of mortality in neonatal161, 162 and pediatric131,
163-164

populations. Length of hospital stay (LOS) and 30-day readmission are the most

frequently used clinical indicators in paediatrics. McCulloh et al. demonstrated a
significant reduction in LOS in children who received a recommendation from an AMSP
team.165 Also, AMSP have shown to reduce antibiotic consumption,135,

140, 162, 166-169

mostly using prospective audits with feedback interventions with or without restrictions.
A reduction of selected or broad-spectrum antibiotics has also been documented in other
studies.140
Very few studies have been conducted to assess the reduction of antimicrobial
resistance after AMSP implementation in children; two studies documented decreases in
antimicrobial resistance in Gram-negative organisms.166, 170 Regarding costs, at least three
studies in paediatrics reported reduction in costs related to antimicrobial consumption
after a formal AMSP.162, 168, 171

Guidance recommendations for antimicrobial stewardship programs in children
-

The AMSP team should include an expert paediatrician in infectious diseases and
antimicrobial use for the activities in paediatric population.

-

Overall, the principles of AMSP in adults are applicable to children; however, two
aspects must be considered: (a) local protocols for antimicrobial use in children
should not be simple dose-adjusted transcriptions of protocols for adults but be
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specifically developed, and (b) evidence for some interventions is more limited in
children than in adults.
-

The fact that viral infections are more frequent as cause of acute respiratory
infections in children should be outlined, and availability of appropriate
diagnostic methods must be considered in order to help avoiding the unnecessary
use of antibiotics.

-

For monitoring antimicrobial consumption, days of therapy (DOT) per 1000
patient-days is the preferred indicator.

PATIENTS ATTENDED AT EMERGENCY DEPARTMENTS

Importance of antimicrobial stewardship in Emergency Departments

Infections are among the 20 leading primary diagnosis groups at emergency
department (ED) visits; prescription of antibiotics is frequent,172,
settings, frequently inapproppriate.174,

175

173

and, as in other

Empirical therapy is the cornerstone of

antimicrobial use in ED; it should be noted that patient-specific information available is
often limited.176 Since EDs sit at the interface of inpatient and outpatient settings, ED
practitioners influence antimicrobial prescription in both locations. Therefore, ED is a
strategic setting for AMSP. AMS teams must have a multidisciplinary composition and
consider some specific characteristics of EDs in order to overcome potential barriers:
these are areas with a high workload and patient turnover, where rapid decisions are taken
usually without consultation, with and large and varied mix of providers who work in a
shift-based scheduling format.177

Antimicrobial stewardship interventions in Emergency departments
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As in other areas, AMSP activities in ED may be “horizontal” and “vertical”.178
Horizontal interventions are aimed at reducing the overall inappropriate use of antibiotics.
The cornerstone is a properly training of the ED staff in identification and early treatment
of patients with severe infections, proper collection of microbiological samples, and
appropriate diagnosis and treatment of common infections. In a study, three aspects were
associated with inappropriate prescription in ED: failure to obtain microbiological
samples, lack of specifying the source of infection and lack of reporting the severity of
infection.175 Vertical interventions target specific antibiotics, infections or type of
patients.
A specific challenge for adequate management in ED is sepsis. The appropriate
identification of patients with severe infection is important both to provide adequate early
treatment and to avoid overdiagnosis leading to excessive use of broad spectrum
antibiotics.179 To choose the appropriate empirical treatment, clinicians must be informed
about the local epidemiology and data needed to assess the individual risk factors for a
multi-drug resistant infection.180-181 Empirical antimicrobial therapy should consider
whether previous healthcare assistance may modify the microorganisms and resistance
rates of the expected cause of infection. The importance of obtaining microbiological
samples, source control and support must be emphasized.181
Patients evaluated at ED may be discharged, kept under observation in ED for a
limited period of time, or be admitted to hospital. Therefore, when the results of
microbiological cultures are available, the patient is not usually in the ED. Therefore,
programs for appropriate follow-up of patients with infection are needed, in collaboration
with primary care and hospital departments. In these cases, the coordination activity of
preventive medicine specialists with primary care doctors or community centers or
residences, responsible for the continuity of antibiotic treatments, will be essential. This
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activity will make it possible to change the antibiotic when the patient has attended the
ED where he has received the antibiotic of choice (in the case of urinary tract infections
or others) and has gone home. Subsequently, observing in the culture the resistance of
the microorganism, this coordination allows to stablish communication with the primary
healthcare centers for the administration of the most appropriate antibiotic according to
antibiogram results. These programs allow stopping, de-escalating, escalating, and/or
switching to oral drugs as needed. An option is to organize a structured follow-up
program for microbiologic results of patients attended at the ED, with daily review and
assessment of the diagnosis and treatment provided.

Measuring the impact of AMSP in the Emergency department
Clinical outcomes should be defined; examples are early mortality of severe
infections (e.g., 14-day mortality among patients with pneumonia, bloodstream infections
or sepsis)182-184 and rate of patients returning to the ED after first consultation for milder
infections (e.g. urinary or upper respiratory tract infections).184-185
Traditional antibiotic consumption indicators cannot be measured in ED since
there are not patient-days as denominator. The prevalence of patients with a prescription
or the number of days of treatment per attended patients have been used186-187 but these
measures are time-consuming in centers without advanced information systems.
Alternatively, monitoring pooled data of antimicrobial prescriptions in the ED weighted
by the amounts of patients attended at the department has been used.183

Guidance recommendations for antimicrobial stewardship programs in patients
attended at Emergency departments (ED):

26

-

Multidisciplinary antimicrobial stewardship team with knowledge of the specific
barriers for implementation of AMSP in the local ED must be formed.

-

Local empirical treatment guidelines with input from local epidemiology must
be available for ED faculty.

-

Appropriate training for the basic aspects of infectious diseases diagnosis and
treatment must be provided.

-

Specific appropriate clinical outcome indicators and evaluations of quality of
prescriptions must be measured.

-

The coordination activity of preventive medicine specialists with primary care
doctors or community centers or residences, responsible for the continuity of
antibiotic treatments, will be essential. This activity will make it possible to
change the antibiotic when the patient has attended the ED where he has
received the antibiotic of choice and has gone home.

-

If individualized data on antibiotic prescriptions are not automatically available,
pooled data weighted by the number of patients attended at the department (DDD
per 100 patients admitted in the observation area, DDD per 100 patients
discharged from de ED) may be considered.

2. ANTIMICROBIAL STEWARDSHIP FOR SPECIFIC SYNDROMES AND
SURGICAL PROPHYLAXIS

COMMUNITY-ACQUIRED PNEUMONIA

Community-acquired pneumonia (CAP) is a leading cause of antibiotic
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prescription in hospitals. The list of core microorganisms causing CAP is short and stable,
being Streptococcus pneumoniae the main bacterial agent.188 However, the importance of
viruses as primary pathogens in CAP has been recently demonstrated.189 Overtreatment
in CAP is frequent, including use of broad-spectrum drugs and long durations, making
CAP an important target for AMSP.190 The key elements in hospitalized patients with
CAP for AMSP include adherence to guidelines in empirical treatments, de-escalation,
appropriate duration of treatment, switching to oral drugs therapy, improving the
diagnostics, and appropriate use of biomarkers.
The selection of empirical therapy in CAP should be based on risk stratification
and the most likely causative agents.191 Adherence to guidelines is associated with
improved outcomes in patients hospitalized with CAP,192-195 and may be improved by
implementation of stewardship interventions.196-197 Antibiotic de-escalation is
recommended in patients with CAP according to microbiological results, including
bacteremic infections and CAP with negative cultures.198-203 Barriers for the
implementation of this strategy includes the lack of randomized trials, low rate of
microbiological samples, distrust of the attending physician, and heterogenous definitions
for “de-escalation”. A study conducted in 164 US hospitals showed only a 13% rate of
de-escalation at day 4 following negative microbiology results.203
Switch to oral therapy once clinical stability has been reached aims to reducing
the LOS, catheter-related infection and costs. A meta-analysis showed equal efficacy for
oral switch compared to continuing with intravenous therapy in terms of clinical success,
mortality and recurrence, and a reduction in LOS.204 In a later randomized clinical trial,
Carratalà et al. demonstrated that the use of a 3-step critical pathway including early
mobilization, switch to oral antibiotic and hospital discharge was safe and effective in
reducing the duration of intravenous antibiotics and LOS without adversely affecting
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outcomes.205 However, early oral switch is not widely implemented.206-207 Some barriers
include the hierarchical structure of the medical teams and belief that intravenous route
is more effective.208 These barriers may be overcome by educational interventions.209
Several trials and meta-analysis have demonstrated the efficacy of short courses
of antibiotics in CAP.210-214 A recent systematic review and meta-analysis showed that
clinical cure was similar between ≤6 days and ≥7 days of therapy, irrespective of patient
setting or severity of pneumonia, and relapses were similar between groups. Of note,
short treatment was associated with fewer serious adverse events and with lower
mortality.
Beyond the importance of classical microbiological testing, implementation of
novel rapid multiplexed molecular platforms may represent an opportunity for rapid
decision on targeted antimicrobial therapy. Well-designed randomized clinical trials are
warranted to assess the impact of these platforms on antibiotic use and patient outcome.215
Finally, the use of some inflammatory biomarkers such as procalcitonin, soluble
triggering receptor expressed on myeloid cells-1 (sTREM-1), pro-adrenomedullin
(proADM), and presepsin have been studied as specific biomarkers for bacterial infection.
A Cochrane meta-analysis concluded that the use of procalcitonin to guide initiation and
duration of antibiotic treatment in patients with acute respiratory infections results in
lower risks of mortality, antibiotic consumption, and antibiotic-related side effects, thus
supporting the use of procalcitonin in the context of AMSP in these infections.216
Nevertheless, all biomarkers must be used together with an appropriate clinical workout.
Future biomarkers with higher sensitivity and specificity could be even more useful for
the management of CAP.217

Guidance recommendations for antimicrobial stewardship programs in community29

acquired pneumonia (CAP)
-

Increased adherence to CAP guidelines must be an objective of AMSP. Indicators
for the measurement of adherence to the principles of treatment of CAP must be
implemented.

-

Empirical therapy in CAP must be locally protocolized according to guidelines,
considering patients’ severity and local epidemiology.

-

Adherence to early antibiotic de-escalation, switch to oral therapy and short
courses of therapy must also be objectives of AMSP. Overcoming of barriers for
the implementation of these two strategies may be overcome by appropriate
educational interventions.

-

Research regarding the effectiveness of rapid diagnostic molecular tests as a
stewardship tool in CAP is needed; however, these techniques should be
considered in advanced AMSP with evaluation of results.

-

The use of procalcitonin is useful to improve antibiotic use in patients with CAP,
and may be incorporated as an aid tool together with appropriate clinical workout.

URINARY TRACT INFECTIONS

Urinary tract infections (UTI) are among the most frequent bacterial infectious
diseases.218 Microbiological cultures are frequently positive; although this helps
antimicrobial selection, positive urine cultures in asymptomatic patients (asymptomatic
bacteriuria) is a frequent cause of inappropriate use of antibiotics.219 There is a dramatic
spread of antimicrobial resistant uropathogens worldwide; an overinterpretation of this
fact may contribute to an excessive use of broad spectrum antibiotics. For all these
reasons, UTI is another important syndrome for AMSP. The key elements of AMSP in
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UTI are adherence to guidelines of empirical antibiotic use, administering adequate
directed antimicrobial therapy, avoiding treatment of asymptomatic bacteriuria with some
exceptions, and reducing the duration of antimicrobial therapy. 220
The selection of empirical therapy in UTI should be based on the most frequent
etiologic agents and in the local antimicrobial resistance rates.221 Guidelines should be
adapted to local epidemiology. Importantly, data on antimicrobial resistance in UTI are
obtained mostly from patients with complicated UTI (cUTI), which may not represent
patients with uncomplicated infections. Adherence to local guidelines should be
encouraged. In a recent study in 45 hospitals in Catalonia, adherence to local guidelines
for empirical therapy of bacteremic UTI due to E. coli was 71%.222 Appropriate definitive
antimicrobial therapy may be complex in cUTI caused by MDRO; activities targeting this
objective may be an important activity of AMSP.222
Asymptomatic bacteriuria should not be treated with antibiotics with the exception
of pregnant women, patients undergoing urological procedures with high risk of mucosal
bleeding, and renal transplant recipients during the first month after transplantation.219,
221, 223

However, it is a frequent cause of inappropriate use of antibiotics. Therefore,

interventions aimed at reducing the inappropriate use of antimicrobials in asymptomatic
bacteriuria must be considered.
Duration of treatment in UTI can be shorter than previously thought. Acute
uncomplicated cystitis can be treated for 1 to 5 days depending on the drug used.221, 224 In
Spain, fosfomycin trometamol 3 gr (one dose), or nitrofurantoin 50-100 mg every 8 hours
(5 days) are the recommended therapies.221 However, in complicated cystitis
(immunosuppression, pregnancy, UTI in men, urological abnormalities, slow response),
7 days may be needed.221, 224 This apply also to outpatient men with UTI after excluding
urologic abnormalities, immunocompromising conditions, prostatitis, pyelonephritis,
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nephrolithiasis and benign prostatic hyperplasia.225-226 For acute pyelonephritis and
febrile UTI with or without bacteraemia, a meta-analysis of 8 randomized clinical trials
showed similar clinical and microbiological efficacy of 7 days compared to longer
treatments except in the subgroup of patients with urogenital disorders, in whom
microbiological efficacy was slightly higher with longer treatments.227 Another metaanalysis of 10 randomized controlled trials suggests that 5-7 days of therapy are effective
in acute non-complicated pyelonephritis.228 In the Spanish guidelines221, the
recommended durations are: for uncomplicated pyelonephritis due to susceptible
pathogens, 5-7 days of levofloxacin or ciprofloxacin, 7-10 days of third-generation oral
or parenteral cephalosporin, 10 days for amoxicillin-clavulanic acid and co-trimoxazole,
and a maximum of 5-day for aminoglycosides; for patients with severe or focal
pyelonephritis or slow response to appropriate antibiotics, a longer duration of therapy
may be required; in patients with catheter-associated UTI, 7 days for patients with prompt
resolution of symptoms and patients with cystitis following urinary catheterization (5
days may be considered if levofloxacin is used); 10–14 days of treatment is recommended
for those with delayed response. Adherence to these short regimens is challenging and
need availability of guidelines and adequate training.
Audits with non-compulsory recommendations in targeted cases according to
availability of resources may be implemented; some specific pathogens (e.g., multidrugresistant bacteria, Candida spp., etc.) or patients-types (e.g., those with vesical catheter)
may be prioritized.

Guidance recommendations for antimicrobial stewardship programs in urinary tract
infections (UTI)
-

Empirical antimicrobial therapy in UTI should be based on local guidelines. These
guidelines should take into account local bacterial resistance rates, individual risk
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and severity of infections.
-

Antimicrobial stewardship teams should provide advice for optimizing directed
therapy in UTI caused by MDRO.

-

Interventions to avoid the inappropriate use of antibacterials in asymptomatic
bacteriuria must be implemented.

-

Interventions to improve adherence to short treatments according to specific type
of infection and patients’ characteristics must be implemented.

-

Audits with feedback in selected patients or targeted microorganisms may be
considered.

VASCULAR CATHETER-ASSOCIATED BLOODSTREAM INFECTIONS
Vascular catheter-associated bloodstream infection (VCA-BSI) is one of the most
frequent healthcare-associated infection. AMSP developed in ICU patients will include
mostly central catheter-related infections; however, a higher number of VCA-BSI occur
in conventional wards.
Because VCA-BSI frequently lack focalized signs of infection, particularly in
infections associated with central catheters, a high suspicion index is needed in order to
provide an adequate diagnostic and therapeutic management. Therefore, training of
attending physicians on diagnostics and empirical therapy must be provided. Adherence
to guidelines for the management of these infections must be promoted, including
diagnostics, empirical and targeted therapy, duration of therapy and catheter removal 229,
230

Regarding non-compulsory activities, bacteraemia programs are particularly
relevant for VCA-BSI.1 These programs include rapid, unsolicited advice for the
management of patients with BSI, and have shown to improve the management and
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outcomes of these patients.231 In the case of VCA-BSI, aspects such as the need to remove
the catheter, performance of follow-up cultures, de-escalation, and appropriate duration
of therapy232,

233

must be included using a structured bundle with measurement of

adherence to quality-of-care indicators.234, 235
If a comprehensive bacteraemia program cannot be implemented, targeted audits
for high-risk patients (e.g., immunocompromised, critically-ill, predisposing factors for
endocarditis or other complications), and for patients with bacteraemia due to
Staphylococcus aureus and Candida spp. may be an alternative.

Restrictive measures may be needed for the use of new drugs (i.e. daptomycin,
dalbavancin) that may be used in these infections; in addition, programming
automatic stop orders in pharmacy programs (i.e., automatic stopping of vancomycin
after apredefined number of days in VCA-BSI due to coagulase-negative staphylococci
in low risk patients) are also to be considered. However, restrictive measures are less
well accepted and might cause safety problems if physicians avoid using restricted
drugs in patients who would need them because of the restrictive barriers implemented.
Finally, the duration of treatment is frequently too long, and shorter duration as
appropriate according to etiology and clinical complexity must be reinforced 229, 233.

Guidance recommendations for antimicrobial stewardship programs in
vascular catheter-related bloodstream infections (VCA-BSI):

-

Promote the appropriate diagnosis and management of VCA-BSI by providing

adequate training and adherence to guidelines.
-

Specifically, appropriate duration of therapy of VCA-BSI should be promoted.

-

Bacteraemia programs, in which unsolicited advice and follow-up is provided
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for all patients with bacteraemia (or at least for high risk patients and pathogens) should
be implemented; measurement of adherence to quality-of-care indicators is
recommended.

SURGICAL PROPHYLAXIS

Surgical site infections (SSI) are associated with longer postoperative hospital
stays, additional surgical procedures, and increased morbidity and mortality. The
cumulative incidence of SSIs ranges 0.5% to 10.1% depending on the type of surgical
procedure, with the highest rates found in colon surgery.236 Surgical antimicrobial
prophylaxis (SAP) reduces the incidence of SSI when properly indicated (cleancontaminated procedures, and clean procedures involving prosthetic material237-241).
However, SAP is frequently inappropriate, mostly because used in procedures in
which they are not needed, use of not-recommended drugs, administration in the wrong
moment or at inadequate dosing, not repeating the dose in prolonged interventions, and
prolonging the antibiotic in the postoperative period.233-244 Some of these errors are
associated with increased risk of SSI and others with increased risk of adverse events,
including C. difficile infection and superinfections caused by MDRO.245 Because of the
high number of procedures performed in hospitals, SAP is a key area for any AMSP.
Guidelines for an appropriate use of SAP are available.237,

240, 241, 246, 247

Local

recommendations for SAP should be established at each center for all types of surgery
performed, adapting the guidelines to the local epidemiology. Indicators’ measurement
and interventions in SAP should be established by a multidisciplinary team involving
surgeons, anesthesiologists, nurses, and the AMS team. Diverse strategies have been used
to improve SAP including education, electronic-prescription protocols, automatic
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interruption orders, SAP kits, checklists and specific bundles in the operating room.244, 245
SAP should be audited regularly for a selected number of surgical procedures in which
SAP is indicated and administered: choice of agent, timing of preoperative dose, and
duration of appropriate postoperative prophylaxis. The proposed indicators are shown in
Table 3.

Guidance recommendations for antimicrobial stewardship programs in surgical
antimicrobial prophylaxis (SAP)
-

Local adaptations of guidelines for SAP in all procedures performed in the
hospital, agreed with surgeons and anesthesiologists, should be available. The
local guidelines must include the antibiotics of choice and alternatives, as well as
the appropriate timing, dosing and duration of antibiotic prophylaxis. It is
important to enhance other prophylactic measures and their implementation
carried out by preventivemedicine specialists.

-

Training about the principles of SAP should be provided to all staff involved.

-

Regular audits about adherence to local guidelines using standardized indicators

must be performed, and feedback provided.
-

Specific interventions to improve SAP must be considered according to local

resources and problems detected.

3. OTHER ASPECTS OF ANTIMICROBIAL STEWARDSHIP PROGRAMS

ROUTES FOR ANTIBIOTICS ADMINISTRATION; MODES OF
INTRAVENOUS PERFUSIONS

Overview of routes of administration
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The route of administration of antimicrobials has gained relevance over time in
AMSP. Several studies have been shown that intravenous-to-oral switch is associated
with clinical benefits and shorter LOS.248-251 However, there are barriers for its
implementation, mainly in patients with moderate to severe infections.252 Also, switching
to oral drugs may lead to unnoticed longer treatments, with the consequent impact on
microbiota.253, 254 This effect may be higher for drugs with lower oral bioavailability, for
which higher amounts of drug are present in the bowel lumen. This is also the case for
intravenous drugs with high biliary excretion.255,

256

Antibiotic nebulization is a useful

route for many patients with cystic fibrosis but is controversial in patients with ventilatorassociated pneumonia; however, it is considered when the dose of a specific antibiotic
needed to reach the site of the infection is too high when administered by other routes. 257,
258

On the other hand, the intramuscular route of certain antimicrobials is an alternative

to consider in patients undergoing ambulatory therapy, mainly when intravenous route is
problematic and the oral route is not appropriate;259 with this route, the speed of resorption
may be delayed for some antibiotic preparations.260 Other routes of administration such
as intraventricular or intrathecal may be considered in infections of the central nervous
system when in-site concentrations of the drug with intravenous administration is not
satisfactory.261-263 Finally, with certain antibiotics with a once daily dosing such as
ertapenem, ceftriaxone or teicoplanin, when the intravenous route is not accessible or in
palliative care situations, the subcutaneous can be a good alternative.264

Intermittent, extended and continuous intravenous perfusions

In the treatment of severe bacterial infections, antibiotics are mostly administered
intravenously. In intermittent perfusions (IP), the antibiotic is administered along 30 to
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60 minutes and repeated periodically. With this type of administration, a maximum
plasma concentration (Cmax) is reached quickly with a subsequent exponential clearance
proportional to the plasma concentration of the drug. IP facilitates achieving the PK/PD
objectives of antibiotics with concentration-dependent activity (Cmax/MIC) and
prolonged postantibiotic effect such as aminoglycosides, nitroimidazoles and
rifamycins.265 In the absence of a loading dose, the steady-state concentration (SSC) with
IP is not reached until 3-5 times the half-life of the antibiotic.
In extended perfusion (EP), the drug is administered over at least 3 hours; and in
continuous perfusion (CP), the drug is administered continuously at a constant rate. Both
EP and CP aim at optimizing the achievement of the PK/PD targets for antibiotics which
activity depend mainly on the time that the free plasma concentration of the antibiotic is
above the MIC (%fT>MIC),266 such as beta-lactams, macrolides and oxazolidinones.
Despite their theoretical benefits, a meta-analysis including 29 randomized clinical trials
of severe infections found no significant differences in mortality, clinical cure,
recurrence, post-treatment superinfection or toxicity when CP/EP or IP were used.267 In
the case of beta-lactams, several studies have shown that CP improves the achievement
of PK/PD objectives;268, 269 however, the benefits in clinical outcome are unclear.270 It is
in infections caused by pathogens with borderline or high MIC265 or in patients with
increased renal clearance271 where the potential impact of continuous infusion on clinical
outcome is higher. In a recent meta-analysis that included 3 clinical studies and 632
patients with severe sepsis, patients who received CP had lower hospital mortality and
higher clinical cure rate compared to IP.271 Another meta-analysis that included 6
randomized trials and 4 observational studies comparing EP/CP with IP in severe
infections treated with meropenem, patients treated with prolonged perfusions had a
lower mortality and a better clinical resolution of infection.272
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There is less experience with linezolid in CP compared to IP; CP showed better
achievement of PK/PD target in a cohort of septic patients.273 and in obese patients with
ventilator-associated pneumonia.274 Although the evidence is also very limited,
vancomycin in CP is superior in reaching the PK/PD target compared to IP, especially in
critically ill patients, without adding toxocity.275, 276 However, the available studies do not
provide definitive conclusions since they have important limitations in design and
differences in type of patients, number and MIC of isolates, dosing and PK/PD objectives.

Use of infusion and elastomeric pumps

Infusion pumps provide better accuracy in the administration of intravenous
drugs; however, errors caused by incorrect programming are not infrequent. Therefore,
new management systems minimizing these errors, such as smart infusion pumps (SIP)
are being developed.277 These are conventional infusion pumps provided with a security
software allowing the creation of drug lists with defined parameters as minimum and
maximum concentration and infusion rates, which determine the so-called absolute and
relative limits. They also allow generating specific lists for different therapeutic areas or
groups of patients. On the other hand, elastomeric pumps facilitate intravenous outpatient
treatments. The main concern for outpatient parenteral antimicrobial therapy programs is
the degradation of antibiotics in the device, so the most optimal are those that have a
longer half-life, which can be administered 1-2 times a day, and have a prolonged stability
in this type of devices.278, 279

Implication of nurses in AMSP

Because of the importance of proper administration of antibiotics, implication of
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nurses in AMS teams is important in order to appropriately apply the different methods
of intravenous infusions, early administration of the first dose, extended perfusion,
appropriate use of infusion pumps, avoiding administering incompatible drugs at the same
time for the same catheter lumen, and avoiding missing doses. Their role in measuring
indicators for appropriate administration of antibiotics and training other nurses is critical.
A frequently unnoticed aspect is the residual volume (about 30 ml), which is the amount
of volume with medication that remains in the infusion system at the end of antibiotic
administration; this may mean up to a 20% underdosing in a 100 ml infusion and, even
worse, 40% in a 50 ml infusion. Ensuring the administration of the complete dose should
be added to other important dosing optimization considerations.280

Guidance recommendations for antimicrobial stewardship programs in aspects
related to routes and ways of administration of antimicrobials:

-

The different routes for antimicrobial administration, and the different modes of
intravenous perfusions should be considered in local protocols; AMSP must
include activities aiming at providing the most appropriate way to administer
antibiotics to the patients.

-

Timely switch to oral therapy when indicated must be an objective for AMSP, and
activities encouraging this practice should be implemented; they should include
actions to avoid longer treatments once the oral route is started.

-

Infusion pumps facilitate the correct administration of intravenous antimicrobials
and must be used in circumstances in which extended or continuous perfusions
are considered critical for the patient. Handling of these devices must be carried
out by trained personnel.
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-

Implication of nurses in AMSP is key in order to assure an appropriate
administration of antibiotics.

NEW ANTIMICROBIALS

The scarcity in development of new antimicrobial agents covering real medical
needs makes their use a specific target for AMSP in order to avoid rapid development of
resistance to them. Optimizing their use must balance their potential advantages in serious
infections caused by MDRO and avoiding their overuse in infections for which other
similarly efficacious alternatives exist. AMS teams should support their introduction in
hospital formularies as well as to implement interventions to facilitate their appropriate
use.

Recently approved antimicrobials

Recently approved antimicrobials (Table 4) should be used almost exclusively as
directed therapy for the approved indications. However, there are medical needs that
frequently bring the question about their use off-label. As an example, ceftaroline is an
attractive option for the treatment of methicillin-resistant Staphylococcus aureus (MRSA)
bacteraemia and endocarditis especially in cases of recurrence or failure of vancomycin
or daptomycin;281 ceftobiprole is also active against MRSA and shows activity against
Pseudomonas aeruginosa.282
Potential empirical use of new drugs must balance the probability of pathogens
not covered by other options and the implications of not providing an active drug up front.
For instance, considering the high mortality rate of administering inadequate empirical
therapy in patients with septic shock and according to recently published clinical trials,28341
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ceftolozane-tazobactam, ceftazidime-avibactam, meropenem-vaborbactam and

imipenem-relebactam might be used empirically in patients with septic shock and high
risk of MDR Gram-negative bacteria susceptible to these drugs, based on previous
colonization or on local epidemiology data (e.g., in an outbreak setting). The details about
their spectrum are shown in Table 4. Other drugs recently approved by the European
Medicines Agency (EMA) are cefiderocol,

286

delafloxacin,287 oritavancin,288 and

eravacycline289 (Table 4).

Avoiding emergence of resistance to new antimicrobials: mechanisms, therapy
failure, and related factors

Monitoring the impact of new drugs in the epidemiology of MDRO is a must for
clinical microbiology laboratories. As an example, the introduction of ceftazidimeavibactam may influence the epidemiology of metallo-beta-lactamase- producing Gramnegative bacteria.290 Of course, surveillance for the emergence ofresistance to new agents
is also needed. As a matter of fact, the development of resistanceto ceftolozane-tazobactam
and/or ceftazidime-avibactam during treatment of MDR/XDR P. aeruginosa are not
infrequent, and the risk may be higher in infections caused by strains that are already
resistant to classical beta-lactams, which is frequent.291 The presence of AmpC
overexpression as a first-step low level resistance, and MICs >2/4 mg/L of ceftolozanetazobactam have been associated with treatment failure in P. aeruginosa infections.292
Regarding Enterobacterales, while emergence of ceftazidime-avibactam resistance has
been anecdotally documented among ESBL- or AmpC- producers, it has been more
frequently documented among KPC-2 or KPC-3 mutants.293 Control of the infection
source appears to be a key aspect for avoiding treatment failure and resistance
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development.294 P. aeruginosa showing AmpC overexpression or KPC mutants described
above are frequently susceptible to carbapenems. Therefore, carbapenem susceptibility
must be tested in these isolates, as it might be used as rescue therapy or to avoid the
emergence of resistance if used in combination, but this needs to be explored in future
studies.

Inclusion of new antimicrobials in hospital pharmacies

The objective of hospital pharmacy committees is the selection of drugs to be
included in the hospital formulary according to their clinical value.295 A review of the
pharmacy committees in different countries showed that their members frequently lack
appropriate knowledge about the standards for the assessment of new drugs.296 A
document from the World Health Organization (WHO) describes the need for a critical
assessment of drugs for their inclusion in pharmacological guides.297 Daily cost of new
antimicrobials is high in comparison to most drugs except biologicals and cancer
therapies, but the overall cost for most of them is not that high, as they are infrequently
used and for shorter periods of time; cost-effectiveness data must also be considered in
the selection of new antimicrobials. The pressure of the pharmaceutical industry may lead
to inappropriate use of new antibiotics, which may subsequently facilitate resistance
development.298 Finally, it would be desirable that the pharmacy committees of different
hospitals in the same country or region apply similar criteria for the inclusion of new
antibiotics in their formulary and that they include experts in antimicrobial therapy.

Antimicrobial stewardship interventions for new antimicrobials
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As discussed above, some new antibiotics may offer therapeutic advances in
orphaned clinical situations. Stewardship teams are tasked to minimizing barriers for their
use in situations in which they can be beneficial for patients and therefore promote their
inclusion in hospital formularies. However, the use of new antibiotics must always be
very prudent for different reasons; first, because some adverse events may have been
undetected in the pivotal trials; second, because their efficacy may have been
overestimated if high-risk patients were underrepresented in the trials; and third,
development and spread of resistance is a real threat. Therefore, it is very important to
develop specific stewardship interventions aimed at facilitating their appropriate use.299
Among these interventions, AMSP should develop local guidelines for the use of
new drugs; as off-label use of the new antibiotics is expected to be frequent particularly
in settings in which MDRO are endemic,300 consensus is needed for these indications.
The local guideline must be easily available, and educational activities for prescribers
should be performed. In addition, non-compulsory interventions such as audit and
feedback activities, may also be implemented to facilitate adherence to the
recommendations. Finally, the AMS teams have the responsibility to generate
information by monitoring the outcomes of patients treated with these drugs in terms of
mortality, failure, length of hospital stay, development of resistance or C. difficile
infection; such information may be collective within multicenter initiatives.301

Guidance recommendations for antimicrobial stewardship programs in
aspects related to new antimicrobials:

-

AMSP should promote the inclusion of new drugs in hospital formularies
according to local needs and best evidence, in order to provide patients with the
best available therapy in infections caused by MDRO.
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-

AMSP should include local consensus guidelines including specific indications of
use of new drugs according to the best available evidence and local epidemiology.

-

AMSP should implement non-compulsory interventions as auditing and feedback
to facilitate the adherence to the established guidelines.

-

AMSP should monitor and evaluate the data concerning the outcomes of patients
treated with new drugs, development of resistance to them and their impact in the
overall epidemiology of MDRO.

SOCIAL SCIENCES AND BEHAVIOURAL CHANGE IN ANTIMICROBIAL
STEWARDSHIP

AMSP should pay attention to knowledge from behavioural and social sciences
Prescribing is a final action resulting from deliberate and non-deliberate thinking
and can be influenced by circumstances shaping prescribing patterns. Since prescribing
falls within the realm of behaviour, and every behavioural improvement implies change,
improving antimicrobial prescribing is clearly the expression of behaviour change.
Interestingly, many of the circumstances that influence prescribing are not related to
biomedical but to social and psychological factors. These are responsible for the gap
between knowledge and clinical practice, the so-called implementation gap, which might
account for 30-40% of antimicrobial prescriptions in hospitals.186 While biomedical
sciences (biological and clinical disciplines) contribute to define the standards of
antimicrobial therapy, social and behavioural sciences are key to achieve the satisfactory
implementation of these standards at the prescriber level.302
Unfortunately, according to a recent systematic review, very few AMS
interventions employ behavioural change techniques.303,

304

This might explain why

similar interventions show highly variable success rates.303 Therefore, AMS interventions
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must be designed considering behaviour and social theories and employ behaviour change
techniques. In fact, some authors suggest the inclusion of behaviour experts in the AMS
team.305 There are several models for behavioural change, some of which have been
adapted and adopted for AMS. One of them is the behaviour change wheel (BCW), which
is structured in three steps:302, 306, 307
Step 1. Understanding problematic and desired behaviours
The interventions should be designed taking into account the desired prescribing
behaviour and what needs to change in order to achieve it.302, 306 As many factors driving
behaviours are context-dependent, the behavioural assessment must be performed in the
setting where the interventions are to be applied. The prescribing behaviour should be
defined in behavioural terms: what behaviour/s are being targeted, which should be
changed, in which settings and when. Behaviours should be defined as specifically as
possible to assist the intervention design and measurement of the impact of the
intervention through specific metrics.302, 306
The next step is identifying the barriers and enablers for the change in behaviour.
To do this, there are several approaches. Flottorp et al. defined a 57-item check-list in
seven domains: guideline factors, individual health professional factors, patient factors,
professional interactions, incentives and resources, capacity for organizational change,
and social, political, and legal factors.308 Michi et al used the so-called COM-B approach
integrating sources of behaviour (barriers and enablers), intervention functions (type of
interventions) and policies.302, 306 COM-B postulates that there are three basic aspects that
must be met in order for a change in behaviour to occur: capability (physical and
psychological), opportunity (physical and social) and/or motivation (reflective and
automatic). The range of potential factors influencing behaviour, summarized in 14
theoretical domains, are displayed within the COM-B components (Tables 5 and 6). The
46

3 COM-B components and the corresponding theoretical domains should be assessed in
the target population.306

Step 2. Identifying the most appropriate intervention functions
The interventions should be designed with the aim of overcoming the barriers
and/or taking advantage of the enablers for the desired behaviour. Thereby, for every
barrier and enabler there are one or more matching intervention functions that should
ideally been selected when designing the intervention (Table 5).

Step 3. Selecting content and implementation options
Once the intervention functions have been identified, one or more behaviour
change techniques (BCT) have to be selected. A BCT is the smallest component of an
intervention that may have the potential to change behaviour.307 Each intervention
function is likely to be addressed by several BCTs; on the other hand, each BCT may fit
in more than one function (Table 6). The BCT taxonomy, developed to standardize
potentially ‘active ingredients’ of interventions to change behaviour, might help to select
the most suitable BCT for each prescribing problem.309
Nudge is a behavioural theory popularized by Thaler and Sunstein that tries to
address the misalignment between actual and desired behaviour due to non-rational
decision-making attributable to judgmental heuristics. Interestingly, nudging comprises
BCTs that aim to use judgmental heuristics in order to increase the likelihood of certain
choices, which in AMSP are those representing appropriate antimicrobial prescribing, in
what has been named “antibiotic judo”.310,

311

Nudges are easy and inexpensive to

implement in an environment that disrupt the cues triggering inappropriate antimicrobial
prescribing in what has been called “choice architecture”. According to the nudge theory,
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nudges are acceptable if they lean the individuals towards a choice that is consistent with
their values or preferences (appropriate antimicrobial use), but respect their freedom of
choice, meaning that they do not significantly increase the cost of alternative choices.312
Defaults are one of the most popular nudge techniques, based on the fact that people are
more likely to choose a particular option if it is the default option. Default options have
been successfully used, among others, to decrease antimicrobial use in asymptomatic
bacteriuria.313 Social nudges are based on the tendency for individuals to look at other
persons’ behaviour to help guide their own; therefore, social comparisons and modelling
BCTs fit in the nudge category.
Behaviourally designed incentives can also be used to change prescribing
behaviour. Given the array of human motivations that can lie behind prescription
behaviours, incentives can incorporate the need individuals have to feel they are acting
“correctly”, their contribution to a socially desirable outcome, their sense of responsibility
or the fact that they are behaving better than their peers.
In addition to flawed design, interventions may achieve limited effects because
the intervention is inadequately implemented. The main implementation faults are
inadequate fidelity (the intervention was not implemented as intended) and inappropriate
intensity or poor coverage of target participants, among others. On the other hand,
unintended consequences of the intervention may yield satisfactory outcome despite
inconsistent or poor implementation. Because of these discrepancies, conducting process
evaluations while the intervention is ongoing is recommended302,

314

and testing pilot

measures before setting on larger interventions (Table 6 302, 307, 315-320).

Guidance recommendations for application of social sciences and
behavioural change in antimicrobial stewardship programs:
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-

Antimicrobial stewardship interventions should be designed considering
knowledge from behavioural and social sciences and should employ behaviour
change techniques. Whenever possible, behaviour experts should be part of
antimicrobial stewardship teams.

-

The prescribing behaviours that are intended to be changed should be precisely
defined, and barriers and promoters should be analysed locally.

-

Behaviour change techniques (BCTs) should be selected taking into account the
main determinants of the desired and/or undesired behaviours. The interventions
must combine several BCTs.

-

There are several behaviour’s change theories and models that can be applied in
the field of AMS. One of the most frequently adopted models for AMS is the
behaviour change wheel.

-

It is advisable to conduct process evaluations of ongoing interventions in order to
learn why they fail or succeed.

E-TOOLS FOR ANTIMICROBIAL STEWARDSHIP

The use of technological advances, such as health information technology (HIT),
clinical decision support systems (CDSS), electronic medical record, mobile applications,
and social media may provide clinicians with patient-specific data and recommendations
to aid clinical decision-making, and can be used to optimize antibiotic use321, 322. Several
studies have shown that information technology interventions can improve antimicrobial
prescribing in hospitals, but analyzing clinical outcomes is necessary.323
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E-tools in the Pharmacy department

Electronic prescribing (EP), electronic hospital pharmacy (EHP) or computerized
physician order entry (CPOE) systems reduce medication errors and adverse drug
events,324 and may also support AMSP.325 They are also useful for audits in AMSP,
providing better documentation of the prescription and reducing the time needed for
auditing.326
CDSS could be integrated information systems, among other applications, such as
pharmacy dispensing systems and CPOE. In fact, it is possible to create alerts for
antibiotics prescribed, critical laboratory results, discrepancies between a prescribed
antibiotic and the results of antibiograms, dosing, drug interactions or allergies, and also
provide links to guidelines.327,
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It is also possible to incorporate a stop date or other

specific elements, such as providing dosage or administration recommendations for each
antibiotic, need to monitor plasma levels, and even prompting providers with treatment
recommendations after prescription based on local patient and microbiological data.329
CDSS that integrate EP systems with medical notes, pharmacy systems and laboratory
results are more effective to support antibiotic use, developing interventions that support
all key decisions within the antibiotic prescribing process.330

E-tools in microbiology laboratories

CDSS in microbiology laboratories integrate patient information with clinical
knowledge bases and laboratory data to generate specific recommendations aimed at
better patient management.331 These systems have been used successfully in daily clinical
practice, often within an AMSP. Their implementation has shown a significant reduction
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in LOS, adequacy of antibiotic treatments and hospital costs.332 Because microbiology
departments handle large amounts of analytical data,333, 334 their contribution is essential
for CDSS in supporting AMSP tasks. CDSS applications obtain data from the electronic
medical records, Pharmacy and laboratory information system (LIS), and may be capable
of exporting periodically cumulative susceptibility reports and generate microbiological
alerts; these alerts should include early outbreaks alerts, positive culturesof sterile samples,
prescription alerts (drug-microorganism mismatches, redundant antibiotic treatment,
PK/PD optimization, and adequacy and duration of antibiotic prescription). The
incorporation of microbiological alerts to CDDS decreased the time toadequate treatment
in the experience of an Italian hospital.334 In addition, user-friendly applications for cell
phones are well accepted and widely used by hospital staff and are becoming useful
auxiliary tools for AMSP activities.335 These technological resources open new ways of
analyzing and interpreting the data to improve the management of patients. For example,
Morales et al. described a CDDS for empirical antibiotic therapy and proposed a new
concept: the number needed to fail, representing the "number of patients that would need
to be treated with a specific antibiotic for one to be inadequatelytreated" and could be
calculated by integrating microbiological and pharmacy data.336
In summary, e-tools provide an important support to the microbiology laboratory,
not only organizing and presenting generated data, but also integrating these data in
CDDSs in order to facilitate the optimization of antimicrobial treatments.

Evidence for the implementation of antimicrobial stewardship e-tools

Many e-tools have emerged in the last years. As indicated above, many of them
are been developed to assist pharmacies and microbiology laboratories to optimize their
processes or to organize data. Regarding AMS interventions, many electronic resources
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have been implemented to facilitate guidelines access, clinical pathways, and postprescription audits.337 One of the most popular are the CDSS focused on antimicrobial
prescription targeting the prescribers. These CDSS allow real-time data entry as it is the
case CDDS based on local cumulative susceptibility reports.337 In addition, electronic
guidelines directed to wide populations led to sustained reductions in antibiotic
prescribing.338 However, a recent Cochrane review argued that most studies evaluating
AMS interventions used weak methods,303 mostly before-after, quasi-experimental
designs with no control group and inappropriate statistical analyses. Cluster randomized
control trials (the preferred designs to evaluate AMS interventions303) focused on e- tools
applied to specific syndromes and populations have shown an important decrease in
antimicrobial use.339-341 Gulliford et al. developed a cluster randomized trial to evaluate
an electronic stewardship intervention over 79 practices. The intervention comprised a
brief training webinar, automated monthly feedback reports of antibiotic prescribing, and
aCDSS; the electronically delivered interventions were integrated into practice workflow.
A significant reduction of antibiotic prescribing for respiratory tract infectionsin adults
was demonstrated.342 A recent systematic review evaluating the effectiveness, the
acceptability and the usability of CDSS also showed a positive impact on antibiotic
prescription for respiratory tract infections.343
When evaluating e-tools, evaluating their feasibility according to local resources
is important. Some electronic medical records allow for alerts and clinical pathways, but
these functionalities are not widely available. For this reason, social media may play an
important role as tools for disseminating stewardship resources. Pisano et al. used social
media platforms (Facebook and Twitter) to increase internal medicine residents’
antibiotic knowledge and awareness of AMSP resources. Residents knowing how to
access the AMSP web site increased from 70% to 94%, and also increased using the
clinical pathways “sometimes, frequently, or always” from 33% to 61%.344
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Guidance recommendations for e-tools implementation in antimicrobial
stewardship programs:

-

Whenever possible and feasible, e-tools should be included in AMS interventions
to facilitate guidelines, clinical pathways and post prescriptionreview.

-

The efficacy and safety of AMS e-tools should be validated through cluster
randomized control trials or adequately controlled quasi-experimental designs.

-

AMS e-tools should be available for prescribers. Social media may be considered
as tools to disseminate the AMSP resources.

4. DIAGNOSTIC STEWARSDHIP

The role of clinical microbiologists in antimicrobial stewardship programs

The activity of clinical microbiologists (CMs) has undergone an important
transformation in recent years. CMs must leave part of their traditional bench activity to
dedicate to conceptual, organizational and research tasks, joining transversal
multidisciplinary teams and focusing part of their efforts on promoting the rational use of
antimicrobials and combating antibiotic resistance.333 The role of CMs in AMSP is to
provide the team with information on the antimicrobial susceptibility testing (AST) of
microorganisms, the optimization of microbiological diagnosis of infections and
performing the surveillance of emerging pathogens and their resistance to antimicrobials.
The active contribution of CMs is fundamental in hospital, primary care and long-term
care facility settings, and at local, regional and national levels.

Microbiological diagnostic stewardship programs
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The process of diagnostic stewardship begins with the evaluation, selection, and
implementation of appropriate diagnostic tests in the clinical setting for individualpatients
including suitable sample collection, transport, processing and timely reporting of
results.345 Microbiological diagnostic stewardship programs (MDS or PRODIM, in
Spanish) promote the adequate use of microbiology diagnostic methods.346,
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MDS

include from choice and indication of a microbiological study to decision-making based
on the results. These programs must also be considered as a fundamental part of AMSP.
According to ESGMD and ESGAP (European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) Study Groups for Genomic and Molecular Diagnostics
and for Antimicrobial Stewardship), a good prescription starts with a precise diagnosis,
which is needed to ensure prompt appropriate clinical action and to rapidly translate
diagnostic test results in the laboratory into improved outcomes at the bedside.346

Pre-analytical sample procedures

a. Promoting adequate test indications and specimen handling
The impact of proper specimen handling on patient care is enormous and is key to
achieving accurate laboratory diagnosis and confirmation.348 While the collection of
microbiology specimens depends on another group of professionals, CMs must be
available for advice on the diagnosis of infectious diseases to ensure the correct indication
and management of tests and the selection of the best quality samples and their collection,
transport, and storage. They also must guide physicians to resolve problems with
specimen submissions. Moreover, assurance of adequate conservation and immediate
delivery to the microbiology laboratory is necessary to guarantee the continuity of the
process regardless of the reception time.
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Management of the adequacy of the laboratory test requests
CMs must provide clinician’s guidance to ask for conventional or new diagnostic
tests and appropriate testing strategies. They should monitor the use of these tests and
introduce educational programs to reduce overuse among high test users.345 For this
purpose, electronic or on-line laboratory request forms also favor adequate decisionmaking.

Analytical phase

a. Improved culture and identification systems and rapid diagnostic techniques
Recent advances in microbiological diagnostics are providing clinicians with rapid
identification of microorganisms and their susceptibility, leading to use the most adequate
antimicrobial therapy to improve clinical outcomes and reduce unnecessary treatments.
Since diagnostic uncertainty is a significant contributor to the overuse of antibiotics,
microbiologists must advocate for the introduction of adequately assessed new
technologies to enhance patient care, taking into account which microbiological testswill
be implemented, based on prevalent or problematic organisms within the hospital
setting.349 Consideration should also be given to the sensitivity and specificity of each
test, as variability exists among different rapid diagnostic technologies and organisms.350
On the other hand, evaluation of the cost-effectiveness of new diagnostic tests is
mandatory.351, 352 CMs should discuss with the AMS team the justification of expenditures
on new technologies and must also update clinicians about the new rapid diagnostic
techniques implemented in their laboratory in order to achieve a positive impact on
infection management.353
The following recommendations on specific clinical indications related to rapid
diagnostic techniques were published in the 2016 by the Infectious Diseases Society of
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America (IDSA) and the Society for Healthcare Epidemiology of America (SHEA)127 and
are discussed:
1. Rapid identification of organisms from blood is a critical component in providing

quality healthcare. The combined use of matrix-assisted laser desorption and ionization
time-of-flight (MALDI-TOF) from blood-cultures and real-time AMS intervention allow
early optimization of antimicrobial therapy and provides significant hospital savings.147,
354

New technologies provide rapid identification and detection of resistance markers

directly from blood (nuclear magnetic resonance testing) or rapid identification and
antimicrobial susceptibility from positive blood cultures (Gram stain, peptic nucleic acid
fluorescent, morphokinetic fluorescent cellular analysis, nephelometry, syndromic rapid
multiplex polymerase chain reaction, microarray-based or nanoparticle probe
technology). These diagnostic techniques improve the management of patients with
bloodstream infections, particularly those infected with resistant organisms such as
extended-spectrum beta-lactamase-producing or carbapenem-resistant Enterobacterales.
They are relatively easy to implement and most seem to have a favorable cost-benefit
balance. Their use is associated with statistically significant improvements in time to
initiation of appropriate antibiotic therapy, rates of recurrent infection, mortality, length
of stay, and hospital costs in several studies. Their implementation needs to be adapted to
local resources and be fully integrated into the AMSP of the hospital.355, 356 The use of a
rapid diagnostic test can also reduce unnecessary antimicrobial exposure and increase the
appropriateness of empirical antibiotic therapy in pneumonia,357 central nervous system
and gastrointestinal infections, although more studies to evaluate their full impact are
needed.358
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2. The use of rapid viral testing for respiratory pathogens (antigen, immunoassay, direct

fluorescent antigen or molecular test) seems to reduce inappropriate antibiotic use in
addition to the indication of other ancillary test orders.127
3. Invasive fungal infections (IFI): experts recommend incorporating non-culture-based

fungal markers to optimize antifungals use in patients with haematological malignancies
at risk of IFI.127 The results of these tests should be included in a decision algorithm,
together with the suspected pathogens, the possibility of colonization, the medical history
of the patient (clinical presentation, historical microbiological data and risk factors for
multidrug-resistant infection) and local epidemiology.

b. Fast-track protocols for selected patients
CMs should improve laboratory workflows to reduce time to microorganism
identification and AST and obtain results on the first day of diagnosis in selected patients
based on the severity of infection or individual risk (sepsis alert, admission to an intensive
care unit or immunocompromised patients).359 A timely reporting of the diagnosis in these
cases is as important as the use of rapid diagnostic tests, and time between processing and
transmission of critical results should be as short as possible.

Post-analytical considerations

CMs should provide the information of the results to the responsible physician and
the AMS team in a way that decision making is facilitated. Strategies include cascade
reporting of AST results, the introduction of advisory statements, and not reporting the
identification and susceptibility data in case of commensal microbiota349. Microbiologists
must keep up with changes regarding susceptibility breakpoints defined by the European
Committee on Antimicrobial Susceptibility Testing (EUCAST), and provide reports on
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local patterns of susceptibility by periodic elaboration of accurate cumulative antibiogram
reports.

a. Interpretation of microbiological results. Information pathways
Special attention should be paid to the form and way results are reported to
clinicians. Microbiology laboratories must issue intelligible, judicious, clinically relevant
reports within the shortest possible time. These reports must be clear, especially if they
include new species, unusual mechanisms of resistance or information about specific
resistance genes. If explanatory comments are necessary, they should not be excessively
long, but rather easy and quick to read.
When the laboratory implements a rapid diagnostic test, providers must be alerted
to results in real-time.346 Also, results from blood cultures and other sterile samples, and
first isolates of epidemiological relevant microorganisms such as Mycobacterium
tuberculosis, C. difficile or MDRO must also be reported in real time. Negative results
may be of particular relevance in patients with suspected sepsis, unknown source of
infection or for monitoring severe infections. Active read-back reporting on alert systems
ensures that results have been received in a timely manner, and are better than passive
reporting requiring the clinician to continually check the medical records.345,
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Other

traditional information channels such as phone calls or message systems are alternatives;
they are complementary to face-to-face advice during daily ward rounds. Person-toperson communication provides reliable transfer of information optimally, increases team
feeling, and heightens appreciation of the CMs value. In a recent Danish study,361 the
investigators observed an improvement in the reassessments of the antibiotic treatments
at a hospital where a CM was present at ward round.

b. Interpretation and selective information of antibiograms
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The method used by the microbiology laboratory to communicate the results,
selective reporting and instructions on the interpretation of results can have an important
impact on prescribing habits. According to the ECDC,362 CMs should ensure that AST
and reporting of results are in accordance to treatment guidelines and EUCAST standards.
Selective reporting of AST is the practice of reporting susceptibility results for a
limited number of antibiotics instead of all the antibiotics tested.363 Previous studies
suggested that selective reporting may improve the quality of antibiotic prescriptions,
mainly in urinary tract infections.364 Cascade reporting is a type of selective reporting in
which susceptibility results of secondary antibiotics (either more costly or with broader
spectrum) are only reported if an organism is resistant to the primary antibiotic within a
particular antibiotic class. Regulatory authorities provide guidance for testing and
reporting susceptibilities for specific organisms but do not cover all organism-antibiotic
combinations.364 Although data that demonstrate the direct impact of these strategies on
prescribing are limited, some form of selective or cascade reporting is reasonable. Written
AST reports usually also include specific commentaries to guide clinicians in their
antibiotic prescriptions. These commentaries or additional messages have not been
studied extensively but must follow general recommendations and should provide clear
and concise messages based on local experience.333 Nonetheless, a recent ESCMID
survey conducted in 36 European countries and Israel reported that selective reporting
was in place in only 11 of these nations. The most frequent application was in
uncomplicated community-acquired infections, particularly urinary tract and skin and
soft-tissue infections. Several barriers to implementation were reported, mainly the lack
of precise guidelines, poor system support, insufficient resources, and lack of professional
capacity.353

59

c. Cumulative antimicrobial susceptibility reports. Stratified antibiograms
Microbiology laboratories must provide at least an annual cumulative
antimicrobial susceptibility report for specific antibiotic-organism combinations, which
is critical for the local guidelines for empirical therapy127,

365

and monitoring over time

the local resistance trends.366 Although there is currently limited evidence that stratified
antibiograms (e.g., by ward or age if at least 30 isolates are available for each organism)
lead to improved empiric antibiotic therapy, stratification can provide significant
differences in susceptibility, which can help the AMS team to develop optimized
treatment recommendations and guidelines for different wards. A single institutional or
hospital-wide antibiogram may mask significant susceptibility differences across units
within an institution (ICU vs non-ICU settings, or medical vs surgical wards), or by
population age group, infection site, patient comorbidities, acquisition (community vs
healthcare-associated).

d. Clinical decision support system for the prescription of antibiotics
In the 2012 PROA consensus document,1 computerized support systems were
described as a tool for clinical decisions in the prescription of empirical antibiotic
treatment. As indicated in the section dealing with e-tools of this manuscript (see above),
these systems use patient-specific data including microbiological results and integrate this
information with local epidemiological data and therapeutic site-guidelines through
artificial intelligence or machine learning to make more precise recommendations.
Currently, there is limited information about the impact of using these systems.
Nevertheless, before implementing such a system in a center or a network of centers, it is
necessary to adapt the system to the LIS, and to know the structure of information
available and the preferential work approaches of the users.367
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Epidemiological surveillance of multidrug-resistant pathogens

The microbiology laboratory plays a central role in epidemiological surveillance
because it is the generator of the essential information, by establishing if any bacterium
meet the multidrug-resistance criteria, detecting the responsible mechanism, determining
if a hospital outbreak has occurred or, in specific cases, the clone causing the outbreak
and if is imported or emerging.368 Antimicrobial resistance surveillance systems are a
fundamental tool as long as they analyze microbiological, clinical, and epidemiological
data from a One Health approach (humans, animals and environment).

Institutional role. Integration in the AMS team

AMS multidisciplinary teams are a critical component of any AMSP.369 The
participation of CMs in these teams is mandatory, and their tasks in the team must be
considered as an additional healthcare activity. As full members of the team, the
responsibilities of CMs include tasks related to coordination, planning, post-prescription
review and feedback activities.

Guidance recommendations for diagnostic stewardship:
-

Diagnostic stewardship principles should be part of any AMSP.

-

The adequacy of laboratory test requests and correct handling of specimens should
be promoted among the activities of the AMSP.

-

Rapid microbiological diagnostic techniques for the adequate samples and
patients, and rapid identification and susceptibility testing from positive blood
cultures should be implemented and associated with rapid active reporting and
antimicrobial stewardship interventions.
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-

The use of rapid viral diagnostic testing for respiratory pathogen should be
promoted in the appropriate settings.

-

Non-culture-based fungal markers in patients with haematological malignancies
at risk of IFI must be implemented and associated with appropriate interpretation
criteria to both improve diagnosis and facilitate adequate use of antifungals.

-

Fast-track protocols for selected patients (critical or immunocompromised
patients) must be designed and implemented.

-

Provide cascade or selective reporting instead of over-reporting all tested
antimicrobials.

-

Provide periodical data on cumulative antimicrobial susceptibility for optimizing
empirical therapy, with appropriate stratification of data whenever possible.

-

Surveillance programs of multidrug-resistant pathogens for the detection of
outbreaks and emerging new clones must be implemented.
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Table 1. Studies reporting results of antimicrobial stewardship interventions in Critical Care
Units.
Referen
ce

Type of
ICU, no. of
beds

34

Medical
24-beds

39

Cardiothoracic
11 beds

40

Medical
10 beds

No. of
patients
and
population
characterist
ics
282
prescription
s; 182
patients
Patients
receiving
antibiotics

Study design
and
intervention

Duration
of
interventio
n

Outcomes

Results and
comments

Before
(retrospective)
- after
(prospective)
PAIFa

2 years

Antimicrobi
al
consumptio
n
Patient´s
safety
Rate of
multidrugresistant
organisms
Healthcare
costs

Before-after.
Rounds with a
clinical
microbiologist
(5 days per
week)

4-year
period

Length of
mechanical
ventilation
and ICU
stay
Occurrence
of acute
kidney
injury
30-day
mortality

Interrupted
time series
analysis.
3-weekly
rounds with
an infectious
diseases
specialist,
interactive
teaching
courses, daily
contact with
microbiologist

5-month

Changes in
the level
and/or
linear trend
of the
prevalence
of
appropriate
antibiotic
therapies
around day
3

Decrease of
antimicrobial
consumption
including
broadspectrum
antibiotics
No patient
safety events
Decrease of
MDR A
baumannii
and MRSA
rates. No
effect on
multidrugresistant K.
pneumoniae
(concomitant
outbreak)
Significant
improvement
of
appropriate
empirical
treatments,
compliance
with
guidelines,
number of
deescalations;
decrease in
time to
optimization
of
antimicrobial
therapy
The
intervention
triggered a
more
frequent
reassessment
of the
diagnosis
between day
2 and day 4
and slightly
improved the
adaptation of
antibiotic
therapies to

37 patients
Bloodstream
infection

81
prescription
s
Empiric
antibiotic
therapy
courses

90

41

Medical,
surgical

196 patients
Patients
receiving
imipenem or
piperacillintazobactam

42

Medical,
surgical,
burns,
cardiovascu
lar, surgery
48 beds

4697
patients on
day 3 or 10
of broadspectrum
antibiotics

43

Surgical
12 beds

44

Medical and
surgical
16-beds

Before-after.
PAIFa;
e
valuation by
an Infectious
Diseases
physician; a
pharmacist
communicate
d
the
recommendati
ons
Interrupted
time series
analysis.
PAIF;
reviewed by
the senior
Infectious
Diseases
pharmacist
for
optimization

Feb- May
2006
Oct 2006Jul-2008
Sep-2008
Feb-2009

Mortality
Emergence
of resistance
Appropriate
antimicrobia
l
selection
Length of
stay

1 year

Broadspectrum
and overall
antibiotic
use
Gramnegative
susceptibilit
y
C. difficile
rate
Length of
stay,
mortality

2,422
patients (all
admissions)

Before-after
Antimicrobial
stewardship
programme
with a
procalcitonin
guided
protocol

2010-2012

Antibiotic
use density
Changes in
antibiotic
classes

269 patients.
Positive
microbial
cultures, and
receiving
antimicrobia
ls

Before-after
Education,
expert
consultation,
PAIFa

4 months

Decision to
treat
cultures
from sterile
sites
compared
with
nonsterile
sites
Documentat
ion of
antimicrobia
l use
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positive
microbiology
Improvement
of
appropriate
antimicrobial
selection and
prevention of
resistance

Reduction in
the use of
broadspectrum
antimicrobial
agents
Decrease in
incidence of
nosocomial
C. difficile
infections
Increase in
gram
negative
susceptibility
to
meropenem
Decrease in
total
antibiotic use
density
Change in the
spectrum of
antibiotics
No impact on
clinical
variables
A significant
increase in
the treatment
of sterile-site
cultures and
reduction in
the treatment
of nonsterilesite cultures.
Increased
explicit
antimicrobial
regimen
documentatio
n in formally
documented
stop dates
and regimen
de-escalation

a

45

Medical,
surgical
12 beds

142
prescription
s
Patients
receiving
antibiotics

Before-after
PAIFa

3 months

The cost
and
utilization
of
antimicrobia
ls
Hospitalacquired C.
difficile
rates

46

Medical
24 beds

246 patients.
Patients
receiving
antibiotics

Before
(retrospective)
- after
(prospective)
PAIFa

6 months

Guidelines
compliance
Antimicrobi
al
expenditure
Healthcare
costs

47

18 neds
Medical and
surgical

5002
patients
All admitted
patients

Before
(retrospective)
- after
(prospective)
PAIFa

9 years

Antimicrobi
al
consumptio
n
Antimicrobi
al costs

48

25 beds
Medical and
surgical,
surgical and
trauma

2717
patients
All admitted
patients

Before
(retrospective)
- after
(prospective)
PAIFa

2

PAIF: prospective audit with intervention and feedback
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ye
ar
s

Antimicrobi
al
consumptio
n
Patient´s
safety
Rate of
multidrugresistant E
coli and P
aeruginosa

Reduction in
the cost of
antimicrobial
drugs.
Decrease in
the use of
broadspectrum
antipseudomo
nal
antimicrobial
agents
No
differences in
hospitalacquired C.
difficile,
mortality
rates or
severity of
illness.
Higher
guideline
compliance;
decrease in
antibiotic use
(included
broadspectrum)
Reduction in
mechanical
ventilation
duration,
length of stay
and hospital
mortality
Reduction in
healthcare
costs
Decrease of
antimicrobial
consumption
Cost savings
(up to one
million
euros)
Decrease in
antimicrobial
consumption
No patient
safety events
No effect on
E coli and P
aeruginosa
resistance
patterns

TABLE 2. Effective minimum total antibiotic duration for frequent uncomplicated
pediatric infectious diseases.
Diagnosis*
Acute bacterial pharyngitis

Days
10

Acute bacterial sinusitis
Community-acquired pneumonia
Ventilator-associated pneumonia

10
5
7-8

Pyelonephritis

7-10

Cellulitis
Septic arthritis
Acute osteomyelitis
Staphylococcus epidermidis
bacteraemia
Gram-negative bacteraemia

5-7
14-21
21-28
5-7

Comments
5-7 days might be sufficient if
eradication of S. pyogenes is
not mandatory
10 days if Pseudomonas spp. or
Acinetobacter spp.
10 days for children < 6 months
old
7-10 days if preseptal cellulitis

7-10

*Otitis media is not included as antibiotics are not systematically needed
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TABLE 3. Quality indicators in surgical antimicrobial prophylaxis (SAP).

Indicator
Proportion of adherence to appropriate
indication of SAP, selection and dosage
of SAP according to protocol

Formula
No. of interventions in which SAP was
administered among those with
indication /No. of all surgeries in which
SAP was indicated x100
No. of interventions in which SAP was
administered among those without
indication/ No. of all surgeries in which
SAP was not indicated x100
No. of surgeries with appropriate choice
of drug and dose for SAP/No. of
surgeries in which SAP was administered
x 100
No. of intervention with SAP
administered within 60 minutes before
incision/No. of interventions in which
SAP was administered x 100
No. of interventions in which SAP had
ana appropriate duration according to
local protocol/ No. of interventions in
which SAP was administered X 100

Proportion of adherence to drug and
dosing in SAP
Proportion of adherence to the
appropriate timing for administration of
SAP
Proportion of adherence to appropriate
duration of SAP

In all cases, a selected representative sample of interventions can be used.
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TABLE 4. Recently approved antimicrobials in Europe
Drug
Name

Spectrum

Dose

Approved
Indications*

Comments

Ceftaroline

Gram-positives
(including multidrugresistant S.
pneumoniae, MRSA),
Gram-negative species
(Haemophilus spp.,
Moraxella catarrhalis,
Enterobacterales)

600 mg/12 h

SSTI
CAP

For off-label use in
MRSA bacteremia
and VAP, 600 mg
iv/8 h is
recommended
Not active against
Enterobacterales
producing ESBL,
AmpC or
carbapenemases

Ceftobiprole

Gram-positives
(including multidrugresistant S.
pneumoniae, MRSA)
Gram-negative species
(Haemophilus spp.,
Moraxella catarrhalis,
Enterobacterales,
Pseudomonas
aeruginosa)

500 mg/8 h
0.5 g x 3 iv
over 2 hours

CAP
HAP (excluding
VAP)

Not active against
Enterobacterales and
P. aeruginosa
producing ESBL,
AmpC and
carbapenemases

Ceftolozane
+
tazobactam

Gram-negatives
(Enterobacterales
including ESBL- and
AmpC producers,
Pseudomonas
aeruginosa)

1.5 g IV/8h
(1 g
ceftolozane
/500 mg
tazobactam) for
UTI, IAI

Complicated
UTI
Complicated IAI
Pyelonephritis
HAP/VAP

Active against P.
aeruginosa expresing
efflux pumps

Limited activity
against anaerobes,
Gram-positive cocci,
Acinetobacter spp.,
Stenotrophomonas
maltophilia,
Enterobacterales
producing AmpC,
carbapenemases, or
metallo-β-lactamases.
Ceftazidime
+ avibactam

Gram-negatives
including
Enterobacterales
producing ESBL,
KPC, AmpC, and
several class D βlactamases, and
Pseudomonas
aeruginosa

3 g IV/8h
(2 g
ceftolozane/1 g
tazobactam)
for HAP/VAP

2.5 g IV/8
(2 g
ceftazidime/ 1
g avibactam)

Limited activity
against anaerobes,
Gram-positives cocci,
Acinetobacter spp.,
Stenotrophomonas
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Complicated
UTI
Complicated IAI
Pyelonephritis
HAP/VAP

maltophilia,
Enterobacterales
producing AmpC,
carbapenemases, or
metallo-β-lactamases.
Meropenemvaborbactam

Same activity as
meropenem plus
KPC producing
Enterobacterales. Not
active against OXA-48
or metallo-betalactamase producing
Enterobacterales

4 g IV/8h
(2 g
meropenem/ 2
g
vaborbactam)

Complicated
UTI
Complicated IAI
Pyelonephritis
HAP/VAP
Infections due to
aerobic Gramnegatives with
limited treatment
options

Imipenemrelebactam

Same activity as
imipenem plus KPC
producing
Enterobacterales, and
80% of carbapemenresistant P.aeruginosa.
Non active against
OXA-48 or metallobeta-lactamaseproducing
Enterobacterales
Gram-negative bacilli
including ESBL-,
Amp-C-,
carbapenemasemetallo-betalactamase- producing
Enterobacterales
Carbapenem resistant
Pseudomonas
aeruginosa
Acinetobacter spp., S.
maltophilia.
No activity against
Staphylococcus spp.
Enterococcus spp., and
anaerobes
Gram-positive and
Gram-negative
organisms expressing
tetracycline resistance
mechanisms.

500 mg of
imipenem/ 250
mg of
relebactam
every 6 hours

HAP/VAP
including
bacteremic
infections
Infections due to
aerobic Gramnegatives with
limited treatment
options

2 g iv/8 h

Infections due to
aerobic Gramnegative bacteria
with limited
treatment options

New mechanism of
action (siderophore).
Not affected by porin
mutations

1 mg/kg / 12 h

Complicated IAI

IV and oral
formulations

200 mg once
daily iv or by
oral route

SSTI

Demonstrated activity
against linezolidresistant
staphylococci (only
active if resistance is
mediated by the cfr
gene, not active if

Cefiderocol

Eravacycline

No activity against P.
aeruginosa
Tedizolid

Gram-positive
pathogens including
MRSA, enterococci,
and coagulase-negative
staphylococci
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other mechanisms of
resistance are present)
Dalbavancin

Oritavancine

Delafloxacin

Gram-positives
including MRSA,
Enterococcus spp.
Enterococci (except
vanA- VRE), and
coagulase-negative
staphylococci

1000 mg iv
over 30 min
followed by
500 mg one
week later, or a
single dose of
1500 mg

SSTI

Gram-positives
including MRSA,
enterococci and
coagulase-negative
staphylococci

1200 mg iv
over 30 min
only one dose
If multiple
dose:
800 mg
weekly, or
1200 mg every
10-15 days

SSTI

Gram-positives
including MRSA,
coagulase-negative
staphylococci, S.
pneumoniae, S.
pyogenes, S.
agalactiae and
Enterococcus faecalis.
Quinolone-susceptible
Gram-negatives
Anaerobes
Mycoplasma
pneumoniae,
Legionella
pneumophila,
Chlamydia
pneumoniae

300 mg iv/12h
450 mg po/12h

SSTI
CAP

Long half-life (14
days)
Activity against
linezolid-resistant
staphylococci

Long half-life (14
days)
Activity against
linezolid-resistant
staphylococci
Activity against VRE
including VanA
isolates
First anti-MRSA
fluoroquinolone

*SSTI: skin and soft-tissue infections; CAP: community-acquired pneumonia; HAP: hospitalacquired pneumonia; VAP: ventilator-associated pneumonia; UTI: urinary tract infection; IAI:
intraabdominal infection.
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TABLE 5. Intervention functions matched to behavioural determinants (filled boxed). Adopted from Michie et al.321

Intervention functions
COM-B
Environmental
Education Persuasion Incentivisation Coercion Training Restriction
Modelling Enablement
components
restructuring
Physical
capability
Psychological
capability
Physical
opportunity
Social
opportunity
Automatic
motivation
Reflective
motivation
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Table 6. Mapping and definition of intervention functions, behavioural change techniques and their incorporation to antimicrobial stewardship
interventions.317, 322 The most frequent are highlighted in bold.

Intervention
function

Aim

Behaviour change techniques (BCT)*
•

Education

Increase knowledge or
understanding

Persuasion

Use communication to induce
positive or negative feelings to
stimulate action

Incentivisation

Create an expectation of reward

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Information about health, social and
environmental consequences
Feedback on behaviour and on
outcome(s) of the behaviour
Prompts/cues
Self-monitoring of behaviour
Behavioural experiments
Information about emotional consequences
Information about others’ approval
Credible source
Information about health social and
environmental consequences
Feedback on behaviour and on outcome(s)
of the behaviour
Information about others’ approval
Framing/reframing
Identity associated with changed behaviour
Identification of self as role model
Salience of consequences
Social comparison
Feedback on behaviour and on outcome(s)
of behaviour

99

Intervention component

•
•
•
•
•

•

Educational meetings or sessions
Antibiotic rounds330
Academic detailing (one-to-one
encounters)331, 332
Educational contents (infographics)
Reminders 333, 334

Academic detailing (one-to-one
encounters) 324, 325

•

•
•
•
•
•
•
•
•
•
•
•
•
•

Coercion

Create an expectation of punishment
or cost

Training

Impart skills

•
•
•
•
•
•
•
•
•
•

Monitoring of behaviour and outcome of
behaviour by others without evidence of
feedback
Self-monitoring of behaviour
Paradoxical instructions
Remove aversive stimulus
Reward approximation
Rewarding completion
Situation-specify reward
Social rewarding
Behavioural contract
Commitment
Discrepancy between current behaviour and
goal
Imaginary reward
Feedback on behaviour and on outcome(s)
of behaviour
Monitoring of behaviour and on outcome(s)
of behaviour by others without evidence of
feedback
Self-monitoring of behaviour
Punishment
Behaviour cost
Remove reward
Future punishment
Behavioural contract
Commitment
Imaginary punishment
Instruction on how to perform a behaviour
Feedback on the behaviour and on
outcome(s) of behaviour
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•

Audit and feedback of results over
time 331

Enablement

Increase means or reduce barriers to
increase capability (beyond
education or training) or opportunity
(beyond environmental
restructuring)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Self-monitoring of behaviour
Behavioural practice/rehearsal
Habit formation
Habit reversal
Graded tasks
Behavioural experiments
Mental rehearsal of successful performance
Self-talk
Self-reward
Social support
Goal setting (behaviour / outcome)
Adding objects to the environment
Problem solving
Action planning
Self-monitoring of behaviour
Restructuring the physical environment
Review behaviour and outcome goal(s)
Social support (emotional)
Reduce negative emotions
Conserve mental resources
Pharmacological support
Self-monitoring of outcome(s) of behaviour
Behaviour substitution
Overcorrection
Generalisation of a target behaviour
Graded tasks
Avoidance/reducing exposure to cues for the
behaviour
Restructuring the social environment
Distraction
Body changes
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•

Academic detailing (one-to-one
encounters) 331, 332

Modelling

Provide an example for people to
aspire to or emulate

Environmental Change the physical or social
restructuring
context

Restrictions

•
•
•
•
•
•
•
•
•

Behavioural experiments
Mental rehearsal of successful performance
Focus on past success
Self-talk
Verbal persuasion about capability
Self-reward
Behavioural contract
Commitment
Discrepancy between current behaviour and
goal

•

Demonstration of the behaviour

•
•
•
•
•
•
•
•
•
•

Adding objects to the environment
Prompts/cues
Restructuring the physical environment
Cue signalling reward
Remove access to the reward
Remove aversive stimulus
Satiation
Exposure Associative learning
Reduce prompt/cue
Restructuring the social environment

Use rules to reduce the opportunity
to engage in the behaviour (or to
increase behaviour by reducing
opportunity to engage in competing
behaviours)
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•

Reminders 333, 334

•

Expert approval 335

