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What is diagnhostic stewardship and why has it emerged as a new strategy
to combat antibiotic resistance?

Diagnostic stewardship is the promotion of judicious microbiology testing practices

to inform safe, effective, and efficient patient management and treatment decisions.1:2
Diagnostic stewardship interventions can target various steps of the diagnostic-treatment
decision process, such as clinical decision support tools to optimize selection of diagnostic
tests or strategies to improve sample collection and handling practices (pre-analytic),
optimizing laboratory processing (analytic) and modifications in how test results are
reported (post-analytic).3# These strategies aim to support clinicians in appropriately
deciding when to send which diagnostics, accurately interpreting test results, and making
well-informed treatment decisions. Diagnostic stewardship may be considered an extension
of antimicrobial stewardship, a well-recognized strategy to combat antibiotic resistance

by optimizing antimicrobial selection and reducing antibiotic over-use.> In comparison

to antimicrobial stewardship, diagnostic stewardship targets an earlier step of the clinical
management process that can occur before a patient is prescribed antibiotics (Figure 1).
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In pediatrics, antibiotic resistance is rising with up to 10% of Gram-negative bacteria
resistant to carbapenems,-8 particularly among hospital-associated infections (HAIs).® This
a troublesome trend when antibiotic-resistant infections increase the odds of death, prolong
duration of hospitalization and increase healthcare costs.1%-12 Concurrently, advances in
technology and medical care have improved survival of children leading to a growing
population of children with complex chronic conditions who may require prolonged

and recurrent admissions.23-15 These complex patients are vulnerable to morbidity from
healthcare-associated infections (HAISs) such as such catheter-associated bloodstream
infections, urinary tract infections, or pneumonia.16:17 Not surprisingly, most pediatric
intensive care unit (PICU) patients are treated with antibiotics, but there is also variability in
use.18:19 Therefore, there is a need to employ multi-faceted and interdisciplinary strategies
to optimize management of both diagnostics and antimicrobials in critically ill children.
Diagnostic stewardship can help reduce avoidable testing among patients with a low pre-test
probability of infection, which may help reduce avoidable antibiotic treatment.

What are pitfalls of common microbiology testing approaches and why can
they lead to over-diagnosis and treatment of infections?

Microbiology testing, either traditional culture-based methods or molecular testing, has
limited ability to definitively identify infection. However, positive test results can be
misinterpreted by clinicians as definitive evidence of infection, which drives antibiotic
treatment. In reality, detection or growth of bacteria can reflect one of three scenarios:

. Pathogen: bacteria causing active infection

. Contamination: bacteria that accidently were incorporated into the specimen
during collection or processing

. Colonization: bacteria present on the tissues but not involved in the infectious
process

This issue may be even more pronounced with increasingly sensitive molecular testing.

For example, Clostridium difficile (C. difficile) nucleic acid amplification testing has high
sensitivity to detect presence of genetic material but does not confirm infection.2 Especially
if tests are obtained in the absence of clinical signs and symptoms of an infectious process,
treatment for positive microbiology tests leads to possible harm with avoidable antibiotic
treatment. Therefore, the decision to obtain a diagnostic test and the interpretation of results
must be considered within the clinical context of the patient and supportive clinical data
rather than relying on the test as confirmative evidence of infection.

What are benefits of diagnostic stewardship as a strategy to improve
guality and value of healthcare?

There are multiple downstream benefits of improving microbiology testing practices.
The benefit of diagnostic stewardship is well established in the case of C. difficile
where reductions in testing among patients with low clinical suspicion for C. difficile
colitis has led to reductions in C. difficile diagnoses?1-22 and antibiotic treatment for C.
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difficile colonization?3 without detrimental impacts to patient well-being. Beyond antibiotic
resistance, avoiding unnecessary antibiotic treatment can improve patient outcomes by
preventing unintended adverse reactions to antibiotics such as acute kidney injury, disruption
to the microbiome, secondary fungal infections, and secondary C. difficile infections.24-26
Mindful testing can also reduce the risk of cognitive biases and diagnostic errors. In
particular, anchoring bias can happen if a clinician focuses on an early piece of information
when determining a diagnosis and prematurely concludes a diagnostic work-up, which can
lead to missing the true diagnosis and possible patient harm.27 For example, if a clinician
obtained a urine culture from a patient when they had a fever and interpreted a positive urine
culture as a UTI and therefore failed to recognize the patient had developed appendicitis.

In addition, reductions in unnecessary C.difficile testing has demonstrated that reducing
false-positive results may improve accuracy of HAI reporting, which in turn impacts hospital
reimbursement and public perceptions of the hospitals quality and safety.?8 Diagnostic
stewardship aligns with concepts of de-implementation2® and the national “Choosing
Wisely” campaign to reduce unnecessary or potentially harmful medical testing, improve
healthcare value and reduce healthcare costs.3%:31 Lastly, diagnostic stewardship often aims
to standardize diagnostic approaches, thereby reducing the risk of unconscious biases around
patient racial or ethnic demographics and supporting more equitable healthcare delivery.

How does diagnostic stewardship embrace interdisciplinary collaboration,
and what is the role of the clinician?

Diagnostic stewardship requires interdisciplinary partnership among the gamut of front-line
healthcare workers. The primary team caring for the patient may be responsible for the
decision to order a test, but other clinicians involved in the patient’s care also play important
roles in testing decisions. Some aspects of diagnostic stewardship may lie beyond the
clinician’s prevue and include optimally obtaining specimens (pre-analytic), processing
(analytic), and reporting the results (post-analytic).2 For example, nurses or technicians

may obtain specimens from patients; ancillary medical staff may help transport specimens;
the microbiology laboratory processes specimens; and both the microbiology laboratory
and electronic medical reporting system are involved in the display and communication of
testing results.

For the remainder of this review, we will focus on diagnostic stewardship from the
perspective of the bedside clinician, and the decision fo obtain or not obtain a test among
hospitalized critically ill pediatric patients. Below, we consider evidence for over-testing and
associated over-treatment of blood, urine, and endotracheal cultures and strategies that have
been associated with improved testing practices. Though equally important to consider for
diagnostic stewardship, we will not discuss molecular pathogen panels (e.g. respiratory viral
panels or gastrointestinal pathogen panels) in this review.
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General Considerations for Diagnostic Stewardship in the Pediatric
Intensive Care Unit

Much of the antibiotic use in the pediatric intensive care unit (PICU) reflects the high
proportion of PICU patients who are ill with confirmed or suspected bacterial infections,
but a significant number of PICU patients likely receive antibiotics in the absence of
infection.32-34 National guidelines and patient safety and quality collaboratives call for
rapid recognition and treatment of suspected infection in children.3536 However, there is
considerable overlap in the clinical presentation of infectious and non-infectious etiologies
of fever, shock, and multi-organ failure in critically ill children. No single symptom, test,
or biomarker can reliably distinguish the two.37-40 Due to this uncertainty, clinicians
understandably may choose to start or continue antibiotic therapy without definitive
evidence of bacterial infection.*! PICU clinicians are faced with the complex task of
ensuring rapid antibiotic administration to critically ill patients with possible or definite
serious bacterial infections, while avoiding or de-escalating antibiotics in patients who do
not need such treatment. This makes the PICU a challenging, but particularly important,
environment for diagnostic and antibiotic stewardship.

Within the PICU setting, diagnostic stewardship strategies can be applied when a clinician is
deciding whether or not to order a microbiology test. Specifically, we propose that there are
three questions the clinical team should ask:

1. Does the patient have signs and symptoms consistent with a particular infectious
disease process?

2. What is the optimal diagnostic test available to the clinician to evaluate for this
infectious process?

3. How should the diagnostic specimen be collected to optimize accuracy of the
results?

Below, we provide a more in-depth review of current literature evaluating blood cultures,
respiratory cultures, and urine cultures in the pediatric hospital setting. Figure 2 summarizes
these questions with example applications to clinical practice.

Blood cultures

Blood cultures are fundamental in the diagnosis and treatment of bacteremia, a primary
cause of sepsis and associated morbidity and mortality in PICU patients.#? National
guidelines call for rapid recognition and empiric broad-spectrum antibiotics for suspected
sepsis because delayed treatment of sepsis is associated with worse outcomes.36 Compared
to the failure to diagnose and treat bacteremia, blood cultures are perceived as a low-risk
test. However, blood cultures are used excessively in PICU patients even when the pre-test
probability of bacteremia is low.42-45 For example, in a review of blood cultures obtained
ina PICU, only 72% and 57% of cases met criteria for systemic inflammatory response
syndrome or sepsis, respectively.*®> Importantly, performing blood cultures on patients with
a very low likelihood of bacteremia increases the chance of obtaining a false positive result,
making proper selection of patients for testing critical.*® False positive blood cultures cause
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patient harm and strain on health care resources: repeat testing, unnecessary antibiotics,
longer length of stay, exposure to additional procedures and consultations, and increased
cost.47.48

There is growing evidence suggesting that blood culture use can be safely reduced using

a diagnostic stewardship approach in the PICU setting without associated increase in
mortality, readmissions, or change in the frequency of blood cultures from patients with
suspected infection or septic shock.4%20 National consensus recommendations describe
clinical scenarios that can be targeted for blood culture reduction.>! For example, avoidable
cultures include surveillance blood cultures in asymptomatic patients, blood cultures in
stable patients with an identified non-infectious or non-bacteremia explanation for a new
fever, and repeat blood cultures in stable patients with persistent fever in whom bacteremia
has already been ruled out. Of paramount importance is the bedside clinician assessment of
the patient to ensure there is no suspicion for sepsis or clinical worsening that would warrant
a diagnostic evaluation for bacteremia. Reflexive practices (e.g. always ordering a blood
culture from a patient with fever and a central venous catheter), the local unit culture, and
fear of missing sepsis have emerged as potential drivers of blood culture overuse; targeting
these factors may be important in further successful reduction of excess blood cultures.>? It
is not yet clear what the potential impact of blood culture stewardship on PICU antibiotic
use may be, although an initial study suggested that it did not lead to unanticipated increase
in empiric broad-spectrum antibiotic treatment.>3

Respiratory cultures

Children requiring invasive mechanical ventilation are at risk for developing ventilator-
associated infections (VAI)?16:17 due to poor clearance of secretions and aspirations
containing bacteria that have colonized the airways.>*-57 The term VAI encompasses
ventilator-associated pneumonia (\VAP) and tracheobronchitis because these diagnoses can
be difficult to distinguish and are commonly treated interchangeably.>8-61 In contrast to
blood, the respiratory tract is not a sterile environment. Bacteria colonize and quickly form
biofilms on artificial airways, which is the primary reason endotracheal cultures have a
low specificity for infection.5-57.62 Even after targeted antibiotic therapy, bacteria such as
Staphylococcus aureus and Pseudomonas aeruginosa persist in the airway.53.64

Clinicians may consider the density of white blood cells or bacteria in an endotracheal
specimen to inform a diagnosis of VAI. Unfortunately, neither white blood cells on Gram-
stains nor bacterial growth or quantity in endotracheal cultures can reliably distinguish
bacterial colonization from invasive infection.65-69 In neonatal, pediatric and adult patients,
endotracheal cultures can have evidence of inflammation and growth of potentially
pathogenic bacteria irrespective of clinical signs or symptoms.66:67.70 Sample collection
practices (e.g., using an existing instead of a new sterile catheter) greatly affect bacterial
growth in cultures.87.71 Furthermore, sample processing, including specimen rejection
criteria, institutional definitions of “normal respiratory flora”, and how microbiology results
are displayed to clinicians, vary widely across clinical laboratories, all of which may impact
clinical interpretation of the results.”?
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Despite the diagnostic limitations, clinicians having a low threshold to obtain endotracheal
cultures (e.g after isolated fever)3:74 and are likely to treat ventilated patients with
antibiotics if the gram stain or culture has purulence or bacterial growth.59.74-76 Strikingly,
treatment for suspected VAls may account for as much as 50% of antibiotic use in the PICU,
emphasizing the potential impact of overtesting.18 This finding is likely a result of clinical
uncertainty in the absence of a gold standard and variability in the diagnosis of VAl among
providers and institutions’> 76 coupled with the desire to minimize morbidity from treatable
infection among medically complex children.13.14.77 Treatment of VAI is critical to prevent
excess mortality and morbidity related to mechanical ventilation among adult patients.’8
Interestingly, in a multicenter prospective cohort of invasively ventilated children, antibiotic
treatment of clinician-suspected VAI did not improve clinical outcomes of mortality, length
of stay or ventilator duration for the overall cohort, though a sub analysis of patients with
endotracheal tubes suggested reduced mortality if treated with antibiotics.”® This finding
underscores the potential significance of distinguishing patients with non-specific clinical
changes from those with infection.

In contrast to blood cultures, there are not yet consensus-based recommendations to inform
specific indications to obtain an endotracheal cultures in evaluation of suspected VAIS.
Two groups have explored the drivers of endotracheal culture use in their PICUs (e.g.

fever or change in secretion characteristics), and used the existing evidence to develop

and implement clinical decision support tools to standardize indications for endotracheal
cultures.”80 |mplementation of these algorithms led to 35-41% declines in the rates of
endotracheal cultures and reduction of antibiotic treatment for VAIs by 59-71% without
changes in mortality, length of stay, readmissions8® or number of ventilator-associated
events.”® Clinical decision support tools that recommend obtaining endotracheal cultures
only from patients with signs and symptoms of a VA, rather than isolated fever or changes
in secretions, thus far appears to be a safe approach to reduce avoidable testing and
treatment while supporting antibiotic treatment of true infections. Further research is needed
to understand the scope of endotracheal culturing practices, define optimal indications for
these cultures, and examine the impact on antibiotic prescribing.

Urine cultures

In the ICU setting, fever in a patient with an indwelling urinary catheter may prompt
testing for urinary tract infection (UTI). Patients with urinary catheters certainly can develop
clinically significant UTI, and these catheter-associated UTIs (CAUTI) contribute to poor
patient outcomes and increased cost.81:82The risk of bacteriuria increases 3—-10% with each
additional catheter day, while only about 1 in 4 patients with bacteriuria will develop a
symptomatic UTI and only 3.6% developed secondary bacteremia.83 Therefore, positive
urine cultures may reflect asymptomatic bacteriuria or catheter colonization that clinicians
may inappropriately treat with antibiotics.84 Diagnostic stewardship strategies, such as
discouraging reflexive urinary testing for patients with fever but no other symptoms of UTI
and only sending urine cultures if urinalysis results are abnormal with evidence of pyuria,
have been successfully applied in adult ICUs and effectively reduced antibiotic treatment
for asymptomatic bacteriuria.84-88 To date, work to facilitate similar stewardship strategies
for urinary cultures in the PICU is limited, despite the significant burden of CAUTI and its
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associated negative consequences on critically ill children.81:89.90 Standardized care bundles
for catheter maintenance and efforts to remove urinary catheters as soon as they are no
longer needed have been associated with improvement in pediatric CAUTI rates, but specific
attention to decision strategies around urinary cultures in the PICU is needed in order to
reduce unnecessary antibiotic use for patients with bacteriuria or colonization without true
infection of the urinary tract.%1

Special populations
Oncology patients in the PICU

Critically ill children with malignancies undergoing chemotherapy present unique
challenges to diagnostic stewardship efforts. Clinicians are understandably hesitant to reduce
diagnostic testing for infection because of their high risk of morbidity and mortality from
infections.47-92-94 However, such patients may also be at higher risk of poor outcomes

from the events that diagnostic stewardship seeks to prevent (i.e., excessive entry into
central venous catheters for frequent blood cultures and adverse effects of unnecessary
antibiotics such as kidney injury and antimicrobial resistance).9®> Examples of diagnostic
stewardship efforts in pediatric oncology patients (in any clinical setting) are limited, but
include investigations demonstrating low yield of repeat blood cultures beyond 48 hours for
children with persistent febrile neutropenia, and safe outcomes for febrile, non-neutropenic
children who did not receive empiric antibiotics.96:97 Pediatric oncology patients were
included in a multi-center quality improvement collaborative that safely standardized and
reduced use of blood cultures in the PICU.%8 Recent Delphi consensus work from that same
collaborative also developed two recommendations focused on blood culture reduction in
this population: for immunocompromised PICU patients with persistent fever without signs
of sepsis or infection and initial negative blood cultures: 1) to avoid repeat blood cultures

if antibiotics will not be changed and 2) if blood cultures are obtained, to avoid repeatedly
culturing more than one lumen of the central venous catheter.>> Concerns about limited
safety data in this population prevented consensus on additional recommendations.5! Efforts
to include pediatric oncology patients in diagnostic stewardship initiatives and research
remain important.

Cardiac surgical patients

Children with congenital heart disease are at increased risk of infections, including higher
severity of illness in the setting of infection owing to frequent occurrence of multi-system
comorbidities and underlying genetic or immune system abnormalities.?® Nosocomial
infections in the perioperative period in particular are associated with higher mortality

rates in these patients, and the use of perioperative extracorporeal membrane oxygenation
(ECMO) support is an independent risk factor for infection.® As with pediatric oncology
patients, specific work in diagnostic stewardship for infections in children in the cardiac ICU
setting is limited. However, there are national society guidelines for infection detection in
patients on ECMO that notably do not recommend routine surveillance cultures.1%0 Pediatric
cardiac ICU patients have also been successfully included in collaborative work to reduce
unnecessary use of blood cultures and respiratory cultures.#9:80.101 Thys there is a precedent
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for diagnostic stewardship work in pediatric cardiac ICU patients that can be expanded with
further study in this population.

Neonatal intensive care unit patients

Antibiotics are the most commonly used medications in the neonatal intensive care

unit (NICU),102 but significant variation in prescribing patterns and duration of therapy
suggest opportunity for improvement.193 Antimicrobial stewardship efforts are increasingly
implemented in the NICU setting.194 The physiologic and logistical complexities caring for
critically ill neonates may make diagnostic stewardship particularly challenging; neonates
are at higher risk of infection and manifest infection in non-specific ways.104105 There have
been significant efforts to improve the assessment and management of early onset neonatal
sepsis, 106 which has demonstrated feasibility of diagnostic stewardship in the NICU and

we encourage future study in this population as there may be significant benefit for fragile
critically ill neonates to limit adverse effects of avoidable antibiotics.

Implementation of Diagnostic Stewardship Strategies in the PICU

The success of a diagnostic stewardship initiative will depend, to a large degree, on the
implementation plan. It is not enough to simply create a new testing algorithm and hope

that clinicians adhere to it. Specific attention to implementation strategies for diagnostic
stewardship clinical guidelines will facilitate their successful translation into clinical
practice.107 Consideration of local context, stakeholder perspectives, and potential barriers
to widespread adoption of a diagnostic stewardship project is of paramount importance.

We therefore encourage the early use of elements of implementation science, a field
dedicated to the study of methods to promote the systematic uptake of evidence-based

or consensus-based practice into widespread clinical care.198 Additionally, concepts from
human factors engineering and quality improvement can offer useful insight and provide
structure to the implementation process. For example, the Systems Engineering Initiative
for Patient Safety (SEIPS) model09 was applied to study the work system around and
drivers of blood culture overuse in the PICU.52110 And an integrated approach of the
“Translating evidence into Practice” (TRIP) modellll was employed in an endotracheal
culture stewardship initiative.8% Other quality improvement tools may be helpful to guide
diagnostic stewardship programs, such as driver diagrams and Plan-Do-Study-Act cycles.112
While a detailed discussion of how to implement diagnostic stewardship in the ICU setting
is beyond the scope of this article, we have outlined the basic recommended steps before,
during, and after implementation of a diagnostic stewardship project in the ICU environment
(Table 1).

Future research recommendations

Considering the ever-growing threat of antimicrobial resistance and the finite limitations

of healthcare resources, it is increasingly clear that we must take definitive action to
optimize the use of microbiologic diagnostic tests and antimicrobial treatments for patients.
Diagnostic stewardship is a critically important tool in our armamentarium. For critically

ill children, data is emerging that the use of blood and respiratory cultures can be safely
reduced, and urine cultures are ripe for similar attention. More work is needed to understand
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the impact on patient outcomes and on antibiotic use. Specific focus is needed among
neonates and children with cardiac or oncologic diseases in order to understand how to best
apply diagnostic stewardship principles to these particularly vulnerable populations. Finally,
evidence regarding optimal strategies to implement diagnostic stewardship for impactful
and sustained practice change is lacking, and implementation science may offer important
insights.
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Synopsis:

In the Pediatric Intensive Care Unit (PICU), clinicians encounter complex decision
making, balancing the need to treat infections promptly against potential harms of
antibiotics. Diagnostic stewardship is an approach to optimize microbiology diagnostic
test practices to reduce unnecessary antibiotic treatment. We review the evidence for
diagnostic stewardship of blood, endotracheal, and urine cultures in the PICU. Clinicians
should consider three questions applying diagnostic stewardship: 1) Does the patient
have signs or symptoms of an infectious process? 2) What is the optimal diagnostic

test available to evaluate for this infection? 3) How should the diagnostic specimen be
collected to optimize results?
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Key Points:

. Diagnostic stewardship is a complimentary approach to antibiotic stewardship
to improve microbiology diagnostic test practices, reduce avoidable testing,
improve validity of test results, and reduce antibiotic use.

. Blood cultures are commonly obtained for evaluation of sepsis, and studies
have shown safe reductions in the use of blood cultures in patients with low
likelihood of bacteremia.

. Endotracheal cultures cannot distinguish infection from bacteria colonizing
invasive airway devices and should be reserved for patients with clinical
suspicion for ventilator-associated infection.

. Diagnostic stewardship of urine cultures using results from urinalysis has led
to safe reductions in treatment for asymptomatic bacteriuria in other settings
and may also apply to PICU patients.

. Clinicians should consider three questions applying diagnostic stewardship: 1)
Does the patient have signs or symptoms of an infectious process? 2) What is
the optimal diagnostic test available to evaluate for this infectious process? 3)
How should the diagnostic specimen be collected to optimize results?
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Diagnostic Antimicrobial
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Figure 1.
Diagnostic stewardship supplements antibiotic stewardship to optimize patient management

of infectious processes.
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/ Bacteremia \

Patient with a CVC has a
new fever to 38.5C

/Urinary tract infection\

Patient with a urine catheter has a
new fever to 38.5C

[ Pneumonia \

An intubated patient has a
new fever to 38.5C

AND is hypotensive, lethargic, with
cold, mottled extremities

AND has dysuria and suprapubic
pain

AND has increased oxygen
requirement, increased need for
suctioning of secretions from the
endotracheal tube, or new infiltrate
on chest x-ray

Does the YES
patient have
signs or

1 symptoms
of an NO
infectious The patient has
process? symptoms

explained by a
non-infectious or
non-bacterial
process.

Received general anesthesia 4
hours ago; is normotensive, awake,
and well perfused.

Culture deferred, continue to
monitor.

Has elevated withdrawal
assessment scores after recent
wean of sedative infusions.
Culture deferred, continue to
monitor.

Was diagnosed with RSV
bronchiolitis day prior. Has thicker
secretions, with stable ventilator
settings and no focal infiltrate on
chest x-ray.

Culture deferred, continue to
monitor.

What is the best diagnostic
2 test available to evaluate for
this infectious process?

Blood culture

Urinalysis and Urine culture

Endotracheal aspirate culture

How should the sample be
3 collected to optimize
results?

Optimal blood volume collected with
clean technique to reduce risk of
contamination.

Urinalysis obtained first and
demonstrates pyuria with WBC>10
per high power field.

A new urine catheter is placed and
fresh urine sent for culture.

A new sterile suction catheter is
used to obtain endotracheal
secretions. Saline instillation is not
recommended.

Example practices inconsistent
with diagnostic stewardship

Automatic blood cultures for all
patients with fever and a CVC

Drawing blood culture from an
existing peripheral intravenous

Automatic urine culture for all
patients
with fever and a urine catheter

Urine culture without
preceding urinalysis

cheter /

Automatic endotracheal culture for
transient changes in secretions
without other signs of pneumonia.

Expectorated sputum culture from
a child unable to expectorate

- AN

Figure 2.

Applying three steps of clinical diagnostic stewardship when assessing for bacterial
infections commonly considered in the Pediatric Intensive Care Unit (PICU).
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Table 1.

Suggested implementation approach for diagnostic stewardship initiatives in the pediatric intensive care unit

Before Implementation

Identify key personnel: a dedicated project champion and a core project team; recommend both an infectious disease
and critical care clinician

Identify required data elements (ex: monthly number of endotracheal aspirate cultures)

Examine the unit’s baseline performance of the metric of interest before implementation and establish a system for
how to analyze that data in each phase of the project

Understand the current/baseline approach to the test of interest in the unit (the current drivers of testing use, and
potential barriers or facilitators to changing practice), via survey, focus groups, or interviews

Reach out to key stakeholders whose perspectives and buy-in will be important for your new approach (e.g.,
leadership, relevant consultants, nurses, respiratory therapists, advance practice providers).

Create the new tool/algorithm for your stewardship initiative that reflects key drivers/barriers/facilitators and
stakeholder perspectives

Establish the balancing metrics and unintended consequences of your practice change and how to monitor for those
after implementation

Implementation

Develop one or more strategies for disseminating the new tool/algorithm to the appropriate end-users (ie, clinicians,
laboratory personnel, etc) in your ICU (e.g., emails, posters, check-lists, educational seminars)

After Implementation

Analyze the use of the test of interest on a weekly or monthly basis to monitor progress, using a run or control chart
if possible

Share this data with the appropriate end-users that your tool/algorithm targeted, using feedback to help drive
behavior change

Monitor for adherence to the new guidelines and for unintended consequences of the practice change

Revise the clinical approach or implementation plan if initial results are suboptimal
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