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ABSTRACT

Audit and feedback (A&F), provision of performance data, can be an effective means to change behaviour.
We hypothesize that A&F may be useful in the complex environment of critical care to address routine
ordering behaviours. This thesis describes a systematic review assessing the use and effectiveness of A&F
for the improvement of intensive care unit laboratory test and transfusion ordering and an analysis of how
these interventions adhere to recent suggestions for best practice. The review identified relatively few
published studies, almost all of which involved multi-component interventions; these were generally found
to be moderately effective. Through development of an evaluation tool, we found recent suggestions for
best practice may be underutilized in existing A&F interventions. This work has identified several priorities
for future research to aid in the optimization of critical care A&F interventions aimed at improving test and
transfusion ordering.
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Chapter 1 Introductory Chapter

Laboratory tests are used extensively in healthcare; in addition to monitoring patient status, tests may be
used for checking medication levels and screening for disease.'” Now ingrained in medical practice,' these
innovative tools provide countless benefits, including detection of disease,’ and identification of specific
cancers and bacterial strains so that treatments may be customized to the patient.*” Laboratory tests can
also provide valuable information to aid in patient management decisions; it has been hypothesized that
over two thirds of patient care decisions are guided by the outcome of laboratory tests.”” As laboratory
results can determine treatment course and whether a patient will be admitted to or discharged from the

hospital, they also have a great impact on further resource use."**’

1712 growth

With a study from as early as the 1960’s remarking an “explosive” increase in laboratory testing,
in healthcare testing has been observed over many years." For instance, an increase of 6-7% was observed
for American hospital laboratory tests over the time period of 1999 to 2006."* In the United Kingdom, an
increase of 24.2% was seen for primary care laboratory tests over the time period of 2005 to 2009.” Another
study found a 6-8% annual rise in tests conducted in Calgary, Alberta.'” In Eastern Ontario (Ottawa
included), just over 13 million tests were completed for the fiscal year of 2015/2016, an increase of 2.1%

from the previous fiscal year."

Overall, laboratory tests are associated with considerable cost. In 2007, the United States laboratory services
industry was expected to yield a profit of 52 billion dollars, with an estimated 6.8 billion tests conducted
per year.'* A 2006 report stated that over 697 million laboratory tests were completed in England over the
span of a year, leading to an expenditure of approximately 2.5 billion pounds.®’ In Canada, growth in
laboratory service expenditure has been observed in several provinces. Between the fiscal years of
1996/1997 and 2001/2002, increases in costs of 8%, 8%, 14%, 15% and 34% were seen for Ontario,
Manitoba, Alberta, Saskatchewan and British Colombia respectively.'® Out of these provinces, Ontario was
found to have the second highest per capita expenditure in 2001/2002 ($90.41)."® A more recent analysis
estimates that Ontario laboratory facilities conducted over 244 million tests during the fiscal year of
2013/2014, which equates to approximately 2.05 billion dollars of funding."’

Inappropriate Use of Resources in Healthcare

During the late 1990s, overuse in healthcare was identified as one of several urgent quality issues by the
Institute of Medicine’s “National Roundtable on Health Care Quality”.'® Waste in healthcare has since been
a focus of concern at dedicated workshops and conferences, such as “the Institute of Medicine (IOM)
Roundtable on Value & Science-Driven Health Care” workshops'® and an “Avoiding Avoidable Care”
conference.”*' Of U.S. health services expenditure, an upper value of 30% has been approximated to be
unnecessary.'****>* This figure is consistent with a more recent analysis of several Canadian tests and
interventions which observed that 30% may have been avoidable.”* A commonly cited motivation behind
reducing unnecessary healthcare is a financial one.”” However, inappropriate medical care may also cause
adverse events, and can affect the care of other patients by reducing the availability of resources.”**° Raising
awareness about potentially unnecessary healthcare services has thus become an important priority for a

variety of reasons.



Inappropriate Testing

Unnecessary testing is commonly identified as a focus for cost containment programs, due to the cascading

8,27,28

effect of tests on further resource use. While it can be difficult to articulate a general definition for an

‘inappropriate’ test, several have been suggested in the literature. In a study that looked at the self-reported
and perceived ‘unnecessary’ ordering by residents, the authors used the definition of “a test that would not
change management regardless of its result”.”” Several additional scenarios were identified in another

EE N3

article; laboratory tests that are “repeated at too frequent intervals,” “ordered when clinical assessment is

29 ¢ 29 G

redundant laboratory tests

ordered concurrently” and those which “[do] not affect management or prognostication”.’ A recently

superior,” “ordered to confirm an expected response to a routine intervention,
published textbook, focussed on laboratory utilization management, also conveyed the difficulty in
providing a definition for inappropriate tests and stated that, “Although clinical guidelines exist for some
types of testing, often there is no peer-reviewed literature defining appropriate test utilization... In most
cases we rely on local clinical experts to provide guidance or meet with clinicians to try to reach a
consensus.”’

Evidence to suggest inappropriate ordering of laboratory tests is the observed variation between providers
and institutions without discernible differences in patient outcomes.”'' Studies have shown variation in
provider and institution test ordering (or resource use including laboratory tests) in primary, outpatient,
clinic care and inpatient hospital care.””' >’ Some of these studies additionally showed that this variation

137 and length of stay.’' This

occurs without significant differences in patient outcomes such as mortality
suggests that some sites and settings are capable of safely providing care with use of fewer tests, and in turn
that implementation of interventions in settings with variable resource use, may be valuable in reducing

2,31
unnecessary orders.

Many studies have explored the magnitude of inappropriate ordering for a variety of tests and contexts. For
example, studies have estimated the proportion of potentially inappropriate or unnecessary ordering of
jonized calcium tests to be 97%,® arterial blood gas analyses (ABGs) to be 30%,’ blood tests (cholesterol,
hemoglobin A, thyroid- stimulating hormone, vitamin B,, vitamin D, ferritin) to be 16%,* thyroid tests
to be 10%,"" and serum sodium tests to be 5.1%.** A range of 4.5%-95% inappropriate utilization was
documented by a review that included studies from 1966-1997.""* A more recent 2013 systematic review
and meta-analysis, identifying 38 studies between 1997 and 2012, showed a 20.6% mean rate of
inappropriate overutilization." A varied range in inappropriate ordering can therefore be seen across the
literature. Additionally, the spread in test type and setting across these studies suggests that inappropriate
ordering is a widespread issue.

Many studies have also estimated the expenditure associated with these potentially wasteful practices. One
Eastern Ontario study estimated that $13.9-35.9 million dollars-worth of testing may have been redundant
between 1999-2000, for several frequently used tests.”” Another study estimated that potentially
unnecessary repeated tests identified among 103,000 patients cost between $0.6-$2.2 million dollars
throughout the course of one year.*” One criticism of these types of estimations, however, is that it can be

difficult to determine true expenditure reductions associated with reducing unnecessary laboratory tests.”’



Influences on Test Ordering

A number of factors have been argued to contribute to the overuse of laboratory tests. Several of these
factors are dependent on the physician.***> Knowledge of the ordering physician is one such factor, as lack
of knowledge regarding price, the fact that a test is obsolete, or that a test should not be repeated within a
certain timeframe, could lead to the inappropriate ordering of a test.>”**** Fear of medico-legal issues may
lead to defensive and potentially inappropriate test ordering.”** Furthermore, beliefs regarding the utility of
a laboratory test, or uncertainty, may influence a provider’s decision to order.>**** Habit and training have
also been suggested by residents to play a role in the ordering of potentially inappropriate tests.*’

The manner in which tests can be ordered may influence ordering behaviour. For example, presence of a
computer provider order entry (CPOE) system may allow for more efficient, but potentially excessive
ordering.” Further to this, order form format has been shown to affect test-ordering volume. For instance,
the un-bundling of tests (creating separate entities) has been shown to reduce the number of individual tests
ordered.” Similarly, systems by which tests can be ordered repeatedly through one order (standing orders)
may result in unnecessary tests if the healthcare provider does not remember to stop the standing order

42,46,50,51
d‘ >0,

when no longer neede One survey also found that the nomenclature of the tests can lead to

physician uncertainty as to whether they are ordering the correct test.*>>

Aspects of the environment such as hospital characteristics may also affect test-ordering practices. For
example, Zimmerman et al. found that teaching hospitals ordered more blood tests for ICU patients, as
compared to non-teaching hospitals.” Certain settings, such as critical care, may order some tests routinely
(based on a time interval) rather than based solely on medical necessity.”*** Additionally, having access to
an arterial line, which facilitates blood sample collection, appears to increase the frequency of blood
sampling.”®”’

Social pressures may influence provider test ordering. Pressure from patients (or the perception that patients
expect testing to be completed) may lead to ordering unnecessary tests.”*~® As well, pressure (real or
perceived) from superiors may lead to junior healthcare providers ordering unnecessary tests.””’ Finally,

another factor affecting test ordering is that of the payment system,***7**¢!

which can vary depending on a
country’s funding model. For example, in payment systems where there is incentive to order particular or

more tests for reimbursement, unnecessary tests may be ordered.
Underutilization

There are also scenarios where a laboratory test may be underutilized. For example, a study assessing an
intervention to improve compliance with the Surviving Sepsis Campaign resuscitation bundle®*® found the
average compliance for ordering lactate tests and blood cultures (in advance of treatment with antibiotics)
to be 61.0% and 64.5% respectively, during intervention implementation.®” This suggests room for
improvement in terms of test ordering for severe sepsis patients.’ In a recent systematic review and meta-

91

analysis assessing “the landscape of inappropriate laboratory testing” however, the authors note that the
topic of underutilization appears to be less well studied in the published literature. The review only
identified eight studies assessing underutilization, in comparison to the 38 studies which assessed
overutilization.' This suggests that a greater number of opportunities to reduce overutilization exist, or at

least have been identified, as compared to opportunities to improve underutilization.



Initiatives for Change

Several organizations have marked judicious test ordering as a major priority through establishment of local
and national initiatives. Choosing Wisely campaigns by the American Board of Internal Medicine (ABIM),
and the Canadian Medical Association/University of Toronto are examples of such initiatives. These
campaigns focus efforts on appropriate test use, as well as the appropriate use of treatments and services.**®
A key message of the Choosing Wisely Canada campaign is that “more is not always better”.®® Both
campaigns put emphasis on the importance of discussions between patients and healthcare providers
regarding the necessity of a treatment or test.”** Currently for Choosing Wisely Canada, 38 lists (227
recommendations) have been developed by different associations, ranging across a variety of specialties
(anesthesiology, critical care, family medicine, general surgery, palliative care, psychiatry, etc.). Table 1

shows examples of several Choosing Wisely Canada guidelines related to test ordering.

Society Summary of Guidance

CMA's Forum on General and Family Practice Issues & “Don’t do annual screening blood tests unless directly
College of Family Physicians of Canada indicated by the risk profile of the patient.”®’
Canadian Anesthesiologists' Society “Don’t order baseline laboratory studies (complete blood

count, coagulation testing, or serum biochemistry) for
asymptomatic patients undergoing low-risk non-cardiac
surgery.”®

Canadian Society of Endocrinology and Metabolism “Don’t routinely test for Anti-Thyroid Peroxidase Antibodies
(anti — TPO).”®

Canadian Federation of Medical Students “Don’t suggest ordering tests or treatments pre-emptively for

Fédération médicale étudiante du Québec the sole purpose of anticipating what your supervisor would
want.””

Canadian Association of Pathologists “Avoid standing orders for repeat complete blood count

(CBC) on inpatients who are clinically/laboratorily stable.””"

Table 1. Examples of Choosing Wisely Canada guidelines related to test ordering.

The geographical span in test and healthcare service utilization initiatives further indicates that this is a
widespread issue, now recognized as a priority. In addition to Canada and the United States, sixteen other
countries have instituted Choosing Wisely initiatives.”> The reduction of unnecessary testing has also been
flagged as a priority by the United Kingdom’s National Institute for Health and Care Excellence (NICE),
which has established guidelines regarding the appropriateness of several laboratory tests prior to elective
surgery.”” Furthermore, a 2014 Canadian Agency for Drugs and Technologies in Health (CADTH) report
identified numerous other provincial and global initiatives working towards improved laboratory test
ordering.” Provincially, Health Quality Ontario (HQO) has published recommendations in regards to
several community-based laboratory tests.”* These recommendations were put forth as a part of HQO’s
“Appropriateness Initiative”, which aims “to develop a systematic framework for the ongoing
identification, prioritization, and assessment of health interventions in Ontario for which there is possible

. 74
misuse, overuse, or underuse.”



Changing Practice

Although the reduction of unnecessary testing has been identified as a priority by these organizations, it
seems there is a lack of published literature documenting how these campaigns, guidelines and initiatives
have impacted ordering practices. A 2014 CADTH report highlighted laboratory utilization initiatives and
noted this gap in the published literature, stating that this makes it difficult to determine which are
successful.” A few studies have assessed changes in practice before versus after publication of the
Choosing Wisely guidelines. One observational study used insurance claims data to assess changes in the
ordering of low-value imaging for back pain after implementation of Choosing Wisely guidance and found
overall a small (3.8%) change in practice.” An earlier study was also completed in 2015, which assessed
changes in claims data for seven services (including imaging, lab testing, medication and antibiotic
prescribing) each of which was associated with a Choosing Wisely guideline.”® This study also found small,
significant decreases for some of the resources (1.1%-1.5%).”® Authors of both papers however reflect on
the fact that further strategies will be required to increase compliance with these guidelines.”"®

Implementation of best practices can be difficult. Surveys have shown awareness/familiarity among
medical professionals (primary care physicians, medical and surgical specialists) with the Choosing Wisely
campaign, with proportions ranging from 21% to 66.7%.”*"" However, studies such as those in a review
have indicated that a multitude of other barriers to using guidelines exist.”® Beyond knowledge and
familiarity, factors such as physician disagreement with the guideline, and discordant patient preferences,
may contribute to non-adherence.”® The “current medical malpractice system”, “patient requests”,
“[recommendations] by specialists”, and “lack of time for shared decision making” were also rated as
barriers to addressing overutilization, by 43.8% or more of surveyed primary care physicians.”
Furthermore, it has been proposed that habitual behaviours are challenging to alter.*””®* As reducing
overutilization requires providers to decrease a behaviour they have likely become familiar with, designing
interventions to change this practice may require additional consideration.

There is a vast literature assessing different interventions that might be used to implement the campaigns
mentioned above. For instance, a systematic review of reviews concluded that ‘active’ Continuing Medical
Education (CME) interventions (i.e. academic detailing) tended to yield better results than ‘passive’
interventions (i.e. printed educational material) in terms of behaviour change.!' Several reviews have
specifically assessed the effectiveness of a variety of clinician behaviour change interventions for the
improvement of provider laboratory test ordering. A review by Kobewka et al.* assessed laboratory test
ordering in all healthcare settings, while systematic reviews by Cadogan et al.*” and Thomas et al.® focussed
specifically on test ordering in primary care. All reviews identified a variety of interventions to have been
tested in the literature, including one or a combination of A&F, education, incentive and penalty, and

8,45,82
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“system-based” or administrative interventions. Moreover, all reviews™ ™" found a variety of

intervention strategies to be effective in changing provider behaviour, with Kobewka et al.’s results
showing multifaceted interventions to have a greater effect than that of single component interventions.™

None of the reviews conducted meta-analyses, due to heterogeneity between studies, and all found that the

8,45,82

literature showed a large range in effect size. Both Kobewka et al. and Cadogan et al.’s reviews

comment on the overall low quality of the included studies, suggesting further work remains to improve

45,82

study conduct, with use of more rigorous study design methods.”"" Additional suggestions for intervention



implementation in the literature include gaining “leadership level support” and taking context-specific

. . . . . 2,45
considerations into account by conducting a barriers assessment.”

Transfusions: A Similar Story

While transfusions are a life-saving therapy, recent initiatives have aimed to reduce their use, as transfusions

30,83-91
’ Even

are associated with non-trivial risks such as nosocomial infection and transfusion reactions.
though the risk of blood-borne diseases, such as Human Immunodeficiency Virus (HIV), have been reduced
through screening, there is still concern for increased risk of infections due to Transfusion Related Immune
Modulation (TRIM).*** Other complications include Transfusion-Related Acute Lung Injury (TRALI) and

Transfusion-Associated Circulatory Overload (TACO).*

The serious potential risks associated with transfusion, and limited supply of blood products have led to
interest in assessing whether transfusions may be given at lower hemoglobin levels, in non-bleeding patients
(i.e. treatment where transfusion is ‘triggered’ by a lower haemoglobin value).**® A Cochrane review
assessing 23 studies comparing liberal and restrictive transfusion strategies found that there were no
significant differences in patient morbidity or mortality.”” The results indicate that restrictive RBC
transfusion strategies may be safe to institute for some patient groups.” Use of a restrictive transfusion
policy is also beneficial in that it promotes appropriate use of a limited and precious resource, to ensure it
is available for those whom it will provide benefit to.*

Studies from China, England and Iran have found inappropriate rates of RBC transfusion, ranging between
15%-30.9% of transfusions and 19-48% of patients.”””* More locally, an audit assessing a sample of
transfusions completed in 10 Ontario hospitals during 2015, saw rates of inappropriate ordering ranging
between 0%-68% (overall inappropriate rate= 22%).”” As seen in Table 2, both the American and Canadian
Choosing Wisely initiatives have published many guidelines related to transfusion orders, as there is
evidence suggesting a restricted strategy over a liberal one.* Similarly, inappropriate ordering of other
blood components (platelets, plasma and cryoprecipitate) has been described in the literature .">%*%
Inappropriate use of blood products thus represents another gap in the translation of evidence to practice,

and it appears further efforts will be required to rectify this.

We identified two systematic reviews that focused on the application of behaviour change interventions to
improve transfusion ordering behaviour. The first review'” was published in 2002, and included studies
that used single or multifaceted interventions to reduce inappropriate transfusion. The intervention
categories as coded by the authors included education, retrospective audits, prospective audits, an
algorithm, request forms, and “patient-specific decision support.”'”’ This review found that all types of
interventions were capable of improving transfusion ordering behaviour, however as all but one used an
uncontrolled before-after design, were subject to several limitations. In 2005, the same research group
conducted and published another systematic review of the literature.'®' This review included studies aiming
to generally reduce transfusion (rather than focussing on the reduction of inappropriate transfusion). In this
review, interventions were coded as one or more of the following: education, guideline, audit/feedback,
audit/approval, or form. Similar to their previous review, the authors found all different types of
interventions to be effective in changing provider behaviour, leading to either an overall reduction in
transfusion ordering or in inappropriate transfusion ordering. All but two of the studies used an uncontrolled
before-after design. Thus, it was again concluded that future work should focus on the comparison of



different interventions, using a controlled study design.'”' Similar to the systematic reviews assessing the

test ordering literature, neither was able to conduct a meta-analysis due to study outcome heterogeneity.

Choosing Wisely (An Initiative of the ABIM Foundation)

American College of Obstetricians and
Gynecologists

American Association of Blood Banks

American Association of Blood Banks

Critical Care Societies Collaborative — Critical
Care

American Society of Hematology

American Society of Anesthesiologists

Society of Hospital Medicine- Adult Hospital
Medicine

Canadian Critical Care Society, Canadian
Association of Critical Care Nurses, Canadian
Society of Respiratory Therapists

The Canadian Hematology Society
Société Canadienne d’Hématologie

Canadian Society of Palliative Care Physicians

Canadian Society for Transfusion Medicine
Société Canadienne de Médecine
Transfusionnelle

Canadian Society for Transfusion Medicine
Société Canadienne de Médecine
Transfusionnelle

Canadian Society of Internal Medicine

“Don’t routinely transfuse stable, asymptomatic hospitalized patients with a

haemoglobin level greater than 7-8 grams.”102

“Don’t transfuse red blood cells for iron deficiency without hemodynamic
instability.”!®®

“Don’t transfuse more units of blood than absolutely necessary.”103

“Don’t transfuse red blood cells in hemodynamically stable, non-bleeding
ICU patients with a haemoglobin concentration greater than 7g/dL.”86

“Don’t transfuse more than the minimum number of red blood cell (RBC)
units necessary to relieve symptoms of anemia or to return a patient to a safe
haemoglobin range (7 to 8 g/dL in stable, non-cardiac in-patients).”104

“Don’t administer packed red blood cells (PRBCs) in a young healthy patient
without ongoing blood loss and haemoglobin of >6 g/dL unless symptomatic
or hemodynamically unstable.”'®

“Avoid transfusions of red blood cells for arbitrary haemoglobin or hematocrit
thresholds and in the absence of symptoms of active coronary disease, heart
failure or stroke.”®

Choosing Wisely Canada

“Don’t routinely transfuse red blood cells in hemodynamically stable ICU
patients with a haemoglobin concentration greater than 70 g/L (a threshold of
80 g/L may be considered for patients undergoing cardiac or orthopaedic

surgery and those with active cardiovascular disease).”87

“Don’t transfuse patients based solely on an arbitrary haemoglobin
threshold.”'"’

“Don’t transfuse red blood cells for arbitrary haemoglobin or hematocrit
thresholds in the absence of symptoms, or if no benefit was perceived from

previous transfusions.”'®

“Don’t transfuse blood if other non-transfusion therapies or observation
would be just as effective.”!%

“Don’t transfuse more than one Red cell unit at a time when transfusion is

required in stable, non-bleeding patients.”109

“Don’t transfuse red blood cells for arbitrary hemoglobin or hematocrit

thresholds in the absence of symptoms, active coronary disease, heart failure

or stroke.”'?

Table 2. Examples of Choosing Wisely guidelines related to administration of red blood cells.




The Intensive Care Unit Setting

In intensive care units (ICUs), critically ill patients are rigorously monitored and treated by teams of

'3 Due to

healthcare providers.'"' ' The extensive use of technology also plays a central role in ICU care.
the severity of patient illness, the ICU is a fast-paced and high pressure environment."'*'"” This creates a
stressful workplace, not only emotionally (due to the requirement to make difficult decisions quickly), but
also as a result of physical and professional factors.'"” Poor lighting, alarms with low sensitivity and similar
sounds for different warnings, poorly placed equipment, and a multitude of cords and tubes have been cited
as physical factors adding to the stressful environment of the ICU."""'"> Additionally, the literature
frequently mentions the fact that ICUs produce a large amount of patient data (i.e. vital signs and laboratory
data), and that this can be difficult for individual providers to process.''"''® Furthermore, the ICU is a
complicated setting in that teams are interdisciplinary, composed of individuals from various professional
backgrounds.''? Teamwork, collaboration, cohesion and communication are thus important in the ICU.''*'"?
Finally, long hours, on-call and night shifts are commonly mentioned as contributing to taxing work

"L Working in this stressful environment can have a psychological toll on providers and result

111,115,117,118

conditions.
in burnout. While the ICU is a highly complex environment,''* making it a difficult area to
institute interventions, it also highlights the importance of conducting research to make improvements in
this setting. There is also interest in studying the intensive care setting due to the fact that it is very resource
intensive.” In fact, it has been estimated that of a hospital’s expenditure up to 30% may be ICU-
related.'"”'*" As seen in a 2015 report put forth by the Ministry of Health and Long-Term Care, hospital

laboratories are conducting almost half (47%) of the laboratory tests in Ontario."’

Healthcare providers in the intensive care setting frequently order laboratory tests, to monitor patient
status.™ Tests are used heavily in this setting due to the severity of patient illness (or unstable condition) to
closely monitor changes in status,”*'*' as well as due to the team-based nature (i.e. tests may be requested
by each consultant).”’ Some tests may also be ordered routinely (based on a time interval).*® While this
information can be valuable in treating and monitoring patients, excessive phlebotomy for laboratory testing
can lead to harmful side effects.” Iatrogenic anemia is one such complication.”® Though a variety of other
factors, such as surgery, bleeding and nutrition, may contribute to the development of anemia, phlebotomy

088122 The literature shows a wide range in daily blood loss values for

has also been found to play a role.
ICU patients due to phlebotomy. A 2007 review of the literature cited a range between 25-40 mL.*
Meanwhile, a recent study published by Ullman et al. cited a range of 41.5-377 mL from their review of

122

the literature, and a median volume of 38 mL from their own study of an Australian adult ICU. *~ Anemia

appears to increase the risk for unfavourable outcomes among patients with specific diagnoses, such as

. . . . . . . . 12
chronic obstructive pulmonary disease, chronic kidney disease, and cardiovascular disease.’***'*

30,124 . .
and are especially dangerous if

Nosocomial infections can also be acquired through phlebotomy,
antimicrobial-resistant.'> Furthermore, excessive blood draws contributing to anemia may lead to the
patient requiring a transfusion,'”® a treatment which can cause further adverse events.”” Thus, while
laboratory testing is an important tool in intensive care, due to the potential risks and downstream
consequences that testing may have, it is important that we assess current practice and ensure it aligns with
the evidence-base. Similar to other settings, studies have shown inappropriate use of tests in intensive care.
As previously mentioned, the study by Melanson et al. showed that almost one third (30%) of the Arterial
Blood Gas (ABG) tests ordered in the hospital were potentially unnecessary; ABGs were most frequently

ordered in the ICU.* A 2017 study completed in an Ontario ICU compared predicted ‘essential’ blood tests



(determined by the attending physicians the day prior) to actual orders.'”” The authors found that a large
proportion of the tests actually completed had not been predicted to be ‘essential’ (51.3%), and they also
saw underutilization of the ‘essential’ tests (15.6%)."*” Despite the study design’s inherent limitation, in
that physicians were surveyed the day prior, leaving room for error, the results still suggest that test ordering
could be further optimized.'*’

PROPOSED SOLUTION
Audit & Feedback

With the overarching goal of improving the quality of care, one focus of Knowledge Translation (KT) and
Implementation Science is to investigate approaches used to incorporate evidence-based results into
practice.''* There are many different types of KT activities, and one commonly used strategy for
improving practice is Audit and Feedback (A&F). The definition of A&F provided by the Effective Practice
and Organisation of Care (EPOC) Review Group is: “A summary of health workers’ performance over a
specified period of time, given to them in a written, electronic or verbal format. The summary may include
recommendations for clinical action”."" Audit and feedback interventions involve the collection of

! This data is then subsequently

performance data for specific behaviours of an individual and/or group.
provided back to the individual and/or group to encourage them to change their behaviour, in hopes of
improving their performance.””' As suggested by the EPOC definition, the mode by which A&F
interventions are provided can vary widely. For instance, feedback may be provided through a mailed

131 132 131
or at a

report, e-mail, within a desktop or web platform, during a staff meeting,
seminar/presentation.'”’ Feedback may provide a comparator (past performance, peers, a standard or goal),
and as noted in the EPOC definition, the feedback may provide suggestions as to how the individual or
130,131

group may go about changing their behaviour to improve their performance. Figure 1A provides a

simple example of a feedback report from a study that intended to reduce inappropriate benzodiazepine
prescriptions.'**

A&F is most effective as an iterative intervention."”> By delivering feedback more than once, a feedback
loop is created (displayed in Figure 1B), such that recipients’ behaviour is collected and fed back to them,
allowing them to assess progress on their performance.'* It has been suggested that providers’ evaluation
or “self-audit” of their own performance is imperfect."""**®'% Feedback thus aids in highlighting any
discrepancies in performance that they may or may not be aware of."*""*’ For instance, a provider may not
be aware of the frequency with which they order a test inappropriately. Feedback describing the amount by
which they order a test inappropriately should direct a provider’s attention to the discrepancy in
practice.””"""*” If allowed the opportunity to modify their behaviour, iterative feedback can provide
recipients with data on how their efforts have affected performance, and this may continue in a cycle.'”
Adoption of electronic record systems in healthcare provides the capacity to collect and store routine data,
supply easily accessible data, and has improved the potential sustainability of iterative feedback

. . 135,138,139
interventions. "’
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Prescribing pitfalls

Long-acting benzodiazepines (e.g., diazepam and
chlordiazepoxide) have been linked to hip fractures
in elderly patients. If benzodiazepines are necessary,
shorter-acting agents (e.g., oxazepam or lorazepam)
are safer.
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*Best practice is defined as the prescribing practices
of 100 of your peers who regularly prescribe
bon/odiam&nes, but avoid the prescribing pitfalls
described above.

Figure 1: A) A sample feedback report provided to physicians during an intervention study aiming to
reduce inappropriate benzodiazepine prescriptions.””* B) The Audit & Feedback Loop. Auditing an
individual or group’s behaviour and subsequently delivering feedback to them allows for the
individual/group to assess their performance.'”> Upon the next opportunity, they may modify their
behaviour. Continuation of auditing and provision of feedback allows for a cycle of performance
improvement.'*

Feedback in the ICU

Context may influence whether or not an intervention is successful;"**'* thus, as with any healthcare
setting, unique intricacies of the ICU environment may present challenges to implementing change. Setting
specific factors, such as the critical condition of the patient population, multidisciplinary teams, and limited
resources and healthcare provider time may impact which strategies are effective for changing practice.'*~
"> A&F may be an especially suitable intervention for the ICU setting due to its inherent adaptability and
capacity for tailoring to various levels and settings. First, it may be delivered through a variety of modes
allowing for integration into work flow. Feedback is also flexible in that it may be given at the individual
or team level, which addresses the fact that the ICU provides team-based care. The mass amount of patient

d'"""'"® also makes the ICU a practical setting for the application of A&F. The data on clinician

139,146

data produce
behaviours such as test and transfusion ordering is now usually recorded electronically, which allows
for implementation of feasible and sustainable A&F interventions, as compared to chart review

audits.'>"*>"** Furthermore, A&F would highlight how frequently resources are ordered. Bringing this

10



information to the attention of the healthcare providers may be helpful, as tests may at times be ordered out
39,80

of routine or habit.
National initiatives using audit to improve practice in the ICU setting in fact currently exist for Canada and
the United Kingdom.'*’ Similarly, contribution of data on quality indicators to the Dutch National Intensive

148.14 . e
8199 While these initiatives

Care Evaluation (NICE) registry allows provision of feedback to the ICUs.
provide examples of A&F in the ICU setting, it remains unclear whether this class of intervention has been
successful in changing ICU provider test or transfusion ordering behaviour. We were unable to identify any
systematic reviews that focus specifically on test and transfusion ordering in the ICU. Furthermore, we note
that relatively few studies within Kobewka et al.’s review targeted the intensive care setting. The potential
challenges of intervening in the ICU should not preclude us from trying, as studies completed in other
settings of care may not be generalizable to the ICU, due to its unique characteristics. Given the volume of

30,88

tests and transfusions completed in the ICU™™"" and the potential for improvement in care, there is a need

to further understand how we can best support ICU clinicians in appropriate test and transfusion ordering.

The Theories That Explain How Audit and Feedback Works

A 2012 Cochrane review assessing the efficacy of healthcare Audit and Feedback (A&F) interventions
found that overall, A&F has a positive effect on provider performance, with a large range in effect across
included studies.””' The authors further assessed whether A&F intervention study effect sizes were
improving over time, and saw stabilization as of 2003, which suggests researchers have not been improving
upon their interventions (despite conducting 32 trials between then and 2009)."*° Trials comparing different
types of A&F would help to inform how best to optimize this intervention, and thus there have been calls
to limit the conduct of A&F versus no intervention (“usual care”) studies which may have limited added

131,150,151

value for this already large trial literature. The question remains: how to optimize this class of

. . 1
intervention?'>’

Theory can provide an important source of information on improving A&F. Studying theories relevant to
A&F is imperative to better understanding potential mechanisms of action, and thus determining design
and delivery methods to optimize this class of intervention.'” It has been found that few A&F studies report
using theory to develop their interventions."* Furthermore, for implementation scientists who do use

theory, it appears there is no standard approach to determining which theories are most useful.'>

While there is a paucity of high quality evidence about which theoretical mechanisms of action should be
employed for A&F in healthcare, we can look to those that have been explored in other disciplines."'**
As depicted in Figure, control theory proposes that a system compares performance (“input function” or
“perception”) to a standard (“reference value”).">> Should performance differ from the standard, the system
will aim to close this gap (“reduce the discrepancy”) by making adjustments (the “output function” or
“behaviour”).'” This behaviour change, as well as other changes outside of the system (“disturbances”)
may influence the environment, and affect performance. A comparison is made again, and the loop
continues. Control theory, when applied to human behaviour, suggests that humans have an internal need
to self-regulate.'” This theory thus proposes that providing an individual with data, showing that their
performance is below that of a standard (presence of a discrepancy), should lead to a change in their

behaviour to improve their performance (decreasing the discrepancy).'’

11
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Figure 2: "The negative feedback loop ">

Social psychology also provides helpful insight into potential mechanisms of action for feedback. Social
cognitive theory suggests individuals “self-[monitor]” and set inherent goals."*® Goals motivate individuals
to work towards a target, as stipulated by goal theory."”"”” Feedback in turn presents recipients with their
behavioural data, allowing them to make a comparison to that of their goal and determine the distance to it
(the discrepancy)."”” As it has been suggested that providers conduct imperfect evaluations of their own
performance, feedback helps to present how far away recipients actually are from their goal.””' A further
component of social cognitive theory is that self-efficacy affects how an individual reacts to negative
performance feedback; high self-efficacy may result in continued motivation to reaching the goal, while
low self-efficacy can lead to goal abandonment."””"*® The application of goal theory to feedback varies
from that of control theory (an aim “to reduce the discrepancy”), in that the approach to closing the gap
between the performance feedback and goal is an aim to “achieve”."”” Additionally, social cognitive theory
takes into account “pre-existing cognitive structures and self-beliefs.”'>® Empirical work proposes that
setting challenging yet attainable goals leads to greater outcomes as opposed to very simple or non-specific,
“do your best” goals.”””"*® This notion can be applied to A&F by providing aspirational comparators, such
as the performance of the highest achievers, rather than the overall group average.'”’

Feedback Intervention Theory (FIT), draws on constructs from several other theories, including those
previously discussed.”” As seen in Table 3, FIT similarly suggests that behaviour is influenced by gaps
between performance and a standard.””’ Furthermore, as proposed by control theory, FIT suggests a
hierarchal arrangement of goals, wherein attention may be concentrated on one of the various levels."”'>
FIT adds on to these original theoretical constructs by additionally proposing that feedback redirects and

. . . . 1
focuses a person’s attention on the discrepancy in their performance."’
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Feedback Intervention Theory

a) “Behavior is regulated by comparisons of feedback to goals or standards”
b) “Goals or standards are organized hierarchically”

c) “Attention is limited and therefore only feedback-standard gaps that receive attention actively
participate in behavior regulation”

d) “Attention is normally directed to a moderate level of the hierarchy”

e) “FIs change the locus of attention and therefore affect behavior”

Table 3. Feedback Intervention Theory (FIT)"’

While these theories provide general potential mechanisms of action for A&F, there are also a variety of
modifiable elements of feedback that may alter the effectiveness of the intervention.'*>'® Within healthcare,
the application of A&F has been found to be highly heterogeneous."”"'®” There are thus many aspects of

135,160 .
77 albeit not

A&F that could be adjusted to further improve the effectiveness of these interventions,
providing the entire picture of all mechanisms.">> Brehaut et al. set out to identify modifiable elements
hypothesized to optimize A&F interventions, to provide guidance for A&F developers.'” The suggestions
were developed through assessment of the literature and theoretical perspectives, as well as through expert
interviews.'”> As seen in Table 4, the suggestions cover four domains: “Nature of the desired action”,
“Nature of the data available for feedback”, “Feedback display”, and “Delivering the feedback
intervention”."”” Although some suggestions remain to be empirically tested in a healthcare setting, and
further work is required to elucidate the mechanisms, these suggestions provide a starting point on which
to begin more efficient, cumulative research.””>'>* More specifically, these suggestions may be used as
testable hypotheses, applied during the design phase of trials or retrospectively to reviews, to compare
various types of A&F." It is especially important to pose hypotheses and study the potential mechanisms
of action for more effective A&F in unique settings such as the ICU, as findings from other settings may

not generalize to a more complex environment.
Rationale

We propose that audit and feedback could be a useful intervention to improve performance in the ICU
setting; specifically, to improve the appropriateness of laboratory test and transfusion ordering. Although
previous systematic reviews have addressed the use of various interventions for the improvement of test
ordering across healthcare settings® or in primary care,** and transfusion ordering,'*'"" the degree to
which A&F has been applied to these practices in the context of intensive care, and how effective it has
been, is unclear. We thus conducted a systematic review including search terms to identify A&F studies
completed in the ICU setting. The most recent systematic search pertaining to laboratory testing across
settings was conducted in 2013, and in 2003 for transfusion ordering.* It is therefore likely that new studies
using A&F in the ICU may have been published since this time. Further to this, our inclusion and exclusion
criteria differed from that of Kobewka et al.’s, Wilson et al.’s and Tinmouth et al.’s (in terms of intervention
scope, setting, and in some cases the target population and comparator). As A&F can be operationalized in
a variety of ways, we were also interested in taking a more in-depth look at how the A&F interventions
were implemented. We thus set out to conduct a systematic review of the literature, to determine the extent
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to which A&F has been employed in the intensive care setting, specifically for the purpose of improving
provider ordering of tests and transfusions. We were also looking to qualitatively assess various components
of the feedback, such as whether A&F was used as a single mechanism intervention, or in concert with
other interventions. If appropriate, we planned to conduct a meta-analysis to assess the effect size of the
A&F interventions in changing test or transfusion ordering.

Nature of the Desired Action Nature of the Data Available for Feedback

1. Recommend actions that are consistent with 4. Provide multiple instances of feedback.

established goals and priorities.
5. Provide feedback as soon as possible and at a

2. Recommend actions that can improve and are frequency informed by the number of new patient
under the recipient’s control. cases.

3. Recommend specific actions. 6. Provide individual rather than general data.

7. Choose comparators that reinforce desired
behaviour change.

Feedback Display Delivering the Feedback Intervention

8. Closely link the visual display and summary 11. Address barriers to feedback use.

message.
12. Provide short, actionable messages followed by

9. Provide feedback in more than one way. optional detail.
10. Minimize extraneous cognitive load for 13. Address credibility of the information.
feedback recipients.

14. Prevent defensive reactions to feedback.

15.Construct feedback through social interaction.

Table 4. Brehaut and colleagues’ 15 suggestions for improved audit and feedback interventions'

In light of the recent guidance published by Brehaut and colleagues,'*” we were also interested in developing
an evaluation tool, so that we could assess how well existing A&F interventions adhere to suggestions for
best practice. The guidance by Brehaut et al.'** frames suggestions generally, and is not inherently usable
as a means for assessing existing reports of A&F interventions in its current form, hence the need for a tool.
The great variation in how feedback is operationalized in terms of design and delivery has raised the
question of which design elements and delivery methods may improve the effectiveness of A&F."?"'3>!%
Through application of our tool to A&F intervention studies we aimed to provide insight into which
suggestions have been followed in the existing literature. Furthermore, we aimed to discover gaps in the
literature by identifying which suggestions have not been followed previously.



Aim & Objectives

The overall aim of this research was to gain a better understanding of the state of use of A&F in the ICU
setting. Additionally, we were interested in developing an evaluation tool that would allow us to assess
whether existing A&F interventions were consistent with suggestions for best practice. Our work provides
a foundation on which to further assess modifiable elements of A&F interventions, and testable hypotheses
as to how to improve their effectiveness. Optimization of these interventions could lead to improved test
and transfusion ordering, which could in turn greatly impact both the quality of patient care and healthcare
resource use.” "

Objective I: Conduct a systematic review of the literature to identify audit and feedback intervention trials
taking place in the intensive care setting, which have been employed for the purpose of improving provider
test or transfusion ordering.

Objective II: Develop, pilot and employ an evaluation tool to assess consistency of existing audit and
feedback interventions with suggestions for best practice.

Overview of Methodology & Structure

The research of this thesis has been structured in a manuscript format, which consists of an introductory
chapter, two draft manuscripts, and a discussion chapter. The first draft manuscript (Chapter 2) describes a
systematic review of the literature, the purpose of which was to assess the extent to which audit and
feedback interventions have been used in the intensive care setting, to improve test and transfusion ordering.
Identification of these articles allowed for the qualitative analysis of the interventions and a summary of
their effectiveness in changing provider behaviour. The draft manuscript provides an overview of the
methodology; search strategy development, information sources, screening, data extraction and analysis.
The second draft manuscript (Chapter 3) reports on development, piloting and employment of an evaluation
tool designed to assess consistency of existing A&F interventions with best practices. Chapter 4 contains a
discussion and integration of the results from Chapters 2 and 3, as well as a discussion of the implications
and significance of these results.
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Chapter 2 (Draft Component Manuscript 1):

Audit and Feedback to Improve Laboratory Test and Transfusion Ordering in Critical Care: A

Systematic Review

PREFACE

Chapter two describes a systematic review intended to identify publications assessing the use of Audit and
Feedback (A&F) in the critical care setting for the purpose of improving provider test or transfusion
ordering, and to summarize intervention characteristics and effectiveness. Our interest in this topic came
from the Eastern Ontario Regional Laboratory Association’s (EORLA) desire to make changes to their
current feedback strategy to providers on laboratory test ordering, and their appeal for guidance.

We chose to focus specifically on the critical care setting as providers in the ICU are frequent users of
hospital laboratory services.'® We were also interested in assessing the extent to which A&F has been
applied to the related issue of transfusion ordering; excessive blood tests can contribute to iatrogenic
anemia, which in turn can increase a patient’s risk of requiring a transfusion.”'* Transfusion poses further

10,11

non-trivial risks to the patient, and blood components are a precious medical resource. Improving

appropriateness of test and transfusion ordering can have beneficial impacts on the quality of patient care,

resource supplies, and expenditure.”'> As both practices were included in the Choosing Wisely
recommendations put forth by the Critical Care Societies Collaborative,"” we thought it germane to assess

and summarize how A&F has been employed to address these issues to date.

Contributions: JCB and JP were responsible for the conception of this project and provided guidance and
expertise throughout the entire project. MF drafted the manuscript, and JCB, JP, NM, LM and BH provided
critical input and aided in the revision of the manuscript. MF and KC completed title and abstract screening,
and KC provided confirmation for inclusion and exclusion of full text articles screened by MF. Data
extraction and quality assessment were completed by MF and NM. The guarantor of this review is MF.

Notes: Appendices for documented changes from the protocol, the PRISMA checklist, justification for
choice of outcomes and changes in secondary outcomes, the Medline search strategy, additional details on
the search strategy and sample, the reporting quality assessment, and study definitions of appropriateness
can be found at the end of this chapter. Ethics approval was not required for this study as the systematic
review relied solely on published studies.

Publication Citation: Foster M, Presseau J, McCleary N, Carroll K, Mclntyre L, Hutton B, Brehaut J.
“Audit and Feedback to Improve Laboratory Test and Transfusion Ordering in Critical Care: A

Systematic Review.” (In preparation).
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ABSTRACT

Laboratory tests and transfusions are sometimes ordered inappropriately, particularly in the critical care
setting which sees frequent use of both. Audit and Feedback (A&F) is a potentially useful strategy for
modifying these healthcare provider behaviours, but its application to improving test and transfusion
ordering in critical care is not well understood. We aimed to conduct a systematic review of the literature
on A&F interventions for improving test or transfusion ordering in the critical care setting.

Five relevant databases, two registries and the bibliographies of relevant articles were searched. We
included critical care studies that assessed the use of A&F targeting healthcare provider behaviours, alone
or in combination with other interventions to improve test and transfusion ordering, as compared to
historical practice, no intervention, or another healthcare behaviour change intervention. Studies were
included only if they reported laboratory test or transfusion orders, or the appropriateness of orders, as
outcomes. There were no restrictions based on study design, date of publication or follow-up time.
Intervention characteristics and absolute differences in outcomes were summarized. The quality of
individual studies was assessed using a modified version of the Effective Practice and Organisation of Care
Cochrane Review Group’s criteria.
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We identified sixteen studies; 13 uncontrolled before-after studies, one randomized controlled trial, one
controlled before-after study and one controlled clinical trial (quasi-experimental). These studies described
17 interventions; most interventions (88%) were multifaceted with an A&F component. Feedback was most
often provided in a written format only (41%), more than once (53%), and most often only provided data
aggregated to the group-level (41%). Most studies saw a change in the hypothesized direction, but not all
studies provided statistical analyses to formally test improvement. Overall study quality was low, with
studies often lacking a concurrent control group.

Our review suggests that A&F can be effective in the context of critical care, but further research is required
to characterize approaches that optimize the effectiveness in this setting alongside more rigorous evaluation
methods.

Registration: PROSPERO CRD42016051941
Keywords: Audit, Feedback, Intensive Care, Critical Care
BACKGROUND

Laboratory testing is an important and high volume medical resource that facilitates disease detection and
monitoring of patient status.'* However, lab testing is prone to inappropriate use,'* with estimates
suggesting that 20-30% of tests ordered are low-value, i.e. unnecessary, not indicated, or potentially
harmful.'*"” While the tests themselves directly comprise only 4% of overall hospital expenditure, they are
thought to be important in up to 70% of subsequent healthcare decisions and their related expenditures, and
thus represent an important area for quality improvement.'®'"’

Critical care is one setting where tests are ordered often,” and where there is concern of overuse contributing
to clinically important poor outcomes in vulnerable patients." *'**° Blood loss can contribute to iatrogenic

9,10

anemia.”'’ Subsequent red blood cell (RBC) transfusions”'® can be associated with non-trivial risks such

as transfusion-associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI) and

10,21

transfusion-related immunomodulation (TRIM). The potential risks and downstream consequences

associated with laboratory testing and transfusion, in addition to increased expenditure and limited blood
resources, all provide motivation to reduce inappropriate use.”'**

Audit and Feedback (A&F), provision of clinical performance data, represents a potentially low cost and
sustainable strategy™* for improvement of test and transfusion practices in the critical care setting. A
Cochrane review has demonstrated its widespread effectiveness across a range of clinical behaviours.” It
is a broadly used intervention, familiar to most healthcare providers. Test and transfusion ordering are
increasingly documented electronically, providing accessible data to produce feedback reports at a
reasonable cost.****** A&F interventions in the context of test ordering in various clinical settings show a
22% relative risk reduction in test volume.’® To date however, no review has examined the effectiveness of
A&F interventions to modify these behaviours in the complex, team-based critical care setting.

OBJECTIVES

e Objective I: To review how A&F interventions have been implemented in the critical care setting
to improve the appropriateness of laboratory test and transfusion ordering
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e Objective II: To summarize the effectiveness of these interventions as compared to usual care or
other interventions

METHODS

Protocol & Registration

We used the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P
checklist)’' to draft our protocol, which was registered with the International Prospective Register of
Systematic Reviews (PROSPERO: CRD42016051941).**** All deviations to the protocol (Appendix A)
were minor and were implemented prior to the start of data extraction.

Eligibility Criteria

INCLUSION: Studies with the following PICOS characteristics were included in the review (Appendix
B provides justifications for our choice of outcomes):

Population: Studies that targeted healthcare professionals (physicians, nurses, phlebotomists, or respiratory
therapists) ordering laboratory tests or blood transfusion components (Red Blood Cells (RBCs), platelets,
plasma, or cryoprecipitate) for patients in an intensive care unit (ICU). Articles targeting healthcare
professionals ordering laboratory tests or blood transfusion components for patients in a non-ICU setting
were excluded.

Intervention: Studies assessing Audit and Feedback (A&F) interventions, defined as “Any summary of
clinical performance of health care over a specified period of time. The summary may also have included
recommendations for clinical action. The information may have been obtained from medical records,

1,34

computerised databases, or observations from patients.””" We also included multifaceted interventions that

included an A&F component (e.g. A&F paired with educational sessions).

Comparator: Studies that compared A&F interventions to usual care (no intervention; historical or
concurrent), or any other single or multifaceted behavioural intervention that did not involve A&F (e.g.
education, incentives, reminders, or systems-based changes).

Outcomes: Primary outcomes included the number of laboratory tests or transfusions ordered. Secondary
outcomes included: the appropriateness of ordered laboratory tests or transfusions (for example as judged
by the clinical context, or as compared to specified guidelines), length of stay (LOS), mortality, infection,
and laboratory test or blood product expenditure.

Study Design: We included Randomized Controlled Trials (RCTs), Controlled Clinical Trials (CCTs),
observational studies (Controlled Before-A fter studies (CBAs), Interrupted Time Series studies (ITSs), and
Uncontrolled Before-After studies (UBAs)).

Setting: We assessed studies that implemented interventions in an intensive care setting. All types of
hospitals (i.e. academic, community) and ICUs (i.e. surgical, medical, pediatric, neonatal, etc.) were
included. Studies implementing interventions across multiple settings (i.e. hospital-wide) were only
included if ICU-specific data was reported for the primary outcome.
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EXCLUSION: No time restrictions or year or language filters were used. We excluded conference
abstracts, commentaries and letters to the editor, as well as studies not published in English to maintain
feasibility. Previous literature suggests such language restrictions do not greatly affect review conclusions.™
Studies implementing interventions across multiple settings, but not reporting ICU-specific data for the
primary outcome were excluded.

Search Strategy Development and Information Sources

Our Medline (1946) search strategy (Appendix C) was developed with help from an information specialist.
The strategy was then peer reviewed by a second, independent information specialist, as recommended by
3% (Appendix D provides further details). Medical Subject
Headings (MeSH terms) and title and abstract terms (‘.tw’) were chosen for the general categories

the Centre for Reviews and Dissemination

‘Laboratory Tests’, ‘Transfusions’, ‘Intensive Care’, and ‘Audit and Feedback’. This template strategy was
translated for use in the remaining databases, Embase (1947), EBM Reviews- Cochrane Central Register
of Controlled Trials, CINAHL (1981), and PsycINFO (1806). These searches were run on October 28",
2016, starting from database conception. The trial registries ‘ClincalTrials.gov’ and International Standard
Registered Clinical/soCial sTudy Number (ISRCTN) were additionally searched on December 23™, 2016
to identify any relevant ongoing trials, using the search terms ‘intensive care’ and ‘feedback’. The

25,30,39-41

bibliographies of included articles and relevant systematic reviews were also hand searched to

identify any further articles meeting the inclusion criteria.
Study Records

Data Management: Citations retrieved from the search were imported into the reference manager software
program Mendeley Desktop 1.17.12 (Mendeley Ltd., London, UK) for de-duplication, then imported into
Covidence,” a web-based platform for screening.

Selection Process: The titles and abstracts of unique citations identified from electronic database searches

were screened by two independent reviewers (MF and KC), and registry citations were screened by one
reviewer (MF). Conflicts were resolved through discussion or reference to a third independent reviewer
(JCB, JP). Full text articles were screened by one reviewer (MF), and justifications for inclusion or
exclusion were confirmed by a second member of the research team (KC).

Data Collection Process: Data was extracted by two independent reviewers (MF and NM) using a

standardized data extraction form implemented in Microsoft Excel 2011. One reviewer piloted the form on
the first five articles and only minor refinements were required. Conflicts between data extraction forms
were identified by one reviewer (MF), and consensus was reached between reviewers through discussion.
If reviewers were not able to come to an agreement, a third reviewer (JCB, JP) was consulted to reach
consensus.

Data Extracted

We extracted several feedback intervention details based on characteristics described in the most recent
Cochrane review” (format type, interval between reports (frequency)) and recently published guidance for
the optimization of A&F** (type of data, specificity of data, number of reports, mode of delivery). We also
extracted details about other intervention components (if applicable), study design, type of control (i.e.
historical, concurrent), type of ICU, type of patient (if applicable), type of laboratory test or blood
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component targeted, study participants (i.e. healthcare provider type), number of participants, follow-up
time points, study country, funding, year of publication, and each study’s definition for an appropriate test
or transfusion (if applicable).

Risk of Bias

Two independent reviewers (NM and MF) assessed the methodological quality of studies using a modified
version of the EPOC Review Group’s quality criteria,”* used by Kobewka et al.*® (Appendix E). At the
present time, there is not enough evidence to pick an appropriate cut-off to differentiate between high and
low-quality studies. Furthermore, Cochrane recommends researchers avoid a scaled approach, and instead
advocates for complete reporting of quality criteria.* We have thus presented results for each criteria item,
and have not excluded any studies from our qualitative review. Reviewers were not blinded during data
extraction or quality assessment. Cohen’s Kappa** was determined to evaluate inter-rater reliability.

Data Synthesis and Analysis

Because of high heterogeneity in study designs, methods, outcomes and variable reporting formats, we
deemed meta-analysis to be inappropriate. Tables of study characteristics, intervention characteristics, and
intervention effects were prepared to describe the set of included studies; absolute differences have been
calculated for study outcomes. Our results have otherwise been reported as per the PRISMA guidelines,
and a PRISMA checklist has been completed to document the inclusion of all critical elements of this review
(Appendix F).*

RESULTS
Study Selection

Figure 1 describes our screening process. Starting from 2,364 citations (extracted from electronic databases

on October 28", 2016 and registries December 23", 2016), after removal of duplicates and two rounds of

21,4661

screening, 16 unique studies (described within a set of 17 publications) were identified for inclusion

(Note: Merlani et al.*’ and Diby et al.’® are publications assessing different aspects of the same study).
Study Characteristics

Table 1 describes characteristics of the included studies (n=16). Ten of the 16 studies (63%) included

47-52,54,55,61

transfusion outcomes,*'**>*** % ¢ight studies (50%) included test ordering outcomes, while two

studies included both.”>°" Of the studies including test ordering outcomes, six aimed to reduce overall test

47,49-52,54,61

ordering and four aimed to improve the appropriateness of tests; one aimed to increase

compliance with a sepsis bundle,” one aimed to improve compliance with arterial blood gas guidelines (an

49,50

algorithm),*° one aimed to improve compliance with standards for practice in the ICU,* and one aimed

to reduce ‘unordered’ tests (tests with no written order).”’ Of the studies including transfusion ordering

. . 56,61,63
outcomes, three aimed to reduce the overall number of transfusions™""

21,53,55,58-60,62

while seven aimed to improve the

appropriateness of transfusions. Of those assessing appropriateness, two aimed to improve

compliance with a bundle;*'”” three assessed appropriateness as per guidelines or a protocol involving a

58-60

transfusion ‘trigger’ (defined level(s) at which to transfuse) and sometimes other patient factors; and
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one study assessed appropriateness as per guidelines but included an additional category based on clinical
context, “inconsistent with guidelines yet appropriate for ICU”.%* The remaining study used a combination
of transfusion ‘triggers’ and an audit of clinical factors, however, several transfusion triggers were noted in
the publication and it was not entirely clear which were used to specify appropriateness.” Further details
on the criteria used to assess appropriateness can be found in Appendix G.
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N - Combination of reasons (n=1)

Figure 1. PRISMA Flow Diagram outlining the selection of citations for inclusion in the qualitative
analysis.”” A list of the excluded full text articles, sorted by reason for exclusion, can be found in Appendix
H.

Most studies (81%) used an uncontrolled before-after design.*”*>>***® Only one randomized controlled
trial (RCT)," one controlled clinical trial (CCT) with a quasi-experimental comparative design,”' and one
controlled before-after design were identified.”® Most (56%) were conducted in America,**>'>¢*%616 apq
two (13%) were conducted in Canada.*”** Half (50%) of the included studies did not report their source of
funding;*"*7 12349063 four studies (25%) reported government grant funding.**>**' Most studies (56%)
7:49751,33.95.36.58.3962 while four studies (25%) were conducted in multiple
249-563596162 The vear of

were conducted in a single ICU,
ICUs at a single centre.”'”*%% Most (69%) took place at academic hospitals.
publication ranged from 1988 to 2016, and study duration ranged from 25 weeks to 4 years.
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Assessment of Study Quality

A Cohen’s Kappa of 0.67 was computed for inter-rater reliability (Appendix I), representing “substantial
agreement” as per Landis and Koch, but just meeting the cut-off for “suggesting that ... conclusions
tentatively be made” as per Krippendorff.** As such, reviewers discussed all disagreements to reach a
consensus. Appendix E describes the quality of included studies (n=16). Overall quality of the studies was
judged to be poor; 94% of studies® #6363

was often not applicable). Most studies reported similar providers between groups (94%),

scored 4 or lower on the 8-9 criteria (risk of contamination
21,47-52,54-56,58-63

and used an objective primary outcome measure or blinded for the primary outcome assessment (88%; 13
21A74851756.3860.61.63 and one study® respectively). However, most studies lacked a concurrent control
group (88%)*"*7%3%% did not use time series analysis (100%), provided an insufficient amount of detail
695) 2148:51:53.54.58.60.62.63

studies

to allow for replication (100%), and did not report the number of tests per patient (5

Range of A&F Interventions

There was a range of A&F interventions (n=17) used in the 16 included studies.* As shown in Table 2,

21,47-51,53-56,59-63

most interventions were multifaceted (88%), including A&F and one or more additional

components (i.e. education, guidelines, opinion leaders, financial incentives, checklists or administrative
interventions). Seven interventions (41%) reported providing feedback in a written format

only,#30-234366061 g5y (24%) provided at least verbal feedback,'”*® and three (18%) reported

21,4851
k.7

providing both written and verbal feedbac Four interventions (24%) provided feedback only

21,49,50,52,55,56,58,60,61

48,53,54,63 . - . :
once, nine (53%) provided feedback more than once, and in four cases it was

unclear or the feedback was provided variably (24%).*7>'%¢2

Where reported, feedback was provided daily
in one study,” weekly in two (12%),>”® monthly in three (18%),”"*-**" and at various instances in four
(24%).2'°%%% Feedback most often provided data on group performance only, in seven of the interventions
(41%);>1 4820346163 three interventions provided both group and individual feedback (18%),”'°** and one
intervention only clearly reported providing individual feedback (unclear if group data was provided).*’
Feedback recipients were most commonly multiple groups of healthcare providers (HCPs) (29%),* "%

or physicians only (24%).°*>*%%

A One study compared two different types of feedback; proportions for the feedback intervention characteristics
have therefore been calculated using a denominator of 17.
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Table 1. Summary of Study Characteristics (n= 16 studies)”

Clinical Behaviour Targeted Number of Studies (%) Country Number of Studies (%)
Laboratory Test Ordering 8 (50.0%) USA 9 (56.3%)
Multiple, miscellaneous or unspecified tests 3 (18.8%) Canada 2 (12.5%)
ABG 2 (6.3%) Finland 1 (6.3%)
Lactate & blood cultures 1(6.3%) Germany 1 (6.3%)
Superficial cultures 1(6.3%) Israel 1 (6.3%)
Blood work 1(6.3%) The Netherlands 1 (6.3%)
Transfusion Ordering 10 (62.5%) Switzerland 1 (6.3%)
RBCs 6 (7.5%)
FP/FFP 3 (18.8%) Single centre, single ICU study 9 (56.3%)
All (RBC, FFP, platelets, cryoprecipitate) 1(6.3%) Single centre, multi-ICU study 4(25.0%)
Malicentre study 2 (12:3%
Uncontrolled Before After 13 (81.3%) Single centre, # ICUs unclear 1 (6.3%)
Controlled Clinical Trial 1(6.3%) Teaching 11 (68.8%)
Controlled Before After 1(6.3%) Not Reported 3 (18.8%)
Other: Veteran’s Administration Medical Centre 1 (6.3%)
Prospective 51.3%)
Retrospective 4 (25.0%) Surgical 2 (12.5%)
Mixed 3 (18.8%) Neonatal 2 (12.5%)
Unclear 4 (25%) Cardiac Surgery 3 (18.8%)
Neurosurgia 6%
Not Reported 8 (50%) Medical 1 (6.3%)
Government Grant 4 (25%) Mixed Patient Population 2 (12.5%)
Institutional * and Non-profit Grants 2 (12.5%) Multiple Types of ICUs 3 (18.8%)
Institutional * 1(6.3%) Not Specified 2 (12.5%)
No Funding 1(6.3%)

a) Proportions were calculated for the 16 studies, rather than the 17 publications. Totals may be slightly greater or less than 100% due to rounding; b) The control group was
another type of A&F; c) ‘Institution’ refers to both hospitals and academic institutions. Abbreviations: ABG=Arterial Blood Gas; FP= Frozen Plasma; FFP= Fresh Frozen

Plasma; ICU= Intensive Care Unit; RBC= Red Blood Cell
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Table 2. Description of Feedback

Study & Format

Country

Solomon 1988 NR

USA*

Paes 1994 Verbal, unclear

Canada®’ if written
component
(NR)

Hendryx 1998 Written and

USA® verbal
Merlani 2001  Written

& Diby 2005
Switzerland***°

Beland 2003 Written and
USA™ verbal

Delivery

Unclear (“reported”)

“continuing medical
education rounds” &
unclear (“direct
encounters”, “direct,
immediate feedback’)

Face-to-face feedback
meeting, reports

“time series charts,
displayed on walls,
and published in the
unit information
bulletin”
“in-service training
sessions”, handouts,
posters

Data Specificity

Group; unclear if
individual

Individual; unclear
if group

Group, unclear if
individual

Group

NR

Data Included in Feedback Instances of
Feedback
Provided
“...it was determined that 43% of 1

the transfusions were unjustified.
The results of this audit were
reported”

Unclear; “information obtained Unclear
from this audit”, “direct positive

and negative performance

feedback”, “direct, immediate

feedback about the policy”

Face-to-face: Unclear; “reviewed 1
the findings, and offered concrete,

practical suggestions for

improvement”

Reports: “percentage of

processes successfully done,

number of patients treated and

their length of stay and discharge

status, and occurrence of

nosocomial events”

Adherence, ABGs per patient day 20

“findings of the audit”; Unclear
“laboratory charges”;

; “rate of
unordered tests”

Frequency/
Interval

N/A

Unclear

N/A

Monthly

NR

Other Intervention
Components

*Education

*Guidelines
*Administrative (new
request form, policy)
*Education
*Administrative
(protocol/policy)
*Opinion leader
*“Barriers” (ordering this
test required a
justification and
conversation with the
laboratory consultant;
colleagues were
encouraged to challenge
inappropriate orders)
*Education (newsletter,
seminars)

*Telephone consultation
service

*Education
*Guidelines (Algorithm)

* Guidelines

* Opinion Leader

* Discussion on reducing
hospital costs to save
nurse positions

* “new processes”

IFeedback Recipients

Unclear (“leaders of the
surgical and medical
attending staff”)

Unclear (all staff types
mentioned)

All providers

Physicians, physicians in-
training, nurses, nurses in-
training

Nurses & unclear
(“medical staff”,

“healthcare staff

members”)
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Data Included in Feedback Instances of Other Intervention

Feedback

Format

Delivery

Specificity Frequency/ Feedback Recipients

Interval Components

Provided

Wisser 2003
Germany52

Petéja 2004
Finland™

Calderon-
Margalit 2005
Israel™

Schramm
2011
USA®

Masud 2011
USA’®

Arnold 2011
Canada®

Beaty 2013
USA®®

Written

Verbal

Written

NR

Written,
unclear if
verbal
component

(NR)

NR

Verbal,
unclear if
written
component

(NR)

“sent together with the

laboratory results”

“presented and
discussed at a staff
meeting”

Letter; “sent to the
wards and reviewed
with senior medical
staff”

NR

Letters & unclear
(“sharing data”)

NR

“publicly at a weekly

NR (patient-level
data)

NR

Group; unclear if
individual (NR)

NR

NR

Group; unclear if
individual

Group &

cardiac surgical division individual

meeting”

Unclear
(multiple)

“cumulative diagnostic blood
loss”

Unclear; “Results of PI and PII”, 1
“justifications of and goals for
change”

“overall institutional reduction in 1
requests for all clinical

biochemistry tests, as well as data

on their specific ward’s reduction

in testing”

“compliance with the sepsis ~84

resuscitation bundle”

Unclear
(multiple)

“number of units transfused”,
“transfusions...outside of the
recommended guidelines”,
“outcomes”

“general rates of inappropriate FP Unclear

use”’; “rates of inappropriate FP
use after each of their weeks on

service”

Protocol adherence (exact details 17
unclear)

Daily

N/A

N/A

Weekly

Feedback:
Monthly &
quarterly
Educational
Letter:
Depends on
recipient
NR

Weekly

Unclear Physicians

¢ Administrative (on-
line auditing system)

Physicians, physicians in-
training

* Education Unclear (“heads of all the

wards”, “senior medical

staff’)

¢ Administrative
(policy)

*Education & Order Set Unclear (“healthcare
(also at baseline) providers”)

*Sepsis Response Team
activation

* Education

» Formation of

Unclear, Educational
letters: Physicians
transfusion committees

*Education
*Administrative (request
form required
indication, prompt if not
completed)

Physicians, nurses

* Administrative Physicians, physicians in-
(Protocol/ restriction of training

who could order)

*Note: Only A&F alone

intervention
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Format

Delivery

Specificity

Data Included in Feedback

Instances of
Feedback
Provided

Frequency/
Interval

Other Intervention
Components

Feedback Recipients

Gutsche 2013
USA®

Yeh 2015
UsA®

Murphy 2016
USA®!

Borgert 2016
Netherlands®!

Verbal,
unclear if
written
component
(NR)
Written

Written

Arm 1:
Written

Arm 2:
Written and
verbal

"feedback interviews
and re-education"

Email & reports

Reports

Arm 1: Emailed report,
posters

Arm 2: Emailed report,
posters, “face-to-face
contact” (report)

NR

Individual &
group

Group
(“Unit-level”)

Arm 1: Group

Arm 2: Group
and individual

Unclear

Details of transfusion events;
summaries of transfusion activity

“Change in utilization” (ABGs &
RBCs)

Arm 1: “Compliance levels per
team”

Arm 2: “Compliance levels per
team”; “Compliance levels of the
complete bundle and compliance
per element”

Unclear;

“in the case of
guideline
noncompliance”

Individual:
Unclear
(variable,
depends on
recipient; 16
were sent in
total)

Group: 6

12

Group: 4

Individual:
Unclear (for
every
transfusion
ordered);
overall= 40
“face-to-face
contact” and 84
e-mails

Variable
(depends on
recipient)

Individual:
Unclear
(depends on
recipient;
"within 72
hours of
transfusion")

Group:
Monthly
Monthly

Group:
Monthly

Individual:
Varied but
"within 72
hours after each
RBC
transfusion"

* Guideline

* Education

* Administrative
(closing of the unit)

¢ Education

* Education

* Opinion Leaders

* Financial Incentives
* Education

* Bundle/Checklist

Physicians, physicians in-
training, nurses, other
(physician assistants)

Physicians, physicians in-
training

Unclear (“ICUs”)

Nurses

Abbreviations: NR= Not Reported.
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Table 3a. Summary of laboratory test and transfusion ordering and appropriateness

Design

Change sought in primary outcome

Absolute A

Time 1- Time 2

Reported Absolute A

p-value

Time 1- Time 3

Reported

p-value

Solomon 1988

Paes 1994
Hendryx 1998

Merlani 2001
& Diby 2005
Beland 2003

Wisser 2003
Petijd 2004°

Calderon-

Margalit 2005

UBA

UBA
RCT

UBA

UBA

UBA
UBA

UBA

Decrease in use of FFP /month for the SICU and MICU
(units not reported)
Decrease number of superficial cultures per patient

Improve¢ process compliance for ‘lab work’ (%)

Decrease median # ABGs (per patient day)
Improve¢ average adherence to guideline (%)
Decrease & Improvezz

Total # of ‘blood work’ tests per patient
Unordered ‘blood work’ tests per patient
Decrease number of tests (various) per patient
Improve®:

FFP (transfusions per patient)

Platelets (units per patient)

Distribution of pre-transfusion platelet counts
Distribution of pre-transfusion prothrombin time values
Audited + Prothrombin time value > 39%

Audited + Prothrombin time value > 49%

All transfusions + Prothrombin time value > 49%
Decrease clinical Biochemistry Test orders per 100
hospital days for ICUs (mean volume per 4-month

period) (TARGET)

Hematology Test orders per 100 hospital days for ICUs

(mean volume per 4-month period) (Not targeted)

-79

-1.72

Treatment =+17%

Control =-7%
-1.7

+15%

+144

+15

-0.74
-0.05

-613.1 (-5579)

+34.2 (+707)

NR

NR
<0.0001

<0.001
<0.0001

NR

NR

NR

NR*
NR*

0.009

NS (NR)

-34
+27%

+214

+6

+0.03
-0.47

A Time 2 — Time3
Presented graphically
Presented graphically
-17%

-9.7%

-6.9%

<0.001
<0.0001

NR
NR

NR*
NR*

0.452
<0.001
<0.0001
<0.0001
<0.0001
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Change in Primary Outcome Sought

Absolute A

Time 1- Time 2

Reported

p-value

Absolute A

Time 1- Time 3

Reported

p-value

Schramm UBA Improve® # of compliant episodes:
2011° Lactate measured (%) +15.8% <0.001 +21.6% <0.001
Blood cultures before antibiotics (%) +5.3% <0.001 +10.0% <0.001
Appropriate RBC transfusion (%) +3.8% 0.397 +3.1 0.397
Masud 2011° CBA Decrease proportion of CABG patients receiving A 2006-2007=-9.9% NR A 2006-2008=-15.9% <0.005
transfusion (total blood product use) A 2007-2008= -6% NR
Decrease Volume (Units) for CVICU Patients
All products A 2007-2008= -2,288 NR
Red Cells A 2007-2008= -870 NR
Platelets (concentration) A 2007-2008= -566 NR
Plateletpheresis A 2007-2008= -53 NR
Fresh Frozen Plasma A 2007-2008= -660 NR
Cryoprecipitate A 2007-2008=-139 NR
Arnold 2011  UBA Improve®:
Number of frozen plasma (FP) requests per patient -0.36 NR* -0.19 NR*
Inappropriate FP requests T2 reported graphically NR -14% 0.09
FP requests consistent with guidelines T2 reported graphically NR -1% 0.86
FP requests inconsistent with guidelines yet appropriate T2 reported graphically NR +15% 0.04
for the ICU
Beaty 2013¢ UBA Improve® Odds Ratio (Risk of RBC transfusion above a T2 OR=0.52 0.003 T3 OR=0.37 <0.001
Hgb threshold of 8gm/dL determined by univariate
logistic regression)
Improve proportion of RBC units with a Hgb threshold  Reported graphically <0.001 Reported graphically <0.001
of > 8gm/dL (decrease) (decrease)
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Change in Primary Outcome Sought Absolute A Reported Absolute A Reported

Time 1- Time 2 p-value Time 1- Time 3 p-value
Gutsche 2013 UBA Improve appropriateness¢; assessed proportion of -6.6% 0.016
patients receiving unnecessary RBC transfusion (%)
Yeh 2015 UBA Improve®:
RBC Transfusions (U per event) -0.4 NR* Unclear; -0.53 to -0.73 NR*
Hgb trigger >8.0 g/dL -23%, <0.001 -8%, 0.44
Over-transfusion rate (post-transfusion Hgb >10 g/dL)  -8%, 0.004 -5%, 0.50
Mean pre-transfusion Hgb trigger (g/dL) -0.5 <0.001 -0.3 0.068
Murphy 2016  UBA Decrease mean ABG orders per encounter -1.6 <0.05 -1.6 <0.05
Decrease mean RBC unit orders per encounter -0.1 <0.05 -0.1 <0.05

Abbreviations: ABGs= Arterial blood gases, CBC= Complete Blood Count, FFP= Fresh Frozen Plasma, LFT= Liver function tests, MICU= Medical Intensive Care Unit, NR= Not
Reported, NS= Not Significant, PT/PPT= prothrombin time/partial thromboplastin time, RBCs= Red blood cells, SICU= Surgical Intensive Care Unit, T1= Time 1 (baseline), T2=
Time 2 (implementation), T3= Time 3 (follow-up); a) Study reported appropriateness data for T2 and T3 combined (not shown), T2: After audit system activated, T3: Audit system
+ Post-Feedback; b) P-values for comparison of all three periods; ¢) 2005-2006= Standard care, 2007= Standard care/ Education and A&F (“Educational initiative began in late
2007”), 2008= Education and A&F “fully implemented”; d) T2: Weekly, group feedback; T3: Weekly, individual feedback as a group. Measures of Appropriateness: A = Bundle;
¢o= Guidelines/Algorithm/Protocol/Standards for Practice; £= aimed to reduce ‘unordered tests’ (tests with no written order); 9= Guidelines + Clinical Context; ® = Combination of
transfusion triggers and audit of patient factors (specifics unclear). *Not the aim of the study. Note: p-values are those reported in studies.

Table 3b. Summary of transfusion ordering and appropriateness for comparative A&F study

Design Change in Primary Outcome Sought Absolute A Reported p-value
Arm 2- Arm 1
Borgert 2016° CCT Improve™:
Number of transfused RBCs (per patient)
Implementation -36 (-0.6) 0.0025
Post-implementation -54 (-0.6) <0.001%*
Transfusion bundle compliance (%)
Implementation +31% <0.001*
Post-implementation +36% <0.001

e) Comparison of monthly, group A&F (Arm 1) to monthly, group A&F plus timely individual A&F (Arm 2). Measures of Appropriateness: A = Bundle. Note: p-values are those
reported in studies, with one exception *article reported a p <0.000, this has been corrected to <0.001.
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Table 4a. Secondary Outcomes

Outcome Absolute A Reported Absolute A Reported

Time 1- Time 2 p-value

Time 1- Time 3 p-value

Paes 1994 Costs for superficial cultures -$21.49/patient NR
Hendryx 1998 Mean Total LOS (days) Treatment= -3.2 NS
Control =-0.6
Mean ICU LOS (days) Treatment= -2.1 NS
Control =-0.3
Mortality Rate (*unclear if ICU or hospital) Treatment = +0.02 NS
Control =-0.14
Mean Infectious Nosocomial Events Treatment = +0.1 NS
per 100 ICU Days Control=-1.0
Merlani 2001 &  Unit population, Mean stay (days) -0.3 0.26 -0.3 0.26
Diby 2005 Unit population, Mortality (%) +0.1% 0.80 -0.5% 0.80
Savings (per patient day) Pilot period: SFr 34.8 Consolidation period: SFr 68.4
(or £14.15) (or £27.81)
Beland 2003* Average LOS (days) +4.9 NR +9.4 NR
Total charge for unordered tests +$4,564.80 NR +$3,246.75 NR
(average cost per patient per day in ICU) (+$42.32) (-$21.91)
Petiji 2004° LOS (NR, Calculated) +0.1 NR -1.2 NR
Days of Care/All Admissions (days/patient)
Schramm 2011 Median ICU LOS (Days) 0 0.010 0 0.010
Hospital mortality (%) -1.6% 0.029 -8.3% 0.029
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Outcome Absolute A Reported Absolute A Reported

Time 1- Time 2 p-value Time 1- Time 3 p-value
Masud 2011° Observed: Expected operative mortality index A 2006-2007=-0.07 NR A 2006-2008=-0.12 NR
for isolated CABG A 2007-2008= -0.05 NR
Average LOS for CVICU patients (Days) A 2007-2008=-0.21 NR
Estimated expense for all blood products A 2007-2008 = -$928,125 NR
CRBSI A 2007-2008= +0.3 NR
VAP Incidence A 2006-2007=0 NR A 2006-2008=-1 NR
A 2007-2008=-1 NR
Surgical Site Infection Rate
CBGB risk 0,1 A 2006-2007= -0.66 NR A 2006-2008=-0.2 NR
A 2007-2008= 0.46 NR
CBGB risk 2 A 2006-2007= -2.49 NR A 2006-2008= -3.43 NR
A 2007-2008= -0.94 NR
CBGC risk 1 A 2006-2007=-5.13 NR A 2006-2008= -5.13 NR
A 2007-2008=0 NR
CBGC risk 2,3 A 2006-2007=0 NR A 2006-2008=0 NR
A2007-2008= 0 NR
Arnold 2011 ICU Mortality (%) -4% 0.76 -9% 0.76
Hospital Mortality (%) -4% 0.90 +2% 0.90
Beaty 2013¢ CSICU LOS (Days)
Non-transfused (n=368) -0.1 0.21 -0.5 0.21
Transfused (n=144) -1.4 0.22 0 0.22
Total Hospital LOS
Non-transfused (n=368) 0 0.11 -1 0.11
Transfused (n=144) -3 0.36 +1 0.36
Observed In-Hospital Mortality -4.8%, 0.02 -5.5% 0.02
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Outcome Absolute A Reported Absolute A Reported
Time 1- Time 2 p-value Time 1- Time 3 p-value
Gutsche 2013 Mean ICU LOS (hours) -1.5 0.90
Mean Hospital LOS (days) -0.9 0.24
30 Days-Mortality -1.5% 0.42
Yeh 2015 Mortality (%) +3% 0.60 0% 0.60
Median ICU LOS (Days) -1 0.57 3 0.57
Median Hospital LOS (Days) +1.5 0.48 +9 0.48
Murphy 2016° ICU Mortality Rate (%) -1.7%, <0.05 -1.2%, <0.05
Hospital Mortality Rate (%) -1.8% <0.05 -1.5% <0.05
Mean ICU length of stay (units NR) -0.1 NS 0 NS
Estimated total gross direct cost savings $1,942,735
Estimated net cost savings (accounting for incentive pay-out) $1,544,095

(or $772,048 per year)

Secondary Outcomes; length of stay (LOS), mortality, infection and expenditure or savings. Abbreviations: ABGs= Arterial Blood Gases, CABG= Coronary Artery Bypass
Grafting, CRBSI= catheter-related bloodstream infection, CSICU= cardiac surgery ICU, CVICU= cardiovascular ICU, ICU= intensive care unit, NR= Not Reported, NS= Not
Significant, RCBs=Red Blood Cells, T1=Time 1 (baseline), T2= Time 2 (implementation), T3= Time 3 (follow-up), VAP= ventilator-associated pneumonia; a) NR whether average
represents mean or median; b) T2: After audit system activated; T3: Audit system + Post-Feedback; ¢) CRBSI = hospital level, VAP = “incidences of VAP for randomly sampled
quarters”, surgical site infections = cardiovascular surgery service; d) T2: Weekly, group feedback; T3: Weekly, individual feedback as a group; Unclear if LOS values are means
or medians; e) Estimated overall savings from reduction in ABGs, RBCs and Chest X-rays. *Note: No relevant secondary outcomes reported for: Solomon 1988, Wisser 2003,
Calderon-Margalit 2005. *Note: p-values are those reported in studies.

Table 4b. Secondary Outcomes for Comparative A&F Study

Outcome Absolute A
Arm 2- Arm 1

Reported p-value

Borgert 2016 Median ICU LOS (Days)
Implementation 0 p=0.63
Post-implementation +3 p=0.57
ICU Mortality (%)
Implementation +0.8% p=0.92
Post-implementation -4.2% p=0.57

f) Comparison of monthly, group A&F (Arm 1) to monthly, group A&F plus timely individual A&F (Arm 2). Measures of Appropriateness: A = Bundle. Note: p-values are those
reported in studies.
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Summary of Studies on Improving Test Ordering

Table 3a summarizes test and transfusion ordering (or appropriateness) outcome data from the included

47,49-52,54,61 1o -
5 Five of these studies reported decreases (range:

studies. Six studies aimed to reduce test ordering.
-1.6 mean tests per encounter, -1.72 to -8 tests per patient, -1.7 to -3.4 median tests per patient day, -613.1

474930523461 A1] three of the studies that tested significance found these
49,50,54,61

tests per 100 hospital days) .
reductions to be statistically significant.

Four studies aimed to improve the appropriateness of test orders (as per compliance with a bundle,”

30 standards for practice,* or whether the test had a written order’'). Three of

guidelines (an algorithm),
these studies reported statistically significant increases in compliance (range: +5.3 to +27%).*°%> The
remaining study reported a decrease in the proportion of inappropriate tests, however, upon assessing the
number of overall tests per patient and inappropriate tests per patient, we noted undesired increases in both
outcomes (range: +144 to +214 total tests/patient; +6 to +15 unordered tests per patient). No statistical test

was reported.”’
Summary of Studies on Improving Transfusion Orders

Three studies sought to reduce transfusion orders. All three reported decreases (range: -0.1 mean RBC unit
orders/encounter, -79 FFP use/month [units not reported], -6 to -15.9% of patients receiving transfusion [all
products], -2,288 units [all products]/year ); one reported a statistically significant difference,’’ one reported
a statistically significant decrease for a subset of patients (overall significance not reported),” and one did
not report a statistical test.*®

21 — 2 . . . . .
33953876062 5imed to improve the appropriateness of transfusion orders (as per compliance

58-60

Seven studies
with a bundle,
transfusion triggers and audit of patient factors [specifics unclear]”). Outcomes included the over-

21 . . .. 62 . .
o guidelines plus clinical context,”” and a combination of

a protocol/guideline,
transfusion rate, the odds of an inappropriate transfusion, the proportion of patients receiving inappropriate
orders, the threshold at which a transfusion was given, the proportion of transfusions with an inappropriate
threshold, or compliance with a bundle. Two studies saw significant decreases (range: OR of inappropriate
transfusion 0.37-0.52; proportion of patients receiving unnecessary transfusion -6.6%);"*>’ one saw
significant reductions during the intervention period and non-significant reductions at follow-up (range: -8
to -23% inappropriate transfusions; -5 to -8% over-transfusion rate; -0.3 to -0.5 g/dL mean pre-transfusion
trigger);” one saw a significant reduction for one transfusion outcome, but no significant difference for
another (-6.9% to -17% in proportion of transfusions over specific triggers; distribution of pre-transfusion
platelet counts: p= 0.452);>® and one saw a non-significant increase in compliance (range: +3.1 to +3.8%
compliant episodes of transfusion).”” Another study saw non-significant decreases for both inappropriate
transfusions and transfusions consistent with guidelines (-14% and -1% respectively).”” As described in
Table 3b, the final included study was a head-to-head comparison of different types of A&F and found the
enhanced strategy (timely individual + monthly group feedback) to significantly improve compliance of
transfusions as compared to the monthly, group A&F (range: +31% to +36% bundle compliance).”’

Table 3a also describes A&F in light of different comparators. Fourteen studies (88%) compared
multifaceted interventions to usual care.”" "% I most cases, data were only reported for the
baseline and post-intervention periods, thus not enabling direct assessment of A&F components only. Nine

of these studies™ " saw a statistically significant change in the hypothesized direction for at least

34



one of the outcomes (range: +15 to +27% in compliance, +5.3% to +21.6% compliant episodes, -0.1 to -
1.6 orders/encounter, -1.7 to -3.4 median tests per patient day, -613.1 tests/ 100 hospital days, -6.9% to -
17% in proportion of transfusions over specific triggers, -23% in inappropriate transfusions, -8% in over-
transfusion rate, -0.5 g/dL mean pre-transfusion trigger, -6.6% in patients receiving unnecessary

transfusion, -15.9% of patients receiving transfusion); three*’ >

reported changes in the hypothesized
direction but did not report the significance (range: -1.72 to -8 tests per patient; -79 FFP use/month [units
not reported]), and one’’ saw a statistically significant increase in transfusions “inconsistent with guidelines
yet appropriate for the ICU” (+15% in requests), but non-significant decreases in both inappropriate (-14%
in requests) and “consistent with guidelines” transfusions (-1% in requests). One study’' did however
provide a comparison of A&F alone versus usual care prior to implementing additional intervention
components; undesired increases were seen for both overall (+144 tests per patient) and inappropriate tests
per patient (+15 unordered tests per patient) (significance not reported). The only study®® to implement a
sole A&F intervention, saw a significant decrease in the odds and proportion of inappropriate transfusion

(OR 0.37-0.52).
Additional Outcomes

Additional outcomes of interest, including length of stay, mortality, infection and expenditure, are
summarized in Tables 4a and 4b. Length of stay (ICU or hospital) and mortality (ICU or hospital)
2148-51535556.58-61 514 10 studies, 25055565862 reenectively,

A statistically significant reduction in LOS measure was reported in only 1 of the 7 studies where it was

outcomes were reported in totals of 11 studies

tested.” Statistically significant decreases in mortality were found in 3 of the 8 studies in which it was

d.”>*%®! In the two studies that reported infection rates, one saw no statistical difference,” and the other

teste
did not report statistical tests.”® Savings or expenditure was reported in 5 studies,’*>'*! however no

statistical tests were reported.
DISCUSSION

A&F is known to be an effective component of interventions to improve practice,” and it is suggested to

be a feasible strategy due to the availability of electronic health data.***%*"%64

However, relatively little
work has explored how this change strategy can be effectively implemented in a critical care setting. Our
systematic review yielded 16 studies, the majority of which showed positive effects, though their overall

quality and rigour of design were assessed to be relatively weak.

Of the sixteen included studies, only one™® assessed A&F alone as the sole intervention; the remaining
studies assessed the effects of A&F alongside a range of intervention components (and in one case it was
unclear if there were additional components). That most studies used a multifaceted intervention was
reasonable, as previous literature has suggested that these interventions are more effective than single

. . 30,65-67
component interventions.™”

While the lack of simple comparison studies would seem to prevent us from
directly assessing the effectiveness of A&F, some investigators have argued that the substantial literature
(the latest Cochrane review included 140 trials*) demonstrates A&F’s effectiveness, and negates the need
for further testing of this intervention on its own.”® Instead, the assessment of the conditions and
mechanisms under which A&F is most effective is argued to be more likely to improve effectiveness of
interventions.”**® Future primary studies may therefore consider the application of theory, process

evaluations, and methods to compare different intervention component combinations to facilitate
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identification of those that are most effective and to better understand the potential mechanisms.”""

Syntheses of the literature of the sort we report here are another way to advance work in this field.

Our review points to some mechanisms by which A&F might be made more effective in this context. Two

: . . 21,58
studies in our review”’

suggest enhancing group feedback with individual feedback may improve
intervention effectiveness. This is in line with a previous meta-analysis which found combined group and
individual feedback yielded a larger effect size than either type of feedback alone.*” Recent guidance around
A&F** also suggests that provision of individualised feedback whenever possible is more likely to be
effective, as group-level feedback is easier for an individual to discount. In the critical care context, both
levels of feedback may be preferable, in that it addresses the team-based nature of critical care,”” but still

provides specific data for individual practitioners.

In 8 of the 17 interventions, feedback was either presented only once, it was not clearly specified how often
feedback was provided, or the feedback was provided variably (only when an inappropriate order was

47:48.31.53.3459.6263 The finding that not all A&F interventions provide iterative feedback suggests the

placed).
important notion of the feedback loop®* is overlooked in some cases. Recent guidance recommends that
feedback be provided multiple times, in order to close the feedback loop (i.e. a provider identifies a practice
gap(s) based on the first instance of feedback, makes a change, and then needs subsequent instances of

feedback to understand whether the practice change has resulted in improved outcomes).

While we were ideally interested in studies that aimed to reduce inappropriate tests and transfusions, it can

17,41
Thus, some

be difficult to both define and adjudicate whether these resources are used appropriately.
studies aim to reduce inappropriate orders, but simply measure the overall reduction in tests or blood
components. For instance, in our small sample, six studies (37.5%) did not assess appropriateness. Albeit
difficult to define, it is important for intervention studies to assess ‘appropriateness.” This is needed to
ensure that the tests and transfusions reduced are in fact unnecessary, and that underuse and patient harm
does not occur, especially in the context of the ICU. The remaining 10 studies (62.5%) assessed

appropriateness, with the majority identifying ‘appropriateness’ as compliance with guidelines or protocols.

The limited evidence we could find pertaining to patient length of stay (LOS) and mortality showed few
significant differences. In part, this may be due to a lack of reporting on patient outcomes, an issue that has
also been identified in other reviews.*

While our use of a subset of quality items precluded computing an overall quality score for each study, we
found studies in this area lacking on important quality indicators. Many studies lacked a concurrent control
group, and only one study used randomization. No time-series analyses were identified. Interventions were
rarely described adequately to allow for replication. Lack of an appropriate control group and time-series
analysis makes interpretation of study results difficult, as any effect seen may simply be due to coincidence,

74-76

Hawthorne effects, seasonal differences or another undocumented change. Non-randomized studies are

at risk of introducing selection bias.* Furthermore, poor reporting of intervention details makes synthesis
and replication more difficult.

Strengths & Limitations

We conducted the first comprehensive review of A&F interventions for improvement of test and transfusion
ordering in critical care. We searched five electronic databases and two registries, as well as reference lists
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of relevant articles and systematic reviews. Our search strategy was developed and peer reviewed with
guidance from library information specialists, and screening, data extraction, and the risk of bias assessment
were completed by two independent reviewers. Furthermore, in addition to summarizing the effectiveness
of these interventions, our review is the first to assess characteristics of the A&F interventions in light of
recent best practice guidance.**

Our study has limitations that warrant consideration. Inconsistency in reporting and differences in
intervention component nomenclature complicated our categorization of intervention types. Using standard
intervention categories and terms (such as those outlined by the Effective Practice and Organisation of Care
(EPOC) taxonomy’’ or the Expert Recommendations for Implementing Change (ERIC) project’®), reporting
guidelines (such as the Template for Intervention Description and Replication (TIDieR) checklist’), and
online access to more detailed descriptions of the interventions, may facilitate comparisons between studies
in future reviews. While we worked hard to be comprehensive, some relevant studies may not have been
included in our review as not all publications provide the relevant information in the abstract. Considerable
work aiming to improve test and transfusion ordering may be conducted as quality improvement initiatives,
and thus be less frequently published or more difficult to identify in electronic searches.*™®' Finally, another
limitation of this review (and others) is the potential for publication bias. We note that many of the included
studies showed desired, albeit weak effects, which may suggest that studies that have positive and/or
significant findings may be more likely to be submitted and published. Due to the heterogeneity in outcomes
we were not able to assess the potential for publication bias by funnel plot, as Cochrane suggests asymmetry
statistical tests be conducted with no less than ten studies.*” Future updates to this review, however, may
be able to address this issue.

Guidance for Future Research

Our research helped to identify several ways in which to build upon the extant literature. Use of more
rigorous study designs, such as randomized controlled trials or cluster randomized controlled trials, would
help to produce a higher quality evidence base around A&F interventions in the critical care setting. Greater
focus on head-to-head trials of different types of A&F to study potential mechanisms of action and whether
theory-informed suggestions for best practice help to optimize this intervention would advance this
literature.**>*® To allow for more robust and conclusive synthesis techniques such as meta-analysis and
network meta-analysis, primary studies should employ comparative designs measuring and reporting on
common outcomes (e.g. the number of laboratory tests per patient). Furthermore, adoption of consistent””"®
and thorough reporting practices,” improved access to feedback templates, and development of core
outcome sets would enable research teams to produce cumulative knowledge. Measurement and reporting
of core patient outcomes and cost data will also help to assess whether these interventions are safe and
sustainable.

Implications & Conclusions

This study showed that A&F is potentially effective in the critical care setting, but interventions are
typically inconsistent with best practice recommendations for A&F interventions, and lack important
indicators of study quality. In the majority of cases, A&F was implemented as one part of a multi-
component intervention, limiting our ability to determine which components were contributing to the
overall success. Additionally, the majority of studies in our sample were uncontrolled, leaving the results
prone to bias.”
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More research focussed on the optimization of A&F in critical care is warranted; initial signals of efficacy,
and the lack of consistency with best practices, suggest these types of intervention can be improved. Future
work should focus on understanding the mechanisms by which this intervention works,**™ particularly in
this team-based environment. Assessment of whether interventions designed with more best practice
recommendations®* in place are more effective, would help to advance this literature, as would tools for
standardizing and codifying the description and reporting of A&F interventions. This will help us to develop
hypotheses as to how A&F may be optimized for the improvement of test and transfusion ordering in the

critical care setting.
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APPENDIX A: Documented Changes from Original Protocol

Number

Section

Eligibility criteria, Population

Eligibility criteria, Comparator

Eligibility criteria, Secondary
Outcomes

&

Outcomes and Prioritization

Eligibility criteria, Study Design

Eligibility criteria, Setting

Eligibility criteria

Selection Process

Selection Process

Change(s)

Specified physicians at all levels
Added the healthcare professional examples phlebotomists and respiratory therapists
Added the example cryoprecipitate

Specified behavioural intervention

Provided examples: (such as education, incentives, reminders, or systems-based changes).

Due to the limited number of studies identified, we broadened our criteria to allow for inclusion of studies
comparing different types of A&F.

Specified the appropriateness of ordered laboratory tests or transfusions (previously ‘services’) and added:
‘for example as judged by the clinical context, or as compared to specified guidelines’

The secondary outcome extubation failure was removed prior to completion of screening/ the start of data
extraction. We decided to narrow our outcome focus to ensure manageable data extraction.

We removed the secondary outcome transfusions (for laboratory test interventions) as this was already captured
in our primary outcome.

We removed the secondary outcome ‘healthcare provider perceptions, beliefs and motivation to reduce
inappropriate test and transfusion ordering’ prior to completion of screening/ the start of data extraction. We
decided to narrow our outcome focus to ensure manageable data extraction.

Since our protocol registration we have specified that uncontrolled before-after studies are included in our review.
Due to low study yield, we decided to broaden the scope of possible designs. Since our protocol registration we
have also specified that conference abstracts, editorials and letters to the editor have been excluded.

We switched “critical care setting’ with ‘intensive care setting’ to reduce ambiguity

Added: ‘As we anticipated relatively few studies to have been conducted specifically in ICUs, we included studies
regardless of study year or follow-up time. To ensure we were aware of the full extent of the literature, we did not
use year or language filters.’

Originally, the full text articles were to be screened by two independent reviewers, however due to limited
resources, full text articles were instead screened by one reviewer (MF). The justifications to include and exclude
articles were confirmed by another member of the research team (KC).

We originally said: “After data extraction, both reviewers will discuss whether pooling of the data is appropriate,
and if so, which studies should be included in the meta-analysis.” However, prior to data extraction the research
team determined that the sample was highly heterogeneous and deemed meta-analysis inappropriate.
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10

11

12

13

14

15

16

Data Collection

Data Collection

Data Items

Individual Study Quality and
Risk of Bias

Individual Study Quality and
Risk of Bias

Synthesis of Results & Summary
Measures

Synthesis of Results & Summary
Measures

Data was originally to be extracted by one reviewer (MF) and confirmed by a second independent reviewer.
However, due to changes in availability, data was extracted by two independent reviewers.

We had originally said: “using a piloted data extraction form. The data extraction form will be created and piloted
using 4 A&F, non-ICU intervention studies (2 laboratory test studies and 2 transfusion studies). Non-ICU setting
studies will be used as we expect the ICU setting literature to be limited and therefore do not want to use the
available ICU data for piloting.” However, due to resource limitations data extraction was first completed by one
reviewer, and it was determined that only minor adjustments were required.

Had originally said: “If more than one study arm contains a feedback component, the most complex arm will be
assessed.” However, we decided we would assess all study arms with an A&F component.

While we anticipated that most of the studies would be of an observational nature (CBAs, ITSs), we had not
anticipated that the majority would be non-controlled studies (UBAs). We had originally outlined that the
methodological quality would be assessed using criteria specific to each study design using the EPOC Review
Group’s quality criteria (including ‘Consumer Involvement’ for all studies).** However, criteria is only provided
for studies with a concurrent control group (RCT, CCT, CBA, ITS). We thus decided to instead use the quality
criteria outlined by Kobewka et al.,”® which is a modified version of the EPOC quality criteria. The similar reviews,
which we had previously identified (by Cadogan et al.'® and Kobewka et al.*’) both used adapted, but different
versions of the EPOC quality criteria. As Kobewka et al.’s review*° did not restrict based on study design and also
included studies without a concurrent control group, we decided to use their modified version of quality criteria. In
Kobewka et al.’s review,*® one set of criteria was used for all study designs. While we had originally stated that we
would also assess the risk of bias for any RCTs using the Cochrane collaboration’s tool*’, we decided to instead
simplify matters, and stay consistent with Kobewka et al.”” Two additional items from the EPOC Review Group’s
quality criteria®* “Blinded assessment of primary outcome(s)” and “Reliable primary outcome measure(s)” were
also assessed.

We originally said: “The reviewers will be trained to assess risk of bias and methodological quality through reading
of the educational materials associated with each tool.****” This was no longer applicable.

We had originally planned to enter the extracted data into RevMan5.3 software™ to generate weighted summary
measures and forest plots for presentation of the results. The mean difference = 95% confidence limits were to be
used to summarize continuous outcomes, and the Odds Ratio (OR) + 95% confidence limits were to be used to
summarize categorical outcomes. This was no longer applicable.

We originally planned to create the results tables after the data extraction consensus meeting. However, due to
limited resources the results tables were constructed prior to the consensus meeting and updated after the consensus
meeting.
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17

18

19

20

21

22

Synthesis of Results & Summary
Measures

Additional Analyses: Sensitivity
and Subgroup Analysis

Additional Analyses: Sensitivity
and Subgroup Analysis

Meta-Biases

Risk of Bias Across Studies:
Confidence in Cumulative
Evidence

Reporting of Results

We also planned to use the summary of study characteristics table to assess qualitative study heterogeneity (in
terms of study type, type of control, ICU type, feedback intervention, and comparator), and had said “if two or
more studies are judged to be similar... pooling of the outcomes will be deemed appropriate.” However, during
article selection, we determined that the study sample was too heterogeneous for pooling (in terms of interventions
and outcomes), and meta-analysis was deemed inappropriate.

We originally said: “The information obtained from the quality and risk of bias analyses will aid in the
determination of whether meta-analysis is appropriate.” However, this was no longer applicable as we decided
meta-analysis would be inappropriate prior to the quality assessment of the articles.

We had originally said “For RCTs, if meta-analysis is deemed appropriate, the risk of bias assessment will be used
to complete sensitivity analyses. This will be done by completing analyses without studies with a high risk of bias
for selective reporting and incomplete outcome data.” This was no longer applicable.

This entire section was removed.

As meta-analysis was deemed inappropriate, planned sensitivity and sub-group analyses could not be completed.
These categories had included: study quality, type of funding, ICU type, study country (to look at possible
differences in payment systems), intervention type (multifaceted versus single mechanism). (*Note: ROB was not
included as we decided to no longer assess this- see change #13.)

This entire section was removed.

We had originally planned to produce a funnel plot to assess the potential for publication bias across studies using
the RevMan5.3 software.*® This was no longer applicable as meta-analysis was not completed.

The previously planned sensitivity analyses, to be completed by removing studies with a high risk of bias for
selective reporting and incomplete outcome data, could not be conducted as meta-analysis was deemed
inappropriate. (*Also note: ROB was not assessed- see change #13.)

The overall confidence in cumulative evidence was to be assessed using the GRADE scoring system (Grading of
Recommendations, Assessment, Development and Evaluations).® Due to the fact that meta-analysis was deemed
inappropriate, and due to limited resources, we decided to forego GRADE scoring.

We had originally planned to first discuss the effectiveness of each intervention, and then compare and contrast the
heterogeneity between study characteristics. We have instead provided an overview, and have grouped discussions
based on intervention type (i.e. A&F alone, multifaceted).

Higher quality studies were to be discussed first for each outcome. Overviews were instead provided.

We had originally planned to discuss our primary and secondary outcomes for each study, and group studies based
on comparison type as per Ivers et al.’; this was done for our primary outcome, an overview was provided for
secondary outcomes.
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APPENDIX B: Justification for Choice of Outcomes & Changes in Secondary Outcomes
Justifications

The primary outcome of interest for this review was the number of laboratory tests or transfusions. We
anticipated that this outcome could be reported in a variety of formats:

o The number of appropriate laboratory tests or transfusions (or compliance with guidelines)
e The number of inappropriate laboratory tests or transfusions
o The overall number of laboratory tests or transfusions (‘appropriateness’ not measured)

We chose our primary outcome as the overall number of laboratory tests or transfusions, because not all
studies measure the appropriateness of services.*® Secondary outcomes included appropriateness of services
(where possible, along with definitions of “appropriateness”), Length of Stay (LOS), mortality, infections,
and laboratory or blood product expenditure. We chose to extract the patient outcomes LOS, mortality and
infections, as it is important to ensure patient safety is not affected by the intervention. We also extracted
how the interventions affected laboratory test or blood product expenditure, as studies aiming to improve
the appropriate use of medical resources tend to highlight the negative financial implications of overuse®’

and the opportunity for cost-reduction.**’

Changes

Since registration of our protocol, but prior to completion of screening and the start of data extraction, we
removed the secondary outcomes 1) extubation failure and 2) healthcare provider perceptions, beliefs and
motivations to reduce inappropriate test and transfusion ordering, to narrow the focus and ensure
manageable data extraction.
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APPENDIX C: Medline Search Strategy

1 exp Intensive Care Units/

2 exp Critical Care/

3 Critical Illness/

4  (intensive care or icu or nicu).tw.

5 (critical* adj2 (ill* or care)).tw.

6 lor2or3or4or5

7  Clinical Audit/

8 exp Medical Audit/

9  Nursing Audit/

10 audit*.tw.

11  exp Management Audit/

12 feedback/ or formative feedback/ or feedback, psychological/
13 feedback™.tw.

14 (feed* adj2 back?).tw

15 benchmark*.tw.

16  '"utilization review"/ or "concurrent review"/

17  Peer Review, Health Care/

18  (utili?ation review or "usage review" or data review).tw.
19 "Quality of Health Care"/

20 or/7-19

21 6.and 20

22 exp Blood Transfusion/

23 transfus®.tw.

24 ((rbc or red blood or erythrocyte or plasma or platelet) adj2 therap*).tw.
25 (blood product? adj2 therap*).tw

26  exp Diagnostic Services/

27  "Diagnostic Techniques and Procedures"/

28 exp Laboratories/

29 Diagnostic Tests, Routine/

30 ((lab or laboratory or diagnostic test$) adj3 (use$ or utili$ or requisition$ or usage)).tw.
31 lab work*.tw.

32 laboratory work*.tw.

33 exp Clinical Laboratory Techniques/
34 or/22-33

35 21and34



APPENDIX D: Additional Details on Search Strategy & Sample
Detailed Search Strategy Development

An initial systematic review search strategy was developed with help from a library information specialist.
Medical Subject Headings (MeSH terms) and title and abstract terms (“.tw’) were chosen for the general
categories ‘Laboratory Tests’, ‘Transfusions’, ‘Intensive Care’, and ‘Audit and Feedback’. The key words
and MeSH terms of relevant primary studies and systematic reviews were assessed during the development
process. The initial search strategy was then reviewed by a second, independent library information
specialist. The second librarian made several recommendations such as:

e The removal of several acronym title and abstract terms (for example MICU, SICU, TICU).

e The removal of terms relating to quality improvement (for example ‘Quality Improvement/’,
‘Quality Assurance, Health Care/’, ‘(Quality adj2 Control).tw”)

e Replacing the title and abstract terms ‘lab*’ and ‘test*’ with ‘lab’, ‘laboratory’ or ‘diagnostic test’
and combining with ‘use’, ‘utilisation’, ‘requisition’ or ‘usage’.

e The addition of the MeSH term ‘Critical Illness/’

e Combining transfusion related title and abstract terms with ‘therapy’

After checking whether the search strategy was able to pick up 14 target articles, the librarian additionally
suggested the addition of ““Quality of health care”/” and ‘lab work*.tw’. With the addition of these terms
the strategy was capable of capturing 13 of the 14 target articles.

The study team then met to discuss any modifications, and agreed on the final strategy. The Medline search
strategy was translated to the remaining databases (Embase, Cochrane Library, CINAHL, and PsychInfo).
The trial registries ‘ClincalTrials.gov’ and ISRCTN were additionally searched, using the search terms
‘intensive care’, ‘feedback’, and ‘transfusion’ or ‘lab’.

Additional Details on Search Results

An additional 144 citations were also identified by searches within ClinicalTrials.gov (89), the ISRCTN
registry (50), hand-searching the references of included articles (2), and various means (i.e. searching for
the full text publication of a citation from a letter to the editor, finding a full text publication for a
conference abstract, and identification by one of the reviewers) (3).

Challenges Encountered

We found that studies containing an audit and feedback component did not always refer to this component
as ‘audit and feedback’. The inconsistency in reporting of intervention components has been noted
previously in the literature.” Thus, studies that did not include words in the abstract related to ‘intensive
care’, ‘audit’ or ‘feedback’ may not have been picked up. However, we did include MeSH and text words
related to ‘critical care’, ‘critical illness’, ‘utilization review’ and ‘quality of health care’ in hopes that this
would pick up additional studies.

In many cases, we were not able to determine intervention characteristics due to lack of reporting, which
prevented us from being more complete in our assessment of feedback characteristics. Reporting guidelines,
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or the use of online supplemental appendices with examples of the feedback template (or a more detailed
description), may help to ensure adequate reporting of all pertinent intervention details.

Additional Study Characteristics

The number of patients in each study ranged from 28 to 22,567 and the number of health care providers
21,49,50,59

(HCPs) per study ranged from 29 to 120, though this variable was only reported in 3 studies.
The patient population across studies varied widely, including (where specified): in-patients (intensive care
units, internal medicine, cardiology, obstetrics and gynecology, pediatrics, hemato-oncology, surgery)™;
adult patients admitted to cardiothoracic (2), neuroscience (2), medical (2), and surgical (1) ICUs®"; patients
in ICU from various departments (visceral surgery/gynecology/obstetrics, cardiovascular surgery, and
internal medicine wards (gastroenterology, nephrology, oncology, cardiology))’’; patients from the
“medical and surgical services” (including ICUs)®; “adult patients admitted to a ... medical-surgical
ICU%%; surgical ICU patients49’50; adult patients in a surgical ICU who were “stable, low-risk”®; cardiac
surgery patients (adult)®’; coronary artery bypass graft (CABG) cardiac surgery and cardiovascular ICU

patients (“including other cardiovascular surgical, vascular, and cardiology patients”)*; “neurosurgery,

9951, <

surgery and trauma admissions™"'; “mechanically ventilated intensive care unit (ICU) patients”*®; severe
sepsis or septic shock patients (=18)’’; newborns™; “newborns admitted to a level 2 neonatal unit that
provides care to low to moderately high-risk neonates” and “for the assessment and potential treatment of
sepsis”.*’

Only one study”' reported the average number of years in practice (Arm 1 median =10, Arm 2 median=14)
and average age (Arm 1 median=41, Arm 2 median= 44) for recipients, though another study® did specify

the proportion of nurses in their first (15%) or second year (15%) of training.
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APPENDIX E: Reporting Quality Assessment

Criteria Items

We assessed the quality of included studies using the seven criteria items reported by Kobewka et al.””

(modified from the Effective Practice and Organization of Care (EPOC) group).”* We also assessed two
additional items from the EPOC Review Group’s quality criteria: 1) “Blinded assessment of primary
outcome(s)” and 2) “Reliable primary outcome measure(s)”.**P**2!) The EPOC Review Group’s Data
Collection Checklist’™* was used as a guide for the applicable components. The quality assessment criteria
were assessed as ‘Yes’, ‘No’ or ‘Unclear’. While Kobewka et al.*® assessed criteria items as either ‘Yes’ or
‘No’, the reviewers felt an ‘Unclear’ category was necessary.

“Were patients similar between groups?

Were those ordering the tests [or transfusions] similar between groups?

Was there a concurrent control group?

Was the intervention described adequately enough to be replicated?

Was there a risk of contamination between experimental and control groups?
Were the results reported per patient instead of per institution or per physician?
Was a time-series analysis conducted?”*’

“Assessment of primary outcome blinded [or objective]?

e A S o

. . 4
Primary outcome measure reliable?””
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Individual Quality Assessment of Included Studies

Patients Providers Was there | Intervention Was there risk Was Was time-  Assessment of | {° Qutcome

were were a was of reduction series primary measure

similar similar  concurrent| described in | contamination in test use analysis outcome reliable?

between between control sufficient between reported performed? blinded (or

groups groups group? detail to be  groups? per primary

replicated patient? outcome
objective)?
Solomon, 1988 Unclear Yes No No N/A No No Yes Unclear
Paes, 1994 Unclear Yes No No N/A Yes No Yes Yes
Hendryx, 1998 Yes Yes Yes No No No No Yes Yes
Merlani, 2001 & Diby, Yes' Yes No No N/A Yes' No Yes & Unclear | Unclear
2005
Beland, 2003 Unclear Yes No No N/A No No Yes Unclear
Wisser, 2003 Unclear Yes No No N/A Yes No Yes Unclear
Petiija, 2004 Unclear Unclear |No No N/A No No Yes Yes &
Unclear
Calderon-Margalit, 2005 Unclear Yes No No N/A No No Yes Yes
Schramm, 2011 No Yes No No N/A Yes No Yes Unclear
b b

Masud, 2011 Unclear Yes No No N/A Yes & No | No Yes Yes
Arnold, 2011 Yes Yes No No N/A No No YCSC No
Beaty, 2013 Unclear Yes No No N/A No No Yes Yes
Gutsche, 2013 No Yes No No N/A Yes No Unclear Unclear
Yeh, 2015 Yes Yes No No N/A No No Yes Unclear
Murphy, 2016 No Yes No No N/A Yes No Yes Yes
Borgert, 2016 Yes Yes Yes No Unclear No No Yes Unclear

a) Used the most definitive answer from Merlani et al.*’; b) Assessed for the data extracted; c) Blinded; all others coded as ‘yes’ were found to have objective
outcomes; Note: Questions 1-7 as per Kobewka et al.*® and 8-9 as per Cochrane Effective Practice and Organisation of Care Review Group (EPOC)**



Summary of Study Quality

Quality Criteria Number of Quality Criteria Number of

Studies (%) Studies (%)
1. Were patients similar between groups? 6. Were the results reported per patient instead of per

institution or per physician?

Yes 5(31%) Yes 6 (38%)
No 3 (19%) No 9 (56%)
Unclear 8 (50%) Yes & No 1 (6%)
2. Were those ordering the tests [or transfusions] similar 7. Was a time-series analysis conducted?
between groups?
Yes 15 (94%) No 16 (100%)
Unclear 1 (6%)
3. Was there a concurrent control group? 8. Assessment of primary outcome blinded (or objective)?
Yes 2 (12.5%) Yes 14 (88%)
No 14 (87.5%) | Unclear 1 (6%)
4. Was the intervention described adequately enough to be Yes and Unclear 1 (6%)
replicated?
No 16 (100%) |9. Primary outcome measure reliable?
5. Was there a risk of contamination between experimental Yes 6 (38%)
and control groups?
No 1 (6%) No 1 (6%)
Unclear 1 (6%) Unclear 8 (50%)
Not Applicable 14 (88%) Yes and Unclear 1 (6%)

Note: Questions 1-7 as per Kobewka et al.,”” questions 8-9 as per Cochrane Effective Practice and Organisation of Care Review Group (EPOC)™



APPENDIX F: PRISMA Checklist*

Section/topic # Checklist item RE[EIEE
on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. 17 (2)

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 17 (2)
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 18 (3)

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, 18-19
comparisons, outcomes, and study design (PICOS). (3-4)

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 19 (4)
provide registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 19 (4)
considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify | 20 (5)
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be | 44 (29)
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 20 (5)
applicable, included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 20 (5)
processes for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions 20 (5)
and simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this 21 (6)

studies was done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 21 (6)

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of N/A

consistency (e.g., I2) for each meta-analysis.
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Section/topic

Checklist item

Reported
on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective | N/A
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, N/A
indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 22 (7)
exclusions at each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 21-24
period) and provide the citations. (6-9)
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 23 and 48-
49 (8 and
33-34)
Results of individual 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each a) 25-33
studies intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. (10-18)
b) N/A
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. N/A
Risk of bias across studies | 22 | Present results of any assessment of risk of bias across studies (see Item 15). N/A
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item N/A
16]).
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their 34-35
relevance to key groups (e.g., healthcare providers, users, and policy makers). (19-20)
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval | 36-37
of identified research, reporting bias). (21-22)
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future 37-38 (22-
research. 23)
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders 38 (23)

for the systematic review.
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APPENDIX G: Definitions of Appropriateness

Study Definition of Appropriateness

Solomon N/A- Appropriateness not assessed

1988

Paes 1994 [N/A- Appropriateness not assessed

Hendryx Compliance with standards for practice:

1998 "The data collection protocol was derived employing objective indicators established by the Task Force on Guidelines, Society for Critical Care Medicine.
Using the indicators as a guide, the university specialist team developed more specific standards based on current practice. The protocol reflects basic
processes of ICU care that should be delivered regardless of technological sophistication or patient mix."*

Merlani Adherence to guidelines/ algorithm, developed in-house:

2001 & "The pilot guideline, which included a comprehensive time frame and the use of pulse oximetry, was devised as an algorithm based on three pathways

Diby 2005 |corresponding to pH, PaO2, and PaCO2 and included a minimum number of three mandatory analyses per day for safety reasons. The guideline was
approved by the two other unit consultants. To incorporate the opinion and the experience of the users we amended the pilot version of the guideline ten
months later. In this consolidated version, the time frames were widened and the daily mandatory tests removed. We added a list of clinical settings in which
the algorithm should not be applied. The consolidated guideline was validated by four critical care experts from outside the unit."*’

Beland 2003 [ Aimed to reduce ‘unordered’ tests (tests with no written order)

Wisser 2003 [ N/A- Appropriateness not assessed

Petdja 2004 |Unclear; various cut-offs mentioned

Calderon- |N/A- Appropriateness not assessed

Margalit

2005

Schramm Adherence to a bundle; "...modified from recommendations by the International Surviving Sepsis Campaign and the Institute for Health-care Improvement.

2011 Each element of the resuscitation bundle was expected to be completed within 6 hrs. Compliance with each element of the bundle as well as the overall
compliance using all-or-none approach was recorded.">
Lactate: "Measured before or within 1 hr after blood culture"™
Blood Culture: "Drawn before antibiotics administered"™
Red blood cell administration: "Transfused if hematocrit <30% and ScvO2 <70% or mixed venous 02 <65% despite fluid resuscitation"™

Masud 2011 [N/A- Appropriateness not assessed
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Study Definition of Appropriateness

Arnold 2011 ["The appropriateness of each FP request was adjudicated ... based on clinical data (bleeding, use of other blood products, and planned or recently performed
invasive procedures) and laboratory parameters (INR, partial thromboplastin time, hemoglobin level, and platelet count). Frozen plasma requests were
adjudicated as inappropriate if they were inconsistent with published guidelines and considered to be unnecessary in the clinical context, consistent if they
matched guideline recommendations, and appropriate for the ICU yet inconsistent with guidelines if the request fell outside published recommendations but
was felt to be reasonable given the unique requirements of the critically il1.”%? *Note: Also provided a table with specific criteria as well as a reference to
Crosby E, Ferguson D, Hume H, et al. Guidelines for red blood cell and plasma transfusion for adults and children. Can Med Assoc J 1997;156:S1-S24.

Beaty 2013 | Adherence to a protocol; Transfusion trigger of Hgb < 8 gm/dL

Gutsche Compliance with a clinical practice guideline, developed in-house: "All transfusions associated with a hemoglobin (hgb) < 7.0 mg/dL were considered to be

2013 in compliance with the guideline. If a patient was transfused with an hgb from 7 mg/dL to 7.9 mg/dL, then the chart was analyzed for evidence of organ
ischemia or pressor requirement. Transfusion associated with an hgb from 7 mg/dL to 7.9 mg/dL without evidence of organ ischemia, shock, pressor
requirement, or hemorrhage as evidence by chest tube output >250 mL/hour or documentation of alternate evidence of hemorrhage was considered guideline
noncompliance. All transfusions for an hgb >8.0 mg/dL were considered guideline noncompliant if there was no evidence for hemorrhage as evidence by a
chest tube output >250 mL/hour or documentation of alternate evidence of hemorrhage.">’

Yeh 2015 Compliance with guidelines (“stable, low-risk patients”®):

«  “Inappropriate transfusions (Hgb trigger > 8.0 mg/dL)”®
«  “Qver-transfusion (defined as post-transfusion Hgb > 10.0 g/dL)”*

Murphy N/A- Appropriateness not assessed

2016

Borgert Adherence to a bundle (“all-or-none (AON)-approach™")

2016
1) “Is the haemoglobin (Hb) result considered reliable?”'

2) “Have you verified if the Hb transfusion threshold was reached?*'

3) “Have you verified if informed consent was obtained?”*'

4) “Is the identity of the patient checked by two persons independently before transfusion?”'
5) “Is the blood product checked by two persons independently before transfusion?””!

*Note: Reference, table and figure numbers from original articles have been removed to avoid confusion.
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APPENDIX H: Excluded Full-Text Articles Sorted by Reason for Exclusion

Title

First Author

Year of
Publishing

Exclusion Reason

Total

Number

A clinical audit for improving utilization of
tests and reducing costs in surgical wards and
intensive care unit

Vezzani, A

2009

Conference Abstract

A multifaceted strategy to reduce
inappropriate use of fresh frozen plasma
transfusions in the intensive care unit

Arnold, DM

2009

Conference Abstract

A multi-site audit of transfusion
administration practice with use of an online
tool to capture results

Owens, W

2011

Conference Abstract

A Retrospective Analysis on the Effectiveness
of a Maternal Hemorrhage Plan...Proceedings
of the 2015 AWHONN Convention

Sincore, TJ

2015

Conference Abstract

A retrospective study of transfusion practices
in a pediatric intensive care unit with an
operating blood management program

Hassan, NE

2010

Conference Abstract

An interdisciplinary program for improving
the recognition and treatment of severe
sepsis

Oxman, D

2013

Conference Abstract

Appropriate regulation of routine laboratory
testing can reduce the costs associated with
patient stay in intensive care

Goddard, K

2011

Conference Abstract

Audit of compliance with the severe sepsis
resuscitation bundle in patients admitted to
ICCU

Irving, J

2010

Conference Abstract

Beyond the "bundle": Interventions to
decrease catheter associated bloodstream
infections in a community teaching hospital

Dumigan, DG

2012

Conference Abstract

Blood management in the ICU: Changing
transfusion practice in critically ill patients

Norgaard, A

2010

Conference Abstract

Blood stream infections in paediatric critical
care: Getting the diagnosis right - A quality
improvement project

McCluskey, J

2014

Conference Abstract

68
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Changing clinical practice of central line
culture investigation in a regional intensive
care unit category: Clinical lesson

O'Hare, P

2011

Conference Abstract

Clinical audit system in implementing
Surviving Sepsis Campaign guidelines in
patients with peritonitis

Valiveru, RC

2014

Conference Abstract

Clinical utility of endotracheal tube cultures
from neonates in a neonatal intensive care
unit: Completion of an audit cycle category:
Clinical lesson

Yew, P

2011

Conference Abstract

Consolidating blood draws in children as a
blood conservation technique

Mack, E

2013

Conference Abstract

Control of platelet transfusions in a teaching
hospital setting

Copplestone,
A

2012

Conference Abstract

Cryoprecipitate prospective audit program:
Impact and limitations

Osegueda, V

2013

Conference Abstract

Evaluation of the appropriateness of frozen
plasma usage in the era of prothrombin
complex concentrates: A retrospective study

Shih, AW

2013

Conference Abstract

Impact of clinical resource management:
Laboratory optimization is associated with
reduced cost and improved patient outcomes

Shin, AY

2013

Conference Abstract

Impact of remote electronic monitoring and
tele-intensive care unit based algorithm in
monitoring packed red cell transfusion
behavior for anemia of critical iliness:
Longitudinal multi-year experience from a
single community health system in the
United S

Li, N

2014

Conference Abstract

Implementation of a blood management
program in the intensive care unit (ICU)

Umezawa
Makikado, LD

2013

Conference Abstract

Implementation of a massive haemorrhage
protocol: The legnano experience

Novelli, CAE

2014

Conference Abstract

Implementation of a massive Transfusion
Protocol at a university medical center

Zantek, ND

2009

Conference Abstract
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Implementing transfusion practice guidelines
- The Austrian approach

Gombotz, H

2009

Conference Abstract

Improved computerized order entry for pRBC
transfusion associated with decreased
product utilization

Wool, G

2015

Conference Abstract

Improved outcomes using multidisciplinary
teams to implement sepsis bundles

Seoane, L

2011

Conference Abstract

Improving a health care system's critical lab
value reporting process through a multi-
disciplinary quality team

McCollum, D

2015

Conference Abstract

Improving patient outcomes following
emergency laparotomy: Assessing the impact
of quality improvement measures based on
NELA recommendations

D., Pachter

2016

Conference Abstract

Improving the efficient use of platelet
transfusions in critically ill patients with
decision support integrated into the
electronic patient record

A., Thoppil

2011

Conference Abstract

Incidence of nosocomial blood stream
infections, antibiotic resistances and blood
culture ordering and testing practices: A
Thuringia-wide prospective population-based
quality management project (AlertsNet)

Mikolajczyk, R

2013

Conference Abstract

Incorporating the evidence using cpoe and
dashboards: Implementation of SCCM adult
red blood cell transfusion clinical guidelines

Luehr, E

2010

Conference Abstract

Institution-wide quantification of iatrogenic
blood loss using a novel informatics-driven
methodology

Ledingham,
DL

2010

Conference Abstract

Introduction of a sepsis screening tool and
care bundle using a moulage-based training
program to improve recognition and
management of severe sepsis

Stephens, T

2012

Conference Abstract

Investigating the frequency and volume of
blood sampling in critical care patients in an
attempt to reduce iatrogenic anaemia

Laird, AE

2011

Conference Abstract
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Making the Sepsis Six count on a high-risk
pregnancy unit, delivering an improvement in
sepsis care

Pritchard, N

2016

Conference Abstract

Management of maternal sepsis in a large UK
District General Hospital: Audit results,
interventions and introduction of a regional
audit tool

Katakam, N

2014

Conference Abstract

Monitoring compliance with transfusion
guidelines in hospital departments by
electronic data capture

Norgaard, A

2014

Conference Abstract

Monitoring the compliance with transfusion
guidelines in hospital wards

Norgaard, A
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APPENDIX I: Quality Assessment Inter-Rater Reliability

Total Agreement (n) =36 +57+ 12+ 14=119

Total Agreement (%) = (119/153) x100=77.8%

Code Calculation Expected
Frequency

Yes (54 x 49)/153 17.3

No (65 x 65)/153 27.6

Unclear | (20 x 24)/153 3.1

N/A (14 x 15)/153 1.4

Sum 17.3+27.6+3.1+1.4 49.4

Cohen’s Kappa

K = (X agreement -Z expected frequency)/(N-X expected frequency)

K= (119 — 49.4)/(153-49.4)

K=0.67

Overall Agreement
No Unclear N/A Total
6 7 0 49
No 7 57 1 0 65
Unclear 11 12 0 24
NM N/A 0 0 14 15
Total 54 65 20 14
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Chapter 3 (Draft Component Manuscript 2):

How Well Do Critical Care Audit & Feedback Interventions Adhere to Best Practice? Development
and Application of an Evaluation Tool

PREFACE
The study described in Chapter 3 addresses two main objectives:

1. The development and piloting of an evaluation tool based on recent guidance for best practice in
the design of A&F interventions.'

2. Application of this tool to a sample of A&F intervention studies identified through systematic
review, to assess whether existing A&F interventions in the critical care setting comply with these
suggestions for best practice.

Contributions: MF and KC conducted screening for the systematic review, to identify the sample of A&F
interventions. JCB and JP provided guidance throughout this process and resolved conflicts between
reviewers. All members of the study team were involved in the development of the evaluation tool (JCB,
JP, KC, MP, MF). MF and MP piloted the evaluation tool. Formal assessment of the identified studies
was completed by MF with guidance from JCB and JP. MF drafted the manuscript and JCB and JP edited
and made contributions to the manuscript.

Appendices: Appendices for documented changes to the protocol, the PRISMA flow diagram (reprint’),
the evaluation tool criteria items, response scales and anchors, and the Research Ethics Board approval
letter can be found at the end of this chapter.

Ethics Approval: This study was approved by the Ottawa Health Science Network Research Ethics Board
(OHSN-REB; Protocol ID: 20160951-01H).

Publication Citation:
Foster M, Presseau J, Carroll K, Papoulias M, Brehaut J. “How Well Do A&F Interventions Adhere to
Best Practice? An Evaluation Tool.” (In preparation).
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ABSTRACT

Background: Healthcare Audit and Feedback (A&F) interventions have been shown to be an effective
means of changing healthcare professional behaviour. However, further work is required to optimize this
class of intervention, as efforts to date have not resulted in improved A&F. Recent published suggestions
have provided best practices for a series of modifiable A&F elements, which may help to increase
intervention effectiveness. We aimed to develop a generalizable evaluation tool that can be used to assess
whether A&F interventions conform to these suggestions for best practice and to apply the tool to a sample
of critical care A&F studies.

Methods: The 15 suggestions for improved feedback interventions published by Brehaut et al. were
deconstructed into 52 individual rateable items. Items were developed through iterative consensus meetings
among researchers. These items were then piloted on 12 A&F reports (three rounds, four interventions per
round). After each round of consensus, items were modified to improve clarity and specificity, to help
increase the reliability between coders, and the coding manual was updated accordingly. One reviewer then
used the tool to rate critical care A&F interventions to assess conformity to best practices. This sample of
interventions was obtained from a previously completed systematic review, which had identified studies
evaluating the effect of A&F interventions on provider ordering of laboratory tests and transfusions as
compared to other interventions or standard care, in the critical care setting.

Results: The evaluation tool was applied to 17 A&F interventions implemented in critical care settings.
Several interventions only provided feedback once. Studies rarely piloted feedback forms, involved
stakeholders during development, or conducted barrier or engagement assessments. Reporting of the
majority of our key intervention details was limited.

Conclusions: Many of the theory-informed best practice suggestions were not consistently applied in this
sample. Standardized reporting and posting of detailed intervention descriptions and feedback templates
may help to further advance research in this field. Future research to test whether the potentially
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underutilized suggestions may improve intervention effectiveness, as well as to study their mechanisms of
action, will help to optimize A&F in the critical care setting.

Registration Number: Not applicable.
Keywords: Audit, Feedback, A&F, optimization, critical care
BACKGROUND

Auditing healthcare provider behaviour and then feeding these data back to individuals or groups (often
with comparators and guidance on appropriate behaviour) is a common intervention.” Systematic reviews
suggest that optimization of these audit and feedback interventions (A&F) is required.* Despite clear
evidence that A&F usually has a positive effect on behaviour (1.3% [continuous outcomes]; 4.3%
[dichotomous outcomes]), effect sizes across trials of such intervention are variable, ranging from relatively
large to null or even negative effects.’ This variation has important implications. In some cases, it is possible
for A&F to result in more harm than benefit; if A&F is not executed in an effective way, providers’
performance (and thus the care received by patients) may be negatively impacted. Moreover, resources used
to conduct the audit and develop and disseminate the feedback can be wasted. On the other hand, A&F can
produce quite large improvements in care. However, previous analysis has shown feedback interventions
to date have not improved.*

To provide feedback developers with practical guidance, a recent publication summarized suggestions for
the optimization of A&F. This work compiled lessons from interviews with experts in A&F theory, as well
as research team experience, to produce 15 theory-informed suggestions for high quality A&F interventions
(Table 1)." These suggestions focus on easily modifiable elements of A&F (target action, data, design and
delivery factors) proposed to improve effectiveness. The extent to which these suggestions are already
followed in the literature is unclear; we propose to explore the degree to which these suggestions have been
applied in a sample of existing A&F interventions.

A&F may be a particularly well-suited intervention to change behaviour in complex environments such as
the intensive care unit (ICU). A&F’s flexibility allows for provision of feedback to individuals and/or
groups, through a variety of modalities, which may be useful in addressing the team-based and
multidisciplinary nature™ of the critical care setting. Furthermore, behaviours within critical care (such as
frequent test ordering) may become routine (i.e. a “behaviour [that] is repeated in the same context”).’
Providing performance data on routinized behaviours may help to highlight the frequency with which these
orders are placed and flag them as an area requiring improvement.

We recently conducted a systematic review” of the use and effectiveness of A&F interventions in critical
care. In the current study, we sought to assess the extent to which identified interventions were consistent
with Brehaut et al.’s 15 suggestions.' As the suggestions were designed to provide general guidance to
feedback developers, rather than serve as prescriptive instructions, each one encompasses multiple concepts
and may be applied in a variety of different ways; it would thus be difficult to reliably rate consistency with
these multidimensional suggestions. To better assess how existing A&F interventions may be ‘consistent’
with this guidance, we created an evaluation tool by deconstructing each of the 15 suggestions into specific,
rateable items. Here we report the development and application of this evaluation tool to a sample of

76



intensive care unit A&F interventions, to identify priority areas for future A&F research in the critical care
setting.

Table 1. Brehaut and colleagues’ 15 suggestions for improved audit and feedback interventions'
Nature of the Desired Action Nature of the Data Available for Feedback

1. Recommend actions that are consistent with 4. Provide multiple instances of feedback.

established goals and priorities.
5. Provide feedback as soon as possible and at a

2. Recommend actions that can improve and are frequency informed by the number of new patient
under the recipient’s control. cases.

3. Recommend specific actions. 6. Provide individual rather than general data.

7. Choose comparators that reinforce desired
behaviour change.

Feedback Display Delivering the Feedback Intervention

8. Closely link the visual display and summary 11. Address barriers to feedback use.

message.
12. Provide short, actionable messages followed by

9. Provide feedback in more than one way. optional detail.
10. Minimize extraneous cognitive load for 13. Address credibility of the information.
feedback recipients.

14. Prevent defensive reactions to feedback.

15.Construct feedback through social interaction.

Objectives:
The main objectives of our study were to:

1) Develop and pilot an evaluation tool based on Brehaut and colleagues’ 15 suggestions for improving
feedback interventions.'

2) Assess consistency of existing critical care A&F interventions with this guidance' for best practice.
METHODS
Identification and Collection of Study Materials

Studies evaluating A&F interventions, in the context of improving laboratory test and transfusion (red blood
cell, platelet, plasma, cryoprecipitate) ordering in an intensive care setting were previously identified
through systematic review.” The review was conducted to summarize the current evidence on the use of
A&F for quality improvement of lab test and transfusion ordering decisions in critical care. The review was



registered with the International Prospective Register of Systematic Reviews (PROSPERO),® and the
methods were reported in detail according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)’ in a separate publication (in preparation).” In brief, any empirical studies
involving quantitative data were included. Sixteen studies (17 publications) were identified; six of these

10-1 17-24
0-16 24 and two

studies aimed to improve lab test ordering, eight aimed to improve transfusion ordering,
assessed both behaviours.”*® Corresponding authors were contacted by email. We requested an example
of the feedback form used (de-identified) as well as any other pertinent information regarding the study. If

no response was received within two weeks, a follow-up e-mail was sent.
Item Development

As the guidance published by Brehaut et al. aims to provide general suggestions for feedback developers,
several suggestions encompass multiple concepts. Furthermore, the suggestions may be operationalized in
different ways. To better assess how existing A&F interventions adhere to the suggestions, we
deconstructed each one into specific, ratable items. These items were designed to capture details regarding
elements of A&F interventions hypothesized to affect effectiveness.

[tems were developed by the research team (JCB, JP, MF, KC, MP). First, suggestions encompassing more
than one distinct concept were split into multiple items to improve ease and reliability of evaluation. Next,
suggestions were operationalized and re-phrased into items that could allow rating of individual A&F
intervention studies. Items were deliberately phrased to be generalizable across a range of different A&F
interventions. This was an iterative process, whereby items were discussed amongst members of the team
until consensus was reached that the items fully represented the key components of each suggestion. Items
were then de-duplicated, and any items that were judged unrateable were removed. Response scales (i.e.
Yes/No/Unclear) were also developed with individualized anchors to increase inter-rater reliability.

Evaluation Tool Piloting

A sample of feedback interventions was selected from the 2012 A&F Cochrane Review’ (non-ICU, and not
necessarily focussed on test or transfusion ordering) to pilot the evaluation criteria. Each sample
intervention was independently rated with the pilot criteria by two raters (MF and MP). Consensus meetings
were held to compare the results between raters, discuss discrepancies and modify items as necessary to
improve their clarity, rateability and mutual exclusivity. This was an iterative process requiring multiple
consensus meetings. Three rounds of consensus were completed, with four studies rated per round. Inter-
rater reliability was measured by calculating Cohen’s Kappa for the 39 items which used a
“Yes/No/Unclear/Not Applicable’ scale.”” The pilot study concluded once all ambiguities had been clarified
and the research team agreed that the criteria items comprehensively covered all 15 suggestions.'

Data Extraction

After development and pilot testing, we used the evaluation tool to assess a sample of 17 A&F interventions
(from 16 studies)'**° identified by our previous systematic review.” One reviewer (MF) extracted data both
from published reports and, when provided by authors, the sample feedback forms.
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Analysis

Simple counts and percentages describing the number of articles consistent with each item were determined.
Due to the relatively small sample size (n=17 feedback interventions), originally planned analyses to
determine whether consistency with each criteria item varies according to different study characteristics,
were not completed. Gaps in the current literature were identified and discussed narratively.

Ethics

This study was approved by the Ottawa Health Science Network Research Ethics Board (OHSN-REB;
Protocol ID: 20160951-01H). Any changes from the original study protocol were minor and have been
outlined in Appendix A.

RESULTS
Identification of Studies and Collection of Study Materials

Sixteen studies (17 publications) describing 17 feedback interventions (one trial compared two different
types of feedback) were identified by systematic review.” Appendix B provides a flow diagram of the study
selection. Corresponding authors from the 17 publications were contacted to request feedback form
examples. Four authors were able to provide an example of the feedback form utilized in the trial and two
responded but were unable to provide further details (response rate=35%; feedback forms=5/17)." Two
additional studies provided an example of the feedback form in the publication (total number of feedback
forms=7/17).

Sample of A&F Interventions

Table 2 (reproduced from the systematic review”) describes the sample of A&F interventions assessed in
this study. The review’ identified a heterogeneous sample of multicomponent quality improvement
interventions involving A&F; eight aimed to improve lab test ordering and ten aimed to improve transfusion
ordering (two aimed to improve both practices). Fifteen of the 17 interventions incorporated one or more
additional components, such as education, guidelines, opinion leaders, financial incentives, checklists or
administrative interventions. The plurality of interventions reported providing feedback more than once
(53%), in only a written format (41%), with data aggregated at the group level only (41%). Feedback was
most often provided to multiple groups of healthcare providers (29%) or physicians only (24%).
Heterogeneity of the outcomes precluded meta-analysis, however, overall the majority of interventions
reported statistically significant behaviour changes in the hypothesized direction. Most studies were judged
to be of high risk of bias, due to use of an uncontrolled before/after design, lack of time series analysis and
poor reporting of intervention details, hindering replication.

Development of the Evaluation Tool

After several consensus meetings, the 15 suggestions were deconstructed and operationalized into 52
criteria items (Nature of the Desired Action=9 items; Nature of the Data Available for Feedback= 17 items;

"One of the authors provided examples for the trial with two types of A&F
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Feedback Display= 9 items; Delivering the Feedback Intervention=17 items). The full evaluation tool,
including response scales and anchors, is described in Appendix C. During piloting of the evaluation tool,
a Cohen’s Kappa of 0.58 was computed for the 39 items using a ‘Yes/No/Unclear/Not applicable’ scale.
This represents “moderate agreement” as per Landis and Koch, but is below Krippendorff’s cut-off
“suggesting that conclusions should be discounted”.”” This relatively low agreement score was partially
driven by discrepancies in determining whether the item was not present (‘no’) versus ‘not applicable’ or
‘unclear’. We therefore proceeded to use our primary approach of establishing consensus for each piloted
study.

Application of the Evaluation Tool
Nature of the Desired Action

Figure 1 describes consistency with the nine items operationalized from three suggestions focused on the
nature of the feedback’s desired action.® Suggestion 1 (“Recommend actions that are consistent with
established goals and priorities”') was deconstructed into four ratable items: presence of an internal goal-
setting component (yes: 1/17); feedback presented in the context of an external, explicit priority (yes:
13/17); a description of the priority level (institutional: 4, departmental: 2, unit: 2, national: 1, healthcare
system: 1, unclear: 3); and whether the feedback directly addressed one or more of the goals or priorities
(yes: 13/14). Four ratable items were developed to assess consistency with Suggestion 2 (“Recommend
actions that can improve and are under the recipient’s control”'): whether the feedback provided data on
previous performance (yes: 6/17); if a clear discrepancy was described or shown between that of the
recipient’s behaviour and a goal/benchmark/target (yes: 9/17; other (potential for implied target of 100%
compliance): 1/17); if it was reasonable that the recipients could be responsible for the change in behaviour

® To enhance clarity, only items with a “Yes/No/Not Reported/Unclear’ scale have been displayed. Descriptive items
(e.g. “description of the priority level’) have been described in the text.
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Table 2. Summary of Study Characteristics™ ¢

Clinical Behaviour Targeted

Number (%) of studies (n=16)

Laboratory Test Ordering 8 (50.0%)
Multiple, miscellaneous or unspecified tests 3 (18.8%)
ABG 2 (6.3%)
Lactate & Blood cultures 1(6.3%)
Superficial cultures 1(6.3%)
Blood work 1(6.3%)

Transfusion Ordering 10 (62.5%)
RBCs 6 (37.5%)
FP/FFP 3 (18.8%)
All (RBC, FFP, platelets, cryoprecipitate) 1(6.3%)

Study Design

Uncontrolled Before After 13 (81.3%)

Controlled Clinical Trial 1(6.3%) Teaching 11 (68.8%)
Controlled Before After 1(6.3%) Not Reported 3 (18.8%)
Retrospective 4 (25.0%) Surgical 2 (12.5%)
Mixed 3 (18.8%) Neonatal 2 (12.5%)
Unclear 4 (25%) Cardiac Surgery 3 (18.8%)

Nearosurgicl 1 63%
Not Reported 8 (50%) Medical 1 (6.3%)
Government Grant 4 (25%) Mixed Patient Population 2 (12.5%)
Institutional  and Non-profit Grants 2 (12.5%) Multiple Types of ICUs 3 (18.8%)
Institutional * 1(6.3%) Not Specified 2 (12.5%)
No Funding 1(6.3%)

USA 9 (56.3%)
Canada 2 (12.5%)
Finland 1(6.3%)
Germany 1(6.3%)
Israel 1(6.3%)
The Netherlands 1(6.3%)
Switzerland 1(6.3%)

Number of Sites

Single centre, single ICU study 9 (56.3%)
Single centre, multi-ICU study 4(25.0%)
Multicentre study 2 (12.5%)
Single centre, # ICUs unclear 1 (6.3%)

a: Proportions were calculated for the 16 studies, rather than the 17 publications. Totals may be slightly greater or less than 100% due to rounding. b: The control group was another
type of A&F. ¢: “Institution’ refers to both hospitals and academic institutions. d: Reprint.> Abbreviations: ABG=Arterial Blood Gas; CP= cryoprecipitate; FP= Frozen Plasma; FFP=

Fresh Frozen Plasma; ICU= Intensive Care Unit; RBC= Red Blood Cell.



(yes:16/17, unclear: 1/17); and whether the feedback provided data on behaviours (yes: 17/17),° outcomes

1

(yes: 5/17), both (yes: 5/17). Consistency with Suggestion 3 (“Recommend specific actions”’) was
evaluated by one ratable item: whether corrective actions to help support behaviour change were given (i.e.

an action plan, coping strategy or menu of options) (yes: 3/17).

Nature of the Data Available for Feedback

Figure 2 describes the sample’s consistency with the 17 items operationalized from four suggestions
relating to the nature of the data available for feedback.” Suggestion 4 (“Provide multiple instances of
feedback™') was evaluated by two items: whether feedback on performance of a given behaviour was
provided more than once (yes: 10/17; no: 4/17; other (unclear/variable): 3/17); and whether feedback was
sustained beyond the study (yes: 3/17; unclear: 5/17). Four items were extracted to assess consistency with
Suggestion 5 (“Provide feedback as soon as possible and at a frequency informed by the number of new
patient cases™"): whether a justification for the interval between feedback reports was provided (yes: 3/13);
whether this justification was related to the number of patient cases (yes: 2/3); the average age of the
feedback data (hours: 2/17; days: 2/17; weeks: 3/17; months: 2/17; days + weeks: 3/17; weeks + months +
unclear: 1/17; unclear: 4/17), and when feedback was provided more than once, the interval between reports
(one day: 1/13, one week: 2/13, one week + one month: 1/13, one month: 3/13, variable + one month: 2/13;
variable + 1-3 months: 1/13, unclear/variable: 3/13). Suggestion 6 (“Provide individual rather than general
data”") was deconstructed into six ratable items: was a justification for the specificity of the feedback data
provided (yes: 5/17); did the feedback include data about the individual’s own performance (yes: 5/17); did
the feedback include group performance data for which the recipient is a member (yes: 11/17); if yes, what
was the level of the group (unit: 4/11; team (multiple units): 2/11; ward + institution: 1/11, unit +
department: 1/11, institution (ICUs) + potentially provider groups: 1/11; not reported: 2/11); did the
feedback include patient-level data (yes: 6/17); and did the feedback include aggregated patient data (yes:
11/17). Consistency with Suggestion 7 (“Choose comparators that reinforce desired behaviour change™)
was assessed by 5 items: do the authors provide a justification for comparators (no: 9/9); does the feedback
provide any comparators (yes: 9/17), how many comparators are provided (one: 1/9; two: 4/9; unclear, but
at least one: 3/9; unclear, but at least two: 1/9); a description of the comparators (own/group previous
performance: 6/14 comparators; other’s performance 4/14 comparators; target: 2/14 comparators; other
(group average over time): 1/14 comparators; other (peers’ individual performance): 1/14 comparators);
and does the feedback include one or more aspirational comparators (yes: 2/17; other (no, unless 100%
compliance implied): 2/17).

© This finding is likely skewed due to the inclusion criteria of the review (reporting on test or transfusion orders)
® To enhance clarity, only items with a “Yes/No/Not Reported/Unclear’ scale have been displayed. Descriptive items
(e.g. ‘average age of the feedback data’) have been described in the text.
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1. Recommend actions that are consistent with established goals and priorities

Is there any indication that the recipients set an internal goal for themselves?

Was feedback presented in the context of an external, explicit priority?

Does the feedback directly address one or more of the goals or priorities?

2. Recommend actions that can improve and are under the recipient's control

Did the feedback allow for current performance to be compared against previous performance?

Does the feedback show or describe a discrepancy between recipient performance and a
goal/benchmark/target/comparator?

Is it reasonable that the feedback recipient can be responsible for the change in behaviour?
Does the feedback provide data on behaviours or outcomes (or both)?

Behaviours

Outcomes

Both

3. Recommend specific actions

Did the feedback intervention incorporate suggested corrective actions to support plans for
problem solving?
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Figure 1. Description of feedback interventions according to the ‘Nature of the Desired Action’ items (n=17 feedback interventions).
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4. Provide multiple instances of feedback

Was feedback provided more than once?

Was feedback continued after the study?

5. Provide feedback as soon as possible and at a frequency informed by the number of
new patient cases

Do the authors provide a justification for the interval between feedback reports?
Was the justification related to the number of patient cases?
6. Provide individual rather than general data
Do the authors provide a justification for the specificity of the feedback?
Does the feedback include data about the individual's own performance?
Does the feedback include group performance data for which the recipient is a member?
Does the feedback include patient-level data for the recipient's own patients?
Does feedback include aggregated patient data involving the recipient's own patients?
7.Choose comparators that reinforce desired behaviour change
Do the authors provide a justification for comparators?
Did the feedback provide any comparators?

Did the feedback include one or more aspirational comparators?

HEYes ENo ENR

Figure 2. Description of feedback interventions according to the ‘Nature of the Data Available for Feedback’ items (n=17 feedback interventions).
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Feedback Display

Figure 3 describes the sample’s consistency with the 9 items operationalized from the 3 suggestions relating
to the feedback’s display.t Suggestion 8 (“Closely link the visual display and summary message”') was
evaluated by one criteria item: are the visual display and summary message presented in visual proximity
of each other (yes: 1/15; not reported: 14/15; N/A: 2/17). Suggestion 9 (“Provide feedback in more than 1
way”') was assessed by two criteria items: was feedback provided in more than one way (yes: 8/17; not
reported: 9/17); and a description of the format used (verbal: 8/17, text: 5/17, numerical information: 7/17,
graphs or tables: 6/17, summary message: 3/17, other important elements: 2/17 (colour coding)). To gauge
consistency with Suggestion 10 (“Minimize extraneous cognitive load for feedback recipients”') we
assessed six factors: was the feedback intervention pilot-tested (unclear: 1/17); length of the feedback report
(one page: 1/11; two reports, one page each: 1/11; not reported: 9/11; N/A (i.e. e-mail, presentation, poster):
6/17); the number of behaviours addressed by the feedback (at least one: 7/17; two: 1/17; at least two: 2/17;
at least three: 1/17; three to five: 2/17; five to nine: 3/17; at least 7, up to 44: 1/17); the number of clinical
variables addressed by the feedback (none: 3/17; at least one: 1/17; at least four: 2/17; at least six: 1/17; not
reported: 10/17), the number of graphs or tables used (none: 1/17; one graph: 1/17; two graphs: 1/17; two
graphs + one table: 1/17; three graphs + one table: 1/17; unclear, at least one graph: 1/17; unclear, at least
two graphs: 1/17; not reported: 10/17), and whether the feedback used graphical elements that may have
led to misinterpretation (yes: 2/16).

Delivering the Feedback Intervention

Figure 4 describes the sample’s consistency with 17 items operationalized from the five suggestions
centred around the delivery of the feedback. Suggestion 11 (“Address barriers to feedback use”') was
deconstructed into four criteria items: were potential drivers and barriers to recipient engagement assessed
(no: 3/17; not reported: 14/17); was the assessment informed by theory (not applicable: 17/17); was there
an assessment of whether the recipients engaged with the feedback (yes: 2/17, other (no, but feedback had
a verbal component): 1/17; other (not reported, but feedback had a verbal component): 5/17); and was the
assessment informed by theory (no: 1/2; not reported 1/2). Suggestion 12 (“Provide short, actionable
messages followed by optional detail”') was assessed by two criteria items: are the summary messages
actionable (no: 3/17, not reported: 14/17); and is there additional, more detailed feedback provided
alongside the summary message (yes: 2/17, unclear: 1/17). Consistency with Suggestion 13 (“Address
credibility of the information™) was evaluated by four items: does the feedback indicate who is providing
the data (yes (feedback provided verbally or through e-mail): 10/17); does the feedback indicate the source
of comparators (yes: 6/9, other (yes, would be obvious): 1/9); whether the feedback intervention was
delivered by a supervisor or close colleague (yes: 6/17); and whether the feedback intervention was
supported by a relevant professional organization (unclear: 1/17). Suggestion 14 (“Prevent defensive
reactions to feedback™) was assessed by one criteria item: did the feedback intervention include reassurance
that the intervention would not trigger punitive measures (other (no, but other aspects aiming to reduce
defensive reactions were reported): 6/17). For Suggestion 15 (“Construct feedback through social
interaction”) we assessed six criteria items: did development of the feedback intervention involve members
of the target group (not reported: 17/17), whether feedback was explicitly designed to be received and

*To enhance clarity, only items with a ‘Yes/No/Not Reported/Unclear’ scale have been displayed. Descriptive items
(e.g. ‘the number of behaviours addressed by the feedback’) have been described in the text.
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8. Closely link the visual display and summary message

Are the visual display and summary message presented in visual proximity of each other?
9. Provide feedback in more than 1 way

Is feedback provided in more than one way?

Does the feedback intervention include:

a) Verbal interaction

b) Text

¢) Numerical information

d) Graphs or tables

e) A summary message

f) Other important elements

10. Minimize extraneous cognitive load for feedback recipients

Was the feedback intervention pilot-tested?

Did the feedback include any graphical elements that lend themselves to
misinterpretation? (i.e. Pie charts, 3D graphs, etc.)
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Figure 3. Description of feedback interventions according to the ‘Feedback Display’ items (n=17 feedback interventions).
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11. Address barriers to feedback use

Were potential drivers and barriers to recipients engaging with the feedback intervention
assessed?

Was there an assessment of whether the recipients engaged with the feedback?

Was the engagement assessment informed by theory?

12. Provide short, actionable messages followed by optional detail

Are the summary messages actionable?

Is there additional, more detailed feedback provided alongside the summary message?

13. Address credibility of the information

Does the feedback indicate who is providing the feedback data?
Does the feedback indicate the source of comparators?
Was the feedback intervention delivered by a supervisor or close colleague?

Was the feedback intervention supported by a relevant professional organization?

14. Prevent defensive reactions to feedback

Did the feedback intervention include reassurance that the intervention would not trigger
punitive measures?

15. Construct feedback through social interaction
Did development of the feedback intervention involve members of the target group?

Was the feedback intervention explicitly designed to be received and discussed in a social
context?

If feedback was designed to be received and discussed in a social context, was the feedback
discussion facilitated by a facilitator?

Did the feedback intervention involve engaging in self-assessment around target behaviours
prior to receiving feedback?

Did the investigators actively seek feedback from the recipients on the feedback?

M Yes

Figure 4. Description of feedback interventions according to the ‘Delivering the Feedback Intervention’ items (n=17 feedback interventions).
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discussed in a social context (yes: 3/17; other (no explicit statement reported, but feedback was provided
in a social context): 5/17), if provided more than once, how often was feedback received and discussed in
a social context (every time: 4/6, variably (aimed for every time for one of two types of feedback): 1/6;
unclear: 1/6; N/A: 11/17); if feedback was designed to be received and discussed in a social context, was
the feedback discussion facilitated by a facilitator (yes: 4/12); did the feedback intervention involve
engaging in self-assessment around target behaviours prior to receiving feedback (i.e. an educational
session) (yes: 13/17; unclear: 2/17), did the investigators actively seek feedback from the recipients of the
feedback (yes: 2/17).

DISCUSSION:

Based on the 15 suggestions published by Brehaut and colleagues, we developed an evaluation tool to assess
the extent to which existing A&F interventions already apply these practices. Application of this tool
allowed us to describe the landscape of A&F methods used for a sample of critical care interventions, as
well as to assess how they align with recent theory-informed guidance. Our work shows that most
suggestions had not been consistently implemented across this sample of critical care studies. Of the 15
suggestions, only one was almost universally applied (“Recommend actions that can improve and are under
the recipient’s control”). This was not particularly surprising as all articles within the sample were published
prior to or within the same year as the suggestions for best practice,’ which were hypothesized to be
relatively underutilized elements within the existing A&F literature. The results from this study suggest
there may be considerable room for improvement in the development and delivery of A&F interventions
for test and transfusion ordering in the critical care setting, and point to several theoretical considerations
that warrant further study.

We also found that many details regarding feedback elements were not reported. As we were not always
able to access an example of the template, it was difficult to judge overall consistency with the suggestions
related to the design and delivery of the feedback. Our findings suggest a standardized method for reporting
A&F intervention details would enable future studies to build upon the extant literature.

Use of Theory in A&F

There is great interest in utilizing theory to improve the design, implementation and assessment of
behaviour change interventions, as suggested in the Medical Research Council’s guidance.™* A priori
predictions of mechanisms of action for complex interventions through consideration of relevant theories
can facilitate a better understanding of why an intervention is or is not successful.**** Recent analyses of
the A&F literature (the 140 trials included in the Cochrane systematic review),” as well as the more general
implementation literature (guideline implementation)® however, have revealed low rates of reported theory
use. A review assessing the use of theory across Cochrane systematic review A&F interventions found
theory was mentioned in only 20 of the articles (14%), and a mere 13 of these referenced theory in terms
of A&F design.” Researchers may have difficulty selecting theories for application to their interventions
and studies, due to the lack of consensus and, until recently, lack of guidance on how best to choose from
numerous theories.”>® To synthesize theoretically informed guidance for A&F developers, Brehaut and
colleagues conducted interviews with theory experts and drew from team experience and systematic
reviews.' Our finding that many of these theoretically informed suggestions are underutilized in the existing
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critical care A&F literature, is therefore in line with these previous studies. Below we’ve described several
key suggestions for which our sample showed low consistency, to highlight priorities for future research.

Underutilized Suggestions

Counter to Brehaut et al.’s suggestion to “provide multiple instances of feedback”,' some interventions only
provided feedback once, some did not clearly report whether feedback was provided more than once, and
others provided feedback variably (i.e. only if an order was placed inappropriately). Although many of the
interventions did provide feedback more than once, our finding that this suggestion was not universally
applied is an important one. Providing feedback more than once allows for a cyclical process whereby the
recipient first receives feedback on their behaviour (and potentially suggestions on how to improve)." If
allowed the chance to change their behaviour, upon receiving feedback again, individuals may gauge
whether their efforts were successful or not. Without iterative feedback, recipients may not be able to
determine their progress on whether their efforts were successful. As it is suggested that individuals are
unable to accurately assess their own performance, this is an important part of the feedback loop.'?’
Another suggestion that was relatively underutilized in our sample was the provision of individual feedback
data, as most interventions presented data aggregated at the group level. Brehaut et al.’s recent guidance
suggests feedback provide data at the individual level, to avoid discounting of the data.' However, as noted
in one study, it may be difficult to “assign” orders to individual healthcare providers if the decision is made
by the team."” A previous meta-analysis also found a combination of group and individual data to result in
a larger effect size than either type alone.”® It may therefore be of interest to further assess whether providing
both individual and group level data is more effective in team-based settings such as the ICU.

While none of the studies reported providing reassurance that the feedback intervention would not result in
punitive measures, six studies did report the incorporation of other aspects (e.g. providing both positive and
negative feedback, providing group data to avoid singling out individuals, using non-punitive wording, etc.)
that were consistent with the suggestion to aim to “Prevent defensive reactions to feedback”.! This is an
important component, as previous qualitative work has identified that providers may have negative
perceptions of feedback.”>* It is also imperative to note that our criteria item represents only one way of
potentially preventing defensive reactions, the effectiveness of which should still be tested. Further work is
required to elucidate methods on how best to avoid negative reactions to feedback. Another interesting
consideration is that several interventions provided feedback only on inappropriate orders. Providing only
negative feedback, repeatedly, may be counterproductive, in leading to decreased self-efficacy and
motivation."*'

Other significant findings from our study included the lack of reported use of elements such as piloting of
the feedback form, involvement of key stakeholders, barrier and engagement assessments, goal setting, and
action and coping plans. This lack of reporting could potentially represent that these steps are not being
taken. If that is the case, it would be valuable to assess whether incorporation of these elements in A&F
studies helps to improve efficacy in the critical care setting. Involving stakeholders in the development
process may also help to identify priorities and appropriate modalities through which to provide feedback.
Previous qualitative work has found that ICU specialists feel A&F to be a “fragmented or discontinuous
communication”, “often not actionable”, and have noted that the audit process can “[lack] transparency and
credibility”””. Engaging stakeholders throughout the development of the feedback may also help to ensure
providers feel a part of the process and that the feedback provided is useful and positively received. Further,
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as test and transfusion ordering are likely habitual behaviours, use of supports such as action or coping

plans may be especially pertinent, because it’s hypothesized that these plans can help to form new habits.”*

Strengths & Limitations

The development of our evaluation tool represents an important step forward in our work to improve
feedback interventions. A total of 52 criteria items were operationalized from the 15 suggestions for best
practice.' To address the uncertainty surrounding the specifics of how best to apply each suggestion, we
developed a comprehensive set of items which aimed to capture the various ways in which these suggestions
could be employed. This tool allows for assessment of the extent to which A&F interventions adhere to
recent guidance for best practice.! Future studies may apply this tool to assess how A&F interventions in
various settings adhere to these suggestions, as well as whether adoption of these practices improve over
time. Moreover, our tool may be used prospectively for the development of A&F interventions, to test the
various hypotheses.

A limitation of our evaluation is the potential for lack of reporting on key details in the intervention
descriptions available to us. As demonstrated by Colquhoun et al. the reporting quality of A&F intervention
details varies.” Since the majority of studies in our sample used multiple intervention components, space
limits may have especially inhibited reporting of such details. As varied reporting was anticipated, we aimed
to counter this limitation by contacting the study authors to obtain further details and request an example
of the feedback form used during the study; having access to the feedback form allows for more complete
coding.

With examples of the feedback template for only seven of the 17 interventions, several of our assessments
relied on the details reported within manuscripts. Poor reporting of intervention details and lack of access
to the feedback template may have led to an under-representation of adherence (i.e. consistency with the
suggestions may actually be higher than what is reported in the published literature). We therefore aimed
to take a conservative approach and coded ‘not reported’ (or ‘unclear’ if the text provided partial but
ambiguous details) whenever lack of access to the feedback template limited our ability to judge the criteria
item. Assessment of criteria items relating to the feedback design and delivery especially suffered without
access to the feedback form as these details were typically not reported on. Several of the feedback
interventions also involved verbal summaries, rendering some items not possible to assess.

Due to the variation in reporting of intervention details and limited access to feedback templates, the current
evaluation tool is not meant to generate a score representing overall consistency. Further psychometric
testing will be required in future work to assess construct, content and criterion validity.** Furthermore, it
is important to note that any one criteria item or suggestion should not be considered as a requirement;
contextual factors may affect the appropriateness or even limit the ability to implement any given

1,29,45

suggestion (i.e. type of data available). We also had a relatively small sample upon which to apply the

tool. Future studies could apply the tool to a larger sample of A&F interventions in the critical care setting,
with more complete intervention details, to compare findings.

Implications for Future Directions

Studies of A&F interventions should explore whether the provision of both individual and group feedback
may prove to be beneficial, particularly in team based settings like the ICU. Future studies may also wish
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to test the effectiveness of including elements such as goal setting, aspirational comparators, support by a
relevant professional organization, piloting of the feedback form, barrier and engagement assessments,
action and coping plans, and engagement with key stakeholders. Assessment of strategies to mitigate
negative reactions to the feedback, such as the proposed “feedforward” strategy, which involves having the
recipient recall a past success and using this to identify an “internal standard of excellence” to compare to
their performance,"*' would also be useful.

Future A&F studies should also aim to clearly report intervention details (i.e. when A&F is provided, how
often, by whom) and provide an example of the feedback template. This will help to advance the field by
allowing other researchers to assess what was done and build upon this research. More complete reporting
will also help to improve chances that the intervention can be replicated by others. To address space
limitations, we propose future studies provide an example of the feedback template and report a more
detailed description of the intervention development and delivery in online, supplemental appendices.

CONCLUSIONS

Application of our evaluation tool to a sample of critical care A&F interventions helped us to determine
that features consistent with the 15 theoretically informed suggestions are rarely reported. Of the 15
suggestions, one was almost universally applied, one was well applied when we were able to assess for it,
seven were rarely applied, and three were difficult to assess due to lack of access to the feedback template.
If rare application simply represents a reporting issue, we believe this calls for the need to standardize the
way in which feedback interventions are reported. We propose that examples of the feedback form and a
detailed methods section be posted online as appendices. Reporting checklists and standard nomenclature
taxonomies may also help to ensure comprehensive and clear reporting of interventions.
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Appendix A: Changes to Protocol

Section

Change

Methods

We had originally planned to continue the piloting phase until an IRR of 80% was reached. However,
during the piloting phase the study team decided that the formal assessment would involve the true
validation of the evaluation tool. The IRR was still recorded throughout the piloting process, however,
we no longer required an IRR of 80% to proceed to the formal evaluation of studies. Instead, we used
the results from the piloting study to further clarify the criteria items, and add any relevant examples to
the guidance section for coders. We also originally planned to compute kappa scores for each item after
each meeting; this was changed to calculation of an overall kappa for the 39 items with a
“Yes/No/Unclear/Not applicable’ scale for each round and at the end of the piloting phase.

Methods

Data was to be extracted from the feedback forms and articles in the same manner as described for the
pilot phase. And if coders were unable to come to an agreement by consensus, a third member of the
study team was to be asked to resolve the disagreement. Data extraction was instead completed by one
researcher, due to limited resources.

Methods

The proportion of articles in compliance (%) and the inter-rater agreement (%) for each criterion was to
be described. Descriptive statistics were to summarize study characteristics such as the type of
laboratory test or blood component targeted, patient condition, type of ICU, intervention target (i.e.
healthcare professional type), study type, study country, type of funding, and approach (i.e. single
mechanism versus multifaceted). Chi-square tests (categorical variables) and t-tests (continuous
variables) were to be used to determine whether compliance with each criteria item varied according to
different study characteristics. A p-value less than 0.05 was to be considered significant.

The number of articles rather than percentage was used, and inter-rater agreement for each criterion
will be calculated after duplicate extraction is completed for publication. The originally planned
analyses were not completed due to a small sample size. A narrative analysis was instead completed.
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Appendix B: PRISMA Flow Diagram’ outlining the selection of articles (reprint’)
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Appendix C. Evaluation Tool Criteria Items, Response Scales and Anchors Developed from Brehaut et al.’s 15 Suggestions'

Description

1 a) Goal

Criteria Item

Is there any
indication that the
recipients set an
internal goal for
themselves (i.e. a
specific, numerical

Response Scale”

Yes, No, Not
Reported, Unclear

Anchor

Code as 'Yes' if the FB intervention involved the recipients setting an internal goal for themselves.
Example: The FB intervention included peer discussions where individual goals were set and
discussed. Code as 'No' if the FB intervention did not involve the recipients setting an internal goal
(and the feedback form or additional details are available to confirm this). Code as 'Not reported’
if there are no details in the text regarding whether the FB intervention involved internal goal setting
by the recipients (and the feedback form/additional details are not available). Code as ‘Unclear’ if

presented in the
context of an
external, explicit
priority?

target/threshold)? the text contains an ambiguous statement and the feedback form/additional details are not available
to confirm.
1 b) Priority Was feedback Yes, No, Not Code as '"Yes' if the FB is given in the context of a guideline or initiative. Note: This guideline or

Reported, Unclear

initiative should be made clear to the FB recipients (i.e. is discussed on the FB form, OR the article
describes that the recipients were aware of the guideline/initiative). Code as 'No' if the FB was not
given in the context of a guideline or initiative (and the feedback form or additional details are
available to confirm this). Example: The authors generally discuss guidelines or the need to change
a behaviour in the introduction, but there is no indication of this priority on the FB form. Code as
'Not reported' if there are no details in the text regarding whether the FB intervention involved an
external, explicit priority (and the feedback form/additional details are not available). Example:
The article discusses providing FB to physicians in light of a provincial guideline, however it is
unclear whether the FB indicated this to the physicians. Code as ‘Unclear’ if the text contains an
ambiguous statement and the feedback form/additional details are not available to confirm. Note:
There could potentially be more than one (i.e. A provincial guideline and a hospital initiative).

* An ‘Other’ option was added as required.
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1 ¢) Priority
Level

If yes, at what level
was the priority set?

National/Federal,
Provincial/State,
Municipal,
Institutional,
Departmental,
Individual-healthcare
providers, Individual-
researchers, Other
(Please specify), N/A
(No discussion of an
explicit priority),
Unclear, No form

1 d) Link to Does the feedback Yes, No, Not Code as 'Yes' if the FB corresponds with either: one of the goals set by recipients or one of the
FB directly address one | Reported, Unclear, external priorities presented. Example: FB is presented in the context of a hospital initiative to
or more of the goals | N/A (no reduce inappropriate transfusions and the FB provides information on the number of transfusions
or priorities? goal/priority) which were inappropriate, along with suggestions on how to reduce inappropriate orders. Code as
'No' if the feedback does not correspond with one of the goals set by recipients or one of the external
priorities presented. Example: FB is presented in the context of a provincial guideline to reduce
inappropriate laboratory tests, but the FB to recipients only provides information on their laboratory
expenditure (i.e. there is no information on the appropriateness of the lab tests). Code as 'Not
reported’ if there are no details in the text and the feedback form/additional details are not available.
Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback form/additional
details are not available to confirm. Code as 'N/A (no goal/priority)' if the FB recipients do not set
internal goals for themselves and the FB is not presented in the context of a priority.
2 a) Previous | Was feedback on Yes, No, Not Code as '"Yes' if the FB shows an individual's performance over time (i.e. performance data from at
performance performance Reported, Unclear least two time points). Code as 'No' if the FB only shows performance from one time point. Code
provided to allow as 'Not reported’ if there are no details in the text and the feedback form/additional details are not
current performance available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
to be compared form/additional details are not available to confirm.
against previous
performance?
2Db) Does the feedback Yes, No, Not Code as 'Yes' if the FB included at least one comparator (including 'own previous performance')
Discrepancy (or the description Reported, Unclear and the discrepancy between these two performance levels was made clear (i.e. the difference is
of the FB) describe noted, a bar graph is displayed etc.). Code as 'No' if no comparators were provided, or if a
or show a comparator was provided and the discrepancy was not made clear (i.e. the performance of the
discrepancy individual is displayed on one page, and the performance of the comparator is displayed on another).

between recipient

Code as 'Not reported' if there are no details in the text and the feedback form/additional details
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performance and
the goal/
benchmark/
target/comparator?

are not available (i.e. the article does not include an example of the FB form and from the description
of the intervention it is not clear whether the performance levels were displayed on the same graph
or not). Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.

2 ¢) Control

Is it reasonable that
the feedback
recipient can be
responsible for the

Yes, No, Not
Reported, Unclear

Note: The recipient does not need to be directly responsible. Code as 'Yes' if the recipient can make
a difference in the behaviour being fed back, either directly (i.e. it is their behaviour that needs to
change) or indirectly (i.e. they are to discuss with/train the individuals whose behaviour needs to
change). Code as 'No' if the FB recipient cannot be responsible for the change in behaviour.

3a)
Corrective
Actions

outcomes, or both?

Did the FB
intervention
incorporate
suggested
corrective actions to
support plans for
problem solving?
For example: action
plans, coping
strategies, a menu
of options, etc.

Yes, No, Not
Reported, Unclear

change in Example: FB on physician test ordering is provided to the CEOs of the hospital. Code as 'Not
behaviour? reported’ if there are no details in the text and the feedback form/additional details are not available.
Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback form/additional
details are not available to confirm whether the recipient can make a difference in the behaviour
being fed back.
2 d) Outcome | Does the feedback For each, answer: Behavioural data includes process measures such as prescribing habits, test ordering, etc. Outcome
Type provide data on Yes, No, Not data includes patient outcomes such as patient blood pressure, mortality, length of stay etc.
behaviours, Reported, Unclear

Code as ‘Yes’ if clearly present. Code as ‘No’ if clearly absent. Code as 'Not reported' if there are
no details in the text and the feedback form/additional details are not available. Code as ‘Unclear’
if the text contains an ambiguous statement and the feedback form/additional details are not
available to confirm.

Note: Actions may be mandated or developed in a group setting. Code as 'Yes' if the FB
intervention provided an action plan, a coping strategy, a menu of options, or facilitated recipients
in developing a plan. Example: The FB indicated that a physician's actions were non-compliant
with the guidelines and provided a menu of options to proceed [i.e. “(1) rescheduling the patient
sooner, (2) marking the clinic encounter form... to suggest the physician perform the indicated
preventative care on the patient’s next scheduled visit, (3) indicating the protocol was not applicable
for this patient (but the physician agrees, in principle, with the protocol), (4) stopping this reminder
(the physician disagrees with the protocol), and (5) pulling the patient’s chart for review”].*® Code
as 'No' if the FB intervention did not provide corrective actions to support plans for problem
solving. Code as 'Not reported' if there are no details in the text and the feedback form/additional
details are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the
feedback form/additional details are not available to confirm whether the FB intervention included
corrective actions to support plans for problem solving.
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4 a)# of FB
Reports

Was feedback (for a
given behaviour)
provided more than
once?

Yes, No, Not
Reported, Unclear

Note: One FB report with multiple time-points constitutes receiving FB once. Three FB reports,
each on a different clinical behaviour®” constitutes receiving FB once for a given behaviour.

Code as 'Not reported' if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.

4 b)
Sustained?

5a) Age of
the data

Did recipients
continue to receive
feedback on their
performance after
the study was
completed?

What is the average
age of the data (i.e.
interval between the
clinical encounter

Yes, No, Not
Reported, Unclear

Describe (i.e. Days,
Weeks, Months,
Years, Not Reported,
Unclear)

Note: This is a reporting issue. Code as 'Yes' if the authors explicitly state that feedback continued
after completion of the study. Code as 'No' if the authors explicitly state that feedback was only
provided for the duration of the study. Code as 'Not reported' if there are no details in the text.
Code as ‘Unclear’ if the text contains an ambiguous statement and it is unclear whether the
feedback initiative was continued beyond the study. Example: The authors state that a larger scale
progrezl‘17n was being prepared, but it is unclear whether or not this program was actually put in
place.

Example: If feedback reports are provided weekly, the average age of the data is 'days'. If feedback
reports are provided monthly, the average age of the data is 'weeks'. If feedback reports are provided
annually, the average age of the data is 'months', etc. Code as 'Not reported' if there are no details
in the text and the feedback form/additional details are not available. Code as ‘Unclear’ if the text

and delivery of the contains an ambiguous statement and the feedback form/additional details are not available to
feedback)? confirm.
5 b) Interval If feedback was Describe (i.e. Hours, | Example: An interval of 1 week ='days', an interval of 1 month = 'weeks', an interval of 1 year=

provided more than
once, what was the
time interval
between the receipt
of feedback
reports?

Days, Weeks,
Months, Years,
Variable, Not
Reported, Unclear,
N/A)

'months' etc.

5¢)
Justification-
Interval

Do the authors of
the study provide a
justification for the
interval between
feedback reports?

Yes, No, Unclear,
N/A

Note: This is a reporting issue. Code as 'Yes' if the authors state a reason for choosing the interval
between feedback reports. This may include a statement in the introduction stating that a certain
interval has been effective in the past. Code as 'No' if the authors do not provide a reason for
choosing the interval between feedback reports. Code as 'Unclear' if it is not clear whether the
authors have provided a sufficient justification. Code as ‘N/A’ if feedback was only provided once.
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5d)
Justification
related to
patient #?

Was the
justification for the
interval between
feedback reports
related to the
number of patient
cases?

Yes, No, Unclear,
N/A

Code as 'Yes' if the justification is related to the number of patient cases. Example: To avoid alert
fatigue, the authors explain that feedback was only provided quarterly, as physicians only see a few
of these patients every month.' Code as 'No' if the justification is not related to the number of patient
cases. Code as '"Unclear’ if it is unclear whether the justification is related to the number of patient
cases. Code as 'N/A" if no justification was given.

6a) Was feedback given | Yes, No, Not Note: This question does not apply to aggregate level data for a group of which the recipient is a
Individual about the Reported, Unclear member of; see next question. Code as 'Yes' if FB is about an individual's own performance.
performance individual's own Example: Dr. X receives feedback on his own performance (i.e. The number of B12 tests he
performance? ordered). Code as 'No' if only group performance data is given. Code as 'Not reported' if there are
no details in the text and the feedback form/additional details are not available. Code as ‘Unclear’
if the text contains an ambiguous statement and the feedback form/additional details are not
available to confirm whether individual performance data was given.
6 b) Group Was FB about the Yes, No, Not Code as 'Yes' if FB provides performance data for a group of which the recipient is a member of.
performance performance of a Reported, Unclear Example: Dr. X receives feedback on the number of B12 tests ordered by his entire practice. Code
group of which the as 'No' if no group performance data is given. Code as 'Not reported’' if there are no details in the
recipient is a text and the feedback form/additional details are not available. Code as ‘Unclear’ if the text contains
member? an ambiguous statement and the feedback form/additional details are not available to confirm
whether group level performance data was provided.
6 ¢) Group What is the level of | Describe: Unit,
level the group? Department, Practice,
Hospital, Region,
Province, Other
(please specify), N/A,
Not Reported
6d) Did feedback Yes, No, Not Code as 'Yes' if FB provided individual patient data. Example: Dr. Y receives feedback on the
Individual include patient- Reported, Unclear number of blood tests she ordered for each individual patient over the past week. Code as 'No' if
data level data for the FB does not provide patient-level data. Code as 'Not reported' if there are no details in the text and
recipient's own the feedback form/additional details are not available. Code as ‘Unclear’ if the text contains an
patients? ambiguous statement and the feedback form/additional details are not available to confirm whether
patient level data was provided.
6¢) Did feedback Yes, No, Not Code as 'Yes' if FB provides aggregated patient data. Example: Dr. Y receives feedback on the
Aggregated include aggregated | Reported, Unclear average number of blood tests she ordered per patient over the past month. OR, Dr.Y receives
data patient data feedback on the average number of blood tests ordered by her practice over the past month. Code
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involving
recipient's own
patients?

as 'No' if only individual patient level data was provided. Code as 'Not reported’ if there are no
details in the text and the feedback form/additional details are not available. Code as ‘Unclear’ if
the text contains an ambiguous statement and the feedback form/additional details are not available
to confirm whether aggregated or individual patient level data was provided.

6 )
Justification-
Specificity

Do the authors give
a justification for
the specificity of
the feedback (or a
reason for the level
of data presented)?

Yes, No, Unclear

Note: This is a reporting issue. Code as 'Yes' if the authors provide a justification for either the
specificity of the feedback or feedback data. Example: We chose to provide individual performance
data, as this has been shown to be more effective than group performance data, as per a recent
systematic review. Code as 'No' if no justification is given for either the specificity of the feedback
or the feedback data. Code as 'Unclear’ if it is unclear whether the authors have provided a reason
or not.

7 a) Did the feedback Yes, No, Not Code as '"Yes' if recipients were given at least one clear comparator. Code as 'No' if recipients were
Comparator? | provide any Reported, Unclear not given a clear comparator. Code as 'Not reported' if there are no details in the text and the
comparators? feedback form/additional details are not available. Code as ‘Unclear’ if the text contains an
ambiguous statement and the feedback form/additional details are not available to confirm.
7 b) # of How many 1, 2, 3, More than 3, Note: A comparator may be a target, benchmark, peer performance or self-comparator if there is a
Comparators comparators were None, Not Reported, | direct comparison to self at different time points.
provided? Unclear

7 ¢) Describe

Describe all that
apply.

Own previous
performance, Other's
performance,
Benchmark/
Standardized
Guideline/Target,
Other, Not Reported,
Unclear

If 'Other’, describe.

7d)
Aspirational
Comparator

Does feedback
include one or more
aspirational
comparators (as
opposed to average
performance
comparators)?

Yes, No, Not
Reported, Unclear

Note: Mean/average level comparators do not qualify. Code as 'Yes' if the FB provided a
comparator or target based on a high percentile (i.e. the performance of the top 10%) or a standard.
Code as 'No' if the FB did not provide a comparator, or if the FB provided a mean/average level
target. Code as 'Not reported' if there are no details in the text and the feedback form/additional
details are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the
feedback form/additional details are not available to confirm if the FB provided a comparator/target
and it is unclear whether it is based on a high percentile.
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7¢e)
Justification-
Comparators

8 a) Linking
of FB

Do the authors
provide a
justification for
which comparators
were used?

Are the visual
display and the

Yes, No, Unclear,
N/A

Note: This is a reporting issue. Code as 'Yes' if the authors provide a reason for choosing a certain
comparator. This may include a statement in the introduction noting the effectiveness of a
comparator. Example: "Performance feedback, especially with comparison to peers, is another
effective method of improving compliance with clinical practice guidelines. Although not enough
is known about the optimal characteristics of feedback, comparison with an 'achievable benchmark
of care' appears promising."*® Code as '"No' if no clear reason is given for choosing a comparator.
Code as 'Unclear' if it is unclear whether the authors provided a reason or not. Code as 'N/A"' if no
comparator is provided.

Yes, No, Not
Reported, Unclear,

Code as 'Yes' if there are any obvious issues with how the FB elements are linked. Example: 1)
The summary message for a graph is shown on a different page than the graph.' 2) The summary

elements summary message N/A message and visual display give conflicting information i.e. the summary message indicates the
presented in visual physician needs to increase their number of referrals, but the visual display shows that they have
proximity of each more referrals than the top 10% benchmark.' Code as 'No' if there are no obvious issues with how
other? the FB elements are linked. Code as 'Not reported' if there are no details in the text and the
feedback form/additional details are not available. Code as ‘Unclear’ if the text contains an
ambiguous statement and the feedback form/additional details are not available to confirm. Code as
N/A if either the summary message or visual display is missing.
9 a)>1 way? | Was feedback Yes, No, Not Based on factors assessed in the next item (9b) was feedback provided in more than one way?
provided in more Reported, Unclear
than one way?
9 b) Format Does the feedback Provide an answer for | Code as ‘Yes’ if clearly present. Code as ‘No’ if clearly absent. Code as 'Not reported' if there are
intervention each item: Yes, No, no details in the text and the feedback form/additional details are not available. Code as ‘Unclear’

include: 1) Verbal
interaction; 2) Text;
3) Numerical
information; 4)
Graphs or tables; 5)
A summary
message; 6) Other
important elements
(please specify)?

Not Reported,
Unclear

if the text contains an ambiguous statement and the feedback form/additional details are not
available to confirm.
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10 a) Pilot Was the feedback Yes (With target Note: This is a reporting issue. Code as 'Yes' if the article indicates that the FB intervention was
intervention pilot- population), Yes pilot-tested. Code as 'No' if the article indicates that the FB intervention was not pilot-tested. Code
tested? (With non-target as 'Not reported' if there are no details in the text and additional details from the author were not

population), No, Not | available. Code as ‘Unclear’ if the text contains an ambiguous statement and it is unclear whether
Reported, Unclear the FB intervention was pilot-tested.
10 b) # of How long is the Describe. Note: Extract the number of pages for reports. Note whether pages are single-sided or double-
Pages feedback report? sided (if able). If the length is not given (and the form is not available), code as ‘Not Reported’.
Code as ‘N/A’ if the feedback was provided verbally, involved an e-mail or poster, etc.

10 ¢) # of How many 1,2,3,4,5-9, more Note: Must be a provider behaviour (a behaviour the provider is expected to change). 'N/A'

Behaviours behaviours does the | than 9, Not Reported, | applies to non-provider behaviours.
feedback address? Unclear, N/A For the purpose of this question ‘behaviour’ refers to:

- A task, procedure or action completed by the provider to address a specific concern, condition or
clinical issue.

- If multiple tasks, procedures or actions are considered (i.e. ordering of multiple tests) and the
specifics are provided (i.e. the names of the specific tests) this should be coded as multiple
behaviours.*

- If multiple tasks, procedures or actions are considered (i.e. prescribing of different antibiotics),
however the specifics are not provided (i.e. the article focuses generally on prescription of
antibiotics) this should be coded as one behaviour (for another example see Herbert et al.>).

- If a single task, procedure or action is considered (i.e. ordering of benzodiazepines) in multiple
contexts (i.e. in combination with other pharmaceuticals, length of the prescription, and whether
the benzodiazepine is long-acting),’" still code as ONE behaviour.

- If the feedback addresses a guideline which involves multiple tasks, procedures or actions,
follow the guidance outlined above.

Note: If >9 behaviours are addressed, please specify whether they are of the same general
behaviour (i.e. test ordering), or a variety of different behaviours (i.e. different guidelines).

Code as 'Not reported' if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.

Examples:
1) Referral of smoking patients to a quit line®> would count as 1 behaviour.

2) Assessing whether physicians ‘ask, ‘advise’, ‘assess’ and ‘assist’ their smoking patients*®
would count as 4 behaviours.
3) Prescription of antibiotics for pediatric Upper Respiratory Infections, acute bronchitis and
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purulent rhinitis would count as 3 behaviours.

4) The ordering of Carcino-embryonic antigen, CA-125 and Follicle Stimulating Hormone tests*’
would count as 3 behaviours.

5) Ordering 2 laboratory tests per clinical issue, for 3 clinical issues would count as 6 behaviours
in total (example adapted from Verstappen et al).*’

Note: In some cases a proxy for behaviour may be used. For instance the number of prescriptions
filled (or cost of prescriptions)’® may be used as a proxy for prescription behaviour. Try to only
code physician behaviours. However, if you include a proxy as a ‘behaviour’ ensure that it is
clearly associated with physician behaviour.

10 d) Please specify the Describe, Not In a couple of words, describe the behaviour. If the feedback addresses more than one behaviour,
Describe behaviour. Reported, Unclear, categorize and qualitatively describe the behaviours. Example: Ordering of 12 lab tests (3 clinical
N/A topics, 4 lab tests per clinical topic) (example adapted from Verstappen et al.).*’
Code as 'Not reported' if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.
10 ¢) How many clinical | Describe, Not Includes variables descriptive of the patient (i.e. LOS, mortality). Does not include behaviours.
Clinical variables were fed Reported, Unclear
Variables back to the Code as 'Not reported' if there are no details in the text and the feedback form/additional details
recipients? are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.
10 f) # of How many graphs Describe, Not Code as 'Not reported’ if there are no details in the text and the feedback form/additional details
Graphs or or tables are used? Reported, Unclear are not available. Can also code if only a partial example of a FB form is given.
Tables Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback form/additional
details are not available to confirm.
10 g) Did the FB include | Yes, No, Not Code as 'Yes' if pie charts, 3D graphs, shadow effects etc. are used. Code as 'No' if there are no
Graphical any graphical Reported, Unclear, obvious issues with the presentation of the graphs. Code as 'Not reported’ if there are no details
elements elements that lend N/A in the text and the feedback form/additional details are not available. Code as ‘Not Reported’ if

themselves to
misinterpretation?
(Ex. Pie charts, 3D
graphs, etc.)

the description of the intervention indicates/suggests graphs were used, but no example is
provided. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm. Code as "N/A" if graphs were not used.
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11 a) Were potential Yes, No, Not Code as 'Yes' if the authors explicitly state that they completed an assessment of potential drivers
Barriers drivers and barriers | Reported, Unclear and barriers. Example: The authors report that they completed an a priori focus group with
assessment to recipients physicians to identify potential barriers to the recipients engaging with the feedback. Code as 'No'
engaging with the if the authors do not report an assessment of potential drivers and barriers. Code as 'Not reported'
FB intervention if there are no details in the text and the feedback form/additional details are not available. Code
assessed? as ‘Unclear’ if the text contains an ambiguous statement and the feedback form/additional details
are not available to confirm whether the authors completed a drivers/barriers assessment (i.e. the
authors discuss barriers identified, but it is unclear whether these barriers were identified before or
after FB was given).
11b) Was the assessment | Yes, No, Not Code as 'Yes' if the authors explicitly mention that the assessment was informed by theory. Code
Barriers informed by Reported, Unclear, as 'No' if the authors indicate that the assessment was not informed by theory. Code as 'Not
assessment- theory? N/A reported’ if there are no details in the text and the feedback form/additional details are not
Theory available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm whether the assessment was informed by
theory. Code as 'N/A' if there was no drivers/barriers assessment.
11c¢) Was there an Yes, No, Not Code as 'Yes' if:
Engagement assessment of Reported, Unclear * The authors clearly assessed whether the recipients engaged with the FB. For example, if the
assessment whether the recipients were given a questionnaire asking their understanding of the FB, or if the authors were
recipients engaged able to assess how many people clicked on a link to the FB.
with the feedback? * The authors sent a survey at the same time as the feedback and calculated a response rate.

Code as 'No' if:

* The authors discuss assessing only a few of the recipient’s engagement with the FB (i.e. only the
team leaders).**

. The5 ?uthors report a response rate from a survey, however the survey was completed at a later
time.

Code as 'Not reported' if:
* The authors do not discuss assessing recipients' engagement with the FB; there are no details in
the text and the feedback form/additional details are not available.

Code as 'Unclear"' if:

* There is an ambiguous statement suggesting the authors assessed recipients' engagement with
the FB, however it is not entirely clear.

« If the feedback intervention involved a meeting component, but the authors do not explicitly
state whether the engagement of recipients was assessed.
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* The authors report a response rate from a survey, however it is unclear whether the survey was
sent at the same time as the FB.*

11d)
Engagement
assessment-
Theory

12 a)
Actionable
messages

Was the assessment
informed by
theory?

Are the summary
messages
actionable (or
described as
actionable)?

Yes, No, Not
Reported, Unclear,
N/A

Yes, No, Not
Reported, Unclear,
N/A

Code as 'Yes' if the authors explicitly mention that the assessment was informed by theory. Code
as 'No' if the authors indicate that the assessment was not informed by theory, or it is clear that
theory was not applied (example: attendance was taken to assess engagement). Code as 'Not
reported’ if there are no details in the text and the feedback form/additional details are not
available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm whether the assessment was informed by
theory. Code as 'N/A" if there was no engagement assessment.

Note: The summary message should be a summary of the data.
Code as 'Yes' if:

* The FB included a summary message(s) which directed the recipient on how to proceed (i.e. the
message includes a verb).

Example: 1) “You [need to increase your referrals by 9] to achieve the benchmark for this
quarter” (adapted from Wadland et al.).”*

2) Feedback included a manual which “described a number of ways to use the results including
discussion with colleagues and assistants...”>

3) “A succinct evidence-based message to guide future prescribing.
4) “CA125 should not be used to screen, diagnose, or exclude malignancy.

950
949

Code as 'No' if:

» The summary message(s) did not direct recipients on how to proceed (i.e. the message did not
contain a verb).

Example: 1) “You had 3 referrals for the quarter.”*” The benchmark is 9 referrals (adapted from
Wadland et al.).*

2) The FB included a letter explaining that "these conditions were being evaluated because little
evidence supported antibiotics for their treatment".>

Code as 'Not reported' if:

* There are no details in the text and the feedback form/additional details are not available.
Example: The article describes that the FB included a cover letter or a meeting discussing the FB,
and it is unclear whether actionable summary messages were given.

Code as 'Unclear’ if:
* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm whether the summary message(s) directed the recipient on how to proceed.
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12 b)
Additional
information

13 a) FB data
source

Is there additional,
more detailed
feedback provided
alongside the
summary message?

Does the feedback
(or the description
of the FB) indicate
who is providing
the FB data?

Yes, No, Not
Reported, Unclear

Yes, No, Not
Reported, Unclear

Code as 'Yes' if the FB intervention provided additional information that was easy to navigate.
Example: The feedback e-mail contains a hyperlink to additional information. Or, the key message
of a feedback report contains the appendix page number where additional information can be found.

Code as 'No' if the FB intervention did not provide additional information, or if the additional
information is not easy to navigate. Example: An intervention which provides 15 pages of
additional information on guidelines.

Code as 'Not reported' if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm whether additional information was provided,
or if it is unclear whether the additional information was easy to navigate. Note: The example in
the publication by Thomas et al.*’ does not count.

Code as 'Yes' if:

« The FB form clearly indicates who is providing the data.’’

* The article explicitly states that the FB recipients gave informed consent for data retrieval.

* The data utilized came from the hospital pharmacy or hospital computer system and it is highly
likely that the physicians were aware this is where the data came from (i.e. they received print
outs from the computer system).**™*

* The FB was mailed and the authors state that the FB showed who was providing the data.

* Feedback was provided verbally or was e-mailed.

Code as 'No' if:
* The FB form does not indicate who is providing the data.

Code as 'Not reported' if:

* There is no example of the feedback form available, and the article does not explain who
provided the data.

* No example of the feedback form is provided and it is unclear if the FB form relayed who
provided the data.

* The FB was mailed and it is unclear whether the FB form relayed who provided the data.

Code as 'Unclear"' if:
* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm.

Note: For studies utilizing data from the hospital computer system, you may assume that it was
clear to recipients where the data was coming from.
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13 b) Does the FB Yes, No, Not Code as 'Yes' if the FB form (or the description of the intervention) indicates all sources of
Comparators intervention Reported, Unclear comparators. Example: The feedback form displays “Benchmark is based on the top 10% of
source indicate the source practices referring patients to Quit the Nic and is recalculated for each quarter.”>* Code as 'No' if
of comparators? the source for one or more of the comparators is missing. For example, if the FB form shows a
'peer’s' comparison, but there is no definition of whom a 'peer' is (i.e. practice, region, all
participants in the study). Code as 'Not reported' if there are no details in the text and the feedback
form/additional details are not available. Code as ‘Unclear’ if the text contains an ambiguous
statement and the feedback form/additional details are not available to confirm whether the source
for at least one comparator was provided.
13¢c) FB Was the FB Yes, No, Not Code as 'Yes' if the FB intervention was delivered by a supervisor or close colleague. Example:
Delivery- intervention Reported, Unclear An intervention delivered to interns by their respective chief residents. Code as 'No' if the FB
Supervisor delivered by a intervention was not delivered by a supervisor or close colleague. Example: FB is delivered by
supervisor or close investigators, or by an outside professional organization. Code as 'Not reported’ if there are no
colleague? details in the text and the feedback form/additional details are not available. Code as ‘Unclear’ if
the text contains an ambiguous statement and the feedback form/additional details are not
available to confirm whether the intervention was delivered by a supervisor or close colleague.
13d) FB Was the FB Yes, No, Not Code as 'Yes' if the FB intervention was supported by a relevant professional organization (i.e.
Delivery- intervention Reported, Unclear The FB form identifies the organization's logo,” or if no example of the FB form is given, the
Organization | supported by a organization's support is clearly discussed in the article). Examples: The Department of Family
relevant Medicine - Michigan State University, Blue Cross Blue Shield of Michigan (Quit the Nic Quit
professional Line), etc.”
organization?

Code as 'No' if no professional organizations are indicated on the FB form. Example: The
diagnostic center which provided the data facilitated the social discussions.”” Note: The
organization should be pinned to a recommendation.

Code as 'Not reported’ if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm whether the FB intervention was supported by
a professional organization. Example: If the intervention included an educational component
which clearly involved support from a professional organization (i.e. a brochure produced by the
organization), however it is unclear whether they also provided support for the FB portion of the
intervention.*®
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14 a)
Defensive
reactions

15 a) Social
aspect-
Development

Did the feedback
intervention include
reassurance that the
intervention would
not trigger punitive
measures?

Did development of
the FB intervention
involve members of
the target group?

Yes, No, Not
Reported, Unclear

Yes, No, Not
Reported, Unclear

Code as 'Yes' if the FB intervention included reassurance that the intervention would not trigger
punitive measures. Example (Yes): 1) Physicians were assured that this intervention would not
involve any punitive measures. 2) In the Thomas et al. paper*’ the feedback includes the statement
"It must be stressed that these requesting trend comparisons are not an exact science, hence a
requesting level above or below the Grampian average does not necessarily imply appropriate or
inappropriate test use."*’

Code as 'Not reported’ if there are no details in the text and the feedback form/additional details
are not available. Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback
form/additional details are not available to confirm.

Code as 'Yes' if the development of the FB intervention involved members of the target group
(Note: The target group refers to the FB recipients in the study- i.e. developers and recipients
were co-constructing the meaning of the feedback together). Example: The authors completed a
priori focus groups to determine what types of behaviour physicians wanted feedback on.

Code as 'No' if the development of the FB intervention did not involve members of the target
group.

Code as 'Not reported’' if there are no details in the text and the feedback form/additional details
are not available.

Code as ‘Unclear’ if the text contains an ambiguous statement and the feedback form/additional
details are not available to confirm whether members of the target group were involved; or for
multifaceted interventions, if it is unclear whether target members were involved in the
development of the FB portion specifically.

15 b) Social
Context

Was the FB
explicitly designed
to be received and
discussed in a
social context?

Yes, No, Not
Reported, Unclear

Code as 'Yes' if:
* There is an explicit statement that the FB intervention was designed to be received and discussed
in a social context. Note: This may include virtual settings, if two-way communication occurs.

Code as 'No' if:
» The FB intervention was clearly not designed to be received and discussed in a social context.

Code as 'Not reported' if:
* There are no details in the text and the feedback form/additional details are not available.
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Code as 'Unclear’ if:

* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm whether the feedback was explicitly designed to be received and discussed in
a social context.

Examples

YES: The feedback was distributed and discussed during staff meetings, and a statement
describing this is included in the methods section.

NO: Feedback was mailed to recipients.

UNCLEAR: The feedback report was mailed but included materials, such as a power-point
presentation, to aid in dissemination of the FB, potentially in a social context.™®

“Reports were delivered individually to providers 52% of the time, delivered to the group during a
provider meeting 30% of the time, and placed in the provider’s mailbox for independent review
18% of the time.”* It was unclear whether the intervention was intended to be delivered in a
social context/ with a social discussion.

15 ¢c) How If feedback was Every time FB was
often? provided more than | provided, Only once,
once, how often Variably, Not
was feedback Reported, Unclear,
received and Other (please
discussed in a specify), N/A
social context?
15 d) If FB was designed | Yes, No, Not Code as 'Yes' if:
Facilitation to be received and Reported, Unclear, » The FB intervention involved at least one instance of a facilitated social discussion about the FB.

discussed in a
social context, was
the FB discussion
facilitated by a
facilitator?

N/A

Note: A facilitator may be either internal to the group/institution, or from an external party.
Code as 'No' if:

* The FB intervention involved one or more instances of a social discussion (about the FB), but
none of the sessions involved a facilitator.

* The FB intervention involved another component (i.e. education) involving one or more
instances of a facilitated social discussion, however the discussion was not about the FB.

Code as 'Not Reported' if:

* There are no details in the text and the feedback form/additional details are not available.
Code as 'Unclear’ if:

* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm whether a facilitator was present, or it is unclear whether the discussion was
about the FB.

Code as 'N/A' if:

» The FB intervention was not designed to be received and discussed in a social context.
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15 e) Self-
assessment

Did the FB
intervention involve
engaging in self-
assessment around
target behaviours
prior to receiving
FB?

Yes, No, Not
Reported, Unclear

Code as 'Yes' if:

* The article discusses a session/survey, which occurred prior to the dissemination of FB and the
authors explicitly state that it involved recipient self-assessment of the target behaviours.

* The intervention involved an educational component.

Code as 'No' if:

* The article discusses a session/survey which involved recipient self-assessment of the target
behaviours, however the session/survey took place after the dissemination of FB.

Code as 'Not reported' if:

* There are no details in the text and the feedback form/additional details are not available.

* The article discusses a session/survey, which occurred prior to the dissemination of FB, however
there is no indication that it involved recipient self-assessment of the target behaviours.

Code as 'Unclear’ if:

* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm.

* The article discusses a session/survey which occurred prior to the dissemination of the FB, but it
is unclear whether the session/survey involved recipient self-assessment of the target behaviours.

* The article discusses a session/survey that involved recipient self-assessment of the target
behaviours, however it is unclear whether this session/survey took place prior to the dissemination
of FB.

Example:

YES 1) “A pretest was completed by all 50 medical residents prior to distribution of the first
newsletter... three questions were asked about individual prescribing charges, five concerning
specific prescriptions, and six regarding laboratory testing.”

15 ) FB on
FB

Did the
investigators
actively seek FB
from the recipients
on the FB?

Yes, No, Not
Reported, Unclear

Code as ‘Yes’ if:

* The recipients of the FB intervention were able to provide feedback on the feedback
intervention, to the developers (i.e. through a survey, interview, etc.).

* The authors of the article discuss a pilot feedback intervention (not necessarily with the FB
recipients from the current study) and explicitly state that the recipients received their own data.
« The FB report requires a response from the recipient, i.e. whether they agree with the FB.*
Code as ‘No’ if:

* There is no indication that recipients of the FB intervention were able to provide feedback on the
feedback intervention to the developers; and there is no indication that a pilot study was
completed using the participants’ own data.

* The authors of the article discuss a pilot feedback intervention, however the FB did not use the
recipient’s own data (i.e. a sample form was used).

Code as 'Not reported' if:

* There are no details in the text and the feedback form/additional details are not available.
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Code as ‘Unclear’ if:

* The text contains an ambiguous statement and the feedback form/additional details are not
available to confirm.

* The authors discuss completing a post-study interview/survey with the FB recipients, however it
is unclear whether they were specifically asked about the FB form.*

* The authors of the article discuss a pilot feedback intervention, however they do not explicitly
state whether the recipients received their own data.

Examples:

YES

1) “Participants who received portraits [feedback] individually completed a brief questionnaire
concerning their understanding of the portraits [feedback] and any suggestions for
improvement.”

2) “The physician was required to respond to each item on the report, indicating what action, if
any, should be taken. These responses were limited to (1) rescheduling the patient sooner, (2)
marking the clinic encounter form... to suggest the physician perform the indicated preventative
care on the patient’s next scheduled visit, (3) indicating the protocol was not applicable for this
patient (but the physician agrees, in principle, with the protocol), (4) stopping this reminder (the
physician disagrees with the protocol), and (5) pulling the patient’s chart for review.”*

UNCLEAR

1) “Efforts were made to educate providers on the new quitline numbers; however, despite this
retraining, post-study interviews revealed that many providers were not aware that this service
remained available to all clinic patients.”*

2) “Two hundred physicians in 28 PBSGs [Practice-Based Small Groups] joined the trial, with an
additional PBSG serving an advisory role to pre-test the materials™;*° Not clear whether it was
their data or a sample form.
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Appendix D: Pilot Inter-Rater Reliability

Overall Agreement Madison
Unclear N/A Total
9 16 4 137
No 21 183 19 22 245
Unclear 9 20 22 2 53
Maria N/A 0 2 3 24 29
Total 138 214 60 2 [

Total Agreement (n) = 108+ 183+22+24= 337

Total Agreement (%) = (337/464) x 100 = 72.6%

Code Calculation Expected
Frequency

Yes (137 x 138)/464 40.7

No (214 x 245)/464 113.0

Unclear | (60 x 53)/464 6.9

N/A (52 x29)/464 3.25

Sum 40.7+ 113.0 + 6.9 +3.25 | 163.85

Cohen’s Kappa

K = (X agreement -Z expected frequency)/(N-X expected frequency)
K= (337-163.85)/(464-163.85)

K=0.58
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Chapter 4: Integration and Discussion of Results

We hypothesized that A&F could be a useful but potentially underutilized behaviour change intervention
in the critical care setting, to modify test and transfusion ordering. To assess the various ways in which this
class of intervention had been applied, and to summarize the evidence on A&F’s effectiveness in this
setting, we conducted a systematic review of the literature. Our systematic review revealed that a relatively
small number of published studies focus on testing A&F for changing critical care test and transfusion
ordering. The studies identified showed that A&F is often combined with additional quality improvement
interventions, usually having an overall modest, positive effect on the behaviour of interest (however,
similar to that of the Cochrane review,"' effects ranged from substantially positive to, in one case, negative
effects). To take a more in-depth look at the A&F methods applied, and to assess how these compared to
recently published guidance, we developed an evaluation tool to assess the extent to which existing A&F
interventions in ICU adhered to recommended best practice.'”> We found that many of the suggested best
practices'®* were under-applied in this setting, suggesting these A&F methods warrant further investigation.

We chose to focus on the improvement of two commonly ordered and inter-related resources in the critical

4,88,121,124,161,162 : . . .
30303488, 12112416112 ywhile A&F is often a relatively feasible
135,138

care setting; laboratory tests and transfusions.
and sustainable behaviour change intervention due to availability of electronic data, our systematic
review identified only a small number of studies. This may be partially due to the nature of quality
improvement interventions; this work is often considered part of usual care and does not always require
formal Research Ethics Board (REB) oversight.'® These projects may not be published as often, or may be
more difficult to identify in electronic databases.'®*'® As with any setting, challenges to implementing
changes in critical care have been previously flagged, including limited resources, heavy workload, lack of
time, and the critical condition of the patient population.'**'* This setting may also present unique
challenges due to the vulnerability of the patient population and the considerable amount of data clinicians
are already required to register.''®

Our relatively small yield of articles may also represent the difficulty in defining and addressing the issue
of inappropriate ordering. It appears that many implementation interventions in the ICU tend to involve use
of a protocol, clinical practice guideline (CPG), bundle and/or checklist and have most commonly focused
on improving processes or outcomes for ventilator associated pneumonia, catheter related blood stream
infections and sedation practices.'** For ordering of laboratory tests, it may be difficult to develop uniform
guidelines or protocols, and in turn to determine consistency with such guidelines, as ‘appropriateness’ can
be dependent on many different factors.””'°*'*” Meanwhile, for transfusion ordering, a previous qualitative
study has noted that among other factors, some Canadian ICU physicians feel further evidence to support
a restrictive strategy is needed; thus, there appears to be a degree of equipoise surrounding this practice.'®®
Most of the studies in our sample reported modest, positive effects on test and transfusion ordering
(improvement in the desired direction). Our findings align with the Cochrane review’s overall positive
results (dichotomous= 4.3%, IQR= 0.5-16%, continuous= 1.3%, IQR=1 .3—28.9%).131 Our findings are also
consistent with Kobewka et al.’s review, which assessed use of various behaviour change interventions for
improvement of test ordering, and found interventions with an A&F component to have a 22.0% (IQR=
8.6-34.6) median relative reduction on test use (“exclusively” A&F= 18.4%, IQR= 2.1-24.8).%
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Optimization of A&F and Underutilized Suggestions”

As effect sizes in trials of A&F have stagnated, a greater understanding of the active mechanisms
contributing to effective feedback may help to optimize this class of intervention.'*>'®” There have been
calls in implementation science, and for A&F specifically, to better incorporate the use of theory to do
s0.' 212170 Theory-informed interventions and study designs can help to better understand why an
intervention does or does not work, and to allow for generalizations to be tested in other

128,150,152,154,171,172
contexts.

The 15 suggestions for optimized feedback were developed as recommendations
thought to be potentially underutilized in the current literature, and were informed by theory through
qualitative interviews with theorists."”> They target easily modifiable elements of A&F that may be
associated with improved effectiveness. Development of an evaluation tool from the 15 suggestions for
optimized feedback'® allowed for a more in-depth assessment of the critical care A&F intervention sample.
By assessing whether these hypothesized best practices have been applied in the critical care setting, we
aimed to characterize theoretically relevant gaps in the literature. Application of the tool revealed that many
of the suggestions have not been consistently applied in this context, identifying priorities for future

research.

Counter to Brehaut et al.’s suggestion to “provide multiple instances of feedback”, nearly a quarter of
interventions (n=4) only provided feedback once, and in another 18% (n=3) of interventions it was unclear,
or the feedback was only provided variably (i.e. when inappropriate orders occurred). Our findings are
similar to that of a secondary analysis of the Cochrane systematic review sample of A&F trials conducted
across diverse healthcare settings, which found that feedback was often only provided once (24%), or that
it was not clearly stated how often the feedback was provided (24%).'® This was an important finding, as
providing multiple instances of feedback is crucial to completing the ‘feedback loop’. Feedback should be
iterative to allow recipients the opportunity to assess whether their efforts to change behaviour were
effective.'” Furthermore, providing feedback more than once may be helpful in bringing the behaviour
back to the recipients’ attention and to enable recipients to remember the suggested practice
improvements.'>>'"'7*

Most studies in our sample provided aggregate, unit level data, despite Brehaut et al.’s recent guidance that
suggests individual data be provided whenever possible, as recipients may discount feedback providing
data at the group level.””> One study noted the difficulty in providing accurate individual data (i.e.
“assigning a transfusion event to a single provider”) when patients are treated by a team, and suggest that
provision of group feedback may be less threatening.'”” However, two studies in our sample compared
feedback with different levels of data; one study found public, individual feedback to have a greater effect
than group feedback.'”® The other found group and individual feedback to be more effective than group
feedback alone.* This is consistent with a previous meta-analysis, which reported a larger effect size for
feedback providing both group and individual data, as compared to either level of data alone."® Based on
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these considerations, and the team-based nature of the ICU, it may be of interest to further assess

whether providing both individual and group data is of benefit in the context of critical care.

Another key finding was that the majority of feedback interventions did not report the incorporation of goal
setting. Goal theory points to goal setting as a core means of motivating behaviour change."””"” Goals

* Note: Results from Chapter 3 are discussed at an aggregate level to maintain confidentiality of the authors who
provided additional materials and details.
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provide a target for recipients to work towards, and feedback provides data on performance for recipients
to gauge progress in reaching their goal."’” The salience of a goal can enhance an individual’s commitment
to achieving it."”’ So long as a justification is presented, assigned and self-set goals can result in similar
performance effects.””’ However, care should be taken to ensure assigned goals do not require actions
contradictory to existing personal goals."”” Thirteen of the interventions in our sample did present feedback
in the context of an explicit, external priority (usually at the institutional level), which could potentially
help to increase perceived importance of the feedback. Further work in the healthcare and critical care
setting could thus focus on elucidating differences in efficacy of feedback that incorporates internal goal
setting versus externally-assigned goals, and feedback aligning with provider-identified priorities versus
presenting feedback in the context of external priorities.

Only three interventions explicitly reported providing corrective actions (e.g. counseling, suggestions,
making providers aware of a tool to help identify potentially inappropriate orders), in line with Brehaut et
al.’s third suggestion, “Recommend specific actions”."” Our finding that this suggestion was relatively
underutilized is consistent with a previous interview study of ICU staff, which found that often times
feedback does not provide appropriate guidance on how to make corrective actions.'”’ Future A&F studies
in this setting may wish to incorporate development of action plans, as there is robust empirical evidence
to support the use of these plans for changing behaviour.'”® While relatively simple to formulate, action
plans (also known as implementation intentions, or ‘if-then’ plans) specify what actions an individual
intends to take and in what specific contexts, allowing recipients to easily recognize appropriate situations.
These plans also help to make specified actions automatic.'” Combining these plans with “explicit targets”
in an A&F intervention is supported by the meta-regression results from the most recent Cochrane
review.”' Coping strategies similarly involve “linking situational cues contingently associated with
undesired behaviours (if-condition) with cognitive or behavioural coping responses aimed at inhibiting the
undesired, or prioritizing the desired, response”.'”” A systematic review assessing the use of coping
strategies to address various healthy and unhealthy behaviours found these plans could be helpful when
assistance was provided to prepare the plans.'** Results from this review also suggest coping plans enhance
the effect of action plans.'™ Furthermore, providing action and coping plans to support corrective actions
may be especially important in the context of targeting habitual behaviours (i.e. frequent test or transfusion

ordering), as creating these plans may help to develop new, preferred habits.*'*!

Counter to Brehaut et al.’s suggestion to “address barriers to feedback use”,"*> no publications reported the

use of a barriers assessment, and only two of the interventions involved assessment of recipient engagement.
Completion of barrier and engagement assessments may help to increase the efficiency with which the
research is conducted, by identifying issues that can be addressed when developing the A&F, or in
subsequent iterations of the intervention. These assessments may also be theory-based, using frameworks
such as the Theoretical Domains Framework, to ensure the process is comprehensive and systematic, and
to aid in the selection of potential solutions.'® Barrier assessments can identify unforeseen challenges,'®’
and engagement assessments are important tools, as A&F is unlikely to have the intended effect if recipients
do not look at, read, or engage with the feedback and associated activities (e.g. an action planning
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exercise). This should be reflected in the development, evaluation and reporting of A&F interventions.

As most of the interventions were multi-component and involved an educational aspect, there was often an
opportunity for recipients to engage in self-assessment around the targeted behaviour. However, none of
the publications reported involving the target recipients in the development of the feedback, and details
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regarding the general feedback development were rarely reported. Furthermore, few of the interventions
were explicitly designed to be provided and discussed in a social setting, had a facilitator, or actively
obtained feedback from the recipients. A key area for future research is thus the incorporation of social
interaction in the feedback intervention, as it is suggested a more active approach may better encourage

recipient learning and improve sustainability of the feedback.'*>'®

Consistency with Remaining Suggestions

Only one of the 15 suggestions was almost universally applied across all interventions (“Recommend

. . .. 135
actions that can improve and are under the recipients’ control”

). Feedback was provided to the individuals
responsible for ordering the tests or transfusions (or their direct supervisor), as opposed to individuals
unlikely to have control over test or transfusion ordering (i.e. hospital administration). However, this may
have been partially driven by the inclusion criteria used to identify the sample (requirement to report on lab
test or transfusion ordering, i.e. a provider behaviour). We also note that the suggestion “Provide feedback
in more than 1 way” was applied in all cases where we were able to assess this item. It is hypothesized that
this practice may allow individuals to select their preferred format from the various options, and enhance
formation of a mental model."”” It may also increase the chances that a recipient pays attention to and
remembers the feedback.'” In ten of the interventions feedback was provided verbally or through e-mail,
and in six cases was delivered by a supervisor or colleague, and so it was likely clear who was providing
the data. This may have lent credibility to the data, however previous qualitative work has shown credibility
of the audit to be a concern of ICU staff.'”” It would therefore be valuable to assess how A&F interventions
can improve perceived credibility of the data. While no studies reported including reassurance that the
intervention would not result in punitive measures, six reported or communicated other aspects which aimed
to reduce negative reactions to the feedback (e.g. providing group level data or confidential feedback so as
not to single out specific providers, providing both positive and negative feedback, framing feedback in a
non-punitive way, or acknowledging that the feedback was well-received and not viewed as punitive due
to a team-oriented institutional culture). However, further work is needed to identify the effectiveness of
such mitigation strategies.

Our evaluation of the sample of critical care A&F interventions found that of those providing feedback
more than once, the majority provided feedback monthly (n=3), monthly and variably (n=2) or weekly
(n=2); in another three cases the interval was unclear/variable. The average age of the data was most
commonly a combination of days and weeks (n=3) or weeks (n=3). Previous literature suggests that
providing feedback soon after auditing (“timely”'™ or “frequent”'*® feedback) may be beneficial; however,
a balance must be struck to ensure recipients are not burdened by too frequent feedback.'” A process
evaluation of a multi-component intervention involving A&F for ICU quality improvement, indicated most
recipients (77% of survey respondents) were content with the “intensity” of the feedback (monthly and
quarterly), though during a focus group several revealed that this was too frequent.'*® Conversely, an
interview study which asked ICU staff about their experience with feedback to date, found “timeliness” of
feedback to be a key issue among providers; one intensive care physician questioned the usefulness of
delayed feedback if it does not allow for corrective actions to be taken right away.'”” ICU staff also noted
the importance of providing adequate data on previous performance over time, as a cross-sectional snapshot
may not provide a representative look at practice.'”’ As most of the literature directly assessing the effect
of timing on feedback effectiveness comes from outside of the healthcare discipline, it would be of interest
to study whether tailoring this characteristic, such as based on caseload, helps to optimize feedback.'*’
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There was variation in terms of whether a comparator was provided. Just over half (n=9) of the interventions
clearly provided (or reported providing) a comparator. Comparators can provide perspective in terms of the
distance between a recipient’s performance and that of a desired level of performance (standard, goal,
others’ performance). Highlighting this distance is an important aspect, as the theory behind feedback
predicts that the motivation to change behaviour comes from the need to reduce this distance."”” Thus, if
this distance is not clearly shown in the feedback, through use of a comparator or other means, this may
indicate a critical flaw in the design. In line with our finding that goal setting was rarely incorporated, an
aspirational comparator was only used in two interventions (though for two others 100% compliance may
have been implied). Future studies could assess whether the use of an aspirational comparator (likely to
depict a larger gap in practice as opposed to the mean) helps to improve performance.'’ Another interesting
area of study would be whether explicit or implied comparators are more effective (i.e. provision of
feedback over time, or an implied standard of 100% compliance).

Challenges in Assessing Consistency with Suggestions

Assessing consistency with criteria items related to the design and delivery of feedback proved difficult to
judge, as we did not have access to the feedback form in most cases. Furthermore, several of the feedback
interventions involved verbal summaries, rendering some items not possible to assess. For the most part,
we were not able to determine whether the summary message was in close proximity to the visual display,
or whether the messages were short, actionable and followed by optional detail. Our conclusions regarding
items related to cognitive overload (factors increasing the recipient’s effort to process the information) were
also somewhat limited. However, none of the interventions were reported to have been pilot tested (in one
case it was unclear if piloting was completed). As many of the remaining display items were difficult to
determine without access to the form, this is a key finding. If not already in practice, piloting of feedback
forms could help to identify problems, ensure recipients are not overwhelmed by the amount of information
and display, and to increase usability of the feedback.'®* ' Conversely, if piloting of feedback forms is
practiced but not reported, this signals the need for more complete or standardized reporting.

Considerations for Future Research

Clearly future research in this area should focus on conducting randomized, head-to-head trials.'”® Our
systematic review assessing the use of A&F interventions for the improvement of laboratory test and
transfusion ordering identified only one randomized, controlled trial and one head-to-head comparison
study. Investigators have proposed that since a substantial, cuamulative evidence base supports the positive
overall effect of A&F in healthcare settings, future research should focus on assessing various approaches
to operationalizing A&F by completing head-to-head comparisons (versus controlled studies) to identify

150,151

the most successful methods. Use of more rigorous study designs will help to create a strong evidence

base. Asrandomization within centres may not always be feasible for this implementation issue, due to the
potential for contamination, cluster randomized trials may also be considered.'”*""!

When conducting studies with multicomponent interventions, future studies may also consider
incorporating process evaluations and study designs that allow for a better understanding of which
17019 Almost all of the A&F interventions

identified in our review (88%) involved one or more additional intervention components such as education,

components are contributing to the success of an intervention.

guidelines, opinion leaders, financial incentives, checklists or administrative interventions. However, study
designs did not typically allow for individual components to be assessed, or provide concurrent
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comparisons. It is therefore challenging to build upon studies when it is unclear which intervention
components are effective and which are not. Comparison studies directly assessing different combinations
of intervention components would therefore help to provide causal evidence of which combinations are
best.

Moving forward, collecting patient outcomes and cost data will also be important to ensure interventions
do not have any unintended consequences. Pertinent patient outcomes such as length of stay, infection and
mortality were not consistently reported across the sample of critical care A&F interventions. Cost data was
also not often reported, and difficult to compare across studies due to differences in how this outcome was
measured (i.e. savings versus cost). Reporting of these outcomes is imperative to comparing intervention
safety, feasibility and sustainability. To allow for more straight-forward comparisons in the future, studies
should aim to collect and provide information on core patient outcomes and cost data. Since there are
differences in how laboratory test or transfusion costs may be quantified (i.e. healthcare provider time,

27,28,193

laboratory reagents, equipment and operating costs), transparent reporting of cost calculations would

also be valuable.
The Evaluation Tool

Assessment of whether the sample of A&F interventions had applied the suggestions published by Brehaut

1."*° required that we deconstruct and operationalize each of the general concepts encompassed into

eta
specific, ratable items. This tool can now provide researchers and feedback developers with a resource to
identify how their A&F interventions may be further optimized. As the 15 suggestions were developed to
provide general guidance (as opposed to serving as prescriptive instructions), our evaluation tool does not
provide an overall consistency score. Application of this tool instead provides a descriptive overview of the
elements of existing A&F interventions and provides a foundation on which to conduct further research, by
identifying gaps in the literature that may be tested in future trials. To fully develop the evaluation tool,
future work will also focus on psychometric testing (such as assessment of construct, content and criterion

validity)."*

Implications for Practice

The idea for this project originated from the Eastern Ontario Laboratory Association’s (EORLA) interest
in providing feedback to providers. EORLA supplies laboratory services to The Ottawa Hospital (TOH),
as well as other member sites throughout Eastern Ontario.'” With the most recent meta-analysis of
healthcare audit and feedback (A&F) interventions showing an overall positive effect, there is evidence that

131 .. . .
However, variation in effect size

A&F can be a potentially effective behaviour change intervention.
across studies, from largely positive, to no change, or even negative effects demonstrates that A&F can in
some cases hurt performance.'” Thus, while there is easily accessible data for EORLA to provide feedback,
there is interest in first identifying evidence and theory-informed methods to design and deliver the
feedback, to increase the chances of effectiveness. The underutilized suggestions identified in our work
provide priorities for future research, which will help to confirm best practices that may be applied to

practice.
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Limitations & Considerations

Most of the studies reported an absolute (albeit modest) change in the hypothesized direction. While this is

in line with the overall results from the most recent Cochrane review on A&F,"

there are a variety of
factors that prevent us from making strong conclusions about the effectiveness of A&F in this setting. The
majority of studies identified in our systematic review (13/16) used an uncontrolled before/after study
design. This finding was consistent with previous systematic reviews, which assessed behaviour change

82,100,101 . . . .
" The inherent bias associated with

interventions to improve laboratory test or transfusion ordering.
this type of study design limits our ability to draw causal conclusions on the effectiveness of A&F in this
setting. Without a consecutive control group or time series analysis, apparent benefits from the interventions

191,196,197
77" Nevertheless, the

may be coincidental, simply due to secular trends or other confounding factors.
positive signal observed in the majority (almost all) of the studies suggests further investigation is

warranted.

The fact that the majority of interventions showed beneficial effects could also indicate potential publication
bias. Although our systematic review of the literature was comprehensive in that we assessed five databases
as well as two registries, it is likely that many quality improvement interventions are never published,
regardless of whether the results are positive or negative.'® Future work building on this study could
involve a search of the grey literature to identify unpublished quality improvement projects involving A&F.
Typically, a funnel plot can be used to assess the potential for publication bias."”® However, due to
heterogeneity in the reported outcomes (i.e. total number of tests, number of appropriate transfusions,
percent compliance, etc.) a funnel plot for each outcome category would be needed. As Cochrane
recommends at minimum data from ten studies in order to conduct asymmetry statistical tests,"”® we have
not currently used funnel plots, however this could be completed in the future as more studies are conducted,
identified and categorized by outcome type.

A limitation of our evaluation tool is that it relies on the details reported in manuscripts, and thus in many
cases we were unable to definitively determine whether or not a criteria item had been applied. Journal
word limits may restrict the amount of information provided in the methods section, and this may be an
issue for quality improvement studies in particular, as these interventions typically involve multiple
components requiring description. We believe a potential solution to this problem could be to provide
access to the feedback template, or supplemental methods in online appendices. Reporting guidelines such
as the Template for Intervention Description and Replication (TIDieR) checklist could also be used to
ensure standardized reporting of intervention elements.'” This would allow for a more in-depth study of
various A&F elements in future research, and better allow for others to reproduce and build upon these
interventions.

The inconsistency in terms used to describe A&F and quality improvement intervention components was
another difficulty encountered throughout our review. In many cases the intervention components were
poorly defined, making it challenging to identify included studies during the screening phase. Variability
in the terms used to describe various quality improvement intervention components has been previously
described in the literature.”” Future A&F studies for the improvement of test and transfusion ordering in
the critical care setting should aim to use standardized intervention component terms, such as those

described by the Cochrane Effective Practice of Organization and Care (EPOC) taxonomy, " the Expert

125



0

Recommendations for Implementing Change (ERIC) project,”” and the Behaviour Change Taxonom
g proj g y

(BCT).**"** This will help to ensure that interventions can be consistently identified and compared.
Conclusions

Our work suggests A&F is a potentially effective intervention for the improvement of test and transfusion
ordering in the critical care setting. Moving forward, use of more rigorous study designs and efforts to
improve reporting of interventions will help to advance and build upon research in this field. Development
of the evaluation tool has helped to operationalize Brehaut et al.’s 15 suggestions'*” into criteria items that
can be applied to A&F intervention studies, to assess compliance with best practices. By applying this tool
to a sample of critical care A&F interventions, we have identified several areas of focus for future A&F
research; our results may suggest that the lessons from Brehaut and colleagues are generally underutilized
in this critical care A&F sample. It would be of interest to study whether these elements help to improve
the effectiveness of A&F in the critical care setting, as well as to further elucidate the mechanisms by which
A&F with these elements work. Our evaluation tool also provides many opportunities to conduct further
research; to assess whether adherence with the suggestions improves over time, as well as application to
other settings. Future work to optimize A&F interventions in the critical care setting will help to identify
more effective strategies by which to improve provider laboratory test and transfusion ordering, impacting
both patient care and resource use.
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