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ABSTRACT

Background: Contrast-associated acute kidney injury (CA-AKI) is a
potentially preventable complication of coronary angiography and
intervention. Relatively little research has been done to determine how
knowledge on CA-AKI prevention can be translated into clinical
practice.

Methods: We developed, implemented, and surveyed end-users about
the usability, acceptability, and utility of an audit and feedback process
for CA-AKI prevention in Alberta, Canada. The audit and feedback re-
ported on amount of radiocontrast dye used, hemodynamic optimi-

Contrast-associated acute kidney injury (CA-AKI) is a pre-
ventable complication of coronary angiography and percuta-
neous coronary intervention (PCID),"* that has increased in
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RESUME

Contexte : L'insuffisance rénale aigué provoquée par un produit de
contraste (IRA-PC) est une complication possiblement évitable de la
coronarographie et de l'intervention coronarienne. Relativement peu
de travaux de recherche ont été menés pour déterminer comment les
connaissances sur la prévention de I'IRA-PC peuvent se traduire dans
la pratique clinique.

Méthodologie : Nous avons élaboré et réalisé un sondage auprés
d'utilisateurs finaux sur l'utilisabilité, 'acceptabilité et Il'utilité d'un
processus de vérification et de rétroaction pour la prévention de I'IRA-

incidence in recent years, is associated with increased hospital
length of stay, readmission, and adverse cardiovascular and
kidney outcomes, and increases costs of care by US $7000-
$9000 per patient.”® Although evidence indicates that
minimizing the volume of iodinated radiocontrast media”'”
and optimizing delivery of intravenous (IV) hydration'*'®
can prevent CA-AKI in patients at risk,'”'” these strategies
are used inconsistently in current clinical care."”"*" Relatively
litcle research has been done to determine how to better
integrate these CA-AKI prevention strategies into clinical
practice.

An audit and feedback process in the healthcare arena in-
volves measurement of clinical performance, with results fed
back to the individuals who provide clinical care. An audit and
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zation of intravenous fluids, and CA-AKI incidence for each cardiologist
practicing coronary angiography or percutaneous coronary interven-
tion, compared with peers at their site and across the province. Re-
ports were developed through an iterative process involving
interventional cardiologists throughout the design process and us-
ability testing.

Results: Cardiologists participating in usability testing indicated a
preference for the visual displays of data and summarizing indicators
on the front page, and endorsed the value of peer-to-peer comparisons
of performance measures. Of 31 eligible cardiologists from across
Alberta, 17 responded to a survey evaluating the audit and feedback
process. Fifteen respondents (88.2%) agreed that the data presented
in the audit and feedback report were understandable; 17 respondents
(100%) agreed or strongly agreed that the presentation of the report
helped them better understand their performance compared with that
of their peers; and 14 (82.4%) agreed that the audit and feedback
process helped them identify ways to reduce the risk of AKI for their
patients.

Conclusions: Conducting an audit and providing feedback was an
understandable and acceptable intervention to help cardiologists
identify ways to improve prevention of CA-AKI during coronary angi-
ography or intervention.

feedback process can identify and highlight differences be-
tween actual and desired performance, inspire participants’
self-reflection on the appropriateness of their practices, and
motivate behavioural changes to improve clinical practice and
patient outcomes.”>*” Barriers to understanding how to best
use an audit and feedback process include gaps in reporting
the design of audit and feedback interventions and limited
research dedicated to improving audit and feedback reporting
effectiveness.”*”” Nonetheless, several generalizable principles
have been associated with an increased likelihood of an audit
and feedback process successfully changing physician behav-
iour,””**"which is influenced by the content presented in
these reports,”””*”? the manner in which that content is
presented,”® and interactions between the participant and
the feedback provider.””*

Here, we describe the development and end-user evalua-
tion of the usability, acceprability, and utility of an audit and
feedback process for CA-AKI prevention in coronary angi-
ography and intervention, informed by theory on best prac-

tices for audit and feedback effectiveness.

Methods
Setting

We implemented an audit and feedback process for CA-
AKI prevention for all cardiologists performing coronary
angiography or PCI in Alberta, Canada between November
2017 and November 2019, as part of a pragmatic clinical trial
that introduced a multifaceted intervention comprised of
provider education, computerized clinical decision support,
and an audit and feedback process for CA-AKI prevention.
The design of the clinical trial within which the audit and
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PC en Alberta, au Canada. Ce processus visait a rendre compte des
données sur la quantité de substances de contraste utilisées, de
I'optimisation hémodynamique des liquides intraveineux et de la
fréquence de I'RA-PC pour chaque cardiologue pratiquant des coro-
narographies ou des interventions coronariennes percutanées, com-
parativement a leurs conféres du méme centre et a ceux d’ailleurs
dans la province. Les rapports ont été élaborés a l'aide d’un processus
itératif auquel ont participé des cardiologues interventionnels tout au
long du processus de conception et des tests d'utilisabilité.
Résultats : Les cardiologues participant aux tests d'utilisabilité ont
indiqué une préférence pour les affichages visuels des données et des
indicateurs récapitulatifs sur la premiére page, et approuvé la valeur
des comparaisons des mesures de rendement entre pairs. Sur les 31
cardiologues admissibles de partout en Alberta, 17 ont répondu au
sondage évaluant le processus de vérification et de rétroaction. Quinze
répondants (88,2 %) ont convenu que les données présentées dans le
rapport de vérification et de rétroaction étaient compréhensibles; 17
répondants (100 %) étaient d’accord ou fortement d’accord que la
présentation du rapport les avait aidés a mieux comprendre leur ren-
dement comparativement a celui de leurs pairs; et 14 (82,4 %) ont
convenu que le processus de vérification et de rétroaction les avait
aidés a trouver des facons de réduire le risque d'IRA chez leurs
patients.

Conclusions : Procéder a une vérification et fournir une rétroaction
s’est avérée une intervention compréhensible et acceptable pour aider
les cardiologues a trouver des facons d’améliorer la prévention de
I'IRA-PC pendant une coronarographie ou une intervention coronaire.

feedback process was implemented has been described in
detail elsewhere; the trial included a study population of pa-
tients who were not on dialysis and were undergoing coronary
angiography or PCI (excluding emergency primary PCI for
ST-elevation myocardial infarction), with a predicted risk of
AKI > 5%, compared \ an intervention that included point-
of-care computerized decision support and auditing and
feedback regarding individualized targets for safe radiocontrast
media volume use and hemodynamically guided IV fluid
administration based on left-ventricular end diastolic pres-
sure”’ vs usual care, and evaluated the primary outcome of
AKI. We conceived audit and feedback reporting to be part of
the intervention, to give participating physicians data on their
actual performance, compared with the desired performance
on these process-of-care measures, for which guidance was
provided by the computerized decision-support tool.”

Selection of measures for audit and feedback reports

We consulted with 5 members of the trial steering com-
mittee who had clinical expertise in cardiology and
nephrology, to identify the outcome measures for the audit
and feedback process. We selected 2 process-of care-outcomes
that were under the control of physicians performing coronary
angiography or intervention and were modifiable. The first
was the volume of iodinated radiocontrast media used for each
patient’s procedure, accompanied by comparison with targets
for the desired contrast volume to achieve a low risk of CA-
AKI (Table 1), as previously described.”'"*® The second was
the amount of IV crystalloid fluid provided to each patient in
the peri-procedural period, accompanied by comparison with
the desired hemodynamically guided IV fluid volume for
prevention of CA-AKI based on left-ventricular end-diastolic
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pressure measurement in patients without active (within the
last 2 weeks) heart failure or severe aortic valvular heart dis-
44 .. ..

ease.”. We selected one clinical outcome, the incidence of
CA-AKI, based on evidence that lowering radiocontrast media
volume and optimizing IV fluid administration can reduce the
S )4

incidence of CA-AKL'"%

Development of CA-AKI audit and feedback reports

We developed the audit and feedback report through an
iterative, user-centred design and development process that
included the following participants: a physician leader from
each of the 3 hospital sites involved in the trial (site cham-
pions representing the end-users of the report); a data scien-
tist/biostatistician (providing expertise in developing audit and
feedback reports and familiarity with the required provincial
data sources); a research project coordinator (to collate and
summarize feedback); and the trial principal investigators (to
ensure the audit and feedback process was integrated with
other components of the trial). We identified the sources of
data for the process and outcome measures from the Alberta
Provincial Project for Outcome Assessment in Coronary
Heart Disease (APPROACH) registry, the provincial Alberta
Health Services laboratory test database, and hospital elec-
tronic medical record systems. We used data from these
sources preceding the start of the trial to develop drafts of the
audit and feedback reports, including varying formats for the
display of data and inclusion of explanatory text. We devel-
oped successive drafts of the audit and feedback report,
reviewed them with members of this group, modified them
based on discussion and feedback, and reviewed them again
within this group until consensus was achieved on an initial
design for the reports. Final reports were automatically
generated using RStudio Desktop (RStudio, Boston MA). We
incorporated evidence-based principles for optimizing how
audit information and feedback were presented within the
reports, including the following: (i) presentation of individual
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data and appropriate comparators; (ii) selection of an appro-
priate volume of information; (iii) identification of appro-
priate goals; (iv) use of visual displays and summary messages;
(v) provision of appropriate action plans; and (vi) determi-
nation of the frequency and timing of reports, which are
described in further detail in Supplemental Appendix S1.

Usability testing of CA-AKI audit and feedback reports

Formative usability testing of the audit and feedback re-
ports was undertaken based on a human-factors approach
designed to evaluate comprehension of information presented
in the report and assess performance metrics for successful
completion of comprehension tasks.”® Interventional cardiol-
ogists who were not involved in the development of the audit
and feedback report were recruited from the participating
cardiac catheterization units and provided with a common
sample audit and feedback report. Participants completed the
usability remotely, via a video-conferencing call with a
moderator who asked a series of questions to assess compre-
hension of the report. The moderator asked each participant
to complete 13 tasks and determined their success in correctly
interpreting information presented across the entirety of the
audit and feedback report. Testing was followed by a semi-
structured interview regarding their experience using the
report (Supplemental Appendix S2). Quantitative analysis of
usability was performed by calculating the proportion of users
who were able to successfully complete each comprehension
task. Qualitative analysis of participant responses to tasks, in-
test behaviours observed by test moderators, and responses to
interview questions was used to identify themes related to the
usability of various aspects of the report.

Delivery of the audit and feedback process

We designed a process for delivery of the audit information
and feedback to practicing physicians, both in writing and
verbally.”>”° Audit and feedback reports were provided directly

Table 1. Individualized strategies to support safe radiocontrast media use and hemodynamically guided intravenous (IV) fluid administration

Safe radiocontrast media use

Individualized safe contrast targets:

o Calculated using a multivariable model developed from the National Cardiovascular Data
Registry AKI risk model to estimate a limit for the volume of contrast material needed to reduce
the relative risk of CA-AKI by 15% for each patient

e Provided by ePRISM tool (Terumo Health Outcomes, Somerset, NJ), implemented in
APPROACH software

o Applied when a patient’s absolute risk of CA-AKI > 5%

Strategies to reduce contrast volume:

Avoid left ventriculograms

o Use small syringe catheter
o Avoid puff injections

e Use contrast injector

o Consider staging procedures

Hemodynamically guided IV fluid administration

Strategies to personalize IV fluids:

o Start normal saline @ 3 ml/kg for 1 h prior to procedure

o Adjust IV rate according to LVEDP-based recommendation during procedure
o Order LVEDP-based IV @ recommended rate for 4 h post-procedure
LVEDP (mm Hg)—guided IV fluid (ml/kg/h) protocol:

e 5 for LVEDP < 13

e 3 for LVEDP 13—18

e 1.5 for LVEDP > 18

For patients weighing > 100 kg, the bolus and infusion rate are limited to
those calculated for patients weighing 100 kg.

APPROACH, Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease; CA-AKI, contrast-associated acute kidney injury; LVEDP,

left-ventricular end-diastolic pressure.
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1. Avoiding LV grams is one way to reduce your contrast use
2. Asking staff for the optimal IV fluid recommendations from APPROACH will allow you to optimize

your IV fluid volume

Figure 1. Summary page of the audit and feedback report for contrast-associated acute kidney injury prevention in coronary angiography and
intervention. AKI, acute kidney injury; APPROACH, Alberta Provincial Project for Outcome Assessment in Coronary Heart Disease; IV, intravenous;

LV, left ventricular; Q, quarter; UAH, University of Alberta Hospital.

via e-mail, in portable document format, and in print to car-
diologists and were reviewed in person with each participant by
the site-lead interventional cardiologist for each cardiac cathe-
terization unit. Site-leads were provided with guidance on how
to provide audit information and feedback, informed by
knowledge on best practices for providing audit information
and feedback and tailored to address areas in which usability
testing had identified lower levels of comprehension of the
reports. Individual or group meetings were held, depending on
recipient availability, to ensure that recipients had dedicated
time to read the reports, discuss results, ask questions, and

engage in a dialogue about the results and plans to facilitate
improvement. The audit and feedback program was accredited
as a Section 3 (Performance Assessment) Continuing Medical
Education Activity of the Royal College of Physicians and
Surgeons of Canada. We encouraged the following principles
for delivering audit information and feedback in these sessions:
(1) constructive feedback through social interaction; (ii) credi-
bility of information and prevention of defensive reactions to
feedback; and (iii) recommendations and actionable messages
consistent with goals, which are further explained in the
Supplemental Appendix S1.
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Cardiologists’ evaluation of acceptability and utility of
CA-AKI audit and feedback process

A summative evaluation of the audit and feedback process
for CA-AKI prevention was conducted by a survey distributed
to all recipients following the receipt of their first audit and
feedback report summarizing their own data and performance.
This survey assessed end-user ratings of audit and feedback
process content, presentation, delivery, and motivation to
change their behaviour, using a 5-point Likert scale. To
reinforce motivation for behaviour change, short-answer
questions were included that encouraged participants to
reflect on their practices and describe ways that the audit and
feedback process helped them identify how they could change
their practice to improve CA-AKI prevention.

Informed consent was obtained from all cardiologists
participating in the study. Ethics approval was obtained from
the health research ethics boards of the University of Alberta
and the University of Calgary.

Results

Audit and feedback report

The final report consisted of a summary page followed by
the body of the report for each cardiologist (Supplemental
Appendix S3). The summary page included bar graphs of a
cardiologist’s data from each quarter for each of the process

A

Contrast Dye

Funnel plot of the proportion exceeding safe contrast limits

Each dot in the following plot shows the proportion of catheterizations that exceeded the safe contrast
limit among patients at increased risk CI-AKI for each Alberta cardiologist in the report time period. The
horizontal x-axis indicates the number of patients treated by each cardiologist, and the vertical y-axis shows
the proportion of the procedures that exceeded the safe contrast limits. The red square in the plot shows
the proportion of your procedures that exceeded the safe contrast limits. The closer your red square is to
zero, the better your contrast use relative to recommendations.

We have set a target of below the current provincial average of 35.8% for the proportion exceeding the safe
contrast limits. This provides cardiologists with some leeway to exceed the safe contrast limits. The 95%
and 99% Control Limits are based on the target. These indicate where the proportion of those exceeding
safe contrasts are greater (or less) than expected due to chance if cardiologists were using dye according to
the target.

8+ 1 <=+ 95% Control Limits My Patients
y — — 99% Control Limits Avg Case Complexity
LR O Low
" @ High

80
1

————————————— O | Province = 36%

% Exceeding Safe Contrast

N Patients Catheterized

« Case complexity refers to the percentage of your patients with two procedures (Cath to PCI, either
directly or with a crossover from diagnostic to interventional cardiologist).
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and outcome measures, color-coded performance indicators
(better, worse, or within control limits) for each performance
measure based on the most recent quarter’s data, and a rec-
ommendations section (Fig. 1). The body of the report
included 9 pages, containing the following: detailed back-
ground information (page 1); summary of results table
(page 2); patient characteristics (page 3); and written and
graphical presentation of data summarizing the process and
outcomes measures (pages 4-9). For all measures, data were
presented for the receiving cardiologist, in comparison to
those of other cardiologists from their site and across the
province. Examples of figures used within the report to display
radiocontrast dye use and hemodynamic optimization of IV
fluids are shown in Figure 2.

Usability of CA-AKI audit and feedback report

Six cardiologists completed usability and comprehension
testing; 5 were male, and all were between the ages of 45 and
54 years (Table 2). Participants had from 8 to 18 years of
experience performing cardiac catheterization. Usability
testing of the summary page showed that 3 participants (50%)
correctly interpreted performance for all 3 performance mea-
surements, based on both the graphs and performance-
indicator symbols, and 3 (50%) were partially successful,
correctly interpreting performance measurements on the
graphs but not checking the performance indicators (Table 3).

Usability testing of the body of the report revealed that all 6

IV Fluid Optimization

Patients without aortic stenosis, active or recent heart failure can safely receive larger volumes of IV fluids
and achieve a lower incidence of CI-AKI when IV fluid orders are tailored to weight and LVEDP.

The optimal IV fluid rate for CI-AKI prevention is calculated for each patient in APPROACH when weight
and LVEDP has been obtained. Physician discretion is recognized as important with use of higher rates of
IV fluids in patients with heart failure at risk of pulmonary edema.

The following plot shows LVEDP measurement and IVF use for above average and high risk patients treated
after physicians had been stepped into the Contrast Risk program. Patients with aortic stenosis and heart
failure in the preceding two weeks have been excluded.

LVEDP Measured and Optimal IVF ordered

o
S 4

=

(o
@

60

@ LVEDP measured
B Optimal IVF ordered

% of Patients

20

My Patients My Site

Figure 2. Example of figures for reporting (A) physician radiocontrast volume use and (B) hemodynamically optimized intravenous (IV) use for
contrast-associated acute kidney injury prevention in coronary angiography and intervention. (A) Funnel plot shows percentage of procedures in
which desired radiocontrast volume was exceeded for each physician in the province. (B) Bar graph shows percentage of procedures in which left-
ventricular end-diastolic pressure (LVEDP) was measured and used to hemodynamically optimize IV fluid (IVF) according to LVEDP for the physician
receiving the report (My Patients) and other physicians from the same site (My Site). APPROACH, Alberta Provincial Project for Outcome
Assessment in Coronary Heart Disease; CI-AKI, contrast-induced acute kidney injury; PCI, percutaneous coronary intervention.
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Table 2. Characteristics of cardiologists participating in usability
testing of audit and feedback reports for contrast-associated acute
kidney injury prevention in coronary angiography and intervention

Characteristic Result
Age, y
< 45 1 (16.7)
45—54 5 (83.3)
> 55 0
Sex
Female 1(16.7)
Male 5 (83.3)
Years in clinical practice 17.3 (£6.3)
Years performing coronary angiography 11.8 (£3.8)

or PCI

Values are n (%) or mean (= standard deviation).
PCI, percutaneous coronary intervention.

participants (100%) were successful on 6 tasks related to
interpreting the numbers of patients treated (1 task), risk
factor characteristics of patients (1 task), performance related
to safe radiocontrast dye use (2 tasks), and optimal IV fluid
use (2 tasks). One participant (17%) failure was observed for 4
tasks related to interpreting safe radiocontrast dye use (1 task),
optimal IV fluid use (1 task), and AKI incidence (2 tasks).
Two participant (33%) failures were observed for 2 tasks
related to interpreting baseline characteristics of patients and
identifying the recommendations provided in the report.

Qualitative evaluation based on comments of physicians
while reviewing reports and from semistructured interviews
with physicians identified 3 themes related to the audit and
feedback reports. These themes, and exemplar quotes, are
provided in Supplemental Table S1. The themes are as
follows:

1. The summary page at the start of the report was well received.
Participants felt that the summary page provided a valuable
and quick summary of performance. Some participants
stated that if their performance was well rated on this page,
they would not be inclined to read their personal report
further. The performance indicators were well received as a
means to quickly communicate main findings; however,
users tended to focus on the graphs rather than the perfor-
mance indicators when reviewing this page.

2. Influence of peer-to-peer comparisons: Several participants
mentioned that peer-to-peer competition would be a
driving force in leading them to improve their perfor-
mance, more so than seeking to meet the indicated targets.

3. Preference for visual data over text or tables: All partici-
pants preferred the graphs over tables and described the
graphs as being more valuable in helping them understand
the data rapidly, without requiring in-depth study. How-
ever, not all users were confident in their interpretation of
the box plots, and many described the bar graphs as being a
more difficult means by which to obtain information.
Several participants felt that the funnel plots were the most
effective way to show the physician data and compare them
with others.

Cardiologists’ evaluation of the audit and feedback
process

From among 31 eligible cardiologists practicing coronary
angiography or intervention in Alberta at the time of the
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study, 17 (54.8%) provided responses to the survey on eval-
uation of the audit and feedback process. The characteristics
of these physicians are shown in Table 4. Fifteen respondents
(88.2%) agreed or strongly agreed that the data presented in
the audit and feedback report were understandable; 17 re-
spondents (100%) agreed or strongly agreed that the visual
presentation of the report helped them understand their
performance compared to that of their peers; and 14 re-
spondents (82.4%) agreed or strongly agreed that discussion
of the audit and feedback process with their site lead
adequately addressed questions or concerns about their results
(Fig. 3).

In response to questions about the specific process of care
and outcome measures included in the audit and feedback, 16
respondents (94.1%) agreed or strongly agreed that the audit
and feedback process helped them understand their perfor-
mance on each measure compared to that of their peers.
Fourteen respondents (82.4%) agreed or strongly agreed that
the audit and feedback process helped them identify ways they
could reduce the risk of AKI for their patients, and the same
number agreed or strongly agreed that they were satisfied with
the overall audit and feedback process. Open-ended responses
on ways participants felt they could change their practice to
improve their performance included 5 responses related to
opportunities to use more procedural tactics to minimize the
volume of radiocontrast dye used, and 2 responses identifying
opportunity to improve their use of hemodynamic-guided IV
fluid administration.

Discussion

In this study, we applied evidence-based principles to
develop, implement, and evaluate an audit and feedback
reporting process as part of a multifaceted intervention for
CA-AKI prevention in coronary angiography and interven-
tion. Audit and feedback reports were developed through a
user-centred process involving cardiologists who perform these
procedures, and they were designed to provide cardiologists
with information on their performance on processes-of-care
measures, including the volume of radiocontrast dye used,
hemodynamic optimization of IV fluid administration, and
AKI incidence, in relation to peer performance and targets for
the same. Evaluation of the audit and feedback process sug-
gested that cardiologists found the information understand-
able and the process acceptable with potential to support
participant self-reflection and desired behaviour changes to
improve uptake of steps for CA-AKI prevention.

To the best of our knowledge, this study is the first to
describe the use of an audit and feedback process as a strategy to
encourage uptake of approaches for preventing CA-AKIL
Numerous prior studies have described the development of
audit and feedback interventions to irpg)rove the delivery of
many other aspects of clinical care.””*’">” Similar to our work,
these studies have typically described the design of an audit and
feedback process based on its content and presentation, and the
manner in which audit information and feedback are reported
to end-users. Brehaut etal. have described several under-utilized
principles associated with the effectiveness of an audit and
feedback process, which address the nature of the desired ac-
tion(s), the nature of the data available for feedback, the display
of feedback, and how the feedback intervention is delivered.””



Table 3. Audit and feedback report usability tasks, operational definitions, and results for contrast-associated acute kidney injury prevention in coronary angiography and intervention

Operational definitions

Task

number Task description Success Partial success Failure Result

1 Describe the performance of this physician for The participant correctly identifies if the report The participant examines the graphs until they Participant does not use performance Success: 3 (50%)
the three indicators found on the summary  shows better or worse performance than top  come to the correct conclusion for all three  indicators or information on graphs Partial success: 3 (50%)
page. performers for % exceeding safe contrast, for  measures. However, they do not check the  to arrive at correct answers. Failure: 0 (0%)

% below optimal IV fluid volume, and AKI  performance indicators on the right.
incidence.

2 Does the report show a lower or higher Correctly identifies a lower incidence of Participant answers incorrectly or is  Success: 6 (100%)
incidence of patients where the physician patients exceeding safe contrast levels in Q3 unable to come to the correct Failure: 0 (0%)
exceeded safe contrast levels in Q3 compared to other physicians at their site conclusions.
compared to other physicians at their site and across the province.
and across the province?

3 In Q3, did the physician have a lower or higher Correctly identifies a higher incidence of not Participant answers incorrectly or is  Success: 5 (83%)
incidence of not meeting optimal IV fluid meeting the optimal IV fluid volume than unable to come to the correct Failure: 1 (17%)
volume, compared to the target? the target. conclusions.

4 Can you identify any information in the report Identifies recommendations Participant answers incorrectly or is  Success: 4 (67%)
that provides the physician with actions to unable to come to the correct Failure 2 (33%)
improve results? conclusions.

5 Did this physician have a lower or higher mean Correctly identifies a higher mean risk of AKI Participant answers incorrectly or is ~ Success: 6 (100%)
AKI risk for their patients compared to other  for this physician’s patients. unable to come to the correct Failure 0 (0%)
physicians in the province? conclusions.

6 Which AKI risk variable was most prevalent in Correctly identifies the NSTEMI indication Participant answers incorrectly or is  Success: 4 (67%)
this physician’s patients, and how does it was most prevalent (62%), with the site unable to come to the correct Failure: 2 (33%)
compare with the physician’s site averages?  average being lower (57%). conclusions.

7 How many patients did this physician treat  Correctly identifies 41 patients, including 14 at Participant answers incorrectly or is  Success: 6 (100%)
during the reporting period? increased risk of AKI unable to come to the correct Failure: 0 (0%)

conclusions.

8 By what percent, approximately, did this Correctly answers 20%—30% Participant answers incorrectly or is  Success: 6 (100%)
physician exceed the safe contrast levels? unable to come to the correct Failure: 0 (0%)

conclusions.

9 Of all the physicians performing Correctly answers 3 physicians Participant answers incorrectly or is  Success: 5 (83%)
catheterizations in the province during this unable to come to the correct Failure: 1 (17%)
reporting period, how many had an AKI conclusions.
incidence that was higher than the 99%
control limit?

10 What does the graph on Contrast Dye Volume Correctly identifies that it shows that the Participant answers incorrectly or is  Success: 5 (83%)
tell you about this physician’s performance  contrast dye amounts used by this physician unable to come to the correct Failure: 1 (17%)
versus other physicians in the province? are lower than other physicians in the conclusions.

province.

11 What percent, approximately, of patients with Correctly answers “approximately 70%” Participant answers incorrectly or is  Success: 6 (100%)
LVEDP measured had the optimal IVF unable to come to the correct Failure: 0 (0%)
ordered by this physician? conclusions.

12 What percentage of patients for this physician Correctly answers “73% of patients” Participant answers incorrectly or is  Success: 6 (100%)
received optimal IVF when their dye volume unable to come to the correct Failure: 0 (0%)
was 30—100 cc? conclusions.

13 Is the AKI incidence of patients for this Correctly answers “within” Participant answers incorrectly or is  Success: 5 (83%)

physician within or outside of the expected
range of values due to chance?

unable to come to the correct
conclusions.

Failure: 1 (17%)

AKI, acute kidney injury; IV(F), intravenous (fluid); LVEDP, left-ventricular end-diastolic pressure; NSTEMI, non-ST-elevation myocardial infarction; Q3, quarter 3.
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Table 4. Characteristics of cardiologists receiving audit and feedback
for contrast-associated acute kidney injury prevention in coronary
angiography and intervention

Characteristics Results
Age, y
< 45 2 (11.8)
45—54 9 (52.9)
> 55 6 (35.3)
Sex
Female 3 (17.6)
Male 14 (82.4)
Years in clinical practice 19.6 (£ 8.1)
Years performing coronary angiography 16.0 (£ 7.1)
or PCI
Number of coronary angiographies 488 (+ 243)
performed annually
Number of percutaneous interventions 262 (£ 136)

performed annually

Values are n (%) or mean (& standard deviation).
PCI, percutaneous coronary intervention.

We applied many of these principles to our audit and feedback
process for CA-AKI; a summary of these principles and how we
applied them is provided in Table 5. Our evaluation suggests
that the resulting audit and feedback reports included appro-
priate content, were understandable, supported users in making
comparisons with their peers, and prompted users to consider
behaviour changes consistent with the recommendations pro-
vided by the decision-support tool and consistent with the study
goals, to improve prevention of CA-AKI.

The development and evaluation of this audit and feedback
intervention have limitations. First, cardiologists indicated
that the comparison of their data to that of their peers would
be more influential than comparison to targets on the audit
and feedback reports, which suggests that the reports may be
more effective at motivating improved performance of

CJC Open
Volume 4 2022

physicians whose practice metrics fall outside the control
limits based on the performance of their peers, but the reports
may not motivate average or better performers to improve
further if they are already outperforming many of their col-
leagues.””” Further, if the performance of all physicians is
less than ideal, the group as a whole may not be motivated to
move toward appropriate targets. However, we included tar-
gets in the reports based on the best-performing cardiologists
at each site, and included discussion of the targets, recom-
mendations, and action plans during audit and feedback de-
livery, with site-leads to reinforce the importance of
continuous improvements and sustained behavioural change
for all participants. Second, not all participating cardiologists
completed our survey, and it is possible that those who did
were more engaged in the audit and feedback process and had
more positive feedback than those who did not. Third,
although the evaluation reported here supports the usability
and acceptability of the audit and feedback process, these
findings are a necessary but insufficient step toward achieving
effective and meaningful behaviour change of clinicians.
Further research is needed to determine whether an audit and
feedback process improves processes of care for CA-AKI
prevention and leads to a reduction in CA-AKI incidence
following coronary angiography or intervention.

A notable aspect of our audit and feedback process is its
implementation in conjunction with education and point-of-
care clinical decision support. Combining these interventions
helped to support the psychological model of control theory,
defined by continuous feedback to assess and respond to
discrepancies from a desired state.” Integrating the audit and
feedback process with computerized decision support allowed
us to reinforce targets and recommendations for radiocontrast
dye use and IV fluid administration not just at the time of
audit and feedback report delivery, but also immediately prior

I was able to understand the data presented in the A&F

report

The visual presentation of the A&F report helped me

understand my performance in relation to peers at my site

and across the province

My discussion of the A&F with the site lead addressed
questions or concerns that I had about my results

A&F helped me understand my contrast dye volume use

compared to peers at my site and across the province

A&F helped me understand my proportion of cases

exceeding safe contrast limits compared to peers at my site l

and across the province

A&F helped me understand my proportion of cases
receiving optimal LVEDP-based IV fluids compared to l

peers at my site and across the province

A&F helped me understand my AKI incidence compared I

to peers at my site and across the province

A&F helped me identify the ways I can act to reduce the l

risk of AKI for my patients.

Overall, I am satisfied with the A&F for prevention of AKI l

mStrongly disagree  ® Disagree  @Neutral DAgree B Strongly Agree

Figure 3. Responses of cardiologists to survey about the audit and feedback process for contrast-associated acute kidney injury prevention in
coronary angiography and intervention. A&F, audit and feedback; AKI, acute kidney injury.
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Table 5. Evidence-based principles and their application for effective audit and feedback reporting for contrast associated-acute kidney injury
(CA-AKI) prevention in coronary angiography and intervention

Principles Description and rationale References Application
Recommend actions that are consistent Goals help direct attention and efforts. 10,3844 Provides tailored recommendations
with established goals and priorities Goals should be explicit, specific, based on the processes of care to
time-bound, recipient-defined, and reduce CA-AKI
somewhat challenging.
Recommend actions that can improve Encourages participant willingness to 8 Relates to procedural behavior and
and are under the recipient’s control act ) intravenous fluid orders
Recommend specific actions and set Strengthens behavioural changes 9 Provides tailored recommendations
benchmarks/targets based on the processes of care to
reduce CA-AKI
Provide multiple instances of feedback Develops an iterative feedback loop 8 Quarterly reporting
where participants self-evaluate their
progress o
Provide feedback as soon as possible Too frequent leads to alert fatigue/ 47,4852 Quarterly reporting
and at a frequency informed by the discounting of feedback, too
number of new patient cases infrequent leads to discounting the
feedback as no longer relevant
Provide individual rather than general Group-level data may be discounted, 27,3246 Data are physician-specific
data whereas personal reports increase a
sense of responsibility.
Choose comparators that reinforce Comparators can help inform goals. “ Comparisons to peers at the same
desired behaviour change Should be simple/clear and hospital and to peers across the
minimize possible mixed messages . province
Closely link the visual display and Visual representations of summary o0 Plots are consistent with tables and
summary message messages should be consistent and written notes
should be linked clearly. ’
Minimize extraneous cognitive load for Graphical displays should be simple ! Clear graphical displays with legends
feedback participants and consistent with the message and concise, written explanations
being conveyed. Text and
organization should minimize effort
required to understand.
Provide short, actionable messages Contains details for those interested o Recommendations, self-reflection
followed by optional detail and a main message for those who
won’t dive into all of the details, to
maximize retention
i8,56,57

Address credibility of the information

Prevent defensive reactions to feedback

Construct feedback through social
interaction

Deliver through a supervisor or
colleague, characterize data source
and quality, mitigate potential
conflicts of interest, clarify strengths
and weaknesses of feedback to
increase perceived reliability

Actively guiding reaction toward self-
reflection and extending areas of
previous success may be more
effective

Recipients should work to engage
actively with the feedback and the
provider

35,36

Provided by site-leads, data drawn
from reliable data registries

Questions to guide self-reflection and

behaviour improvement

Discussion between site-lead and
cardiologist

to and during procedures when decision-making is occurring
in real time. However, whether this is a more effective way to
improve patient care has yet to be determined, as the mech-
anisms behind audit- and feedback-driven behavioural change
remain unclear. Atlhough numerous theories and hypotheses
have been proposed, reliable empirical studies comparing
various audit and feedback strategies are lacking. Thus, further
research that directly compares the effectiveness of different
audit and feedback tactics, in isolation as well as in combi-
nation with other knowledge-translation strategies, is required
to better understand ways to optimize feedback delivery and
clinician behaviour change.

Conclusion
In this study, we incorporated previously identified
evidence-based principles in an iterative process to develop

and evaluate delivery of an audit and feedback for prevention
of CA-AKI in coronary angiography and intervention. Us-
ability testing and end-user feedback from cardiologists sug-
gested overall acceptability of and satisfaction with the audit
and feedback process, which is a critical step prior to broad
implementation and evaluation of an audit and feedback
process to increase CA-AKI prevention within the healthcare
setting.
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