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ABSTRACT

Background: Contrast-induced acute kidney injury (CI-AKI) is a com-
mon and serious complication of invasive cardiac procedures. Quality
improvement programs have been associated with a lower incidence
of CI-AKI over time, but there is a lack of high-quality evidence on
clinical decision support for prevention of CI-AKI and its impact on
processes of care and clinical outcomes.

Methods: The Contrast-Reducing Injury Sustained by Kidneys
(Contrast RISK) study will implement an evidence-based multifaceted
intervention designed to reduce the incidence of CI-AKI, encompassing
automated identification of patients at increased risk for CI-AKI, point-
of-care information on safe contrast volume targets, personalized
recommendations for hemodynamic optimization of intravenous
fluids, and follow-up information for patients at risk. Implementation
will use cardiologist academic detailing, computerized clinical decision

Contrast-induced acute kidney injury (CI-AKI) remains a
common and serious adverse complication following cardiac
catheterization and percutaneous coronary intervention
(PCD)."* More than 1300 patients (9% of all procedures)
develop CI-AKI following diagnostic coronary angiography or
PCI in Alberta, Canada each year. These patients experience a
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RESUME

Contexte : La néphropathie provoquée par un produit de contraste
(NPPC) est une complication grave et fréquente des interventions
cardiaques invasives. Les programmes d’amélioration de la qualité ont
été associés a une diminution de la fréquence de la NPPC au fil du
temps. Cependant, il y a un manque de données probantes de grande
qualité au regard de I'aide a la décision clinique pour la prévention de
la NPPC et des répercussions de celle-ci sur les processus de soins et
les résultats cliniques.

Méthodologie : L'étude Contrast RISK (Contrast-Reducing Injury Sus-
tained by Kidneys) permettra de mettre en ceuvre une intervention
multifacette fondée sur des données probantes et congcue pour réduire
la fréquence de la NPPC. Cette intervention comprendra le repérage
automatisé des patients exposés a un risque accru de NPPC; I'accés a
de l'information sur les volumes cibles sécuritaires de produits de

median 3-day increase in hospital stay, a 50% increase in the
risk of hospital readmission, and a clinically significant
3% increase in the risk of kidney failure requiring dialysis.”
The health care system shoulders an additional CAN $3700
to $22,000 cost per patient with CI-AKI because of these
events.””

Strategies that may reduce the incidence of CI-AKI include
preprocedural assessment of CI-AKI risk,"%'® minimization of
iodinated radiocontrast media during procedures,'*'® and
intravenous hydration before and immediately after the
procedure.w’21 Unfortunatelgr, consistent uptake of these
strategies is highly variable."”**’ Quality improvement pro-
grams for CI-AKI prevention that systematically incorporated
CI-AKI prevention strategies have reported a reduction in the
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support, and audit and feedback. All 31 physicians practicing in all 3 of
Alberta’s cardiac catheterization laboratories will participate using a
cluster-randomized stepped-wedge design. The order in which they are
introduced to this intervention will be randomized within 8 clusters.
The primary outcome is CI-AKI incidence, with secondary outcomes of
CI-AKI avoidance strategies and downstream adverse major kidney
and cardiovascular events. An economic evaluation will accompany the
main trial.

Conclusions: The Contrast RISK study leverages information technol-
ogy systems to identify patient risk combined with evidence-based
protocols, audit, and feedback to reduce CI-AKI in cardiac catheteri-
zation laboratories across Alberta. If effective, this intervention can be
broadly scaled and sustained to improve the safety of cardiac
catheterization.

relative risk of CI-AKI by 20% and achieved an incidence of
CI-AKI of only 4%”“*° but have not been widely dissemi-
nated or adopted.

The Contrast Reducing Injury Sustained by Kidneys
(Contrast RISK) initiative aims to implement a multifaceted
intervention systematically and consistently to support
evidence-based strategies to reduce the incidence of CI-AKI in
Alberta. This pragmatic trial uses a cluster-randomized
stepped-wedge design to deliver education, clinical decision
support, and audit and feedback reports to all cardiologists
performing cardiac catheterization and PCI in Alberta. This
article describes the design and rationale of the Contrast RISK
initiative, including the intervention components, methods of
implementation, and analytical considerations for its
evaluation.

Methods

Participants and settings

Sites and workflow differences. The initiative includes all 3
cardiac catheterization laboratories in the province of Alberta.
All sites use the Alberta Provincial Project for Outcomes
Assessment in Coronary Heart Disease (APPROACH; www.
approach.org) electronic clinical information system.”® Details
on how the initiative was adapted for implementation in each
centre are in the Supplementary Material.

Recruitment of cardiologists and allied health providers.
All 31 interventional and diagnostic cardiologists at the three
cardiac catheterization laboratories in Alberta were approached
for inclusion in the study. At each site, an interventional
cardiologist has been designated as the site-lead, serves as a
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contrastel a ol les soins sont dispensés; des recommandations per-
sonnalisées pour l'optimisation hémodynamique des fluides
administrés par voie intraveineuse; et des renseignements sur le suivi
dans le cas des patients a risque. La mise en ceuvre de I'intervention
fera appel a une présentation faite en milieu d’enseignement par un
cardiologue, a un systéme informatisé d’aide a la décision clinique
ainsi qu’a un processus de vérification et de rétroaction. Les 31
médecins qui exercent dans les trois laboratoires de cathétérisme
cardiaque de I'Alberta y participeront, suivant un plan d’étude aléatoire
par grappes et par étapes. Les médecins seront répartis aléatoirement
dans huit grappes, dans I'ordre de présentation de l'intervention. La
fréquence de la NPPC est le paramétre d’évaluation principal. Les
stratégies d’évitement de la NPPC et les événements rénaux et car-
diovasculaires indésirables majeurs en aval constituent les paramétres
d’évaluation secondaires. L'essai principal s’accompagnera d'une
évaluation économique.

Conclusions : L'étude Contrast RISK met a contribution des systéemes
de technologie de I'information pour cerner les risques auxquels les
patients sont exposés — parallélement a des protocoles fondés sur des
données probantes et a un processus de vérification et de rétroaction —
en vue de réduire la fréquence de la NPPC dans I'ensemble des labo-
ratoires de cathétérisme cardiaque de I'’Alberta. Si elle s’avére efficace,
cette intervention pourra étre déployée et soutenue a grande échelle en
vue d’assurer une mise en ceuvre plus sécuritaire du cathétérisme
cardiaque.

member of the steering committee, and piloted the decision
support tools before the initiation of the trial. Individual
cardiology physicians at each centre are approached for in-
clusion in the intervention by their site-lead and receive
information on endorsement of the study by their site medical
director, local catheterization laboratory manager, and pro-
vincial leadership (Directors of Alberta Health Services Car-
diovascular Health Strategic Clinical Network [SCN] and
Kidney Health SCN). Registered nurses, medical radiation
technologists (MRTs) and physiology technicians, and other
allied health care providers in the 3 cardiac catheterization
units also receive education and training on the intervention.

Patient inclusion and exclusion criteria. All Albertan res-
idents above the age of 18 undergoing diagnostic or thera-
peutic coronary angiography in Alberta are considered for
inclusion; however, patients receiving dialysis at the time of
catheterization and those undergoing emergency primary PCI
for ST-elevation myocardial infarction (STEMI) are excluded
owing to an inability to detect possible postprocedural
declines accurately in kidney function among those on dialysis
and the time-sensitive nature of STEMI procedures.

Intervention

CI-AKI prevention: intervention components. The
Contrast RISK trial includes interventions to promote uptake
of 4 evidence-based strategies for assessing and minimizing the

risk of CI-AKI:

Automated identification of patients at increased-risk of CI-AKI. 1-
dentifying preprocedural patient risk may promote the use of
procedural strategies and postprocedural follow-up to reduce
the risk of CI-AKI. Risk-prediction models simultaneously
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incorporate prognostic factors to provide Ope,rsonalized esti-
mates of patient absolute risk of CI-AKL'*"? External vali-
dation of 7 risk prediction models for CI-AKI in Alberta
identified a model particularly well suited for clinical imple-
mentation because of better discrimination, calibration,
accuracy of risk stratification, and feasibility based on readily
available patient data.”” This model has been integrated into
the existing APPROACH electronic system without refitting
or recalibration to provide personalized, preprocedural CI-
AKI risk estimates for patients. The study population in-
cludes all patients with model-predicted risk of CI-AKI above
5%, which includes the 25% to 30% (290 to 360 patients per
month) of the eligible population receiving cardiac procedures
in Alberta. Patients whose model-predicted risk is below
50% are expected to have a much higher number needed to
treat and were excluded from the group eligible for the
intervention so that maximal attention could be focused on
those more likely to benefit.

Point-of-care clinical decision support to recommend safe contrast volume
targets. Reducing the amount of contrast dye delivered can
reduce the risk of developing CI-AKIL'> Procedural tactics
that reduce the volume of contrast delivered include the use of
automated contrast injectors, biplane angiography, use of
smaller syringes and catheters, avoiding left ventrlculography,
and staging PCI procedures for non-culprit arteries.'* " Safe

contrast targets are calculated and displayed graphically in the
APPROACH system before the initiation of arterial access for
all patients above 5% risk of CI-AKI. Cardiologists may
exceed the safe contrast target for a given case at their
discretion.

Personalized recommendations for hemodynamic optimization of intra-
venous fluids. Intravenous (IV) fluid administration has been
identified as an important element of CI-AKI prevention. 19-21
In the Prevention of Contrast Renal Injury With Different
Hydration Strategies (POSEIDON) trial, left ventricular end
diastolic pressure (LVEDP)-guided IV fluid administration
safely increased the average volume of IV fluid administered to
patients at increased risk and reduced the incidence of CI-AKI
compared with conventional IV fluid-administration prac-
tices.”” The decision support tools for the Contrast RISK
initiative include an automated calculation of personalized IV
fluid hydration rates according to the POSEIDON trial pro-
tocol. Patients with active or recent heart failure within 2 weeks
of catheterization, severe valvular heart disease, or mechanical
aortic valve are excluded from consideration for LVEDP-guided
IV fluid administration owing to their high risk for volume
overload with additional fluids and safety concerns related to
crossing the aortic valve, respectively. The use of IV fluids and
appropriate rates of administration will be left to the discretion
of the treating physician for such patients.

Follow-up information provided to patients at above average or high
risk. Follow—up laboratory testing for kidney function and
electrolytes is requlred to 1dent1fy patients with CI-AKI and
ensure that they receive appropriate timely follow-up.””*”
Through processes coordinated before discharge from each
cardiac catheterization laboratory, patients at increased risk of
CI-AKI, who are discharged the same day as their procedures,
are provided with an information package for themselves and
their primary care providers including instructions for oral
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hydration, follow-up, and a laboratory requisition for serum
creatinine testing 48 to 72 hours postprocedure. Information
for primary care physicians is designed to bridge transition to
community care and includes a link to the online provincial
clinical pathway for testing, management, and referral for
kidney disease (http://www.ckdpathway.ca/). Postcatheteriza-
tion and PCI orders have been modified to communicate the
increased CI-AKI risk status of patients and facilitate ordering
of the hemodynamic-guided fluids and serum creatinine. The
Alberta Health Services laboratory database, which captures
data from all inpatient and outpatient facilities in the prov-
ince, will be used to audit completeness of laboratory follow-
up and CI-AKI incidence.

Implementation processes

A user-acceptance testing process for the clinical decision
support tool was conducted with end users—including each
physician site-lead—to ensure that it was user friendly, fully
functional, and could handle real-world clinical situations.
Subsequently, a 3-month pilot-testing phase from November
2017, to January 2018, was completed with staff and the site-
lead at each centre to ensure processes for using and
communicating information from the decision support tools
could be integrated into usual workflow at each of the sites.

Once scaled up to full implementation at each site, eligible
patients have their CI-AKI risks estimated and recorded in the
APPROACH system and receive the postprocedural follow-up
pathway if they are identified to be at-risk. When physicians
are introduced into the study according to the stepped-wedge
design, they begin to receive information on CI-AKI risk
status, safe contrast targets, and optimized IV fluid recom-
mendations from that date forward.

Knowledge translation components

Educational outreach with academic detailing. Before the
entry of physicians into the Contrast RISK intervention,
educational sessions are provided to increase awareness about
the risk of CI-AKI, introduce the evidence behind the stra-
tegies for reducing the risk of developing CI-AKI that form
the core of the intervention, summarize how the intervention
will be delivered within the catheterization unit work flow,
describe the rationale behind a stepped-wedge design of the
trial, facilitate understanding and uptake of the decision
support tools, inform the continuous audit and feedback
process, and confirm consent for ongoing participation.

Physician education is delivered through 1-on-1 or small-
group (maximum 5 physicians per cluster) in-person ses-
sions conducted by the site-lead with each participating
cardiologist within 1 week before the date they begin receiving
the intervention. Additional educational materials are available
via a website (https://cumming.ucalgary.ca/contrast-risk/),
including resources that summarize evidence, important as-
pects of the intervention, and protocol reference documents
for each unit. Allied health staff—including nurses, MRTs,
and physiology technicians—will be provided with group
education through in-service sessions.

Computerized clinical decision support. Computerized
clinical decision support includes CI-AKI risk prediction,
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graphic display of safe contrast volume targets, and automated
calculation of hemodynamic optimized IV fluid prescriptions
(Fig. 1). Catheterization unit staff execute the CI-AKI risk
prediction model upon completion of data entered in the
APPROACH system, which is exchanged via an HL7 inter-
face with Heath Outcomes Sciences ePRISM predictive ana-
lytics software hosted on the APPROACH servers.”*”’
Depending on site workflow, either an MRT or nurse in-
puts patient data for the 11 predictors included in the risk-
prediction model and executes preprocedural calculation of
the risk model, which classifies patients as low (below a pre-
dicted risk of 5%), above average (predicted risk 5% to 25%),
or at high risk (predicted risk greater than 25% or a safe
contrast target under 30 mL) of developing CI-AKI (Fig. 2).

Safe contrast targets are calculated with the ePRISM tool
(Health Outcomes Sciences, Kansas City, Missouri), which
employs a multivariable model developed from the National
Cardiovascular Data Registry (NCDR) AKI risk model for
estimating the optimal amount of contrast material needed to
reduce the relative risk of CI-AKI by 15% for each patient,
assuming a linear relationship between contrast volume and
AKI risk when a patient’s absolute risk of CI-AKI exceeds
5%.° With patients for whom an optimal contrast volume
was calculated as < 30 cc, we have set a floor for reporting the
limit as “30 cc or less.” Safe contrast volumes are then dis-
played graphically in APPROACH for patients with calcu-
lated above average or high predicted risk of CI-AKI. Once
randomized, cardiologists are alerted to this safe contrast target
before the procedure and again when the safe contrast target
has been reached. Contrast minimization strategies and in-
dications for continuing procedures when the safe contrast
targets are exceeded are recorded in the APPROACH system.

Hemodynamically optimized IV fluid recommendations
are calculated automatically in the APPROACH system using
LVEDP and weight and communicated to cardiologists dur-
ing and following the procedure for patients who have had an
LVEDP obtained and do not have recent heart failure. Should
the cardiologist choose to order hydration differently, justifi-
cation is requested and recorded.

Audit and feedback. Audit and feedback is provided to
physicians every 3 months following their introduction to the
intervention to maintain physician accountability by gener-
ating personalized reports for all cardiologists about their
performance over fixed time intervals. The reports include
contrast volume use administered relative to the safe contrast
target, optimization of IV fluid to recommendations, and the
CI-AKI incidence for patients at above average or high risk of
CI-AKI (Fig. 3). The audit and feedback reports include
physicians’ performance relative to their site and provincial
measures, along with recommendations for performance
improvement. Site-leads will review this information with
their peers.

Outcome measures

Primary and secondary outcomes. The primary outcome of
the study is the incidence of CI-AKI, defined by an absolute
increase in serum creatinine of > 26 Wmol/L (0.3 mg/dL)
within 48 hours or a relative increase >50% within 4 days of
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procedure, based on Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines.’;7 Alternative definitions of
CI-AKI will be explored in sensitivity analyses (Table 1).
Secondary outcomes will be collected from existing data
sources, including the APPROACH registry, Alberta Health
administrative databases, Alberta Health Services laboratory
database, Alberta Kidney Care North and South databases, and
hospital electronic medical records (Table 1 and Supplemental
Table S1). These outcomes include processes of care (volume
of contrast-dye and IV fluids administered), mean bed days per
patient managed, subsequent clinical events (cardiovascular
events, kidney-specific events, and dialysis), patient-reported
general (EQ-5D) and cardiovascular-specific (Seattle Angina
Questionnaire) quality oflife, estimated glomerular filtration rate
(eGFR) 1 year after procedure, and economic costs. A cost-utility
analysis will also be performed using provincial costing data from

Alberta Health.

Blinding and randomization. The stepped wedge ran-
domized trial designs involve sequential rollout of the inter-
vention to clusters of physicians who perform cardiac
catheterization or PCI in Alberta over a number of periods. By
the end of the study, all participants will have received the
intervention, with the order in which they started to receive
the intervention determined at random. Given the nature of
this intervention, it is neither possible to blind the physicians
and associated health staff nor the members of the research
team. Eight distinct clusters based on physician group
(defined by location and practice group) with 3 to 5 physi-
cians per cluster will be randomized to starting dates for the
stepped-wedge design by a statistician using only non-
identifiable physician numbers and blinded to the identity of
the individual clusters (Fig. 4). Only the statistician and
principal investigator will be aware of the order of the different
clusters in advance, and unit staff and physicians will be
blinded to the identity of the cluster until 1 month before
their scheduled introduction date to provide appropriate time
to enable education.

Statistical considerations

Study power. Observational studies of CI-AKI prevention
initiatives have reported a 21% to 24% relative risk reduction in
CI-AKI, which is a plausible and clinically important differ-
ence.””” Data from the APPROACH registry was used to
characterize a baseline 17% incidence of CI-AKI in patients at
above average to high risk of CI-AKI in Alberta with an intra-
cluster correlation among physicians for CI-AKI risk of 0.065
based on conventional models for stepped-wedge designs.”®’
Based on inclusion of all cardiologists, 8 clusters, including a
total of 31 physicians, will participate over the duration of the
stepped-wedge trial. Current catheterization unit procedure
volumes for the 3 centres ensures that 7270 above-average to
high-risk patients in Alberta will be recruited over the 90-week
duration of this trial (based on 10 weeks between entry of each
of the 8 physician clusters to the intervention). Assuming the
baseline CI-AKI incidence of 17% in eligible patients, a type I
error rate of 5%, and the intracluster correlation between phy-
sicians of 0.065 (with corresponding design effect of 2.74), the
study design provides more than 80% power to detect a
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Figure 1. Electronic clinical decision support displays for contrast acute kidney injury risk prediction and prevention displayed in the Alberta
Provincial Project for Outcomes Assessment in Coronary Heart Disease (APPROACH) system. (A) Acute kidney injury risk prediction and safe
contrast target. (B) Hemodynamic optimized intravenous fluid recommendations.

3.9% absolute reduction and corresponding 22% relative
reduction in risk of AKI.*’

Descriptive analysis of the primary and secondary out-
comes over the period of study will be presented at the patient
level (eg, age, weight, proportion with heart failure), physician
level (eg, mean volume of contrast and IV fluids ordered), and
site level (eg, total number of PCIs conducted, incidence of

APPROACH .

Outcome Assessment in Coronary Heart Disease

CI-AKI). Mixed-effects regression models will be used for the
analysis of pre- and postintervention differences in CI-AKI
while controlling for time, patient-specific demographic and
clinical characteristics, and site-level factors as fixed effects as
delineated by Hussey and Hughes.”®*' Patient-specific vari-
ation and between-site variations will be modelled as random
effects. The secondary outcomes of processes of care, clinical,

CI-AKI Multivariable Model Predictors:

* Age ¢ Diabetes ¢ IABP

¢ Prior CVD ® Prior CHF  STEMI/NSTEMI/UA
* Recent CHF * eGFR ® Shock

® Cardiac Arrest ¢ Anemia

High Risk
(>25% Risk of CI-AKI or
Safe Contrast Target <30 mL)

Above Average Risk
(5-25% Risk of CI-AKI)

Low Risk
(< 5% Risk of CI-AKI)

Figure 2. Risk stratification scheme for the randomized stepped-wedge trial to reduce contrast-induced injury sustained by kidneys during cardiac
catheterization (Contrast Reducing Injury Sustained by Kidneys [Contrast RISK]).
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Figure 3. Audit and feedback report on process and outcomes measures in the randomized stepped-wedge trial to reduce contrast-induced injury
sustained by kidneys during cardiac catheterization (Contrast Reducing Injury Sustained by Kidneys [Contrast RISK]). (A) Funnel plot of proportion of
cases exceeding safe contrast target reported by physician. (B) Bar graphs of mean contrast volume used and mean difference between contrast
volume used and target reported for a physician, site, and the province. (C) Bar graph of proportion of eligible patients with left ventricular end-
diastolic pressure (LVEDP) measurement and with adherence to intravenous fluid recommendations. (D) Funnel plot of acute kidney injury inci-

dence reported by physician.

and cost-related outcomes will be analyzed using the gener-
alized mixed-effects regression model with an appropriate log
link adjusting for similar covariates included in the analysis of
the primary outcome. Sensitivity analyses will be performed to
assess the impact of heterogeneity of pre- and postintervention
differences across site and time. First, we will assess for het-
erogeneity of intervention effect across site in 2 ways: by
checking for interactions between intervention and site as a
fixed effect and by refitting the models with stratification
according to site and comparing the intervention effects across
sites (horizontal analysis). Second, we will assess for hetero-
geneity of intervention effect across time in 2 ways by
checking for interactions between intervention and time point
as a fixed effect and by refitting the models with stratification
according to time point and comparing the intervention effect
across time points.

Discussion

Assumptions underlying Contrast RISK effectiveness

AKI continues to be the most common noncardiac

complication of PCI and can be reduced through quality

improvement efforts. A systematic review of clinical decision
support systems identified that such tools are often substan-
tially more successful at improving clinical care practices when
they are computer based and automatically provide decision
support as part of existing clinician workflow at the time of
decision making. In addition, the provision of a recommended
course of action, rather than just a simple assessment of risk,
increases the tool’s likelihood of success.”” Contrast RISK
incorporates these aspects to maximize effectiveness; the
computerized tool is embedded within existing cardiac cath-
eterization laboratory workflow, information is relayed to the
cardiologist at the time of decision making, and targets
accompanied by recommendations on how to limit the vol-
ume of contrast and optimize fluid therapy are delivered at the
point of care.

Regardless, successful translation of evidence-based strate-
gies that reduce CI-AKI to clinical practice is dependent upon
certain additional assumptions, including the intervention is
correctly delivered to above-average and high-risk patients,
safe contrast limits and IV fluid recommendations are
consistently followed, audit and feedback findings are incor-
porated by physicians into their practice, and behavioural
changes are sustained for the duration of the intervention.
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Table 1. Study outcome definitions for the randomized stepped-wedge trial to reduce contrast-induced injury sustained by kidneys during cardiac

catheterization (Contrast RISK)

Outcome Definition Source
Primary
CI-AKI Absolute increase in serum creatinine of > 26 {mol/L AHS laboratory database
(0.3 mg/dL) within 48 hours or a relative increase
> 50% within 4 days of procedure
Secondary

CI-AKI: alternate definitions

Process Measures
Contrast volume use
Cases exceeding safe contrast target

Contrast-minimization strategies

IV fluid use

Cases receiving optimized IV fluid
Clinical Outcomes

Postprocedural hospital bed days

Change in eGFR

Heart failure

Cardiovascular events

Kidney events

End-stage kidney disease

All-cause mortality
Patient-Reported Outcome Measures

Generic quality of life

Cardiovascular quality of life

Economic Outcomes
Total costs

Cost utility

Absolute increase in serum creatinine of > 26 {mol/L
(0.3 mg/dL) within 48 hours

Relative increase >50% within 4 days of procedure

Absolute increase in serum creatinine of > 44 {mol/L
(0.5 mg/dL) within 48 hours or a relative increase
> 25% within 4 days of procedure

Mean volume of contrast used for each case

Proportion of cases exceeding the safe contrast target
by 30 cc or more

Proportion of cases incorporating a contrast
minimization strategy (avoidance of left-
ventriculogram, staged procedure, biplane or
rotational angiography)*

Mean volume of intravenous crystalloid used for
prevention with each case

Proportion of cases that received recommended
intravenous fluids, based on weight and LVEDP

Number of days in hospital including postprocedure
length of stay plus readmissions up to 30 days after
procedure

Change in eGFR at 1 year from preprocedural baseline
eGFR (estimated using CKD-EPI equation)

Heart failure acquired during hospitalization for
cardiac catheterization and/or PCI

Hospital admission for angina, myocardial infarction,
heart failure, or unplanned revascularization
procedure (excluding staged procedures) within 1
year after procedure

Hospital admission with acute kidney injury or dialysis
within 1 year after procedure

Kidney failure requiring dialysis, kidney
transplantation, or conservative management of
kidney failure with ¢GFR < 10 mL/min/1.73 m*
within 1 year after procedure

Death from any cause within 1 year after procedure

EQ-5D at 2 weeks and 1 year after procedure
Seattle Angina Questionnaire at 2 weeks and 1 year
after procedure

Total direct health care costs within 1 year after
procedure

Total direct health care costs per quality adjusted life
year

AHS laboratory database

APPROACH database
APPROACH database

APPROACH database

Hospital electronic medical records and charts

APPROACH database

AH hospitalization database

AHS laboratory database
AHS hospitalization database

AH hospitalization database and APPROACH

database

AH hospitalization and physician databases, Alberta
Kidney Care North and South databases

AH hospitalization and physician claims databases,
AHS laboratory database, Alberta Kidney Care
North and South databases

Alberta vital statistics database

APPROACH database
APPROACH database

AH hospitalization, physician claims, and ambulatory
care databases

AH hospitalization, physician claims, and ambulatory
care databases

AH, Alberta Health; AHS, Alberta Health Services; APPROACH, Alberta Provincial Program for Outcome Assessment in Coronary Heart Disease; CI-AKI,
contrast-induced acute kidney injury; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Contrast RISK, Contrast Reducing Injury Sustained by
Kidneys; eGFR, estimated glomerular filtration rate; EQ-5D, Euro Quality of Life—5 Dimensions; IV, intravenous.

* Descriptive information on the extent of revascularization will also be reported.

Specific facilitators and mitigation strategies to address each of
these assumptions are outlined in more detail in the
Supplementary Material.

Rationale for stepped-wedge design

The stepped-wedge design is distinct from traditional 2-
arm experimental designs in that all participants will eventu-
ally receive the intervention. There are a variety of rationales
as to why a stepped-wedge trial is used over a classical

randomized control trial.”’ In particular, this study was
designed as a stepped-wedge for 2 primary reasons.

First, the stepped-wedge design allows us to provide
detailed educational sessions to each of the units in a small
group format. These sessions were identified by stakeholders
as a critical component of the intervention for motivating
sustained behavioural changes. A previous systematic review
demonstrated that large group, lecture-style educational ses-
sions are frequently ineffective at improving physician
behaviour.”* In contrast, a small-group format involving
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Figure 4. Randomized step wedge design of the trial to reduce
contrast-induced injury sustained by kidneys during cardiac catheter-
ization (Contrast Reducing Injury Sustained by Kidneys [Contrast
RISK]).

different forms of educational media and participant engage-
ment has been shown to be more successful at changing
physician practices.”” The stepped-wedge design allows the
research team to provide a sequence of personalized, small-
group education to each cluster of physicians just before
their introduction to the initiative.

Second, given the evidence that limiting the volume of
contrast material delivered and maximizing safe IV fluid
administration reduces the risk of developing CI-AKI,'**'
it is reasonable to assume that this intervention is more
likely than not to minimize the rate of development of CI-
AKI. Accordingly, a stepped-wedge design will allow all
participants eventually to benefit from receiving the inter-
vention, whereas a simple cluster-randomized control trial
would deny the control group access to an important
quality improvement opportunity, which was deemed un-
desirable by project stakeholders. The stepped-wedge design
will allow all physicians to adopt the intervention for pre-
vention of CI-AKI, while more powerfully ascribing im-
provements in care and outcomes to the intervention rather
than secular trends.

Anticipated challenges

An anticipated risk to perceived or apparent effectiveness of
the intervention is that physicians and unit staff may interact
with one another, potentially raising awareness of the study
and focus on prevention of CI-AKI, leading to contamination
of effect from physicians who have been stepped into the
intervention to those who have not. However, this effect is
expected to be minimal in comparison to the effect of the
intervention because it is less likely that these physicians will
be able to tailor behavioural changes to patient risk with
similar fidelity without the decision support information
provided at the point of care. To assess whether contamina-
tion is present, we will examine temporal changes in the
process and outcome measures of patients before the start of
the study and for patients cared for by physicians before they
are stepped into the intervention group to determine if
measures improve in the preintervention group over time,
which will indicate contamination. Should an effect on patient
care and outcomes be observed in the study despite this risk of
contamination, it is likely to be a conservative estimate of the
effect of the intervention.
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Ethics approval

The Contrast RISK initiative was granted a waiver of
patient consent from research ethics boards at the University
of Alberta and University of Calgary, as justified by the Tri-
Council Policy Statement: Ethical Conduct for Research
Involving Humans. The rationale includes that no aspect of
the project will introduce additional risk beyond what is
present in the current standard of care because the inter-
vention is primarily targeted at improving existing cardiac
catheterization laboratory practices. Although patients will
sacrifice a degree of autonomy because they are not offered
the opportunity to consent to participate, the nature of the
intervention prevents patients from being able to opt in or
out of the intervention meaningfully, regardless. By con-
senting to cardiac catheterization procedures, patients will be
treated in laboratories that are participating in a system-wide
quality improvement initiative to support uptake of evidence-
based treatment approaches. Patient privacy will not be
jeopardized, as all clinical collected data are already captured
and stored in existing health care databases, and both patients
and physicians have the option to consent or decline to
participate in additional surveys and interviews to provide
information.

Physician consent to participate in data collection for the
study can be obtained at the time of the initial educational
session with the site-lead. Signed informed consent will be
collected from both physicians and allied health care providers
before collection of their surveys on the usability of the tool
and work-flow processes and for participation in the audit and

feedback process.

Conclusions

This initiative takes advantage of existing information
technology systems and infrastructure to translate evidence-
based strategies into care through point-of-care decision sup-
port tools designed to improve provider behaviour to reduce
the incidence CI-AKI in cardiac catheterization laboratories
across Alberta. The use of multifaceted strategies to imple-
ment and sustain knowledge and ability to leverage of existing
clinical informatics system are critical elements to adopting
and evaluating this initiative successfully.

Acknowledgements
The study is funded by a Partnership for Research and
Innovation in the Health System (PRIHS) grant from Alberta

Innovates.

Funding Sources

M.T.]. is supported by a Canadian Institutes of Health
Research (CIHR) New Investigator Award and a CIHR
Foundation Grant.

Disclosures

M.T.]. has received funding from an investigator-initiated
research grant from Amgen Canada. All other authors have no
conflicts of interest to disclose.



1132

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Amin AP, Salisbury AC, McCullough PA, et al. Trends in the incidence
of acute kidney injury in patients hospitalized with acute myocardial
infarction. Arch Intern Med 2012;172:246-53.

. Weisbord SD, Chen H, Stone RA, et al. Associations of increases in

serum creatinine with mortality and length of hospital stay after coronary

angiography. ] Am Soc Nephrol 2006;17:2871-7.

. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. Acute

kidney injury, mortality, length of stay, and costs in hospitalized patients.
J Am Soc Nephrol 2005;16:3365-70.

. Azzalini L, Candilio L, McCullough PA, Colombo A. Current risk of

contrast-induced acute kidney injury after coronary angiography and
intervention: a reappraisal of the literature. Can ] Cardiol 2017;33:
1225-8.

. James MT, Ghali WA, Tonelli M, et al. Acute kidney injury following

coronary angiography is associated with a long-term decline in kidney

function. Kidney Int 2010;78:803-9.

. James MT, Ghali WA, Knudtson ML, et al. Associations between acute

kidney injury and cardiovascular and renal outcomes after coronary
angiography. Circulation 2011;123:409-16.

. Klarenbach S, Manns B, Pannu N, et al. Economic evaluation of

continuous renal replacement therapy in acute renal failure. Int ] Technol
Assess Health Care 2009;25:331-8.

. Subramanian S, Tumlin J, Bapat B, Zyczynski T. Economic burden of

contrast-induced nephropathy: implications for prevention strategies.

J Med Econ 2007;10:119-34.

. Collister D, Pannu N, Ye F, et al. Health care costs associated with AKI.

Clin J Am Soc Nephrol 2017;12:1733-43.

Kooiman ], Gurm HS. Predicting contrast-induced renal complications
in the catheterization laboratory. Interv Cardiol Clin 2014;3:369-77.

Tsai TT, Patel UD, Chang TI, et al. Validated contemporary risk model
of acute kidney injury in patients undergoing percutaneous coronary
interventions: insights from the National Cardiovascular Data Registry

Cath-PCI Registry. ] Am Heart Assoc 2014;3:¢001380.
Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk

prediction models for contrast induced nephropathy: systematic review.

BM]J 2015;351:4395.
Brown JR, MacKenzie TA, Maddox TM, et al. Acute kidney injury risk

prediction in patients undergoing coronary angiography in a national
Veterans Health Administration cohort with external validation. ] Am
Heart Assoc 2015;4.

Freeman RV, O’Donnell M, Share D, et al. Nephropathy requiring
dialysis after percutaneous coronary intervention and the critical role of

an adjusted contrast dose. Am ] Cardiol 2002;90:1068-73.
Minsinger KD, Kassis HM, Block CA, Sidhu M, Brown JR. Meta-

analysis of the effect of automated contrast injection devices versus
manual injection and contrast volume on risk of contrast-induced ne-

phropathy. Am J Cardiol 2014;113:49-53.

Stacul F, van der Molen AJ, Reimer P, et al. Contrast induced
nephropathy: updated ESUR Contrast Media Safety Committee guide-
lines. Eur Radiol 2011;21:2527-41.

Nayak KR, Mehta HS, Price MJ, et al. A novel technique for ultra-low
contrast administration during angiography or intervention. Cath Car-
diovasc Interv 2010;75:1076-83.

Anne G, Gruberg L, Huber A, et al. Traditional versus automated in-
g
jection contrast system in diagnostic and percutaneous coronary

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Canadian Journal of Cardiology
Volume 35 2019

interventional procedures: comparison of the contrast volume delivered.

J Invasive Cardiol 2004;16:360-2.

Wichmann JL, Katzberg RW, Litwin SE, et al. Contrast-induced
nephropathy. Circulation 2015;132:1931-6.

Pannu N, Wiebe N, Tonelli M. Alberta Kidney Disease Network. Pro-
phylaxis strategies for contrast-induced nephropathy. JAMA 2006;295:
2765-79.

Barrett BJ, Parfrey PS. Clinical practice: preventing nephropathy induced
by contrast medium. N Engl ] Med 2006;354:379-86.

Weisbord SD, Mor MK, Kim §, et al. Factors associated with the use of
preventive care for contrast-induced acute kidney injury. J Gen Intern

Med 2009;24:289-98.

Weisbord SD. AKI and medical care after coronary angiography: renalism
revisited. Clin J Am Soc Nephrol 2014;9:1823-5.

Brown JR, Solomon RJ, Sarnak MJ, et al. Reducing contrast-induced
acute kidney injury using a regional multicenter quality improvement
intervention. Circ Cardiovasc Qual Outcomes 2014;7:693-700.

Brown JR, McCullough PA, Splaine ME, et al. How do centres begin the
process to prevent contrast-induced acute kidney injury: a report from a
new regional collaborative. BMJ Qual Saf 2012;21:54-62.

Ghali WA, Knudtson ML. Overview of the Alberta Provincial Project for
Outcome Assessment in Coronary Heart Disease, on behalf of the

APPROACH investigators. Can ] Cardiol 2000;16:1225-30.

Allen DW, Ma B, Leung KC, et al. Risk prediction models for contrast-
induced acute kidney injury accompanying cardiac catheterization: sys-
tematic review and meta-analysis. Can ] Cardiol 2017;33:724-36.

Brar SS, Aharonian V, Mansukhani P, et al. Haemodynamic-guided fluid
administration for the prevention of contrast-induced acute kidney
injury: the POSEIDON randomised controlled trial. Lancet 2014;383:
1814-23.

Bainey KR, Rahim S, Etherington K, et al. Effects of withdrawing vs
continuing renin-angiotensin blockers on incidence of acute kidney
injury in patients with renal insufficiency undergoing cardiac catheteri-
zation: results from the Angiotensin Converting Enzyme Inhibitor/
Angiotensin Receptor Blocker and Contrast Induced Nephropathy in
Patients Receiving Cardiac Catheterization (CAPTAIN) trial. Am Heart J
2015;170:110-6.

Stewart JA. Adding insult to injury: care of patients with acute kidney
injury. Br ] Hosp Med (Lond) 2009;70:372-3.

James MT, Tonelli M, Ghali WA, et al. Renal outcomes associated with
invasive versus conservative management of acute coronary syndrome:

propensity matched cohort study. BM] 2013;347:4151.

Borthwick E, Ferguson A. Perioperative acute kidney injury: risk factors,
recognition, management, and outcomes. BM]J 2010;341:3365.

Leung KC, Pannu N, Tan Z, et al. Contrast-associated AKI and use of
cardiovascular medications after acute coronary syndrome. Clin ] Am Soc

Nephrol 2014;9. 1840-18.

Rao SC, Chhatriwalla AK, Kennedy KF, et al. Pre-procedural estimate of
individualized bleeding risk impacts physicians’ utilization of bivalirudin
during percutaneous coronary intervention. ] Am Coll Cardiol 2013;61:
1847-52.

Spertus JA, Decker C, Gialde E, et al. Precision medicine to improve use
of bleeding avoidance strategies and reduce bleeding in patients under-
going percutancous coronary intervention: prospective cohort study
before and after implementation of personalized bleeding risks. BMJ

2015;350:1302.


http://refhub.elsevier.com/S0828-282X(19)30384-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref3
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref3
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref3
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref6
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref6
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref6
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref8
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref8
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref8
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref12
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref12
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref12
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref19
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref19
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref21
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref21
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref23
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref23
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref24
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref24
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref24
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref25
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref25
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref25
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref26
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref26
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref26
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref27
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref27
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref27
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref28
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref28
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref28
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref28
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref29
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref30
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref30
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref31
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref31
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref31
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref32
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref32
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref33
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref33
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref33
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref34
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref34
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref34
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref34
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref35
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref35
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref35
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref35
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref35

James et al.
Design of the Contrast RISK Study

36.

37.

38.

39.

40.

41.

Shafiq A, Pokarel Y, Qintar M, Kennedy K, Spertus JA, Amin AP.
A novel method for estimating the optimal contrast amount needed to
minimize acute kidney injury after percutaneous coronary intervention.
Circ Cardiovasc Qual Outcomes 2016;9.

Kellum JA, Lameire N, Aspelin P, et al. Kidney disease: improving global
outcomes (KDIGO) acute kidney injury work group: KDIGO clinical
practice guideline for acute kidney injury. Kidney Int Suppl 2012;2:
1-138.

Hussey MA, Hughes JP. Design and analysis of stepped wedge cluster
randomized trials. Contemp Clin Trials 2007;28:182-91.

Nakagawa S, Johnson PC, Schielzeth H. The coefficient of determination
R 2 and intra-class correlation coefficient from generalized linear mixed-
effects models revisited and expanded. J R Soc Interface 2017;14:
20170213.

Hemming K, Taljaard M. Sample size calculations for stepped wedge and
cluster randomised trials: a unified approach. J Clin Epidemiol 2016;69:
137-46.

Thompson JA, Fielding KL, Davey C, Aiken AM, Hargreaves JR,
Hayes R]. Bias and inference from misspecified mixed-effect models in
stepped wedge trial analysis. Stat Med 2017;36:3670-82.

42.

43.

44.

45.

1133

Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical
practice using clinical decision support systems: a systematic review of
trials to identify features critical to success. BMJ 2005;330:765.

Beard E, Lewis JJ, Copas A, et al. Stepped wedge randomised controlled
trials: systematic review of studies published between 2010 and 2014.
Trials 2015;16:353.

Davis DA, Thomson MA, Oxman AD, Haynes RB. Changing physician
performance. A systematic review of the effect of continuing medical
education strategies. JAMA 1995;274:700-5.

Mansouri M, Lockyer J. A meta-analysis of continuing medical education
effectiveness. ] Contin Educ Health Prof 2007;27:6-15.

Supplementary Material

To access the supplementary material accompanying this

article, visit the online version of the Canadian journal of
Cardiology at www.onlinecjc.ca and at https://doi.org/10.
1016/j.¢jca.2019.06.002.


http://refhub.elsevier.com/S0828-282X(19)30384-8/sref36
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref36
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref36
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref36
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref37
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref37
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref37
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref37
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref38
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref38
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref39
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref39
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref39
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref39
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref40
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref40
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref40
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref41
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref41
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref41
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref42
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref42
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref42
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref43
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref43
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref43
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref44
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref44
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref44
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref45
http://refhub.elsevier.com/S0828-282X(19)30384-8/sref45
http://www.onlinecjc.ca
https://doi.org/10.1016/j.cjca.2019.06.002
https://doi.org/10.1016/j.cjca.2019.06.002

	Clinical Decision Support to Reduce Contrast-Induced Kidney Injury During Cardiac Catheterization: Design of a Randomized S ...
	Methods
	Participants and settings
	Sites and workflow differences
	Recruitment of cardiologists and allied health providers
	Patient inclusion and exclusion criteria

	Intervention
	CI-AKI prevention: intervention components
	Automated identification of patients at increased-risk of CI-AKI
	Point-of-care clinical decision support to recommend safe contrast volume targets
	Personalized recommendations for hemodynamic optimization of intravenous fluids
	Follow-up information provided to patients at above average or high risk

	Implementation processes
	Knowledge translation components
	Educational outreach with academic detailing
	Computerized clinical decision support
	Audit and feedback

	Outcome measures
	Primary and secondary outcomes
	Blinding and randomization

	Statistical considerations
	Study power


	Discussion
	Assumptions underlying Contrast RISK effectiveness
	Rationale for stepped-wedge design
	Anticipated challenges
	Ethics approval

	Conclusions
	Acknowledgements
	Funding Sources
	Disclosures
	References
	Supplementary Material


