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Appendix 1. AKI Prevention Toolkit Protocol

The following Appendix 1 details the three interventions included in the AKI Prevention
Toolkit Protocol as summarized on Table 2. The AKI Prevention Toolkit was developed
through a regional pilot discussed in the Preliminary Data section and supported by the
AKI KDIGO guidelines for preventing AKI.

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month | Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model for
1 Overview of bundle interventions from the AKI Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3- Lessons learned from interventions 7-8
5
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
1718 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention




Prior Work

1. Results of previous focus groups':

Change strategies for evaluation and further consideration

- Nil by mouth (NPO) with clear fluids allowed up to 2-4 h prior to PCI

- N-acetylcysteine 1200 mg orally every 12hX4, first dose 18:00 night before PCI: 1200 mg
dose @18:00, 6:00, 18:00, 6:00

- Standardization of volume administration prophylaxis
- Intravenous NS at 1.5 ml/kg/h at 22:00 night before PCI, continue until intravenous

NaHCO; protocol begins

- Intravenous NaHCO; at 3ml/kg/h for 1 h pre PCI (reduce to 1 ml/kg/h if PCI is delayed)
- Intravenous NaHCO; at 1 ml/kg/h for 6 h post PCI

- Recommendation: post-discharge follow-up at 3-5 days to determine CI-AKI, if persistent,
weekly labs until resolved

- lopamidol: low-osmolar contrast agent

CI-AKI, contrast-induced acute kidney injury; NaHCO,; = sodium bicarbonate (1000 ml D5W
mixed with 150 mEq NaHCO;); NS, normal saline; PCI, percutaneous coronary intervention.

2. Quality Improvement Project (pilot program):

Domain Key Themes in CI-AKI Performance

Teams High performance teams had multidisciplinary team members, clinical
champions, empowered nurses, multiple team champions, protected time
for team meetings and improvement work, regular scheduled meetings, and
quality improvement training (LEAN, six-sigma, microsystems)

Intervention Challenges included variation in physician ordering, variation in protocols,

Barriers unlearning old protocols, NPO status of the patient, education,
documentation, data collection, working with transferring facilities,
physician and patient noncompliance to orders, staffing, resources, time,
staff buy-in, trade-ofs with other quality targets

Patient and Hospitals adopted benchmark hospital protocols, standardized intravenous
Process order sets, reduced NPO status to 2 to 4 h before procedure, stop
Interventions nephrotoxic drugs before procedure. Hospitals also developed readiness

checklists including volume status of the patient and fluid bolus, delayed
procedures to allow for fluid bolus, limited contrast volume and exposure,
eliminating left ventriculography, and conducted patient education about
self-hydration using oral fluids (8x 8 oz glasses of water 12 h pre-and 12 h

after procedure)
Factors Hospital changes in behavior during the intervention included increased
supporting awareness, standardized intravenous fluid order sets, reduced NPO status
success to 2 to 4 h before procedure, staff and institutional buy-in, hydrating

patients before and after the procedure, staff and patient education, limiting
contrast volume, precalculated safe contrast dose per patient using the
maximum acceptable contrast dose equation (5 mL x body weight in
kg/baseline serum creatinine), staging procedures, delaying procedures to
allow for fluid bolus, and quality improvement training™.




3. Consistent guidelines:

Data from SCAI suggest that many cardiac catheterization laboratories do not have
protocols for prevention of CA-AKI or inconsistently apply guidelines from the national
societies °. For example, in one study, 95% of high risk patients were identified by
estimated GFR but only 2/3" received any intravenous volume prophylaxis *.

Table 3. Current AHA/ACC/SCAI guidelines (2011)°

4 4 Contrast-Induced AKI: Recommendations: Class I

1. Patients should be assessed for risk of contrast-induced AKI before PCI.*"*"" (Level of
Evidence: C)

2. Patients undergoing cardiac catheterization with contrast media should receive
adequate preparatory hydration.”**” (Level of Evidence: B)

3. In patients with CKD (creatinine clearance <60 mL/min), the volume of contrast media
should be minimized.”’**”® (Level of Evidence: B)




Intervention 1: Standardize pre-cath orders

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model for
1 Overview of bundle interventions from the AKI Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
> Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3- Lessons learned from interventions 7-8
5
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

The first guideline of the ACCF/AHA is the assessment of acute kidney risk for

pre-catheterization orders. Risk stratification is necessary so that protective interventions
are focused on the group of patients who will receive the most benefit.

There are over 12 risk prediction models, however few have been externally
validated (i.e. in another setting with a different population) and even fewer have been
compared to other risk models. Some risk models consider only patient characteristics
that can be known prior to entering the catheterization laboratory, while others use
additional variables from the procedure itself such as the amount of contrast given (7/12
models use contrast volume). Although these models defeat the goal of an a priori risk
assessment, it does focus on risk factors that can be controlled in the catheterization
laboratory (see Intervention 8 below). Finally, various risk models are developed from
special subgroups such as patients with STEMI or patients only having a PCI.




The risk models also predict different endpoints. The risk models are all relatively
strong in predicting acute kidney injury but differ on mortality, long term MACE, or
other events®'.

Table 4. List of variables analyzed in risk models

Study (sample size)

Variable Bartholemew | Chen Fu Ghani
(n = 10481) (n=1500) | (n=668) | (n=247)

Mehran
(n=5571)

Victor
(n=900)

Tziakas
(n=488)

Gao Gurm Liu Maioli Marenzi
(n=2764) | (n=48001)| (n=495) | N=1281) | (n=218)

Demographic

Age X X X X X X X X

Female sex X

Anthropometric data

Height X

Weight X

Medical History

Renal Insufficiency X

Anemia

PR <
elialtsl
PR

Diabetes mellitus

X
Hypertension X X
X

Heart Failure

Impaired LVEF X X X X

Previous MI X X X

Recent cardiac procedure/PCI X

X
Peripheral vascular disease X X X
Metformin use X

Physical examination/clinical presentation

Hypotension X X X X

Shock X X

CAD presentation X

Use of IABP X X

Anterior M1

M| >

Time to reperfusion

Procedure

Urgent/emergent X X X X

PCI indication X

Contrast volume X X X X X X X

Multivessel PCI X

One procedure in past 72 h X

Laboratory values at
presentation

Albuminuria X

Pre-procedure Cr>baseline Cr X

HDL<I X

CK-MB

Hemoglobin

Troponin I

PR PR <

Troponin T

X=variable included in each model; LVEF=left ventricular ejection fraction, MI=myocardial infarction; PCI=percutaneous coronary intervention; CAD=coronary artery disease;
IABP=intra-aortic balloon pump; Cr=creatinine; HDL=high density lipoprotein; CK-MB=creatine kinase isoenzyme-MB.

The Mehran risk model is the most widely used (although it does include contrast
volume) and is available on such applications as Qx Calculate or on-line at:
http://www.zunis.org/Contrast-Induced%20Nephropathy %20Calculator.htm. It has been
externally validated in a number of different settings reflecting its generalizability.

The ACEF (Liu) uses only three variables (age, creatinine or eGFR, and ejection
fraction) and has been used in cardiac surgery, TAVR, and STEMI/PCI.

We think using any risk model is better than not using one. Mehran is the easiest
to use because of its availability on-line. Dose of contrast can be modeled to create
multiple scenarios. For example, if only performing a diagnostic study and/or single
stent, one calculation using 100 ml of contrast can be performed. If multiple stents are
anticipated, a second calculation using 200 mL of contrast can be performed. This allows




the interventional cardiologist to assess the risk of doing multiple procedures ahead of
time and supports intervention 8 below.

Figure 1. Scheme to define contrast-induced nephropathy (CIN) risk score.

Risk Factors Integer Score ——

Hypertension }* ‘i 5
IABP 4{ 5
CHF 4{ 5

Risk Score  Risk of Risk of
Age > 75 years 4 CIN Dialysis
<5 7.5% 0.04%
Anemia }* ‘{ 3
~— Cualculate | 6010 14.0% 0.12%
Diabetes }* 3
11to 16 26.1% 1.09%

| Contrast media volume 1 for each 100 cc?
>16 57.3% 12.6%

| Serum creatinine>1.5mg/dl |——| 4 |
OR 2 for 40 — 60
| ¢GFR < 60 ml/min/1.73 m? 4 for 20 — 40
6 for < 20

Anemia = baseline hematocrit valve <39% for men and <36% for women; CHF = congestive heart failure class III/IV
by New York Heart Association classificiation and/or history of pulmonary edema; eGFR = estimated glomerular
filration rate; hypotension = systolic blood pressure <80 mm Hg for at least 1 h requiring inotropic support with
medications or intra-aortic balloon pump (IABP) within 24 h periprocedurally.

Patients in the upper 2 or 3 risk categories are targeted for prophylactic strategies
to prevent AKI (Interventions 2-12 below). At most hospitals, calculation of estimated
GFR using either the MDRD or CKD-EPI equation is performed automatically. Serum
creatinine should rarely be used.




Intervention 2: IV and Oral fluid orders

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

Although it is well known that adequate hydration/volume expansion (VE) is a
key factor in decreasing the risk of AKI, there is currently no standard for the quantity

and timing of oral and intravenous fluids.

The guidelines recommend “adequate preparatory hydration” in patients at risk
of contrast associated acute kidney injury. Although these guidelines suggest intravenous
isotonic fluid administration before, during, and after cardiac angiography, evidence
supporting a specific protocol is limited. Small, randomized trials have found that
administration of IV fluid immediately prior to contrast exposure (<1hr) is inferior to
administration given 4-6 hours before exposure. A single trial found isotonic sodium
chloride superior to half normal sodium chloride °. Many protocols restrict the volume of
IV fluid in patients with symptoms of congestive heart failure or depressed LV ejection

fractions.

Finally, a goal of IV fluid administration is to produce some mild volume
expansion and decrease vasoconstrictor forces acting on the kidney, such as the
sympathetic nervous system and the renin-angiotensin system. On the day of the contrast




exposure, diuretics should therefore be held. Evidence from randomized trials support the
adverse effects of diuretics in this setting®.

Guidelines have the following statement:

“ Studies of hydration to reduce the risk of contrast-induced AKI suggest that isotonic saline is
preferable to half isotonic saline, intravenous (IV) hydration is preferable to oral hydration,
hydration for hours before and after exposure to contrast media is preferable to a bolus
administration of saline immediately before or during contrast media exposure, and
administration of isotonic saline alone is preferable to administration of isotonic saline plus
mannitol or furosemide. *>*”>*** On the basis of these studies, a reasonable hydration regimen
would be isotonic crystalloid (1.0-1.5 mL/kg per hour) for 3-12 hours before the procedure and
continuing for 6 to 24 hours after the procedure. *'>77-2% 320321

We agree with these recommendations although find that they may not be
appropriate for all patients. For example, patients with established congestive heart
failure (NYHA III or IV) or known depressed LVEF <40 may not tolerate this volume.
For those individuals, a reduced administration rate (~50%) might be safer. Likewise,
patients needing an urgent intervention (for example, STEMI) would not be afforded
sufficient time to meet these volume/rate targets.

Prospective randomized trials comparing sodium bicarbonate vs sodium chloride
have shown that bicarbonate is not inferior to chloride. Importantly, these trials compared
isotonic sodium bicarbonate to sodium chloride given at a rate of 3 ml/min/h for only 1
hour before catheterization and 1 ml/min/h x 6 hours post catheterization. Because of the
short interval between starting the IV infusion and administration of contrast, this
protocol may be particularly appropriate for urgent patients.

Table 5. Classification of IV fluid therapy

Type of fluid therapy Definition Example of fluid
Resuscitation Re-establishes hemodynamic stability - Balanced crystalloid
through restoring intravascular volume - Crystalloid
- 0.9% sodium chloride
Replacement Provides daily maintenance - Balanced crystalloid
requirements and replacement of any - Crystalloid
ongoing abnormal losses - 0.9% sodium chloride
Routine maintenance Provides daily maintenance - 0.18% sodium chloride / 4$ dextrose
requirements - 0.45% sodium chloride

- 5% dextrose




Intervention 3: Reducing contrast volume

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

The literature strongly supports that contrast volume is an independent risk factor
for CA-AKI’. A number of equations have been proposed to calculate a maximum
amount of contrast that should be given at any one time”®. The current guidelines suggest
a maximum dose based upon contrast volume/creatinine clearance of <3.7 °. The ceiling
dose should be determined for every high-risk patient prior to the start of the procedure.

A number of strategies exist to limit the amount of contrast and thus stay below
that maximum dose threshold. Treating only the culprit lesion at the initial intervention
and staging subsequent interventions for a later time is one strategy in complex multi-
vessel cases. Evidence from clinical trials indicates that a reduction in contrast volume
occurs when either automated injectors'”'" are used or a manifold pressure system
(AVERT) is employed ". Finally, increased use of IVUS may also limit contrast dose.
We do not recommend coronary sinus aspiration or hemodialysis to reduce the amount of

contrast that reaches the kidney.




There is less evidence supporting a benefit of isosmolar over low osmolar contrast
agents '>'*. Because of equipoise, the choice of contrast media should be left up to the
individual cath lab personnel and the interventional cardiologist.

Recent, updated guidelines suggest a number of additional approaches to reducing
contrast dose "’:

“Biplane coronary angiography should be utilized to reduce the contrast
load if the equipment is available. Avoiding unnecessary “test” or “puff”
injections, eliminating ventriculography and aortography, and taking the
least number of angiograms can limit contrast volume. Careful
fluoroscopy setup to reduce panning and use of a higher frame rate may
also reduce the volume of each contrast injection per image acquisition.
Performing ad hoc interventions and combined coronary and peripheral
procedures should be carefully reviewed. There should be a low threshold
to have the patient return for a repeat procedure to avoid large volumes of
contrast during a single procedure. A discussion of maximum contrast
limits should be part of the initial “time out” before the procedure” °



Intervention 2 continued: NPO Status

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

NPO status: Patients (except those with symptomatic heart failure) are encouraged
to drink eight glasses of clear fluids (eight ounces/glass) starting the evening before their
procedure until two hours before the procedure. Current practice guidelines for
anesthesiology state that patients having a procedure requiring sedation are allowed clear
liquids until 2 hours prior to the procedure®”’. Referencing these practice guidelines are
helpful to reach institutional consensus regarding NPO orders prior to cardiac

catheterization.

Evidence supports a beneficial effect of high urine flow rates for the prevention of

CA-AKA '“"*, We recommend restricting NPO to 2-4 hours prior to the expected time of
catheterization. Prior to that time, a volume of 20 ml/kg is recommended for ingestion.
This volume has been shown to result in maximal dilution of the urine when ingested in a
short period of time. We however would recommend ingestion of this amount over hours
leading up to the 2-4 hours prior catheterization.



Intervention 2 continued: Patient oral fluids

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PClI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

There have been randomized trials that compared oral vs intravenous fluid
administration for the prevention of CA-AKI. Five studies randomized patients to oral

water intake compared to IV saline '***.

The protocols differed significantly with a pre-specified amount of water (e.g
500-1000 ml before CM and 1 ml/kg/h x 12h or 2000 mL post CM) in 4/5 studies. The
comparator was IV 0.9% NaCl in all studies given from 1-12 h before CM and 6-24h
after CM. One study included NAC in both groups. Studies with a pre-specified amount
of water found no difference in the incidence of CIN. The only study in which IV NaCl
was more beneficial than oral water had no pre-specified amount of water to be taken or
documentation of the amount of water consumed. Patient who received IV fluid gained
weight while those randomized to water only lost weight **. Dussol randomized 153 CKD
patients scheduled for coronary angiography to oral NaCl (1 gm/10 kg/day x 2 days)
versus IV (0.9% NaCl @ 15ml/kg over 6 hours) before CM exposure ( total 16 g oral vs
12.4 g IV of NaCl). There was no difference in the incidence of nephropathy (6.6% vs

5.2% respectively)™.




Finally, an observational study by Yoshikawa involving 180 patients with normal
kidney function undergoing a CCTA found an inverse correlation between the rise in
creatinine at 24h and the amount of oral fluid ingested post CM. No patients met criteria
for CIN. However, oral fluid intake was the only independent predictor of the change in
serum creatinine™.

These studies suggest that oral intake of sodium chloride or water may be equally
protective as IV fluids for prevention of CIN. The issue may be less about the route of
administration and more about the amount of fluid administered and the resulting urine
output.



Intervention 2 continued: LVEDP matched hydration

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PCI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

The volume of IV fluids is often reduced in patients with a history of congestive
heart failure or reduced LVEF because of concerns about volume overloading the patient.
As a result many of these patients will receive considerably less volume that may account
for the higher incidence of acute kidney injury in these patients. In an attempt to more
rigorously determine the correct amount of fluid to administer to a patient, hemodynamic
guided fluid therapy has been recommended.

In a trial using an initial measurement of LVEDP, investigators were able to
adjust the rate of volume administration based upon the initial pressure (see below) .
Using this approach, they were able to give more fluid to patients having LVEDP guided
fluid administration. This resulted in a reduction the incidence of CA-AKI compared to
the group randomized to receive 1.5 ml/kg/h during and after the procedure (6.7% vs

15.7%).




Table 6. Measurement of LVEDP and stages of catheterization

Pre Cath During Cath Post Cath
LVEDP=<13: 5 ml/kg/h Continued x 4 h
3 ml/kg/h x 1h LVEDP= 13-18: 3 ml/kg/h Continued x 4 h
LVEDP=>18: 1.5 ml/kg/h Continued x 4 h

A similar approach using dynamic changes in CVP has also been shown to reduce
the incidence of CA-AKI *. This approach, however, requires a separate venous catheter
and repeated measurements.



Intervention 2 continued: Delay cath if IV fluids not received

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PCI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

This may not always be practical, particularly, with STEMI patients in whom
door-to-balloon time is critical. As noted above, sodium bicarbonate may be particularly
useful in this situation. With elective cases, we think 3 ml/kg delivered over 1-3 hours is
a reasonable minimum amount of isotonic volume to be delivered prior to catheterization.
A rate of 1 ml/kg/h should be continued during the procedure. In patients without a
history of heart failure or LVEF <40%, the rate can be increased up to 3 ml/kg/h to

achieve the targeted minimal fluid load.




Intervention 1: Standardize Pre- and Post-Cath Orders - Revisit

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PCI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
11 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned

intervention

Intravenous isotonic fluids are to be continued at 1 ml/kg/h x 6 h or 1.5 ml/kg/h x
4h following the procedure. Longer infusion times (up to 24 h) are appropriate for high-
risk patients hospitalized overnight. In addition, all patients should be encouraged to
consume another 20 ml/kg of water over the 6-12 hours post catheterization (taking into
account a requirement to be supine for ~4 hr post femoral sheath removal).

Fluid administration is required in high-risk patients to increase urine output,
dilute the concentration of contrast within the tubule lumen, and reduce vasoconstrictive
effects of contrast on the kidney. The importance of fluid management in prevention of
CA-AKI, including mechanisms of action and clinical trial results, is reviewed in depth in

a paper by Rojkovskiy **.




Intervention 2 and 3: IV and Oral Fluids and Reducing Contrast — Revisit

Table 2. Virtual Learning Collaborative and Technical Assistance Call Topics

Month Clinical Topic Quality Improvement Implementation Component
Getting Started, team members/roles, Project timeline. Components of a learning collaborative, Problem identification, Model
1 Overview of bundle interventions from the AKI for Improvement, Setting Global and Specific Aim Statements
Prevention Toolkit
2 Intervention 1: Standardize Pre- and Post-Cath Planning Process Improvements (Process Maps/Flowcharts): What is the
Orders problem? What process will you focus on? What is the current process?
3 Intervention 2: IV and Oral Fluid Orders Effective Communication
4 Intervention 3: Reducing contrast volume Causation: Fishbone diagrams
5 Intervention 2 continued: NPO status Change Ideas: Plan, Do, Study, Act (PDSAs)
6 Intervention 2 continued: Patient oral fluids Measurement: Process changes and outcome measures
7 Review Pre-PCI Interventions, lessons learned, Case 1,2 | Lessons learned from Interventions 1-4
8 Intervention 2 continued: LVEDP matched hydration Measures, use of playbooks
9 Intervention 2 continued: Delay Cath if IV fluid bolus Ladder of inference
not received
10 Review of Peri-Cath interventions trialed, case study, Lessons learned from Interventions 5-6
lessons learned
1 Intervention 1: Standardize Pre- and Post-Cath Orders - Accomplishments: What is going well or be improved?
revisit
12 Intervention 2 and 3: IV and Oral Fluids and Reducing Revisit improvement methods
Contrast -revisit
13 Review of interventions trialed, lessons learned, Case 3-5 | Lessons learned from interventions 7-8
14 Review of Process Changes Implemented Planning for sustainability: PDSA/SDSA
15 How to sustain and spread changes in practice NHS Sustainability Model
16 Sustainability/Spread: NHS Model for Sustainability NHS Sustainability Model
17.18 Final Team Reports and Plans for next 18 months post- Lessons Learned
’ intervention
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ELEMENTS OF QUALITY IMPROVEMENT PROJECT
* Infrastructure:
o Multidisciplinary teams, champion
o Protocol for managing patients based upon risk
o Data collection and periodic review
* Pre cardiac angiography
o NPO 4 hours before procedure
o Encourage patient hydration with water before NPO period (1 L)
o Assess risk of AKI: baseline kidney function, review of medications,
presence of heart failure, diabetes
o For high risk patients
= Obtain baseline creatinine
= Establish maximum contrast volume, for example (3.7 x eGFR)
= [V isotonic sodium chloride at 1 ml/kg/h for 4 hr pre angiography
or
= [V isotonic sodium bicarbonate at 3 ml/kg/hx 1 h
o Delay start of procedure when possible to permit IV fluid target to be
reached
o In patients with a history of congestive heart failure, adjust rate of fluid
infusion based upon LVEDP or CVP
o Hold diuretics and metformin
Continue statin therapy (if patient not on statin, start statin therapy)

o Physician discretion regarding continuation of ACEi or ARB. Note that
ACC/AHA guidelines indicate that ACEi should be started in all ACS
patients with LVEF <40% *.

* During procedure (high risk patients)

o Continue IV fluid at rate of 1 ml/kg/h

o Reduce contrast volume by avoiding ‘puffs’, LVgram

o Use automated injectors, manifold pressure device

o Stage multi-vessel procedures; culprit lesion first

* After procedure (high risk patients)
o Continue IV fluid at 1.0 ml/kg/h for 6-12 hours
* After procedure (all patients)
o Encourage patient hydration with water after procedure (1 L)
o Obtain repeat creatinine 12-48 h post angiography
o Identify those with CA-AKI by KDIGO criteria
o

o

Refer all patients with CA-AKI for nephrology follow-up within 3 months



VA and CART Catheterization Data Elements Captured through the Data Core:

Table Al: Summary of the utilized data elements. All of
these data elements are synthesized from a combination
of CDW (EHR) and CART program data sources, as
noted above.

Data Element

Demographics: Age, Race, Gender, Marital Status,
Service Connection, Primary VA Hospital, PCP,
Admit/Discharge Date

Pre-Procedural Medical History: Blood Pressure,
Hypertension, Hyperlipidemia, Diabetes, Stroke,
Peripheral Vascular Disease, Cerebral Vascular Disease,
Sleep Apnea, Heart Failure, Prior LVEF assessment,
Chronic Obstructive Pulmonary Disease, Prior MI,
CABG, PCI, Valve Surgery, Valve Replacement, Prior
angina, Cardiac Transplant, Stress Test, Prior Cath with
=1 one coronary stenosis 250%, Chronic Kidney Disease
or Dialysis, Prior renal insufficiency, PTSD, Depression,
Tobacco Use history, Family history of CAD
Peri-Procedural Catheterization Lab Data:
Presentation Factors, Indication, Physical Exam,
Laboratory Tests, Sedation, Procedures Performed,
Devices Implanted, Complications, Summary Variables
Medication Usage: Pre-Admission, During admission,
at Discharge

Outcomes: AKI, Death, Readmission, Post-Procedural
CABG or PCI

Medical Center: VA region and VISN, Procedure
Volume, Distance to Academic Affiliate, Number of
Catheterization Rooms

Table 7. Definition of AKI

Stage Serum Creatinine Urine OQutput

1 1.5 - 1.9 x baseline <0.5mL/kg/hfor6-12h
OR > 0.3 mg/dL increase

2 2.0 - 2.9 x baseline <0.5mL/kg/hfor>12h

3 3.0 x baseline <0.3 mL/kg/h for > 24 h
OR increase to >4.0 ml/dL.  OR anuria for>12h




Appendix 2. Implementation Strategies, Data Collection, and Data Coordinating Center

DETAILED MATERIALS AND METHODS
Data Collection and Data Coordinating Center

The Tennessee Valley Healthcare System VA served as the Data Coordinating Center
for this trial. Data were collected from the source electronic health record (EHR) systems and
components, which included the EHR (VistA, CPRS) and the VA Clinical Assessment,
Reporting, and Tracking System for Cath Labs (CART) program quality initiative data collection
modules to capture all patient and procedural characteristics, comorbidities, and outcomes in
order to identify patients for pre-existing chronic kidney disease (CKD), ascertain acute kidney
injury (AKI) outcomes, and to provide the data infrastructure to support the Automated
Surveillance Reporting (Surveillance) intervention.

Retrospective data collection on all 76 Veterans Affairs medical centers with cardiac
catheterization laboratories was performed for all patient procedures starting January 1%, 2017
and then updated prospectively on a monthly basis from the EHR data sources. As part of a
prior research project (VA HSR&D IIR 11-292), we established a comprehensive automated
data center with monthly feeds from the CART program and daily to weekly feeds from the data
domains in the VA Corporate Database Warehouse, which extract data from the production
EHR. These data are transformed and merged through a validated process into an analytic data
cube that can be analyzed to provide reports to operators and hospitals as well as providing
data for review. Individual clinical registry elements conform to the American College of

Cardiology National Clinical Data Repository data element definitions. 2

Implementation Strategies
Two strategies for implementing the AKI Prevention Toolkit were evaluated — basic

technical assistance (Assistance) and a coaching-based Virtual Learning Collaborative



(Collaborative) — with and without information support through Surveillance. Assistance served
as the active study control.

Technical Assistance was offered to the 10 teams (5 with and 5 without information

support through Surveillance).®# An AKI improvement specialist led monthly scheduled calls (60
minutes each) with each Assistance site team individually to review and discuss the bundle
interventions (as is done in the Collaborative group) and allowed for consultation on
implementing the AKI Prevention Toolkit. Assistance sites were encouraged to ask questions,
review their implementation progress, and discuss challenges in implementing the AKI
Prevention Toolkit. If additional expertise was needed for specific questions, the Assistance
expert either scheduled a follow-up call or responded via email. Teams were able to reach out
to the Assistance expert at any point during the 18 months.

Virtual Learning Collaborative served as an enhanced implementation strategy for the

AKI Prevention Toolkit and was offered to 10 teams (5 with and 5 without information support
through Surveillance).® 4 The research team supported each participating site established a
multidisciplinary team charged with continuously improving AKI. Teams were composed of
interventional cardiologists, cardiac catheterization lab managers and technicians, nursing
representatives from the intensive care unit and/or holding areas, cardiology administration,
nephrology, and representation from the quality improvement department (VA Clinical
Application Coordinator [CAC] and Systems Redesign). Collaborative sites were assigned two
expert coaches from Dartmouth: AKI quality improvement specialist and Virtual Learning
Collaborative improvement specialist. A 60-minute Collaborative training call was held monthly
during the 18-month trial. Sites randomized to the Collaborative and Collaborative +
Surveillance interventions were coached independently to avoid contamination. Each
Collaborative sessions used a structured agenda and consisted of the following components:
education on one of the clinical interventions in the Toolkit, team updates, quality improvement

knowledge, and review of the Surveillance dashboard (Collaborative + Surveillance only). In



addition, we measured fidelity to the Collaborative, including participation on monthly calls,

submission of key documents and a general active participation in the learning community.

Information Support with Automated Surveillance Reporting (Surveillance)
Ten teams (5 with Collaborative and 5 with Assistance) were provided with information

support through the Surveillance dashboard, which provided insight into site-level AKI

performance over time. The Surveillance tools executed a monthly updated estimation of each
site’s risk-adjusted performance, populating a series of tables and graphs for each site (Figure
1). There were four primary sets of content delivered within a single view: 1) an 18-month
lookback of month-by-month observed to expected ratio estimate for each site compared to the
national risk adjusted benchmark, with 95% confidence intervals; 2) risk-adjusted rankings
reporting the cumulative overall performance of each site over the last 18 months relative to
multiple benchmarks: national, regional, and Veterans Integrated Services Networks level site
groupings; 3) a site-specific performance summary control chart which highlighted whether the
site was out of expectation with regards to the statistical process control risk-adjusted sequential
probably ratio testing; and 4) a site-specific patient list, which provided patient-level risk factors,
observed outcomes, and predicted AKI risk.

In order to conduct national risk-adjusted surveillance for participating sites, we collected
data from January 1, 2017, in each of the 76 Veterans Affairs medical centers with cardiac
catheterizations laboratories.® We implemented a published VA-specific model for post-
procedural AKI for risk adjustment of procedures captured by the Surveillance dashboard.® An
L-1 penalized logistic regression model was trained to predict 7-day post-procedural AKIl, the
same target outcome as the current study. The model retained the following predictors: age at
procedure, race, tobacco use, prior myocardial infarction, peripheral vascular disease, prior
percutaneous coronary intervention, prior coronary artery bypass graft surgery, hypertension,

diabetes, anemia, congestive heart failure, prior stroke, shock, chronic kidney disease,



estimated glomerular filtration rate, urgency of presentation, unstable angina, ejection fraction,
and myocardial infarction in week prior to procedure. Due to sample size restrictions, the race
variable was dichotomized as Asian American, Black, American Indian, Pacific Islander, and
Unknown vs White. Race information was sourced from the EHR system. Ethnicity was not
incorporated into this variable as it was not present in the original dataset. Thrombolytic use,
which was selected in the published model, was excluded here due to small samples sizes. We
extracted the model coefficients for all retained predictors and designed the data underlying our
Surveillance dashboard with parallel inclusion criteria and variable definitions, allowing
application of the published model to our study population.

As the model was developed on data between 2009 and 2013, we conducted an initial
update of the model to account for recent changes in patient characteristics or practice patterns
based on data from the 12 months prior to the initial Surveillance display period. Thus, data
from February 2017 — March 2018 was used to update the model prior to the start of the study
in October 2019, at which point the Surveillance dashboard displayed 18 months of information
covering April 2018 — September 2019. We applied the update recommended by a testing
procedure designed to select between available updating methods, including recalibration and
retraining, while maximizing performance of the updated model and minimizing overfitting.® After
this initial update, we applied a monthly surveillance-based updating approach from April 2018
through the end of the study intervention in March 2021.” This updating approach monitored
model calibration on a monthly basis and updated in response to any detected deterioration in
model performance.® 8 Updates were applied prospectively such that all data in the Surveillance
dashboard displayed risk-adjusted information based on the version of the model active at the
time of each observation. With monthly monitoring and data-driven updating, calibration of
model predictions was improved over the original model and stable across the action phase of

the study.



Data security access was tied to the EHR through VIA (VistA Integration Adapter), an
approved EHR application programming interface using the provider's CPRS (Computerized
Patient Record System) login credentials. Logging and tracking were conducted in accordance
with VA patient access controls. All computing and data storage resources hosted onsite within

the Tennessee Valley Healthcare System’s secured environment.
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Appendix 3. Sample Size Estimates and Power Calculation

Specific Aim 1. Compare the efficacy of a Virtual Learning Collaborative (Collaborative)
and/or Automated Surveillance Reporting (Surveillance) compared to Technical

Assistance (Assistance) to reduce the incidence of AKI. Our working hypothesis is
that multi--disciplinary clinical teams in a Collaborative with team--based coaching in
implementation methods will reduce the incidence of AKI following cardiac catheterization,
compared to an Assistance intervention, both with or without Surveillance. We hypothesize

Surveillance will have a larger impact with Collaborative than Assistance.

Randomization. Randomization will occur at the hospital level in a 2x2 factorial design.35 We
have enrolled a convenience sample of 12 Veteran Affairs (VA) hospitals with cardiac
catheterization laboratories from across the United States (see Letters of Support) that meet the
medical center inclusion/exclusion criteria. We will use a random number generator and block-
-randomize centers by size of eligible CKD patient volume, total procedure volume, number of
catheterization rooms, VA region, size of city, and distance from academic medical center to

ensure balanced sample size within each randomized cluster.

Sample Size and Power. To be conservative, power calculations assume the two-factor
ANOVA with interaction. The target enrollment of 1,983 is planned in each of the four arms of
the study (Assistance, Assistance + Surveillance, Collaborative, Collaborative + Surveillance)
with three hospitals within each arm (average 661 patients per hospital). Based on national VA
catheterization data for CKD patients,* the proportion of AKI in the Collaborative and
Collaborative + Surveillance arms are assumed to be 0.2700 under the null hypothesis and
0.2025 under the alternative hypothesis. The proportion of AKI in Assistance and Assistance +

Surveillance arms are projected at 0.2700 for the intervention period. We further assume an



intra--cluster correlation coefficient (the ratio of variation between hospitals to the sum of
variation within and between hospitals) of 0.0009 — this is implied by the intervention arm of the
pilot study.? We plan to conduct 0.05--level tests and desire power of at least 80%. Although we
plan to perform hierarchical logistic regression models, the power for the analysis can be
approximated using an F--test based on a normal approximation of the distribution of the
proportion of AKI cases under each of the four intervention strategies. Under these
assumptions, our power to detect any difference at all across the four intervention strategies
against the null of no difference is above 99%. We also compute power for illustrative individual
contrasts of interest. The power to test for a significant effect of Collaborative within a level of
Surveillance (i.e., either for Surveillance used or Surveillance not used) assuming a z--test is
just under 98% (this is lower than for the test of any difference across the four groups as sample
size is halved). If the proportion of AKI under Collaborative arm was 0.27 under the alternative
hypothesis (so that an interaction effect was present), the power to test whether the effect of
VLR differs with Surveillance than without Surveillance is just above 80%. Power is substantially
reduced for the interaction contrast due to four groups being compared as opposed to only two
groups. In summary, we have overwhelming power to detect a difference among any of the four
intervention strategies, very high power to find a difference between the levels of one factor
within a level of the other factor, and acceptable power (i.e., above 80%) to detect a significant
interaction between the effect of the factors. Finally, assuming a Bonferroni correction for
multiple testing and a 25% effect size for each difference, testing the full set of 6 pairwise
differences among the four intervention

strategies has power >90% implying we will be adequately powered to infer the optimal interven

tion strategy.

The research design and analytic plan are described in the manuscript.
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Supplemental Table 1. Sensitivity Analysis of 30-day AKI rates during the action phase and

in the prior 12 months by intervention group and CKD status.

All patients CKD subset

Prior Action Prior Action
Population 12m phase 12m phase
All VA sites 19% 20% 33% 33%
All study sites 21% 20% 34% 32%
Intervention group
Assistance 17% 24% 30% 35%
Assistance +
Surveillance 22% 20% 35% 34%
Collaborative 25% 22% 38% 33%
Collaborative +
Surveillance 17% 15% 30% 27%

AKI: Acute Kidney Injury, CKD: Chronic Kidney Disease, VA: Veterans Affairs,

Assistance: Technical Assistance, Surveillance: Automated Surveillance

Reporting, Collaborative: Virtual Learning Collaborative



Supplemental Figure 1. Sensitivity Analysis of multilevel logistic models for AKI at 30-
days with site-level random effects for all cardiac catheterization patients and those
patients with chronic kidney disease.
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Figure S1 Legend:

AKI: Acute Kidney Injury, CKD: Chronic Kidney Disease, ASR: Automated Surveillance
Reporting, TA: Technical Assistance, VLC: Virtual Learning Collaborative. The following patient
characteristics were included for adjustment: age, race, tobacco use, anemia, heart failure,
CKD, diabetes, hypertension, prior percutaneous coronary intervention, and site baseline
performance. *In all patients, the VLC+ASR intervention cluster compared to TA alone showed
a statistically significant reduction in AKI with an adjusted and unadjusted odds ratio of 0.61

[0.47, 0.78] and 0.59 [0.45, 0.78], respectively.



Supplemental Table 2. Site compliance to the IMPROVE AKI Trail Action Phase and AKI Prevention Toolkit interventions.

Collaborative

Assistance +

+ Surveillance Collaborative Surveillance  Assistance
Monthly call attendance 69 (81%) 35 (41%) 32 (50%) 42 (53%)
Cardiologist attendance 41% 37% 22% 26%
Cath-lab leadership* attendance 22% 3% 6% 12%
# ASR dashboard hits 82 NA 64 NA

Intervention 1 Implemented
Intervention 2 Implemented
Intervention 3 Implemented

Total interventions implemented

5 out of 5 sites

5 out of 5 sites

4 out of 5 sites

93%

3 out of 5 sites
3 out of 5 sites
3 out of 5 sites

60%

3 out of 4 sites

3 out of 4 sites

2 out of 4 sites

67%

3 out of 5 sites

5 out of 5 sites

4 out of 5 sites

80%

AKI: Acute Kidney Injury, CKD: Chronic Kidney Disease, Assistance: Technical Assistance, Surveillance: Automated

Surveillance Reporting, Collaborative: Virtual Learning Collaborative. The AKI Prevention Toolkit include interventions

1. Standardize order sets, 2. Increase intravenous and oral fluids, and 3. Reduce contrast volume.

*Cath-lab leadership includes the Cath lab director, Cath lab manager, or MD Chief of Medicine.
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