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INSTRUCTIONS 
 
This template is intended to help investigators prepare a protocol that includes all of the necessary information 
needed by the IRB to determine whether a study meets approval criteria. Read the following instructions 
before proceeding: 
 

1. Use this protocol template for a PI initiated study that includes direct interactions with research 
subjects. Additional templates for other types of research protocols are available in the system Library. 
 

2. If a section or question does not apply to your research study, type “Not Applicable” underneath. 
 

3. Once completed, upload your protocol in the “Basic Information” screen in IRES IRB system.  
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SECTION I: RESEARCH PLAN 

 
1. Statement of Purpose:  

The purpose of this study is to assess the efficacy of medication-targeted AKI alerts in improving the rate of 
cessation of nephrotoxic agents within 24 hours of AKI onset, and to determine if such alerts will reduce the 
rates of AKI progression, dialysis and death in hospitalized patients, followed for up to 14 days past 
randomization. 
 

2. Probable Duration of Project:   
We expect to complete patient enrollment within 24 months, and to conduct analysis and publishing activities 
within the following 6 months. 
 

3. Background: 
Acute kidney injury (AKI) carries a significant, independent risk of mortality among hospitalized patients.1,2 

A common cause of AKI in hospitalized patients is exposure to nephrotoxic agents and medications, with 
multiple studies showing strong associations between NSAIDs and RAAS agents with worsening renal function 
and AKI. 3-7 However, the true impact of certain agents on the progression of AKI remains unclear.   

This study will focus on three commonly prescribed nephrotoxic agents.  Non-steroidal anti-inflammatory 
drugs, or NSAIDs, inhibit cyclooxygenase-dependent prostacyclin formation.  This can result in suppressed 
vasodilation that would otherwise preserve glomerular filtration rate (GFR) in situations of decreased 
circulating volume. 8 Consequently, recommendations by the Kidney Disease: Improving Global Outcomes 
(KDIGO) consortium state that, in the setting of AKI, “concurrent nephrotoxic medication – including, in 
particular, NSAIDs…should be preferably stopped”. 9 RAAS agents decrease the GFR by decreasing hydrostatic 
pressure in the glomerulus and can lead to a 30% increase in creatinine in the absence of AKI.  Conversely, 
these agents increase renal blood flow, which may prove beneficial in the setting of AKI by preventing 
ischemic damage in the kidney. 10,11 Lastly, proton-pump inhibitors, or PPIs, have also been linked to acute 
kidney injury. Evidence for a link between PPI use and Acute Interstitial Nephritis (AIN) is quite strong, despite 
being observational. 12,13 In a study of nearly 600,000 older residents of Ontario, Antoniou et al found that the 
use of PPI was associated with a hazard ratio for AKI of 2.52 (2.27 – 2.79). 14 Only 2% of the AKI cases were 
attributable to AIN, suggesting the potential for direct nephrotoxic effects, though the study design could not 
account for residual confounding. Recent studies (including one co-authored by the PI of this proposal) have 
also linked PPI use to chronic kidney disease. 15,16  

Despite international guidelines for the treatment of AKI that focus on appropriate drug dosing and 
avoidance of nephrotoxic exposures, multiple studies have demonstrated that appropriate diagnostic and 
therapeutic interventions are inconsistently performed. 9,17-21 Our preliminary data shows that patients who 
develop AKI are often continued on nephrotoxic medications.  Observational, retrospective data from Yale 
New Haven Hospital, Yale New Haven – St. Raphael campus, and Bridgeport Hospital examined 170,502 
admissions that occurred over a three-year period.  We identified 29,027 individuals with AKI, a 17% 
incidence rate that mirrors many prior studies. 22-26 Using time-varying Cox proportional hazards modeling, 
accounting for age, sex, race, medical versus surgical status, and creatinine, NSAIDs (HR 1.33, 95% CI 1.23-
1.44), RAAS agents (HR 1.49, 95% CI 1.43-1.55), and PPIs (HR 1.43, 95% CI 1.39 – 1.48) were associated with 
the development of AKI.  At AKI onset, 4.2% of patients had recently been exposed to an NSAID, 18% to a 
RAAS agent, and 39% to a PPI.  Concerningly, 59%, 66%, and 92% continued to receive their NSAID, ACE/ARB, 
or PPI respectively, in the 24 hours after AKI development.  Taken together, this data suggests that 
medication-targeted alerts could be beneficial.  However, there have been no observational or randomized 
studies assessing the effect of discontinuing such agents after the development of AKI.  In the alerting 
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framework, randomization to alert status can allow an unbiased assessment of the true effect of medication 
discontinuation, apart from any confounding factors, on patient outcomes. 

Our research group recently conducted a large-scale multicenter randomized controlled trial of electronic 
alerts for AKI throughout the Yale New Haven Health System from 2018 to 2020.  The trial, which enrolled 
6,030 patients with AKI, as defined by an increase in creatinine of 0.3mg/dL over 48 hours or 50% over 7 days, 
randomized patients between usual care and an intervention group whereby providers received a general AKI 
alert informing them to the presence of AKI and the patient’s recent creatinine trends, and provided a link to 
an AKI-specific order set.  Our study showed that, overall, alerting physicians to the presence of AKI did not 
demonstrate a difference in  the rate of our primary outcome of progression of AKI, dialysis, or death, nor 
were there any differences in process measures accessed (i.e. provider actions) between the two groups, 
however, there was substantial heterogeneity among the study sites.  Stratification of results by hospital 
revealed that signals of harm exist in the two non-teaching hospitals of our study, where a higher relative risk 
for our primary outcome was seen in the intervention group.  This increased risk was shown to be driven by 
an increased number of deaths in the alert group, however, process measures still remained unchanged. The 
alert in this study was limited by the fact that it was purely informational.  While an order set was provided, 
there were no associated patient-specific recommendations or guidance.  Given the highly heterogenous 
nature of AKI, a more personalized approach may be warranted.  Further, this study enrolled all patients who 
developed AKI rather than a targeted subset of patients who may benefit, such as those AKI patients receiving 
potentially harmful kidney-toxic medications.   

In the present proposal, we seek to expand upon our prior study to determine if the use of medication-
targeted electronic alerts will modify provider behavior, particularly in regards to nephrotoxic medication use 
and cessation, in the care of hospitalized patients with AKI and/or reduce the rates of progression to AKI, 
dialysis, or mortality in hospitalized patients. Given the heterogenous and surprising results of our prior study, 
it is of utmost importance that the efficacy of such interventions, even those that are seemingly benign, are 
rigorously evaluated in the setting of a randomized controlled trial.      

Therefore, we propose a randomized, controlled trial of a medication-targeted electronic AKI alert 
system. Using the Kidney Disease: Improving Global Outcomes (KDIGO) creatinine criteria, inpatients at 4 
different teaching hospitals of the Yale New Haven Health System that have had at least one dose of a 
nephrotoxic agent of interest within 24 hours of AKI onset will be randomized to either usual care or a 
medication-targeted alert that informs the provider of the presence of AKI and the patient’s recent exposures 
to the targeted classes of medications with an option to discontinue. The primary outcome will be a 
composite of AKI progression, dialysis, or mortality within 14 days of randomization.  Secondary outcomes will 
focus on the rate of cessation of any medication of interest within 24 hours of randomization and various 
other best practice metrics defined below.  
 

4. Research Plan:  
 

Overview: 
 
This study will be a randomized, single blind interventional trial designed to determine the efficacy of a 
medication-targeted electronic alert versus standard care in reducing nephrotoxic medication administration 
among hospitalized patients who have developed AKI and have had at least a single dose of a targeted 
medication within 24 hours prior to AKI onset.  Our study flow is the following: 
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Subject Eligibility and Randomization: 
 
Identification of subjects with AKI will be performed entirely within the Epic medical records system based on 
inclusion and exclusion criteria outlined below.  This will be done using a best-practice alert build developed 
by the JDAT team at Yale.  It works by examining the most recent creatinine value and comparing it to the 
minimum value in the past 48 hours or the past 7 days.  If the current value is 0.3 mg/dl above the 48-hour 
minimum, or 50% higher than the 7 day minimum, the patient will be defined as having AKI.  If, in addition, 
the patient has an active order for one of our targeted nephrotoxic agents, he or she will be automatically 
enrolled.  Enrolled patients will automatically and immediately be randomized either into the intervention 
group or the usual care group.  Randomization will be done within Epic via a simple randomization method 
using concealed allocation via a random number rule that is incorporated in the alert. This ensures that, upon 
meeting criteria, each patient is immediately and randomly assigned to an arm. Logic checks within the alerts 
ensure that once a patient is assigned to an arm, they remain on that arm for the remainder of their hospital 
stay.  
 
Study Intervention: 
 
Patients in the intervention (alert) group will have an alert generated within the electronic medical record 
system.  This will consist of a “pop-up” within Epic when a provider accesses the patient’s record and opens 
the order entry screen such that it appears at the most relevant place in a provider’s workflow.  This alert 
notifies the physician that the patient has AKI and has recently been given at least one dose of a nephrotoxic 
medication(s).  It also explains that this alert does not fire for all patients and that the patient is part of a 
randomized trial.  A link to our study website is provided.  The alert outlines each targeted medication that 



Page 6 of 29 
 

the patient is on, and links to the medication entry system.  An example of what this alert will look like is as 
follows: 

 
 
 
 
This alert will be received by physicians, physician assistants (PA’s), nurse practitioners (NPs), advanced 
practice registered nurses (APRNs), fellows, and residents who open the order entry screen in the medical 
record of a patient randomized to the alert arm of the trial, regardless of their relationship with the patient. 
 
The provider will have the option to “dismiss” the alert.  However, if dismissed, the alert will continue to pop 
up for the provider on each subsequent opening of the patient’s chart.  The alert will only stop firing for any 
given provider under the following conditions: 
- The active nephrotoxin order is discontinued 
- The provider acknowledges the alert by clicking “Accept”.  In this case, the alert will be suppressed for 

this provider only and for 48 hours. 
- The most recent creatinine does not meet AKI criteria 
- The patient receives an order for hemodialysis, continuous renal replacement therapy, or peritoneal 

dialysis 
- The patient is transferred to hospice service 
- The patient is discharged from the hospital 
- The patient expires 
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Study Outcomes: 
 
Our primary outcome will be a composite of AKI progression, dialysis (hemodialysis, continuous renal 
replacement therapy, or peritoneal dialysis), or mortality within 14 days of randomization.   
 
Our main secondary outcome will look at the cessation of any of the targeted medications within 24 hours of 
AKI onset.  For individuals with active orders for more than one targeted medication, cessation of any will be 
adequate to meet this endpoint.   
 
Other secondary study endpoints will look at a variety of patient outcomes as well as best practice metrics, 
including the following: 

 Inpatient mortality 
 Inpatient dialysis 
 Discharged on dialysis 
 Percent who progress to stage 2 AKI 
 Percent who progress to stage 3 AKI 
 AKI duration 
 30-day readmission rate 
 Cost of index hospitalization 
 “Best practice” outcomes: Proportion achieved per patient during index hospitalization: 

o Contrast administration 
o Fluid administration 
o Aminoglycoside administration 
o NSAID administration/cessation 
o ACEi administration/cessation 
o Urinalysis order 
o Documentation of AKI 
o Monitoring of creatinine 
o Monitoring of urine output 
o Renal consults 

 
All investigators will be blinded to the treatment assignment until the end of the trial period. 
 
Clinician Outreach: 
 
While the unit of randomization is the patient, clinicians are considered subjects of this research. We will 
engage in pre-trial and periodic outreach to all clinicians who may be exposed to this study, informing them 
of the nature of the study, the fact that it is a randomized trial, and that alerts do not fire for all patients with 
AKI.  We will additionally inform them that limited data is being collected regarding provider behavior. 
However, we will also make it clear that data subject to clinician behavior (continuation or discontinuation of 
any medication) will NOT be linked to individual clinicians. All such data will only be analyzed in aggregate.  
This outreach will be performed through short presentations at divisional conferences and meetings and 
through regular visits to hospital floors to engage directly with providers. A study Information Sheet will also 
be handed out to clinicians. 
 
Study Timeline: 
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We plan to activate our medication-targeted alert in a step-wise fashion throughout our 4 study hospitals.   
Staggered enrollment will allow for proper pre-trial education as well as adequate site visits, study 
monitoring, quality control and clinician engagement at each site as roll out begins.   
 

5. Genetic Testing    N/A ☒ 
A. Describe 

i. the types of future research to be conducted using the materials, specifying if immortalization of 
cell lines, whole exome or genome sequencing, genome wide association studies, or animal 
studies are planned Write here 

ii. the plan for the collection of material or the conditions under which material will be received 
Write here 

iii. the types of information about the donor/individual contributors that will be entered into a 
database Write here 

iv. the methods to uphold confidentiality Write here 
 

B. What are the conditions or procedures for sharing of materials and/or distributing for future research 
projects? Write here 

C. Is widespread sharing of materials planned? Write here 
D. When and under what conditions will materials be stripped of all identifiers? Write here 
E. Can donor-subjects withdraw their materials at any time, and/or withdraw the identifiers that connect 

them to their materials?  Write here 
i. How will requests to withdraw materials be handled (e.g., material no longer identified: that is, 

anonymized) or material destroyed)? Write here 
F. Describe the provisions for protection of participant privacy Write here 
G. Describe the methods for the security of storage and sharing of materials  Write here 

 
6. Subject Population: Provide a detailed description of the types of human subjects who will be recruited into 

this study. 
This study will enroll any hospitalized adult patient currently admitted to any of the four teaching hospitals 
within the Yale New Haven Hospital system, who has developed incident AKI, and who has also received a 
nephrotoxic medication within the 24 hours prior to AKI onset.  The following are the study’s inclusion and 
exclusion criteria for enrolling subjects.   
 
Inclusion Criteria 
1. Adults ≥18 years admitted to a teaching hospital within the Yale New Haven Hospital system (Yale New Haven 
Hospital, St. Raphael’s, Bridgeport Hospital, Greenwich Hospital) 
2. Incident Acute kidney injury as defined by Kidney Disease: Improving Global Outcomes (KDIGO) creatinine    
    criteria:       
    - 0.3 mg/dL increase in serum creatinine over 52 hours OR       
    - 50% relative increase in serum creatinine over 172 hours   
3. Received at least one dose of a pre-specified NSAID, RAAS, or PPI agent within 24 hours prior to AKI onset 
 
Exclusion Criteria 
1. Dialysis order prior to AKI onset 
2. Initial creatinine ≥ 4.0mg/dL  
3. Prior admission in which patient was randomized 
4. Admission to hospice service or comfort measures only order 
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5. ESKD diagnosis code 
6. Kidney transplant within six months 
 

7. Subject classification: Check off all classifications of subjects that will be specifically recruited for enrollment in 
the research project. Will subjects who may require additional safeguards or other considerations be enrolled 
in the study? If so, identify the population of subjects requiring special safeguards and provide a justification 
for their involvement. 

 
☐Children   ☐ Healthy    ☐Fetal material, placenta, or dead fetus 
☐Non-English Speaking  ☐ Prisoners   ☐Economically disadvantaged persons 
☐Decisionally Impaired  ☐ Employees   ☐Pregnant women and/or fetuses 
☐Yale Students    ☐ Females of childbearing potential 
 
NOTE: Is this research proposal designed to enroll children who are wards of the state as potential subjects? 
Yes ☐  No ☒  
 
8. Inclusion/Exclusion Criteria: What are the criteria used to determine subject inclusion or exclusion? 

See above. 
9. How will eligibility be determined, and by whom? Eligibility will be assessed electronically, without human 

intervention, within the Epic best practice alert framework as built by JDAT. Those that meet the inclusion 
criteria and who have no exclusion criteria will be automatically enrolled and randomized. 

10. Risks: Describe the reasonably foreseeable risks, including risks to subject privacy, discomforts, or 
inconveniences associated with subjects participating in the research.  
The risks to subjects in these trials is minimal, as the studies randomize them to usual care versus an alert 
that simply synthesizes data that is already present in the medical record. Potential risks include: 
- Loss of confidentiality, as we will be collecting patient information and data. 
- Overtreatment: If alerts affect physician behavior, then patients randomized to an alert arm may be more 
likely to undergo certain tests or interventions such as fluid boluses. These interventions fall within the 
standard-of-care and may benefit patients, but it is also possible that additional interventions may not benefit 
patients and could incur additional costs.  
- Under-treatment: Patients randomized to medication-targeted alerts may have these medications 
discontinued more often. This should be beneficial, as the medications chosen have been associated with AKI. 
But it is also possible that, in some situations, discontinuation of medicine might engender risk (for example, 
discontinuation of a proton-pump inhibitor among patients with a gastrointestinal bleed). The internal DSMB 
has identified the following risks of discontinuation for each medication class with as associated monitoring 
plan to ensure that differential discontinuation does not cause harm to patients: 
 
Nephrotoxin Risk(s) of Discontinuation Monitoring Plan 
NSAID -Increased use of opioid 

analgesics 
-Worse pain 

-Morphine-equivalent opioid 
exposure per patient-day 
-Use of naloxone and/or 
naltrexone 
-Intubation 
-Nursing-reported pain score 

ACE/ARB/Renin -Hypertension 
-Pulmonary Edema 
-Heart Failure 

-Blood pressure 
-Intubation 
-Chest X-Rays 
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-Echocardiogram 
PPI -GI Bleed 

-Pain 
-Severe anemia 

-Blood Transfusion 
-Endoscopy Procedures 
-Nursing-reported pain score 

 
- Inattention to AKI: It is possible that, as providers learn that alerts exist, they become less attentive to the 
presence of AKI in patients randomized to the usual care group. We limit this risk by including the language 
"THIS ALERT DOES NOT FIRE FOR ALL PATIENTS WITH AKI" in each alert.  Additionally, our educational efforts 
(which target each hospital division before the trial and biannually after initiation) make explicit the fact that 
these alerts are being conducted in a randomized framework. 
 
-Alert Fatigue: These studies represent an additional alert to which providers will be exposed and prior 
research has demonstrated that more frequent alerting may lead to less attention to other alerts. While a 
potential risk, this is also a major motivation of this line of research, as only via randomized trials can truly 
effective alerts be discovered. Should no effect be found in these studies, AKI alerts will not be continued at 
the institutions. 
 
- Risk of increased signals of harm in the alert group. As discussed above, our recent AKI alert trial showed 

signals of harm of our general AKI alert, as shown by an increased relative risk of the primary outcome, in 
the two non-teaching hospitals of our study.  Because of this, we will no longer be enrolling in the non-
teaching hospitals for this study. 

 
11. Minimizing Risks: Describe the manner in which the above-mentioned risks will be minimized. 

- There is limited risk to the loss of confidentiality, as only de-identified data is being stored for analysis.  All 
data in this study will be stored on a central server within the Program of Applied Translational Research. 
The server is only accessible from within the Yale intranet (or via VPN remotely) and additionally requires 
separate logon username and password.  

 
Data abstracted from the medical record will be de-identified, with a linking file retained in a separate 
location that will allow for future linking of de-identified data to protected health information (PHI) for 
the purpose of potential future studies. Studies that require the use of PHI (for example, linking patient 
info to national outcomes databases) will require approval of both the manuscript and executive 
committees and a separate IRB approval. De-identified data will be stored on a secure server, accessed 
via "dumb" terminals, and all analyses will proceed on that server alone. De-identified data will be 
transmitted to outside investigators using secure, encrypted channels upon approval of the manuscript 
committee. 
 
The study is not causing any novel data to be gathered about any patient; it only gathers data from 
already-existing electronic health records. No PHI are included in the data being analyzed or published. 
Study participants therefore face no greater dangers of loss of confidentiality than they already face as 
patients. 
 
This data is not subject to any data sharing agreements at this time. As this will be a large and useful data 
set that may be utilized in future research protocols, we plan to maintain both the de-identified data set 
and the linking dataset for at least the duration of IRB approval, and will seek permission to maintain 
those files on a yearly basis from the IRB if the research protocol is renewed. 
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- To minimize the risk of undertreatment, the internal DSMB has identified outcomes of interest for each of 
the medication classes to ensure that differential discontinuation is not causing harm and will utilize their 
authority to suspend an arm of the study should harm be detected. Additionally, medication-targeted 
alerts will contain language that illustrates patient populations wherein continuation of the medication 
may be warranted (please refer to Data and Safety Monitoring Plan document). 

 
- To limit the risk of inattention to AKI, we include the following language on the alert screen: "THIS ALERT 

DOES NOT FIRE FOR ALL PATIENTS WITH AKI".  Additionally, our educational efforts (which target each 
hospital division before the trial and biannually after initiation) make explicit the fact that these alerts are 
being conducted in a randomized framework. 
 

- Based on the new information obtained from our recent general AKI alert study which showed signals of 
harm in the non-teaching hospitals, we are taking necessary precautions to maximize patient safety in 
this trial.  This proposed trial does involve a unique and more specific population than that of our prior 
study, and utilizes a different intervention which offers more individualized recommendations and 
guidance for clinicians. 
 
As a preliminary assessment of safety of our drug-targeted alert, we analyzed a subset of data from our 
initial alert trial, including only patients who meet criteria for the current study (those AKI patients who 
had at least one dose of one of our targeted nephrotoxic medications within the 24 hours prior to AKI 
development).   The results, both overall and stratified by hospital, are shown below: 
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As can be seen in the tables above, there is no evidence of harm or increased risk of relative risk of our 
primary outcome in the intervention group within this population of AKI patients from our prior alert trial.  
While we understand that this is no guarantee of harm in the current trial, it suggests that an AKI alert 
may have no negative effects on this subgroup of patients. 
 
As discussed above, we plan to do a staggered enrollment across our study sites and plan to perform an 
interim analysis at 50% enrollment at the teaching hospitals. Any signal of harm will suspend the study to 
further enrollment. 

 
12. Data and Safety Monitoring Plan: Include an appropriate Data and Safety Monitoring Plan (DSMP) based on 

the investigator’s risk assessment stated below. (Note: the HIC will make the final determination of the risk to 
subjects.) 

 a.  What is the investigator’s assessment of the overall risk level for subjects participating in this 
study? This protocol presents minimal risk to all subjects.   

b. If children are involved, what is the investigator’s assessment of the overall risk level for the 
children participating in this study? N/A 

c. Include an appropriate Data and Safety Monitoring Plan. Examples of DSMPs are   
available here http://your.yale.edu/policies-procedures/forms/420-fr-01-data-and-safety-
monitoring-plans-templates for 

i. Minimal risk 
ii. Greater than minimal 
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Optimizing Electronic Alerts for Acute Kidney Injury 
Data and Safety Monitoring Plan 

420 FR.1 
PI: F. Perry Wilson, MD MSCE 

 
The principal investigator is responsible for monitoring the data, assuring protocol compliance, and 
conducting the safety reviews biannually.  During the review process the principal investigator will 
evaluate whether the study should continue unchanged, require modification/amendment, or close to 
enrollment.  The principal investigator and the Institutional Review Board (IRB) have the authority to 
stop or suspend the study or require modifications. 
 
Based on new information obtained from our recent general AKI alert study, we are taking necessary 
precautions to maximize patient safety in this trial.  While we still feel that this is a minimal risk trial, we 
plan to have a Data Safety Monitoring Board review our results at an interim analysesat 50% enrollment 
across our four teaching hospitals. Any signal of harm will suspend the study to further enrollment. 
 
This protocol presents minimal risks to the subjects and Unanticipated Problems Involving Risks to 
Subjects or Others (UPIRSOs), including adverse events, are not anticipated. In the unlikely event that 
such events occur, Reportable Events (which are events that are serious or life-threatening and 
unanticipated (or anticipated but occurring with a greater frequency than expected) and possibly, 
probably, or definitely related) or Unanticipated Problems Involving Risks to Subjects or Others that 
may require a temporary or permanent interruption of study activities will be reported immediately (if 
possible), followed by a written report within 5 calendar days of the Principal Investigator becoming 
aware of the event to the IRB (using the appropriate forms from the website) and any appropriate 
funding and regulatory agencies. The investigator will apprise fellow investigators and study personnel 
of all UPIRSOs and adverse events that occur during the conduct of this research project through 
regular study meetings and via email as they are reviewed by the principal investigator. The protocol’s 
research monitor(s), e.g., DSMBs, study sponsors, funding and regulatory agencies, and regulatory and 
decision-making bodies will be informed of all adverse events within 5 days of the event becoming 
known to the principal investigator. 

 
d. For multi-site studies for which the Yale PI serves as the lead investigator: 

i. How will adverse events and unanticipated problems involving risks to subjects or others be 
reported, reviewed and managed? All adverse events and unanticipated problems will be handled 
based on the protocols in place by each institution’s IRB. 

ii. What provisions are in place for management of interim results? Interim results will be managed by 
study personnel at Yale. 

iii. What will the multi-site process be for protocol modifications? Any protocol modifications will be 
submitted to each institution’s IRB for the appropriate approvals. 

 
13. Statistical Considerations: Describe the statistical analyses that support the study design.  

A group sequential design with Hwang-Shih-DeCani spending functions with gamma = -4 for the efficacy 
boundary and gamma = -2 for the futility boundary with two interim analyses will be utilized and a two-sided 
Cochran-Mantel-Haenszel (CMH) method will be used for the sample size calculation to account for the four 
hospitals. Our preliminary data suggests that 18.2% of patients would experience the primary outcome of 
progression of AKI, dialysis, or mortality. We determined that a relative 20% reduction to 14.6% would be 
clinically significant. A total sample size of 4600 patients (i.e., 2301 per group) achieves at least 90% power to 
detect this degree of change. The alpha significance level of the test was set at 0.05. We will increase this 
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number by 10% to account for potential contamination of the effect across study arms, leading to a final 
sample size of 5060 individuals with a breakdown as follows based on relative numbers of beds in each 
hospital: 
Yale New Haven Hospital: 2447 
St. Raphael’s Campus: 1214 
Bridgeport Hospital: 910 
Greenwich Hospital: 489 
 
 
 

 
We will compare the rates of the primary outcomes between the intervention arm and the control arm using 
the chi-square test with Cochran-Mantel-Haenszel correction for the 4 study strata based on the hospital.. 
We will also perform exploratory analyses examining patients within the three medication categories to 
assess whether discontinuation rates differ by medication and, importantly, what clinical impact is apparent 
from alerting for those particular agents. Finally, should alerting show a clinical benefit, we will perform a 
mediation analysis to determine what fraction of that benefit (if any) can be attributed to medication 
cessation. 
 
In addition, a retrospective examination will be performed to assess improvement in the control group 
before / after intervention as a measurement of contamination.  We expect that providers who receive AKI 
alerts on some patients may be more likely to look for AKI in other patients, potentially diluting the effect of 
the intervention – this pre/post intervention analysis will help in assessing that level of contamination. 
 
Because we are enrolling patients across four sites, we will do an exploratory analysis to determine the 
efficacy of alerts independently at each hospital. 
 
We have specified several subgroups in whom the benefit of an AKI alert may differ from the general 
population.  These groups will be analyzed as secondary and exploratory analyses.  They include: 
  
 - Patients with AKI exposed to each of the 3 nephrotoxin categories (effects analyzed separately) 
 - Surgical patients (defined by admission to a surgical team) 
 - Subjects with baseline creatinine <1.0mg/dl 

- Subjects with baseline creatinine <0.5 mg/dl 
- Females (due to lower rate of increase in creatinine after AKI) 

 - African Americans (due to higher rate of increase in creatinine after AKI) 
 - Elderly subjects (age > 65, age > 70, and age > 75) 
 - Subjects in an ICU at the time of the alert 

- Subjects who enter the study based on a 50% increase in creatinine vs. a 0.3mg/dl increase in creatinine   
   vs. both 

 
Finally, as the academic year progresses, new clinicians (such as residents and interns) may become more 
facile in their ability to recognize AKI, which may attenuate the effect of this intervention. We will model this 
in exploratory analyses using an intervention-by-time of year interaction term in models of the primary 
outcome.  
 
Interim Analysis: 
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As discussed above, we plan an interim analysis, and guidelines will be given to the DSMB for stopping the 
trial will be for efficacy, harm, and futility.  Our interim analyses will be conducted as follows: 
 
This interim analysis will be performed at 50% enrollment at the four teaching hospitals and the trial will 
stop for either efficacy or futility if the p-value is <= .0042 or >= .8952. The p-value threshold for the final 
analysis of the primary outcome is set at .0498. 
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SECTION II: RESEARCH INVOLVING DRUGS, BIOLOGICS, RADIOTRACERS, PLACEBOS AND DEVICES 
 

 If this section (or one of its parts, A or B) is not applicable, check off N/A and delete the rest of the section. 
 

A.  RADIOTRACERS ☒N/A 
 
B.  DRUGS/BIOLOGICS    ☒N/A 
 
B.  DEVICES  ☒N/A 

 
SECTION III: RECRUITMENT/CONSENT AND ASSENT PROCEDURES  

1. Targeted Enrollment: Give the number of subjects:  
a. Targeted for enrollment at Yale for this protocol: 1915 patients and approximately 2500 clinicians 
b. If this is a multi-site study, give the total number of subjects targeted across all sites: 4592 patients and 

approximately 3500 clinicians 
 

2. Indicate recruitment methods below.  Attach copies of any recruitment materials that will be used. 
☐ Flyers ☐ Internet/web postings ☐ Radio 
☐ Posters ☐ Mass email solicitation ☐ Telephone 
☐ Letter ☐ Departmental/Center website ☐ Television 
☒ Medical record review*  ☐ Departmental/Center research boards ☐ Newspaper 
☐ Departmental/Center newsletters ☐ Web-based clinical trial registries ☐ Clinicaltrails.gov  
☐ YCCI Recruitment database ☐ Social Media (Twitter/Facebook):   
☐ Other:    

 
* Requests for medical records should be made through JDAT as described at 
http://medicine.yale.edu/ycci/oncore/availableservices/datarequests/datarequests.aspx 
 
3.  Recruitment Procedures:  
a. Describe how potential subjects will be identified. Subjects (patients) will be identified using an electronic 

algorithm that interfaces with Epic databases. 
b. Describe how potential subjects are contacted. There will be no formal contact between patient study subjects 

and study personnel.  We will be requesting a waiver of informed consent for patients.  To educate providers 
of the study, we will hold pre-trial informational sessions at divisional conferences and meetings in which we 
will explain the purpose of the study and what to expect.  We will provide an informational sheet with all 
relevant information and our contact information.  We will also make periodic visits to the hospital floors to 
reeducate and answer any questions. 

c. Who is recruiting potential subjects? There will be no formal recruitment activities.  Rather, patient subjects 
will be identified and enrolled into the study via an electronic algorithm embedded in Epic.  All providers will 
be potentially exposed to the alerts and the P.I. and research coordinator of the study will educate providers 
as explained above. 

  
4. Assessment of Current Health Provider Relationship for HIPAA Consideration: 

Does the Investigator or any member of the research team have a direct existing clinical relationship with any 
potential subject?  
☐Yes, all subjects 
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☐Yes, some of the subjects 
☒No 
 
If yes, describe the nature of this relationship. N/A 

5. Request for waiver of HIPAA authorization: (When requesting a waiver of HIPAA Authorization for either the 
entire study, or for recruitment purposes only.  Note: if you are collecting PHI as part of a phone or email 
screen, you must request a HIPAA waiver for recruitment purposes.) 
Choose one:  
☒ For entire study  
☐ For recruitment/screening purposes only  
☐ For inclusion of non-English speaking subject if short form is being used and there is no translated HIPAA 
research authorization form available on the University’s HIPAA website at hipaa.yale.edu. 
 

i. Describe why it would be impracticable to obtain the subject’s authorization for use/disclosure of this 
data: Due to the nature of the study in that we are assessing the influence of an alert system on 
provider behaviors surrounding AKI, it is not feasible to consent subjects as it would severely 
contaminate the exposure of interest.  Patients randomized to the control arm would need to be told 
not to inform their provider of their participation in the trial, which would severely compromise the 
therapeutic relationship. The only way to avoid this would be to obtain informed consent from every 
patient on admission to the hospital, but given that the incidence of AKI is approximately 15% of 
admissions, this would be impractical and would be unnecessary for the vast majority of patients.  
Furthermore, it would expose the roughly 85% of patients who would never be deemed eligible for the 
trial to the risks of loss of confidentiality present in all research with human subjects. Given that the 
research proposed presents no more than minimal risk to the subjects, and that no procedures are 
being performed that require consent outside of the research paradigm, we request a HIPAA waiver 
from the Institutional Review Board.  
 

ii. If requesting a waiver of signed authorization, describe why it would be impracticable to obtain the 
subject’s signed authorization for use/disclosure of this data: Write here 

 
The investigator assures that the protected health information for which a Waiver of Authorization has been 
requested will not be reused or disclosed to any person or entity other than those listed in this application, except 
as required by law, for authorized oversight of this research study, or as specifically approved for use in another 
study by an IRB. 
 
Researchers are reminded that unauthorized disclosures of PHI to individuals outside of the Yale HIPAA-Covered 
entity must be accounted for in the “accounting for disclosures log”, by subject name, purpose, date, recipients, 
and a description of information provided.  Logs are to be forwarded to the Deputy HIPAA Privacy Officer. 
 
6. Process of Consent/Assent: Describe the setting and conditions under which consent/assent will be obtained, 

including parental permission or surrogate permission and the steps taken to ensure subjects’ independent 
decision-making.  
Applicable to clinician subjects – we will perform outreach through short presentations at divisional 
conferences and meetings and through regular visits to hospital floors to engage directly with providers. A 
study Information Sheet will also be handed out to clinicians. 

7. Evaluation of Subject(s) Capacity to Provide Informed Consent/Assent: Indicate how the personnel obtaining 
consent will assess the potential subject’s ability and capacity to consent to the research being proposed.  
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N/A 
8. Non-English Speaking Subjects: Explain provisions in place to ensure comprehension for research involving 

non-English speaking subjects. If enrollment of these subjects is anticipated, translated copies of all consent 
materials must be submitted for approval prior to use.  
N/A 

As a limited alternative to the above requirement, will you use the short form* for consenting process if you 
unexpectedly encounter a non-English speaking individual interested in study participation and the translation of 
the long form is not possible prior to intended enrollment?  YES ☐  NO ☒ 
 
Note* If more than 2 study participants are enrolled using a short form translated into the same language, then 
the full consent form should be translated into that language for use the next time a subject speaking that 
language is to be enrolled. 
 
Several translated short form templates are available on the HRPP website (yale.edu/hrpp) and translated HIPAA 
Research Authorization Forms are available on the HIPAA website (hipaa.yale.edu). If the translation of the short 
form is not available on our website, then the translated short form needs to be submitted to the IRB office for 
approval via modification prior to enrolling the subject.   Please review the guidance and presentation on use of 
the short form available on the HRPP website. 
 
If using a short form without a translated HIPAA Research Authorization Form, please request a HIPAA waiver in 
the section above.  
 
9. Consent Waiver: In certain circumstances, the HIC may grant a waiver of signed consent, or a full waiver 
of consent, depending on the study. If you will request either a waiver of consent, or a waiver of signed consent 
for this study, complete the appropriate section below.   

 
☐Not Requesting any consent waivers  
 
☒Requesting a waiver of signed consent: 

☐ Recruitment/Screening only (if for recruitment, the questions in the box below will apply to 
recruitment activities only) 
☒ Entire Study (Note that an information sheet may be required.) For clinician subjects. 
 

 
  

  ☒ Requesting a waiver of consent: 
☐ Recruitment/Screening only (if for recruitment, the questions in the box below will apply to 
recruitment activities only) 
☒ Entire Study  - for patient subjects  

 For a waiver of signed consent, address the following: 
 Would the signed consent form be the only record linking the subject and the research?  YES ☒  NO ☐  
 Does a breach of confidentiality constitute the principal risk to subjects? YES ☒  NO ☐ 
  
 OR 
 Does the research pose greater than minimal risk? YES ☐    NO☐  
 Does the research include any activities that would require signed consent in a non-research context? YES ☐   

NO ☐ 
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SECTION IV: PROTECTION OF RESEARCH SUBJECTS 
 

    Confidentiality & Security of Data: 
1. What protected health information (medical information along with the HIPAA identifiers) about subjects will 

be collected and used for the research?   Patient Name, SSN, zip code, DOB, Admission/discharge dates, medical 
record number, laboratory values, provider notes, medical procedures, medical history, medication lists, 
imaging results. 

 
2. How will the research data be collected, recorded and stored? All data, both patient and provider, will be 

collected electronically by an automated algorithm that interfaces with the EPIC user database system, 
developed by JDAT. Data will be skimmed from the EHR, processed electronically, encrypted, deidentified, and 
transferred to a secure server for storage and later analysis.  As discussed above, the primary dataset will 
contain no PHI.  We will maintain a separate “linking file” that contains all PHI and will be stored on a separate 
server to limit the risk of accidental disclosure.  The linking file is being maintained for potential future linking 
to national databases of death and dialysis. 

 

For a full waiver of consent, please address all of the following: 
 Does the research pose greater than minimal risk to subjects?   
☐ Yes If you answered yes, stop. A waiver cannot be granted.   
☒ No 

 Will the waiver adversely affect subjects’ rights and welfare? YES ☐    NO☒ 
 Why would the research be impracticable to conduct without the waiver? Due to the nature of the study, 

it is not feasible to consent subjects, as it would severely contaminate the exposure of interest.  Patients 
randomized to the control arm would need to be told not to inform their provider of their participation in 
the trial, which would severely compromise the therapeutic relationship. The only way to avoid this would 
be to obtain informed consent from every patient on admission to the hospital, but given that the 
incidence of AKI is approximately 15% of admissions, this would be impractical and would be unnecessary 
for the vast majority of patients.  Given that the research proposed presents no more than minimal risk to 
the subjects, and that no procedures are being performed that require consent outside of the research 
paradigm, we will request a waiver of consent from the Institutional Review Board. 

 Where appropriate, how will pertinent information be returned to, or shared with subjects at a later date? 
The results of this study will not be pertinent to the subjects, as the effect of the alert is expected to be 
transient and should have no impact on their future quality of life beyond that measured by the outcome 
of the study itself.  Moreover, post-hoc disclosure of the nature of the study to the subjects may generate 
undue stress and concern on the part of the subject as to the quality of their overall clinical care.  As most 
patients are not familiar with AKI, informing them to the presence of the disease without offering a 
tangible benefit may further increase anxiety surrounding their overall health.  We will update all clinicians 
of the results of this trial after trial completion. We are not collecting data that would tie a specific 
clinician to an outcome. For example, while we would inform clinicians that the alerts decreased the use 
of certain drugs, we will not be able to tell them what their specific rate of drug continuation or 
discontinuation would be. 
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3. How will the digital data be stored? ☐CD  ☐DVD  ☐Flash Drive  ☐Portable Hard  Drive   ☒Secured Server  
☐Laptop Computer  ☐Desktop Computer  ☐Other 

 
4. What methods and procedures will be used to safeguard the confidentiality and security of  the identifiable 

study data and the storage media indicated above during and after the subject’s participation in the study? All 
data will be stored on an encrypted, HIPAA-Compliant server with 2-factor authentication. Data will not be 
stored on personal computing devices of any kind. The server will only be accessible from within the Yale 
firewall or via VPN. No portable devices will be used to store study data at any time. 

 
All portable devices must contain encryption software, per University Policy 5100.  If there is a technical reason a 
device cannot be encrypted please submit an exception request to the Information Security, Policy and Compliance 
Office by clicking on url http://its.yale.edu/egrc or email it.compliance@yale.edu 

 
5. What will be done with the data when the research is completed? Are there plans to destroy the identifiable 

data? If yes, describe how, by whom and when identifiers will be destroyed. If no, describe how the data and/or 
identifiers will be secured. PHI will be deleted by study personnel within one year of closing of the study. 
 

6. If appropriate, has a Certificate of Confidentiality been obtained?  A Certificate of Confidentiality automatically 
covers this NIH-funded research. 

 
SECTION V: POTENTIAL BENEFITS 

 
 Potential Benefits: Identify any benefits that may be reasonably expected to result from the research, either to 

the subject(s) or to society at large. (Payment of subjects is not considered a benefit in this context of the risk 
benefit assessment.)  
Patient-Subjects in this study may benefit from their provider being given information about the presence of 
acute kidney injury concurrent with the usage of nephrotoxic agents. This benefit may be derived from closer 
monitoring of physiologic status, cessation of the nephrotoxic agents, diagnostic interventions, or other factors. 
Regardless of the outcome for participants, the results of these studies may lead to significant societal benefit, as 
positive results would lead to broader adoption of an effective alerting system that would lead to improved 
treatment for AKI patients, and a negative study would lead to less enthusiastic adoption of ineffective alerting 
that would otherwise contribute to alert fatigue.  

 
         SECTION VI: RESEARCH ALTERNATIVES AND ECONOMIC CONSIDERATIONS 

 
1. Alternatives: What other alternatives are available to the study subjects outside of the research?  

Usual hospital care 
2. Payments for Participation (Economic Considerations): Describe any payments that will be made to subjects, 

the amount and schedule of payments, and the conditions for receiving this compensation. 
N/A 

3. Costs for Participation (Economic Considerations): Clearly describe the subject’s costs associated with 
participation in the research, and the interventions or procedures of the study that will be provided at no cost 
to subjects.  
N/A 

4. In Case of Injury: This section is required for any research involving more than minimal risk, and for minimal 
risk research that presents the potential for physical harm (e.g., research involving blood draws). 
N/A 
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a. Will medical treatment be available if research-related injury occurs? Write here 
 

b. Where and from whom may treatment be obtained? Write here 
c. Are there any limits to the treatment being provided? Write here 
d. Who will pay for this treatment? Write here 
e. How will the medical treatment be accessed by subjects? Write here 
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IMPORTANT REMINDERS 
 
Will this study have a billable service?  Yes ☐   No☒ 

 
A billable service is defined as any service rendered to a study subject that, if he/she was not on a study, would 
normally generate a bill from either Yale-New Haven Hospital or Yale Medical Group to the patient or the patient’s 
insurer. The service may or may not be performed by the research staff on your study, but may be provided by 
professionals within either Yale-New Haven Hospital or Yale Medical Group (examples include x-rays, MRIs, CT 
scans, specimens sent to central labs, or specimens sent to pathology). Notes: 1. There is no distinction made 
whether the service is paid for by the subject or their insurance (Standard of Care) or by the study’s funding 
mechanism (Research Sponsored). 2. This generally includes new services or orders placed in EPIC for research 
subjects.  
 
If answered, “yes”, this study will need to be set up in OnCore, Yale’s clinical research management system, for 
Epic to appropriately route research related charges. Please contact oncore.support@yale.edu 
 
Are there any procedures involved in this protocol that will be performed at YNHH or one of its affiliated entities?  
Yes ☐  No ☒  

 
If Yes, please answer questions a through c and note instructions below.   
a. Does your YNHH privilege delineation currently include the specific procedure that you will perform? Yes ☐  No 
☐ 
b. Will you be using any new equipment or equipment that you have not used in the past for this procedure? Yes 
☐  No ☐ 
c. Will a novel approach using existing equipment be applied? Yes ☐  No ☐ 
  
If you answered “no” to question 4a, or "yes" to question 4b or c, please contact the YNHH Department of 
Physician Services (688-2615) for prior approval before commencing with your research protocol. 
 
IMPORTANT REMINDER ABOUT RESEARCH AT YNHH  
Please note that if this protocol includes Yale-New Haven Hospital patients, including patients at the HRU, the 
Principal Investigator and any co-investigators who are physicians or mid-level practitioners (includes PAs, APRNs, 
psychologists and speech pathologists) who may have direct patient contact with patients on YNHH premises 
must have medical staff appointment and appropriate clinical privileges at YNHH. If you are uncertain whether 
the study personnel meet the criteria, please telephone the Physician Services Department at 203-688-2615. By 
submitting this protocol as a PI, you attest that you and any co-investigator who may have patient contact has a 
medical staff appointment and appropriate clinical privileges at YNHH. 
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