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1. To review recent top QI articles published within Nephrology

2. To discuss pertinent QI methodology that can be used for future 
initiatives

3. To highlight the variety of ways that QI can be implemented within 
clinical care

Learning Objectives



De-prescribing in nephrology
Article #1





Choosing Wisely Canada

• De-prescribing PPIs 
• Strategy to reduce polypharmacy 
• Reduce side effects due to chronic use

Background





• 40% patients with ESKD on dialysis taking PPI 

• Only 1 in 3 of that group taking PPI with appropriate defined 
indications

• 29 Patients agreed to a trial of withdrawal of PPI 

• Nearly half of patient had to restart their PPI within 2 within a few 
weeks of stopping due to symptoms and GI bleeding

Results



• Applying broad de-prescribing strategies to patients on dialysis is not 
without risk

• Patients on dialysis are not the same as general population, risk–
benefit profile may vary

•  Further study needed in this population

Take-Home Points



Creating consensus recommendations 
Article #2



Consensus Recommendations for Sick Day Medication
Guidance for People With Diabetes, Kidney, or
Cardiovascular Disease: A Modified Delphi Process
Kaitlyn E. Watson, Kirnvir Dhaliwal, Sandra Robertshaw, Nancy Verdin, Eleanor Benterud, Nicole Lamont,
Kelsea M. Drall, Kerry McBrien, Maoliosa Donald, Ross T. Tsuyuki, David J.T. Campbell, Neesh Pannu, and
Matthew T. James, on behalf of the PAUSE (Preventing Medication Complications During Acute Illness Through
Symptom Evaluation and Sick Day Guidance) Medication Safety Advisory Panel

Rationale & Objective: Sick day medication
guidance (SDMG) involves withholding or
adjusting specific medications in the setting of
acute illnesses that could contribute to compli-
cations such as hypotension, acute kidney injury
(AKI), or hypoglycemia. We sought to achieve
consensus among clinical experts on recom-
mendations for SDMG that could be studied in
future intervention studies.

Study Design: A modified Delphi process
following guidelines for conducting and reporting
Delphi studies.

Setting & Participants: An international group
of clinicians with expertise relevant to SDMG
was recruited through purposive and snowball
sampling. A scoping review of the literature
was presented, followed by 3 sequential
rounds of development, refinement, and voting
on recommendations. Meetings were held
virtually and structured to allow the partici-
pants to provide their input and rapidly prior-
itize and refine ideas.

Outcome: Opinions of participants were
measured as the percentage who agreed with
each recommendation, whereas consensus was
defined as >75% agreement.

Analytical Approach: Quantitative data were
summarized using counts and percentages. A
qualitative content analysis was performed to
capture the context of the discussion around
recommendations and any additional consider-
ations brought forward by participants.

Results: The final panel included 26 clinician
participants from 4 countries and 10 clinical
disciplines. Participants reached a consensus

on 42 specific recommendations: 5 regarding
the signs and symptoms accompanying
volume depletion that should trigger SDMG; 6
regarding signs that should prompt urgent
contact with a health care provider (including a
reduced level of consciousness, severe vomit-
ing, low blood pressure, presence of ketones,
tachycardia, and fever); and 14 related to
scenarios and strategies for patient self-
management (including frequent glucose
monitoring, checking ketones, fluid intake, and
consumption of food to prevent hypoglycemia).
There was consensus that renin-angiotensin
system inhibitors, diuretics, nonsteroidal anti-
inflammatory drugs, sodium/glucose cotransporter
2 inhibitors, and metformin should be temporarily
stopped. Participants recommended that insulin,
sulfonylureas, and meglitinides be held only if
blood glucose was low and that basal and bolus
insulin be increased by 10%-20% if blood
glucose was elevated. There was consensus on 6
recommendations related to the resumption of
medications within 24-48 hours of the resolution
of symptoms and the presence of normal patterns
of eating and drinking.

Limitations: Participants were from high-income
countries, predominantly Canada. Findings may
not be generalizable to implementation in other
settings.

Conclusions: A multidisciplinary panel of clini-
cians reached a consensus on recommendations
for SDMG in the presence of signs and symptoms
of volume depletion, as well as self-management
strategies and medication instructions in this
setting. These recommendations may inform the
design of future trials of SDMG strategies.

Sick day medication guidance (SDMG) has been
recommended by several organizations to prevent

potential complications that can arise when people who
are taking medications for chronic conditions—includ-
ing diabetes mellitus, kidney disease, and cardiovascular
disease—experience an acute illness.1-8 SDMG typically
involves recommendations for withholding or adjusting
specific medications in the setting of acute dehydrating
illness that could contribute to complications such as
hypotension, acute kidney injury (AKI), diabetic
ketoacidosis, or hypoglycemia.9-11 This guidance is

intended to mitigate serious adverse medication com-
plications in the setting of intercurrent illness that
could contribute to death or hospitalization.10,12-17

A previous scoping review identified 74 documents
pertaining to SDMG; however, the majority were guide-
lines or educational resources, and only 19 were primary
research studies.18 The review highlighted that there was
little empirical evidence available to assess the effectiveness
of approaches for implementing SDMG into practice,
suggesting that further research to design and evaluate
SDMG is required. However, there was also notable
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Sick day medication guidance recommended 

Little empirical evidence, lots of variation in guidance 

Goal : achieve consensus on recommendations for sick day med 
guidance that could be studied in future intervention studies 

Background and Rationale



Round 2 involved small group discussions based on
clinical expertise to further refine the round 1 statements
in 4 clinical groups: (1) patients with T2DM using
medications with the potential to cause hypoglycemia
(sulfonylureas, meglitinides, insulin); (2) patients with
T2DM using medications that may contribute to volume
depletion or hypotension (sodium/glucose cotransporter
2 [SGLT2] inhibitors, glucagon-like peptide 1 receptor
agonists [GLP-1RAs], diuretics, renin-angiotensin-
aldosterone system [RAAS] inhibitors); (3) patients
with CKD, AKI, or at risk of AKI; and (4) patients with
heart failure (HF), with or without CKD. Each group
produced revised statements that were subsequently

collated and refined by the facilitators from each group
into a final list of recommendations. Members of each
group were provided with an email summary of their
group’s revised statement and were invited to provide
any additional feedback to their group facilitator before
finalizing the recommendations for final review in
round 3.

In the final round (round 3), we presented the revised
statements and accompanying contextual statements
generated from the discussion to frame each group of
recommendations. The participants then voted on their
agreement with each recommendation on a binary scale
(disagree or agree) using Mentimeter Interactive Software.

Figure 1. Modified Delphi process flow diagram. Abbreviations: AKI, acute kidney injury; BP, blood pressure; CKD, chronic kidney
disease; SDMG, sick day medication guidance; T2DM, type 2 diabetes mellitus.
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Signs and symptoms of volume depletion that should trigger SDMG

Signs that should prompt urgent contact with a health care provider (altered LOC, low BP, ketones, tachycardia, fever) 

Related to scenarios and strategies for patient self management (frequent glucose monitoring, checking ketones, fluid 
intake, consumption of food to prevent hypoglycemia 

STOP renin angiotensin system inhibitors, diuretics, NSAIDs, SGLT2 inhibitors, metformin temporarily

Hold insulin, sulfonylureas, metiglinides only if BG if low and and basal and bolus insulin be increased by 10-20% if blood 
glucose was high

Restart medications 24-48 hours after resolution of symptoms if there was a pattern of normal eating / drinking 

Consensus



• Delphi process to reach consensus between participants

• Patient engagement 

• Applicable methodology to development of QI indicators

Environmental Scan of QI indicators in 
Canadian Nephrology
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An Environmental Scan of Ambulatory 
Care Quality Indicators for Patients  
With Advanced Kidney Disease  
Currently Used in Canada

Jay Hingwala1 , Amber O. Molnar2 , Priyanka Mysore1,*,  
and Samuel A. Silver3,*

Abstract
Background: Quality indicators can be used to identify gaps in care and drive frontline improvement activities. These 
efforts are important to prevent adverse events in the increasing number of ambulatory patients with advanced kidney 
disease in Canada, but it is unclear what indicators exist and the components of health care quality they measure.
Objective: We sought to identify, categorize, and evaluate quality indicators currently in use across Canada for ambulatory 
patients with advanced kidney disease.
Design: Environmental scan of quality indicators currently being collected by various organizations.
Setting: We assembled a 16-member group from across Canada with expertise in nephrology and quality improvement.
Patients: Our scan included indicators relevant to patients with chronic kidney disease in ambulatory care clinics.
Measurements: We categorized the identified quality indicators using the Institute of Medicine and Donabedian frameworks.
Methods: A 4-member panel used a modified Delphi process to evaluate the indicators found during the environmental scan 
using the American College of Physicians/Agency for Healthcare Research and Quality criteria. The ratings were then shared 
with the full panel for further comments and approval.
Results: The environmental scan found 28 quality indicators across 7 provinces, with 8 (29%) rated as “necessary” to 
distinguish high-quality from poor-quality care. Of these 8 indicators, 3 were measured by more than 1 province (% of 
patients on a statin, number of patients receiving a preemptive transplant, and estimated glomerular filtration rate at dialysis 
start); no indicator was used by more than 2 provinces. None of the indicators rated as necessary measured timely or 
equitable care, nor did we identify any measures that assessed the setting in which care occurs (ie, structure measures).
Limitations: Our list cannot be considered as an exhaustive list of available quality indicators at hand in Canada. Our work 
focused on quality indicators for nephrology providers and programs, and not indicators that can be applied across primary 
and specialty providers. We also focused on indicator constructs and not the detailed definitions or their application. Last, 
our panel does not represent the views of other important stakeholders.
Conclusions: Our environmental scan provides a snapshot of the scope of quality indicators for ambulatory patients with 
advanced kidney disease in Canada. This catalog should inform indicator selection and the development of new indicators based 
on the identified gaps, as well as motivate increased pan-Canadian collaboration on quality measurement and improvement.
Trial registration: Not applicable as this article is not a systematic review, nor does it report results of a health intervention 
on human participants.

Abrégé 
Contexte: Les indicateurs de la qualité peuvent être utilisés pour révéler des lacunes dans les soins et orienter les activités 
de première ligne visant leur amélioration. Ces efforts sont importants pour prévenir les événements indésirables chez le 
nombre croissant de patients ambulatoires aux prises avec des néphropathies de stades avancés au Canada. On connaît 
toutefois peu les indicateurs existants et les composants de la qualité des soins qu’ils mesurent.
Objectif: Nous souhaitions répertorier, catégoriser et évaluer les indicateurs de la qualité des soins actuellement en usage 
au Canada pour les patients ambulatoires atteints de néphropathies de stade avancé.
Type d’étude: Une analyse contextuelle des indicateurs de la qualité colligés en ce moment par différents organismes.
Cadre: Nous avons constitué un groupe de seize personnes provenant de partout au Canada et détenant une expérience 
pertinente en néphrologie et en amélioration de la qualité des soins.

Take-Home Points



Improving Vaccination Rates
Article #3



RESEARCH LETTERS

Best Practice Alerts in Electronic Medical
Records to Improve Pneumococcal
Vaccination in CKD
To the Editor:

Pneumococcal vaccination rates are low in chronic
kidney disease stages 4-5 (CKD4-5) and nephrotic syn-
drome patients, despite higher incidence of pneumococcal
pneumonia and increased mortality and cardiovascular
complications in these patients compared with those
without CKD.1,2 We implemented a quality improvement
(QI) project involving a best practice alert in CKD clinics to
improve pneumococcal vaccination rates among these
high-risk patients over a 2-year period. This initiative was
approved by the Institutional Quality Review Committee
(QIIRB2097); projects approved as QI initiatives did not
require informed patient consent per institutional policy.
The study was based on the Plan-Do-Study-Act model.3

We evaluated pre- and postintervention pneumococcal
vaccination rates in CKD clinics. The intervention consisted of
incorporating a best practice alert into the electronic medical
record (EMR) system EPIC, education of providers regarding
the project process and pneumococcal vaccination eligibility
criteria, and education of eligible patients about pneumo-
coccal vaccination. Patients with CKD4-5 or a nephrotic
syndrome diagnosis and seen in 1 of the 5 CKD clinics at the
University of Pittsburgh were included. The pre- and post-
intervention group patients were seen in CKD clinics in
January-December 2015 and January 2016–December 2017,
respectively. Patients with kidney failure or (if without a
nephrotic syndrome diagnosis) CKD1-3 were excluded. Pa-
tients included in the preintervention group with docu-
mented pneumococcal vaccination were then excluded if they
presented to the clinic again in the postintervention period.
The eligibility criteria for vaccination was determined per
CDC guidelines, which recommend pneumococcal vaccina-
tion for all adults with CKD4-5 and nephrotic syndrome.4,5

Our intervention consisted of a best practice alert
designed to electronically screen patients for pneumococcal
vaccination eligibility based on diagnosis, age, and vacci-
nation status using a predetermined algorithm. The alert
appeared on the EMR system screen at the beginning of the
patient encounter as the medical assistant reviewed patient
medications and allowed the medical assistant to order the
vaccine or document the reason for vaccine refusal or
deferral (Fig 1). If the pneumococcal vaccination was de-
ferred for any reason, the alert reappeared in 6 months. If the
patient refused the vaccine, an alert was sent to the clinician
to further educate the patient, and the alert was disabled for
1 year. If the alert was ignored by the medical assistant, it
would appear at subsequent clinic visit in the study period.
The alert did not automatically capture pneumococcal
vaccination received outside our health care system. Prior
vaccination could be documented in the EMR via a link in the
alert to the “health maintenance” field, which deactivated
future triggers for the alert. Education was provided bian-
nually to the clinicians and medical assistants in the form of
presentations providing an overview of the project, vaccine
guidelines, and the workflow of implementation of the alert
within the EMR. Patient education regarding vaccination was
posted in the clinic and examination rooms.

The preintervention and postintervention cohort de-
mographic and clinical information including vaccination
and alert compliance were obtained from EMR queries. The
pneumococcal vaccination rate, formulated as percent
vaccinated per eligible patients, was compared overall and
stratified by age, sex, and race using the χ2 test. All analyses
were conducted using STATA. The pre- and post-
intervention groups of 752 and 1,146 patients, respectively,
had a comparable distribution of patients with CKD4-5 and
nephrotic syndrome. The preintervention group had fewer
patients ≥ 65 years (55% vs 65% [P < 0.001]; mean age,
63.5 vs 68 years). Both groups were comparable with re-
gard to race and sex (Table 1). The percentage of patients in
the preintervention group who had received at least 1 dose

Figure 1. Sample best practice alert for pneumococcal vaccination. This alert is for Prevnar-13 administration; an identical alert but
listing Pneumovax-23 was displayed when appropriate.

AJKD Vol 81 | Iss 2 | February 2023 245

Correspondence



• Low pneumococcal vaccination rates in 
patient with advanced CKD

• Patients with nephrotic syndrome at 
increased risk

• Associated with pneumococcal pneumonia 
and increased risk of CV complications and 
mortality

Take-Home Points
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Source: Institute for Health Improvement

Model for Improvement

https://www.ihi.org/resources/Pages/HowtoImprove/ScienceofImprovementTestingChanges.aspx


•  Patients included in this intervention
• Stage 4 CKD (G4)
• Stage 5 CKD (G5)
• Nephrotic Syndrome 

• 70.5% of patients in pre-intervention group who had been 
vaccinated >65 years of age

• Significant increase in the vaccination rate from 62.7% to 70.2% 
(p<0.001) 

• Primarily driven by increase in vaccination rates in the 18-64 
years age group

of pneumococcal vaccination was higher in patients
aged ≥65 versus <65 years [70.5% (294 of 417) vs 53.0%
(177 of 335); P < 0.001]. The pneumococcal vaccination
rates in the postintervention group were comparable in
patients aged ≥65 and <65 years (Table 1). In the post-
intervention group, 617 (53.8%) patients had been vacci-
nated prior, and the alert appeared for 529 patients. There
was a statistically significant increase the percentage of pa-
tients who received at least 1 pneumococcal vaccine dose in
the postintervention group compared with the pre-
intervention group (70.2% vs 62.7%; P = 0.0008) primarily
due to an increase in pneumococcal vaccination (from 53%
to 70%) in patients aged between 18 and 64 years
(P < 0.001). The vaccination rate in the aged ≥65 years
group did not improve. Alert compliance, defined as either
documentation of vaccine given/prescribed or the reason
for refusal or deferral, was 45.9%.

The study limitations include the before-after design
inherent to the QI design, which potentially introduces
bias due to secular change. One source of bias may be
increased staff education though this did not significantly
impact the vaccination rate of individuals >65 years.

In summary, these data suggest that CKD clinic follow-up
is a missed opportunity to administer pneumococcal vacci-
nation, particularly among high-risk individuals aged between
18 and 64 years. We have demonstrated that implementation
of a medical assistant–led decision aid in the form of a best
practice alert can bridge this gap with minimal disruption of
workflow or increase in physician workload burden.
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DeSilva, MD, and Rohit Aggarwal, MD, MS
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Table 1. Baseline Characteristics and Vaccination Rates

Preintervention
Group
(n = 752)

Intervention
Group
(n = 1,146) P

Age, y 65.3 ± 15.8 (18-
94)

68 ± 14.3 (24-
101)

0.001

Age ≥65 y 417 (55.0%) 745 (65.0%) <0.001
Female sex 383 (51.0%) 554 (47.5%)
Race
White 537 (71.4%) 802 (70.0%) 0.7
Black 192 (25.5%) 281 (24.5%) 0.6
Other 63 (5.5%) 23 (3.6%) 0.04

Kidney diagnosis
CKD stage 4 564 (75.0%) 825 (72.0%) 0.1
CKD stage 5 113 (15.0%) 210 (18.0%) 0.06
Nephrotic
syndrome

75 (10.0%) 111 (10.0%) 0.4

Patients
vaccinated
Overall 472 (62.7%) 804 (70.2%) <0.001
Aged ≥65 y 294 (70.5%) 524 (70.3%) 0.9
Aged 18-64 y 178 (53.0%) 280 (69.8%) <0.001
Female patients 249 (65.0%) 384 (70.6%) 0.7
White patients 307 (62.0%) 572 (71.0%) <0.001
Black patients 130 (67.7%) 204 (72.6%) 0.25

Values for age given as mean ± SD (range).
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Results



•No details on the fidelity measures
•Possible Hawthorne effect 
• Education may have introduced biases 
•No information on balancing measures

Limitations



• Reminders may increase vaccination rates

• Process can be integrated into clinic 
workflow  

• More data required to determine impact on 
overall workflow within CKD clinic

Take-Home Points
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A randomized clinical trial assessing the
effect of automated medication-targeted
alerts on acute kidney injury outcomes

F. Perry Wilson 1 , Yu Yamamoto 1, Melissa Martin1,
Claudia Coronel-Moreno1,2, Fan Li3, Chao Cheng3, Abinet Aklilu1, Lama Ghazi1,4,
Jason H. Greenberg1, Stephen Latham5, Hannah Melchinger 1,
Sherry G. Mansour1, Dennis G. Moledina 1, Chirag R. Parikh 6,
Caitlin Partridge2, Jeffrey M. Testani7 & Ugochukwu Ugwuowo1

Acute kidney injury is common among hospitalized individuals, particularly
those exposed to certain medications, and is associated with substantial
morbidity and mortality. In a pragmatic, open-label, National Institutes of
Health-funded, parallel group randomized controlled trial (clinicaltrials.gov
NCT02771977), we investigate whether an automated clinical decision support
system affects discontinuation rates of potentially nephrotoxic medications
and improves outcomes in patients with AKI. Participants included 5060
hospitalized adults with AKI and an active order for any of three classes of
medications of interest: non-steroidal anti-inflammatory drugs, renin-
angiotensin-aldosterone system inhibitors, or proton pump inhibitors. Within
24 hours of randomization, a medication of interest was discontinued in 61.1%
of the alert group versus 55.9% of the usual care group (relative risk 1.08, 1.04 –

1.14, p = 0.0003). The primary outcome – a composite of progression of acute
kidney injury, dialysis, or death within 14 days - occurred in 585 (23.1%) of
individuals in the alert group and 639 (25.3%) of patients in the usual care
group (RR 0.92, 0.83 – 1.01, p = 0.09). Trial Registration Clinicaltrials.gov
NCT02771977.

Acute kidney injury (AKI)—an abrupt decline in kidney function—is a
major cause of morbidity and mortality among hospitalized patients,
associated with an increased hospital length of stay and a 10-fold
increase in inpatient mortality1–3. AKI also carries an independent risk
for development of chronic kidney disease (CKD), end stage kidney
disease, and death4–7.

Despite current international best practice guidelines for man-
agement of AKI focusing on avoidance of nephrotoxic exposures,

studies have shown that AKI, often asymptomatic in presentation,
frequently goes unnoticed, and appropriate workup and treatment is
inconsistently performed8–12. For example, a retrospective study of
9534 hospitalized patients with severe AKI found that the rate of
discontinuation of potentially nephrotoxic medications is low in the
early stages of AKI, revealing an opportunity for early intervention
that could potentially prevent progression to more severe forms
of AKI13.
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BACKGROUND

AKI is common, AKI is bad, AKI is 
asymptomatic

Trials of alerts with AKI à mixed results

Success with specific, actionable 
information 

Aim - To evaluate the effectiveness of 
a medication targeted AKI alert across 
multiple hospitals within a large health 
system. 



• Multicenter, parallel group, pragmatic, open label RCT 
• Real time EHR alert for AKI exposed to either RAS 

blockade/NSAIDs/PPIs 
• 1:1 allocation. Participants and providers not masked, 

investigators were.

Primary outcome
• Composite of AKI progression, dialysis, or death within 14 d of 

randomization

ELAIA-2



received usual care. Data were collected electronically and confirmed
by two chart reviewers on a random sample of alert and control
patients (N = 100). All data were electronically collected through SQL
queries of the Epic Electronic Health Record “Clarity” data platform,

reflect clinical care and were recorded in a secure, HIPAA compliant
server.

There was nomissing data on outcomes, andmissing data overall
was scarce (Supplemental Table 3).

Fig. 5 | Alert screenshot.The alert provided information about the creatinine trend, classes ofMOIs ordered and the specificMOIs currently ordered, aswell as a link to the
order entry screen.

Fig. 4 | CONSORT diagram. Figure illustrates the flow of patients through the trial.

Article https://doi.org/10.1038/s41467-023-38532-3

Nature Communications | ��������(2023)�14:2826� 7

• About 48% women
• Median age was 70
• 76% medical admission

Common comorbidities:
• HTN in 68%
• CHF 32%
• CKD 25%

AKI stage 1 (90%) 

Medications that affect kidney function are common contributors
to AKI in hospitalized patients. However, international guidelines vary
with respect to discontinuation of non-steroidal anti-inflammatory
drugs (NSAIDs), renin-angiotensin-aldosterone system inhibitors
(RAASi), and proton pump inhibitors (PPIs). Observational studies
have shown that NSAIDs, potentially by increasing kidney vasocon-
striction, increase the risk of AKI both in and out of the hospital14–16.
International guidelines strongly recommend the discontinuation of
NSAIDs in the context of AKI8,9. RAASi lower hydrostaticpressure at the
glomerulus, thus decreasing the glomerular filtration rate and inhi-
biting the clearance of uremic toxins17,18. Interestingly, RAASi may also
increase kidney peritubular blood flow, potentially protecting against
ischemic damage19,20. There is thus debate regarding the utility of
RAASi discontinuation during AKI, and this is reflected in guideline
recommendations to “consider” discontinuation21. PPIs have long been
associated with the development of acute interstitial nephritis (AIN), a
form of AKI, and have been linked to the progression of CKD22–25. As
AIN is likely underdiagnosed in hospitalized patients, and PPIs are
likely overprescribed, there is significant interest in whether empiric
discontinuation of PPI would affect the course of AKI in this
population26–29. To date, international guidelines do not address
empiric discontinuation of PPI among patients with AKI. The ELec-
tronic Alerts for AKI Amelioration 2 (ELAIA-2) investigators set out to
evaluate the aggregate and individual effect of prompting dis-
continuation of NSAID, RAASi, and PPI within a single trial framework
to provide higher quality evidence to clinicians caring for patients with
AKI exposed to these agents.

Clinical decision support and best practice alerts have pro-
liferatedwith the adoption of the electronic health record (EHR), often
without rigorous evidence-based support. Trials of alerts for patients
with AKI, including our own, have led to mixed results, though the
most successful efforts couple alerts to specific, actionable
information30–33. In the ELAIA-2 trial, we set out to evaluate the effec-
tiveness of a medication-targeted AKI alert across multiple hospitals
within a large health system. Here, we show that alerts can increase the
rate of cessation of medications of interest, but have limited effect on
key clinical outcomes.

Role of the funding source
The funder of the study had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results
From August 16, 2020 to November 29, 2021, 5060 participants were
enrolled. The study population was consistent with a hospitalized AKI
population (Table 1). Themedian (IQR) age was 70 (59–80) years, 2453
(48%) were women, and 968 (19%) described themselves as Black.
Common comorbidities included hypertension (68%), congestive
heart failure (32%), and CKD (25%).

At the timeof randomization, 1553 (31%) of patientswere receiving
NSAIDs, 2679 (53%) were receiving RAASi and 3298 (65%) were
receiving PPIs. Overlap of MOIs was common (Supplemental Fig. 1),
with 2139 (42%) of patients receiving more than one MOI.

Effect of alerts on progression of AKI, dialysis, and death
On the basis of a prespecified interim analysis (N = 1980), which found
that the primary outcome occurred in 255 (24.7%) of individuals in the
alert group and 254 (26.8%) of those in the usual care group (p =0.30),
the external DSMB recommended the trial proceed to full recruitment.
In the final analysis (N = 5060), the primary outcome occurred in 585
(23.1%) of individuals in the alert group and 639 (25.3%) of patients in
the usual care group (RR 0.92, 0.83–1.01, p = 0.09). The effect of the
alert among pre-specified subgroups defined by exposure to a given
MOI demonstrated a benefit among those exposed to PPIs. In the PPI-
exposed subgroup (n = 3298), 445 (27%) of individuals in the alert arm

Table 1 | Baseline characteristics

Characteristic Alert (N = 2532) Usual care (N = 2528)

Demographics

Age (years) 70 (59,81) 70 (59,80)

Female sex 1231 (49%) 1222 (48%)

Black 498 (20%) 470 (19%)

Hispanic 350 (14%) 341 (13%)

Hospital location

Medical admission 1937 (77%) 1924 (76%)

Patient in the ICU 560 (22%) 598 (24%)

Patient in the emergency department 90 (4%) 87 (3%)

Patient in the ward 1775 (70%) 1746 (69%)

Hospital 1 1197 (47%) 1250 (49%)

Hospital 2 623 (25%) 591 (23%)

Hospital 3 464 (18%) 446 (18%)

Hospital 4 248 (10%) 241 (10%)

Comorbidities

Chronic kidney disease 671 (27%) 616 (24%)

Congestive heart failure 827 (33%) 784 (31%)

COPD 776 (31%) 762 (30%)

Diabetes mellitus 967 (38%) 928 (37%)

Hypertension 1710 (68%) 1726 (68%)

Malignancy 549 (22%) 563 (22%)

Depression 601 (24%) 580 (23%)

Liver disease 310 (12%) 359 (14%)

AKI stage at randomization

Stage 0a 6 (0.24%) 3 (0.12%)

Stage 1 2279 (90%) 2248 (89%)

Stage 2 191 (7.5%) 230 (9.1%)

Stage 3 56 (2.2%) 47 (1.9%)

Laboratory values

eGFR on admission (ml/min/1.73 m2) 60 (38, 87) 61 (38, 88)

Creatinine at randomization (mg/dL) 1.5 (1.2,2) 1.5 (1.1,2)

Creatinine at admission (mg/dL) 1.2 (0.9,1.7) 1.2 (0.8,1.6)

Sodium (meq/L) 138 (135,141) 138 (135,141)

Potassium (meq/L) 4.2 (3.8,4.6) 4.2 (3.8,4.6)

Chloride (meq/L) 102 (99,106) 102 (99,106)

Bicarbonate (meq/L) 23 (21,26) 23 (20,26)

Anion gap (meq/L) 12 (10,14) 12 (10,14)

Blood urea nitrogen (mg/dL) 29 (20,42) 29 (19,42)

White blood cell count (×1000/μL) 9.5 (6.8,13.5) 9.6 (6.7,13.6)

Hemoglobin (g/dL) 10.6 (8.8,12.5) 10.6 (8.9,12.4)

Platelet count (×1000/μL) 213 (153,287) 214 (149,288)

Modified SOFA Score 2 (1, 4) 3 (1, 5)

Exposures prior to AKI

Contrast in prior 72 h 621 (25%) 662 (26%)

RAASi 1350 (53%) 1329 (53%)

NSAID 748 (30%) 805 (32%)

PPI 1654 (65%) 1644 (65%)

One medication of Interest 1470 (58%) 1451 (57%)

Two medications of interest 904 (36%) 904 (36%)

Three medications of interest 158 (6%) 173 (7%)

Data is presented as median (interquartile range) or count (percentage).
ICU intensive care unit, COPD chronic obstructive pulmonary disease, eGFR estimated glo-
merular filtration rate, SOFA sequential organ failure assessment, AKI acute kidney injury, RAASi
renin-angiotensin-aldosterone system inhibitor,NSAIDnon-steroidal anti-inflammatory drug,PPI
proton pump inhibitor.
aStage 0 AKI occurs because patients are randomized and, subsequently, the creatinine that led
to randomization is revised lower (to below the AKI threshold) due to lab error.
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• About 48% women
• Median age was 70
• 19% black 

Common comorbidities:
• HTN in 68%
• CHF 32%
• CKD 25%





• Pragmatic randomized trial of medication targeted electronic 
alerts for AKI 
• Impact on reducing exposure to medications of interest, no 

difference on primary outcome
• Can increase rate of cessation of medications

 
• Alerts with actionable processes may improve outcomes

Take-Home Points



Program implementation across specialties
Article #5





Individuals with DM 
+/- CAD and CKD 

Shared care clinics 
as a potential 

solution 

Cardiac and Renal 
Endocrine Clinic 
(C.a.R.E) clinic

Unique medical needs, multiple indications for guideline directed therapies

Goals?
• Describe patient characteristics between 2014-2020
• Focus on feasibility, strengths, challenges of this care model 

Background / Project Description



• 118 patients (74 info for 
1st and last visit) 
• Clinic flow 

• Trainee / staff
• Pharmacy 
• Clinical trial 
• DM educator 
• Dietician 
• Ophthalmology 
• CV test integration

6 Canadian Journal of Kidney Health and Disease

Figure 3. Venn diagram demonstrating the overlap of comorbid 
medical conditions in clinic patients.
Note. 95.9% of patients also had chronic kidney disease, not included for 
diagram simplicity. PVD = peripheral vascular disease; CAD = coronary 
artery disease.

Table 2. Clinical Data at First Clinic Visit Versus Last Clinic Visit (N = 74).

First visit data Last visit data P value

Body mass index, kg/m2 29.7 (26.7, 33.9) 29.6 (26.7, 33.6) .15
Systolic blood pressure, mm Hg 132.0 (120.8, 154.8) 129.0 (119.3, 140.0) .03
Diastolic blood pressure, mm Hg 76.0 (70.0, 84.0) 74.0 (67.0, 77.0) .04
Blood pressure ≤130/80—No. (%) 27 (36.5) 39 (52.7) .04
Hemoglobin A1C, % 7.5 (6.6, 8.2) 7.1 (6.3, 8.1) .02
eGFR, mL/min/1.73 m2 a 45.0 (33.0, 59.0) 40.0 (30.0, 54.9) <.01
No albuminuria—No. (%)b 12 (17.6) 11 (16.2)  
Moderately increased proteinuria—No. (%)b 24 (35.3) 32 (47.1)  
Severely increased proteinuria—No. (%)b 32 (47.1) 25 (36.8)  
Low-density lipoprotein, mmol/L 1.9 (1.5, 2.3) 1.5 (1.2, 1.9) <.01
Aspirin and/or clopidogrel use—No. (%) 37 (50.0) 38 (51.4) .71
Renin-angiotensin-aldosterone system 

inhibitor use—No. (%)
58 (78.4) 61 (81.8) .56

Statin use—No. (%) 60 (81.1) 69 (93.2) .01
Sodium-glucose cotransporter-2 inhibitor 

use—No. (%)
3 (4.1) 26 (35.1) <.01

Glucagon-like peptide-1 receptor agonist 
use—No. (%)

3 (4.1) 10 (13.5) .02

Note. Continuous data are presented as median (IQR); categorical data are presented as No. (%). eGFR = estimated glomerular filtration rate.
aeGFR calculated using Chronic Kidney Disease Epidemiology Collaboration equation.
bProteinuria data available by either albumin:creatinine ratio or 24-hour urine collection for n = 68 at both first and last visits.

26 patients (35.1%) were taking SGLT2i and 10 patients 
(13.5%) GLP-1RA as part of their routine care. In addition, 
12 patients (16.2%) involved in the C.a.R.E. Clinic were 
enrolled in clinical trials involving SGLT2i during this time 
period with 8.1% still actively enrolled in clinical trials at the 
end of our study period. Patients were also considered for 
enrolment in trials involving GLP-1RA.

Discussion
We have described demographic and clinical data of a retro-
spective single-center cohort of consecutive patients seen at a 
combined C.a.R.E. Clinic in Toronto, Canada. Our purpose is 
to describe the feasibility, strengths, and challenges of this out-
patient care model and identify areas for quality improvement 
(QI) initiatives in our clinic which may also be applicable to 
other subspecialty clinics. Our data are limited by the before- 
and after-nature of our retrospective review, in that we cannot 
with certainty attribute clinical improvements to the care pro-
vided in this clinic alone. We did not have data on medication 
adherence or health behavior changes, making it challenging 
to ascertain what component of our interventions was the most 
effective. Our results are also limited by a lack of control 
group, which are difficult to find in a general nephrology clinic 
given the high prevalence of multi-morbid conditions in our 
population (Figure 3). Moreover, a comparison between the 
CaRE clinic and other single-discipline clinics (ie, kidney or 

cardiovascular or endocrine clinic) would be difficult due to 
profound differences in patient characteristics. Future work 

Limitations?
• Retrospective chart review
• Changing evidence / guidelines à practice changes

What they found



• Highlights program implementation, process of care
• Emphasizes that outcome measures are hard to demonstrate  
• Describes a one-stop-shop approach 

• Opportunities for: 
• Guideline alignment 
• Trial recruitment 
• Patient engagement (PROMs) 

• Carbon emissions

Take-Home Points



Conducting QI work without breaching ethics
Article #6







• Lack of standardized process in Canada for QI-specific IRB 
review

• Significant variability between academic and community 
centres

• Need for better co-ordination between QI experts to find 
consensus

Key Findings
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