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Objectives

•Describe the elements necessary for the development 
and implementation of  an e-alert for AKI
•Describe the importance of  education, audit and 
feedback and integrated clinical decision support during 
the implementation of  an e-alerts for AKI
•Appreciate the limitations and barriers to 
implementation of  e-alerts for AKI



Not a new idea…….NEJM 1968

Weed et al NEJM 1968



RCT of  EHR-generated alert for patients at high risk for VTE (n=2506) ~ MD 
had to acknowledge alert but could decide on whether to order or withhold

Kucher et al NEJM 2005



Variable Intervention Controls P

Time to Abx 6.0 (2.4-18.8) 6.1 (2.5-21.0) 0.95

6-hr fluid 
administration 1019 (1241) 964 (1196) 0.57

ICU stay 3.0 (2.0-5.0) 3.0 (2.0-4.0) 0.22

Hospital stay 5.7 (2.8-10.5) 4.7 (2.7-8.1) 0.08

Mortality 14% 10% 0.29

Hooper et al CCM 2012No details of  implementation and no concomitant CDS





Why e-Alerts for AKI?
•AKI is a common syndrome and increasingly 
encountered in hospitalized patients
•AKI imposes significant risk for major morbidity 
and mortality
•AKI is costly and expensive
•AKI care is suboptimal



NCEPOD, AKI: Adding Insult to Injury, 2009 (Available at: www.ncepod.or.uk/2009aki.htm) 

Selected Findings of the 2009 NCEPOD report:
• ~ 50% of AKI care was considered poor
• ~ 45% had unacceptable delays in recognizing AKI
• ~ 20% of AKI was predictable and avoidable
• ~ 13% had complications of AKI missed, 17% of which were 

avoidable and 22% managed badly
• ~ 29% had inadequacies in clinical management of AKI



• Retrospective cohort of  hospitalized patients screened for AKI 
• AKI found in 170/492 (34.6%)

• 30% (n=51/170) adjudicated to have AKI that was “preventable” 
by better care
• Preventable causes for AKI identified:
• Inadequate prophylaxis prior to contrast
• Hemodynamic instability
• Inappropriate medication use
• Multiple nephrotoxic insults

Yamout et al Am J Med 2015



Preventative Intervention Recommendation

Diuretics Do not use (1C)

Low-dose Dopamine Do not use (1A)

Fenoldopam (DA1-R agonist) Do not use (2C)

Atrial Natriuretic peptide (ANP) Do not use (2C)

Nesiritide (BNP) Do not use (2C)

rh-IGF-1 Do not use (1B)

On vs. Off-pump CABG Do not use (2C)

N-acetylcysteine (oral or IV) Do not use (1A)

Remote ischemic preconditioning (RIPC) No recommendation

KDIGO Clinical Practice Guideline for Acute Kidney 
Injury

This should reinforce how 
vital it is to focus on 

improving and optimizing 
“basic medical care” for 
patients at risk of  or who 

develop AKI to ensure they 
receive best possible 

management.



Srisawat et al Am J Nephrol 2014

• Retrospective study
• n=15,132, 6 hospitals

• Incidence AKI ~ 15-44%
• RRT use ~ 5-12%
• Mortality ~ 20-36%
• Considerable variability:
• Case-mix
• Residual confounders
• Heterogeneity in care 

processes!



Bagshaw SM et al Can J Kid Health Dis 2016



Approaches to Derivation, Development and 
Refinement of  Automated AKI Alerting Systems

James M et al Can J Kid Health Dis 2016, Hoste E et al Can J Kid Health Dis 2016

Detection Alerting



Registration: PROSPERO CRD42016033033 (www.crd.York.ac.uk/prospero) Lachance et al BMJ Open 2016

• Objectives: Describe the methods for designing and implementing e-alerts for AKI, 
their impact on quality of  care indicators and processes of  care (i.e., monitoring, 
investigations), patient-centered outcomes (i.e., death, RRT) and health services use 
(i.e., ICU admission, hospital stay)
• Design: Systematic review + evidence synthesis
• Search: Comprehensive peer reviewed strategy
• Study Selection: 1) original data from RCTs; 2) all hospitalized patients; 3) studies 

where e-alert implemented for AKI; 4) reported impact on one process of  care, 
patient outcome or measure of  health services use



Lachance et al NDT 2016: In Press

1. E-alerts are significantly heterogeneous in design (i.e., 
detection algorithms, modes of  alerting, degrees of  
intrusiveness)

2. E-alerts have have been variably implemented (i.e., 
seldom formal education, training or processes to ensure 
audit and feedback)

3. E-alerts have seldom included directed clinical decision 
support (CDS) and if  included has not been context-
specific and questionably feasible



Mortality

Use of  Renal Replacement Therapy

Lachance et al NDT 2016: In Press



• Design: RCT at single tertiary hospital, stratified by ward

• Population: Hospitalized patients to medical/surgical wards 

• Intervention: Randomized (patient-level) to automated “disruptive” text-
alert sent to covering providers (resident/NP) and unit pharmacists 
indicating new AKI (KDIGO) or standard-of-care (no alert)

• Outcome: Maximum change in SCr; use of  RRT; death within 7 days

Perry et al Lancet 2015



Perry et al Lancet 2015



Perry et al Lancet 2015



Perry et al Lancet 2015



• Documentation of  AKI (~45%) 
• Investigations:
• Renal ultrasound (~8%)
• SCr tests within 48 hr (2 [2-3])

• Consultations:
• Nephrology referral (~12%) 

• Interventions:
• Aminoglycoside (~7%)
• NSAID exposure (~7%)
• Contrast exposure (~15%)
• ACE/ARB exposure (~24%)
• Fluid bolus (~36%)

Perry et al Lancet 2015

Secondary Process of  Care Outcomes 

No significant 
differences across all 

secondary care process 
outcomes for patients 
allocated to e-Alert vs. 

standard of  care



Process of  Care Measures

Prescription of  Fluid Therapy

• Primary: Nephrotoxin dose-adjustment or discontinuation
• Secondary: Changes in frequency of  monitoring, investigations or 

management (medication review; medical record documentation; 
fluid prescription; vasoactives or diuretic use; nephrology consult)

Lachance et al NDT 2016: In Press



Colpaert et al CCM 2012
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Study outcomes:
• ↑ proportion during e-

alert phase had return to 
baseline SCr
• No differences in 

proportion receiving 
RRT, ICU stay, or 
mortality

Colpaert et al CCM 2012



e-Alert Implementation Strategies

• Few studies employed a formal strategy to implement e-alerts into 
practice
• No to little education, instruction/training or processes of  audit-feedback 

(QA/QI/implementation methodology) introduced before or during
• No strategy for ensuring sustainability before or during

• Significant confounder of  e-alert success in negative studies
• Little appreciation for the impact of  AKI-specific alert in context 

of  “competing” alerts within given EHR or clinical setting



• EHR-based notices to 
physicians are growing

• ↑ volume creates difficulty 
for discerning important vs. 
irrelevant information

• Translates into ↑ time spent 
reviewing and 
uncompensated workload

Murphy et al JAMA IM 2016



Xu et al BMJ Open 2014

• Inadequate 
implementation strategies 
may be confounder in 
trials in our review

• Providing multifaceted 
education can improve 
provider satisfaction and 
confidence in their ability 
to diagnose and manage 
AKI.



e-Alert Integration of  Decision Support

• Integration of  clinical decision support (CDS) across studies has 
been highly variable
• Specific CDS may guide context-specific management (i.e., investigations, 

monitoring, interventions)
• More relevant for “non-AKI” experts (i.e., non-nephrologists)

•May also be a significant confounder of  e-alert success in negative 
studies



• Study: Prospective QI project (2011-2015)
• Population: 2,358 admissions (n=1,749)
• Exposure: Hospitalized children receiving 

either AG >= 3 days or >= 3 nephrotoxins 
(3,243 exposures)

• Intervention: EHR alert + CDS (pharmacy 
driven) to monitor SCr + dose-adjust

• Outcomes:
• ↓ exposure rate by 38%
• ↓ AKI rate by 64%
• Avoided 398 episodes AKI

Goldstein SL et al KI 2016



p=0.38

Outreach call (Nephrology/RN) for precision advice successful in ~88% after median 14 hr

Thomas et al NDT 2015No description of  whether changes in care processes occurred or not



Kolhe et al PLoS One 2015

• Design: Before/After Study (11 months)
• Population: 2,297 hospitalized patients (2,500 AKI episodes)
• Intervention: 

• AKI e-alert (interruptive) linked to AKI-specific “care bundle”
• Interruptive e-alert triggered by attempt to order blood work or medication in a patient 

identified as having AKI
• e-alert would warn provider about AKI and request “care bundle” be completed
• Once “care bundle” completed – provider could order tests or medications
• e-alert could be overridden only after provider imputed reason



Kolhe et al PLoS One 2015



•Overall compliance with Care Bundle ~ 12.2%
• Pre/post-interruptive e-alert compliance ~ 2.2% vs. 21.6%
• AKI stage 3 ~ 15.7% completed bundle within 24 hr
• 70.9% had “appropriate” treatment measures implemented

Kolhe et al PLoS One 2015



Mortality associated with completion of  care bundle within 24 hours of  AKI 
detection/alert versus delayed or no completion

Kolhe et al PLoS One 2015



Harel et al KI 2013

Retrospective matched cohort study using linked administrative data from Ontario, Canada of  RRT-treated AKI survivors

Early Nephrologist follow-up (within 90 days of  discharge) associated with reduced all-cause mortality 
(adj-HR 0.76; 95% CI, 0.62-0.93) 



Summary
•AKI is common and increasing, contributes to less favorable 

patient outcomes and susceptible to suboptimal quality of  care 
•E-alerts can theoretically notified providers earlier of  risk for or 

overt AKI
•Available evidence has shown variable impact of  E-alerts in 

response to AKI on care processes and no meaningful 
improvement in patient outcomes or health services use
•E-alerts are likely context-specific and further rigorous 

evaluation is needed before widespread routine implementation



Thanks for Your Attention

Questions?
bagshaw@ualberta.ca


