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ABSTRACT
Introduction: Acute kidney injury (AKI) is a common
complication in hospitalised patients. It imposes
significant risk for major morbidity and mortality.
Moreover, patients suffering an episode of AKI
consume considerable health resources. Recently, a
number of studies have evaluated the implementation
of automated electronic alerts (e-alerts) configured
from electronic medical records (EMR) and clinical
information systems (CIS) to warn healthcare providers
of early or impending AKI in hospitalised patients. The
impact of e-alerts on care processes, patient outcomes
and health resource use, however, remains uncertain.
Methods and analysis: We will perform a systematic
review to describe and appraise e-alerts for AKI, and
evaluate their impact on processes of care, clinical
outcomes and health services use. In consultation with a
research librarian, a search strategy will be developed and
electronic databases (ie, MEDLINE, EMBASE, CINAHL,
Cochrane Library and Inspec via Engineering Village)
searched. Selected grey literature sources will also be
searched. Search themes will focus on e-alerts and AKI.
Citation screening, selection, quality assessment and data
abstraction will be performed in duplicate. The primary
analysis will be narrative; however, where feasible, pooled
analysis will be performed. Each e-alert will be described
according to trigger, type of alert, target recipient and
degree of intrusiveness. Pooled effect estimates will be
described, where applicable.
Ethics and dissemination: Our systematic review will
synthesise the literature on the value of e-alerts to detect
AKI, and their impact on processes, patient-centred
outcomes and resource use, and also identify key
knowledge gaps and barriers to implementation. This is a
fundamental step in a broader research programme
aimed to understand the ideal structure of e-alerts, target
population and methods for implementation, to derive
benefit. Research ethics approval is not required for this
review.
Systematic review registration number:
CRD42016033033.

BACKGROUND
Acute kidney injury (AKI) is an increasingly
encountered complication, affecting 13–18%

of hospitalised patients1 and up to 60% of
those admitted to an intensive care unit
(ICU).2 3 Importantly, AKI has a significant
modifying impact on patient outcome,
imposing an increased risk for major morbid-
ity, including chronic kidney disease (CKD),
accelerated progression to end-stage kidney
disease (ESKD) and mortality. Prior observa-
tional data have shown even relatively small
increases in serum creatinine of 27 µmol/L
(0.3 mg/dL) have been associated with
several fold increased risk of mortality.1

Moreover, patients suffering an episode of
AKI consume greater resources and incur
higher costs, largely from intensified moni-
toring, investigations and support necessitat-
ing longer hospital stays.
Consensus statements by expert panels cur-

rently recommend early tailored investiga-
tions and management measures for AKI
such as urinalysis, ultrasound, drug dose
adjustment and avoidance of nephrotoxins.4 5

The impact of these recommendations,
which are mostly focused on harm avoid-
ance, remains to be clearly determined. One
of the challenges on evaluating the impact of
these and other process of care measures (ie,
monitoring, investigations, interventions) is
the early recognition of AKI by clinicians.
For example, Wilson et al6 showed that >25%
of patients whose creatinine doubled had no
documentation of AKI in their medical
record.
In 1994, Rind et al proposed a software

algorithm that automatically tracked creatin-
ine changes and, once a threshold was
reached, sent an alert through the hospital
mailbox to the responsible team. However,
this alert process integrated neither clinical
decision support nor specific recommenda-
tions related to further monitoring, investiga-
tions or treatments.7 Since this publication, a
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number of studies using various designs of ‘alerts’, some
automated and some relying on human interactions,
have been described.8 In AKI, electronic alerts (e-alerts)
are generally triggered by changes in serum creatinine
and/or urinary output. Studies have evaluated the
impact of these alerts on both the care process (ie,
enhanced monitoring, added testing, modification or
discontinuation of potential nephrotoxic drugs, etc) and
on patient-related clinical outcomes (ie, worsening AKI,
receipt of renal replacement therapy (RRT), mortality,
etc). However, studies to date have shown inconsistent
findings, with some showing improved outcomes9–11 and
others describing no differences.12 13 Moreover, wide
variation in the methodological processes for e-alerting
have been described in the literature, such as criteria
and thresholds for triggering activation, the format of
the alert, the target recipient of the alert and the degree
of intrusiveness.
These observations would imply that the relative bene-

fits for developing and implementing an e-alert system,
along with its idealised structure for the detection of AKI
and its impact on patient care processes, outcomes and
health resource use, remain uncertain. Indeed, the Acute
Dialysis Quality Initiative (ADQI) recently convened a
consensus meeting focused on big data applications for
AKI,14 including the need for continued development,
refinement and rigorous evaluation of e-alerting in
AKI.15 16 Accordingly, we propose to conduct an evidence
synthesis and meta-analysis to describe the various
e-alerts systems for AKI detection, and to assess their
impact for patient care, outcomes and resource use.

OBJECTIVES
The aims of our systematic review are to:
1. Describe the definitions and methods utilised for

designing and implementing an e-alert (ie, auto-
mated, partially automated, target audience, intru-
siveness) for AKI.

2. Determine the impact of electronic alerting for AKI
compared with no alerting on quality of care indica-
tors and processes of care (ie, changes in frequency
of monitoring, investigations (including urinalysis
and ultrasound) and management (including medi-
cation review, chart documentation of AKI, decrease
in the use of nephrotoxins, drugs dosage adjustment,
fluid prescription, vasopressors or diuretics use, time
to action and ICU or nephrology consult)).

3. Determine the impact of electronic alerting for AKI
compared with no alerting on patient-centred clinical
outcomes (ie, peak creatinine, progression of AKI,
proportion of patients fulfilling criteria for KDIGO
stage 3 or RIFLE stage F, receipt of RRT, kidney
recovery and mortality).

4. Determine the impact of electronic alerting for AKI
compared with no alerting on health services use (ie,
ICU admission, ICU readmission, ICU length of stay,
hospital length of stay).

METHODS
Study design
A systematic review will be performed to characterise
e-alerts for AKI and assess their impact on processes of
care, clinical outcomes and health services use, using the
guidelines from the Cochrane Collaboration and Centre
for Reviews and Dissemination, and described according
to the PRISMA-P guideline (available at: http://www.
systematicreviewsjournal.com/content/4/1/1) (see online
supplementary appendix 1).

Study registration
The systematic review is registered at PROSPERO (http://
www.crd.york.ac.uk/prospero). Registration number
CRD42016033033.

Criteria for considering studies for this review
Inclusion criteria
1. Design: original data from randomised or

quasi-randomised trials, observational cohort studies
or before and after studies.

2. Population: all hospitalised patients (ie, paediatric or
adult) admitted to an ICU or a ward (ie, exclude
emergency department and outpatient settings).

3. Intervention: studies that implement an e-alert (ie,
automated or partially automated) for the detection
and diagnosis of AKI, using a clearly defined oper-
ational definition (ie, RIFLE (Risk, Injury, Failure,
Loss, End-stage kidney disease), AKIN (Acute Kidney
Injury Network), KDIGO (Kidney Disease: Improving
Global Outcomes), other, etc).

4. Outcomes: studies that report the impact of AKI
e-alerts on at least one process of care indicator,
patient-centred outcome or measure of health
resource utilisation.

Exclusion criteria
Studies that do not fulfil all of the above criteria; those
that are published in a language other than English or
French; or those using non-electronic alerts, will be
excluded.

Search methods for identification of studies
PROSPERO (http://www.crd.york.ac.uk/prospero) was
searched for any registered systematic reviews on this
topic (9 October 2015).
The search strategy will be developed in consultation

with a research librarian at the Alberta Research Centre
for Health Evidence (ARCHE) at the University of
Alberta. The search strategy will undergo further peer-
review by a second research librarian using the Peer
Review of Electronic Search Strategies checklist.17 A
comprehensive search for AKI and e-alerts concepts will
be conducted in bibliographic databases: Ovid
MEDLINE, Ovid EMBASE, CINAHL, Cochrane Library
and Inspec. We will also search grey literature sources
for health technology assessments and technical reports.
Websites for e-alert technology producers (eg, Epic,
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Philips, iMDsoft, Cerner) will be searched in addition to
the conference proceedings from the American Society
of Nephrology, Society of Critical Care Medicine,
International Symposium on Intensive Care and
Emergency Medicine, European Society of Intensive
Care Medicine and American Medical Informatics
Association (AMIA). Concept searches for AKI will use a
modified version of a published search filter,18 and data-
base searches will be limited to publications from 1990
to current in English and French. Appropriate trunca-
tion and wildcards will be used in the search to account
for plurals and/or variations in the spelling of search
terms. Bibliographic records will be exported to an
EndNote X7 (Thomson Reuters, Philadelphia,
Pennsylvania, USA) database for screening. The cited
and citing references of selected key studies will also be
searched for relevant articles. See online supplementary
appendix 2 for the proposed Ovid MEDLINE strategy.

Study selection
Potentially eligible articles will be initially identified by
having two authors independently review the titles and
abstracts of all articles identified by the search. The full
text of all articles deemed potentially relevant will be
retrieved and two authors will independently review the
full text for inclusion, using predefined eligibility cri-
teria. Any disagreements that arise will be resolved
through discussion or referral to a third party.

Data extraction
Data will be abstracted from relevant studies, using a
standardised electronic data collection form (see online
supplementary appendix 3). This form will undergo
pilot testing. This abstraction will be performed in dupli-
cate by the same two authors. Any disagreements that
arise will be resolved through discussion or referral to a
third party. The authors of the retrieved studies and/or
documents will be contacted for further information as
necessary. Study methodological quality will be rated
using the Modified Downs and Black19 checklist (see
online supplementary appendix 4).

Outcomes
1. Primary patient-centred outcome will be all-cause mortal-

ity as primarily determined by each study. Secondary
outcomes will be ICU mortality, 28-day/30-day mor-
tality, hospital mortality, peak creatinine, progression
of AKI, proportion of patients fulfilling criteria for
KDIGO stage 3 or RIFLE stage F, receipt of RRT and
kidney recovery.

2. Primary outcome for processes of care indicators will be
dose adjustment and/or discontinuation of nephro-
toxins. Secondary outcomes will be changes in fre-
quency of monitoring, investigations (including
urinalysis and ultrasound) and management (includ-
ing medication review, chart documentation of AKI,
fluid prescription, vasopressors or diuretics use, time
to action and ICU or nephrology consult).

3. Primary outcome for health service use will be hospital
length of stay. Secondary outcomes will be ICU
admission, ICU length of stay and ICU readmission.

Analysis
The primary analysis will be mixed narrative and
meta-analytic where feasible. Each alert will be described
according to trigger, type of alert, recipient and degree of
intrusiveness (either passive, active, disruptive or very dis-
ruptive). We adapted our intrusiveness scale from a tool
developed by Partners and Health Care for drug–drug
interactions and published by Paterno et al.20 All authors
reached consensus on use of the modified version (see
online supplementary appendix 5 for details). When feas-
ible, data will be summarised and pooled to generate
effect estimates of the impact of e-alerts on selected
patient-centred outcomes, health resource use and pro-
cesses of care. We will assess and quantify statistical hetero-
geneity for each pooled summary estimate, using
Cochran’s Q statistic and the I2 statistic, respectively.21

Pooled analysis will be performed using random effects
models and reported as ORs with 95% CIs for categorical
variables and weighted mean differences 95% CIs for con-
tinuous variables, respectively. Subgroup analysis for cat-
egorical variables or meta-regression for continuous
variables will be performed to assess for possible sources
of heterogeneity according to the following predefined
variables: criteria use for AKI definition (KDIGO, RIFLE,
AKIN), type of unit (mixed ward/ICU vs ward alone),
study design (observational vs randomised controlled
trial vs before and after), study quality (good vs moderate
vs poor (see online supplementary appendix 4 for defini-
tions)) and degree of intrusiveness of the alert (passive vs
active vs disruptive/very disruptive). Publication bias will
be assessed using Egger’s regression model and visualised
with a funnel plot.22 Finally, the strength of the body of
evidence will be assessed using the GRADE evidence
system (http://clinicalevidence.bmj.com/x/set/static/
ebm/learn/665072.html). All analyses will be performed
using STATA statistical software, V.14 (Stata Corp, College
Station, Texas, USA).

STRENGTHS AND LIMITATIONS OF THIS STUDY
Our review will be strengthening by a rigorous and sys-
tematic literature search strategy, including having
undergoing peer review; clearly defined study eligibility
criteria; clearly defined primary and secondary end-
points for evidence synthesis; and an a priori plan for
interrogating the strength of evidence generated from
our review. Some limitations are to be expected. First,
based on the previous preliminary search of the litera-
ture, we expect most of the studies to be included in our
systematic review will have a before and after design,
have moderate quality and show heterogeneity in treat-
ment effect contingent on the process or outcome mea-
sured. Moreover, as the context in which an e-alert is
introduced may affect its effectiveness and the context
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may vary across studies, we expect this parameter to
increase heterogeneity between the selected studies.
Accordingly, we may not be able to draw firm conclu-
sions with a high level of confidence on the efficacy and
effectiveness of e-alerts in AKI. Importantly, we antici-
pate the majority of studies to have short-term follow-up
for patient-centred outcomes.

CONCLUSION
In conclusion, this systematic review aims to critically
appraise the scope of e-alerts developed for the detection
and classification of AKI, along with defining the ideal
type and format of e-alert for AKI. We recognise there
may be context-specific e-alert methods more suitable for
selected circumstances. Importantly, we aim to define the
most robust and important care processes, patient
outcomes and resource use indicators that should be inte-
grated, and measured, when developing and implement-
ing an e-alert system and/or performing future clinical
investigations or quality assurance audits. Finally, we aim
to synthesise the available evidence on the impact of AKI
e-alerts on these same processes of care, and patient-
centred and health resources utilisation outcomes.

ETHICS AND DISSEMINATION
Our systematic review will synthesise the literature on
the value of e-alerts to detect AKI, to impact care pro-
cesses, patient-centred outcomes and resource use, and
also identify key knowledge gaps and barriers to imple-
mentation. This is a fundamental step in a broader
research programme aimed to understand the ideal
structure of e-alerts, target populations and methods for
implementation to derive benefit. Research ethics
approval is not required for this review. The results will
be presented in national as well as international confer-
ences in poster or oral presentations. The final manu-
script will be published in a peer-reviewed journal.
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