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Abstract Background Acute kidney injury (AKI) is a common complication after cardiac surgery
and is associated with worse outcomes. Its management relies on early diagnosis, and
therefore, electronic alerts have been used to alert clinicians for development of AKI.
Electronic alerts are, however, associated with high rates of alert fatigue.
Objectives We designed this study to assess the acceptance of user-centered
electronic AKI alert by clinicians.
Methods We developed a user-centered electronic AKI alert that alerted clinicians of
development of AKI in a persistent yet noninterruptive fashion. As the goal of the alert
was to alert toward new or worsening AKI, it disappeared 48 hours after being
activated. We assessed the acceptance of the alert using surveys at 6 and 12 months
after the alert went live.
Results At 6 months after their implementation, 38.9% providers reported that they
would not have recognized AKI as early as they did without this alert. This number
increased to 66.7% by 12 months of survey. Most providers also shared that they re-
dosed or discontinued medications earlier, provided earlier management of volume
status, avoided intravenous contrast use, and evaluated patients by using point-of-care
ultrasounds more due to the alert. Overall, 83.3% respondents reported satisfaction
with the electronic AKI alerts at 6 months and 94.4% at 12 months.
Conclusion This study showed high rates of acceptance of a user-centered electronic
AKI alert over time by clinicians taking care of patients with AKI.
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Background and Significance

Acute kidney injury (AKI), defined as an acute decline in
kidney function, is one of the most common complications
seen in critically ill patients.1 It is especially common in
patients after cardiac surgery2,3 and is associated with a
much higher risk of mortality4 and development of chronic
kidney disease.5 The management of AKI relies on early
diagnosis and preventing its progression by providing clini-
cal interventions early in its course.6 The diagnosis of AKI is,
however, frequently missed or delayed among hospitalized
patients.7 There is, therefore, considerable interest in im-
proving early recognition of AKI.

The increasing adoption of electronic health records
(EHRs) over last two decades has provided a unique oppor-
tunity for EHRs to be used to improve early recognition of AKI
by use of electronic AKI alerts.8 This has been facilitated by
the American Recovery and Reinvestment Act, Health Infor-
mationTechnology for Economic and Clinical Health Act, and
incentive programs for the Centers for Medicare and Medic-
aid services aimed at increasingmeaningful use of EHR in the
United States. The last decade has thus seen increasing use of
electronic AKI alerts in EHRs.

Although electronic alerts have been shown to improve
patient outcomes, up to 96% electronic alerts are overridden
and ignored.9 Alert fatigue is a major contributor to the inap-
propriate dismissal and ineffectiveness of electronic alerts.9–14

Recent literature has suggested alert fatigue to be a result of
cognitive overload due to uninformative alerts and to desensiti-
zation toalertsover time.15Additionally, the interruptivenature
of alerts, including specifically their location and timing within
theworkflow process, may itself lead to alert fatigue.16 Thus, in
addition to the type of information being shown, themanner in
which this information is presented is also critical to avoid alert
fatigue and increase the acceptance of alerts.

Objectives

Wedeveloped and implemented a noninterruptive, electron-
ic AKI alert with aminimalistic design for the cardiac surgery
intensive care unit (ICU) of a tertiary care, high volume
cardiac surgery center starting July 2020. The alert was
designed with an emphasis on a user-centered approach.
The objective of this study was to assess the acceptance of
this user-centered electronic AKI alert by clinicians and if it
changes over time.

Methods

The Electronic AKI Alert
We developed this electronic AKI alert in the EPIC EHR.17 It
was developed in collaboration with physicians (A.S.: inten-
sivist, nephrologist, and informaticist; J.P.: hospitalist and
informaticist), informatics analyst at West Virginia Universi-
ty (WVU; R.L.N.), and analysts at EPIC Systems. We used
previously validated logic to develop this electronic AKI
alert.18,19 Briefly, the median creatinine for the last
12 months was used to identify baseline creatinine for

patients who had creatinine values available in our system.
In the absence of prior creatinine values, we estimated the
baseline based on back-calculation using the Modification of
Diet in Renal Disease equation. In case of a history of chronic
kidney disease and no documented prior creatinine values,
admission creatininewas used as thebaseline creatinine. The
logic then compared the first creatinine from the current
admission to that of the baseline creatinine and fired if an
increase of 50% or more was detected. An increase of at least
0.3mg/dL within 52 hours, and from baseline creatinine, was
needed to fire the alert for subsequent creatinine values
during that admission. A.S., J.P., and R.L.N. aremembers of the
WVU Clinical Decision Support Committee. Due to the non-
emergent nature of the information that needs to be con-
veyed by this alert, we chose it to be noninterruptive to
minimize any disruptions in end-user workflow. We dis-
played the alert in the EPIC storyboard, which is a vertical bar
situated on the left side of patient’s chart and includes
patient information such as name, photo, age, date of birth,
allergies, etc. (►Fig. 1A). This allowed for the alert to be easily
visible throughout the end-users’ interaction with the chart
and without impeding the workflow. As shown in ►Fig. 1A,
the alert displays as a “possible AKI” along with AKI stage.
The alert calculates the stage by creatinine-based Kidney
Disease: Improving Global Outcomes (KDIGO) AKI criteria.6

This minimalistic design allows users to always see the high
yield information. The users can then hover over or click on
the alert to get detailed information regarding why the alert
wasfired as shown in►Fig. 1B. Finally, as the goal of this alert
was to alert clinicians toward new or worsening AKI, the
electronic alert was programmed to disappear at 48hours
unless the continued rise in creatinine caused the alert to
activate again. This electronic alert went live in our center’s
EPIC EHRon July 1, 2020, andwas aimed at patients admitted
in the cardiac surgery ICU at our tertiary care center.

Study Population and Survey
The study subjects were intensivists and advanced practice
providers (APPs) in the cardiac surgery ICU at a large-volume
cardiac surgery program. We utilized a previously validated
survey to assess acceptance of electronic AKI alerts by the
study subjects after institution of these alerts in EHR.20 The
survey consisted of questions to collect basic demographic
information, questions about the alert, and questions to
understand theproviders’ acceptanceof these alerts. The latter
questions were measured on a 5-point Likert scale (Strongly
disagree, Disagree, NeitherDisagree norAgree, Agree, Strongly
Agree) except for thefinal questionwhichwas an open-ended
question asking if providerswould recommendanychanges to
the electronic alerts. We administered the survey twice at 6
and12monthsandused thesamesurvey forboth roundsusing
REDCap. Subjects who had not completed the survey after
2 weeks received a reminder email for each timepoint.

Statistical Analysis
Our primary outcomewas acceptance of electronic AKI alerts
at 6 and 12 months. We considered the responses to the
question, “In general, I am satisfied with the electronic AKI
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alerts” as the primary measure of acceptance of the elec-
tronic AKI alert at each time period. The responses “Agree”
and “Strongly Agree”were considered as positive acceptance
and other responses as lack of acceptance of the alert. We
compared the responses between intensivists and APPs at
each time period using chi-squared tests, and the correlation
between various survey responses and the acceptance of the
AKI alert using Spearman’s correlation using RStudio (ver-
sion 1.3.1093).

Results

Of the 19 providers we approached in the ICU (7 intensivists
and 12 APPs), 18 (94.7%) responded to the survey at each of
the two time periods. One APP did not respond to the survey
during the 6-month time period and one intensivist did not
respond during the 12-month time period.

At 6 months after their implementation, 38.9% providers
reported that they recognized AKI sooner since the alert
went live. This number increased to 66.7% by 12 months of
survey. Most providers also shared that they re-dosed or
discontinued medications earlier due to the AKI alert (88.2%
at 6 months and 88.9% at 12 months). A majority also
reported earlier modifications in management of volume
status (72.2% at 6months and 83.3% at 12months), avoidance
of intravenous (IV) contrast use (72.2% at 6months and 83.3%
at 12 months), and evaluation of patients by using point-of-
care ultrasounds (POCUS; 77.8% at 6 months and 83.3% at 12
months) in response to the alert.

Acceptance of AKI Alert at 6 Month Survey
All providers received alerts in the 6-month period before this
survey with majority of providers (63.3% APPs and all inten-

sivists) reporting to have received two or less alerts a day.
Overall, 15/18 (83.3%) respondents reported satisfaction with
the electronic AKI alerts. There was no statistically significant
difference in the satisfaction with alert between intensivists
and APPs (5/7 intensivists for 71.4% vs. 10/11 APPs for 90.9%
reported satisfaction, p¼0.3). Majority of providers (83.3%)
reported satisfaction with the way this electronic alert is
displayed inour EHRand88.9%providers reported satisfaction
with the duration the alert is active (►Table 1).

The responses that correlatedmost (positively or negatively)
with increasedacceptanceof theelectronic alert in the6-month
surveywere, “I am satisfiedwith the duration the electronicAKI
alerts are displayed for” (Spearman rho: 0.85, p<0.001), “I am
satisfied with the way the electronic AKI alerts are displayed”
(Spearman rho: 0.85, p<0.001), “In general, the care of my
patients is overall improved due to the AKI alert system”

(Spearman rho: 0.56, p¼0.02), “In general, me or my team
have been led to review patient’s inputs and outputs more
closely due to alerts from the AKI alert system” (Spearman rho:
0.50, p¼0.03), “In general, me or my team have been led to
perform diagnostic POCUS (including heart, lungs, kidneys, and
urinary bladder) earlier due to the alerts from the AKI alert
system” (Spearman rho: 0.59, p¼0.009), “In general, me or my
team have been led to avoid testing with contrast due to alerts
from the AKI alert system” (Spearman rho: 0.55, p¼0.02), “The
number of alerts I received hinderedmyworkflow” (Spearman
rho:�0.47, p¼0.04), and “The number of alerts I received had a
negative impact on overall patient care” (Spearman rho:�0.61,
p¼0.006).

Acceptance of AKI Alert at 12-Month Survey
At 12 months, 55.6% of providers reported receiving an
average of one to two alerts or less per day and a total of

Fig. 1 The electronic AKI alert. (A) The EPIC Storyboard and the electronic AKI alert in it. (B) The detailed information that can be viewed by
clicking or hovering over the electronic AKI alert. AKI, acute kidney injury.
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Table 1 Responses to survey at 6 months

Survey question Response Intensivist (7)
n (%)

APP (11)
n (%)

p-Value

The number of alerts I receive had a negative
impact on overall patient care

Disagree/strongly disagree 6 (85.7) 10 (90.9) 0.4

Neither agree nor disagree 1 (14.3) 1 (9.1)

Agree/strongly agree 0 (0.0) 0 (0.0)

The number of alerts I received hindered my
workflow

Never/rarely 7 (100.0) 11 (100.0) 0.6

Sometimes 0 (0) 0 (0)

Most of the time/all of the time 0 (0) 0 (0)

I was already aware that the patients had AKI
prior to electronic alert being displayed

Never/rarely 0 (0) 0 (0) 0.3

Sometimes 3 (42.9) 4 (36.4)

Most of the time/all of the time 4 (57.1) 7 (63.6)

I would have recognized AKI regardless of the
electronic alert

Never/rarely 0 (0) 0 (0) 0.3

Sometimes 2 (28.6) 6 (54.6)

Most of the time/all of the time 5 (71.4) 5 (45.4)

I would not have recognized AKI as early as I did
had it not been for the electronic alert

Disagree/strongly disagree 3 (42.8) 0 (0.0) 0.05

Neither agree nor disagree 2 (28.6) 6 (54.6)

Agree/strongly agree 2 (28.6) 5 (45.4)

In general, I have been documenting AKI (writing
in Never
the chart) as a diagnosis more frequently due to
the electronic AKI alert system

Never/rarely 2 (28.6) 3 (27.3) 0.8

Sometimes 2 (28.6) 5 (45.4)

Most of the time/all of the time 3 (42.8) 3 (27.3)

In general, me or my team have been led to re-
dose or discontinue medications earlier due to
the alerts from the AKI alert systema

Never/rarely 1 (14.3) 1 (9.1) 0.6

Sometimes 3 (42.9) 6 (54.5)

Most of the time/all of the time 2 (28.6) 4 (36.4)

In general, me or my team have been led to
recommend re-dosing or discontinuing certain
medications due to alerts from the AKI alert
system

Never/rarely 2 (28.6) 3 (27.2) 0.4

Sometimes 3 (42.8) 4 (36.4)

Most of the time/all of the time 2 (28.6) 4 (36.4)

In general, me or my team have been led to
change volume management early due to alerts
from the AKI
alert system

Never/rarely 3 (42.8) 3 (27.2) 0.2

Sometimes 2 (28.6) 5 (45.5)

Most of the time/all of the time 2 (28.6) 4 (36.3)

In general, me or my team have been led to avoid
testing with contrast due to alerts from the AKI
alert system

Never/rarely 4 (57.1) 1 (9.1) 0.1

Sometimes 2 (28.6) 4 (36.4)

Most of the time/all of the time 1 (14.3) 6 (54.5)

In general, me or my team have been led to order
urinalysis, urine electrolytes, and/or creatinine
earlier due to the alerts from the AKI alert system

Never/rarely 2 (28.6) 5 (45.5) 0.4

Sometimes 4 (57.1) 5 (45.5)

Most of the time/all of the time 1 (14.3) 1 (9.1)

In general, me or my team have been led to
perform diagnostic point of care ultrasound
(POCUS—including
heart, lungs, kidneys, and urinary bladder) earlier
due to alerts from the AKI alert system

Never/rarely 3 (42.8) 1 (9.1) 0.4

Sometimes 3 (42.8) 5 (45.5)

Most of the time/all of the time 1 (14.2) 5 (45.5)

In general, me or my team have been led to
review patient’s inputs and outputs more closely
due to alerts from the AKI alert system

Never/rarely 3 (42.8) 0 (0.0) 0.1

Sometimes 2 (28.6) 4 (36.4)

Most of the time/all of the time 2 (28.6) 7 (63.6)

In general, the care of my patients is overall
improved due to the AKI alert system

Disagree/strongly disagree 0 (0.0) 1 (9.1) 0.5

Neither agree nor disagree 4 (57.1) 3 (27.3)

Agree/strongly agree 3 (42.8) 7 (63.6)

Applied Clinical Informatics Vol. 14 No. 1/2023 © 2023. Thieme. All rights reserved.

Acceptance of AKI Alert by Providers in Cardiac Surgery ICU Nevin et al.122

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



77.8% providers reported receiving an average of two to three
alerts or less per day. Only one provider reported receiving
more than five alerts daily. Overall, 17/18 (94.4%) of respon-
dents reported satisfaction with the electronic AKI alerts.
There was no statistically significant difference in the satis-
faction with the alert between intensivists and APPs (6/6
intensivists for 100% vs. 11/12 APPs for 91.7% reported
satisfaction, p¼0.2). Again, a vast majority of providers
(94.4%) providers reported satisfaction with the way this
electronic alert is displayed in our EHR and an equal number
of providers reported satisfactionwith the duration the alert
is active for (►Table 2).

The responses that correlated the most with increased
acceptance of the electronic alert in the 12-month survey
were, “I am satisfied with the duration the electronic AKI
alerts are displayed for” (Spearman’s rho: 1.00, p<0.001), “I
am satisfied with the way the electronic AKI alerts are
displayed” (Spearman’s rho: 1.00, p<0.001), “In general,
me or my team have been led to recommend re-dosing or
discontinuing certain medications due to alerts from the AKI
alert system” (Spearman’s rho: 0.59, p¼0.009), and “The
number of alerts I received hindered my workflow” (Spear-
man’s rho: �0.49, p¼0.03).

Discussion

Our study showed that there was a high level of satisfaction
with electronic AKI alerts among physicians and APPs at a
large-volume cardiac surgery ICU 6months following imple-
mentation. Satisfaction remained high at 12months after the
implementation of the AKI alerts.

This electronic AKI alert was developed by a team of
informatics analysts and physician-informaticists with clin-
ical training and experience in nephrology, critical care
medicine, and hospital medicine. The emphasis from the
initial stage of development of this alert was to ensure a user-
centered design. Such an approach that focuses on the users’
goals, motivations, and environment throughout the process
of design21 has been shown to increase the adoption of
health information technology tools.22,23

Previous literature has shown that uninformative alerts
are associated with a high degree of alert fatigue.15 In our
study the majority of providers reported that they recog-
nized AKI sooner after the alert went live. They also reported
that this alert led them to re-dose/discontinue medications,
avoid IV contrast use, make earlier modifications in manage-
ment of volume status, and evaluate patients with point-of-
care ultrasounds. As these are all important elements of
management for patients with AKI, it shows the clinical
relevance of the alert as perceived by the providers.

As the definition of AKI has evolved over time,6,24weused
the latest and widely accepted KDIGO definition and utilized
previously validated logic18,19 to create this alert. In addition,
the interruptive nature of alerts can also contribute to alert
fatigue. Thiswas shown in the study by Elias and colleagues16

where they found that majority of interruptive alerts were
closed by end-users in under 3 seconds. This raises the
concern that most alerts are closed by providers even before
they have had a chance to read them, thus rendering them
ineffective. Once interruptive alerts are closed by the users,
they are silenced until next time the chart is opened or the
conditions for the alert to fire are met. Thus, this rapid
dismissal of interruptive alerts makes them ineffective for
clinical care for that entire time period. Our team therefore
chose noninterruptive style of alerts to minimize any dis-
ruptions of the workflow of end users. As shown in►Fig. 1A,
we displayed this alert in the EPIC storyboardwhere it had an
important strategic advantage of being always visible, re-
gardless of the section of the chart the end user is in.Wewere
thus able to provide the information about AKI to clinicians at
all times, without interrupting their workflow. To further
minimize the time and effort users have to spend reviewing
this alert, we chose to display only whether someone may
have AKI with its stage in the EPIC storyboard. The goal
behind this minimalistic design was to ensure that users can
always see the highest yield information. We did have the
functionality where users could hover or click over the alert
to get detailed information regarding why the alert was fired
as shown in ►Fig. 1B. This design was well accepted by end
users with 17/18 (94.4%) of providers responding that they

Table 1 (Continued)

Survey question Response Intensivist (7)
n (%)

APP (11)
n (%)

p-Value

I am satisfied with the way the electronic AKI
alerts are displayed

Disagree/strongly disagree 0 (0.0) 1 (9.1) 0.2

Neither agree nor disagree 2 (28.6) 0 (0.0)

Agree/strongly agree 5 (71.4) 10 (90.9)

I am satisfied with the duration the electronic AKI
alerts are displayed

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.08

Neither agree nor disagree 2 (28.6) 0 (0.0)

Agree/strongly agree 5 (71.4) 11 (100.0)

In general, I am satisfied with the electronic AKI
alerts

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.1

Neither agree nor disagree 2 (28.6) 1 (9.1)

Agree/strongly agree 5 (71.4) 10 (90.9)

aOnly six intensivists answered this question.
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Table 2 Responses to survey at 12 months

Survey question Response Intensivist (6)
n (%)

APP (12)
n (%)

p-Value

The number of alerts I receive had a negative
impact on overall patient care

Disagree/strongly disagree 5 (83.3) 10 (83.3) 0.4

Neither agree nor disagree 1 (16.7) 1 (8.3)

Agree/strongly agree 0 1 (8.3)

The number of alerts I received hindered my
workflow

Never/rarely 6 (100) 11 (91.7) 0.6

Sometimes 0 (0) 1 (8.3)

Most of the time/all of the time 0 (0) 0 (0)

I was already aware that the patients had AKI
prior to electronic alert being displayed

Never/rarely 0 (0) 0 (0) 0.2

Sometimes 2 (33.3) 8 (66.7)

Most of the time/all of the time 4 (66.7) 4 (33.3)

I would have recognized AKI regardless of the
electronic alert

Never/rarely 0 (0) 0 (0) 0.2

Sometimes 1 (16.7) 5 (41.7)

Most of the time/all of the time 5 (83.3) 7 (58.3)

I would not have recognized AKI as early as I did
had it not been for the electronic alert

Disagree/strongly disagree 3 (50.0) 0 (0.0) 0.01

Neither agree nor disagree 0 (0.0) 6 (50.0)

Agree/strongly agree 3 (50.0) 6 (50.0)

In general, I have been documenting AKI (writing
in Never
the chart) as a diagnosis more frequently due to
the electronic AKI alert system

Never/rarely 1 (16.7) 0 (0.0) 0.4

Sometimes 3 (50.0) 6 (50.0)

Most of the time/all of the time 2 (33.3) 6 (50.0)

In general, me or my team have been led to re-
dose or discontinue medications earlier due to
the alerts from the AKI alert system

Never/rarely 2 (33.3) 0 (0.0) 0.1

Sometimes 3 (50.0) 5 (41.7)

Most of the time/all of the time 1 (16.7) 7 (58.3)

In general, me or my team have been led to
recommend re-dosing or discontinuing certain
medications due to alerts from the AKI alert
system

Never/rarely 2 (33.3) 0 (0.0) 0.1

Sometimes 3 (50.0) 5 (41.7)

Most of the time/all of the time 1 (16.7) 7 (58.3)

In general, me or my team have been led to
change volume management early due to alerts
from the AKI
alert system

Never/rarely 2 (33.3) 1 (8.3) 0.2

Sometimes 3 (50.0) 4 (33.3)

Most of the time/all of the time 1 (16.7) 7 (58.3)

In general, me or my team have been led to avoid
testing with contrast due to alerts from the AKI
alert system

Never/rarely 2 (33.3) 1 (8.3) 0.2

Sometimes 2 (33.3) 4 (33.3)

Most of the time/all of the time 2 (33.3) 7 (58.3)

In general, me or my team have been led to order
urinalysis, urine electrolytes, and/or creatinine
earlier due to the alerts from the AKI alert system

Never/rarely 4 (66.7) 5 (41.7) 0.2

Sometimes 1 (16.7) 6 (50.0)

Most of the time/all of the time 1 (16.7) 1 (8.3)

In general, me or my team have been led to
perform diagnostic point of care ultrasound
(POCUS—including
heart, lungs, kidneys, and urinary bladder) earlier
due to alerts from the AKI alert system

Never/rarely 3 (50.0) 0 (0.0) 0.09

Sometimes 2 (33.3) 5 (41.7)

Most of the time/all of the time 1 (16.7) 7 (58.3)

In general, me or my team have been led to
review patient’s inputs and outputs more closely
due to alerts from the AKI alert system

Never/rarely 3 (50.0) 1 (8.3) 0.1

Sometimes 1 (16.7) 3 (25.0)

Most of the time/all of the time 2 (33.3) 8 (66.7)

In general, the care of my patients is overall
improved due to the AKI alert system

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.2

Neither agree nor disagree 2 (40.0) 2 (16.7)

Agree/strongly agree 3 (60.0) 10 (83.3)
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were satisfied with the way the alerts were displayed
12 months out of their implementation.

As AKI is seen in over one-third patients undergoing
cardiac surgery, it was important to make sure the alert
deactivates on its own after alerting clinicians of AKI. With-
out this functionality the presence of alert in EHR risked
becoming redundant and uninformative. As persistence of
AKI beyond 48hours is associated with worse outcomes in
patients after cardiac surgery,25 we chose this 48-hour
period as the actionable window to keep the alert active.
This ensured that the presence of the alert in the chart meant
either new or worsening AKI in last 48hours, thus making it
clinically relevant and informative for clinicians taking care
of these patients. At 12 months since the implementation of
these alerts, 17/18 (94.4%) of providers responded that they
were satisfied with this duration of display of alerts in the
EHR.

Our study shows that it is possible to develop user-
centered electronic alerts which are well accepted by end
users. It is, however, important to acknowledge several
limitations of this study. This study was conducted in a
single cardiac surgery ICU of a large-volume cardiac surgery
center. The results from this study may thus not be gener-
alizable to other clinical settings or centers. Our alert was
developed in EPIC Systems EHR. Although EPIC Systems is
one of the widely utilized EHRs in the United States,26 these
designs and results may not be directly applicable to centers
that use other EHRs. We do, however, believe that regard-
less of the EHR vendor the principles of user-centered
design for developing alerts stay the same and this study
convincingly shows that the user-centered design is an
important aspect to develop patient care alerts. Although
this study showed that the noninterruptive, electronic AKI
alert was well accepted by end users, it does not provide a
comparison against interruptive alerts. The interruptive
alerts, however, are known to disrupt workflow and are
associated with alert fatigue.16 It is also not possible to tease
out if one of the design features (information provided,
noninterruptive nature, placement in EPIC storyboard, min-
imalistic design that could be expanded by hovering over or
clicking on the alert, disappearance after 48 hours) contrib-

uted more to the acceptance of the alert by the end user
than the other. Even though the providers participating in
our surveys were the same at both the time periods, the
surveys were themselves de-identified and unlinked. We
were therefore not able to directly compare the responses of
individuals between the two surveys. It is still important to
note that between surveys administered at 6 and 12months,
alert acceptance increased from 15/18 (83.3%) to 17/18
(94.4%). This result contrasts with previous work on AKI
alert acceptance, which showed alerts were generally well
received but acceptance waned with time.20 A risk of recall
bias is also an inherent limitation of the study design.
Finally, it is important to note that the focus of this study
was to assess the acceptance of the electronic AKI alerts. It,
therefore, does not investigate a different facet of clinical
decision support system research—whether this electronic
alert leads to actual change in clinical management and
outcomes for patients.

Conclusion

In conclusion, this study demonstrates high rates of accep-
tance of a user-centered electronic AKI alert over time by
clinicians taking care of patients at high risk for AKI and its
complications. The results of our study highlight the impor-
tance of incorporating user-centered designs when develop-
ing alerts and underscore the need for further larger,
multicenter studies in this area.

Clinical Relevance Statement

Electronic alerts are an important tool which when uti-
lized effectively can greatly improve patient care. They,
however, suffer from the risk of causing alert fatigue which
greatly limits their usefulness. We have shown in this
study that by focusing on developing a user-centered alert,
it is possible to achieve high levels of user acceptance with
electronic alerts which is sustained over time. This work,
thus, addresses a highly clinically relevant issue and
proposes a simple solution while harnessing the power
of informatics.

Table 2 (Continued)

Survey question Response Intensivist (6)
n (%)

APP (12)
n (%)

p-Value

I am satisfied with the way the electronic AKI
alerts are displayed

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.2

Neither agree nor disagree 0 (0.0) 1 (8.3)

Agree/strongly agree 6 (100.0) 11 (91.7)

I am satisfied with the duration the electronic AKI
alerts are displayed

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.2

Neither agree nor disagree 0 (0.0) 1 (8.3)

Agree/strongly agree 6 (100.0) 11 (91.7)

In general, I am satisfied with the electronic AKI
alerts

Disagree/strongly disagree 0 (0.0) 0 (0.0) 0.2

Neither agree nor disagree 0 (0.0) 1 (8.3)

Agree/strongly agree 6 (100.0) 11 (91.7)
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Multiple-Choice Questions

1. Which of the following features in electronic alerts are
associated with lower risk for development of alert
fatigue?
a. Uninformative alert
b. Interruptive alert
c. Noninterruptive alerts
d. Too many alerts

Correct Answer: The correct answer is option c. Uninfor-
mative alerts and too many alerts can both lead to
cognitive overload ultimately leading to development of
alert fatigue. Interruptive nature of alerts is itself associ-
ated with development of alert fatigue.

2. Where in EPIC EHRwas the electronic AKI alert displayed?
a. Results Review tab
b. Chart Review tab
c. Storyboard
d. Interruptive alert that displayed every time the chart

was accessed

Correct Answer: The correct answer is option c. The
electronic AKI alert was displayed in EPIC storyboard
where it had an important strategic advantage of being
always visible, regardless of the section of the chart the
end-user is in. We were thus able to provide the informa-
tion about AKI to clinicians at all times, without inter-
rupting their workflow.
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