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Abstract
Background: Clinical decision support systems, including electronic alerts, ideally provide immediate and relevant patient-
specific information to improve clinical decision-making. Despite the growing capabilities of such alerts in conjunctionwith an
expanding electronic medical record, there is a paucity of information regarding their perceived usefulness. We surveyed
healthcare providers’ opinions concerning the practicality and efficacy of a specific text-based automated electronic alert for
acute kidney injury (AKI) in a single hospital during a randomized trial of AKI alerts.

Methods: Providers who had received at least one electronic AKI alert in the previous 6 months, as part of a separate
randomized controlled trial (clinicaltrials.gov #01862419), were asked to complete a survey concerning their opinions about this
specific AKI alert system. Individual approval of the alert system was defined by a provider’s desire to continue receiving the
alert after termination of the trial.

Results: A total of 98 individuals completed the survey, including 62 physicians, 27 pharmacists and 7 non-physician providers.
Sixty-nine percent of responders approved the alert, with no significant difference among the various professions (P = 0.28).
Alert approvalwas strongly correlatedwith the belief that the alerts improved patient care (P < 0.0001), andnegatively correlated
with the belief that alerts did not provide novel information (P = 0.0001). With each additional 30 days of trial duration, odds of
approval decreased by 20% (3–35%) (P = 0.02).

Conclusions: The alert systemwas generally well received, although approval waned with time. Approval was correlated with
the belief that this type of alert improved patient care. These findings suggest that perceived efficacy is critical to the success of
future alert trials.
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Introduction
Clinical decision support (CDS) systems include alerts and guide-
lines that assist physicians in diagnosing and treating patients
using the patients’ monitored status and their available medical
information [1]. The optimal use of CDS systems by providers has
the potential to lower costs, provide efficient healthcare and in-
crease patient convenience [2]. In the hospital setting, rando-
mized trials have shown the efficacy of computerized alert
systems in improving physician performance and in some
cases patient outcomes [3, 4]. Systematic reviews of such trials
were summarized by Trowbridge and Weingarten in 2001; the
paper concluded that CDS systems have nomajor adverse effects
and widespread implementation of such systems is feasible [5].
Two systematic reviews have demonstrated that CDS systems
improve physician performance (on diverse metrics) 64–68% of
the time [6, 7]. Several of the studies included in the systematic
reviews demonstrated that alerts in particular have been effect-
ive in changing physician behaviors, including response time to
lab results [8], prescriptions of drugs [9, 10], preventive care [7]
and disease management [7]. Due to their effectiveness in hos-
pital care, the use of alerts in clinical settings is increasing and
becoming more common in various disciplines of medicine.

However, despite the observable usefulness, there are chal-
lenges to implementingCDSsystemswithin aclinical setting.A fre-
quent critique ofCDS systems is ‘alert fatigue’, described by vander
Sijs et al. [11] as ‘themental state that is the result of toomanyalerts
consuming timeandmental energy’. It is common for CDS systems
to over-alert, causing many physicians to close alerts or pop-ups
without reading or acknowledging them [1]. Thus, alert fatigue
can lead to the problem of overriding alerts, both important and ir-
relevant ones, as user dissatisfaction increases. This correlates
with providers viewing CDS-based alerts as an impediment to
workflow [1], a perspective that stems from having to check auto-
mated notifications and incorporate suggestions into their clinical
decisions during patient treatment. Alert effectiveness may also
decrease in the long term as the novelty of a new alert wears off
and discontent with inappropriate or intrusive alerts mounts.

We conducted a large, randomized controlled trial of auto-
mated electronic alerts for acute kidney injury (AKI), in which
the intervention was not significantly associated with clinical
outcomes of death, dialysis or change in creatinine [12]. The pur-
pose of this ancillary studywas to learnmore about the providers’
opinions regarding this style of AKI alert. We hypothesized that
providers’ approval of the alert would be negatively correlated
with their perception of impediment to workflow, and positively
correlated with their impressions of alert effectiveness.

Materials and methods
Study population

We conducted this study in parallel with the aforementioned
clinical trial. In that trial, front-line providers and pharmacists of
patients randomized to the alert arm were sent a single text
page reading in part ‘Your patient, [initials], in room [room num-
ber] has been identified as having acute kidney injury according
to the latest creatinine value. Please consider diagnostic and
therapeutic options.’ Front-line providers included interns, resi-
dents, physician’s assistants (PAs), nurse practitioners (NPs) and
attending physicians. We approached these providers who were
identified as potential alert targets (e.g. their patient was
randomized into the alert or usual care arm of the trial) during
oneweekday clinical shift and asked them to complete the survey.

We approached providers during the blinded phase of the trial, so
somemay have only cared for control patients. Providers were eli-
gible to complete the survey if they reported receiving at least one
trial-related AKI alert in the previous 6 months and had not com-
pleted the survey already. Surveys were administered throughout
the duration of the trial. We did not oversample any group (e.g.
pharmacists versus physicians) in order to accurately assess the
overall hospital-level alert approval. All providers gave informed
consent to participate in the study, which was approved by the
University of Pennsylvania Institutional Review Board.

Survey

In addition to basic demographic information, the survey (Sup-
plementary data, Appendix A) comprised 23 questions regarding
the alert itself and the providers’ response to alerts. With the
exception of the final question, all of these were measured on a
five-point Likert scale. Questions addressed the logistics (number
received, impediment to workflow) and usefulness (AKI recogni-
tion, AKI documentation) of, and behavioral responses to the
alerts (diagnostic and therapeutic management). Certain survey
questionswere only directed to non-pharmacists (e.g. ‘In general,
the AKI alert system led me or my team to avoid testing with
contrast’). We also included an open-ended question: ‘What
changes would you recommend to the AKI electronic alert
system?’ We administered the survey via a tablet computer.
Once the tablet was provided, the study coordinator allowed the
participant to complete the survey in private. We administered
surveys over discrete 2-week periods at three time points during
the trial (first month, fourth month, sixth month).

Primary outcome

Thefinal question of the surveywas considered standard for alert
approval and stated ‘After the AKI alert trial ends, would you like
to continue to receive AKI alerts?’ Practitioners were forced to an-
swer ‘yes’ or ‘no’ to this question. In all analyses, we defined alert
approval as a ‘yes’ response to this question.

Statistical methods

We categorized participants into non-pharmacist providers (in-
cluding physicians, PAs and NPs) and pharmacists. We present
continuous measures as median (interquartile range [IQR]) and
categorical measures as counts or proportions. We assessed the
association between continuous measures (such as the survey
responses) and categorical variables using the Wilcoxon Rank-
Sum test. We used chi-square tests to compare categorical vari-
ables. We used the absolute value of rank-sum z-scores to assess
the strength of association between survey responses and the
primary outcome. We used Cronbach’s alpha statistic to assess
the internal validity of the survey. Thismeasure indicates the de-
gree of within-test correlation among survey responses, with
higher values suggesting the survey ismore consistently evaluat-
ing a unified underlying theme (in this case, satisfaction with the
alert). We used logistic regression to examine the association be-
tween alert approval and the timing of survey administration.

All analyses were conducted in Stata v. 14.1 (Stata Corp, Col-
lege Station, TX, USA).

Results
From the 133 providers we approached to complete this survey,
35 (23.6%) had not received an alert in the previous 6 months.
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Of the remaining 98, all agreed to participate giving afinal sample
of 27 pharmacists and 71 non-pharmacist providers. Characteris-
tics of the participants appear in Table 1.

Participants reported receiving a median of 1 alert daily over
the past 30 days (range 1–3). Pharmacists reported receiving sig-
nificantly more alerts daily than non-pharmacist providers
(P = 0.004).

Survey validity

The survey reliability wasmeasured in three parts: questions an-
swered by all providers, pharmacists only and non-pharmacist
providers only. Including responses from all participants, the
survey had a Cronbach’s alpha value of 0.75, demonstrating ad-
equate internal consistency. The Cronbach’s alpha coefficient
for pharmacist-oriented questionswas calculated to be 0.78, show-
ing that these questions were adequate in the survey. When the
survey question analysis was limited to non-pharmacist-oriented
questions, therewas very strong internal validity, as demonstrated
by the high alpha coefficient value of 0.93. This finding suggests
that the survey is sufficiently evaluating the concept of provider
alert approval and acceptance.

Approval of AKI alerts

The majority of the sample population, 68 of the 98 (69%), ap-
proved of the alert. This rate was similar across the groups stud-
ied and included 64% of physicians, 81% of pharmacists and 67%
of other providers (P = 0.28). When analyzed by level of training,
there were no significant differences in alert approval among in-
terns, residents and attending physicians.

The relationship between alert approval and responses to
various survey questions is shown in Table 2. The single stron-
gest correlation between alert approval and a survey response
was the response to the statement ‘In general, the AKI alert sys-
tem improved the care of my patients’ (P < 0.0001). Of the 40 indi-
viduals who indicated agreement with that statement, 36 (90%)

Table 1. Participant characteristics

Total 98
Physicians 62 (63%)
PGY-1 36 (37%)
PGY-2 12 (12%)
PGY-3 7 (7%)
Not in training 7 (7%)

Pharmacists 27 (28%)
<1 year of experience 1 (1%)
1 to <2 years of experience 5 (5%)
2 to <3 years of experience 2 (2%)
3 to <4 years of experience 1 (1%)
≥4 years of experience 10 (10%)

Other providers 9 (9%)
1 to <2 years of experience 2 (2%)
2 to <3 years of experience 1 (1%)
≥3 years of experience 4 (4%)

Numbers are raw counts and percentages of the total population.

PGY, post-graduate year.

Table 2. Survey responses by alert approval

Approved
alert

Did not
approve alert P-value

68 30
Demographics
Physician 40 22 0.28a

Pharmacist 22 5
Other provider 6 3

Individual survey responses Median (IQR) Median (IQR)
The amount of alerts I received adversely impacted overall patient care. 1 (1–2) 2 (1–2) 0.25
The amount of alerts I received impeded my workflow. 1 (1–2) 2 (2–2) 0.0002
I was already aware that the patient/s had AKI when I received an alert. 4 (3–4) 5 (4–5) 0.0001

Provider behavior
In general, the electronic AKI alert system led me to document AKI (write it in the chart)
as a diagnosis more frequently.

3 (2–4) 2 (1–2.5) <0.0001

In general, the electronic AKI alert system led me or my team to recommend redosing or
discontinuing certain medications.

3 (2–3) 2 (1–3) 0.04

In general, the AKI alert system led me or my team to change IV fluid management earlier. 3 (2–4) 2 (1–2) 0.0001
In general, the AKI alert system led me or my team to transfer the patient to the ICU more
frequently.b

1 (1–2) 1 (1–1) 0.23

In general, the AKI alert system led me or my team to delay discharge of the patient. 1 (1–2) 1 (1–2) 0.14
In general, the AKI alert system led me or my team to order urinalysis, urine electrolytes
and/or creatinine earlier.

3 (2–4) 2 (1–2.5) 0.0012

In general, the AKI alert system led me or my team to order a retroperitoneal ultrasound. 1 (1–3) 1 (1–2) 0.62
In general, the AKI alert system led me or my team to order a nuclear renal scan. 1 (1–1) 1 (1–1) 0.95
In general, the AKI alert system led me to discuss the results with my patient. 3 (1–3) 1 (1–2.5) 0.005
In general, the AKI alert system led me to consult the renal/nephrology service. 2 (1–3) 1 (12) 0.04
In general, the AKI alert system improved the care of my patients. 4 (3–4) 3 (2–3) <0.0001

All survey questions employed a 5-point Likert Scale, where higher values indicate stronger agreementwith the statement presented. Alert approval was defined as a ‘yes’

response to the question ‘After the AKI alert trial ends, would you like to continue receiving AKI alerts?’

ICU, intensive care unit.
aNote that this P-value compares alert approval rate among the three demographic groups.
bExcludes one provider who worked exclusively in the ICU.
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approved of the alert, compared with 2 out of 14 (14%) of those
who disagreed with the statement. The second most strongly
correlated factor was the response to the question ‘I was already
aware that the patient hadAKIwhen I received an alert’. Of the 77
individuals who answered ‘All of the time’ or ‘Most of the time’
the approval rate was 64%, compared with 90% among those
who answered ‘Sometimes’, ‘Rarely’ or ‘Never’.

Disapproval of the alertwas also associatedwith self-reported
lower likelihood to change certain behaviors. For example, indivi-
duals who disapproved of the alert indicated that alerts would
have less impact onwhether theywould changemedication dos-
age (P = 0.04), change IV fluidmanagement (P < 0.001), order urine
studies (P = 0.001) or consult the nephrology team (P = 0.04).

Alert approval waned as the study progressed. The approval
rate in the first half of the study was 83%, compared with 59%
in the second half of the study (P = 0.009), and each additional
30 days of alerting decreased the odds of alert approval by 20%
(35–3%), P = 0.02.

Qualitative responses

Representative examples of qualitative responses are displayed
in Table 3, and were generally positive. Some responses were
neutral, stating the system was beneficial and straightforward,
yet there were no significant changes or improvements in their
patient care. Meanwhile, some providers commented on a delay
between receiving an alert and the availability of lab results. Des-
pite this critique, all alerts fired within 1 h of lab results being
posted, as verified both via electronic records and pre-trial qual-
ity assessment records.

Discussion
This ancillary study to a large, randomized trial of automated,
electronic alerting for AKI captured the perceptions of the provi-
ders who received a specific text-based electronic alert, and
quantified their alert approval over the course of the trial. Key
conclusions include the fact that perception of patient benefit
was strongly associatedwith alert approval, as defined bya desire
to continue to receive alerts after the end of the study, and that
alert approval waned over the course of the trial. It is notable
that these effects were so strong in the light of the primary find-
ings of the trial, which suggested that the alert provided no signifi-
cant clinical benefit to the patient. This implies that perception of

alert efficacy may be significantly more important than actual
alert efficacy in terms of provider approval.

Electronic alerting for AKI is becoming significantly more
common, with multiple studies demonstrating the feasibility
and efficacy of such alerts in the clinical setting [13–19]. Evidence
from these studies led the National Health Service of England, in
2014, to adopt a policy requiring the automated alerting of AKI
events via all laboratory information management systems [20].
Despite the fact that many physicians, pharmacists and other
providers are being andwill be exposed to such alerts, few studies
have rigorously assessed their experience of AKI alerting.

We noted a strong effect whereby alert approval waned over
the course of the trial. There are several potential explanations
for this finding. First, this may be amanifestation of alert fatigue,
with providers becoming less enthusiastic about the alert the
more alerts they receive. Additionally, the novelty of a new alert-
ing systemmay have falsely boosted acceptance at the beginning
of the study. These findings suggest that alert systemsmay bene-
fit from periodic ‘goodwill’ campaigns, whereby providers are
reeducated about the goals of the alert.

Some providers indicated that the alert was not timely, des-
pite the alert being sent a maximum of 1 h after lab results
were posted to the electronic health record. This may be due to
the possibility that more subtle changes in creatinine or urine
output (which were not captured by the alert) had already been
noted by the provider, andwould explain why providers who sta-
ted they were already aware of the presence of AKI were less like-
ly to approve of the alert overall.

Our findings suggest that better alert targeting could substan-
tially improve provider acceptance rates. If alerts could be targeted
to individuals either at high risk of relevant outcomes (for ex-
ample, those receiving nephrotoxic medications), or those who
are at high risk of having AKI remain undetected (for example,
thosewith low baseline creatinine concentrations), wemight sim-
ultaneously boost the efficacy of the intervention (leading to an
improvement in perceived patient benefit) and reduce the number
of alerts that are perceived as extraneous or redundant.

This study should be interpreted in the light of several limita-
tions. First, the population studied, though derived from lists of
providers who may have received an alert in the context of the
trial,wasapproachedduring regularworkinghours and thus repre-
sents aconvenience sample thatmaynot be generalizable. Second,
the survey was not administered immediately after an alert oc-
curred, whichmay have led to recall bias. However, as our primary
goalwastoassessoverall alert acceptance, a provider’s recollection

Table 3. Examples of qualitative responses

Positive responses
‘. . .Due to the alert the AKI was documented in the chart and handled quickly and effectively. I appreciated the alert and its benefit in patient
care.’
‘I’d rather receive it and be made aware than not receive it and possibly miss a dose adjustment.’
‘I think this is a great idea and would love to see it used in the future.’

Neutral responses
‘I only received one notification and it was in theMICU (Medical Intensive CareUnit) when I already knew the pt had AKI, therefore the alert did
not really do anything to change patient care for me.’
‘If it could be integratedwith (electronic health record user interface), it would bemuchmore noticeable to amajority of themedicine residents
rather than as a text page.’

Negative responses
‘The alert comes much too late. I have always recognized an AKI before getting the alert.’
‘It should come out immediately after a lab comes back.’

Samples taken from responses to the question, ‘What changes would you recommend to the AKI electronic alert system?’.

MICU, medical intensive care unit.
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of the alerting experiencemay be amore valid indicator than if we
had administered the survey at the time an alert was received.
Third, despite the large numbers of patients in the trial (2393),
our pool of providers who received alerts was somewhat limited
(as alerts were only sent to the primary provider and unit pharma-
cist), leading to a low overall sample size. Despite this, the signi-
ficance of our findings suggest that the effects seen here would
be reproduced in larger-scale studies. Fourth, responders were
approached directly by members of our research staff to limit re-
sponse bias. While surveys were taken in private, some respon-
dents might have been more likely to indicate alert approval
given their interaction with a study partisan. Fifth, the survey
was limited in scope, and we recommend future investigators
explore the deeper reasons why alertsmay engender particular at-
titudes. Sixth, different alerting algorithms have different sensitiv-
ities for true AKI—an issue recently discussed by Sawhney et al.
[21]. Thus other algorithms may increase or decrease the percent
of captured patients with AKI and influence providers’ perceptions
of efficacy. Seventh, this study surveyed the responses to one spe-
cific type of alert, within a single hospital, thus the findings cannot
be generalized to all AKI alerts. Finally, it is important to note that
alerts were delivered non-intrusively. More specifically, the alerts
were delivered as only one alert per patient per provider in a text
message format. There were no requirements to respond or ac-
knowledge the alerts, nor were there any specific instructions on
follow-up procedures. Different alert implementations may lead
to different provider acceptance.

In conclusion, provider approval is critical to the success of
clinical decision support systems. Our study suggests that efforts
to convince providers of alert efficacy will increase the likelihood
that providers embrace an alert system. Additional approaches,
such as attempting to avoid alerting when a provider has already
recognized the condition of interest, may also improve overall
acceptance.

Supplementary data
Supplementary data are available online at http://ckj.oxford
journals.org.
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