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Objective The objective of this qualitative study is to gauge physician sentiment
about an emergency department (ED) clinical decision support (CDS) system imple-
mented in multiple adult EDs within a university hospital system. This CDS system
focuses on predicting patients’ likelihood of ED recidivism and/or adverse opioid-
related events.

Methods The study was conducted among adult emergency physicians working in
three EDs of a single academic health system in Rhode Island. Qualitative, semi-
structured interviews were conducted with ED physicians. Interviews assessed physi-
cians’ prior experience with predictive analytics, thoughts on the alert’s placement,
design, and content, the alert’s overall impact, and potential areas for improvement.
Responses were aggregated and common themes identified.

Results Twenty-three interviews were conducted (11 preimplementation and 12
postimplementation). Themes were identified regarding each physician familiarity
with predictive analytics, alert rollout, alert appearance and content, and on alert
sentiments. Most physicians viewed these alerts as a neutral or positive EHR addition,
with responses ranging from neutral to positive. The alert placement was noted to be
largely intuitive and nonintrusive. The design of the alert was generally viewed
positively. The alert’s content was believed to be accurate, although the decision to
respond to the alert’s call-to-action was physician dependent. Those who tended to
ignore the alert did so for a few reasons, including already knowing the information the
alert contains, the alert offering information that is not relevant to this particular
patient, and the alert not containing enough information to be useful.

Conclusion Ultimately, this alert appears to have a marginally positive effect on ED
physician workflow. At its most beneficial, the alert reminded physicians to deeply
consider the care provided to high-risk populations and to potentially adjust their care
and referrals. At its least beneficial, the alert did not affect physician decision-making
but was not intrusive to the point of negatively impacting workflow.
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Background and Significance

Emergency medicine clinicians deliver care in a fast-paced
environment, often for patients they have never met before. To
reduce cognitive load and deliver the highest-quality care, they
need to rapidly integrate information from multiple data
sources. Clinical decision support (CDS) systems have emerged
as a potential means of streamlining, standardizing, and
improving care quality." CDS systems are software products
built to directly help clinical decision-making, as patient
characteristics are compared with a computerized knowledge
base containing other patients’ characteristics and encounter
data.! CDS systems can be deployed within electronic health
records (EHRs) to forecast a variety of health outcomes.>™

Multiple health care settings leverage predictive analyt-
ics,'%12 defined as applying modeling techniques to forecast
outcomes based on historical data. Owing to the clinical
complexity of patients in the emergency department (ED),
clinicians may not always have time to address patient social
health and care coordination needs." Thus, there may be a
role for CDS tools in the initiation of behavioral health triage
and care management. Opioid overdose is one example of a
preventable health outcome that could be predicted and,
potentially, avoided using CDS. Individuals seen in an ED for a
nonfatal opioid overdose are at significantly higher risk of ED
readmission, repeat overdose, and overdose death. In the
year following an ED visit for nonfatal opioid overdose, more
than one in twenty patients will die.'® Being able to identify
patients at risk for overdose and ED recidivism could help
reduce opioid-related morbidity and mortality.'

Unfortunately, several roadblocks may hinder the adop-
tion of CDS tools."" Poorly tuned algorithms can entrench
bias.'®~18 Further, CDS alerts may be intrusive and excessive,
contributing to alert fatigue'® and potential alert neglect.
Additionally, physicians with lower technological literacy
may struggle to incorporate CDS systems into their clinical
workflow.2? Speaking directly with physicians about their
thoughts regarding an existing alert system may provide
insight into CDS tools created for their use, and such research
remains relatively under-studied.?' =23

In 2019, we deployed a predictive CDS alert system,
Emergency Department Smart Notifications (EDSN). EDSN
aims to predict the risk of (1) high ED use and (2) future
opioid overdose. As 0f 2018, the nationwide readmission rate
was 14%,2* and opioid overdose rates increased by 29% (to
0.32 ED visits per 100) between 2018 and 2020.%> Prior to
EDSN's official launch, we interviewed physicians to assess
perspectives on CDS for behavioral health risk prediction at
large. Based partially on their feedback, EDSN was developed
and implemented in early 2019. Over the following year, we
conducted additional physician interviews to gauge their
alert understanding and opinions on its implementation.
While these types of CDS systems exist in other health
systems, this research helps illustrate the important role of
providers throughout technological development. It is cru-
cial for CDS systems to incorporate physician input through-
out development and iteration, and this research highlights
the results of such efforts.?®

Applied Clinical Informatics  Vol. 14 No. 4/2023 © 2023. Thieme. All rights reserved.

Objectives

The objective of this qualitative study is to gauge physician
sentiment concerning an ED CDS system recently installed in
multiple adult EDs within a university hospital system.

Methods

Setting

This study was conducted in three academic medical center
EDs within a single health system in May 2019. The EDs
enrolled in the study are high-volume sites, with over
220,000 visits in 2020. Of these, 769 were visits for opioid
overdose, approximately half of the state total. The 7- and 30-
day ED recidivism rates in 2021 are 8.5 and 17.6%, respectively.

Intervention
EDSN is an EHR alert developed by a collaborative of clinicians,
researchers, and informaticists at the health system and part-
ner institutions to alert emergency physicians that their pa-
tient was either (1) recently treated in the ED and/or (2) is at
high risk for opioid overdose. The system leverages a patient’s
ED medical record and data from Rhode Island Quality Institute
(RIQI) in its classification algorithm. RIQI manages the state’s
Health Information Exchange, operationalizing data from mul-
tiple sources to better inform patient care. EDSN generates a
risk score estimating potential ED recidivism and/or adverse
opioid-related events. The risk score is translated to recom-
mended actions for the provider, including further review of a
patient’s medical history and extra attention to ongoing care.
Early EDSN ideation began in 2018. After development
and design, EDSN was tested behind the scenes to best
evaluate model accuracy and gauge provider feedback.
EDSN was then implemented into Epic EHRs across all study
EDs in May 2019, visible to providers. depicts how the
alert renders. The alert can also be seen within the “triage,”
“workups,” and “reports” windows.

Interviews
We conducted semistructured interviews with emergency
physicians working at any of the three study sites. We used
a convenience sample, recruiting participants through
announcements at faculty meetings, faculty-wide email
requests, and posters placed in the EDs and physicians’ ad-
ministrative offices. The first round of interviews was con-
ducted from 2018 to early 2019 by a coauthor trained in
qualitative interviewing. The second round of semistructured
interviews was conducted from August 2019 to August 2020
by another trained coauthor. Interviews completed before
March 2020 occurred in-person, and those after March 2020
occurred via videoconference. Respondents were briefed on
the project and these analyses prior to each discussion. Inter-
views lasted between 30 and 45 minutes and each respondent
received a $20 Amazon gift code upon interview completion.
Interviews before EDSN implementation focused on the
identification of factors to promote physician buy-in for CDS
tools in the ED. Then, visuals of potential alert design,
content, and placement were shown to obtain physician
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input. Clinicians were able to select which designs they found
most effective. Interviews after EDSN implementation were
more structured and comprehensive. They focused on (1)
physicians’ prior understanding of predictive analytics and
awareness of EDSN implementation; (2) acceptability and
clinical applications of the model-generated alerts; (3) feed-
back on the placement, design, and content of the alerts; and
(4) overall alert user experience and suggestions for other
applications (including using symptoms to predict COVID-19
infection during interviews occurring after March 2020). The
postimplementation interview guide can be found in the
(available in the online version).
Based on preimplementation interviews reaching the-
matic saturation at 11 observations, the goal was to match
that postimplementation. Coding sequentially, thematic sat-
uration was determined once we observed no emergent
subthemes in three consecutive interviews. Interviews
were transcribed verbatim and deidentified prior to analysis.
This study was reviewed and approved by the Rhode Island
Hospital Institutional Review Board.

Analysis

Transcripts were entered into NVivo 12 (QSR International,
Burlington, MA, United States). Researchers conducted an
inductive thematic analysis, which allows for feasible compar-
isons with existing research concerning clinician’s CDS evalu-
ation.?”-?® This method was chosen due to the interviews’
semistructured nature, and the ways responses could be
grouped into themes and subthemes. Coding was performed
by either two or three individuals depending on researcher
availability. All codes were agreed upon by consensus.

After coding each transcript, codes were grouped into
identifiable themes. All team members reviewed each theme
and agreed on the final theme and subtheme schema by
consensus. We then created a table summarizing each theme
and subtheme based on physician quotes ( ).

Applied Clinical Informatics

Results

We conducted 11 interviews prior to EDSN implementation
and 12 interviews afterward. Four physicians were inter-
viewed in both sessions. Researchers sought to include more
physicians in both sessions but were primarily restricted by
scheduling constraints. displays a summary of
respondents’ demographic characteristics. The sample was
mostly white, male, and skewed slightly younger than the
general population of ED clinicians at the health system.

Preimplementation

Most interviewees were familiar or had personally inter-
acted with CDS technology prior to EDSN implementation.
Concerns included lack of trustworthiness, loss of physician
agency, legal liability, devaluing the “art of medicine,” and
reimbursement.

Participants expressed discordant preferences about notifi-
cation design (e.g., location, color, and content). Nearly all
physicians perceived CDS as potentially helpful for overdose
prevention, while only roughly half perceived utility for reduc-
ing ED recidivism. Indeed, physicians generally expressed that
information on frequent ED visitation was not easily actionable.
With overdose risk, on the contrary, physicians believed that
EDSN notifications might readily impact their opioid and
naloxone prescribing practices. In totality, providers preferred
alerts that automated documentation, synthesized established
risk factors, and contained actionable recommendations. Pref-
erences did not vary according to age and experience level.

Regarding trustworthiness, physicians suggested that de-
cision maker’s experience plays a key role. One respondent
supported this in saying, “I think I'd say I trust [CDS] more
thanI trust a second-year med student to [interpret risk]. But
do I trust it more than someone who’s been practicing for 60
years? ... it depends” (‘Before’ Participant [BP] 2). Behind
these worries in trustworthiness is the belief that CDS

Vol. 14 No. 4/2023 © 2023. Thieme. All rights reserved.
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Physician remarks (postimplementation)

Theme 1: Physicians have variable experience and attitudes about predictive analytics

“l don’t have a lot of background. I was intrigued by this because | see the banners. They don’t always tell me useful
information but sometimes they do”

“I mean | understand the intention but | don’t know about their effectiveness. | understand the intention and | understand the
purpose”

“They serve an important purpose from a data standpoint about population health-related efforts”

“They are quick tools that are designed to pop up at times when you are making clinical decisions so you might be at a
branching point and it helps choose which path to go down”

“l would say unfortunately my general impression is more of being a distraction often and | would say that they become so
frequent that you tend to just click them away without noticing them”

“Sometimes they’re helpful but sometimes they pop up and I don’t understand why they’re there. It’s not really changing my
management, and there are other times where I'll keep it in mind”

Theme 2: Nonclinical education about alerts and education on shift are effective awareness-building strategies

Subtheme 2a: First notification of the EDSN alerts in a nonclinical environment by a physician champion (an email, a faculty
meeting, or from a personal interaction)

“I certainly heard [study PI] talking about it. | wasn’t involved in the design of it but she just kept saying “we’re going to be
launching this, we’ve been working on this with RIQI for a while””

“I think | heard [study PI] talk about it and then it popped up sometime, but | thought it was going to pop up in another
manner, but what it is is like a banner”

“Probably came from [study PI] in an email, or attached to some faculty news”

Subtheme 2b: First notification of EDSN alerts was during a clinical shift

“l guess for me | don’t know exactly when they started but for me they’ve always already been there since | started in October”

“| feel like I usually see it when I click on the chart review and see the orange or yellow banner across the top, which I’ll then
try to click on. We did like an orientation with IT and | think they alluded to them but | don’t think we ever had a faculty
introduction on the different ones”

Theme 3: EDSN placement, design, and content acceptable but may be optimized by design changes

Subtheme 3a: Placement considered prominent, easy to find, but not obtrusive

“I think [the study PI has] a prime piece of real estate”

“I do like the placement, and that it is available in multiple different tabs and screens depending on what your workflow is
because | know everyone uses epic a little bit differently”

“I like that they aren’t obnoxious in the sense that they aren’t in the way of my workflow, | don’t have to click seven buttons
to make them go away”

“Thinking about my workflow, sometimes if it’s a really busy shift it’s hard to keep full track of all of these screens. But it may
be useful to get one last reminder to stop and think about this again before | decide to send the patient home”

Subtheme 3b: Physicians appreciate the design but believe colors can be used to better convey messaging

“This is a passive thing that | hope others are using and clicking on but you aren’t forced to waste another few clicks for no
added value”

“It could be helpful distinguishing the opiate, at risk, from the super utilizer population with a different color”

“l do like the color of the banner that is really helpful. One thought is when you open the notification, | think that page is a bit
too black-and-white. Some color or visual aids in that layout could be incorporated that would make it a bit easier to get
what you want”

“Color-coding the table based on recency could be helpful. If they are above a certain number that would mean that high
utilization has been happening, and knowing that in particular could be helpful”

Subtheme 3c: Notification content viewed as clear, but lacks comprehensiveness

“I think the header makes it pretty clear, the rest of the message can be less clear”

“The content makes sense. If anything it makes me go into the chart and look at what’s going on”

“I struggle as a physician to figure out what to do with information and not let it bias me”

“The one on substance abuse is very short, which is good, but it doesn’t always tell me what the issue was. It says they
screened positive, but screened positive for what? Then | have to go find [the answer]”

“It may be worth highlighting the call-to-action if that’s something you guys are interested in”

Applied Clinical Informatics  Vol. 14 No. 4/2023 © 2023. Thieme. All rights reserved.
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(Continued)

Theme 1: Physicians have variable experience and attitudes about predictive analytics

Theme 4: Physicians had positive attitudes toward potential of EDSN while skeptical of its effectiveness in changing
physician behavior

Subtheme 4a: Physicians tended to ignore the alert more often than not, although small changes were noted
“About 90% of the time | ignore it”

“I do ignore things a lot more because there’s so many of them, It is useful, | do use the information. I’'m sure I could use it
more, but it is useful. | used to be anti-banner, but maybe I’'m coming back around”

“Over time | have worked to ignore them a bit more than I should or I don’t know, it’s probably a bit of learned neglect”

Subtheme 4b: Many physicians doubted alert’s information would change their clinical decision making

“Sometimes it may be irrelevant. The patient is there frequently with abdominal pain and cyclic vomiting but now they’re
here because they have a broken arm. So clearly then | don’t [click]”

“If someone comes in who may have fell, and had a broken wrist, it’s pretty straightforward. Unless they have some other
sort of red flag | might not click on it”

“What I’'m thinking is “this isn’t going to change anything.” Just because they were seen at Kent a few days ago doesn’t mean
it changes anything”

“I see it, and | feel like nothing it will tell me will change their care anyways, that is why | would ignore it. If the 80 year old
comes in and the high utilizer flags, it’s like “great they’ve been here before.” But if they have like 12 comorbidities then it’s
not surprising. That alert there would not change my ultimate management”

Subtheme 4c: Time limitations influenced decisions to view EDSN alert

“It’s going to depend on how rushed | am. If | am really behind and am trying to catch up | might not click”

“Sometimes if it’s a really busy shift it’s hard to keep full track of all of these screens. But it may be useful to get one last
reminder to stop and think about this again before | decide to send the patient home”

Subtheme 4d: A minority of physicians mentioned that the alert affected workflow, but those who said it had an effect recalled it
being a positive one

“Maybe if | looked over their care briefly and saw they had labs done but didn’t notice they were actually seen at that
emergency department, this has clued me into asking more questions about the patient’s history because the patients are
wishy washy on what happened when, where they have been, sometimes they hide that they’ve been in other emergency
departments because they want you to look at it from a fresh perspective”

“Maybe folks who have a heavier clinical load may have changed their practice patterns a bit more. | can’t say | have changed
my practice patterns, that | look for these and x, y, and z, but | would say marginally they have had an impact”

Subtheme 4e: Physicians view EDSN as having potential that has yet to be realized

“Some sort of education along the lines of what you use that for would be helpful  mean, you get the notification and the
information but if there’s no clinical utility or action it just becomes extra information that is easy to ignore”

“I will confess that at the beginning, I wasn’t using it very much. And then when | was asked to give a quote about the value
of the program and | was like, “before | give a quote | should probably start using it.” And then | used and thought, hey this is
pretty good. | hadn’t really been clicking on it all that often. My comments all reflect my use in the last 3 months. When it
first came out | probably wasn’t clicking on it very often but | decided to make a more intentional effort to do so”

systems may strip physicians’ ability to act on individual
judgment. One physician stated, “[CDS] becomes a reoccur-
ring barrier to getting the job done, getting the work
done, being able to complete the patient care and moving
onto the next patient. So it basically becomes a frustrating
agent without adding any real perceived value to their care”
(BP 5).

An extension of this concern was the worry that acting on
these alerts may provide evidence for legal or reimburse-
ment concerns. Those who brought up this concern were
strongly against existing CDS alerts being used for these
nonclinical purposes. These concerns collectively implied a
worry that the subjective interpretation integral to medical
expertise will be sacrificed for rigid algorithms. This senti-
ment is articulated by one physician who stated, “There are

“wyn

actually a lot of clinical decision rules that say if “x” then “y” if

“y” then “z,” but at the end of it all your gestalt actually
trumps all of the rules and science and data” (BP 6).

Other potential barriers to behavioral health use CDS
discussed included ED physician time limitations, lack of
effective treatment options, and difficulty facilitating link-
ages to outpatient services. Physicians suggested that a
successful iteration of EDSN would address these concerns
while remaining a nonintrusive, supplemental tool.

Postimplementation

We identified four overarching postimplementation themes
regarding how physicians perceive CDS systems in general
and EDSN alerts specifically ( ).

Theme 1: Physicians have variable experience with and
attitudes toward predictive analytics: few respondents

Applied Clinical Informatics  Vol. 14 No. 4/2023 © 2023. Thieme. All rights reserved.
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Characteristic Preimplementation participants Postimplementation participants
(N=11) (N=12)
Age (y)
20-29 1(9%) 2(17%)
30-39 6 (55%) 5 (42%)
40-49 1(9%) 2(17%)
50-59 3(27%) 2(17%)
60+ 0 1(8%)
Gender
Male 7 (64%) 9 (75%)
Female 4 (36%) 3 (25%)
Race
White 9 (82%) 10 (83%)
Black 1(9%) 1(8%)
Other 1(9%) 1(8%)
Work % spent on various activities
Patient care 48% 43%
Supervising other practitioners 21% 19%
Research 5% 7%
Administrative tasks 21% 26%
Continued medical education 4% 4%
Other 1% 1%

had clinical experience with predictive analytics, with
only one having previously helped implement a CDS
algorithm. Nonetheless, respondents felt they understood
the general idea and intended purpose.

About half of the respondents noted the positive aspects
of predictive analytics. They mentioned that clinical infor-
matics can help generate alerts that serve as assistants to
clinicians’ daily workflows. Physicians suggested that alerts
might optimize physician decision-making processes by
synthesizing overlooked or convoluted information.

A few respondents explained potential drawbacks of pre-
dictive analytics-derived CDS systems. The frustration with
seeing too many alerts appeared to be the primary issue. One
provider echoed this when stating, “I would say unfortunately
my general impression is more of being a distraction often and
[ would say that they become so frequent that you tend to just
click them away without noticing them” (‘After’ Participant
[AP]5). Additionally, some noted that they paid more attention
to these alerts as trainees but tuned them out increasingly as
time progressed. Ultimately, physicians believed that low user
uptake made it difficult to tell if predictive analytics has had an
impact at the hospital level.

Theme 2: Nonclinical education about alerts and educa-
tion on shift are effective awareness-building strategies:

some participants were made aware of the EDSN alert via

Applied Clinical Informatics  Vol. 14 No. 4/2023 © 2023. Thieme. All rights reserved.

email or faculty meeting while others reported seeing the
alert for the first time during a shift.

Those who mentioned they recall learning of EDSN before
seeing it live said this occurred through an email, a faculty
meeting, or from a personal interaction with the study
principal investigator. The variety of ways physicians learned
of these alerts could have contributed to differing levels of
alert understanding and familiarity.

Of the respondents who remember their awareness of
the EDSN alerts occurring during a shift, a couple men-
tioned that they may have had prior knowledge of the alert
but had forgotten about it by the time they saw it live. Other
doctors, especially those with fewer years of experience,
mentioned seeing these alerts for the first time during a
shift because they had only recently begun working at the
hospital.

Theme 3: Providers deemed EDSN placement, design, and
content to be acceptable but may be optimized by design
changes: in terms of alert frequency, most physicians
recalled seeing EDSN flags accompany 10 to 25% of
patients’ charts. Most respondents believed that this
frequency was consistent with what they would expect.
Further, algorithmic bias was not seen as a serious con-
cern by most clinicians, while acknowledging that this
does not mean bias is not present.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
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Physicians generally agreed that the alert had useful
placement and appreciated its ability to render in different
tabs and screens. As one clinician stated, “I do like the
placement, and that it is available in multiple different
tabs and screens depending on what your workflow is
because I know everyone uses Epic a little bit differently”
(AP 12). Multiple physicians believed EDSN is less intrusive
than other EHR alerts. Physicians suggested that these alerts
could also render within chart review, at discharge, color
coded within the patient list, as a clinical note, and within the
“ED activities” tab.

Regarding EDSN design, most physicians appreciated that
the alert does not “pop up” without prompting and that these
alerts do not render without being clicked. Multiple people
also suggested that color coding based on the alert content
could help physicians quickly deduce the patient’s risk of ED
recidivism or the number of recent ED visits without having
to investigate further. Emojis were also suggested to quickly
preview the information enclosed in the alert.

Most respondents stated that the wording and substance
of the alerts are clear; however, they could be more compre-
hensive. While its brevity is appreciated, clinicians said that
the alert does not fully explain the nature and severity of the
risk, requiring physicians to spend extra time tracking down
the required information.

While physicians supported the “suggested next steps”
function, they wished the call-to-action could be more
explicit. Physicians suggested that this could display as a
button directing physicians to order additional tests or
viewing previous visits in greater detail.

Theme 4: Physicians had positive attitudes toward the
potential of EDSN while skeptical of its effectiveness in
changing physician behavior: while most physicians be-
lieved the alert to be sufficiently calibrated, most respon-
dents—especially more experienced physicians—ignored
the alert more frequently than not. These physicians
noted that the steps prompted by the alert described their
normal courses of action. Even if the alert did not change
their clinical processes, some still acknowledged its
helpfulness by confirming their decisions.

Clinicians commonly ignored the alert because it did not
alter their clinical process. This could be the case for several
reasons. First, multiple ED visits could be independent of
each other, rather than a pattern of risky behaviors. Addi-
tionally, if the physician has previously engaged with this
patient, the alert may not provide new information. Another
reason to ignore the alert involved the cumulative “alert
fatigue” that physicians face.

Further, some respondents mentioned that individual
bandwidth may influence responsiveness to EDSN alerts.
These physicians noted that they are inclined to ignore the
notification if they were running behind schedule, contend-
ing with other significant clinical demands. Others, however,
mentioned how the alert served as a useful care reminder
during busy clinical shifts. Physicians stated that this aids in
preventing excessive procedures, especially among patients

Jones et al.

who may not be forthcoming about their medical history.
Similarly, physicians appreciated how it worked across
hospitals and could include external information. A couple
of physicians noted that the opioid risk alert was particu-
larly helpful in adjusting the prescriptions they write.
Ultimately, physicians were pleased with how EDSN alerts
could improve connectedness across the health care
continuum.

Finally, physicians believed that both improving the
actual alert and improving physicians’ understanding of it
could prove beneficial. As one provider asserted, “Some sort
of education along the lines of what you use that for would
be helpful. I mean, you get the notification and the infor-
mation but if there is no clinical utility or action it just
becomes extra information that is easy to ignore” (AP 11).
By including more tailored information and a clearer call-
to-action and providing additional educational resources to
aid physicians, respondents believed EDSN can achieve its
potential.

Discussion

Ultimately, we found providers hold largely neutral or positive
views regarding EDSN. Prior to implementation, physicians
worried about alerts’ potential to restrict their autonomy.
While some concerns with effectiveness remained postlaunch,
physicians tended to believe EDSN is correctly calibrated,
nonintrusive, and has the potential to supplement their clini-
cal workflow and decision-making. This response did not
appear to be tied to a clinician’s previous knowledge of CDS
technology, implying that EDSN’s design and intention are
intuitive regardless of a provider’s technological literacy.

While few noted the notifications would produce a signif-
icant change in their clinical decision-making, some de-
scribed them as helpful reminders. Further, none of the
interviewees regarded EDSN alerts as detrimental. This is
important, as physicians mentioned that consistently using
these alerts depends on CDS trust and usability. These senti-
ments were consistent between those who were interviewed
twice and those who were interviewed once.

Physicians largely believed the alert was correctly calibrat-
ed and fired at the appropriate times. Even respondents who
suggested that EDSN was too sensitive acknowledged that this
is better than the alternative due to the need to closely monitor
these high-risk patients. This logic extends to sentiments
regarding alert placement and design, as physicians believed
that EDSN's level of intrusiveness is appropriate given the
alert’s important content. Further, the suggestion of using
Emojis to represent levels of severity aligns with other litera-
ture suggesting their potential value.2?-31

While EDSN is not viewed negatively, alert use depends on
a user’s experience with all alerts within the EHR.>? Thus,
administrators should remain vigilant of the number of live
EHR alerts at any given moment to minimize alert fatigue.
Further, it is important to acknowledge that ambivalent
feelings toward the alert may be tied to the alert’s non-
intrusiveness. If this alert was more intrusive, perhaps
clinicians would harbor more negative sentiments.
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Interviewees’ comments on improving comprehensiveness,
however, implied that sacrificing the alerts subtlety for more
comprehensiveness would be a desirable trade-off.>3

This greater detail may include more information on
where the patient recently received care, care frequency
within a defined timeframe, previously filled prescriptions,
and prior laboratory results. While alert additions may prove
beneficial, care must be taken to avoid introducing algorith-
mic bias into EDSN, potentially harming those the algorithm
aims to help.'®

The success of health informatics projects depends on a
comprehensive rollout accompanied with a helpful explana-
tion of the alert and its capabilities. One-off efforts to make
people aware of a new alert can be easily overlooked or
forgotten.21 To improve awareness, additional educational
resources could prove helpful for both new and experienced
physicians. Previous literature has shown this continual
interplay to be crucial in improving CDS system up-
take.!-223435 While the EDSN launch was accompanied
with an initial explanation, subsequent refreshers may be
needed, particularly as EDSN data are gathered and hospitals
experience provider turnover.

This project has several limitations. First, physician
interviews occurred off-shift. Thus, physicians may have
suffered from recall bias, misremembering true alert fre-
quency. Next, given this was a convenience sample, there is
potential for selection bias based on those who chose to
respond. If bias here is significant, these findings may not
represent the entire ED physician population. Also, a
minority of interviewees were interviewed both before
and after intervention, limiting longitudinal understand-
ings. Further, this research only focused on one health
system, limiting generalizability. Additionally, these inter-
views occurred over the course of a year, and time trends
affecting alert familiarity may exist. Finally, COVID-19
onset may have skewed responses by deprioritizing atten-
tion paid to non-COVID complications. While this is diffi-
cult to fully evaluate, we paused interviews during COVID
waves to capture sentiments in times most unaffected by
the pandemic.

Despite these limitations, this research holds promise in
helping informatics teams design better CDS systems. Future
research will quantify EDSN’s impact on ED visits, opioid
overdose changes, prescribing practices, and their associated
health care costs. The results of this and ongoing research
will inform EDSN'’s continued implementation.

Conclusion

EDSN appears to have a marginally positive effect on physi-
cian workflow. At its most beneficial, the alert reminds
physicians to consider the drugs they were prescribing to
high-risk populations and to potentially adjust their care and
referrals. At its least beneficial, the alert does not affect
physician decision-making but is not intrusive to the point
of negatively impacting physicians’ workflow.

Further education and awareness could promote uptake and
allow for ongoing physician input. Policymakers and health
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system decision-makers should incentivize early and consis-
tent interplay between CDS designers and users. Gauging
physician sentiments is crucial to understanding how these
alerts can best help the physician, and by extension, the patient.

Clinical Relevance

This work evaluates the implementation of a CDS system
before and after its launch within the EHR, through the lens
of provider sentiments. Understanding physicians’ role in the
development and use of these systems is crucial as they
continue to proliferate health care.

Multiple Choice Questions

1. For what adverse events does EDSN estimate a patient’s
likelihood of experiencing?
a. Sepsis and opioid risk
b. Future ED use and opioid risk
c. Sepsis and inpatient admission
d. Future ED use and head injury severity

Correct answer: The correct answer is option b. This
technology identifies patients at elevated risk for both
high levels of future ED use and adverse outcomes due to
opioid use.

2. In the preimplementation interviews which of the follow-
ing was listed as a benefit of CDS technology?
a. Legal liability
b. Loss of physician agency
c. Lack of trustworthiness
d. Contained actionable recommendations

Correct answer: The correct answer is option d. The first
three choices were all listed as concerns, while the last
choice was listed as a potential strength of the technology

3. What is the overarching sentiment regarding the EDSN
alert (postimplementation)?
a. Overwhelmingly positive
b. Overwhelmingly negative
c. Mostly neutral but leaning positive
d. Mostly neutral but leaning negative

Correct answer: The correct answer is option c. The
consistent thread through the 12 postimplementation
responses suggested that EDSN largely did not influence
their clinical workflow but it did not negatively affect
them. With iterations and a more comprehensive alert,
providers believed EDSN could reach its potential.

Study participants were deidentified prior to analysis,
with identifying information contained in a password-
protected file within a secure file-sharing environment.
This study was reviewed and approved by the relevant
Institutional Review Board. Study participants were com-
pensated for their participation via gift card.
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