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Summary

Background: Unique characteristics of nursing homes (NHs) contribute to high rates of inappropri-
ate antibiotic use for asymptomatic bacteriuria (ASB), a benign condition. A mobile clinical decision
support system (CDSS) may support NH staff in differentiating urinary tract infections (UTI) from
ASB and reducing antibiotic days.

Objectives: We used Goal-Directed Design to: 1) Characterize information needs for UTI identifica-
tion and management in NHs; 2) Develop UTI Decide, a mobile CDSS prototype informed by person-
as and scenarios of use constructed from Aim 1 findings; 3) Evaluate the UTI Decide prototype with
NH staff.

Methods: Focus groups were conducted with providers and nurses in NHs in Denver, Colorado (n=
24). Qualitative descriptive analysis was applied to focus group transcripts to identify information
needs and themes related to mobile clinical decision support for UTI identification and manage-
ment. Personas representing typical end users were developed; typical clinical context scenarios
were constructed using information needs as goals. Usability testing was performed using cognitive
walk-throughs and a think-aloud protocol.

Results: Four information needs were identified including guidance regarding resident assessment;
communication with providers; care planning; and urine culture interpretation. Design of a web-
based application incorporating a published decision support algorithm for evidence-based UTI
diagnoses proceeded with a focus on nursing information needs during resident assessment and
communication with providers. Certified nursing assistant (CNA) and registered nurse (RN) person-
as were constructed in 4 context scenarios with associated key path scenarios. After field testing, a
high fidelity prototype of UTI Decide was completed and evaluated by potential end users. Design
recommendations and content recommendations were elicited.

Conclusions: Goal-Directed Design informed the development of a mobile CDSS supporting par-
ticipant-identified information needs for UTI assessment and communication in NHs. Future work
will include iterative deployment and evaluation of UTI Decide in NHs to decrease inappropriate
use of antibiotics for suspected UTI.
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1. Background and Significance

Nursing homes (NHs) are facing a new mandate to reduce inappropriate antibiotic use in the face of
the rising prevalence of antibiotic-resistant bacteria [1]. These antimicrobial stewardship (AMS) ef-
forts are largely adapted from the acute care setting, despite the fact that the NH environment has
several unique characteristics that present care challenges [2]. First, NH patients are uniquely frail,
many with physical and cognitive impairments that interfere with diagnostic evaluation and in-
crease susceptibility to infections. Second, NH providers—physicians, nurse practitioners (NP) and
physician assistants (PA)— are infrequently present in the NH at the time of a patient’s presentation
with suspected infection. Finally, nurses—registered nurses (RN), licensed practical nurses (LPN),
and certified nursing assistants (CNA)—play an enhanced role in resident management and deter-
mine the flow of information to providers [3].

Among residents of NHs, urinary tract infections (UTIs) are the most commonly reported and
treated healthcare-associated infection. A recent study suggests 3.0% to 5.2% of NH residents have a
UTI at any point in time [4]. Diagnosis of UTIs in the NH setting is complicated by the widespread
presence of bacterial colonization of the urinary tract without local signs or symptoms of infection,
which is referred to as asymptomatic bacteriuria (ASB) [5, 6]. Antimicrobial treatment of ASB is
widespread despite evidence that it does not improve outcomes, probably because ASB is both com-
mon and challenging to differentiate from symptomatic UTI in frail elders [7, 8]. Overtreatment of
ASB contributes to antibiotic overuse in the NH setting and the increased incidence of adverse
events, including Clostridium difficile infection (CDI) and the acquisition of multi-drug resistant
(MDR) organisms [9-11]. In a recent study, a paper-based algorithm incorporating national guide-
lines was effective in reducing urine testing and treatment of ASB in a NH setting [12].

Health information technology designed to help healthcare professionals with decision making
tasks is known as electronic clinical decision support system (eCDSS) [13]. eCDSS has been pro-
posed as an important technology to enhance existing AMS programs and the implementation of
core AMS strategies [14]. With respect to the diagnosis and management of UTI in the NH context,
eCDSS has the potential to reduce antibiotic overuse by improving diagnostic accuracy and thereby
mitigating overtreatment of ASB. Since the NH sector has been reported to lag in health information
technology infrastructure [15], smartphone applications may be a promising platform for dissemi-
nating an eCDSS intervention directly to individual staff members. The use of any information sys-
tem in the NH must be considered in the context of the unique workflows in NHs described above.

1.1 Goal-Directed Design

Goal-Directed Design (GDD) is an approach that involves targeted users in the design of systems
that will support their goals'® through integrated use of persona-driven!’-2° and scenario-based de-
sign [18, 19, 21, 22]. GDD represents the progression of the integrated use of these well-known de-
sign methods that have been widely used for decades outside the health domain [23-25]. A persona
is a description of a hypothetical individual that typifies a person who will use an information sys-
tem [17]. Personas are used to ground the technology, conceptualizing the idea of an individual
stakeholder and envisioning the ways he or she might interact with the information system. Scenar-
io-based design focuses on the activities and information needs of the people who will use an infor-
mation system rather than the system itself or the capabilities of technology [21]. An information
need is user perception of a gap in information support or technical resources that enable her to
know, learn, or do something better [26]. Scenarios of use are narratives that are easily understood by
people who perform work in nontechnical domains; they provide a design vocabulary for laypersons
involved in the design process [27]. Scenarios constitute descriptions of work activities that satisfy
the goal for each information need. GDD defines several types of scenarios — two of these being con-
text and key path scenarios. Context scenarios tell the story of a particular persona, its goals, and
motivations for using the system under design [16]. Key path scenarios describe specific user inter-
actions and steps to navigate the future system [16]. In this study, we used GDD to characterize in-
formation needs, and develop and test a mobile CDSS prototype (UTIDecide) by engaging NH staft.
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2. Objectives

To our knowledge, there is no prior investigation of clinicians’ information needs around AMS ac-
tivities or the needs of clinicians in long term care when assessing a patients change in status. To
bridge these identified gaps, this study used GDD to develop an eCDSS, titled UTI Decide, to im-
prove UTI management of suspected UTI in NHs. We sought to: 1) Characterize information needs
for management of suspected UTI in the NH context; 2) Develop the UTI Decide prototype in-
formed by personas and scenarios of use constructed from Aim 1 findings; 3) Evaluate the UTI De-
cide prototype with frontline NH staff using cognitive walk-throughs and a think-aloud protocol.

3. Methods

We conducted a three aim design study that engaged 20 participants from 6 NHs and 2 physician
practices in the Denver area. »-Figure 1 for a broad overview of the steps taken to implement the
GDD study in the nursing home context. Inclusion criteria were: frontline staft (RN or CNA), man-
agers (RN) or providers (MD, NP, or PA) at a Denver-area NH currently providing direct care to
residents and greater than 21 years of age. All procedures were subject to expedited IRB oversight by
the Colorado Multiple Institutional Review Board. Participants provided informed consent prior to
enrollment in the study and received an incentive of a $50 gift card for participating in a focus
group.

Given the constraints of work responsibilities and schedules, our participants could not engage in
a time-intensive design project. Therefore, we chose focus groups to solicit information needs and
individual usability sessions to solicit design feedback at a time of participant convenience. Two on-
site focus groups allowed participants to demonstrate interactions and identify problems with indi-
vidual information systems on an ad hoc basis during the sessions. Two telephone focus groups were
conducted to allow for flexibility in engaging providers and nurse managers from different sites [28].
Based on focus group findings, our team created a conceptual information system design that in-
cluded scenarios of use and personas.

Our cross-disciplinary design team consisted of a geriatrician, an infectious disease physician, a
user-centered design methodologist, a public health PhD student, and two medical students, one of
whom has a degree in computer science and served as the programmer. In addition to extensive ex-
perience with aging, the health needs of older adults, and antimicrobial stewardship. for UTIL, indi-
vidual team members have expertise in computer science, software engineering and qualitative re-
search methods. In addition, the design team worked with a community stakeholder advisory board
and consulted several times with 2 NH providers and a former director of nursing during the design
process.

3.1 Aim 1 Methods

Focus Groups: Four focus groups (n=4, 5, 4, 7) were conducted with healthcare professionals who
work with older adult residents in NHs. Participants provided verbal consent prior to the start of the
focus groups. Participant roles included nurses (RNs), nurse managers, directors of nursing, nurse
practitioners (NPs), physicians (MDs), and physician assistants (PAs). Focus group participants
were full time staff at a NH or affiliated provider group. Focus group participants were invited to at-
tend by email. Focus groups were conducted from June 2015 to August 2015. An interview guide
was developed based on prior work [29], field experience, and a literature review. We used the tech-
nology acceptance model (TAM) to inform questions about mobile technology use in NHs and to
determine information needs associated with UTI diagnosis and management in the NH setting.*
The interview guide aimed at identifying barriers and facilitators to adoption of eCDSS through ex-
ploring thoughts and perspectives on the following themes: knowledge and awareness of guidelines
at time of assessment and interpretation of culture results, attitudes about using guidelines, external
barriers to and facilitators of eCDSS implementation and acceptance, perceived usefulness of deci-
sion support, social norms regarding smartphone use in this setting, and a description of workflow
for UTT evaluation, diagnosis, and management. Focus group data collection stopped at theoretical
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saturation when participant responses became repeated and when data was sufficient to fully devel-
op three domains of the focus group guide.

3.2 Focus Group Analysis

All focus groups were audio-recorded and transcribed verbatim by a research assistant. Any infor-
mation from which the particular respondent or NH could be identified was removed. Open coding
was conducted by two researchers with training in qualitative methods. Focus group transcription
was next read for emergent themes. Once emergent themes were consolidated between the two re-
searchers, the text was coded independently for a priori themes from the focus group guide and
newly emerged themes derived from the text. The two coders then met to synthesize results; codes
were highly overlapped and discordant codes were discussed and agreed upon. Coded transcripts
from both researchers were reviewed and compared by the principal investigator to ensure inter-
rater reliability. An iterative analysis was applied to transcripts from focus groups. A member-check-
ing survey to validate identified workflow and information needs was sent to all focus group partici-
pants who provided legible e-mails as part of study enrollment materials (n=17, 8 responded).
Member checking is a method of re-stating results with original participants to check for accuracy.
Survey questions were based on prior design research [19] and adapted by the research team for the
current study through a series of meetings. Summarized results were triangulated with the expertise
of a community stakeholder advisory board.

3.3 Aim 2 Methods

Design Process: The study team conducted the design process collaboratively. To construct the RN
and CNA/LPN personas, the study team summarized and aggregated information related to experi-
ence, education, and job responsibilities for nursing staff. The team, with input from nursing home
professionals, determined that for UTI Decide, an important distinction should be made between
nurses licensed to assess patients and nurses not licensed to assess patients. Given that neither CNAs
nor LPNs are licensed to assess patients in the state of Colorado, these roles were combined into one
persona. This persona will be referred to as a CNA in the remainder of the text. Next, context and
key path scenarios were developed using information needs from Aim 1 and participant design rec-
ommendations identified from focus groups. The design team chose to focus efforts on information
needs of nurse roles (steps 1 and 2 of the UTI diagnostic and management workflow, » Figure 2),
deferring a build for the information needs of provider roles for future efforts (steps 3 and 4 of the
UTI diagnostic and management, P> Figure 2). Using the two personas, scenarios were matched to
the work of CNAs and RNs.

Mobile Application Development: A UTI Decide prototype was developed by the research
team. We first analyzed the data from focus groups to build a clinical algorithm that combined NH
UTI workflow with evidence-based guidelines on UTI diagnosis and management in long term care
facilities.! The algorithm we developed was adapted from a validated paper-based algorithm cre-
ated to combat common cognitive errors in UTI diagnosis. (See Appendix) Specifically, a previous
study showed that use of the algorithm improved inter-rated reliability on distinguishing ASB from
UTIL in comparison to providers” diagnoses made without the algorithm, and demonstrated effec-
tiveness in a clinical trial.'>? The algorithm was then converted into a web-based application devel-
oper. For the initial prototype, a web-based platform was chosen to allow access for testing on both
mobile and desktop applications. While mobile access of the application is a primary focus of this
project, initial design engagements with nursing home participants identified potential concerns,
since resolved, related to wireless access network access and use of mobile technologies by nursing
home staff. We redesigned the user interface iteratively in a series of design sessions to improve us-
ability and functionality prior to pilot testing.

© Schattauer 2017 W Jones et al.: Mobile CDS for Nursing Home Staff Assessment using Goal-Directed
Design

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article a Applied Clinical Informatics 637

3.4 Aim 3 Methods
Cognitive walk-throughs and think-aloud usability tests

Cognitive walk-throughs and think-aloud protocols are two common usability test methods that are
often used in conjunction with each other [32]. A cognitive walk-through is a usability test method
to identify appropriate goal-action sequences and barriers to completion of specific tasks [33]. A
think-aloud method is a usability test method where users ,think aloud® while using a system’s inter-
face to perform tasks.*** Landmark studies using mathematical modeling of problem discovery
rates in usability studies have presented empirical evidence that most problems are discovered by us-
ability testing with 3 to 5 participants [36-39]. Experimental tests of think-aloud protocols have re-
sulted in similar findings and recommendations of 3 to 5 participants [40].

We conducted usability test sessions with participants (n=4) who held nurse or nurse manager
roles at a NH. Two researchers (BR and CD) moderated usability sessions jointly and alternated be-
tween primary and secondary interviewer roles. Usability test sessions consisted of cognitive walk-
throughs [33] using a think-aloud protocol [34]. Participants were instructed to use 4 common pa-
tient scenarios as they stepped through the UTI Decide interface while “thinking aloud” about their
observations during episodes of use. The usability interview guide was based on our prior research
[18, 26] and the TAM [30]. Interview questions were designed to prompt responses about usability
of the eCDSS interface. Usability sessions were recorded using a digital audio recorder and tran-
scribed verbatim by a member of the research team (CD).

Usability Transcript Analysis: Usability test session transcripts were analyzed to identify design
recommendations and a priori codes (perceived ease of use and perceived usefulness) drawn from
the TAM [30]. The coding strategy was devised by two coders (CD and BR). Both coders read the
transcripts of usability test sessions to familiarize themselves with the raw data and refine the coding
approach. One coder (CD) conducted a preliminary analysis of the transcripts and then both coders
met to discuss and finalize the coding approach. One coder (CD) subsequently conducted final
coding of all transcripts. A second coder (BR) reviewed and verified the final coding results as a test
of face validity [41]. Coded results were grouped into themes.

Usability test transcripts were transcribed verbatim and read for three primary a priori codes
based on interview guide questions: 1) perceived ease of use of the UTI Decide application; 2) per-
ceived usability; and 3) content and design recommendations. Two coders analyzed the usability
transcript data and then met to compare coded text and come to a consensus.

4. Results
4.1 Aim 1 Results

We describe the validated workflow and information needs, personas, and scenarios that comprise
the conceptual design of UTI Decide. The proposed eCDSS is intended to meet 2 objectives: 1) to
support evidence-based RN assessment of NH residents with a change in status suspected to have a
UTIL 2) to support interdisciplinary communication of a resident’s change in status to the off-site
provider. The current conceptual design is meant to support use that is untethered from other infor-
mation systems and without archiving assessment results.

4.2 Workflow and Information needs

Analysis of focus group transcripts led to the identification of a UTI diagnostic workflow as well as 4
predominant information needs specific to the work of nurses and providers. Further, we elicited a
high-level workflow for patients suspected of having a UTI from focus group participants (P Figure
2). The workflow proceeds in 4 steps and is initiated when a resident is noted to have a change in
clinical condition. This may be a subtle change such as a change in urine appearance or decreased
energy or a major change such as a fever or change in mental status. The episode commences when a
change in status is noted in the patient by an RN or CNA. First, a nurse will perform an assessment
which may include vital signs, interview, physical examination, and/or visual examination of the
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urine. Second, the nurse will contact the provider to communicate her clinical impression and ob-
tain orders. Third, the provider and nurse will implement a care plan that may involve monitoring,
urine or blood testing, and/or empiric antibiotic therapy. Finally, the resident will be monitored and
reassessed over the following 72 hours at which time any laboratory data should be available to sup-
port maintaining or changing clinical course. The episode terminates when the patient is stable and
any therapy is completed.

4.2.1 Information needs

Four primary information needs were identified. Two of the identified information needs were spe-
cific to the work of nurses and two were related to the information needs of providers. Nurses’ infor-
mation needs related to assessment of the patient and communication with providers. Provider in-
formation needs related to communicating with staff and interpreting the results of diagnostic test-
ing. »Table 1 shows the information needs identified for each role. Upon member-checking our re-
sults with 17 of the focus group participants, agreement with information needs was 100%.

1. Access to diagnostic guidance when assessing a patient with a change in status

When assessing a patient with a change in status, frontline nursing staff could benefit from im-
proved access to UTI evaluation guidance. At the time of presentation, participants reported that
guideline-discordant signs and symptoms, such as behavior changes, falls, confusion, and foul-
smelling urine, are often mistakenly thought to indicate a possible UTI. As one focus group partici-
pant noted:

"A lot of them will call because this person has had multiple falls, therefore we want to check them out for this,
this, and this... think it's just the easiest thing to rule out, so first thing they look for.”

Participants expressed interest in technology that could support users on what to assess for and what
findings are consistent with a UTL

2. Access to communication guidance

Communication as a workflow barrier emerged as a key theme in focus groups. Nursing staff de-
scribed frequent difficulty in communicating information to providers about patients with a sus-
pected UTT due to inadequate documentation or uncertainty about what information needs to be
provided. Similarly, providers reported that the majority of their UTT cases are phone consultations
and noted that healthcare professionals often have not gathered sufficient information before calling
them. One focus group participant observed:

“| think the biggest problem...is knowing what clinical information is being conveyed to you that would really
give an indication to treat and having a reliance on it. It's not usual to get a call where the data you would ex-
pect is present.”

Providers reported that this communication barrier is worsened by difficulty obtaining patient in-
formation from charts given that many NHs do not have electronic healthcare record systems.

3. Access to diagnostic and treatment guidance for provider at time of notification

The third information need we identified was improved access to diagnostic and treatment guidance
for providers at time of notification of a possible UTIL. Participants agreed that improved access to
diagnostic guidance for UTT is needed. Most participants were familiar with evidence-based guide-
lines for UTI, and a few participants noted that they routinely reference evidence-based guidelines
to inform decision making, including the Infectious Diseases Society of America guidelines,* the
Sanford Guide,* and the revised McGeer Criteria.’! However, several participants noted that many
of their colleagues are largely unaware of guideline recommendations, a perspective shared by both
nurses and providers. As a result, testing and treatment for UTI are frequently ordered in spite of
clinical findings that do not indicate testing or treatment according to evidence-based guidelines.
This quote by a focus group participant illustrates this point:

© Schattauer 2017 W Jones et al.: Mobile CDS for Nursing Home Staff Assessment using Goal-Directed
Design

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article a Applied Clinical Informatics 639

“...we've been doing this for years: ordering unnecessary UAs [urinalyses] and treating things that are not really
infection for years and years and years. There's a roadblock...This is a learning curve and we're all just still
learning..”

Additionally, participants noted that there are significant discrepancies among NH guidelines for
diagnosing and managing UTIs and expressed interest in improved access to standardized, evi-
dence-based guidelines.

4. Access to urine culture interpretation guidance

Finally, we identified interpretation of urine cultures as an additional information need in the NH
context. Several participants stated that they follow guideline recommendations when reviewing
microbiology data and deciding on antibiotic therapy. However, many participants noted that guide-
line-discordant decision making is prevalent in the NH setting and that antibiotics are frequently
prescribed despite limited or absent culture data. To illustrate, one focus group participant stated:

“I find that our medical director quite often treats rather than being systematic about it. Some people come
back positive and they may be fine, or appear fine, and she treats them anyway. | have a few providers who do
that as well.”

Participants expressed a desire for improved access to guideline recommendations when reviewing
urine culture data.

4.3 Personas

We constructed two personas: one for an RN persona - “Denise” and another for a certified nursing
assistant (CNA) persona — “Marie”-, both of which are shown in »>Figure 3. It is important to note
that the CNA is generally not licensed to perform assessment; rather, she can gather data for the
nurse (such as vital signs, etc.). Further, the CNA will generally not be directly communicating with
the provider. In contrast, the RN will be responsible for the assessment and communicating findings
from the assessment to the provider.

4.4 Scenarios of Use

Four context scenarios were constructed that describe user tasks using identified information needs
as goals for a patient with or without an indwelling urinary catheter and with or without guideline
concordant UTT symptoms. We chose the first because the guidelines differ based on catheterization
and the second because the eCDSS is designed to change assessment behavior when patients lack
guideline concordant UTI symptoms. »Table 1 shows the scenarios, the information need each sce-
nario supports, and the persona that engages in the work activity described by the scenario. Of inter-
est, the LPN role differs depending on regulatory environment across states and regions. For in-
stance, in the state of Colorado, LPNs are not licensed for resident assessment.

In addition, four corresponding key path scenarios that described a successful path for task com-
pletion using UTI Decide were constructed (P Figure 4). Scenario construction and development of
prototype interfaces and features occurred iteratively with the two processes informing each other.

4.5 Aim 2 Results: Prototype Design

The objective of aim 2 was to develop a UTI Decide prototype informed by personas and context
scenarios constructed from Aim 1 findings. The interface and content of the prototype was designed
to satisfy the information needs of nurses involved in the identified UTT management workflow in
steps 1 and 2 of their interaction with the eCDSS. Information needs of steps 3 and 4 were not ad-
dressed in this prototype. »>Figure 5 shows screen captures of the prototype that resulted from the
design process illustrated in P Figure 1.

The UTI Decide prototype is structured as an electronic decision tree designed to guide the user
to an evidence-based assessment of suspected UTL. It was built on a web-based platform to provide
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flexibility to potential uses in NHs with limited wireless internet or cellular phone access. The user is
initially asked whether the patient is catheterized or non-catheterized. The user is then prompted to
evaluate and record signs and symptoms of UTI. If the signs and/or symptoms selected are not
guideline concordant, the eCDSS suggests not moving forward with the UTI workup and suggests
consideration of non-urinary conditions. If the signs and/or symptoms are guideline discordant, the
eCDSS suggests additional conditions to consider before moving forward with the UTT workup.
Thus, guideline recommendations are incorporated into the eCDSS at various points in the decision
tree.

The UTI Decide prototype includes additional features intended to educate users about evidence-
based management and diagnosis of UTT. When the user selects signs or symptoms that are not
diagnostic of UTI, the eCDSS explains this to the user and suggests that further testing for UTI may
not be required at this time. Further, the eCDSS suggests additional steps, such as observation or al-
ternative diagnoses, per the decision support tool. Additionally, the eCDSS includes pop-ups de-
scribing common points of confusion in the UTI diagnostic and management workflow.

To mitigate the identified communication barrier between NH staff and providers, UTI Decide
includes a feature that structures previously entered data into text in the SBAR (Situation, Back-
ground, Assessment, Recommendation) format for the user to use when communicating with a pro-
vider.** SBAR is a standardized communication approach championed by the Agency for Healthcare
Policy and Research as a means to promote patient safety. SBAR is widely taught to nurses.***> The
user is given the option of generating an SBAR script relevant to the case, and if the user selects yes,
data previously entered by the user is structured into the SBAR format. This feature is intended to
suggest and synthesize all information the provider will likely need to evaluate the patient during the
nurse-provider phone call.

4.6 Aim 3 Results: Prototype evaluation

Generally, participants found the application easy to use and useful. Participants were able to easily
and quickly navigate the application to evaluate the scenarios provided to them. Each of the four
participants reached the desired outcome of the eCDSS: an evidence based assessment of whether
the patient in the scenario had symptoms concordant or non-concordant with UTI. Also, each par-
ticipant reached the desired SBAR output.

Participants found the application easy to use:

“...what | like about this is that it's accessible. It's more accessible than you having to write down your assess-
ment and then go to the computer. If | had the phone on me, while | was assessing, | could just jot it down there.
I think that's nice and user-friendly, in that sense.” (Usability Participant 2)
Participants also identified the usefulness of UTT Decide:
“This is data collecting. You're not saying “per your assessment, make these recommendations”; it's basically
saying “this is the evidence based recommendations”. They can start those. They can collect data. They can start
those. [sic] And getting them to start that as quickly as possible—that may be the piece most beneficial in the
long run.” (Usability Participant 1)
and:
"Yes. It helps you. Because it's what information you need before you call the doctor.” (Usability Participant 4)
4.7 Design recommendations

Participants had several design recommendations. The first was providing a zoom feature:

“For me, | like color, font. Clean. It may want to have a zoomable feature;” (Usability Participant 3).
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The second was providing a printable or email-ready report feature. This recommendation was
made by two of the four participants who wanted to be able to easily print from the application to
include the output of the suggestions/results in the residents’ charts.

“| guess saving it as a PDF file and emailing it to yourself. It'd be a good option. | would rather do that than
double my work and type it all in again.” (Usability Participant 2)

Both participants felt that printing the results was a key point in using UTI Decide as a communi-
cation tool among frontline staff and providers.

Additional design recommendations included removing the highlighting feature from the list of
symptoms, making the scroll bar more obvious and prominent, making the “none of the above” op-
tion more obvious and prominent, and moving up the “next” button on the first screen,

4.8 Content recommendations

There were several content-related recommendations. An important piece of feedback was that
changing the non-concordant suggestions format from “have you considered?” to “have you done?”
would increase data collection by the user (nurse) and ensure adequate data is collected before com-
municating with the decision-maker (provider). For example, one informant noted that “have you
considered gas pains?” could be made more active by changing the suggestion to “when was the resi-
dent’s last bowel movement?”, a piece of information helpful to those diagnosing UTIs and prescrib-
ing antibiotics.

A general piece of feedback we received was to keep the language simple and provide additional

“pop up” content in the informational “i” icon for each sign and symptom as a means of providing
context:

“Maybe being able to get information on all of them [the symptoms] rather than just some. | think it's great that
for ‘change in mental status’, you can click the information and it shows you ‘acute onset'... and maybe more
information on those might be good.” (Usability Participant 2)

One participant wanted to include white blood cell (WBC) count workflow in application; evalu-
ation of WBC count is an aspect of the CDC guidance for UTT surveillance in long term care [31].

“It's good. | still want to see—still want to chase that white count down.” (Usability Participant 3)

5. Discussion

Our study confirmed the need for information technology that supports communication and deci-
sion making at multiple points in the UTT workflow in the NH context. Examples of activities that
could benefit from eCDSS include assessment of a patient with a change in status suspected due to
UTI, communication between frontline staff and providers, diagnosis and treatment for providers at
time of notification of possible UTI, and culture interpretation. The findings from this study de-
scribe commonalities in information needs across NHs. To our knowledge, our study is the first to
incorporate these information needs into the conceptual design of an eCDSS.

The benefit of GDD is that, in characterizing the UTI management and diagnostic workflow in
this context, we have identified important points of intervention where decision support could im-
prove diagnostic accuracy and management efficiency. Another benefit of this approach is the devel-
opment of an informatics tool that incorporates the perspective and preferences of all stakeholders.
While scenario-based and person-driven design have been used in prior health-related research in
recent years [18-21, 26, 27], this novel application of GDD for mobile clinical decision support in
the nursing home context represents a natural progression in the use of integrated design methodol-
ogy.

This study is limited by the relatively low number of participants in focus groups, which may
limit external validity. Furthermore, selection bias is possible that given that those healthcare profes-
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sionals interested in technology and improving UTI management were more likely to attend focus
groups. To simplify design, we limited the scope to the first two identified information needs of as-
sessing nurses. It is not known if changing nursing behavior alone can change urine testing and re-
duce antibiotic use. Further development work on the 3™ and 4" information needs for providers
will be an important next step. Additionally, understanding how RNs and providers use guidelines
in daily practice would impact patients and would also be of importance in future work. Finally,
nursing home residents and family caregivers can be important partners in prescribing decisions.
Future development might engage these important stakeholders.

Attempts to implement the application developed from this work will be limited unless workflow
of assessment in NHs is better understood. The current understanding of work in NHs is heavily
skewed to medication administration and communication [46]. Further, the categorization of nurses
licensed to assess residents versus those not licensed to assess residents will require translation
across health care regions and regulatory contexts.

6. Conclusions

This study demonstrates the potential of Goal-Directed Design for the development of eCDSS for
AMS. The documented information needs from this study contribute to the general knowledge of
UTI diagnosis and management in the NH context, as well as to the larger issues of communication
barriers between NHs and providers and the optimal design of eCDSS in this context. Resolving in-
formation needs in this workflow through eCDSS has the potential to mitigate antibiotic overuse
and improve diagnostic accuracy.

Larger studies that include more participants and a greater number of study sites are needed to
better characterize information needs and to optimize design of eCDSS. Decision support in nursing
homes has great potential to impact the behaviors of a diverse and dynamic workforce. Future
eCDSS might be developed to impact prescribing for other HAISs, or assessment for other healthcare
associated infections in this setting and others (e.g. emergency departments). Further research will
enable meaningful decision support and improved effectiveness of antimicrobial prescribing while
maintaining efficiency and provider autonomy.

Multiple Choice Questions:

1. When employing Goal-Directed Design to develop a mobile clinical decision support application
that implements evidence-based guidelines for assessing a clinical condition, which of the following
users are most important to engage:

A) Researchers

B) Administrators

C) Clinicians

D) Technology Vendors

The correct answer is C. Clinicians will most directly use the mobile clinical decision support appli-
cation. Thus, it is most important to identify their information needs and preferences in the context
where the deliver care. While researchers, administrators and technology vendors all may have a
stake or role to play in development and use of the application, clinicians should be the primary
focus of applications that implement evidence-based guidelines at the point of care. In addition,
nursing home residents or patients and their family members may benefit from the information
captured and recorded by these applications.

2. When designing clinical decision support for nursing home staff, which of the following steps in
workflow can be structured around the SBAR (Situation, Background, Assessment, and Recommen-
dation) framework?

A) Assessment

B) Communication
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C) Care Planning
D)Monitoring

The correct answer is B. The SBAR framework is used to address common errors in communication
in workplaces requiring high reliability. It has been widely adopted in healthcare to structure clinical
communication among clinicians. In the NH context, there are many barriers to effective communi-
cation, making a structured format particularly valuable. In particular, the medical providers are
commonly absent from the NH and entirely reliant on the nurses for “situational awareness”, or the
understanding of the entirely of a clinical scenario. The SBAR framework is used only after an initial
assessment of the resident is completed so that the nurse can share her findings with the provider.
The assessment step can be informed by clinical algorithms such as that incorporated in UTI De-
cide. The care planning step by the provider and nurse occurs after the communication of the rel-
evant clinical facts and can be informed by clinical guidelines such as those outlining appropriate
antimicrobial therapy. Finally, a period of monitoring follows, after which a subsequent SBAR com-
munication may occur if the clinical scenario has not been resolved.

Clinical Relevance Statement

This study indicates that healthcare providers in the NH context are eager to be engaged in the de-
sign, development, and evaluation of information systems that support their work and decision
making. Furthermore, results suggest that eCDSS could be successfully adopted in this context and
integrated into the existing UTI diagnostic and management workflow in NHs.
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“Denise” RN Persona

Background:

Denise is a floor nurse who supervises the activity of other nursing staff, including several LPN’s/CNAs
working with her residents. She holds a bachelor’s degree in nursing and has 10 years of experience at her
nursing home.

Responsibilities:
Denise’s responsibilities as an RN include:
Evaluate nursing home residents and care plans
Implement and document nursing care
Administer medications
Prepare [Vs, draw blood, give injections, and take vital signs
Monitor the health of residents and make sure they are getting the proper care
Interacting with family members by reporting changes in a resident’s health or living situation

“Marie” CNA Persona

Background:
Maria has 5 years of experience as a CNA. She has passed an accredited course and her state’s CNA exam and
has 35 hours of on-duty experience while under supervision.

Responsibilities:

Maria’s responsibilities as a CNA include:
Assist residents with activities of daily living such as: bathing, dressing, serving meals and feeding
Take vital signs
Turning or repositioning residents who are bedridden
Providing and emptying bedpans, lifting residents into beds, wheelchairs, exam tables, etc.
Answering residents’ calls
Examining residents for bruises, blood in urine or other injuries/wounds
Cleaning and sanitizing resident areas, changing bed sheets, restocking rooms with supplies
Serve as a conduit between residents, nurses, and doctors

Record and communicate all issues to medical staff

Fig. 3 “Denise” RN Persona and “Marie” CNA Persona
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Denise: (+catheter, discordant symptoms)

1. Opens UTI Decide App

2. Reads first screen, opens pop up for “catheter definition”.

3. Checks “has catheter”

4. Reviews 2 screen — concordant symptoms — and goes into patient’s room to assess.

5. After chatting with the patient and checking the symptoms, she runs the list of concordant symptoms
and checks “none of the above”.

6. She checks “next”

7. She reviews the discordant symptoms page and checks “falls” and checks “cloudy urine”

8. She reviews the clinical recommendations page and checks “yes” to get to the SBAR

9. She clicks “end” after she reaches the provider and goes to the survey.

Denise: (-catheter, discordant symptoms)
1. Opens UTI Decide App
2. Reads first screen. She chooses
3. Checks “does not have catheter”
4. Reviews 2~ screen — concordant symptoms — and goes into patient’s room to assess.
5. After chatting with the patient and checking the symptoms, she runs the list of concordant symptoms
and checks “none of the above”.
6. She checks “next”
7. She reviews the discordant symptoms page and checks “falls”.
8. She reviews the clinical recommendations page and checks “yes” to get to the SBAR
9. She clicks “end” after she reaches the provider and goes to the survey.

Denise: (+catheter, concordant symptoms)

1. Opens UTI Decide App

2. Reads first screen, opens pop up for “catheter definition”. She chooses

3. Checks “has catheter”

4. Reviews 2= screen — concordant symptoms — and goes into patient’s room to assess.

S. After chatting with the patient and checking the symptoms, she runs the list of concordant symptoms
and opens the definition box for “fever”, reviews and closes it. She opens the box for “altered mental status”
and closes it.

6. She checks “fever and altered mental status”.

7. She checks “next”

8. She reviews the clinical recommendations page and checks “yes” to get to the SBAR

9. She clicks “end” after she reaches the provider and goes to the survey.

Denise: (-catheter, concordant symptoms)

1. Opens UTI Decide App

2. Reads first screen and checks “does not have catheter”

3. Reviews 2 screen — concordant symptoms — and goes into patient’s room to assess.

4. After chatting with the patient and checking the symptoms, she runs the list of concordant symptoms
and checks “dysuria” and “suprapubic tenderness”.

5. She checks “next”

6. She reviews the clinical recommendations page and checks “yes” to get to the SBAR

7. She clicks “end” after she reaches the provider and goes to the survey.

Fig. 4 Key Path Scenarios
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Table 1 Information needs, scenarios, and roles

Information Scenarios Roles
Needs CNA LPN* RN  Mgr PA/ MD/
NP DO
Access to diagnostic  LPN notes Mr. Y has a change in X X
guidance when as- status. The RN asks her to use the
sessing a patient with app to remind herself of what data
a change in status she should collect regarding his
vitals and his symptoms.
Access to communi- RN B is contacting provider Dr. X X X X X X
cation guidance for Mr.Y’s change in status. She
opens the app to guide what to
recommend to Dr. X and how to
structure the conversation.
Access to diagnostic ~ Dr. X is speaking with RN B. He X X X X
and treatment guid-  opens the app to determine if the
ance for provider at  reported symptoms are consistent
time of notification ~ with UTI. He also looks for guid-
ance regarding empiric treatment
recommendations.
Access to culture in- RN B calls Dr. X with culture re- X X X

terpretation guidance sults. He opens the app for advice
on culture interpretation and
treatment choice and duration.

CNA=certified nursing assistant; LPN=licensed practical nurse, RN=registered nurse, Mgr=Nurse Manager; PA/NP
= physician assistant/nurse practitioner, MD/DO=medical doctor/doctor of osteopathy

*LPN role differs depending on regulatory environment across states and regions. For instance, in the state of Co-
lorado, LPNs are not licensed for resident assessment.
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