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ABSTRACT

Objective: To assess novel dynamic reaction picklists for improving allergy reaction

documentation compared to a static reaction picklist.

Materials and Methods: We developed three web-based user interfaces (Uls) mimicking the
Mass General Brigham’s EHR allergy module: the first and second Uls (i.e., UI-1D, Ul-2D)
implemented two dynamic reaction picklists with different ranking algorithms and the third Ul
(UI-3S) implemented a static reaction picklist like the one used in the current EHR. We recruited
18 clinicians to perform allergy entry for 10 test cases each via Ul-1D and UI-3S, and another
18 clinicians via UI-2D and UI-3S. Primary measures were the number of free-text entries and
time to complete the allergy entry. Clinicians were also interviewed using 30 questions before

and after the data entry.

Results and Discussions: Among 36 clinicians, less than half were satisfied with the current
EHR reaction picklists, due to their incomprehensiveness, inefficiency, and lack of intuitiveness.
The clinicians used significantly fewer free-text entries when using UI-1D or UI-2D compared to
UI-3S (p <0.05). The clinicians used on average 51 seconds (15%) less time via UIl-1D and 50
seconds (16%) less time via UI-2D in completing the allergy entries versus UI-3S. Overall, 15-
17 (83-94%) clinicians rated UI-1D and 13-15 (72-83%) clinicians rated UIl-2D as efficient, easy
to use, and useful, while less than half rated the same for UI-3S. Most clinicians reported that
the dynamic reaction picklists always or often suggested appropriate reactions (n=30, 83%) and
would decrease the free-text entries (n=26, 72%); nearly all preferred the dynamic picklist over

the static picklist (n=32, 89%).

Conclusion: We found that dynamic reaction picklists significantly reduced the number of free-
text entries and could reduce the time for allergy documentation by 15%. Clinicians preferred

the dynamic reaction picklist over the static picklist.



This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4147166
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INTRODUCTION

Allergies and adverse drug reactions must be entered in the electronic health record (EHR)
allergy section to inform future prescribing and prevent recurrence.! Obtaining a complete and
reliable allergy history for each patient and providing clinicians with efficient allergy alerting
clinical decision support (CDS) is critical for improving medication safety.? 2 However, the
allergy modules in most current EHRs rely on commercial or local dictionaries whose adverse
reaction lists are often incomplete, ambiguous, and static (i.e., one list for all allergens).* ® This
results in reaction fields left blank or entered as free-text and may impede adverse reaction
prevention. As an example, in a large EHR system, 40% of allergy entries had free-text
comments, and 24% of allergies had reactions coded only as free-text.# ¢ Free-text entries are
inaccessible to CDS interventions. They also contribute to alert fatigue and overrides,”® as most

alerts are triggered based on allergens regardless of reaction type or severity.

To improve allergy reaction documentation and reduce unnecessary free-text
documentation, we developed an enhanced reaction value set of 490 reactions covering a
variety of reactions in the EHR.# 5 Our current EHR’s reaction picklist is static and ordered
alphabetically, so including 490 reactions in a static format would make navigating the list too
burdensome. We therefore developed novel, data-driven, “dynamic” picklists which sort
reactions based on a given allergen; once an allergen is entered, the reaction picklist is
populated with the most likely reactions.® The dynamic reaction picklists were generated based
on 2 million EHR allergy entries and data mining association rules, including support and tfidf’.
Support was defined as the proportion of allergy entries containing both the allergen and the
reaction across all allergy entries. TFIDF’ was derived from TFIDF (term frequency-inverse
document frequency), a statistical measure that evaluates the relevance of a word to a
document in a collection of documents. In our case, it evaluates the relevance of a reaction to

an allergen in a collection of allergy entries. The dynamic reaction picklists were compared with



92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

a static reaction picklist ranked by overall frequency for their relevance in suggesting reactions
for given allergens using retrospective 1-year allergy entries. For the top 15 ranked reactions,
the reactions suggested by support achieved slightly better recall than tfidf’ (0.822 versus 0.804)

while both dynamic picklists outperformed the static picklist.

Despite the relevance of suggested reactions, it is unclear whether dynamic reaction
picklists will be useful to clinicians and improve allergy documentation. In the present study, we
hypothesized that a comprehensive reaction picklist would reduce the frequency of free-text
reaction entries. With the dynamic reaction ranking, we also assessed the impact of the
expanded picklist on the documentation time and burden. Additionally, through interview, we
assessed the usability (e.g., efficiency, usefulness, ease of use) of the tool, users’ acceptance,

concerns, and other feedback.

MATERIALS AND METHODS

Clinical Setting

The study was conducted at Mass General Brigham (MGB), a large, integrated
healthcare system in Massachusetts, including two founding hospitals (Massachusetts General
Hospital and Brigham and Women'’s Hospital) and several community hospitals. At the time of
the study, MGB used Epic® (Verona, WI) for its EHR system, within which the allergy module
used a static reaction picklist of 98 reactions ordered alphabetically (eTable 1 in the

Supplement). The study was approved by MGB’s institutional review board.

A Web-based Allergy Module Mockup System
To evaluate the usability of the dynamic picklists compared to the static picklist, we
developed a simulated web-based allergy module. We created three user interfaces (Uls), each

consisting of three components: case descriptions, allergen entry and reaction entry (Figures 1,
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2 and 3). The three Uls were identical in all aspects except the reaction picklist. The first Ul (Ul-
1D) implemented a dynamic reaction picklist of 490 reactions ranked by tfidf’, while the second
Ul (UI-2D) was ranked by support. After entering an allergen in UI-1D or UI-2D, the top 6 most
relevant reactions suggested by tfidf’ or support were shown in the user interface. After clicking
the text box to search reactions, a dropdown list with 490 reactions ordered by relevance,
including (1) the top 10 reactions ranked by {tfidf’ or support for the input allergen, and (2) the
remaining reactions ranked by their frequency in the allergy database. The third Ul (UI-3S)
implemented a static list of 98 reactions (including “unknown” and “other”) being used in the

current EHR and ordered alphabetically.

Development of Testing Cases

We created 400 test cases to assess the usability of the dynamic picklists. Each case
was developed based an allergy entry from our historical EHR data. We first identified a random
sample of allergy entries, considering multiple factors related to frequency and diversity of
allergy-reaction pairs to maximize sample representativeness. First, we excluded uncommon
allergies by excluding allergen-reaction pairs that occurred less than 100 times in the entire
allergy database. Then, we randomly selected three unique allergen-reaction pairs for each
reaction, considering the uneven distribution of the reactions and the coverage of various
reactions. After establishing a set of allergen-reaction pairs, we identified all relevant allergies in
the database and conducted randomization to select a set of allergy entries. For each allergen-
reaction pair, our randomization mechanism selected a few allergy entries considering factors
such as the number of reactions and whether the reaction was coded or entered as free-text.
Among the final set of allergies, we randomly selected 400 to develop testing scenarios. One of
the co-authors (DS) described each allergy in a brief sentence, e.g., “Trazodone caused dry

mouth, congestion, grogginess and continual erection.” Users were instructed to enter the



140  allergen and corresponding reactions via the allergy module mockup system based on the

141  provided case descriptions.

142  Participant Recruitment

143 We identified active clinician users of the EHR allergy module with more than 100 allergy
144  entries between January 01, 2019 and September 9, 2019. We excluded users whose email

145  contact information was not available in MGB'’s enterprise data warehouse. We also restricted
146  our recruitment to physicians, nurse practitioners, and physician assistants specializing in

147  internal medicine, family medicine, allergy and immunology, or anesthesiology. We recruited

148 clinicians by email, with one follow up email after two weeks.

149  Interview Questions

150 We developed a structured interview to systematically assess the usability of the

151  dynamic reaction picklists versus the static reaction picklist (see eTable 2 in the supplement).
152  The interview consisted of 20 closed-ended questions and 10 open-ended questions on eight
153  domains: (1) duration and frequency of EHR allergy module use (2 questions); (2) assessment
154  of the current EPIC reaction picklist in terms of overall satisfaction, design, and areas for

155  improvement (3 questions); (3) use of free text comments field within the allergy module (5

156  questions); (4) perceived efficiency, usability and utility of the static and new dynamic reaction
157  picklists, and overall preference between them (7 questions); (5) user experience of using the
158  static picklist tool (3 questions) and new dynamic picklist tool (3 questions); (6) impact of the
159  dynamic picklist tool on free-text reaction entries (2 questions), (7) other aspects of the dynamic
160  picklist: accuracy, impact on patient safety, concerns and areas for improvement (4 questions);

161  and (8) overall remarks regarding the allergy module within the EHR (1 questions).

162 Interview Procedure
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We split participants equally into two comparison groups. In the first group, each
participant tested UI-1D and UI-3S, while the second group tested UI-2D and UI-3S. Within
each group, half of the participants started with the dynamic picklist first, while the other half

started with the static picklist first.

The usability tests were conducted in a virtual environment using Zoom® with multiple
steps (see Figure 4). First, the interviewer (SV) briefly introduced the study and obtained oral
consent to record the entire interview. Second, the interviewer shared the questions in REDCap
via screen sharing and asked the clinician about their experience using the current allergy
module, including the current reaction picklist and whether/how they use the free-text comment

field. The interviewer then logged into the testing portal and demonstrated both picklists.

After the demonstration, the participant was given the website links of two picklist Uls.
The order in which the participant engaged with the static and dynamic picklists was randomly
determined before the interview. The participant was instructed to open the link using Google
Chrome® web browser, share their screen with the interviewer, and log into the program portal
with the designated username. Once inside the portal, the participant was asked to complete
allergy entries for 10 use cases. This task required the participant to use the picklist’s various
capabilities and thus allowed them to assess the tool’s utility. The program also recorded the
time the participant took to document the reactions. Once finished, the participant answered
several questions about the picklist they just used, including five/seven-point Likert scale
questions about perceived efficiency, usability, and utility and open-ended questions regarding
their overall opinion (e.g., likes and dislikes).1® The participant then completed the allergy entry
using the second Ul and answered the same questions. Finally, the participant completed the

remaining questions via interview.

Statistical Analyses
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To determine the impact of a dynamic reaction picklist compared to the static picklist, we
quantitatively measured the number of free-text entries and the time to complete the allergy

entries, and qualitatively assessed clinicians’ responses to the questions.

The primary outcome, the number of free-text entries, was the number of cases with
free-text comments for each participant across all 10 cases. The secondary outcome, time to
complete the allergy entries, was measured in seconds. Mean and standard deviation were
calculated for both variables as well the differences between the dynamic and static picklist Uls.
For the questions, for ease of analysis, we collapsed the five- or seven-scale answers into three
categories indicating positive, neutral, or negative responses. We summarized the number and
percentage of participants that selected each choice. P-value was calculated after performing
the comparison using a Wilcoxon signed-rank test for paired samples of continuous non-
normally distributed variables or McNemar’s chi-square test for paired sample of categorical
variables.'": 2 For open-ended questions, we manually reviewed clinicians’ responses and
grouped them by theme. In addition, we assessed the accuracy of reaction entries by comparing
users’ coded reaction entries to the reactions provided in the case description and identified the

number of miscoded entries and missing reactions via the dynamic reaction picklist Uls.

RESULTS

Participants Characteristics

We contacted a total of 246 clinicians, and 36 (14.6%) responded and participated in this
study. Among them, 27 (75%) participants were physicians, and 9 (25%) were nurse
practitioners and physician assistants. Supplementary eTable 3 shows the characteristics of the

study participants. Participants had various specialties and roles, but most specialized in

10
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internal medicine (72%), and 28% specialized in allergy and immunology. A majority had over

two years of experience (97%) and used the allergy module daily (92%).

Free-Text Entries, Time to Complete Allergy Entries, and Accuracy

In Table 1, in the first comparison group, the participants entered significantly fewer free-
text comments via UIl-1D (an average of 2 free-text comments) compared to UI-3S (an average
of 4 free-text comments) (p = 0.003, <0.05). Participants required 51 seconds (15%) less time to
complete the 10 allergy entries, reducing the time from an average of 331 seconds via UI-3S to
280 seconds via UI-1D. 60.3% (213 out of 353) of coded reaction entries were among the top
10 suggested reactions by the dynamic reaction picklist. Three reactions were miscoded via Ul-
1D and 2 reactions were missing. In the second comparison group, a significant reduction of
free-text comments occurred with UI-2D compared to UI-3S (p = 0.002, <0.05). A 50-second
(16%) reduction was observed from an average of 306 seconds via UI-3S to 256 seconds via
UI-2D. 58.1% (200 out of 344) were among the top 10 suggested reactions by the dynamic

reaction picklist. Thirteen reactions were miscoded via Ul-2D, and 31 reactions were missing.

Users’ Feedback and Suggestions for Improvement of the Current Reaction Picklist
Supplementary eTable 4 shows users’ feedback on the EHR’s current reaction picklist.
Overall, less than half of participants (n=15, 42%) were satisfied with the current reaction picklist
in Epic. Half of the nurses and physician assistants (n=5, 56%) were neutral (neither satisfied
nor dissatisfied) about it. Overall, 19% of participants (n=7) endorsed the statement that the
current reaction picklist was not comprehensive enough and was missing needed reactions. In
addition, 17% of participants (n=6) indicated that the picklist was inefficient, citing too many
reactions to choose from, its alphabetical ordering, and the inability to display reactions by
allergy type or drug class. Several participants also felt that reactions were either too specific or
extremely broad, leading to variable results depending on who is interpreting and documenting

them; clinicians may also be forced to choose an option that does not exactly capture the
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reaction. Some participants felt that the current reaction picklist was not intuitive enough and
that mapping from patients’ reported symptoms to the provided reactions can be challenging.

Clinicians’ suggestions to improve the static reaction picklist were classified into four
areas. First, 33% (n=12) suggested providing an intelligent reaction picklist that could prioritize
frequent/relevant reactions at the top of the list, making them easier to find. Second, 31%
(n=11) indicated a need to expand the picklist. Third, 17% (n=6) wanted better design of the
allergy module. Last, 13.9% (n=5) physicians mentioned the need to support entry of additional
relevant information about reactions, such as the date they occurred or a more detailed
description of what happened.
Free-text Comment Usage in the Current Allergy Module

We also asked participants about their free-text comment field usage (see eTable 5 in
the supplement). Nearly half of physicians (44%) indicated that they always or frequently
needed to enter more information about a reaction in the comment field, while two thirds of
nurses (67%) said they did not often use free-text comments. The reasons given for using free-
text entries varied but could be grouped into four themes: 1) wanting to enter more specific
details about the circumstance of the reaction (n=31, 86%); 2) inability to find reactions in the
reaction picklist (n=29, 81%); 3) wanting to communicate information about cross-
reactivity/cross-sensitivity (n=25, 69%); and 4) feeling that it is easier or faster to enter reactions

as free-text (n=11, 31%).

Users’ Rating of Static and Dynamic Reaction Picklists

Table 2 shows participants’ subjective ratings of the static and dynamic reaction
picklists. Between UI-1D and UI-3S, 17 (94%) participants rated the dynamic picklist as efficient,
while only 6 (33%) rated the static picklist as efficient. Second, 7 (39%) participants rated the
static picklist as easy or very easy to use, while this number doubled to 15 (83%) for the

dynamic picklist. Third, 16 (89%) participants thought that the dynamic reaction picklist was

12
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useful, while only 9 (60%) participants thought the same for the static picklist. Fourth, 17 (93%)
participants agreed (scored from 5-7) that the dynamic picklist’s capabilities meet their
requirements, while only 12 (67%) agreed that the static picklist meets their requirements. Fifth,
8 (44%) participants indicated that they needed to spend more time correcting things with the
static picklist tool, while only 3 (17%) agreed with that when using the dynamic picklist. In
addition, although the dynamic picklist is a new tool, significant fewer clinicians indicated that
their first time using the dynamic reaction picklist was a frustrating experience (2 [11%] versus 8
[44%] for the static picklist, p-value = 0.019). Between the UI-1S and UI-3S, all users preferred

the dynamic picklist.

Between UI-2D and UI-3S, 13 (72%), 15 (83%), 14 (78%) participants rated the dynamic
picklist as efficient, easy to use, and useful, respectively, versus only 7 (39%), 8(44%), and 7
(39%) for the static picklist. Besides, 14 (78%) participants agreed (scored from 5-7) that the
dynamic picklist’s capabilities meet their requirements, while about 10 (56%) agreed that the
static picklist meets their requirements. Only one participant indicated that using the reaction
picklist tool was a frustrating experience versus 9 (50%) for the static picklist, showing
significant difference between the two Uls (p-value = 0.029). Despite the positive feedback, 8
(44%) participants indicated that they needed to spend more time correcting things with the
static picklist tool, while only 3 (17%) agreed with that when using the dynamic picklist. Several
clinicians did indicate that they needed to spend too much time correcting things with the
dynamic reaction picklist (5 [28%] versus 11 [61%] for the static picklist). Overall, within this

comparison group, 14 (77.8%) participants preferred the dynamic picklist.

Users’ Perception of Dynamic Picklists in Reducing Free-Text Entries
We also asked participants whether using the dynamic picklist impacted their use of the
free-text comment field (see Table 3). 26 (72%) clinicians thought that a dynamic reaction

picklist would decrease free-text reaction entries, because it 1) has a more comprehensive
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reaction picklist; 2) provides a ranked reaction picklist by allergen, 3) lets users select multiple
reactions in the dropdown list, 4) provides more advanced search functionality, among other
reasons. In total, 8 (22%) of clinicians thought that the dynamic reaction picklist would not
impact the rate of free-text entries, because 1) some users may not perceive the difference
between static and dynamic reaction picklists, 2) typing is faster than navigating the picklist, 3)
users may still be unable to find the desired reaction, and 4) free-text provides additional
information, so the picklist would not change the decision to use free-text or not. Only 2 (6%)
clinicians thought that the dynamic reaction picklist would increase the number of free-text
entries because 1) the static picklist is more intuitive and comfortable to use, and 2) the reaction

list is not alphabetized, making it difficult to sort through.

Dynamic Picklist: Appropriateness, Patient Safety and Concerns

For the dynamic reaction picklists, we also asked participants about the appropriateness
of the suggested reactions, impact on patient safety, concerns about using the dynamic picklist,
and suggestions for improvement. Overall, 30 (83%) of participants thought that the dynamic
reaction picklists ‘always’ or 'often’ suggested appropriate reactions, while 6 (17%) of
participants thought that they ‘sometimes’ suggested appropriate reactions. In terms of
perceived impact on patient safety, the majority of participants (n=32, 89%) thought that the
dynamic picklist would positively impact patient safety, as it can provide more reactions and

make allergy documentation more precise.

Clinicians indicated several concerns about the dynamic picklists mixed with additional
suggestions for improvement in multiple aspects including reactions, reaction severity, allergen,
allergy type, and others (see Table 4). Half of participants reported no concerns, while the other
half indicated concerns that can be classified into seven areas: 1) that the suggested reactions
might result in inaccurate entries; 2) that the dynamic reaction picklist could not be sorted

alphabetically; 3) that severity and type should be specified for the entire allergy entry instead of
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for each reaction, 4) that for reaction severity, only a high severity option is needed; 5) that
“Other (See Comments)”, often used to indicate the presence of free-text entries, was not
included in the dynamic picklist; 6) that the dynamic reaction picklist did not allow ontological
search by reaction class or synonyms; and 7) that the efficiency and usefulness of the dynamic

reaction picklist was unclear.

Feedback about the Current Allergy Module

Clinicians also shared their feedback about the current EHR allergy module (see Table
4). This feedback covered a variety of topics such as the module’s visibility, reconciling allergy
entries from outside sources and removing redundancy, enhancing the static reaction picklist for
comprehensiveness, ontological reaction search, capability to review allergy history, excluding
irrelevant allergy entries (such as food and environmental allergies and side effects), identifying

mislabeled allergy reactions, and issues related to cross-reactivity.

DISCUSSION

We assessed the usability of novel dynamic reaction picklists versus a static reaction
picklist currently used in our EHR application and assessed whether they would reduce free-text
entries and improve allergy documentation. We found that enhancing the reaction picklist and
dynamically ranking reactions for a given allergen reduced both free-text entries and
documentation time, and all clinicians preferred the dynamic picklist. We also gained important
insights from clinicians on how the dynamic reaction picklists and the allergy module can be

improved.

Before showing the dynamic reaction picklist, we asked users about their feelings about
and satisfaction with the current reaction picklist. Less than half of participants were satisfied
with the current reaction picklist. Both physicians and nurses/physician assistants found the

current picklist inefficient and unintuitive, while only physicians reported that the current picklist
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is not comprehensive enough or lacks granularity. Lacking a comprehensive, efficient and
intuitive picklist, allergy entry has been shown to be inaccurate and erroneous.® '* Several
areas for improvement were identified, of which two were already implemented in the dynamic
reaction picklists, including 1) a more comprehensive reaction picklist and 2) dynamic ranking to
suggest relevant reactions; the others (e.g., support for documentation of additional relevant
information, ability to select reactions by allergy type, speed button for fast entry) would require

intrinsic changes to the design of the allergy module.

Prior studies have shown that EHR allergy modules contain too much free-text
documentation.® 3.5 Understanding the reasons for free-text entries would help reduce them.
Most participants used free-text to provide specific details about the circumstance of the
reaction, document a reaction not on the picklist, or communicate information about cross-
sensitivity, while a small percentage used free-text because it was easier or faster. Expanding
the reaction picklist and dynamically ranking it might help users find reactions more quickly and

reduce the number of missing reactions but does not address the other two issues.

Compared to the static picklist, the dynamic reaction picklists reduced both the number
of free-text entries and the time needed to enter the data. While we acknowledge that there was
a difference in number of reactions between the static (n=98) and dynamic (n=490) lists that
could have impacted quantity of free-text, given that the time for entering was reduced despite
this longer list, we consider that our findings were related to having a dynamic list rather than a
static list. As the dynamic picklists allow the users to easily find reactions in the dropdown
picklist, less time was spent on free-text search and typing. Studies have found that EHR
documentation and related administrative tasks requires significant time, leading to reduced

face-to-face time with patients'® and contributing to clinician burnout.'-'°

16



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

The subjective rating showed that users favored the dynamic reaction picklists in terms
of efficiency, usability, and utility. However, clinicians’ concerns and suggestions for
improvement are valuable for future enhancement of the tool. One concern was about potential
inaccuracies caused by the suggested reactions, as users might select a suggested reaction
instead of finding a more specific reaction. This was observed among the miscoded reactions
via the dynamic picklist Uls. However, most miscoded reactions were due to close matching; for
example, “nausea” and “abdominal pain” were coded as “Gl upset’. We argue that the
suggested reactions were identified based on the co-occurrence of reactions and allergens from
a large database, so the suggested reactions are representative and accurate for the majority of
the population. Another concern, which is also a suggestion for improvement, was about
ordering the reaction picklist alphabetically. A dynamic picklist could allow for alphabetical
ordering or allow users to switch between other ordering mechanisms, such as relevance or
frequency. In addition, some users discussed the need to simplify the options for reaction
severity and type, such as a binary option for severe vs. not severe, instead of selecting from
three options (i.e., severe, medium, and low), and a binary option for allergy vs. non-allergy,
instead of selecting from multiple options (i.e., allergy, contraindication, intolerance, and
unspecified). In the future, we may consider this simplification or methods for assigning a default
severity and allergy type based on the reactions entered.?? Default reaction severity and type
can be auto-populated for some specific reactions (e.g., high severity for Stevens Johnson
syndrome), but this would be harder to predict accurately for some common reactions (e.qg.,

rash).

Ontological search by class or synonyms would help users accurately translate reported
signs or symptoms to reactions in the picklist.'* Our enhanced reaction value set contained
mappings between synonyms and normalized reactions, which could support synonym-based

search.* 5 For class-based search, hierarchical relationships must be established among the
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reactions in the value set, which could be done by integrating experts’ knowledge and
ontological databases, such as SNOMED CT.2" Given the length of the enhanced picklist,
advanced search functionality is essential for allowing users to find appropriate reactions,

reducing data entry time, and avoiding user frustration.

We manually classified clinicians’ thoughts about the current EHR allergy module into
several areas. Some overlapped with the suggestions for improving the reaction picklists, such
as adding more reactions to the static picklist and searching by synonyms, while most related to
other aspects of the allergy module. Some, such as allergy reconciliation?? and excluding
irrelevant entries related to food or environmental allergies,'® aligned with current efforts, while
others were good suggestions for future enhancements, such as identifying allergy entries
which might trigger false alerts contributing to alert fatigue. One clinician mentioned cross-
reactivity alerts between drugs within the allergy list, which may influence physicians to select
suboptimal agents.?® Other suggestions included making the allergy history available to review

and improving the allergy list’s visibility in the Epic sidebar.

The implementation of a dynamic reaction picklist in the EHR as well as many other
functions suggested by clinicians remains a challenge as it would require significant changes to
the current allergy module. Current EHR vendors have limited capability to allow customization
and integration of advanced technologies with their current modules. We foresee that our
methods for generating dynamic reaction picklists would be generalizable to other types of
picklists in the EHR and could improve usability. Meanwhile, many advanced tools (e.g., natural
language processing) have been developed for clinical decision support and will be beneficial if
integrated in the EHR. It is essential that EHRs increase their capability to support integration

and implementation of new technologies beyond rule-based algorithms.?*

Limitations
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Although we mimicked the EHR allergy module when developing our web-based Ul, the
testing environment was still very different from the real setting. We provided simplified case
descriptions based on real patient reports from which users needed to identify reactions and
enter them into the allergy module. The mockup allergy entry system also differed slightly from
the current EHR allergy module, which only asks users to select the reaction severity and type
once for each allergy instead of for each reaction. However, this should not affect measures of
difference between the dynamic and static picklists as all the Uls shared this feature. Secondly,
this study used a convenience sample of 36 clinicians. Due to the small sample size, no
significant differences were observed between the dynamic picklists and the static picklist nor
between the two dynamic picklists in terms of time needed to complete the allergy entries.
Given this, a larger, adequately powered study with more than 120 subjects is needed. The
suggestions and feedback were also from a small sample of frequent allergy module users and
may not be representative of all users. However, our study has provided first-hand data
supporting the future design of a larger usability test study should we implement the dynamic
picklist in the EHR. Finally, this is a single institution study, and our findings may not be

representative of other institutions, reaction picklists or EHR systems.

CONCLUSION

We found that in a usability test, a dynamic reaction picklist with a comprehensive
reaction picklist and relevance ranking of reactions by allergen reduced both the time needed
for allergy documentation and the number of free-text reaction entries compared to a static
reaction picklist ordered alphabetically. In the future, we will assess the feasibility of
implementing the dynamic reaction picklist in the EHR and investigate solutions for the issues
raised by participants, with the long-term goal of improving allergy documentation and patient

drug safety.
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Legends for Figures

Figure 1. Web-based user interface implemented with a dynamic picklist of reactions ranked by
support for the top 15 and frequency for the rest. This figure shows angiotensin-converting

enzyme (ACE) inhibitor as an example allergen.

Figure 2. Web-based user interface implemented with a dynamic picklist of reactions ranked by
tfidf’ for the top 15 and frequency for the rest. This figure shows angiotensin-converting enzyme

(ACE) inhibitor as an example allergen.

Figure 3. Web-based user interface implemented with a static picklist of reactions ranked

alphabetically as of December 1, 2020.

Figure 4. Overview of the interview process.
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Table 1. Overall performance between static and two dynamic picklists for reaction entries

Comparison Group 1 p- Comparison Group 2 p-
UI-1D | UI-3S | Difference |value*| Ul-2D | UI-3S | Difference | value*
Free-text 2(2) 4 (2) 2(2) 003 | 2(2) | 4(2 2(2) .002
entries per
user per 10
cases, mean
(SD)
Time to 280 331 51 (154) 102 256 306 50 (127) .067
complete the (86) (164) (120) | (1406)
allergy entry
for 10 cases,
mean (SD)
seconds

Abbreviations: SD, standard deviation

*p-value was calculated using Wilcoxon signed-rank test
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Table 2. Users’ rating on the static and dynamic picklists

Comparison Group 1

Comparison Group 2

U-1D |

Ul-3S

| p-value*

Ul-2D |

Ul-3S

| p-value

How would you rate the rea

ction picklist tool for efficiency
interested in how the tool impacts the speed of your workflow

? By efficiency, we are

(Very) inefficient 0(0) 5 (28) NA 2(11) 6 (33) 0.149
Neutral 1(6) 7 (39) 3(17) 5(28)
(Very) efficient 17 (94) 6 (33) 13 (72) 7 (39)
How would you rate the reaction picklist tool for usability? By usability, we are
interested in how easy this tool was for you to use
(Very) difficult 0 (0) 2(11) NA 1(6) 4 (22) 0.134
Neutral 3(17) 9 (50) 2(11) 6 (33)
(Very) easy 15 (83) 7 (39) 15 (83) 8 (44)
How would you rate the reaction picklist tool for utility? By utility, we are interested in
how useful you think the reaction picklist is to your work
(Very) useless 0 (0) 2(11) NA 0 (0) 2(11) NA
Neutral 2(11) 7 (39) 4 (22) 9 (50)
(Very) useful 16 (89) 9 (50) 14 (78) 7 (39)
The reaction picklist tool's capabilities meet my requirements (1-7)
(Strongly) disagree (1-3) 0(0) 2(11) NA 3(17) 4 (22) NA
Neutral (4) 1(6) 4 (22) 1(6) 4 (22)
(Strongly) agree (5-7) 17 (94) 12 (67) 14 (78) 10 (56)
Using the reaction picklist tool is a frustrating experience
(Strongly) agree (1-3) 2(11) 8 (44 0.019 1(6) 9 (50) 0.029
Neutral (4) 1(6) 4 (22) 2 (11) 1(6)
(Strongly) disagree (5-7) 15 (83) 6 (33) 15 (83) 8 (44)
| have spent too much time correcting things with this reaction picklist tool
(Strongly) agree (1-3) 3 (17) 8 (44) 0.072 5 (28) 11 (61) NA
Neutral (4) 2(11) 4 (22) 2(11) 1(6)
(Strongly) disagree (5-7) 13 (72) 6 (33) 11 (61) 6 (33)

*p-value was calculated using McNemar’s chi-square test. NA indicates that the p-value was not
available due to missing category.
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Table 3. Clinicians’ perception of the dynamic picklist’s impact on free-text reaction entries

Questions
& Answers

All
Participants
(n =36)

Summary of Reasons

How do you think the dyna

mic reaction picklist will impact free-text reaction entries?

Decrease

26 (72)

1) A comprehensive reaction picklist

“It is much more inclusive of reaction symptoms”

“Can be very specific”

“There were more reactions there; | did not need to free-text because of the
auto-populating reactions”

“Most of the reactions you want are there; if it is complete enough, free-text is
not as needed”

“With the static list, | had to type in more of the reactions; with the dynamic,
there were far fewer instances”

2) A ranked reaction picklist by allergen

“More specific to each medicine”

“I think that the most common reactions for each drug were listed easily to find,
so clinicians would be more likely to click on them rather than use free-text in
the comments field”

“Offer up the most common side-effects of those medications”

“It gives you a better chance of seeing the coded version of whichever drug is
entered. Being able to see the relevant reactions would help decrease use of
free text”

“On the static picklist, | had to enter free-text certain reactions, which were
expected and auto-populated in the dynamic picklist”

3) Selection of multiple reactions in the dropdown list

“Can add more than one symptom”

“For ones that have more than one reaction, you are more likely to check the
listed suggested options in the dynamic picklist (for multiple reactions, it would
save time).”

“The easier it is made to select the necessary reactions, the less the free-text
section will be used.”

4) Advanced search functionality

“I liked being able to search on the dynamic tool and it brought me to slightly
different reaction wordings (but essentially the same symptoms). The search
was faster.”

“It seemed quicker to find the reaction | was looking for”

“It allows you to find the choice that you want quickly”
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Questions
& Answers

All
Participants
(n =36)

Summary of Reasons

No
change

8 (22)

1) The difference between static and dynamic reaction picklists are small
“The reaction options are still the same; the only difference is that some are
suggested. For me personally it will be the same because the reaction list isn't
different. But, for a clinician on a busy floor or in the ICU, it may result in fewer
free-text entries.”

2) Typing free text is faster

“The free-text is better for outside-of-the-norm reactions and also faster to just
type out than find in the picklist (even if all the reactions are available in the
picklist); the picklist wouldn't change my decision to use free-text or not.”

3) Free-text comments can provide more details

“Free-text is a clarification of the reaction, so in any fashion (regardless of how
picky you are) the picklist type will not change this.”

“It is because the reactions are broad (they don't include where the reactions
are or when the allergy was noted). | also use free-text to specify if there's two
possible medications that caused the reaction.”

“I still need all the details of the reaction.”

“If there are other clinical details that are not included in the list, | would put
them in the free-text box.”

4) Unable to find the exact reaction

“Because you will still have to type in things that are not there; there was also
no "other" option in the picklist for the dynamic reaction picklist, so you would
need to use the free-text comments.”

“People enter in free-text when they can't find the exact reaction the patient is
finding (more about content than searchability).”

Increase

2 (6)

1) Users used to use the static picklist

“The static picklist was more intuitive and comfortable to use.”

“Because the picklist reaction menu was not alphabetized, it made it difficult to
sort through.”
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Table 4. Clinician concerns about using the dynamic reaction picklist and suggestions for

improvement of the reaction picklist and allergy module within the electronic health record

(EHR)

Aspects | Clinicians’ Concerns or Suggestions for Improvement

Concerns about using the dynamic picklist

1) Potential “Someone may inadvertently select the wrong reaction”

errors caused

by suggested “I worry that some clinicians may be influenced or pushed to pick the reactions that
reactions are prepopulated even if it isn't entirely accurate. (eg: looking for Gl Upset but sees

Diarrhea and would chose the one that is prepopulated in the suggested reactions
because they are similar)”

“People may choose a reaction that is similar but not completely accurate simply
because it is being presented to them.”

“People may be more likely to use one of the suggested reactions if it's close to what
the reaction was, thus making the documentation less specific.”

2) Alphabetical
ordering of the

“It's not alphabetical. The picklist is currently ordered by frequency. It should be
based on reaction frequency for maybe the first ten reactions, and then it should

reactions is switch to being alphabetical. This feature would make it much more efficient.”

still needed
“It will slow people down: having to search for the reactions and then having to type
it in when you can't find it. The static picklist tool was alphabetized, which was very
helpful. It took longer to figure out the dynamic reaction picklist when entering
allergies and their reactions.”

3) Simplify “Reaction type section is irrelevant if we are entering information within the allergy

reaction module; this is not helpful information. Reaction severity should not have the low or

severity and
type selection

medium options (what does low or medium mean); only the high option is needed.”

“I am not sure why | have to rate reaction type for each reaction (usually you should
rate it once for the entire allergy entry, not for each reaction).”

“There are too many qualifiers: | have to qualify every single reaction (allergy type).
Too much work for clinicians”

“For Reaction Severity, only a high severity option is needed.”

“When comparing the reactions and trying to determine reaction type, clinicians may
not use the ‘unspecified’ option but rather choose the one they think it ties together
all the symptoms.”

“Both picklists had the reaction type area; this field was an issue because it is hard
to tell between the options (contraindication vs intolerance) and it was difficult to
have to select an option. In the previous system, | could label the entire medication
with a type rather than specify for each reaction (it wastes mental power to have to
specify each reaction's type).”

4) “Other”
should be in
the presented
in the dynamic
picklist

“Other free-text option should still be present”

“You still need the ‘other’ choice in the picklist's dropdown”
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Aspects

Clinicians’ Concerns or Suggestions for Improvement

5) Ontological
search by class

“Including synonyms and more detailed reactions would be helpful”

or synonyms “Synonyms would be helpful (like a google search) for the picklist. When | start
typing rash, it should start showing all the different types of rashes in the picklist
lexicon (ex: hives and SJS).”

6) Efficiency “Still not very efficient or useful”

and usefulness

“The picklist is not intuitive; | would like more detailed reactions.”
“Still not terribly efficient”
“Not useless but also not very useful - the input for both picklists is better; the output

is the same as the current picklist in EPIC's EHR - the major reason the input is
better is because it is more searchable”

Suggestions to improving the dynamic reaction picklist

Reactions “More synonyms”
“Provide an option to alphabetize the picklist dropdown menu”
“Having the ability to add a specific comment for the specific symptom/reaction that
was entered (e.g., type ‘on face’ after selecting the ‘rash’ reaction)”
“The reaction ‘rash’ is too broad; it should be eliminated, or it should prompt you to
specify the type of rash after you select the ‘rash’ option”
“Add information about certainty of reactions (e.g., was this reaction observed and
confirmed?)”
“In the reaction dropdown list, allow to select reactions by click the words in addition
to the checkbox”

Reaction “Prepopulate reaction severity”

severity
“More thoroughly categorize (auto-populate) the reaction severity and reaction type
based on the symptom/reaction; this should be based on clear organized guidelines”
“The reaction severity field is not used quite often or useful. Instead of the four
severity options, it would be better to simply have one button that indicates "severe".
Otherwise, this field creates too much unnecessary clutter.”

Allergen “Autocomplete function for the allergen entry box was too slow”

“Specify medical allergens: The allergy list also includes a lot of environmental
agents that are not clinically relevant”

“Eliminate duplicated allergen entries (e.g., both a drug and its drug class were
entered)”
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Aspects

Clinicians’ Concerns or Suggestions for Improvement

Allergy type

“Auto-populate the allergy type, e.g., allergy versus adverse drug event”
“Add ‘side effect’ to the allergy type list”

“Prefer the allergy severity being predetermined but concerned about how that was
determined.”

“Make it clearer overall about whether a medication is an intolerance or a
contraindication (there should be one overall; not useful to rate it for each reaction;
the worst reaction of that list can be used to classify the allergen entry)”

“Choosing reaction type is subjective, make it more intuitive to choose reaction type
or decrease the number of decision steps for users.”

“Maybe the reaction type area is not necessary or a little too much (interferes with
workflow). The few reactions that prepopulated ‘allergy’ or ‘intolerance’ were usually
accurate.”

Others

“Indicate cross-reactivity for a certain drug (across drug class)”

“Within the allergy section, indicate if a patient who has drug allergies has seen an
allergist and to indicate to clinicians to see the allergy notes”

“It can prompt the clinicians to enter the age, age group (20-40s), or stages (early
childhood, late childhood) of the patient when the drug-allergy occurred.”

“Keep/show the date of the entry, so that clinicians can look for relevant notes
around that time (date and time stamped).”

"Relating to allergy documentation, may be mandate clinicians to fill out all the
sections and reaction information when entering in an allergy (a hard-stop that
doesn't allow you to go further unless you finish the required areas).”

Is there anything

else you would like to share with us about the allergy module within the EHR?

Enhance the
static reaction

“By adding more choice. For example, hyperactivity, hypokalemia, chest pain, and
diarrhea are not reactions in static reaction picklist.”

picklist

Ontological “Allow searching by synonyms. For example, typing in ‘change in mental status’
search does not cue the ‘mental status change’ reaction option.”

Allergy “Being able to see the allergy lists from other outside sources while reconciling

reconciliation

allergies”

“One point of frustration is that when you delete allergies, it doesn't always go away.

Also, the is a lot of redundancy in the allergy list.”

Mislabeled or
noisy allergy

“Commonly, there are incorrect reactions reported and repeatedly so, especially

because many reactions are recorded underneath ‘other’.

entries
“Mislabeled entries (things listed as allergies that aren't actually allergies)”
“There are problems from users not utilizing the allergy list well, leading to clutter.
Sometimes, there are items on the allergy list that are not very clinically important;
this makes it hard to review and hard to see the important items.”
Cross- “There are issues with cross-reactivity with the allergy list (adding penicillin and
reactivity cephalosporin will automatically be there as well); this should be updated.”

between drugs
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Aspects

Clinicians’ Concerns or Suggestions for Improvement

Exclude
irrelevant
allergy entries,
e.g., food or
environmental
allergies, or
side effects

“A lot of the allergy list's entries are not relevant and trigger unnecessary alerts. It is
quite comprehensive right now; it should be tightened up. (ex: pollen should not be in
the allergy list, etc.)”

“It is unfortunate that food allergies are listed in the same area as medication
allergies. If we can separate them that would be great.”

“The data | put in that module is more often for side-effects rather than for allergies;

maybe it should be the ‘allergy/drug reactions module’.

“Sometimes clinicians must choose between free-texting or choosing a reaction
option that isn't accurate. For instance, certain drugs have side-effects, which are not
allergies but are lumped together. Too many warning about an allergy that are
relevant; this leads to clinicians becoming numb to these alerts. Every medication
will have some side-effects.”

“As an allergist who commonly updates allergies in EPIC, the primary care clinicians
do not use the module properly. They often designate a side effect as an allergy (or
an intolerance as an allergy).”

“In general, the allergy module is a little clunky and even though it is supposed to be
reviewed during appointments it's often cursory. It's most useful characteristic is that
it give drug-allergy alerts (but this can become excessive sometimes as well)”

Review the
allergy history

“It would be very helpful if there was an allergy level profile where we had an ability
to note whether an allergy was deleted from the list when a user is about to add the
same allergy to a patient's list again”

Visibility of the
allergy module

“Make the allergy module more visible. For example, if the user hover over the
allergy section in the sidebar in EPIC, people aren't able to see the allergies listed
underneath.”
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Summary Points:

¢ Dynamic reaction picklists significantly reduced the number of free-text entries compared

to static picklist
o Dynamic reaction picklists could reduce the time for allergy documentation by 15%.

e Clinicians preferred the dynamic reaction picklist over the static picklist.
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