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Abstract

For epilepsy physicians and their patients who access some of their
information visually, the electronic health record’s (EHR) lack of visual
displays of disease manifestations and characteristics over time, as well as
risk information can be limiting. We review issues related to numeric and
graph literacy and capability, visual analytics, decision-making, workload,
and usability of visualization programs. This review is intended to support
requests for visualization tools that can be incorporated into EHRs and also
be made available as patient decision aids.
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Introduction

Standard EHR systems currently do not have longitudinal visualization
tools, hindering analysis of a patient’s varying seizure occurrences over time.
This letter is a plea for visualization tools that can be incorporated into EHRs
and made available as epilepsy patient decision aids. Below we describe
usability, cognition, and workflow considerations associated with developing
visualization tools and share our experiences developing these tools.

The Problem

The fundamental lack of visualization options in EHRs hinders the care
of patients with epilepsy. Seizure occurrence is highly variable, and response
to medication changes needs to be documented and reevaluated over varying
timeframes. Without the ability to see changes and relationships over time,
clinicians have limited opportunities to obtain the benefits listed in Table 1.
These benefits are especially relevant to caring for patients with seizures,
particularly the identification of any periodicity. If the visualization is linked
to recording other events, the clinician can see to what extent different types
of events are related, and suggest appropriate adjustments to the patient/
family (1). Furthermore, visualization of seizure frequency in conjunction
with treatment adjustments help structure information on treatment response.
The 'display fragmentation problem' refers to the requirement that the EHR
user views multiple screens and retains information in memory or external
tools rather than being able to view all relevant information together.
Displaying patient-reported outcomes (PROs) graphically can significantly
lower subjective workloads, allow pattern recognition, potentially reduce
processing time and medical errors, and alleviate decision-making (2). User
interfaces are often 'one-size-fits-all' and provide minimal customization,
consequently limiting easy relationship or pattern identification within
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seasonal, menstrual, or other periodicities (2). By being able
to customize access and analyze EHRs of similar patients, the
clinician can better decide how best to treat unique patients.
Cognitive task analysis, or "human factors," and ergonomics,
use methods of psychology and engineering to design "all
aspects of a working system to support human performance
and safety"(3). Visualization tools such as ensemble displays,
which show all relevant items simultaneously, are well suited
for pattern recognition, uncertainty management, and tactical
thinking to care for complex epilepsy patients (4).

Solutions

Many human beings best process information visually.
Thus, visual aids can be expected to help medical caregivers
and their patients who have limited ability to appreciate
numerical information (5). Data visualization can benefit
clinicians’ understanding of temporal changes in individual
patients and multiple patients. Effective information
visualization systems can “be understood at a glance and later
recalled without effort”(6). Interactive data visualization, or
visual analytics, “puts control into the hands of the user, where
details can be obtained, and/or modified ‘on demand”(7).
On occasion, clinicians face difficult therapeutic dilemmas
despite clinical practice guidelines. Reviewing the EHRs
of patients similar to the one in front of the clinician “can
identify drugs/treatments that have helped others, especially if
relevant components of their EHRs can be displayed to show
what worked and what did not”(8). Patients likely benefit
from interactive visualization programs that display their
progress. Decision aids designed for clinical encounters can
improve patients' risk perception, knowledge of their disease,
decision-making skills, physician-patient relationships, and
satisfaction with their care (4). The combination of brief text
descriptions with visualizations improves risk perception
accuracy better than either alone (5).

Usability

Usability, the overall satisfaction of a user interface, is
assessed by measuring multiple dimensions, in particular
effectiveness, efficiency, engagement, error tolerance, and
ease to learn (9). Desirable attributes of an EHR system include
ease of navigation, individualization, and visual clarity.

Knowledge discovery

"Knowledge discovery" describes the identification of
relationships in large data tables. her-visualizations that
improve the presentation, analysis, and understanding of
data will have significant benefits (Table 1). A recent review
prompted authors to suggest that future programs should:

* Summarize data, yet preserve the ability to examine the
granularity of data.

* Graphically display temporal data from individuals and
across EHRs.
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» Appreciate when data may be uncertain, inaccurate, or
missing.

» Present a single easily understood screenshot allowing
users to explore information interactively.

* Be implemented with minimal training.(10)

We created a prototype dashboard showing how
comparable patients respond to a selected medication
(Figure 1), which can be shown to patients as they participate
in making upcoming treatment decisions.

Conclusion

Now more than ever we can and should provide patients
and clinicians with visual displays that bring together
contextual information in an easy-to-understand format in the
EHR in a way that helps them make more informed individual
and shared decisions. These displays should address the
individual needs of both highly capable physicians and
patients, as well as patients who have limitations.
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APPENDIX

Table 1: What adding visual displays of patient-generated data to EMRs is likely to achieve
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. Improved ability to gain a big picture perspective rapidly

[xe]

. Improved ability to track data over time

w

. Improved performance due to reduced cognitive and subjective workload

&

. Improved performance due to error reduction

an

. Improved ability to recall information without effort

6. Improved understanding of relationships between interventions and patient
characteristics

7. Improved decision support for the clinician

8. Improved shared-decision support

Figure 1: Screenshot of our "Pediatric Epilepsy Patient Cohort Dashboard" showing medical outcomes among
groups of pediatric patients with similar characteristics.
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