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Abstract

Background—Pharmacogenomics (PGx) is positioned to have a widespread impact on the

practice of medicine, yet physician acceptance is low. The presentation of context-specific PGx

information, in the form of clinical decision support (CDS) alerts embedded in a computerized

provider order entry (CPOE) system, can aid uptake. Usability evaluations can inform optimal

design, which, in turn, can spur adoption.

Objectives—The study objectives were to: 1) evaluate an early prototype, commercial CPOE

system with PGx-CDS alerts in a simulated environment, 2) identify potential improvements to

the system user interface, and 3) understand the contexts under which PGx knowledge embedded

in an electronic health record is useful to prescribers.

Methods—Using a mixed methods approach, we presented seven cardiologists and three

oncologists with five hypothetical clinical case scenarios. Each scenario featured a drug for which

a gene encoding drug metabolizing enzyme required consideration of dosage adjustment. We used

Morae® to capture comments and on-screen movements as participants prescribed each drug. In

addition to PGx-CDS alerts, ‘Infobutton®’ and ‘Evidence’ icons provided participants with

clinical knowledge resources to aid decision-making.

Results—Nine themes emerged. Five suggested minor improvements to the CPOE user

interface; two suggested presenting PGx information through PGx-CDS alerts using an

‘Infobutton’ or ‘Evidence’ icon. The remaining themes were strong recommendations to provide

succinct, relevant guidelines and dosing recommendations of phenotypic information from

credible and trustworthy sources; any more information was overwhelming. Participants’ median

rating of PGx-CDS system usability was 2 on a Likert scale ranging from 1 (strongly agree) to 7

(strongly disagree).

Conclusions—Usability evaluation results suggest that participants considered PGx information

important for improving prescribing decisions; and that they would incorporate PGx-CDS when

information is presented in relevant and useful ways.

Keywords

Clinical decision support systems; Clinical knowledge resources (not a MeSH term); Medical
order entry systems; Pharmacogenetics; User-Computer Interface

1. Introduction

Mapping of the human genome in 2003 opened new avenues for research [1].

Pharmacogenomics (PGx), the study of how genetic variations affect differences in drug

response, is positioned to be the first genomic advance to have a widespread impact on the

practice of medicine [2]. Already, the FDA includes information about 43 PGx biomarkers

in the labels of 155 drugs [3].
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Although surveys of US physicians indicate wide acceptance of the concept of PGx, these

surveys also suggest the adoption rate remains low [4–6]. Given the growing number of

biomarkers and the complexity of combinatory relationships of disease, gene, PGx test,

drug, and dose, clinical decision support (CDS) will be needed to facilitate diffusion of PGx

information to inform clinical practice [7]. Presentation of PGx context-specific information,

such as alerts embedded in computerized provider order entry (CPOE) systems, can aid

uptake of PGx knowledge.

CPOE with PGx-CDS alerts will be useful to classify drug responders, tailor drug therapy,

optimize drug response, and reduce adverse drug events [8]. Yet, poorly designed alerts

could introduce errors, cause alert fatigue, or hinder adoption of CPOE systems [9].

Usability evaluations inform proper design of clinical information systems, and can facilitate

adoption [10,11]. To date, usability studies focus on CDS alerts in the context of CPOE

systems [10], however the usability of PGx-CDS alerts has not yet been studied. The

objectives of this study were to: 1) Evaluate the usability of an early prototype, commercial

CPOE system with PGx-CDS alerts in a simulated work environment (from the prescriber

perspective), 2) Identify improvements to the CPOE user interface, and 3) Understand the

contexts under which PGx knowledge embedded in an EHR could be useful to clinicians.

2. Methods

2.1 Study Design

Ours was a usability study of a CPOE system with PGx-CDS alerts that was comprised of a

heuristic evaluation, supplemented by a participant satisfaction survey. We employed two

sets of heuristics. The first set used fourteen principles customized by Zhang for the health

domain [11], and is based on usability heuristics and rules from Neilsen [12] and

Shneiderman [13]. The second set used seven clinical knowledge heuristics designed to

measure knowledge utilization in healthcare [14–16] (Appendix A). Our data collection

method centered on a concurrent ‘think-aloud’ process, by which our aim was to identify

possible improvements that could be made to the prototype CPOE system, and understand

under what circumstances prescribers accessed knowledge to aid prescribing decisions.

2.2 Study Set-Up

The study was conducted using a prototype version of PowerChart® (Cerner Millennium®),

the University of Washington’s (UW) inpatient EHR application. The CPOE system

provides auto-fill selection of generic drugs, and standard doses, routes and frequencies. We

employed Cerner’s Discern Expert® rules engine to provide real-time CDS alerts. The

CPOE and Discern Expert modules of PowerChart had not been implemented at UW when

our study began. From within PowerChart, participants could access both the UW Health

Sciences Library (‘Links and Reports’) and the internet, and therefore were accustomed to

certain available clinical knowledge resources. However, none provided focused genomic or

PGx recommendations. To address this, each scenario was comprised of two parts. First,

each participant read a short clinical case including the indicated drug and patient-specific

PGx allelic variants with corresponding phenotype. Participants could then click an
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‘InfoButton®’ linking to curated genomic knowledge resources that further described the

relevant gene and laboratory value (Figure 1a; Appendix B).

Once satisfied, participants were directed to the second part of the exercise, using the CPOE

system to prescribe the drug for the hypothetical patient. In this context, when the PGx-CDS

alert popped up, the participant was provided an opportunity to view additional evidence -

curated PGx knowledge resources specific to the drug-gene pair. Participants accessed these

resources by clicking on an ‘Evidence’ button in the alert (Figure 1b; Appendix B).

2.3 Drugs Selected for Study

In previous work Overby designed 565 decision rules for CDS, specific to the 71 drugs for

which biomarkers were codified in the FDA label as of May 2011 [17]. Fifty-five percent of

these drugs involved genes encoding cytochrome P-450 (CYP-450) drug metabolism; 42%

of these defined cardiology or oncology drugs. Thus, for the usability study, we created CDS

alerts around the five cardiology (carvedilol, clopidogrel, metoprolol, propafenone,

warfarin) and six oncology (capecitabine, irinotecan, nilotinib, tamoxifen, 6-mercaptopurine

(6-MP), 6-thioguanine (6-TG)) drugs for which a gene encoding a drug-metabolizing

enzyme was listed in the label. (As 6-MP and 6-TG are identically metabolized, oncology

participants were randomized to complete a scenario using one or the other.) Our previous

work categorized rules as either low or highly-actionable and, accordingly, created two

levels of CDS alerts per drug.

2.4 Participants

Participants were cardiology or oncology fellows, recruited through email by program

coordinators not involved in the study. Prospective participants were directed to a website

describing the project. Participants signed the online consent form and scheduled a time to

complete simulations in a computer laboratory on campus. Each participant who completed

the study received a $100 gift card. The UW Human Subjects Committee approved all study

procedures.

2.5 Scenarios and Tasks

We developed hypothetical patients and scenarios, crafted such that participants were asked

to prescribe drugs, and then to consider modifying the appropriate dose, based on alert

messages triggered by the medication ordered and patient-specific laboratory data [18]. Each

participant completed the tasks associated with five clinical case scenarios featuring five

unique drugs in their clinical discipline. We created discrete prescribing tasks (e.g. ‘find the

drug you wish to order in the CPOE system’) for which we provided instructions

(Appendices C and D). The first scenario and drug served as the ‘orientation’ scenario and

was the same for all participants within each discipline (metoprolol/ tamoxifen). The

facilitator guided each participant through each task as a mock-up of a PGx-CDS alert was

presented. The second scenario was also the same within each discipline; only the drug with

a low-actionable alert was offered (clopidogrel/ nilotinib). We used a pseudo-randomization

process to randomize participants to the order of the remaining scenarios and actionability

level of alerts.
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2.6 Conducting Simulations

Two investigators were present at each simulation, all conducted between April and August

2011. (Appendix C) The facilitator (CLO) read instructions to participants and facilitated

completion of all tasks. We used Morae®, a commercially available software package

(TechSmith®) [19] to capture audio and on-screen participant activity. The software

captured the start and stop time for each task. Each participant was asked to ‘think-aloud’ as

they completed the tasks. The observer (EBD) recorded observations and statements made

by each participant throughout. We assessed post-simulation satisfaction through online

administration of the Post-Study System Usability Questionnaire (PSSUQ; Task 6) [20–23].

This 19-item instrument is comprised of three domains: system usefulness, information

quality and interface quality. Finally, we asked participants to record their year in clinical

training and their previous experience and comfort using computers, EHRs, and

PowerChart.

2.7 Mixed Methods Analyses

We employed the convergent, parallel, mixed methods design, integrating both quantitative

and qualitative analyses [24]. For the qualitative analysis, each audio-video recorded

simulation provided us with images of all tasks completed, time to completion, types of

clinical knowledge resources accessed, participants’ statements and the tasks associated

therewith. Two coders (CLO, CJL) mapped statements made by participants and

observations recorded by the investigator-observer to evaluation heuristics. Unlike

traditional usability studies, we identified ‘positive’ as well as ‘negative’ heuristics; the

former demonstrated the features that satisfied the needs of clinicians, while the latter

informed possible enhancements to the CPOE system. When concordance between the two

coders was not achieved, a third investigator served as arbiter (EBD). All data were

downloaded from Morae® and analyzed in Microsoft Excel® (Redmond, WA). The

quantitative analysis employed descriptive statistics (medians and interquartile ranges for

continuous, and proportions for categorical data). As the PSSUQ is scored on a 7-point

Likert scale (1=strongly agree; 7=strongly disagree), we considered it a continuous outcome.

Analyses were performed in Excel or Stata 11® (Stata Corp., College Station, TX).

3. Results

3.1 Participants

Seven cardiologists and three oncologists completed the study. All felt comfortable using

EHRs and PowerChart and had experience using other EHRs. One-third had previously

worked or had a serious hobby in a technology-related field (Table).

3.3 Tasks

The study was comprised of six tasks, each consisting of several steps. As the orientation

task, Task 1 consisted of 14 steps. Tasks 2 through 5 consisted of the same five tasks each.

Task 6 required completion of the PSSUQ. (Appendix D) Each physician spent an average

of between 3.6 to 4.9 minutes per prescribing task exploring the user interface and PGx

resources and providing concurrent think-aloud feedback.
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3.4 Heuristic evaluation

3.4.1 Quantitative heuristic evaluation—Of the 197 usability heuristics identified,

approximately equal numbers were positive, neutral and negative for both specialties, with a

few more categorized as neutral (Table). As expected, the greatest numbers of heuristics

were attributed to ordering tasks (Appendix D). Eighty-seven percent (171/197) of the

usability heuristics were attributed to Visibility of System State (39%), Flexibility and

Efficiency (27%), and Match between System and Real World (20%). Example quotes are

presented in Appendix E. Of the 188 clinical knowledge characteristics heuristics,

approximately equal numbers were positive and negative, with a much greater number being

categorized as neutral. Sixty-nine percent (130/188) of these heuristics were attributed to

Availability (27%), Trialability (25%), and Relevance to Practice (18%). Example quotes

are presented in Appendix F. Based on participant feedback, we were able to identify useful

clinical knowledge resources that were not provided in the current study but could possibly

be added to the Infobutton or EVIDENCE icon in the future. These were UpToDate®, [25]

Micromedex®, [26] Chemoregimen.com®, [27] and ePocrates® [28].

3.4.2 Qualitative heuristic evaluation—Nine themes and corresponding improvements

emerged from the heuristic evaluation. Each theme describes participants’ perceptions, and

is grouped into one of three domains described below: 1) Potential improvements to the

Cerner CPOE user interface; 2) Presentation of PGx-CDS and clinical PGx in the context of

a CPOE system; and 3) Useful PGx knowledge embedded in an EHR (Figure 3).

Domain 1:Potential improvements to Cerner® CPOE system user interface
(Figure 4a)

Theme #1: Drop-down menus are cumbersome to navigate; left navigation menu bar
preferred: All participants were able to quickly select ‘Orders’ and add an order in the

CPOE test environment. Some participants browsed and selected functions from the top

drop-down navigation menu bar; others from the left menu bar. Prescribing could be more

easily and quickly accomplished if the commonly used features/functions were displayed on

the left menu bar.

“I usually don’t use these pull-down menus as much, for things that I do rapidly. If

every time I had to write an order I had to pull down, it might get cumbersome.”

[Cardiologist #5; Metoprolol]

“Order on the left side is pretty intuitive.” [Cardiologist #6; Metoprolol]

Theme #2: Partial drug name search function in ordering system increases efficiency and
reduces errors: Participants frequently did not key-in the complete drug name during a

search. The drug search function in the CPOE test environment was able to display matches,

which alleviated some effort required of participants. However, the system only matched

generic names, while participants preferred to type brand names.

“Our order is Plavix®, hopefully they have trade names of the medication… and I

don’t think they do. Clopidogrel, I found that. They don’t have the trade name,
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which stinks because I don’t like typing in clopidogrel.”[Cardiologist #6;

Clopidogrel]

Theme #3: More pre-built order sentences save time; avoid free text: Participants were

positive about the function that presented standard doses within the “Order Sentences” pop-

up box after they selected the drug they wished to prescribe. They stated they would like to

have even more pre-built order sentence options pop-up, as long as they fit on one screen.

Simply clicking on the dose, rather than typing the dose, or using the “Dose Change” box

saved time.

“I like that the standard doses come up [looking at the Order Sentences pop-up

box].” [Oncologist #3; Tamoxifen]

Theme #4: Too many dosage change options created complexity when changing dose
frequency. More sort options would be helpful to speed up the search process: Almost all

participants were unable to change the dose frequency quickly, and were frustrated that too

many options were listed. Some participants simply scrolled through all the options and

went directly to “Special Instructions”, which allowed them to type in frequencies using free

text. This was especially problematic for oncologists. Sorting on specialty or a list of

‘favorites’ would be useful.

“For chemotherapy drugs, it would be nice for a totally different box to come up

for the frequencies. Obviously oral chemo wouldn’t utilize that but IV, I think,

would. I would worry about this being missed” [Oncologist #3; Irinotecan]

Theme #5: Removing a drug from an order was not always intuitive. Clicking a Remove
button to remove the order would be more straightforward: Many participants felt that

removing the drug from the system was not straightforward. [It was removed by right

clicking on it.]

“I’m not exactly sure how to do that [remove the order]; There might need to be a

button explaining that, but a good default is a right click” [Oncologist #3;

Tamoxifen]

Domain 2: Presentation of PGx-CDS and clinical PGx in the context of a CPOE
system (Figure 4b)

Theme #6: Clinicians liked the knowledge resources: Participants spoke favorably about

the value these tools provided in offering a rich and comprehensive set of PGx knowledge

resources to augment their current thinking.

“How the drug is metabolized…this is good. I don’t think enough about this in

clinical medicine”[Cardiologist #1; Metoprolol; ePKGene]

Theme #7: Icons that identify knowledge resources are not always easily recognized and
intuitively presented; icons should be made bold or bigger: The Infobutton and

EVIDENCE icons were designed to facilitate access to curated, genomic knowledge

resources providing additional information about the PGx information described in the

scenario. Several participants did not see the EVIDENCE icon right away.
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“Oh, EVIDENCE. I didn’t see the EVIDENCE button. Maybe make it bold or

something.” [Cardiologist #5; Metoprolol]

But all participants understood that the Infobutton and EVIDENCE icons were tools by

which they could access additional knowledge when needed.

“Honestly, good to know evidence screen is here, but I already have enough

information. I don't think I will use this button every time I have a clinical alert

[Evidence button]. I would use it in clinical scenarios when I was more unsure.”

[Cardiologist #1; Warfarin]

Domain 3: Useful PGx knowledge embedded in an EHR

Theme #8: Communicating genomics and PGx information to clinicians is challenging
because clinicians are not trained to interpret genomics and PGx information:
Participants were sometimes confused and didn’t know how to interpret genomics and PGx

data, which could have impacted patient safety.

“I don’t know how to read this table. I’m confused. It’s confusing because it’s

almost indicating that there are 3 alleles. I have no idea how to read this table. So

it’s not very helpful to me [referring to the Warfarin dosing table]” [Cardiologist

#6; Warfarin; PGx-CDS alert]

To address this challenge, participants identified two potential improvements to the

presentation of information: smart PGx-CDS alerts, those that use dosing guidelines and

recommendations.

Theme #8a: Smart PGx-CDS alerts facilitate clinical PGx adoption and improve care:
Participants felt confident and commonly overrode the CDS alert when prescribing a

familiar drug or regimen. But all agreed that PGx-CDS alerts can be very helpful and can

positively affect patient care in many ways, especially when clinicians incorrectly interpret

genomics and PGx information.

“The alert is good. It raises something I didn’t know about the association with

hyperblirubinemia” [Oncologist #3; Irinotecan; PGx-CDS alert]

Many participants talked about alert fatigue when PGx-CDS alerts popped out during the

simulations. They expressed that it was overwhelming and annoying when alerts appear for

so many medications. They stated that ‘smart’ PGx-CDS alerts should contain not only

genetically but also clinically relevant information. Moreover, they felt it would be more

convincing if alerts summarized the medical literature and indicated which changes will be

important to improve patient outcomes, increase safety, or reduce costs.

“I work with systems where there were a number of pop out text boxes with

different medication in order entry. The number of them that pop out will impact

how seriously I take them.” [Oncologist #3; Tamoxifen; PGx-CDS alert]

Theme #8b: Busy clinicians want information primarily about dosing guidelines and
recommendations: Participants commonly sought additional information when prescribing a

medication or regimen with which they were not familiar. Some stated they would talk with
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more experienced colleagues or pharmacists before prescribing. Others said they would

browse resources such as UpToDate®, PubMed®, Micromedex®, and

Chemoregimen.com®.

“How often should I dose him if I want to give him Plavix®? That information

would be helpful” [Cardiologist #3; Clopidogrel; PGx-CDS alert]

Theme #9: Participants were overwhelmed by too many PGx knowledge resources: After

completing the scenarios, participants seemed overwhelmed when they were asked to

browse additional information about genomics and PGx knowledge resources.

“This is one big long abstract. Way too much information for a busy day. And so,

the summary should be, like, one line” [Cardiologist #4; Warfarin; PLOS]

To address this concern, participants identified three potential improvements in the

presentation of information: presentation of phenotype information, credible/trustworthy

information, and only clinically relevant information.

Theme #9a: Participants were most interested in the relationship between PGx allelic
variants and phenotype classification, as the latter was more helpful to them as they
prescribed: Participants were most interested in the phenotype classification for genetic

variants and easily interpreted these, even though they were not trained to interpret

genomics and PGx data. The following quotes refer to phenotype classifications from a

knowledge resource and the phenotype classification listed along with patient laboratory

values, respectively.

“Poor metabolizer [reading ‘Assigned Phenotype Classification’ on lab values]

Gene name means nothing to me, variants mean nothing to me, genome means

nothing to me, poor metabolizer suggests that less of the drug is going to have

more of an effect” [Cardiologist #2; Carvedilol, lab value]

Theme #9b: Clinicians want to be able to assess the credibility of knowledge resources:
Clinicians were not familiar with all of the knowledge resources that were presented, and

indicated they needed to know the source of each type of information in order to assess its

credibility and trustworthiness.

“I’m not going to look up all of this information. Usually, maybe in the future, but

at this point, I don’t have much of an interest. As long as the information is

trustworthy, that’s the biggest thing for making clinical decisions. There’s so much

information, it has to be accurate or it’s gonna cause a lot of problems”

[Cardiologist #6; Carvedilol; ePKGene]

Theme#9c: Clinicians want solely information that is clinically relevant: Busy clinicians at

the point of care indicated they wished to view solely information that is clinically relevant

to prescribing the drug at hand.

“The knowledge resources were bad, interesting scientifically but not clinically.”

[Cardiologist #4; Warfarin; Survey]
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3.6 Satisfaction—For both cardiologists and oncologists, the median total PSSUQ score

was approximately 2.0, corresponding with strong agreement that the participants were

satisfied with the CPOE system with PGx-CDS alerts. There was less variability in domain

responses for cardiologists (1.8–2.3) than oncologists (1.7–2.4). Both cardiologists and

oncologists rated system usefulness and interface quality higher than information quality.

(Table)

4. Discussion

With the rapid evolution of personalized medicine and increasing reliance on EHRs to

reduce medical errors, incorporation of PGx knowledge into decision support systems is a

timely challenge. However, the complexity of these systems, the clinical decisions they

influence, and the varying skill sets of CPOE users will complicate efforts to properly

evaluate the features that lead to effective decision support. Here, we have presented a

mixed methods approach to provide a heuristic evaluation of such a system. In a simulated

environment, using a commercially available CPOE system with CDS capabilities, we

designed and tested an early prototype of patient-specific PGx-CDS alerts in which we

embedded a rich collection of PGx clinical knowledge resources. We evaluated the usability

of the system, identifying potential improvements to the CPOE system user interface, and

understanding contexts in which PGx knowledge could be found useful to clinicians.

Participants were seasoned EHR users and prescribers, although unfamiliar with the Cerner

system. The amount of time they spent per task suggests they were genuinely interested in

exploring the user interface and took seriously their charge of evaluating the available PGx

resources. Spending between 3–5 minutes per prescription order on average is not realistic

in clinical practice, but did enable us to gain valuable feedback about both the user interface

and the PGx resources. When considering both categories of heuristics (usability and clinical

knowledge resources), participants found both positive and negative aspects to each.

Participants identified five potential improvements to the ordering process in the CPOE user

interface (domain 1), despite the fact that the system is a commercially available product

that is widely used. These improvements would aid in prescribing the correct drug and dose;

provide greater flexibility when searching and navigating medications by brand/generic

names; and provide a more standardized selection of dosing sentences (drug + dosage form

+ route), thereby reducing the number of mouse clicks and free text typing. We noted that

oncologists had a more difficult time prescribing within the constraints of the existing

system than did cardiologists. This makes intuitive sense, as the prescribing of

chemotherapy regimens is frequently more complex, and is best facilitated by an oncology-

specific CPOE module. (Ours has since been implemented.)

Participants agreed with the idea of providing additional resources to guide drug dosing, and

made use of the clinical knowledge resources behind the Infobutton and EVIDENCE icons

to achieve this end (domain 2) [29]. Dissatisfaction with the size or placement of icons

shows the importance of user-centered design to minimize errors and slips in utilization of

the interface, particularly outside of a controlled environment.
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The vision of PGx is to prescribe the right drug in the right dose to the right patient at the

right time. To do so, PGx information must be presented in a useful fashion (domain 3) and

on demand [29,30]. Although our results suggest that incorporating PGx resources into

smart PGx-CDS alerts is key to increasing PGx adoption into daily practice and improving

patient safety [31], we learned that presenting PGx information to clinicians is challenging,

and that presenting too much information overwhelms participants. Clinically relevant PGx

knowledge must be represented in language the physicians find intuitive and easily

interpretable [32,33]. In order to avoid alert fatigue, rules for alerts must also be carefully

developed and triggered such that recommended actions are clear and facilitate a rapid

response [32,34]. PGx data are complex; creating the appropriate infrastructure to

communicate this information is crucial. [35] Our results suggest that the use of simple

dosing guidelines and recommendations would be well received.

Participants indicated they had not been trained to interpret genomic data and infrequently

experienced PGx-based drug prescribing; all indicated they were most interested in the

relationship between genotype and phenotype, as the phenotype was more helpful to them as

they prescribed. Indeed, others have shown that the overall knowledge level of genetics of

many health care providers is low. [36] A survey conducted by the American Medical

Informatics Association (AMIA), in collaboration with Medco Health Solutions, Inc.® (now

Express Scripts®), found that although 98% of provider participants agreed about the utility

of genetic testing in drug therapy, only 10% actually felt that they had been adequately

informed about the process. [34] Results suggest that prescribers would benefit from

education focused on presentation, interpretation, and clinical applicability of PGx

information. Further, from the physician’s point of view, it is important that the selected

PGx knowledge is from credible, trustworthy and familiar sources. Separately, in taking an

important step to optimize patient safety and quality of care, an AMIA task force has

recently published ten recommendations, in four domains, for improving the usability of

EHRs. The first domain is the usability and human factors research agenda. [37] Our

usability study contributes to this research agenda.

A unified framework to assess EHR usability exists, and consists of four components: Task,

User, Representation, and Function – TURF. [38] However, this framework is intended for

use in a more general way, and at a more conceptual level, rather than in an individual study.

For this reason, we used the TURF framework as background information but focused on

our evaluation of heuristics and assessment of participant satisfaction with the existing

CPOE system.

Ours was a pilot study, utilizing one EHR in the inpatient setting to study participant

responses, in depth. The literature suggests that ten is a sufficient number of participants to

adequately identify up to 80% of usability issues. [39,40] Our participants did identify the

same issues repeatedly, although we cannot be totally confident that we reached saturation.

A greater number and richer mix of participants might have revealed additional insights.

Despite the rigorous, repeated recruitment and motivational ($100) efforts we made over a

number of months, no additional participants volunteered. As the CPOE system is already in

use, we were unable to influence its design, but we are able to forward recommendations to
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medical center information technology professionals who are equipped to modify features

and functionality of the system.

To our knowledge, this is the first usability study to evaluate PGx-CDS alerts in a

commercial CPOE system. In evaluating five clinical case scenarios in each of two medical

disciplines, we had an opportunity to explore and understand physicians’ expectations of the

provision of PGx-CDS alerts presented in a CPOE system, and their perspective on PGx-

based drug prescribing. In time, using PGx data at the point of prescribing will improve

medication safety and overall quality of care. Correctly configuring functionality and

selectively presenting the most important information in a readily interpretable format will

be required. Our work has helped to inform this nascent field.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• CPOE with PGx-CDS can improve medication safety.

• Usability can drive adoption; few evaluations have been completed.

• We conducted a usability study with cardiologists and oncologists.

• Results suggest design improvements could be made to the user interface.

• Provision of PGx information is important; must be presented in intuitive ways.
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Summary Points

What was already known on the topic

1. The mapping of the human genome in 2003 opened new avenues of research

and launched the era of personalized medicine, including pharmacogenomics

(PGx).

2. Health information technology is an indispensable support to facilitate diffusion

of information to inform clinical practice. Specifically, computerized prescriber

order entry (CPOE) with clinical decision support (CDS) is a sophisticated

technology that can improve practitioner performance and medication safety.

3. Although increasing evidence has demonstrated that PGx-based drug dosing is

useful in improving safety, the rate of adoption has been low.

4. Usability is one of the key factors driving adoption and appropriate utilization of

electronic health records, and can be applied to development of CPOE/CDS

systems.

What this study adds to our knowledge

In this study we evaluate the usability of PGx-CDS alerts in the context of a

commercially available CPOE system. [11] We create clinical scenarios and tasks

featuring the prescribing of cardiology drugs and oncology drugs by physician

participants. Results suggest:

1. Design improvements could be made to the user interface of the existing CPOE

system, in order to facilitate the incorporation of PGx dosing into clinical care.

2. Both cardiologists and oncologists agree that it is important to provide

information about the association between genetic variants and potential drug

dose modifications.

3. Communicating genomics and PGx information to clinicians is challenging and

can be overwhelming. Clinically relevant PGx information in CDS alerts should

be presented as simple dosing guidelines and recommendations from credible

sources, and communicated by phenotype (e.g. poor metabolizer) rather than

genotype.
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Figure 1.
a: Case Scenario, PGx Allelic Variants, Phenotype, and Infobutton®

b: Clinical Decision Support Alert in Discern® System
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Figure 2.
Heuristic Evaluation Results
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Figure 3.
a: Results – Domain 1: Improvements that could be made to the CPOE user interface

PowerChart® – Orders Tab and Orders Details

b: Results – Domain 2: Improvements that could be made to the PGx-CDS presentation
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Table

Results - Participant Characteristics, Heuristic Evaluation and Satisfaction

Cardiology
(n=7)

Oncology
(n=3)

Participant Characteristics

Year in fellowship, n (%)

First 1/7 (14%) 0

Second 1/7 (14%) 2/3 (67%)

Third 3/7 (43%) 1/3 (33%)

Fourth 2/7 (29%) 0

How comfortable are you using computers?*, median (IQR) 1.0 (1.0 to 2.0) 1.0 (1.0 to 1.0)

How comfortable are you using EHRs?*, median (IQR) 1.0 (1.0 to 1.0) 1.0 (1.0 to 1.0)

How comfortable are you using PowerChart?*,median (IQR) 1.0 (1.0 to 2.0) 1.0 (1.0 to 1.0)

Have used EHRs other than PowerChart, n (%) 7/7 (100%) 3/3 (100%)

EHRs previously used** EpicCare®, CPRS®, Gopher® EpicCare®, CASMED®,
CPRS®, Massachusetts LMR®,
Ameritech®

Ever worked or had serious hobby in a technology-related field, n (%) 2/7 (29%) 1/3 (33%)

Heuristic Evaluation

Total (positive, neutral, negative) Total (positive, neutral, negative)

Usability heuristics, counts 117 (38, 42, 37) 80 (21, 34, 25)

Clinical Knowledge Characteristic heuristics, counts 132 (33, 63, 36) 56 (9, 34, 13)

Satisfaction - Post-Study System Usability Questionnaire(PSSUQ)

Median (IQR) Median (IQR)

Total Score (Q1-Q19)± 1.9 (1.3 to 2.2) 2.1 (1.3 to 2.4)

System Usefulness (Q1-Q8) 1.8 (1.1 to 2.0) 2.0 (1.3 to 2.1)

Information Quality (Q9-Q15) 2.3 (1.3 to 2.7) 2.4 (1.3 to 2.7)

Interface Quality (Q16-Q18) 2.0 (1.0 to 2.7) 1.7 (1.3 to 2.7)

1=very comfortable, 5=not at all comfortable;

**
Types of EHRs Previously Used: CASMED®: http://www.casmed.com/about-us/partners.cfm; EpicCare®: http://www.epic.com/software-

ambulatory.php; Gopher, Regenstrief Medical Record System®: http://clinfowiki.org/wiki/index.php/
Regenstrief_Medical_Record_System_(RMRS); Massachusetts General Longitudinal Medical Record (LMR)®: http://www.massgeneral.org/
stoecklecenter/programs/patient_exper/lmr.aspx; Meditech®: http://home.meditech.com/en/d/home/; Veterans Affairs Computerized Patient
Record System (CPRS)®: http://www.ehealth.va.gov/EHEALTH/CPRS_Demo.asp;

***
Task 1=Orientation Task; Task 2=Low-actionable alert only; Tasks 3–5=Randomization to low- or high-actionable alert;
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±
Likert Scale for PSSUQ: 1–7, where 1=Strongly agree; 7=Strongly disagree

EHR = electronic health record; IQR = interquartile range; MP = mercaptopurine; Q = question; SD = standard Deviation; TG = thioguanine
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