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ABSTRACT

Clinical genome and exome sequencing can diagnose pediatric patients with complex conditions that often re-
quire follow-up care with multiple specialties. The American Academy of Pediatrics emphasizes the role of the
medical home and the primary care pediatrician in coordinating care for patients who need multidisciplinary
support. In addition, the electronic health record (EHR) with embedded clinical decision support is recognized as
an important component in providing care in this setting. We interviewed 6 clinicians to assess their experience
caring for patients with complex and rare genetic findings and hear their opinions about how the EHR currently
supports this role. Using these results, we designed a candidate EHR clinical decision support application mock-
up and conducted formative exploratory user testing with 26 pediatric primary care providers to capture opin-
ions on its utility in practice with respect to a specific clinical scenario. Our results indicate agreement that the

functionality represented by the mock-up would effectively assist with care and warrants further development.
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INTRODUCTION

Due to steadily lowering costs, clinical genome and exome sequenc-
ing (CGES) is used increasingly in pediatric settings. Although most
tests are ordered by pediatric specialty physicians,' pediatric pri-
mary care physicians (PCPs) provide routine management and care
coordination for tested children.>> CGES frequently identifies com-
plicated and rare genetic diagnoses, possibly with complex or long-
term care requirements across multiple providers.>* CGES can also
result in secondary findings unrelated to the initial indication for
testing,”® which can require follow-up by primary care clinicians
and specialists who did not originally order the test.

The American Academy of Pediatrics recommends a medical
home approach to care in these situations where care is required
from multiple specialists, and emphasizes the role of the PCP in co-
ordinating the care of children who are seen by multiple specialty
providers, including genetics.””® A medical home approach has been

shown to improve outcomes for children, such as lower hospitaliza-
tion rates.” Among the recommendations for implementing the med-
ical home is the use of information systems and tools to support
care-coordination activities. One such approach is to integrate clini-
cal decision support (CDS) software into the electronic health record
(EHR). In the context of CGES, pediatricians face unique challenges
navigating ethical, legal, and social consideration (eg, related to risk
alleles for adult-onset disease).'® Health screening and intervention
workflows are often markedly different in pediatric settings, which
affects CDS design. As children mature from a state of complete de-
pendence on their caregivers into adolescence, with increasing levels
of autonomy, the educational materials that pediatricians provide
must be tailored to their developmental level and must always con-
sider the changing perspective of their caregivers during the process
of child development. However, when appropriately prepared,'! pe-
diatricians also have the opportunity to markedly improve health
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outcomes for children in their care through diligent screening and
early intervention in disease processes.

EHR-based CDS is recognized as an important tool for improv-
ing many aspects of clinical care, including genomic testing.'*~"*
The Clinical Sequencing Exploratory Research (CSER) consortium,
together with the Electronic Medical Records and Genomics net-
work, found that hospitals are already incorporating genomic data
into their EHRs and identified CDS for medically actionable results
as a high priority among respondents.'® The network, which has fo-
cused on CDS for pharmacogenomic variants, has identified multi-
ple barriers to implementing CDS for genomic test results.'® Barriers
to implementing CDS are often organizational, related to communi-
cation, staffing, and approval.'” These organizational barriers have
been addressed by developing evidence of effectiveness for other
types of CDS,'® for example, in the domains of medication interac-
tion alerts,"” chronic disease management,”’ and preventive health
care reminders.”! It is likely that part of the challenge at present is
that physicians and other organizational decision-makers do not un-
derstand the value of CDS for genomic test results.

Given (1) the expectation that PCPs will provide medical homes
for all children under their care regardless of complexity, (2) the in-
creasing availability of CGES, and (3) the lack of appropriate CDS
embedded in EHRSs to help pediatricians understand and appropri-
ately act on CGES results, we initiated a pilot project to guide CDS
implementation efforts for CGES results in primary care pediatric
settings. We investigated PCP perspectives on genomic testing, pro-
posed a candidate design for a CGES CDS tool based on these per-
spectives, and evaluated the candidate design with PCPs.

METHODS

We explored the current practice of genomic medicine by conduct-
ing a preliminary round of semistructured interviews with 6 clini-
cians. Based on the broad challenges that emerged from these
interviews, we designed a CDS tool prototype and collected data on
the usability and utility of the design from a separate sample of 26
PCPs through a design walk-through of the tool.?>*3

Study setting

Our study was conducted between April 1, 2015, and December 31,
2015, as part of the CSER consortium’s portfolio of research in the
Pediatric Research Consortium affiliated with The Children’s Hospi-
tal of Philadelphia (CHOP). This network of 31 pediatric practices
spans urban, suburban, and rural regions of Pennsylvania and New
Jersey and includes both academic and nonacademic practices. Prior
work has shown that the demographic characteristics of children
who receive care at these practices are representative of the region.**
Although CGES is not yet widespread in our network, it is increas-
ingly available. Much of our PCPs’ experience to date has been with
genetic tests for specific conditions. This network of practices had
been using EpicCare (Epic Systems Inc., Verona, WI, USA) as their
EHR for over 10 years at the time of this study.

Semistructured interviews

The semistructured interviews with 6 clinicians focused on their expe-
rience and attitudes toward genomic testing in general and CGES tests
specifically, barriers to the utilization of genomic test results in patient
care, educational and informational needs, and EHR functionality
relevant to CGES testing. The clinicians represented multiple perspec-
tives on genomic testing and primary care workflow as follows:

clinical site leadership, EHR expertise, care coordination for medi-
cally complex children, medical education (2 clinicians), and genetic
domain expertise.”? The interviews were audio recorded, and 1 author
(EK) took written notes of salient themes during the interviews. Two
authors (JP and DK) reviewed the audio recordings and independently
generated themes related to the challenges of accessing and using
genomic test results. Themes were discussed among these 3 authors
and refined until there was 100% agreement.

Development of low-fidelity mock-ups

Based on the results of these interviews, we created a set of interac-
tive mock-ups (Axure, San Diego, CA, USA) to represent the clinical
scenario of a child presenting to a PCP with a medically actionable
incidental finding of malignant hyperthermia susceptibility due to a
pathogenic RYR1 variant.**?* This variant is among the reportable
incidental findings recommended by the American College of Medi-
cal Genetics and Genomics.” We developed the mock-up in consul-
tation with a pediatric expert on malignant hyperthermia. Using a
set of 15 separate mock-up screens, we presented a potential clinical
workflow including (1) notification of an actionable result, (2) re-
view of specialist notes, (3) access to clinician and patient education
content, and (4) assistance with PCP documentation activities (see
Figure 1 and Supplementary Appendix A).

Design walk-through
We evaluated the mock-up by performing a formative user test
based on modified design walk-through method*®*” with pediatric
PCPs recruited from 5 practices in CHOP’s research network of 31
practices. Practice sites were selected to include both teaching (ur-
ban) and nonteaching (suburban) practices. Practice managers re-
ceived a letter inviting them to participate in the study, and when
the invitation was accepted, a 1-hour user test session was sched-
uled. The practice manager invited PCPs from the practice to the
user test session.

The design walk-through was performed in small group sessions
(1 session at each participating site). At the start of the session, the
PCP study subjects completed a short survey that included questions
about demographics (gender, age, role, clinical training), Likert scale
ratings of attitudes toward genomic testing, and relevant clinical
training. The facilitators then gave a short slide presentation on
CGES and presented the malignant hyperthermia scenario. The fa-
cilitator then stepped though the 15 mock-up screens. Following the
scenario-based walkthrough, PCPs completed additional survey
questions, including Likert scale ratings for tool features that ad-
dressed each challenge identified in the preliminary interviews, and
a set of questions based on the Technology Acceptance Model
(TAM),*® which has previously been applied to health care informa-
tion technology, including primary care and pediatrics.”=*" The
TAM survey included 14 questions from 3 dimensions: 10 perceived
usefulness, 3 perceived ease of use, and 1 intent to use (see
Supplementary Appendix B). Survey responses were entered into a
REDCap database,** then exported and analyzed with the statistical
program R version 3.30,%° adding the “psych,” “likert,” and
“ggplot” modules to analyze survey responses and generate figures.
Demographic characteristics of study participants were compared
with those of the larger CHOP network of PCPs and tested for sig-
nificant differences using a chi-square goodness-of-fit test with a
critical value of 0.05. We calculated Cronbach’s alpha to assess in-
ternal consistency within the TAM dimensions of perceived ease of
use and perceived usefulness.
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Genetic Test Assistant for Reportable Incidental Findings [ Info |

# Test results for this patient include an actionable incidental finding of: Malignant Hyperthermia susceptibility
This tool is designed to support the ordering provider, primary care and others in managing this finding

Test
Type: Whole exome sequencing Report:
Ordered:  Dr, Elvin Jones, 4/18/2015

Indication: Developmental delay Referrals:

Provider Resources

UpToDate

Malignant Hyperthermia Association
Testing for Maligant Hypertherma
Safe and unsafe anesthetics

Letter - notify healthcare facility
Letter - notify school

Letter - notify family

Roadmap to MH (pdf)
|dentification tag program

05/05/15 Molecular Biclogy (CHOP)
Specialist note: 05/14/15 Dr. Elvin Jones
Referral to Genetics: Dr. Elvin Jones 5/15/15

Patient-Family Education

Malignant Hyperthermia Association

Print Patient Education

Chart

Problem List: Mo relevant entry
Add to problem list

Allergy: No relevant entries
Add: Halogenated Anesthetics
Add: Succinylcholine

Alert: No relevant alerts
Create alert

Figure 1. EHR integrated intervention interactive mock-up, including a provider alert, direct linkage to results report, specialist note, education resources for clini-
cians, patients and families, note templates, problem list, and other documentation resources.

RESULTS

Semistructured interviews

Six PCPs participated in the preliminary round of semistructured in-
terviews. PCPs were enthusiastic about the subject and readily shared
their descriptions of real experiences and ideas on how to address the
challenges they described. Based on an analysis of the interviews, we
identified 6 major challenges to utilizing genomic test results in the
care of patients: (1) failure of notification of test results; (2) confus-
ing genomic test reports; (3) difficulty providing care coordination
for complex cases; (4) lack of communication with genetics special-
ists; (5) lack of educational materials for providers, patients, and
families; and (6) lack of consistency in clinical documentation. Table
1 presents illustrative quotes from interviewees for each challenge.

Design walk-through
In our second activity, 26 PCPs from 5 practices affiliated with
CHOP participated in the design walk-through.

Demographics. PCP participants are described in Table 2. Mean age
was 49.7 (range 29-63). Mean years in practice was 17.4 (range 1-
38). With the exception of the proportion of clinicians in teaching
practices, these characteristics are not significantly different from
the overall network. In addition, 10 subjects (38%) responded that
they had no patients with genomic testing in the prior year, 14
(54%) had between 1 and S patients, and 2 (8 %) had 6-10 patients.

Genetics topics
Seventy-seven percent of subjects indicated that they were confident
in their understanding of basic genetic principles and 62% agreed

that PCPs should help patients manage genomic testing results. By
contrast, 31% agreed that their training was sufficient and 15%
were confident in their ability to incorporate genomic medicine into
practice (Figure 2).

Tool functionality

Seven functions that addressed the challenges identified in the semi-
structured interviews were illustrated in the prototype mock-up. The
vast majority of subjects indicated that all 7 functions were impor-
tant: patient/family education content (100%), clinician education
content (100%), EHR notifications (96%), problem list entry
(92%), letter templates (92%), link to report (92%), and specialist
note (92%). All subjects agreed that the tool would be useful, even
for very few patients, and all responded that they would use the tool
if it were available.

TAM survey
We performed Cronbach’s alpha test on the 2 TAM dimensions and
both results, perceived usefulness (0.89) and perceived ease of use
(0.88), exceeded the accepted range of 0.70 for internal consistency
and reliability. Agreement on the 10 perceived usefulness questions
ranged from 100% to 62% (Figure 3). Agreement for the 3 per-
ceived ease of use questions were as follows: 85% agreement that
the tool was clear and understandable, 73% agreement that the tool
was easy to use, but only 50% agreement that the tool could be used
without any training.

There were no statistically significant associations between sur-
vey responses and clinician demographics.

Table 1. Interviews with PCPs revealed challenges to access and use of genomic test results

Challenge Provider Quote

Notification
Confusing genomic test reports
Care coordination

“[The genomic test report contains] all kinds of information I do not understand.”

“As far as [ know, there is no option to speak to a genetic counselor.”
“|Genetics] has jumped so far from when I was in medical school.”
“It has not yet been decided. .. who is responsible for the problem list.”

Communication
Education
Documentation

“I keep checking [the EHR] to see if there are [genomic test] results, no notification whatsoever!”

“[The genomic test report has a] list of a million things to do. .. [There were] referrals to eight specialties!”
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Table 2. PCP demographics and comparison to CHOP network

Category Characteristic No. of providers (%) CHOP network (%) P value
Gender Female 22 (85) 80 0.556
Role Physician 23 (88) 83 0.458
Nurse practitioner 3(12) 17
Primary care practice type Teaching 16 (62) 36 0.006
Nonteaching 10 (38) 64
Genetics Topics
| feel confident in my understanding of basic = 7
genetic principles. 12% 12% 77%
Primary care providers should play a key role in o
helping patients manage genetic testing results. & 31% 62%
My training has prepared me to treat patients
whose family history/genetics place them at high 31% 38% 31%
risk for medical conditions.
| feel confident in my understanding of when and
how to incorporate genomic medicine into.  42% 42% 15%
practice.
100 50 0 50 100
Percentage
Response Strongly Disagree  Disgree  Neutral Agree . Strongly agree

Figure 2. Bar chart summarizing Likert responses to items regarding clinicians’ perspectives on their role in genomic testing. Each bar is centered on the response of
“neutral.” Bars extending to the right indicate favorable responses (up to 100%) and those extending to the left indicate unfavorable responses (up to 100%). The per-
centages reported at the left and right of each bar indicate the exact percentages of unfavorable vs favorable responses, respectively (excluding neutral responses).

DISCUSSION

We found that the majority of PCPs were already caring for children
who receive genetic and genomic testing. Similarly, a majority of
PCPs felt that they should play a role in managing genetic and
genomic test results. However, the clinicians we interviewed reported
gaps in their ability to provide care for these patients due to chal-
lenges such as understanding the test results and coordinating care
related to the results. All clinicians indicated that access to educa-
tional materials related to test results was important. Our CDS tool
mock-up was positively received, with a high degree of agreement
that such a tool would be usable and would aid in the care of patients
with genomic testing. The only exception was that half of the clini-
cians indicated on the TAM survey that they would need training to

use the CDS features, but it is possible they misinterpreted “training”
in this context to mean “genetics medical education.”

Our results aligned well with recent literature documenting that
CDS for genomic test results is a high priority for successful implemen-
tation of genomic medicine.'® Also, the specific importance placed on
educational materials has been observed in studies of genomic CDS in
oncology and medication reconciliation.>*** These studies found a
similar desire by clinicians for relevant educational materials that sup-
port the interpretation of results in the context of patient care.

Localization of CDS
The CDS design mock-up we developed and validated in our study
provides guidance for future implementation efforts at institutions
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The GCA will improve my ability to provide 5,
patient—family education.

The GCA will improve my confidence in discussing

genetic test results with patients/families. L

The GCA will improve the quality of care |

deliver. 0%

The GCA would be useful to my work. 0%
The GCA will improve patient satisfaction. 0%

The GCA will support patient safety. 0%

The GCA will improve the quality of my patient 0%
documentation.

The GCA will enhance my current EHR workflow. 0%

The GCA will improve my productivity in patient 4%

Perceived Usefulness

0

100%

4%

4%

I -
8%

I
12%
I

15%

96%
96%
96%
92%
88%
85%
77%

23%

care. 35% 62%
|
100 50 0 50 100
Percentage
Response . Strongly Disagree Disgree Neutral Agree . Strongly agree

Figure 3. Bar chart summarizing Likert responses to items on the TAM regarding perceived usefulness of the genomic care assistant. Each bar is centered on the response
of “neutral.” Bars extending to the right indicate favorable responses (up to 100%) and those extending to the left indicate unfavorable responses (up to 100%). The per-
centages reported at the left and right of each bar indicate the exact percentages of unfavorable vs favorable responses, respectively (excluding neutral responses).

that seek to promote the role of PCPs as the patient-centered medical
home for children who have CGES results. However, specific local
workflows must always be considered in any implementation of
health information technology.?® Future implementation efforts must
examine these workflows at a granular level to ensure that they meet
the needs of individual institutions. Fortunately, toolkits such as the
SMART platform provide significant flexibility in adapting design
prototypes to local workflow requirements.>*3”

Future directions

To meet the care coordination goals of the medical home, primary
and specialty care providers need a unified view of the clinical impli-
cations of genomic test results. Evaluation of the perspectives and
combined information needs of primary care and specialty providers
is warranted. Additionally, new interoperable knowledge bases will
be required to provide both CDS and references to educational mate-
rials. This need has been confirmed and studied in other areas of
genomic decision support.>**? We used low-cost user-centered design
methods to formulate a preliminary picture of the need and an initial
direction for possible solutions for genomic CDS in pediatric primary
care, but the specific knowledge base requirements of clinicians
should be explored further. The degree to which we found that clini-
cians have already been engaged in genomic medicine, coupled with
the apparent gap in access to basic informational resources, indicates
that further study and progress toward real solutions is warranted.

Limitations

Our study was limited to 1 institution, and clinicians from teaching
practices (those involved in the education of residents and medical
students) were overrepresented in our sample. However, there were
no associations between the demographic characteristics of clinicians

in our sample and the survey responses, making it more likely that
results would be similar at other institutions. Also, given the funda-
mental difficulties providers reported regarding notification of
genomic test results and finding results in the EHR, it is possible that
the positive response to the CDS mock-up was overstated, given the
current challenges faced by PCPs. Additionally, pediatric settings that
have significantly different workflows related to genetic evaluation
may have different requirements for genomic decision support than
those identified in our study. Finally, as noted previously, there may
have been a misinterpretation of the term “training” in the context of
the standardized TAM survey to mean “genetics medical education.”

CONCLUSIONS

Pediatric primary care physicians are already managing children
who have had genomic testing completed, and they feel they have an
important role in clinical management based on those results. Access
to educational materials was identified as the most important fea-
ture of the proposed tool. Clinicians reported that our CDS proto-
type’s features were both usable and useful in the management of
children who have had CGES tests performed.
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