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Summary
Objectives: To understand opinions and perceptions on the state of information resources specifi-
cally targeted to genomics, and approaches to delivery in clinical practice.
Methods: We conducted a survey of genomic content use and its clinical delivery from represen-
tatives across eight institutions in the electronic Medical Records and Genomics (eMERGE) network 
and two institutions in the Clinical Sequencing Exploratory Research (CSER) consortium in 2014.
Results: Eleven responses representing distinct projects across ten sites showed heterogeneity in 
how content is being delivered, with provider-facing content primarily delivered via the electronic 
health record (EHR) (n=10), and paper/pamphlets as the leading mode for patient-facing content 
(n=9). There was general agreement (91%) that new content is needed for patients and providers 
specific to genomics, and that while aspects of this content could be shared across institutions 
there remain site-specific needs (73% in agreement).
Conclusion: This work identifies a need for the improved access to and expansion of information re-
sources to support genomic medicine, and opportunities for content developers and EHR vendors to 
partner with institutions to develop needed resources, and streamline their use – such as a central 
content site in multiple modalities while implementing approaches to allow for site-specific cus-
tomization.
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1. Background and Significance
Although genetic information has been used in healthcare for many years, recent genomic advances 
have increased attention towards how genomic data may be more broadly used in healthcare, and 
what systems must be implemented to support this [1]. In particular, substantial growth in know-
ledge about the human genome has enabled subsequent application to pharmacogenomics (PGx) 
and targeted therapies, risk assessment, and diagnostic algorithms. As a result, there is an increased 
demand on physicians, nurses, pharmacists and other healthcare providers to integrate genetic re-
sults into the care plan, at a time when our understanding of the human genome is continually ex-
panding.

While advances have been made in increasing the awareness of healthcare providers in this evol-
ving field, providers still cite significant gaps in knowledge and level of comfort with respect to test 
ordering and applying results from genetics and genomics analyses [2–4], including PGx [5–9]. 
These gaps suggest the need for increased educational efforts in genomic medicine [3, 10], including 
formal education and training, as well as point-of-care decision support aids [11, 12]. Education 
needs to be provided in a way that supports confident clinical decision making for all involved disci-
plines [12]. The impact extends to patients as well, with studies citing patients’ lack of understanding 
of genetic and genomic results [13], but a desire to better understand management and prevention 
of genetic conditions [14]. An important consideration, therefore, is that information resources are 
made available to both providers and patients to support understanding and decision-making in the 
context of genomic and genetic results. 

A variety of information resources on genetic testing, diagnoses and treatment options exist. 
These vary from institutional subscription services to others that are freely available. Likewise, these 
resources may provide a more comprehensive overview of a specific topic, or may be more targeted 
towards certain questions. Examples include patient-focused sites like Genetics Home Reference 
that provides an overview of genetics and gene-disease relationships [15], as well as provider-fo-
cused resources like GeneReviews® [16] and the Clinical Pharmacogenetics Implementation Con-
sortium (CPIC) guidelines [17] that provide actionable information to healthcare providers.

Several institutions have described their implementation of genomic medicine (GM, assessing 
risk for heritable conditions, such as hemochromatosis) and PGx (looking at one or more drug-gene 
combinations) projects [18–22]. Assessments of implementation strategies within the electronic 
Medical Records and Genomics (eMERGE) [23, 24] and Clinical Sequencing Exploratory Research 
(CSER) [25] networks have shown significant heterogeneity in how results are returned to phys-
icians, pharmacists and patients. In spite of this variation, almost all implementations have included 
some form of information resources to help with the interpretation of genomic results [26–28]. For 
example, at some institutions results may be returned as text reports with embedded hyperlinks, or 
content from information resources copied directly into the report. Other institutions return struc-
tured laboratory results and link to specific external references via a standardized terminology code 
(e.g. LOINC) associated with the result. However, no work to date has focused on this use of infor-
mation resources to support genomic medicine programs.

Surveying the experiences of institutions in the eMERGE and CSER networks, we explore how 
these sites use information resources within their genomic medicine programs. In addition, we 
evaluate how their strategies may support the improved access and expansion of information re-
sources more broadly.

2. Methods
A survey was developed by three of the authors (LVR, CLO, JC) (available in Appendix A) to capture 
site-specific information about: a) current or future plans for delivering information resources, b) 
modalities for delivering information resources, c) current or planned use of internally and extern-
ally hosted resources, d) opinions on the quality and availability of information resources, and e) 
opinions on the generalizability of content contained in information resources. Questions differenti-
ated between resources targeted to patients and healthcare providers to assess if similarities or differ-
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ences existed between these audiences. Validation or reliability testing was deemed unnecessary 
given the descriptive and qualitative nature of the survey.

Institutions in the eMERGE and CSER networks planned to implement PGx and/or GM projects. 
Institutions that anticipated different responses for these projects were asked to respond separately 
for PGx and GM. Given that institutions were in different states of planning and implementation for 
both PGx and GM projects, they were also instructed to only respond for the project(s) that they felt 
had an established plan for the delivery of information resources. 

Survey questions related to the delivery of content asked respondents to distinguish between cur-
rent and/or future plans to offer locally hosted content (that is, content delivered by a server or other 
resource directly under the institution’s control), and remotely hosted content (that which is main-
tained by an external organization, such as a public website or commercial content provider). Ques-
tions related to modality for content management for patients and providers included four possible 
response options with an “Other” category. Choices included delivery: as a printed handout or 
pamphlet, from the EHR (which included information displayed in alerts to physicians and/or phar-
macists, or template content included as part of the patient’s after visit summary generated by the 
EHR), from a website or content management system delivering content as HTML pages (optionally 
including other multimedia), or as linked PDFs. For this study, the distinction between websites and 
PDFs, since PDFs are many times served via websites, is that the PDFs were static representations of 
content, whereas a website (or content management system) is a platform that offers the opportunity 
to provide dynamic or multimedia content. Likewise, the distinction between PDFs and paper print-
outs/pamphlets is that the PDF was delivered electronically, while the printout/pamphlet was made 
physically available. An additional delivery option of personal health record (PHR) or patient portal 
was added for patient-targeted content. The distinction between PHR/portal and CMS/website is 
that the former was configured or delivered through a PHR/portal (often dynamically), while the 
latter was typically a static content reference.

An e-mail request to complete the survey was sent to ten eMERGE and eight CSER institutions in 
September 2014, with the survey open for responses for one month. The e-mail was sent to one or 
two primary representatives at each eMERGE site that were active within the eMERGE EHR Inte-
gration (EHRI) workgroup. The decision to e-mail a select group instead of the entire EHRI work-
group mailing list was done to focus the request to those known to be primary stakeholders within 
their implementation project. Given a lack of similar knowledge about participating CSER sites, the 
decision was made to submit a similar request to the entire CSER EHR workgroup mailing list. One 
e-mail reminder was sent to the respective original distribution groups approximately two weeks be-
fore the survey closed. Survey responses were captured using Google Forms (Google, Mountain 
View, CA), and summarized with descriptive statistics. Aggregated results were discussed within the 
eMERGE EHR Integration workgroup. Discussion allowed for the expansion of ideas – such as de-
tails on how PGx and GM projects were being implemented at each site – and an opportunity to ex-
plore possible explanations for our findings related to the survey results. In addition, clarifying ques-
tions were sent to individual sites as needed. If an eMERGE institution provided a separate response 
for PGx and GM, the results were reviewed for similarity. If responses were the same across both 
projects, they were collapsed into a single response for that institution.

3. Results
In total, eight of ten eMERGE and two of eight CSER sites responded (55.6% response rate). Where 
institutions provided two sets of responses for the same project, the institution was asked to review 
and provide a single, consensus response. Two eMERGE institutions provided separate responses 
each for PGx and GM projects. In review, one institution’s pair of responses was identical across each 
of the projects and was consolidated back into a single response. This resulted in eleven responses 
across the ten institutions for analysis.

All eleven projects indicated that they were currently or had plans to deliver information re-
sources authored by their institution as part of their project. Of these eleven projects that were de-
livering content to providers, eight indicated that they were currently providing content, and two in-
dicated that they were planning to. One project representative did not provide a response. Respon-
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dents indicated that for six projects they were currently providing content to patients, and for five 
projects indicating they planned to do so. No response was provided for one project, and for another 
project there were conflicting answers regarding both providing and planning to provide content. 
Upon clarifying, we found that there was content offered, but that the project was planning to 
further enhance and expand the content.

Regarding modalities for how content was currently or planned to be delivered to providers, 
▶ Table 1 shows the overall responses. Project representatives had the opportunity to respond about
multiple formats used, and so multiple responses were allowed. Across the projects, the majority 
used more than one mode of delivery to providers (median=2, IQR=1, min=1, max=4). Delivering 
content in the EHR was the most common response (n=10), followed by delivery via a website or 
content management system (CMS) (n=6). Respondents indicated that for three projects “Other” 
modes of delivery were used, with two projects responding that they utilized e-mail, and another 
project “developed a course that can be accessed through our compliance education system”, and was 
also exploring potential new approaches. 

For content returned to patients (shown in ▶ Table 2), the majority of projects were providing or
planned to provide content as printed handouts or pamphlets (n=9), with content defined in the 
EHR or delivered through a PHR or patient portal as the next most frequent responses (n=5). Of the 
five institutions using a PHR/portal to deliver content, two of those projects used both a PHR/portal 
and CMS/website. Respondents also indicated that for two projects “Other” modes of delivery were 
being used, indicating that they were actively exploring new and enhanced approaches such as “pa-
tient facing genomic test reports”. The majority of projects also used more than one mode of delivery 
to patients (median=2, IQR=2, min=1, max=4). 

▶ Figure 1a shows the intersection of projects that currently or plan to offer locally hosted con-
tent to providers compared to those currently or planning to offer remotely hosted content. The ma-
jority of projects had no plans to deliver remotely hosted content to providers, with three responding 
that they did currently and one planning to. Those sites currently utilizing remotely hosted content 
were all also providing locally hosted content. All eleven projects were providing or planned to pro-
vide locally hosted content. ▶ Figure 1b shows the same graph for patient content, with similar
trends. Only one project was providing remotely hosted content (and also providing remotely hosted 
physician content), one project was planning to provide remotely hosted content, and ten projects 
were or planned to provide locally hosted content.

▶ Figure 2 shows respondent’s opinions on the need for new information resources, and trans-
portability of content for providers and patients at other sites. Free-text comments are available in 
Appendix B. The largest area of agreement (providing a response in some degree of agreement) was 
regarding the need to develop new content (▶ Figure 2a), and that content is generalizable to other
sites (▶ Figure 2d). The level of agreement was 91% across both questions, and was the same for
both provider- and patient- facing information resources. The largest area of disagreement was re-
garding opinions about content specific to an institution (▶ Figure 2c) with three projects (27%) dis-
agreeing that content for providers and patients is specific to an institution. 

4. Discussion
These results illustrate the need to manage and deliver information resources for genomic medicine 
in a way that is effective for each institution, and to develop IT infrastructure that facilitates imple-
mentation into clinical care. Since genomic information is being more rapidly updated, there are ad-
ditional challenges to ensure content is not stagnant. The differences in functionalities among EHRs 
also constitutes important barriers to the implementation of information resources and genomic 
medicine overall. Initiatives such as the HL7 Clinical Genomics group, [29] and the Global Alliance 
for Genomic Health (GA4GH) [30] have begun addressing these barriers through proposed stan-
dard representations of genomic results, which would allow EHRs and external systems to have a 
standard, computable definition for the exchange of genomic information. The ClinGen project has 
leveraged the OpenInfobutton approach initially developed as part of eMERGE [31] to allow search-
ing across a large set of genomic resources [32]. Since OpenInfobutton is an HL7-compliant system 
and meets the EHR Meaningful Use standards [33] it is anticipated that this approach will allow 
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local EHRs to access genomic resources in a context-sensitive manner. Furthermore, projects such as 
SMART on FHIR Genomics [34] have demonstrated the extension of native EHR functionality with 
optimized displays for genomic results, and the Displaying and Integrating Genetic Information 
Through the EHR (DIGITizE) Action Collaborative [35] has engaged multiple stakeholders, includ-
ing EHR vendors, to empower clinical IT to support and implement genomics in the EHR. Building 
upon these existing efforts, additional work is still needed to focus on the integration of information 
resources into the EHR. This will allow central sources of knowledge to be managed to the benefit of 
everyone, rather than having each individual institution reinvent the wheel.

It is challenging to find effective ways of delivering genomic information to providers [36]. In this 
study, we see the majority of projects leveraging the EHR as a mode of delivery to providers. This 
most often involves configuring the EHR with a static version of the content, such as a brief sum-
mary statement in an alert window with links to supplemental information. Typically, the supple-
mental information resource also contains the summary statement, requiring separate updates 
(possibly across different groups), resulting in duplicated effort. Since genomic knowledge has the 
potential to evolve more rapidly, there is an added risk that genomic content in the EHR will become 
out of sync with that available in a supplemental resources external to the EHR. While this is cur-
rently managed manually, there is an opportunity for EHR vendors to create mechanisms such that 
EHR content (including brief summaries) could be dynamically composed from an external pri-
mary content repository while still allowing for local customization. For example, there may be an 
article written in a content system that describes what actions to take for a predicted clopidogrel 
poor metabolizer when writing a new prescription. A CDS alert in the EHR, instead of having a 
static recommendation entered, could send a request to the content system to retrieve and display 
the recommendation text. Processing context-specific requests is currently supported by the HL7 
Infobutton Standard [37], and is supported by several EHRs to open a link to external resources. 
Currently, EHRs do not widely support this approach to retrieve and display dynamic content, al-
though projects such as SMART CDS Hooks [38] have demonstrated approaches to provide cus-
tomized, dynamic CDS results. Solutions in this area also requires content systems, such as a CMS or 
website hosted at an institution, to support the retrieval of dynamic content. In ▶ Figure 3, we illus-
trate how such a solution might be realized. By using a central genomic information repository to 
store content, annotated by context (e.g., if the article is for the patient or a provider, which genotype 
the content is for) requests may be made from multiple systems to receive targeted pieces of the rel-
evant articles. For example, the prescribing recommendation for a predicted poor clopidogrel meta-
bolizer could be shown in a CDS alert, and the same content could be visible within the context of a 
full article when browsing the content from an educational website. The continued exploration of 
this idea is an active area of research within eMERGE and ClinGen [39], which as noted has imple-
mented resource searching using OpenInfobutton [32].

For delivering content to patients, fewer institutions utilized the EHR than when delivering to 
providers. Instead, sites generally provided paper handouts/pamphlets and/or an external CMS/
website for patients. This suggests the continued relevance of printed material, which may be ex-
plained if an institution was not able to fully leverage a patient portal to deliver content electroni-
cally, could not integrate an electronic option into the provider workflow, or wanted to engage pa-
tients in different formats that may be more accepted or preferred by the patient. Furthermore, 
adoption and use of patient portals varies across populations and is not ubiquitous [40–42], necess-
itating the use of other modalities. New methods of content delivery being explored within patient 
populations (indicated in the free text responses) may improve patient comprehension and reten-
tion.

We found few institutions providing remotely hosted content option for providers or patients. 
This may be caused by a variety of factors, such as an institutional preference to have control over 
hosted content and updates, or the choice to locally author content specific for the research pro-
grams that were the focus of the survey. As locally hosted content did not necessarily indicate locally 
generated content (the distinction being that a content provider providing a local installation of their 
content would be considered locally hosted), this does not preclude the need for externally devel-
oped content. Rather, it shows the importance of content providers delivering solutions that allow 
for local hosting or integration of their resources.
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Regarding the content that is available for genomic programs, the majority of respondents agreed 
about the need for development of new content to support both providers and patients. Indeed, sub-
sequent to the survey one institution that had indicated it was exploring other options has developed 
complementary patient and provider facing interactive genomic test reports that can be accessed 
from the EHR and tethered patient portal through a locally developed application [43, 44]. Most re-
spondents expressed some level of agreement that existing resources for both providers and patients 
were (or would be) used, although there was more agreement with provider-targeted resources spe-
cifically. Greater agreement with patient-targeted materials may be attributed to topics (such as spe-
cific drug-gene pairs) that are not covered by existing resources, or perception that existing re-
sources are not appropriately targeted to patients or certain patient populations (e.g. pediatrics). 
This finding should encourage content developers to continue creation of new and refinement of 
existing resources – especially with the growing base of knowledge around genomic results.

An additional consideration is the opinion of respondents that the content for providers and pa-
tients is site-specific – that is, there exists some information within the content that requires local 
customization. This is consistent with our earlier assessment of content templates, in which we 
identified areas to enter institutional instructions or recommendations [31]. Given the research na-
ture of the projects covered by the survey, local content might include local contact information re-
garding the research protocol or study staff, but comments within the survey noted the importance 
of customization for local workflow and culture, and the ability to control formatting or branding of 
the display. However, respondents also indicated a higher level of agreement that content for patients 
and providers is generalizable to other sites. While this finding initially seemed to contradict the 
opinion that content is site-specific, the reasoning is that much of the content is reusable in whole or 
with minor modifications/additions. That is, an entire information resource may not be reused in its 
entirety, given site-specific needs, but that many sections may be reused and others suppressed, syn-
thesized or otherwise generalized for the institution. This highlights what is likely to become an on-
going tension as genomic medicine evolves. Specifically, it is not possible for most institutions to 
maintain and update a comprehensive genomic medicine information resource—favoring central-
ized resources. At the same time, both providers and patients want actionable information. Such ac-
tions tend to be site specific—favoring local resources. We believe this is an important finding, as it 
significantly alters the mindset of developing resources to compose sections as independent compo-
nents of a document, and consider construction of documents as a combination of existing and new 
sections. Although external resources are and will continue to be used, their structure may be altered 
or optimized for reuse. Existing work in eMERGE has created a template that may contribute to 
sharing and reuse [31], however formal study is needed and is planned as future work. 

Our study has several limitations. First, few CSER sites were represented in our sample (two of 
eight). We believe this is due to the project originating within the eMERGE network, and then later 
extending to CSER sites. Although there were a smaller number of CSER sites, we believe including 
CSER sites offers additional perspectives that may not otherwise have been seen. At the time of this 
survey, the eMERGE consortium was specifically focusing on incorporation of coded oligo-variant 
data and CDS, while the CSER consortium was focused on broader workflow and presentation is-
sues related to clinical sequence data. Second, while results are reported by institution, the results 
represent the limited knowledge of specific individuals involved in genomic EHR research: the re-
sults are not official responses for the organization as a whole and were not the result of a compre-
hensive survey of every individual and group involved with the EHR at the organization. However, 
as previously noted the respondents were those involved within their respective genomic implemen-
tation project and qualified to respond within that context. Third, the results do not include out-
comes of each respondent’s approach. Some sites are collecting end user assessments, and evaluation 
and reporting of these findings are considered as future work. Finally, the respondents represented 
institutions that were specifically funded to implement and evaluate genomic results returned at the 
point of care. While not all organizations are currently capable of returning genomic results, we be-
lieve these findings can drive future innovation to make information resources more accessible to 
any practice, and provide a practical understanding of how information resources have been deliver-
ed to date.
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5. Conclusions
Based on the experience of several institutions engaged in the return of genomic results to patients 
and providers, there is an identified need for the continued development and expansion of informa-
tion resources in support of genomic medicine. In addition, opportunities exist for content and EHR 
vendors to better integrate platforms to reduce the burden of maintaining the same or similar con-
tent in multiple locations. Continued focus in this area can provide downstream benefits as the land-
scape of genomic medicine advances.

Clinical Relevance Statement
Multiple information resources to support genomic medicine are available, however institutions 
may have additional site-specific needs. Although multiple modalities of resources may be used, 
current systems do not always support reducing duplication of effort in their maintenance. Organiz-
ations should plan accordingly to support these resources until improvements are made in the sup-
porting infrastructure.
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Fig. 1 Project responses regarding the use of remotely and/or locally hosted content for (A) providers, and (B) patients.

Fig. 2 Level of agreement regarding the state of existing content and resources, and how specific or generalizable information is 
across institutions (each block represents one response, n=11). 
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Fig. 3 Proposed environment where multiple systems (clinical decision support, educational websites, etc.) may use a contextual re-
quest to get information from a centralized genomic information repository.

Research Article

L.V. Rasmussen et al.: Implementing genomic information resources: experiences from 
eMERGE and CSER

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



880

© Schattauer 2016

Table 1 Institutional responses to how they are currently, or plan to be, returning content to providers. Responses 
are related to pharmacogenomics (PGx) and/or Genomic Medicine (GM) scenarios as noted next to the institution. 
EHR = Electronic health record; CMS = content management system.

Boston Children‘s Hospital (PGx/GM)

Children‘s Hospital of Philadelphia 
(PGx/GM)

Geisinger Health System (PGx)

Geisinger Health System (GM)

Group Health (PGx)

Marshfield Clinic (PGx/GM)

Mayo Clinic (PGx/GM)

Northwestern University (PGx/GM)

Vanderbilt University (PGx/GM)

University of Michigan (PGx/GM)

University of Washington (CSER) (PGx/
GM)

Totals

Paper/ 
Pamphlets

Y

Y

Y

Y

Y

5

Defined 
in EHR

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

10

External 
PDFs

Y

Y

2

CMS/
Website

Y

Y

Y

Y

Y

Y

6

Other

Y

Y

Y

3

Total

3

2

2

4

1

2

4

2

3

1

2

Table 2 . Institutional responses to how they are currently, or plan to be, returning content to patients. Responses 
are related to pharmacogenomics (PGx) and/or Genomic Medicine (GM) scenarios as noted next to the institution. 
EHR = Electronic health record; PHR = personal health record; CMS = content management system.

Boston Children‘s Hospital (PGx/
GM)

Children‘s Hospital of Philadelphia 
(PGx/GM)

Geisinger Health System (PGx)

Geisinger Health System (GM)

Group Health (PGx)

Marshfield Clinic (PGx/GM)

Mayo Clinic (PGx/GM)

Northwestern University (PGx/GM)

Vanderbilt University (PGx/GM)

University of Michigan (PGx/GM)

University of Washington (CSER) 
(PGx/GM)

Totals

Paper/ 
Pamphlets

Y

Y

Y

Y

Y

Y

Y

Y

Y

9

Defined 
in EHR

Y

Y

Y

Y

Y

5

External 
PDFs

Y

Y

Y

3

PHR/
Portal

Y

Y

Y

Y

Y

5

CMS/ 
Website

Y

Y

Y

3

Other

Y

Y

2

Total

1

2

3

3

2

2

4

4

3

1

2
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