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Abstract
Background: Genetic testing can determine familial and personal risks for heritable thoracic aortic aneurysms and dissections
(TAD). The 2022 American College of Cardiology/American Heart Association guidelines for TAD recommend management
decisions based on the specific gene mutation. However, many clinicians lack sufficient comfort or insight to integrate genetic
information into clinical practice.
Objective: We therefore developed the Genomic Medicine Guidance (GMG) application, an interactive point-of-care tool to
inform clinicians and patients about TAD diagnosis, treatment, and surveillance. GMG is a REDCap-based application that
combines publicly available genetic data and clinical recommendations based on the TAD guidelines into one translational
education tool.
Methods: TAD genetic information in GMG was sourced from the Montalcino Aortic Consortium, a worldwide collaboration
of TAD centers of excellence, and the National Institutes of Health genetic repositories ClinVar and ClinGen.
Results: The application streamlines data on the 13 most frequently mutated TAD genes with 2286 unique pathogenic
mutations that cause TAD so that users receive comprehensive recommendations for diagnostic testing, imaging, surveillance,
medical therapy, and preventative surgical repair, as well as guidance for exercise safety and management during pregnancy.
The application output can be displayed in a clinician view or exported as an informative pamphlet in a patient-friendly format.
Conclusions: The overall goal of the GMG application is to make genomic medicine more accessible to clinicians and
patients while serving as a unifying platform for research. We anticipate that these features will be catalysts for collaborative
projects aiming to understand the spectrum of genetic variants contributing to TAD.
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Introduction
The global incidence of thoracic aortic dissections (3-6 cases
per 100,000 person-years) is almost certainly underestimated
because up to half of individuals who experience a dissection
die before reaching a hospital [1]. In 2022, 7% of out-of-
hospital deaths were caused by acute aortic dissections. In
more than 20% of cases, a single genetic mutation that is
frequently inherited can cause thoracic aortic aneurysms and
dissections (TAD) [2]. Genetic testing for TAD can lead
to earlier recognition of patients who are at risk for acute
aortic dissections and timely individualized interventions that
can prevent deaths, such as titration of medical therapies
or preventative surgical repair of the aorta. Technological
advances have made genetic testing more practical for clinical
use [3,4]. Gene-based management of TAD was codified in
the recent American College of Cardiology (ACC)/Ameri-
can Heart Association (AHA) guidelines for aortic disease,
which provide different recommendations for diagnosis,
surveillance, and preventative aortic surgery depending on the
mutated gene [5].

However, numerous barriers exist to implementing genetic
information into routine clinical workflows [2]. Genetic
counseling services are not readily accessible to clinicians or
patients. Many clinicians are not prepared to integrate genetic
test results into clinical decision-making. In a recent survey,
more than 75% of cardiovascular genetic tests were ordered
by providers who did not have formal training in clinical
genetics [6]. Due to these gaps in care, patients frequently
do not receive appropriate pre- or posttest counseling to
understand test results or adhere to guideline-based recom-
mendations [7].

Point-of-care tools synthesize complex medical informa-
tion to guide clinical decision-making [8]. In genomic
medicine, point-of-care guidance can lead to more frequent
and effective use of genetic information in clinical prac-
tice [9-11]. To address genomic medicine care gaps related
to TAD, we created Genomic Medicine Guidance (GMG),
a point-of-care application that consolidates and clarifies
evidence-based recommendations for the clinical manage-
ment of TAD based on genetic test results. Users who select
a pathogenic mutation receive a comprehensive report that
describes associated clinical features and recommendations
for diagnosis, surveillance, medical therapies, and interven-
tions. We illustrate how the features of the GMG application
can lower barriers to the integration of genomic concepts into
clinical practice and improve the recognition and treatment of
TAD.

Methods
Project Design
The GMG application was implemented in a version of
REDCap that is hosted at the McWilliams School of
Biomedical Informatics at The University of Texas Health
Science Center at Houston (UTHealth Houston). REDCap
is a secure web-based application designed to support
data capture for research studies, providing an intuitive
interface for validated data entry, audit trails for track-
ing data manipulation and export procedures, automated
export procedures for seamless data downloads to common
statistical packages, procedures for importing data from
external sources, and a MySQL database server to facilitate
data queries and retrieval. Curated variant information and
clinical recommendations are stored in the MySQL database.
The user interface is implemented in PHP, a robust and
widely used scripting language. The database can be updated
continuously by users who enter new variant data through the
interface or by project managers who can upload bulk variant
data using the data import tools in REDCap.
Application Code
The GMG application is a custom PHP plug-in that inter-
acts with the REDCap framework to display, extract, add
to, or modify the SQL database. The plug-in sequentially
queries the SQL database for gene and variant information
or associated clinical content in response to user queries. The
GMG plug-in is rendered in HTML, JavaScript (JS), and
Cascading Style Sheets (CSS). In particular, the applica-
tion makes use of jQuery, a JS library. When a user
directly interfaces with the JS selection fields, Ajax meth-
ods in jQuery are leveraged to dynamically load data in the
background and update the display without reloading the
entire web page. Ajax methods make use of built-in PHP
developer functions in REDCap to query the database and
return the appropriate information.

The tooltip class is used to display additional information
about predefined terms such as acronyms when the user
hovers the mouse pointer over text. Results can be format-
ted for viewing on different screens (phone, desktop, iPad)
using the Bootstrap v5.1.2 framework for CSS. We created
download and print functions by customizing a PHP script
that retrieves data from the SQL database and converts the
data to PDF format using the dompdf package. The results
file can be emailed to users using built-in REDCap functions.
User Feedback
We implemented a Qualtrics survey for users to rate GMG in
several categories, including usability, clarity, and educa-
tional content. The survey included free-response questions
that invited users to discuss positive features and areas for
improvement. From January to July 2023, the survey was
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sent to specialist clinicians, general cardiovascular clinicians,
clinical geneticists, genetic counselors, and nurses.
Efficacy Test
Nongenetic clinicians were provided with a sample genetic
test report and instructions about how to access GMG.
They completed a short survey that required them to
retrieve information from GMG about the genetic variants
in the sample report (Multimedia Appendix 1). The sample
report included two variants of interest: ACTA2 c.536 G>A
(p.Arg179His), a pathogenic variant, and FBN1 c.3409 C>T
(p.Arg1137Cys), a variant of uncertain significance.
Ethical Considerations
No ethical review was applied for because this study did not
involve medical records, patient information, observations of
public behaviors, or secondary data analyses. The relevant
institutional policies related to these exemptions from review
may be found at [12].

Results
GMG Data Structure
GMG data fields consist of the gene name, variant informa-
tion, evidence for pathogenicity, associated clinical features,

gene-specific diagnostic workup, variant-specific diagnostic
workup, gene-specific surveillance, variant-specific surveil-
lance, gene-specific medical therapy recommendations,
gene-specific aortic intervention thresholds, guidance during
pregnancy, and activity recommendations. New or revised
data can be imported in batches using a spreadsheet template
and data import functions in REDCap. All GMG data is
stored on an encrypted server with terabytes of storage that
is only accessible to members of the study team.
GMG Genetic Content
The GMG application currently includes data on 2270
pathogenic and likely pathogenic variants in 13 TAD
genes: ACTA2, PRKG1, TGFBR1, TGFBR2, SMAD3, MYLK,
TGFB2, MYH11, FOXE3, LOX, MFAP5, COL3A1, and FBN1
(Table 1). The genetic content of GMG is derived from the
Montalcino Aortic Consortium, a worldwide collaboration of
TAD investigators, and ClinVar, a publicly available National
Institutes of Health genetic repository [13,14].

Table 1. Current distribution of curated gene variants in the Genomic Medicine Guidance application.
Gene Variants, n
FBN1 1777
SMAD3 110
COL3A1 99
TGFBR2 84
TGFB2 64
TGFBR1 36
MYLK 29
MYH11 23
ACTA2 21
LOX 20
MFAP5 3
FOXE3 2
PRKG1 2

User Workflow
Users may freely access GMG at [15]. To facilitate point-
of-care queries, the home page provides a prompt to select
one TAD gene and one variant from curated drop-down lists
(Figure 1). For additional guidance, users may view sample
test report forms from commercial genetic laboratories with
highlighted variant information. After variant selection, users
are required to verify the clinical features that prompted
the genetic test and to attest that appropriate pretest genetic
counseling was provided. If users enter a variant that is not on
the curated list, the application interface provides an option
for them to upload the variant data and associated phenotypic
information. The output tab describes the selected variant,

including evidence for pathogenicity in ClinVar; clinical
features associated with the variant, including lifetime risks
for aortic surgery or dissection; and evidence-based clinical
recommendations for diagnostic and surveillance imaging of
the aorta, medical therapy, and size thresholds for elective
aortic surgery. These recommendations are based on the 2022
ACC/AHA Guidelines for the Diagnosis and Management
of Aortic Disease. As future guidelines are published, the
clinical recommendations in the application will be regularly
updated to reflect new developments. GMG displays clinician
and patient outputs that are optimized for mobile viewing and
can be printed, downloaded, or emailed in PDF format. The
patient education content of GMG includes links to support

JMIRx Med Patil et al

https://med.jmirx.org/2024/1/e55903 JMIRx Med 2024 | vol. 5 | e55903 | p. 3
(page number not for citation purposes)

https://med.jmirx.org/2024/1/e55903


groups, genetic counseling resources, and advocacy organiza-
tions.

Figure 1. Genomic Medicine Guidance application workflows. Users may select from a list of curated variants or enter a new variant in one of 13
TAD genes that cause thoracic aortic aneurysms or thoracic aortic dissections. The application is available at [15].

Researcher Workflow
Researchers can enter new data into the GMG application or
update current application data using REDCap data import
tools. Batch genetic and clinical data for multiple gene
variants can be uploaded simultaneously into the GMG
genotype-phenotype database using a single data import
template spreadsheet.

Genetic Counseling Content
GMG application users are required to verify that patients
were appropriately selected for genetic testing and received
counseling about the benefits, risks, and implications of
genetic testing. Users can also access genetic counseling
resources from within the application, including guidance
to locate a genetic counselor for telehealth consultation.
Additional links to the Marfan Foundation and the Montal-
cino Aortic Consortium, two advocacy groups with resources
for newly diagnosed patients with TAD, are provided on the
output page.
User Reviews
A total of 38 GMG users completed a feedback survey about
their experiences with the application that was created using
a customized version of Qualtrics XM. Users uniformly rated
four components of the GMG application as very easy to use:
the graphical interface (85/100), selection of a curated gene
variant (87/100), understanding clinical recommendations
(86/100), and entering a new clinical variant (89/100). Users
also rated the clinical recommendations as extremely helpful
for clinical guidance (90/100) and highly likely to influence
their clinical practice (86/100). Users wrote that some genetic
and clinical data in the application may be challenging for
individuals who do not have formal training in genetics.
They also submitted design recommendations to increase user

engagement. Other suggestions included outreach to clinics
and professional organizations to establish a user network and
an instructional video to orient new users.
Test of Efficacy
Ten users without any formal training in genetics completed
the efficacy exercise and survey. Most users (n=7, 70%)
correctly determined the most likely probability of aortic
events for individuals with the ACTA2 pathogenic variant.
Most users (n=6, 60%) also identified distinctive features
that may occur in individuals with this variant, the threshold
for elective aortic repair that is recommended for patients
with this variant according to current clinical guidelines
(n=6, 60%), and diagnostic tests that are recommended for
a patient’s workup with this genetic test result (n=7, 70%).
The survey also disclosed some knowledge gaps. Fewer than
half of the participants correctly distinguished between the
clinical significance of the pathogenic variant and the variant
of uncertain significance.

Discussion
Thoracic aortic aneurysms predispose to deadly aortic
dissections without obvious physical signs or symptoms and
are frequently inherited as single gene mutations. Genetic
testing for TAD can identify affected relatives and save lives
but is underused because genetic services are not available
to many families who are at risk. In this report, we describe
a new point-of-care application, GMG, that is intended to
expand access to genetic information about genetic cardiovas-
cular diseases including TAD. As reflected by user ratings
and the efficacy test results, GMG simplifies the interpreta-
tion of genetic data for clinicians who do not have genetic
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expertise and provides valued clinical guidance based on the
test result.

A review of 20 clinical decision support tools for genomic
medicine concluded that they improve risk assessment and
lead to meaningful changes in clinical decisions [9,11]. For
example, one point-of-care application aggregates data on
somatic mutations in tumors to guide cancer therapies based
on gene-specific prognosis [10]. The Electronic Medical
Records and Genomics network developed an application that
integrates contextual decision support into electronic health
records to streamline access to genetic testing [16].

GMG includes a modular and scalable genotype-pheno-
type database that can promote collaboration by connect-
ing providers who enter similar genetic variants to resolve
variants of uncertain significance or build case series
to elucidate new disease phenotypes. Future versions of
GMG will leverage existing partnerships with cardiovascu-
lar specialists and the CardioGenomic Testing Alliance to
incorporate gene-based care guidance for other adult-onset
genetic cardiovascular diseases that are primarily managed
by nonexpert clinicians, such as hyperlipidemias, cardiomyo-
pathies, and channelopathies. We designed a streamlined
workflow to facilitate the importation of clinical and genetic
data into GMG by potential collaborators. Crowdsourcing
through GMG will expand the clinical and genetic content
over time.

Long-term plans to improve the usability of GMG include
a system to alert users when a similar variant is entered into
the application; an optimized interface for mobile devices;
multilingual support; and, in collaboration with the UTHealth
Houston medical education team, enhancements for visu-
ally impaired users such as customizable colors and fonts,
descriptive text, and screen readers. We acknowledge that
the current version of GMG is not optimized for patients
from diverse sociodemographic populations. We will collect
demographic and survey data from patients to increase
the relevance and clarity of GMG output for users with
lower health literacy. We will expand and further automate
data uploads into GMG as more users and clinical experts
contribute data. To increase access to GMG, we will also
seek collaborations with Epic Systems Corporation and other
health care software companies to integrate GMG content into
electronic health records.

GMG is intended to expand access to genetic informa-
tion in an era when most cardiovascular genetic tests are
not supervised by genetic professionals. GMG can prevent
deaths due to genetic cardiovascular diseases by promot-
ing evidence-based guidelines for gene-based treatment and
familial testing. Additional studies are needed to evaluate
how the implementation of GMG can change clinician
decision-making and increase patient insight into heritable
cardiovascular diseases.

Acknowledgments
The authors are grateful to Dr Elmer Bernstam for project oversight and support. This work was supported in part by
UL1TR003167.
Authors’ Contributions
RP curated the data and wrote the original draft. SAD curated the data. FA contributed toward resources, software, and
reviewing and editing. SP conceptualized, supervised, and acquired the funds for the study, and reviewed and edited the
manuscript.
Conflicts of Interest
None declared.
Multimedia Appendix 1
Sample test report and questionnaire distributed to users for efficacy test of the Genomic Medicine Guidance application.
[DOCX File (Microsoft Word File), 628 KB-Multimedia Appendix 1]
References
1. Zhou Z, Cecchi AC, Prakash SK, Milewicz DM. Risk factors for thoracic aortic dissection. Genes (Basel). Oct 7,

2022;13(10):1814. [doi: 10.3390/genes13101814] [Medline: 36292699]
2. Musunuru K, Hershberger RE, Day SM, et al. Genetic testing for inherited cardiovascular diseases: a scientific statement

from the American Heart Association. Circ Genom Precis Med. Aug 2020;13(4):e000067. [doi: 10.1161/HCG.
0000000000000067] [Medline: 32698598]

3. Robin NH, Tabereaux PB, Benza R, Korf BR. Genetic testing in cardiovascular disease. J Am Coll Cardiol. Aug 21,
2007;50(8):727-737. [doi: 10.1016/j.jacc.2007.05.015] [Medline: 17707176]

4. Halbisen AL, Lu CY. Trends in availability of genetic tests in the United States, 2012–2022. J Pers Med. Apr 6,
2023;13(4):638. [doi: 10.3390/jpm13040638] [Medline: 37109024]

5. Isselbacher EM, Preventza O, Hamilton Black J, et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of
Aortic Disease: a report of the American Heart Association/American College of Cardiology Joint Committee on clinical
practice guidelines. Circulation. Dec 13, 2022;146(24):e334-e482. [doi: 10.1161/CIR.0000000000001106] [Medline:
36322642]

JMIRx Med Patil et al

https://med.jmirx.org/2024/1/e55903 JMIRx Med 2024 | vol. 5 | e55903 | p. 5
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=xmed_v5i1e55903_app1.docx
https://jmir.org/api/download?alt_name=xmed_v5i1e55903_app1.docx
https://doi.org/10.3390/genes13101814
http://www.ncbi.nlm.nih.gov/pubmed/36292699
https://doi.org/10.1161/HCG.0000000000000067
https://doi.org/10.1161/HCG.0000000000000067
http://www.ncbi.nlm.nih.gov/pubmed/32698598
https://doi.org/10.1016/j.jacc.2007.05.015
http://www.ncbi.nlm.nih.gov/pubmed/17707176
https://doi.org/10.3390/jpm13040638
http://www.ncbi.nlm.nih.gov/pubmed/37109024
https://doi.org/10.1161/CIR.0000000000001106
http://www.ncbi.nlm.nih.gov/pubmed/36322642
https://med.jmirx.org/2024/1/e55903


6. Lopez Santibanez Jacome L, Dellefave‐Castillo LM, Wicklund CA, et al. Practitioners’ confidence and desires for
education in cardiovascular and sudden cardiac death genetics. J Am Heart Assoc. Apr 5, 2022;11(7):e023763. [doi: 10.
1161/JAHA.121.023763] [Medline: 35322684]

7. Samuel GN, Dheensa S, Farsides B, Fenwick A, Lucassen A. Healthcare professionals’ and patients’ perspectives on
consent to clinical genetic testing: moving towards a more relational approach. BMC Med Ethics. Aug 9, 2017;18(1):47.
[doi: 10.1186/s12910-017-0207-8] [Medline: 28789658]

8. Ketchum AM, Saleh AA, Jeong K. Type of evidence behind point-of-care clinical information products: a bibliometric
analysis. J Med Internet Res. Feb 18, 2011;13(1):e21. [doi: 10.2196/jmir.1539] [Medline: 21335319]

9. Sebastian A, Carroll JC, Oldfield LE, et al. Effect of genetics clinical decision support tools on health-care providers’
decision making: a mixed-methods systematic review. Genet Med. Apr 2021;23(4):593-602. [doi: 10.1038/s41436-020-
01045-1] [Medline: 33420345]

10. Manolio TA, Chisholm RL, Ozenberger B, et al. Implementing genomic medicine in the clinic: the future is here. Genet
Med. Apr 2013;15(4):258-267. [doi: 10.1038/gim.2012.157] [Medline: 23306799]

11. Way H, Williams G, Hausman-Cohen S, Reeder J. Genomics as a clinical decision support tool: successful proof of
concept for improved ASD outcomes. J Pers Med. Jun 24, 2021;11(7):596. [doi: 10.3390/jpm11070596] [Medline:
34202628]

12. Exemptions. UTHealth Houston. URL: https://www.uth.edu/cphs/policies/exemptions.htm [Accessed 2024-09-06]
13. ClinVar. National Center for Biotechnology Information. 2024. URL: https://www.ncbi.nlm.nih.gov/clinvar/ [Accessed

2024-09-03]
14. ClinGen. 2024. URL: https://www.clinicalgenome.org/ [Accessed 2024-09-03]
15. Genomic Medicine Guidance. REDCap. 2023. URL: https://go.uth.edu/GMG [Accessed 2024-09-03]
16. McCarty CA, Chisholm RL, Chute CG, et al. The eMERGE Network: a consortium of biorepositories linked to

electronic medical records data for conducting genomic studies. BMC Med Genomics. Jan 26, 2011;4:13. [doi: 10.1186/
1755-8794-4-13] [Medline: 21269473]

Abbreviations
ACC: American College of Cardiology
AHA: American Heart Association
CSS: Cascading Style Sheets
GMG: Genomic Medicine Guidance
JS: JavaScript
TAD: thoracic aortic aneurysms and dissections
UTHealth Houston: The University of Texas Health Science Center at Houston

Edited by Ching Nam Hang, Edward Meinert, Tiffany Leung; peer-reviewed by Anonymous, Jolyn Hersch, Joseph Walsh,
Anonymous; submitted 28.12.2023; final revised version received 22.06.2024; accepted 23.06.2024; published 08.10.2024

Please cite as:
Patil R, Ashraf F, Abu Dayeh S, Prakash SK
Development and Assessment of a Point-of-Care Application (Genomic Medicine Guidance) for Heritable Thoracic Aortic
Disease
JMIRx Med 2024;5:e55903
URL: https://med.jmirx.org/2024/1/e55903
doi: 10.2196/55903

© Rohan Patil, Fatima Ashraf, Samer Abu Dayeh, Siddharth K Prakash. Originally published in JMIRx Med (https://
med.jmirx.org), 08.10.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIRx Med, is properly cited. The complete bibliographic information,
a link to the original publication on https://med.jmirx.org/, as well as this copyright and license information must be included.

JMIRx Med Patil et al

https://med.jmirx.org/2024/1/e55903 JMIRx Med 2024 | vol. 5 | e55903 | p. 6
(page number not for citation purposes)

https://doi.org/10.1161/JAHA.121.023763
https://doi.org/10.1161/JAHA.121.023763
http://www.ncbi.nlm.nih.gov/pubmed/35322684
https://doi.org/10.1186/s12910-017-0207-8
http://www.ncbi.nlm.nih.gov/pubmed/28789658
https://doi.org/10.2196/jmir.1539
http://www.ncbi.nlm.nih.gov/pubmed/21335319
https://doi.org/10.1038/s41436-020-01045-1
https://doi.org/10.1038/s41436-020-01045-1
http://www.ncbi.nlm.nih.gov/pubmed/33420345
https://doi.org/10.1038/gim.2012.157
http://www.ncbi.nlm.nih.gov/pubmed/23306799
https://doi.org/10.3390/jpm11070596
http://www.ncbi.nlm.nih.gov/pubmed/34202628
https://www.uth.edu/cphs/policies/exemptions.htm
https://www.ncbi.nlm.nih.gov/clinvar/
https://www.clinicalgenome.org/
https://go.uth.edu/GMG
https://doi.org/10.1186/1755-8794-4-13
https://doi.org/10.1186/1755-8794-4-13
http://www.ncbi.nlm.nih.gov/pubmed/21269473
https://med.jmirx.org/2024/1/e55903
https://doi.org/10.2196/55903
https://med.jmirx.org
https://med.jmirx.org
https://creativecommons.org/licenses/by/4.0/
https://med.jmirx.org/
https://med.jmirx.org/2024/1/e55903

	Development and Assessment of a Point-of-Care Application (Genomic Medicine Guidance) for Heritable Thoracic Aortic Disease
	Introduction
	Methods
	Project Design
	Application Code
	User Feedback
	Efficacy Test
	Ethical Considerations

	Results
	GMG Data Structure
	GMG Genetic Content
	User Workflow
	Researcher Workflow
	Genetic Counseling Content
	User Reviews
	Test of Efficacy

	Discussion


