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heart failure (HF) and cardiac transplantation in the
United States has an estimated prevalence of 1:250
individuals."? Considerable progress has been made in
understanding the genetic basis of DCM, and from this,
a consensus has emerged that clinical genetics should
be considered as a core component of the evaluation
of patients with DCM (probands) and their family mem-
bers2® The clinical and genetic evaluation process for
DCM, a practice of precision medicine for DCM, presents
abundant opportunities to elevate the quality of care.t™®
A comprehensive expert clinical and genetic evaluation
is the first step to the implementation of precision medi-
cine for the prevention, management, and consideration
of emerging treatments for DCM, including gene- and
phenotype-directed therapies.’®"'®
Despite the promise of precision medicine for DCM,
the real-world delivery of genetics services for DCM
remains highly variable, and in most cases is not done.
Although commercial laboratories offer cardiomyopathy
genetic testing panels, precision medicine care exceeds
performing only a genetic test, requiring a broader
guideline-recommended®® approach termed a genetic
evaluation: the combination of rigorous phenotyping,

Dilated cardiomyopathy (DCM), a leading cause of

genetic counseling, genetic testing, and expert genetic
and cardiovascular interpretation with tailored educa-
tional and psychological support for the family.#'6-1°
Although optimal genetic evaluation models have been
proposed,*'9?" the implementation of recommended
precision care in DCM has not been rigorously evaluated.

A recent study from the Veredigm database of real-
world data from over 170 million patients showed that
fewer than 1% of patients with DCM currently receive
genetic testing?? This finding was also replicated in
individuals diagnosed with hereditable cardiovascular
disease in the Military Health System.?® The reasons
for this gap in DCM genetic care have been minimally
explored. In familial hypercholesterolemia, a Centers for
Disease Control Tier 1 condition,* documented barriers
to genetic testing have included lack of provider knowl-
edge of guidelines, limited access to counseling services,
and billing concerns.?®?® Similar themes of knowledge
gaps and workforce deficits in addition to operational
challenges were also reported in a systematic review
inclusive of multiple genetic conditions.?” To plan the ini-
tiatives to increase the implementation of precision med-
icine in DCM, an understanding of current care models
and practice barriers is needed.
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Nonstandard Abbreviations and Acronyms

DCM dilated cardiomyopathy
GC genetic counselor

HF heart failure

X heart transplant

The National Heart, Lung, and Blood Institute-funded
DCM Precision Medicine Study consented 1265 DCM
probands and 1781 of their first-degree relatives at clini-
cal sites of the DCM Consortium, comprised of leading
academic advanced HF/heart transplant (TX) programs
across the United States selected for geographic loca-
tion and diversity of patient population.'”” The study
results have emphasized the importance of a family-
based genetic evaluation for DCM for both probands
and their at-risk family members.®3! In part to seek
insight into addressing the above issues, DCM Consor-
tium site principal investigators sought to identify the
current barriers to performing genetic evaluations for
probands with DCM and their families. Coauthors who
were current site principal investigators of the DCM Con-
sortium completed an electronic questionnaire designed
to assess current practices and needs required to imple-
ment precision medicine in DCM. A stakeholder discus-
sion at the Summer Scientific Symposium of the DCM
Consortium in July 2024 followed, which was conducted
to understand the current models and barriers to genetic
evaluation. Themes from the questionnaire and discus-
sion guided the selection of areas for focused efforts
to enhance precision medicine care for DCM. Complete
methods are provided in Supplemental Material includ-
ing a Consolidated Criteria for Reporting Qualitative
Research checklist (Supplemental Material; Table 1).

Of 25 cardiologists who participated in the question-
naire, 28% were female, 12% Hispanic, and 68% White
(Table 1). Twenty-four were HF/TX specialists; 1 other,
a general cardiologist, provided data from their HF/TX
program physicians. Clinical cardiovascular genetics
training experience varied widely including 12 specified
no clinical genetics training, 7 had worked >b sessions
with a genetic counselor (GC), 3 had >5 sessions with
a GC plus a national boot camp or a >1-month genet-
ics rotation during training, 1 had national boot camp
training only, 1 had 3 years training experience in a car-
diovascular genetics clinic, and 1 had >1 year of clinical
genetics training. The majority (76%) of the participant’s
institutions (Figure 1) had >10 HF/TX cardiologists and
32% had >10 advanced practice providers. The annual
new patient volumes in inpatient and outpatient settings
were >250 for 21.7% and 27.3% of the institutions,
respectively. The DCM probands treated at participating
institutions had diverse race and ethnicity backgrounds
(Table 2).
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Table 1. Demographic Characteristics and Training
Experiences of DCM Consortium Site Investigator Survey
Participants

Characteristic Number (N=25) | Percent

Demographics

Sex, female 7 28.0
Ethnicity, Hispanic 3 12.0
Race
Asian 7 28.0
White 17 68.0
Unknown 1 4.0

Clinical experiences

Specialty
Advanced heart failure and cardiac 22 88.0
transplant
Cardiovascular genetics 1 4.0
General cardiology 1 4.0
Imaging 1 4.0

Years in practice

0-5 12 48.0
6-10 2 8.0
11-15 1 4.0
16-20 3 12.0
>20 7 28.0

DCM indicates dilated cardiomyopathy.

All cardiologists indicated that genetic evaluations or
testing are conducted at their institutions (Table 3). The
estimated annual percentage of DCM probands receiv-
ing genetic testing at each program ranged from 5% to
70% (average of 26%; Figure 2). Half responded that
they did not have selection criteria for patients with DCM
for offering genetic evaluation or testing in their personal
practice. The remainder based their decisions on clinical
or family history factors, with the highest ranked clinical
criterion as the younger age of onset, and the highest
ranked family history criterion as the presence of mul-
tigenerational first- or second-degree relatives with a
history of DCM or sudden cardiac death (Table 4). The
rankings of the family history testing selection criteria
followed increasing evidence and severity of the familial
risk and underscores a systematic approach in use by
these cardiovascular experts, as anticipated.

Eight cardiologists (32%) conducted genetic evalua-
tions themselves. Of those who have other team mem-
bers to assist (n=17), 94% reported that the genetic
evaluation was usually conducted by GCs or others with
genetic expertise (Table 3). Genetic testing insurance
authorizations were mostly handled by GCs (40%) fol-
lowed by administrative assistants or clinical staff (28%).
Two-thirds of the programs provided pretest counseling
by GCs, themselves, or a nurse. All institutions returned
results to patients, with multiple approaches of in-person
or phone calls or letters. Forty-eight percent had a
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Figure 1. Institutions of the Dilated Cardiomyopathy (DCM) Consortium Site Principal Investigators who participated in the

study survey.
The map shows the geographic reach of the DCM Consortium.

process to review genetic results, with the most common
approaches including collaborative review along with
GCs, geneticists, or cardiologists. All programs provided
information on implications for at-risk relatives and most
also offered family screening.

Themes regarding major issues and barriers to con-
ducting a genetic evaluation for DCM were identified in
the open-ended responses from Section 3 (Thoughts for
the Future) of the questionnaire (Appendix S1). Six com-
mon themes emerged (Table S2). In order from most to
least commonly cited, themes included lack of access
to genetics services (including counseling and testing;
n=11 comments), operational and institutional infrastruc-
ture limitations (including variable physician uptake, refer-
ral coordination, and lack of financial/personnel support;
n=10), cost concerns (reimbursement of genetic testing
and counseling services; n=9), physician education needs
(keeping up with the changing knowledge and educating
patients on genetic risk; n=7), challenges of family-based
care (encouraging family communication, eliciting family
history; n=6), and difficulty managing genetic uncertainty
(n=b; Appendix S2; Table S2). These themes, in addi-
tion to those that emerged from the transcription of the
in-person discussion among the site investigators at the
Summer Scientific Symposium, were distilled to identify 4
key focus areas for future efforts targeted to improve the
implementation of a clinical genetic evaluation in DCM.
The coding tree displaying the themes identified in the
analysis of the qualitative responses is displayed in Figure
S1 (Supplemental Material).

Circ Genom Precis Med. 2025;18:e005078. DOI: 10.1161/CIRCGEN.

FOCUS AREAS FOR EFFORTS TO
ENHANCE THE FUTURE PRACTICE OF
PRECISION MEDICINE FOR DCM

Focus Area 1: Improve Reimbursement for
Genetics Services for Cardiomyopathy

Reimbursement issues are 2-fold, including genetic test-
ing and genetic counseling services, with limited and
inconsistent payor coverage for both. This was of consid-
erable concern to participating consortium cardiologists,
with 1 investigator explaining that “The biggest barrier
to DCM genetics is the capacity to have genetic testing
covered by insurance and the ease to figure out cover-
age issues. Many of the patients are unable to pay out of
pocket for testing and also providers have avoided order-
ing genetic testing due to challenges figuring out cover-
age feasibility”

Only a minority of payors have had coverage poli-
cies for genetic testing for the indication of cardiomy-
opathy. Many laboratories now conduct disease-specific
tests on an exome or genome backbone but, rather
than billing for the true cost of the test, laboratories
have often implemented billing structures designed to
meet payor demands.®>3 Intermittent-sponsored test-
ing programs have provided temporary relief to remove
cost barriers, however, avoidance of addressing the
lack of reimbursement mechanisms has contributed to
unsustainable billing models and limited growth in the
field3? The testing landscape continues to evolve, with
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Table 2. Institutional Characteristics and Annual Patient
Volumes at Programs of Investigator Survey Participants

Characteristic Number (N=25) Percent

No. heart failure/transplant cardiologist and advanced practice providers

HF/TX cardiologists
<10 6 24.0
10-15 14 56.0
>15 5 20.0

Advanced practice provider

<10 17 68.0
10-15 7 28.0
>15 1 4.0

Annual patient volumes

New patients*

Inpatient
<100 9 39.1
100-250 9 39.1
>250 5 21.7
Outpatient
<100 2 9.1
100-250 14 63.6
>250 6 27.3

Established patientst

Inpatient
<500 12 54.5
500-1000 6 273
>1000 4 18.2
Outpatient
<500 2 9.1
500-1000 12 54.5
>1000 8 36.4

Race and ethnicity of patients

Hispanic¥
<10% 12 52.2
10%-65% 11 478
White
<50% 8 32.0
50%-82% 17 68.0
Black
<20% 10 40.0
20%-49% 11 44.0
50%-75% 4 16.0
Asian
<5% 13 52.0
5%-25% 12 48.0

HF indicates heart failure; and TX, heart transplant.

“Two missing values for new inpatients and 3 for new outpatients.

tThree missing values for established inpatients and 3 for established out-
patients.

$Two missing values.

first-tier cardiomyopathy genetic testing suggested to
move toward clinical genome,® however, to date utiliza-
tion has been limited.
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Genetic counseling services also have been poorly
reimbursed, if at all, which has limited hiring in clini-
cal care settings. As shown in a recent downstream
revenue analysis in pediatric cardiovascular disease,®
GCs have contributed to the financial success of their
institution through reimbursements from downstream
family genetic testing, clinical screening, and subse-
quent ongoing care needs resulting from a genetic
evaluation. Beyond cardiovascular disease including
cardiomyopathy,®>® this has also been demonstrated
in hereditary cancer evaluations.” To directly address
the issue of GC service reimbursement, a clear need
to engage in advocacy at the national level for payor
recognition for GC services was a strong sentiment
raised in the symposium discussion. Cost concerns will
remain a barrier to realizing precision medicine care
until the importance of genetic services is recognized
by payors, including the Centers for Medicare and
Medicaid Services.?®

Focus Area 2: Integrate Cardiovascular Genetic
Counselors Into the HF Team

Genetic counselors facilitate genetic testing, help
patients understand and adapt to medical, psychologi-
cal, and familial implications of genetic disease, and
coordinate family-based follow-up. The American Heart
Association endorses GCs as vital members of the car-
diovascular care team and supports policies that pro-
mote access to GCs for all patients and their families
with cardiovascular indications.®® For over a decade, GCs
have been acknowledged as a key part of the multidis-
ciplinary cardiovascular team*19218%40 yet access to
genetics services was the most common theme among
implementation issues (Table S2). One participant rated
limited GC support as a major issue stating, “We do not
have the bandwidth currently from a [genetic counselor]
standpoint to provide counseling and testing for all DCM
patients who are being seen in our [heart failure/trans-
plant/ventricular assist device] clinics!

Beyond the 8 DCM Consortium sites where the HF/
TX physician performed genetic evaluations themselves,
GCs or other genetics professionals were typically the
ones who facilitated this service as reported in this needs
assessment. In addition to counseling and testing, a GC
integrated into the HF/TX team can mitigate challenges
with other aspects of the evaluation, including navigat-
ing insurance issues, providing education and support,
and facilitating family follow-up.?¢4! Some participating
cardiologists shared that their institutions had GCs, but
they were administratively placed in noncardiovascular
service areas such as obstetrics or oncology and already
had full clinical loads, making it impractical to meet the
needs of the HF/TX team. Accordingly, a need for a GC
specifically dedicated to the cardiovascular specialty was
discussed as the optimal arrangement. As shown in a
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Table 3. Genetic Evaluation and Testing Practices of
Investigators at Sites of the DCM Consortium

Number

Genetic evaluation/testing practice (N=25) | Percent

Are clinical genetic evaluations or genetic testing con- | 25 100.0
ducted for patients with DCM at your center? (yes)

How do you select patients with DCM for genetic testing?

| test all patients with DCM 13 52.0

| test patients with DCM based on their clinical or 12 48.0
family history data

Do you conduct DCM genetic evaluation yourself?

Yes 8 32.0
No, | have others to assist with this 17 68.0
A genetic counselor 8 32.0
A genetic counselor or others with genetics 8 32.0
expertise*
No one 1 4.0

Pretest coordination and genetic services

Where is the genetic test sent?

External test vendor 24 96.0

Both internal and external 1 4.0

Who manages insurance authorizations?

Administrative or clinical staff 7 28.0
Genetic counselor 10 40.0
MD/self/nurse 5 20.0
Other 3 12.0

In what clinical setting are you able to obtain genetic testing?

Inpatients and outpatients 13 52.0

Outpatients only 12 48.0

Is any pretest genetic counseling provided? (yes) 19 76.0
Who does it?

A genetic counselor 8 421

You or genetic counselor 5 26.3

Nurse or other or genetic counselor 6 31.6

Return of genetic test results

Who at your institution receives genetic results?

A genetic counselor 4 16.0
You 4 16.0
You and genetic counselor 8 32.0
You or a geneticist or a nurse 9 36.0

Do you have a process reviewing or evaluating genetic test results?

Yes 12 48.0
No 13 52.0
Are genetic results returned to patients? (yes) 25 100.0

How are the results provided?

In person at clinic 3 12.0

By phone call or a letter or in person 22 88.0

Family follow-up

Are implications for family members provided? (yes) | 25 100.0

Are first-degree relatives offered screening with your | 23 92.0

program? (yes)

DCM indicates dilated cardiomyopathy; and MD, cardiologist .
“Others with genetics expertise included cardiologists with genetics expertise,
medical geneticists, or an advanced practice provider or nurse with genetics expertise.

Circ Genom Precis Med. 2025;18:e¢005078. DOI: 10.1161/CIRCGEN.125.005078
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national cardiovascular case series, when a GC was inte-
grated directly into a cardiology practice, improvements
were seen in applying the most appropriate testing strat-
egy and in the accuracy of result interpretation for man-
agement purposes.'®

The GC is also an institutional resource for novel
genetic service delivery models. This could include adapt-
ing the traditional outpatient model to increase through-
put with the involvement of advanced practice providers
in addition to developing workflows beyond the outpatient
setting,*? with substantial DCM inpatient volumes reported
at consortium sites. This is particularly relevant to DCM
where advanced stage disease has been associated with
pathogenic/likely pathogenic genetic backgrounds.®'
Existing inpatient models at DCM Consortium sites and
a need for in-house genetic testing services to facilitate
prompt inpatient genetic evaluations were emphasized in
the questionnaire responses and discussion among par-
ticipating cardiologist investigators (Table S2).

Although guidelines and professional societies have
recommended genetic counseling as a part of the
genetic evaluation for cardiomyopathy, integration of
GCs into cardiovascular care has remained suboptimal.
In contrast, there has been greater utilization of clini-
cal genetic evaluation for heritable cancer risk, with the
National Comprehensive Cancer Network requiring
genetic services for several primary tumor types and
early diagnoses.*® Further, to acquire accreditation as a
quality oncology care facility, the provision of appropriate
genetics services must be demonstrated.** HF centers
lack similar requirements, potentially limiting the prioriti-
zation of resources to routinely implement genetic evalu-
ation for DCM in the HF community.

Focus Area 3: Provide DCM Genetics and
Genomics Education Resources for HF
Providers

A broad range of education needs was reported by par-
ticipating DCM Consortium investigators, from aiming
to simply stay current with the evolving genomics land-
scape to explaining genetic risk information to patients.
These explanations were described as particularly vexing
for those surrounding genetic uncertainty, with 1 par-
ticipant summarizing that a complex variant of uncertain
significance is not something that most cardiologists are
comfortable with communicating or handling. An explicit
request for formalizing training/support for cardiac
genetics for HF providers was suggested to keep pace
with continued progress in DCM clinical genetics.
These reported educational concerns were consis-
tent with a prior survey of 131 cardiology and electro-
physiology practitioners, which found that more than
half of the providers were not confident about genetic
testing options available or how to order tests.*® Topics
sought by nearly all of the providers were translational
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participating investigators as provided in
Question 28 of the survey (Appendix S2).
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in nature, such as how to perform a genetic risk assess-
ment and understanding guideline-based management
recommendations.* The content required to provide this
practical information will continue to evolve, particularly
as genome sequencing becomes more accessible, intro-
ducing the need to more routinely manage secondary
and incidental findings, evaluate test quality, and manage
evolving billing and reimbursement structures.

Reported physician knowledge gaps were commonly
rooted in the management of clinical genetic uncertainty.
An interview series of 29 cardiologists reflected on
how uncertainty disrupts the diagnostic process.*s With
about half of the patients with DCM having variants of
uncertain significance reported on clinical testing,*® and
many genes of uncertain significance with only limited

Table 4. Top 5 Criteria Used by Participating Investigators
to Select Patients for Genetic Testing Based on Clinical and
Family History Data

1 Younger age of onset Multigenerational first- or second-
(24 points) degree relatives with history of DCM
or SCD (24 points)
2 Low LV ejection fraction >1 first-degree relative with DCM
(12 points) (20 points)
3 Larger LV end-diastolic One first-degree relative with estab-

dimension (9 points) lished history of DCM (18 points)

One FDR with SCD or sudden
unexplained death (10 points)

4 Second- or third-degree
heart block or presence of
a pacemaker (7 points)

5 Rapid progression of DCM | One first-degree relative with
and heart failure (6 points) | suspicion of DCM (2 points)

This table provides responses only for those who responded that their selec-
tion of patients for genetic testing is based on clinical or family history data (see
Table 3). Ranking is based on the total points calculated. Points were determined
by the rank orderings of top 3 criteria (3 points for top 1, 2 points for top 2, and
1 point for top 3) multiplied by the frequency at each ranking, respectively. The
top 5 with highest cumulative score for each criteria category are shown. DCM
indicates dilated cardiomyopathy; FDR, first-degree relative; LV, left ventricular;
and SCD, sudden cardiac death.

Circ Genom Precis Med. 2025;18:e¢005078. DOI: 10.1161/CIRCGEN.125.005078

evidence included on cardiomyopathy panels,*” clinicians
are often faced with inconclusive information for which
the implications are unknown. Some have argued that
smaller, phenotype-targeted panels with only high evi-
dence genes are favorable to reduce the interaction with
uncertain results. However, a more sustainable approach
may be to build a multidisciplinary team with clinical
genetics expertise for both physicians and HF advanced
practice providers to remain knowledgeable of the con-
tinuously changing genomics landscape. With successful
integration of GCs into the HF team (focus area 2), this
will directly facilitate the cited educational requests, as
GCs are able to support and provide expertise not only
for patients but also for partner providers (Figure 3).

Focus Area 4: Research to Elucidate Unknown
Cause and Clarify Genetic Uncertainty in
Cardiomyopathy

“The challenge of handling variants of uncertain signifi-
cance is a substantial problem! Genetic uncertainty was
among the most common themes related to challenges
for the future implementation of precision medicine in
DCM. This barrier was not misplaced, as substantial
genetic complexity for DCM remains.2*® lllustrating this,
low rates of actionable pathogenic/likely pathogenic
results (estimated 8.2%-32.6%) and high rates of VUS
(28.3%-49.3%) were observed in the Precision Medicine
study, with the odds of a pathogenic/likely pathogenic
variant in probands with at least 1 rare variant observed
at an estimated 75% lower odds among those of Afri-
can genomic ancestry compared with those of European
ancestry2® Resolution of this discrepancy in the identi-
fication of actionable genetic results will be required
to improve opportunities for care for all. Until resolved,
the clinical management of uncertain genetic findings
will continue to be a barrier to future implementation of
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Figure 3. Focused efforts will work synergistically to enhance precision medicine care for dilated cardiomyopathy (DCM).
This figure summarizes the insights of the participating investigators. Resolving reimbursement challenges was considered a top priority.
Increased utilization of clinical genetics will enhance implementation opportunities. CV indicates cardiovascular; GC, genetic counselor; HF,

heart failure; and TX, heart transplant. *Genetic services include genetic testing and genetic counseling.

gene-specific therapy where well-informed assessment
of variant pathogenicity and defining molecular mecha-
nisms will be critical.

As 1 participant stated, there is a “need [for] more
research to determine variants...or genes that contrib-
ute to missing heritability of DCM. Additional uniden-
tified variants in noncoding regions or undiscovered
genes may be at play, as well as mechanisms that
exceed the monogenic paradigm, including oligogenic
and polygenic effects or contribution from other modify-
ing factors.*® Addressing the problems of uncertain and
unsolved genetic causes of cardiomyopathy are not the
only issues of clinical and scientific relevance, but also
issues of equity, as the current picture of DCM genetics
has largely been derived from the studies of European
ancestry, contributing to a currently incomplete picture of
DCM genetic architecture® Large-scale, family-based
studies of diverse populations will be required to eluci-
date currently unsolved causes for all.

The reported insights provide a contemporary assess-
ment of current precision medicine practice for DCM by
cardiologists at advanced HF/TX programs at DCM Con-
sortium sites across the United States. The participating

Circ Genom Precis Med. 2025;18:e¢005078. DOI: 10.1161/CIRCGEN.125.005078

investigators estimated that, on average, about a quarter
of patients with DCM received genetic testing at DCM
Consortium sites, a much higher rate than the <1%
uptake estimated for the US providers for all heritable
cardiovascular diseases.???® This higher rate of clinical
genetics practice provided experience and insight to
identify barriers and opportunities for DCM precision
medicine. DCM Consortium investigators recognized that
integrating clinical genetics into DCM care will enhance
precision medicine opportunities, with 1 participant aspir-
ing that “Genetic testing should become mainstream
as the expertise in the area grows and new therapies
become available” The collective insight revealed in this
assessment may help in planning the efforts to fully inte-
grate genetic evaluations into HF/TX practice.
Strengths of this assessment include the multicenter
involvement of geographically dispersed HF programs
and the combined quantitative and qualitative questions
that provided authentic perspectives on current practices
from key physician stakeholders. Limitations include
the small sample size from selected advanced HF/TX
clinics and that data regarding each program was rep-
resented by 1 physician from each institution, affecting
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generalizability. In addition, the data were self-reported
by the individual providers engaged in the field of DCM
genetics as investigators in the DCM Consortium, which
may represent more advanced genetic evaluation prac-
tices relative to others. However, the experience of the
participating cardiologists provides direct insight to iden-
tify barriers to implementing clinical genetics and pre-
cision medicine care, which can be instructive for the
broader HF community. Future efforts to capture larger
samples from HF/TX practices with lesser degrees of
genetic counseling and other clinical resources to sup-
port genetic testing practices will be informative to
the broader community in providing guidance on how
to achieve a cardiovascular genetic evaluation in the
absence of the main facilitators of precision care.

The multiple challenges summarized by investiga-
tors will require broadly based actions to address finan-
cial, personnel, educational, and investigative needs, as
described in the 4 focus areas distilled from this needs
assessment. Strategic efforts focused on the pro-
posed areas can work synergistically to enhance preci-
sion medicine care for DCM (Figure 3). However, other
stakeholders beyond HF/TX cardiologists will need to
be engaged, including laboratory personnel, payers, leg-
islators, healthcare administrators, and GCs. With the
collaboration of these key groups, current barriers to
implementing precision medicine for DCM are surmount-
able and, assuming success, will enable hope for a future
of improved therapeutic and prevention strategies for HF
in DCM probands and their families.
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SUPPLEMENTAL MATERIAL

Access to the data from this needs assessment can be made upon reasonable request.

Supplemental Methods

The DCM Precision Medicine Study

The DCM Precision Medicine Study was a National Institutes of Health funded research
initiative conducted by The DCM Consortium involving 25 geographically dispersed advanced
heart failure/transplant (HF/TX) programs in the United States strategically selected to
maximize racial and ethnic diversity in the patient population.! To test the hypothesis that DCM
has a substantial genetic basis, the study consented 1265 DCM patients and 1781 of their first
degree relatives (FDRs) between 2016 and 2021, collecting data on clinical, genetic and socio-
demographic characteristics. This report is from perspectives and experiences of principal
investigators from active DCM Consortium sites, who represented key stakeholders in the issue
of implementing precision medicine care for DCM. Because this survey represents a needs
assessment from a selected population this does not represent human subjects research an IRB

approval was not required.

Survey participants

In June 2024, a letter was sent by the coordinating center to current DCM Consortium site
principal investigators or co-investigators (n=26) inviting them to participate in an online

survey designed using Qualtrics (Qualtrics, Provo, UT) regarding their current practice model of
precision medicine care for patients with DCM at their institution cared for by their HF/TX

program. Of 26 investigators invited, 25 from unique sites responded to the survey, yielding a



response rate of 96%; all were cardiologists, with 24 of the 25 HF/TX specialists who care for
patients with DCM and HF in HF/HT programs; the other cardiologist provided data from their
HF/TX program.

Survey design and components

A survey was created by a HF/HT cardiologist (REH), a cardiovascular genetic counselor (EJ),
and a cardiovascular epidemiologist (HN) at the OSU coordinating center; it was non-
anonymous. The mean time estimated by participating investigators to complete the survey was

48.8 £ 79.4 minutes (median = 30 minutes).

The survey contained questions grouped into three sections (Appendix 1). Section one
contained questions relating to institution, personal demographics, and practice setting, including
their specialty and genetics training experience, HF program capacity, new and established
inpatients and outpatient volumes, and distribution of patient race and ethnicity. The second
section asked how genetic evaluation and testing is conducted for DCM patients; how DCM
patients are selected, who selects and conducts the genetic evaluation and testing; where genetic
tests are sent and who manages insurance authorizations; and how the genetic test results are
processed, and if and how genetic counseling is conducted. Questions in the first two sections
were closed-ended with multiple choice options provided. Section three contained open-ended
items regarding perceived major challenges in clinical genetics, genetic testing and
implementation, and overall thoughts about precision medicine care for DCM in the future. The

thoughts and responses to section three were analyzed and grouped into themes.

In-person discussion at the Summer Scientific Symposium of the DCM Consortium

An in-person symposium, organized by the DCM Consortium coordinating center in
Columbus, OH, was conducted for DCM Consortium investigators one week after the survey

2



closed. Fourteen site principal investigators presented their program’s clinical DCM precision
care model. Themes generated from section three of the survey were presented to investigators
attending the symposium to facilitate an open discussion on how to address the challenges

emphasized in the identified themes.

Notes were transcribed contemporaneously from the discussion by coordinating site
personnel. These were annotated to identify discussion themes most emphasized for future
action. In combination with the results from the thematic analysis from Section Three of the
survey (“Thoughts for the Future”), the identified areas of focus from the discussion were
utilized to define specific areas to target efforts to improve future implementation for precision
medicine. Final focus areas were presented by a webinar and then circulated to the principal

investigators for review and approval during manuscript preparation.

Data analysis

Characteristics of the respondents were described and tabulated with means, range, and
percentages. No statistical testing was conducted as this needs assessment was descriptive and
no comparisons needed to be made.

To rank the clinical data and family history criteria used to select DCM patients for
genetic testing, points were assigned based on the ranking of the criteria selected. For a criterion
rated as the top 1, 3 points were assigned for each time an investigator selected as a top 1
assignment; 2 points for each time ranked as a top 2; and 1 point for a top 3 ranking. Total points
were added to determine by the cumulative point score for each criterion. The top five with
highest cumulative score for each criteria category were identified.

Thematic assessments of the short answer written responses and note transcription of the

open discussion was completed by study staff at the coordinating center. Comments were



organized into groups labeled by broader the theme shared by all comments within that group.
The notes for the discussion were transcribed to identify the proposed efforts needed to
address the changes. Detailed responses are included in Appendix 2 with associated themes
shown in Supplemental Table 1. All analyses were performed in SPSS version 28.0 (SPSS

2021).



Supplemental Tables

Supplemental Table 1. COREQ Checklist for the Focus Group Discussion Amongst Participants at the DCM

Consortium Summer Scientific Symposium

Domain No. | Item Study response
1 | Interviewer/facilitator | Elizabeth Jordan (EJ)/Ray Hershberger (RH)
(1) Research 2 | Credentials MMSc, CGC/MD
team and 3 | Occupation Genetic Counselor - Associate Professor/Physician - Professor
Ir;aﬂexwltyl/. 4 | Gender FIM
Cﬁ;Sr(;rc]:?eristics Academic Researcher - Clinical Cardiovascular Genetic
Experience and Counselor/Academic Researcher - Heart Failure Heart Transplant
5 | training Cardiologist
Relationship All participants are investigators in the DCM Consortium, of which the
6 | established facilitators are also a part
EJ and RH have conducted research with all participants for several years
(1) Research Participant related to DCM genetics through participation in protocols conducted by The
team and knowledge of the DCM Consortium, EJ as a co-investigator, RH as study PI, and participants
reflexivity: 7 | interviewer as Pls at their respective institutions.
Relationship with
Participants Participants understood the shared objective of the focus group, with the
goal of identifying priorities for action to improve opportunities to implement
Interviewer clincial genetics in more routine clinical cardiology practice. This bias of the
8 | characteristics interviewers was transparent to participants.
e
orientation and
framework 9 | Theory Content analysis
(2) Study design: 10 | Samplin All site principal investigators were invited to participate in the stud
Participant g & & 9 B & Y
selection 11 | Method of approach | Face-to-face
12 | Sample size 15




Only those who were not available to attend the live discussion event either
in person did not participate in the discussion. Reasons for not

13 | Non-participation attending/participating were scheduling conflicts.
Setting of data
14 | collection Conference room
(2) Study design: Other conference attendees were present, including gther co-investigators,
setting Presence of non- study staff, and genetic counselors conference participants from DCM
15 | participants Consortium sites
Description of
16 | sample All demographic data collected are presented in Table 1
Themes generated from section three of the survey were presented to
investigators attending the symposium to facilitate an open discussion on
17 | Interview guide how to address the challenges emphasized in the identified themes
18 | Repeat interviews Repeat interviews were not conducted
Audio/visual
19 | recording AV recordings were not collected
(2) Study design: | 20 | Field notes Field notes were made during the focus group discussion
data collection 21 | Duration 30 minutes
All participants were included in the 30 minute discussion; participation was
22 | Data saturation not limited by data saturation
Field notes were not returned; A summary of the discussion and themes that
emerged were presented on a DCM Consortium Pl teleconference prior to
preparing the manuscript for comment/correction. No adjustments were
23 | Transcripts returned | required.
Number of data °
24 | coders
Description of the
(3) Analysis and 25 | coding tree Yes; Supplemental Figure |
findings: data 26 | Derivation of themes | Inductive coding
analysis 27 | Software Manual
Field notes were not returned; A summary of the discussion and themes that
emerged were presented on a DCM Consortium Pl teleconference prior to
preparing the manuscript for comment/correction. No adjustments were
28 | Participant checking | required.




(3) Analysis and
findings: reporting

Quotations

29 | presented Quotations from the focus group discussion are not included in the text
The qualitative themes regarding the needs and challenges to implementing
precision medicine in cardiomyopathy support the quantitative data
Data and findings presented that suggest a deficit in resources to routinely integrate these
30 | consistent services into clinical practice
Clarity of major
31 | themes Major themes are summarized under the Focus Area headings
Clarity of minor
32 | themes Minor themes are listed but not discussed




Supplemental Table 2. Comments on the major issues for DCM genetics, genetic testing, and implementation into DCM
consortium site programs in the near and distant future (Survey Section 3).

Number of
Unique Comment
Theme Comments Number Comment

1 Access - how to scale expertise to a broader population that can benefit from genetic
testing

3 Genetics counseling

4 Concern that GC support is not sustainable with a 'maturing' population

4 Gaps in care around child-bearing/opportunities for PGD

7 Fewer patients get testing compared to MRIs/PET scans, etc...

12 Access to genetic counselors

14 Easier access to testing and results

Lack of access to 11 We have an excellent medical genetics group, but the time to consult has increased to 3
genetics services 19 months or more. If we test all DCM patients in our program, access to medical genetics

clinic may become an added barrier.
We do not have the bandwidth currently from a GC standpoint to provide counseling and

20 testing for all DCM patients who are being seen in our HF/txp/VAD clinics. It is a major
issue

21 Workload is biggest problem expanding genetic testing
For field: Challenges ensuring all patients with heart failure undergo thorough assessment
for the etiology of their heart failure. Once patient is identified as DCM, increasing

23 . . R . . - .
recognition of role of genetic testing in this population. Finally providing accessible and
competent genetic testing/counseling services

11 Increased referrals for genetic testing

15 Lack of timely referral for evaluation of results

Operimpal alnd 8 Need to bring genetic testing into hospital laboratories to be able to provide for inpatients
institutiona
infrastructure 10 10 The ability to perform inpatient genetc testing would capture many patients who will
limitations otherwise not follow-up in the outpt setting
4 Differential uptake with non-genetics trained practitioners
5 Not consistent among all cardiologists

8




Older providers are less likely to pursue genetic testing

Lack of infrastructure for formal evaluation of patient history and screening process, and

15
therefore suboptimal testing for DCM.

2 Genetic testing should become mainstream as the expertise in the area grows and new
therapies become available.

16 Lack of uptake for genetic testing within the HF/TX physician community

3 Cost and insurance

4 Variability in reimbursement/apprpoval of genetic testing by insurers

7 Still seen as costly and not covered by insurance

12 A major barrier seems to be financial

13 Insurance coverage/cost

14 Concern with billing when the hospital system is involved, therefore, we tend to do it
preferentially as outpatient, outside the health system lab

Cost concerns The biggest barrier to DCM genetics is the capacity to have genteic testing covered by

18 insurance and the ease to figure out coverage issues. Many of the patients are unable to
pay out of pocket for testing and allso providers have avoided ordering testing due to
challenges figuring out coverage feasibility

12 Reimbursement will not cover genetic counselor salary so we have had to find other
means to cover that expense (ultimately the hospital system will backstop the salary).

16 Lack of reimbursement for genetic counselor vists by some insurance plans - this tends to
be the biggest hurdle in getting patients in to see our counselors for pre-test counseling.

2 Explanation of test results often difficult to explain to patients

7 Complicated

13 Poor literacy in some patients

Patient and 17 A straightforward results is easy. But a complex VUS is not something that most
physician cardiologists are comfortable with communicating or handling
knowledge needs 73 For HF programs/cardiologists: Formalizing training/support for cardiac genetics for HF

providers

1 How to keep patients and colleauges updated with changing genetic knowledge

1 How to counsel individuals who present with secondary findings from research variability

in test quality/completeness

9




Gaps in family member communication, difficulty in connecting family memebrs across

4 institutions
11 Improved family screening
Family—b?}sed 13 Challenges identifying an accurage DCM family history
care barriers 15 Suboptimal education of patients for referral of family members for additional testing
1 Follow up
4 Responsive follow up
1 Uncertainty
2 Clinical implications are uncertain/not actionable
Challenges ; .
navigating 4 Variants of uncertain significance
uncertainty 9 N@ec} more 'rese'a.rch to determine variants (?noncoding) or genes that contribute to
missing heritability of DCM
17 I think that the challenge of handling VUS's is a substantial problem
Other issues 13 Stigma for the patient

10




Supplemental Figure 1. Coding tree for themes identified in the participant discussion at The DCM Consortium

Scientific Symposium

Facilitating Precision Medicine for DCM

Barriers Facilitators
]
Education Research Financial Genetic Counseling
Increasing relevance of genetics Improving Outcomes ~ Poor GCs manage of all aspects of a genetic
in all of clinical practice diagnostic data reimbursement evaluation (Pre-test through Family follow-up)
capabilities of | [
genetic testing | .
Pre-test Genetic
Genetic Genetic counseling not evaluation
Counseling Testing required, but cases get lost
services Coverage very helpful or missed
; Variants of Need gene- || Downstream
Need for improved Base knowledge uncertain specific el [ | [ |
provider training required to prepare || significance clinical for genetic Concern || HFE/TX MD HFTX One time Mostly
[ for emerging present outcomes services Limited for large limitations MD time consults, capturing
MDs and APPs ther?putes, COrtmD|ex clinical | I hiring funds bills of detailed || limitations || multiple outpatient
will benefitfrom esl resuits challenge limits knowledge providers || population
more education 5/15 participants indicated that genetics : :
made a difference in transplant listing testing Vo ived
| decisions at their institutions, despite | In care
lack of data supporting this. In-house genetic I |

Desire is for practical knowledge and
skills, not basic genetics concepts

Uncertain and
elusive cause
limit connection
to future
therapies

|——_|___l

Could provide an evidence base to
develop recommendations mirroring the
NCCN for hereditary cancer genetics

testing lab reduce
testing billing barriers

APPs potential resource
when GCs unavailable

Inpatient service can capture currently missed cases

DCM=dilated cardiomyopathy; GCs=genetic counselors; APPs=Advanced Practice Providers; HF/TX=heart failure heart transplant; NCCN=National

Comprehensive Cancer Network
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Appendix 1. Survey Instrument

Current Precision Medicine Care for
Dilated Cardiomyopathy

Survey Flow

Standard: A Survey About Current Precision Medicine Care for Dilated Cardiomyopathy (1
Question)

Block: Survey Participant Demographics (4 Questions)

Standard: Section A. Institution; personal demographics; practice setting. (21 Questions)
Standard: Section B. Genetic Testing for DCM (19 Questions)

Standard: Section B. Genetic Testing for DCM (continued) (21 Questions)

Standard: SECTION C. Thoughts for the Future. (5 Questions)
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Q1 A Survey Regarding Current Precision Medicine Care for Dilated Cardiomyopathy

This survey has been designed to query the site Principal Investigators of the DCM Consortium to
assess the state of clinical genetics care for patients with DCM and their families at each of our
programs during June 2024.

How precision medicine care is provided appears to be quite variable due to a variety of factors at
our programs. To our knowledge a systematic survey has not been done for cardiovascular clinical
genetics focused on DCM precision medicine care.

All site Pls who contribute to this survey will be included in a planned publication to
summarize these results.

A summary of the results from this survey will also be presented during the 2024 SSS (July 11-12)
with time for discussion. The discussion, particularly with any points of consensus, will be included
in the manuscript.

This survey has been created by Ray Hershberger, Hanyu Ni and Elizabeth Jordan. It has been
created with skip logic depending upon answers to your questions.

The questionnaire cannot be anonymized since we need to know who has contributed for
authorship. However, all data will be anonymized by site including any of your comments for
presentation or publication.

Specific Guidance for completing this questionnaire:

1—“DCM” used throughout this instrument means a patient meeting usual clinical criteria for
“idiopathic dilated cardiomyopathy” where usual detectable clinical causes of DCM, except
genetic, have been excluded. These are the same criteria used for inclusion/exclusion criteria for
the DCM Precision Medicine Study.

2--Some of the questions seek to provide a denominator for the numbers of DCM patients in your
HF/TX program who could be considered for a genetics evaluation. We realize that estimating such
a denominator can be challenging (e.g., each of our programs may encompass several distinct
geographical clinic sites, e.g., satellite clinics beyond your main medical center, etc). To respond to
these questions, please consider all DCM patients of your system who could or would receive care
by the physicians and Advanced Practice Providers (APPs) of your HF/TX group.

3—If you do not complete the questionnaire in one sitting and you close your browser, your work
will be saved. Please use the same browser (with this same link) to return to the questionnaire and

13



your previous entries should still be there until you have 100% completed the questionnaire.

THANK YOU very much for your time and care with your responses.

Q2 Your name:

Q3 Sex:

Male (1)

Female (2)

Q4 Hispanic:

Yes (1)

No (2)

Q5 Race:

Native American or Alaska Native (1)

Asian (2)

African American (3)

Native Hawaiian or Pacific Islander (4)

White (5)

Unknown (6)

14



Q6 Section A. Institution; personal demographics; practice setting.

Q7 Name of your institution:

Q8 Please indicate your cardiovascular medicine specialty. (Select one that best fits you.)

General cardiology (1)

Imaging (2)

Advanced heart failure and cardiac transplant (3)

Interventional (4)

Electrophysiology (5)

CV Genetics (6)

Other (Specify) (7)

Q10 How many years have you been in practice?

0-5 (1)

6-10 (2)

11-15 (3)

16-20 (4)

>20 (5)
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Q11 Please specify any specific professional training for clinical cardiovascular genetics that you
have had; select all that apply.

A board-certified (ACMG, ABGC) genetics professional. (1)

One or more years of clinical genetics fellowship that would have qualified for
ACMG board certification status. (2)

Formal training in a rotation of at least one month duration (during fellowship or
practice) with a board-certified genetics practitioner (geneticist or genetic counselor) for CV
genetics. (3)

Outpatient rotation in your cardiovascular fellowship in a cardiovascular genetics
clinic. (4)

Outpatient rotation in your medical residency in a genetics clinic. (5)

Participation at a national cardiovascular meeting (e.g., AHA, ACC, HFSA) in a
specific workshop (e.g. a bootcamp) designed to provide clinical genetics training. (6)

Clinical experience of more than 5 sessions working with board-certified genetics
professionals (geneticist or genetic counselor) in a cardiovascular genetics clinic. (7)

Other, please specify (8)

None (9)

Q12 How many HF/TX cardiologists and Advanced Practice Providers (APPs) provide care for DCM
patients in your HF/ TX program? APPs include Advanced Nurse Practitioners and Physician
Assistants who provide direct patient care.

Q85 HF/TX cardiologists

16



Q86 APPs

Q13 Please estimate the total number of DCM patients seen per year in your HF/ TX program:

Q14 Inpatient: new

Q15 Inpatient: established

Q16 Outpatient: new

Q17 Outpatient: established

Q88 What is the estimated ethnic distribution of the patients in your program?
Hispanic %

Q18 What is the estimated racial distribution of the patients in your program?

Q19 Native American or Alaska Native %

Q20 Asian %

Q21 African American %

Q22 Native Hawaiian or Pacific Islander %

Q23 White %

Q89 Unknown %

Q24 Section B. Genetic Testing for DCM

17



Q25 Are clinical genetic evaluations or clinical genetic testing conducted for any DCM patients at
your center? (Please do not consider patients who may undergo research genetic testing for DCM
Consortium studies or other clinical trial research programs).

Yes (1)

No (2)

Display This Question:
If Q25 = No

18



Q26 Please review the items below that may be contributing factors for why genetic testing may not
be done or may not be available. This list is not exhaustive, please add other items as needed.
Select all that apply.

Lack of access to a genetic counselor (1)

Lack of other support staff to facilitate the genetic testing process. (2)

Not enough time. (3)

Concerns about cost/billing. (4)

Concerns about lack of genetic counseling for patients. (5)

Uncertain of patient interest in genetic testing. (6)

Unsure of how to select a test panel. (7)

Unsure of how to select a genetic testing lab. (8)

No test kits available. (9)

Uncertain of how to order a genetic test. (10)

Difficulty of dealing with the needed explanations of test results to patients. (11)

Difficulties of dealing with implications of testing for family members based on test
results. (12)

Complexities of dealing with (scheduling, billing, testing) family members once
testing is completed for the DCM patient. (13)

Other: please specify (14)
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Display This Question:
If Q25 = Yes

Q28 Approximately what percentage of DCM patients receive genetic testing at your center per
year?

Display This Question:
If Q25 = Yes

Q29 Please provide an estimate of how many DCM patients receive genetic testing at your center
per year.

Display This Question:
If Q25 = Yes

Q30 How do you select DCM patients for genetic evaluation and testing, assuming that payment for
testing would be available so that funding issues do NOT need to be considered?

| test all DCM patients. (1)

| test DCM patients based on specifics of their clinical or family history data. (2)

Display This Question:

If Q30 = | test DCM patients based on specifics of their clinical or family history data.

Q31 For clinical data, rank order the list of criteria below by dragging the rows.

Low LV ejection fraction. (1)

Larger LV end-diastolic dimension. (2)

Any ECG abnormality (3)

LBBB on ECG (4)

Second- or third-degree heart block or presence of a pacemaker. (5)
Younger age of onset (6)

Rapid progression of DCM and heart failure. (7)
Severity of initial heart failure presentation. (8)
Shorter duration of DCM or heart failure. (9)
Longer duration of DCM or heart failure. (10)
Other, please specify (11)

20



Display This Question:

If Q30 = | test DCM patients based on specifics of their clinical or family history data.

Q33 For family history data, rank order the list of criteria below by dragging the rows .
(Note: a first degree relative is a parent, sibling, or child; a second degree relative is a grandparent,
aunt/uncle, or niece/nephew):

One first-degree relative with suspicion of DCM. (1)

One first-degree relative with history of sudden unexplained death. (2)

One first-degree relative with established history of DCM. (3)

One first-degree relative with established history of sudden cardiac death. (4)

More than one first-degree relative with DCM. (5)

Multigenerational first or second degree relatives with history of DCM or sudden cardiac
death. (6)

Other, please specify (7)

Display This Question:
If Q25 = Yes

Q35 Do you conduct DCM genetics evaluations and testing yourself?

* By “DCM genetics evaluations” we mean that you consider a genetic diagnosis including
obtaining a family history and then conduct genetic testing based on patient and family history
data.

¢ By “conducting evaluations yourself” we mean without assistance from genetics-trained
professionals (e.g., CV genetic counselors, nurses with or without special training in genetics, or
geneticists)?

Yes, by myself. (1)

No, | have others to assist with genetic evaluations and testing. (2)

Display This Question:
If Q35 = Yes, by myself.

Q36 Even though you do it yourself, would you also have a possible referral pathway, that is, can you
refer your DCM patients to genetics professionals who would conduct genetic evaluations and
genetic testing for your patients?

Yes (1)

No (2)



Display This Question:
If Q36 = Yes

Q37 Who could you refer your DCM patients to? Select all that apply.
D A cardiologist with genetics expertise. (1)
D An MD geneticist. (2)
D An APP or Nurse with genetics expertise. (3)
D A genetic counselor. (4)

D Someone else, please specify. (5)

Display This Question:

If Q37 = A genetic counselor.

Q38 Specialized in cardiovascular genetics?
) Yes (1
) No (2)

Display This Question:
If Q38 = Yes

Q40 How many genetic counselors with expertise in CV genetics work with your patients?

Display This Question:
If Q38 = Yes
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Q41 Who pays for them? Select all that apply.

You, via any $$ available to you, but dependent upon your decision and funding. (1)
Your HF/TX program. (2)
Research funding not specific to you. (3)

Academic Department, e.g. Department of Genetics, Department of Medicine, etc.

Hospital/health system. (5)

Other, please specify (6)

Display This Question:
If Q36 = No
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Q43 Please review the items below that may be contributing factors for why you may not have
support to conduct genetic testing. This list is not exhaustive, please add other items as needed.
Select all that apply.

Lack of access to a genetic counselor (1)

Lack of other support staff to facilitate the genetic testing process. (2)

Not enough time. (3)

Concerns about cost/billing. (4)

Concerns about lack of genetic counseling for patients. (5)

Uncertain of patient interest in genetic testing. (6)

Unsure of how to select a test panel. (7)

Unsure of how to select a genetic testing lab. (8)

No test kits available. (9)

Uncertain of how to order a genetic test. (10)

Difficulty of dealing with the needed explanations of test results to patients. (11)

Difficulties of dealing with implications of testing for family members based on test
results. (12)

Complexities of dealing with (scheduling, billing, testing) family members once
testing is completed for the DCM patient. (13)

Other, please specify. (14)
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Display This Question:

If Q35 = No, | have others to assist with genetic evaluations and testing.

Q45 Who do you refer your DCM patients to? Select all that apply.
D A cardiologist with genetics expertise. (1)

An MD geneticist. (2)

An APP or Nurse with genetics expertise. (3)

A genetic counselor. (4)

OO0 00

Someone else, please specify. (5)

Display This Question:
If Q45 = A genetic counselor.

Q48 Specialized in cardiovascular genetics?

) Yes (1

) No (2)

Display This Question:
If Q48 = Yes

Q47 How many genetic counselors with expertise in CV genetics work with your patients?

Display This Question:
If Q48 = Yes
25



Q49 Who pays for them? Select all that apply.

You, via any support available to you but dependent upon your decision and
funding. (1)

Your HF/TX program. (2)

Research funding not specific to you. (3)

Academic Department, e.g. Department of Genetics, Department of Medicine, etc.

Hospital/health system. (5)

Other, please specify (6)
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Display This Question:

If Q25 = Yes

Q51 Please answer the following questions about how clinical genetic testing is done for your DCM
patients.

Display This Question:
If Q25 = Yes

Q52 Who selects the specific genetic testing panel?

) You (1)
A genetic counselor (2)
() Ageneticist (3)

O Other, please specify. (4)

Display This Question:
If Q25 = Yes

Q54 Where is the genetic test sent?

() Internal genetic testing laboratory run by your hospital/health care system? (1)
() External test vendor external to your hospital/health care system? (2)

O Other, please specify. (3)

Display This Question:
If Q25 = Yes
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Q56 Who deals with insurance authorizations?

Nurse (1)

Nurse practitioner (2)

Genetic counselor (3)

Admin/clinic staff, including pre-authorization personnel. (4)

MD/self (5)

Other, please specify. (6)

Display This Question:
If Q25 = Yes

Q58 How is genetic testing typically billed at your institution?

Insurance billed (1)

Institutional billed (2)

Self/cash pay (3)

I don’t know/it depends (4)

Other, please specify (5)

Display This Question:
If Q25 = Yes

Q60 In what clinical setting are you able to obtain genetic testing? Select all that apply.

Inpatient (1)

Outpatient (2)



Display This Question:
If Q25 = Yes

Q61 Is any pretest genetic counseling provided?

) Yes (1

) No (2)

Display This Question:

Q62 Who does it? Select all that apply.

If Q61 =Yes

O

O 0000

O

You (1)

Your nurse or other (non-genetics professional) (2)

A clinic assistant (3)

A genetic counselor at your site (4)

A geneticist at your site (5)

A testing company-affiliated genetic counselor? (6)

Other, please specify. (7)

Display This Question:
If Q25 = Yes



Q65 Who at your institution receives genetic testing results? Select all that apply.

You (1)

Your nurse or other (non-genetics professional) (2)

A clinic assistant (3)

A genetic counselor at your site (4)

A geneticist at your site (5)

A testing company-affiliated genetic counselor (6)

Other, please specify. (7)

Display This Question:
If Q25 = Yes

Q67 Do you have a process for reviewing or evaluating the quality, veracity, appropriateness, or
clinical relevance of the genetic test results you receive?

Yes (1)

No (2)

Display This Question:
If Q67 = Yes

Q68 Briefly describe the process:




Display This Question:
If Q25 = Yes

Q77 Are genetic test results returned to the individuals who undergo genetic testing?

) Yes (1

) No (2)

Display This Question:
If Q77 =Yes

Q71 Who usually discloses the genetic test results to patients?

) You (1)

) Your nurse or other (non-genetics) related-health care professional. (2)
() Aclinic assistant (3)

) Your administrative assistant/secretary. (4)

A genetic counselor at your site (5)

A geneticist at your site (6)

A testing company-affiliated genetic counselor (7)

() Someone from a telehealth genetic counseling service (8)

O Other, please specify. (9)

Display This Question:
If Q77 =Yes




Q73 How are results of genetic testing provided? Select all that apply.

D Phone call (1)

D The test report is provided (electronic or via mail). (2)

D A letter summarizing the results (electronic or via mail). (3)
D In person at a clinical follow up appointment. (4)

D Other, please specify. (5)

Display This Question:
If Q77 =Yes

Q75 Are the implications for family members provided to the patient/family (e.g., advice on clinical
screening or cascade genetic testing, if indicated, included when results are returned?)

) Yes (1

) No (2)

Display This Question:
If Q77 =Yes

Q76 Are first degree relatives offered screening within your program?

) Yes (1

) No (2)

Display This Question:
If Q77 = No
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Q70 What happens to the results?

Display This Question:
If Q25 = Yes

Q69 Are genetic test results placed into the electronic health record?
) Yes (1
) No (2)

Display This Question:
If Q25 = Yes

Q78 Do you have one or more HF/TX cardiologists who are considered genetic experts in
cardiomyopathy in your program?

) Yes (1

) No (2)

Display This Question:

IfQ78 = No

Q79 Do you have any “go to” cardiologist in your program who you could discuss a genetic result
with even if not a genetics expert?

) Yes (1
) No (2)

Display This Question:
If Q79 = No

Q80 When you need to discuss genetic testing results with someone, who do you reach out to?
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Q81 SECTION C. Thoughts for the Future.

Q82 Please comment on the major issues that you see for DCM genetics, genetic testing, and
implementation into your program in the near and distant future.

Q83 Please provide any additional thoughts you may have regarding any of the issues or questions
raised above.

Q84 For continued return of genetic results efforts in the DCM Research Project studies, would you
be supportive of an electronic “direct to participant” return of results process through the study-
wide portal that would directly transmit results, educational materials, and counseling resources to
participants?

Yes (1)

No (2)

Q85 Please provide any additional thoughts or concerns regarding an electronic return of results
process through the research program.
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Appendix 2. Responses to the survey section 3: Major issues in DCM genetics, genetic
testing, and implementation

1.

(98]

AN

10.

11

13.

14.

15.

16.

17.

18.

Access - how to scale expertise to a broader population that can benefit from genetic
testing Uncertainty - how to counsel individuals who present with secondary findings
from research Follow-up - how to keep patients and colleagues updated with changing
genetic knowledge

Clinical implications are uncertain/not actionable. Explanation of test results often
difficult to explain to patients.”

“Cost and insurance coverage Genetics counseling.

Major issues include: variability in reimbursement/approval of genetic testing by
insurers; variability in test quality/completeness; VUS; gaps in family member
communication, approach, and responsive follow up; difficulty in connecting family
members across institution; concern that GC support is not sustainable with a 'maturing’
population; gaps in care around child-bearing/opportunities for PGD; differential uptake
with non-genetics trained practitioners.

NOT CONSISTENT AMONG ALL CARDIOLOGISTS

Older providers are less likely to pursue genetic testing.

Still seen as costly, complicated and not covered by insurance. Fewer patients get testing
compared to MRIs/PET scans, etc...

Need to bring genetic testing into hospital laboratories to be able to provide for
inpatients.

Need more research to determine variants (?noncoding) or genes that contribute to
missing heritability of DCM.

the ability to perform inpatient genetic testing would capture many patients who will
otherwise not follow-up in the outpt setting.

. improved family screening and Increased referrals for genetic testing
12.

Access to genetic counselors. A major barrier seems to be financial. Reimbursement will
not cover genetic counselor salary so we have had to find other means to cover that
expense (ultimately the hospital system will backstop the salary).

Challenges identifying an accurate DCM family history Insurance coverage/cost Stigma
for the patient Poor literacy in some patients.

Easier access to testing and results. Ideally, outsource genetic counseling to experts.
Concern with billing when the hospital system is involved, therefore, we tend to do it
preferentially as outpatient, outside the health system lab.

Lack of infrastructure for formal evaluation of patient history and screening process, and
therefore suboptimal testing for DCM. Lack of timely referral for evaluation of results.
Suboptimal education of patients for referral of family members for additional testing.
Lack of uptake for genetic testing within the HF/TX physician community Lack of
reimbursement for genetic counselor visits by some insurance plans - this tends to be the
biggest hurdle in getting patients in to see our counselors for pre-test counseling.

I think that the challenge of handling VUS's is a substantial problem. A straightforward
result is easy. But a complex VUS is not something that most cardiologists are
comfortable with communicating or handling.

The biggest barrier to DCM genetics is the capacity to have genetic testing covered by
insurance and the ease to figure out coverage issues. Many of the patients are unable to
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pay out of pocket for testing and also providers have avoided ordering genetic testing due
to challenges figuring out coverage feasibility.

We have an excellent medical genetics group, but the time to consult has increased to 3
months or more. If we test all DCM patients in our program, access to medical genetics
clinic may become an added barrier.

We do not have the bandwidth currently from a GC standpoint to provide counseling and
testing for all DCM patients who are being seen in our HF/txp/VAD clinics. It is a major
issue.

. Workload is biggest problem expanding genetic testing
22.

Genetic testing should become mainstream as the expertise in the area grows and new
therapies become available.

For field: Challenges ensuring all patients with heart failure undergo thorough assessment
for the etiology of their heart failure. Once patient is identified as DCM, increasing
recognition of role of genetic testing in this population. Finally providing accessible and
competent genetic testing/counseling services. For HF programs/cardiologists:
Formalizing training/support for cardiac genetics for HF providers.
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