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In the 15 years following the release of the first complete human genome sequences, our understanding of
rare and common genetic variation as determinants of cardiovascular disease susceptibility, prognosis, and
therapeutic response has grown exponentially. As such, the use of genomics to enhance the care of patients
with cardiovascular diseases has garnered increased attention from clinicians, researchers, and regulatory
agencies eager to realize the promise of precision genomic medicine. However, owing to a large burden of
“complex” common diseases, emphasis on evidence-based practice, and a degree of unfamiliarity/discomfort
with the language of genomic medicine, the development and implementation of genomics-guided ap-
proaches designed to further individualize the clinical management of a variety of cardiovascular disorders
remains a challenge. In this review, we detail a practical approach to genetic testing initiation and inter-
pretation as well as review the current state of cardiovascular genetic and pharmacogenomic testing in the
context of relevant society and regulatory agency recommendations/guidelines.
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PRECISION CARDIOVASCULAR MEDICINE

ince the sentinel discovery of the first

heritable monogenic cardiovascular dis-

ease (CVD) genes in the early to mid
1990s, genetic testing for familial aortopa-
thies,"” cardiomyopathies,”* cardiac channelo-
pathies,”© and hypercholesterolemia”®  has
transitioned rapidly from early research-based
endeavors to a full complement of reimbursable
commercially available genetic tests. Further-
more, following the release of the first complete
human genome sequences in 2001,”"" ensuing
genome-wide association studies (GWASs)
have identified a plethora of common genetic
variants that underlie risk for development of
common CVDs such as coronary heart disease
(CHD)'! and atrial fibrillation (AF)'? as well as
interindividual variability in cardiovascular
drug response. Collectively, genetic testing for
rare monogenic CVDs, ongoing development
of genetic risk scores (GRSs) for common poly-
genic CVDs, and the implementation of pharma-
cogenomic testing to predict response to
cardiovascular drugs represent the spectrum of
genetic tests that currently impact the diagnosis,
risk stratification, and clinical management of
patients with rare and common CVDs.

With the announcement of the Precision
Medicine Initiative in early 2015, interest in
precision genomic medicine has intensified,
and the stage has been set for an unprecedented
proliferation of genetics- and genomics-guided
approaches. Although cardiovascular health
care professionals stand to benefit from these
advances, the rapid pace of genomic discov-
eries, gaps in genomics education/literacy,
and the paucity of data from randomized
controlled trials (RCTs) designed to determine
the clinical utility of genomics-aided ap-
proaches have left many overwhelmed and
thereby ill-prepared to deliver high-quality, ge-
nomics/genetics—guided care. As such, this re-
view aims to summarize the current clinical
utility, commonly encountered pitfalls, and
areas of emerging interest pertaining to the
use of genetic and pharmacogenomic testing
to individualize the clinical management of an
array of CVDs.

BASIC PRINCIPLES GOVERNING THE
INITIATION AND INTERPRETATION OF
CARDIOVASCULAR GENETIC TESTS

With each passing year, cost-lowering technolog-
ical advances, improved payer reimbursement,

and legislation aimed at eliminating genetic
discrimination make genetic testing increasingly
accessible and appealing. However, as the
pendulum has swung from inaccessible to
more readily available, the increased, and at times
inappropriate, utilization of genetic testing has
brought a new set of obstacles.'” As such, the
ensuing paragraphs aim to help physicians avoid
common pitfalls associated with the inappro-
priate use of genetic testing, namely, poor pheno-
typing, inappropriate genetic test selection, and
misinterpretation of results, by outlining com-
mon indications, expected results, and basic
interpretive strategies when considering CVD
genetic testing.

At present, CVD genetic testing is reserved
typically for 1 of 3 clinical indications:
(1) comprehensive genetic testing to aid or
confirm the diagnosis of a heritable CVD for
which there is a strong index of clinical suspi-
cion (class T recommendation for many, but
not all, monogenic CVDs),° (2) mutation-
specific cascade screening of appropriate
relatives (class 1 recommendation for all
monogenic CVDs),® and (3) the selected use
of pharmacogenomic testing to aid in the
selection and/or dosing of certain cardiovascu-
lar medications (variable society and regulato-
Ty agency recommendations). It is important
to note that due to variable expressivity and
incomplete penetrance of monogenic CVDs
coupled with substantial background genetic
variation in many monogenic CVD-causative
genes, diagnostic genetic testing should be
viewed as probabilistic rather than binary/
deterministic.”' "'’

As such, the clinical utility of a given
genetic test is highly dependent on the pretest
probability of disease (ie, strength of clinical
phenotype/diagnosis) and  disease-specific
genetic test performance metrics (eg, diag-
nostic yield, signal to noise ratio). In other
words, in patients with weak/nonequivocal
clinical phenotypes, the diagnostic yield of
genetic testing declines, the signal to noise
ratio rises, and the risk of encountering false-
positive results increases exponentially. There-
fore, a “one size fits all” mentality to genetic
testing is ill-advised, and genetic testing
should be undertaken only if considerable sus-
picion for an underlying genetic CVD remains
after a thorough clinical evaluation, including,
but not limited to, a detailed family history,
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