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Circulation: Genomic and Precision Medicine

PERSPECTIVE

When to Offer Predictive Genetic Testing
to Children at Risk of an Inherited
Arrhythmia or Cardiomyopathy

The Family Perspective

ndividuals found to carry a pathogenic variant for a dominantly inherited arrhyth-  sysan Christian, MSc
Imia or cardiomyopathy have a 50% likelihood of passing the variant on to their  martin Somerville, PhD
children, placing them at increased risk to develop the potentially life-threatening Sherry Taylor, PhD
condition. Cascade predictive genetic testing can assist with early diagnosis and ini-  joseph Atallah, MD
tiation of preventative treatment, protecting individuals from arrhythmic events and
potentially improving cardiac outcome. However, determining the optimal time to
perform predictive genetic testing in children is complex and involves balancing the
ethical principles of beneficence, nonmaleficence, autonomy, and informed consent.
A consensus statement by the Heart Rhythm Society and the European Heart
Rhythm Association recommends offering predictive genetic testing as early as
infancy for children at risk of long QT syndrome (LQTS) because of possible early
onset of the condition and because the result may directly impact medical man-
agement with the initiation of B-blocker therapy." In comparison, North Ameri-
can guidelines do not directly address the issue of predictive genetic testing for
minors at risk of a cardiomyopathy, such as hypertrophic cardiomyopathy (HCM) or
arrhythmogenic right ventricular cardiomyopathy (ARVC). Whereas the European
Society of Cardiology’s position statement and the Australian and New Zealand
guideline recommend deferring predictive genetic testing until after 10 years of
age for these conditions when the likelihood of onset is higher, cardiac screening
is recommended and assent may be possible.?3
We wanted to better understand families’ perspectives about when predictive
genetic testing should be offered to children at risk of LQTS, HCM, or ARVC, as well
as factors that influence their point of view. An invitation to an online survey was
circulated to members of the Sudden Arrhythmia Death Syndrome Foundations in
the United States and Canada, the Hypertrophic Cardiomyopathy Association in the
United States, and the ARVDHeart for Hope Facebook group. A total of 231 indi-
viduals responded to the survey. Characteristics of respondents are shown in Table.

OPTIMAL AGE TO OFFER PREDICTIVE GENETIC TESTING

Families with a genetic diagnosis of LQTS, HCM, or ARVC were asked to indicate
the youngest age at which predictive genetic testing should be offered to children. . o
Ninety-two percent of respondents (n=76/83) reported that testing should be of- IZ? :f;g'szgf”(;xtiffff ':h;hézlatg'rzlfjf h
fered before 5 years of age for children at risk of LQTS (Figure 1). This is consistent  of the American Heart Association.
with published guidelines which recommend testing as early as possible.® Early di- oy words: beneficence
agnosis has the potential to be lifesaving based on variable onset of the condition = cardiomyopathy ® early diagnosis
and initiation of prophylactic p-blocker therapy.* ® genetics ® long QT syndrome

The majority (77%, n=114/148) of respondents reported that predictive genetic ~ © 2018 American Heart Association, Inc.
testing should be offered before 10 years of age for children at risk of HCM or .. ww ahaiournals orgfiournals
ARVC (Figure 1). This is contrary to the European and Australian/New Zealand  circgen
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Table. Characteristics of Respondents

Characteristics (Total No. of Responses) n (%)
Female (n=210) 173 (82)
Age (n=213)
<20y 6(3)
21-30y 25(12)
31-40y 47 (22)
41-50y 70(33)
51-60y 39 (18)
>60y 26 (12)
Diagnosis (n=231)
LQTS 83 (36)
HCM 133 (58)
ARVC 15 (6)
Self-report 201 (87)
Spouse-report 30(13)
Diagnosed <30 y of age (n=226) 108 (48)
Presence of symptoms (n=231) 190 (82)
Biological children (n=230) 183 (80)
Tested children during childhood 111(61)
Country (n=211)
Canada 32 (15)
United States 160 (76)
Other 19 (9)
Education (n=213)
No postsecondary 32 (15)
Postsecondary 181 (85)
Annual net income (n=210)
<$100 000/y 100 (48)
>100 0007y 80 (38)
Prefer not to answer 30 (14)
Family history of SCA (n=212) 133 (63)

ARVC indicates arrhythmogenic right ventricular cardiomyopathy; HCM,
hypertrophic cardiomyopathy; LQTS, long QT syndrome; and SCA, sudden
cardiac arrest.

position statement and guideline which recommend
deferring testing until after 10 years of age.?* Whereas,
these results support the more general American Soci-
ety of Human Genetics guideline which recommends
leaving the decision around predictive genetic testing in
minors to the parents in situations where the risks and
benefits are less clear.”

FACTORS INFLUENCING WHEN TO
OFFER TESTING

A 5-point Likert scale (1=not important, 5=very impor-
tant) was used to assess the importance of 8 factors
in deciding when predictive genetic testing should be
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offered (Figure 2). Regardless of diagnosis, respondents
ranked factors relating to beneficence (clarify cardiac
screening and B-blocker therapy, guiding sport partici-
pation, decreasing worry, and adaptation) higher than
factors relating to nonmaleficence (increasing worry
and risk of discrimination) and autonomy/informed
consent (child assent).

The impact of a positive genetic result on medical
management may empower families to be proactive
and potentially improve the outcome for their child(ren).
The impact on sport participation is less clear. Although
there is a growing body of evidence linking physical
activity with onset and severity of ARVC, the published
guidelines are inconsistent with regard to physical activ-
ity recommendations for phenotype-negative carriers of
a pathogenic variant for LQTS and HCM.®*'® The Euro-
pean Society of Cardiology recommends avoiding high-
intensity competitive sport, whereas the Heart Rhythm
Society indicates that there is insufficient evidence at this
time for restriction. It is unclear if parents would consider
discouraging participation in high-intensity competitive
sport, in the absence of a recommendation of restric-
tion, in an effort to avoid psychological distress relating
to possible later disqualification from sport. A qualita-
tive study interviewing adults who underwent predictive
genetic testing for HCM postulated that the psychologi-
cal impact of testing is linked to risk perception and the
need for behavior change related to the result."

Decreasing worry for children that test negative for a
familial variant had an average rating of importance of
4.3 out of 5 compared with an average score of 2.8 out
of 5 for the possibility of increasing worry for children
that test positive. Two systematic reviews on predictive
genetic testing in minors concluded that, although the
research is limited, testing does not seem to negatively
impact the emotional state, self-perception, or social
well-being of a child.'>'3 In addition, the health-relat-
ed quality of life scores were similar between children
diagnosed with a cardiomyopathy and those at risk of
developing a cardiomyopathy based on family history.™
This suggests that children at risk of a cardiomyopathy
may already be negatively impacted by their family his-
tory and further supports the families’ perception that
the ability of testing to decrease worry is more impor-
tant than the possibility of increasing worry. Additional
evidence is provided by Michie et al'> who found that
predictive genetic testing significantly reduced worry,
anxiety, and distress for children who tested negative
for a familial variant for familial adenomatous polyposis.

Many families acknowledged the risks associated
with insurance discrimination; however, most seem to
feel that the potential benefits of testing outweigh the
risks related to discrimination. Similar concerns were
expressed about employment and insurance discrimina-
tion by a group of adults with or at risk of HCM, how-
ever, the majority still chose to pursue genetic testing.'®
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Figure 1. When to offer predictive genetic testing to children at risk of LQTS, HCM, or ARVC.
ARVC indicates arrhythmogenic right ventricular cardiomyopathy; HCM, hypertrophic cardiomyopathy; LQTS, and long QT syndrome.

Finally, allowing a child to take part in the deci-
sion-making process was given an average rating of
2.5 out of 5. This is consistent with a study by Alder-
fer et al'” which interviewed a group of adolescents
and young adults who underwent predictive genetic

process.

testing during childhood for familial adenomatous
polyposis. Only 1 of the 12 participants interviewed
felt that testing should be deferred until an age at
which a child can take part in the decision-making
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Figure 2. Rating of importance of 8 factors with regard to deciding when to offer predictive genetic testing for a child at risk for LQTS, HCM,

or ARVC.

ARVC indicates arrhythmogenic right ventricular cardiomyopathy; HCM, hypertrophic cardiomyopathy; and LQTS, long QT syndrome.
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Overall, variation was reported for all 8 factors rang-
ing from not important to very important (Figure 2).
Similarly, a qualitative study by Geelen et al'® reported
that families differ with regard to the importance they
place on the potential risks and benefits of predictive
genetic testing, which may result in opposing deci-
sions around uptake of testing or the timing of testing.
Respondents in our study who placed higher impor-
tance on the benefits were significantly more likely to
support offering testing at an earlier age whereas indi-
viduals who place higher importance on the potential
risks were more likely to support testing at an older age
(P<0.05). These findings support a personalized shared
decision-making approach to testing in which the deci-
sion around testing is discussed in the context of a
family’s personal values and perspectives. We feel that
published guidelines should be updated to reflect the
value of offering testing to children at a young age to
allow consideration of the potential benefits and harms
of performing predictive genetic testing at different
points in childhood.
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