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Abstract

Objectives: Arrhythmogenic right ventricular cardiomyopathy caused by a TMEM43 p.S358L mutation is a fully pene-

trant autosomal dominant cause of sudden cardiac death where prophylactic implantable cardioverter defibrillator

therapy significantly reduces mortality by returning lethal cardiac rhythms to normal. This qualitative study assessed

the psychological ramifications of the implantable cardioverter defibrillator on recipients, their spouses and their muta-

tion negative siblings.

Design: Qualitative interview study.

Participants: Twenty-one individuals (nine mutation positive, eight mutation negative and four spouses) from 15 families

completed semi-structured interviews.

Results: No theoretical assumptions about the data were made: inductive sub-coding was accomplished with the

constant comparison method and cohesive themes across all respondent interviews were determined. All interviewees

had a family history of sudden cardiac death and appropriate implantable cardioverter defibrillator therapy in themselves

or family members. Average length of time with an implantable cardioverter defibrillator was 10 years. Major themes

included: (1) acceptance and gratitude, (2) grudging acceptance, (3) psychological effects (on emotional and psychological

well-being; functioning of the broader family unit; and relationships), and (4) practical concerns (on clothes, travel, loss of

driving licence and the effects of an implantable cardioverter defibrillator discharge). These affected all family members,

regardless of mutation status.

Conclusions: Despite the survival advantage of implantable cardioverter defibrillator therapy, the intervention carries

psychological and practical burdens for family members from kindreds manifesting p.S358L TMEM43 ARVC that does not

appear to dissipate with time. A move towards integrating psychology services with the cardiac genetics clinic for the

extended family may provide benefit.
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Introduction

Inherited cardiomyopathies pose psychosocial burdens
for affected individuals and their families.1–4 At-risk
individuals face a range of clinical and psychosocial
issues, including early diagnosis, risks to family
members, restriction of physical or employment activ-
ities, lifelong clinical surveillance, invasive treatment
modalities, and the potential threat of sudden cardiac
death (SCD) or heart failure.2,5

Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is a clinically difficult to diagnose6 single-
gene disorder which can cause SCD due to ventricular
arrhythmias and/or heart failure. For those at high risk
of ARVC-related SCD, the implantable cardioverter
defibrillator (ICD) is an effective therapy,4,7 which car-
dioverts a potentially lethal rhythm back to sinus
rhythm. These ICD discharges may occur with the
patient conscious or following loss of consciousness
and result in the revocation of a driving licence for a
period of six months.8 In Newfoundland and Labrador
(NL), Canada, (also Denmark and Germany9) ARVC
may be caused by a founder mutation in TMEM43
(p.S358L).10 This is a sex-influenced genetic ARVC
subtype, with a median age to death of 41 years in
males compared to 71 years in females.10 This ARVC
subtype is fully penetrant over the life span and is auto-
somal dominant (children of an affected parent are at
50% risk of inheriting the mutation). In the NL
TMEM43 p.S358L population, ICD therapy has sig-
nificantly improved the survival of affected individuals
and is an essential prophylactic (diagnosis based on
positive mutation status alone) first-line treatment for
males.11

A small number of qualitative studies with ARVC
families segregating the TMEM43 p.S358L mutation12

and other cardiomyopathies13–15 highlight general psy-
chosocial burdens for at-risk families. Experiential
knowledge of loss and death was clear,12 while inter-
views with individuals tested for HCM or Long QT
syndrome revealed parents’ concern about their chil-
dren’s futures.13,14 Relatives of young SCD victims in
the Netherlands described ongoing worry and a desire
to prevent a subsequent fatal event in remaining chil-
dren and grandchildren.15

While the ICD may be life-saving, it comes with its
own psychosocial considerations. Psychological and
quality of life (QOL) implications of ICD therapy
have been addressed in older patients with heart disease

who generally cope well with an ICD, although a
subgroup will experience psychological difficulties,
including post traumatic stress.16–18 Younger age at
implant (<50 years) and multiple ICD shocks were
associated with greater distress.18 Young patients mani-
festing genetic heart diseases (including ARVC),
revealed increased levels of depression, anxiety and
posttraumatic stress, and decreased scores on QOL
measures in the short term1,3,19,20 with participants
reporting that their life was not ‘normal’ and for
whom up to a third had lost, or changed jobs following
an ICD.19 In ARVC families, ICD recipients are often
young; they face many years with their ICD, exposing
them to repeated procedures, discharges and life-long
psychosocial burdens,3,4 including body image
issues.3,21

This study details a qualitative analysis of selected
family members from the homogeneous ARVC
TMEM43 p.S358L population to capture the experi-
ences of mutation positive individuals, their mutation
negative siblings and unrelated spouses through the use
of semi-structured interviews. These findings will con-
tribute to evidence-based psychosocial management of
families with highly penetrant malignant mutations
where an effective SCD prevention treatment regimen
exists.

Methods

Sampling and recruitment

The local Health Research Ethics Board approved the
project (HREB 12.053). Participants were recruited
from the provincial cardiac genetics clinic, which
provides care to families affected by heritable cardiac
disease causing SCD (currently �910 individuals).
Referred patients receive genetic counseling, cardiac
testing, molecular genetic analysis and follow-up
clinical management, as do affected family mem-
bers following cascade screening. For patients with
mental health sequalea, referral to psychiatric services
occurs.

Clinical, family and molecular data on families are
stored in a computer database. Mutation-specific data
sets for autosomal dominant cardiac conditions include
all persons born at a 50% a priori risk in families. For
this study, the mutation-specific dataset for individuals
from families affected by ARVC caused by TMEM43
p.S358L was utilised.
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We accessed the first 15 (of 26) families.10 Families
recently diagnosed were excluded as we did not want to
cause additional distress upon diagnosis and less time
had passed to observe and experience potential impacts
of ICD therapy. From these, 292 individuals were eli-
gible for this study (alive, between the ages of 15 and 70
years and living in Newfoundland). The focus was the
psychosocial burden associated with ICD therapy on
all family members. One author (KAH) identified indi-
viduals through purposive sampling to represent a
broad range of experience with ARVC (mutation posi-
tive, mutation negative, and spouses/partners).22 Five
to six individuals from each group were randomly
chosen and invited to participate. Purposive sampling
is a hallmark of qualitative research to ensure a broad
representation of participant experience and to avoid
the overrepresentation of any one group’s views23–25

(e.g. carriers). Study invitations were sent to 73 individ-
uals who could contact the investigators. Clinical and
demographic information was obtained from family
pedigrees and the TMEM43 database. The length of
time with an ICD and the number of ICD discharges
were captured: discharges were categorised as appropri-
ate (the termination of a malignant rhythm) or inappro-
priate (e.g. a raised normal heart rate).

The interviews

In person interviews occurred with 21 individuals, with
a minority (n¼ 3) by phone. A trained interviewer (CS)
completed semi-structured interviews (questions were
not ordered, and participants were encouraged to
raise additional issues) outside of clinic appointments;
these lasted about an hour, were recorded and tran-
scribed verbatim. ICD recipients were asked directly
about their experiences with the device. This was part
of a larger sub-study on ARVC (due to TMEM43
p.S358L) related psychosocial effects. Interviews cov-
ered family experiences of SCD, genetic testing deci-
sions,22 and the impact of ARVC on psychological
well-being, behaviour, and economics.5 Initial
questions were drafted by HE and input from team
members resulted in minor changes.

Data analysis

Qualitative description23 was used to summarise the ICD
therapy data. No philosophical or theoretical assump-
tions about the data were made. Data were presented in
the language of participants. Transcripts were read sev-
eral times by HE to identify emerging themes. When
possible, interviews proceeded until data saturation
was reached (the point at which no new ideas emerged).
Interview data pertaining to the ICD were isolated and
used to identify categories for the current analysis.

Two investigators (HE, KAH,) independently read
the ICD data. Inductive sub coding was accomplished
with the method of constant comparison24,25 (data were
compared between and within transcripts). Investigators
independently identified categories and themes, and
agreement on the basic ideas was high.

Results

Twenty-one individuals completed an interview (five
males). Non-responders included those with heart
transplants and those who declined genetic testing.
Detailed clinical and demographic information is pro-
vided in Table 1. All participants had a history of SCD
in their families. Of the 17 family participants, eight
had an ICD for an average duration of 10.25 years.
All ICDs were provided for prophylaxis. Life saving
discharges occurred in 63% (n¼ 5) of ICD recipients,
the remainder had relatives whose lives had been saved.
Of the individuals negative for the p.S358L TMEM43
mutation, 88% (n¼ 7) had experience of appropriate
ICD therapy in relatives, as did 75% (n¼ 3) spouses.
Mean age of participants was 46 years (SD¼ 15) and all
participants (except the adolescents) were married with
children. Quantitative data were not collected on mean
incomes; however, the experience of investigators sug-
gests that all participants are from middle-income
families.

Thematic analysis

Respondents noted several psychosocial issues
related to the ICD. Four major themes emerged:
(1) acceptance and gratitude, (2) grudging acceptance,
(3) psychological effects, and (4) practical concerns.
Psychological and practical effects were not confined
to ICD recipients, and the effects were not independent.
Supportive quotations for each theme are presented.
The unabridged data (all quotations) are given in
Supplemental Table 2.

Acceptance and gratitude

Across all groups, it was clear that the survival bene-
fit of the ICD was understood, particularly for
families where young people had died, and for
those who recognised that a loved one was alive
because of their ICD. This was apparent from spou-
sal accounts, with partners who would have died in
the absence of their device.

The research has done so much. . .it has given people
an opportunity. . .it has saved two of my relatives at least
twice. (Negative female)

The ICD was the life saver. . .my husband otherwise
would have been dead at 27. (Female spouse)

Etchegary et al. 3
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Grudging acceptance

Despite the acknowledgment of the survival benefit of
the ICD (it was commonly described as ‘‘a safety net,’’
‘‘an insurance policy,’’ or ‘‘a security blanket’’), accept-
ing the ICD took time. The saved life of a sibling was
the impetus required for one female to accept an ICD,
but a sense of resignation remained.

You learn to live with it, but it took a long time to
come to terms with it. (Positive female)

Psychological impact

These effects were related to: (a) emotional and psycho-
logical well-being; (b) functioning of the broader family
unit; and (c) romantic and social relationships.

Emotional and psychological well-being

Mutation carriers described a variety of negative emo-
tional impacts ranging from constant awareness of the
ICD to the presence of recurring intrusive thoughts.
These issues affected partners in a similar way.
Mental health sequalae (anxiety, depression, and fear)
were present in all respondent groups.

I ended up on an anti-depressant.. . . I can feel my
pacemaker kicking in. . . you’re constantly reminded.
(Positive female)

I used to sit up at night and watch him breathe. . . it
brought on severe anxiety and panic attacks, so I’m on
medication for that. (Female spouse)

Functioning of the broader family unit

All accounts (particularly spouses) highlight a range of
negative emotions such as fear and guilt (including sur-
vivor guilt). Psychological effects on children are illu-
strated by a spouse describing the effect on her young
offspring, and from a negative adult female recalling
‘scary’ childhood experiences.

I knew I should have been happy [about testing nega-
tive], but I wasn’t. (Negative Female)

I still feel guilty because I was given a second chance
and [name] wasn’t. (Positive female)

Relationships

Marriages were affected, ranging from dealing with
anger, to how to talk to children about the family
risk, and the nature of the romantic relationship. The
resulting burden on the unaffected spouse was upsetting
for some, while dating issues were problematic for
younger respondents. Adolescents described disquiet
over views held by friends and teachers, and spouses
detailed the nervousness of friends following an ICD
discharge or the secrecy that some participants felt theT
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need to maintain, leading to issues of isolation. Social
relationships with friends and co-workers were affected.

His friends are a bit nervous around him. (Female
spouse)

Teachers seem to be quite negative about this kind of
stuff. (Positive male)

Practical concerns

Practical considerations ranged from clothing choices
(reflecting the position of the scar and their ICD
‘bump’), travel choices (the availability of appropriate
medical facilities and cell phone reception), the ability
to continue driving and social and recreational activ-
ities (continuing to play a loved sport). The loss of a
driving license was the most difficult for those with an
ICD, a loss particularly inconvenient for the many ICD
recipients and their families living in rural areas of
Newfoundland and Labrador (the majority of this
cohort). Respondents noted how their families’ (and
their own) social lives were affected. Practical consider-
ations included the physical effects of an ICD discharge
and the stress of potential loss of consciousness.

. . .after my defibrillator went off, I didn’t want to go
anywhere. (Positive Male)

He won’t go anywhere without cell phone recep-
tion. . ..(or). . .. unless he researches medical facilities. . ..
(Female Spouse)

Discussion

This study found numerous psychosocial burdens asso-
ciated with ICD therapy in families affected by ARVC
caused by a homogeneous p.S358L mutation in
TMEM43. Whether there are major differences between
the heritable cardiomyopathies with a risk of SCD (e.g.
ARVC, DCM and HCM) in the type and severity of
psychological effects is not known. As the natural his-
tory varies between diseases (and between different
mutations causing the same disease), the same might
be true for psychological issues. This study population
differs in several respects from previous studies on dif-
ferent heritable diseases or on genetically heterogeneous
groups of ARVC individuals. Here the families are large;
the disease-causing mutation is fully penetrant (and both
necessary and sufficient to cause disease), untreated dis-
ease results in early SCD; extended family history docu-
ments multiple young SCDs, most individuals have
direct experience of young deaths and the provincial
effort to ascertain all at-risk individuals has resulted in
effective management and treatment leading to signifi-
cant improvements in survival, especially for individuals
provided with an ICD for prophylaxis.11

In several inherited cardiomyopathies requiring an
ICD, higher rates of depression and lower QOL

scores have been reported compared to individuals
with ICDs for ischemic or valvular disease.26 Our nar-
ratives suggest similar effects and underline the context
of uncertainty and fear in families affected by heritable
cardiomyopathies.13–15

ICD therapy is lived within this broader familial
context. Most of our participants were younger and
their accounts revealed multiple areas of burden as in
previous research.1,3,19,20 A majority of ICD recipients
had experienced life-saving therapy and those with no
discharges had close relatives whose lives had been
saved. Participants who experienced multiple shocks
recounted high levels of psychosocial burden.
Practical concerns were manifest. The loss of a driving
licence following an ICD discharge was a recurring and
upsetting theme. Additional worries, relating to cloth-
ing choices, holiday destinations, and sporting activities
(previously enjoyed without burden), were enunciated.
Romantic and social relationships were affected and
may be key factors contributing to elevated anxiety
and distress in these families. For those shown to be
negative for the mutation, survivor guilt was present.27

These practical issues may help explain contradict-
ory quantitative findings. Reduced QOL in young
adults with an ICD for the prevention of SCD that
returned to normal levels after one year has been
reported.19 Our participants had their ICDs for an
average duration of 10 years and although this study
was not designed to address quality of life using vali-
dated scales, the rich narratives reflect ongoing issues
many years post ICD surgery. These issues have clinical
relevance, as anticipatory guidance regarding practical
and psychological sequalea may be a needed compo-
nent of pre-implantation counselling: assuring individ-
uals that psychosocial issues are common may lessen
some of the post-implantation distress.

Physicians focus on clinical issues during the consent
process for ICD therapy, giving less consideration to
psychosocial, economic or advance care aspects of
living with a device.28 The severity of this genetic sub-
type of ARVC lends urgency to treatment as family
history shows that for many, their first clinical symp-
tom was their last,29 so it is less surprising that issues
other than the SCD risk have been afforded a lower
priority. However, ICD therapy is often situated in
the context of a family coping with multiple affected
family members, the fear of SCD, feelings of guilt
and associated psychological sequalea. These issues
point to the need for pre- and post-ICD implantation
psychological support for these families. Specialised
cardiac genetic clinics have been associated with
improved well-being of patients affected by hyper-
trophic cardiomyopathy,30 and we are encouraged
that the respondents recognised the benefit of early
diagnosis and treatment in the saving of young lives,
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a sentiment of acceptance and gratitude that crossed all
groups. However, the recognition of psychological
issues in family members and partners makes it impera-
tive that the physical life-saving benefits are followed by
acknowledgment of, and evidence-informed care for,
the psychological burdens reflected herein. These data
highlight the many psychological and practical burdens
for patients and family members. The effects appear not
to dissipate with time, likely reflecting the progressive
and lethal nature of this ARVC genetic subtype. It is
likely that broader education about the burdens experi-
enced by this patient population (with a focus on the
extended family), and a move towards integrating
psychology services with the cardiac genetics clinic
will provide benefit. That the majority of this popula-
tion resides rurally makes the provision of this type of
care difficult, but no less relevant.

Limitations

This is a small group of individuals that limits the
generalisability of results. We did not reach data sat-
uration with the groups, particularly carriers who had
multiple vs. no discharges or with adolescents living
with an ICD. We were unable to recruit those who
declined testing (a small group given the severity of
the disease) and those who had progressed to heart
transplant. We had more female than male respond-
ents (who are more difficult to recruit given that
many work off shore, in another province or in the
fishery). We also chose not to approach families
that had known about their disease for a short
time. All participants had undergone genetic testing
so they may have specific perceptions that cannot be
generalised. However, the narratives are rich, and the
themes outlined are repeated across respondent
groups. We also note that these data provide the
foundation for quantitative study of the psychological
impacts of ICD therapy. Future research of the team
includes a survey study to measure depression, anx-
iety and post-traumatic stress across carriers, non-car-
riers and spouses using validated psychosocial
instruments.

Future research

Many questions remain to be answered. We need to
address (i) how psychological effects change across
the lifespan, (ii) the experience of severe disease in
close relatives (e.g. cardiac transplantation), (iii) the
magnitude of diagnosable mental illness and (iv)
which aspects of the psychological burdens seen are
related to (a) genetics, (b) the disease process and (c)
the treatment.
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