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ABSTRACT

Purpose: The use of Next Generation Sequencing technologies (NGS), such as Whole Genome Sequencing (WGS),
is expected to improve the often complex and protracted course of treatment of patients with epilepsy by provid-
ing an earlier and more accurate diagnosis. As part of the “Personalized medicine in the treatment of epilepsy”
project, which aimed to determine whether WGS could be used as a valuable “diagnostic tool” in
pharmacoresistant epilepsies, we examined parents' expectations, hopes, and concerns upon receiving results re-
lated to their child's epilepsy, comorbidities, resistance to medication, and genetic information on unrelated con-
ditions, and how these results could impact their and their child's life.
Methods: Parents of 32 children participating in the genetic study completed either paper or online question-
naires. A descriptive analysis of responses and comments was conducted regarding parents' experience with
their child's epilepsy, as well as their views on WGS, and expectations and concerns surrounding such test results.
Results: Most respondents had trouble explaining the medical causes of their child's epilepsy (n = 27), and a ma-
jority (n = 26) feared that their child may be treated unjustly because of their epilepsy, although some acknowl-
edged that their child had never actually been treated unjustly (n = 13). A majority of respondents had also
experienced feelings of guilt due to their child's epilepsy (n = 23), and some expected WGS results to have an
impact on those feelings. The anticipation of benefits for their child was the parents’ primary reason to get in-
volved in a genomic research project, closely followed by altruism. A majority expressed strong intentions to re-
ceive as many WGS results as possible, considering that any could be beneficial for them and their child, even
when mutations were not found. Respondents were divided as to how and when to tell their child that they
might have newly discovered predispositions to develop another disease. In proportion, more parents expressed
concerns about sharing unexpected results with their family members compared with sharing results linked to
epilepsy, comorbidities, and pharmacoresistance.
Conclusion: Our results reinforce the importance of having clear guidelines to help parents manage their expec-
tations and better navigate the complexities of receiving and sharing WGS results. Despite the small size of our
sample, we believe that our results are meaningful to clinical practice.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

achieving freedom from seizures), improving overall health, and de-
creasing stigma [4]. This information is consistent with earlier reports

Epilepsy, a common neurological disorder affecting people world-
wide, is characterized by recurrent and unprovoked seizures (http://
www.who.int/mediacentre/factsheets/fs999/en/index.html) [1]. Indi-
viduals with epilepsy have higher rates of hospitalization/consultation
compared with those with several other chronic conditions [2]. In addi-
tion, results of these studies show that epilepsy impacts negatively on
individuals' social interactions, education, and employment [3]. They
highlight the importance of controlling the disease's symptoms (i.e.,
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that largely attribute epilepsy's global burden to patients' social exclu-
sion and stigma [5].

Neurological conditions account for an extensive portion of undiag-
nosed diseases [6]. As for epilepsy, there is a recognized uncertainty and
complexity in its diagnosis. This is observable in the search for more lin-
ear procedures to better identify epilepsy types [7], as well as by the de-
velopment of updated classification systems by the International League
Against Epilepsy and the World Health Organization, reflecting scien-
tific advances in various medical areas, including genetics [8]. Although
epilepsy presents a strong genetic component, typical “monogenic” ep-
ilepsy is rare [9]. The use of Next Generation Sequencing technologies
(NGS), such as Whole Genome Sequencing (WGS) and Whole Exome
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Sequencing (WES), is expected to be a promising path towards a more
accurate diagnosis of neurological conditions, including various types
of epilepsy, and to reduce patients' common treatment odyssey [10].
Next Generation Sequencing technologies are currently allowing the
identification of new genetic susceptibility factors associated with the
disease, in particular, rare Copy Number Variants (CNVs) - deletions
and duplications - which have been shown to be important risk factors
for both generalized and focal epilepsies [11,12].

In 2013, Genome Canada and Génome Québec granted support to a
research project entitled “Personalized medicine in the treatment of epi-
lepsy” (http://www.genomequebec.com/152-en/project/personalized-
medicine-in-the-treatment-of-epilepsy.html) [13]. This project aimed to
determine whether WGS could be used to search for a genetic cause of
pharmacoresistant variants and to better understand the response - or
lack thereof - to medication in both adults and children. Considering
the technological advances in research, we deemed it important to assess
the hopes and concerns of parents of children with epilepsy. We exam-
ined their expectations on receiving or not receiving results revealing
the cause of their child's epilepsy, possible comorbidities, genetic factors
regarding the resistance of their child's seizures to medication, and ge-
netic information on unrelated conditions (incidental findings (IFs)).
Also explored was how parents thought such results would impact their
lives, including that of the child and of the immediate family. The views
of adult participants with pharmacoresistant epilepsy on these matters
will be addressed in a separate publication. This article focuses on parents'
perceptions.

The findings offer insight into the needs of parents whose lives are
affected by a child's epilepsy and could thus, contribute to the develop-
ment and implementation of resources to further assist parents and
children touched by this complex condition.

2. Materials and methods
2.1. Recruitment and data collection

The “Personalized medicine in the treatment of epilepsy” study re-
ferred to in the Introduction section recruited minors and adults with

Table 1
Your experience and concerns surrounding your child's epilepsy.

pharmacoresistant epilepsy. Parents of participating children in the
said project, at Sainte-Justine Hospital in Montreal and British Columbia
Children's Hospital in Vancouver, were invited to complete our ques-
tionnaire once they accepted to participate in the genomic study and
before obtaining any results. The study was approved by the Research
Ethics Board of both institutions.

Forty-three parents of children aged less than 18 years were re-
cruited to participate in the genetic study, and 32 completed our ques-
tionnaire. The latter were handed out by a member of the healthcare
team during a medical visit and were to be taken home and completed
at the respondents' convenience, thereafter to be returned using an
enclosed, prestamped envelope. Seven (7/32) respondents preferred
to answer online and thus, received a link to the website hosting the
questionnaire. Both parents were invited to answer the questions to-
gether or independently. Among respondents, four fathers and 17
mothers from 21 different families answered the questions. In addition,
eleven couples completed the questionnaires together. (Supplementary
Table 1 contains demographic information of respondents).

The questionnaire was available in English and French on paper for-
mat or online using Research Electronic Data Capture (REDCap) hosted
by the Unité de Recherche Clinique Appliquée of Sainte Justine Hospital.
The questionnaires were completed between May 2016 and the end
of March 2017. The time to complete the questionnaire was between
30 and 45 min. The questionnaire contained questions addressing the
following: (1) respondents’ experience in dealing with their child's ep-
ilepsy, (2) knowledge of the cause(s) of that epilepsy, and (3) parent(s)’
decision to allow their child to participate in the research project on the
genetics of epilepsy. Also examined were perceptions and expectations
about (4) results that could explain the cause of the child's epilepsy, (5)
results related to possible comorbid conditions, (6) responses to medi-
cation, and (7) unexpected results. Respondents were presented with a
table summarizing all possible genetic results they might receive, spec-
ifying that all results would be scientifically and clinically validated and
actionable (Supplementary Table 2). Participants were allowed to skip
any question they did not want to answer and were provided with
ample possibilities to add comments and their own thoughts at various
points of the questionnaire. The questionnaire was based on current

1.1. Apart from physicians and other health professionals, who else did you tell that your child has epilepsy? (Check one or more answers)

Most Some None
Family members (parents, grandparents, brothers, sisters, uncles, aunts and cousins) 28 2 1
Friends 21 10 1
Colleagues at work® 20 7
1.2. Your experience with epilepsy
Often A few Never Idon't know/lI am
times not sure
a) Have you ever had problems obtaining access to appropriate healthcare and a medical specialist for your child? 4 12 16 0
b) Have you ever had problems obtaining access to social services that could help you and your child cope with epilepsy? (For 5 12 14 1

instance: financial assistance programs, respite services, school/learning support, other social service support)
c) Have you ever experienced feelings of guilt because of your child's epilepsy? (For instance, some parents feel guilty, believing 6 17 9 0
their child's epilepsy is their fault, or they may think they did something wrong, for example, by not reacting appropriately

before, during, or after their child's seizures)

d) Have you ever had trouble explaining the medical causes of your child's epilepsy? 14 13 1
e) Have you ever feared that people may treat your family members (your other children, your parents, siblings, cousins, 3 7 19 3
nephews, etc.) unjustly because of your child's epilepsy?
f) Have family members ever told you that they had been treated unjustly by others because of your child's epilepsy? 2 3 25 2
g) Have you ever feared that your child may be treated unjustly, because of his/her epilepsy? (For instance, a fear that people 13 13 5 2
may frown at your child; leave him/her out, criticize him/her, or a fear that teachers, future employers, insurance companies,
or other institutions/people may treat him/her differently than other people)
h) Has your child ever been treated unjustly because of his/her epilepsy? 1 12 15 3
i) Have you ever been afraid of being treated unjustly, because of your child's epilepsy? (For instance, a fear that people may 4 10 15 2
frown at you or your child; leave you out, criticize you, or a fear that employers, insurance companies, or other institutions
may treat you differently than other people)
j) Have you ever been treated unjustly because of your child's epilepsy? 3 8 17 4

¢ The question was not applicable to 7 respondents.
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literature about ethical issues surrounding the return of WGS results,
parents' expectations about research endeavors related to the medical
condition of their offspring, and epilepsy [14-28]. A pretest to evaluate
language difficulties and appropriateness of subjects was conducted in
Montreal during 2015. A total of nine participants were recruited for
pretesting the questionnaire, four at St. Justine Hospital and five at the
association Epilepsie Montréal Métropolitain, following approval by St.
Justine Hospital's Research Ethics Board. The results of the pretest
helped optimize the layout of the questionnaire, improve the clarity
and readability of questions, thus diminishing the time required for
completion.

2.2. Data analysis

Research Electronic Data Capture (REDCap) was also used for data
management. Information from the completed questionnaires was
transferred to an Excel database. Descriptive statistics were used to de-
pict sample characteristics. A descriptive analysis of responses and com-
ments was conducted regarding parents' experience with their child's

Box 1
Parents' comments and thoughts on stigma*

Have you ever feared that your child may be treated unjustly,
because of his/her epilepsy? (For instance, a fear that people may
frown at your child; leave him/her out, criticize him/her, or a fear
that teachers, future employers, insurance companies or other
institutions/people may treat him/her differently than other people)
If so, who do you fear could treat your child unjustly and why?

Yes: [by] neighbours, friends, kids, [at] school.

Yes: being refused in sport activities, daycare. School will start
next year.

Yes: we are afraid of [such] situations in the future, although
nothing happened so far.

Yes: [by] schoolmates.

Yes: [by] daycare services, insurance, bank.

Yes: [because] my daughter has a developmental delay because of
spasms.

Yes: | would not like my daughter to be looked at with fear or
aversion in the presence of her sisters; this would make them sad.

Yes: [by] sport team (fear that one will limit his level of activity);
[by] teachers, employers (fear they will mistake his memory
problems with a lower intelligence).

Yes: [fear that people] do not accept his difference, given that he
does not speak and does not understand anymore... he goes into
fits of anger. Fear of the look of others because of [their] lack of
understanding, fear that they actually put him aside because of
fear, lack of resources.

Yes: [by] daycare services (like us, they were not used to deal with
this kind of disease)

Yes: | fear the day my daughter will go to school (fear of rejection,
bullying)

Yes: [in] school settings, [by] friends, friends' parents. Fear they
put him aside, they avoid him

Yes: [fear that] future friends at school put him aside.

Yes: | still fear my child is treated differently because we are living
in a society in which difference is poorly looked upon

Yes: [by the] general public

Yes: [by] classmates at school, teachers' aids, people at church

Yes: In the school, [by] people that are not aware of medical
condition

Sometimes | feel he is not chosen for participating in some
activities because of his illness.

epilepsy, as well as their views on WGS and expectations and concerns
surrounding such test results. The text that appears on the tables, in-
cluding subtitles, contain the exact text presented to participants. Par-
ticipating parents completed the questionnaires alone or together
with the other parent of the child (Supplementary Table 1). We refer
to participants to the present study as “respondents” and/or “parents”
without further discrimination.

3. Results
3.1. Experiences with epilepsy

As shown in Table 1, one respondent in two considered that their ac-
cess to appropriate healthcare and medical specialists for their child, as
well as to social services such as offering respite or school/learning sup-
port, had been problematic. Parents were also asked whether they knew
about the cause(s) of their child's epilepsy: eighteen of them reported
that they were told the cause was unknown. Except for four respon-
dents, all other parents had trouble explaining the medical causes of
their child's epilepsy. At the same time, results provided on Table 1
show that the majority of parents enrolled in this study talked about
their child's health condition to relatives, teachers, most friends, and
work colleagues. Some parents explicitly mentioned that they had
shared this information with other parents, sitters, educators, or health
professionals, such as a dentists or optometrists. A few of them ex-
plained that they did so for safety reasons.

Box 2
Examples of unjust treatment*

Has your child ever been treated unjustly because of his/her
epilepsy? If so, by whom and why?

Yes: [swimming] instructor's refusal, [who] feared [my child]
could drown

Yes: [by] daycare services, insurance

Yes: [by] friend's parents, [who] withdrew their invitation for fear
of epilepsy

Yes: At school, the teacher found him burdensome and the class was
not adapted for him. It was a language course, but [my child] does
not talk and does not understand anymore. His friends put him
aside because he was going into fits of anger or cannot make
himself understood. [Some] take pity on his condition and then give
him more chances, spoil him more, treat him like a baby.

Yes: [at] the school and respite services for ASD [autism spectrum
disorders] [they] refuse to take care of him as long as epilepsy is
not controlled.

Yes: [by] staff in school settings, [my kid] is not allowed to
participate in extracurricular activities if one of the parents is not
accompanying him.

Yes: [by] a family friend [who] tends to shut my son out of
activities, because, according to her, he is not capable

Yes: [by] a woman at [the grocery] because | put my son on the
changing table and she wanted to use it [during a seizure]

Yes: [by] [Name of a cruise company] and [by] a friend's mother
Yes: At school, needed help with homework but very hard to get any
help. Home based daycares all said ‘no space’; drivers license, he
has one, but when we told them that he has epilepsy, they had no
idea what to do, first they said no to the driver's license. Applying

for grants or scholarships for going to post-secondary school,
epilepsy is not enough of an issue; have to prove why it is affecting
him still, lots of running around to prove it. Part time job, he does
not put down epilepsy, he has not had a seizure for over 8 years.

Public staring, assuming she is typical

Mostly his friends do not want him in their group.

* The comments that were originally written in French have been trans-
lated into English for the purposes of the present publication.

* The comments that were originally written in French have been trans-
lated into English for the purposes of the present publication.



I Jaitovich Groisman et al. / Epilepsy & Behavior 90 (2019) 178-190 181

Table 2
Questions about your decision to allow your child to participate in the research project on
the genetics of epilepsy.

What is/are the main reason(s) that led you to consent to your child's N
participation in the research project on the genetics of epilepsy?
(Check one or more answers)

Help develop better treatments for people with epilepsy 24

Help treat my child's epilepsy 23

Help find one or more genetic mutations that cause my child's epilepsy 23

Help better understand epilepsy in general 17

Help decrease the stigma attached to epilepsy (being frowned at, left out, 11
criticized, etc.)

Other reasons? Please specify: 6

- Advancement of science for future generations

- Help other children

- Maybe it could also contribute to treat his developmental delay and
improve his future quality of life

- To be able to be in close contact with experts in the field and let them
evaluate my child

- To do everything on my power to help my child and other children that
suffer from the same disease

- So that siblings can know whether the disease is genetic and they will
decide by themselves whether they will have children in the future

- To help in any way possible, to help other families from suffering

- I want him to be good

A vast majority of the respondents feared that their child might be
treated unjustly because of his/her epilepsy. As shown in Box 1, some
parents explicitly expressed their concerns of seeing their child being
left out of daycare, sport activities, and/or social interactions with class-
mates. Yet, almost half of the parents acknowledged that, despite their
fears, their child had never actually been treated unjustly because of
their epilepsy (Table 1). This leaves an almost equivalent number of par-
ents who reported that their child had already been treated unjustly by
various people, notably by being excluded from various activities and/or
social interactions (see Box 2).

Almost half of the parents had already feared being treated unjustly
themselves because of their child's epilepsy (Table 1). Most of them had
concerns of being treated unfairly by their employer, as a result of the
need to take time from work to take care of their child. Eleven respon-
dents reported having experienced actual unjust treatment at work
(Table 1) (for instance, one employer questioning the rationale behind
work absences) or in their social lives, mainly by people - including
friends - who did not want to witness seizures, who were annoyed by
the child's behavior or by the measures that had to be implemented
for the child's safety.

The majority of respondents had also experienced feelings of guilt
because of their child's epilepsy (Table 1). For instance, some parents
believed that the child's epilepsy was their fault or that they had done
something wrong, for example, by not reacting appropriately before,
during, or after their child's seizures.

Table 3
Results about the cause of your child's epilepsy — a mutation is found.

3.2. Reasons that led parents to agree with their child's participation

Respondents were asked to explain the reasons that led them to
allow their child to participate in the prospective genetic research
study using WGS. Among a list of nonexclusive reasons (Table 2), par-
ents agreed with their child's participation to help develop better treat-
ments for people with epilepsy, to help treat their child's epilepsy, to
help find one or more genetic mutations that caused their child's epi-
lepsy, to help better understand epilepsy in general, or to help decrease
the stigma attached to epilepsy (i.e., being frowned at, left out, criticized,
etc.).

For almost half of the respondents, the use of WGS in the research
protocol did not influence their decision to agree with their child's par-
ticipation. Conversely, nine respondents acknowledged that the use of
WGS had an influence on their decision: most of them explicitly
expressed their hope that WGS could help find the cause(s) of their
child's epilepsy. For instance, some parents were interested in having
their child participate because “until now, no cause - biological, genetic
or metabolic - for my daughter's epilepsy could be found”, “|WGS could]
identify other mutations or problems”, or because “my child did not re-
spond well to medication at the beginning and these tests could help,
anything that can help is welcome”. Lastly, three respondents stated
that the use of WGS made them hesitate to agree about their child's re-
cruitment, because of “fear of having the results whether positive or
negative”, “fear of receiving other results that are not linked with epi-
lepsy”, and “fear for the confidentiality of information”. One respondent
had concerns that their child “did not understand well enough the im-
pact of [his/her] consent”.

3.3. Receiving results about the cause(s) of epilepsy — results showing a
mutation

What would parents think if WGS showed a mutation explaining
their child's epilepsy? As shown in Table 3, the majority of participants
to our study felt this would help them manage their child's situation,
whether to explain the medical causes of the condition to others, to im-
prove treatment, or to plan the future of their child. However, respon-
dents had divided opinions when asked if they would be concerned if
such results could mean that there is no specific treatment for their
child's epilepsy, as shown on Table 3, question e. But, most respondents
did not foresee any concerns sharing such results with their family
members nor did they expect to fear people's reactions about such re-
sults. Among the few that had concerns, one explained they would
find it hard to share this information with their other children and an-
other respondent with other family members. As for the risk that their
child be treated unjustly by others, the majority of participants thought
that a result showing a mutation would not increase this risk.

The impact of such results on the respondents' feelings of guilt was
considered. One out of two expected that they would not feel guilty if

What would you think if the results of your child's Whole Genome Sequencing showed that he/she has a mutation that explains his/her epilepsy?

Yes No Idon't know/I'm not sure

a) Such results could improve my child's treatment 23 0 6
b) Such results could help me get a better access to healthcare and social services for my child 10 7 13
¢) Such results could help me and my child to plan his/her future 23 1 6
d) Such results would make it easier for me to explain to others the medical causes of my child's condition 26 0 4
e) I would be concerned such results could mean that there is no specific treatment for my child's epilepsy 13 12 5
f) I would feel guilty if such results meant that I may have passed on this mutation to my child 6 16 8
g) I would have concerns about deciding when and how to tell my child about such results 7 18 5
h) I would fear people's reactions if I told them about such results 4 23 3
i) I would be concerned such results could increase the risk that my child be treated unjustly by others 4 20 5
j) Such results could make me feel less guilty (For instance, such results could mean that I did nothing wrong to cause my child's epilepsy) 8 15 6
k) I would have concerns about sharing such results with my family members 2 27 1
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Table 4
Results about the cause of your child's epilepsy — no mutation is found.

What would you think if the results of your child's Whole Genome Sequencing showed that he/she has no mutation that explains his/her epilepsy?

Yes No [ don't know/I'm
not sure
a) Just knowing such results would be good, even if they are not useful for my child's treatment 28 0 3
b) I would be relieved to know that researchers could not find such a mutation in my child's genes 13 9 10
c) I would be disappointed because such results would not help explain my child's condition 15 12 5
d) I would still wonder if my child has one or more mutations that researchers could not find 11 13 7
e) I would be concerned such results could mean that there is no specific treatment for my child's epilepsy 17 13 3
f) Such results could make me feel guilty, because if no genetic cause is found, it could lead me to think that I did something 2 26 4
that could explain why my child has epilepsy
g) Such results could make me feel less guilty, because they could mean that [ didn't pass on a mutation to my child 4 20 8
h) I would have concerns about sharing such results with my family members 1 30 1

If yes, why? No comments

such results meant that they may have passed on this mutation to their
child. An almost equal number answered they would feel guilty or they
did not know how they would feel. Parents were also asked whether
such results could make them feel less guilty, as this genetic information
could mean, for instance, that they did nothing wrong to cause their

child's epilepsy. Fifteen parents did not think that such results could
make them feel less guilty, with some stressing that they never thought
they were responsible for their child's condition and thus, had never
had feelings of guilt. The discovery of a mutation that could contribute
to explain epilepsy would have reduced the feelings of guilt of eight

a) Such results could improve my child’s
treatment

b) Such results could help me receive more
attention and better access to healthcare
and social services for my child

C) Such results would make it easier for me
to explain to others why my child’s seizures
have been hard to control

d) I would be concerned such results could
mean that there is no specific treatment for
o . H No

my child’s epilepsy

M Yes

e) | would be concerned such results could
increase the risk that my child be treated
unjustly by others

f) Such results could make me feel less
guilty

9) I would have concerns about sharing
such results with my family members

m | don’t know/ I’'m not sure

Fig. 1. What would you think if the results of your child's Whole Genome Sequencing showed that he/she has a mutation that explains why seizures have been hard to control with

antiepileptic drugs? (Number of respondents by question).
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respondents. For instance, one of them explicitly stated that such results
would confirm she did nothing wrong during her pregnancy. Six partic-
ipants did not know whether finding a mutation that could explain the
cause of epilepsy - and thus, the appearance of this condition is out of
their control as explained on Table 3, point ] - would impact their feel-
ings of guilt.

3.4. Receiving results about the cause(s) of epilepsy — results showing no
mutation

Respondents’ opinions if WGS were to show no mutation are pre-
sented in Table 4. Almost half of the respondents would be relieved to
know that researchers could not find a mutation in their child's genes
while other respondents would not feel relieved or could not predict
their feelings. The vast majority of respondents thought that just know-
ing such a result would be good, even if it was not useful for their child's
treatment, and they would have no concerns about sharing such infor-
mation with family members. Opinions were divided regarding con-
cerns that such results could mean there was no specific treatment for

their child's epilepsy and possible disappointment if results would not
help explain their child's condition (Table 4, questions e and c
respectively).

For most respondents, knowing that no mutation could be found
would not impact their potential feelings of guilt, because if no genetic
cause was found, it could lead them to think that they did something
that would explain why their child had epilepsy. It also appears that
for several respondents, such results would not make them feel less
guilty, even if it meant they did not pass on a mutation to their child.

3.5. Receiving results about response to antiepileptic drugs

We asked participants about their thoughts on possible WGS results
showing their child had a mutation explaining why seizures had been
resistant to antiepileptic drugs. The majority considered that such re-
sults would make it easier for them to explain to others why their child's
seizures had been hard to control (Fig. 1). In addition, they would not
have concerns about sharing such results with family members and
would not be concerned that such results might increase the risk of

a) Just knowing such results would be
good, even if they are not useful for my
child’s treatment

b) I would be relieved to know that
researchers could not find such a
mutation in my child’s genes

c¢) | would be disappointed because such
results would not help explain why my
child’s seizures have been hard to
control

d) | would still wonder if my child has
one or more mutations that researchers
could not find

e) | would be concerned such results
could mean that there is no specific
treatment to treat my child’s epilepsy

f) Such results could make me feel guilty,
because if no genetic cause is found, it
could lead me to think that | did
something that could explain why my
child’s seizures have been hard to
control

g) | would have concerns about sharing
such results with my family members

m | don’t know/ I’'m not sure
M No

H Yes

Fig. 2. What would you think if the results of your child's Whole Genome Sequencing showed that he/she has no mutation that explains why seizures have been hard to control with

antiepileptic drugs? (Number of respondents by question).
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their child being treated unjustly by others. Parents also thought that
such information could improve their child's treatment. For several re-
spondents, it would not alleviate their feelings of guilt. Some parents
were concerned that such results could mean that there was no specific
treatment for their child's epilepsy while this was not a concern for
others. Similarly, parents had divided opinions when it came to deter-
mining whether such results could help them receive more attention
and better access to healthcare and social services for their child.

If the results of the WGS showed that a child had no mutation
explaining why seizures had been drug-resistant, just knowing such re-
sults would be good, even if they were not useful for treatment (Fig. 2).
Still, more than half of respondents would be disappointed because such
results would not help explain why their child's seizures had been hard
to control. Opinions were more divided to the effect that such results
could mean that there was no specific treatment for their child's epi-
lepsy. Some parents would still wonder if their child had one or more
mutations that researchers could not find. About respondents’ relief if
no mutation explaining drug resistance was found, respondents' opin-
ions were equally divided as shown on responses to question b on Fig.
2. Finally, except for one respondent, no one would have concerns
about sharing such results with family members. Absence of mutations
related to drug-resistance would not alleviate respondents’ feelings of
guilt.

3.6. Receiving results related to comorbidities

Most respondents were in favor of receiving results revealing a mu-
tation explaining why their child had a medical condition that some-
times came with epilepsy, such as one causing intellectual difficulties
(Fig. 3). Such results would help them understand their child's condi-
tion, take action in support of their development, or bring better access
to healthcare and social services. For instance, a parent wrote that they
could “better draw a future for [their] daughter as a person with a defi-
ciency and perhaps know the degree of intellectual deficiency she might
have”. Parents also thought that these results would make it easier for
them to explain to others why their child had health problems besides
epilepsy. Except for one respondent who feared that such results
would stress family members even more and/or not be understood,
most parents did not have concerns about sharing such results with
family members, and many did not think that these results could in-
crease the risk that their child be treated unjustly by others.

More than half of respondents would not feel guilty if such results
meant that they may have passed on this mutation to their child. At
the same time, half of them stated that such results would not make
them feel less guilty, because it could mean that their child's intellectual
development may have been partly beyond their control, despite their
efforts. One of the respondents explicitly stated that such results could

a) Such results would help me understand my
child’s condition

b) Such results could be useful to take action
in support of my child’s development

¢) Such results could help me get a better
access to healthcare and social services for
my child

d) Such results would make it easier for me to
explain to people why my child has other
health problems beside of epilepsy

e) | would feel guilty if such results meant
that | may have passed on this mutation to
my child

f) 1 would have concerns about deciding
when and how to tell my child about such
results

9) Such results could increase the risk that my
child be treated unjustly by others

h) Such results could make me feel less guilty,
because they could mean that my child’s
intellectual development may be partly
beyond my control, despite my efforts

i) 1 would have concerns about sharing such
results with my family members

I don’t know / I’'m not sure
H No

M Yes

Fig. 3. Results indicating mutations that explain comorbidities (number of respondents by question).
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ease the pressure on them while other respondents stressed that this in-
formation could help them draw a future for their child, by knowing
more about the level of his/her deficiency.

3.7. Receiving unexpected results

Respondents were presented with a table of all possible results that
could be obtained from a WGS, including IFs. Fig. 4 shows that most par-
ticipants wanted to know about health conditions unrelated to epilepsy,
even for conditions that would be life-threatening and could not be
prevented or treated, or for conditions that would have a negative im-
pact on quality of life and could neither be prevented nor treated.
Many parents, although worried by potential unexpected results, ex-
plicitly stressed that such genetic results could help them better antici-
pate their child's future and plan for measures that could contribute to
their quality of life (see Box 3).

As shown on Fig. 5, the simple fact of knowing any unexpected re-
sults from their child's WGS would be good, even if the scientists are
not sure that the results could be useful for their child's current or future
health. Also, many respondents would not have concerns about being
uselessly worried if they were to receive unexpected results that only
indicated that there was a probability but no certainty that their child
could develop another disease. Indeed, more than half of respondents
wanted to know about their child's risks of developing a disease if it
was known that this disease would only appear late in their adult life.

When asked whether they would have concerns about sharing un-
expected results with family members, in proportion, more parents
expressed concerns about sharing unexpected results with their family
members compared with sharing results linked to epilepsy, comorbidi-
ties, and pharmacoresistance. More than half likewise had no concerns
that unexpected results could increase the risk that their child be
treated unjustly by others. However, respondents were more divided
as to when and how to tell their child that they might develop another
disease as shown on the answers to question c, Fig. 5.

Finally, with the exception of one person, all respondents (n = 31)
wanted to be informed of results showing that their child had a

mutation that might cause adverse reactions to certain medications or
affect the effectiveness of medications that they were not currently tak-
ing, even if it was not known if they would have to take them in the fu-
ture. As shown in Box 4, parents considered that this information could
help in choosing an alternative treatment.

4. Discussion
4.1. Medical well-being of children

Our results show that the anticipation of medical benefits is parents’
primary reason to involve their child in a research project on personal-
ized medicine in the treatment of epilepsy, shortly followed by altruism,
so as to benefit others affected by epilepsy. Whether to help develop
better treatments or find genetic mutations, better understand the con-
dition in general or decrease the stigma attached to epilepsy, these are
all reasons leading parents to agree to their child's participation in
such a research project. The balance between altruism and personal
gain in our respondents is concordant with results from earlier studies
on research participants' motivations to receive information from
WGS [29]. Interestingly, for most parents in our study, the use of WGS
was viewed as an additional tool that motivated parents to have their
child participate, and not a determinant. Only nine respondents said
that it was one of the reasons why they wanted their child to participate.
This does not mean that all parents saw no potential benefit resulting
from their child's WGS, but this was not their primary motivation. Re-
spondents' children were diagnosed with a pharmacoresistant epilepsy
and, as a result, parents had had to cope with many attempts to control
their child's seizures and/or adverse reactions to antiepileptic drugs,
with more or less success, and their quest for answers had been
protracted and complex. In such circumstances, while they all seemed
to understand the general research goals of the project and were
aware of the uncertainty of receiving actionable WGS results, their
hopes in terms of answers and medical benefits for their child's condi-
tion were significant. We believe that parents “actively reframed”
their child's participation in the genomic project “as an opportunity to

a) ...a medical condition that would 2
be life-threatening and could not be 6
prevented or treated?

b) ...a medical condition that would
be life-threatening, but that could be
prevented?

¢) ...a medical condition that would

could not be prevented or treated?

d) ...a medical condition that would
have a negative impact on quality of
life (but not life-threatening) and that
could be prevented?

e) ...a medical condition that would

have a negative impact on quality of 5
life (but not life-threatening) and h 27 ® No

2
not have an important impact on 1
health or quality of life? 27

23

I don’t know / I’'m not sure

HYes

0 5 10

20 25 30 35

Fig. 4. Unexpected results: If you were given the choice to receive results about your child's risk(s) of developing a medical condition that is not associated with epilepsy, would you want to

know about... (Number of respondents by question).
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Box 3
Reasons for choosing the types of unexpected results*

Could you tell us more on your thoughts when choosing the types of unexpected results you would like to know about?

[We want to know about] all results because we never got results or causes [that explain] his/her health status and his/her global
developmental delay. We would have a [better] idea of what to expect in the long term and have [a] prognosis for our future.

We would like to have a better idea of his/her genetic background in order to help us to plan for the future [and] know what to expect.

Everything that can be discovered about our child's health is very important for us, for his/her development or [the] treatments that could help
him/her.

We want to know everything.

Since our son is 8 months old, we've been doing everything to offer him an exceptional quality of life, to allow him [to have] an optimal
development... whatever the unexpected discovery(ies), we will do everything in our power to help our son.

Whatever the unexpected results will show, just knowing about certain realities will lead me to adapt the way | understand my child and to
adapt my interventions

| hope my child has no other diseases

Fear of never knowing why my daughter is sick. Fear that there will never be any treatment to stop the seizures and improve her quality of life.

When you have a sick kid, it comes with its share of surprises... if we could eliminate some of them

Even if the news are not good, we would like to know all the same about his/her condition

We are moderately optimistic people. We believe that getting as much information as possible can only be a benefit. Who knows, with
scientific progress, and the lightning speed of new scientific discoveries, where we will be in the future?

We have thought long and hard on this section [of the questionnaire]. It scared us to receive an unexpected result: it is frightening and very
“anxiogenic”, thus we would not like to know about something that cannot be prevented nor cured... living in anxiety is not enticing.

In my opinion, it is preferable to know about all positive or negative results about our child's current and future health from the very start. This
would allow us to better organize ourselves for our child's current and future quality of life. It is better to have a result — whatever the result

It is important to know in order to plan for his/her future

condition and thus improve his/her quality of life.

ensure our child the best life possible.

—than living in uncertainty and ask oneself everyday what is the cause of the disease and what is the disease that my child has.

For sure, it would be a shock. But my goal is to enjoy as much as possible every moment with my child. If we don't know [a result], there
might be things that we could have missed. But at the same time, | would prefer to think that this will not happen.

Everybody is at risk to develop some diseases in their lives. If these diseases cannot be cured, then it is not needed to know it because this
would too much influence the way we envision the rest of our lives. If we are informed that our child has a medical condition that would
threaten his/her life and that could be treated, | would feel privileged to be able to prevent it. Knowing such information is rare.

If the medical conditions can be prevented or treated, | want to know it so that | can give him the best chance and offer him a better quality of
life. I would feel guilty if he had such conditions, but at least something could be done. | could also have his sister tested and treat her if
needed. On the contrary, | don't want to know about medical conditions that cannot be prevented nor treated. This would cause too many
worries and too much anxiety for me. | would also feel guilty to have given birth to a child with such conditions and | would be afraid that his
sister could have the same conditions. However, because science is progressing, what cannot be treated today could be treated in the
future, so nothing will prevent my child from asking for his results, when he is adult.

[With results] we could plan for a better organisation (environmental, monetary, etc.), so that his/her future could be adapted to his/her

The more information the better. Good or bad we roll with the punches and live each day to the fullest but to be able to watch for things to

Knowing does feel better than not knowing, in that case. In any circumstance. There would be a chance, that if come with hope does the best.

* The comments that were originally written in French have been translated into English for the purposes of the present publication.

enhance [his/her] clinical care” and in particular, to get answers “while
simultaneously acknowledging the general research aims”. Such
expectations may be described as “therapeutic appropriation” by
McDougall and colleagues [30]. In this respect, it is worth noting that re-
spondents had divided opinions when it came to expect whether the
discovery of a mutation that could explain epilepsy or drug resistance
would help them receive more attention and better access to healthcare
and social services for their child. Yet, a majority of them believed that
this would be the case if they got results indicating mutations that ex-
plained comorbidities, such as conditions causing intellectual difficul-
ties, for instance. However, parents' expectations about potential
clinical benefits for their child can also result from incomplete under-
standing of the research scope and goals, in which case, the thoughts
expressed by respondents would not be attributable to therapeutic
appropriation.

As discussed in detail in the next paragraphs, parents participating in
our study understood the types of information that WGS can produce
(about the cause of their child's epilepsy, the resistance of their child's
seizures to antiepileptic drugs, comorbidities linked to epilepsy or,
still, predispositions to other health conditions); and they expressed
strong intentions to receive them all, considering that any result could

be beneficial for them and their child, and agreeing in many cases that
“just knowing would be good”. Our results are in accordance with
those from large longitudinal projects such as ClinSeq, in which the
evaluation of participants' preferences on receiving results from WGS
was one of the goals of the study [31].

Regarding the result of their child's WGS showing a mutation
explaining their epilepsy or resistance to antiepileptic drugs, the vast
majority of parents thought that knowing such a result would be bene-
ficial. For instance, parents saw potential benefits in the management of
their child's condition, whether for improving their child's treatment,
better planning their future, or to make it easier to explain to others
what the medical causes of their child's condition were or why their
child's seizures had been hard to control.

In cases where no mutation explaining epilepsy or drug resistance
was found, parents considered that just knowing such results “would
be good”, even if they were not useful for their child's treatment. Yet,
more or less half of the respondents had concerns that such results
could mean there was no specific treatment for their child's epilepsy
or seizures. Almost half of respondents would be disappointed because
such results would not offer them any answer about their child's
condition.
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a) | do not want to know about my child’s
risks of developing a disease if it is known
that this disease will only appear late in
his/her adult life

b) The simple fact of knowing any
unexpected results of my child’s Whole-
Genome Sequencing would be good,
even if scientists are not sure that the
results could be useful for my child’s
current or future health

C) | would have concerns about deciding
when and how to tell my child that
he/she might develop another disease

d) I have concerns about being uselessly
worried if | receive unexpected results
that only indicate that there is a risk, but
no certainty that my child could develop
another disease (that is not associated
with epilepsy)

€) | am concerned unexpected results
could increase the risk that my child be
treated unjustly by others

f) I would have concerns about sharing
such results with my family members

m | don’t know / I’'m not sure
M Disagree

W Agree

Fig. 5. Do you agree with the following statements about unexpected results? (Number of respondents by question).

A major goal of genetic studies with patients with epilepsy is to ob-
tain a clear diagnosis that could end or altogether avoid multiple, suc-
cessive treatment attempts, clarify prognosis, allow for reproductive
decisions, and lead to better social support [32]. Another equally impor-
tant goal is to identify drug targets, thus, providing a “precision medi-
cine” approach to the treatment of such a complex condition in which
mutations in different genes may cause clinically indistinguishable syn-
dromes while mutations in a single gene can cause a wide range of phe-
notypes [32]. Freedom from seizures impacts patients' overall health
and quality of life from a clinical and social perspective [4]. It comes as
no surprise that while almost all results were seen as welcome by re-
spondents, including information on drug response not linked to epi-
lepsy, not receiving a clear answer as to why seizures were hard to
control, or why their child had epilepsy came as a disappointment or
raised concerns that such results could mean that there was no specific
treatment for their child. In this regard, we deem it necessary to address
such potential fears and feelings while communicating results, as they
are likely not grounded in scientific evidence and could arouse prevent-
able anxiety.

Seizures and intellectual disabilities have already been linked [33],
as were epilepsy with autism and Tourette syndrome, among others
[34]. Receiving results related to comorbidities would also help parents
understand their child's condition and allow them to take action in sup-
port of their development or of a better access to healthcare and social
services. Not surprisingly, parents also thought that these results
would make it easier for them to explain to people why their child
had other health problems, besides epilepsy.

Parents' perceptions on WGS results relating to late-onset diseases
that could affect their child must be underlined. More than half of them
wanted to know about their child's risks of developing such diseases.
Such a stance raises specific ethical issues about children's future auton-
omy [17,18] and is at odds with many current recommendations: for in-
stance, the Consolidated Statement of Principles of the Quebec Network
of Applied Genetic Medicine in its provision 10.3.2 states that “individual
results or incidental findings that have implications for the future health
of a minor should not be returned” [35]. While further research in this
topic with a larger sample size is needed, we believe our results could
be informative to the development, revision, and/or update of guidelines.
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Box 4
General response to medications*

If you were given the choice, would you like to be informed of results
showing that your child has a mutation that might cause adverse
reactions to certain medications or affect the effectiveness of
medications that he/she is not currently taking, even if it is not
known if he/she will have to take them in the future?

This could help in the choice of an alternative treatment, if applicable

Especially since my child does not speak | have this worry

Yes all results are necessary to be known in order to provide the
best care to our child

He did not respond well to a medication at the beginning of his
treatment and it was not funny at all

This would prevent potentially unpleasant or even dangerous
situations

It's always useful to know to avoid aggravating situations

Knowing could protect him from a potentially adverse reaction,
and could guide a physician's treatment choices in the future.

My son went through 18 different meds, plus experimental
medication out of France, none worked to fully control. Knowing
could protect him from a potentially adverse reaction, and could
guide a physician's treatment choices in the future

* The comments that were originally written in French have been trans-
lated into English for the purposes of the present publication.

4.2. Sharing WGS results

Most respondents had no concerns about sharing results revealing a
mutation that could explain their child's epilepsy or pharmacoresistance
with family members nor did they anticipate fearing people’s reactions to
such results. The same was true for results about a mutation explaining
comorbidities, such as intellectual disorders. However, and in proportion,
more parents expressed concerns about sharing unexpected results with
their family members compared with sharing with them the results
linked to epilepsy, comorbidities, and pharmacoresistance. Facio et al. re-
ported that a third of participants in their study on intentions to receive
genetic information from WGS wished to know the results specifically
to inform their children and family members [31]. According to Poduri
et al. [36], while many people affected by epilepsy have no affected rela-
tives, the risk of epilepsy is increased in first-degree relatives of individ-
uals with epilepsy. Thus, sharing genetic information may have
implications for passive participants, that is, family members whose
DNA was not sequenced. In this regard, it has been recommended that fa-
milial implications of sharing genetic information should be made clear
in clinical and research settings before consent to any genetic test com-
mences [37,38].

4.3. Social well-being of children and parents

Living with epilepsy can often be experienced as a lengthy and ardu-
ous obstacle course, due as much to varying degrees of access to
healthcare as to diagnostic difficulties. Thus, parents who have never
had issues explaining the medical causes of their child's epilepsy are
few and far between, in particular, outside the family circle. One in
two parents had difficulties obtaining access to services that could
help them and their child cope with epilepsy, such as financial assis-
tance programs, respite services, school/learning support, or other so-
cial service support. Almost the same proportion mentioned that their
child had been treated unjustly by various individuals because of their
epilepsy, whether at daycare, school, or during holidays, by family
friends or by strangers, in private or public places, and respondents
were even more likely to harbor this fear than to experience unjust
treatment, as some parents stated clearly. Our results are concordant
with Bandstra's description on existing and perceived stigma as two

separate conditions affecting patients with epilepsy, with the latter pos-
sibly more prevalent than the former [20]. The data presented herein
correlate with other studies showing how stigma influences the affected
individual yet also the parents of a child with epilepsy [5,20,39]. Inter-
estingly, sharing WGS results about the cause(s) of their child's epilepsy,
their seizures' response to antiepileptic drugs, related comorbidities, or
unexpected results would not increase the risk that their child be
treated unjustly by others, according to most respondents. Does this re-
sult indicate that parents manifest a high level of resilience and inner
strength, implying that “my child has already been treated unjustly, so
his/her WGS result would not change anything...”? At the same time,
it is worth noting that for a third of respondents, genomic research
could help decrease the stigma attached to epilepsy. Further research
would be required to consolidate such findings.

4.4, Parents' sense of guilt

The results showed that majority of parents had experienced feel-
ings of guilt because of their child's epilepsy. Our results indicate that
the use of diagnostic tools - such as WGS - does not mitigate such feel-
ings. If one parent out of two did not foresee feeling guilty if the result of
their child's WGS showed that they may have passed on this mutation,
an almost equal number would not feel less guilty if the results of their
child's WGS could mean that they did nothing wrong to cause their
child's epilepsy. Even in the case of a WGS showing that their child
had a mutation explaining why seizures had been hard to control with
antiepileptic drugs, two parents out of three expected they would feel
just as guilty.

Similarly, to learn that no mutation could be found would not impact
their potential feelings of guilt for the majority of parents - because if no
genetic cause was to be found, it could lead them to think that they had
somehow caused or contributed to their child's epilepsy - nor make
many of them feel less guilty, even if it could mean that they did not
pass on a mutation to their child. We found that feelings of guilt were
common among parents of a child with epilepsy and should deserve
special attention in order to provide sufficient social support.

5. Limitations

Are our data representative? It is not, at least not in the general, sta-
tistical sense. Because of the number of respondents, we could not dis-
count any bias introduced by equally considering responses that were
originated by couples answering together and those from parents that
responded individually nor we could not control responses that might
be influenced by gender. The main genomic study was originally de-
signed to recruit a higher number of children with pharmacoresistant
epilepsy, and thus, our methodology to explore parents' views would
have likely been different if changes in the genomic project manage-
ment could have been predicted. Nevertheless, we think our results
genuinely describe valid and relevant experiences and issues helpful
to understand the long, difficult, and winding road of parents of a
child living with pharmacoresistant epilepsy. They illustrate various pa-
rental perceptions and thus, yield a good starting point for tailored in-
terventions such as the development of clinical consultations well
suited to the practical requirements and needs of families affected by
epilepsy. It must be noted that since the designing of our questionnaire,
synonyms for the term “incidental findings” have appeared in numer-
ous publications. Throughout this work, we have referred to IFs as ge-
netic information unrelated to epilepsy and/or conditions that are
sometimes diagnosed in conjunction with epilepsy.

6. Conclusion
Sharing WGS results either related to epilepsy, response to medica-

tion, and even comorbidities and unexpected results was not perceived
by respondents as increasing the risk that their children be treated
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unjustly. This is an interesting outcome from our work considering the
stigma attached to epilepsy.

It seems that the use of WGS would not be a tool that could alleviate
parents' feelings of guilt. Parents were more likely to say they felt guilty
than not guilty, whether the results showed they had passed on a muta-
tion to their child or that there was an apparent absence of a genetic
cause.

As it has been shown in other studies, most parents are in favor of re-
ceiving any result, whatever the type. This reinforces the importance of
having clear guidelines to help them navigate the complexities of con-
veying information that will impact the present and future life of nu-
merous individuals simultaneously.

Despite the small size of our sample, we believe that our results
could be meaningful and actionable for practitioners. They constitute
relevant contributions to problem analysis, are suggestive of solutions,
including for those confronted with daily practical challenges, i.e., mak-
ing parents partners in the decision process on the basis of their experi-
ence and feedback. Taking into account the experiences of parents of a
child with epilepsy and engaging them as partners in planning and de-
cision-making can only lead to improved quality of parental and af-
fected child life.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2018.11.020.
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