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for Pediatric Drug-Resistant Epilepsy:
Physician Perspectives
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Abstract
This qualitative study investigated factors that guide physicians’ choices for minimally invasive and neuromodulatory interventions
as alternatives to conventional surgery or medical management for pediatric drug-resistant epilepsy. North American physicians
were recruited to one of 4 focus groups at national conferences. Discussions were analyzed using qualitative content analysis. A
pragmatic neuroethics framework was applied to interpret results. Discussions revealed 2 major thematic branches: (1) clinical
decision making and (2) ethical considerations. Under clinical decision making, physicians emphasized scientific evidence and
patient candidacy when assessing neurotechnologies for patients. Ongoing seizures without intervention was important for safety
and neurodevelopment. Under ethical considerations, resource allocation, among other financial considerations for technology
adoption, were considerable sources of pressure on decision making. Access to neurotechnology was a salient theme differ-
entiating Canadian and American contexts. When assessing novel neurotechnological interventions for pediatric drug-resistant
epilepsy, physicians balance clinical and ethical factors to guide decision making and best practice.

Keywords
epilepsy, ethics, neurosurgery, pediatric, treatment

Received July 10, 2020. Received revised September 22, 2020. Accepted for publication September 25, 2020.

Background

The risks associated with ongoing seizures are an everyday reality

for children with drug resistant epilepsy.1-3 Resective epilepsy

surgery can be an effective treatment in carefully selected indi-

viduals, and results in seizure freedom in up to 70% of

well-selected cases.4 However, not all children are candidates for

surgery, and the degree of associated invasiveness has prompted

the search for alternative neurotechnological solutions (Table 1).

As of July 2019, there were 32 registered neurotechnology

clinical trials for epilepsy that included pediatric participants,5

with vagus nerve stimulation accounting for the majority of

neurotechnological interventions. Few trials focus on children.

The ethical magnitude of weighing the benefits and risks of

emerging neurotechnological treatments for children whose

brains and bodies are still developing is further compounded

by the limited rigor by which many are first tested in adults,

limited randomized controlled trials, and promotion of them by

device manufacturers.6

For various areas of biomedicine, neuroethics has been used

as a lens from which to understand the decision-making values,

priorities, needs, and other key factors relevant to diverse sta-

keholders. For example, in a series of qualitative studies on
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stem cells, areas of misalignment were identified between indi-

viduals with spinal cord injuries and health care providers in

the target timing of clinical trials,7 definitions of risk,8 and

trust.9 In the realm of novel neurotechnology, results of a

first-in-human brain-computer interface trial on adults with

epilepsy revealed a complicated tension between the transfor-

mative sense of autonomy afforded by the device and feelings

of self-estrangement.10 The nature of these diverse personal

elements is important to consider during the course of treat-

ment, as they have profound implications for defining the nec-

essary factors for patient preparedness and choice.

Very little is known about how clinicians treating children

with drug-resistant epilepsy make decisions regarding the

adoption of novel interventions and what factors or attributes

come into play when deciding whether to recommend a novel

neurotechnological intervention that may not have yet been

studied rigorously.

Building on and complementing work in other areas of bio-

medicine, the present study investigated factors that guide clin-

ician choices for the adoption of novel neurotechnologies to

treat pediatric drug-resistant epilepsy. We consider procedural

trade-offs, values, and concerns essential to decision making

and communication to patients and families in this effort.

Materials and Methods

Design

This study is based on focus groups with pediatric epileptologists and

pediatric neurosurgeons in Canada and the United States who care for

children with drug-resistant epilepsy. We recruited physicians attend-

ing national conferences using both purposive and convenience sam-

pling methods to a pre-set (time and date) focus group by email.

Recruitment began 30 days prior to the date of the meeting, and with

announcements and posting at the conferences where the focus groups

took place. Physicians who voluntarily disclosed a financial relation-

ship with a neurotechnology company that manufactures a product

used for epilepsy surgery were excluded from participation. Consent

was obtained via email correspondence. Physicians originated from

various provinces and states, but participated in their country-specific

focus group. Although demarcation was not perfect, 2 groups were

predominantly or exclusively Canadian physicians and 2 groups were

predominantly or exclusively American physicians. We used SRQR

reporting guidelines.11

Setting

Four 60-minute-long focus groups were held at 3 national conferences.

Two groups were held at the 2018 meeting of the American Epilepsy

Society (AES): one for physicians practicing in Canada and another

for physicians practicing in the United States. The other 2 groups were

held at the 2019 meetings of the American Society for Pediatric Neu-

rosurgery (ASPN) and the Canadian Pediatric Neurosurgery Study

Group (CPNSG). Focus groups were led by the principal investigator

or co–principal investigator and supported by a senior researcher and/

or research assistant responsible for taking field notes. We collected

background information about participants, subspecialty, place of and

time since training, estimated number of patients treated with neuro-

technologies, and familiarity with various neurotechnologies.

Data Analysis

The discussions were audio-recorded, transcribed verbatim, and made

software ready for management in NVivo (QSR 11). We applied qua-

litative content analysis methods to derive major and minor themes in

the discourse.12,13 Two researchers (V.H. and F.U.) read the transcripts

to gain familiarity and open-coded them independently line-by-line to

identify salient themes. The unit of analysis for the focus groups was

the group, not individuals.14 Rather than attributing topics to individ-

uals, topic trends were mapped to their dominance in the group dis-

cussions and compared across groups. Fifteen percent of the transcripts

were co-coded to test for interrater reliability. Discrepancies were

discussed until there was consensus. Additional themes were incorpo-

rated into the codebook as they emerged through inductive and deduc-

tive analysis of the transcripts. Quotes are used here to illustrate salient

thematic points. Ellipses have been applied for clarity and readability.

Results were visualized quantitatively into a pedigree structure:

major thematic branches (topmost level), major themes, and minor

themes. Major themes constituted the top 50% most frequently coded

topics in each thematic branch, and were the primary themes of ana-

lytic focus. The label of minor is not intended to represent importance,

only relative quantitative status. Minor themes were identified as add-

ing qualitative depth or insight.

Results

Features of the Focus Groups

Twenty-seven percent of the 33 focus group participants iden-

tified as women (Table 2). Median age was 46 years; range was

35 years.

Table 1. Neurotechnologies Used to Treat Drug Resistant Epilepsy (DRE).

Neurotechnology
Mechanism of action/
target

First use in
epilepsy Approval status for epilepsy

Deep brain stimulation (DBS) Neuromodulatory 1976 Off-label use
Stereotactic radiosurgery (SRS) Ablative 1982 Off-label use
Vagus nerve stimulation (VNS) Neuromodulatory 1988 US FDA and Health Canada

approved
Responsive neurostimulation (RNS) Neuromodulatory 2005 FDA approved in adults
Transcranial direct current stimulation (tDCS) Neuromodulatory 2006 Off label use
Magnetic resonance-guided laser interstitial thermal therapy

(MRgLITT)
Ablative 2012 US FDA and Health Canada

approved
Magnetic resonance-guided focused ultrasound (MRgFU) Ablative 2020 Off-label use
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Physicians self-reported the highest level of familiarity with

vagus nerve stimulation and stereoelectroencephalography

(sEEG) (Table 3). Across focus groups, Canadian groups (AES,

CAD, and CPNSG) reported overall less familiarity with neu-

rotechnology compared with American groups (AES, US, and

ASPN) prima facie.

The mean estimated number of patients treated by physi-

cians was self-reported to be highest for vagus nerve stimula-

tion (total mean ¼ 14) (Table 4). Similar to the pattern in

Table 3, Canadian focus groups reported fewer patients treated

with neurotechnologies compared with American groups.

Table 2 provides a summary of the reported demographics

of respondents.

Themes

A Cohen kappa of 80% was achieved in the analysis of tran-

script coding indicating high intercoder reliability. Focus group

analysis revealed 2 major thematic branches: clinical decision

making and ethical considerations (Figure 1). Choice and

patient candidacy were major themes under clinical decision

making; external pressures were under ethical considerations

(Figure 2).

Clinical Decision Making

Choice encompasses the scientific, conceptual, and practical evi-

dence that physicians use to choose between novel neurotechno-

logical and conventional treatments for pediatric drug-resistant

epilepsy. A key subtheme was evidence used to scientifically

establish the safety and efficacy of neurotechnological treat-

ments. This entailed the instrumental role of evidence to justify

technology adoption and use. Physicians across all focus groups

expressed concerns over a fundamental need for more evidence

and better standard practices for these devices:

We have no guidelines. I don’t know how to use this technology. I

don’t even know what the true risks are . . . the numbers are so

small. You don’t really know what’s going on at other centres.

(ASPN, American)

Given the reported insufficiency of evidence, observing or

working alongside adult epilepsy research groups who are test-

ing neurotechnologies was deemed a valuable and much-

needed resource for information:

There is a lot of influence from my adult epilepsy group. . . . They

typically acquire the resources sooner than us [pediatric epileptol-

ogists] and that gives us the flexibility to start seeing the results in

the level of comfort and support, and then we acquire the same

techniques and we work together on that. (AES, Canadian)

Evidence of effectiveness was predominantly discussed in

the context of seizure reduction, with the goal of seizure free-

dom. The general consensus was that neuromodulatory inter-

ventions, such as responsive neurostimulation or vagus nerve

stimulation, are currently partial therapies and are unlikely to

provide complete seizure freedom.

Physicians noted that neuromodulatory technologies may

offer advantages other than the potential for seizure reduction.

These disparate advantages include reducing polypharmacy,

improving mood or quality of life, restoring a sense of agency,

or simply providing another option for patients unresponsive to

other treatments. Individually, each of these advantages were

discussed to a much lesser extent compared with seizure reduc-

tion, emphasizing the importance clinicians place on seizure

reduction as the primary goal of intervention.

Summarizing the uncertainty surrounding the introduction

of these new devices alongside conventional surgeries with a

strong, evidence-based history of success and standardized

practices, one participant stated:

At what point do I give up the procedure that I know works in my

hands, to try something different? How do I convey that uncer-

tainty to the family? And I don’t know the answer to that. . . . When

should I not do a temporal lobectomy or amygdalohippocampect-

omy and favour another one of these technologies? How much data

do I need? How much experience do I need before I can offer that

reliably to families? (ASPN, American)

Criteria for patient candidacy included the appropriateness

of a novel neurotechnological intervention based on a patient’s

personal and familial disposition, and the individual, medically

relevant aspects of a patient’s epilepsy. Physicians agreed that

the foundation of successful patient outcomes was contingent

on carefully selecting the right candidate for an intervention.

Physicians noted the importance of careful screening and early

communication about the options appropriate for them. One

participant stated that too few people are properly screened for

the surgery they need.

The inherent differences between adults and children were

discussed as fundamental to patient candidacy. When transi-

tioning a technology from adult to pediatric populations, safety

Table 2. Composition of Focus Groups (N¼33).a

Gender
Female 9
Male 18
Unreported 6

Age, y
Median 46
Range 35

Type of practice
Academic 1
Private 1
Public 23
Private/public 4
Unreported 4

Years in practice
Median 8
Range 37

aFour participants did not complete the demographic questions.
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and tolerability of the device and the procedure were important

considerations:

We always have to think about developmental trajectories, not just

whether somebody’s here and then they have a deficit. (AES,

American)

Disposition—the preferences, values, adherence, and will-

ingness of parents and the patient—was a key sub-theme of

patient candidacy. On parent disposition, expectation manage-

ment and the manner of information presentation were report-

edly essential to the decision-making process, as the authority

ultimately rests with them:

It’s different for every family too because you really have to be

good at gauging what their level of understanding is . . . you do a lot

of sort of real time adjustment to how you say things. I think that’s

part of the art of being a child neurologist in general . . . to clearly

and simply explain the different technologies and then very simply

say, “This is what I recommend because x, y, z.” (AES, American)

Some physicians noted that parents tend to prefer less inva-

sive procedures such as laser interstitial thermal therapy

(LITT), even if the intervention of interest was not necessarily

suitable for their child. However, the existence of the technol-

ogy created opportunities for discussion by getting individuals

“in the door” both in general and in conversation about specific

technologies. This condition was sometimes challenged by

families with preconceptions toward new devices and who had

had prior encounters with medical device representatives.15

Although parents are the final decision makers, physicians also

prioritized the disposition of patients and confirmation of their

assent.

Another important factor was the compatibility of a neuro-

technology for the family lifestyle or dynamic. High mainte-

nance responsive neurostimulation, requiring daily and weekly

upkeep, was not perceived as suitable for all families.

The type of intervention was a minor theme under clinical

decision making. Physicians identified different interventions

based on type (ie, neuromodulatory versus ablative) and their

perceived medical benefits and risks. A key risk considered by

Table 3. Mean Self-Reported Familiarity With Neurotechnology in Each Focus Group (Low Rank 1 to High Rank 3).

Mean Familiarity With Technology

AES (CAD) CPNSG AES (US) ASPN OVERALL

Neuromodulatory
Vagus nerve stimulation (VNS) 2.1 2.7 2.9 2.8 2.6
Responsive neurostimulation (RNS) 1.1 1.3 2.2 1.8 1.6
Transcranial direct current stimulation (tDCS) 1.1 1.0 1.7 1.2 1.2
Deep brain stimulation (DBS) 1.0 1.9 1.4 1.3 1.4

Ablative
Magnetic resonance-guided laser interstitial thermal therapy (MRgLITT) 1.1 2.0 1.7 2.2 1.7
Stereotactic radiosurgery (SRS) 1.1 2.1 1.4 1.3 1.5
Magnetic resonance-guided focused ultrasound (MRgFU) 1.1 1.3 1.2 1.0 1.1

Diagnostic
Stereo-electroencephalography (sEEG) 1.7 2.0 2.5 2.4 2.1

Abbreviations: AES, American Epilepsy Society; ASPN, American Society for Pediatric Neurosurgery; CPNSG, Canadian Pediatric Neurosurgery Study Group.

Table 4. Mean Estimated Numbers of Patients Treated With Neurotechnologies in Each Focus Group.a

Mean Estimated Patients Treated With Technology

AES (CAD) CPNSG AES (US) ASPN Overall

Neuromodulatory
Vagus nerve stimulation (VNS) 6 4 20 26 14
Responsive neurostimulation (RNS) 1 0 2 6 2
Transcranial direct current stimulation (tDCS) 0 0 1 3 1
Deep brain stimulation (DBS) 0 3 1 0 1

Ablative
Stereotactic radiosurgery (SRS) 0 43 1 0 11
Magnetic resonance-guided laser interstitial thermal therapy (MRgLITT) 1 1 3 5 2
Magnetic resonance-guided focused ultrasound (MRgFU) 0 0 3 0 1

Diagnostic
Stereo-electroencephalography (sEEG) 4 6 10 8 7

Abbreviations: AES, American Epilepsy Society; ASPN, American Society for Pediatric Neurosurgery; CPNSG, Canadian Pediatric Neurosurgery Study Group.
aThe inflated disproportionately high mean for stereotactic radiosurgery is attributable to a single individual in the CPNSG focus group.
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physicians was the risk of ongoing seizures without surgery,

particularly sudden unexpected death in epilepsy (SUDEP),

irrespective of novel or conventional approaches. Participants

perceived that parents sometimes do not fully appreciate this

risk. Nonetheless, opting to do nothing or to maintain an inef-

fective treatment regime is a decision unto itself.

Ethical Considerations

Ethical considerations impact the decision-making process

when choosing to acquire and utilize novel neurotechnologies,

and are assessed by physicians through an evaluative and moral

lens. One ethical consideration dominant in the discussion was

external pressure on providers, and the major subtheme of

financial considerations. This included the costs to acquire and

maintain the technologies, which were noted many times in

every group to be very expensive, sometimes to the point of

being unmanageable. One physician weighed cost with

effectiveness:

They’re expensive technologies and they don’t cure, they’re not

curing patients and half the patients don’t even benefit . . . so it’s

the cost-benefit, it’s not great. (CPNSG, Canadian)

Even with the earlier reported need for testing and standar-

dization of novel treatments for pediatric drug-resistant epi-

lepsy, physicians described how other factors are still

required to justify need and offset the financial burden of these

technologies. These factors include a number of the themes

already discussed (eg, evidence) and additional themes: the

receptiveness of the hospital administration toward innovation,

pressure from parents (ie, public demand), competition for

funding and patients, and pressure from medical device repre-

sentatives,15 or the physicians themselves to bring in and keep

the technology. Such pressures shape the standard of care:

The reason that we got VNS in [Canadian city] was because of

parental pressure on the government to pay for it. (AES, Canadian)

This statement introduces the divergence in the nature of the

reported financial considerations between Canadian and Amer-

ican physicians, demonstrably based on single-payer and multi-

payer health care systems. Physicians in the USA discussed

insurance approval; in Canada, physicians mentioned alloca-

tion of government funding and the utility of curating evidence

for technology acquisition:

We’ll always [be] behind the US in having the access to the tech-

nology and so it gives us time to let the evidence accumulate, let

our neurosurgeons speak to their buddies and understand the prac-

tical experiences and then have that influence our decision,

because we only get to choose one toy instead of three toys. (AES,

Canadian)

Access was an important minor theme under ethical consid-

erations, often intimately linked to, but distinct from, discus-

sions of financial considerations. Although not mentioned as

frequently, accessibility of a technology was noted as a funda-

mental consideration because it creates the opportunity for

decision making. Wait times were a subtheme of access. Cana-

dian physicians reported that when the number of government

or hospital-funded devices run out for the year or when an

institution cannot afford to acquire or maintain a technology,

there is a profound impact on wait times and a patient’s course

of treatment. One physician detailed a treatment strategy for

navigating wait times in Canada:

There’s only a number of devices, there’s a long waiting list for

patients and so often that will influence your decision whether to

refer to ketogenic diet, or to start another medication because

families are waiting in the interim and that’s a long time to wait

for a child who’s having lots and lots of seizures. . . . [I]t has influ-

enced what I do. I’ll make the referral, but do other things in the

interim. (AES, Canadian)

The ability of the patient to pay for a neurotechnology itself,

and indirect costs such as missing work for checkups and even

Internet for responsive neurostimulation was another key bar-

rier to access. This was primarily discussed by American phy-

sicians in the context of health insurance. However, when

asked if type of insurance affects the initial treatment options

presented to parents, the answer was a resounding no.

For some physicians, the latest technologies were not read-

ily available (ie, responsive neurostimulation in Canada) or

were only available at select institutions and required a referral.

Complications to access and treatment recommendations were

described as challenging:

Figure 1. Frequency of themes under each major thematic branch.
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It’s difficult as a surgeon in an institution that does not have any of

this technology. . . . It’s very difficult to know how to recommend

treatment plans to patients. [Sometimes] the patient comes in and

says, “Have you heard about this new technology, this interstitial

laser?” And I say, “Well, yes, I’ve heard about it but I don’t have

any experience of it.” (CPNSG, Canadian)

Discussion

Ethical issues in the adoption of novel neurotechnologies

abound.16 Novel surgical interventions are infrequently held

to the same rigor as novel pharmaceuticals before adoption into

practice. There is a learning curve for neurosurgeons to use a

new device or technique, and safeguards for both initial and

ongoing competence are lacking.

Here we explored the values, trade-offs, and concerns of

pediatric neurosurgeons and neurologists in decision making

for novel neurotechnological treatments for pediatric drug-

resistant epilepsy. The results indicate that physicians are ready

to recommend and are generally optimistic about the future of

novel neurotechnology where conventional surgery is not a

feasible or first option for parents. However, physicians

asserted that more scientific evidence is needed to understand

effectiveness and suitability of the diverse and unfolding range

of neurotechnology for children. This priority permeated every

level of decision making: upstream decision processes in the

deliberation and acquisition of technology and downstream

decision making for implementation and patient care. To this

we add the importance of understanding the influence of a

rapidly evolving relevant literature and pressures by industry.

Matching the right patient with the right treatment was

another key decision feature for physicians. The unique devel-

opmental needs of children are essential for gauging the safety

and tolerability of novel neurotechnologies. Physicians also

consider the preferences and capacity and assent of the patient,

and the overall family dynamics, especially for high mainte-

nance neurotechnologies. Physicians expressed that parents do

not always appreciate the risks associated with drug-resistant

epilepsy, and that ongoing seizures are more dangerous than

the risks involved with conventional neurosurgery or novel

neurointerventions. Concerns around SUDEP, and the impact

of seizures on neurodevelopment and psychiatric comorbidity,

are embedded in these concerns.

Financial considerations are a major source of external pres-

sure on upstream treatment decision-making processes. The

expense of acquiring and maintaining novel neurotechnologies

is a barrier to acquisition and availability. To overcome this issue,

physicians need to justify the cost-benefit of the technology with

evidence for its utility and need in their patient population. If the

technology is not readily available, it is difficult for physicians to

gain practical familiarity with these options to support referrals.

Comparison With Other Studies

To our knowledge, this is the first qualitative study to analyze

physician choice of novel treatments against conventional

Figure 2. Percentage breakdown of major themes into subthemes.

McDonald et al 227



surgery for pediatric drug-resistant epilepsy through a neu-

roethical lens. Physicians expressed concern toward the under-

selection of conventional surgical candidates. This finding is

consistent with the literature on lower-than-expected numbers

for epilepsy surgery in children and adults.17,18 As well, this

study incorporated the perspectives of physicians practicing at

different sites across North America. Previous decision-making

studies were typically held at a single site and did not compare

emerging neurotechnologies against established conventional

epilepsy surgery (eg, Heath et al, 2016).19 Our findings com-

plement other neuroethics studies and results about the impor-

tance of ethical guidelines and public engagement around

neurotechnologies.20

Implications of This Study

First, the need for evidence poses challenges for understanding

the effectiveness of these neurotechnologies, but also high-

lights the need for alignment between physician and parental

definitions of success. Physicians identified neuromodulatory

technologies to be effective as partial therapies primarily for

seizure reduction; they also discussed other potential benefits

on cognition and quality of life.21,22 The focus on the goal of

seizure freedom could improve by incorporating the values of

parents, who emphasize the importance of quality of life and a

holistic risk-benefit trade-off on treatment, as supported in

other decision-making and outcome literature.8,19,23,24 In addi-

tion, as parents may have early preferences for the latest neu-

rotechnologies, physicians identified the role of careful

communication and guidance toward the most appropriate

treatment. Communication style—for example, timing and

responsiveness—is important to decision making for resective

epilepsy surgery19 and other pediatric chronic disease25 and is

critical for informed consent. Overcoming scientific gaps will

support physicians and facilitate communication channels

throughout the decision-making process.

Second, the reported trend across Canadian focus groups

was lower familiarity and fewer patients treated with neuro-

technology compared with the US groups. This difference may

be related to availability, as Canadian physicians push for tech-

nology implementation within the resource limitations of a

public system. For example, vagus nerve stimulation is readily

available and relatively standard, which is reflected in its

higher numbers of self-reported familiarity across all focus

groups. In the literature, this growth of vagus nerve stimulation

as a treatment for pediatric epilepsy is supported by its focus in

media articles.26 For families located far from specialized epi-

lepsy centers, barriers to availability pose a risk for access not

only to neurotechnology but all types of health care.

Limitations

We recognize the limitations of a sample of only 33 English-

speaking health care professionals. The focus groups also did not

benefit from the perspectives of allied health professionals such

as nurses. Gender and cultural diversity were challenging to

balance given the demographics of pediatric neurosurgeons in

North America. The voices of youth have been captured

recently27 and shed light on their priorities for neurotechnology

for drug-resistant epilepsy. Future studies that capture the voices

of parents and other caregivers will further inform best strategies

for shared decision making on this ethically complex landscape.

Conclusion

When assessing novel neurotechnological interventions for

pediatric drug-resistant epilepsy, physicians seek to balance

clinical and ethical factors to guide decision making and best

practice. Ongoing seizures without surgery is a major risk for the

safety of children with drug-resistant epilepsy, yet much remains

to be learned about emerging neurotechnologies, and the bene-

fits and risks they present for these young patients whose brains

and bodies are still developing. Clinical trials with adults pro-

vide some, but limited, transferable information. The perspec-

tives of the full range of stakeholders—physicians, parents and

caregivers, and the youth themselves—are vital to understand-

ing and translating bench innovation into clinical care.

Author Contributions

PJM and VH are co–first authors. The study was conceptualized by JI

and PJM and the methodology designed by FU, VH, and JI. The

investigation was performed by JI, PJM, MBC, MJH, GMI, RPN, and

WC, and the manuscript was drafted by all authors. The funding was

by JI and PJM. And JI was the supervision and guarantor.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: This work was

supported by the National Institutes of Health (NIH) BRAIN Initiative

on Neuroethics [RF1 MH117805 01]. JI is Canada Research Chair in

Neuroethics. PJM is UBC Alcan Chair in Neurosciences at UBC.

ORCID iD

Judy Illes, CM, PhD https://orcid.org/0000-0002-4791-8084

Ethics Approval

The research was approved by the University of British Columbia

Research Ethics Board #H18-02783. Consent was obtained from study

participants prior to all focus groups.

References

1. Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug

resistant epilepsy: consensus proposal by the ad hoc Task Force

of the ILAE Commission on Therapeutic Strategies. Epilepsia.

2010;51(6):1069-1077.

2. Morse AM, Kothare SV. Pediatric sudden unexpected death in

epilepsy. Pediatr Neurol. 2016;57:7-16.

3. Kwan P, Brodie MJ. Early identification of refractory epilepsy.

N Engl J Med. 2000;342(5):314-319.

228 Journal of Child Neurology 36(3)

https://orcid.org/0000-0002-4791-8084
https://orcid.org/0000-0002-4791-8084
https://orcid.org/0000-0002-4791-8084


4. Muh CR. Current and emerging surgical therapies for severe

pediatric epilepsies. Semin Pediatr Neurol. 2016;23(2):143-150.

5. Kaal KJ, Aguiar M, Harrison M, McDonald PJ, Illes J. The clin-

ical research landscape of pediatric drug-resistant epilepsy.

J Child Neurol. 2020;35(11):763-766.

6. Grundy Q, Hutchison K, Johnson J, et al. Device representatives

in hospitals: are commercial imperatives driving clinical decision-

making? J Med Ethics. 2018;44(9):589-592.

7. Illes J, Reimer JC, Kwon BK. Stem cell clinical trials for spinal

cord injury: readiness, reluctance, redefinition. Stem Cell Rev

Rep. 2011;7(4):997-1005.

8. Eijkholt M, Kwon BK, Illes J. Dissociations in the meaning of risk

between health-care professionals and individuals with spinal

cord injury. Spinal Cord. 2013;51(12):909-912.

9. Jacob KJ, Kwon BK, Lo C, Snyder J, Illes J. Perspectives on

strategies and challenges in the conversation about stem cells for

spinal cord injury. Spinal Cord. 2015;53(11):811-815.

10. Gilbert F, Cook M, O’Brien T, Illes J. Embodiment and estrange-

ment: results from a first-in-human “intelligent BCI” trial. Sci

Eng Ethics. 2019;25(1):83-96.

11. O’Brien B, Harris I, Beckman T, Reed D, Cook D. Standards for

reporting qualitative research: a synthesis of recommendations.

Acad Med. 2014;89(9):1245-1251.

12. Elo S, Kyngäs H. The qualitative content analysis process. J Adv

Nurs. 2008;62(1):107-115.

13. Glaser BG, Strauss AL. Discovery of Grounded Theory: Strate-

gies for Qualitative Research. London: Routledge; 2017.

14. Illes J, Vries RD, Cho MK, Schraedley-Desmond P. ELSI prio-

rities for brain imaging. Am J Bioeth. 2006;6(2):W24-W31.

15. Illes J, McDonald PJ, Lau C, Hrincu V, Connolly M. Ethically

problematic medical device representation. Am J Bioeth. 2020;

20(8):5-6.

16. Iserson KV, Chiasson PM. The ethics of applying new medical

technologies. Semin Laparosc Surg. 2002;9(4):222-229.

17. Englot DJ, Ouyang D, Garcia PA, Barbaro NM, Chang EF. Epi-

lepsy surgery trends in the United States, 1990–2008. Neurology.

2012;78(16):1200-1206.

18. NHS England. E09/S/e - 2013/14 NHS standard contract for Chil-

dren’s Epilepsy Surgery Service (CESS).

19. Heath G, Abdin S, Begum R, Kearney S. Putting children forward

for epilepsy surgery: a qualitative study of UK parents’ and health

professionals’ decision-making experiences. Epilepsy Behav.

2016;61:185-191.

20. Bell E, Mathieu G, Racine E. Preparing the ethical future of deep

brain stimulation. Surg Neurol. 2009;72(6):577-586.

21. Kostov K, Kostov H, Taubøll E. Long-term vagus nerve stimula-

tion in the treatment of Lennox-Gastaut syndrome. Epilepsy

Behav EB. 2009;16(2):321-324.

22. Schulze-Bonhage A. Long-term outcome in neurostimulation of

epilepsy. Epilepsy Behav. 2019;91:25-29.

23. Dewar SR, Pieters HC. Perceptions of epilepsy surgery: a sys-

tematic review and an explanatory model of decision-making.

Epilepsy Behav. 2015;44:171-178.

24. Taylor DC, McMackin D, Staunton H, Delanty N, Phillips J.

Patients’ aims for epilepsy surgery: desires beyond seizure free-

dom. Epilepsia. 2001;42(5):629-633.

25. Swedlund MP, Schumacher JB, Young HN, Cox ED. Effect of

communication style and physician–family relationships on satis-

faction with pediatric chronic disease care. Health Commun.

2012;27(5):498-505.

26. Munjal V, Arakelyan M, McDonald PJ, Illes J. Epilepsy through

the eyes of the media: a paradox of positive reporting and chal-

lenges of access to advanced neurotechnology. Epilepsy Behav.

2020;111:107200.

27. Udwadia FR, McDonald PJ, Connolly MB, Hrincu V, Illes J.

Youth weigh in: views on advanced neurotechnology for drug-

resistant epilepsy. J Child Neurol. 2021;36(2):128-132. doi:10.

1177/0883073820957810

McDonald et al 229



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


