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Abstract
Objective: Novel and minimally invasive neurotechnologies offer the potential 
to reduce the burden of epilepsy while avoiding the risks of conventional resective 
surgery. Few neurotechnologies have been tested in randomized controlled trials 
with pediatric populations, leaving clinicians to face decisions about whether to 
recommend these treatments with insufficient evidence about the relevant risks 
and benefits. This study specifically explores the preferences of clinicians for 
treating pediatric drug- resistant epilepsy (DRE) with novel neurotechnologies.
Methods: A discrete- choice experiment (DCE) was designed to elicit the prefer-
ences of clinicians with experience in treating children with DRE using novel 
neurotechnological interventions. The preferences for six key attributes used 
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1  |  INTRODUCTION

Epilepsy is a common chronic condition of the central 
nervous system causing seizures affecting up to 1% of 
children in North America.1– 3 In most cases, epilepsy 
can be treated successfully using antiseizure medications 
(ASMs). However, about one fourth of children treated 
with ASMs either fail to become or remain seizure- free, 
a condition known as drug- resistant epilepsy (DRE).4,5 
There are many potential negative consequences for chil-
dren with DRE during their development, which include 
an elevated risk of mortality,6,7 and the potential long- 
term impacts on quality of life associated with difficulties 
with learning and development, psychological concerns, 
disability, and social isolation.8,9

Epilepsy surgery is an option for some children, but re-
lies on the proper selection of suitable candidates. If care-
fully selected, up to 70% of children with DRE can achieve 
seizure freedom after surgical intervention.5 If seizure 
freedom is achieved, many of the negative consequences 
of DRE for the child can be minimized or avoided.5,10,11 
However, conventional surgery is an irreversibly inva-
sive, open procedure that requires a large scalp incision, 

temporary removal of sections of the skull, excision of 
the epileptogenic focus within the brain, and— in extreme 
cases— the removal or disconnection of the affected hemi-
sphere of the brain. This invasiveness comes with sig-
nificant risks including infection, bleeding, injury to the 
areas of the brain proximal to the resection, impairment 
of memory, stroke, and sometimes death.12 Recovery from 
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when making treatment decisions (chances of clinically significant improvement 
in seizures, major and minor risks from intervention, availability of evidence, fi-
nancial burden for the family, and access to the intervention) were estimated 
using a conditional logit model. The estimates from this model were then used to 
predict the adoption of existing novel neurotechnological interventions.
Results: Sixty- eight clinicians completed the survey: 33 neurosurgeons, 28 neu-
rologists, and 7 other clinicians. Most clinicians were working in the United 
States (74%), and the remainder (26%) in Canada. All attributes, apart from the 
nearest location with access to the intervention, influenced preferences signifi-
cantly. The chance of clinically significant improvement in seizures was the most 
positive influence on clinician preferences, but low- quality evidence and a higher 
risk of major complications could offset these preferences. Of the existing neuro-
technological interventions, vagus nerve stimulation was predicted to have the 
highest likelihood of adoption; deep brain stimulation had the lowest likelihood 
of adoption.
Significance: The preferences of clinicians are drive primarily by the likelihood 
of achieving seizure freedom for their patients, but preferences for an interven-
tion are largely eradicated if only low quality of evidence supporting the interven-
tion is available. Until better evidence supporting the use of potentially effective, 
novel neurotechnologies becomes available, clinicians are likely to prefer more 
established treatments.
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Key points
1. Clinicians are highly motivated to reduce sei-

zures in children with drug- resistant epilepsy 
(DRE) but require evidence about relevant risks 
and benefits of treatment.

2. In the absence of robust evidence for novel neu-
rotechnologies, it is likely that clinicians will 
favor more established treatments.

3. Clinicians consider financial burdens, but may 
be less influenced by other factors such as ac-
cess to treatment, which are critical to caregiv-
ers of children with DRE.



   | 3APANTAKU et al.

conventional surgery may be a lengthy process involving 
an extended stay in hospital and rehabilitation after dis-
charge. Furthermore, conventional resective surgery can 
only be offered to patients in whom the seizure- initiating 
brain regions have been accurately identified and found to 
be distant to eloquent brain regions.13

In response to the risks of conventional surgery and 
a paucity of alternatives, a range of less- invasive tech-
nologies have emerged that could offer an alternative 
to conventional surgery for children with DRE, or offer 
hope to those not candidates for resective surgery. These 
include ablative neurotechnologies such as stereotac-
tic radiosurgery, magnetic resonance imaging (MRI)– 
guided laser interstitial thermal therapy (MRgLITT), 
and neuromodulatory neurotechnologies such as vagus 
nerve stimulation (VNS), deep brain stimulation (DBS), 
and responsive neurostimulation (RNS). Although these 
novel neurosurgical treatments offer the potential to re-
duce seizure frequency for a child while avoiding the 
risks, and for some interventions, the irreversibility of 
conventional surgery, many are adopted into practice 
without the rigors of a randomized clinical trial in this 
age group.14 Therefore, when children with DRE and 
their caregivers and clinicians are deciding whether or 
not to try a novel neurotechnology, they are often facing 
these decisions with insufficient evidence about the rel-
evant risks and benefits of treatment.

A detailed understanding is needed of the factors that 
clinicians consider regarding whether to recommend a 
novel neurotechnological intervention for children with 
DRE, and how they balance the potential risks, benefits, 
and consequences for children with DRE and their care-
givers. This information will inform the design of future 
research to support evidence- based decision- making by 
clinicians around the use of novel neurotechnologies for 
children with DRE. Consequently, the aim of this study 
was to quantify the relative preferences of clinicians who 
treat children with DRE for novel neurotechnologies that 
vary in their potential risks, benefits, and delivery, and 
to use these preferences to predict the likely adoption of 
these novel neurotechnologies.

2  |  MATERIALS AND METHODS

2.1 | Approach

Pediatric epilepsy clinicians, including neurologists and 
neurosurgeons, in Canada and the United States com-
pleted a self- administered, web- based discrete- choice 
experiment (DCE) survey. The DCE is an established 
choice- based survey technique that has been used increas-
ingly in health care to evaluate the trade- offs that people 

might be willing to make between treatments and ser-
vices. DCEs have been used extensively to examine both 
the preferences for and acceptability of new treatments 
and services before they are introduced.15 DCEs rely on 
the ability to describe products or services according to the 
most important characteristics to consumers, known as 
attributes, which have levels that can represent different 
alternatives. In health care, an attribute might be an out-
come, like the chance of cure, and the levels might take 
the form of different probabilities. The value of a product 
or service is then estimated as the weighted sum of the 
levels of these characteristics.16

DCEs rely on key assumptions of random utility the-
ory: first that an individual presented with two or more 
options will choose the option with the highest perceived 
utility (or value) and, second, that when comparing two 
options A and B, the probability that option A is chosen 
over option B is proportional to the extent to which op-
tion A is valued over option B.17 These choice- based tech-
niques, which requires participants to trade off different 
combinations of attributes of treatments or services, al-
lows the relative preference for each of the attributes to 
be estimated.

2.2 | Survey development

The DCE was integrated into a three- part questionnaire. 
The first included questions on respondents' general 
knowledge of, and familiarity with, several neuromodu-
latory and ablative neurotechnological interventions. The 
second contained the choice experiment with instructions 
on how to complete choices, the hypothetical clinical sce-
nario, and the attributes and levels included in the choice 
set. In the third section, respondents were asked to pro-
vide socioeconomic information, including gender, age 
group, race/ethnicity, country of practice, years of experi-
ence, and specialty. Respondents had the opportunity to 
revise their answers. The questionnaire is available from 
the corresponding authors upon request.

2.3 | Attribute and level selection

The DCE survey was developed using qualitative methods 
to understand the attributes and levels that define novel 
neurotechnologies for children with DRE, in line with 
international guidelines.18– 20 Specifically, we conducted 
four focus groups with clinicians (pediatric neurosur-
geons and neurologists) with experience treating children 
with DRE; the focus groups were conducted at national 
or international conferences and included clinicians from 
six Canadian provinces and ten US states, providing broad 
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geographic representation of both countries. The full 
analysis and derivation of attributes are described in de-
tail elsewhere, including the demographics of focus group 
participants.21 Briefly, focus groups were recorded and 
transcribed, and then analyzed using inductive thematic 
analysis, which resulted in six core attributes for the DCE 
(Table 1). The levels for each attribute were based on the 
range of plausible values for neurotechnologies available 
from a literature review,14 the qualitative analysis of focus 
groups,21 and the expert opinion of stakeholder groups. 
After selecting an initial set of attributes, we undertook 
further pilot testing with clinicians and discussions with 
expert stakeholder groups composed of pediatric neuro-
surgeons and pediatric neurologists to narrow the list of 
attributes, ensure that no critical attributes were omitted, 
and refine the wording of attributes and levels. The DCE 
had a combination of six attributes: five attributes had 

four levels and one attribute had three levels, resulting in 
a possible 3072 choices.

2.4 | Experimental design

To generate a manageable set of choices for participants to 
complete without compromising the statistical modeling of 
preference estimates, we used Ngene software to create an 
efficient experimental design.22 Given the risk of attrition 
of busy physician participants especially with the extra bur-
dens of the coronavirus disease 2019 (COVID- 19) pandemic, 
we generated a design that required as few choices per par-
ticipant as possible. This resulted in 42 different choice sets, 
which were divided into six blocks of seven questions. Each 
participant was randomized to one of the six survey versions 
and therefore made seven choices.

T A B L E  1  The attributes and levels included in the DCEs and the sources of evidence for their derivation

Attributes Levels Sources/evidence

1. Chance of clinically significant 
improvement in seizures

1. No clinically significant improvement in seizures Attribute: Focus groups21

2. Less than 50% chance of clinically significant improvement 
in seizures

Levels: Expert opinion/ 
Literature24

3. 50%– 79% chance of clinically significant improvement in 
seizures

4. 80%– 100% chance of clinically significant improvement in 
seizures

2. Minor risk of complications from 
intervention

1. No additional risk of minor neurologic complications from 
treatment

Attribute: Focus groups21

2. Minor neurologic complications occur in 5 in 100 patients Levels: Expert opinion/
Literature25

3. Minor neurologic complications occur in 10 in 100 patients

4. Minor neurologic complications occur in 15 in 100 patients

3. Major risk of complications from 
intervention

1. No additional risk of major neurologic complications from 
treatment

Attribute: Focus groups21

2. Major neurologic complications occur in 1 in 100 patients Levels: Expert opinion/
Literature25

3. Major neurologic complications occur in 5 in 100 patients

4. Major neurologic complications occur in 10 in 100 patients

4. Availability of evidence for the 
intervention

1. The efficacy of this intervention has been shown in clinical 
trials.

Attribute: Focus groups21

2. The efficacy of this intervention has been shown in case 
reports/case series.

Levels: Expert opinion

3. You might have anecdotal evidence relayed from colleagues.

5. Financial burden on family 1. None Attribute: Focus groups21

2. Low Levels: Expert opinion

3. Medium

4. Extreme

6. Access to the intervention 1. This intervention is available in your institution Attribute: Focus groups21

2. This intervention is available in another institution in your 
province/state

Levels: Expert opinion

3. This intervention is only available in another province/state
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2.5 | Construction of tasks

Each participant was asked to consider the following sce-
nario: “Imagine you have a patient with pediatric DRE, 
for whom you have to make a treatment decision/recom-
mendation. Your patient is a child who has been treated 
for several years with multiple antiseizure medications 
and despite this they continue to have frequent seizures 
that affect their quality of life.” They were then asked to 
choose between two full profiles describing unnamed hy-
pothetical neurotechnological interventions. An opt- out 
option of “Continue with current standard of care” was 
included as the choice to not to use a novel neurotechnol-
ogy intervention at any given point in time was a realistic 
alternative. An example choice set is shown in Figure 1.

2.6 | Piloting

The survey was piloted internally for language, formatting, 
and coding errors with our team of investigators and col-
laborators, which included ethicists, pediatric neurosur-
geons, and pediatric neurologists. In addition, the survey 
was piloted with a group of neurosurgeons who provided 
feedback on wording and the experience of completing 
the survey. A general population pilot sample, recruited 
using Amazon's Mechanical Turk (MTurk) platform, was 
used to test the survey for face validity (n = 72).

2.7 | Sampling and recruitment

An invitation email with a description of the survey and 
a link to the questionnaire was sent to the following phy-
sician groups in September 2020: the Canadian Pediatric 
Neurosurgery Study Group (~35 members), Canadian 
League Against Epilepsy and Canadian Pediatric Epilepsy 
Network (>200), members of the American Association 
of Neurological Surgeons/Congress of Neurological 
Surgeons Section on Pediatric Neurosurgery (>200),23 and 
the Child Neurology Society (n > 2000).

Ethics approval was granted by the University of British 
Columbia Behavioral Research Ethics Board (H18- 02783).

2.8 | Data analysis

2.8.1 | Understanding clinician preferences

The DCE data were analyzed using a conditional logit model 
in STATA 15.6 software.17 The model assumes that the util-
ity function of an individual can be defined using the lev-
els of the attributes in each choice set. The model provides 

coefficients that represent estimates of the mean effect of 
each attribute level in predicting individual preferences 
along with their statistical significance. The higher the value 
of a coefficient, the higher the importance of the related at-
tribute level for respondents considering the decision. A 
positive coefficient indicates that the respondent attaches 
positive value to that level, whereas a negative coefficient in-
dicates that the respondent attached a negative value to that 
level. We effects coded attribute levels to estimate a coeffi-
cient for each level of each attribute. Effects coding gives at-
tributes a central utility of zero; the coefficients (utilities) are 
estimates of relative preference that must be interpreted rel-
ative to the magnitude of the coefficients for other attributes.

2.8.2 | Predicting adoption of interventions 
using preferences

The estimated coefficients for each attribute level can 
be used to estimate the utility (or value) of existing neu-
rotechnologies, for example, DBS. The first step of this 
process is to select a level from each of the six attributes 
included in the DCE that corresponds best with DBS. 
The exponentiated sum of the estimated coefficients for 
the levels that are selected for DBS can be considered 
the utility of DBS. To compare adoption of DBS with an-
other option, for example, current standard of care drug 
therapy, the process is repeated to estimate the utility of 
that option using the attribute levels that best correspond 
with the current standard of care (drug therapy). The pre-
dicted probability of adoption, or that DBS would be cho-
sen ahead of no change from the current standard of care 
(drug therapy), can then be calculated as the exponent of 
the utility for DBS divided by the sum of the exponents of 
utilities for DBS and no change from the current standard 
of care (drug therapy). The attribute levels for each of the 
available neurotechnological interventions were chosen 
in consultation with a neurosurgeon on our team (PJM), 
and are shown in the supporting material (Table A1).

Using this method, we first predicted the potential 
adoption of seven existing neurotechnologies: VNS, RNS, 
DBS, transcranial direct current stimulation (tDCS), ste-
reotactic radiosurgery, MRgLITT, and magnetic resonance 
imaging (MRI)– guided focused ultrasound (MRgFUS) 
compared with the current standard of care (drug ther-
apy). We then predicted adoption of each neurotechnology 
in scenarios where we assumed that all treatments within 
the ablative or neuromodulatory classes of neurotechnol-
ogy were available. For the neuromodulatory class, we 
predicted adoption in a scenario where VNS, RNS, DBS, 
or tDCS was available. For the ablative class we predicted 
adoption in a scenario where stereotactic radiosurgery, 
MRgLITT, or MRgFUS was available.
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To explore the sensitivity of our predictions of adop-
tion of existing neurotechnologies to the assumptions we 
made about the level of each attribute that best represents 
each neurotechnology, we asked two additional members 
of our team (GMI, RN) and the team member who chose 
the original levels (PJM) to provide estimates of their con-
fidence in the choice of attribute level for each treatment. 
This information was used to construct a distribution of 
chosen attribute levels for each treatment. Predictions of 
adoption were then estimated using attribute levels se-
lected using 1000 bootstrap samples from these distribu-
tions, using the method described earlier.

3  |  RESULTS

3.1 | Sample

Sixty- eight clinicians completed the survey (Table 2): 33 
neurosurgeons (49%), 28 neurologists (41%), 6 nurses, and 
1 clinical coordinator in pediatric epilepsy clinics. Most 
respondents were practicing in the United States (74%) 
and in academia (91%), identified as male (66%), and as 
White (78%). The sample represented a range of ages and 
years in practice.

3.2 | Clinician preferences

The estimated preferences for attribute levels (Figure  2) 
showed that clinicians had the strongest preferences for 

increasing the chance of clinically significant improve-
ment in seizures and for evidence of the efficacy of the 
intervention from more robust sources. The full table 
of coefficients is available in the supporting material 
(Table A2).

Failing to increase the chance of a clinically significant 
improvement in seizures above 50% was associated with a 
significantly negative impact on preferences (−2.942, 95% 
confidence interval [CI] −1.971, −3.913). Increasing the 
chance of clinically significant improvement in seizures 
above 50% was associated with a strong and statistically 
significant positive preference (50– 79: 1.577, 95% CI 1.197, 
1.957; and 80– 100: 1.831, 95% CI 1.382, 2.281). The avail-
ability of evidence for the intervention from clinical trials 
was associated with a large, statistically significant posi-
tive preference (1.181, 95% CI 0.634, 1.729), whereas hav-
ing only anecdotal evidence was associated with a large, 
statistically significant negative preference (−1.169, 95% 
CI - 0.856, −1.482). The availability of evidence from case 
reports or series did not significantly influence prefer-
ences either positively or negatively.

We found evidence that certain levels of risk of major 
neurological complications could contribute positively to 
preferences at low levels (1 in 100 patients) or negatively 
to preferences at higher levels (10 in 100), with a negative 
gradient of preferences as risk increased. There was also a 
preference for eliminating the risk of minor neurological 
complications. In addition, there appeared to be a threshold 
of tolerance for the financial burden that treatment could 
place on families; an extreme financial burden was asso-
ciate with a negative, statistically significant preference 

F I G U R E  1  Example choice set from 
the DCE.
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against an intervention (−0.532, 95% CI −0.186, −0.878). 
Access to the intervention— defined as the nearest loca-
tion that an intervention was available— for a patient did 
not significantly influence preferences in this study.

We found no clear evidence of differences in patterns 
of preferences between participants from the United 
States and Canada (Figure A1). The preference of partici-
pants from the United States was somewhat more strongly 
influenced by the financial burden on families compared 
to their Canadian counterparts, who in turn appeared 
to be more heavily influenced by the available evidence 
(Figure  A1). Similarly, there was no clear difference in 
patterns of preferences between neurosurgeons and neu-
rologists or other clinicians (Figure  A2). Neurosurgeons 

may place somewhat greater importance on the potential 
risk of major complications than other clinicians, whereas 
other clinicians placed greater importance than neurosur-
geons on the financial burden on the family.

3.3 | Predictions of adoption

Once we calculated coefficients that represent the relative 
strength of clinicians' preferences for each level of each 
attribute, we used this information to make predictions 
about the likely adoption of existing neurotechnologies.

First, we predicted the likelihood of each treatment 
being used compared with the current standard of care 
(Figure 3). We predict that VNS would have the highest 
likelihood of adoption (98%, 95% CI 97%, 100%) and DBS 
would have the lowest (66%, 95% CI 45%, 87%). However, 
predicted adoption for all other treatments were within 
the range of 78% to 94%, and CIs were wide; therefore, 
we could only be confident that the adoption of VNS was 
likely to be significantly higher than DBS.

Second, we modeled predicted adoption within neu-
romodulatory and ablative classes of neurotechnology, 
assuming all treatments within that class were avail-
able (Figure  4). Within the neuromodulatory class, we 
predicted that VNS would be strongly favored, with a 
predicted adoption of 78% (95% CI 60%, 97%). All other 
options had predicted likelihoods of adoption between 3% 
and 11% and overlapping CIs. Adoption within the abla-
tive class was lower, ranging from 16% for MRgFUS (95% 
CI 6%, 26%) to 44% (95% CI 25%, 64%) for stereotactic ra-
diosurgery. The CIs for all treatments overlapped, suggest-
ing no significant difference between options.

3.4 | Sensitivity analysis

Introducing uncertainty about the choice of levels used 
to describe each treatment increased all confidence in-
tervals around our predictions of adoption. Because the 
distribution of chosen attribute levels for each treatment 
was based on a small sample, the estimates of three 
team members, we expected CIs to be wide. However, 
confidence intervals widened most for stereotactic ra-
diosurgery, MRgFUS, and tDCS, suggesting that there 
was most uncertainty about the levels that best repre-
sent these treatments (Figure A3). VNS remained the 
neurotechnology expected to have the highest likeli-
hood of adoption, followed by RNS, MRgLITT, and DBS. 
The adoption estimates for stereotactic radiosurgery 
reduced from 94% to 83% (rank second to fifth), and 
increased from 66% to 91% (rank seventh to fourth) for 
DBS. Within the neuromodulatory class (Figure A4), 

T A B L E  2  Sample characteristics

N %

Country

Canada 50 74%

United States 18 26%

Profession

Neurologist/Epileptologist 28 41%

Neurosurgeon 33 49%

Other 7 10%

Practice

Academic 62 91%

Private 1 1%

Private/Academic 5 7%

Years in practice

≤5 12 18%

6– 15 28 41%

16– 25 17 25%

>25 11 16%

Age

≤35 7 10%

36– 45 22 32%

46– 55 25 37%

56– 75 14 21%

Race/ethnicity

Asian 8 12%

Mixed race 1 1%

White 53 78%

Prefer not to say 1 1%

African Canadian 2 3%

Missing 3 4%

Self- identified gender

Man 45 66%

Woman 23 34%
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VNS still had the highest predicted likelihood of adop-
tion, followed by RNS, but DBS was predicted to have 
a higher uptake than tDCS. Within the ablative class, 

MRgLITT had a higher predicted uptake than stereotac-
tic radiosurgery, but MRgFUS remained the option with 
the lowest predicted likelihood of adoption.

F I G U R E  2  Preferences of clinicians for different features of novel neurotechnologies for DRE.

F I G U R E  3  Predicted adoption of each neurotechnology compared with remaining on current standard of care drug therapy.
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4  |  DISCUSSION

In this study exploring clinician preferences for novel 
neurotechnologies to treat pediatric DRE we found that 
preferences are driven primarily by the likelihood of 
achieving seizure freedom. However, preferences for an 
intervention would be largely eradicated by low quality 
of evidence supporting that intervention. Clinicians also 
consider the impact of the intervention on their patients, 
with evidence suggesting that the potential risks of treat-
ment and the financial impact on the patient's family are 
also important in their decisions. The location of where 
the treatment could be offered (i.e., locally vs the need 
for travel) did not impact clinician preference for an in-
tervention. The pattern of preference for potentially effec-
tive treatments with high- quality evidence translated to 
predictions that clinicians would be more likely to prefer 
more established treatments until better evidence for po-
tentially effective, novel neurotechnologies is available.

To our knowledge this is the first study looking at 
the trade- offs clinicians are willing to make when con-
sidering different neurotechnologies to treat pediatric 
DRE. The finding that the potential benefit of a novel 
neurotechnology does not offset lack of evidence for 

certain new treatments is important in the context of 
a recent review highlighting a need for more evidence 
before novel neurotechnological interventions are in-
corporated into clinical practice.14 Our predictions of 
lower adoption of treatments with lower- quality avail-
able evidence is consistent with the finding that a lag 
between clinical research and practice is due to a lack of 
high- quality evidence from robust study designs such as 
randomized controlled trials. This finding is also consis-
tent with previous research that found that general pop-
ulation preferences for new treatments are diminished 
when the implications of newness in terms of lower lev-
els of robust evidence are communicated.26 Our finding 
that the risks of major and minor complications seem 
less important than potential benefits might reflect that 
all recommended treatment options have inherent risks, 
whether associated with treatment or uncontrolled 
epilepsy.

The finding that the clinicians in this study valued 
the potential effectiveness of neurotechnologies and 
the availability of high- quality evidence is reassuring 
and expected. These preferences naturally place novel 
neurotechnologies at a relative disadvantage, particu-
larly in Canada and for some programs in the United 

F I G U R E  4  Predicted likelihood of adoption of neurotechnologies within the neuromodulatory and ablative categories.
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States, where public or private insurance funding for 
interventions requires robust evidence across multiple 
aspects of value and safety before funding is approved. It 
is likely that novel neurotechnologies become available 
and accumulate evidence more quickly in the United 
States, where there is greater pressure than in Canada 
for health care providers and insurers to compete and 
offer newer, more innovative treatments. This was dis-
cussed by clinicians in the focus group study that in-
formed the present one.27 In interpreting the results, it 
is important to bear in mind that the features of novel 
neurotechnologies are a critical component in clinician 
decision- making, but that they are embedded in a broad 
context of considerations that are either prerequisites for 
treatment (e.g., appropriateness of a treatment option), 
or do not vary between interventions (such as trust in 
the clinician and the clinician- patient relationship) that 
have been described elsewhere.21,27 Finally, there is evi-
dence that patients and clinicians have discordant pref-
erences for treatment, which has been documented in a 
review of DCEs,28 and in our previous research.21,27,29,30 
Therefore, it is important to understand how treatment 
preferences of children with DRE and their caregivers 
may differ from those of clinicians. Future research to 
quantify the preferences of these groups is needed for 
comparison. Understanding the preferences of clini-
cians and children and their caregivers is valuable for 
the design of studies involving novel neurotechnologies; 
understanding how individuals consider choices and 
make trade- offs— for either technological or other in-
terventions including diet or alternative approaches— is 
also invaluable for the design of clinical studies and tri-
als, recruitment and participation in research, and for 
the improvement of treatment delivery.31– 33

One key strength of this study is the validity of the 
group of clinicians. Our clinician team members sup-
ported the recruitment effort, providing us with access to 
mailing lists of several pediatric neurosurgery and pediat-
ric neurology societies in the United States and Canada. 
The commitment of our team to recruitment yielded 
enough responses to run the analysis with a sample of cli-
nicians that are actively involved in making these types of 
decisions when treating children with DRE. In exploratory 
sensitivity analyses, we found that the results are consis-
tent between subgroups of participants such as neurosur-
geons and other clinicians, and clinicians in the United 
States and Canada. Although the sample size of these sub-
groups precludes making formal comparisons, the trends 
nonetheless indicate that our results have applicability to 
both countries and different health care systems: the main 
difference between the US and Canadian samples was a 
stronger preference to financial burden on the family in 
the former, which provides evidence of the face validity of 

the findings. A further strength of this study was the use 
of qualitative methods to derive attributes in the develop-
ment of the DCE, in line with best practices.19,20

There are limitations to the study that warrant con-
sideration. First, we acknowledge that the DCE explored 
preferences for alternative hypothetical scenarios or 
stated preferences. As with any DCE, it is not known how 
these reflect the actual choices clinicians would make in 
practice— revealed preferences— or whether these choices 
were made in a way that is more consistent with the under-
lying theory. However, the results have face validity in the 
direction and strength of coefficients, and with the predic-
tions of adoption. A recent review also reports evidence 
that DCEs can generate reasonable estimates of revealed 
preferences from stated preferences.34 Furthermore, when 
we predicted the likelihood of adoption using the results 
of the DCE, the predictions assumed that we could select 
the most appropriate level of each attribute to describe 
each of the neurotechnologies across experts. However, 
we explored the sensitivity of our estimates of adoption to 
variation in the levels selected, and the analyses suggested 
that the relative order of preference for neurotechnologies 
was robust.

5  |  CONCLUSIONS

Clinicians are currently making decisions with chil-
dren with DRE and their caregivers about whether to 
use novel neurotechnologies in the absence of robust 
evidence about their risks, benefits, and consequences. 
We found that although achieving seizure freedom is a 
core goal, clinicians would be discouraged by low qual-
ity of evidence and, to a lesser extent, potential finan-
cial consequences for the patient and their families. It 
seems reasonable that potential medical benefits for a 
child hold greater importance than financial burden 
in clinical decision- making, but we note that inequi-
ties of access could be perpetuated in such a scenario. 
Nevertheless, based on the preferences elicited in this 
study, it is equally reasonable and ethically appropriate 
that clinicians favor more established treatments while 
better evidence accumulates for newer neurotechnolo-
gies for children with DRE.
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