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ARTICLE INFO ABSTRACT

Article history: Resective epilepsy surgery has endured as the most effective way to render patients with seizure-free intractable
Rec?“’ed 25 June 2019 localization-related epilepsy. Under conditions where the seizure focus is in close proximity to eloquent cortex, a
Revised 2 August 2019 postoperative deficit may be expected. Patients often accept the risk or certainty of these deficits for the possibil-
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ity of seizure freedom. Recently, responsive neurostimulation (RNS) has emerged as an alterative to resective ep-
ilepsy surgery. This cranially implanted closed-loop neurostimulation system records brain activity and
interrupts seizure propagation, thereby decreasing seizure frequency. The introduction of RNS to clinical practice
raises several challenges to clinicians and patients alike. Despite a dearth of long-term data, should this be con-
sidered as a safer and potentially reversible option for patients who would otherwise be candidates for resective
surgery in eloquent cortex? In the current report, we analyze the complex bioethical implications of presenting a
new, “safer” technology, alongside a well-established, “more effective” treatment. We present an adapted value-
based decision-making model to guide patients and help clinicians navigate the tradition of resective epilepsy
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surgery in eloquent cortex in the nascent age of RNS.
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1. Introduction

The World Health Organization identified epilepsy as the most com-
mon serious neurologic condition affecting children, with many pa-
tients suffering from symptoms as adults [1]. It is estimated that up to
30% of patients with epilepsy have inadequate seizure control on at
least two antiseizure drugs at maximal tolerated doses for 18-
24 months [2]. This form of severe epilepsy is termed drug-resistant ep-
ilepsy (DRE), and affected patients have less than a 5% chance of
responding to further medical treatment [3]. Patients with DRE may
be suitable candidates for resective surgery, which has the potential to
control seizures and often render patients seizure-free [4]. Resective
surgery is not without risks, particularly in circumstances when resec-
tions are proposed in eloquent brain regions, where a postoperative def-
icit may be anticipated.

Eloquent cortex includes any brain area that is involved in lan-
guage ability, memory, somatic and special sensory processing, or
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movement. Commonly identified areas include the bilateral motor
and sensory cortices, internal capsule, basal ganglia, hypothalamus
and thalamus, occipital lobes, brainstem, dentate nucleus, and
often the left temporal and frontal lobes and hippocampus [5,6]. In
practice, however, the definition of eloquence is more elusive. Indi-
vidual values, customs, and beliefs modify the importance placed
on these and other brain functions, such as advanced cognitive pro-
cessing, attention, and behaviour.

The Rolandic region is the prime example of an eloquent area
commonly mapped with a two-stage epilepsy surgery to determine
whether and to what extent a motor deficit may manifest following
surgical resection. In twenty-two children who received resective
epilepsy surgery that involved primary motor and/or sensory cortex,
20 patients developed varying degrees of hemiparesis [7]. With more
conservative resections of 48 children with intractable epilepsy sec-
ondary to a Rolandic lesion, 20 patients (41.6%) demonstrated tran-
sient neurological deficits [8]. A separate series of fifty-two patients
of all ages with peri-Rolandic transections or resections reported
persistent neurological deficits in 26 patients (50% of the study
population) [9]. Understandably, resective surgery in the precentral
and postcentral gyri results in expected morbidity immediately
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postoperatively. These may be transient, particularly in younger pa-
tients, who may regain lost functions over time [7].

The morbidity of resective surgery in eloquent cortex is often offset
by the benefits of potential seizure-freedom. The effectiveness of
resective surgery in the Rolandic cortex is favorable with 46-81% of pa-
tients demonstrating Engel Class 1 or 2 at long-term follow-up [8,9]. The
morbidity of transient hemiparesis or speech difficulties may be worth-
while if surgery provides a desirable seizure outcome, yet these deci-
sions are often complex and value-laden.

Neurostimulation is an option for patients who have DRE localized to
eloquent cortex. While various devices have been available for a long
time, including vagus nerve and deep brain stimulation, responsive
neurostimulation (RNS) has been approved recently in 2013 in adult pa-
tients with DRE localized to one or two epileptogenic foci [10]. This is a
closed-loop neurostimulation system that uses a cranially implanted
neurostimulator to record brain activity and then provides brief pulses
of electrical stimulation through the leads to interrupt seizure propaga-
tion. The surgery involves insertion of depth and/or subdural cortical
strip leads placed at a patient's seizure focus. The prospective, multicen-
ter, double-blinded, randomized, sham-stimulation-controlled pivotal
study demonstrated a significant reduction in seizure frequency in the
treatment group of 37.9% compared to the sham group (17.3%, p =
0.012) [11].

2. Shared decision-making

When patients are presented with differing options, decision-
making is often a daunting task. Clinician and patient must engage in bi-
directional, honest, and detailed conversations as both parties are stake-
holders in the process. Only the patient can share their subjective
experience with epilepsy, including current frustrations with seizures,
limitations in daily life, and their values on what would be an ideal
and more importantly acceptable outcome. Only the physician can
gather all the clinical data to provide accurate yet comprehensible op-
tions. A suitable discussion will require time, honesty, and likely more
than one clinic visit.

The decision-making is further complicated by the fact that some pa-
tients with epilepsy may not be capable to make their own decisions.
Many patients with DRE often present with debilitating seizures and
progressive, secondary cognitive or developmental delay is common
[7,8]. Furthermore, there are many children or adolescents seeking sur-
gical opinions for epilepsy surgery, including RNS. The introduction of a
substitute decision-maker adds an additional layer of complexity.

We present four important issues to consider in decision-making re-
garding surgery for epilepsy surgery in eloquent cortex: (a) weighing
the goals of treatment between higher likelihood of seizure freedom
with greater morbidity versus “safer” seizure reduction, (b) known
and unknown long-term outcomes, (¢) the reversibility of the two tech-
nologies and the timing of each treatment in combination or alone, and
(d) access to each respective treatment. (Fig. 1)

2.1. Goals of treatment

To understand the goals of treatment, it is important to recognize the
patient's objective neurological baseline, and also, his/her subjective ex-
perience with epilepsy. In some cases, very severe seizures may result in
a motor, sensory, or cognitive deficit prior to any treatment. In such
cases, treatment goals should weigh the expected seizure outcomes
against the expected functional deteriorations. A patient with good
presurgical motor function may be poorly served by a the risk of
hemiparesis or hemiplegia [8,9]. Conversely, a patient with premorbid
hemiparesis may not be functionally limited by resection of Rolandic
cortices.

In addition to the expected functional limitations as a result of dis-
ruption of eloquent cortex, families and patients must further consider
the functional benefits associated with improved seizure control.

These include the ability to maintain gainful employment, driving, inde-
pendence, socializing, and freedom from antiseizure medications [12].
Some of these may be achieved not exclusively through seizure-
freedom, but also with seizure reduction or given lesser severity of sei-
zures. In this context, RNS may not render a patient seizure-free, but
could potentially successfully realize some of the patient's or families'
goals. Indeed, in the initial RNS cohort, there were statistically signifi-
cant improvement in quality of life in both 1 and 2 years after implanta-
tion in 10 of the 17 primary scores, including seizure worry, health
discouragement, attention and concentration, work, and language [13].

2.2. Long-term outcomes

Responsive neurostimulation is a relatively new treatment, raising
several concerns about sustained efficacy and unknown long-term out-
comes. The safety assessment was conducted on sixty-five subjects,
demonstrating 6.2% serious adverse events in the first month
postimplant and 9.2% in the first 3 months [ 10]. After the blinded period,
59 patients demonstrated 44% seizure reduction at 1 year and 53% at
2 years in the open-label period [13].

Conversely, resective epilepsy surgery is a well-established tech-
nique, supported by large case-controlled studies as well as several ran-
domized control trials, with a long history of success. Much earlier to the
pivotal randomized trial on temporal lobe epilepsy in 2001 [14], sur-
geons identified cortical resection as a safe and effective treatment for
focal epilepsy in the early 1900's [15]. Resective epilepsy surgery can
produce seizure-freedom in 34-81% of patients in adults and children,
with the best outcomes in temporal lesions, and patients with hippo-
campal sclerosis or benign tumors, with a perioperative mortality of
0.1-0.5% [16,17].

In addition to the unknown long-term outcomes of RNS, presurgical
discussions should also discuss the fact that this technology, unlike
resective procedures, requires long-term surveillance and maintenance.
Repeat cranial procedures are required to change the pulse generator
and potentially to troubleshoot the system. Decisions regarding the op-
timal treatment should project forward to better define how the inter-
vention will affect the patient in the long term.

2.3. Reversibility and timing of treatments

Responsive neurostimulation and resective surgery also differ
immensely in their reversibility. When comparing resective surgery
of eloquent cortex and RNS, patients need to understand that RNS
is an implantable device that is both reversible and removable. If
device-related complications arise, including breakage of wires, in-
fections, or undesirable neurologic effects, the RNS implant can be
removed. Furthermore, both the positive and negative consequences
of RNS are at least theoretically reversible. Resective surgery will
have a permanent impact. Although there may be improvement of
functional deficits after surgery namely from postoperative edema
or retraction, any loss of the eloquent cortex will result in permanent
loss of function. Patients' risk profiles, analysis of risk-benefit for
each individual, and confidence in the treatment and its reversibility
are all important factors to keep in mind.

One option is to adopt a strategy to perform the reversible procedure
upfront with the permanent resective surgery at a later date, should
RNS prove disappointing. Unfortunately, there are no good data to com-
pare resections after failed RNS with early surgical resection. Risk-
averse patients may easily choose RNS because its effects are reversible
and resective surgery is still a future consideration. Conversely, a repeat
cranial procedure may be associated with more risks, including bleed-
ing, cortical injury due to arachnoid scarring and wound healing compli-
cations. The decision to proceed with RNS upfront must therefore be
informed by the risk and benefits of a multistage approach.

There is a risk that the introduction of RNS as a first-stage approach
could paradoxically result in worse outcomes for patients. This could
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Fig. 1. Shared decision-making. In the context of surgical decision-making for patients with DRE, the four considerations are heavily values-based, requiring honest introspection from the
patient. Patients need to evaluate the goals of treatment, differences in long-term outcomes, reversibility, timing, and accessibility of each treatment option.

occur if patients (and providers) are less motivated to pursue a resective
surgical procedure after “failed” RNS if some benefit is observed but the
patients remain disabled by ongoing seizure activity. There is a risk that
patients could be denied a potentially curative procedure. In the post-
surgical follow-up, clinicians should continue to explore whether any
seizure reduction is “sufficient” or whether patients would want to con-
sider resective surgery with the goal of curative seizure freedom. There
should be an understanding that RNS and resective surgery are not mu-
tually exclusive options.

In children, unique challenges also arise as there is increasing
evidence that shorter durations of uncontrolled epilepsy facilitates
better seizure and developmental outcomes, as epilepsy interferes
with normative brain development [18]. A current contraindication for
RNS is inadequate skull thickness, and therefore younger children
would not be able to receive the implant. An additional layer of
complexity is introduced when deciding whether to wait for the child
to be a candidate for RNS and potentially compromise critical windows
for brain development or to proceed with resective procedures in the

eloquent cortex, given their propensity for functional recovery at
younger ages.

2.4. Access to technology

The development of any technology, but even more so health tech-
nology, requires a careful socioeconomic analysis prior to societal inte-
gration and acceptance. Overall, health technology is intended to
improve the quality of life of individuals, which then begs the question,
“what is the good life?” The answer is of course heavily influenced by
each individual's relational values and beliefs [19].

Responsive neurostimulation has only been approved in the United
States for adults. The insertion and subsequent monitoring of the RNS
implant are only available at select centres. Patients in Europe and
Canada would have to travel to the United States not only for the initial
surgery but also for follow-up appointments. New technologies are not
always ubiquitously available and this inequality in access to healthcare
poses another obstacle in this complex decision. If a patient receives
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RNS, families and patients need to understand that their treatment, sur-
veillance, and follow-up may require travel, additional financial sup-
port, and continued commitment to provide additional data for
further research. Resective surgery is more widely available and there
may be instances where this is the less desired treatment and yet the
only option based on access or financial constraints. These conflicts
are amplified in the resource-poor setting, but such ethical challenges
are beyond the scope of the current article.

3. Decision-making model

Given the complexity of RNS as an emerging technology for a com-
plex and multifaceted disease etiology, it becomes critical to apply a
framework to decision-making when many values, concerns and per-
sonal opinions must be considered. Several models have been previ-
ously proposed. One such model attempts to provide an explanatory
framework of perceptions influencing decision-making in surgery for
epilepsy, identifying fear of surgery, ignorance of diagnosis or treatment
options, and tolerance of symptoms as important factors patients base
decisions on [20]. Recognizing the importance and complexity of the de-
cision to undergo surgery, another study recommended having both
long-form decision aids utilized outside the clinic (such as an interactive
web-based educational module) and short-form decision aids utilized
with clinicians (leaflets, graphics) [21]. We propose an adapted value-
based ethical framework to inform decision-making in the context of
epilepsy surgery in eloquent cortex (Fig. 2). It was described in public
health decision-making that incorporates a value-based and pluralist
approach [22]. There are five explicit steps to this approach:

1. Identification: Given the clinical history and diagnostic tests, identify
possible treatment options for epilepsy. This step requires a multidisci-
plinary analysis from neurologists, neurosurgeons, psychosociologists,
and social workers or linguists if applicable.

Fig. 2. Decision-making model. This five-step value-based framework will help patients
evaluate their options and provide structure to make complex decisions.

2. Distinguishing: Distinguish relevant empirical difference between
treatments, including contingencies. Judgements should be made
on known evidence and relevance to the values of the patient and/
or caregivers. Patients should also share how much involvement in
decision-making is desired and what they would like to know.

3. Ranking: Rank, as far as possible, alternatives from best to worst. This
may be based on personal goals, cultural values, or health objectives,
etc.

4. Evaluation: Make explicit, as far as possible, in what sense some treat-
ments are better than others. The patient should identify which fac-
tors ultimately influence the decision.

5. Documentation and Review: Submit the result of the evaluation and
plan for reevaluation. If possible, a patient of appropriate age and ca-
pacity should be given the time and education to understand the
treatment decisions.

The first two steps of this framework are rather analogous to a typi-
cal consent conversation. A systematic and rigorous synthesis of the
data and treatment options is presented in the context of the patient's
subjective experience with the illness. The third step of the algorithm,
ranking, is facilitated by explicitly identifying the values, objectives
and goals of patients and how they may be realized through surgical in-
terventions. Often, different treatments prioritize different values and
goals; these conflicts can be further explored to determine which treat-
ment is most favorable. Lastly, the final processes of evaluation and re-
evaluation permit acceptance or rejection of the proposed plan. In the
context of innovative technologies with several unknown factors, this
values-based approach provides a foundation for decision-making.

In the following segment, we provide three illustrative cases
highlighting the utility of the value-based decision-making approach
in informing decisions regarding epilepsy surgery in the eloquent
cortex.

3.1. Case 1

A 4 year-old boy presents to clinic with his parents. He has been suf-
fering from severe epilepsy that has been refractory to medical treat-
ment for 3 years. He has daily left sided sensorimotor seizures
followed by long postictal unresponsiveness, frontocentrotemporal
electroencephalogram (EEG) spikes, magnetoencephalography (MEG)
shows Rolandic-Sylvian spikes with abnormal magnetic resonance
imaging (MRI). At baseline, he does not have any sensory or motor def-
icits. The MRI demonstrates an identifiable lesion in the right motor cor-
tex, concordant with the EEG findings. The team believes this patient
will have a good seizure outcome after surgery if invasive monitoring
can inform a resective procedure. He has global developmental delay
and he is preparing to enter kindergarten later this year. His seizure fre-
quency is increasing and causes him and his parents immense psycho-
logical distress.

First, we identify the possible treatment options of (a) continued
medical treatment, (b) resection of right-side Rolandic lesion after inva-
sive monitoring, or (c) RNS. Second, we distinguish on one hand the un-
known long-term effects of RNS, particularly in this age range, and on
the other hand the high likelihood of neurologic motor deficits of
resective surgery. Furthermore, the possibility of resection after failed
RNS, and whether this is less optimal than upfront resection both in
terms of surgical risks and critical windows for brain development in
the interval between the procedures. The initial ranking of options are
i) resective surgery, ii) RNS, with possibility of resection after failed
RNS. Jointly, the circle of care decides against continued medical treat-
ment and decides to proceed with upfront resective surgery. The values
of the patient and his family justifies the evaluation that resective sur-
gery is warranted because of this young boy's ability to tolerate a
motor deficit, the possibility of regaining motor function as he is
young, and the current distress of daily seizures and episodes of unre-
sponsiveness impacting his ability to participate in school. The family
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and the physician team will reapproach this decision at a second clinic
visit to review the decision and to answer additional questions.

3.2. Case 2

A 16 year-old girl with longstanding right side hemiparesis is seek-
ing treatment options for her daily sensorimotor seizures. She has
been investigated with MRI, EEG, MEG, and treated with antiseizure
medication for 10 years. Her EEG shows multifocal spikes with a
suspected origin within the left Rolandic region, and her MRI is normal.
Seizure outcome is difficult to predict based on current findings. Al-
though her right arm has distal weakness, she is able to participate in
school and perform nondexterous tasks with an orthotic aid (writing,
eating with a spoon, picking up certain objects).

First, the treatment options identified are (a) continued medical
treatment, (b) resection of left pericentral gyri, or (c) RNS. This patient
has a difficult choice. The clinical team helps her distinguish that RNS
will spare her remaining motor function if she can accept a reduction
and not a complete cessation of her seizures, whereas resective surgery
can potentially achieve a cure from epilepsy and she has already learned
to cope with a motor deficit, which may worsen after a resective proce-
dure. She may choose to rank i) RNS, ii) resective surgery after failed
RNS, and she still considers iii) continued medical treatment. In her
evaluation of options, she believes she is risk-averse and would prefer
a treatment that has reversible effects. Furthermore, she considers
that until she knows her career trajectory, she does not want to risk fur-
ther motor deficits at her age. She decides to pursue RNS. She docu-
ments her ranks and evaluations for a review at a later date after
discussions with her friends and family.

3.3. Case 3

A 24 year-old woman living in a rural setting with no neurologic def-
icits has weekly sensorimotor seizures that adversely affected her qual-
ity of life. Her MRI is normal, but her EEG suggests a pericentral
epileptogenic focus. She underwent stereoelectroencephalography
which confirmed the epileptogenic zone within the primary motor
cortex.

Treatment options are identified as (a) continued medical manage-
ment or (b) consideration of RNS. In this situation, resective surgery
may not be recommended given her good clinical status and relatively
mild severity of seizures as well as the expected postoperative deficit.
The distinguishing factors she considers are that RNS is still a novel tech-
nology with unknown long-term benefits, and she would need to make
multiple physician visits to an urban centre to program the device. She
will need to travel out of state for her treatments and follow-up. The pa-
tient ranks RNS over continued medical treatment. She evaluates that
she does not like the side-effects of her antiseizure medications and
would like to trial methods of seizure reduction with minimum risk de-
spite obstacles to access her care. The clinical team asks her to meet her
treatment team out of state for her review of her treatment goals.

4. Conclusions

Epilepsy is a common yet challenging condition with multiple ethi-
cal consideration that arise at multiple treatment decision points. Bio-
ethical issues in epilepsy are particularly salient given the priority
given to diseases that could affect an individual's agency and pose a

threat to their development, quality of life, and possibly behaviour. Di-
agnostic and treatment options are often subjective and must factor a
patient's experience with epilepsy. Although resective surgery in elo-
quent cortex carries a higher risk for neurologic deficit, it is an
established and effective treatment. Conversely, RNS is reversible and
may be a “safer” upfront alternative. In order to navigate the complex
ethical landscape, it is imperative for clinicians to be both honest and
comprehensive with patients and caregivers. To facilitate these conver-
sations, we propose a value-based framework to inform the conduct of
resective epilepsy surgery in the age of RNS.
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