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Abstract

Interventions focused on utilization of epilepsy surgery can be divided into groups: those that
improve patients’ access to surgical evaluation and those that facilitate completion of the surgical
evaluation and treatment. Educational intervention, technological innovation, and effective
coordination and communication can significantly improve patients’ access to surgery. Patient and
public facing, individualized (analog and/or digital) communication can raise awareness and
acceptance of epilepsy surgery. Educational interventions aimed at providers may mitigate
knowledge gaps using practical and concise consensus statements and guidelines, while specific
training can improve awareness around implicit bias. Innovative technology, such as clinical
decision making toolkits within the electronic medical record(EMR), machine learning techniques,
online decision-support tools, nomograms, and scoring algorithms can facilitate timely
identification of appropriate candidates for epilepsy surgery with individualized guidance
regarding referral appropriateness, postoperative seizure freedom rate and risks of complication
after surgery. There are specific strategies applicable for epilepsy centers’ success: building a
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multidisciplinary setup, maintaining/tracking volume and complexity of cases, collaborating with
other centers, improving surgical outcome with reduced complications, utilizing advanced
diagnostics tools, and considering minimally invasive surgical techniques. Established centers may
use other strategies, such as multi-stage procedures for multifocal epilepsy, advanced functional
mapping with tailored surgery for epilepsy involving the eloquent cortex, and generation of fresh
hypotheses in cases of surgical failure. Finally, improved access to epilepsy surgery can be
accomplished with policy changes (e.g., anti-discrimination policy, exemption in transportation
cost, telehealth reimbursement policy, patient-centered epilepsy care models, pay-per-performance
models, affordability and access to insurance, and increased funding for research). Every
intervention should receive regular evaluation and feedback driven modification to ensure
appropriate utilization of epilepsy surgery.

Keywords

barriers to care; drug-resistant epilepsy; epilepsy; epilepsy surgery; medically resistant epilepsy;
underutilization; health communication

Introduction

Despite high-quality evidence including randomized controlled trials (RCT), substantial
supporting scientific literature, and well-established guidelines from professional societies,
epilepsy surgery remains one of the most underutilized evidence-based treatments in modern
medicine.(1-5) In part | of the series, we provided a comprehensive review of barriers to
epilepsy surgery. Interventions to improve utilization of epilepsy surgery may address
challenges that prevent access to surgical evaluation and prevent patients from completing
necessary workup, ultimate completion of the surgery and post-surgical care. In this paper,
we explore potential interventional strategies using education, technology, policy-change,
and other approaches to empower patients and caregivers with adequate information.
Further, we highlight interventions to address gaps in physician knowledge and practice,
improve access to comprehensive epilepsy centers, streamline presurgical work-ups, mitigate
systemic inequities, and increase research funding with the ultimate goal to reduce the
treatment gap surrounding epilepsy surgery. (Figure 1)

1. Educational Intervention
1.1 Patient-facing educational intervention

1.1.1 Educational strategies: Patients’ fears and misperceptions regarding epilepsy
surgery are one of the strongest barriers to pursuing epilepsy surgery (please review Part I:
Table 1), and >75% of people with epilepsy desire more information about epilepsy surgery.
(6-12) (13) Patient-facing educational strategies (verbal teaching with traditional lectures,
audio or videotapes, seminars, module-specific teaching, demonstrations, role playing, etc.)
are systematically studied for many chronic conditions such as diabetes, asthma, and cancer,
to improve patient and family perspectives about their condition, empowering them in the
management of their own disease. A meta-analysis evaluating effectiveness of various
teaching strategies in diverse healthcare settings calculated the effect size for most teaching
methods as small to moderate [traditional lectures 0.48 (95% Cl, 0.29-0.67), discussions
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0.34 (95% ClI, 0.25-0.43), written materials 0.43 (95% ClI, 0.33-0.53), audiotapes 0.43 (95%
Cl, 0.33-0.53), videotapes 0.41 (95% CI, 0.29-0.53), verbal teaching 0.28 (95% Cl, 0.19—
0.37)] with the notable exception of large effect size with teaching by demonstration (0.79;
95% Cl, 0.55-1.03).(14, 15)

The preferred formats, timing and delivery of information and counselling regarding
epilepsy surgery, and the outcomes following educational interventions have been
investigated in a limited fashion.(16) A RCT showed significantly greater decrease in
anxiety and depression levels in 100 pre-surgical patients with provision of more
information (experiential information by showing two separate video interviews with one
male and one female who had undergone temporal lobe surgery for epilepsy, as well as
information about different diagnostic tests). Individuals identified as monitors (a particular
coping or disposition style associated with more anxiety, information-need, and preference
toward problem-focused strategies) had greater improvement than individuals who prefer
distancing and/or avoidance-type strategies.(17) Providing detailed information can make
>50% of patients and family members more favorable toward epilepsy surgery.(18) Besides
traditional teaching tools, a prospective and randomized clinical study showed superiority of
a new mixed reality tool (“VSI Patient Education” running on HoloLens® glasses) over the
traditional 3-dimensional rubber brain model to educate patients before epilepsy surgery.(19)
Patients could comprehend and imagine the procedure better using the new tool.
Subsequently, they felt significantly less anxiety about epilepsy surgery and recommended
the new tool as a preferred patient education tool. Similar effect was noted among family
members.

Availability of both analog (i.e., written information in the physician’s office, handouts,
large chart in the examination and waiting rooms) and digital (downloadable apps or URLS
of relevant websites, webinars, podcasts) tools can be beneficial, as can combining teaching
strategies with verbal instruction (especially if a patient has trouble recalling oral
information with memory impairment) with other educational strategies.(20-21) Studies
from other fields demonstrate structured (compared to ad hoc instruction), patient-specific,
and culturally appropriate (especially for minority groups) interventions can be more
efficient, delivered in either group or individual settings. (15, 20-22)(23) Patient-specific
risks and benefit analysis provided in easily understandable terms can be extremely valuable,
particularly if the patient and family develop insight regarding how life might be different
post-surgery. Moreover, emphasis on enhanced abilities after epilepsy surgery rather than
disability (maintaining data driven realism) is necessary to invoke a powerful effect of
emotions on the attitudes and decision making surrounding surgical therapy. This is the key
for many patients with intractable epilepsy as they may be unintentionally discouraged about
surgery by improper use of language (example, epilepsy surgery as a last resort option)
during early encounters with their providers. Structured instruments can assess
misconceptions and anxiety related to surgery and can be pivotal to provide individualized
counselling early after diagnosis. (24, 25) Additional considerations should be given
regarding educational interventions in young patients with epilepsy: information given both
with and without the caregivers, provision of a quiet room for teaching without distraction,
and use of electronic media formats (the Internet, social networking).(26) Decisional aids
and option listing may facilitate surgical decision making, especially in patients with
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baseline memory and cognitive difficulties.(27, 28) Online forums, chats, patient testimonial
videos, peer-to-peer support programs, and social media posts can also provide needed
support, information, and resources for epilepsy surgery candidates.

1.1.2 Self-management and stigma reduction interventions: Surgical options are more
frequently denied by patients with comorbid psychiatric diseases.(11) Although epilepsy
surgery-specific education is a directed way to approach patient anxiety related to surgery,
individual patient self-management and stigma reduction interventions in the early stages of
epilepsy may generate broader acceptance of surgical therapy by eliminating barriers to
mental health care. Multiple non-pharmacological, evidence-based programs are readily
available to provide self-management support in People with epilepsy (PWE). (29)(26) With
high self-management skills, they may be more willing to pursue epilepsy surgery as
intractable seizures become disabling and prevent them from taking full control of their
lives. They also can use one of the many available smartphone applications to record seizure
history, track changes over time, and share the content with their health care team. In a
closed loop healthcare system, these data can be fed into the system to promote faster
pathways to epilepsy surgery.

1.2 Society or community facing educational strategies—Society or community
level intervention can be distinctly advantageous to raise public awareness of epilepsy by
reducing lack of knowledge, misinformation, and stigmatizing attitudes and behaviors.(30—
33) Although we lack understanding of the effect of public education specific to epilepsy
surgery, the Institute of Medicine (US) Committee on Public Health Dimensions of the
Epilepsies recommended several potential strategies to promote public knowledge about
epilepsy, including improving coverage and depiction of the epilepsies in the media with
specific programs for journalists as well as writers and producers in the entertainment
industry, engaging people with epilepsy and their families in public awareness efforts,
coordinating public awareness efforts(including social media campaigns) and developing
shared messaging, and ensuring that all campaigns include rigorous formative research.(34)
Public educational efforts may be more effective if tailored to intended audience
demographics and consider issues related to limited health literacy.

1.3 For referring providers

1.3.1 Medical Education, Communication Training, Residency Education: Despite
significant knowledge gap among providers(Part I: Table 2), the impact of educational
intervention to promote referral to comprehensive epilepsy centers has not been
systematically studied.(35, 36) Healthcare professionals including epilepsy specialists may
also need to use certain strategies for effective communication, shared decision-making, and
care planning.(Table 1) Early exposure to the patient-centered communication training may
be beneficial during residency training, along with high quality education, training, and
exposure related to surgical therapy. Interested trainees may further pursue dedicated
epilepsy surgery fellowships afterwards, including development of further expertise in the
use and interpretation of various diagnostic tools. An important positive step in the US was
establishment of the new subspecialty board certification in epilepsy by the American Board
of Psychiatry and Neurology (ABPN) which helped establish a core curriculum for
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accredited fellowships and standardized training in epilepsy. Additional resources may
include education programs (example, the J. Kiffin Penry epilepsy education programs),
mini-fellowships or appointment of specialists from experienced centers with visiting
professorship.

1.3.2 L ocally adapted consensus guideline, educational campaign, conferences,
Telementoring programs: Although there is unequivocal need for provider education,
strategies that would be enthusiastically embraced among all providers are unclear. In
general, physicians can easily receive comprehensive information about epilepsy surgery via
free online resources, peer-reviewed journals, or textbooks, but widespread implementation
might be restricted due to time constraints in a busy clinical practice. Practical, pragmatic,
and concise consensus statements and guideline (with accompanying structured referral
sheet, reflecting local circumstances and barriers) can be useful if they are widely
disseminated through different outlets to penetrate all levels of the healthcare system. (37)
National, regional, or statewide educational campaigns targeting providers can be employed
to improve awareness about epilepsy surgery as a standard of care rather than an
experimental option. Interested neurologists also can receive epilepsy surgery specific
education by attending various international, national, regional, or local educational
conferences, where they are exposed to views and opinions of expert leaders from various
epilepsy surgery centers and from other providers who have successfully adopted practice to
increase epilepsy surgery in their centers. Telementoring programs such as ECHO
(Extension for Community Healthcare Outcomes) can be utilized to link primary care
providers, neurologists, and epilepsy specialists in an interactive teleconference format to
expand access to epilepsy education and training.(38-40)

1.3.3 _Implicit(unconscious) bias training: No data as yet specifically measures the
effects of implicit bias in epilepsy surgery referrals or surgery triage. However, since racial
disparities has been demonstrated to restrict access to epilepsy surgery(Part I: Systemic
inequities in access), it stands to reason that research and provider-facing strategies in this
area are needed to insure that equity to access for care is present.(41, 42)(43)(44, 45)

2. Digital tools for education, decision support, and prognostic estimation

2.1 Online tool for referral facilitation—One barrier to epilepsy surgery is
recognition of ideal candidates, particularly in primary and secondary care centers. Online
decision-support tools may help physicians without specialized epilepsy training to identify
individual patients for referral to a comprehensive epilepsy center. Roberts et al. reported use
of an online tool, Canadian Appropriateness of Epilepsy Surgery (CASES) tool, to facilitate
appropriate referral for epilepsy surgery.(46) This evidence-based, clinical decision tool uses
several variables to determine referral appropriateness with relative ease and excellent
concordance with the clinical judgment of epilepsy specialists.(47)

2.2 Nomogram and scoring algorithms—Besides referral facilitation, other

statistical tools such as nomogram or scoring algorithms have been developed to estimate
likelihood of seizure freedom after surgery, which can be particularly helpful to facilitate
preoperative individualized patient counseling and provide better estimation of outcomes
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compared to individual epilepsy characteristics. Multiple patient characteristics contribute to
individualized surgical outcome prediction as shown by multiple statistical tools [eg,
modified seizure freedom score (m-SFS), The Epilepsy Surgery Grading Scale, and Epilepsy
Surgery Nomogram (ESN)].(48-50) Prediction of seizure outcomes at 2 or 5 years after
surgery using these m-SFS and ESN were non inferior to prediction by expert
epileptologists.(51) Moreover, there was a moderate statistical difference favoring the m-
SFS over clinicians. Beyond seizure-outcome, there are several multivariate models that help
predict complications such as verbal memory and post-operative naming decline.(52) (53)

2.3 Tools and screen prompts embedded in EMR and machine learning
techniques—Recently, there has been exponential growth in the use of EMR, which
exceed paper records in ability to track patient information over time. Epilepsy toolkits can
be designed within the EMR to facilitate structured clinical documentation and support
clinical decision making by prompting for appropriate referral for epilepsy surgery.(54)
Matykiewicz et al. demonstrated that information-theoretic and machine learning techniques
(natural language processing) can be effectively used to process text data from clinical notes
for earlier identification of candidates for epilepsy surgery.(55) There are several other
preliminary studies that demonstrated that various machine learning techniques (using
clinical, demographic, neuropsychological, or structural and functional connectivity data
from invasive EEG) can predict individualized surgical outcomes in epilepsy.(56)

3. Interventions for Comprehensive Epilepsy Programs

After presurgical evaluation, strategies to prevent patient attrition prior to surgery are
important. Use of an algorithmic and streamlined approach to preoperative workup and
access to necessary diagnostic tools and expertise locally or within a network of other
epilepsy centers may increase the likelihood of completed evaluations. For certain patient
populations, the decision to offer epilepsy surgery may rely heavily on the experience of the
referral center. Thus, recognizing neglected populations and connecting them to expertise
within a referral network may improve access to surgical therapy.

3.1 Progressive expertise and collaborative network—The expertise to perform
epilepsy surgery varies among centers, as does the complexity of patients. Newly established
epilepsy centers may evaluate seemingly less complex cases (i.e. tumor-associated lesional
epilepsy) in the beginning to gain experience. After gaining adequate expertise, epilepsy
centers may continue with a minimum number of evaluations, including complex cases,
consistently to maintain necessary skills.(57) The International League Against Epilepsy
(ILAE) has recommended annual performance of 20-50 surgeries to maintain proficiency in
epilepsy surgery.(58) However, the Austrian, German, and Swiss working group of
presurgical diagnosis and treatment correctly pointed out that the volume requirement may
need adjustment depending on the catchment area of the epilepsy surgery center.(59) Thus,
maintaining skills necessary to most effectively carry out epilepsy surgery may require a
network model. Formation of collaborative networks and partnership among epilepsy centers
may allow access to rare expertise and expensive diagnostic tools, while providing
opportunity for comparative effectiveness research across the collaborative. For example, the
European Task Force on Childhood Epilepsy Surgery, established in 2004, provided a
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platform to discuss complex surgical cases two times per year among epilepsy surgery
centers from at least nine different countries.(60) From that collaboration, the TimeToStop
study (a retrospective cohort study) was completed that report early AED withdrawal after
epilepsy surgery does not affect long-term seizure outcome in children.(61) The surgery
subgroup of the Pediatric Epilepsy Research Consortium (PERC), a network of U.S.
Pediatric Epilepsy Centers, developed a multicenter collaborative database collecting
common data elements on every patient evaluated for epilepsy surgery, including epilepsy
characteristics, components of evaluation, surgical procedures performed, and outcome.
Besides standardizing common data elements and investigating the relative value of differing
decision trees, approaches, surgical techniques, this collaboration may facilitate referral of
surgical candidates, standardization of evaluation algorithms and treatment, and comparative
effectiveness of different therapeutic pathways.

3.2 Referral strategy—Given the complexities of surgical decision making, the pursuit
of candidacy is strongly influenced by the availability of collective expertise and experience
regarding epilepsy surgery. There is reservation about offering epilepsy surgery in certain
groups of patients-even in epilepsy centers-depending on the patient and epilepsy
characteristics (extremes of ages, seizure onset zone approximating eloguent cortex,
multifocal seizures, patients with intellectual disabilities or psychiatric comorbidities) due to
perceptions of poor surgical outcome. Although some reluctance in undertaking epilepsy
surgery evaluation might be valid (particularly in the less experienced centers), many
accomplished centers can competently break these barriers in surgical decision making.
There has been a demographic shift of the presenting patient population from the relatively
straight-forward evaluation (i.e., mesial temporal lobe epilepsy) to more complex epilepsy
substrates over time.(62—-67) Appropriate referral should be considered in these cases
following a standardized guideline. Besides existing referral guidelines (NAEC in the US,
European Reference Network in Europe, and Children’s Epilepsy Surgery Service(CESS) in
England, ILAE Pediatric Epilepsy Surgery Task Force recently published criteria for two
levels of care in pediatric epilepsy surgery centers through a modified Delphi Process and
can guide patient referral from Level 1 to Level 2 centers.(68) As suggested in this
guideline, Level 1 centers may provide epilepsy surgery for discrete lesions including
hippocampal sclerosis or lobectomy/lesionectomy for lesions not involving the eloquent
cortex in children age 9 years and older. However, level 2 centers, with expanded standards
for personnel and technology, can provide surgical treatment across the age span and in
children with more diverse range of epilepsy etiologies, including with normal MRI or ill-
defined, multilobar, hemispheric, or multifocal MRI lesions.

3.3 Risk minimization practices for specific populations—Although there are
severe negative developmental consequences to not offering surgical therapy in infants with
catastrophic epilepsies, many young children are denied surgery due to lack of expertise and
fear of complications.(69, 70) Although lack of local expertise can be addressed with
formation of strategic referral partnerships, special emphasis should be given to the
increased risk of surgery in this age group. These advanced referral centers should be
equipped with suitable critical care expertise (careful attention to blood loss, meticulous
operative technique, early transfusion of autologous blood products or cell saver blood, and
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postoperative close monitoring in an ICU setting for potential complications) to minimize
complications. Improved safety outcomes may also encourage future referral for surgery
early in the disease process.(71, 72) Similar attention is needed towards complication rate
when surgery is offered for older adults with intractable epilepsy. Although general
complication rates of epilepsy surgery are comparable to younger populations, special
consideration should be given regarding cardiovascular risk factors, risk of subdural
hematoma (may be secondary to age associated decreased cerebral volume), and risk of
decline in confrontation naming.(73) Special operative strategies are necessary for surgery in
close approximation to eloquent areas of the brain.(74, 75) The surgical planning may
involve careful and detailed functional mapping of the critical areas. Other strategies are
available for complex cases including awake surgery, tailored resection, and resection in
combination with multiple subpial transections (MST) or responsive neurostimulation
(RNS).(76) Functional mapping may be challenging in young patients, and centers with
expertise in pediatric functional mapping as well as emerging technologies like high-gamma
mapping, may serve as nodal centers for referring such challenging patients.

3.4 Strategies for multifocal or widespread epileptogenic zone—Multifocal
seizures have been considered as a relative contraindication for epilepsy surgery, however,
both curative and palliative surgical options are available for these patients. For example, a
surgical technique consisting of a 3 stage, bilateral, invasive intracranial monitoring has been
utilized in tuberous sclerosis complex (TSC)- a condition associated with multiple tubers
and multiple seizure foci.(77) (78) Patients with catastrophic hemispheric epilepsy
syndromes and frequent seizures can become seizure-free after anatomic or functional
hemispherectomy. Centers with adequate expertise also can perform corpus callosotomy, a
palliative surgical option, for patients with intractable drop seizures, especially in patients
with Lennox-Gastaut syndrome (LGS).(79)

3.5 Choosing appropriate outcome—Patients with intellectual disabilities and
epilepsy frequently have higher seizure burden but rarely undergo epilepsy surgery (2-15%
of the total surgical patients).(80) Although the intelligence quotient( 1Q) level was noted to
be an independent predictor of seizure freedom in a population-based epilepsy surgery series
from Sweden, up to 37% of patients in the 50-69 1Q range and 22% of patients in the <50
1Q were seizure free at 2 year follow up.(80) This underscores the importance of not
excluding patients with intellectual disability from epilepsy surgery, particularly in the
presence of an obvious epileptogenic lesion in the MRI. More importantly, improvement in
IQ has been noted after epilepsy surgery which can be correlated with individual’s ability to
live and socialize independently.

3.6 Early psychological interventions—Psychiatric comorbidities are particularly
prevalent in patients with intractable epilepsy. Early involvement of psychiatrists,
psychologists, and neuropsychologists is important for prompt management of psychologic
issues, which can help patients decide about epilepsy surgery. Detailed assessment by mental
health providers, early in the process, also allows better understanding of patient’s
expectation from the epilepsy surgery.
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3.7 Repeat Surgery-Generation of fresh hypothesis for cases with failed
surgery—There are few strategies to improve utilization of repeat surgery in cases of
previously failed surgery. A comprehensive reassessment of clinical features including
seizure semiology with repeat neurophysiological study with or without repeat
neuroimaging may be helpful to understand the cause of the surgical failure. Reasons for
failure include incomplete localization of the epileptogenic network, incomplete resection,
or activation of a new epileptogenic focus due to the surgical process itself or due to
patient’s inherent tendency to develop new epileptogenic foci based on genetic expression. If
a fresh hypothesis can be generated with a detailed assessment of the clinical data and
further testing, a successful second operation with long-term seizure control can be achieved
in carefully selected patients. Yardi et al. reported that Engel | outcome was achieved in 42
and 33% of patients after 1 or =2 failed epilepsy surgeries, respectively.(81)

3.8 Presurgical diagnostic workup—Presurgical diagnostic workup can be time-
consuming for many patients and, depending on the etiologies, complex. Lack of
standardized presurgical testing pathways and clearly stated time goals to complete these can
be significant barriers to epilepsy surgery.

3.8.1 Brain MRI: Among all the diagnostic tools, a quality brain MRI is the most
important, and a potential epileptogenic lesion visible in the MRI represents the core of the
surgical strategy. Higher magnetic field strength (1.5 T vs. 3 T vs. 7T), availability of expert
radiologists, dedicated epilepsy protocol sequences (eg, “essential 6” sequence, ILAE
standardized best-practice neuroimaging sequences) and access to MRI post processing
techniques can be helpful. (82) (83) (84) (85) (86) (87) Re-review of the initial negative MRI
should be done after completion of other testing such as EEG, functional scans or MEG with
particular focus on the suspected epileptogenic zone.

3.8.2 Automation, sophisticated image analysis, machine learning: Automated
quantitative assessment of subclinical data may be valuable in ‘“MRI-negative’ patients with
underlying hippocampal sclerosis and focal cortical dysplasia. Volumetry, automated FLAIR
signal analysis, and T2 relaxometry are particularly useful in the detection of subtle
hippocampal atrophy; automation of the process can significantly curtail the time and labor
constraints. Several sophisticated image analysis instruments (double-inversion recovery,
arterial spin labelling, novel diffusion imaging methods using neurite orientation dispersion,
density imaging, diffusion kurtosis imaging) can increase sensitivity for the detection of
focal cortical dysplasia and compliment visual reading of the MRI. Wide dissemination of
validated and readily available technologies can be utilized for detection of definitive
epileptogenic lesions for successful surgery. Machine learning techniques also can help with
detection of lesions in brain MRI with excellent accuracy. Hong et al showed that an
automated classifier relying on surface-based features of morphology and intensity could
detect focal cortical dysplasia (FCD) in patients with extratemporal MRI-negative epilepsy
with 74% sensitivity and 100% specificity.(88) Ahmed et al. also showed that an automated
quantitative morphometric approach correctly identified 14 out of 24 MRI negative FCD
lesions.(89)
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3.8.3 Strategies for successful long term video EEG monitoring: Long term video EEG
monitoring to capture habitual seizure is the next most important step in the presurgical
workup but may be skipped in certain situations, i.e. when simple seizure semiology
perfectly matches with the detected MRI lesion or the interictal EEG abnormality is highly
concordant with localization and lateralization information available from the clinical
semiology and brain MRI. However, most centers prefer ictal recording to rule out
psychogenic nonepileptic seizures. Hemispheric surgeries and palliative surgeries also may
not require ictal localization. Increased utilization of epilepsy surgery might occur if this
step could be skipped in appropriate patients due to high cost and difficulties with prolonged
inpatient stays. Many patients need long term monitoring but are prematurely discharged
prior to capturing habitual seizures which may adversely impact surgical candidacy. Some
strategies can be useful to minimize duration of inpatient admission with higher likelihood
of capturing essential EEG data: planned admission when the patient is having frequent
seizures, aggressive but careful withdrawal of AEDs, and use of provocative factors such as
sleep deprivation.

3.8.4 Use of tools for nonlesional cases or patients with extensive/multifocal
abnormalities: Successful determination of the potential epileptogenic zone is an essential
step of epilepsy surgery. Thus focal epilepsy with nonlesional or nonobvious MRI
abnormality or extensive/multifocal abnormalities without clear delineation of the
epileptogenic lesion may require functional imaging for localization of epileptogenic lesion.
The benefit of these modalities is potential avoidance of invasive monitoring in highly
selected cases by providing concordant data and raising confidence in localization. Jayakar
et al reported a longitudinal cohort of 102 children with nonlesional epilepsy among which
22 underwent excisional surgery based on integrated data from clinical exam, video EEG,
and metabolic scanning without extra operative invasive monitoring.(90) Although value and
cost-effectiveness of these modalities have not been firmly established, optimal presurgical
evaluation is based on judgement of physicians and culture of the institute.(91, 92) PET and
SPECT are the most commonly used optional studies.(93, 94) Although not widely
available, magnetoencephalography (MEG) may disclose epileptogenic lesions not detected
by the MRI and increase the potential surgical pool.(95) There are other developing tools,
such as EEG-fMRI and electrical source imaging using high density EEG that, individually
or in combination, may map irritative zones accurately in a head model. Multimodal 3D
imaging data integration with semi-automated computer-assisted planning software may also
facilitate identification of seizure onset zone and early propagation zone with attractive
visualization. There are emerging consensual practical guidelines regarding use of newer
diagnostic tools for universal application.(96) However, further research is needed to find
appropriate roles of these techniques in the presurgical algorithm.(97) Many of these are
redundant with concordant MRI and ictal/interictal video EEG data, but can be particularly
valuable to generate a hypothesis for intracranial EEG implantation in more complex
nonlesional cases. Due to the availability of a plethora of diagnostic tools, it is becoming
more prevalent to find modest concordance between tests to generate a reasonable
hypothesis to be tested by invasive monitoring.(98)
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3.8.5 Minimally invasive surgical approaches: One particular reason for underutilization
of epilepsy surgery is great fear about open brain surgery, both during invasive evaluation
and resection. Approximately a third of epilepsy surgery candidates need intracranial
monitoring and popularization of stereo EEG can help accomplish widespread epilepsy
network mapping with relative ease compared to traditional grid/strip methods. New
minimally invasive surgical approaches have been specifically developed such as stereotactic
radiosurgery and laser-thermoablation that can be valuable for a large subset of patients with
anxiety about open craniotomy and surgery.(99) Laser interstitial thermal therapy (LITT)
can be particularly useful for mesial temporal lobe epilepsy, small cortical malformations,
cavernous malformation, deeper small lesions like periventricular heterotopia and
hypothalamic hamartoma.(100). Gupta et al. reported a heterogeneous group of 35 patients
who underwent LITT therapy with 44% enjoying Engel | outcome during >12 months
follow up.(101)

4 Access, communication, and coordination barriers

4.1 Development of surgical epilepsy center—Access to epilepsy surgery is
limited in resource poor settings where surgical options are available only in select
government hospitals with long waiting periods or private corporate hospitals in large urban
areas with exorbitant costs that most citizens cannot afford. Moreover, most centers in
resource-limited settings lack adequate expertise and advanced diagnostic tools for the
facility to perform intracranial monitoring. However, epilepsy surgery centers can be
established even in resource-poor settings with gradual expansion of the patient base.(102) A
recent study reported that 382 patients underwent resective surgery over a 5-year period in
West China despite lack of SEEG, SPECT, and many patients prematurely discontinuing
workup due to expense. Jukkarwala et al. reported the development of a low cost epilepsy
surgery center in India with an initial investment of USD 15,000-20,000.(103) The
combined cost of presurgical evaluation and surgery was USD 860-1650, which is 10% of
the cost routinely incurred per surgery in developed countries. The authors utilized several
strategies that can be adopted by other developing centers: 1. involve trained epileptologists
for the initiation of the program 2. spread awareness about epilepsy surgery in the
community 3. in-house training of EEG technologists and nurses 4. identify most suitable
candidates (based on clinical history, EEG, and MRI) who would not require time
consuming and lengthy presurgical evaluation 5. subsidize the expenses for poor patients 6.
outsource selected cases requiring expert neuropsychiatrists or radiologists 7. referral of
difficult cases to the more established centers.

4.2 Referral partnerships, satellite clinics, and telehealth—There must be
coordinated effort to improve communication between epilepsy centers and referring
providers, who should be involved in the decision-making process and updated regularly
during the evaluation process. There also should be every effort to return patients to the
referring provider after the surgery or completion of inconclusive workup. Complex surgical
cases can be referred to highly specialized centers to remove surgical barriers. Establishment
of a hub (full array of services) and spoke (limited services) two-tier model can be
particularly useful in resource-limited settings. Vadera et al. discussed utilization of strategic
hospital partnerships between a university program with two other epilepsy centers with
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limited surgical capabilities.(104) The authors reported significant increase in the number of
epilepsy surgery cases (both simple and complex cases) after developing the partnership.
Besides improving access and surgical volume, there was financial gain for both parties:
increasing revenue from the presurgical workup and the increased surgical volume in the
referring institutes and the surgical center, respectively. Moreover, referring physicians could
remain active in decision making and the patient returned back to them postoperatively. The
surgical partnership model does not need to be geographically restricted and can be broadly
implemented to improve access to an experienced surgical team. Satellite clinics and
telemedicine also can offer a solution for travel restriction in patients with epilepsy.(105)
Telehealth also can be helpful in areas with health professional shortage or with limited
access to comprehensive epilepsy programs that offer epilepsy surgery.(106)

4.3 Multidisciplinary setup, epilepsy care-coordinator/nurse navigator,
patient care conference—Neurologists, epilepsy specialists, and neurosurgeons need to
work together discussing options and risk/benefit of surgery with patients as a team in a
multidisciplinary setting. Epilepsy surgery program coordinators or managers can help
schedule and bundle presurgical studies, especially for patients travelling from a distance.
Hill et al. showed significant increase (32-96% growth) in the epilepsy surgery evaluation
within a short time frame after employment of an epilepsy surgery manager.(107) Composite
process change efforts, such as increasing frequency of patient care conference, faster
scheduling of diagnostic tests, dedicated epilepsy surgery clinic, and employment of a nurse
navigator have been reported to increase surgical volume significantly (a study reported a
37% yearly increase of surgical volume with reducing average evaluation time by 96 days).
(108) Additionally, using language concordant epilepsy-care coordinators can help patients
with limited English proficiency navigate the convoluted journey to epilepsy surgery.
However, easy access to medical interpreters throughout the care process would be more
practical solutions for most programs.

5. Policies and programs

Public policies can support epilepsy research, increase access to epilepsy surgery, and
mitigate systemic inequities in the access of surgery. Community advocacy groups, lay
patient and professional organizations can advocate and promote policies at the state and
federal levels to facilitate epilepsy surgery evaluation.(109)

5.1 Policies to increase access and optimize payment models—Improvement
in the access to epilepsy surgery can be achieved through the proper use of government and
health-care policies (e.g., anti-discrimination policy, sick leave policy). Improved public
transportation at reduced costs for people undergoing epilepsy surgery evaluation can be
particularly advantageous as most patients with intractable epilepsy would not be allowed to
drive due to seizure-free restriction. Advocacy groups also can propose legislative changes
to the congress regarding various issues, such as current payment model. Neurologists and
epileptologists spend an enormous amount of time in the care of complex epilepsy patients
for counselling, evaluating diagnostic tests, and presenting in the multispecialty case
conference. Current fee-for service models may not capture all these efforts, and a patient-
centered epilepsy care model that stratifies payment amount based on complex care may be
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more suitable. Similarly, pay-per-performance type models (for example, adherence to AAN
guideline regarding epilepsy surgery referral) can also be promoted in appropriate settings.

5.2 Health care coverage and workforce diversity—Epilepsy surgery is not
equally distributed among races and socioeconomic status and improvement in health care
coverage with insurance may reduce disparities in accessing surgical treatment. For
example, socioeconomic disparities with underrepresentation of poor in the surgical cohort
may be less prevalent in countries with universal health care system as noted in one recent
study from Ontario, Canada.(110) Large scale favorable change in the government policies
(including insurance approval for presurgical workup) can be beneficial. A favorable change
was demonstrated in a recent National Inpatient Sample analysis with no racial
discrepancies to access surgical care after the introduction of the Affordable Care act.(111)
Additionally, disparities related to racial and cultural factors can be minimized with
appropriate policies and programs to increase in bilingual physicians and expansion of racial
and ethnic diversity among physicians.

5.3 Increased funding for epilepsy research—Policy change with preferential
governmental funding in research related to epilepsy surgery is urgently needed. Although
epilepsy is the fourth most common neurological disorder with immense public health
impact, research related to epilepsy remains underfunded compared to other major
neurological disorders such as Alzheimer disease, amyotrophic lateral sclerosis (ALS),
multiple sclerosis, Parkinson disease, and stroke. Meador et al reported that relative NIH
funding is 1.7 times greater for stroke and staggering 61.1 times greater in ALS research
than epilepsy.(112) This disparity in research funding can’t be explained by the overall
impact of these diseases on patients. This disparity in governmental funding is more
profound in research related to epilepsy surgery, which doesn’t have pharmaceutical or
medical-device industry backup. Given extreme difficulty in the recruitment process for
surgical clinical trials, other research methods (comparative effectiveness trials,
observational research, big data sources from multi-institutional registries) should be
employed to answer many unknown questions regarding use of epilepsy surgery. Particular
emphasis may be given to the following areas: structured instruments to assess patients’
perceptions regarding epilepsy surgery and appropriate behavioral intervention methods,
optimum diagnostic algorithm for presurgical workup, long-term postsurgical outcome data
for extratemporal epilepsies, and chronic outcome and safety data after minimally invasive
surgeries.

Conclusion

In this review, we comprehensively discuss various interventional strategies that may help
address challenges encountered during pre-surgical evaluation to the completion of epilepsy
surgery. Solving the underutilization of epilepsy surgery involves educational interventions
for patients/families, community, and referring providers, use of technological
advancements, and creation of a standardized system in the comprehensive epilepsy center.
Moreover, other potential solutions will involve increasing healthcare workforce diversity,
reducing barriers based on racial and socioeconomic disparity (insurance options),
developing more epilepsy centers wherever there is need, increasing collaboration between
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epilepsy centers with different technological and human (skills and expertise) resources, and
increasing research funding for epilepsy. However, there should be a robust system in place
to measure relevant outcomes (cost effectiveness, impact on Disability-Adjusted Life Year)
in real time to determine if interventions or initiatives are effective and permit adaptability
based on constructive feedback. This type of feedback-driven modification may allow
critical reflection of the improvement process and further refinement and optimization of the
program to ensure all potential surgical candidates receive high-quality care.
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Highlights

. Multifaceted interventions are necessary to tackle underutilization of epilepsy
surgery

. Educational interventions can be useful for both patients and providers

. Targeted coordination and communication strategies promote efficient
evaluation

. Innovative technology and supportive Policies improve access to epilepsy
surgery

. Specific strategies for epilepsy centers ensure appropriate surgical evaluation
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*Educational interventions

ePatient and public facing, individualized (analog and/or
digital) educational strategies

for to mitigate
knowledge gap with use of practical and concise consensus
and guidelines and i specific training to
improve awareness about implicit bias

*Technological
interventions

«Clinical decision making toolkits within the EMR, machine
learning techniques, online decision-support tools,
nomograms, and scoring algorithms

Effective coordination and
communication strategies

sReferral partnerships, telehealth, satellite clinics, nurse
navigator,patient care conference

Interventions for epilepsy
centers

#Building y setup, and
complexity of cases, collaborating with other centers, reducing
complication rate, utilizing advanced diagnostics tools, and

idering minimally ir it i

= Multi-stage procedures for multifocal epilepsy, advanced
functional mapping and tailored surgery for epilepsy involving the
eloguent cortex, and generation of fresh hypothesis in surgical
failure cases

*Policy changes

Anti-discrimis policy, in the transportation
cost, telehealth reimbursement policy, patient-centered
epllepsy care model, pay-per-performance model, access to
insurance, increased funding for research

Fig. 1.

Strategies to overcome epilepsy surgery barriers.
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Table 1.

Skills, tools, and strategies for healthcare professionals

Skills

Tools

Strategies
during the
patient

encounter

« Skill to teach the patient self-management skill, including medication adherence, identification of seizure triggers,
documentation and reporting of seizures, adherence to seizure action plan, and healthy living

« Skill to motivate the patient to gain information and confidence so that they can make informed decisions about their health

« Skill to improve different communication methods, including face-to-face (probably the best way to communicate), telephone,
and electronic communications

« Skill to empathetic understanding of the patient — how they connect with family, what support systems are in place, and how
their environment impacts their care.

« Skill regarding understanding of the implicit bias and its role in the treatment decision

« Skill to assess if the person is taking in the information presented to them and what stressors are in the way. Paying attention to
the patient’s worries and fears and try to dispel them

« Skill to get the person engaged in conversation and find ways that the patient feels comfortable talking about fear and anxiety
related to epilepsy surgery

« Skill to establish a relationship with the patient

« Skill to be aware of nonverbal messages when delivering verbal communication, including gestures, body language

« Visual tools usually supplement verbal education

« Use a question list so that patients can ask questions and providers can answer them

« Use the teach-back method/Ask patients to repeat information in their own words

« Provide information in several different ways (analog and digital) to make sure the patient understands the concept and access
that in a later time

« Audiotapes of patient consultations can be effective for patient recall of verbal education

« Regular practice of the communication skills to use them effectively and structured skill development exercises may be helpful
for providers.

« Determine the patient’s barriers to health literacy. Assessing the ability to learn may include interview or observation

« Ask patients to state their goals of epilepsy care to begin a discussion

« Find out what the patient already knows before providing information; ask, “What do you already know about epilepsy
surgery?”

« Present the most important information first

« Emphasize one to three key points

« Focus on one issue at a time.

« Present the information in logical blocks
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