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Abstract

One-third of persons with epilepsy have seizures despite appropriate medical therapy. Drug
resistant epilepsy (DRE) is associated with neurocognitive and psychological decline, poor quality
of life, increased risk of premature death, and greater economic burden. Epilepsy surgery is an
effective and safe treatment for a subset of people with DRE but remains one of the most
underutilized evidence-based treatments in modern medicine. The reasons for this quality gap are
insufficiently understood. In this comprehensive review, we compile known significant barriers to
epilepsy surgery, originating from both patient/family-related factors and physician/health system
components. Important patient-related factors include individual and epilepsy characteristics
which bias towards continued preferential use of poorly effective medications, as well as patient
perspectives and misconceptions of surgical risks and benefits. Health system and physician-
related barriers include demonstrable knowledge gaps among physicians, inadequate access to
comprehensive epilepsy centers, complex presurgical evaluations, insufficient research, and
socioeconomic bias when choosing appropriate surgical candidates
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Introduction

Approximately one-third of patients with epilepsy have seizures which fail to respond to
drug therapy [1]. Drug resistant epilepsy (DRE) is associated with neurocognitive and
psychological decline, poor quality of life, increased risk of premature death, and higher
societal economic burden. Worldwide, 10 million potential surgical candidates exist out of
approximately 50 million persons with epilepsy [2].

High-level evidence supports epilepsy surgery as an effective and safe treatment option for a
subset of patients with DRE. In adults with temporal lobe epilepsy, a randomized controlled
trial comparing surgical therapy to continued medical management demonstrated after one
year only 8% of patients were free of focal impaired seizures in the medical group compared
to 58% after epilepsy surgery [3]. In addition, patients in the surgical group had better
quality of life. Another multicenter, controlled, parallel-group clinical trial in adults
demonstrated early resective surgery (within 2 consecutive years of disabling seizures) in
mesial temporal lobe epilepsy was associated with lower probability of continued seizures
(11 of 15 were seizure-free during year 2 of follow up) compared to continuing medical
therapy (0 of 23 participants became seizure free) [4].

Epilepsy surgery benefits children as well. A single-center randomized trial of surgery for
DRE of various etiologies in children demonstrated that 77% were seizure-free in the
surgical group compared to 7% in the medical therapy group (p < 0.001) at 12 months with
additional improvements in behavior and quality of life in the surgery group [5]. A
longitudinal study in intractable temporal lobe epilepsy showed seizure free patients after
surgery recovered nonmemory (1 year postoperatively) and memory deficits (performed 2—
10 years after the baseline testing) [6]. Epilepsy surgery leading to seizure freedom
significantly reduces mortality rate (standardized mortality ratio of 0.45) [7]. Despite high
upfront cost, resective epilepsy surgery became cost-effective between 9 and 10 years after
surgery in a multi-center French study, and even earlier if all indirect cost were taken under
consideration [8].

Disappointingly, despite high-quality evidence supporting improved seizure outcomes,
cognitive outcomes, QOL, and higher cost-effectiveness of epilepsy surgery compared to
continued medical management of DRE, epilepsy surgery remains one of the most
underutilized evidence-based treatments in modern medicine [9-11]. As 25-50% of patients
with DRE may be candidates for epilepsy surgery, the number of potential epilepsy surgery
candidates globally is between 1 and 7.5 million people [12,13]. The degree of inadequate
access to surgical treatment is potentially expected in resource-poor countries; yet, is
strikingly elevated in high-income, developed countries with the availability of state-of-the
art facilities. A national survey revealed only 3000-4000 epilepsy surgeries occur annually
among 100,000-200,000 surgical candidates in the United States [14]. A mean interval of 22
years from the onset of epilepsy to surgical therapy further exasperates this quality gap [15].

Despite mounting clinical evidence, the rate of epilepsy surgery may be declining or static,
at best. The American Academy of Neurology practice parameter in 2003 recommended
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“referral to a surgical epilepsy center on failing appropriate trials of first-line antiepileptic
drugs” [9]. A study several years later noted no difference in the referral pattern (diagnosis
of seizures to the referral in years: 17.1 + 10.0 vs 18.6 + 12.6 years, p = 0.39) when
compared between the timeframes of 1995-1998 and 2005-2008 [16]. Jehi et al. reported
the evolving pattern of epilepsy surgery between 1991 and 2011 in 9 major epilepsy centers
with an overall 25% declining surgical rate with specific decline for mesial temporal lobe
procedures [17].

The concerning trend in declining epilepsy surgery rates is evident across countries with
varied health care systems. A population-based cohort study in the US showed a decreasing
epilepsy surgery rate between 1990 and 2008 with decreased hospitalizations in high-
volume surgical centers [18]. Another population-based retrospective cohort study in
Ontario, Canada showed that only 1.2% of patients underwent epilepsy surgery within 2
years of DRE diagnosis despite 12% of patients dying within the same timeframe [19]. Data
from the UK estimated that the occurrence of the annual number of epilepsy surgeries may
keep pace with the incident cases added to the surgical pool, but does not address the
treatment gap of the preexisting intractable patients [20]. In Germany, the duration of DRE
prior to presurgical assessment increased from 1989 to 2009 and presurgical volume
increased between 1990 and 2013 yet surgical cases remained stable due to an increasing
rate of informed choice against epilepsy surgery [21,22].

A well-defined but poorly understood quality gap exists in DRE treatment with wide range
barriers. To allow comprehensive analysis of barriers, we decided to undertake a scoping-
review approach (rather than systematic review). With intention of broadly examine the
literature on barriers to epilepsy surgery, we identified several research questions to guide
(example, how important is patient attitudes and perspectives in uptake of epilepsy surgery?)
the scoping review. We identified papers from PubMed and other databases with use of
various combinations of the following keywords “epilepsy “and “surgery” or “surgical” or
“surgical procedures” or “resecti*” or “disconnecti*”. The references within each article
were then reviewed with a ‘snowball sampling’ approach to obtain further relevant articles.
After reviewing title and abstracts of all these articles, relevant articles related to barriers to
epilepsy surgery were reviewed in detail. Several experts of the surgical subgroup of the
Pediatric Epilepsy Research Consortium (PERC) were consulted for in-depth guidance
regarding appropriateness of the included references, suggestion for additional references,
and provide insight beyond that available in the literature. In this paper, we summarized and
reported the known barriers to epilepsy surgery in an effort to identify opportunities to
increase epilepsy surgery utilization (Fig. 1). In a subsequent paper (Underutilization of
Epilepsy Surgery: Part Il: Strategies to Overcome Barriers), we discussed various strategies
to overcome these barriers.

Challenges related to patient attitudes and perspectives (Table 1).

1.1. Misconceptions regarding surgery, lack of self-exploration, lack of individualized

information

Patient attitudes and perspectives regarding epilepsy surgery are founded in social and
education background and further developed by experience with healthcare systems and
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information or misinformation from providers, the internet, social media, and community
resources. Regrettably, the misconception that epilepsy is a purely pharmacologically-treated
disease is prevalent [23]. Many patients consider epilepsy surgery as an experimental
procedure despite use for more than 100 years. Though general awareness regarding
epilepsy surgery is increasing, many patients with intractable epilepsy (51.9-56%) are
unaware if they are candidates for surgical evaluation [24,25]. Additionally, patients’
negative attitudes and perspectives about epilepsy can act as a major barrier; patients may
refuse surgery if they perceive their epilepsy is not “severe” (may not correlate with
objective assessment), experience excessive anxiety about surgery, are not adherent with
healthcare providers’ advice, and suffer from comorbid psychiatric disease [25-29]. Patients
and families may develop negative attitudes towards epilepsy surgery if exposed to
healthcare professionals with bias against surgery or if various providers provide
inconsistent information.

A request for epilepsy surgery from the patient and family is more likely to occur after a
specific life event such as loss of a driver’s license or prolonged/convulsive seizure, rather
than after systematic exploration of options early in the disease course [30]. Self-exploration
for epilepsy surgery may be a reflection of education, empowerment, and ownership of
healthcare decisions and dependent on the patient’s values, outcome expectation, education,
and socioeconomic status.

Measuring patient-reported determinants of health and wellbeing is particularly crucial when
counseling about treatment, and expected outcomes may be significantly different between
genders and races [27]. Unfortunately, a standardized instrument to evaluate a patient’s
expectations for epilepsy surgery and expected outcomes does not exist, although some
researchers have suggested using the Patient Reported Implementation Science model [31].
Rather than receiving generic information about efficacy and success, many patients prefer
individualized outcomes data related to their specific situation in order to make an informed
decision [30]. Lack of a descriptive summary of various possible complications (e.g., impact
of functional deficits) make patients anxious and may cause delay or a refusal for surgery.
Finally, the stigma associated with epilepsy and mistrust of physicians are other barriers
which may lead to delayed care, including consideration of epilepsy surgery.

1.2. Fear and misconceptions about surgical risk and inappropriate hope regarding
nonsurgical treatments

An alarming fear of surgery exists, with a majority (55.4—-60%) of patients considering
epilepsy surgery as a moderate to very high-risk intervention. Several studies identified an
overestimation of surgery risks with a large proportion of patients having anxiety about
death (41-55%), memory loss (60%), stroke (26—47%), paralysis (36-62%), and personality
change (24-56%) [24,25,32]. Surprisingly, patients (14.2-51%) are willing to refuse surgery
even if guaranteed seizure freedom without any neurologic deficits [24,32] and
approximately one-fourth to one-third of patients refuse surgery despite their physician’s
recommendation [33].

We postulate several reasons behind these miscalculations. Many patients underestimate the
risks associated with lifelong uncontrolled epilepsy with a significant tolerance of disability,
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thus considering epilepsy surgery as a ‘last-ditch effort” only. Despite lack of evidence,
patients may have unfounded expectation of becoming seizure-free with the addition of new
AEDs, other alternative nonsurgical therapies, or participation in research studies. Thanks to
improving side effect profiles of newer AEDs, patients may be willing to tolerate multiple
AED trials given reduced burden of side effects. Additionally, some patients and families
may assume a disability mindset secondary to chronic epilepsy diagnosis and fear an
uncertain future if seizure freedom leads to the loss of disadvantaged/sick status.

2. Physician specific barriers (Table 2)

2.1. Knowledge gaps, lack of access to practical guidelines, and lack of adequate hands-

on training

A patient with DRE receives care from primary care providers, emergency room physicians,
neurologists, epileptologists, and occasionally neurosurgeons. As previously discussed, the
attitude of patients and families towards epilepsy surgery may be highly dependent on the
knowledge and attitude of healthcare providers. However, a significant deficit in knowledge
may exist among these providers about the definition of DRE (48.6%), awareness about
existing practice guidelines (45%), indications and timing for epilepsy surgery referral
(14.9-30%), and knowledge about particular epilepsies that are amenable to epilepsy surgery
(53.2%) [33-40].

In general, neurologists may have misaligned opinions (60-75%) about referral practices
with experts in the field, leading to poor quality epilepsy care [38,40]. Familiarity with
epilepsy surgery is more likely to occur through an existing practice of referring patients for
surgery (potentially related to epilepsy surgery exposure during training and clinical
practice) rather than number of years in clinical practice [41]. Providers may also have a
lack of understanding and knowledge (43.8-50% of family medicine and neurology
providers) about surgical risks and benefits [34,39]. Although clinical guidelines may
improve knowledge base among healthcare professionals, inadequate adaptation of
guidelines to the local context may prevent translation of knowledge to clinically meaningful
practice in real-world settings [42].

Additional barriers exist for disseminating practice in developing countries and among
neurosurgeons. Almost all existing guidelines for epilepsy surgery are written in English.
This can be a barrier for appropriate uptake and dissemination among non-English speaking
physicians [37]. For neurosurgeons, emerging evidence reveals a significant lack of adequate
training and education about epilepsy surgery among neurosurgery trainees with limited
instruction and hands-on training during residency [43]. Additionally, interested
neurosurgeons, even in developed countries, face significant difficulties finding a dedicated
epilepsy surgery fellowship program for additional practical clinical training along with
understanding in basic neurophysiology and advanced neuroimaging techniques.

2.2. Lack of exposure/experience with epilepsy surgery and evidence-based guideline

Senior neurologists (especially without epilepsy specialization), may be less knowledgeable
about the latest evidence-based research and guidelines and are less likely to refer patients
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for surgical evaluation. In a study among Canadian neurologists, Roberts et al. reported that
neurologists who had graduated from medical school before the year 2000 had higher
neurologist-related barriers to surgery. The year 2000 was selected as neurologists
graduating before that time might not have access to first epilepsy surgery RCT and related
practice guideline during their residency training [37]. Regardless of years of experience, the
physician’s lack of exposure/experience with epilepsy surgery during clinical training and
practice may be a significant barrier to epilepsy surgery [41].

2.3. Biological factors as barriers to epilepsy surgery

Specific epilepsy characteristics can be an additional barrier for surgery. Due to challenges
associated with surgical decision making and other biases, certain group of patients
(extremes of ages, MRI-negative DRE, epilepsy associated with apparently generalized or
multifocal interictal abnormalities, associated comorbidities) may be insufficiently referred
on the referring providers’ perception about poor surgical outcome or utility of epilepsy
surgery [38,44].

2.3.1. Infants and young children—Age can be a significant barrier for epilepsy
surgery. Fewer surgeries are performed in the extremes of age (<1 and =60 years). Although,
the absolute number of pediatric epilepsy surgeries in the United States increased from 375
in 1997 to 706 in 2009, the number of surgeries in infants remained stable [45]. Even when
surgery is performed in young children, an unacceptable delay is common despite the risk
for enduring negative consequences to development [46]. For example, there was an average
delay of one year for determination of surgical candidacy in 87 Australian children with
drug-resistant early-onset epilepsy (onset less than 3 years of age) [47]. Median interval
from seizure onset to epilepsy surgery was 2.5 years, with longer timeframes associated with
functional neuroimaging, worse rates of seizure-freedom, and treatment with multiple
AEDs. A history of infantile spasms and daily seizures were associated with a lesser delay to
surgery. These delays may be secondary to the belief intractable seizures may spontaneously
resolve.

The preoperative evaluation and surgical management of infants and toddlers with DRE
holds numerous challenges [48]. For example, initial MRI may not reveal an evident cortical
dysplasia in early infancy. Some children will need MRI every six months until 24-30
months of age before subtle cortical dysplasia may become overt with the maturation of
myelination [49]. Fear exists about surgical complications in young infants such as high
mortality and severe morbidity in children less than three years of age due to massive blood
loss and coagulopathies during surgery [50]. This is particularly true for large craniotomies
and surgeries of considerable duration such as hemispherectomy and multilobar resections
that are more common in this age group. In addition, invasive monitoring with intracranial
electrodes and functional mapping in young children is challenging due to perceived poor
tolerance of chronic intracranial monitoring particularly with grids. While
stereoelectroencephalography (stereo-EEG) provides some advantages, it is difficult in
children <2 years due to skull thickness [51].

Epilepsy Behav. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Samanta et al.

Page 7

2.3.2. Older adults—On the other end of the age spectrum, surgical therapy is rarely
offered to older adults with DRE. Older adults with epilepsy continue to worry about
stigmatization and suffer adverse psychosocial outcomes, particularly if unable to drive
(64% of the participants in one study) due to continued seizures [52,53]. While there was
agreement in 1992 that no upper age limit for surgery should be set, few centers perform
epilepsy surgery in older adults [54]. A recent systematic literature review found only 58
older adults (=60 years old) with seizure-outcome data in the existing literature [55].
Although epilepsy after age 65 is 5 times more common than other adult age ranges, the
average age of surgical patients was 31 years in the US over the past two decades [18].
Despite excellent postoperative seizure free outcomes, epilepsy surgery is less commonly
offered to older adults (=60 years old) due to associated higher burden of comorbidities,
cognitive outcome, and longer duration of epilepsy [55] and poor understanding regarding
biological and chronological age during evaluation for epilepsy surgery [56].

2.3.3. Overlapping epileptogenic foci and eloquent cortex—Patients and
providers share concerns about neurological deficits associated with epilepsy surgery, but
particularly if the epileptogenic zone overlaps with eloquent cortex or critical functional
networks. A complex bioethical dilemma exists between accepting the risk of postoperative
deficit against the possibility of seizure-freedom and improved quality of life for the patient
[57,58]. As stereo-EEG is emerging as the preferred modality for intracranial monitoring
over subdural electrodes, there are further challenges for localization of eloquent cortical
areas, because of sparse sampling on cortical surface with stereo-EEG, and perceived
inability to define the extent of functional areas [59]. Although there is emerging evidence
for diagnostic validity and safety of high-gamma modulation (HGM) for functional brain
mapping with intracranial EEG, this modality remains primarily experimental and is not
accessible to most epilepsy surgery programs [60]. Besides pre-surgical mapping, a global
survey performed by the Pediatric Epilepsy Surgery Task Force of the International League
Against Epilepsy (ILAE) showed less than optimum use of protective strategies during
surgery such as awake surgery for language mapping (33% respondents not using it) or
subcortical mapping with tractography (45% denied using this) [61].

2.3.4. Non-lateralized or localized seizure semiology, non-lesional or
multifocal epilepsy—Seizure semiology has high lateralizing (74%) and localizing (77%)
value but may be discordant with regards to epilepsy type [62]. Some patients with
generalized semiology may not even undergo neuroimaging or video-EEG studies,
contributing to misclassification of the epilepsy syndrome present in a third of intractable
patients [63]. Furthermore, non-lateralized or localized seizure semiology may present
unique challenges for the surgical treatment of epilepsy [64]. Several epilepsy types, such as
infantile spasms, non-lateralized tonic seizures, focal seizures with rapid propagation to
bilateral tonic-clonic seizures, and frontal lobe seizures, can be misclassified as generalized

epilepsy.

Moreover, EEG and neuroimaging studies may not provide straightforward guidance in a
large proportion of cases. Electroencephalography (EEGS) (ictal and interictal epileptiform
discharges) may be non-indicative of localization or lateralization. Lateralizing value of
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interictal (50-66%) and ictal EEGs (variable) in extra temporal epilepsies are much lower
than that noted in temporal lobe epilepsy (interictal EEG- approximately 75% and ictal
EEG- 80-92%) [65]. Additionally, the ictal recording may reveal that seizures are
originating from multifocal regions or that an epileptogenic focus cannot be identified with
certainty even after extensive presurgical evaluation. Those with apparent multifocal seizures
or seizures originating from both hemispheres with multiple independent foci have a lower
likelihood for seizure freedom and require additional expertise for accurate seizure mapping
or consideration for palliative surgery options. Even when anatomic localization is possible,
the surgical outcome for extratemporal epilepsies is considered to be less favorable,
particularly in patients with normal neuroimaging [66]. The absence of structural lesions or
presence of multifocal lesions can therefore become additional barriers for surgical decision
making.

2.3.5. Other patient and epilepsy characteristics to be perceived as poor
surgical candidates—Other patient and epilepsy characteristics perceived to be
indicators of poor surgical candidacy are those with psychiatric comorbidities, autism and
other severe behavioral abnormalities, low seizure frequency or severity, associated
progressive neurological disorders, developmental and intellectual disabilities, and
concurrent severe medical conditions [67,68].

3. Healthcare system

3.1. Lack of communication and coordination of care

3.1.1. Barriers related to ineffective communication—The journey from the first
seizure to surgery is usually long, complicated and exceptionally agonizing in the absence of
a coordinated treatment approach and excellent communication [69,70]. In the early stages
of epilepsy diagnosis and medication management, primary care physicians (pediatricians or
family practitioners), general neurologists or even epileptologists may use discouraging
words, phrases or sentences when describing the option of epilepsy surgery. These
statements can permanently make individuals reluctant to consider surgery. Time-constraints
in the busy clinical practice may also lead to ineffective communication between healthcare
professionals and patients. Some physicians are inadequately trained on how to present
evidence-based information related to epilepsy surgery in a fashion to help patients make an
informed decision. In addition, providers are not given adequate opportunities to learn about
effective communication strategies. We lack workshops to train physicians on how to
effectively listen to patients and families to understand their viewpoint and to provide
individualized information about the efficacy and risk of epilepsy surgery.

3.2. Barriers related to physician-only care model

Many healthcare systems are still predominantly relying on clinical expertise and
counselling services provided by physicians only without the use of valuable ancillary staff
such as nurse specialists, educators, nurse navigators, and clinic managers. Physicians face
an increasing challenge to foster a trusting doctor—patient relationship in busy clinical
settings when clinical encounters are getting progressively shorter in duration. Even well-
educated families often cannot handle the vast amount of information given during clinic
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encounters and then navigate the complex process of presurgical evaluation, let alone the
decision to pursue surgery. Outside the direct clinical care and brief interaction with the
provider, many families are without direction and lack adequate social support to help with
the decision making process. In addition, providers may lose track of surgery candidates in
the midst of busy practice stranding patients during the diagnostic odyssey of presurgical
evaluation. Unfortunately, copious information about epilepsy surgery available through
social media is not always evidence-based and rather than helping patients and families to
understand the benefits and risks of epilepsy surgery, this information may unintentionally
deter them from the surgical evaluation. Dedicated nurses may improve communication and
patient satisfaction during epilepsy care through spending additional time answering or
framing questions, sifting through social media disinformation and providing a more
accessible point of contact [70]. However, improved outcome (prevention of surgical delays,
cost-benefit, increase in the surgical volume) from the employment of nurse navigators is
inadequately investigated in the epilepsy care [71].

3.3. Inadequate health-care access

3.3.1. Communication barrier between community neurologists and epilepsy
centers—Providers identify inadequate health-care access (such as long wait times to see
specialists, limited resources, referral delays, long distance travel required for the patients,
etc., in some studies >75% of the participants) as the single largest barrier to epilepsy
surgery [37]. Many community practices do not have streamlined services for patients with
DRE or a shared practice model (examples: Patient-Centered Specialty Practice Model or
the Veterans Health Administration Epilepsy Centers of Excellence system) with good
collaboration between a comprehensive epilepsy center and community neurologists [72].
Although there is a significant deficiency in the continuum of care in the management of
DRE with no clear delineation of role and responsibilities among major stakeholders
(primary care providers, neurologists, epileptologists, and neurosurgeon), disjointed care
becomes especially baffling during any transition process (between community neurologist
to epileptologist, between two epilepsy centers, between pediatric and adult epilepsy center).
Poor communication and relationships between community neurologists and the surgical
epilepsy center can be a significant barrier. Many neurologists do not receive adequate
feedback (50-56% of cases in various studies) from the epilepsy centers after referral
[34,35]. This can in turn lead to decreased future referrals. Many community neurologists
are hesitant to refer patients to experienced centers due to fear of losing decision-making
capacity after referral and ultimately losing those patients (16% in one study) to the epilepsy
centers [35]. Another barrier can be specialists’ attitude towards primary care providers. In
many instances primary providers are often not involved in the ongoing care. However, due
to long-term relationships with the family, primary providers may have a better
understanding of the family’s attitude regarding surgery and are able to discuss epilepsy
surgery more effectively with the family.

3.3.2. Referral, diagnostic, and treatment delays—Most high volume and
experienced comprehensive epilepsy centers are concentrated in urban areas. Regional
access to epilepsy surgery centers is impeded in many areas due to weak referral systems or
lack of centralized subspecialty care [16,73,74]. Access to a comprehensive epilepsy
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program is particularly sparse in developing countries [75]. However, similarities across
dissimilar health systems exist. For instance, despite significant differences between Canada
and Mexico’s health delivery system and financial resources, delay in presurgical referral
and epilepsy surgery was universal in both countries, with an average waiting period of 20
years prior to surgery [76]. A survey from Central and East European countries (publicly-
funded health systems) showed that only 7 out of 10 countries had epilepsy surgery centers
with the wait time of epilepsy surgery range from 2 weeks to 3 years [77]. Data from 2 adult
tertiary epilepsy centers in New South Wales, Australia, demonstrated less delay compared
to the Canada—Mexico study, with a mean duration from the 1st visit to the 1st post-
operative visit of 1 year [78]. Data regarding the source of the delays are lacking, although
scheduling diagnostic evaluation is one identified source [79].

3.3.3. Systemic inequities in access—Racial, ethnic, socioeconomic, and cultural
disparities may restrict patient-access to epilepsy surgery [80]. A study from Alabama, USA,
demonstrated that African Americans were 60% less likely compared to non-Hispanic
whites to receive surgical treatment for intractable temporal lobe epilepsy due to mesial
temporal sclerosis [81]. A large payer database study of 2010-2012 showed Blacks had
disproportionately less number of epilepsy surgery than Whites [82]. Disparities in health
resource use in epilepsy have been noted in minority populations (example, aboriginals in
Canada) in other countries as well, but international research specifically focused on
disparities in access to surgical care is limited [83].

The exact source of racial and ethnic disparities in accessing surgical care in epilepsy is
unknown. Social determinants of health, such as disparate access to health services, health
insurance coverage, income inequality, employment, health literacy and levels of trust
impact care in epilepsy [84,85]. Additionally, African Americans with intractable epilepsy
may have a lower negative psychosocial effect such as anxiety or hopelessness compared to
other races [86,87]. However, these patient-centered factors might be developed with prior
inequitable communication and previous experiences with the health care system.
Disparities can be generated from overt or unconscious institutional or physician
discrimination and bias in the healthcare system [88]. As the racial and economic status,
education and insurance coverage are very closely related, a causal association of one
individual factor with the access to epilepsy surgery is difficult to determine. Besides a lower
rate of epilepsy surgery in nonwhite patients, patients receiving coverage through federal
insurance programs and patients with lower economic status may have a lower rate of
epilepsy surgery. Rural residence, poor relation with treating clinicians, and absence of
regular employment can also be potential barriers to epilepsy surgery [80]. Despite higher
incidence and prevalence of epilepsy among low-income individuals, higher risk of
untreated epilepsy is present in this population with lack of transportation to the clinic
appointments, lack of insurance for completion of preoperative testing and surgery, and lack
of financial incentive for physicians to embark on the arduous and complicated process of
presurgical workup.

Unfortunately, both public and private payers, may be reluctant to approve diagnostic testing
for presurgical evaluation and surgery despite favorable cost-effectiveness of epilepsy
surgery [69]. Disparities exist between payers as well. Adult temporal lobe epilepsy patients
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with private insurance were 85% more likely to receive surgery compared with public
insurance or self-pay [89]. Ultimately, providers, patients and family may become frustrated
with these additional diagnostic and treatment delays.

3.4. lIssues in scheduling diagnostic workup and ineffective use of patient care
conference

Besides the lack of dedicated epilepsy surgery clinics, referral challenges, and
communication failure, there are problems with scheduling diagnostic workups even in
comprehensive epilepsy centers [79]. Lack of resource stewardship can be an obstacle to the
completion of the timely evaluation. Infrequent patient care/epilepsy surgery conferences to
thoroughly discuss patients can be another barrier. During epilepsy surgery case-conference,
there may be asymmetric decision making by a forceful presentation of one physician, who
may have a bias against epilepsy surgery, and that can lead to ‘group thinking.” Individual
expertise (based on the physician’s age, experience, exposure, seniority, etc.) may trump a
group decision-making process without widespread use of objective tools. Unfortunately,
clinical decision making is still predominantly done in a routine, fast, automatic, and
intuitive fashion. Although epilepsy surgical conferences can enforce an effortful, slow,
conscious, and analytical approach of decision making, the decision-making process can still
be erroneous with cognitive biases related to overconfidence, confirmation, diagnostic
momentum, availability, and anchoring.

4. Scientific challenges

4.1. Lack of research in epilepsy surgery

The paucity of research to address the underlying causes of disparities in epilepsy surgery
evaluation is unfortunate and prevents establishment of policies and programs to reduce
disparities in accessing epilepsy surgery [90,91]. There is a shortage of comparative studies
to explore the knowledge and attitude of families undergoing epilepsy surgery versus
refusing it. Disproportionate deficiency of qualitative research to understand the patient’s
viewpoint is extraordinarily glaring. The efficacy of educational and behavioral intervention
studies targeting misconceptions of patients and families is unknown. There is also a lack of
studies to understand attitudes and education within society regarding epilepsy surgery.
Additionally, controlled, high-quality research studies are significantly lacking. For example,
there has not been any randomized controlled trial to evaluate the effectiveness of focal
neocortical epilepsy surgeries. However, there is no denying there would be significant
challenges recruiting patients in epilepsy surgery trials [4]. Besides the lack of randomized
control trials for specific subsets of epilepsy surgery, shortage of rigorous prospective
studies is also prevalent with a paucity of outcome data regarding efficacy, safety,
neuropsychological outcome, and change in the quality of life after epilepsy surgery. Aside
from seizure-freedom, there is a deficiency of patient-reported outcome studies to measure
improved cognitive function, decreases or cessation of medication to eliminate side effects,
ability to drive, return to normal activities, etc. after epilepsy surgery.
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4.2. Inequity in research funding

Additionally, there has been a disproportionate allocation of resources to other neurological
problems with higher public profiles and less social stigma than epilepsy, for example,
amyotrophic lateral sclerosis (ALS) research received more than 60 times of NIH funding-
adjusted for disease prevalence-compared to the funding in epilepsy research in 2010
[92,93]. Even within epilepsy, there is increased allocation of resources to palliative
procedures such as VNS rather than potentially curative epilepsy surgeries [94]. In
particular, epilepsy surgery research may be solely dependent on government funding,
without any sponsorship from the pharmaceutical and medical device industry.

5. Barriers at the comprehensive epilepsy surgery centers

Besides barriers related to access to epilepsy surgery evaluation, there are many barriers to
ultimate completion of epilepsy surgery. The list of barriers is substantial: complex,
nonstandardized presurgical workups, lack of class I and Il studies evaluating strengths,
caveats, and pitfalls of ancillary tests, lack of availability of ancillary tests due to high cost in
acquisition and maintenance of such tools and the need of experienced and highly qualified
personnel to run these tests, paucity of collaboration among epilepsy centers, deficiency in
the systematically updated publicly available transparent database of epilepsy surgery in the
epilepsy centers to allow comparison of surgical volumes and outcome, and rising rates of
complex cases that may lead to complex evaluation without ultimate surgery.

5.1. Complex and time-consuming presurgical workup

5.1.1. Lack of high quality MRI with expert interpretation—Most patients with
DRE need several diagnostic tests before the provision of definitive surgery. With the
possible exception of EEG, a high-quality brain MRI is the most important among all the
diagnostic tests. However, there are significant barriers to getting high-quality neuroimaging
studies such as availability of MRI in developing countries, the performance of all necessary
sequences necessary for epilepsy specific evaluation (sensitivity of detection of
epileptogenic lesion decreases to 50% from 91%), availability of 3T MRI versus 1.5T MRI
(5-65% new lesional diagnosis with 3T MRI), accessibility of expert radiologists
(neuroradiologists vs. general radiologists) to review the brain MRI (sensitivity increased to
91% from 31%), and post-processing capability for subtle structural defects [95-97]. A lack
of post-hoc review of the brain MRI (after completion of other studies, such as PET, SPECT,
or MEG) can also miss subtle neuroimaging findings and negatively affect surgical decision
making. Besides unfavorable surgical outcomes of nonlesional cases, the absence of visible
lesion in the MRI may make patients decline to proceed with the surgery due to a lack of
visualization of ‘any abnormality.’

5.1.2. Access issues in advanced imaging and source localization studies
and lack of consensus in use of these tools—Apart from brain MRI and video EEG,
there are several other advanced imaging and source localization studies available for
complex cases; however, these tests have not been evaluated in age or etiology specific
epilepsies and have been investigated in a heterogeneous population. Across centers,
significant variability of these tests exist, both in availability and practices [98]. Due to lack
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of a standard algorithm and the cultural bias of the institute, individual opinion and personal
preferences of the physicians often guides the selection of various diagnostic tests. Patients
may become confused with multiple options that may be vastly different depending on the
institutional availability of technologies. In addition, although lack of availability of specific
tests can be responsible for missing critical information necessary to proceed to surgery,
accessibility of too many ancillary tests can also construct a puzzling situation if these
produce discordant results. Notably, several of these diagnostic tests have limited availability
due to the cost of the equipment and or need for the experienced personnel to perform the
tests, e.g., SPECT, PET, MEG, fMRI, and intracranial monitoring. There is also a lack of
understanding of the cost-effectiveness of these various advanced technologies utilized
during presurgical workup [99]. Interpretation of the utility of individual technology is
challenging to assess in terms of diagnostic accuracy, impact on the treatment decision, and
impact on the final clinical outcome after epilepsy surgery. The added value of a particular
diagnostic technology in many cases is under-researched and unknown. The available new
technologies may gradually increase the evaluation rate and safety of epilepsy surgery;
however, it will prolong the evaluation timeframe and may not dramatically increase the
surgical success rate, which may be more directly related to the underlying pathology. In the
end, it is unknown if sparing use of only high-yield tests is comparable to the generous use
of all available tests to provide convergence of data and raising the confidence level of the
treating team.

5.2. Complexity associated with invasive diagnostic monitoring

Other than noninvasive evaluation, there is an increasing need for intracranial monitoring
with the emergence of more nonlesional cases to characterize the epileptogenic zone better.
However, a multicenter study demonstrated that consensus regarding the need of intracranial
monitoring among various centers was only fair (intraclass correlation coefficients of
0.5397) [100]. The intra cranial monitoring method can be conventional subdural grids and
EEG strips, or stereo-EEG or both. Stereo EEG technology was developed in France in the
1950s but has only become widely utilized outside Europe in recent years, thus creating a
significant barrier to access deep areas of the brain such as periventricular regions, insula,
and interhemispheric cortex [101]. Unfortunately the expertise to perform stereo EEG is
highly variable at different epilepsy centers across the country and the world despite its
significantly favorable adverse effect profile compared to traditional subdural electrode
implantation [102].

5.3. Low volume epilepsy surgery centers

5.3.1. Increasing number of low volume centers in the setting of increasing
complexity of surgical cases—Notably, there has been an explosion of low volume
epilepsy surgery centers in the US recently (between 2003 and 2012 the number of centers
increased from 37 to 189) [103]. However, individual center can fulfill criteria to become a
level 3 or 4 center without performing a large number of epilepsy surgery cases if meet other
criteria pertinent to resource requirements and center capabilities. Level 3 centers can
potentially deal with temporal lobectomies and lesionectomies (particularly tumor surgery),
though complex cases such as nonlesional, multifocal seizures or extratemporal epilepsies
may still need to be evaluated in high volume specialized centers [103]. Notably, the
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increasing complexity of the patients in the surgical pool has been established in several
studies. Barba et al. retrospectively evaluated volume and type of epilepsy surgery among
nine epilepsy surgery centers in Italy over a period of 7 years (2008-2014) and noted
increasing complexity of pediatric epilepsy surgery [104]. In another retrospective study
comprising of data from 10 European countries also showed that the total number of
pediatric epilepsy surgeries increased from 383 in 2008-2009 to 551 in 2014-2015 with
particular increase in extratemporal lobe surgeries (specifically significant for =7 years old)
[105]. Due to lack of a large volume, it may become progressively difficult for an individual
center to develop adequate expertise to offer surgical therapy for complex cases and may
lead to higher perioperative mortality and lower rate to surgery after diagnostic evaluation
[106,107].

5.3.2. Lack of referral arrangements among epilepsy centers—Referral
arrangements between low- and high- volume epilepsy centers may mitigate this quality gap.
However, strategic partnerships among low and high volume epilepsy centers are lacking
[108]. The impact of a fragmented and disjointed referral network on cost, outcomes, patient
satisfaction and epilepsy surgery rate remains unclear.

6. Conclusion

Underutilization of epilepsy surgery negatively impacts patient care across ages and
geographies. Yet, access to safe surgical treatment for DRE to cure or mitigate the personal
and societal burden. The etiologies for this quality gap remains complex and understudied.
The biologic, behavioral and healthcare systems factors limiting patient access require
urgent and magnified attention across research and practice environments.
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Patient perspectives:
Individual value and expected outcome
Fear and anxiety about surgery

Overestimating of the risk of surgery and underestimation of the risk of
lifelong uncontrolled epilepsy

Perception of epilepsy as an only medical disease, frustration regarding lack
of available individualized information

Exaggerated hope with newer AEDs or other alternative therapies,
Mistrust of physicians
The stigma associated with the diagnosis

Lack of coordination of care and communication:
Low number of epilepsy surgery centers
Restriction of high volume and expertise centers in the urban areas
Delayed referral process to a comprehensive epilepsy center

Lack of communication between referring neurologist and the epilepsy
center
Concern regarding losing patients to the epilepsy centers during the surgical
evaluation process(and receiving inadequate feedback)
Lack of resource stewardship and unavailability of a nurse navigator,

deficiency of support groups for patients

Scarcity of creative communication avenues with patients (bite-size videos,
social media, via epilepsy support groups)
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Knowledge gap in physicians:
Definition of medically intractable/drug-resistant epilepsy
Indications for referral for epilepsy surgery
Selection of appropriate patients for epilepsy surgery

Knowledge about available various surgical options, efficacy, and risk of
different epilepsy surgeries

Knowledge about clinical practice guideline

Misconception regarding varied patient/epilepsy characteristics( biological
barriers) to abort presurgical evaluation prematurely

Biological barriers:
Age (<10 and 260 years)

Epileptogenic focus overlaps with an eloquent cortex, Ill-defined
epileptogenic focus

Extratemporal epilepsies
Multifocal seizures, nonlesional epilepsies, multifocal lesions in the MRI
Non -lateralized seizure semiology and non-localized epileptiform discharges

Psychiatric comorbidities, coexisting psychogenic nonepileptic seizures, low
seizure frequency, low seizures severity, associated progressive disorder,
developmental and intellectual disabilities, and associated severe
comorbidities

Complex and time-consuming presurgical workup:

Nonavailability of standard streamline algorithms to perform diagnostic

Expensive tests

Socioeconomic,

Limited availability of the equipment and experienced personnel to perform
many of these tests, particularly SPECT, PET, MEG, fMRI, and intracranial Lack of
cultural, and monitoring

racial Scheduling delays

research and
research

disparities Delay and denial in insurance authorizations

Fig. 1.
Barriers to epilepsy surgery.
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