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Abstract

Surgery is an essential treatment option for patients with drug-resistant epilepsy. While most epilepsy patients worldwide live in low- and
middle-income countries (LMIC), most of these countries do not have epilepsy surgery, and those that do have surgical epilepsy services
lack capacities. The rapidly growing population in LMIC further widens the gap between the number of patients who can potentially
benefit from surgery and those who can actually receive it. This makes the initiation of new surgical epilepsy centers in those countries
an urgent issue. Epilepsy surgery is feasible in LMIC, even in resource-poor settings, but lack of local expertise is a major obstacle to
the introduction of new surgical services. Importantly, expertise deficits can be compensated by collaborating with a well-established
epilepsy center for knowledge transfer, skill building and mentoring. Such projects need to be organized in a multidisciplinary team,
should focus on the given circumstances, and should use technologies and personnel that are reasonably available and can function
sustainably. Local cultural factors and improvement of patients’ quality of life are further spotlights reflected by an increasing number of
studies. As a general outline for a new surgical epilepsy program in LMIC, it is recommended to initially focus on patients with mesial
temporal lobe epilepsy due to hippocampal sclerosis or other well defined pathologies. These constellations have an excellent surgical
outcome in terms of seizure control, can be diagnosed by non-invasive methods, and can be reliably identified even under low-resource
conditions. Moreover, surgery can be performed with a highly standardized approach and at reasonable costs, and the vast majority of
patients will benefit from surgical intervention. The range of services can then be gradually expanded, depending on growing expertise,
local needs, prospects and constraints. Although the introduction of surgical epilepsy services in LMIC can face several challenges, none
of them should be a permanent barrier for further establishments.
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1. Introduction

Antiseizure medication (ASM) fails to control seizure
activity in about 30% of epilepsy patients (drug-resistant
epilepsy, DRE [1]). While the development of more than
20 new ASM over the past three decades has not had a
substantial impact on the rate of DRE [2,3], surgical inter-
vention is an essential treatment option for patients with
medically refractory focal-onset seizures [2,4]. Conse-
quently, great efforts are being made to expand the pool of
surgically treatable DRE patients through the development
of more complex diagnostics (including e.g., positron
emission tomography, PET, or single-photon emission
computed tomography, SPECT), focused surgery with
reduced tissue damage (like stereotactic laser ablation),
advanced investigative technologies (like intracranial
EEG-recordings with subdural or depth electrodes) or
non-destructive extra- and intracranial neurostimulation
[5,6]. However, the global volume of epileptic disorders
is not evenly distributed [7], with 80% of affected people

living in low- and middle-income countries (LMIC [8]).
This is an important issue as LMIC may not only lack
the ability to perform complex diagnostic and surgical
scenarios, but the option of epilepsy surgery may not
be available at all, may only be available to a small
proportion of patients who can afford surgery abroad, or
may only be performed in a small number of centers that
are insufficient to meet all the demand. Increasing efforts
are being made at the international level to address this
problem, such as the ILAE task force on ‘Epilepsy Surgery
in Low Resource Settings’ of the ILAE Surgical Therapies
Commission (https://www.ilae.org/about-ilae/committees-
task-forces-and-advisory-commissions/epilepsy-surgery-
in-low-resource-settings), but the gap is still wide. A recent
review identified epilepsy surgery programs in only 22%
of the LMIC [9]. In the ASEAN countries, for example,
epilepsy surgery is underutilized due to a lack of surgical
epilepsy centers and appropriately trained personal [10]. A
recent survey for Africa [11] found that epilepsy surgery
is performed in only 8 out of 51 countries, with only one
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country reporting invasive presurgical diagnostics. As a
consequence, clear-cut cases with excellent outcome prog-
nosis, such as patients with mesial temporal lobe epilepsy
(MTLE) with hippocampal sclerosis (HS), accumulate in
LMIC [12–14], even though the establishment of low-cost
epilepsy surgery programs is feasible in countries with
resource-poor settings [15,16]. Furthermore, with a rapidly
growing population in LMIC, the gap between the number
of patients who could benefit from surgical intervention
and those who can actually receive it is widening yearly
[11], making the initiation of surgical epilepsy services
for those countries a timely issue. While there appears
to be broad consensus on the basis for establishing such
programs, as outlined in several early publications [17–24],
subsequent reports have emphasized additional aspects,
substantiated former claims and set out new spotlights.
It is our aim to briefly summarize the established basics
and highlight new building blocks and key aspects in
light of recent publications. This endeavor was triggered
by our own experience [25,26]. In this regard, it is also
a personal view that draws on the growing literature to
discuss barriers and challenges, in order to propose a
framework for building of such a surgical program. With
this approach, we hope to stimulate and facilitate further
efforts to establish new epilepsy surgical services in LMIC,
which are essential to reduce the surgical treatment gap
worldwide.

2. A Canonical Outline for the Initial Phase
Success is the best advocate for acceptance of a new

neurosurgical program [20], especially because many peo-
ple have concerns about brain surgery [27,28]. Impor-
tantly, the outcome perspective of epilepsy surgery corre-
lates with pathological findings and causes of the disease
[29,30], making patient selection a decisive factor for the
expected success rate. This may put pressure on the selec-
tion of ideal candidates who are expected to have a post-
surgical seizure-free outcome (Engel class I; seizure-free
with or without residual auras). In addition, newly estab-
lished centers in LMIC usually operate with limitations in
terms of locally available technology, experience and ex-
pertise. The burden, however, is offset for the launch-
ing phase of a new surgical epilepsy program in LMIC by
the unanimous recommendation to initially confine surgi-
cal candidates to patients with drug-resistant MTLE with
HS [17,19,20,23], or other well defined pathologies, such
as glioma. Temporal lobe epilepsy (TLE) is the most com-
mon type of surgically treated focal epilepsy in the adult
population [31,32], and MTLE-HS is the best understood
form in terms of risk factors, clinical seizure characteris-
tics, and EEG findings [23]. It can be diagnosed in most
cases with noninvasive procedures and minimal technical
requirements [19,23,24], the diagnostic workup is clearly
outlined [33], the temporal lobe is relatively easy to operate
on [32], and the well-established standard anterior temporal

lobectomy (ATL) can be used as a surgical procedure [34],
preferentially on the non-dominant hemisphere for the in-
troductory phase. Taking such considerations into account,
a suitable standard procedure should first be established,
which can then be gradually expanded to more complex
and challenging diagnostic and surgical scenarios, hand in
hand with increasing expertise [19,20]. In the following
outlines, we will thus focus on DRE with MTLE-HS to il-
lustrate common limitations for the establishment of a new
surgical program, even though other obvious radiographic
lesions such as glioneuronal tumors or cavernous malfor-
mations are also not challenging to diagnose and could be
well addressed within a resource-limited setting.

MTLE-HS is not only the prototype of a surgically re-
mediable epileptic syndrome [33], but with more than 80%
of patients achieving remission also the one with the best
seizure outcome [35–37]. For DREMTLE patients, surgery
is in fact the most effective treatment, it is safe and supe-
rior to prolonged drug therapy [38–40]. In LMIC, surgery
is also superior to drug therapy, which is also true for DRE
in children as demonstrated by Dwivedi, et al. [41]. No-
tably, seizure-free rates in pediatric patients is equal to or
even higher than in adult patients [42,43], making surgi-
cal treatment a promising approach in selected pediatric
DRE cases. However, because pediatric and adult epilepsy
surgery are markedly different in several aspects [43], we
focus here on the adult population, in particular on patients
with MTLE-HS. Importantly, while surgery itself is the cul-
minating point, the entire process of DRE surgical inter-
vention is based on three pillars: presurgical diagnostics,
the surgical intervention itself and postsurgical long-term
follow-up care (Fig. 1). These parts are sequentially or-
ganized, focus on distinct personnel and include different
timescales to be considered.

3. Presurgical Diagnostic and Patient
Selection

Epilepsy surgery is an effective and safe treatment op-
tion for a subset but not all DRE patients [44], therefore ad-
equate presurgical examination is essential for the applica-
tion of surgical intervention [45]. Importantly, patients who
have been referred with the diagnosis of DRE require a sys-
tematic and comprehensive assessment. First of all, the na-
ture of seizures, former medication and the claim for refrac-
toriness has to be critically reviewed and second the poten-
tial for surgical candidacy has to be evaluated [19,20]. The
primary aim of presurgical diagnostics is then to determine
the epileptogenic zone and its relationship to eloquent brain
areas (lateralize and localize [46]) in order to propose eli-
gible candidates without compromising the patient’s safety
[20]. This process depends on an adequate level of basic lo-
cal infrastructure (technology dependent) as well as a com-
prehensive epilepsy care organization were those candi-
dates can be subjected by a multidisciplinary team (compe-
tence dependent [47]). However, surgical epilepsy centers
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Fig. 1. Pillars of an epilepsy surgery program and useful building blocks.

in LMICwill lack the full range of state-of-the-art technolo-
gies that is available in high-income countries (HIC [47]),
and it is essential to identify the candidates that are appro-
priate for the existing medical infrastructure [23]. Classical
MTLE-HS patients can be reliable selected by a noninva-
sive protocol comprising history taking, interictal EEG or
preferable ictal video-EEG monitoring (VEM), magnetic
resonance imaging (MRI) or computed tomography (CT)
and neuropsychological assessment [19,48]. The radiolog-
ical detection of a single, unilateral and well-circumscribed
lesion that is potentially epileptogenic is an extremely im-
portant finding. If such a lesion is surgically accessible,
concordant to the clinical history and EEG evaluation, it is
most likely the cause for seizure, and surgery can be recom-
mended [17,23].

Detection rates for radiographic lesions have in-
creased over time with the improvement of MRI technol-
ogy [6], but it is worth noting that patients who underwent
surgery for MTLE up to 1990 were evaluated with 1980s
technology (mostly 16–32 channel VEM recording system,
facilities to perform Wada tests and 0.5–1.0 T MRI ma-

chines or even earlier with CT imaging [19,49,50]). Those
patients already had very good outcome results [33,51]. In
a resource-limited setting MRI might be out of scope and
CT could be a cheaper and available alternative [15]. Ra-
diological examination would be done early in the evalu-
ation process to identify a putative local lesion indicative
for a positive outcome prognosis [23]. Subsequent VEM is
also a cost-intensive part in the whole setting [33], and some
publications highlight the possibility to recommend surgery
in selected cases of consistent unilateral temporal interictal
epileptiform abnormalities without VEM [52–56], but the
underlying decision-making process strongly relies on ex-
perienced epileptologists. Not using VEM should therefore
not be the first choice outside a well-established epilepsy
center with a high level of expertise [52], but might be
implemented if technological resources are lacking [57].
VEM can further provide a crucial piece of information to
verify the diagnosis, characterize ictal behavior and aid-
ing to localize the epileptogenic zone [17], which makes
it highly desirable if affordable. In addition, a comprehen-
sive neuropsychological evaluation is helpful in assessing
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potential neurocognitive risk factors [6], and a good history
taking is another key for the selection [17]. Overall, realis-
tic presurgical protocols have to be developed based on lo-
cally available technology and personnel to assess surgical
candidacy [15,19,23]. Notably, a surgical epilepsy center
with a rudimentary setting based on noninvasive procedures
can already help a large proportion of DRE patients (ap-
prox. 50%–60% [19]). Such a center depends on the avail-
ability of well-trained personnel, in particular the epilep-
tologist, rather than on the need for sophisticated state-of-
the-art equipment [19,20]. In line with this, the upscaling
of surgically capable epilepsy centers in China, for exam-
ple, is not restricting by monetary funding, but by the quest
for qualified personnel [32]. A good initial mentoring pro-
gram with a well-established epilepsy center is thus highly
recommended. Such cooperation is further helpful in rec-
onciling the desire for widespread use of surgical epilepsy
interventions with the need for careful assessment and to
act in this potential area of conflict [15,19,58].

4. Surgical Intervention
4.1 Surgical Procedure Considerations

Resective surgery is the first choice for treating fo-
cal DRE when a single seizure focus can be well local-
ized and surgery can be performed safely without caus-
ing intolerable neurologic deficits [46]. The optimal out-
come of surgical intervention is a complete cessation of
seizures without any postsurgical deficits [17,59]. The ac-
curate demarcation of both seizure foci and eloquent cor-
tices is essential for this purpose [23,60]. During the surgi-
cal procedure, the epileptogenic tissue (epileptogenic zone
[61]), and not only the lesion needs to be removed in or-
der to achieve seizure freedom. Importantly, the epilepto-
genic zone is a theoretical construct defined by the mini-
mum amount of tissue that has to be removed to gain seizure
freedom [33], but the exact zone cannot be characterized
reliably by presurgical investigations [59,61]. Therefore, a
compromise between the extent of surgically removed tis-
sue and the reduction of potential impairment is required
[59]. Interestingly, health-related quality of life worsens af-
ter surgery if persistent seizures are accompanied by mem-
ory decline, but the latter alone doesn’t result in a negative
assessment [62]. For MTLE-HS patients, a standard ATL
is not only a well-established surgical routine, but also a
well-established compromise between seizure control and
none or at most minimal neuropsychological and neurolog-
ical impairments. An alternative surgical procedure is se-
lective amygdalohippocampectomy [63]. Eventually, the
neurosurgeon should use the method which is the standard
of care in this center and which he feels most comfortable
with. In the end, a highly localized epileptic focus predicts
the best surgical outcome and not the surgical procedure
applied [64].

Complications are commonly transient or minor, ma-
jor complications are rare, and the surgical seizure outcome

in LMIC is comparable to that of HIC [9]. The develop-
ment of a primary standard routine, taken from the well-
established mentoring center and adapted to the local con-
ditions, is a valuable tool to implement and improve local
surgical care of patients. But the local circumstances and
equipment can be quite distinct from what is normally used
by the mentoring experts, which may require creative solu-
tions [65]. Working together can also be hampered by lan-
guage barriers, local customs, unexpected routines, or unfa-
miliar interactions. Successful mentoring thus also depends
on a motivated surgical team in order to overcome such ob-
stacles and focus primarily on the surgical implementation.
To make epilepsy surgery an established practice, it is fur-
ther recommended that surgical procedures should be per-
formed on a regular base rather than conducted as single
events [9,20,58].

4.2 The Role of the Neurosurgeon

It is the responsibility of the neurosurgeon, within the
context of the multidisciplinary team, to decide whether
surgery is feasible and advisable [66]. Therefore, the sur-
geon must adequately understand and interpret the diagnos-
tic data to identify as accurately as possible the epilepto-
genic zone where surgery has to be carried out. Conse-
quently, the role of the neurosurgeon is not limited to the
surgical procedure itself. He is also an integral part of the
multidisciplinary team to decide on surgical interventions,
especially when it comes to predicting the likelihood of suc-
cess or failure of a particular procedure for a given candi-
date [46,59,66]. Thus, the participation of the neurosur-
geon in multidisciplinary case conferences is mandatory.
To fulfill this role, the surgeon should not only be trained
in epilepsy-related surgical techniques, but also be tought
knowledge of seizure semiology and the corresponding ra-
diological findings [46].

4.3 Invasive Diagnostics

A surgeon is also essential if invasive diagnostics like
intracranial EEG are required to clarify the seizure onset
zone [6,58], but the surgical requirements in terms of equip-
ment and competency must be met for any chosen proce-
dure [15,23]. Stereotactic EEG recording through intracra-
nial electrodes is an increasingly common procedure in HIC
[67], but this invasive technique requires robotic or stereo-
tactic system assistance and an appropriate epilepsy mon-
itoring unit. Consequently, it is quite demanding in terms
of equipment, expertise, and diagnostic resources, which
might be a major barrier to adoption in resource-limited
settings. Such expensive state-of-the-art equipment may
not be feasible for local surgical epilepsy centers in LMIC,
so cost-effective methods are crucial [15] and low-cost op-
tions should be used first. For example, further diagnostics
to clarify a suspected bilateral epileptic focus can be car-
ried out with subdural or depth EEG recordings, but also
with foramen ovale electrode recordings [26]. This tech-
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nique is less demanding, minimally invasive, and less ex-
pensive compared with subdural or depth EEG recordings,
but also provides an effective way to assess lateralization of
the seizure focus in MTLE patients [68].

5. Long-Term Follow-Up Care
5.1 Surgical Failure and ASM Management

Patients hope to gain seizure remission by surgical in-
tervention. However, for some patients, surgery might not
be effective or even worsen the situation (Engel class III
or IV [58,69]). Reasons could be a wrong localization or
an incomplete resection of the epileptogenic zone. In both
cases, reoperation may be beneficial for the patient [70]. In
rare cases, patients might possess an occult epileptogenic
area with a higher threshold for seizure activity that is acti-
vated after the resection of the primary epileptogenic region
[69]. Hidden bitemporal onset zones do not exhibit partic-
ular clinical semiology or preoperative discordant informa-
tion and are therefore not seen on initial diagnostic studies.
Those patients are not eligible for a second surgical resec-
tion, but neurostimulation might be an option [70]. In the
event of surgical failure, patients should be reexamined to
determine the cause of failure and to clarify further options
[71]. While multiple seizures within the first postsurgical
year are in general associated with a poor long-term prog-
nosis [72], it should be noted that some patients with persis-
tent seizures after surgery may achieve long-term remission
without changes in ASM or further surgical intervention (so
called running-down phenomenon [29,73]).

In a prospective longitudinal cohort follow-up study
over a period of up to 18 years, the risk of recurrences for
surgical MTLE-HS patients was 22% in the first 24 months,
followed by a further 1.4% annually [74]. This finding de-
picts a dualistic dynamic of acquired epilepsy and demon-
strates that MTLE-HS patients, in addition to surgical fail-
ures, remain at significant risk for seizure recurrence after
surgical intervention, even if they have been seizure-free for
more than 5 years [29,75]. Hence, the overall outcome eval-
uation is also a factor of time [57,74–76]. In the aforemen-
tioned study, 62% of MTLE-HS patients remained com-
pletely seizure-free 18 years after surgery [74], and in an-
other 26-year follow-up study, 57% of patients with tem-
poral resection remained seizure-free during the observa-
tion period [76]. Importantly, epilepsy and in particular ac-
quired MTLE is a network disease, where the process of
epileptogenesis turns the neural network into a pathological
condition. Those alterations go beyond the epileptic focus
[77,78], and the brain remains prone to pathological syn-
chronization. Accordingly, late recurrences often behave
like new-onset epilepsy [72]. However, a second focus is
not common in humans and late recurrences usually do not
presage the return of frequent uncontrolled seizures, but are
rather rare events in most patients. Half of the patients with
recurrences who are seizure-free initially (for at least one
year after surgery) have one or fewer seizures per year [79]

and half of the patients with late recurrences (being seizure-
free for at least five years after surgery) subsequently enter
remission [75]. Importantly, a change in ASM might result
in seizure occurrence [80–84] and tapering or omission of
ASM could cause postsurgical seizures [29]. MTLE-HS is
special in the sense that surgery might turn a DRE in a drug-
controlled one [85]. Hence, precaution should be taken in
the reduction or a switch of ASM and drug discontinuation
should not be done directly after surgery. On the other hand,
continous use of ASM does not prevent seizure recurrences
[77,80,86] and vice versa discontinuation of medication af-
ter one [87] or two years [88] is not associated with an in-
creased relapse rate. Furthermore, most patients who expe-
rience seizures after drug-discontinuation become seizure-
free with continued medication [83]. Taking together, ASM
should be continued after surgery, but there is no favorable
time to eventually start tapering or finally withdraw ASM
[89]. The decision to stay with, reduce or discontinue ASM
depends, at least in part, on patient preference [75], but pa-
tients should be fully informed of the steps taken and well
monitored and counseled [90]. Notably, seizure freedom is
the main factor for a positive assessment of the quality of
life (QoL) [91–95] and by far the most important predictor
for improvement in QoL after surgery [96], whereas con-
tinued medication is unrelated to this dimension [97].

5.2 Quality of Life Improvement and Its Determinants

In developing countries, epilepsy surgery offers the
opportunity to reduce stigma and improve QoL [92,97–
102], also with a positive impact on patients with low re-
sources and precarious social circumstances [103]. Sus-
tained and meaningful improvements in QoL, as patients
hope for from surgical interventions, are mainly achieved
within the first two years after surgery [91,97]. Unfortu-
nately, half of the relapses also occur during this period.
Therefore, in addition to direct postoperative care, patients
should receive appropriate counseling during this two years
after surgery, if possible (pillar III, Fig. 1).

Although there is generally a marked improvement in
QoL after epilepsy surgery, this is of course not a guaran-
teed effect. To achieve meaningful improvement in QoL
from a patient’s perspective, the patient must acknowledge
a change as important for his or her life. In this way, QoL
is a useful method to assess patient’s satisfaction with the
treatment [97], but the assessment of QoL is highly depen-
dent on the focused dimension [96]. Seizure freedom is just
one dimension, another are comorbidities that can exacer-
bate the burden of epilepsy and may need to be treated in
parallel. In developing countries, parasitic and infectious
diseases are the most common comorbidities [104]. Neu-
rocysticercosis for example is the major cause of acquired
epilepsy in tropical low-income countries [105]. However,
psychiatric comorbidities are also a common phenomenon
in refractory focal epilepsy (e.g., 40% of patients [106]), es-
pecially depression and anxiety disorders [107]. For exam-
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ple, in an epidemiological survey in Canadian communities
[108], these two disorders were found in 30% of epilepsy
patients, and comparable or higher rates are assumed in
LMIC [104]. It is thus beneficial if possible to include a
psychiatrist in the assessment team [109], and psychiatric
disorders as well as other comorbidities should be evalu-
ated as part of the presurgical diagnostic process whenever
possible [110]. Patients hope to gain remission of disease
burden through surgical epilepsy intervention, but patients
who undergo surgical resection are prone to psychiatric dis-
orders in the postsurgical period, either as an exacerbation
of a known psychiatric diagnosis or the development of a
new disorder. These postsurgical psychiatric disorders can
significantly affect the QoL and overshadow a positive out-
come of surgical seizure treatment [92,111]. Surgical in-
tervention may also have a positive impact on existing de-
pression and anxiety in some cases [112], but unrealistic
expectations have a negative impact on patient’s QoL rat-
ing [96]. It should be recognized that surgical intervention
is intended to relieve or reduce seizures and not to treat
possible comorbidities, which may persist afterwards and
should be treated separately. Patients should develop real-
istic expectations in order to adequately assess the benefits
of surgery, and thus it is particularly important to appro-
priately explain outcome perspectives to patients and their
families. Although seizure freedom is the patient’s primary
concern and an important predictor of improvement in QoL,
a reduction in seizure frequency could already be judged
positively. It is worth to mention that although patient se-
lection is a decisive factor for the final success in terms of
seizure-free rates, a medical project does not aim to achieve
optimal statistic performance, but to help patients in the best
possible way by balancing outcome perspectives with risk
factors and patient expectations. In the end, surgery is ben-
eficial for the vast majority of drug-resistantMTLE patients
[91] and it is generally associated with an improvement in
QoL that then lasts for decades [76,96].

6. Use Distinct Building Blocks and Take a
Stepwise Approach

Surgical epilepsy services are based on a sequentially
organized process that focuses on different personnel and
tasks. Therefore, the first step is an assessment of the cur-
rent situation, whereby a broad kick-off event can be helpful
[25]. Once suitable partners are found who are motivated
to participate in the project, knowledge transfer, training
and internships can be organized through different build-
ing blocks that could function as separate modules (Fig. 1).
In this whole process, it is natural to start with the presurgi-
cal evaluation and the quest for eligible surgical candidates,
accompanied by surgical training and followed by the long-
term follow-up care.

6.1 Training of Local Personnel Is Mandatory, and Direct
Partnerships Are Appreciated

Presurgical evaluation and epilepsy surgery requires
training and experience that is unlikely to be present in
developing countries [15,45]. For a sustainable approach,
well-trained people are essential to train future specialists
on site [19]. Thus, if a surgical epilepsy program should
have a lasting impact, in addition to building on locally
available technology, training of local professionals is criti-
cal, and the project has to create appropriate educational op-
portunities [23]. This could include visits by established ex-
perts to local facilities, accompanied by local training units
[26], to provide knowledge transfer, advice and consulta-
tion. It is a valuable tool to initiate direct partnerships be-
tween individual professionals and to carry out profession-
specific training and knowledge transfer. On the other
hand, local workshops, joined internships and training ses-
sions in larger groups are fruitful to disseminate knowl-
edge and initiate team building. Both parts can be inte-
grated into focused events, depending on the availability
of resources and opportunities. In the end, the surgical
decision-making involves a multidisciplinary team, making
team building an important element [20,58]. When it comes
to the surgical intervention itself, a tandem approach has
proven effective, with the experienced surgeon initially act-
ing as primary surgeon to advise the local surgical team and
care for the establishment of appropriate routines, followed
by the newly introduced neurosurgeon who then performs
surgery under the supervision of the experienced colleague
[15,21,26,58,113].

6.2 Electronic Communication and Time Management

In general, time abroad can be spent in a single
block (e.g., Boling W, et al.[15]) or in multiple units (e.g.,
Dugladze, et al. [26]), but time is a valuable resource, in
particular for clinicians beneficially participating in a men-
toring program. Hence, the essential time for a stay abroad
should be carefully considered. Notably, many activities
can be planned and implemented through volunteerism, but
financial support, e.g., from governmental programs or de-
velopmental aid, is needed at least to cover travel expenses.
It is also helpful that information technology can link the
center in a LMIC with the partner organization’s experts,
e.g., for data analysis, treatment recommendations, and pa-
tient selection [15,114]. This is well in line with the in-
creasing global trend, fostered by pandemic situation such
as a Covid-19 crisis, to take advantage of videoconferenc-
ing, electronic communications, and virtual case conferenc-
ing. Data transmission is ubiquitous nowadays, it can be
exploited for mentoring or even be established as an in-
dependent building block [114]. Electronic communica-
tion allows experienced colleagues to participate remotely
in joined case conferences, discuss diagnostic findings, or
advise on the management of ASM [15,26,114,115]. Ini-
tial personal contact is highly valued in the introductory
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phase and in initiating tandem partnerships, but workflows
in presurgical diagnostics and postsurgical care (pillar I and
III in Fig. 1) could also be organized via electronic com-
munication channels. However, from our own experience,
internships, joined local case conferences and workshops
are generally appreciated [26]. Regardless of the choice of
building blocks, the appropriate workflow must be orga-
nized in interdisciplinary cooperation.

6.3 The Stepwise Approach: Evolution of Surgical
Epilepsy Centers

The integration of various building blocks is one side,
the stepwise approach from a basic routine to more chal-
lenging scenarios the other (Fig. 1). Proper selection of
appropriate diagnostics and their accurate interpretation at
each stage is required to ensure the balance between out-
come perspective and risk factors [110]. This path must be
followed according to local constraints in terms of avail-
able technology, increasing expertise, patient needs, and
economic constraints. The evolution of a center from a
stepwise perspective does not imply continuous improve-
ment in surgical outcomes, as basic surgical epilepsy cen-
ters achieve comparable outcomes to well-established ones
[9,21,22,24,45,48,116,117]. Rather, the evolution implies
the types of patients that can be treated and the different
procedures that have been performed over the years [19].
Experienced and well-established centers can usually of-
fer a broad range of diagnostic and interventional tools,
whereas newly established centers should initially defer
more difficult-to-treat patients to a later date as experiences
develops, or refer them to a better equipped and/or more
qualified surgical epilepsy center [20]. Such an evolution
is nicely illustrated in a recent report from the neurosurgical
center in Semarang, Indonesia [58]. The surgical program
started with MTLE patients with seizure-related lesion, un-
der the direction of mentoring universities from Japan, but
invasive recordings and surgery in patients without MRI
confirmed lesions were initially unfeasible. Subsequently,
the spectrum was expanded with the introduction of sub-
dural electrode recordings, long-term EEG and PET exam-
ination for difficult cases. Selective amygdalohippocam-
pectomy and the treatment of extratemporal lobe epilepsy
were introduced [58] and the center was enabled to perform
surgery for radiologically normal appearing temporal lobe
epilepsy patients [118]. The evolution of a center in this
sense means that more and more complex investigative and
surgical procedures are added [19,116], while a major chal-
lenge for such a development often lies in the paucity or
resources [32,118].

6.4 Use a Multi-Tiered System to Reach Areas Outside the
Large Cities

A single epilepsy center may already have a large
impact in small countries such as Georgia [26], but for
large countries such as India or China, a multi-tiered sys-

tem of epilepsy centers with different levels of expertise
is advisable [16,19,32,116]. At the most basic level, spe-
cially trained physicians would treat and care for patients
with epilepsy according to standard protocols, simple cen-
ters could perform temporal lobectomy according to stan-
dardized protocols for diagnosis, assessment, and surgery,
while comprehensive epilepsy surgery centers are needed
for further diagnostics and more complex surgical scenar-
ios. Partnerships with regional epilepsy centers are an ap-
propriate means to improve local access to surgical care
through specialized centers [119], and appropriate training
of rural physicians or medical personnel is essential to iden-
tify referral candidates. For this reason, integration of all
levels of epilepsy care is needed to close the surgical treat-
ment gap in the long term [120]. It is noteworthy that even
if epilepsy surgery already exists in an LMIC, surgical cen-
ters are most likely located in themajor cities [9] and are not
sufficient to cover all the needs [10,116,121,122]. Thus, on
the one hand, capacity building is an important issue, and on
the other hand, there is a parallel need to raise awareness of
surgical options in order to extend the impact to rural areas.

6.5 Patient Expectations and Public Relation

Teamwork is essential for the road to success [123]
and it is crucial that all stakeholders, including patients and
their families, are appropriately integrated [66]. At best, pa-
tients should receive comprehensive advice [124], and sur-
gical epilepsy interventions should be introduced as a treat-
ment option in the case of DRE right from the beginning
of a newly diagnosed epilepsy [27,39]. Patients who have
achieved seizure freedom and/or experienced a meaning-
ful improvement in their QoL through epilepsy surgery are
the best advocates for a surgical program to publicize the
effort. However, as pointed out by Sylaja & Radhakrish-
nan [20], one patient satisfied with the outcome of epilepsy
surgery may inform five other epilepsy patients, but one
dissatisfied patient will spread its adversity to 50 others.
Realistic concepts are valuable tools for avoiding exagger-
ated or false expectations. Misconceptions and concerns are
also found in HIC for both, physicians [28,125–128] and
patients [28,124,129,130], adding to the surgical treatment
gap [44,131] andmaking epilepsy surgery to one of themost
underutilized interventions of all proven effective therapies
[2,27]. Cultural beliefs and local attitudes must also be
taken into account [132]. People with epilepsy may suffer
serious disadvantages due to misunderstanding or stigma-
tization, e.g., association of epilepsy with mental disease,
insanity or as divine punishment [133–138]. Stigma in the
form of prevailing local beliefs associated with negative
stereotypes may be quite resilient and might have a greater
negative impact than the disease itself [139]. In addition,
patients may have significant decision-making conflicts or
fear of brain surgery [140], and rather than a promising ther-
apeutic approach, it may still be viewed a last resort by pro-
fessionals [40]. Therefore, to achieve a lasting impact, it
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is also important to work with the local public and profes-
sionals, educating and informing them about epilepsy and,
in particular, about the possibilities and potential of surgi-
cal interventions [20]. Public relations can thus be a valu-
able tool for raising awareness and promoting acceptance
of epilepsy surgery [26,141], including one’s own project
work, which can be developed to a separate building block.

7. Healthcare System and Economic
Constraints

Epilepsy imposes significant economic costs [142],
greatly affects the people’s ability to work and con-
tributes to social and psychological burden [143–146]. A
seizure-free person could be better employed and gener-
ally achieves an improvement in QoL [9,20,48,85]. DRE is
further associated with high morbidity and mortality rates
[2]. Surgery is a cost-efficient treatment for DRE in terms
of long-term direct, indirect and intangible costs [45,147–
149], making it an essential component of a comprehen-
sive therapeutic approach to epilepsy [17,150]. It should
be noted that the median epilepsy prevalence and incidence
in LMIC may be almost twice that in HIC [151], with even
higher rates for the lowest-income countries (e.g., incidence
may be 10-fold higher than in HIC [11]) and proportional
numbers of drug-resistant variants. While the number of
MTLE-HS surgeries in European epilepsy centers has de-
creased in recent decades thanks to ongoing efforts includ-
ing therapy and surgery [42,152–154], MTLE-HS patients
still accumulate in LMIC without surgical epilepsy ser-
vices. Importantly, epilepsy surgery in developing coun-
tries is not only feasible but also cost-effective [17,21,48,
155]. The cost per surgery in LMIC is usually just a frac-
tion of the comparable costs in HIC [9,10,16,21,22,156],
but without qualified local personal or appropriate centers,
such potential economic benefits could not be realized and
exploited.

LMIC might have an unevenly distributed healthcare
system and the cost for epilepsy surgery may not be covered
by the public health sector or private health insurances [47].
As a consequence, patients have to bear the cost out of their
own pocket, which may be unaffordable for most of them
[20,47,48,156]. However, the lower prize in LMIC will ex-
pand the group of patients who can afford surgical interven-
tion. The option for a complete local service (pillar I-III,
Fig. 1) is also more favorable from a medical point of view
than surgery abroad, as patients there could face high daily
costs and corresponding pressure to return to their resident
country as soon as possible, even if this is not advisable. In
addition, long-term aftercare should be organized locally.
Otherwise, it will be missing or once again involve travel
expenses and possibly high medical costs abroad. There-
fore, it is valuable for a country to initiate its own surgi-
cal services. A successful establishment could also be a
key argument for a change in policy so that the healthcare
system or government funding might bear the costs in the

future. It is further important to understand the long-term
costs associated with different treatment modalities in order
to economically evaluate the impact of surgical interven-
tions [45]. However, the balance between the high initial
cost of presurgical evaluation and surgical intervention and
future economic benefits is difficult to estimate a priori in
individual cases. It is not a short-term effect and strongly
depends on the specific situation, outcome, and improve-
ment in QoL [147,149,157]. Economic constraints can be
an obstacle to epilepsy surgery, but the individual decision
to undergo surgery, if financially feasible, is not primar-
ily determined by the economic perspective but by the de-
sire to overcome the disease burden [140]. Importantly, at
the macroeconomic level, the expansion and public funding
of epilepsy treatments, including surgical interventions, has
been shown to be an overall cost-effective national strategy
that reduces the financial burden of the disease in national
economic terms [158].

8. Conclusions
Epilepsy is a common and shattering neurological dis-

order for which DRE patients have little hope of achiev-
ing adequate seizure control with medication alone. This
is a devastated prospect and a heavy burden not only on
their QoL, but also on the healthcare system. Epilepsy
surgery is an effective and safe treatment option for a sub-
set of DRE patients, particular those withMTLE-HS, which
are straightforward to identify, even in resource-poor set-
tings. While the number of MTLE-HS surgeries is decreas-
ing in HIC, these patients are still accumulating in LMIC, in
particular in those countries without surgical epilepsy ser-
vices. Epilepsy surgery in LMIC is feasible, but it must
rely on technology and expertise that are reasonably avail-
able and can function sustainably. It is important to empha-
size that despite possible resource constraints, basic surgi-
cal epilepsy facilities rely primarily on well-trained person-
nel, which unfortunately are often lacking, rather than the
need for sophisticated cutting-edge technology. To com-
pensate for deficits in expertise, a good mentoring program
is highly recommended. The necessary knowledge trans-
fer can be organized with various building blocks by cre-
ating educational opportunities, while electronic communi-
cation channels can reduce the necessary travel time for the
experts involved. Exaggerated expectations are a negative
factor in the patient’s evaluation of surgical success. There-
fore, stakeholder engagement, educational work and public
relations work are suitable means to reduce existing knowl-
edge gaps, dispel misconceptions, and raise awareness of
surgical epilepsy intervention. Although the feasibility of
epilepsy surgery in LMIC has been documented by numer-
ous reports, in the face of insufficient capacity and a rapidly
growing population, it remains an urgent issue and an essen-
tial step to reduce the burden of DRE worldwide.
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