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Epilepsy surgery has been shown to be the best possible treatment in well-defined and difficult-to-treat epilepsy
syndromes, such as mesial temporal lobe epilepsy with unilateral hippocampal sclerosis, even early in the course
of the disease if pharmacoresistance is proven.

This review addresses the question if epilepsy surgery may be justified today even in nonpharmacoresistant
cases. There are two possible groups of patients: first, there are epilepsy syndromes with a benign spontaneous
course or with a potentially good treatment prognosis under appropriate antiepileptic drug (AED) treatment.

Ipf;}i/l‘ggsrss s.urgery Second, there are epilepsies with potentially worse AED treatment prognosis in which appropriate AED treat-
Pharmacoresistance ment has not yet been applied because of the short course of the disease, tolerability problems that prevented
Nonpharmacoresistant epilepsies usually effective dosing, or adherence issues.

Indication In group one, the good spontaneous prognosis or the usually satisfying course under AED treatment in line with

the commonly generalized underlying epileptogenesis does not suggest that epilepsy surgery is a realistic alter-
native, not even in cases with distinct focal clinical and/or electroencephalography (EEG) patterns like in
Rolandic epilepsy with centrotemporal spikes.
In the second group, the recent International League Against Epilepsy (ILAE) definition should allow assessment
of individual pharmacoresistance early after the onset of the disease in order to avoid any delay. Concerns about a
potential disease-specific or drug-specific cognitive decline that could be avoided in early surgery are speculative,
a matter of controversial discussion, and certainly not relevant, if pharmacoresistance is consequently addressed
in time according to the ILAE recommendations. One should also not forget that even in typically
pharmacoresistant epilepsy syndromes that are suitable for surgical procedures, satisfying courses do exist that
would not require early or any epilepsy surgery.
Therefore, in almost any instance, epilepsy surgery as initial treatment or immediately after a first AED is still not
recommended although, especially in cases with nonadherence to AEDs, it may be occasionally considered in
order to outweigh the risks of ongoing seizures and epilepsy if surgery is not performed.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

In many instances, epilepsy turns out to be a life-long chronic bur-
den. The aim of any epilepsy therapy is seizure freedom without treat-
ment-associated adverse events [1].

The gold standard of epilepsy treatment is permanent drug treat-
ment with antiepileptic drugs (AEDs) based on the concept of prophy-
lactic suppression of seizure activity and thus the reduction or even
elimination of the risk of further seizures in people with the susceptibil-
ity of recurrent seizures [2]. The general consensus is that seizures in
around 2/3 of patients with epilepsy are sensitive to AED treatment
and they may expect complete or almost complete seizure freedom. In-
terestingly, this has not been considerably influenced by the introduc-
tion of newer AEDs since the early 1990s [3-6]. Thus, seizures in
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approximately 1/3 of people with epilepsy (PWE) will be more difficult
to treat. According to a recent definition of the International League
Against Epilepsy (ILAE), AED resistance is defined as “failure of adequate
trials of two tolerated, appropriately chosen and used antiepileptic drug
schedules (whether as monotherapies or in combination) to achieve
sustained seizure freedom” [7]. Therefore, the condition of PWE who
become seizure-free with the first two treatment options or in which
the first two treatment options have not yet been applied may be con-
sidered as at least potentially nonpharmacoresistant.

Whether AED treatment is promising or not is substantially influ-
enced by the underlying epilepsy syndrome and etiological constella-
tion [8]. It is somewhat astonishing that most studies that address the
prognosis of AED therapy do not systematically cover this crucial aspect
[9].

Of course, AED treatment as an approach that is symptom-oriented
but not causally effective is not the only treatment option we have. Ep-
ilepsy surgery offers a potentially curing treatment option in PWE with
ongoing seizures. Basic requirements for epilepsy surgery comprise the
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diagnosis of epilepsy along with not only the well-substantiated hy-
pothesis of a uniregional epileptogenic zone that might be resected
without inacceptable potential postoperative deficits but also
phamarcoresistance and inacceptable quality of life under the condi-
tions of the best-established AED therapy [1, 10].

It is tempting to speculate whether this attitude may have changed
so that epilepsy surgery could be supposed as the primary epilepsy
treatment even in patients with not yet proven pharmacoresistant epi-
lepsy as a causative alternative to ongoing AED treatment. This is the
topic of this paper presented at the 11th International Epilepsy Collo-
quium at Frankfurt, Germany, in March of 2018.

2. Conceptual considerations

If we discuss patients with nonpharmacoresistant epilepsies, there
are two principal groups: first, there are PWE whose syndrome has a be-
nign spontaneous course with a potentially good treatment prognosis
under appropriate AED treatment. Second, there are PWE with poten-
tially worse AED treatment prognosis, in whom appropriate AED treat-
ment has not yet been applied because of the short course of the disease,
tolerability problems that prevented usually effective dosing, or adher-
ence issues. These two groups will be discussed separately in the follow-
ing sections.

3.PWE whose syndrome has a benign spontaneous course with a po-
tentially good treatment prognosis under appropriate AED
treatment

Numerous papers addressed the prognosis of epilepsy in general and
of various epilepsy syndromes [11-18].

Long-term observations report a general remission rate of children
with epilepsy between around 50-60% [15, 16] and up to around 80%
[11, 12, 18]. Among others, Rolandic epilepsy with centrotemporal
spikes, Panayiotopulos syndrome, and benign familial neonatal infantile
seizures have been reported to have an excellent spontaneous progno-
sis and outcome [15]. Examples for epilepsy syndromes with very good
prognosis with and sometimes without sustained AED treatment are
the classical idiopathic generalized epilepsy syndromes such as child-
hood and juvenile absence epilepsy, epilepsy with generalized tonic-
clonic seizures, or juvenile myoclonic epilepsy [1, 8]. Primarily general-
ized epilepsy syndromes are looked upon as a relative contraindication
for epilepsy surgery [10]. Since these epilepsy syndromes either remit
spontaneously or do not offer a realistic surgical approach because of
the underlying generalized epileptogenesis, surgical treatment, with
its inevitable risk of morbidity and mortality, is and will certainly be
not a realistic treatment option in these patients. Even if focal and dis-
tinct epileptogenesis is apparent like in Rolandic epilepsy with
centrotemporal spikes, the usually benign self-limiting course and the
nonlesional etiology certainly do not suggest epilepsy surgery as a real-
istic alternative therapeutic option. Neural stimulation techniques like
vagal nerve or intracranial stimulation or surgical approaches such as
corpus callosotomy were only considered and performed in cases with
generalized epileptogenesis and a proven difficult course in spite of ap-
propriate AED treatment [19-22].

4. PWE with potentially worse AED treatment prognosis in which
appropriate AED treatment has not yet been applied because of the
short course of the disease, tolerability problems that prevented
usually effective dosing, or adherence issues

Several epilepsy syndromes and clinical constellations are possible if
we consider epilepsy surgery. Exactly as with AED treatment in every
individual case, the treatment decision needs to be based on a careful in-
dividual risk-benefit evaluation of the available options. The overall ob-
jective is to ensure the best possible quality of life according to the
patient's individual circumstances [2]. For this brief review, we believe

that it might be somewhat counterproductive to list every etiology
and syndrome that might be suitable for epilepsy surgery and to out-
weigh in every potential syndrome whether the individual risk-benefit
ratio might justify a surgical approach prior to proven
pharmacoresistance. In order to emphasize the methodological problem
of potential surgical treatment in PWE and still not pharmacoresistant
epilepsy, we want to concentrate on epilepsy syndromes with impaired
prognosis under AED treatment and promising prognosis with epilepsy
surgery and to outweigh perspectives and possible burdens of conven-
tional AED versus surgical treatment.

Epileptic syndromes or diagnostic constellations for which the possi-
bility of epilepsy surgery may be suggested are shown in Table 1.

With AED treatment as the gold standard, some of the syndromes
shown in Table 1 almost never allow achievement of sustained seizure
freedom as the primary goal of epilepsy therapy. Examples are mesial
temporal epilepsy with hippocampal sclerosis, Rasmussen's encephali-
tis, or other syndromes with large unihemispheric lesions [1, 2, 8, 10,
15]. While the latter are candidates for functional hemispherectomies
that nowadays lead to sustained seizure freedom in more than 80% of
operated patients [23], the former are candidates for selective
amygdalohippocampectomy or anterior temporal lobe resections, both
of which are also associated with rates of complete or almost complete
seizure freedom in at least 70% [24-30]. Although in severe encephalop-
athies such as Rasmussen's encephalitis, postoperative improvement of
cognitive functions has been described along with a favorable seizure
outcome [23], it is certainly not justified to address a potential favorable
cognitive development independent of seizures as a somewhat psycho-
surgical approach prior to the proof of pharmacoresistance. Nobody
would proceed with hemispherectomy just to improve cognition. Less
favorable though still convincing results compared with appropriate
AED treatment are reached by epilepsy surgery in patients with
extratemporal lesions or nonlesional cases [27, 31].

Mesial temporal lobe epilepsy with hippocampal sclerosis may
therefore serve as a good paradigm to address the question of whether
pharmacoresistance is definitely required to be proven in every single
case prior to the decision to proceed with presurgical diagnostics and
epilepsy surgery.

Is AED treatment, which is the accepted gold standard of epilepsy
treatment in general, really the gold standard in mesial temporal epi-
lepsy with hippocampal sclerosis and is epilepsy surgery really the

Table 1
Epileptic syndromes and diagnoses for which epilepsy surgery may be suggested [10].

Patients who may be selected only by noninvasive presurgical diagnostics

Mesial temporal lobe epilepsy associated with hippocampal sclerosis
Circumscribed epileptogenic lesions (not near eloquent areas)
Benign neoplasms

Ganglioglioma

Dysembryoplastic neuroepithelial tumor

Low-grade astrocytoma

Oligodendroglioma

Vascular malformations

Atrophic scars

Large unihemispheric epileptogenic lesions (for hemispherotomy)
Hemiconvulsion Hemiplegia Epilepsy (HHE)

Sturge-Weber syndrome

Rasmussen's encephalitis

Hemimegalencephaly

Epileptic encephalopathies and multifocal disease (for corpus callosotomy)
Lennox-Gastaut syndrome

Epileptic syndromes and diagnoses for which epilepsy surgery may be suggested
only after additional invasive presurgical diagnostics

Temporal lobe epilepsy with discordant electroclinical data

Bilateral mesial temporal sclerosis

Normal MRI

Extratemporal circumscribed epileptogenic lesions close to eloquent area
Malformations of cortical development

Dual pathologies
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second choice treatment in these cases? Patients with mesial temporal
epilepsy and hippocampal sclerosis are less likely to respond to AEDs
than patients with other focal epilepsies [32]. According to Semah et
al. [17], only 11% of patients with mesial temporal epilepsy with hippo-
campal sclerosis will become seizure-free with AEDs whereas the
chance to achieve seizure freedom by means of epilepsy surgery is at
least 70%, [24-30] even if we consider only pharmacoresistant cases as
it is still the rule if epilepsy surgery is performed [1, 10, 26].

On the other hand, we assume that data about treatment success with
AED:s in patients with mesial temporal epilepsy and hippocampal sclero-
sis might be negatively biased by the overrepresentation of tertiary epi-
lepsy centers that contribute their data to outcome investigations [32].

In a recent European survey that covered 767 patients, the probabil-
ity of achieving seizure freedom for at least 12 months varied depend-
ing on the AED. Still, with carbamazepine as the most effective AED in
this study, the rate of seizure freedom was only 11% and lower than
11% with all the other 9 AEDs that were investigated. Adverse drug re-
actions with their additional impact on quality of life were observed in
47.6% of patients [32]. Interestingly, this study confirmed that in pa-
tients with mesial temporal epilepsy and hippocampal sclerosis, the re-
sponse rates were highest during the initial AED treatment and dropped
with the following alternative AED treatments [32] as it is seen in gen-
eral: in a long-term syndrome-independent follow-up study of 133 chil-
dren, 73% became seizure-free with the first AED [18]. In a monocenter
study of 253 patients with mesial temporal epilepsy and hippocampal
sclerosis, 9% achieved seizure freedom with AED treatment after one
year of observation [33].

Studies that included newly diagnosed mesial temporal epilepsy
with hippocampal sclerosis reported markedly higher success rates
with AED-responsive patients at rates of 15%, 29%, and 31%, respectively
[34-36]. If some of these patients had been operated very early, postop-
erative seizure freedom might have been falsely ascribed to epilepsy
surgery although seizure freedom would have been achieved by AED
treatment (or even because of the spontaneous course). In a recent
trial, seizure freedom with AEDs for more than 12 months was observed
in 24.7% of patients with mesial temporal epilepsy and hippocampal
sclerosis. Newer AEDs did not alter the success rate [37] so we should
not expect a better treatment chance for these patients despite the lat-
est AED developments.

When considering a seizure-free period of at least 12 months as the
criterion for effective treatment, one has to be careful. Long-term stud-
ies show that both delayed but sustained seizure freedom and fluctua-
tions between periods of seizure freedom and relapse are possible in
the long-term [5, 38] and that relapse-remitting patterns with periods
longer than two years occurred in 30% of 122 patients with mesial tem-
poral epilepsy and hippocampal sclerosis [39].

Randomized controlled trials clearly showed the superiority of epi-
lepsy surgery at least concerning the short-term outcome for the follow-
ing 12 months in pharmacoresistant cases of temporal lobe epilepsy in
adults [40, 41] as well as in general drug-resistant childhood epilepsy
[42]. Most likely, surgical results would be even better if patients with
mesial temporal lobe epilepsy and hippocampal sclerosis would have
been included without proven pharmacoresistance. On the other
hand, the inclusion of such cases in the randomized trials mentioned
here could have had a positive influence on the performance of the
nonoperated group in these studies.

Thus, because of a lack of data of real comparative trials, the
question of whether epilepsy surgery is justified prior to proven
pharmacoresistance in syndromes such as mesial temporal lobe epi-
lepsy with hippocampal sclerosis cannot be answered solely on the
basis of available scientific data.

5. Discussion

Epilepsy is usually a chronic disease — at least in most of the adult
patients with ongoing seizures. The therapeutic gold standard is chronic

prophylactic therapy with AEDs. If sustained seizure freedom is
achieved in an individual case, the epilepsy in this case is apparently
not pharmacoresistant. The potential burden of long-term tolerability
issues with ongoing AED therapy has been extensively discussed in
the literature. In nonpharmacoresistant epilepsy cases, the potential
burden of AED-induced long-term adverse events would probably still
not suggest epilepsy surgery as a possible alternative since many of all
long-term seizure-free patients deny an alternative AED treatment
(and probably also epilepsy surgery) even in case of adverse events be-
cause they do not want to risk a seizure relapse [43]. Furthermore, in
many epilepsy syndromes with good spontaneous or AED treatment
prognosis, a distinct and removable lesion is not the underlying cause
so the electroclinical profile does not fit the methodological require-
ments we postulate in suitable epilepsy surgery candidates, which
means that epilepsy syndromes such as classical idiopathic generalized
epilepsies are looked upon as relative contraindication for epilepsy sur-
gery [10] beyond the usually very good prognosis under appropriate
AED therapy [1, 8, 43].

Considering PWE with potentially worse AED treatment prognosis
in which appropriate AED treatment has not yet been applied because
of the short course of the disease, tolerability problems that prevented
usually effective dosing, or adherence issues, one still has to be careful
to apply epilepsy surgery too early because at least mesial temporal ep-
ilepsy as the underlying syndrome associated with hippocampal sclero-
sis as the probable epileptogenic lesion [44] should be proven in every
single case. It is certainly not justified to suggest a potential mesial tem-
poral lobe epilepsy or even an imminent and later probably AED-resis-
tant epilepsy just because of the diagnosis of hippocampal sclerosis by
means of magnetic resonance imaging (MRI). We know that hippocam-
pal sclerosis may be associated with other epilepsy syndromes and even
occur in otherwise healthy people [45].

It is certainly helpful in the context of this paper that the ILAE has
clearly defined pharmacoresistance in order to avoid previous uncer-
tainties [5]. The diagnosis of a pharmacoresistant epilepsy is thus justi-
fied in case of a “failure of adequate trials of two tolerated,
appropriately chosen and used antiepileptic drug schedules (whether
as monotherapies or in combination) to achieve sustained seizure free-
dom” [7]. This means that in PWE whose epilepsy might turn out as
pharmacoresistant, we do not have to wait for an unacceptably long pe-
riod to know whether our first or second AED strategy failed or not.

The typical diagnostic findings in a frequently pharmacoresistant
syndrome like mesial temporal lobe epilepsy with hippocampal sclero-
sis are well-defined and easy to diagnose [5]. Therefore, it should not be
difficult to diagnose it early in the course of the disease so that appropri-
ate treatment can also be initiated as early as possible. Under these cir-
cumstances, it should be possible to fulfill the minimum requirements
for the diagnosis of pharmacoresistant epilepsy [7] within a short pe-
riod. If pharmacoresistance is evident according to these criteria, at
least in temporal lobe epilepsy and for a limited follow-up, epilepsy sur-
gery is the first-line therapy, not an alternative to further and modified
AED treatment [41].

It is mandatory that in the case of a syndrome like mesial temporal
lobe epilepsy with hippocampal sclerosis and pharmacoresistance, un-
necessary delays are avoided [5]. In many epilepsy centers like ours,
many patients with clearly defined pharmacoresistant focal epilepsy
had to wait for decades until they were successfully operated on [31].
The longer pharmacoresistant mesial temporal lobe epilepsy with uni-
lateral hippocampal sclerosis lasts without surgical intervention, the
more its progressive nature may become apparent concerning memory
decline, recruitment of additional epileptogenic tissue, reduced chances
of successful epilepsy surgery over time, and accumulated sudden unex-
pected death in epilepsy (SUDEP) risk [5, 46-49]. Therefore, one should
certainly not wait longer with appropriate presurgical diagnostics if
pharmacoresistance is shown according to the definition of the ILAE
[7] because the increased risks mentioned above caused by a longer du-
ration of a pharmacoresistant epilepsy syndrome that is suitable for a
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surgical approach are certainly higher than the risks of surgery itself. For
temporal resections, recent publications report a mortality rate below
1% [26, 27, 50] and a risk of permanent morbidity between 1% and
2.5% (27, 50].

If new-onset epilepsy is associated with a lesion with questionable
prognosis like a tumor, early tumor-related surgery may be justified
and even crucial to avoid any further deterioration beyond epileptic sei-
zures as a consequence of such a lesion.

One last and crucial aspect has to be considered if we discuss epi-
lepsy surgery in nonpharmacoresistant epilepsy: about thirty years
ago, when the renaissance of epilepsy surgery started, there were
well-known doubters within the community of epileptologists who
had to be convinced that this therapeutic approach is effective, safe,
and justified. Because of the global development and recognition of ep-
ilepsy surgery during the last decades, its standing is certainly different
today. With the experience we have nowadays, it may be justified to
consider and perform epilepsy surgery in certain cases even if
pharmacoresistance is not proven. One matter of questionable adher-
ence may be the burden of a sustained AED therapy with its potential
acute and chronic safety hazards. Epilepsy surgery may offer the cure in-
stead of the satisfying treatment of epilepsies. On the other hand, many
of our successfully operated patients finally decided to stay on AEDs
postoperatively [31], and 85% of our seizure-free patients, irrespective
of surgery or successful drug treatment, refuse discontinuation of
AEDs because of their fear of seizure relapses [43]. Still, there might be
individual situations where very early epilepsy surgery may be justified.
For instance, we are discussing extensively the case of a patient at our
center who clearly fulfills all criteria of an ideal candidate for selective
amygdalohippocampectomy but does not fulfill the criteria of
pharmacoresistance because of a lack of adherence. In this case, it will
be very difficult to finally prove true pharmacoresistance. On the other
hand, there is undoubtedly an elevated risk of epilepsy-related morbid-
ity and mortality if we wait longer with surgery that offers the patient a
high chance of 70% to become seizure-free, even without further AED
treatment [5]. Still, even if we proceed with surgery in this case, careful
and well-documented information and informed consent are manda-
tory because such an approach is not yet consistent with official guide-
lines that mention pharmacoresistance as a crucial requirement for
epilepsy surgery [51]. We are possibly approaching a new era of
outweighing the burden of AED treatment and the potential benefit of
very early epilepsy surgery. However, the time of different recommen-
dations for early surgery prior to proven pharmacoresistance has not
yet come.

Declaration of interest

None.

References
[1] Steinhoff BJ. Der Epilepsiepatient in der Praxis. Basel: ComMed Verlagsagentur;
2005

[2] Tomson T, Steinhoff B]J. Principles of drug treatment in adults. Handb Clin Neurol
2012;108:663-98.

[3] Schmidt D. Pharmacotherapy of epilepsy — current problems and controversies.
Fortschr Neurol Psychiatr 1983;51:363-86.

[4] Shorvon SD, Goodridge DM. Longitudinal cohort studies of the prognosis of epilepsy:
contributions of the National General Practice Study of Epilepsy and other studies.
Brain 2013;136:3497-510.

[5] Lee SK. Treatment strategy for the patient with hippocampal sclerosis who failed to
the first antiepileptic drug. ] Epilepsy Res 2014;4:1-6.

[6] Steinhoff BJ, Staack AM, Hillenbrand BC. Ramdomized controlled antiepileptic drug
trials miss almost all patients with ongoing seizures. Epilepsy Behav 2017;66:45-8.

[7] Kwan P, Arzimanoglu A, Berg AT, Brodie MJ, Allen Hauser W, Mathern G, et al. Def-
inition of drug resistant epilepsy. Consensus proposal by the ad hoc Task Force of the
ILAE Commission on Therapeutic Strategies. Epilepsia 2010;51:1069-77.

[8] Blume WT. The progression of epilepsy. Epilepsia 2006;47(Suppl. 1):71-8.

[9] Palleria C, Coppola A, Citraro R, Del Gaudio L, Striano S, De Sarro G, et al. Perspectives
on treatment options for mesial temporal lobe epilepsy with hippocampal sclerosis.
Expert Opin Pharmacother 2015;16:2355-71.

[10] Rathore C, Radhakrishnan K. Concept of epilepsy surgery and presurgical evaluation.
Epileptic Disord 2015;17:19-31.

[11] Annegers JF, Hauser WA, Elveback LR. Remission of seizures and relapse in patients
with epilepsy. Epilepsia 1979;20:729-37.

[12] Bell GS, Neligan A, Giavasi C, Keezer MR, Novy ], Peacock JL, et al. Outcome of sei-
zures in the general population after 25 years: a prospective follow-up, observa-
tional cohort study. ] Neurol Neurosurg Psychiatry 2016;87:843-50.

[13] Beume LA, Steinhoff BJ. Long-term outcome of difficult-to-treat epilepsy in child-
hood. Neuropediatrics 2010;41:135-9.

[14] Camfield P, Camfield C. Long-term prognosis for symptomatic (secondarily) general-
ized epilepsies: a population-based study. Epilepsia 2007;48:1128-32.

[15] Camfield PR, Camfield CS. What happens to children with epilepsy when they be-
come adults? Some facts and opinions. Pediatr Neurol 2014;51:17-23.

[16] Giussani G, Canelli V, Bianchi E, Erba G, Franchi C, Nobili A, et al. Long-term progno-
sis of epilepsy, prognostic patterns and drug resistance: a population-based study.
Eur ] Neurol 2016;23:1218-27.

[17] Semah F, Picot MC, Adam C, Broglin D, Arzimanoglu A, Bazin B, et al. Is the underly-
ing cause of epilepsy a major prognostic factor for recurrence? Neurology 1998;51:
1256-62.

[18] Sillanpdd M, Saarinen M, Schmidt D. Clinical conditions of long-term cure in
childhood-onset epilepsy: a 45-year follow-up study. Epilepsy Behav 2014;37:
49-53.

[19] Kostov H, Larsson PG, Reste GK. [s vagus nerve stimulation a treatment option for
patients with drug-resistant idiopathic generalized epilepsy? Acta Neurol Scand
Suppl 2007;187:55-8.

[20] Valentin A, Selway RP, Amarouche M, Mundil N, Ughratdar I, Ayoubian L, et al. Intra-
cranial stimulation for children with epilepsy. Eur ]J Paediatr Neurol 2017;21:
223-31.

[21] Jenssen S, Sperling MR, Tracy ]I, Nei M, Joyce L, David G, et al. Corpus callosotomy in
refractory idiopathic generalized epilepsy. Seizure 2006;15:621-9.

[22] Cukiert A, Burattini JA, Mariani PP, Cukiert CM, Argentoni-Baldochi M, Baise-Zung C,
et al. Outcome after extended callosal section in patients with primary idiopathic
generalized epilepsy. Epilepsia 2009;50:1377-80.

[23] Schmeiser B, Zentner J, Steinhoff B, Schulze-Bonhage A, Kogias E, Wendling AS, et al.
Functional hemispherectomy is safe and effective in adult patients with epilepsy.
Epilepsy Behav 2017;77:19-25.

[24] Engel]Jr], Van Ness PC, Rasmussen TB, Ojemann LM. Outcome with respect to epilep-
tic seizures. In: Engel Jr J, editor. Surgical treatment of the epilepsies. 2nd ed. New
York: Raven Press; 1993. p. 609-21.

[25] Wendling AS, Hirsch E, Wisniewski I, Davanture C, Ofer I, Zentner J, et al. Selective
amygdalohippocampectomy versus standard temporal lobectomy in patients with
mesial temporal lobe epilepsy and unilateral hippocampal sclerosis. Epilepsy Res
2013;104:94-104.

[26] Jobst BC, Cascino GD. Resective epilepsy surgery for drug-resistant focal epilepsy: a
review. JAMA 2015;313:285-93.

[27] Mathon B, Bédos Ulvin L, Adam C, Baulac M, Dupont S, Navarro V, et al. Surgical
treatment for mesial temporal lobe epilepsy associated with hippocampal sclerosis.
Rev Neurol (Paris) 2015;171:315-25.

[28] Mathon B, Bielle F, Samson S, Plaisant O, Dupont S, Bertrand A, et al. Predicitive fac-
tors of long-term outcomes of surgery for mesial temporal lobe epilepsy associated
with hippocampal sclerosis. Epilepsia 2017;58:1473-85.

[29] Goncalves-Ferreira A, Rainha-Campos A, Franco A, Pimentel ], Bentes C, Peralta AR,
et al. Amygdalohippocampectomy for mesial temporal lobe sclerosis: epilepsy out-
come 5 years after surgery. Acta Neurochir 2017;159:2443-8.

[30] Alvim MKM, Morita ME, Yasuda CL, Damasceno BP, Lopes TM, Coan AC, et al. Is inpa-
tient ictal video-electroencephalographic monitoring mandatory in mesial temporal
lobe epilepsy with unilateral hippocampal sclerosis? A prospective study. Epilepsia
2018;59:410-9.

[31] Staack AM, Wendling AS, Scholly ], Wisniewski I, Kurth C, Saar J, et al. Quality control
of elective surgery for drug-resistant epilepsy in a German reference centre — a
long-term outcome study. Seizure 2013;22:292-8.

[32] Androsova G, Krasue R, Borghei M, Wassenaar M, Auce P, Avbersek A, et al. Compar-
ative effectiveness of antiepileptic drugs in patients with mesial temporal lobe epi-
lepsy with hippocampal sclerosis. Epilepsia 2017;58:1734-41.

[33] Varoglu AO, Saygi S, Acemoglu H, Ciger A. Prognosis of patients with mesial temporal
lobe epilepsy due to hippocampal sclerosis. Epilepsy Res 2009;85:206-11.

[34] Gomez-Ibanez A, Gasca-Salas C, Urrestarazu E, Viteri C. Clinical phenotypes within
non-surgical patients with mesial temporal lobe epilepsy caused by hippocampal
sclerosis based on response to antiepileptic drugs. Seizure 2013;22:20-3.

[35] Kurita T, Sakurai K, Takeda Y, Horinouchi T, Kusumi I. Very long-term outcome of
non-surgically treated patients with temporal lobe epilepsy with hippocampal scle-
rosis: a retrospective study. PLoS One 2016;11:e0159464.

[36] Sanchez ], Centanaro M, Solis J, Delgado F, Yépez L. Factors prediciting the outcome
following medical treatment of mesial temporal epilepsy with hippocampal sclero-
sis. Seizure 2014;23:448-53.

[37] Pohlen MS, Jin J, Tobias RS, Maheshwari A. Pharmacoresistance with newer anti-ep-
ileptic drugs in mesial temporal lobe epilepsy with hippocampal sclerosis. Epilepsy
Res 2017;137:56-60.

[38] Brodie M]J, Barry SJ, Bamagous GA, Norrie JD, Kwan P. Patterns of treatment response
in newly diagnosed epilepsy. Neurology 2012;78:1548-54.

[39] Coan AC, Campos BM, Bergo FP, Kubota BY, Yasuda CL, Morita ME, et al. Patterns of
seizure control in patients with mesial temporal lobe epilepsy with and without hip-
pocampus sclerosis. Arq Neuropsiquiatr 2015;73:79-82.

[40] Wiebe S, Blume WT, Girvin P, Eliasziw M, Effectiveness and Efficiency of Surgery for
Temporal Lobe Epilepsy Study Group. A randomized, controlled trial of surgery for
temporal-lobe epilepsy. N Engl ] Med 2001;345:311-8.


http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0005
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0005
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0010
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0010
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0015
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0015
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0020
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0020
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0020
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0025
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0025
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0030
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0030
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0035
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0035
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0035
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0040
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0045
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0045
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0045
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0050
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0050
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0055
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0055
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0060
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0060
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0060
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0065
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0065
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0070
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0070
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0075
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0075
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0080
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0080
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0080
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0085
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0085
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0085
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0090
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0090
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0090
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0095
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0095
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0095
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0100
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0100
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0100
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0105
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0105
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0110
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0110
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0110
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0115
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0115
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0115
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0120
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0120
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0120
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0125
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0125
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0125
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0125
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0130
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0130
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0135
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0135
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0135
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0140
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0140
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0140
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0145
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0145
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0145
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0150
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0150
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0150
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0150
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0155
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0155
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0155
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0160
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0160
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0160
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0165
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0165
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0170
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0170
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0170
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0175
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0175
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0175
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0180
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0180
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0180
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0185
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0185
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0185
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0190
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0190
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0195
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0195
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0195
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0200
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0200
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0200

8 B.J. Steinhoff, AM. Staack / Epilepsy & Behavior 91 (2019) 4-8

[41] Engel Jr ], McDermott MP, Wiebe S, Langfitt JT, Stern JM, Dewar S, et al. Early surgical
therapy for drug-resistant temporal lobe epilepsy: a randomized trial. JAMA 2012;
307:922-30.

[42] Dwivedi R, Ramanujam B, Chandra PS, Sapra S, Gulati S, Kalaivani M, et al. Surgery
for drug-resistant epilepsy in children. N Engl ] Med 2017;377:1639-47.

[43] Steinhoff BJ. Anticonvulsant drug therapy of adolescents and adults. State of the art.
Z Epileptol 2013;26:142-53.

[44] Rosenow F, Liiders H. Presurgical evaluation of epilepsy. Brain 2001;124:1683-700.

[45] Kuzniecky RI, Jackson GD. Magnetic resonance in epilepsy. New York: Raven Press;
1995.

[46] Hanoglu L, Ozkara C, Keskinkilic C, Altin U, Uzan M, Tuzgen S, et al. Correlation be-
tween 1H MRS and memory before and after surgery in mesial temporal lobe epi-
lepsy with hippocampal sclerosis. Epilepsia 2004;45:632-40.

[47] Bartolomei F, Chauvel P, Wendling F. Epilleptogenicity of brain structures in human
temporal lobe epilepsy: a quantified study from intracerebral EEG. Brain 2008;131:
1818-30.

[48] Bernhardt BC, Worsley K], Kim H, Evans AC, Bernasconi A, Bernasconi N. Longitudi-
nal and cross-sectional analysis of atrophy in pharmacoresistant temporal lobe epi-
lepsy. Neurology 2009;72:1747-54.

[49] Jeong SW, Lee SK, Hong KS, Kim KK, Chung CK, Kim H. Prognostic factors for the sur-
gery for mesial temporal lobe epilepsy: longitudinal analysis. Epilepsia 2005;46:
1273-9.

[50] Schmeiser B, Wagner K, Schulze-Bonhage A, Elger CE, Steinhoff B], Wendling AS,
et al. Transsylvian selective amygdalohippocampectomy for mesiotemporal epi-
lepsy: experince with 162 procedures. Neurosurgery 2017;80:454-64.

[51] Rosenow F, Bast T, Czech T, Feucht M, Hans VH, Hemlstaedter C, et al. Revised ver-
sion of quality guidelines for presurgical evaluation and surgical epilepsy therapy is-
sued by the Austrian, German, and Swiss working group on presurgical epilepsy
diagnosis and operative epilepsy treatment. Epilepsia 2016;57:1215-20.


http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0205
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0205
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0205
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0210
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0210
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0215
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0215
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0220
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0225
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0225
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0230
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0230
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0230
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0235
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0235
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0235
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0240
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0240
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0240
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0245
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0245
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0245
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0250
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0250
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0250
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0255
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0255
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0255
http://refhub.elsevier.com/S1525-5050(18)30251-8/rf0255

	Is there a place for surgical treatment of nonpharmacoresistant epilepsy?
	1. Introduction
	2. Conceptual considerations
	3. PWE whose syndrome has a benign spontaneous course with a potentially good treatment prognosis under appropriate AED treatment
	4. PWE with potentially worse AED treatment prognosis in which appropriate AED treatment has not yet been applied because o...
	5. Discussion
	Declaration of interest
	References


