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BACKGROUND: Surgery is a widely accepted option for the treatment of pharmacore-
sistant epilepsies of extratemporal origin.
OBJECTIVE: To analyze clinical and epileptological results and to provide prognostic
factors influencing seizure outcome.
METHODS: This retrospective single-center study comprises a consecutive series of
383 patients, most of whom had an identifiable lesion on MRI, who underwent
resective surgery for extratemporal epilepsy. Data including diagnostic modalities,
surgical treatment, histopathology, prognostic factors, and epileptological outcome were
analyzed.
RESULTS: Resective procedures were located as follows: frontal (n= 183), parietal (n= 44),
occipital (n = 24), and insular (n = 24). In 108 cases resection included more than 1 lobe.
Histopatholological evaluation revealed focal cortical dysplasias (n= 178), tumors (n= 110),
cavernomas (n = 27), gliosis (n = 42), and nonspecific findings (n = 36). A distinct epilep-
togenic lesion was detected in 338 (88.7%) patients. After a mean follow-up of 54 mo, 227
(62.5%) patients remained free from disabling seizures (Engel class I), and 178 (49%) were
completely seizure free (Engel class Ia). There was no perioperative mortality. Permanent
morbidity was encountered in 46 cases (11.8%). The following predictors were significantly
associated with excellent seizure outcome (Engel I): lesion visible on magnetic resonance
imaging (MRI; P = .02), noneloquent location (P = .01), complete resection of the lesion
(P = .001), absence of epileptic activity postoperatively (P = .001), circumscribed histo-
logical findings (P= .001), lower age at surgery (P= .008), and shorter duration of epilepsy
(P = .02).
CONCLUSION: Surgical treatment of extratemporal epilepsy provides satisfying epilep-
tological results with an acceptable morbidity. Best results can be achieved in younger
patients with circumscribed MRI lesions, which can be resected completely.

KEYWORDS: Extratemporal lobe epilepsy, Surgical treatment, Long-term outcome, Prognostic factors

Neurosurgery 0:1–11, 2018 DOI:10.1093/neuros/nyy099 www.neurosurgery-online.com

E pilepsy is one of the most common
neurological disorders, affecting more
than 50 million people worldwide.1

Around one-third of all epilepsy patients
present with drug-resistant seizures, leading
to decreased life expectancy, impaired quality
of life, and devastating socioeconomic conse-
quences.2,3 Among those, approximately 70%

ABBREVIATIONS: CI, confidence interval;DNTs,dysembryoplastic neuroepithelial tumors;ECoG, electrocorticog-
raphy; ETPs, epilepsy-typical potentials; ETLE, extratemporal lobe epilepsy; FCD, focal cortical dysplasia; fMRI,
functional magnetic resonance imaging; LEAT, long-term epilepsy associated tumors; MRI, magnetic resonance
imaging; OR, odds ratio; PET, positron emission tomography; SMA, supplementary motor area; SPECT, single
photon emission computed tomography; TLE, temporal lobe epilepsy
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are diagnosed with temporal lobe epilepsy
(TLE), whereas the remaining 30% are charac-
terized by extratemporal lobe epilepsy seizures
(ETLE, extratemporal lobe epilepsy). The
ratio of temporal to extratemporal resec-
tions reflects primarily differences in the
epileptogenic potential of different brain
areas. However, it also reflects the difficulties
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encountered to define the epileptogenic zone in extratemporal
epileptogenesis.4

ETLE includes a variety of epileptogenic syndromes, which
can arise from any region of the cerebral cortex outside of the
temporal lobe.5 Even if the zone of seizure onset can be exactly
identified, the ictogenic network may be more widespread, thus
preventing the proper definition of resection boundaries. Further
problems restricting surgical treatment refer to the involvement
of eloquent cortical areas.6,7 In these cases, there is a dilemma
between the 2 major goals of surgery, seizure control, and preser-
vation of functional integrity, which should be critically discussed
with the affected patients.8,9
Recent advances in noninvasive techniques such as epilepsy

specific magnetic resonance imaging (MRI) protocols including
postprocessing analysis, single photon emission computed tomog-
raphy (SPECT) and positron emission tomography (PET) have
improved the diagnostic tools of ETLE, facilitating surgical
treatment.10-12 Nevertheless, in many cases invasive diagnostic
work-up, including implantation of depth, subdural strip or grid
electrodes may be necessary to define the epileptogenic zone.13,14
Moreover, the intraoperative use of electrocorticography (ECoG)
may provide important information concerning interictal activity,
modifying the extent of planned resection.15

Despite all of these technical advances and developments,
epileptological results of surgical treatment of ETLE are not
as favorable as in TLE and many efforts are done to identify
prognostic factors, helping to define those patients, who can be
expected to benefit most from resective surgery.16-20 The present
study reports a consecutive series of 383 patients, who underwent
resective surgery for ETLE. Main goals were to present long-
term seizure outcome dependent on localization of resection and
histopathological findings, and to present prognostic factors in
terms of seizure control. Moreover, we describe 2 models of
preoperative and postoperative available variables, which can help
to identify the subgroup of patients most suitable for surgical
treatment.

METHODS

Patient Cohort
This is a single-center retrospective study. A total of 1668 patients

underwent surgery for drug-resistant epilepsy from 1997 until 2015.
Among them, there were 383 extratemporal resections (Table 1). Data
were evaluated from patients’ charts and regular outpatient visits.
Informed consent was obtained according to the Declaration of Helsinki.
The study was approved by the local ethics committee.

Preoperative Evaluation
All patients were submitted to presurgical assessment undergoing a

standard protocol21 comprising clinical, neuroradiological, neuropsycho-
logical, and EEG-data in 4 cooperating Epilepsy Centers. All 4 epilepsy
centers share the same criteria and all decisions are taken monthly during
an interdisciplinary meeting, attended by all epilepsy centers. All preop-
erative images were acquired in 1 of the 4 cooperating centers and

TABLE 1. Demographic and Clinical Features

n %

Demographics
Sex
Male 225 58.5
Female 158 41.5
Duration of epilepsy (yr) 12.7 (+/–12, range 0-52)
Age at seizure onset (yr) 13.5 (+/–13, range 0-69)
Age at surgery (yr) 24.3 (+/–15.6, range 0-77)
FU (mo) 54.2 (+/–45, range 3-214)

Clinical features
Side
Left 188 49.1
Right 195 50.9

Localization
Eloquent 229 59.8
Noneloequent 154 40.2

Invasive EEG
Depth electrodes 31 26%
Subdural grids 77 64%
Subdural stripes 92 76%

Extent of resection
Complete 210 65.6
Partial 110 34.4

Seizure outcome
Engel I 227 62.5
Engel II-IV 136 37.5

reviewed during the interdisciplinary epilepsy conference. The preop-
erative imaging corresponded to specific epilepsy MRI protocols as
described elsewhere.22,23 Invasive diagnostics were performed in 120
patients (31%). Depth electrodes were implanted in 31 patients, strip
electrodes in 77 cases, and grid electrodes in 92 patients (61 patients
received more than 1 type of electrode). The decisions for invasive
diagnostics were individually based and discussed during the interdis-
ciplinary epilepsy conference. Criteria for invasive diagnostics included:
(1) patients, in whom the epileptogenic zone could not be localized or
lateralized precisely or if there was a discrepancy between the results of
surface EEG, seizure semiology, and radiological findings; (2) patients
with MRI-negative epilepsy; and (3) patients, in whom a functional
mapping of the eloquent cortex was required. If a deep-seated focus
was suspected depth electrodes were usually preferred for localizing the
epileptogenic zone. However, depth electrodes were less suitable for a
broad covering of the neocortical surface or mapping of functionally
eloquent cortex. For this purpose, subdural strip or grid electrodes
were applied. EEG evaluation was performed according to guidelines
described elsewhere.24 Functional mapping of eloquent cortex was done
in 72 patients. In addition, intraoperative ECoG was used in 74 (19.3%)
patients, including the following indications: (1) tailoring of the resection
in spread epileptogenic lesions, or (2) in lesions encroaching upon
eloquent areas, and (3) in cases, where the epileptogenic zone could not
be well-defined.

Surgical Procedures
Resective procedures were located as follows: frontal (n = 183),

parietal (n = 44), occipital (n = 24), and insular (n = 24). Resection
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FIGURE 1. Extratemporal lobe resections in 383 patients. Localization of 383 resections in patients with ETLE.

included more than 1 lobe in 108 patients (Figure 1). Reoperations
due to recurrent seizures were performed in 49 patients: 26 of them
showed incomplete lesionectomy after first surgery, 5 patients revealed
recurrent tumors, and in 13 patients an additional epileptogenic focus
was identified. Frontal and parietal lobectomy were guided by standard
anatomic landmarks sparing the motor and sensory cortex as well as
the frontal speech areas on the dominant side. Lobectomy was the
procedure of choice when all or most parts of the lobe were involved in
the epileptogenic zone. Extended lesionectomy was performed in cases
with localized seizure origin and MRI detectable lesion. The resection
aimed at the complete removal of the epileptogenic zone, including the
whole superficial cortex adjacent to the pia. The extent of the resection
(complete vs not-complete) was evaluated according to the postoperative
MRI.

Eloquent cortical areas were designated according to the classification
reported by Chang et al25 and included the rolandic cortex (pre- and
postcentral gyrus), the supplementary motor area (SMA), insula, primary
visual cortex as well as the areas of Broca andWernicke. Surgical resection
encroaching upon eloquent cortex was done in 229 patients. Except for

the SMA, the resection was performed in these cases by emptying the
gyri, leaving intact the pial banks. The central rolandic area was resected
up to an extent of 3 cm above the Sylvian fissure, sparing the hand area
and leaving intact the central arteries and veins. Most of the operations
were performed by the senior author (J.Z.). Some of the pediatric patients
were operated by a second surgeon under the supervision of the senior
author.

Histopathological Findings
All specimens were reviewed by 2 neuropathologists. Histopatho-

logical findings included 4 main groups: focal cortical dysplasia (FCD),
neoplasms, vascular lesions, and other nonspecific histhopathological
abnormalities. FCD was classified according to Palmini et al,26 distin-
guishing FCD type I and type II. At present, the clinicopathological
ILAE classification of FCD27 is used in our institution. Neoplasms
were divided in glial tumors (astrocytomas, oligoastrocytomas, and oligo-
dendrogliomas) and neuroepithelial tumors (gangliogliomas and dysem-
bryoplastic neuroepithelial tumors [DNTs]). Tumors were classified
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according to the World Health Organization classification.28 Unspe-
cific histhopathological abnormalities included gliosis, scars, and others.
Gangliogliomas, DNTs, and cavernomas were summarized as circum-
scribed lesions, as they are well defined both on MR-imaging and from
intraoperative aspect. In contrast, gliomas, scars and especially FCDs
usually show less defined borders (both on MRI and intraoperatively)
and were therefore classified as noncircumscribed.

Postoperative Evaluation
Postoperative follow-up included clinical visits at 3, 6, and 12mo after

surgery. Further outpatient visits usually followed in annual intervals.
Standardized telephone interviews, which included questions regarding
seizure frequency, overall status, and antiepileptic drug medication, were
performed for patients with follow-up <12 mo. Last available outcome
was used for the analysis. Antiepileptic drugs were tapered according to
the epileptologists’ recommendations.29,30 Complete follow-up data (>3
mo) were obtained from 363 patients. Mean follow-up was 54 mo (range
3-214 mo, ±45 mo). Twenty patients were lost for follow-up. Seizure
outcome was evaluated according to the Engel classification.31

Statistics
Statistical analysis was performed for the whole cohort using the chi-

square test for the categorical variables. Fisher’s exact test was used if
sample sizes were <5, and the Wilcoxon test was used for comparison of
nonparametric values. All tests were 2-sided, and a P-value below .05 was
considered statistically significant. Multiple comparison correction was
performed according to the Benjamini–Hochberg false discovery rate.

Two different models were created and tested by multivariate binary
logistic regression analysis designating Engel class I outcome as a
dependent variable. Model I (preoperative available variables) investi-
gated patients’ characteristics known prior to surgery and thus can be
helpful during the preoperative consulting of the patients. The following
variables were included: duration of seizure disorder, age at surgery, use
of invasive EEG, spatial relationship between seizure focus and eloquent
cortical areas, visibility of a lesion on MRI, and localization of the
resection (frontal, parietal, occipital, insular, and multilobular). Model
II (postoperative available variables) included: presence of postoperative
epilepsy-typical potentials (ETPs) on EEG, use of intraoperative ECoG,
completeness of resection according to postoperativeMRI (MRI negative
cases were excluded), and type of histology (circumscribed or noncircum-
scribed). For all analyses, the SPSS Software (Released 2010, IBM SPSS
Statistics for Windows, Version 19.0. IBM Corp, Armonk, New York)
was used.

RESULTS

Clinical Findings
There were 225 (59%)males and 158 (41%) females.Mean age

at seizure onset was 13.5 yr (median 9 yr, ±13 yr, range 0-69 yr).
Seizure onset was earliest in patients with FCD (mean 6.1 yr) and
latest in patients with glial tumors (mean 27.2 yr). Mean duration
of epilepsy was 12.7 yr (median 9.1 yr, ±12 yr, range 0-52 yr).
Patients with FCDwere operated later (mean duration of epilepsy
14.8 yr) as compared to patients with glial tumors (mean duration
of epilepsy 6.2 yr). Mean age at surgery was 24.3 yr (median 20
mo, ±15 mo, range 0-77 mo).

Histopathological Findings
Detailed description of histopathological findings is given in

Table 2. FCDwas found in 178 patients (46.5%) followed by glial
tumors (n = 56; 14.6%), glioneuronal tumors (DNT and GG; n
= 44; 11.5%), gliosis (n = 42; 11%), and cavernomas (n = 27;
7.0%). FCD was the most common histopathological finding in
multilobular (n = 67; 62%) and frontal (n = 85; 46.4%) resec-
tions. FCD type I was found in 47 patients (26%) and FCD
type II in 91 patients (51%). The FCD characterization was not
available in the remaining 40 patients. In contrast, histopatho-
logical findings after insular resections revealed in most cases glial
tumors (n = 15; 62.5%).

Preoperative Diagnostics
Table 3 provides an overview on noninvasive and invasive

diagnostic modalities and their localizing value. MRI was
performed in almost all patients (n = 381; 99.9%), and the
majority of patients (n = 338; 88.7%) showed a distinct lesion.
The localizing accuracy for identifying the epileptogenic area was
71.2% (99/139) with PET and 69.6% (39/56) with SPECT
(Table 3A). Preoperative fMRT was done in 145 (38.0%).
Invasive EEG (iEEG) was performed in 120 (31.0%), including
84 patients with resections nearby eloquent cortex areas, 36
patients with nonlesional epilepsy and 17 patients with discrep-
ancies between different noninvasive diagnostics. Intraoperative
ECoG was used in 74 (19.3%) patients (Table 3B).

TABLE 2. Histopathological Findings and Localization of Resection

Frontal Parietal Occipital Insular Multilobular Total
N (%) N (%) N (%) N (%) N (%) N (%)

FCD 85 (46.4) 12 (27.3) 10 (42.7) 4 (16.7) 67 (62.0) 178 (46.5)
Glial tumor 24 (13.1) 7 (15.9) 1 (4.2) 15 (62.5) 9 (8.3) 56 (14.6)
DNT, GG 21 (11.5) 8 (18.2) 4 (16.6) 1 (4.2) 10 (9.3) 44 (11.5)
Cavernoma 16 (8.7) 3 (6.8) 2 (8.3) 3 (12.5) 3 (2.8) 27 (7.0)
Gliosis 23 (12.6) 6 (13.6) 3 (12.5) 0 (0.0) 10 (9.3) 42 (11.0)
Other 14 (7.7) 8 (18.2) 4 (16.7) 1 (4.2) 9 (2.3) 36 (9.4)
Total 183 (100.0) 44 (100.0) 24 (100.0) 24 (100.0) 108 (100.0) 383 (100.0)
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TABLE 3. Noninvasive (A) and Invasive (B) Diagnostic Modalities

Frontal Parietal Occipital Insular Multilobular Total

N % N % N % N % N % N %

A. Noninvasive preoperative diagnostics and localizing value
MRI 182 100 44 100 24 100 24 100 107 100 381 100
Lesion visible 156 87.3 38 86.4 22 91.7 23 95.8 99 92.5 338 88.7
PET 70 100 15 100 4 100 3 100 47 100 139 100
Localizing value 47 67.0 12 80.0 3 75.0 0 0.0 37 78.7 99 71.2
SPECT 21 100 8 100 3 100 3 100 21 100 56 100
Localizing value 15 71.0 5 62.5 2 66.6 1 33.3 16 76.1 39 69.6

B. Diagnostic modalities and localization of resection
Invasive EEG 64 35.0 14 32.0 4 16.0 2 9.0 36 34.0 120 31.0
ECoG 39 21.3 7 15.9 7 29.2 0 0.0 21 19.4 74 19.3
fMRT 79 43.3 11 25.0 7 29.0 9 37.0 39 29.0 145 38.0

TABLE 4. Seizure Outcome and Localization of Resection

Frontal Parietal Occipital Insular Multilobular Total Total (FU> 12mo)
N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Engel I 111 (65.0) 30 (71.4) 14 (61.0) 12 (52.2) 60 (58.8) 227 (62.5) 209 (62.9)
Engel Ia 85 (49.4) 26 (62.0) 9 (39.0) 11 (47.8) 47 (51.0) 178 (49.0) 162 (48.5)
Engel II 27 (15.7) 3 (7.1) 4 (17.4) 4 (17.6) 13 (12.6) 51 (14.0) 46 (13.8)
Engel III 20 (11.6) 7 (16.7) 1 (4.6) 2 (8.7) 9 (8.7) 39 (10.7) 39 (11.7)
Engel IV 14 (8.7) 2 (4.8) 4 (17.4) 5 (21.7) 21 (19.7) 46 (12.7) 40 (12.0)
Total 172 (100.0) 42 (100.0) 23 (100.0) 23 (100.0) 103 (100.0) 363 (100.0) 334 (92.0)

Seizure Outcome
Seizure outcome of the total group and in relation to the

localization of resection is presented in Table 4. At last follow-
up, a total of 227 patients (62.5%) were free from disabling
seizures (Engel I), and 178 (49.0%) were completely seizure free
(Engel Ia). Most favorable epileptological results were achieved
in patients with frontal and parietal resections (Engel I 65.0%
and 71.4%, respectively), whereas insular resections showed
less favorable results (Engel I 52.2%). Overall seizure outcome
remained stable over the observation time with Engel I in approx-
imately 60% of the patients at 3-, 5-, and 10-yr follow-up
(Figure 2). With respect to histopathology, most favorable seizure
outcome was achieved in patients with cavernomas and glioneu-
ronal tumors (gangliogliomas and DNTs) with 89% and 85%
seizure-free (Engel I) patients, respectively (Figure 3). Among
the MRI-negative patients with available epileptological outcome
(n = 36), 16 patients (44%) became seizure free (Engel I) after
surgery.
Figure 4 shows a forest plot representing different variables

and their relation to seizure outcome. Younger age (<18 yr)
and shorter duration of epilepsy (<10 yr) were associated with
a higher chance to become seizure free after surgery. Resections
performed more distantly from eloquent cortical areas (P = .02,
odds ratio [OR] = 1.7, confidence interval [CI] = 1.1-2.7) and

patients with circumscribed histopathological findings (P < .01,
OR = 3.6, CI = 1.8-7.3) were associated with improved seizure
outcome. The use of iEEG did not influence seizure outcome
(P = .4). However, patients in whom no persistent spikes were
seen on ECoG were significantly more frequently assigned to
Engel class I (P = .03).

Operative Complications
There was no perioperative mortality. Postoperative neuro-

logical deficits such as hemiparesis and aphasia were observed
in 76 patients (20%), and surgical complications such as deep
vein thrombosis, wound infections, and meningitis in 38 patients
(9%). However, most of these complications resolved completely
during the further postoperative course. Thus, permanent neuro-
logical morbidity was encountered in 41 patients (10.8%),
and mainly referred to mild dysphasia, hemiparesis, or visual
field deficit. Among the 41 patients with permanent neuro-
logical morbidity, 16 (4%) had unexpected deficits—hemiparesis
(n = 6), dysphasia (n = 6), hemianopia (n = 3), and dysphasia
and hemiparesis (n = 1). Permanent surgical morbidity was seen
in 5 patients (1.0%): 4 patients needed VP-shunt due to postoper-
ative hydrocephalus and 1 patient was reoperated due to subdural
empyema.
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FIGURE 2. Seizure outcome at 1-, 3-, 5-, and 10-yr follow-up. Long-term seizure outcome according to the Engel classification (Gray bars—
Engel I, white bars—Engel II-IV).

Prognostic Factors
Table 5 shows multivariate analysis of preoperative (Model I)

and postoperative (Model II) available prognostic factors
associated with Engel class I outcome. Model I (preoperative
variables) revealed 3 variables as independent prognostic factors
associated with Engel class I outcome: age at surgery <18 yr (P
= .04, OR = 1.7, CI = 1.1-2.8), lesion on MRI (P = .03, OR
= 2.3, CI = 1.1-5.2) and noneloquent localization of epilepto-
genic lesion (P= .01, OR= 1.9, CI= 1.2-3.1; Table 5A). Model
II (postoperative variables) showed the following prognostic
factors to be associated with favorable seizure outcome (Engel I):
complete resection of the epileptogenic lesion (P < .01, OR =
5.4, CI = 2.9-9.9) and absence of postoperative epilepsy typical
potentials (ETPs; P < .01, OR = 7.1, CI = 3.7-13.4; Table 5B).

DISCUSSION

Surgical treatment of extratemporal epilepsies remains
challenging due to difficulties in localizing the epileptogenic
focus, identifying the appropriate borders of the surgical resection,
and the close relationship of the epileptogenic zone to areas of
high functionality.4,32 Meanwhile, developments in presurgical
diagnostics based on multimodal data acquisition from SPECT,

PET, and functional magnetic resonance imaging (fMRI) have
improved the detection rate of epileptogenic foci. However, there
is still some uncertainty with respect to the selection of surgical
candidates who can be expected to benefit most from surgery.

Surgical Aspects
Most procedures performed for extratemporal epilepsies are

frontal resections.32 In our series, 48% of all operations referred
to the frontal lobe, while parietal, occipital, and insular resections
accounted for 24% of the procedures. Extended lesionectomy
including resection of the epileptogenic zone4 was the most
common procedure performed in 66% of our patients. However,
it seems to be noteworthy that multilobectomies accounted
for 28% of all extratemporal procedures in our series, mainly
referring to the parieto-occipital area, while extratemporal resec-
tions including more than one lobe have been found to range
between 12% and 22% in the literature.33
Special attention should be paid to resections of highly vascu-

larized areas as well as of epileptogenic zones around areas of high
functionality, where surgery should be performed in a subpial
manner by emptying the gyri leaving intact pial banks, in order to
preserve all arteries and major veins. According to our experience,
even the primarymotor cortex can be safely resected in this way up
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FIGURE 3. Seizure outcome and histopathological findings. Seizure outcome (Gray bars—Engel I, white bars—Engel II-IV) according to
the different histopathological findings.

to 3.0 cm above the Sylvian fissure sparing the motor hand area.
This is particularly true since these resections are only followed by
a transient facial paresis, which resolves completely within a few
days. If a frontal epileptogenic zone extends to the insula, this
area can be removed from a frontal approach dissecting between
the basal ganglia and the Sylvian vessels. Otherwise, the trans-
sylvian or—in particular on the nondominant side—the transcor-
tical approach through the frontal opercula can be used to treat
insular epilepsies.52 Neuronavigation can be used both to plan the
surgical approach and define the resection area. Functional MRI
and intraoperative electrophysiological mapping and monitoring
facilitate resections around speech, motor, and insular areas. In
particular, subdural electrodes implanted to define the epilepto-
genic zone can be used to delineate areas of high functionality. In
such cases, where the epileptogenic zone encroaches upon areas
of high functionality, iEEG is indispensable and cannot be easily
substituted by fMRI. We observed that the rate of subdural grid
and stripe electrodes decreased from 81% to 64%, while the rate
of depth electrodes increased from 3% to 24% during the last
10 yr of our epilepsy surgical program. This represents somehow
the increasing utility of depth electrodes being suitable for both
detection of the epileptogenic zone and mapping of eloquent
subcortical areas.

Complications
Detailed and accurate knowledge of complications is of

paramount importance both for counseling surgical candidates
during the decision-making process as well as to develop strategies
to avoid these risks. However, comparison between the reported
complication rates is difficult due to different surgical techniques,

pathologies, and cohorts (children/adults) encountered in the
respective series. In addition, many of the observed risks (eg,
quadrantanopia, cognitive, and psychiatric disorders) are partially
evaluated as inevitable side effects and partially as complications.
In their overview, Hader et al34 reported temporary morbidity

caused by surgical and neurological complications in 16.0% and
permanent morbidity in 6.2% of the cases. The complication rate
was higher in extratemporal location as compared to temporal
resections with a perioperative mortality of 1.2% in extratem-
poral resections.34 Permanent morbidity of extratemporal proce-
dures varies in different series between 3% and 43%.7,35-37 In
our series there was no perioperative death. Permanent morbidity
due to surgical and neurological complications was 10.8%. This
number is similar to others reporting a permanent morbidity of
10% to 15%.5,16,33 It should be considered that in our series
surgical resections encroached upon areas of high functionality in
almost two-thirds of the cases. Thus, the complication rate seems
to be acceptable.

Histopathological Aspects
FCD is one of the most common histopathological findings

after extratemporal resections especially in children and adoles-
cents.38 In our series, FCD accounted for 46.5% of all histopatho-
logical findings followed by tumors, gliosis, and cavernomas.
Although the seizure onset was much earlier in patients with FCD
compared to those with tumors, cavernomas, or gliosis,38 patients
with FCD were operated often later and presented with a longer
lasting epilepsy compared to patients with other histopathological
findings. This observation can be explained by difficulties in
diagnosis and MRI visualization of FCD. While FCD type II
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FIGURE 4. Favorable (seizure free) vs unfavorable (nonseizure free) outcome dependent on different variables. Forest plot showing different
variables and their relation to the seizure outcome. The black ovals show calculated odd ratios with the corresponding 95% CI (black lines)
after chi-quadrat test. Variables located on the right side of the dashed line were associated with favorable seizure outcome; variables on the
left side were associated with poor seizure outcome. Significant P-values are marked with asterisk (∗).
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TABLE 5. Multivariate Analysis of Preoperative (A, Model I) and Postoperative (B, Model II) Prognostic Factors

Variable OR CI P-value

A. Multivariate analysis of preoperative variables (Model I)
Age at surgery <18yr 1.6 1.1-2.8 .04∗
Duration of epilepsy <10yr 1.3 0.7-2.1 .28
Invasive diagnostics 1.2 0.7-2.1 .47
Lesion on MRI 2.3 1.1-5.1 .04∗
Location of the lesion 1.0 0.9-1.2 .53
Noneloquent location 1.9 1.2-3.2 .01∗

B. Multivariate analysis of postoperative variables (Model II)
Absence of postoperative ETPs 7.1 3.7-13.4 <.01∗
Intraoperative ECoG 0.7 0.3-1.6 .54
Circumscribed lesions 1.9 0.8-4.2 .12
Complete resection of lesion 5.4 2.9-9.9 <.01∗

Significant P-values are marked with asterisk (∗).

is characterized by gray-matter blurring and a white-matter tail,
MRI visualization of other FCD types is difficult. Therefore, it
may be necessary to repeat diagnostics especially in children and
adolescents with a pharmacoresistant epilepsy, in whom the initial
MRI is negative.53
We observed gangliogliomas and DNTs in approximately 10%

of the patients. These tumors belong to the group of long-term
epilepsy associated tumors (LEAT).38-40 With LEAT the surgeon
has to keep not only epileptological but also oncological aims
in mind when planning the surgery. Despite of their benign
character, LEAT may in rare instances become malignant, and
it would be a mistake to argue that they do not need to be
removed at all, or they should be observed for a long period. From
an oncological point of view, a totally removed ganglioglioma
or DNT has much lower chance to recur and then to become
malignant in the later course.

Seizure Outcome
Various data for seizure outcome after extratemporal resections

are available in the literature. McIntosh et al41 reported initial
seizure freedom in 40.7% of their patients, which dropped to
14.7% 5 yr postoperatively. Controversially, Hanáková et al,16
D’Argenzio,42 and Elsharkawy et al43 reported relatively stable
Engel I rates over years of approximately 50% in adults and
children. In our series, 62.2% of the patients were seizure free
(Engel I), which is comparable with a meta-analysis reported
by Tellez-Zenteno et al44 and slightly better compared to other
series.16,18,45,46 Engel I outcome after frontal and parietal resec-
tions in our cohort was 65% and 71%, respectively, whereas
other studies reported Engel I outcome ranging from 45.1% to
57.5%.47,48-50 Epileptological results reported by Binder et al51
and Yang et al52 for occipital resections with 69% and 71% Engel
I outcome, respectively, and by von Lehe et al36 for insular resec-
tions with 62% Engel I outcome, were slightly better compared
to our results with 61% seizure-free patients after occipital and

52% seizure-free patients after insular resections. Engel I outcome
in MRI-negative patients was with 44%, slightly better than the
results by Noe et al53 and Tellez-Zenteno et al44, who reported
Engel I rates of 38% and 33%, respectively.

Pre- and Postoperative Prognostic Factors
Most prognostic factors with respect to seizure outcome after

surgery of ETLE described so far include complete resection of
the lesion, short duration of epilepsy, younger age at surgery, and
circumscribed histopathological findings.41-43,47,54 In addition
to these factors, a larger distance of the epileptogenic zone to
eloquent cortex was associated with a more favorable outcome
(Engel I), although the localization of resection (frontal, parietal,
occipital, insular, or multilobular) did not significantly influence
seizure outcome.
Multivariate analysis comprised 2 models. Model I included

clinical characteristics available prior to resection, thus
contributing to identify patients who can be expected to
benefit most from surgery. Three independent variables were
found to influence seizure outcome: younger age at surgery
(<18 yr), visible lesion on MRI and distant relationship between
epileptogenic lesion and eloquent cortex. Model II concentrated
on variables available after surgery. Complete resection of the
lesion and absence of postoperative ETPs was associated with
favorable outcome. While univariate analysis showed a direct
relationship of circumscribed histopathology with Engel class I
outcome, this finding could not be confirmed by the multivariate
analysis, implying the greater impact of the complete resection on
seizure outcome as compared to the histopathological findings.

Limitations
Our study has some imitations as well. Firstly, this is a single-

center cohort study without clear denominator, which could lead
to a relevant bias in terms of patient selection. Data analysis
was performed retrospectively. Moreover, the sample size in some
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subgroups may limit proper analysis by false-positive associa-
tions or confounder effects. However, due to the standardized
diagnostic and surgical procedures, long follow-up, large patient
number, and low drop-out rate this retrospective series still
provides valuable information. Nevertheless, the main goal of
future investigations should be the generation of prospective data
by defining primary endpoints like seizure outcome, quality of
life, and social integration after surgical treatment thus providing
data with stronger evidence.

CONCLUSION

Despite numerous challenges, surgical treatment of extratem-
poral lobe epilepsies is successful and provides satisfying epilepto-
logical results with an acceptablemorbidity. Younger patients with
visible lesions distant from eloquent cortex that can be resected
completely form the subgroup with the best chance for long-term
seizure control.

Disclosure
The authors have no personal, financial, or institutional interest in any of the

drugs, materials, or devices described in this article.
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COMMENTS

T his is an impressively large case series of surgery for extratemporal
lobe epilepsies. Level 1 evidence in epilepsy surgery is scarce, and

only present for surgery of temporal lobe epilepsy. Thus, other scientific
approaches have to take this role for other types of focal epilepsies. This
series describes a “state of the art” from the reported period 1997–2015.
Reporting large cohorts still makes sense, even if no striking novelty can
be derived. However, such reports provide the reader with reliable infor-
mation on what has been possible, and what has not been achievable over

a defined period of time. This has clear relevance for decision making
today: inclusion criteria and results are not very specific, but they mirror
the reality we face while taking care for patients undergoing epilepsy
surgery, thus they represent an aspect of “truth”.

The results of this series are better compared to older series,
reflecting improvements in diagnostics, but also in safety of neuro-
surgical treatment. On the other hand, the immanent limitations of
resective surgery, especially in eloquent brain areas, are still limits to be
respected. Epilepsy outcome was good and as expected a seizure-free rate
of about 60% could be reached. Three hundred eighty-three consecutive
patients were included. Due to the large number, numbers for frontal
(183), parietal (44), occipital (24), and insular (24) epilepsies seem
representative, whereas other numbers, for example the rate of invasive
monitoring (31%) and intraoperative electrocorticography (19%) are
more related to center policies.

A retrospective cohort study like this has clearly its limitations, but
the content shows high quality of interdisciplinary care, and even more
important, it’s useful to share this vast experience.

Hans Clusmann
Aachen, Germany

I n this retrospective series, the authors evaluated 383 cases of extra-
temporal epilepsy treated surgically at a single center over 18 years to

determine clinical factors associated with seizure outcome. They found
that the overall complication rate was 11.8%, and 49% of patients
were Engel 1a at an average of 54 months postoperatively. Multivariate
analysis revealed that visible lesions, non-eloquent location, absence of
postoperative seizures, circumscribed pathology, patient age, and epilepsy
duration all correlated with better seizure outcome. They conclude
that extra-temporal epilepsy responds well to surgical treatment with
acceptable morbidity and good seizure outcome.

The efficacy of surgical treatment for extra-temporal epilepsy is
confirmed by the excellent follow-up in this large case series, although
the patient population evaluated in the study is heterogeneous with a
wide variety of lesions, locations, and presentations, which makes it
somewhat difficult to generalize the findings. The diagnostic and surgical
practices described are standard, and the predictors of good outcome are
generally not modifiable. Nevertheless, the findings in this study demon-
strate that surgery in patients with extra-temporal epilepsy is associated
with a favorable seizure and complication profile.

Jonathan P. Miller
Cleveland, Ohio
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