183

Outcome of epilepsy surgery in focal cortical dysplasia
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Obijective: To describe the outcome of surgery in patients with drug resistant epilepsy and @
histopathological diagnosis of focal cortical dysplasia.

Methods and subjects: Analysis of histories and presurgical and follow up data was carried out in
53 patients with a histological diagnosis of focal cortical dysplasia. Their mean age was 24.0 years
(range 5 to 46), and they included 14 children and adolescents. Mean age at seizure onset was 12.4
years (0.4 to 36) and mean seizure duration was 11.6 years (1 to 45).

Results: The presurgical defection rate of focal cortical dysplasia with magnetic resonance imaging
(MRI) was 96%. There were 24 temporal and 29 extratemporal resections; additional multiple subpial
transections were done in 12 cases to prevent spread of seizure discharges. There was a 6% rate of
complications with permanent neurological deficit, but no deaths. All resected specimens were classi-
fied by neuropathological criteria as focal cortical dysplasia. Balloon cells were seen in most cases of
extratemporal focal cortical dysplasia. After a mean follow up of 50 months, 38 patients (72%) were
seizure-free, two (4%) had less than two seizures a year, nine (17%) had a reduction of seizure
frequency of more than 75%, and four (8%) had no improvement. Seizure outcome was similar after
temporal and extratemporal surgery. The patients in need of multilobar surgery had the poorest
outcome.

Conclusions: Circumscribed lesionectomy of focal dysplastic lesions provides seizure relief in patients
with chronic drug resistant temporal and extratemporal epilepsy. There was a trend for the best seizure
outcome to be in patients with early presurgical evaluation and early surgery, and in whom lesions

neuropathological studies of surgical specimens or

necropsy analysis in patients with drug resistant
epilepsy, is a common structural lesion in epileptogenic foci,
occurring in 20-30% of cases. The terms focal cortical dyspla-
sia, microdysgenesis, dysgenetic malformations, neuronal
migration disorders, dysmorphogenesis, and glioneuronal
hamartomas/hamartias are often used synonymously to
describe a malformational focal epileptogenic lesion associ-
ated with seizure activity. Although most studies use the term
focal cortical dysplasia, there are discrepancies in the
terminology of these lesions with respect to their extent and
localisation, as well as their underlying pathogenesis."”

Little is known about the pathophysiological basis of the
epileptiform activity, but the influence of the neuronal popu-
lation and perilesional changes in the neurochemical profile
are considered to be major epileptogenic pathomechanisms.*
Disorganised or absent lamination with neuronal heterotopia
is either circumscribed or widespread. Localised disorganised
masses of tissue composed of mature neuronal or glial cell
elements are typical of focal cortical dysplasia.”” Dysplastic
balloon cells of immature neural phenotype can often be
identified in these lesions.*®

Several reports have related the pathological findings of
dysplastic lesions to the outcome of surgical treatment in
patients with drug resistant epilepsy. The outcome has been
rather unfavourable in most of these studies, but prognostic
factors have rarely been identified.' >’ '* Our aim in this study
was to assess seizure relief following resection of lesions char-
acterised as “dysplastic” in nature, and to verify the impact of
preoperative magnetic resonance imaging (MRI), other
clinical findings, and neuropathological findings with respect
to postsurgical prognosis. This involved a retrospective review
of 53 patients with drug resistant epilepsy.

Disrupted cerebral cortical cytoarchitecture, identified by

were identified on the preoperative MRI studies.

METHODS
We examined the records of all juvenile and adult patients
with chronic drug resistant epilepsy (of more than one year’s
duration) who were treated in the local epilepsy surgery pro-
gramme during between January 1989 and December 1999. A
histological diagnosis of focal cortical dysplastic lesions was
confirmed in 64 of these. Patients who had hemipherectomy
for dysplasia were excluded; these are described in another
paper. Patients with a preoperative MRI carried out
elsewhere that was either of poor quality or not available for
review were also excluded, as were those without clinical fol-
low up (n = 11), leaving a study population of 53 patients.
Most data were collected prospectively, but all clinical
records were re-evaluated for seizure history, presence of
febrile seizures, seizure type, auras, non-invasive or invasive
electrophysiological evaluation, surgical procedures, and
follow up. Follow up data were collected at three monthly
intervals in the first year and annually in the ensuing years.
The surgical outcome was classified as: class I, seizure-free,
auras only; class I, no more than two seizures a year; class III,
reduction in seizure frequency by more than 75%; class IV,
reduction in seizure frequency by less than 75%."

Presurgical evaluation

All patients had presurgical MRI and, if necessary, computed
tomography (CT). Presurgical MRI was done using a 1.5 Tesla
system (Philips Medical Systems, Einthoven, Netherlands).
The following sequences were obtained: sagittal T1 weighted
spin echo (slice thickness 5 mm, interslice gap 0.5 mm); axial
FLAIR and T2 weighted fast spin echo (slice thickness 5 mm,
interslice gap 0.5 mm); coronal FLAIR (slice thickness 2 to 5
mm, interslice gap 0.2 to 0.5 mm); coronal T1 weighted inver-
sion recovery (slice thickness 5 mm, interslice gap 0.5 mm);
and axial T1 weighted spin echo (slice thickness 5 mm,
interslice gap 0.5 mm), before and after GD-DTPA injection. CT
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Table 1 Demographic data

Adolescent patients

Variable (<18 years) Adult patients Total

Number of patients 14 39 58

Female 10 17 27

Male 4 22 26

Age at surgery (years) 11.6 (5t017) 28.4 (18 to 46) 24.0 (5 to 46)
Age at seizure onset (years) 6.0 (0.81t012) 14.7 (0.4 1o 36) 12.4 (0.4 1o 36)
Duration of seizures (years) 57 (1to15) 13.7 (1 to 45) 11.6 (1 to 45)

Values are n (range).

scans were obtained with slice thickness of 4 mm infratento-
rially and 8 mm supratentorially (Somatom Plus, Siemens,
Erlangen, Germany) The criteria for radiological diagnosis of
focal cortical dysplasia are described elsewhere."”

Functional imaging with PET or SPECT, as well as intraca-
rotid amobarbital testing of language and memory, were used
as adjuncts when needed." All patients received comprehen-
sive neuropsychological testing of attention, memory, lan-
guage, and higher verbal and visual reasoning."” The presurgi-
cal electrophysiological location was based on a surface
electroencephalogram (EEG) and included placement of
sphenoidal electrodes in all patients with temporal lobe
epilepsy. Invasive recordings from chronically implanted elec-
trodes were used in the following circumstances:

® inconclusive or discordant results from non-invasive proce-
dures, especially from interictal and ictal EEG where
recorded;

® non-lesional high resolution MRI or questionable lesions
not clearly distinguishable from normal tissue (for exam-
ple, cortical dysplasia);

® Jocalisation of the assumed epileptogenic lesion close to or
overlapping eloquent areas (motor cortex, language area,
and so on), thus requiring electrical stimulation for cortical
mapping.
Twelve of 24 patients with temporal lobe epilepsy and 20
patients with extratemporal lobe epilepsy underwent invasive
EEG evaluation. Strip electrodes alone were implanted in 15
patients, and strip electrodes in combination with intrahip-
pocampal depth electrodes in another three. Grid electrodes
were used in 10 patients and a combination of grid and depth

electrodes in one. A single grid electrode was used in three
patients. Intraoperative electrocorticography was not used in
this series.

The combination of clinical, non-invasive and invasive neu-
rophysiological data, neuroimaging results, neuropsychologi-
cal findings, and analysis of cognitive functions made it possi-
ble to define monolobar or multilobar resection zones in all
patients.

Surgical procedures

Resective surgery—that is, lobectomy, lesionectomy or corti-
cectomy, or multiple subpial transsections of the eloquent ictal
area—was the major surgical approach. All operations were
done under general anaesthesia, as mapping of language
function was usually undertaken extraoperatively.

If a lesion was detectable on MRI, the aim of surgery was
the complete removal of the lesion and the ictal zone. A
lesionectomy was accompanied in the majority of cases by
corticectomy of the surrounding cortex, extending to a mini-
mum of at least 0.5 cm and a maximum of 1 cm—that is,
lesionectomy with a rim. If no lesion was detectable on MRI
(n = 2), the extent of the corticectomy of the epileptogenic
zone was guided by the results of earlier invasive EEG record-
ings. Because intraoperative electrocorticography was never
used in this series to guide the surgeon, the results obtained
from the presurgically implanted strips and grids obviously
had to have been sufficiently clear. In the temporal lobe, the
lateral resection line extended 4.5 to 5.5 cm from the superior
to the inferior temporal gyrus in the non-dominant hemi-
sphere, and 4.5 ¢cm in the language dominant hemisphere. In

Figure 1 Magnetic resonance imaging of the brain of a patient with drug resistant epilepsy and ictal activity of the right frontodorsal cortex.
A frontodorsally located area of focal cortical dysplasia, characterised as a hyperintensive focal lesion with disconfigured grey/white matter, is

visible on the axial (A) and coronal (B) planes (flair weighted MRI scan).
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Table 2 Seizure outcome
Outcome class*
171 /v
N n % n %
(A) Age at surgeryt
Age <18 years 14 13 94 1 7
Adult 39 27 69 12 31
(B) Location of surgery
Temporal 24 19 79 5 21
Extratemporal 29 21 72 9 28
Total 53 40 75 13 25
(C) Surgical strategy
Lobectomy 20 13 65 7 35
Temporal lobectomy 17 13 76 4 24
Extratemporal lobectomy 3 8 100
Lesionectomy 33 27 82 6 18
Multilobar lesionectomy 1 1 100
Monolobar temporal lesionectomy 7 6 86 1 14
Monolobar extratemporal lesionectomy 25 21 84 4 16
Resective surgery without MST 41 31 76 10 24
Resective surgery with MST 12 9 75 3 25
Lobectomy with MST 1 1 100
Lesionectomy with MST 11 8 73 3 27
*Seizure outcomes are based on the classification of Engel.'?
tNo significant differences between age <18 years and adults on X testing.
MST, multiple subpial transsection.

patients who received temporolateral lesionectomy or corti-
cectomy and where MRI and EEG monitoring indicated tem-
poromesial involvement or seizure generation, the temporo-
mesial structures—that is, the amygdala, uncus, and
hippocampal and parahippocampal gyri—were also resected.

Patients with unilobar but multifocal epileptogenic activity
were selected for lobectomy. Frontal lobectomy was combined
with anterior two thirds or complete corpus callosotomy if
bilateral ictal activity was detected. Additional monolobar or
multilobar multiple subpial transsections were done, using
Wyler’s modification,” to prevent the spread of seizure
discharges in eloquent areas if ictal dischargers or interictal
spikes were found in those areas during presurgical evalua-
tion, or if the semiology suggested involvement of eloquent
cortical areas adjacent to the lesion.

Neuropathological examination

Histological evaluation was possible in all 53 patients. The
resected specimens were assessed using a standardised
neuropathological examination protocol described in detail
previously.” Haematoxylin-eosin (H&E), Nissl, and combined
H&E/Luxol fast blue stains, as well as immunohistochemical
reactions for glial fibrillary acidic protein, synaptophysin,
neurofilament protein, and Ki-67, were available. All speci-
mens had been examined by two neuropathologists and were
now reviewed by a third neuropathologist (IB) experienced in
the field of epileptogenic lesions.

Statistical analysis

Data were analysed using commercially available statistical
software; X* tests, the Fisher exact test, and the rank-sum test
were used for univariate analysis. A probability (p) value of
< 0.05 was deemed significant. If significant variables were
found, a multivariate procedure was undertaken.

RESULTS

Clinical data

Fourteen children and adolescents were included in the study
group of 53 patients. There was a wide range in both age at
seizure onset and duration of seizures (table 1).

The following seizure types were identified: simple partial
seizures (SPS; n =13 ); complex partial seizures (CPS;
n = 51); and generalisation of SPS or CPS (n = 18). General-
ised myoclonic seizures (n = 1) and generalised tonic-clonic
seizures with falling were observed in two children. Eleven of
15 patients with an aura in their history and all three patients
with febrile seizures had a temporal seizure origin.

A structural lesion (fig 1) corresponding to EEG abnormali-
ties was identified on preoperative MRI in 96% of cases
(n =51) and a combination of neocortical temporal lesions
and Ammon’s horn sclerosis was found in two of 24 patients
with  temporal lobe epilepsy. No other structural
abnormalities—such as tumours or vascular malformations—
were detected in the study. Three patients with temporal sei-
zure onset and one with extratemporal onset had no
abnormalities on preoperative MRI analysis when re-
evaluated by a neuroradiologist.

A monolobar surgical approach was used in 24 patients
with a temporal epileptogenic area and in 28 patients with an
extratemporal epileptogenic area. Lobectomy (n = 20) or
lesionectomy/corticectomy (n = 33) were standardised proce-
dures. Temporal lobectomy and frontal lesionectomy were the
most commonly used procedures (table 2B). A resection of the
temporomesial structures was done in 83% of patients with
temporal lobe epilepsy. Frontal lobectomy was combined with
corpus callosotomy in one patient. The frontal and temporal
lobes were resected in one other patient with atrophy and epi-
leptogenic discharges in both these lobes. The majority of
extratemporal resections involved the frontal lobe (n = 22)
rather than the parietal (n = 4) or occipital lobes (n = 2).
Additional monolobar (n = 8) or multilobar (n = 4) multiple
subpial transsections were aimed at preventing the spread of
seizure discharges into eloquent areas (table 2C). The type of
surgical procedure was not related to age.

Infection of the bone flap (n = 1) and meningitis (n = 1)
were the main postoperative surgical complications. Four
patients had transient neurological deficits after multiple sub-
pial transsections. Two patients developed permanent hemian-
opsia after temporal lobe surgery and one had a permanent
hemiparesis after an ischaemic insult to the internal capsule.
No deaths were seen in this group.
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Figure 2 (A) Histological manifestation of focal cortical dysplasia.
Note the dysplastic architecture of cortical neurones. (B) Typical

histological feature of extratemporal focal cortical dysplasia with
hypertrophic balloon cells (forme fruste of tuberous sclerosis).

F

Neuropathology
Surgical specimens were examined and classified by a
neuropathologist for the presence of neoplastic or malforma-
tive lesions. All specimens with features of glial or glioneuro-
neal dysplastic lesions were included. Dysembryoplastic neu-
roepithelial tumours" were excluded from this study. Focal
cortical dysplasia was the most common specific pathology
(n = 53). Of 28 cases of extratemporal focal cortical dysplasia,
21 showed additional bizarre and hypertrophic balloon cells
that is, the forme fruste of tuberous sclerosis; only two of 24
cases of temporal focal cortical dysplasia showed these cells.
The subgroup of patients with focal cortical dysplasia and bal-
loon cells had no other clinical or radiological signs of tuber-
ous sclerosis.” The characteristic histological presentation of
focal cortical dysplasia with and without balloon cells is
shown in fig 2.

The coexistence of neurones in white matter, Ammon’s
horn sclerosis, and/or low grade glioma was found in six
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resected lesions. “Dual pathology,” proposed by Levesque et al
to describe the coincidence of extrahippocampal temporal
lesions with Ammon'’s horn sclerosis,” was observed in two
patients (table 3).

Seizure outcome

After a mean follow up of 50 months (range 12 to 141), 38
patients (72%) were seizure-free (class I), two (4%) had no
more than two seizures a year (class II), nine (17%) had a
reduction in seizure frequency of more than 75% (class III),
and four (8%) had no improvement (class IV). There was no
correlation between a favourable outcome (class I and II) and
the duration of follow up.

With the exception of age at surgery, other demographic
data such as sex, age at seizure onset, aura, febrile seizures,
and seizure types had no relevance to postoperative seizure
relief.

Children and adolescents (n = 14) appeared to have a bet-
ter seizure outcome, though this was not significant in a x* test
(table 2A).

The result of the preoperative MRI analysis was an
important predictive factor. Of 51 patients with a structural
lesion on MRI, 68% had a favourable outcome after lobectomy
and 84% after lesionectomy (class I and II) (table 4). Laterali-
sation and localisation of epileptogenic activity was not corre-
lated with seizure outcome. Multilobar surgical approaches
and lobectomies were always less successful than monolobar
approaches and circumscribed lesionectomies (table 2C). An
excellent surgical outcome (class I and II) was observed
following circumscribed extratemporal or temporal lesionec-
tomies in 84% and 86% of the patients, respectively (table 2C).
An aggressive preoperative workup with a high percentage of
invasive EEG evaluation and a high rate of lesion detection on
the preoperative MRI was associated with more successful
results in the group with monolobar lesionectomy than in
those with monolobar lobectomy, and did not improve the
poor outcome of the group with multilobar surgery (table 4).
The outcome of 12 patients who had lobectomy/lesionectomy
and multiple subpial transsections was comparable with that
of the group with temporal lobectomies (table 2C).

Analysis of the histopathological subgroups revealed that
patients with focal cortical dysplasia and balloon cells had the
best seizure outcome (class I/II, 78%) and the small group of
patients with focal cortical dysplasia and Ammon'’s horn scle-
rosis or coexistence of focal cortical dysplasia with low grade
glioma had the worst outcome (class I/II, 50%; table 3).

DISCUSSION

Recent progress in MRI and EEG monitoring techniques has
opened new avenues for the identification and epileptological
characterisation of structural lesions underlying focal ictal
activity. Dysplastic lesions of various sizes and locations are
now more often detected in patients with drug resistant
epilepsy.” *' Although presurgical evaluation and surgical
techniques have improved in recent years, the postoperative
success rate still appears limited' '* when compared with epi-
lepsy associated with low grade tumours or mesial temporal
sclerosis.” #

So far, there have been no studies focusing on standardised
inclusion criteria and analysing the predictive impact of clini-
cal data, MRI findings, and different neuropathological
features of patients with drug resistant epilepsy and dysplas-
tic lesions. In this study, we have investigated the subgroup of
surgically treated epilepsy patients with focal dysplastic
lesions. This subgroup has been described in only a few other
surgical series. The mean age at entry into the study (24.0
years) and the frequency of seizure manifestations in
childhood were not significantly different from other
reports.' > ** Barly seizure manifestations during childhood
and surgery in adolescence point to a high epileptogenic
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Table 3 Pathological findings and seizure outcome

Outcome class*

171 /v
Pathological diagnosis N n % n %
Focal cortical dysplasia 53 40 75 13 25
Focal cortical dysplasia with tuberous sclerosis 23 18 78 5 22
Focal cortical dysplasia without tuberous sclerosist 30 22 73 8 27
Focal cortical dysplasia and associated pathological diagnosist 6 3 50 3 50
Low grade glioma 3 1 33 2 67
Ammon’s horn sclerosis 2 1 50 2 67
Neurones in white matter 1 1 100

tuberous-sclerosis-like balloon cells.

*Seizure outcomes are based on the classification of Engel.'?
121 extratemporal and 2 temporal cases of focal cortical dysplasia were associated with

Table 4 Clinical data, surgical approach, and outcome

Monolobar lobectomy

Surgical approach (n (% class 1/11))

Monolobar lesionectomy
(n (% class 1/11)

Multilobar surgery
(n (% class I/11))

All patients with the 20 (65)
same surgical

approach

Preoperative evaluation

Invasive EEG 10 (70)
MR, lesion detected 19 (68)
Invasive EEG + MRI 8 (75)

lesion

32 (84) 1(0)
23 (78) 1(0)
31 (84) 1(0)
22 (77) 1(0)

187

I/11).

Outcome class (I to IV) based on the classification of Engel.'?
Patients with monolobar lesionectomy and/or lesions on preoperative MRI had excellent outcome (84% class

EEG, electroencephalography; MRI, magnetic resonance imaging.

capacity of these dysplastic lesions” and may explain the rela-
tively good outcome of surgery in this series.

Most dysplastic lesions were located in the temporal lobe,
which supports the findings of Rojiani ef al of increased neu-
ronal heterotopia in the temporal white matter of normal
individuals, and his hypothesis of a possible relation to the
higher frequency of malformational lesions in the temporal
lobe.”

In this study excellent seizure relief (class I) was obtained
in 72% of the patients, and in 93% of children and adolescents.
This supports the view that early evaluation and surgical
treatment is beneficial in cases of drug resistant epilepsy.* *’
Resective surgery in other series with dysplastic or malforma-
tional lesions was less successful. In a series of 52 patients
with dysplastic lesions, 52% were seizure-free, while in
another series of 17 patients, 35% were seizure-free’; in a
series of patients with microdysgenic features, 39% were
seizure-free; and of 26 patients with focal neuronal
migration disorders, 42% were seizure-free.”

The development of more sensitive MRI methods” together
with increased experience has resulted in a high neuroradio-
logical detection rate of dysplastic lesions (94% in the present
study). In earlier reports on dysplastic and malformational
lesions, detection rates have been between 32% and 64%.* > >
The prognostic significance of structural alterations on MRI
scans in the ictal area is supported by the favourable outcome
in 84% of our group and was described as predictive by Armon
et al.”® If the circumscribed lesion was associated with multifo-
cal lobar ictal activity, as in the lobectomy group, the outcome
was less satisfactory (68%). Thus the most effective surgical
approach in this series was a monolobar circumscribed
lesionectomy, with success rates comparable to the surgical
treatment of mesial temporal lobe epilepsy.” In contrast to
other reports,” the outcomes following extratemporal and
temporal lesionectomy did not differ (table 2C).

Detection of lesions on MRI and invasive EEG was less pre-
dictive in patients requiring lobectomy or multilobar surgery

than circumscribed lesionectomy (table 4). It has been
suggested that silent areas of cortical dysplasia which have not
been resected resume ictal activity after a postsurgical
interval.” It should be emphasised that further improvements
in evaluation may help to identify those patients who will not
benefit from surgical treatment.

If the ictal activity involves an eloquent cortical area, multi-
ple subpial transsections can help to isolate the epileptic focus
from the adjacent cortex. " Cortical function was preserved
in all cases in our study. However, the postsurgical seizure
outcome in these cases was no different from the outcome in
patients without multiple subpial transsections (table 2C),
and was not as good as in other series.”” Whether these
patients will develop an increase in seizure frequency several
years after surgery, as described by Orbach et al,** will be
assessed in further studies.

Focal cortical dysplasia accompanied by Ammon’s horn
sclerosis or low grade gliomas that were not detected on
preoperative MRI were associated with a somewhat worse sei-
zure outcome, though the difference was not statistically sig-
nificant. Temporomesial coexistence of focal cortical dysplasia
and Ammon’s horn sclerosis was rare in our study but may
reflect a specific pathogenic pathway of mesial temporal lobe
malformation.” The coexistence of focal cortical dysplasia and
low grade tumours has been examined in a few clinical and
pathological studies and the relation between glioneuroneal
dysplasia and neoplasms has been discussed.” However, in our
study this group was excluded by definition.

Whether or not balloon cells were present in association
with focal cortical dysplasia could not be determined on
preoperative MRI in our series, but it may be possible to detect
these by their characteristic appearance on high resolution
MRI in future studies.” Barkovich et al have classified focal
cortical dysplasia without balloon cells as malformations
resulting from abnormal cortical organisation, and focal corti-
cal dysplasia with balloon cells as malformations reflecting a
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proliferation of abnormal cell types.’ Further development of
genetic, neuropathological, and neuroimaging techniques
may help to clarify the pathogenesis of the different dysplastic
lesions, identify their preferential location, and develop a
classification useful to the clinician. However, in the present
study the focal cortical dysplasia variant with balloon cells
was predominantly observed in the extratemporal location
(91%) and contrasts with the higher frequency of other
dysplastic lesions in the temporal lobe—for example, ectopic
neurones in the white matter.”” The histological detection of
balloon cells in this study was not associated with a difference
in outcome.

Conclusions

Circumscribed lesionectomy of focal dysplastic lesions results
in seizure relief in many patients with chronic drug resistant
temporal and extratemporal epilepsy. Early presurgical evalu-
ation, identification of lesions on the preoperative MRI
studies, and early surgery were associated with the best prog-
nosis for long term seizure relief.
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