
E

O

A
R
A

a

b

c

d

C

R
A

f

0
d

pilepsy Research (2008) 81, 97—106

journa l homepage: www.e lsev ier .com/ locate /ep i lepsyres

utcome of frontal lobe epilepsy surgery in adults

laa Eldin Elsharkawya,c, Abdel Hamid Alabbasid, Heinz Pannekb,
einhard Schulza, Mathias Hoppea, Gerald Pahsa, Mohamed Nayelc,
hmed Issac, Alois Ebnera,∗

Department of Presurgical Evaluation, Bethel Epilepsy Centre, Germany
Neurosurgery Department, Bethel Epilepsy Centre, Germany
Neurosurgery Department, Cairo University, Cairo, Egypt

Department of Biostatistics and Demography, Institute of Statistical Studies and Research (ISSR),
airo University, Egypt

eceived 3 March 2008; received in
vailable online 6 June 2008

KEYWORDS
Frontal lobe;
Epilepsy surgery;
Outcome;
Long-term

∗ Corresponding author. Tel.: +49 52
ax: +49 52177278872.

E-mail address: alois.ebner@mara

920-1211/$ — see front matter © 20
oi:10.1016/j.eplepsyres.2008.04.017
revised form 17 April 2008; accepted 22 April 2008

Summary Our aim is to investigate seizure outcome and prognostic factors after pure frontal
lobe epilepsy (FLE) surgery.

We retrospectively studied the operative outcome in 97 consecutive adult patients who
underwent resective surgery for intractable partial epilepsy between 1991 and 2005.

Based on Kaplan—Meier, the probability of an Engel Class I outcome was found to be 54.6%
(95% CI 44—64) at 6 months, 49.5% (95% CI 39.3—59.6) at 2 years, 47% (CI 34—59) at 5 years and
41.9% (CI 23.5—60.3) at 10 years.

If the patient was seizure free at 2-year follow-up, the probability of remaining seizure free
up to 10 years was 86% (95% CI 76—98). For 13.6% of the patients a running down of seizures
could be shown.

Factors predictive of poor long-term outcome were incomplete resection, using of subdural
grids, IED in follow-up EEG, tonic seizures and an unspecific aura or a postoperative aura.
Factors predictive of good long-term outcome were the presence of a well-circumscribed lesion
in preoperative MRI, ipsilateral IED in preoperative EEG, surgery before age of 30 and short

epilepsy duration prior to surgery.

In the multivariate analysis, preoperative well-circumscribed lesion in MRI predicts seizure
remission whereas persistent postoperative auras predict seizure relapse. FLE surgery should
depend on restrictive patient se
© 2008 Elsevier B.V. All rights re
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lection to assure favorable outcome.
served.
ntroduction

mong epilepsy surgery series, frontal lobe resections rep-
esent the second most frequent procedure (Mosewich et
l., 2000).
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Short-term outcome was reported by various authors.
owever, there is a lack of studies investigating the long-
erm outcome following frontal lobectomy (Jeha et al.,
007). A recent review of articles, that were published
rom 1991 to 2005 about long-term outcome after epilepsy
urgery, revealed only seven articles (9%) addressing frontal
obectomy (Tellez-Zenteno et al., 2005). Furthermore, some
tudies were limited in their findings as they either included
atients suffering from epilepsies not restricted to the
rontal lobe, or as they were performed in the pre-MRI era
Jeha et al., 2007).

Regarding statistics, few studies used multiple logis-
ic regression to evaluate predictors of seizure-freedom
nd only few studies retrospectively researched the pre-
ictors for frontal lobe epilepsy (FLE) surgery (Janszky et
l., 2000). Most studies were cross-section studies, only
ne previous longitudinal study was found in the literature
Jeha et al., 2007). Furthermore, the outcome of taper-
ng of the anti-epileptic drugs after FLE surgery is still
nclear.

The aim of this study was to evaluate the short- and
ong-term outcome in a cohort of patients with FLE and sus-
ected lesions in the preoperative MRI, who underwent a
‘pure’’ (i.e. resections restricted to the frontal lobe area)
urgery. Furthermore, we wanted to find factors predicting
he long-term outcome taking into consideration the above-
entioned problems.

linical materials and methods

e retrospectively reviewed the records of all adult patients (16

ears of age and older) who underwent pure FLE surgery at the
pilepsy Centre Bethel in Bielefeld, Germany, within the period
rom 1991 to 2005. There were 134 consecutive patients who had
ndergone FLE surgery and were followed up on for more than 2
ears. We excluded patients who had only biopsies and patients
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Table 1 Patient’s characteristics

Variable Male

Mean age at epilepsy onset (years) 13.3 ± 13
Mean age at epilepsy surgery (years) 29.6 ± 12
Mean age at second surgery (years) 28.4 ± 8.5
Mean duration of epilepsy (years) 16.2 ± 12
Mean follow-up duration (years) 7.0 ± 3.8

Pathology
FCD 23 (40.4%
Tumours 11 (19.3%
Gliosis 9 (15.8%)
Vascular 7 (12.3%)
Rasmussen syndrome 4 (7%)
MCD 10 (17.5%
Dual pathology 5 (8.7%)

Predisposing
History of CNS infection 9 (15.8%)
History of head trauma 1 (17.5%)
Family history of epilepsy 4 (7%)
Mental retardation 3 (5.3%)
A.E. Elsharkawy et al.

ho had a history of epilepsy surgery performed outside our clinic.
his left 97 patients who met the inclusion criteria.

atient characteristics

n this study 97 patient were included; 57 males (59%) and 40
emales (41%). The mean age at epilepsy onset was 13.2 years (range
.04—65 years), the mean age at epilepsy surgery was 28.5 years
range 16—69 years), the mean duration of epilepsy was 15.2 years
range 1—48 years), and the mean follow-up duration was 6.9 years
range 2—14 years). We recorded tonic seizures in 34 patients (35%),
imple motor seizure in 29 patients (29.8%), hypermotor seizures
n 21 patients (21.6%) and automotor in 13 patients (13.4%). Four-
een patients (14.4%) had a history of head trauma. Twelve patients
12.4%) had a history of meningitis. The clinical characteristics of
hese patients are detailed in Table 1.

EG and MRI characteristics

n non-invasive EEG recordings, abnormalities were most promi-
ent within the frontal region even though diffuse changes were
requent.

In 62 patients (63.9%) interictal epileptiform discharges (ED)
ere restricted to the frontal lobe. However, in 19 patients (19.5%)
e did not detect any ED and in another 19 patients (19.5%) there
ere contralateral IED. In 55 patients (56.7%) EEG seizure onset was

ocalised to the frontal area. Furthermore, 32 patients (32.9%) were
lassified as multiregional EEG seizure. In five patients (5.1%) there
ere no seizure patterns in the EEGs.

In follow-up EEGs performed 6 months after epilepsy surgery,
nterictal ED were detected in 24 patients (24.7%).

All our patients had a structural abnormality in their preopera-
ive MRI. The MRI revealed a well-circumscribed lesion in 52 patients
53.6%) and less well-circumscribed lesions in another 45 patients

46.4%).

The postoperative control MRI showed the resection was com-
lete in 59 patients (60.8%). In 38 patients (39.2%) the resection was
eemed incomplete. Pre- and post-operative difference as seen on
EG and MRI finding are shown in Table 2.

Female Total

.1 13.1 = 11.8 13.2 = 12

.4 26.9 ± 11.4 28.5 ± 11.8
26.5 ± 8.7 27.6 ± 8.3

.1 13.8 ± 8.9 15.2 ± 10.6
6.8 ± 3.6 6.9 ± 3.8

) 18 (45%) 41 (42.27%)
) 15 (37.5%) 26 (26.8%)

3 (7.5%) 12 (12.43%)
1 (2.5%) 8 (8.25%)
1 (2.5%) 5 (5.15%)

) 4 (10%) 14 (14.4%)
4 (10%) 9 (9.2%)

3 (7.5%) 12 (12.37%)
4 (10%) 14 (14.43%)
4 (10%) 8 (8.25%)
2 (5%) 5 (5.15%)
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Table 2 Pre- and post-operative EEG

Variable Non-seizure-free Seizure-free Sig.

Preoperative EEG
Spikes in interictal EEG

Absent 3 (18.8%) 13 (81.3%) 0.007
Present 45 (55.6%) 36 (44.4%)

Ipsilateral frontal spikes
Absent 18 (5%) 18 (5%) 0.552
Present 31 (49.2%) 31 (50.8%)

Generalized spikes
Absent 38(48.1%) 41(51.9%) 0.379
Present 10(55.6%) 8(44.4%)

Contralateral spikes
Absent 36 (46.2%) 42 (53.8%) 0.141
Present 12 (63.2%) 7 (36.8%)

Extrafrontal spikes
Absent 27 (43.5%) 35 (56.5%) 0.089
Present 2 1(6%) 14 (4%)

Ictal rhythm
Absent 4 (28.6%) 1 (71.4%) 0.079
Present 44 (53%) 39 (47%)

Ipsilateral ictal EEG seizure Pattern
Absent 22 (52.4%) 2 (47.6%) 0.385
Present 26 (47.3%) 29 (52.7%)

Multiple EEG seizure types
Absent 27(41.5%) 38(58.5%) 0.022
Present 21(65.6%) 11(34.4%)

EEG 6-month postoperative
IED absent 3(41.1%) 43(58.9%)
IED present 18 (75%) 6 (25%) 0.004

EEG 2 years postoperative
IED absent 29 (41.4%) (41) 58.6%
IED present 19 (73.1%) 7 (26.9%) 0.005

I Pre- and post-operative MR
Preoperative MRI lesion

Well-circumscribed 20 (38.5%) 32 (61.5%)
Less-circumscribed 28 (62.2%) 17 (37.8%) 0.016

Postoperative MRI

S

A
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a
w
n

Incomplete resection 24 (63.2%)
Complete resection 24 (40.7%)

Preoperative evaluation

All patients underwent presurgical evaluation at the Epilepsy Cen-
tre Bethel in Bielefeld, Germany, following the local protocol,
which includes EEG-video monitoring, high resolution MRI, neu-
ropsychological testing, ophthalmological assessment (perimetry),
and if necessary, additional optional imaging including PET and
SPECT.
To display speech and motor functions, functional MRI and/or
the intracarotid amobarbital test (Wada test) were used.

Subdural grids were implanted in 45 patients (45.6%). Semi-
invasive monitoring using foramen oval and epidural electrodes was
performed in two patients (2.06%).

m
s

t
i

14 (36.8%)
35 (59.3%) 0.025

urgical procedure and postoperative evaluation

ll patients underwent pure frontal lobe resective epilepsy
urgery, namely lesionectomies, cortical resections, lobectomies
nd lesionectomy with multiple subpial transections (MST), all of
hich were restricted to the frontal lobe (Fig. 1). Table 3 shows the
umber and seizure outcome in every resection type.

Intraoperative electrocorticography (ECoG) was performed as a

atter of routine in the majority of patients. Sometimes somatosen-

ory evoked potentials (SSEP) were used intraoperatively.
Following local protocol, postoperative follow-up examinations

ook place for all patients 6 months and 2 years after surgery
ncluding EEG, MRI, neurological and psychological evaluation. After
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Figure 1 Resection areas as defined in our study.

-year visits, a special questionnaire was sent to all patients assess-
ng the seizure and quality of life at 3, 5, 10 and 15 years.

ata collection

nformation on the variables we intended to investigate was pro-
ided either from data in the patients’ charts (age, sex, age at
pilepsy onset, various risk factors, preoperative seizure semi-
logy, and pathological reports) or electronically from the EDP
ystem of the hospital (EEG-video monitoring, side of surgery,
ntraoperative and early postoperative complications). More-
ver, we reviewed the answers to the questionnaires mailed
o the patients and drew information from telephone calls
hat had been made as a part of postoperative follow-up pro-
ramme.
For patients with intellectual impairments or psychic disorders,
nformation was usually provided by their family members.

We excluded the patients who did not complete their 2-year
heck up; most of these were from outside Germany. For six patients
6.1%) the data was not available for long-term outcome and one

4
y
3

p

Table 3 Resection area and side of the operation

Variable Not seizure-free

Resection area
Orbito-polar 10 (50.0%)
Fronto-central 20 (58.8%)
Fronto-medial 8 (44.4%)
Dorso-lateral 10 (40.0%)

Side of the operation
Right 29 (49.2%)
Left 19 (50.0%)
A.E. Elsharkawy et al.

atient (1.03%) died. we included only the available data and we
ade a note of the exceptions in survival database created.

valuation of outcome

utcome was evaluated using modified Engel seizure classification
Engel et al., 1993). Patients in Engel Class 1 were the ones con-
idered seizure free. Seizures that occurred within 1 month after
urgery were not included in this analysis. Seizure types were clas-
ified according to the semiological seizure classification suggested
y Lüders et al., 1998.

Our protocol for antiepileptic drugs (AED) withdrawal was as
ollows: Patients generally continued on their preoperative lev-
ls of AEDs for 2 years after surgery. If they remained seizure
ree and if the patient wished to discontinue medication, AEDs
ould be systematically reduced. If the patient had a seizure during
EDs withdrawal, AEDs were restarted. However, many seizure-free
atients refused to stop taking AEDs.

tatistical analysis

ue to the wide range of 2—14 years in following up these
atients, time-to-event methods were used to connect various risk
actors with the maintenance of Class I outcome after surgery.
aplan—Meier methods were, therefore, used to estimate the
robability of remaining in Class I as a function of time. Cox
ultivariate stepwise logistic regression analysis was used to esti-
ate hazard ratios and 95% CIs for each risk factor concerned.
e reported seizure recurrence by obtaining survival estimates

t 0.5, 2, 5 and 10 years after surgery. Univariate analysis was
sed to detect the factors affecting the long-term outcome and
tepwise logistic regression was used to evaluate the predic-
or.

esults

verall outcome

he majority of seizure recurrences took place during the
rst 2 years after surgery (Fig. 2). Overall, 48 of 97 patients
ere seizure-free in 2 years. The number of patients in each
ngel Class is summarized in Table 4.

The probability of remaining in Class I was 54.6% (95% CI
4—64) at 6 months, 49.5% (95% CI 39.3—59.6) at 2 years,

7% (CI 34—59) at 5 years, and 41.9% (CI 23.5—60.3) at 10
ears. The rate of Class I outcome remained 41.9% for the
1 patients with more than 14 years of follow-up.

Regarding Engel 1a outcome (complete seizure-free), 46
atients (47.4%) were in class Engel 1a at the 6 months

Seizure-free Sig

10 (50.0%) 0.515
14 (41.2%)
10 (55.6%)
15 (60.0%)

30 (50.8%) 0.550
19 (50.0%)
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Figure 2 Kaplan—Meier showing the probability Engel Class 1
over time.

follow-up, 45 (46.4%) at 1 year, 40 (41.2%) at 2 years, 23
(34.8%) at 5 years and 11(35.5%) at 10 years follow-up.

Recurrence after surgery

The greatest risk of recurrence (87%) was in the first 2
years after surgery. If the patient was seizure-free at 2-year
follow-up, the probability to remaining seizure free up to
10 years was 86% (95% CI 76—98). Patients with a history of
meningitis and MCD had high risk of relapse, with rates of
2.8 (95% CI 0.6—3.6) and 2.2 (95% CI 0.78—5.99), respec-
tively. The greatest risk of recurrence was among patients
with Rasmussen syndrome. Here four of five patients (80%)
relapsed within 10 years, estimated risk of recurrence was
3.5 (95% CI 0.42—30.032).

Running down phenomenon

At the 6-month follow-up 44 patients did not achieve
seizure-freedom, However, four of these patients (9%)
become seizure-free by 2-year follow-up. The seizure-free
numbers rose to six patients at 5-years follow-up (13.6%).
By using the Engel seizure classification would normally be
categorized in class 2. We analyzed the data for this spe-
cial group of patients by determining whether they were
seizure-free 2 years prior to the last follow-up. By using
Kaplan—Meier curve (Fig. 3) we saw that the probability of
these patients becoming seizure free was greatest in 2 years.
If a patient was not-seizure-free at 6 months, the probabil-

ity to becoming seizure-free within 5 years is 17% (95% CI
10—24%).

Only two factors have been found to have a signif-
icant relation with running down of seizures, these are
the absence of IED in EEG at first 6-month postoperative

T
w
P
o
H

Table 4 Number of patients and percentage in each Engel Class

Outcome 6 months 2 years

Class 1 53 (54.64%) 48 (49.48%)
Class 2 14 (14.43%) 19 (19.59%)
Class 3 14 (14.43%) 13 (13.40%)
Class 4 16 (16.49%) 17 (17.53%)
igure 3 Kaplan—Meier curve shows the probability to
ecome seizure-free in patients start non-seizure free after
urgery (running down phenomena).

ollow-up (p = 0.01) and the absence of history of secondary
eneralized tonic—clonic seizures (p = 0.015).

utcome in relation to pathological finding

mong the cohort in whom FCD was diagnosed, the likeli-
ood of remaining in Class I after 0.5, 2, 5, and 10 years
as 51.2% (95% CI 47—55%), 48.8% (CI 40—56%), 48.8% (CI
0—56%), and 52.6% (CI 42—62%), respectively.

In the group with tumours, the likelihood of being in Engel
lass I was 65.4% (95% CI 60—70%) at 6 months, 53.8% (CI
5—61%) at 2 and 53.3% (CI 46—60%) at 10 years. Table 5
hows number and percentages of Engel class 1 comparing
ith Classes 2—4.

utcome according to resection area

he Kaplan—Maier curve (Fig. 4) shows the probability of
ecome seizure free between patients based on the type of
esection. Patients were operated in the central area had
he highest rate of relapse and patients were operated in
he dorso-lateral had the lowest rate of relapse, but there
ere no significant difference in outcome (p = 0.517).

utcome in patients withdrawn from AED

hirty patients (30.9%) were withdrawn from AEDs. In 26
atients (26.8%) AEDs had to be changed after surgery.

here was a low risk of recurrence with drug withdrawal
ith an estimated risk ratio of 1.262 (95% CI 0.532—2.994).
atients with cavernomas faired best AED withdrawal; 40%
f these patients were seizure-free with AEDs withdrawal.
owever, only 20% of patients suffering from FCD and in 14%

5 years 10 years

31 (46.97%) 13 (41.94%)
9 (13.64%) 4 (12.90%)
12 (18.18%) 8 (25.81%)
14 (21.21%) 6 (19.35%)
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Table 5 Number of FCD and tumors patient’s and percentage comparing Engel 1 class (seizure free with Classes 2—4 (non-
seizure-free)

FCD Tumors

Not seizure-free Seizure-free Not seizure-free Seizure-free

6 months 20 (48.8%) 21 (51.2%) 9 (34.6%) 17 (65.4%)
2 years 21 (51.2%) 20 (48.8%) 12 (46.2%) 14 (53.8%)
5 years 16 (51.6%) 15 (48.4%) 7 (46.7%) 8 (53.3%)
10 years 9 (47.4%) 10 (52.6%)
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Multivariate analysis
Variables that were significant in univariate analysis were
investigated by using Cox stepwise logistic regression. This
showed that presence of a well-circumscribed focal lesion
on preoperative MRI predicts seizure remission: p = 0.003,
HR 0.25 (95% CI 0.101—0.616), and persistent postopera-
tive aura predict seizure relapse: p = 0.001 HR 2.982 (95%
1.735—5.122) (Fig. 6).

Complications

Thirteen of our patients (13.4%) had complications as a
result of surgery. Five of these (5.15%) were permanent
complications and eight (8.24%) were transient. Among the
permanent complications three were paresis, one a facial
paresis and one diagnosed as visual field defect. The eight
transient complications consisted of two subdural haem-
orrhages that did not need evacuation, two postoperative
wound infections and four transient paresis successfully
treated with drugs and physiotherapy. Patients who devel-
oped complications showed a higher seizure recurrence risk
compared to surgical patients who experienced no compli-
cation: RR 3.250 (95% CI 0.838—12.612).

The presence of complications showed a slightly higher
risk of seizure relapse [RR 1.575 (95% CI 0.815—3.041)], but
igure 4 Kaplan—Meier curve shows the probability to
ecome seizure-free based on the resection area.

f patients with the diagnosis of a tumour were seizure-free
fter surgery and AED withdrawal.

redictors (univariate analysis)

aving a p-value of less than 0.05, a well-circumscribed
ocal lesion on preoperative MRI (Fig. 5), ipsilateral IED, and
n operation before age of 30 years were correlated with
avorable outcome. Incomplete resection, mental retarda-

ion, using of subdural grids, IED in the follow-up EEG, tonic
eizures, unspecific auras and postoperative persistent auras
ere correlated with unfavorable outcome. Table 6 shows

he factors having importance in the univariate analysis.

igure 5 Kaplan—Meier curve shows the probability of
eizure-freedom among patients based on type of the lesion
n preoperative MRI.

this was not statistically significant (p = 0.127). Fig. 7 shows
numbers and types of complications among patients.

Figure 6 Kaplan—Meier curve shows the probability of
seizure-freedom among patients based on the presence or
absences of postoperative aura.
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Table 6 The results of univariate analysis

Variables p-Value HR 95% CI

Well-circumscribed focal lesion in preoperative MRI 0.010 0.658 0.489—0.885
Ipsilateral IED 0.000 0.773 0.604—0.989
Incomplete resection 0.048 2.56 1.05—6.19
Invasive monitoring 0.042 1.06 1.11—2.32
Mental retardation 0.004 1.60 1.11—2.34
IED at 6-month EEG postoperative 0.001 3.38 1.10—10.38
IED at 2-year EEG postoperative 0.026 1.65 1.34—2.86
Tonic seizure 0.034 1.625 1.038—2.542
Unspecific auras 0.038 1.60 1.11—2.32

Age at surgery 0.003
<30 years (n = 64) Reference
>30 years (n = 33) 1.08 0.79—1.46

Duration of the epilepsy 0.025 Reference
<20 years (n = 68) 0.555 0.332—0.928
>20 years (n = 29)

Persistent postoperative aura 0.003 3.96 1.52—6.05
Yes (31)
No (66)
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in studies including all types of surgery and 36% of patients in
studies that did not focus on temporal lobe surgery (Tellez-
Figure 7 Bar presentation of numbers and types of complica-
tions among patients.

Discussion

Overall outcome

Previously reported rates of seizure-freedom following FLE
surgery varied greatly from as low as 9% to as high as 80%
(Chung et al., 2005; Elsharkawy et al., 2008; Ferrier et al.,
1999; Fish et al., 1993; Lee et al., 2005; Mosewich et al.,
2000; Rasmussen, 1991; Swartz et al., 1998; Talairach et al.,
1992; Tellez-Zenteno et al., 2005; Wieser and Hajek, 1995;
Yun et al., 2006; Zaatreh et al., 2002; Zentner et al., 1996).

Jeha et al. (2007) reported in a study similar to our
study long-term seizure-freedom in 40% of patients after FLE
surgery (Jeha et al., 2007).

In our study 46.9% of our patients were seizure-free at

year 5 and 41.9% at year 10 after frontal epilepsy surgery.
Only 35% of the patients were considered to be in Engel Class
1a.

Z
p
A

In accordance to previous studies, the best results were
chieved in patients suffering from tumours and focal corti-
al dysplasia (Zaatreh et al., 2002).

eizure relapse and running down

n our study most seizure relapses occurred in the first
years (87%). Nevertheless, most running down (66.7%)

ccurred in the first 2 years as well. This confirms the advan-
age of using 2-year follow-up as a landmark predicting the
ong-term outcome after FLE for relapse and running down
Cohen-Gadol et al., 2006; Jeha et al., 2007).

The absence of secondarily generalized tonic—clonic
eizure and the absence of IED at EEG 6-month follow-
p were significantly related to running down of seizures,
ossibly indicating that the structural abnormalities in the
pileptogenic area was not widespread, Salonova reported
hat the epileptogenic area was medium-size in patients
howing a running down after temporal lobe epilepsy surgery
Salanova et al., 1996).

Patients with vascular lesions showed the lowest rate of
elapse among pathological subgroups. This may be due to
he fact that most of these patients had well-circumscribed
avernomas which were easier to resect completely. Favor-
ble outcome after vascular resections has been reported
Wetjen et al., 2002).

nti-epileptic drugs

n their meta-analysis Tellez-Zenteno et al. (2007), reported
hat 20% of patents achieved long-term AED discontinuation
enteno et al., 2007). In our study a total of 30.9% of the
atients were withdrawn from AED. The problem facing
EDs is the absence of standard strategies after surgery.
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very epilepsy centre has its own strategy. In our centre
he discontinuation of AEDs is the patient’s decision so most
robably this number does not reflect the actual situation of
EDs discontinuation although it gives a general benchmark.

redictors of outcome

imilar to previous reports, results of our univariate analysis
howed that a focal lesion in preoperative MRI, ipsilat-
ral IED, surgery before age of 30 years, short duration
f epilepsy and the absence of IED in EEG recorded 6
onths after surgery are correlated with seizure-freedom

Mosewich et al., 2000; Siegel et al., 2006; Swartz et al.,
998).

Incomplete resection, invasive monitoring, mental retar-
ation, IED at 2-year spostoperative EEG, tonic seizures,
nspecific auras and persistent postoperative auras were all
orrelated with non-seizure-freedom. The diagnosis of an
CD in histology (RR 2.3) and a postoperative infection (RR
.4) were significantly associated with poor outcome (Armon
t al., 1996; Jeha et al., 2007; Kellinghaus and Luders, 2004;
wartz et al., 1998).

In multivariate analyses, however, presence of a
ell-circumscribed focal lesion in preoperative MRI inde-
endently predicts seizure remission, whereas persistent
ostoperative auras predict seizure relapse.

These results emphasize the importance of a complete
emoval of the epileptogenic tissue.

utcome in relation to epilepsy duration

ccording to our data the duration of epilepsy before surgery
s significant in univariate analysis. Short epilepsy duration
annot independently predict the outcome. This means that
pilepsy duration has its effect through other factors, and
his may explain the contradiction between studies in the
iterature. Some authors observed that duration of epilepsy
as not a prognostic factor and had no relationship to out-
ome (Alexandre et al., 2006; Ferrier et al., 1999; Lee et
l., 2005; Spencer et al., 2005; Yun et al., 2006).

Other authors showed a significant correlation between
horter duration of preoperative epilepsy duration and
mproved outcomes (Blume et al., 2004; Kral et al., 2001;
iegel et al., 2006).

Our results may also suggest that epilepsy is an active
rocess over time. One may speculate that the epileptogenic
one (Rosenow and Luders, 2001) or epileptic pacemak-
rs (Bancaud and Talairach, 1992) spread in the course of
ime, becoming more diffuse and therefore, more difficult
o localize. Hence they result in a greater likelihood for an
ncomplete resection later on (Berg and Shinnar, 1997).

We assume that early operative intervention stops this
rocess and gives the patient more chance to becoming
eizure free and enjoy long term-seizure-free outcome.
ostoperative aura

y applying multivariate analysis we could see that patients
uffering from persistent auras postoperatively had a four-
old higher risk of recurrence [HR 3.96 (95% CI 1.52—6.05)].

R

A

A.E. Elsharkawy et al.

valuating surgical failures of surgical failures Salanova
ound that 46% of reoperated patients exhibited an aura
Salanova et al., 1994). Spencer found that mesial tem-
oral lobe epilepsy patients with continued auras relapsed
o a higher rate than those without auras (Spencer et al.,
005). Berg et al. (2006) found that continuing auras were
arginally associated with relapse in patients whose AEDs
ere reduced postsurgically.

From our institute, Schulz et al. (1997) concluded in a
tudy of stimulation-induced auras (SIA) that the area of
he SIA overlapped the epileptogenic lesion as well as the
EG seizure onset zone in 75% of the patients (Schulz et
l., 1997). Jeha et al. (2007) found that postoperative auras
ere more frequent in surgical failures.

Our findings indicate that presence of a postoperative
ura represents a residual epileptogenic zone and indicate
ncomplete resection.

omplications

eports of frontal epilepsy surgery showed a relatively high
ate of complications (Pondal-Sordo et al., 2006; Schramm
t al., 2002).

Our results are in agreement with reported complications
fter FLE surgery (Olivier, 1995, 1996; Swartz et al., 1998).

Our two wound infections and three permanent neuro-
ogical deficits fall within the range of previously published
esults (Cascino et al., 1992, 1994; Pondal-Sordo et al.,
006; Rydenhag and Silander, 2001).

The presence of complications showed a slightly higher
isk of seizure relapse, but this was not statistically sig-
ificant. These higher rates reflect the fact that most
omplications occur in complex cases where in which delin-
ation of the epileptogenic zone is difficult or an operation
n the eloquent area with MST has been performed. This
eans that most probably there was remnant epileptic tis-

ue which led to the higher relapse frequency rate.

onclusions

e investigated the long-term outcome of 97 patients after
ure FLE surgery with a follow-up period of up to 14 years.

Regarding the long-term outcome, 42% of our patients
ecame seizure-free over the 14 years. In 31% of all patients
EDs were successfully withdrawn. If the patient was seizure
ree at 2-year follow-up, the probability of remaining
eizure free for 10 years was 86% (95% CI 76—98). A percent-
ge of the patients (13.6%) who were not seizure free after
urgery will become seizure free within 5 years (running
own).

Presence of well-circumscribed focal lesions on preop-
rative MRI predicted favorable seizure outcome. Seizure
elapse can be predicted by a postoperative persistent aura.
LE surgery should currently depend on restrictive selection
or patients to achieve a successful outcome.
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