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Summary
Purpose: To identify surgical prognostic factors for temporal lobe epilepsy (TLE) due to amygdala
lesions.
Methods: We included 42 patients (mean age: 31.4 ± 11) who underwent presurgical evaluation
including long-term video-EEG and in whom the high-resolution MRI showed amygdala lesions
without hippocampal abnormalities. All patients had apical temporal lobe resection without
hippocampectomy. We distinguished patients with frequent spikes (spike frequency ≥ 60/h) and
with non-frequent spikes (< 60 spikes/h).
Results: At the 2-year postoperative evaluation, 30 patients (71%) were seizure-free. The pres-
ence of infrequent spikes (p = 0.013), tumor on the MRI (p = 0.027), and no epilepsy history in
the family (p = 0.027) were independently associated with 2-year seizure-free outcome. Of 33
patients with infrequent spikes, 79% became seizure-free, while of 9 patients with frequent
spikes only 4 had a favorable surgical outcome (44%).
Conclusion: In TLE patients due to amygdala lesions, high spike frequency and family history

of epilepsy predicted an unfavorable, while tumoral etiology a favorable outcome after apical
temporal lobe resection without hippocampectomy. Seventy-one percent of patients with amyg-
dalar epilepsy who underwent this novel type of epilepsy surgery became seizure-free. This is
comparable with results of ‘‘classical’’ anterior temporal lobe resections where hippocampus
is NOT spared. Moreover, the su
© 2010 Elsevier B.V. All rights re
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ntroduction

emporal lobe epilepsy (TLE) is the most common type of
pilepsy requiring surgical treatment (Engel et al., 1997).
he majority of patients with TLE have hippocampal sclero-
is (HS) as a pathological abnormality underlying TLE (Engel
t al., 1997). Surgical treatment of TLE including TLE with
S (TLE—HS) has a favorable prognosis, 60—70% of patients
ecome seizure-free after ‘‘standard’’ anterior temporal
obe resection (McIntosh et al., 2001). Conversely, ca. one-
hird of patients have an unfavorable surgical outcome,
hus, large amount of studies was conducted in order to
ook at predictive factors for surgical outcome in TLE. The
ost frequently reported predictors for favorable outcome

f TLE surgery are unilateral temporal pathology (especially
umor) on MRI (Berkovic et al., 1995; Janszky et al., 2006;
chramm et al., 2001) and unilateral interictal epileptiform
ischarges (IED) (Schulz et al., 2000; Aull-Watschinger et
l., 2008), epilepsy duration (Guldvog et al., 1994; Janszky
t al., 2005), secondarily generalized tonic—clonic seizures
GTCS (Janszky et al., 2005), and preoperative seizure fre-
uency (Clusmann et al., 2002; Aull-Watschinger et al.,
008).

Although TLE from a clinical point of view is a homoge-
ous syndrome with typical auras, psychomotor seizures
nd EEG picture (Ebner, 1994), however, a variety of TLE
ubtypes exist according to the underlying etiology and
ocalization of epileptologenic zone within the tempo-
al lobe. These TLE subtypes may have different surgical
rognosis (Janszky et al., 2006). Conversely, most studies
nvestigating predictive factors for TLE surgery included
atients with a variety of TLE subtypes (McIntosh et al.,
001). Because the majority of patients with TLE undergo-
ng epilepsy surgery have TLE—HS (McIntosh et al., 2001),
arge multivariate studies investigating the surgical outcome
n TLE include mostly (Berkovic et al., 1995) or exclusively
Janszky et al., 2005; Aull-Watschinger et al., 2008) TLE—HS
atients, whereas other types of TLE patients make up only
small portion of these studies (McIntosh et al., 2001). This
eans that prognostic factors found in these studies can

nly be cautiously interpreted for TLE patients without HS.
hree studies selectively investigated the surgical prognosis
f non-hippocampal TLE patients without HS but all of these
nvestigated neocortical TLE (Jung et al., 1999; Schramm et
l., 2001; Janszky et al., 2006). Another study investigated
redictors for surgical outcome in lesional mesial tempo-
al lobe epilepsy and limited resections, but hippocampus
as at least partially resected in all reported operations

Clusmann et al., 2004).
A recent study found that absolute spike frequency

independent of spike distribution) is a strong predictor
or postoperative seizure control in patients with TLE—HS
Krendl et al., 2008). It is unknown whether this is true for
pilepsy surgery in general or for surgery of other epilepsy
yndromes than TLE—HS.

Most recently, a new surgical technique was introduced in
hose TLE patients where there is no hippocampal abnormal-

ties (Elsharkawy et al., 2010; Gyimesi et al., 2009) called
pical temporal lobe resection without hippocampectomy
aTLRwHC) in epilepsy patients with temporal epileptogenic
esions other than hippocampal sclerosis. This surgical pro-
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edure was developed to perform surgery in those patients
ho had no hippocampal abnormalities on MRI in order to

pare hippocampal cognitive functions. Thus, one of the
oals of the present study was to investigate the possibility
or prediction of this surgical procedure in a well-definitive
LE subtype, namely TLE due to amygdala lesions.

In the present study we aimed at (1) identifying sur-
ical prognostic factors in a TLE due to amygdala lesions
here apical temporal lobe resection without hippocam-
ectomy was performed (2) testing whether the absolute
pike frequency — a newly described prognostic factor for
pilepsy surgery — has a prognostic value in other epilepsy
han TLE—HS.

ethods

atient selection

or this study we included all drug-resistant TLE patients who (1)
nderwent presurgical evaluation including long-term video-EEG
nd high-resolution MRI, (2) had amygdala lesion without hippocam-
al abnormalities according to the MRI (3) had apical temporal lobe
esection without hippocampectomy between 2001 and 2007, and
4) with 2-year postoperative follow-up.

ata collection

he following variables were investigated: (1) age at operation, (2)
ex, (3) duration of epilepsy, (4) seizure frequency, (5) presence of
GTCS, (6) epilepsy risk factors, (7) presence of unilateral IED, (8)
bsolute spike frequency, (9) Type of lesion according to the MRI
xamination and (10) Extension of the lesion beyond the borders
f the amygdala. The first 6 clinical variables were ascertained by
sking the patients and (in most cases) their relatives at admission
o the presurgical unit. This history was taken by physicians blinded
o goals of this study. Patients’ previous medical charts were also
eviewed.

RI data

RI pictures in most patients were made by a Siemens Magnetom
mpact 1.5-T scanner, and included T1-weighted three-dimensional
olume, proton density, FLAIR, and T2-weighted images. All MRI was
e-evaluated for this study by one of the authors (F.G.W.) who was
linded to clinical data, in order to (1) confirm the presence of
mygdala lesion, (2) the absence of hippocampal alterations, and
3) to categorize the type of the lesion seen on the MRI.

EG data

he data on EEG were determined by non-invasive continuous
ideo-EEG monitoring. A 32—64 channel EEG recording was used,
lectrodes were placed according to 10—10 systems, the number of
lectrodes and their placement varied individually taking consider-
tion of the suspected epileptogenic region and side. However, Fp1,
3, C3, P3, O1, AF7, FC5, CP5, F7, FT7, T7, TP7, P7, F9, FT9, T9, TP9
nd homologous right-sided electrodes were always used. In cases of
uspicion on non-temporal epilepsy, other electrodes were placed,
ut the scalp over the temporal lobe was always covered using the
bove-mentioned electrodes. In 15 patients sphenoidal electrodes

ere also used. The location and frequency of IED were assessed
y visual analysis of interictal EEG samples of 2-min duration every
our. Those interictal samples which were recorded within an hour
efore or after the seizures were not evaluated. Unilateral IED were
efined if at least 90% of spikes appeared over one temporal lobe.
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Fig. 1 Association between spike frequency and the surgical
outcome. The frequency of interictal epileptiform discharges
(spikes) is associated with the surgical outcome even if we
consider it as a continuous variable. The Mann—Whitney test
showed that the difference between the two groups is signifi-
cant (p = 0.034): larger spike frequency predicts an unfavorable
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According to Krendl et al. (2008), we distinguished patients with
frequent spikes (with absolute spike frequency ≥ 60/h) and with
non-frequent spikes (< 60 spikes/h).

Selection of variables

The above mentioned variables were chosen according to their
presumed importance in presurgical evaluation or if they were pre-
viously reported as a predictive factor for TLE surgery. The results of
psychiatric, neuropsychological, and sociological assessments were
not included.

Surgical procedure

All patients had apical temporal lobe resection without hippocam-
pectomy. The details about surgical technique, patient selection
and surgical results are described elsewhere (Elsharkawy et al.,
2010; Gyimesi et al., 2009). Briefly, the resection starts from the
temporal pole followed by a complete resection of the amygdala,
uncus and the most anterior part of the parahippocampal gyrus.
Thus, the hippocampus remains spared during the surgery.

Outcome assessment and postoperative examinations

Outcome was assessed 2 years after the operation. We only
evaluated seizure outcome, while psychiatric, social and neu-
ropsychological outcome was ignored. For this study, we divided
the patients into two categories according to the 2-year out-
come: with seizure-free or non-seizure-free outcome. Patients with
non-disabling auras without other seizures were considered to be
seizure-free.

Statistical methods

Logistic regression analysis was used to assess the prognostic impor-
tance of the clinical variables. Odds ratios (OR) were calculated for
being seizure-free at 2 years after the operation. Two-tailed error
probabilities smaller than p < 0.05 were considered to be significant.

Results

There were 42 patients who met inclusion criteria. The
mean age of the patients was 31.4 ± 11 years). The age
at epilepsy onset ranged from 1 to 56 years. The dura-
tion of epilepsy ranged from 1 to 26 years. There were 18
women and 24 men. All patients had psychomotor (complex
partial seizures), but 32 patients had also SGTCS. Regard-
ing epilepsy risk factors, 6 patients had epilepsy in the
family (among the first-grade relatives), 4 patients had a
history of perinatal asphyxia, 1 patient had meningoen-
cephalitis in childhood and another three had a history
of significant head trauma before starting epilepsy. Only
4 patients had bilateral IED, in the remaining 38 patients
IED appeared unilaterally, on the side of the operation.
There were 9 patients with frequent spikes (with abso-
lute spike frequency ≥ 60/h) and 33 with non-frequent
spikes (< 60 spikes/h). Patients with non-frequent spikes had
6.9 ± 8.3 spikes/h (median: 3 spikes/h), while patients with

frequent spikes had 162 ± 140 spikes/h (median:120).

The epileptogenic lesion according to MRI examination
was tumor in 19, cavernoma in 5, dysgenesis in 4 patients.
In the remaining 14 patients, the epileptogenic lesion seen
on the MRI could not be unambiguously categorized. In 20
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ostoperative outcome. Please note that the Y axis is logarith-
ically scaled due to non-Gaussian distribution of the spike

requency.

atients the resection was on the right, while in the other
2 patients it was on the left side.

At the 2-year postoperative evaluation 30 patients (71%)
ere seizure free.

Table 1 shows the characteristics of the patient pop-
lation and the difference between seizure-free and
on-seizure-free patients.

Because results of the histological examination was avail-
ble only postoperatively, we did not include these data in
earching presurgical predictor factors. Histological results
evealed tumor in 18 cases (9 ganglioma, 7 dysembryoplas-
ic neuroepithelial tumors, 2 astrocytoma), dysgenesis in
cases (3 polymicrogyria/schizencephalia, 6 focal cortical

ysplasia) cavernoma in 3 cases, postencephalitis gliosis in
, non-specific gliosis in 6 cases, and no pathological alter-
tions in 5 cases.

In those 14 patients where the lesion seen on MRI could
ot be unambiguously categorized, 1 patient had dysembry-
plastic neuroepithelial tumor, 2 patients had dysgenesis,
had non-specific gliosis, and in 5 cases no pathological

lterations were found.
Logistic regression revealed that the presence of infre-

uent spikes (p = 0.013, OR for seizure-free outcome = 25,
5% Confidence Intervals for OR [95%CI]: 1.92—250) tumor
n the MRI (p = 0.027, OR for seizure-free outcome = 14.2,
5%CI: 1.35—142) no epilepsy history in the family (p = 0.27,
R for seizure-free outcome = 22.9, 95%CI: 1.43—369) were

ndependently associated with 2-year seizure-free outcome.
he other variables presented in the methods section were

ot.

Of 33 patients with infrequent spikes 79% became seizure
ree, while of 9 patients with frequent spikes only 4 had

favorable surgical outcome (44%). Fig. 1 demonstrates
he difference in spike frequency in seizure-free vs. non-
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Table 1 Clinical characteristics of seizure-free and non-seizure-free patients.

Mean (SD) in seizure-free
patients 2 years after
surgery

Mean (SD) in
non-seizure-free patients 2
years after surgery

Significance levela

N = 30 N = 12

Age (year) 31.4 (11) 31.3 (12) NS
Epilepsy duration (year) 11.1 (8) 10.3 (7) NS

N (%) in seizure-free
patients

N (%) in
non-seizure-free
patients

Significance level

Men 6 (50) 18 (60) NS
>1 seizure/week 13 (43) 8 (67) NS
Presence of generalized

tonic—clonic seizures
22 (73) 10 (83) NS

Perinatal asphyxia/injury 4 (13) 0 (0) NS
Epilepsy in the family 3 (10) 3 (25) p = 0.027
Traumatic brain injury 2 (7) 1 (8) NS
Uncategorized lesion on MRI 8 (26) 6 (30) NS
Tumor on MRI 16 (53) 3 (25) p = 0.027
Lesion extended into structures

boarding amygdala on MRI
8 (26) 3 (25) NS
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Bilateral spikes on MRI 3 (10)
Low spike frequency (< 60/h) 26 (86)

a Significance level of difference was calculated by the logistic

eizure-free patients is also present even if we consider it
s a continuous variable. Table 2 shows the characteristics
f patients with frequent spikes. Due to small number of
atients, we could not perform multivariate statistics and
he Fisher’s exact test for categorical and Mann—Whitney
est for continuous variables showed no differences between

eizure-free and non-seizure groups in this subpopulation.

Of 19 patients with tumor on the MRI 84% became seizure
ree, while only 60% of patients without a tumor on the MRI
chieved seizure freedom. Of 6 patients with family history
f epilepsy, 3 (50%) became seizure free, while of 36 patients
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Table 2 Clinical characteristics of patients with high spike frequ

Age (y)
Epilepsy duration (y)

Men
>1 seizure/week
Presence of generalized tonic—clonic seizures
Perinatal asphyxia/injury
Epilepsy in the family
Traumatic brain injury
Uncategorized lesion on MRI
Tumor on MRI
Lesion extended into structures boarding amygdala on MRI
Bilateral spikes on MRI
1 (8) NS
7 (58) p = 0.013

ssion analysis

ithout positive family history the seizure freedom occurred
n 75%.

There may be a theoretical possibility that spike fre-
uency may also depend on the electrode placement, we
hecked whether spike frequency or surgical outcome is
elated to the usage of sphenoidal electrodes. Usage of

phenoidal electrodes did not influence whether the patient
elonged to the group with frequent spiking or not. Of
5 patients in whom sphenoidal electrodes were used, 13
elonged to the group with infrequent spiking (87%), while of
he remaining 27 patients, 20 had infrequent spiking (74%).

ency.

Mean (SD) in seizure-free
patients 2 years after
surgery

Mean (SD) in
non-seizure-free patients
2 years after surgery

N = 4 N = 5

30.2 (8) 27.6 (16)
6.8 (6) 9.6 (7)

Seizure-free patients Non-seizure-free patients
1 3
2 4
1 3
0 0
0 0
0 0
1 1
3 2
2 2
0 0
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This difference was statistically not significant (p = 0.45,
Fisher’s exact test). Of 15 patients in whom sphenoidal
electrodes were used, 11 became seizure 2 years after the
operation (73%), while of the remaining 27 patients, 19
became seizure-free according to the 2-year postoperative
evaluation (70%, p = 1.0, Fisher’s exact test).

Discussion

We evaluated the prognostic factors for outcome of TLE
surgery due to amygdala lesions. The main findings of our
study are: (1) high spike frequency and (2) family history of
epilepsy predicts an unfavorable, while (3) tumoral etiology
predicts a good surgical outcome.

Determination of prognostic factors for epilepsy surgery
is of important influence when counseling our patients in
everyday practice. In addition, the identification of prog-
nostic factors may improve general understanding of the
pathophysiology of surgical failure and of spatial extension
of the epileptogenic zone.

A recent study found that absolute spike frequency
(independent of spike distribution) is a strong predictor
for postoperative seizure control in patients with TLE—HS
(Krendl et al., 2008). One of the potential limitations of
that study is that some frequently described surgical pre-
dictors were not controlled (for example epilepsy duration
or SGTCS). Moreover, there are some data that spike fre-
quency may reflect the lifetime number of seizures (Janszky
et al., 2005b), but the predictive value of the usual seizure
frequency was not investigated by Krendl et al., only the
number of seizures during the actual presurgical monitor-
ing period. Conversely, some earlier studies suggested that
low seizure frequency was associated with better postoper-
ative outcome (Clusmann et al., 2002; Aull-Watschinger et
al., 2008). Because our statistical model was controlled for
monthly seizure frequency and epilepsy duration, our results
are in agreement with the conclusion of the study conducted
by Krendl et al. (2008): the association between absolute
spike frequency and postoperative outcome does not reflect
the seizure frequency or total number of seizures. Thus, our
study not only confirmed this observation but also demon-
strated that the association between spike frequency is an
independent predictor for surgical outcome and this asso-
ciation is valid in another epilepsy syndrome than TLE—HS
and is true for an epilepsy syndrome with a different lesion
than HS.

The exact reason why frequent spiking is associated with
an unfavorable surgical outcome is not clear. The detection
of spikes on scalp-EEG requires involvement of the temporal
neocortex, because spikes generated in the mesiotempo-
ral regions cannot be detected on the scalp-EEG, only if
they propagate to necortex (Clemens et al., 2003). Thus,
the epileptic activity in patients with spikes visible on the
scalp-EEG never remains confined to mesial temporal com-
partments but also involves the structurally non-altered
temporal neocortex. Thus, Krendl et al. (2008) hypothesized

that the frequent spiking represents an extended irritative
zone which zone may not be resected during the surgery.
Our findings are in agreement with this hypothesis.

The absolute spike frequency represents the spike fre-
quency detected over the whole neocortex. Thus, absolute
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pike frequency depends not only on interictal epileptic
ctivity of circumscribed neuron populations but also on a
ummation of regions generating spikes: the larger area is
nvolved in the spike generation the higher the spike fre-
uency is. In our previous study we suggested that spikes
re generated in those brain areas which are involved by the
receding seizures. Thus, we hypothesized that spike gen-
ration may be influenced by the seizure activity (seizure
eneration and propagation), and may not be independent
igns of epileptogenicity (Janszky et al., 2001). Conse-
uently, the absolute spike frequency may also depend on
eizure activity: the area where the seizure is generated and
he regions which are involved during seizure spread. Previ-
us studies suggest that widespread seizure propagation is
prognostic factor for unfavorable outcome in TLE surgery

Schulz et al., 2000; Janszky et al., 2006).
In the present study, we found that tumor on the MRI

as associated with seizure-free outcome. Previous stud-
es (Schramm et al., 2001; Hennessy et al., 2001; Janszky
t al., 2006) also found that one of the positive predic-
ors for surgery of lesional TLE surgery is a tumoral etiology
Schramm et al., 2001; Janszky et al., 2006). The asso-
iation of tumoral etiology and the favorable seizure-free
utcome can be explained that tumors represent a well-
ircumscribed epileptogenic lesion which is visible during
he operation.

In this study we found that positive family history for
pilepsy was associated with an unfavorable outcome.
lthough we cannot fully explain this association, we might
ypothesize that in these patients there may be an inherited
usceptibility for a lower seizure threshold which suscep-
ibility may affect not only a circumscribed area but the
hole brain or a more extended brain region beyond the
mygdala and temporal pole which is removed by the surgi-
al technique used in the present study. Another possibility
s that some of these patients had familial mesial temporal
obe epilepsy. Presence of hippocampal abnormalities is not
lways detectable by MRI in this syndrome (Kobayashi et al.,
003), thus — in our cases — we might not recognize that the
ippocampus is a part of the epileptogenic region which was
ot resected by the surgical procedure used in our study.

One of the limitations of the present study is that we
ould include only a relatively low number of patients,
hich may result in a limited statistical power. Thus, some

nfrequent clinical phenomena might had no chance of
eaching statistical significance because they did not occur
t a high enough frequency to reach statistical significance.
or example, only 4 patients had bilateral IED which were
requently found as a poor prognostic factor in other stud-
es assessing surgical predictors in different epilepsy types
Schulz et al., 2000; Aull-Watschinger et al., 2008), although
here are other well-powered studies which also failed to
emonstrate the predictive value of a unilateral spike focus
Jeong et al., 1999; Hennessy et al., 2001; Clusmann et al.,
002; Janszky et al., 2005).

Another limitation may be that measuring spike fre-
uency may face some methodological difficulties: (i) spike

requency may depend on the placements of the scalp elec-
rodes, however, in our study the scalp over the temporal
obe was always covered by a standard electrode arse-
al and using sphenoidal electrodes did not influence the
pike frequency or surgical outcome. (ii) Spike frequency is
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nfluenced by sleep—wake cycle, epilepsy duration, seizure
requency and the timing from the last seizure (Gotman
nd Koffler, 1990; Janszky et al., 2005b). Although spikes
ppeared within on our after a seizure were excluded from
alculating spike frequency, we could not control all of these
onfounding factors. (iii) We evaluated EEG samples of 2-min
uration every hour which may not reflect the true spike fre-
uency and a continuous measure of spikes might have been
more appropriate method.
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