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ABSTRACT – We report the case of a patient with pharmacoresistant mesial
temporal lobe epilepsy presenting psychomotor seizures with onset at
early childhood. MRI showed a blurred internal structure of the right hip-
pocampus and right mammillary body atrophy. Neuropsychological testing
revealed deficits in selective attention and visual planning. Non-invasive
recording was not sufficient to precisely detect the seizure onset zone. Inva-
sive recording showed seizure onset in the temporo-polar neocortex, with
spread to the amygdalum and hippocampus. A superselective resection of
the temporal pole and amygdalum was performed with preservation of the
hippocampus. Histology revealed the presence of focal cortical dysplasia
(Palmini type Ib). Seizure frequency was reduced after surgery, and seizure
freedom for two years was achieved with optimisation of the antiepileptic
drug regime. Memory functions were preserved, and selective attention

ing limited resection. This case sug-
argeted resections with preservation
be the best choice considering both
itive functioning.

ion, mesial, temporal lobe, epilepsy,

(Vermathen et al., 2002). Since many
patients are resistant to pharmaco-
logical treatment, surgical resection
of the epileptogenic area may be
and visual planning improved follow
gests that, in selected cases, highly t
of memory-relevant structures may
seizure control and unimpaired cogn
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focal cortical dysplasia

Temporal lobe epilepsy (TLE) is the
most common form of epilepsy in
the adult population, often caused
by mesial temporal generators
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which are reported to be present
in around 60-70% of the patients
(Commission, 1989; Watson et al.,
1992). Epileptogenic structures can
comprise the hippocampus itself,
the parahippocampal gyrus, the
amygdala, and adjacent structures

indicated (Semah et al., 1998; Volcy
Gomez, 2004). There is an ongo-
ing debate, however, regarding the
extent of resection necessary to
achieve seizure control. Progressive
advances in diagnostic evaluation
allow a more precise determination
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f the ictal focus which may open options for supers-
lective resections.
e present the case of a patient with mesiotempo-

al epilepsy who underwent a highly selective surgical
rocedure sparing the hippocampus and achieved

avourable seizure outcome and improvement in cog-
itive performance.

ase report

right-handed 52-year-old man was admitted for
resurgical evaluation of his epilepsy. Since the age of

wo years he suffered from complex partial seizures
haracterised by behavioural arrest, staring, impair-
ent of consciousness, oroalimentary and manual

utomatisms and head deviation to the left side with
reserved language functions, and secondary gene-
alised tonic-clonic seizures. Seizure frequency was
rom one to three per month. There was comorbi-
ity of severe depression and hypothyroidism. The first
pileptic episodes occurred in his early childhood; in
he course of the disease, pharmacoresistance against
henytoin, oxcarbamazepine, topiramate, lamotrigine
nd clobazam was documented.
herapy at the time of admission was 300 mg/d lamo-
rigine, 1,200 mg/d oxcarbazepine, 10 �g/d vitamin
12 and 125 �g/d levothyroxin. Physical examination
as unremarkable. Neurological examination showed
ormal findings except for facial hypoaesthesia due
pileptic Disord, Vol. 13, No. 3, September 2011

o a former facial trauma. Routine laboratory testing
howed no relevant abnormalities.
e was working as an international manager in a

arge German company. Neuropsychological evalua-
ion revealed above average general intellectual abil-
ties. There were specific deficits in the domains of
elective attention and visual planning while the other
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ognitive functions were average or even above aver-
ge (including verbal and visual declarative memory).
linical psychological examination showed depressive

ymptoms and increased anxiety.
igh resolution MRI (3T) showed a blurred inter-
al structure of the right hippocampus without clear
trophy or signal change (figure 1) and right mam-
illary body atrophy. An interictal FDG-PET was

on-localising.
EG revealed interictal sharp waves recorded with
aximum amplitude over the right sphenoidal

lectrodes extending to adjacent temporo-anterior
ontacts. Ictal recordings showed a widespread rhyth-
ic activity over the right temporal lobe with later

ropagation to left temporal and bifrontal areas. Pre-
ise focus localisation within the right temporal lobe
as not possible. In order to define the role of

he hippocampus in seizure generation, the patient
nderwent stereotactic implantation of two depth
lectrodes with a lateral approach targeting the right
mygdala and hippocampal head. Moreover, temporo-
asal and temporo-lateral subdural strip electrodes
ere implanted (figure 2). Invasive recordings showed
xtended interictal spiking in the amygdala, hippocam-
us, as well as in the temporo-basal and temporo-polar
reas (figure 3). Ictal recordings showed seizure onset
ith low-amplitude fast activity over the polar neo-

ortex and rhythmic spiking in the amygdalum, with
pread to the hippocampus after a few seconds.
ince the hippocampus was not the primary seizure
285

10mm

f the right hippocampus without clear atrophy or signal change.

enerator, and since the patient was unwilling to risk
emory deterioration following surgery, the patient
as offered a superselective surgical procedure pre-

erving the hippocampus which was assumed to carry
elevant function in memory processing. Therefore,
elective resection of the right amygdala, uncus and
emporal pole with preservation of the hippocampus
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Figure 2. MRI showing the positions of depth electrodes targeting the right amygdala and hippocampus
as well as the temporo-basal and temporo-lateral strips.

TBa1RR

HRa5 TLa1

TBb1

TLb1
TLa1

TLb1

TBc1
Subclinical seizures
Interictal propagation
Frequent Interictal Spiking
Seizure Onset

Figure 3. Results of invasive recordings showing ictal onset in the right temporal pole and amygdala, and delay between anterior ictal
onset and hippocampal involvement; superselective resection preserving the hippocampus was planned (yellow shaded area).

and parahippocampal gyrus was performed. Histolo-
gical analysis revealed the presence of focal cortical
dysplasia (Palmini type Ib).
Within the first three months after surgery, the
patient continued to have complex partial seizures
at a lower frequency. Visual fields were unchanged.
Neuropsychological performance concerning selec-
tive attention and visual planning improved to an
average level, and declarative memory performance
remained unchanged (figure 5). Depressive symptoms
were still present. MRI showed the resection of the

right amygdala, uncus and temporal pole with mild sur-
rounding gliosis (figure 4). Routine interictal scalp EEG
was free of epileptic activity.
With add-on introduction of levetiracetam in combi-
nation with oxcarbazepine, complete seizure freedom
was achieved 11 months after the surgical procedure;
the patient has now remained completely seizure-
free (Engel 1a, Wieser 1) for 26 months. Depressive
symptoms have resolved over this period, and due to
his professional performance he was promoted to a
higher position.
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Figure 4. Postoperative MRI demonstrating the superselective resecti
of the hippocampus and parahippocampal gyrus.
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and in 27% of regional temporal lobe seizures. In the
igure 5. Pre- and postsurgical visual memory performance; lines
how similar learning increment across the five trials and overall
verage visual memory performance at both time points.
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iscussion

LE is not a homogenous disease. Different neo-
ortical and archicortical areas may contribute to
pileptogenesis, corresponding to a large spectrum of
istological abnormalities. Although the hippocampus
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on of the temporal pole, uncus and amygdala with preservation

Gloor, 1991) is frequently the structure responsible
or seizure generation, the amygdala (Zentner et al.,
999) and neocortical abnormalities, particularly focal
ortical dysplasias (also as dual pathology) (Fauser and
chulze-Bonhage, 2006; Levesque et al., 1991), may also
e seizure generators in TLE.

n general, intracerebral recordings have demons-
rated that ictal patterns in mesial TLE (MTLE) are
requently first recorded from the hippocampus or
imultaneously from the hippocampus and the amyg-
ala. Although latencies between involvement of
ippocampus and amygdala are often brief, an ori-
in confined to the amygdala with some delay to
he propagation to the hippocampus (e.g. five sec-
nds) suggests an amygdalar seizure onset, which

s found in only approximately 5% of patients with
ppropriate intracerebral recordings (Wieser, 2000). In
subsequent study, the Montreal group used phase-

oherence analysis (Gotman and Levtova, 1996) and
ound that the amygdala was leading in 21% of focal

esial and in 53% of regional temporal lobe seizures.
he hippocampus was leading in 48.5% of focal mesial
287

emaining seizures, discharges were synchronous in
hese two structures.
n our patient, seizure onset in the amygdala and tem-
oral pole clearly preceded hippocampal involvement,
lthough both structures were part of the irritative
one and zone of early propagation. Involvement of



2

J

t
t
l
w
t
f
c
I
d
n
o
t
r
w
t
m
c
o
c
(
o
S
r
e
p
b
e
a
r
t
m
a
s
r
t
e
s
l
t
i
p
n
d
a
u
t
c
2
t
t
r
a
c
d
a

e
u
P
l
s
r
t
a
s
t
8
M
w
(
R
a
s
m
e
1
a
p
s
m
w
o
o
t
p
(
t
h
i
t
o
w
e
t
t
fi
o
J
I
t
f
t
r
i
s

.G. Cordeiro, et al.

he hippocampus was thus considered to be secondary
o the epileptogenic region in the anterior temporal
obe. The selective surgery performed in this patient

ith non-specific MRI and PET findings demonstrates
hat targeting the seizure onset zone and leaving a
unctional hippocampus intact may not only be effi-
acious but may also improve cognitive performance.
n the case presented, the patient was highly depen-
ent on unimpaired cognitive functioning and was
ot willing to take any risk associated with removal
f a presumably normal functioning hippocampus. In

he end, the epileptogenic zone was not completely
emoved during the limited resection, nevertheless,
ith the introduction of a second antiepileptic drug,

he patient has now been rendered seizure-free for
ore than two years, and according to his unimpaired

ognitive functioning, he is able to meet the demands
f an international management position in his
ompany. Consistent with the report of Fauser et al.
2008), the brief duration of epilepsy was likely to have
ffered good seizure outcome.
elective approaches to TLE have been reported in
ecent case series. Takaya et al. (2009) described the
ffects of subtemporal SAH (selective amygdalohip-
ocampectomy) in cognition and cerebral metabolism
y means of FDG-PET in MTLE patients. A postop-
rative improvement was observed in delayed recall
nd attention/concentration scores, regardless of the
esected side. PET analysis suggested that the selec-
ive subtemporal resection improved cerebral glucose

etabolism in areas receiving projections from the
ffected mesial temporal lobe. These results would
upport the notion that cognitive improvement might
esult from seizure control and minimised postopera-
ive functional impairment (Takaya et al., 2009). Kanner
t al. (1995) reported 24 patients with anterotemporal
eizure focus, referred for tailored anterior temporal
obectomy. In this series, the extent of resection was
ailored by intraoperative electrocorticographic find-
ngs and functional mapping of eloquent cortex. In six
atients, the amygdala and hippocampus were spared,
ine patients had partial to total resection of the amyg-
ala, eight patients had resection of the amygdala and
nterior third of the hippocampus and one patient
nderwent resection of the amygdalum and anterior

wo thirds of the hippocampus. Complete or almost
omplete seizure relief (Engel class I) was achieved in
1 of the 24 patients; three patients had rare persis-
ing seizures (Engel class II). These results suggested
88

hat sparing or limiting resection of the mesial tempo-
al structures in appropriately selected patients with
nterotemporal seizure focus is not necessarily asso-
iated with a poor seizure outcome, provided that the
ecision not to resect the hippocampus is based on an
bsence of epileptiform activity during intraoperative

m
l
(
o
s
i

lectrocorticography or extraoperative recordings
sing intracranial electrodes (Kanner et al., 1995).
atients with epilepsy secondary to temporo-apical
esions visible on MRI may also benefit from highly
elective approaches. Elsharkawy et al. (2011) reported
elated findings in a series of 61 patients with lesions in
he apex of the temporal lobe and normal hippocampal
spect on MRI as well as intact memory function. These
ubjects underwent apical temporal resection, sparing
he mesial temporal structures and contributed to the
0.9% of cases of Engel Class 1 at two years of follow-up.
emory outcome was favourable in most of patients
hile worsening was observed in only two patients

3.2%) (Elsharkawy et al., 2011).
egarding lateralisation of cognitive functions, most
uthors describe patients with right-sided MTLE to
how frequently impaired visuospatial memory perfor-
ance (Fauser and Schulze-Bonhage, 2006; Giovagnoli

t al., 1995; Ladavas et al., 1979; Majdan et al.,
996), caused by the underlying structural damage
nd epilepsy or after resection of the hippocam-
us. Glikmann-Johnston et al. (2008) reported on a
eries of TLE patients in which an extended assess-
ent of spatial memory and hippocampal volumetry
as performed. This analysis revealed that visu-
spatial memory impairment was neither dependent
n the side of resection in ATL patients (anterior

emporal lobectomy) nor on the side of hippocam-
al atrophy in unilateral non-operated TLE patients

Glikmann-Johnston et al., 2008). In order to explore
he relationship between visuospatial memory and
ippocampal metabolism, PET scans were performed

n healthy participants during navigation-related
asks. As result, bilateral hippocampal activation was
bserved. Predominance at the right hippocampus
as only detected by accurate navigation (Maguire
t al., 1998). These findings suggest that visuospa-
ial memory may relate to the integrity of both
emporal lobe structures and the concept of task speci-
city could represent a useful description of patterns
f lateralisation of visuospatial memory (Glikmann-

ohnston et al., 2008; Saling, 2009).
n our case there was no impairment of visuospa-
ial memory prior to or after surgery which suggests
unctional hippocampal integrity. An extensive litera-
ure review of clinical aspects after epilepsy surgery
evealed an average rate of verbal memory decline
n TLE patients of 44% for those operated on the left
ide versus 20% operated on the right side. For visual
Epileptic Disord, Vol. 13, No. 3, September 2011

emory, the risk of loss was similar for both right and
eft temporal resections (23% and 21%, respectively)
Sherman et al., 2011). Even if the risk of visual mem-
ry loss is lower than that for verbal memory, super-
elective approaches may further decrease the risk of
mpairment. Postsurgical maintenance of hippocampal
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unctional integrity of our patient was evident from
europsychological assessment three months after
urgery, which revealed a stable general cognitive per-
ormance as well as an improvement of attention and
isual planning. This postoperative functional recovery
ay have been promoted by a reduction of interic-

al spiking and complex partial seizures during the
aytime. The standardised neuropsychological follow-
p was relatively short, however, at two years after
urgery the patient did not report any deterioration
n declarative memory functions and was successful in
is professional life. Our patient had normal functional
emory and a hippocampus with normal appearance;

his patient group has only recently been shown to be
t particular risk of memory decline following resec-
ion of the hippocampus (Helmstaedter et al., 2011).
urrent evidence supports the utility of highly selec-

ive surgical approaches in specific patients, aiming at
he prevention of progressive cognitive deterioration
ue to poor seizure control. In contrast, total resec-

ion of the temporal lobe including the hippocampus
ay be associated with a higher risk of memory

ecline (Clusmann et al., 2002) and larger neocortical
esections may correlate with cognitive impairment,
hich has been shown, at least, on the language
ominant side (Alpherts et al., 2008). Material-specific
emory aspects after transsylvian SAH were com-

ared to those after temporal pole resection with
mygdalohippocampectomy (TPR+). Figural memory
utcome was worse after right-sided surgery, mainly
hen the temporal pole was included (TPR+). Atten-

ion improved, independent of side or type of surgery,
nd language functions showed some improvement
fter right-sided surgery (Helmstaedter et al., 2008).
his further points to the positive role of super-
elective surgical approaches; preservation of mem-
ry in our patient suggests that hippocampal sparing
ad a positive effect, whereas resection of the pole
nd amygdala alone may be well tolerated. In addition
o the preservation of functional tissue, the effect on
etworks (Frings et al., 2009), including the contralat-
ral temporal lobe, may contribute to postoperative

mprovement in cognition. Spectroscopic investiga-
ions may demonstrate these effects (Vermathen et al.,
002).
ith the goal to use minimally invasive surgical
odalities, several authors have performed stereo-

actic lesioning of limbic targets and in particular,
he amygdala, as treatment for TLE. Reviewing the
pileptic Disord, Vol. 13, No. 3, September 2011

iterature, Ojemann and Ward (1975) and Ravagnati
1987) concluded that overall results of stereotac-
ic approaches were inferior compared to resective
urgery. Regarding the treatment of TLE due to amyg-
alar epilepsy, only limited data on long-term efficacy
f amygdalotomy are available (Hood et al., 1983;
arabayashi and Mizutani, 1970; Narabayashi, 1976;
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avagnati, 1987; Siegfried and Wieser, 1988). Research
s ongoing to define the number of patients who are
ompletely “cured” (i.e. seizure-free for several years
ithout taking antiepileptic drugs [AEDs]) by epilepsy

urgery versus a switch to pharmacoresponsiveness. In
he study of Schmidt et al. (2004), following temporal
obe surgery, approximately one in four adult patients
ere reported to become seizure-free for five years
ithout AEDs. However, as 55% of patients preferred
ot to discontinue their medication despite seizure

reedom, it is impossible to know if they were cured.
t is possible that more selective approaches may
e associated with a higher dependency of phar-
acotherapy, as well as later relapse. Wieser (2000)

eported the case of a patient with amygdalar epilepsy
ho was referred for stereotactic amygdalotomy. After
seizure-free outcome of 11 years, he required

elective amygdalohippocampectomy due to recur-
ent seizures. Therefore, the long-term outcome of
ur patient concerning his seizures as well as memory

unctions should be observed. However, even consid-
ring these risks, particular aspects, such as the high
ognitive demand necessary for the patient’s profes-
ional position reported here, may turn the balance in
avour of a limited resection which has allowed him to
dvance in his career in the years following epilepsy
urgery.
pileptic foci can be very limited (Fauser and Schulze-
onhage, 2004) and even electrode impalement
an have a curative effect (Schulze-Bonhage et al.,
010). Thus, additional options of even more focused
pproaches may be chosen for appropriate patients.
onstant advances in the methodology available for
resurgical investigation allow for a more refined iden-

ification of targets for epilepsy surgery. Further studies
ith longer follow-up are required to define the role
f superselective approaches in patients with a very

ocalised epileptogenic zone. �
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