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Temporal lobe epilepsy (TLE) is the most common 
form of focal epilepsy, accounting for the vast ma-
jority of partial seizures.30,32 Most patients with TLE 

will improve after a temporal lobectomy, and 58% will be 
free of disabling seizures postoperatively.31,37 However, 
even after complete removal of the anterior temporal lobe 
and mesial structures, a significant number of patients will 
experience seizures again,6,17,31,32,37 which raises the pos-
sibility that in some cases of TLE the epileptogenic zone 
may be distributed across a wider region than the tempo-
ral lobe or may lie outside the temporal lobe altogether. 

A number of anatomically deep and semiologically silent 
areas can produce seizures clinically and electrophysi-
ologically indistinguishable from mesial TLE, including 
the temporal pole,10 orbitofrontal cortex,19,34 insula,17,19 
posterior cingulate gyrus,2,12 and temporoparietooccipital 
area.29 The distinction is important because resection of 
only the mesial temporal structures in these patients will 
not control the epileptic seizures.

Most cases of TLE are associated with evidence of me-
sial temporal sclerosis on MRI, and epilepsy surgery for 
TLE in the absence of MRI abnormalities has been shown 

abbreviatioNs EEG = electroencephalography; SEEG = stereoelectroencephalography; TLE = temporal lobe epilepsy.
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obJect Temporal lobe epilepsy (TLE) in the absence of MRI abnormalities and memory deficits is often presumed to 
have an extramesial or even extratemporal source. In this paper the authors report the results of a comprehensive ste-
reoelectroencephalography (SEEG) analysis in patients with TLE with normal MRI images and memory scores. 
methods Eighteen patients with medically refractory epilepsy who also had unremarkable MR images and normal 
verbal and visual memory scores on neuropsychological testing were included in the study. All patients had seizure 
semiology and video electroencephalography (EEG) findings suggestive of TLE. A standardized SEEG investigation was 
performed for each patient with electrodes implanted into the mesial and lateral temporal lobe, temporal tip, posterior 
temporal neocortex, orbitomesiobasal frontal lobe, posterior cingulate gyrus, and insula. This information was used to 
plan subsequent surgical management. 
results Interictal SEEG abnormalities were observed in the mesial temporal structures in 17 patients (94%) and in 
the temporal tip in 6 (33%). Seizure onset was exclusively from mesial structures in 13 (72%), exclusively from lateral 
temporal cortex and/or temporal tip structures in 2 (11%), and independently from mesial and neocortical foci in 3 (17%). 
No seizure activity was observed arising from any extratemporal location. All patients underwent surgical intervention 
targeting the temporal lobe and tailored to the SEEG findings, and all experienced significant improvement in seizure 
frequency with a postoperative follow-up observation period of at least 1 year. 
coNclusioNs This study demonstrates 3 important findings: 1) normal memory does not preclude mesial temporal 
seizure onset; 2) onset of seizures exclusively from mesial temporal structures without early neocortical involvement is 
common, even in the absence of memory deficits; and 3) extratemporal seizure onset is rare when video EEG and semi-
ology are consistent with focal TLE.
http://thejns.org/doi/abs/10.3171/2015.1.JNS141811
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to be associated with a significantly lower rate of seizure 
freedom.6–8,11,15,21,23,32,35 In addition, memory loss is often 
present in TLE, and material-specific memory deficits are 
highly specific to indicate laterality of TLE.4,9 Therefore, 
it might be expected that the absence of MRI abnormali-
ties and memory deficits would suggest an extramesial or 
extratemporal source of the seizures, even when the ictal 
semiology and the video electroencephalography (EEG) 
results are typical of TLE. The purpose of this study is to 
examine stereoelectroencephalography (SEEG) localiza-
tion of ictal activity and surgical outcome after temporal 
lobe surgery among a homogeneous group of patients with 
normal MRI, normal memory and semiology, and EEG 
typical for TLE.

methods
patient population

Consecutive patients undergoing implantation of SEEG 
electrodes into the temporal lobe for evaluation of medi-
cally intractable epilepsy were identified from a prospec-
tively maintained clinical database. Each patient had un-
dergone extensive preoperative testing, including video 
EEG and comprehensive neuropsychological testing, and 
was discussed at a multidisciplinary conference of epilep-
tologists, neurosurgeons, and neuropsychologists. Patients 
with seizure semiology or video EEG findings inconsis-
tent with TLE were excluded.

Neuropsychological testing
All patients underwent comprehensive neuropsycho-

logical testing prior to implantation of depth electrodes. 
Verbal memory and visual-spatial memory were assessed 
using the Wechsler Memory Scale–Third Edition,36 Audi-
tory Delayed Memory Index (verbal memory), and Visual 
Delayed Memory Index (visual-spatial memory). Patients 
were excluded if scores on either test were greater than 1 
standard deviation lower than the mean.

imaging protocol
MRI studies were obtained using a 3-T MRI machine 

(Siemens) and included 3D T1-weighted postgadolinium 
(number of slices 160, flip angle 9°, slice thickness 1 mm, 
pixel size 0.67 × 0.67, TR 1600 msec, and TE 3.05 msec) 
and 3D T2-weighted FLAIR (number of slices 160, flip 
angle 120°, slice thickness 1 mm, pixel size 0.5 × 0.5, TR 
6000 msec, and TE 356 msec). All images were reviewed 
by a neuroradiologist who was blinded to the expected lo-
cation of epilepsy onset. Patients were excluded if there 
was any evidence of mesial temporal sclerosis or other 
pathological findings within the mesial temporal lobe.

surgical technique
Depth electrodes (Integra Life Sciences) were implant-

ed stereotactically using a Leksell frame and a volumetric 
CT scan fused to preoperative MRI. Each electrode con-
sisted of 12 platinum-iridium cylinders measuring 1.1 mm 
in diameter and 2.3 mm in length, evenly spaced at 5-mm 
intervals. Trajectories were planned using the iPlan work-
station (BrainLAB, Inc.). All patients underwent electrode 

implantation into the following structures via a lateral or 
parasagittal approach: 1) amygdala, 2) head of hippocam-
pus, 3) body of hippocampus, 4) orbitofrontal cortex, 5) 
posterior temporal lobe, 6) anterior insula, 7) posterior in-
sula, and 8) posterior cingulated cortex (retrosplenial area; 
Fig. 1). Electrodes were implanted under general anesthe-
sia using stab incisions and a 2.1-mm twist drill to make 
a small bur hole. Intraoperative fluoroscopy was used to 
verify accuracy of electrode placement, and a volumetric 
CT scan was subsequently obtained to verify electrode lo-
cation by coregistration with presurgical volumetric MRI.

seeg analysis, surgery, and outcome
All SEEG channels were recorded for offline analysis. 

Signals were amplified, filtered (0.1–1000 Hz), and record-
ed digitally with a sampling frequency of 1 kHz. Results 
of the SEEG study were analyzed offline by an experi-
enced epileptologist (H.L.) and correlated with video evi-
dence of seizures to determine ictal and interictal activity. 
Monitoring occurred in the epilepsy monitoring unit for 
7 to 14 days to establish the precise location of seizure 
onset, and decisions about subsequent surgical treatment 
were made based on the data. All patients were closely 
followed for at least 12 months postoperatively. The study 

Fig. 1. Montage of electrodes implanted into the mesial and lateral tem-
poral lobe, temporal tip, posterior temporal neocortex, orbitomesiobasal 
frontal lobe, posterior cingulate gyrus, and insula.
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was reviewed and approved by the Institutional Review 
Board of University Hospitals Case Medical Center.

results
demographic characteristics

Eighteen patients with MRI-negative nonlesional TLE 
and normal memory function who underwent depth elec-
trode implantation were included in the study (Table 1). 
Ten patients were male and 8 were female, ranging in age 
from 23 to 56 years old (mean age 37.0 years) at the time 
of surgery. The average age of seizure onset was 19.4 years 
(range 0–45 years) and the average duration of epilepsy 
was 17.6 years (range 3–34 years). The average score on 
delayed verbal memory was 101.9 (range 92–117) and on 
delayed visual memory was 105.7 (range 85–132). Seizure 
frequency while on antiepileptic medications at the time 
of surgical evaluation ranged from 0.5 to 30 seizures per 
month (mean 5.4 seizures per month).

seizure semiology and eeg
All patients had semiology typical of TLE. Four pa-

tients had no aura prior to their ictal event, 9 patients had 
psychic auras, and 4 had abdominal auras. Fourteen pa-
tients (78%) had dialeptic seizures, and 13 (72%) had au-
tomotor seizures (oral and/or hand automatisms; Table 2). 
All patients had evidence of unilateral interictal and ictal 
abnormalities arising from the temporal lobe, 11 from the 
dominant side, and 7 from the nondominant side. Thirteen 
patients underwent implantation of sphenoidal electrodes, 
which confirmed likely TLE.

seeg Findings and surgical outcome
All but 1 patient (Case 13; 94%) had mesial temporal 

seizure onset during ictal events on SEEG (Table 3). Four 
patients (Cases 4, 8, 9, and 14; 22%) had concurrent mesial 
and neocortical (temporopolar) ictal activity, 3 of whom 
also had mesial and neocortical interictal activity, while 1 
had only mesial interictal activity. Thirteen patients (Cas-
es 1–3, 5–7, 10, 12, 13, and 15–18; 72%) had exclusively 
mesial ictal activity, 4 of whom (Cases 1–3, 6) also had 
exclusively mesial interictal spikes, 8 (Cases 5, 7, 10, 12, 
15–18) had both mesial and neocortical interictal spikes, 
and 1 (Case 13) had only neocortical interictal spikes. One 
patient (Case 11; 6%) had exclusively neocortical ictal ac-
tivity but had both mesial and neocortical interictal spikes. 
None of the patients had extratemporal ictal or interictal 
abnormalities.

Seventeen (94%) of the 18 patients underwent subse-
quent surgery to treat their temporal lobe seizures, either 
anterior temporal lobectomy or multiple hippocampal 
transections with or without resection of the lateral tem-
poral cortex. The decision about whether to resect the lat-
eral temporal cortex was dictated by the SEEG findings, 
and the decision as to whether to resect or transect the 
hippocampus was made based on whether the epilepto-
genic zone was on the dominant or nondominant side. All 
patients experienced improvement in seizure frequency 
at 12 months postoperatively, with 13 patients (76%) in 
Engel Class I, 2 patients (12%) in Engel Class II, and 2 pa-
tients (12%) in Engel Class III. During the hippocampal 
transection operation, 3 patients were observed to have 
complete cessation of hippocampal spikes following re-

table 1. patient demographics, results of preoperative video eeg evaluation, and results of memory testing

Case No. Handedness
Age of  

Onset (yrs)
Age at  

Surgery (yrs)
Side of Epilepsy  
on Video EEG

Delayed Verbal 
Memory Score*

Delayed Visual 
Memory Score*

1 Rt 26 31 Lt 105 111
2 Rt 45 56 Lt 102 115
3 Rt 14 23 Lt 108 103
4 Rt 21 24 Lt 117 132
5 Rt 8 42 Rt 92 106
6 Rt 13 44 Rt 114 112
7 Rt 21 28 Rt 99 94
8 Lt 17 46 Lt 99 115
9 Rt 19 44 Lt 94 109
10 Rt 30 54 Rt 94 97
11 Rt 15 32 Lt 102 106
12 Rt 0 26 Lt 94 89
13 Rt 20 23 Lt 102 112
14 Lt 9 41 Lt 111 88
15 Rt 30 36 Lt 108 112
16 Rt 2 26 Lt 97 97
17 Rt 25 35 Rt 104 120
18 Rt 34 55 Lt 92 85

Mean± SD 19.4 ± 2.7 37.0 ± 2.6 101.9 ± 1.8 105.7 ± 2.9

*  Memory scores are normalized to average = 100, standard deviation = 15.
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section of the temporal neocortex and amygdala, so the 
hippocampus was left intact. All 3 of these patients were 
Engel Class I.

discussion
The central finding of our study is that extension of the 

epileptogenic zone outside the temporal lobe is very infre-
quent in patients whose presurgical evaluation (EEG and 
semiology) is typical for TLE and who have normal mem-
ory and MRI findings. In this study, we examined a homo-
geneous population with normal MR images and memory 
scores. We also performed a consistent SEEG montage 

with electrode implantation into a set of targets that in 
previous reports has been shown to produce epilepsy that 
may falsely be localized to the temporal lobe.2,10,12,17,19,29,34 
While early spread of epileptic activity into distant areas 
often occurs, we found that interictal and early ictal activi-
ty is rarely noted outside of the mesial temporal structures 
and adjacent temporal tip. These findings reinforce the 
concept that semiology and EEG are highly relevant for 
identification of the epileptogenic zone. In addition, our 
results provide evidence that normally functioning tissue 
(in this case, tissue in patients with normal memory scores 
and no visible hippocampal lesion on MRI) is frequently 
capable of producing epilepsy.

table 2. seizure semiology

Case  
No.

Seizure  
Frequency 
(per month)

Aura:  
Psychic

Aura:  
Abdominal Aura: Other Dialepsis

Oral  
Automatisms Other*

1 4 Yes No Warm tingling all over the body Yes Yes Stirring motion of the rt hand
2 2 No Yes Nausea Yes No Crying, trembling, sialorrhea
3 1 Yes No Numbness of whole body Yes Yes Stuttering, rt hand fiddling followed 

by dystonic posturing, rt version, 
occasional incontinence

4 1 Yes Yes Rapid thoughts No No Hypnopompic, ictal scream, rt 
version, waving movement of rt 
hand, anomic aphasia postictally

5 2 No No Abnormal sensation in head, 
gustatory aura

Yes Yes Fumbling of both hands, lt version

6 0.5 No No None No Yes Hypnopompic, high amplitude arm 
flailing, paradoxical rt clinic/sign-
of-4 (lt arm extension), nonsensi-
cal words

7 0.5 Yes No Lightheadedness, facial flush-
ing

Yes Yes Lt version, sign-of-4 (rt arm exten-
sion)

8 1 Yes No Headache Yes Yes Mouth clenching, rt version, clonic 
movements of upper & lower 
extremities, sialorrhea

9 10 No Yes Yes Yes Fiddling movements of hands
10 30 Yes Yes Yes No Rubbing of fingers on lt hand, 

slurred speech, lt version
11 1 Yes No Sounds “echo” Yes No Grunting, occasional urinary inconti-

nence & tongue biting
12 2 No No Headache Yes Yes
13 10 Yes No “Out of body” experience Yes Yes Rt version, rt facial clonus
14 1 No No Sensation of movement, dia-

phoresis, feeling of heat
Yes Yes Rhythmical movement of feet, 

postictal aphasia
15 0.5 No No None No No Hypnopompic, body convulsions, 

occasional tongue biting
16 1 No No None No Yes Sialorrhea, lt version, proximal 

asymmetric clonus
17 4 Yes No Nausea, olfactory, & gustatory 

aura
Yes Yes

18 6 No No None Yes Yes Rt M2e sign, right figure of 4, rt arm 
clonic seizure, paradoxical lt 
clonic seizure

*  Right/left version = side of head turning.
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Accurate localization of the epileptogenic zone is es-
sential for good surgical outcome because a temporal lo-
bectomy is not helpful if the epileptogenic zone is exten-
sive or extratemporal.1,17,29 Localization of epilepsy in TLE 
may have important implications for prognosis as well, be-
cause certain types of “temporal plus” epilepsy (e.g., insu-
lar epilepsy) may be associated with a higher incidence of 
major complications such as sudden death in epilepsy.28,29 
The etiology of temporal plus epilepsy may be related to 
progressive recruitment of tissue within the functional 
network associated with the epileptic tissue, with seizure 
activity within the mesial structures acting either as cause 
or effect in a more diffuse epilepsy syndrome.3,13,24,26

Noninvasive localization of the epileptogenic zone can 
usually be accomplished by examining semiology, EEG, 
imaging, and the chronic effect of seizures on eloquent 
areas.27 However, when semiology, MRI, EEG, and neuro-
psychological tests are contradictory, intracranial record-
ings are often indicated to determine the epileptogenic 
zone. There are isolated reports in the literature of epilep-
sy arising from outside the mesial temporal lobe even in 
the presence of obvious mesial temporal sclerosis.10,13,14,25

A number of studies have analyzed clinical charac-
teristics and seizure outcome after temporal lobectomy 
in patients with MRI-negative TLE, although most of 
these have included patients with heterogeneous semiol-
ogy, EEG, and memory scores.6–8,11,15,21,23,32,35 In general, 
these investigations have documented inferior results af-
ter temporal lobectomy compared with mesial temporal 

sclerosis. Studies using intracranial recordings have dem-
onstrated that the epileptogenic zone can lie exclusively 
within the mesial temporal lobe even when MRI results 
are completely normal.9,20,21 However, neocortical tempo-
ral epilepsy, usually associated with highly epileptogenic 
foci of cortical dysplasia, is somewhat more common in 
this population than in patients with mesial temporal scle-
rosis.13,14,16,21,22 Extratemporal onset in MRI-negative TLE 
is rare but has been documented.12,17 In either case, there 
are a relatively small number of anatomical structures that 
have been identified as commonly associated with TLE, 
and these are the targets we chose for SEEG.

The value of memory tests on neuropsychological 
evaluation for localization of seizure onset is controver-
sial. Because the mesial temporal structures are involved 
in memory processes, memory deficits are often observed 
in TLE, and the degree of memory loss tends to be pro-
portional to the severity of the mesial temporal sclerosis.5 
Memory is often tested prior to temporal lobectomy to 
determine the risk of surgery,33 but the localizing or lat-
eralizing value of memory loss is less clear, particularly 
for nonverbal memory.4,18 Material-specific deficits are in-
frequently encountered in TLE but, when they are noted, 
they tend to be specific for lateralization.9 However, about 
half of patients with TLE will have intact memory on 
neuropsychological testing, equally distributed between 
dominant and nondominant TLE.9 We have confirmed 
that normal memory does not rule out temporal onset in 
MRI-negative TLE. On the contrary, mesial temporal sei-

table 3. results of seeg evaluation, operation performed, and 12-month postsurgical outcome

Case  
No.

Interictal Spiking Ictal Spiking
Operation  
Performed

Mesial  
Pathological  
Findings

Neocortical  
Pathological  
Findings

Postop  
Outcome 

(Engle Class)Mesial Temporopolar Mesial Temporopolar

1 Yes No Yes No MHT NA NA IIIA
2 Yes No Yes No MHT NA NA IC
3 Yes No Yes No MHT+ NA No abnormality IA
4 Yes Yes Yes Yes Cortical resection* NA Type IA CD IB
5 Yes Yes Yes No ATL No abnormality Type IA CD IA
6 Yes No Yes No ATL No abnormality Type IA CD IA
7 Yes Yes Yes No MHT NA NA IIA
8 Yes Yes Yes Yes MHT+ NA No abnormality IIIA
9 Yes Yes Yes Yes MHT+ NA Type IA CD IA
10 Yes Yes Yes No ATL No abnormality Type IA CD IIA
11 Yes Yes No Yes Cortical resection NA Type IA CD ID
12 Yes Yes Yes No MHT+ NA Type IA CD IB
13 No Yes Yes No MHT+ NA Type IIA CD IA
14 Yes No Yes Yes Cortical resection* NA No abnormality IA
15 Yes Yes Yes No No surgery NA NA NA
16 Yes Yes Yes No MHT+ NA No abnormality IA
17 Yes Yes Yes No MHT+ NA No abnormality IA
18 Yes Yes Yes No Cortical resection* NA Type IA CD IA

CD = cortical dysplasia; MHT = multiple hippocampal transaction with preservation of amygdala and neocortex; MHT+ = multiple hippocampal transection with resection 
of the amygdala and neocortex; NA = not applicable. 
*  Three patients were noted to have complete cessation of hippocampal spikes after resection of the temporal neocortex and amygdala, so the hippocampus was left 
intact.
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zure onset was documented in the vast majority of these 
patients. Mesial temporal onset of seizures with normal 
memory and onset from mesial temporal sources without 
extratemporal onset have both been described before, but 
to our knowledge this is the first study to examine a popu-
lation with normal memory and imaging results using a 
stereotypical montage of electrodes implanted into tempo-
ral and extratemporal structures that might be involved in 
the epileptogenic zone.

Our study has important limitations. We investigated 
only 18 patients, which is a relatively small number com-
pared with other studies of TLE; a larger cohort might have 
identified more cases of extratemporal onset. Although the 
patient population was highly homogeneous upon presen-
tation and the SEEG evaluation was identical across all 
patients, patients were treated differently based on SEEG 
results. Although seizure outcome was good in all cases, 
there are too few patients in this study to draw any conclu-
sions regarding how the decision about which operation 
to perform might have affected clinical outcome. Also, 
although we do not have detailed postoperative neuropsy-
chological outcome data on this population, postoperative 
memory loss is a major concern after a surgical approach 
to normal hippocampi with normal memory, which is why 
we decided to perform multiple hippocampal transections 
rather than resection when operating on the dominant side. 
Finally, we cannot rule out the possibility that extratempo-
ral epilepsy might have arisen from an area outside of the 
region where our electrodes were placed, although it is un-
likely considering that all patients did improve when only 
the temporal lobe was addressed, which is not generally 
observed in temporal plus epilepsy syndromes.29

conclusions
Seizures usually arise from the mesial temporal lobe 

when seizure semiology and EEG suggest TLE and there 
are no MRI or memory abnormalities. In this context, ex-
tension of the epileptogenic zone or triggering of temporal 
lobe seizures from outside the temporal lobe is rare. In 
addition, normal memory does not preclude seizure onset 
exclusively within the mesial temporal structures with no 
contribution from extratemporal sources.
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