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Temporal lobe epilepsy (TLE) is the most common 
type of surgically remediable intractable epilepsy in 
adults. Of the appropriately selected patients with 

medically intractable TLE who undergo cortico-amygda-
lohippocampectomy (CAH), 60%–80% demonstrate long-
term seizure freedom and up to 95% have improvement in 
seizure control.16,23,34 In a significant proportion of patients 
with TLE, seizures arise from the mesial temporal lobe, 
which is associated with a syndrome defined as mesial 
temporal lobe epilepsy (MTLE). This syndrome is typi-
fied by neuroimaging findings of mesial temporal sclerosis 
(MTS), a characteristic clinical semiology, neuropsycho-

logical evidence of mesial temporal dysfunction, and an-
terior and mid-inferomedial temporal ictal and interictal 
discharges on scalp electroencephalography (EEG).9,25 Pa-
tients with findings characteristic of MTLE may be candi-
dates for more selective mesial temporal resections such as 
selective amygdalohippocampectomy (SAH) or the more 
recent laser interstitial thermal therapy (LITT).11,15,19,35 No-
tably, the indications to undergo CAH or a more selective 
mesial approach such as SAH or LITT vary widely among 
epilepsy surgery centers. Furthermore, while there is clear 
evidence that mesial resection is effective for achiev-
ing seizure freedom in appropriately selected patients,3,32 
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OBJECTIVE A convergence of clinical research suggests that the temporal pole (TP) plays an important and potentially 
underappreciated role in the genesis and propagation of seizures in temporal lobe epilepsy (TLE). Understanding its role 
is becoming increasingly important because selective resections for medically intractable TLE spare temporopolar cortex 
(TPC). The purpose of this study was to characterize the role of the TPC in TLE after using dense electrocorticography 
(ECoG) recordings in patients undergoing invasive monitoring for medically intractable TLE.
METHODS Chronic ECoG recordings were obtained in 10 consecutive patients by using an array customized to provide 
dense coverage of the TP as part of invasive monitoring to localize the epileptogenic zone. All patients would eventually 
undergo cortico-amygdalohippocampectomy. A retrospective review of the patient clinical records including ECoG re-
cordings, neuroimaging studies, neuropathology reports, and clinical outcomes was performed.
RESULTS In 7 patients (70%), the TP was involved at seizure onset; in 7 patients (70%), there were interictal discharges 
from the TP; and in 1 case, there was early spread to the TP. Seizure onset in the TP did not necessarily correlate with 
preoperative neuroimaging abnormalities of the TP.
CONCLUSIONS These data demonstrate that TPC commonly plays a crucial role in temporal lobe seizure networks. 
Seizure onset from the TP would not have been predicted based on available neuroimaging data or interictal discharges. 
These findings illustrate the importance of thoroughly considering the role of the TP prior to resective surgery for TLE, 
particularly when selective mesial resection is being considered.
https://thejns.org/doi/abs/10.3171/2017.3.JNS162821
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some studies suggest lower seizure freedom after selective 
mesial resection, particularly after LITT.23,35 Patients with 
incomplete improvement after selective mesial resection 
or ablation probably have extrahippocampal seizure gen-
esis sites. Understanding which patients have extrahippo-
campal seizure genesis is key to determining the correct 
resection strategy for patients with TLE.

The temporal pole (TP) has been proposed as an im-
portant site of seizure genesis within temporal lobe sei-
zure networks.9,21 Intracerebral studies with concurrent 
recording of the hippocampus and TP suggest that the TP 
becomes involved in seizures either concurrent with or be-
fore the hippocampus in approximately 50% of patients.9 
However, exactly what role the temporopolar cortex (TPC) 
plays in temporal lobe seizure networks and TLE remains 
poorly understood. One barrier to understanding the role 
of the TP in seizure networks is the tendency of many 
investigators to place relatively few electrodes on the TP 
during intracranial recording studies used to localize sei-
zures.2 Standard electrocorticography (ECoG) implanta-
tion strategies typically include an anteromedial strip elec-
trode12 or temporopolar strip electrodes, which both leave 
much of the TP uncovered. Alternatively, groups using 
stereo-EEG (SEEG) may place only one depth electrode 
in the TP.9 With any of these intracranial recording strate-
gies, coverage of the TP is relatively sparse, and it is pos-
sible that ictal onset in the TP could be missed.

Given the relative lack of information on the role of 
the TP in TLE, the purpose of this study was to examine 
the role of the TPC in temporal lobe seizure networks. 
We hypothesized, based on previous studies,9 that the TP 
would be involved in seizure onset regardless of whether 

the neuroimaging data had supported a role for the TP. To 
test our hypothesis, we reviewed recordings that had been 
obtained with an electrode array specialized to provide 
high-density recordings of the TP in 10 consecutive pa-
tients who ultimately underwent CAH.2

Methods
Patients and Preoperative Evaluation

Ten consecutive patients who had undergone CAH af-
ter dense intracranial recording of the anterior temporal 
lobe (ATL) were included in this study (Table 1). Each 
subject had been shown to have medically intractable epi-
lepsy following multiple medication trials and thus was 
a candidate for surgical evaluation. To maintain the most 
homogeneous study population possible, each patient had 
the following characteristics: 1) seizures of temporal lobe 
origin, although the epileptogenic zone could not be sat-
isfactorily estimated using noninvasive methods, 2) dense 
ATL recording with either a specialized ATL recording 
array (see below) or 2 dedicated ATL strip electrodes in 
addition to a standard anteromedial strip electrode,12 and 
3) ultimately underwent CAH. Thus, patients with spatial-
ly sparse ATL recording limited to a standard anterome-
dial strip electrode or patients who had undergone lesion-
ectomy without CAH were not included.

The study group consisted of 9 men and 1 woman, with 
a mean age of 34.7 years (range 21–51 years). Epilepsy 
was lateralized to the left hemisphere in 6 patients and the 
right hemisphere in the other 4. Age at onset ranged from 
1 to 35 years. Two patients (Cases 2 and 5) had a history 
of febrile seizures.

TABLE 1. Clinical characteristics, surgery, and seizure outcome

Case 
No./

Group Sex
Age 
(yrs)

Febrile 
Szs

Age at 
Epilepsy 

Onset 
(yrs)

Epilepsy 
Laterality

Surgical 
Intervention Aura

Scalp  
EEG  
IEDs*

Scalp EEG  
Seizure Pattern†

Postop 
Engel 

Outcome 
Class

FU 
(mos) 

1–A M 21 No 16 Rt Rt CAH Deja vu F8 = T4 Several F8 maximal sharp 
waves, then rt fronto-cen-
tro-temporal theta/delta

I 2

2–A M 29 Yes 18 Lt Lt CAH Rt foot tingling T3 or SP1 SP1 sharp waves & delta I 40
3–A F 50 No 1 Lt Lt CAH + le-

sionectomy
None F8 = T4 Artifact obscured II 21

4–A M 31 No 23 Rt Rt CAH Nausea, hear-
ing things

F8 or T4 Rt lateralized or regional 
temporal delta

II 43

5–A M 26 Yes 21 Rt Rt CAH + OF 
resection

Dizzy FP2 > F8 Artifact obscured III 8

6–A M 31 No 24 Lt Lt CAH Smell, warmth, 
tingling

T3 Lt lateralized polyfrequency I 46

7–A M 47 No 35 Lt Lt CAH Abdominal F7 > T3 Lt regional temporal theta I 27
8–B M 26 No 21 Rt Rt CAH Present but not 

described
T6 T6 & right fronto-temporal 

alpha
II 57

9–B M 35 No 33 Lt Lt CAH Abdominal T3 > T5 (& SP1) Lt regional temporal theta I 32
10–B M 51 No 33 Lt Lt CAH None T3 (& SP1) Lt regional temporal theta I 38

FU = follow-up; OF = orbitofrontal; SP = sphenoidal electrode; Sz = seizure.
* The = symbol indicates isopotential at the 2 listed electrode sites. The > symbol indicates 2 populations of IEDs with 1 electrode site predominating. 
† The scalp EEG pattern refers to initial changes related to the seizure.
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After the determination of medically intractable dis-
ease, each subject underwent preoperative epilepsy sur-
gery workup per the University of Iowa Comprehensive 
Epilepsy Center protocol. This included 3-T MRI with 
a high-resolution epilepsy protocol, interictal FDG-PET, 
inpatient video EEG monitoring, neuropsychological ex-
amination, and, in some cases, Wada testing. The epilepto-
genic zone could not be satisfactorily estimated using non-
invasive methods in any of the subjects; therefore, further 
evaluation was performed using intracranial grid, strip, 
and depth electrodes in each subject (see below).

Ultimately, after localization of the ictal onset zone and 
estimation of the epileptogenic zone, each patient under-
went a tailored CAH. In addition to the CAH, one patient 
had a frontal lesionectomy (Case 3) and another patient 
had an orbitofrontal resection (Case 5), which were both 
deemed necessary on the basis of intracranial recordings. 
All CAHs were performed by a single surgical team (H.K. 
and M.H.). The CAH technique involved an approach 
through the middle temporal gyrus with resection of the 
hippocampus, amygdala, and parahippocampal gyrus. A 
tailored resection of the hippocampus was guided by in-
traoperative ECoG in each patient. After resection of the 
mesial structures, the ATL and TPC were disconnected in 
each case. The posterior margin of the anterior temporal 
disconnection was determined by extraoperative ECoG in 
each case.

Intracranial Electrode Implantation and Recording
Chronic intracranial recordings were performed in all 

patients to estimate the extent of the epileptogenic zone in 
the temporal lobe and to determine whether extratemporal 
brain structures were involved. Thus, intracranial record-
ings in all cases included grid, strip, and depth electrodes. 
To place electrodes, a frontotemporal craniotomy was per-
formed on the side determined by noninvasive diagnostic 
tests to contain the region of seizure onset. In each case 
electrode coverage was determined on clinical grounds 
based on findings from seizure semiology, MRI, video 
EEG, and FDG-PET. Frameless stereotaxy was used to 
place depth electrodes in all subjects, and each subject had 

at least a hippocampal and an amygdala depth electrode 
placed.

All patients in the study had dense subdural electrode 
coverage of the ATL, including the TP. Recently, we de-
veloped a specialized electrode array that provides dense 
and consistent subdural electrode coverage from the TP 
for clinical recording purposes.2 The design and implan-
tation of this array has been described elsewhere2 and is 
summarized in Fig. 1. Thus, our criterion for dense re-
cordings of the TP was implantation of a customized TP 
electrode array or placement of at least 3 strip electrodes 
covering the TP (1 standard anteromedial strip electrode 
and 2 ATL strip electrodes).

Anatomical definitions of the TP vary widely through-
out the literature.1,8,9,14 For our purposes in this study, we 
considered the TP to be that region of the ATL that is ante-
rior to the rhinal sulcus.9 We chose this definition because 
it is consistent with previous clinical studies of the electro-
physiological properties of the TP in TLE patients.

Chronic recording was performed over the course of 
1–4 weeks. The duration of monitoring was determined 
based on the time necessary to record ictal events. De-
pending on which imaging data were available for each 
patient, electrodes were localized to the brain surface us-
ing a combination of intraoperative photographs, axial CT 
images with 1-mm slices, posteroanterior and lateral skull 
radiographs, and MRI studies.

Clinical and Electrophysiological Seizure Analysis
The clinical and electrophysiological characteristics of 

each seizure were monitored with concurrent video and 
intracranial recordings. After electrode implantation, re-
cording commenced immediately and continued without 
interruption until the resection period. All intracranial re-
cording and seizure semiology data were analyzed by a 
board-certified clinical electrophysiologist and epileptolo-
gist (M.A.W.).

Each patient’s seizure network was characterized based 
on involvement of the TP. According to an analysis of mul-
tiple seizures, each patient’s seizure network was classified 
as one of the following: ictal onset involving the TP (Group 

FIG. 1. Intracranial recording from the ATL. A: Schematic of a customized 23-contact ATL electrode array. B: Intraoperative 
photograph depicting placement of the recording arrays, including the ATL array. C: Radiograph obtained in a patient implanted 
with the ATL array.
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A) or ictal onset outside the TP (Group B) in the hippo-
campus, amygdala, or other TPC. Patients with concurrent 
ictal onset in the TP and other structures (for example, the 
hippocampus) were also classified as having ictal onset in 
the TP. The time from seizure onset to the onset of TP in-
volvement was documented for characteristic seizures. To 
characterize the relationship between seizure onset in the 
TP and other temporal lobe structures (for example, hip-
pocampus, amygdala, or temporal neocortex), onsets from 
these structures were also documented.

Neuroimaging and Neuropathological Analysis
Clinical and electrophysiological data were correlated 

to available neuroimaging and neuropathological speci-
mens. Preoperative MRI was retrospectively analyzed by 
2 board- and subspecialty (certificate of added qualifica-
tion [CAQ])–certified neuroradiologists (T.M. and A.A.C.) 
who were blinded to all other clinical data (that is, semiol-
ogy, EEG, and PET). During MRI analysis, the neurora-
diologists investigated the presence of 1) ATL abnormali-
ties, 2) hippocampal sclerosis, and 3) anatomical lesions 
anywhere in the brain. Interpretation of neuropathological 
specimens was performed by 1 neuropathologist (P.K.) to 
determine the etiology of epilepsy. When appropriate, the 
International League Against Epilepsy (ILAE) classifica-
tion of cortical dysplasia was applied in the pathological 
diagnosis.5

Results
Electrophysiological Results
Seizure Onset

Electrophysiological results for all patients are summa-
rized in Table 2. For 7 of the 10 patients, the ictal activity 
of at least one clinically significant seizure type was de-
tected at onset from an electrode on the TPC. For 2 pa-
tients in Group A (Cases 3 and 5), onset was widespread 
but included the TP. An example of a seizure starting in 
the TP and the corresponding electrode localization is de-
picted in Fig. 2. The subject had extensive subdural elec-
trode coverage of the subfrontal and subtempotal cortex, 

including the ATL (Fig. 2A). The seizure started at a sin-
gle electrode on the TPC (see TP06, Fig. 2B), and seizure 
activity at this electrode did not propagate for 8 seconds. 
The seizure then spread rapidly throughout all of the TPC 
and the superior temporal sulcus. There was late propa-
gation to the amygdala, hippocampus, and orbitofrontal 
cortex (Fig. 2B).

Importantly, most Group B patients (seizure onset out-
side the TP) had evidence of hyperexcitability in the TPC, 
as evidenced by the presence of clinically silent seizure 
activity or early seizure spread to the TP. The patient in 
Case 8, for example, had clinically silent seizure activity 
arising from the TP electrodes. Each of these recordings 
lasted less than 6 seconds and was not associated with 
symptoms. This patient also had early spread of ictal ac-
tivity to the TP within 5 seconds, which occurred before 
propagation to the mesial temporal structures (amygdala 
or hippocampus).

Interictal Discharges
All temporopolar electrode sites were evaluated for 

the presence of interictal epileptiform discharges (IEDs; 
Table 2). In total, 7 of the 10 patients had IEDs from the 
TPC. For Group A, 5 (71%) of 7 patients had IEDs arising 
from the TP. In Group B, 2 (67%) of 3 patients had IEDs 
arising from the TP. Thus, the presence of IEDs localized 
to the TPC was not necessarily associated with seizure 
onset from the TP.

Neuroimaging Correlation
Both interictal FDG-PET and MRI data were reviewed 

for all patients (Table 3). Hypometabolism was observed 
in all patients who underwent interictal FDG-PET (9 of 9; 
1 patient did not have a PET study). Two neuroradiologists 
(T.M. and A.A.C.) blinded to all clinical data (including 
the presence of IEDs, ictal onset, and FDG-PET results) 
reviewed preoperative MRI studies for all patients for evi-
dence of MTS, temporopolar abnormal MRI signal, and 
anatomical lesions. Ultimately, 5 of 10 patients had evi-
dence of MTS on neuroimaging. In Group A, 3 (43%) of 7 
patients had MRI evidence of MTS; in Group B, 2 (67%) 

TABLE 2. Interictal epileptiform discharges, seizure onsets, and seizure spread patterns in 10 patients

Case No./ 
Group

TP  
IEDs

Intracranial EEG Sz Onset Intracranial EEG Sz Propagation* Subclinical  
TPTP HPC Amygdala Other Temporal Neocortex TP HPC Amygdala

1–A + + − − − NA − 10 secs NA
2–A + + − − + NA − − NA
3–A − + + + − NA NA NA NA
4–A + + − − − NA − − NA
5–A − + + − − NA NA − NA
6–A + + − − + NA − − NA
7–A + + − − + NA 10 secs 10 secs −
8–B − − − − + 5 secs − 4–10 secs +
9–B + − − + − − − NA −

10–B + − − + − − − NA −

+ = present or involved; − = not present or not involved; HPC = hippocampus; NA = not applicable.
* Listed times indicate latency to involvement in seizure.
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of 3 patients had MRI evidence of MTS. Three patients 
(Cases 5, 6, and 9) had abnormalities of the TPC appar-
ent to the neuroradiologist on MRI. Of the patients with 
discernable TP abnormalities, 2 were in Group A (2 [29%] 
of 7) and 1 was in Group B (1 [33%] of 3). Detection of 
TP abnormalities varied slightly between the neuroradi-
ologists, with an additional patient with TP abnormality 
being detected by a single neuroradiologist. Two examples 
of TP abnormalities detected on MRI are depicted in Fig. 
3. In each example, there is high FLAIR signal of TPC and 
underlying white matter.

Neuroradiologists also examined MRI for structural 

lesions. One of the neuroradiologists determined that 3 
patients had structural lesions evident on MRI: 2 (29%) 
of 7 in Group A and 1 (33%) of 3 in Group B. The oth-
er neuroradiologist determined that 6 of 10 patients had 
structural lesions evident on MRI: 5 (71%) of 7 in Group 
A and 1 (33%) of 3 in Group B. Magnetic resonance im-
aging in the patient in Case 4 demonstrated an intrinsic 
nonenhancing heterogeneously high T2 signal mass in the 
right mesial temporal lobe, consistent with a dysembryo-
plastic neuroepithelial tumor (DNT). Magnetic resonance 
imaging in Case 7 demonstrated a mesial temporal mass 
involving the hippocampus and amygdala, suggestive of 

FIG. 2. Case 1. A: Anatomical reconstruction of the ventral brain surface demonstrating the location of implanted epicortical 
electrode arrays in a representative patient. Star denotes the recording site where seizure onset was observed (TP06). B: Ex-
ample recordings from epicortical electrodes implanted over the TP and orbital gyrus (g.) and depth electrodes implanted in the 
amygdala, hippocampus, and superior temporal sulcus (STS). s = second.

TABLE 3. Summary of FDG-PET, MRI, and pathological analysis data

Case 
No./ 

Group
PET 

Hypometabolism
PET 

Laterality

MRI  
MTS

MRI TP 
Abnormalities

MRI 
Anatomical 

Lesions
Lesion Location Pathology

Pathology 
MTSNR1 NR2 NR1 NR2 NR1 NR2

1–A Yes Rt − − − − − + Rt amygdala enlargement FCD IIa No
2–A Yes Bilat − − − − − + Lt amygdala enlargement FCD Ib No
3–A Yes Lt Lt Lt − − − − NA FCD IIa No
4–A NA NA − − − − + + Rt amygdala, periamygdaloid & tempo-

ral piriform cortex, hippocampal head
DNT No

5–A Yes Rt Rt Rt Rt Rt − − NA FND Yes
6–A Yes Lt − − Lt Lt − + Lt amygdala & hippocampal head FCD Ib No
7–A Yes Lt Lt Lt − − + + Lt PHG FCD IIIa Yes
8–B Yes Rt − − − − + + Rt fusiform gyrus GG, FCD IIIb No
9–B Yes Lt Lt Lt − Lt − − Lt hippocampal sclerosis None Yes

10–B Yes Lt Lt Lt − − − − Lt hippocampal sclerosis None Yes

+ = present; – = not present; FCD = focal cortical dysplasia; FND = focal nodular dysplasia; GG = ganglioglioma; NR1, NR2 = indicate interpretation by each of 2 neuro-
radiologists; PET = positron emission tomography; PHG = parahippocampal gyrus.
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cortical dysplasia. Magnetic resonance imaging in Case 
8 revealed an intrinsic T1 isointense and T2 hypointense 
lesion thought to represent a cavernoma (later diagnosed 
as a ganglioglioma). Other detected anatomical lesions 
involved subtle FLAIR signal change in the amygdala, 
which may explain why these abnormalities were not de-
tected by both neuroradiologists.

Pathological Correlation
Pathological diagnosis was performed by a neuropa-

thologist (P.K.), and the ILAE classification system was 
applied when appropriate (Table 3). All patients in Group 
A had focal nodular dysplasia (Case 5) or focal cortical 
dysplasias that could be classified by the ILAE classifica-
tion system. In contrast, only 1 patient in Group B had a 
focal cortical dysplasia (Case 8, FCD Type IIIb and con-
comitant ganglioglioma). Two tumors were diagnosed: a 
ganglioglioma in Case 8 (Group B) and a DNT in Case 4 
(Group A). In Group A, 2 of 7 patients had pathologically 
confirmed MTS; in Group B, 2 of 3 patients had pathologi-
cally confirmed MTS.

Clinical Outcomes
Clinical outcomes are summarized in Table 1. The av-

erage follow-up duration for all patients was 31.4 months. 
The average follow-up for Group A was 26.7 months and 
for Group B 42.3 months. Patient outcomes were classified 
using the Engel classification. In Group A, 4 (57%) of 7 
patients had a Class I outcome, 2 (29%) of 7 had a Class 
II outcome, and 1 (14%) of 7 had a Class III outcome. In 
Group B, 2 (67%) of 3 patients had a Class I outcome and 
1 (33%) of 3 had a Class II outcome.

Discussion
The goal of this study was to delineate the role of the TP 

in TLE seizure networks. Understanding its role is crucial 

as the indications for CAH and SAH vary widely among 
epilepsy centers and exclusion of the TP from resection 
could be a cause of poor seizure freedom rates in patients 
who undergo SAH.9 The superiority of CAH over SAH 
for medically intractable TLE is a topic of intense debate; 
however, for patients with findings suggestive of MTLE, 
several studies indicate that CAH and SAH are equiva-
lent with regard to seizure freedom.18,24,29,31,33 However, 
other studies have demonstrated better seizure outcomes 
with CAH compared with SAH, particularly in pediatric 
patients.4,10,31 Previous studies have revealed that even in 
patients with noninvasive imaging findings suggestive of 
MTLE, the TP can still be part of the epileptogenic zone.9 
Thus, understanding when the TP is part of the epilepto-
genic zone should be an integral part of treatment plan-
ning to achieve an appropriate surgical intervention for 
patients with medically intractable TLE.

Despite any controversy regarding the indications for 
TP resection in patients with medically intractable TLE, 
numerous studies have suggested evaluating the role of 
the TP as part of the epileptogenic zone in patients with 
TLE.6,9,20,21,28 Though the amygdala, hippocampus, and 
parahippocampal gyrus are frequently implicated as the 
major players in many patients with TLE, histopathologi-
cal alterations outside these structures occur frequently 
in those with TLE.17,26,27 Additionally, MRI studies in 
patients with TLE have demonstrated abnormal anterior 
temporal T2 signal,26 gray-white matter signal blurring in 
the TP,17 and volume loss in the TP.13 The histopathological 
correlates of these imaging abnormalities remain unclear, 
though a variety of pathological abnormalities have been 
observed in the TP in patients with TLE.13,26,27 In 2012, 
Garbelli et al.17 compared 7-T MRI and myelin staining of 
TLE specimens and found reduced axonal density in the 
TP of patients with temporopolar blurring on MRI. Ad-
ditionally, TP hypometabolism as evidenced by FDG-PET 
is frequently seen in patients with TLE.30 Taken together, 

FIG. 3. Neuroimaging findings in 2 representative patients (Case 5, upper; and Case 6, lower). Axial FLAIR, coronal FLAIR, and 
coronal T2-weighted MR images obtained in each patient, showing clear atrophy and FLAIR signal abnormality of the TPC.
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these findings suggest that the TP can be significantly af-
fected in TLE. As others have pointed out,7 it is important 
to note that though the TP may be affected in TLE, struc-
tural changes in the TP do not confirm its involvement in 
the epileptogenic zone.

That said, there is also electrophysiological evidence 
that the TP can play a crucial role in epileptogenesis in 
patients with TLE. For example, stimulation of the TP can 
be just as effective as stimulation of the amygdala, hippo-
campus, or parahippocampal gyrus in inducing seizures 
in TLE patients.22 Additionally, simultaneous onset of sei-
zures in the amygdala, hippocampus, and hippocampal 
gyrus is a common phenomenon in TLE,9,21 as we address 
in detail below.

The main finding of this study is that the TPC plays a 
key role in the ictal onset of clinically significant seizures 
in a large proportion (70%) of our patients with TLE. The 
patients who exhibited ictal onset from the TP were not 
those expected to have TP involvement at seizure onset 
based on noninvasive preoperative workup. Two blinded 
neuroradiologists searched for both structural abnormali-
ties of the TPC on MRI and anatomical lesions in the 
temporal lobe (Table 3). Review of MRI by these neuro-
radiologists did not uniformly implicate the TPC in the 
epileptogenic zone. For example, only 2 of 7 patients in 
Group A were found to have an abnormality of the TP on 
MRI by both of our neuroradiologists. It is interesting to 
note that one of our neuroradiologists found that 5 of 7 pa-
tients in Group A had anatomical lesions, while our other 
neuroradiologist found anatomical lesions in only 2 of 7 
patients, thereby illustrating the potential for discrepancy 
in MRI interpretation even by trained neuroradiologists. 
In contrast, 1 Group B patient (Case 9) was found to have a 
structural abnormality in the TP on MRI and did not dem-
onstrate any spread of seizure activity to the TPC (with 
onset in the amygdala). These examples illustrate the diffi-
culty in determining whether the TP should be considered 
part of the epileptogenic zone by noninvasive means. This 
fact is also apparent from our FDG-PET findings: every 
patient in our study who underwent FDG-PET (9 patients; 
Table 2) demonstrated hypometabolism of the TP, yet only 
6 had ictal onset from the TP. Neither did the FDG-PET 
hypometabolism seem to correlate with the presence of 
interictal discharges from the TP. Ultimately, the absence 
of correlation between MRI and FDG-PET would suggest 
the importance of intracranial recordings from the TP in 
cases in which the TP might be involved, which others 
have also advocated.9,21,28

Our finding of ictal onset from the TP in 70% of TLE 
patients agrees with other intracranial recording studies 
of the TP in patients with TLE.9,21 In 2005, Chabardès 
and colleagues9 described 48 patients with TLE who had 
undergone concurrent SEEG recordings from the TP and 
hippocampus prior to CAH. Twenty-three (48%) of the 48 
patients demonstrated involvement of the TP either before 
or concurrent with the hippocampus. Among those pa-
tients with TP involvement at seizure onset, 9 had MTS 
and 11 had TP abnormalities on MRI. This is an impor-
tant distinction from our smaller series in which only 3 of 
7 patients with TP involvement at seizure onset had MTS. 
Interestingly, Chabardès et al.9 also found that patients 
with TP involvement at seizure onset actually had bet-

ter postoperative seizure freedom rates than the patients 
without TP involvement at seizure onset (95% vs 72% En-
gel Class I). Importantly, 5 of 7 patients in Group A had 
seizure onset in the TP concurrent with another temporal 
lobe structure. While it is possible that recording tech-
niques with improved temporal resolution (for example, 
depth recordings of TP) could show onset at a specific site 
(rather than 2 concurrent sites), the finding of concurrent 
onset in the TP demonstrates that the TP plays an intimate 
role at seizure onset even with distant sites within the tem-
poral lobe.

It is interesting to note that all Group A patients were 
retrospectively found to have pathological abnormalities in 
the anterior temporal cortex (Table 3), particularly cortical 
dysplasia. This finding is understandable given that ictal 
onset involved the TPC in each of these patients. Addition-
ally, our results support the notion that the TP is more fre-
quently involved at the pathological and electrophysiologi-
cal levels in patients with dysplastic lesions of the mesial 
temporal lobe as opposed to other etiologies. Importantly, 
as discussed above, the TPC would not necessarily have 
been implicated in the epileptogenic zone based on MRI 
alone. Furthermore, imaging abnormalities can be seen in 
TPC in TLE patients regardless of whether onset involves 
the TP.17,26,27

This study has several limitations that must be consid-
ered. A major limitation is the small sample size that pre-
cludes the meaningful use of statistics. Additionally, there 
is potential for selection bias as patients with TLE and con-
cordant video EEG, FDG-PET, and MRI findings (that is, 
MTS) undergo CAH without intracranial recording stud-
ies (and would not be included in this study). Given previ-
ous studies,9 we suspect that some patients with MTS ex-
hibit seizures that involve the TP at seizure onset; however, 
we did not evaluate this possibility. Furthermore, our study 
population is quite heterogeneous, with several of our pa-
tients retrospectively found to have cortical dysplasias or 
other cortical lesions. With those limitations in mind, the 
present results still demonstrate the frequent possibility 
that the TP is involved in the epileptogenic zone in TLE 
patients where it would not usually be suspected.

Additionally, since all of our patients underwent CAH, 
our study did not evaluate the relative benefits of CAH 
compared with SAH or selective laser ablation. It is possi-
ble that the similar outcomes seen with CAH and SAH oc-
cur because the TP is partially disconnected with certain 
approaches to the mesial temporal lobe. Given our find-
ings, it is possible that the lower seizure freedom rates ob-
served with LITT23 result from the preserved connections 
to TPC. Future studies are needed to determine whether 
tailoring resection strategies to electrophysiological find-
ings in the TP has value. Furthermore, it is possible that 
our finding of early involvement of the TPC is a nonspe-
cific finding and also occurs in extratemporal epilepsies. 
The TP has extensive connectivity with brain structures 
outside the temporal lobe that would also support this pos-
sibility.20 However, given previous studies,9 this does not 
seem likely.

Conclusions
Using dense intracranial recordings of the TP, we dem-

onstrated the ictal onset of clinically significant seizures 
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from the TP in 7 of 10 consecutive patients with medically 
intractable TLE. Our findings provide evidence that the 
TP should be given consideration as part of the epilepto-
genic zone in patients with TLE even when noninvasive 
imaging studies (for example, MRI) would not suggest a 
role for the TP, particularly when dysplastic lesions are 
suspected. The presence of MRI abnormalities, FDG-PET 
hypometabolism, and IEDs are not necessarily associated 
with the presence of ictal onset from the TP. Involvement 
of the TPC in the epileptogenic zone may be a potential 
reason for poor seizure outcomes after selective mesial re-
sections, particularly after LITT.
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