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Complex partial seizures (CPSs) can present with various semiologies, while mesial temporal lobe epilepsy (mTLE) is a well-
recognized cause of CPS, neocortical temporal lobe epilepsy (nTLE) albeit being less common is increasingly recognized as
separate disease entity. Differentiating the two remains a challenge for epileptologists as many symptoms overlap due to reciprocal
connections between the neocortical and the mesial temporal regions. Various studies have attempted to correctly localize the
seizure focus in nTLE as patients with this disorder may benefit from surgery. While earlier work predicted poor outcomes in
this population, recent work challenges those ideas yielding good outcomes in part due to better localization using improved
anatomical and functional techniques. This paper provides a comprehensive review of the diagnostic workup, particularly the
application of recent advances in electroencephalography and functional brain imaging, in neocortical temporal lobe epilepsy.

1. Introduction

Neocortical temporal lobe epilepsy (nTLE) is a rather
newly recognized entity that is different than the well-
known entity of mesial temporal lobe epilepsy (mTLE)
although not as well characterized [1]. The documented
cases of patients with nonlesional neocortical temporal lobe
seizure origin are not as rare as previously reported. In
one study, out of 31 patients seizure-free more than 18
months after temporal lobectomy, only 3 patients (9.6%)
were found to have NTLE [2]. More recently, Schramm
et al. [1] demonstrated 62/581 of the temporal lobe epilepsy
(TLE) cases as being neocortical. With better structural-
functional imaging modalities as well as invasive monitoring,
more of these cases are being described. Unfortunately,
the nomenclature is inconsistent in the literature, often
being dubbed as nonlesional, extrahippocampal, or lateral
neocortical. For the purpose of this review, we will use the
term nTLE. Recognition of nTLE is important because these
patients may either be considered non surgical candidates or

undergo extensive surgeries due to the poor localization of
their seizure focus.

Lesional nTLE cases are often not reported in the litera-
ture as compared to the nonlesional cases because they may
be less likely to be admitted to an epilepsy monitoring unit
(EMU) for video-electroencephalography (EEG) telemetry
unless the lesion is closely associated with eloquent cortex,
thereby limiting surgical resection or may be unamenable
to surgery. Thus, the reported prevalence of nTLE is low.
Therefore, it is difficult to know the prognosis of nTLE
because lesional nTLE cases typically have better outcomes
than nonlesional nTLE cases [2] although classically they
were dubbed as having poorer outcomes compared to MTLE
[3–9].

2. Historical Background

Although nonconvulsive seizures and seizures manifesting
with complex behaviours have been recognized since antiq-
uity [10], their relationship to temporal lobe origin was first
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described in the late 1800s by Jackson [11]. The psychic and
motor characteristics of these seizures prompted the term
of psychomotor seizures [12]. With the first application of
EEG to human by Berger in 1929 [13] and the increased
interest in surgical treatment of epilepsy, the anatomical
significance of these seizures led them to be labeled temporal
lobe seizures [14]. The prominent role of mesial temporal
structures in the genesis of temporal lobe seizures was
first suspected by Falconer et al. [15] and was confirmed
and widely recognized thereafter [15–17]. The majority of
temporal lobe seizures originate in the mesial structures,
primarily in the hippocampus, with the rest beginning in
temporal neocortical regions. Mesial temporal lobe seizures
are far more common than lateral neocortical seizures [18].
Wieser [19] was the first to propose 5 subtypes of temporal
lobe seizures depending on electroclinical features. They
included temporal-basal limbic, temporal polar, posterior
temporal neocortical, opercular, and frontobasal cingulate.
The classification was revised to simplify the nomenclature
in 1989, and only 2 of the subtypes remained. Thus
temporal lobe epilepsy is now categorized into mesial
and lateral [20]. Whether or not these 2 types can reli-
ably be separated based on noninvasive evaluation was
disputed [1, 21, 22]. Differentiation between mTLE and
nTLE remains a challenge even for epileptologists, as many
symptoms overlap. This may be due to extensive reciprocal
connections between the mesial and lateral temporal struc-
tures, allowing spread of ictal discharge in either direction
[23–25].

The clinical profile of patients with nTLE is different
from mTLE. The average age of onset in nTLE is approx-
imately 5–10 years more than in mTLE [6, 26]. There is
no known gender, cultural, or racial risk factors for nTLE.
Patients with nTLE usually do not have a history of the
typical risk factors associated with mTLE such as febrile
seizures, head injury, perinatal insults, or previous central
nervous system (CNS) infections as compared to mTLE
[3, 7, 26, 27].

Many of the clinical characteristics of the seizures
described in autosomal dominant lateral temporal lobe
epilepsy (ADLTE) are similar to those seen in patients
with nTLE. ADLTE is a well-defined, albeit rare, condition
characterized by onset in adolescence or early adulthood
of lateral temporal seizures with prominent auditory auras
sometimes triggered by external noises, normal conven-
tional magnetic resonance imaging (MRI), good response
to antiepileptic treatment, and overall benign outcome.
The same phenotype is shared by sporadic and familial
cases with complex inheritance. Mutations in the LGI1
gene in the 10-cM region on chromosome 10 q24 are
found in about 50% of ADLTE families and 2% of
sporadic cases. LGI1 shows no homology with known
ion channel genes. Recent findings suggest that LGI1
may exert multiple functions, but it is not known which
of them is actually related to lateral temporal epilepsy
[28–30].

3. Clinical Semiology

Ictal manifestations common in mTLE (ipsilateral limb
automatisms, contralateral dystonic posturing, and oroali-
mentary automatisms) are significantly less frequent in nTLE
[1, 5, 31]. These differences are summarized in Table 1.
Dupont et al. [32] compared the ictal semiology of 45
mTLE patients with 13 nTLE patients and found that
contralateral dystonic posturing with ipsilateral automatisms
occurred in a third of the mTLE group but was never seen
in those with nTLE. Auditory and vertiginous auras have
been associated with the temporal neocortex, and visceral
sensations and fear with the mesial temporal lobe [23, 33].
One study analyzing ictal semiology between nTLE and
mTLE reported that seizures in the nTLE group were of
shorter duration (46 seconds) as compared to the mesial
group (67.5 seconds) [8]. Patients with mTLE were more
likely to display manual or oroalimentary automatisms,
dystonic posturing, hyperventilation, or postictal cough [7,
34]. nTLE patients had experienced only experiential auras,
whereas mTLE patients had epigastric or olfactory/gustatory
sensations or fear as their auras. Comparison of clinical
semiology of 28 mTLE patients and 12 nTLE patients [35]
showed that epigastric sensations, fear, olfactory auras, and
dystonic posturing were typical of mTLE, whereas auditory
auras, cephalic/indescribable sensations, vocalizations, ictal
speech, whole-body movements, rapid onset of version, and
secondary generalization were significantly more common in
patients with nTLE.

A recent study [26] where 55 patients with TLE (same as
above) were classified into 3 distinct groups (mTLE, nTLE,
and mixed and characterized them based on semiology
and spatiotemporal pattern of discharges. At seizure onset,
patients with nTLE were less likely to describe rising
epigastric sensation, fear) or dreamy state but more likely
to describe any type of hallucination or illusion. As the
seizures progressed, mesial seizures produced oroalimentary,
verbal and upper limb automatisms. In general, nTLE were
shorter but more frequently generalized. In another study
of 21 patients with nTLE, 71% of them had auras, with the
experiential auras being the most common [4]. The most
common initial behavioural change was motionless stare in
48% of patients. Only 2/21 patients had hippocampal atro-
phy (HA). A lateralized memory deficit was observed in 62%
[4].

4. Ictal Semiology in nTLE

Several studies have attempted to localize the semiology
based on the anterior-posterior axis of the neocortical
temporal lobe. One study in particular separated the groups
based on interictal temporal lobe discharges (anterior,
posterior, or diffuse) and correlated those to subjective
ictal phenomena [36]. Olfactory and gustatory phenomena
and déjà vu were present exclusively in patients with
anterior foci, whereas visual auras were more common in
the posterior temporal group. Complex automatisms were
more common in the anterior group, and neurological
abnormalities were more common in the posterior group.



Epilepsy Research and Treatment 3

Studying patients with posterior TLE (n = 14), the authors
found that behavioural arrest was the first manifestation
and was followed by motor signs as the seizure activity
spread to the frontoparietal convexity. They also observed
that behavioural automatisms (oro-alimentary and gestural),
although present in half the patients, were never the first
or most prominent ictal manifestations [37]. Another study
attempted to analyze semiologic differences between mTLE
and different anatomic subgroups of nTLE included 1-year
postsurgical followup. Total of 107 seizures in 13 patients
with anterior TLE, 8 patients with posterior TLE, and 21
patients with mTLE were reviewed. Frequent behavioural
arrest, absence of initial oroalimentary automatisms, and
early generalization were characteristic findings of posterior
TLE, although they were insufficient to differentiate from
anterior TLE or mTLE.

5. Diagnostic Workup

As described in other articles of this special issue of the
journal, patients with mTLE have typical characteristic
seizure semiology and may demonstrate MTS on MRI. Their
prognosis after surgical resection is said to be good if the
lesion is definable. However, occasionally HS is not evident
as in the nonlesional cases (i.e., symptomatic epilepsy) or
the semiology and EEG findings do not fully localize to the
mesial temporal lobes. Some of these patients undergo more
invasive monitoring to consider the possibility of nTLE.
The following includes a summary of literature depicting
how EEG, structural and functional imaging can help to
differentiate nTLE. Later, other advanced techniques are
discussed for their putative roles.

5.1. Electroencephalography

5.1.1. Interictal Scalp EEG. A prospective study [38] on 132
consecutive patients (mTLE = 86 and nTLE = 36) with
epilepsy showed that a history of febrile seizures, abdominal
auras, contralateral dystonic posturing, and predominance
of mesial temporal spikes point to mTLE (positive predic-
tive value 81% and negative predictive value 70%). They
concluded that analysing the clinical and EEG features,
particularly the distribution of interictal epileptiform dis-
charges (IEDs), helps to differentiate between mTLE and
nTLE.

There is little evidence to support the use of interictal
scalp EEG in differentiating nTLE from mTLE. In one study
[2], the utility of the interictal EEG was examined in patients
with neocortical symptomatic epilepsies. It was useful in 9/17
of patients (52%) with nTLE. In another study, 22 patients
admitted to an EMU were enrolled, and the findings were
correlated the results from PET scans [39]. They found that
the interictal rhythmic slow activity was highly correlated to
nTLE. In contrast, no significant difference was found among
14 patients with nTLE and those with mTLE in another
study when using standard intracranial EEG as comparison
[40].

5.1.2. Ictal Scalp EEG. Ictal scalp EEG has the potential to
localize seizures better than interictal especially in a long-
term video-EEG monitoring unit. Recording a unilateral IED
cannot always distinguish between mesial or lateral temporal
or extratemporal foci [41]. In one case series, the sensitivity
of localizing IEDs to the temporal neocortex increased from
52% (interictal) to 76% (ictal) [2]. The most commonly
observed scalp ictal pattern is ipsilateral temporal rhythmic
theta activity, seen in both nTLE and mTLE [8] although
slower in frequency in nTLE. In NTLE, it may be preceded
by an irregular 2 to 5 Hz polymorphic slowing that may or
may not be lateralized [8, 42]. The characteristic ictal EEG
in patients with mTLE is rhythmic theta activity of 5 to
7 Hz [43, 44]. In a clinicopathologic study comparing 46
patients with MTS or neocortical lesions by EEG, those with
mTLE had significantly more fast rhythmic activity (>4 Hz).
Patients with nTLE tended to develop bilateral ictal EEG
changes, occurring significantly more often and faster onset
of bilaterality [27]. Similar results were obtained studying
ictal scalp EEG in 93 patients with seizure origin verified by
intracranial EEG, showing an association between irregular
polymorphic, slow (2 to 5 Hz) seizure onsets and nTLE, and
regular (5 to 9 Hz) ictal onsets in mTLE patients [44]. The
nTLE pattern was either preceded by periodic sharp waves
or followed by theta rhythms. Unfortunately, a subsequent
study by the same authors using simultaneous scalp and
intracranial EEG study revealed that these associated patterns
were not established on the scalp at seizure onset but
resulted from differences in the development, propagation,
and synchrony of cortical discharges as seizures progressed
in mTLE and nTLE patients [45]. While some studies have
demonstrated good localization, others have not been able to
differentiate mTLE from nTLE based on ictal EEG [7].

A relatively novel and underrecognized EEG analysis
involves transitional sharp waves. In one study involving 52
ictal discharges from 13 patients, the authors were able to
determine with certainty that the pattern localized to the
nTLE, versus mTLE. Interestingly, none of the 61 discharges
in 15 patients with mTLE had the transitional sharp waves
[46]. Further studies are warranted to determine if this is an
easily demonstrable and reproducible scalp EEG finding

Although at this time scalp EEG is not highly sensitive
or specific to differentiate mTLE from nTLE practically, it
has been used to assess outcomes in patients with known
nTLE. In a study of 29 patients with nTLE a localized or even
lateralized EEG pattern was associated with good outcomes
[47]. Similarly, in larger study comparing 80 patients with
nTLE to other neocortical epilepsies localized EEG rhythms
highly predicted seizure freedom after resection [48].

Therefore, ictal rhythm cannot be used in isolation
to definite localization (Figures 1(a)–1(f)). However, even
among patients whose scalp data are complex to require
invasive recording, lateralization of temporal scalp IEDs, and
ictal activity should be included when assessing the side of
temporal epileptogenesis [49].

5.1.3. Intracranial EEG. Neocortical foci are seen in up to
65% of patients with TLE in some series [5, 50]. Differen-
tiating nTLE from mTLE often requires intracranial EEG
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(a) Interictal scalp showing right anterior temporal spikes during sleep
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(b) Ictal scalp EEG in the same patient showing possible bitemporal onset of seizure

(c) Sagital T2 FLAIR MRI brain show-
ing left posterior temporal neoplasm
(pathologically proven ganglioglioma)

Figure 1: Continued.



Epilepsy Research and Treatment 5

013

014

015

031

032

034

052

053

054

113

114

021

022

023

043

044
1000 µV

1 s

(d) Interictal subdural EEG showing spikes arising independently from left mesial and neocortical
temporal lobe (electrodes 10s, 30s, and 50s) as well as right anterior mesial and neocortical regions
(electrodes 20s and 40s)
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(e) Ictal subdural EEG showing seizure onsetting electrode 114 (left posterior temporal region,
coinciding with the lesion)

(f) Subdural electrode insertion with MRI
coregistration. Cortical stimulation pro-
duced speech arrest over left anterior infero-
lateral temporal region (electrode 52), ante-
rior to the lesion (electrode 114). FMRI

Figure 1: EEG of a 37-year-old right-handed male with complex partial seizures since 16 years of age characterized by speech arrest, transient
impaired consciousness, automatisms with right hand, and secondary generalization, with no contributory antecedent history.
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Table 1: Comparison of ictal semiology between mTLE and nTLE
based on data from references (see text). If <5% of group were
reported to have symptom then it would be designated yes/no.
Otherwise it would be described based on likelihood (more or less
likely).

Sign/symptom mTLE nTLE

Seizure duration >1 minute <1 minute

Ambiguous onset/offset No Yes

Visceral/epigastric sensation More likely Less likely

Nonspecific auras Less likely More likely

Auditory hallucination Less likely More likely

Oral automatism More likely Less likely

Manual automatism More likely Less likely

Leg movements Yes No

Dystonic posturing Yes No

Clonic movement Less likely More likely

Body shifting More likely Less likely

Hyperventilation Yes No

“Dreamy state” Yes No

Fear Yes No

Searching More likely Less likely

Postictal cough/sigh More likely Yes

recordings because ictal manifestations of nTLE and mTLE
may be similar [40], and imaging studies may be inconclusive
or misleading. IEDs recorded on EEG are known to be highly
correlated with the presence of epilepsy [49, 51]. Although
seizures and IEDs are not always colocalized, there may be
valuable localizing information in the spatial distribution of
IEDs. Intracranial EEG offers an opportunity to understand
IEDs recorded closer to the source of their generation.
Challenges to the study of IEDS with intracranial EEG are
both the limited spatial sampling provided by intracranial
electrodes and the considerable number of IEDs that can be
observed with intracranial electrodes. Studying the spatial
distribution of intracranially recorded IEDs in mTLE (n =
12) and nTLE (n = 9), the authors found a higher IED
rate in the mesial temporal region in the mTLE group and
higher IED rates in the frontal and parietal regions in the
nTLE group [52]. This may indicate that frequent IEDs in
extratemporal cortex may be a sign of nTLE, suggesting value
for analysis of IEDs during the presurgical evaluation of
patients. While some researchers conclude that the process
of IED and seizure generation are independent [53] or
have a common generator [54], this study shows that the
spatial distribution of IED and seizure onset location are
not independent, but rather related, and that the spatial
distribution of IEDs can differentiate mTLE from nTLE.
Some studies reported a less favourable surgical outcome
for nTLE patients [9] because the lateral temporal neocortex
mediates language and other cognitive functions (visual and
auditory association cortex), thereby limiting the extent of
resection for some patients [22, 55].

While intracranial electrodes are sensitive to localize
IEDs due to little interference from underlying tissue, they
have also been used to detect rhythmic slow activity. In

one study, interictal rhythmic delta slow wave activity was
correlated to IEDs and ictal discharges in 18 presurgical TLE
patients. The rhythmic delta activity was highly correlated
within nTLE patients [56].

Intracranial EEG studies have shown an association
between favourable outcome and ictal changes such as onset
EEG frequency of more than 13 Hz [57], long propaga-
tion time [57–59], and focal onset [3, 60]. A systematic
analysis of intracranial ictal EEG done in 31 consecutive
patients with medically intractable nTLE to predict surgical
outcome showed good seizure outcome in patients with
focal or sublobar onset, anterior temporal onset, and slow
propagation time. In this study, 66.7% were seizure-free, and
96.7% achieved Engel class I or II outcomes showing that
selected features of intracranially recorded seizures predict
good seizure outcome [61].

5.2. Neuroimaging

5.2.1. Structural MRI. A high-resolution anatomical MRI
is one of the most critical diagnostic tests in the workup
of a patient with CPSs of possible temporal lobe origin.
Using dedicated sequences (e.g., coronal T2, coronal FLAIR,
or short T1 inversion recovery (STIR)) can significantly
increase the ability to detect abnormalities within the
mesial temporal structures with high sensitivity (93%) and
specificity (83%) [62]. In patients where nTLE is more
likely, a high-resolution anatomical MRI is very impor-
tant to exclude HS and demonstrate other pathologies
because these can alter surgical approach and outcome.
The potential etiologies that could cause nTLE include, but
are not limited to tumours (astrocytomas, gangliogliomas,
meningioma, and dysembryonic neuroepithelial tumour
(DNET)), vascular malformations (AVM and cavernous
hemangioma, and meningioangiomatosis), malformation of
cortical development (MCD), stroke, trauma, or infections
[63]. Occasionally, patients can have MTS or HA in addition
to a “primary” pathology in the neocortex. These cases
are referred to as dual pathology which occur with great
variability (9–30%). In a recent pathological study of 243
patients with TLE, dual pathology was found in 34% of the
cases, and surprisingly only 14% had isolated HS [64]. This
complicates the diagnostic workup because it suggests that
the presumed TLE patients require dedicated high-resolution
anatomical MRI at 3T or higher magnetic field strength
[65], that should be read by a neuroradiologist well familiar
with epileptology. Voxel-based analysis of MRI scans can
identify subtle structural changes that are not evident on
visual inspection [66]. For example, in one study using this
analysis method 14% of the nonlesional cases revealed to
have abnormalities [67].

5.2.2. Functional Imaging

(a) Positron Emission Tomography (PET). PET utilizes
tracers labeled with positron-emitting isotopes (e.g.,
18Fflurodexoyglucose (FDG)) to visualize and quantify
cerebral metabolism and specific neurochemical fluxes
in the brain. FDG-PET scans are usually obtained in the
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interictal state, and areas of hypometabolism are considered
to be regions of interest. FDG PET is useful in patients
with nonlesional mTLE. These “MRI negative PET positive
cases” are quite different than nTLE even though they may
have a cortical lesion [68]. One group did a quantitative
parametric analysis on 133 scans of 35 patients with nTLE
with confirmed pathology [69]. They were able to localize
the seizure focus and with some certainty determine whether
it was mesial or neocortical. Similarly, a different quantitative
study was able to find differences in metabolism in mesial
versus neocortical temporal cortex. Mesial temporal
metabolism was nearly normal in patients with nTLE,
but severely depressed in nonlesional mTLE. Neocortical
temporal metabolism was mildly decreased in patients with
mTLE caused by tumors and severely reduced in both nTLE
and mTLE [70]. Based on both of these studies, nTLE is
suggested when the mesial metabolism is normal although
the neocortical metabolism is not entirely reliable.

(b) Single-Photon Emission Computerized Tomography
(SPECT). Ictal SPECT involves intravenous injection of a
radiolabeled tracer during the beginning of a seizure and
obtaining CT scan of the head short time afterwards. The
cerebral uptake of the tracer reflects cerebral blood flow, thus
reflecting ictal perfusion. SPECT images can indicate the
location of seizure onset zone and are useful in patients with
normal MRI scans or who have discordant data [71, 72]. In
7 patients with temporal neocortical tumors, ictal SPECT
showed bitemporal hyperperfusion, higher on the side of
the lesion but sparing the mesial structures. Newer methods
of analysis using statistical parametric (SPM) analysis may
prove useful. In a recent study of new method of ictal SPECT,
analysis was developed to analyze scans of 87 patients with
TLE. They found that this method more correctly lateralized
the seizure focus and correctly localized it to the mesial
temporal lobe. They found a good correlation of their
findings to surgical outcome [73].

(c) Functional MRI (fMRI). Cognitive functions of the
brain such as memory and language can be mapped by
fMRI using blood oxygenation-level-dependent (BOLD)
technique, which in turn reflects local blood delivery to
the brain [74, 75]. fMRI is noninvasive, reproducible, and
more widely available. The asymmetry of activation can
be calculated, thereby enabling to determine the cerebral
dominance for language [76]. The results of language fMRI
and the intracarotid amytal test have been concordant in
many individuals with epilepsy [74, 75].

However, lateralization of language might not be uni-
form. Functions close to the pathology can relocate con-
tralaterally, whereas functions further away from the abnor-
malities might remain in the ipsilateral hemisphere [77].
In patients with left TLE with frequent IEDs, right-sided
language dominance has been shown [78]. FMRI helps
to predict the risk of language dysfunction after anterior
temporal lobectomy (ATL) [79]. In contrast to expressive
language, laterality of receptive language is, in general, not
well defined as it gives rise to bilateral activation [80]. The

role of fMRI in predicting the effects of temporal lobe surgery
is being studied through ongoing investigations.

5.2.3. Simultaneous EEG fMRI. Simultaneous EEG-fMRI
exploits the complementary features of these 2 techniques
to overcome the spatial limitations of EEG and the temporal
limitations of fMRI [81, 82]. This is especially important in
nTLE, where the ictal focus can be colocalized to eloquent
cortex. Thus, it may aid in the determination of area of
resection and possible deficits. Simultaneous EEG-fMRI can
map the BOLD signal changes associated with IEDs and
occasionally ictal activity [83]. Fifty percent of patients with
medically intractable focal epilepsy and frequent IEDs on
scalp EEG will have an IED during EEG-fMRI acquisition,
with 50% showing an identifiable BOLD signal change [84,
85]. A report of 48 fMRI studies on 38 patients with focal
epilepsy using either spike-triggered or continuous EEG-
fMRI showed significant BOLD activations in 22% (2/9)
and 45.5% (10/22), respectively. The yield over all studies
was 38.7%. Subsequent intracranial recordings in 4 patients
further validated the EEG-fMRI results [86]. Negative BOLD
responses, called deactivations, are now routinely examined
in patients with focal and generalized epilepsy [87, 88]
A large review reported deactivations in 26 out of 34
experiments that showed robust BOLD responses to focal
discharges, and noted deactivations were often found with
concomitant activations, and several possible mechanisms
were suggested [89]. Other studies have shown that deacti-
vations are less concordant with location of IEDs supporting
a distinct electrophysiological mechanism from activations
[84, 89]. BOLD signal changes can occur at sites distant to
the presumed seizure focus in focal epilepsies [89]. A report
of 35 EEG-fMRI studies in 27 patients with TLE showed
BOLD signal increases at sites distant to the seizure focus
in most patients. Eighty-three percent of studies had BOLD
responses, which predominated in the spiking temporal lobe
(activation or deactivation); however, BOLD responses were
often seen in contralateral temporal lobe and extratemporal
one [89]. Based on these studies, it is likely that distant corti-
cal and subcortical circuits are involved in the generation of
focal discharges [89, 90]. BOLD changes can occur prior to
the detection of IEDs on EEG-suggesting that physiological
processes underlying spike-associated BOLD signal changes
may begin before electrical activity can be detected using
scalp EEG [91]. EEG-fMRI integration has considerable
clinical relevance in the presurgical evaluation of patients
with drug-resistant focal epilepsy [82, 85, 92]. Compared
to intracranial EEG, both scalp EEG and fMRI remain less
powerful techniques to definitely identify the seizure onset
zone. Studies comparing spatial localization of the “irritative
zone” using scalp EEG and fMRI to intracranial EEG and
to each other have indicated that scalp EEG and fMRI both
colocalize more closely with intracranial localization alone
than they do with each other. This suggests that scalp EEG
and fMRI provide complementary information regarding the
intracranial source of epileptiform discharges. In another
study, congruence between interictal and intracranial EEG
and EEG-fMRI results was found in 3 of 8 patients, in whom
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intracranial EEG was available [93]. The colocalization of
BOLD changes within the resected volume has been related
to a better outcome in a small case series [94, 95]. In
another study, 4/29 patients who were rejected for epilepsy
surgery due to poorly localized epileptic focus with the use
of other diagnostic modalities underwent reevaluation for
surgery based on EEG-fMRI findings [92]. Despite practical
challenges, ictal EEG-fMRI recordings have been able to
provide information about widespread cortical changes
associated with seizures.

5.2.4. High-Frequency Oscillations (HFOs) in Intracranial
EEG. High-frequency oscillations (HFOs) in intracranial
EEG have been associated with epileptogenesis in humans
and animal epilepsy [96–99]. They have been divided into
ripples (80–250 Hz) and fast ripples (FR; 250–500 Hz) [87].
Such high-frequency activity cannot be recorded from the
scalp because of the small areas of the brain that generates
them and the high-frequency filtration by the extracranial
tissue [88]. Although HFOs were first recorded with micro-
electrodes, they can be observed by subdural EEG electrodes,
with a surface contact of 4 mm2 [98, 100–103]. Ripples are
considered more physiologic in nature because they have
been recorded in healthy animal brains, whereas FRs are
more frequent with the seizure onset zone [97, 98, 101].
Thus, examining the EEG between 100 and 500 Hz may
add clinically useful information to the interpretation of
intracranial EEGs.

HFOs remain confined to the same, epileptogenic area
during interictal and ictal periods, while IEDs are more
widespread during seizures. Ictal and interictal HFOs rep-
resent the same epileptogenic area and are probably similar
phenomena [104]. HFOs have been detected on top of IEDs,
independent of IEDs, and after filtering of sharp waves.
Examples of HFOs are shown in Figure 2.

HFOs have been found in the neocortex as well as in
mesial temporal structures [98, 100]. They have a tighter
relationship than IEDs with the seizure-onset zone [101].
Therefore, they may be a better biomarker of ictogenesis
than IEDs. In patients with lesions, HFOs were closely
coupled with the region of seizure onset than with the lesion,
which may not always be the source of seizures [105]. In
one study, the authors found that HFOs often increased
in the few seconds immediately preceding a seizure [102].
Contrary to IEDs, HFOs do not increase after seizures, but
do so after medication reduction, similar to seizures. This
implies that IEDs and HFOs have different pathophysiologic
mechanisms and that HFOs are more tightly linked to
seizures than IEDs. Thus, they can be a useful marker of
disease activity [106, 107]. Neocortical seizures are often
poorly localized, explosive, and widespread at onset, making
them poorly amenable to epilepsy surgery in the absence
of associated focal brain lesions. Using an unselected group
of patients with neocortical epilepsy, HFOs were shown
to localize to the seizure-onset zone [108]. They were
noted in all 6 patients with neocortical epilepsy out of 23
consecutive patients implanted with intracranial electrodes
for presurgical evaluation. The majority of seizures (62%)
could be anticipated by an increase in high-frequency activity

20 minutes prior to the onset of neocortical seizures. HFOs
were maximal during slow-wave sleep, which may explain
the propensity for neocortical seizures during sleep. These
findings show that HFOs may be clinically useful in localizing
the seizure-onset zone in neocortical epilepsy, for identifying
periods of increased probability of seizure onset, and in
elucidating mechanisms underlying neocortical ictogenesis.

5.2.5. Validation of HFOs in Focal Epilepsy. Jacobs et al. [109]
studied 20 patients who underwent surgical resection for
medically intractable epilepsy most being mTLE but some
nTLE. They compared surgical outcomes to extent of HFOs
and IEDs in resected versus nonresected areas. The mean
followup was 22.7 months. Eight patients had good (e.g.,
Engel classes I and II) and 12 had poor (e.g., Engel classes
III and IV) seizure outcomes. Patients with a good outcome
had a significantly larger proportion of HFO-generating
areas removed than patients with a poor outcome. No such
difference was seen for IED-generating regions of the seizure-
onset zone showing that HFOs could be used as a better
marker of epileptogenicity and may be more accurate than
IED-generating areas or the seizure onset zone.

5.3. Magnetoencephalography (MEG). Magnetoencephalog-
raphy (MEG) is a safe noninvasive method to measure mag-
netic currents emanated by cortical pyramidal neurons. Since
magnetic currents are perpendicular to electric currents,
MEG provides complementary information to the EEG and
is able to assess the deep sulci that would otherwise be
nonlocalizable by the EEG [110]. The magnetic field is not
attenuated by the heterogeneous conductivities. However,
due to its small magnitude, technically MEG signals are
difficult to obtain requiring a magnetic-free surrounding to
maximize signal-to-noise ratio [111, 112].

In one study of randomly selected presurgical patients
with epilepsy, epileptiform discharges on MEG could be
recorded in 73% of cases [113, 114]. Similarly, the diagnostic
yield of MEG during a single 2- to 3-hour recording session
was 53.1% in patients with TLE [115]. MEG is slightly more
sensitive than EEG by 55.8% to 49.7%, and it can map IEDs,
particularly if they arise from the neocortical convexity [116].
Thus, the diagnostic yield was 92% for nTLE and 50% for
mTLE in one study [113]. In another study, similar results
were obtained; the yield was 73.3% for nTLE versus 42.3%
for mTLE [115]. MEG and EEG can provide complementary
information in detection of IEDs [117]. In this study of
67 patients with intractable epilepsy, the combined MEG-
EEG studies increases sensitivity of detecting IED to 75%
as opposed to 62% for EEG alone. In 13% of patients
with negative EEG, IEDs were detected by MEG. Park et
al. [118] compared 12 consecutive patients with neocortical
epilepsy with simultaneous MEG and EEG studies. None of
the 12 patients had IEDs seen only in one modality. While
all patients had IEDs seen by both modalities, MEG was
more sensitive than EEG. They found IEDs unique to MEG
ranging from 5.9 to 97.9% of the total IEDs per patient,
whereas IEDs unique to EEG were seen in 0 to 35% of
IEDs.
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Figure 2: High-frequency oscillations (HFOs) occurring at the same time as spikes (a, c, e, and possibly f) and outside of spikes (b and d).
The black trace is the original EEG. The red and blue traces result from high-pass filtering at 80 and 250 Hz, respectively. The amplitude of
these traces has been multiplied by 10 to facilitate viewing (Source: http://www.mni.mcgill.ca/, permission obtained from author).

http://www.mni.mcgill.ca/
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5.3.1. Ictal MEG. Occasionally, MEG can be useful to capture
seizures. Thirteen patients who had seizures during MEG
recording showed the ictal MEG to be well localizing to
the ictal onset in all the 13 patients, using MR-FOCUSS
technique of localization [119]. In a study of 20 patients
with neocortical epilepsy, ictal MEG recording was made in
6 patients and was able to localize the seizure focus. When
the results were compared to invasive EEG recordings, ictal
MEG was better at predicting focus location as compared
to interictal MEG [120]. These studies tend to be difficult
to accomplish because they require patients to have frequent
seizures with predictable onset.

5.3.2. High-Frequency Oscillations and MEG. Due to the
magnetic fields ability to penetrate the underlying tissue
unaffected, MEG can also be helpful in recording HFOs
(with a frequency greater than 200 Hz). In a recent study of
30 children with epilepsy, the authors found that 26 (86%)
patients had HFO activity recorded by MEG, and 21 patients
demonstrated concordance between HFO focus and a lesion
on MRI. Of those studied, 11 patients underwent epilepsy
surgery; the HFO focus obtained from MEG was concordant
in 9 out of 11 (82%) of patients during intracranial recording
[121]. Further studies are needed to compare the HFOs to
MEG-detected HFOs in nTLE and determine its utility in
localization of IEDs and ictal foci.

5.3.3. Functional Mapping Using MEG. MEG signals can
be correlated to MRI to create magnetic source imaging
(MSI). MSI is a powerful technique not just for IEDs
but also to help map eloquent primary sensory area such
as somatosensory cortex [122]. In addition, MEG can
be used to lateralize language as a prelude to epilepsy
surgery. Both the intracarotid amytal test (a.k.a. Wada
test) and the intracranial electrode stimulation are invasive
techniques that entail a certain risk of morbidity. The MEG
is increasingly being recognized as a tool for non-invasive
lateralization as well as localization of language cortex. In a
study of 27 patients, who had Wada testing as well as an MEG
study for language lateralization, the MEG (at Broca’s area
latency) and WADA were in agreement in 23 of 24 (96%)
patients who had a successful WADA test performed [123].
In addition, the MEG correctly lateralized, as was determined
by subsequent electrocorticography, 1 of 3 patients who had
an undetermined or bilateral IAP. These results indicate an
89% agreement rate (24 of 27) for magnetoencephalographic
determination of the hemisphere of language dominance.

5.3.4. Use of MEG in Presurgical Evaluation of Focal Epilepsy.
The mapping of MEG IED sources (a.k.a dipoles) are
increasingly being used as a tool to help determine the best
candidates for epilepsy surgery and help better outline the
surgical margins. MEG can help distinguish the irritative
zone of seizure onset from the area of seizure propagation. In
patients for whom interictal data and long-term scalp EEG
recordings were inconclusive (25 of 105 patients), MEG was
able to localize the epileptogenic focus, which helped surgical
resection in 44%. All these patients had an improvement of

seizure frequency postoperatively (6 patients were seizure-
free; 5 had seizure reduction by >50%) [124]. MEG predicted
the outcome following surgery for medically intractable
epilepsy in children with normal or nonfocal MRI findings
[125]. Systematic review on the use of MEG in the presurgical
evaluation of localization-related epilepsy (between 1987
and 2006) reported insufficient evidence to support the
use of MEG in surgical planning [126]. MEG’s effects on
outcomes have also been recently examined demonstrating
good surgical outcomes in 22 children with intractable
seizures and nonlocalizing or normal MRI [125]. Similarly,
in the presurgical evaluation of 67 adults using EEG and
MEG the authors found almost similar sensitivities between
the two in detecting IED but MEG could correctly identify
a source in 1/3 of patients that were EEG negative. They
predicted that MEG would be useful in patients with
neocortical epilepsy or those with focal cortical dysplasia
[117].

5.3.5. Treatment and Outcome. Pharmacotherapy for focal
epilepsy does not depend on anatomical diagnosis, and
there is no difference in response to antiepileptic drugs
(AEDs) based on anatomical localization of a neocorti-
cal epileptogenic region [127]. In patients with medically
refractory seizures, surgical treatment depends on precise
localization and delineation of the epileptogenic region
rather than anatomical diagnosis, and outcome reflects the
accuracy of this process and the ability to resect the abnormal
tissue. Total resection may be limited by the involvement of
the adjacent eloquent areas, or by the failure to correctly
map the epileptogenic substrate, as can often occur in
nonlesional localization-related epilepsy. If an epileptogenic
region involves eloquent cortex, seizures may be relieved by
the removal of a structural lesion alone (i.e., lesionectomy)
or by multiple subpial transections [128, 129].

There have been many studies reporting less favourable
postsurgical outcome in patients with lesional/nonlesional
nTLE [3–9]. In one study, improved outcomes were apparent
by resecting the combined neocortical and mesial temporal
areas [5]. Recent research has challenged this view and
suggests the poor outcomes is due to poor patient selection,
poor localization, and incomplete resection of the seizure
focus. While this current paper highlights the challenges
in distinguishing mTLE from nTLE, there have recent
studies demonstrating good-to-excellent outcomes in nTLE
patients as compared to mTLE [1, 26, 40] or compared to
other focal cortical epilepsies [2, 130]. These outcomes are
reported using tailored neocorticectomy or multiple subpial
transections in addition to a standard ATL, after intracranial
ictal EEG recording and cortical mapping [4, 131] even in
patients with nonlesional nTLE [1, 132].

Factors affecting outcomes have been assessed by sev-
eral studies. In a study comparing all neocortical focal
epilepsies, the authors found that FDG-PET and interictal
EEG localization predicted good outcome in nTLE [2]. The
extent of neocortical resection is seen as a positive predictor
[131], especially when the underlying area demonstrates
pathological delta waves on intracranial monitoring [133].
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In a large prospective-retrospective series in patients with
TLE, 10% of the cases had nTLE. Pathological analysis
demonstrated only 5% being nonlesional, whereas 57% were
neoplastic (ganglioglioma predominating) and 38% non-
neoplastic (e.g., MCD). Outcomes seemed to be best for
those with neoplastic lesions [1]. This is echoed by another
clinicpathological study showing left hemispheric lesions and
focal MCD associated with poor outcomes as compared
to tumours [47]. However, it should be noted that dual
pathology can exist even in patients with presumed nTLE.
In a recent analysis of 243 samples from patients with TLE,
86% had HS in addition to other pathologies (33% having
tumours and 45% having MCD). Nonetheless, they still
demonstrated excellent surgical outcomes (Engel class I) in
87% of those with tumours and 79% with MCD [64].

6. Conclusions

nTLE is less common compared to mTLE and accounts for
about 10% of TLE. The risk factors for nTLE are quite
different from mTLE. Seizure freedom for lesional nTLE
is approximately 70%. During the past decade, additional
converging evidence has been provided that there are some
clinical and electrophysiological characteristics that can help
to differentiate nTLE from mTLE. Advances in brain imaging
with currently available high-resolution structural MRI can
reveal previously covert epileptic lesions, with quantitative
and voxel-based MRI analysis increasing the diagnostic yield.
HFOs in intracranial EEGs increase the detection rate of ictal
onset zone that further helps surgical planning in nonlesional
cases. MEG provides complementary electrophysiological
information to the EEG but can also determine epileptogenic
focus in EEG negative patients, possibly raising surgery as
a viable option in previously nonsurgical candidates. The
data from MEG and EEG-fMRI can assist in the placement
of intracranial electrodes to further define the seizure onset
zone. PET and SPECT have also provided some data in
localization of neocortical epileptic focus. Thus, reliable
integration of all the structural and functional data will help
to establish the neocortical origin of the seizures in patients
with nonlesional nTLE which is crucial to achieve a good
surgical outcome.
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