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Scalp EEG telemetry is an electrophysiologic technique that
involves continuous recording of EEG and patient behavior
(image and sound) over prolonged periods. In the context of
epilepsy surgery, this investigation is used to assist in defining
the ictal and interictal epileptogenic cortical areas by obtaining
EEG signals with synchronized assessment of the patient’s
behavior during recorded seizures.  In optimum circumstances
for surgical intervention there will be a congruence of the EEG
with clinical, radiological, and neuropsychological data.  This
review will focus on the use of scalp EEG in the evaluation of
candidates for temporal lobe epilepsy surgery.

SOME TECHNICAL CONSIDERATIONS

The International Standard ten-twenty electrode system
continues to be the most widely accepted method of
measurement and application of EEG scalp electrodes.1 Other
systems describing additional electrode positions have been
proposed.2 A variety of additional “nonstandard” electrodes have
been described to more completely evaluate the EEG
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abnormalities in temporal lobe epilepsy (TLE). These include
sphenoidal (SP), nasopharyngeal (NP), “anterior temporal” (AT
or sometimes referred to as T1/T2 electrodes),3

“minisphenoidals”,4 and surface electrodes applied over the
mandibular notch (MN)5 or zygoma.  Of these, NP electrodes
have not consistently demonstrated superior sensitivity for spike
detection compared to the other non-standard electrodes.5,6-7 In
addition, NPelectrodes are uncomfortable for the patient and are
not suitable for long term recording.  SP, MN, and AT electrodes
will record spikes not detected by standard electrodes; in one
study5 the standard electrodes detected only 58% of all spikes.
SP spikes are almost always detected by MN (or AT) electrodes
and their amplitudes are only slightly less than SP spikes.5,8
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Kanner et al9 demonstrated superior results of sphenoidal
electrodes only if they were inserted under fluoroscopic
guidance.  Recording with multiple nonstandard electrodes
simultaneously to obtain a more comprehensive evaluation of the
electrical field has been recommended.10

Few studies have evaluated the ictal (as opposed to interictal)
merits of these electrodes.  In an ictal study comparing
sphenoidal and minisphenoidal electrodes, Wilkus11 found that
these electrodes produced virtually equivalent findings.
Similarly, Krauss et al12 found no substantial difference between
sphenoidal and cheek electrodes for localizing ictal activity.

Relatively few studies have addressed the issue of montage
design for interictal and ictal temporal lobe epilepsy
abnormalities.  The ability to perform off-line montage
reformatting with modern digital EEG technology diminishes the
importance of initial montage selection.  Ives et al13 studied ictal
EEGs in patients with sphenoidal electrodes by using a coronal-
sphenoidal montage compared to an anterior-posterior temporal
montage.  The montage containing the sphenoidal electrodes led
to an earlier detection (usually by >5 seconds) and detected (in
19% of seizures) ictal changes not apparent with the anterior-
posterior montage.

INTERICTALABNORMALITIES

Epileptiform abnormalities
The classic interictal EEG abnormality of partial complex

seizures of temporal lobe origin is a spike (or sharp wave) that
has an electronegative peak over the anterior temporal region
(electrodes F7/F8) when standard EEG electrode positions are
used.14 One study of a relatively “pure culture” of medial
temporal lobe epilepsy demonstrated the anterior temporal
location of the interictal discharges in 94% of 64 patients.15

Computer field mapping techniques show that the peak field of
anterior temporal discharges is anterior and inferior to the
standard 10-20 electrode positions and accounts for the
sensitivity of the additional electrodes described above.16

The precise anatomic generators of discharges detected by
scalp and sphenoidal electrodes are unclear.  In a study using
simultaneous surface and intracranial recording, electronegative
sphenoidal spikes were recorded when electropositive
hippocampal spikes were obtained; negative hippocampal spikes
were spatially restricted and not detected at the sphenoidal
position.17 Although most patients with sphenoidal maximum
spikes had hippocampal originating seizures, this interictal
pattern was also noted in two of three patients with temporal
neocortical foci and three of six patients without localized
seizure onset, including one patient with an orbital frontal
focus.17 Thus, while sphenoidal maximum spikes are sensitive to
mesial TLE, they are not specific.

Studies, using dipole modeling techniques and magneto-
encephalography in TLE patients, have suggested two sources of
surface recorded interictal spikes: (a) a vertical dipole consisting
of electronegativity at the sphenoidal electrode with widespread
(volume conducted) electropositivity at the vertex, and (b) a
lateral temporal neocortical source that is not generated by
volume conduction but rather represents synaptic propagation
from mesial to lateral structures (or vice versa).18-20

However, other investigators have questioned the validity of

the source model techniques and do not believe that these
methods can reliably distinguish volume conduction from
neurophysiologic propagation.21

Spikes associated with TLE are not necessarily confined to
one temporal lobe.  At least 25-33% of patients with this form of
epilepsy will demonstrate independent bitemporal
discharges.14,22 The substantial recording time of patients on
telemetry yields more sampling, thus it would not be surprising
if publications from centres using telemetry data reported a
higher percentage of bilateral abnormalities.  A surgical series
found 42% of patients to have bilateral independent discharges.15

The presence of independent bitemporal spikes does not exclude
the possibility of successful epilepsy surg e r y.  So et al2 3

described their results from a series of 48 patients with
independent bitemporal spikes, temporal lobe surgery, and a
minimum of two year postoperative follow-up.  Among these
patients, 14 were seizure-free, three had less than three
seizures/year, 22 had >50% improvement in seizure frequency,
and seven were not improved.  Chung et al24 correlated the
degree of scalp lateralization of interictal spikes with the results
of temporal lobectomy; 92% of patients with >90% of spikes
confined to one side had a good surgical outcome whereas only
50% of patients with < 90% lateralization had a good outcome.24

Holmes et al25 demonstrated that patients with independent
bitemporal interictal spikes (all of whom also had intracranial
monitoring) could have successful surgery but the factors that
were predictive of a seizure-free outcome were the occurrence of
at least two of the following: MRI scan abnormality concordant
with the side of surgery, 100% of intracranially recorded seizures
from one side, and a history of febrile convulsions.

Sleep increases the spike frequency in TLE26 and spike foci
unapparent during wakefulness may be found.27 It has been
suggested that spike discharges recorded during REM sleep and
wakefulness are more predictive of the site of seizure origin than
spikes recorded during non-REM sleep. 27

The relationship of the location and frequency of interictal
spikes to the site of ictal onset has been contentious.  A recent
review22 noted that “it seems intuitively obvious that patients
with a unifocal or very strongly predominant interictal temporal
spike or sharp wave have a strong likelihood of ictal onset from
the same temporal region.  Practical experience and accumulated
evidence supports this presumption.”  However, these authors
cite studies that suggest “a predominant lateralized surface
interictal finding will incorrectly predict the temporal lobe of
predominant ictal origin in 20-40% of cases and … the presence
of a unifocal surface temporal interictal epileptiform abnormality
does not exclude the possibility of bilateral independent ictal
onsets as documented by subsequent intracranial study”.22

Conversely, several studies in this decade have demonstrated
a strong correlation between the side of ictal onset and the side
with a preponderance of interictal spikes.24, 28-30 Blume et al28

found that 52 out of 56 patients (93%) with seizures arising from
one temporal lobe had interictal spikes exclusively or
predominantly ipsilateral to seizure origin.  In a companion study
involving a different group of patients, 99/104 patients (95%)
with temporal spikes on four or more awake recordings had most
or all seizures onset ipsilateral to most spikes, including 79/80
patients (99%) of those with a side vs. side spike ratio >3.28

Holmes et al30 reviewed their experience of 98 patients with
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complex partial seizures of whom 59 had spikes predominantly
(defined as >75% of all spikes) localized to a single unilateral
region.  Among these 59 patients, 48 had ictal EEGs that were
interpretable and localized to one region; 39 of the 48 (81%)
patients had all seizures arise from the expected area.  In the 48
patients were 23 who had spikes exclusively  from one area and
the seizures arose from the expected area in 22 of the 23 cases
(95%).  Therefore, recent publications support the value of the
site of maximum interictal spike frequency for predicting the site
of ictal onset.

Patients are occasionally encountered who, in addition to
their focal EEG abnormalities, display bisynchronous spike
waves.31-32 The mechanism of production of these diffuse waves
is unclear but their presence should not deter the search for a
surgically resectable focus.32

Non-epileptiform abnormalities
In general, focal slow frequency wave forms (theta and delta) are

“nonspecific” findings and are seen in a variety of processes,
including epilepsy. Reiher et al3 3 suggested that temporal intermittent
rhythmic delta activity (TIRDA) is a highly specific and accurate
interictal indicator of temporal lobe seizures.  This particular EEG
pattern has recently been validated in a surgical series.3 4

Focal polymorphic delta in patients with established epilepsy
should not be ignored when assessing the side of ictal onset.
Gambardella et al35 found trains of polymorphic delta in >90%
of 56 patients with MRI demonstrated hippocampal atrophy and
TLE.  The delta lateralized to the side of atrophy with accuracy
equal to spikes and was never discordant from spikes.  The
authors concluded that intermittent focal delta is a reliable
indicator of the side of the epileptogenic focus and reflects the
epileptogenic process rather than the structural pathology.35 In
Blume’s28 study of interictal indices, 46 out of 56 patients (82%)
with seizures exclusively from one temporal lobe had unilateral
(or predominantly unilateral) delta that was ipsilateral to the side
of ictal onset and never falsely lateralized the ictal onset.  The
predominant side of seizure origin correlated with the lateralized
delta in 90-100% of patients in the companion study of 156 TLE
patients (with various side-to-side ratios of delta).28

ICTAL EEG
Ictal and postictal scalp rhythms

Many epilepsy surgical centres have published their
preoperative protocols and the majority indicate a reliance on
ictal EEG as an important component of the surgical decision
making process.36 However, the sensitivity, specificity, and
interobserver reliability of scalp ictal EEG for localization of the
epileptogenic zone has been disputed.  Recognition of the
limitations of scalp ictal recordings led to the development of
invasive (intracranial) recording techniques in the 1960s and
1970s and much of what is now known of the electrophysiology
of temporal lobe epilepsy was obtained from these techniques.37

The combination of this knowledge with remarkable progress in
neuroimaging has led to a substantial decrease in the need for
invasive EEG.37

Klass14 credits Gastaut for the observation that “the attacks of
psychomotor epilepsy are almost equally complex from an
electroencephalographic and clinical point of view, and they
cannot be reduced to a single mode of expression.”  The multiple

EEG expressions of temporal lobe originating seizures are likely
a consequence of several factors, some of which may be
interdependent.  These factors could include the precise focus of
ictal onset (e.g. mesial vs. lateral temporal lobe), the underlying
neuropathology (e.g. mesial temporal seizures from hippocampal
sclerosis vs. a neoplasm in the same anatomic region), and
variable routes of propagation.

Examples of the complexities of propagation were illustrated
by Lieb et al38 who studied propagation patterns of mesial
temporal lobe seizures with ictal depth recordings in 24 patients.
These authors, “despite attempts to be parsimonious,” required
nine different seizure patterns to encompass their findings. They
suggested factors that may alter propagation (and therefore the
EEG expression of seizures) include the state of the patient
(wake vs. sleep), antiepileptic drugs, and whether the patient had
unifocal vs. multifocal epilepsy.

The initial EEG change of a scalp-recorded partial seizure
may be a diffuse attenuation of background activity, but this
occurs in only 11-25% of seizures14,39 and has localizing or
lateralizing features in a minority of cases.22 In a small
percentage of patients a seizure may appear to start, stop, and
begin again.  This “start-stop-start” phenomenon was originally
described in subdurally recorded seizures 4 0 but has been
observed in 13% of patients with scalp ictal EEG.41 The initial
start typically has a more restricted field than the second start.  If
the initial start is overlooked, the restart may be misinterpreted
as the actual seizure onset and be considered nonlocalizing while
the initial start is typically very focal and localizing.41

After this initial change, a variety of EEG waveforms are
seen.  In a study of the EEG morphology of partial seizures
Blume et al39 found the initial features (other than attenuation) to
be sinusoidal waves (47%), repetitive epileptiform potentials
(39%), or both (15%).  As the seizures evolved, there was a
change in frequency of these phenomena which either increased,
decreased, or went in either direction in different EEG channels;
only later in the seizures was there a decrease in frequency.  Note
is made that not all patients in this study had temporal lobe
originating seizures.

A lateralized ictal change, variably described as “rhythmic 5
to 10 Hz sharp activity”,14 a “5 cycles/second (or faster) rhythm
maximum at a sphenoidal or temporal electrode position”,42 or
“rhythmic theta-alpha”43 occurs within 30 -40 seconds of seizure
onset in 52-80% of patients.15,42-44 This pattern has high
specificity for TLE (see further discussion in the section of this
paper on “Accuracy of scalp ictal recordings”).

Postictal changes are important for seizure lateralization.
Kaibara and Blume,45 in a study of scalp recorded seizures (of
which 42/51 began in the temporal lobe), found postictal changes
in 69%.  These changes included regional delta, regional
attenuation, and activation of spikes.  Postictal change, whatever
its nature, appeared principally or exclusively ipsilateral to the
side of seizure onset in all cases.  In the Williamson et al15 study
of patients rendered seizure-free after a temporal lobectomy,
67% of patients had lateralized postictal slowing that was
concordant to the side of seizure origin in 100% of instances.
Similarly, Walczak et al43 found that when postictal changes
were present and could be lateralized (43-66% of patients) these
findings were concordant with the side of seizure onset in 96-
100% of patients at least two years seizure-free after surgery.
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Scalp-intracranial ictal relationships
It has been known for many years that scalp EEG

incompletely records many aspects of intracranial activity.46

Lieb et al,47 using a combination of surface and depth electrodes
in patients with temporal lobe epilepsy, demonstrated that a large
proportion of seizures initially seen with depth recordings
produce no visible changes in surface EEG recordings or
produce bilateral abnormalities in the surface EEG which are not
indicative of the side from which depth recorded seizure activity
was initiated.  Only 19% of auras and 10% of subclinical
seizures were accompanied by scalp EEG changes.  A
shortcoming of this study was the limited number of recording
channels, such that highly detailed scalp-surface relationships
could not be performed. 

The most comprehensive systematic study of scalp-
intracranial ictal EEG findings with temporal lobe epilepsy has
recently been published.48 Pacia and Ebersole reported their
findings from 24 patients (with 110 recorded seizures) with TLE.
This study is unique for two reasons : (a) inclusion of patients
with seizures arising from both mesial and lateral temporal
structures and, (b) the extensive EEG data collection: the EEG
was obtained from sixty-four channels of digital EEG (allowing
o ff-line manipulation) recorded simultaneously from scalp
electrodes, mesial temporal depth probes, subdural strip
electrodes, and (in two patients) subdural grids.  Their findings
are summarized as follows.

Patients with seizures beginning at the hippocampal contacts
of the depth electrode had ictal rhythms recorded from the mesial
subdural strip electrodes.  Simultaneous scalp recordings showed
either no change or a diffuse disruption of background; only
when the seizure spread to the basal and inferolateral subdural
contacts did a 6-7 cycles/second rhythm appear in the inferior
and standard scalp electrodes.  The authors concluded that a
scalp recorded 5-9 cycles/second rhythm is highly associated
with hippocampal onset seizures but is not a direct manifestation
of hippocampal ictal activity. This characteristic rhythm (see
discussion by Risinger et al27 and Walczak et al,43 below) appears
to reflect recruitment of adjacent temporal cortex.  Pacia and
Ebersole48 called this a “type 1A seizure.”  This rhythm appears
to be dependent not only on the spread of the seizure to temporal
cortex but involves cortico-hippocampal interactions because
seizures initiated in the neocortex did not demonstrate this scalp
pattern until the hippocampus became involved.44

Seizures confined to the mesial-basal cortex (“type 1B”)
produce a different scalp rhythm that is manifest on the scalp as a
5 cycles/second rhythm maximally expressed, perhaps
u n e x p e c t e d l y, at the vertex.  This rhythm is of opposite polarity
from that seen with the intracranial basal electrodes and “although
seemingly unlateralized, is in fact quite localizing because of the
particular cortical orientation required for its generation”.4 8

“Type 2” seizures were highly associated with temporal
neocortical onsets. The intracranial correlate of this seizure type
was a fast frequency (in the beta frequency range or higher) and
was either focal or regional in onset; such high frequency
changes were never seen with scalp recordings in this study. The
corresponding scalp recordings consisted of a high voltage,
irregular, delta frequency pattern.  Interestingly, three patients
demonstrated this “type 2” pattern but had mesial temporal onset
of seizures; two of these three patients had “atypical” spread of

their seizures because propagation to the opposite temporal lobe
occurred very rapidly (<5 seconds).  The third patient also had a
seizure onset different than the classic depth recorded seizures of
hippocampal onset in that a diffuse seizure onset affecting all the
depth contacts simultaneously was recorded. 

“Type 3” seizures had scalp EEG characterized by changes
but not typical rhythmic patterns or other features characteristic
of an ictus; such patients had seizures onsetting in either the
hippocampus or the neocortex.  It was thought that the reason for
failing to record ictal rhythms at the scalp in these patients was
that the seizures were confined to the hippocampus or there was
insufficient synchrony of cortical areas. 

Accuracy of scalp ictal recordings
A crucial question in the surgical management of temporal

lobe epilepsy is whether scalp recorded seizures can accurately
lateralize (i.e. identify the correct hemisphere) and localize (i.e.
identify the correct lobe) of ictal onset.  Potential difficulties
with scalp recordings include an inability to interpret the EEG
because of muscle and movement artifacts, a paucity of
unequivocal changes, false lateralization, and interobserver
disagreement.44

Spencer et al44 were the first to study the interobserver
reliability in localizing ictal scalp EEGs.  In this study, 144 scalp
ictal EEGs from 54 patients (who had both scalp and depth EEG)
were interpreted by three blinded electroencephalographers
(EEGers).  Depth recorded seizures were considered the “gold
standard” for comparison.  Among the 27 patients with temporal
lobe epilepsy, accuracy of scalp lateralization was 57-60% but
lateralization contralateral to the depth recorded seizures
occurred in 3-17% of cases.  The kappa statistic (a measurement
of index of agreement, corrected for chance) was calculated to
measure the reliability of EEG interpretation between pairs of
EEGers.  Reliability for lateralization was “fair to good”;
reliability for identification of lobe of seizure onset was “poor to
fair.”  When scalp EEGs that were unlocalizable were excluded,
there was “good to excellent” agreement among the EEGers for
the temporal cases.  The authors concluded that more formal
criteria were needed before scalp ictal records could be used
reliably or accurately for localization.  Criticisms of this study
include the lack of sphenoidal or other nonstandard electrodes
and the limited number of EEG recording channels.

Risinger et al42 attempted to define more formal criteria for
scalp localization of temporal lobe epilepsy. They assessed the
reliability and accuracy of scalp/sphenoidal recordings for ictal
localization by retrospectively analyzing 706 noninvasive ictal
recordings from 110 patients who subsequently underwent
invasive depth EEG.  The hypothesis in this study was that an
easily identified 5 cycles/second (or faster) rhythm maximum at
one sphenoidal or temporal electrode position early in the course
of a seizure was predictive of an ipsilateral temporal lobe onset
on depth examination.  Fifty-two percent of patients displayed
this pattern and of these, 82% had an ipsilateral temporal lobe
onset determined by depth recordings.  In those patients who
demonstrated exclusively “focal” scalp recordings, the predictive
value of this pattern increased to 94% but fell to 67% in patients
with a mixture of focal and nonfocal recordings. Among three
unblinded EEGers the interrater reliability for right focal vs. left
focal vs. nonfocal was “excellent” with a kappa statistic of
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>0.83.  However, in 10/57 (18%) of all cases the presence of the
5 cycles/second rhythm was misleading.  The errors were of two
types: most commonly (eight cases), the rhythm predicted an
onset in a temporal lobe that depth recordings subsequently
failed to demonstrate an onset in either temporal lobe (i.e. an
extratemporal originating seizure).  The second type of error was
false lateralization (two cases).  The authors concluded that the 5
cycles/second rhythm was misleading in only a minority of cases
but cannot be used in isolation for definite ictal localization. 

More recently Walczak et al43 published a similar study but
used outcome from epilepsy surgery as the “gold standard” of the
accuracy of scalp ictal EEG in identifying the epileptogenic
zone.  Three blinded EEGers retrospectively assessed 137 ictal
EEGs from 35 patients with temporal resections and five patients
with extratemporal resections, all of whom were at least two
years seizure-free.  Three EEG features were analyzed: (a)
activity at seizure onset, (b) rhythmic waves in the alpha or theta
frequency range lasting at least 10 seconds and occurring within
40 seconds of seizure onset (similar to the rhythm described by
Risinger et al,42 and (c) postictal findings.  Overall, the EEGers
predicted the correct side of seizure onset in 76-83% of the 119
seizures in the temporal cases (kappa statistic of 0.59-0.69,
indicating a clinical significance of “fair to good”).  When the
analysis was restricted to only seizures that had lateralizing
features, the accuracy of lateralization was 93-98% (kappa of
0.85-0.96).  When individual EEG features were analyzed, the
alpha-theta frequency pattern and postictal slowing were more
accurate than the activity at seizure onset.  Specifically, the
rhythmic alpha-theta pattern (found in 64-78% of all temporal
seizures) was 64-76% accurate for all temporal lobe seizures and
when lateralization was possible it was 97-98% accurate.  Post
ictal findings were only 43-64% accurate for all temporal lobe
seizures but when lateralization was possible (49-63% of
seizures) it was 96-100% accurate.  The errors of lateralization
were analyzed as follows: the three EEGers made a total of ten
lateralization errors among seven seizures in four patients; 8 out
of 10 errors occurred in seizures in which only one of the three
EEG features studied was lateralizable; no lateralization errors
occurred in the 76 seizures that contained all three EEG features
that could be lateralized. 

The few cases of false lateralization reported in the literature
in detail49-50 have emphasized the role of gross focal lesions in
altering EEG ictal patterns to create the impression of a seizure
onset contralateral to the true side. 

Sperling et al51 published, in 1992, a noninvasive protocol for
anterior temporal lobectomy that incorporates clinical ictal
features (recorded with videotelemetry), interictal and ictal scalp
EEG (with sphenoidal electrodes), MRI, neuropsychology
(including bilateral intracarotid amobarbital testing), and the
thiopental activation test (a positive test was a failure of EEG
beta rhythms to develop unilaterally when the patient received
intravenous thiopental).  Patients subjected to this protocol
included those with medically resistant epilepsy, ictal clinical
features typical of temporal lobe originating seizures, and
interictal EEG spikes from one or both temporal lobes.
Exclusion criterion were patients suspected of extratemporal
epilepsy based on clinical features, extratemporal interictal
spikes, or an imaging study demonstrating an extratemporal
lesion.  An important aspect to appreciate in this protocol was

that a “positive” MRI refers only to a cyst or tumor; hippocampal
or temporal lobe atrophy was not used as a protocol criterion.
Patients meeting the inclusion criteria were initially categorized
by the MRI scan.  A temporal lobectomy was offered if the MRI
disclosed a temporal lesion, the interictal or ictal EEG was
congruent, and if the intracarotid amobarbital demonstrated
preservation of memory in the contralateral hemisphere.  If the
MRI was negative, a different set of criteria were used.  “Primary
test criteria” included state independent (awake and sleep) spikes
maximal at the sphenoidal electrode and >90% unilateral
preponderance or initial seizure EEG rhythms maximal at a
sphenoidal electrode within 30 seconds of seizure onset.
“Secondary test criteria” were state dependent (sleep only)
spikes maximum at the sphenoidal electrode with >90%
unilateral preponderance, interictal focal EEG slowing at the
sphenoidal electrode >50% of the recording time, localized beta
defect with thiopental, or unilateral memory impairment with the
intracarotid amobarbital test.  A temporal lobectomy was offered
if either two primary criteria and one secondary criterion or one
primary and three secondary criteria were met.  Intracranial
monitoring was done if there were contradictory findings, an
insufficient number of positive tests, or if interictal spikes were
maximum at T3/4 compared to SP1/2 electrodes.  Among 103
patients evaluated for temporal lobe surgery between 1986-1989,
51 met the noninvasive protocol criteria and had surgery.  Of
these operated patients (follow-up of at least 1.75 years), 80%
were seizure-free, 10% had less than 3 seizures/year or have
strictly nocturnal seizures, and 10% had a >80% seizure
reduction.  The authors concluded that this was a safe and
effective protocol for evaluating patients with noninvasive EEG.
In addition, upon reviewing the contribution of the various tests,
Sperling et al51 found that the thiopental activation procedure
failed to provide unique information and could be omitted.

We are not aware of any other studies that have studied a
noninvasive protocol in this fashion.  It is likely that most
epilepsy surgery centres in the 1990s give considerable weight to
the MRI findings of temporal lobe atrophy and/or the typical
MRI features of mesial temporal sclerosis, neither of which was
used by Sperling et al.  The number of structural and functional
noninvasive investigations described for presurgical evaluation
in epilepsy has grown considerably. These include interictal and
ictal functional MRI (fMRI), volumetric MRI, magnetic
resonance spectroscopy (MRS), interictal and ictal single photon
emitted computed tomography (SPECT), interictal and ictal
positron emitted tomography (PET), and magnetoencephalogra-
phy. There are no prospective published protocols incorporating
the results of these investigations to determine which tests
provide redundant, and which provide complementary,
information.

HOW MANY SEIZURES NEED TO BE RECORDED?

There is no general agreement on the number of technically
adequate ictal events required to determine if surgery can proceed
without invasive recordings but attempts should be made to
obtain at least one sample of all seizure types in the individual
c a s e .2 2 An exception can be made for patients with secondarily
generalized seizures, providing there is good documentation that
these attacks are preceded by the patient’s typical partial complex
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s e i z u r e s .2 2 There are no prospective studies to answer the
question of how many seizures should be recorded.

Sirven et al52 retrospectively studied 734 seizures from 166
patients with suspected TLE to determine the reproducibility of
seizures with scalp EEG.  Not surprisingly, patients with
unilateral interictal spikes were much more likely to have all
seizures “concordant” (defined as all seizures localized to one
temporal lobe or lateralized to one hemisphere) than patients
with bilateral interictal spikes.  Among the group of patients with
“conflicting” seizures (defined as some seizures localized to the
right temporal lobe or hemisphere and some localized/lateralized
to the left), all patients demonstrated the conflicting seizures by
the fourth recorded seizure.  These results were similar to those
of Blum 5 3 who determined, using a statistical modeling
technique, that five recorded seizures were required to have a
95% chance of avoiding a conflicting seizure and only four
seizures were needed if all interictal spikes were unilateral.

Haut et al54 suggested, from a study of telemetry patients with
independent bilateral seizure onsets, that seizures occurring
within eight hours are likely to come from the same side.
Therefore, clustered seizures should not be given the same
weight as seizures widely separated in time.  In this study, 3 out
of 14 patients required more than five recorded seizures before
independent bilateral onsets could be documented.

SUMMARY AND CONCLUSIONS

Scalp derived EEG has a major role in selecting patients for
temporal lobe epilepsy surgery and in determining the necessity
for invasive electrode studies.  In conjunction with all other
available noninvasive data, careful evaluation of interictal EEG
features, ictal characteristics, and postictal changes allow the
selection of many patients for surgery without resorting to
invasive electrodes.  

In practice, using the “basic” investigations available in
epilepsy surgery programs, surgery can be offered to the “ideal”
patient demonstrating the following congruence of data:
• Clinical features of the seizures compatible with seizures of

temporal lobe origin.  There should not be features suggesting
an extratemporal onset (e.g. visual or hemiclonic phenomena
early in the ictus);

• Interictal spikes with a field distribution maximum at anterior
temporal electrodes (F7/8, mandibular notch, “minisphenoidal,”
or sphenoidal) or anterior-midtemporal electrodes; no or only
rare posterior temporal or extratemporal spikes;

• Interictal spike frequency predominantly unilateral (at least
75% of all spikes);

• Unilateral temporal focal slowing of EEG background
rhythms;

• Scalp ictal recordings with ictal rhythms noted at the anterior
temporal electrodes early (within 30 seconds of seizure onset)
and ipsilateral lateralized postictal temporal polymorphic
delta rhythms.  We typically do not require more than three to
five recorded seizures if other data (clinical, interictal EEG,
MRI, neuropsychology) are congruent to one temporal lobe;

• MRI demonstrating a structural lesion (including mesial
temporal sclerosis) ipsilateral to EEG abnormalities;

• Neuropsychology (including intracarotid amytal) suggesting
deficits in the temporal lobe under consideration of resection and
sufficient memory function in the contralateral temporal lobe.

There are no absolute guidelines for patients who deviate
from the “ideal” situation described above.  Some examples are
included to describe how we approach selected situations.  In
general, we record more seizures (e.g. 10-15) from patients who
demonstrate independent bitemporal spikes with less than 75-
90% laterality; we will proceed to temporal lobectomy if the ictal
rhythms are clearly unilateral and congruent with an MRI
abnormality. We would consider a temporal lobectomy, without
invasive recordings, if >75% of independent bitemporal seizures
originate from a side that is congruent with an ipsilateral MRI
lesion.  In these situations, the neuropsychology data may “tip
the balance” in favour of proceeding to surgery without invasive
EEG or suggest the requirement for more intensive
electrophysiology.

C o n v e r s e l y, we would suggest invasive recordings for
patients with partial complex seizures (and clinical features of
temporal lobe epilepsy) who demonstrate:
• Independent bitemporal spikes and seizures with no apparent

MRI lesion or bilateral temporal MRI structural
abnormalities;

• Interictal EEG data and seizure onsets apparently
contralateral to a structural MRI lesion.
TLE can be considered on a spectrum from patients with

“strictly unilateral” TLE (who have the potential of surgical cure
of their disease) to patients with “approximately equal” TLE
(who are very unlikely to be cured of their epilepsy with
surgery).  In between these extremes are patients who can obtain
varying degrees of seizure control with resective surgery.  Scalp
EEG, in conjunction with other modalities, can be used to select
surgical candidates and define those patients for whom invasive
recordings are mandatory.
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