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ABSTRACT: Routine EEG telemetry using scalp electrode recordings is carried out in all patients being
considered for epilepsy surgery. However this, along with other testing, may not yield sufficient
information about the location of seizure onset to allow a decision regarding surgery to be made. Various
methods have been developed to implant electrodes for chronic recording closer to the cortical surface
from which seizures arise including the use of sphenoidal, foramen ovale, epidural peg, subdural and
depth electrodes. This is a review of the last two techniques particularly as utilized at London Health
Sciences Centre.

RESUME: Enregistrement intracranien par télémétrie de 1'épilepsie pharmacorésistante au London Health
Sciences Centre. L'enregistrement EEG par télémétrie au moyen d'électrodes appliquées sur le cuir chevelu est fait
de routine chez tous les patients évalués en vue d'une chirurgie de 1'épilepsie. Cependant cet enregistrement, ainsi
que les autres tests effectués, ne fournissent pas toujours suffisamment d'information sur le site ol les crises prennent
naissance pour permettre de prendre une décision concernant la chirurgie a effectuer. Différentes méthodes ont été
développées pour implanter des électrodes afin de procéder a un enregistrement prolongé plus pres de la surface
corticale au site ou les crises prennent naissance dont l'utilisation d'électrodes sphénoidales, d'électrodes du trou
ovale, d'électrodes épidurales PEG, d'électrodes sous-durales et d'électrodes profondes. Nous revoyons I'utilisation
de ces deux dernieres techniques au London Health Sciences Centre.

Successful epilepsy surgery depends on the ability to identify
the epileptogenic zone. Often this can be achieved with standard
non-invasive investigations, including a detailed history and
physical, scalp electroencephalography (EEG), structural
magnetic resonance imaging (MRI), a neuropsychological
evaluation and functional neuro-imaging.! In cases where the
non-invasive investigations identify a clear area of onset,
resective surgery can be recommended without further study.
However in many cases the epileptogenic zone cannot be readily
identified, particularly when there is discordant or ambiguous
EEG data. In these instances, invasive electroencephalography is
often required. Invasive monitoring is usually carried out with
depth electrodes?3, subdural electrodes®®, or a combination of
both!0-12,

Should depth or subdural recording be done in all patients
before epilepsy surgery?

In the past (roughly 1970 to 1990) there have been two
schools of thought about this question. Several American and
European epilepsy centres required invasive recordings usually
with depth electrodes in all patients'?> whereas the Montreal
Neurological Institute, with arguably the most experience in the
surgical treatment of epilepsy at the time, argued that the added
risk and expense of invasive recording was only necessary when

careful extracranial recording supplemented by additional non-
electrophysiological data did not solve the problem of
localization.!*

As neuroimaging technology such as MRI, PET and SPECT
emerged'> to provide important supportive localizing
information to that provided by EEG, the tendency for some
centres to require invasive recording in all patients has
diminished. However the level of comfort that the clinically
relevant seizure focus has been accurately identified without
invasive recordings remains quite variable not only from centre
to centre but also between individual clinicians. In the event of
differences in opinion about the need for invasive recording in
any one case, the final determination must be made by the
epilepsy surgeon.
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Which is preferable, depth or subdural recording?

Various arguments have been put forward advocating for both
of these techniques each of which has its own strengths and
weaknesses. Depth electrodes are better tolerated by patients
than subdural strips which induce more headache and malaise
while they remain in situ. However depth electrodes have a
higher risk, albeit a low one, of intracerebral hemorrhage or
abscess and require expensive stereotactic equipment to implant.
Further, the penetrating morphological damage to brain areas
that are not subsequently resected provides a possible substrate
for functional or epileptogenic disturbance. Subdural grids have
the highest overall morbidity'® and require open craniotomy.
Comparisons of depth versus subdural recording at any one
centre must take into account the particular techniques for
implantation and the types of electrode used at that centre. For
example, to compare several multicontact depth electrodes
directed to the hippocampus with subdural strips covering only
the temporal neocortex will yield results favouring the former, an
outcome not necessarily relevant to other centres using different
implantation techniques. Individual epilepsy surgery centres
have adopted one or the other or both largely based on the local
neurosurgical experience and preferences.

There are electrophysiological considerations that must be
taken into account when recording with intracerebral electrodes.
The EEG signal is generated as an electrical dipole by the
synchronous membrane potentials of a large population of
pyramidal cells similarly aligned in the cerebral cortex. This
potential as measured by any monopolar electrode using
referential recording is proportional to the area of cortical
surface seen by that electrode, also called the solid angle.!” Scalp
electrodes will generate EEG signals only when synchronous
pyramidal cell activity involves a wide cortical surface area of
six square centimetres or more whereas subdural and particularly
depth electrodes are recording from a limited area of millimetres
or less. This higher “resolution” of course allows more accurate
localization of ictal activity but only if the electrodes are
accurately placed. As a result of their narrow electro-
physiological characteristics, cerebral activity with a wide field
such as generalized spike wave will be poorly “seen” by invasive
recording techniques.

What is done at London Health Sciences Centre?

In the 1970s, Dr John Girvin, the only epilepsy surgeon at the
time decided that subdural electrodes had advantages that made
them more attractive for invasive intracranial recording than
depth electrodes. He developed a unique technique for subdural
coverage of the temporal lobe (see below) that has remained the
primary means for invasive recording since then®!7. During the
first 10 years of invasive recording, only 10-20% of investigated
patients had telemetry using subdural electrodes in part because
there was considerable reliance on intraoperative electro-
corticography (ECoG) under neuroleptanalgesia which was done
in all cases. In contrast to other centres which have decreased the
number of invasive recordings from 100%, these have increased
to 40-50% at our centre while ECoG is now carried out only in
selected cases, a necessity in these times of tight operating room
scheduling. The likelihood of subdural recordings being done is
much higher at our centre in extratemporal cases (60%)
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compared to those with temporal lobe epilepsy (30%). Although
we routinely use subdural recording, depth electrode recordings
are used in selected cases when the putative seizure focus is in
an area such as the insula not accessible to coverage with
subdural electrodes. Thus there seems to be more consensus now
on the need for invasive recording as many centres that relied
heavily on it have reduced their numbers while others like ours
have increased utilization.

What are the indications for invasive recording?

Scalp recording along with other investigations may fail to
satisfactorily localize the seizure focus but these will provide
information that allows the formulation of a working hypothesis
to potentially resolve the diagnostic problem using invasive
recording and direct the placement of depth or subdural
electrodes. Having a specific hypothesis as to where the seizures
arise will prevent embarking on a “fishing expedition” with
placement of a vast array of electrodes in the hope of covering
the focus. On the other hand, too limited intracranial electrode
coverage may miss the focus or worse give false localization
when only an area to which the seizure spreads is covered.

In general the reasons for consideration of invasive recording
are as follows: seizures localized but not lateralized (especially
from the temporal lobes), seizures lateralized but not localized
(extra temporal convexity), seizures neither lateralized or
localized (supplementary motor area), seizure location
discrepant with other data (right mesial temporal sclerosis but
seizures predominate left temporal), seizures involve eloquent
cortex (rolandic, speech), seizure localization in relation to
lesion.

What are the surgical techniques for implantation of
intracranial electrodes?

Depth electrodes are placed directly into the brain through
separate small holes in the skull. The location and number of
depth targets is dependent on the hypothesis being tested and the
results of the non-invasive investigations. Once a target is
chosen, a trajectory is planned using 3-dimensional MR imaging
with particular care taken to avoid eloquent cortex and vascular
structures. Once the trajectories and targets have been chosen,
the electrode trajectories are localized using frame-based or
frameless stereotaxy or, more recently, with the assistance of
surgical robots.!® Once the trajectory has been acquired, the
electrodes are inserted manually. Depth electrodes have the
advantage of being relatively straightforward technically to
insert and they are excellent for targeting specific lesions or
anatomical structures (eg. hippocampus or insula). In our
experience, they are also better tolerated by the patient than are
subdural electrodes. However, one major shortfall of this
technique is the relative inability to provide dense spatial
coverage and to widely sample large cortical areas, including the
mesial and inferior brain surfaces. In addition, some specialized
equipment is required to insert depth electrodes.

As opposed to the smaller openings required for depth
electrodes, larger exposures are required for subdural electrodes.
Subdural grid electrodes are inserted by craniotomy and
subdural strip electrodes are inserted either by craniotomy or
through burr holes. In our centre, the preferred technique has
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been to insert subdural strip electrodes through burr holes. With
appropriately placed holes, electrodes can be placed over any
cortical surface, including the mesial and inferior temporal,
inferior occipital, orbitofrontal and the entire mesial hemisphere.
As mentioned, subdural electrodes have the advantage of
excellent spatial resolution and the ability to sample any cortical
surface, with the notable exception of the insular cortex. In
addition, besides the electrodes themselves, no special
equipment is required for their insertion. The major disadvantage
of subdural electrodes is their inability to sample deeper
structures or lesions, which is a task more suited to depth
electrodes. The one notable exception to this would be the
hippocampus, which although easily targeted with depth
electrodes, can be sampled very reliably, with an inferomesially
placed subdural electrode lying medial to the collateral sulcus.8
A small percentage of patients, almost all with extratemporal
epilepsy, will require supplementary insertion of additional
electrode strips if the suspected seizure focus is adjacent to but
not covered by the originally placed electrodes."”

What are the risks of invasive recording?

As is the case with all invasive procedures, there are risks
associated with the insertion of intracranial electrodes. The most
commonly reported complications are hemorrhage, infection,
cerebral infarction, CSF leak, transient neurological deficits,
edema and mass effect. Of these, infection and hemorrhage are
the commonest serious complications. Although the reported
incidence of these complications is variable, larger series have
demonstrated that the rate of serious complications for depth is
actually quite low, ranging from 1-4%.20>* Tanriverdi et al
reported on a very large series of patients who underwent depth
electrode insertion at the Montreal Neurological Institute.?> In
491 patients who had 6415 depth electrodes inserted, no deaths
occurred and the combined rate of hemorrhage and intracranial
infection was 2.6%. Including minor transient complications, the
overall rate was 7.1%. The complication rate for subdural
electrodes is more variable, likely due to the fact that most series
combine complication rates for subdural grids and strips. Wyler
et al looked exclusively at patients undergoing subdural strip
electrode insertion and indentified complications in only 0.85%
of 175 patients.?® The most common complications in our series
of patients with subdural electrodes were infection and
intracranial hemorrhage.”” We found that the rate of
complications with subdural grids (13%) was considerably
higher at LHSC than that for subdural strips (3%).

What is the outcome of surgery after invasive recording?

Since invasive recording is usually done when seizure
localization is difficult and there is no well defined lesion, one
might expect a less favourable outcome from epilepsy surgery in
this group. One quarter of patients who have invasive recordings
at LHSC do not go on to resective surgery most commonly
because more than one seizure focus is found. Of 113 patients
followed for one year after surgery, 53% were seizure free after
temporal lobectomy and 41% after extratemporal resection, both
somewhat lower success rates than generally expected.?® Age at
surgery had a major impact on outcome as only 20% of those
who had invasive recordings with subsequent surgery over age
40 years became seizure free.
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