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1. Introduction

The advances in the surgical treatment of epilepsy have
been dramatic in the last ten years with the advent of
long-term maonitoring for epilepsy '™ as well as advances
in surgical technique, Technical resources are now avail-
able thint allow sargical treatment for paticnts who even
as late as the mad- 1980 womld ot have been considered
candidates tor surFical intervention cven at the maost so-
phisticated epilepsy centers, Traditionally, surgical
Lreatment has becn the last court of appeal for patients
who have exhausted all medical oplions. In the recom-
ropericdedd puicdelines froome the National Association of
Epilepsy Centers it was agreed by the initial group ol ten
major epilepsy centers in the country that ifa patient did
ot corme under conteol with bwo appropriately selected
medicines alone and in combination within one vear, a
referral to an epilepsy center should be considered at that
point, with surgery a delinite option =0 This s a depar
ture from the previous perspective that paticnts had (o
exhaust all moedical therapies i multiple combinations
over several years, Clearly, the surgical option is more
readily available as the techniques and the approaches,
as further elaborated in the voluome, have been refined,

Any surgical evaluation in the era of long-lerm monilor-
ing reqguires the recording of the clectroencephalogram
with concomitant videotaping of the patient for examples
ol spontancously ocourring ictal events 0 Interictal
epileptiform activity is a component in the overall deci-
sion about the surgical candidicy, However, the epilepsy
surgery cenlers are in general agreement thal an intericlal
abmormality is insufficient in and of itself for a presurgical
evilluation =,

Cerlaindy a very important reason tor okl recording is
the existence in a signilicant proportion of paticnts al
our referral epilepsy center (200 of admissions) ™ ol
nonepileplic (predominately psychogenic) seizures ac
counting for their intractable paroxysmal episodes, From
prresvious studies " more than 5005 of these patient also
had epileptilorm interictal abnormalities. Therelore, one
mist record the characteristic ictal events identified from
the preadmission history as accounting for the paticnt’s
medically intractable events in order to identily whether
the nonepileptic or the epileplic events are the reason Tor
the medical refractoriness. A serious therapeutic error
could result by relving on interictal data in these patients,
nomatter how convineing,; surgery for a psychological
disorder is clearly Tnappropriate.

Spontancous seizures produced by Lhe patienl are some-
times oo infrequent to allow recording of events in a
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reasonable time Trame in the lopg-term inpatient moni-
terring envirorment. This ictal yviekl can be signiticantly
enhanced by reducing the dosage or number ol
anticonyvulsants the patient is taking'™ . This must be done
with consideralyle caution and done only inean inpatient
enviromment where one can immediately treal polential
resultant status epilepticus, In our previous experience
with the wse of judicious reduction of medications, 83
el of 100 paticnts had scizures recorded on EEG within
tworwecks, and TOUS: of presurgical candidates had seizuares
recorded within one month '

The average lenglh ol stay Lor surgical evaluation at the
Minnesota Epilepsy Group of United and Children’s Hos-
pritald i S0 Faul Minoesota s now about 8 days Lo record
i sutficient number of seizures to be confident as to the
ictal location, Certainly difficultics with third party re-
imbursement for these somewhal long lengths of slay can
be problematic, but generally can be appropriately
handled with pre-admission approval and a prospective
case manageiment approach, The pharmacological induc
Lion of seizure with stimulant drugs is not a technique used
at LS, epilepsy centers because of the potential of
wnrelialality of the Tocalization of the indoced cvents and
the risk of inducing a non-localized fonic-clonic cvent, ™

This monograph provides a decision algorithom for the
evaluation of paticnts for cpilepsy surgery that is currently
followed by the Minnesota Epilepsy Group of United and
Children's Hlospital in S0 Maoal, Minnesola, The approach
Lhat is outlined is only one approach that continues o
evirlve as we learn more abouot this spectrum of disorders
kronn as epilopsy,




3. Facility and Clinical Team

Requirements

3.1 C“nicu_F_Tec:m

As outlined in the Kational Association of Epilepsy Cen-
ters Recommended Guidelines, an appropriaie team is
required in order to perform these sophisticated
presurgical and surgieal assessmienits, as well as subsequent
surgical interventions, As outlined in the guidelines, a
board certified clinical neurophysiologist, neurologist,
neurosurgeon, nearopsvehologist, EEG lechnologist, unit
nurses specializing in epilepsy management, nurse cling-
clians speclalizing in epilepsy management, social workers,
psychologists knowledgeable in epilepsy issaes and ex
perivnced with at beast 25 epilepsy surgenics per year ane
required in order for this technology Lo be properly applive.

3.2 Facility

The facility should include an inpaticnt recording saite
with access to full resuscitative capabilities; a dedicated
undb with o rarsing stall whose sole tunction s tocare fol
indivicuals with epilepsy; a unit designed and turnished
to minimize risk ol injury to paticnts subject to scizures
and falls; 24-hour medical coverage on sile; amd avail-
ability of the full-spectrum of imaging services.

4. Decision Algorithm

for Patient Evaluation

4.1 Decision Point Cne

To begin, ask the fivst vital question (ffenre 1) Are these
events epileptic seizures? The number of recorded evenlts
reguired to determine whether a seizure ype is epileptic
can be quite variable. Generally this number is one 1o
two ol cach characteristic event of concern that the pa-
tient describes upon admission, However, in some cases,
especially for frontal lebe seizures, recording multiple
events s gonerally quite easy as these patients often
have ten or more events ol this bvpe per dav''. An
clectrodecremental or epileptiform fast pattern can be
hard 1o recognize under prominent muscle artifact
Difrontally, The thread of stereotypwy for these events, each
event having a clearly defined commonality, often allows
the distinction between psychogenic and nonepileptic
events. Assistance can be further gained from post-ictal
prolactin levels™, stalt interaction during the events, and
a comprchensive neuropsychological, psychological, and
social evaluation. Video recorded events should be shown
to family orinstitational personnel caring lor the paticen)
to confirm that the documented episodes are those that
precipitited the evaluation for medically refractory sedi-
sures. Many patient and Families provide home video

recorded events thal may be a source lor comparison with
the evenls recorded with concomitant EEG, Similarity,
nursing stall and EEG technologists Trom the Tong-term
monitoring Lcility can review the outside videotapes be-
torehand Lo more precisely docurment behavioral changes
and interact more eltectively with the patient when events
are recorded.

PPsychogenic events can be particularly problematic i they
resemble partial epilepsy "™ When psychogenic events
resemble tonic-clonic seizures, video EREG and clinical
observation can usually answer the question of organic

ity easily. For partial seizures, however, multiple events
will need te be recorded o adentify any thread of sterotypy
or the comsideraldle variation that usually occurs with psy-
chogenic evenlts as a point of distinction, A good rule of
thumb is that no paticol shoold advance to invasive in

tensive monitoring without having at least one surface)
sphenoidal electrode recorded Lrue epilepliform ictal
cvenl, even il only secondarily gencralized. Similarly, no
patient should advance Lo invasive moniloring with ac-
tive psychogenic events, These should be dealt with
Lhrough appropriate couanseling. e reader is referred to
Merepifeptic Selanwes " edited by Rowan and Gates for more
detinite discussion ol this particulary problematic disorder.

FIGURE 2.
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Having excluded nonepileptic events (psychogenic sei-
zures) (rom the diagnostic option, the primary question
in the presurgical evaluation is: Are the epileptic seizures
of unifocal origin as recorded using both surface and/or
sphenoidal electrodes with X number of events obtained?
“X" Tor this purpose can be ditficult, but at least six events
proves to be functionally quite reliable (Figure 20 A re-
cent statistical review " corroborates that six to eight is
oplimal and practical. It is vital to record a sufficient num-
ber 1o avoid a false unifocal localization in cases of
multifocal origin or to decide if invasive technigques will
eventually be required. Only the occasional patient will
experience lonic-clonic status epilepticus under the para-
digm, and this complication has always been readily
treatable without any long-term morbidity or mortality
in more than 15 vears of treatment in more than 2000
medically refractory epilepsy patients,

The interictal localization should not be (gnored and
should be compared with the ictal localization, An insis-
tently active interictal focus that does not localize to the
ictal site of onset does dictate a careful review. It does
raise the question: Are the seizures being recorded just
one of several seizure types experienced by the patient
with frequency of the different episodes possibly a func-
tion of medication levels? False localization by medication
reduction is generally not problematic but must be con-
sidered. Once the necessary number of seizures are
recorded by 16 or more channels ® using the surface/sphe-
noidal electrode technique there are three potential
answers to the unifocal origin question.

a, The unitocal origin is clearly established.

I». The unifocal origin is probable but not clearly
cstablished or the superimposition of eloquent func-
tional cortex is a confounding variable.

¢. A multifocal origin or primary generalized pattern is
documented on the ictal recording.

4,2a. Unifocal Origin is Clearly Established
by Surface Recording

The decision for resection based upon surfacefsphenoi-
dal EEG ictal and interictal localization is gaining
popularity when utilized as part of a multifactorial local-
ization approach. The basic concept underlying this
approach is to use multiple sources of information to see
if they converge on the same point within the brain.

As will be further elaborated in the section on temporal
lobectomy, neurodiagnostic imagining, including mag-
netic resonance imaging (MR1), single photon emission
computerized Tomography (SPECT) both ictally and
iIﬂl.‘Ti.L‘lﬂH}", andd imsiimn emission ']'nnmgru]‘.lh}* (PET)
scans need to be reviewed carefully for localizing evidence
that might be subtle and which correlate with localiza-
tion by neuropsychological testing and interictal and ictal
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EEG. The intracarotid amobarbital test can often provide
clarification regarding abnormalities in memory that cor-
relate with the localization and clarify information about
speech lateralization that could influence the extent of
resection in the temporal lobe ',

Previous studies have demonstrated a false localization
rate by surface/sphenoidal recording from 10% to as high
as 90 5, The Montreal Group probable defines the
most likely scenario with a clear electrographic localiza-
tion of seizure onset by extracranial electrodes in 22% to
40% of patients with the lower yield in those with frontal
lobe origin, the higher in temporal lobe onset

A review of 160 patients with temporal lobectomy fol-
lowed for at least two vears postoperatively revealed that
with surface/sphenoidal selection, 76% of patients were
seizure-free with and additional 2006 having a greater than
90% reduction ™, Such data would strongly suggest that
surface/sphenoidal localization could reasonably localize
onset with quite acceptable surgical results.

Additional characterization and localization of the epi-
leptogenic focus can be done with sodium Pentothal
injection (Lombroso - Erba Test) * or diazepam or pento-
barbital suppression'™, These are useful in cases likely to
be of frontal origin with rapid secondary generalization.
However, they rarely preclude subsequent invasive moni-
toring in our experience,

As will be further discussed in the section on temporal
lobectomy, surgical intervention can generally proceed
with surface/sphenoidal selection when all the informa-
tion converges precisely to an arca of the brain that is readily
approachable and likely to be resected without causing
significant deficit, for example, the non dominate tem-
poral lobe (Fignre 31 The localization of the speech center
in the dominate temporal lobe, however, has been ob-
served 1o be as far anterior in approximately 5% of patients
as 3 cm from the temporal tip'"" ™, Consequently, cau-
tion is often advised which paradoxically results in
invasive recording for these patients in many cases. Simi-
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larly, a body of Hterature is beginning to develop suggest-
ing that resection of mesial structures in patients with
preserved verbal memory function localized to the domi-
nant hemisphere may result in significant memaory
compromise post surgery. How to approach these patients
is problematic and is certainly undergoing assessment ©™,

In patients with striking inconsistencies in the localization
from the neurological examination, neuropsychological
studies, structural assessment, or activation studies, the pos-
sibility of a false localization from surface/sphenoidal ictal
in interictal recording should be seriously considered, At
that point, depth electrode and subdural electrode array
recording for a more precise epileptogenic localization is
probably more appropriate,

Our  depth
electrode ap-
proach is
summarized
in Figures 4A
and 4B, It is
specifically

FIGURE 41,
Crirtes Dunn Depth Electrodes

designed to lateralize epileptogenesis in mesial temporal
structures ™ when other evidence including interictal,
neuropsychological testing, or MEI support lateralized
onset, but supporting data s not congruent. The depth
electrodes placed bifrontally are there to exclude a po-
tential frontal enset but are not specifically designed to
select a frontal resective site. Consequently our depth elec-
trode technique without utilizing supplemental strip
electrodes is specifically designed to lateralize mesial on-
set and to exclude a mesial frontal onset in appropriately
selected patients =,

Depth electrodes are placed using stereotaxis. The patient
undergoes imaging using either the CEW frame or a frame-
less system to plan trajectories. The frontal electrodes are
passed from an enlry point 2 cm anterior to the coronal
suture and 2 cm from midline through a small twist drill
hole, The final position of the electrode is juxtaposed to
the gyrus rectus approximately 1.5 cm anterior to the
anterior clinoid. The temporal depth electrodes are passed
through an entry point 8 cm superior (o the inion and 4
cm off midline, The electrodes parallel the hippocampus
50 as to provide good recording both in the anterior as-
pect of the hippocampus as well as along the trajectory,
These electrodes are flexible enough that a significant
wvascular structure will deflect the electrodes. This has been
shown in our experience in over 500 depth electrode pas-
sages with only two small hematomas that did not require
surgical treatment. The physicians and surgecns affiliated
with the Minnesota Epilepsy Group have developed the
technique of subdural electrode array (SEA) over 17 vears.
As with all technology, it has evolved significantly and
identified new indications and applications as our com-
fort level with technigue has improved. Specific
applications will be discussed.
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4.2b. The Unifocal Origin is Probable but Not
Clearly Established or the Superimposition
of the Eloquent Functional Cortex is a
Confounding Variable.

Dominant Temporal Lobe Onset

A rationale for temporal lobectomy is provided in Figure
5, If surface/sphenoidal recordings cannot confidently
identify the area of epileptogenesis within the Intracarotid
Sodium Amytal Test (ISAT) confirmed dominant mesial
temporal lobe (i.e., lateral cortical structures are likely to be
involved), it is necessary to use a subdural array technique to
definitively identify the area of epileptogenesis and to identify
Wernicke's area within the temporal lobe, As the diagram
demonstrates (Figure 64) considerable variability can exist
as to the location of Wernicke's area within the temporal lobe,
but with appropriate speech mapping an aggressive domi-
nant temporal lobectomy can still be effected (Figure 68),

Technique

Fach patient is prepared with a standard dominant cran-
iotomy utilizing, in most cases, a question mark incision
extending from the frontal region through parietal and
inferior to the temporal zygoma. The exposure allows vi-
sualization of the superior and middle temporal gyrus to
within 3 cm from the temporal tip. The bone flap follows
the skin incision and the dura is excised with a 1 cm
margin. A T-electrode is passed into position under the
dominant temporal lobe, although not easy to place, the
T provides coverage of the hippocampus along its axis. The
additional three contacts '™ "™ assess activity from the para
hippocampogyrus and inferior temporal gyrus. A 64-con-
tact subdural array is placed 3.5 cm from the temporal
tip, extending posteriorly and additional B cm (Figure Za,
#, cb. This usually provides coverage to confidently iden-
tify the speech area or to confirm it is beyond the area of
the epileptogenesis within the temporal lobe (Fgure 71).
When coverage of the frontal structures is also needed a
subfrontal and prefrontal 4 or 6 contact strip is generally
utilized in this situation (Figure 8AJ.

Stimulation studies are then carried out utilizing the standard
Cleveland Clinic parameters *" to obtain the functional
anatomy of this area (Figure 84). The Ojemann Cortical
Stimulator allows this mapping to be done safely (Figure
8B}, Detailed neuropsychological assistance is utilized to
define the speech areas after an initial pass identifies speak-
ing difficulties or mutism at appropriate electrodes. All
studies are done below after-discharge threshold, if at all
possible technically, which requires the patient to be main-
tained on significant antiepileptic medications for this
period of study. Two stimulation passes are employed with
at least the first and second pass done by two independent
clinical neurophysiologists with the third corroborating the
independent findings into a summary map (Figure 84,
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FIGURE 7C,
“T* electrode,




An epileptogenic map is then generated, identilying the
arca of most active interictal epileplogenesis, generally
for the seven days ol recording, An ictal map is also per-
formed, having recorded the patient’s characteristic
clinical ictal events (Fivere 9 & 10 The three maps are
then superimposed (Figeere 11 and are cross-correlated
with the functional MRELand PEFT scan, il available, inoor-
der Lo create the coordinates for resection. This clinical
neurophysiological data is then cross-referenced to the
vascular anatomical data Lo arrive at the definitive resec-
Lion sile (higure 110

IT epilepogenesis coexists with eloguent cortex, specifi
cally motor and specch arcas, a decision is made Lo extend
- the margins of the resection wilh a multiple subpial
FIGLIRE 713, tronsection 222 We have found that multiple subpial
Asseessive seseetont atliwed B s Fechiaee, 8.5 c froa fernaral N transection (MSTy in the area of Broca®s and the motor
arca is well-tolerated, but some patients do not telerate
apgressive multiple subpial transection of Wernicke's area @5
fPigere 110 With this technigue, we have avoided damag-
ing specch areas, including dominant temporal procedures
and have been able to eflect remarkable surgical oulcomes
in terms ol the percentage seizure-free == avoiding lunc-
tional deficit,

Neocortical Extratemporal Onset

Moethods for diagnosis and Lreatment of neocortical
extratemporal onset epilepsy are provided in Figure 12
When cpileptogencsis appears to exisl in cortical struc-
tures outside the temporal lobe, (1.e,, frontal, panetal, or
covipitall the technique of subdural electrode array in
combination with depth electrodes and multiple subpial
transection, offers a tremendous varicty of potential
approaches. For laterizerable/localizable areas of likely
epileplogencsis, standard grid/strip placements * are used.
(e BAS

Hewwever, when unifocal origin is suspected in the rontal

L ) Lok, but definitive Literalization docs not transpire from
Coverige of fronbal strctares with steip el geid electdes, cn ol e . : ) ) hor ; )
vk covers vt frostel end eepurd lafres. SeSpeccls, T g, surface/sphencidal recording as correborated with the
b=fice, L=t interictal BLG, nearopsychology, MR and other func-
tional imaging (PET SPECT, iMRDL, then the technigue
that we have somewhat whimsically termed the "Double
sy has ulility (Figuee 130 and T38)

FIGLIRT BA.

Technigue

The frontal montage involves initial imaging with either
the CRW head frame or the frmeless system o ablain
the coordimates for calcalation of trajectories, The trajec-
tories are Lhen calealated Tor both frontal and temporal
depth electrodes as described presiously, The patient then
has the temporal depth electrodes passed into position
Tolleecd Dy induction of general anesthesia and position-
ing for the frontal montage porlion of the procedure,
Midline exposure is accomplished 1 cm anterior to the
coronal suture and extending approximately 5 cm to the

FIGLYRE 815,

{0 feavicnive Clor it Sinedadaon
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right and left of midline, Burr holes are placed over the
sagittal sinus and as needed laterally to allow for a cran-
iotomy of 8 X 4 cm. The dura is opened bilaterally with
the flap hinge on the sagittal sinus. On the non-domi-
nant hemisphere, there are four sentinel strips placed in
a radiating pattern in the position of right anterior, lat-
eral, posterior and interhemispheric bifaced 8-electrode
sentinel (Figures 134, 138, 14). These electrodes are passed
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in a blind fashion, however, these electrodes are designed
in such a fashion that they become an extension of the
finger. The electrodes slide into position with ease, but if
resistance is met, then the electrode trajectory is passed
with a small difference, On the dominant hemisphere as
determined by preoperative 15AT, the radiating pattern is
placed with the left anterior electrode followed by place-
ment of the “pie” electrode as designed and demonstrated
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FIGURE

10,

Ictal onset of @ typical coomplex partial selzure from the grid felectrodes 8, 17, 10, 18] with rapid spread,
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FIGURE 11

Paticnt surtenary anaf, (=spevch, T=Togoe, F=Fce, H=Hand)

FIGURE 12

Diaggnests and treatment of neoscortical extratemporal onsel epilepsy,
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in this monograph (Figure 15, f6), The pie electrode is
used to map the language center, [t provides higher reso-
lution coverage of the language center than fanned
multiple strips. In addition, the special shape allows it to
slide beneath the skull and dura more easily than a rect-
angular grid by using a side-to-side motion. This pie grid
does fit through a small opening and in no situations have
we experienced hematoma formation or other complica-
tions from placement of the pie in over 90 patients. As
the final partion of this procedure, the four contact depth
electrodes are passed through the previously calculated
trajectory into a standard frontal position as described
previously, Dura closure is accomplished by the use of
dura reconstruction or directly. The electrode leads are
tunneled through a stab incision at a distance from the
coronal incision.

FIGURE 13A.
Ditegeare of strip electrode
flacenrent wsiny

*Doele Ditisp” fechinige,

FIGURE 131,
MR aof depth axed sivip edectrodes, (See qrrows for lecalio,)

FIGURE 16.

Pl vlectrode.

FIGURE 14,
Steip electrodes wsed in
“Dlorehle Daisp” technigue,
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When the parietal or occipital lobes are involved in
epileplogenesis (Figure 17], very customized subdural elec-
trode arrays have to be utilized. Depth electrodes are
generally not used in the occipital area because of the
potential risk to vision, but a customized bifaced subdural
strip can be used in the interhemispheric space, especially
in the calcarine (Fignre 18, 19), This can be a remarkably
deep space and if concern exists for potential deep-seated
calcarine epileptogenesis, a 6-contact bifaced electrode
may be needed. Otherwise, custom arrays can be placed
over the occipital poles, though generally a 64-contact
electrode array cannot be placed over the pole penetrat-
ing into calcarine cortex because of the sharp angulation
of the occipital pole. However, subdural arrays of up to
fid-electrodes have been placed within one centimeter of

FIGURE 15.

“Prauble Dalsp® with pie electrode, (Arow g pie,)

FIGLIRE 17,
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the occipital pole with tech
nically satisfactory results ™.

Exposure ol Lhe occipital po-
lar involves a large U-shaped
incision from just below the
inion 2 cm opposite midline
of the pole to be exposed, The
lateral margin covers the pos-
terior teimporal region where
il meets the occipital lobe. A
crandotermy extends froan Lhe
midline inferiorly at the
torcula tor just past the pari
clal  occipital  junction
superiorly and literally to the
fentoriume. The bone tlap cx-
proses Lhe sagittal sinus from

etal  occipital  junction

superiony and laterally to the tentorium, Care 15 taken in
opening the duri to preservedraining veins. The grid may
b custommized or trimmed to 1t Frequently, suboccipital
4 or 6 contact electrodes are passed as well as an infer-
hemispheric a-contact bifaced electrode soas 1o record
from calcarine cortex,

As in the other subdural electrode technigues, epilepto

genic maps are produced and then based on standard
anatomical considerations, the resection is then outlined,
Multiple subpial transection has been utilized inothe oo

cipital pele with satisfactory funclional oulcome with
miner disturbance of the visual ficelds, but withoot the
production of Mindness*™ Doing functional mapping ol
Lhe occipital area is ditficult and standard tunctional con-
cepls of occipital organization have 1o be ulilized, 1t is
generally undesirable to resect the occipital pode, ar into
the calcarine, as this will create a significant visual field
defect. Similarly, a high parictal resection, whether doamni-
nant or nondominant, can often procduce higher cortical
function difficulties such as Gerstmann syndrome in the
dominant parictal and a significant constructional dys

prixia, and/or neglect fronn the non-dominant parictal,
Ir1 these areas, il it is know Lhat this tissae is functional, it
is prudent to utilize multiple subpial transection, ===

An expanding application for the subdural electrode ar-
ray technigque had been done in paticnts who not only
have medically refractory epilepsy without a clearly iden
tifiahle lesion, or the suggestion ol a lesion withouwt
delinitive epileplogenic margins, bul also in those cises
in which tumors, usually primary neocortical tumers,
coexist with epileptogenesis. We have demonstrated ex-
ceplional seizure outcomes with lack of deficit apparent
in these patients @7

The development of this family of subdural electrode ar-
riy electrodes has allowed the Minnesota Lpilepsy Grouap
to olfer new hope to paticnts with medically refractory

FIGURE 15,

torcula inferiorly to the pari- Sedddftaal s il vivws of caloorioe inderfreaisliericd stei vl troce,

o @%e)

Trierficpreispeeric vl vinii,
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FIGURE 21. VAGAL NERVE STIMULATOR OFTION
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FIGURE 22, INTENSIVE
NEURODIAGNOSTIC MONITORING
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epilepsy, including those with primary brain tumors, who
simply could not be safely approached before. This tech-
nique affords the clinical neurophysiologist and
neurosurgeon to work together in manner that is marvel-
ously collaborative, and a tremendous example of the
application of team expertise to effect remarkable clini-
cal outcomes.

4.2¢c Documentation OF Multifocal Origin
Or A Primary Generalized Ictal Pattern,

Corpus callosum division is another surgical option avail-
able to a significant sub-group of patients intractable to
medication (Figure 20). In 1940 Van Wagenen and Herren
from Rochester, New York, introduced corpus callostomy “In
an effort to limit the spread of a convulsive wave Lo one-
half of the cerebrum.” They believed that consciousness
would not be lost and the falls caused by apparently sec-
ondarily generalized seizures could be avoided.

Ower the year, various combinations of sections of inter-
hemispheric fiber tracts (corpus callosum, fornix, massa
intermedia, anterior commissura, and hippocampal
commissure] have been performed with mixed results
both in terms of increased seizure control and complica-
tions of surgery =4 2, 3 31, 32, 3, 343896 Several centers have
reevaluated this technique in recent years 3%,

With the advent of the YVagal Nerve Stimulator as a surgical
option for patients with medically refractory/partial
epilepsy, modification of the surgical decision tree has to
transpire, We would modify our existing decision trees to
include Vagal Nerve Stimulator as an option for the patient
who is not the ideal focal resective surgical candidate
(Fignre 213 This would include predominantly non-domi-
nant temporal lobectomy patients, individuals with
dominant resection confidently mesial who do not have
intact verbal memory function or patients having a lesion
with clearly localized epileptogenesis in other neocortical
structures that is not proximal to vital eloquent cortex,
Finally, in patients for whom the corpus callosum division
is indicated, there is a body of evidence ' to suggest that
the Vagal Nerve Stimulator may be an effective alterna-
tive associated with a lessor morbidity.

At the Minnesota Epilepsy Group we use a technique of
anterior callostomy based upon a previous experience with
owver 300 cases. Our approach is outlined in the multifocal
origin protocol {Figure 20), An anterior two-thirds corpus
callostomy is recommended " if secondarily generalized
falling seizures of multifocal arigin or unifocal erigin from
a surgically unapproachable epileptogenic lesion are dem-
onstrated lrom multiple surface/sphenoidal ictal recording
of long-term maonitoring of epilepsy, and if comprehen-
sive supplemental structural activation, and
neuropsychological studies support this localization, The
results of this procedure in recent patients are sumima-
rized in Table 1. For the drop seizures (tonic or atonic




episodes), we have found the procedure to be guile suc-
cesslul, with an acceplable morbidity.

Other centers use different selection criteria for the pro-
cedure 24 M0 A clear consensus had not evolved as wo the
indications [or callostomy, We Tound Lhat Lhe devastat-
ing atonic and tonic falling scizures intraclable Lo
anticonvulsants are significantly improved by this proce-
dure, with a dramatic decrease in broken bones, A clear
response group is identified, lor patients with
clectrodecremental epileptiform fast tonic events, cspe-
clally over the age of tep, '™

As indicated in Figure 22, what appears to be intraclable
primary generalized epilepsy, especiallv in the adull popa-
lation, may prove to be more inlensive recording of ictal
events. If an arca can be identilicd in potentially surgi-
cally approachable region, one must lake a step back to a

unilfocal orgin poinl in the presurgical evaluation deci-
sion tree. Alternatively, a corpus callostomy may be
considered for those paticnts who are moualtl local or
wnitocal, but surgically unapproachable, whose sccond-
arily generalized events are 1onie, atonic, or tonic-cloni
SClEures,

Pramatic advances have been mude in Lhe surgical treal-
ment of epilepsy in recent years. Through the
improvements in long-term monitoring for epilepsy and
in the surgical proceduares, which include invasive intn
crebral recording techniques, physicians caring lor those
with medically intractable epilepsy now have diagnostic
and therapeutic options et simply were not available a
oW Voars agto.

Table 1 - Response to Corpus Callosotomy of Multiple Seizure Types

Potien Exfant af Mt b Farticl Complex
MNa Collosatarry ol Fallawup Precp/Postop
on ME]
] &7 z1 & 21
2 51 34 50
3 Complete 51 40 0 0
4 Complete 71 40 o
5 Genu inbace 52 50 ] i}
& 56 &0 120
L Complete 43 12 12
8 Splenium intact 48 20 30
9 Splennsm inloct k) 40 1&
10 7 450 S0
I Complate 34 0 (i 0
12 34 KLt a
I3 Spfenium inbact 12 4 1200
14 Carmplete 30 10 s
15 25 an é
14 Splenium intocl 23
17 2 o0 i
18 22 4 &
19 Splenium infac) 2zl AD 1o
it 5p|nn|'urrl inhach 19
21 Splenium intect |9
22 17 40 0
23 Solenium inlact 15 4] 2
25 15 i 30
Averoge 351 20 Patients
p<0.02

Simple Porial
Preop Posiop

leanie ar dbonic
Freop/ Pestep

fesnie Clanic
Freop/ Posiop

Q 21 0 146 2
17 0 56 0

& 40 0 20 o
40 0 20 0

30 4 H 4 o]
&0 ] 5 St

12 I 28 4
20 3 20 0.5

28 2
12 0 500 504

30k 12 0 14 i
11 Q

n I

30 2 &0 g

11 (l

2 1 N5 120¢

s ¢ 70 2

17 5

Al L+ 30 3

70 30

20 0 a0 3

12 0

0 05 12 {5

0.5 0 10 5

17 Pafionts 24 Pofients
p<0.01 p<0.01

“Sei zure numbers reflect overage number of seizures per month for the 12 months frem August 1984 fo Juby 1785

'Mun}' of these seizures cppear ko ke abarted tonic ar atanic seizures solus Poatsurgerny,

“This patient was UFUTI.I'UC' an bwice, oHer |1-:n-ing baen faund 1o have an incemplete callesatomy with parsishent |12 manths] atanic seizures eler e first surgicol procedure

I1175/81). Consequenty, his collasalamy wos completed in a secand pracedure on 3/%/84
‘Though still technically generalized otonic or tonic seizures, these episades are less severe with maore of a slump than an abupt change in pasibien ol e body
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Gates/Dunn Electrodes

Uncompromising quality, exceptional valuve.
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Cortical Strip Electrode
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Cortical Grid Electrode T S R T g
T-Shape Electrode with 10 Contacts |

Dual-Sided Interhemispherical
Strip Electrode

Pie Electrode with 27 Contacts

Designed in collaboration with Des. John B, Gates

and Mary FE. Dunn at the Minnesota Epilepsy Group,

CratesfDunn electrodes are designed for reliability,
salety and ease ol use, bor cortical strip and grid
clectrodes, platinum contacts are mounted flush
with the electrode surface, are individoally num-
bered and have larger exposares. Strip and depth
electrodes are fitted with a gold plated mini-PO
board connector; larger grids incorporate a single
gold-plated “Flex Connector,” Flectrode leads are
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Depth Electrode

extra long and durable to ensure reliable recording.,
Steip and grid electrodes have standard 1 cm spacing;
the platinwm depth electrodes have 1.5 cm spacing.

Call 1-800-466-6814
today for your catalog!
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