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Epilepside MRI Caligmalarn

Nirolojide goriintiileme yéntemlerindeki biiyiik ilerle-
meler son yillarda epilepsi tamusinda devrim yaratng-
fir, Hernekadar EEG temel tant gereci olma dzelifini,
PET ve SPECT gibi fonksiyonel giriintiileme véntem-
leri dnemli amea simrl yararlarou korusalar da MRI
ile yapdan stritktiirel goriintiilleme bircok merkezde
giderel daha kolay uygulanabilir olmakia ve énemi
artmaktadur. Yeni yithsek rezolusyonlu tarayiclar ko-
laylikla hipokampal skleroz veya fokal yerlegimli disp-
lastil; dokular gibi cerrahi rezelisiyona uygun sempio-
matik epilepsinin en stk rastlanan patolojik yapilarm:
kolaylikla tamimlayabilirler. Bu gelismeler rutin epi-
lepsi tarasinn giderek deha dogru konmasim ve daha
az masrafl olmasint saflamaktadir. Ancak bu durum
cerrahi éncesi hazirbiklorin cok pahalt olmast nede-
niyle kullanmum ksl olan epilepsi cerrahisi igin
kismen gecerlidir,
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SUMMARY

Major advances in neuroimaging have revolutionized
the diagnosis of epilepsy in recent years. Although
EEG remains an essential diagnostic tool in this disor-
der and functional imaging techniques such as PET
and SPECT continue to have Lmited, although impor-
tant, applications, structural imaging with MRI is be-
coming increasingly accessible and important in most
major centers.

New high resolution scanners easily identify most com-
mon pathological substrates of symptomatic epilepsy,
including hippocampal sclerosis and subtle localized
areas of dysplastic tissue that are often amenable ta
surgical resection. With minor, relatively inexpensive
modifications, functional MR might also become feasi-
ble for clinical eveluation of patients with epilepsy.

These developments promise to make routine epilepsy
diagnosis more accurate and, in some ways, more cosi-
effective. This is particularly true for surgical treatment
of epilepsy, which has been greatly underutilized, in
part due to the expense of pre-surgical evaluation.
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Advances in neuroimaging have revolutionized the
practice of neurology, and have had a profound ef-
fect on approaches to diagnosis of epileptic condi-
tions. Structural neuroimaging, particularly magnet-
ic resonance imaging (MRI), has enjoyed much
wider application than functional imaging, due to
the relatively greater sase of operation and conse-
quent increased throughput of the former, Recent de-
velopments now permit MRI to be used for function-
al imaging as well (fMRI), and this technique may
be avatlable for routine clinical applications soon.
Standard MRI, and perhaps fMRI, could become in-
dispensable diagnostic tools in neurology in general,
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and in epileptology in particular, with capabililies
for cost-effective implementation in developing, as
well as developed countries.

Neuroimaging plays an important role in differential
diagnosis of epilepsy, particularly when struciural
lesions can be used to distinguish between a neuro-
logical and a psychogenic condition, or between a
primary (idiopathic) and a secondary {(symptomatic)
epileptic condition, and also to diagnose specific dis-
cases and syndromes such as cysticercosis or tiube-
rosclerasis. Neuroimaging has its greatest impact on
management of epilepsy, however, when an undcrly-
ing treatable cause is revealed. Usnally this is a
structural lesion that can be surgically removed. Sur-
gically remediable epileptic conditions today include
more than those duc to discrcte lesions such as soli-
tary neoplasms, congenital cysts, vascular malforma-
tions, and localized infectious processes. A variety




of syndromes have now been identified that respond
poorly to antiepileptic drug treatment and may be as-
sociated with progressive deterioration, but can be
successfully treated by surgical resection of epilep-
togenic brain tissue (1, Patients with surgically rem-
cdiable epilepsies deserve early surgical interven-
tion, which offers the best chance of seizure remis-
sion and a normal behavioral outcome. MRI is often
key in establishing the diagnosis of a surgically rem-
ediable syndrome In time to maximize surgical re-
sults. MRI is also important in the presurgical evalu-
ation of patients with difficult to diagnose epileptic
conditions, although the impact on outcome may not
be as dramatic as occurs with the surgically remedia-
ble syndromes. The establishment of MRI facilities
throughout the world should make safe and effective
surgical treatment for epilepsy available even in de-
veloping countries, which would reduce the human,
as well as financial, cost of this disorder.

The remainder of this paper will concentrate on the
use of MRI studies for planning specific types of re-
sective surgical treatment for epilepsy.

Anteromedial temporal resection for mesial tempo-
ral lobe epilepsy (MTLE}: MTLE is the prototype of
a surgically remediable sydrome ). This disorder
is characterized by medically refractory complex
partial seizures associated with unilateral, or pre-
dominantly unilateral, hippocampal sclerosis. Sei-
zures characteristically begin late in the first decade
of life and usually become intractable by mid to late
adolescence. Patients have often experienced pro-
longed febrile convulsions prior to onset of habitual
seizures, and a family history of epilepsy is com-
mon. The interictal EEG reveals unilateral or bilater-
ally independent anterior temporal spikes, and there
is a characteristic sphenoidal ictal EEG onset 4, A
material-specific memory deficit on neuropsycho-
logical testing and hypometabolism of the involved
temporal lobe on interictal positron emision tomog-
raphy with [S8F-fluorodeoxyglucose (FDG-PET)
help to confirm the electrographic localization and
lateralization ). Interictal localized hypoperfusion
of the temporal lobe can also be seen on single pho-
ton emission computed tomography (SPECT), and a
characteristic pattern of hyper- and hypoperfusion
occurs on ictal and postictal SPECT ©), With the ad-
vent of high resolution MRI, however, most patients
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with MTLE can now be identified by obvious atro-
phy of one hippocampus on thin-cut T1 coronal im-
ages and increased signal of that hippocampus on T2
images 7).

Although ictal recordings are still necessary for di-
agnosis of MTLE in most patients, the finding of
hippocampal atrophy on MRI can greatly simplify
the presurgical evaluation process, reduce the need
for expensive FDG-PET and invasive recording in
most cases, and permit cost-effective early identifi-
cation of surgical candidates. Postoperative results
reported by a large number of epilepsy centers over
the past decade indicated that 70 % of patients with
medically refractory complex partial seizures of all
causes who undergo a standard anterior temporal lo-
bectomy, or amygdalohippocampectomy, can expect
to become seizure free, while less than 10 % experi-
ence no improvement ), More recent unpublished
data from a number of centers suggest that results of
anteromedial temporal resection for MTLE, based in
part on evidence of hippocampal atrophy on MRI,
may be closer to 80 % seizure free.

Hemispherectomy and large multilobar resections

for diffuse unilateral and secondary generalized epi-

lepsies: There are a variety of surgically remediable
syndromes in infancy and early childhood character-
ized by diffuse dysfunction of ene hemisphere, cat-
astrophic unilateral or secondary gencralized sei-
zures, and profound developmental delay. Patients
presenting with this clinical picture and MRI-
documented syndromes such as hemimegencephaly,
Rasmussen’s encephalitis and Sturge-Weber syn-
drome, who already have hemiparesis with a useless
hand, can benefit greatly from hem-ispherectomj/ ®),
Almost 70 % of such patients can expect to become
seizure free with consequent reversal of the develop-
mental delay and improved function of the hemipa-
retic side, although manual dexterity is invariably
lost ®), Subtotal hemispherectomies can also be per-
formed, for instance to preserve vision when occipi-
tal cortex appears normal on MRI and/or FDG-PET.

Large areas of focal cortical dysplasia limited to one
hemisphere can sometimes be detected in infants
and young children who have been given the diagno-
sis of a secondary generalized epilepsy, such as in-

fantile spasms, with or without clinical or EEG focal
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features. These localized developmental disturbanc-
es were initially identified with FDG-PET and con-
firmed by attenuation of normal and abnormal elec-
trographic activity during intraoperative electrocorti-
cography (ECoG) (!9, Now, however, they can be
seen after the age of one as white matter aberrations
on T2 MRI (1D, Large multilobar resection of dys-
plastic cortex, usually involving temporal, occipital
and parietal lobes, eliminates seizures in approxi-
mately 70 % of patients with this disorder, most of
whom experience reversal of developmental delay
and minimal, if any, postoperative motor impair-
ment.

Localized resections for medically intractable par-
tial seizures: Apart from MTLE, which is presuma-
bty due to hippocampal sclerosis, and the catastroph-
ic seizure disorders due to diffuse hemispheric
abnormalities described in the previous section, par-
tial epilepsies can be classified as lesional, due to
discrete structural abnormalities such as neoplasms,
cysts, vascular malformations, and localized dys-
plastic processes, or as cryptogenic, indicating that
the disorder is secondary to a localized pathological
substrate that has not been identified. Lesional par-
tial epilepsies are usually neocortical and can be
treated surgically, either by removal of the lesion
alone (lesionectomy), or by excision of the lesion
and adjacent epileptogenic cortex (1213), Both re-
quire identification of the structural abnormality,
best accomplished with MRI, and electrographic
verification that seizures are originating in this area.

It is important to note here that not all structural le-
sions identified by MRI in patients with partial epi-
lepsy are responsible for the habitual seizures. In all
cases, epileptogenicity of the lesion must be demon-
strated electrophysiologically. Venous angiomas and
cavernous hemangiomas are the most common non-
epileptogenic lesions encountered in patients with
epilepsy, but caution is also advised when solitary
lesions are encountered that suggest conditions com-
monly associated with muitifocal pathology, such as
cysticercosis and tuberous sclerosis. Epileptogenici-
ty can often be established by scalp EEG recordings
demonstrating interictal spikes and ictal onset in the
vicinity of the structural lesion, The boundaries of
cortical excisions are usually determined by interic-
tal spikes recorded during intraoperative ECoG, or

by mapping of interictal and ictal discharges record-

ed extraoperatively using chronically implanted sub-
dural or depth ¢lectrodes (14:15:16),

When epileptogenic lesions are adjacent to essential
primary cortex, functional mapping is also necessary
to determine the location of motor, sensory, lan-
guage, and other cortical areas that cannot be dam-
aged in the resection process. For lesions within pri-
mary cortex, lesionectomy can sometimes result in
elimination of seizures, without introducting addi-
tional neurological deficit. For lesions adjacent to
primary cortex, cortical margins can be take up to,
but not including, essential cortex. In these sitna-
tions, multiple subpial rransection of primary cortex
has been reporied (o relieve seizures without prod-
ucting neurological deficits {(!7). Functional mapping
can be accomplished during intraoperative ECo(, or
be performed extraoperatively with subduoral grid
electrodes or depth electrodes, depending upon
whether the cortical area to be explored is on the
surface or in the depth of the brain, respectively (%),

When MRI fails to reveal a structural lesion, and
history provides no clue to an etiology, patients with
cryptogenic medically refractory partial epilepsy can
still be considered surgical candidates if electrophys-
iological studies demonstrate a well-localized epi-
leptogenic region based on identification of the site
of ictal onset and maximal inierictal spike activity,
usually obtained with chronic intracranial electrode
recording (#415,16) The presurgical evaluation and
approach to sorgical resection or multiple subpial
transection for cryptogenic partial epilepsy is the
same as for lesional partial epilepsy, with the excep-
tion that lesionectomy is obviously not a surgical op-
tion. However, there is rarely confirmatory localiz-
ing information from tests of focal function deficit
such as PET and neuropsychometric evaluation {19},

Although only approximately 45 % of patients with
medically intractable partial seizures can expect io
become seizure free following localized resection,
postoperative outcome for those with lesional epi-
lepsy is almost as good as the outcome achieved by
temnporal lobe resection in patients with MTLE ¢},
On the other hand, limited resection is much less
likely to eliminate epileptic seizures in patients with
cryptogenic partial epilepsy. This may be due to the
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increased risk of false localization of the epilepto-
- genic region-when MRI fails to demonstrate 4 siruc-
tural lesion, or it may be due to the specific patho-
physiologic process underlying cryptogenic epi-
lepsy, which could be diffuse or multifocal. Possibil-
ities for the pathological substrates of this disorder
include: 1) lesions such as those causing lesional
partial epilepsy, which are too small to be detected
by MRI or even by screening histopathological anal-
ysis of surgically resected or post mortem brain tis-
sue; 2) cortical cell loss and synaptic reorganization
similar to that occuiting in hippocampal sclerosis,
which are not revealed by routine histopathological
procedures; and 3) one or more pathophysiological
processes that are unique to neocortex and have yet
to be elucidated, Cryptogenic partial epilepsy is a
major frontier for research in the field of epilepsy
surgery, and MRI should play a major role in this
puisuit.

Future applications of MRI in surgical management:
Three dimensional reconstruction of MRI can help
identify subtle lesions, particularly cortical dyspla-
sias. MRI is being used with increasing frequency

for depth electrode implantation, and reconstructed

images are providing exceptionally detailed visual
aids for neuronavigation in the oparating room, per-
mitting discrete removal of lesions deep to the sur-
face, with minimal cortical disruption %), Function-
al information can be superimposed on these images
with coregistration techniques; essential primary
cortical areas adjacent to an epileptogenic region,
identified by activation PET 1) or magnetic source
imaging (MSI) 22), as well as the epileptogenic re-
gion itself, identified by interictal and ictal epilepti-
form abnormalities recorded with intracranial EEG
recording or MSI can be wsed to plan the surgical
exciston. Magnetic resonance arteriography (MRA)
(23) can also be coregistered on the reconstructed im-
age so that major vessels can be avoided during ei-
ther depth electrode implantation or surgical resec-
tion. The most exciting new development, however,
is the use of fMRI to localize primary essential corti-
cal areas, which could replace the need for intracra-
nial recording, PET or MSI for this purpose (24, The
spatial resolution of fMRI is at least as good as that
of either PET or MSI. More importantly, fMRI is a
dynamic technique with a temporal resolution that is
theoretically in the millisecond range. Consequently,
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it might also be possible to map the onset and propa-
gation patterns of ictal discharges with fMRI in or-
der to definitively localize the epileptogenic region.
Such an approach would be particularly useful in pa-
tients with cryptogenic partial epilepsy, where no
structural lesion is present to guide the investigation,

Preliminary studies have already demonstrated the
ability of fMRI to identify discretely localized
changes in deoxyhemoglobin during repeated partial
seizures (23, Techniques are currently being devel-
oped to record EEG simultaneously with fMRI map-
ping of ictal events (6), Further improvements are
still needed in order to account for movements that
might occur during ictal studies, if fMRI is to be-
come useful for presurgical evaluation of most sei-
zure types that are treated surgically. Ultimately,
however, this noninvasive technique should prove
more cost-effective than diagnostic procedures cur-
rently used for presurgical evaluation of medically
refractory partial epilepsy. Theoretically, functional
mapping and localization of ictal discharge could be
accomplished at any center with an MRI scanner,
making it feasible to create epilepsy surgery centers
in many areas where this treatment modality is now
prohibitively expensive.
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