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Epilepsy



Aims

* Qutline the classification of seizures inc!
syndromes amenable tc

* Discuss determination of surgical candid
plannir\»-

* Discuss the role of radionuclide functic
SPECT and PET with respect to the ictal
seizure propagation pathways, funct:



Epilepsy - Introduct:

* Chronic neurological disorder in 3%

* Excessive abnormally synchronized neuronal
small or large neuronal nef

e Results in sudden, transient, clinical r

» After the first seizure, 80% of patient
another seizure within =

* 60-70% of patients experience focal or p:
30-40% generalized sei:

* Controlled with antiepileptics in 70%



Epilepsy - Introduct:

* Resection of epileptogenic cortex is consic
seizures refractory despite medical

* Nuclear medicine role is important ir
assessment of such pati



Classification of Sei:

e May be based on various cri

* 1981 International League Against Epil
classification dichotomizes seizures into g
partial based on electroclinical f






ILAE Proposal for Revised Terminology for Organization of Seizures and Epilepsies 2010

Classification of Seizures

Generalized seizures Focal seizures Unknown
Arising within and rapidly engaging Originating within networks Insufficient evidence
bilaterally distributed networks limited to ane hemisphere te characterize as
I Jfocol, generalized or bath
Tonic-Clonic I I Absence I Clonic I Tonic I Atonic I Myoclonic Characterized according to one I - Epileptic Spasms

— Myoclonic or more features: - Dther
— Myoclonic-atonic Aura
- Myoclonic-tonic Motor

Autonomic
I Typical I Absence with Atypical I Awareness/Responsiveness:

special features altered (dyscognitive) or retained
- Myoclonic absence ¥
- Eyelid Myedonia May evolve to .
h 4

Bilateral convulsive seizure




Electroclinical Syndromes and Other Epilepsies Grouped by Specificity of Diagnosis

Electroclinical syndromes

one example of how syndromes can be organized:

Arranged by typical age at onset”

Neonatal period

— Benign neonatal
seimures”

- Benign familial
neonatal epilepsy
(BFNE)

— Dhtahara syndrome

— Early Myoaclonic
encephalopathy
(EME)

Infancy

- Febrile seizures”®, Febrile
seizures plus [F5+)

- Benign infantile epilepsy

— Benign familial infantile
epilepsy (BFIE)

- West syndrome

— Dravet syndrome

- Myodonic epilepsy in
infancy (MEI)

- Myodonic encephalopatiy
in nonprogressive disorders

— Epilepsy of infancy with
migrating focal seizures

Distinctive constellations/surgical syndromes

Distinctive constellations/Surgical syndromes
— Mesial temporal lobe epilepsy with hippocampal
sclerosis (MTLE with HS)
— Rasmussen syndrome
- Gelastc seizures with hypothalamic hamartoma
- Hemiconvulsion-hemiplegia-epilepsy

structural-metabolic causes
- Malformations of cortical development
{(hemimegalencephaly, heterotopias, etc )
- Meurooutaneous syndromes (fuberous sclerosis
complex, Sturge-Weber, etc.)
— Tumior, infection, trauma, angioma, antenatzal and
perinatal msults, stroke, etc

Childhood Adolescence — Adult Variable age at onset

— Febrile seizures”, Febrile seizures plus [F5+) — luvenile absence epilepsy - Familial focal epilepsy
- Early onset childhood occipital epilepsy [1AE) with variable foci

[Panayiotopoulos syndrome) — luvenile myodonic epilepsy [childhood to adult]
- Epilepsy with myoclonic atonic [previoushy [IME) - Progressive

astatic) seizures — Epilepsy with generalized myoclonus epilepsies
— Childhood absence epilepsy (CAE] tonic-chonic seizures alone [PMIE]
- Benign epilepsy with centrotemporal spikes - Autosomial dominant - Reflex epilepsies

[BECTS) epilepsy with auditory
- Autosomal dominant nocturmal frontal lobe features [ADEAF)

epilepsy [ADMFLE) — Other familial temporal lobe
- Late onset childhood occipital epilepsy epilepsies

[Gastaut type)
— Epilepsy with myoclonic absences
- Lennox-Gastaut syndrome [LES)
— Epileptic encephalopathy with continuous

spike-and-wave during sleep [CSWS)*
- Landau-Kleffner syndrome [LKS)

N i o
Epilepsies attributed to and organized by Epilepsies of

unknown cause




Tuberous sclerosis Surgery may be curative
Neurofibromatosis Type | Surgery has no role
Sturge-Weber syndrome Early surgery
Polymicrogyria Surgical resection if well
localized

Hemimegalencephaly Surgery usually curative
Schizencephaly Surgery usually difficult
Focal cortical dysplasia Surgery in certain cases

Cortical migration abnormalities (agyria, pachygyria, = Surgery generally not
lissenchephaly, subcortical band heterotopia) indicated

Periventricular nodular heterotopia Surgery in isolated lesions

Acquired lesions Surgery may be considered



Classification of Seizu

* Mesial temporal lobe epile
* Temporal lobe is a common location of seizure ¢
especially the medial temporal lobe (hip
* |tis also the seizure location most amenable tc
* Associated with childhood febrile cc

* Febrile convulsions, especially if prolonged

damage the hippocampus with neuronal cell |
(sclerosis)



* Although seizures arising in each r
characteristic clinical features, clini
semiology/manifestation not alwa

* Many epileptic symptoms are r
* Seizures arising in one cortical area rapidly s















Epilepsy — Surgical Cand:

* Important concept:

* Epileptogenic lesion —anatomic lesion ¢
* Should be resected for seizure f

* Epileptogenic zone — produces sei
e Should be resected for seizure f

 Symptomatogenic zone — produces clinical

~

* Resection not necessary for seizur



Epilepsy — Surgical Cand;

* Important concept:

* |rritative zone — produces inter-ictal s
* Resection not necessary. Contains epilepf

* Ictal onset zone — origin of seizures on |

* Functional deficit zone - abnormal functic
* hypometabolic on functional imaging; larger than epil



Epilepsy



Pre-surgical Assessr

* Surgery has best results if the cortica!
concordant on different studies, provid
overlap with eloquent cortex for complet
epileptic zone

* 60-90% of patients with unilateral TLE
patients with a focal cortical malformats
free after surger



Pre-surgical Assessr

* Some investigations can be considered

whereas others are supplementary when |
difficult

* There are no evidence-based quidelin
course of investigati

* Most important is to have concordan
investigations implying the same region
epileptogenic zor



D .

e Pre-suy
* complete seizure history

* physical and neurological examination
* scalp electroencephalography (EEG)

o ( Nrr

* video-EEG monitoring,
* interictal and ictal EEG

* neuropsychological examination



Pre-surgical Assessm

* Goals of presurgical evaluati
* Determine if single epileptogen
* Lateralize and locate epileptogeni
* Localize functional areas of the brain if |

* Determine epileptogenic focusis not in “eloque
can therefore be resected without causing an
neurological defici



Pre-surgical Assessm

* Pre surgical assessment can be achie
noninvasive modalities in 85% of patients;
invasive intracranial modaliti



Pre-surgical Assessm

e Clinical history on seizure semioloqy fc
localization

* Ictal and postictal neurologic features may nof
area of initial seizure onset in all

* Clinical features only arise once electrical activii
by an epileptogenic zone (usually silent) pi
symptomatogenic zc

* Symptomatogenic zone may be remote frc
seizure onset



Pre-surgical Assessm

e Interictal EEG

* Demonstrates epileptiform activity generated £
zone

* May provide information on lateralization and |
epileptogenic zone, as it theoretically resid
irritative zone

* Prolonged ictal video EEC
e Foridentification of the ictal onse?



Pre-surgical Assessm

* Challenges in using EECG

* In deeply situated seizure focus, EEG may not c:
ictal onset

* In some patients, the ictal onset is characterized
pattern, and lateralization is not

* Hence need for other investigations, includin
imaging modalities and perhaps also a period
EEG monitorina



* Focal epileptogenic lesion on MRl increz
surgical cure

e Lateralizes TLE in 80%-00%

* TLE - hippocampal atrophy and increz
correlate with pathological evid
hippocampal/mesial temporal sclerosis (
and gliosis); 80% chance of seizure freed
temporal lobector

P









* MRI may also sho
* Tumors
e vascular malformations - AVMs or cavernous rr

» cortical dysplasia - gray matter heterotop;
thickening, and blurring of normal gray-whi

* MRS



Pre-Surgical Assessn
Functional Imaaina wit

* Measures brain metabolism/distributi
receptors

* Interictal FDG PET shows hypometa!
epileptogenic zone (localization of the epil
focus)

* Ictal PET is not practical due to extremel;
of PET radiotrace



Pre-Surgical Assessme
Functional Imaging with

* PET is of assistance
* MRI-neqgative TL.E

Non-lesional neocortical epilepsy cases f
localization

Extra-temporal epile
Guiding intracranial electrode pl:

* PET cannot be used to refine surgical !



Pre-Surgical Assessme
Functional Imaqging with P

* Automated analysis and quantification is
useful in extratemporal epil

* Sensitivity increases with use of 3-dirr
stereotactic surface projections (3-D S5P) |
visual assessment



Pre-Surgical Assessme
Functional Imaging with

* Localization accuracy is greatest in pati
neocortical TLE

* Hypometabolism ipsilateral to seizure focusis ¢
90% of patients including those without a focal |

* In extratemporal epilepsy, detectio:
hypometabolism relevant to the focus is |
patients




Pre-Surgical Assessme
Functional Imaging with

* Surgical Outcomes. InTLE

e unilateral temporal hypometabolism correlate
surgical outcome than extended hyporr

* >75% of patients with TLE and ipsilateral hypon
seizure free after surg

* 45% of patients with ipsilateral extratemr
hypometabolism are seizure free aft

* 20% of patients with hypometabolism in contral
cortex are seizure free after s



Epilepsy — Functional Ir
PET

* Hypometabolic areas often extend |
eP“eptogenic Zone - fUnCtiOh:' P

* Reflect neuronal activity at the site of ictal ¢
of ictal spread and postictal d

* Cause of inter-ictal hypometabolism i
* Effects of repeated seizures on t!
* Reflection of underlying pathologi
* Sequela of aninitial insult eqg. early stat



Pre-Surgical Assessme
Functional Imaging with

* Hypometabolism on FDG-PET has specif:
ascribed to:
* neuronal loss
e diaschisis
* inhibitory process
* reduction in synaptic de
* decreased BBB glucose transporte

* Possible synaptic mechanisms are what cc
hypometabolism



EpilePSY — Functional In
SPECT

» Utilizes blood flow radiotracers that bind
through the brain - brain perfusion snapst
time

* Tracer stable for several hrs - delayed
* Ictal SPECT - hyperperfusion at seizu

* most useful study for presurgical

* Interictal SPECT - hypoperfusion at the <
onset



EP"ePSy — Functional In
SPECT

* SPECT localizes seizure foci if perfor

* Increased blood flow ictally with decreased bl
ictally in epiloptogeni

* In complex partial seizures, seizure focusiis i
93% of ictal SPECT with g5% F

in 40-58% of inter-ictal SPECT with 8

* Increased blood flow is an autoregulator
local neuronal hyperactivi

* Accuracy is greatest when ictal perfusic
compared to interictal perfusion |



Epllepsy — Functional Imz
SPECT

* SPECT Brain perfusion radiopharmac
* ggmTc ECD, Neurolit

» Rapid blood clearance thus high brain to soft tiss
after injection and with ti

* Chemically stable for 6 hours thus can be used for

* 99mTc HMPAO, Cere

* Rapid brain uptake, maximal within 120 mins, distril
over may hot

e Chemically unstable in vitro 30 mins afte
* 133Xe inert ga
* 123| (IMP, Spectami



Ictal and Interictal Perfu
SPECT Imaainc

* Ictal brain perfusion images dlsplay both ictal
and areas of seizure propaaqat

* When interpreting ictal perfusion image
aware of:
* Seizure propagation patt
* time of tracer injection relative to stari
* type of seizure, and
* ictal EEG recordir



Ictal and Interictal Perfu
SPECT Imaainao

* For example, patients with TLE, seizure acti
propagate to the contralateral temporal o
ipsilateral insula, basal ganglia, and frontal |
parieto-occipital region may ¢




Ictal and Interictal Perfu
SPECT Imaainao

* Early tracer injection after beginning of
therefore very important

* Injection delay of <20 secs is significantly cor
a correct localizatiol

* With early injections, the largest and mos
cluster is more likely to represent the sei:
zone, and not seizure propagati



Ictal and Interictal Perf
SPECT Imaair

* Perfusion changes after the termination of
be assessed by injection of the tracer |
postictal (2-60 secs after seizure terminati
ate postictal phase (1-10 mins aff
termination)

* Postictal phase is characterized by a posti
i.e., hyperperfusion at seizure onset zor
hypoperfusior



Ictal and Interictal Perf
SPECT Imaair

* Postictal switch occurs about 60 secol
selzure terminatic

* When tracer injection is performed in t!
seconds after the end of the seizure, t!
hyperperfusion present in more than 60%

* When tracer injection is performed afte
seconds after the end of the seizure, hyr
present in all patient



Ictal and Interictal Perf
SPECT Imaair

* InTLE, early postictal SPECT has a sensiti
(poor) in localizing the seizure onset z¢
either perfusion increases or decreases
changes are similar in multiple brai

* Interictal SPECT perfusion imaging ¢
inefficient in localizing the seizure on:
should only be used as a baseline perfus
the comparison of ictal perfusion |



Epilepsy — Functional Ir
SPECT

* Comparingictal and interictal studies wit!
subtraction and co-registration of the sul
images with MRI can add additional |

~



Epilepsy — Functional Ir
Functional MRI (FMFE

* Used for non-invasive motor, sensory :

mapping, and is most commonly used as |
plannina

Detects focal changes in blood flow and
evels that occur when an area of the brai

Possible future applications includ

epileptiform discharges or seizures (EEG/f
lateralizing memory functi



Epilepsy — Functional Imaagin
Functional MRI (FMRD

Patient with left temporal lobe epilepsy.

Left: Language mapping with verb generation task - activation in Broca’s and Wernicke's
areas.

Right: Memory localization with picture encoding task - decreased activation in the left
hippocampus.



Epilepsy — Functional Ir
Magnetoencephaloq
(MEG)

* Relatively new diagnostic technique for |
interictal epileptiform disc|

* Similar to EEG, but it detects maaneti
electric signals from the |

* Complementary to EEG in normal <

* Also for functional mapping and for e
extratemporal, neocortical epil

* Concordance between MEG and intracranial
positive predictive value for epilepsy surc



Epilepsy — Functional Imz
Magnetoencephalograp!
(MEG)

* fMRI has a good spatial resolution but poor:
correlation

* EEG provides timed waveforms (good |
correlation) with poor localizat

« MEG jointly records function and signal
spatially and temporally correlated |



Epilepsy — Additional T

 Visual fields
* Formal testing if resection will endar

* Intracarotid Amobarbital Procedure ('
* Language dominar
e Verbal memor
* Prediction of postoperative d



Epilepsy — Additional T

* Phase Il monitoring with intracranial ele
necessary
* Subdural/depth electrod
* |dentification of ictal onset and epileptc
 Allows for cortical mapping if

* Cortical mappinc
* Intraoperative (phase Ill) or during phase
* |dentification of eloquent areas of



Epilepsy — Invasive Tes?

* If seizure focus cannot be adequately locali

safely resected based on the above studies
EEG may be necessa:

* Intracranial electrodes are inserted surqi
include

* subdural (or less common epidural) strip
electrodes, o

* intraparenchymal “depth” elect

» often do not localize epileptogenic area |
developmental disord



Epilepsy — Invasive Te

* Depth electrodes
* thin probes with electrodes along thei
e commonly used to record hippc

* Intracranial electrodes, especially subdural
also be used for cortical mapping via cortical
and/or recording of evoked pote
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Epilepsy — Depth Elect

* Thin cables placed in the hippocampus, =
cingulate cortex via burr ho!

* Sometimes used to assess cortical d

* Used primarily when medial temporal [0
suspected but cannot be reliably laterali
distinguish medial from lateral (neocorti
lobe seizure onset



Epilepsy — Depth Elect

* May be used with subdural strip electrod
from the lateral temporal corte

* Disadvantage is limited spatial sampling (!
Are electrodes in the center of the epilep?
and ?do the seizures really originate from t!
area

* Concurrent scalp EEG is sometimes used 1
this limitationr



Epilepsy — Subdur
Electrodes

* Subdural electrodes - strips, grids ¢
* Used to record from the surface of t!

* Useful in localizing the epileptogenic z¢
mapping of cortical functi

* Require a craniotomy for place
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Epilepsy



13 year old boy with seiz:
























* PET/CT findings: Diffuse left temporal ol
extending to left parietal and left occipital |
interictal epileptogen

* MRI findings: Left hippocampus shows vo!
of architecture, left anterior temporall



multifactorial
mesial temporal sclerosis
focal cortical dysplasia tumors









Brain glucose metabolism






FDG PET in Childhood Epilepsy

epileptic seizure
Increased

interictal postictal
decreased



* Clinically overt set
* Subclinical seiz

* Restoration of resting membrane potent
equilibrium after the seizure event, with anin
of the blood-brain barrier for glucc



* Depression phenobarbital
valproate sodium

* Phenytoin



functional

focal epileptogenic zone and can be
assessed by using F



* Usually in the frontal |
* represents a preferential pattern of sel

* inhibition process acting as a defense mechani
propagatio!

* This hypothesis is supported by improveme
impairment and glucose metabolis



References

* Hypometabolism in the contralateral
lobe

* ysually less severe than the seiz

e attributed to various factors, includi
spread of seizures or medicatic



Ceretec
Neurolite



Common causes



e Focal cortical dysplasi
* Hemimegalencephal
e Tuberous sclerosis

e Other Phacomatose



* gray matter heterotopiz
* lissencephaly (agyria)

* polymicrogyria

* schizencephaly



increased metabolic activity



* Arrested neuronal migration along the pat
matrix to the c

* large neuronal conglomerates are present



* subependymal (periventricular) (r
* subcortical heterof
* band heterotopia ("double ¢

Can be in association with other structural ano
malformations or callosal d



hypometabolism



hypometabolism



hypermetabolism



variable
normal increased
decreased



* occurs in the later stages of brain

* neurons reach the cortex but organize atypicall
gyri because of disruption of the normal si
laminatior



Hypermetabolic






* [solated or in association with other synd
hemihypertrophy syndromes, neurofibromat
sclerosis

* Symptoms : intractable seizures, hemip!
developmental del



decreased






hypermetabolism



hypometabolism






hemifacial atrophy



hypometabolism









* Autoimmune or viral et
* Intractable seiz

* Swelling of gyri, blurring of the cortical ribbor
T2 and FLAIR MR signal intensity in underlyi

* May progress to unilateral cortical atrophy, u
12 months



* The decreased FDG uptake is presumed t
neuronal activity caused by recurrent sei

diffuse inflammatory process itself caus:
aliosis



Increased



paraneoplastic

less than 25%
* Anti-NMDA anti Hu



- hypometabolism



cortical pial angiomatous malf
facial telangiectatic neviin the trigemi
epilepsy and mental ret

MR imaging :pial angiomatosis and serpent:
enhancement, followed by white matter at
calcificatio



hypometabolism




e Cerebral arterial infarction occurri
time of birth will show variable de
abnormality in the affected arterial
depending on the timing of the e
relation to the inj



dedifferentiation to a higher-grade tumor



Hot spot- brain index

* Hypermetabolic benign



increased
residual  recurrent



Neurofibromatosis type 1

grade Ill anaplastic astrocytoma.



Neurofibromatosis type 1















PET pitfall in brain tumor

high-grade

any uptake higher than that of the adjacent brain
background level that corresponds to the region of concern at MR



MR perfusion imaging versus FDG PET

weeks



* 11C-methionine
protein metabolism

high tumor-to—normal brain tissue
contrast

low-grade



Conclusion

* Epilepsy

e Brain tumors
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