Neuroimaging in Diagnosis of
Epilepsy
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Introduction

4 The eticlogies of epilepsies are varied and multifactorial in most cases.
Neuroimaging study, in particular MRI, are crucial for determining the
possible etiology of epilepsy
CT has low sensitivity for detecting small cortical lesions, orbitofrontal and
medial temporal lesions (low as approximately 30% in focal epilepsies )
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Brain MRI

% When to perform Brain MRI
+ Newly diagnosed epilepsy
+ Longstanding epilepsy
+ Drug resistant epilepsy
: candidates for surgery
+ Focal epilepsy of unknown etiology
: surgically treatable lesions, such as low-grade tumors

= Urgent assessment of patients with new-onset seizures
+ Presurgical evaluation

Mesial Temporal Lobe Epilepsy

4 MTLE
+ The most common surgically remediable epileptic syndrome.
+ HS (hippocampal sclerosis) is the most common pathologic substrate
- 40% of temporal lobe surgical specimen
- Neuronal cell loss, gliosis, and granule cell dispersion
- Pathology in other mesial temporal lobe structures (amygdala and
entorhinal cortex)
Febrile seizures or other cerebral insults early in life
- Good surgical candidates: seizure freedom in the 60% to 80%
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Histopathologic subtypes of HS

. ILAE HS type 1
. ILAE HS type 2
. ILAEHS type 3
. NoHS
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Temporal lobe resection
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FOR TEMPORAL-LOBE EPILEPSY
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MRI findings of HS

4 Hippocampal atrophy
The most specific and reliable feature
Determined by comparing the size on each side on coronal slices
(small asymmetries can be normally present)
Shape of the hippocampus: oval (normal) — flattened (HS)

4 Increased T2/FLAIR signal
May be insufficient to diagnose HS in isolation
4 Loss of internal hippocampal structure
Consequence of neuronal loss and gliosis
++ Other features
Asymmetry of the temporal horn of the lateral ventricles
Atrophy of the anterior temporal lobe
Atrophy of the fornix and mammillary body

MRI findings of HS

MRI findings of HS

Degrees of hippocampal
atrophy

A ILAE HS type 1: severa

B. ILAE HS type 2: moderate

C. ILAE HS type 3: not
detectable

| Epilepsia, 54(7):1315-1329, 2013
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Neocortical epilepsy

4 The most common lesions causing neocortical epilepsies:
Low-grade tumors, malformations of cortical development, posttraumatic
and postischemic lesions, inflammatory infectious scars, cavernous
malformations, and arteriovenous malformations
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Focal cortical dysplasia

4 FCD
Approximately one-fourth of focal epilepsies
Highly epileptogenic, leading to intractable epilepsy in 75%
Characterized by disorganization of the cortical lamination associated with
bizarre (dysplastic) neurons or balloon cells
General MRI findings
+ cortical thickening
+ loss of the interface between white and gray matter
+ focal atrophy
+ hyperintense signal in T2/FLAIR sequences

FCD classification
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Epilepsia, 52(1):158-174, 2011

FCD type |

Thickened cortex and blurred cortical-subcortical transition in the left
lateral-basal frontal lobe.

Also be associated with focal volume loss and thin cortex

In many patients MRI does not show abnormalities in the white matter

FCD type Il

Thickened cortex associated with abnormal gyri and cortical dimple (T1)
slightly blurred cortical-subcortical transition (FLAIR)
Pathology: FCD Type IlA

FCD type Il

FCD Type IIB

Cortical thickening
Loss of the cortical-
subcortical transition
“Transmantle" sign
hyperintense T2 FLAIR
signal in the subcortical
white matter with a wedge
shape that extends to the
ventricle

FCD Type lIB
“Bottom-of-sulcus” dysplasia

Thickened cortex and hyperintense FLAIR signal in the bottom of deep sulcus.
Dysplastic feat, are at the sulcal depth, tapering to a relatively
normal gyral crown, with or without transmantle sign

The mest commen location: frontal, parietal, and insula cortex

p seizure iology, the nocty 1
Surgically remediable (seizure free rate: 88%, 28/32)

Neurology 2015;84:2021-2028
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Polymicrogyria Schizencephaly

Excessive small and prominent convolutions separated by shallow sulci with Cleft that connects the cortical surface with the ventricular lumen
focal cortical thickening Cortical tissue of at the edges is usually abnormal (polymicrogyria)
Predilection for the perisylvian region

Epilepsy-associated tumors Epilepsy-associated tumors
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4 LEAT (long-term epilepsy-associated tumors, epileptora)
Every fourth patient submitted to epilepsy surgery
Spectrum of low-grade glial and glio-neuronal phenctypes
Slow growth and low risk for malignant progression
Gangliogliomas (GG) and Dysembryoplastic neuroepithelial tumor (DNTs):
two most commeon (85%)
Temporal lobe (77%)
Can be associated with FCD (ILAE Type llib)

[ Acta Neuropathol (2014) 128:39-54

Epilepsy-associated tumors

734 OZL LY 1Y H 248t confusion 2 2 LY S
CSF profile: normal
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Epilepsy-associated tumors

Presurgical Evaluation

Presurgical evaluation of epilepsy

% Objective of ti pilepsy surgery
Complete resection or complete disconnection of the epileptogenic
2zone, which is defined as the area of cortex indispensable for the

generation of clinical seizures.
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Brain, 2001;124(Pt 9):1683-700,

Lesional and Non-lesional epilepsy

% Lesional epilepsy
Epilepsy with an unequivocal MRI abnommality responsible for seizures
2. 5-times greater likelihood of a seizure-free outcome

Categones in of studies) Hon-lesionad Lesianal
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Similar outcomes in children, adults, and studies that used MRI or
histopathology to identify lesions

Epilepsy Research (2010) 89, 310—318

Lesional and Non-lesional epilepsy

% Mon-lesional epilepsy

Concordance with two or more presurgical evaluations

was significantly related to a seizure-free outcome )
Surgical can bensfit sel i pati with
nonlesional neccortical epilepsy . 3 d

Careful interpretation of presurgical evaluations and
the presence of concordant results

Ann Neurol 2005;58:525-532
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Ictal EEG
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Brain MRI

Ictal SPECT

FDG-PET

Brief history
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Ictal EEG
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Interictal EEG

Brain MRI

Ictal SPECT

Intracranial EEG

1-4 Frental tp

5-2 Depth, insula target /1
9-12 Depth, insula target #2
13-16 Depth, insuls target #3
17-26 inferior frantal

27-36 high frontal
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Post-op MRI
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Pathology
Focal cortical dysplasia, type b
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