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CT ScCT ScCT  ScCT  Sc

 Advantages Advantages
Intracranial calcificat

Sk ll fSkull fracture
Acute bleeding into o

 Disadvantages
Lack of high spatial rLack of high spatial r
Poor contrast between

G ll f l i h Generally not useful in the

canningcanningcanningcanning

tion

or around the brain

resolutionresolution
n gray and white matter

l i f ile evaluation of epilepsy



MRI  ScMRI  Sc
QualitativeQualitative

 MRI  scanning is now
choice in the initial ev
with epilepsy

 Small structural lesio Small structural lesio
 Neuronal migration d

Hi l l i Hippocampal sclerosi
 Correlation with surg

anterior temporal lobe

canning:canning:gg
e Imaginge Imaging
w the imaging study of 
valuation of patients p

nsns
disorders (NMD)
iis

gical outcome after 
ectomy (ATL)



Small StructSmall StructSmall StructSmall Struct
 MRI is superior to CT scaMRI  is superior to CT sca

variety of small structural 
Gliosis or sclerosisGliosis or sclerosis
Tumors
Vascular malformatio
Focal atrophy
Infections

 Gadolinium enhancement Gadolinium enhancement 
but is usually not necessary

ural Lesionsural Lesionsural Lesionsural Lesions
anning in the detection of aanning in the detection of a 
lesions

ons

is useful in some settingsis useful in some settings, 
y















Neuronal MigraNeuronal Migragg
(NM(NM

 MRI  is clearly superior to
detection of a variety of Ndetection of a variety of N
associated with epilepsy

MicrodysgenesisMicrodysgenesis
Focal cortical dyspla
Heterotopia
Developmental anomp

cortex

ation Disorders ation Disorders 
MD)MD)
o CT scanning in the 

NMDs that are oftenNMDs that are often 

asia

malies of the cerebral 





Etiology of TempoEtiology of Tempo

 Most common lesion is Hipp
Neuronal cell loss and g

occasional wider involv
 Symmetry of lesions

80% bilateral and asymm80% bilateral and asymm
10% bilateral and symm

10% il l l10% unilateral only
 Approximately 50% (40-80%

hippocampal sclerosis experi
convulsion(s) between the ag

oral Lobe Epilepsyoral Lobe Epilepsy

pocampal Sclerosis (60-75%)
gliosis in CA1,CA3,CA4 with 
vement (CA2, DG, PHG, AM)

metricmetric
metric

%) of patients with 
ience a prolonged febrile 
ges of 6 months and 6 years











Hippocampal Hippocampal pp ppp p
 Success of qualitative MRI 
 Thin (3-5 mm), coronal ima
 Increased signal intensity in Increased signal intensity in

density, or FLAIR images
 Atrophy of hippocampus on Atrophy of hippocampus on
 Decreased signal in hippoca
 Disruption of internal hippo
 Enlargement of the inferior g
 70-85% accurate in lateraliz

Sclerosis (HS)Sclerosis (HS)( )( )
in detecting HS has varied 

ages are mandatory
n hippocampus on T2 protonn hippocampus on T2, proton 

n T1 weighted imagesn T1-weighted  images
ampus on T1-weighted images
ocampal structure
horn of the lateral ventricle

zing side of seizure onset









Correlation wCorrelation w
Outcome Outcome 

 Presence of a structural le
t h MRIatrophy on MRI
Seizure-free or nearl

62-87% of cases
 Normal MRI  scan

Seizure-free or nearl
only 21-56% of casey %

with Surgical with Surgical 
after ATLafter ATL

esion or hippocampal 

y seizure-free outcome in 

y seizure-free outcome in 
s



MRI  ScMRI  Sc
Q tit tiQ tit tiQuantitativQuantitativ

 Volumetric MRI has proven Volumetric MRI has proven
evaluation of patients with T
hippocampal sclerosis (HS)hippocampal sclerosis (HS)

 Significantly reduced hippo
amygdaloid volumes correlamygdaloid, volumes correl
neuropathologic, and neurop
outcome after temporal lobeoutcome after temporal lobe

Jac
CaCa
Ash
Wa

canning:canning:
I iI ive Imagingve Imaging

n useful in preoperativen useful in preoperative 
TLE due to unilateral 

campal, and sometimes 
late with neurophysiologiclate with neurophysiologic, 
psychologic studies, as well as 
ectomyectomy
ck et al, 1990 Jack et al, 1992
scino et al 1991 Lencz et al 1992scino et al, 1991 Lencz et al, 1992
htari et al, 1991 Cendes et al, 1992
atson et al, 1991 Cendes et al, 1993



Quantitative VoQuantitative VoQua t tat e oQua t tat e o
TechnTechn

 High resolution, thin corona
 1.5 mm, contiguous sectionsg
 Angled sections, perpendicular
 T1-weighted, inversion recove

 Transfer images to compute
 Manually outline the hippocManually outline the hippoc
 Computer calculates the vol

C l d ti Compare volumes and ratio

olumetric MRI:olumetric MRI:o u et co u et c
niquenique
al sections

r to the plane of the lateral sulcus
ery, or gradient echo sequences

er work station
campus and amygdalacampus and amygdala 
lumes of the HF and AM

( ll /l ) t t ls (smaller/larger) to controls
Watson et al, 1992



Quantitative VoQuantitative VoQua t tat e oQua t tat e o
InterpreInterpre

 Hippocampal or amygdal
if the volumes are 2 SDs 
population or the ratios a

 87% accurate if HF volum 87% accurate if HF volum
 93% accurate if HF and A

P b bl f l i i Probably useful in patien
independent, temporal se

olumetric MRI:olumetric MRI:o u et co u et c
etationetation
loid sclerosis is diagnosed 
smaller than the control 
re less than 0.90
mes alone are usedmes alone are used
AM volumes are used

i h bil lnts with bilateral, 
eizure onsets

Watson et al, 1992
Cendes et al, 1993



“Normalization” o“Normalization” o
MeasurMeasur

 Obtain the mean “Total In
of the normal control grou

 “Normalize” the volume o
measured (e.g., HF or AM( g ,
head size, using the formu

“Normalized” HF Vol Normalized  HF  Vol
Where,   R  =  mean TI

pp

of Volumetric MRI  of Volumetric MRI  
rementsrements

ntracranial Volume (TIV)” 
up
of each of the structures 

M) for individual variation in )
ula:
lume = R x HF Volumelume    R  x  HF  Volume
IV of the controls
atient’s TIVatient’s TIV



Volumetric MRI inVolumetric MRI in
Epilepsy (TEpilepsy (T

30 ti t ith i t t bl 30 patients with intractable
18 with left-sided TLE
12 with right-sided TL

 Lateralization was determi Lateralization was determi
EEG evaluation (6 patients

 Volumetric MRI lateraliza Volumetric MRI lateraliza
with EEG lateralization

n Temporal Lobe n Temporal Lobe 
TLE):  TLE):  EEGEEG

TLEe TLE
E
LE
ined by interictal and ictalined by interictal and ictal 
s with depth electrodes)
ation when present agreedation, when present, agreed 

Cendes et al, 1992
Cendes et al, 1993



Temporal LoTemporal Loe po a oe po a o
ResRes

 Our results corroborate tho
studies of the hippocampu
epileptogenic region

 Hippocampal volumes werpp p
amygdaloid volumes  (87%

 Hippocampal volumes plu Hippocampal volumes plu
even more helpful  (93%)

obe Epilepsy:obe Epilepsy:obe p epsyobe p epsy
sultssults
ose of others:  Volumetric 
s help lateralize the 

re more helpful than p
% vs 67%)
s amygdaloid volumes weres amygdaloid volumes were 

Cendes et al 1992Cendes et al, 1992
Cendes et al, 1993



Correlation wCorrelation w
 Strong relationship exists 

hippocampal volume losshippocampal volume loss
hippocampal sclerosis

 These findings have been These findings have been
semiquantitative, and qua
studiesstudies

 Thus, the severity of HS c
ti l ith lpreoperatively with volum

with Pathologywith Pathology
between the degree of 

s and the severity ofs and the severity of 

n consistent in qualitativen consistent in qualitative, 
antitative neuropathological 

can be predicted 
t i MRImetric MRI

Cascino et al, 1991
Watson et al, 1996
Lencz et al, 1992



Correlation with OCorrelation with O
 Significant relationship exis

volumes and outcome after Avolumes and outcome after A
 EEG lateralization is same a

97% f ti t h d97% of patients had go
 Hippocampal volumes are n

42% of patients had go
 Hippocampal volumes are aHippocampal volumes are a

of surgery
33% of patients had go33% of patients had go

Outcome after ATLOutcome after ATL
sts between hippocampal 
ATLATL
as hippocampal atrophy

d tood outcome 
not lateralizing
ood outcome
abnormal on side opposite sideabnormal on side opposite side 

ood outcomeood outcome
Jack et al, 1992



Specificity of VSpecificity of V
FindinFindin

 Some authors suggest that 
lobe structures is common 

Atrophy is also presen
Atrophy can even occuAtrophy can even occu

 Do seizures originating at e
cell loss gliosis and atrophcell loss, gliosis, and atroph
structures?

Volumetric MRI Volumetric MRI 
ngs  Ings  I
atrophy of medial temporal 
in CPS, and 

nt in other seizure types
ur in patients without epilepsyur in patients without epilepsy
extrahippocampal sites cause 
hy of medial temporalhy of medial temporal 

Di A i l 1992Diaz-Arrastia et al, 1992
Adam et al, 1994



Specificity of VSpecificity of V
Fi diFi diFindinFindin

 Extratemporal lesional epileExtratemporal lesional epile
Cascino et al, 1993; Cendes
Watson et al, 1994; Cendes Watso et a , 99 ; Ce des

 Extrahippocampal lesional t
(Cendes et al 1993; Watson(Cendes et al, 1993; Watson
1995)

 Primar generali ed epileps Primary generalized epileps
Watson et al, 1995)

d li d il Secondary generalized epile
Watson et al, 1996)

Volumetric MRI  Volumetric MRI  
IIIIngs  IIngs  II

epsy (Cook et al, 1992;epsy  (Cook et al, 1992; 
 et al, 1993; Watson, 1993; 
et al, 1995)et a , 995)

temporal lobe epilepsy  
n et al 1994; Cendes et aln et al, 1994; Cendes et al, 

s (Watson et al 1994;sy (Watson et al, 1994; 

( lepsy (Watson et al, 1995; 



Specificity of VolumeSpecificity of Volume
Patient Patient 

 114 patients with chronic e114 patients with chronic e
MRI-based volumetric mea
hippocampus and amygdalppoca pus a d a ygda

Extratemporal lesiona
E t hi l l iExtrahippocampal lesi
temporal lobe epilepsy
Primary generalized ep
Secondary generalized
TLE due to hippocamp

tric MRI  Findings  III:tric MRI  Findings  III:
GroupsGroups

epilepsy were studied usingepilepsy were studied using 
asurements of the 
aa

al epilepsy 30 patients
i lional 
y (TLE) 15 patients
pilepsy 30 patients
d epilepsy 22 patients
pal sclerosis 17 patients











HIPPOCAMPAL SHIPPOCAMPAL S
Pathologic GraPathologic GraPathologic GraPathologic Gra

GRADE DESCRIPTION

 0 Normal 0 Normal
 I Gliosis with slight 

in CA1 CA3 and/in CA1, CA3, and/
 II Gliosis with 10-50

CA3/CA4.CA3/CA4.
 III Gliosis with >50%

10-50% cell loss in
 IV Gliosis with >50%

CA3/CA4.  Sparing
 V Gliosis with >50%

DG, Subiculum, PH

SCLEROSIS (HS):SCLEROSIS (HS):
ading Schemaading Schemaading Schemaading Schema

(<10%) or no neuronal cell loss 
/or CA4/or CA4.
% neuronal cell loss in CA1 and  

% neuronal cell loss in CA1 and 
n CA3/CA4.  Sparing of CA2.p g

% neuronal cell loss in CA1 and 
g of CA2.

% neuronal cell loss in CA1-CA4.  
HG may be involved.



Hippocampal SHippocampal S
MRI  FiMRI  Fi

 All 17 patients had decreas All 17 patients had decreas
> 2 SDs below the mean v

 All 17 patients had hippoc All 17 patients had hippoc
of  < 0.90

Mild hi l t hMild hippocampal atroph
Moderate-marked hippoc

ti tpatients
Severe hippocampal atro

i (41%) h d 7 patients (41%) had amyg

Sclerosis (HS):Sclerosis (HS):
indingsindings
sed hippocampal volumes ofsed hippocampal volumes of 
alues of the control group
ampal ratios (smaller/larger)ampal ratios (smaller/larger) 

h (0 85 0 89) 2 ti thy (0.85-0.89) - 2 patients
campal atrophy (0.60-0.80) - 12 

ophy (< 0.60) - 3 patients
d l id i f 0 90gdaloid ratios of < 0.90

Watson et al, 1995, 1996



Hippocampal SHippocampal S
Pathology Pathology -- MM

 All 17 patients with hippo All 17 patients with hippo
pathologically proven HS

Minimal mild HS (I II)Minimal-mild HS (I, II) 
Moderate-marked HS (I

Severe HS (V) 3 patienSevere HS (V) - 3 patien
 Degree of hippocampal atr

ll ith th it f Hwell with the severity of H

Sclerosis (HS):Sclerosis (HS):
MRI CorrelationMRI Correlation

ocampal ratios of < 0 90 hadocampal ratios of < 0.90 had 

2 patients- 2 patients
II, IV) - 12 patients
ntsnts
rophy on MRI correlated 

HS th l i l l tiHS on pathological evaluation

Watson et al, 1995
Watson et al, 1996







ConcluConclu

 Patients with epilepsy du
temporal lobe lesions, exp ,
primary generalized epil
generalized epilepsy do ng p p y
hippocampal and amygd

 Patients with TLE due to Patients with TLE due to
reductions in hippocamp
amygdaloid volumesamygdaloid, volumes

sions  Isions  I

ue to extrahippocampal 
xtratemporal lesions, p ,
epsy, and secondary 
not have reductions in 

daloid volumes
o HS do have significanto HS do have significant 
pal, and sometimes 



ConclusConclus

 Seizures originating at e
not cause cell loss, glios, g
temporal structures

 Reduction of hippocamp Reduction of hippocamp
volumes is a specific ma
and amygdaloid sclerosiand amygdaloid sclerosi

sions  IIsions  II

extrahippocampal sites do 
sis, and atrophy of medial , p y

pal and amygdaloidpal and amygdaloid 
arker for hippocampal 
isis

Watson et al 1995Watson et al, 1995
Watson et al, 1996



MRI of the HMRI of the H
Q lit tiQ lit tiQualitative vsQualitative vs

 Studies have shown quanti Studies have shown quanti
more sensitive than visual 

 Degree of increased sensiti Degree of increased sensiti
studies

76% 71% J k76% vs 71% -- Jack e
92% vs 56% -- Cende
Volumetric=20% mor

 However volumetric MRI However, volumetric MRI
must be done correctly to b

ippocampus:ippocampus:
Q tit tiQ tit tis Quantitatives Quantitative

itative volumetric MRI to beitative volumetric MRI to be 
inspection alone
ivity has varied in differentivity has varied in different 

l 1990et al, 1990
es et al, 1993
re sensitive -- Reutens et al, 1993

I is more time consuming andI is more time consuming and 
be reliable and accurate







Extratemporal LExtratemporal L
P ti t ChP ti t ChPatient ChaPatient Cha

 30 patients with epilepsy and e
 17 females with mean age of
 13 males with mean age of 4

 Seizure types
 SPS - 22 patients

CPS 12 i CPS - 12 patients
 GTCS - 15 patients
 Atonic 2 patients Atonic - 2 patients

 Age of seizure onset - 3 month
 Duration of seizures 1 day to Duration of seizures - 1 day to

esional Epilepsy:esional Epilepsy:
t i tit i tiaracteristicsaracteristics

extratemporal lesions
f 36 years (range, 16-62)
0 years (range, 14-71)

hs to 70 years
o 43 yearso 43 years

Watson et al, 1993 & 1994



Extratemporal LeExtratemporal Le
MRI FiMRI FiMRI  FiMRI  Fi

 MRI lesion location
 Frontal lobe - 19 patients
 Parietal lobe - 11 patients

O i it l l b 4 ti t Occipital lobe - 4 patients
 Intraventricular - 1 patient
 Multifocal - 1 patient Multifocal 1 patient

 Type of MRI lesion
 Tumor - 8 patients Tumor 8 patients
 Developmental anomaly - 8 p
 Atrophic - 6 patients
 Vascular malformation - 4 pa
 Cystic, traumatic, gliotic, isc

esional Epilepsy:esional Epilepsy:
indingsindingsindingsindings

patients

atients
hemic - 1 each



Extratemporal LeExtratemporal Le
ResRes

T t l hi l d Total hippocampal and a
in normal range for all 3

 Hippocampal and amygd
symmetric

 Mean values for patient 
to those of control groupg p

esional Epilepsy:esional Epilepsy:
sultssults

d l id lamygdaloid volumes were 
30 patients
daloid ratios were 

groups were comparable 
psp

Watson, 1993Watson, 1993
Watson et al, 1994



Extratemporal LeExtratemporal Lepp
SummSumm

 Patients with epilepsy
do not have reduction
amygdaloid volumes

 Reduction of hippoca Reduction of  hippoca
volumes is a specific 
and amygdaloid sclerand amygdaloid scler

esional Epilepsy:esional Epilepsy:p p yp p y
marymary
y and extratemporal lesions 
n in hippocampal and pp p

ampal and amygdaloidampal and amygdaloid 
marker for hippocampal 

rosisrosis

Watson 1993Watson, 1993
Watson et al, 1994



Extrahippocampal TeExtrahippocampal Te
P ti t ChP ti t ChPatient ChaPatient Cha

 15 patients with epilepsy and ep p p y
lesions

 9 females with mean age of 5
 6 males with mean age of 45 

 Seizure types
 SPS - 11 patients
 CPS - 10 patients

GTCS 10 ti t GTCS - 10 patients

 Age of seizure onset - 10 to 64
D ti f i 6 th Duration of seizures - 6 month

mporal Lobe Lesions:mporal Lobe Lesions:
t i tit i tiaracteristicsaracteristics

extrahippocampal temporal lobe pp p p

0 years (range, 28-70)
years (range, 17-73)

 years
t 43s to 43 years

Watson et al, 1994



Extrahippocampal TemExtrahippocampal Tem
MRI FiMRI FiMRI  FiMRI  Fi

 MRI lesion location
M di l 7 ti t Medial - 7 patients

 Posterior - 4 patients
 Lateral - 4 patients Lateral - 4 patients
 Inferior - 2 patients
 Anterior - 1 patientp

 Type of MRI  lesion
 Tumor - 6 patientsp
 Cysts - 4 patients
 Vascular malformations - 3 p
 Developmental anomaly - 2 p
 Traumatic and infectious - 1 

mporal Lobe Lesions:mporal Lobe Lesions:
ndingsndingsndingsndings

patients
patients
each



Extrahippocampal TeExtrahippocampal Te
ResRes

 Total hippocampal and amy
were in normal range for all
patient

 This patient was studied with i
 All of her seizures began in he

subsequently found to exhibit m
 None of her seizures began in h None of her seizures began in h

 Mean values for patient grou
those of control groupsthose of control groups

mporal Lobe Lesions:mporal Lobe Lesions:
sultssults
ygdaloid volumes and ratios 
l 15 patients except for one 

intracranial electrodes 
r atrophic hippocampus, which was 
marked hippocampal sclerosis
her post-traumatic atrophic lesionher post traumatic atrophic lesion

ups were comparable to 

Watson et al, 1994



Extrahippocampal TeExtrahippocampal Te
SumSum

 Patients with epilepsy an
temporal lobe lesions dop
hippocampal and amygd

 Reduction of hippocamp Reduction of  hippocamp
volumes is a specific ma
amygdaloid sclerosisamygdaloid sclerosis

mporal Lobe Lesions:mporal Lobe Lesions:
marymary

nd extrahippocampal 
 not have reduction in 

daloid volumes
pal and amygdaloidpal and amygdaloid 
arker for hippocampal and 

Watson 1993Watson, 1993
Watson et al, 1994



Extrahippocampal Extrahippocampal 
Patient ChaPatient Cha

167 ti t ith il d 167 patients with epilepsy and
lesions

 80 males 80 males
 87 females
 Mean age of 33 years (range, 10-6

 Mean age of seizure onset - 16
 Mean duration of seizures - 15
 Febrile seizures during childho

 Patients with hippocampal atrophy
 Patients without hippocampal atrop Patients without hippocampal atrop

Lesional Epilepsy:Lesional Epilepsy:
aracteristicsaracteristics
d t hi l t t ld extrahippocampal structural 

7)

6 years (SD=12)
5 years (SD=12)
ood
y (N=25) - 5 (20%) (p<0.01)
phy (N=142) 4 (3%)phy (N=142) - 4 (3%)

Cendes et al, 1995



Extrahippocampal Extrahippocampal 
MRI FinMRI Fin

 Neuronal migration disorders Neuronal migration disorders 
 Heterotopia (nodular or band) - 35
 Pachygyria and/or polymicrogyria

 Tumors - 53 patients
 Low grade gliomas - 29 patients

DNT 11 ti t DNT - 11 patients
 Meningiomas - 10 patients
 Epidermoid cysts - 3 patients

 Vascular malformations - 34 p
 Porencephalic cysts - 15 patie
 Reactive gliosis - 17 patients

Lesional Epilepsy:Lesional Epilepsy:
ndingsndings
(NMD) 48 patients(NMD) - 48 patients

5 patients
a - 13 patients

patients
ents

Cendes et al, 1995



ExtrahippocampalExtrahippocampalExtrahippocampal Extrahippocampal 
ResuResu

 Total hippocampal volume
normal range in 142 patieng p

 25 patients (15%) had unila
plus a structural lesion (“duplus a structural lesion ( du

 NMD - 12 patients (25%) wit
 Tumors - 2 patients (4%) withp ( )
 Vascular malformations - 3 p
 Porencephalic cysts - 4 patien
 Gliosis - 4 patients (23%) wit

Lesional Epilepsy:Lesional Epilepsy:Lesional Epilepsy:Lesional Epilepsy:
ults  Iults  I
es and ratios were in the 
nts (85%)( )
ateral hippocampal atrophy 
ual pathology”)ual pathology )
th dual pathology
h dual pathologyp gy
atients (9%) with dual pathology

nts (27%) with dual pathology
th dual pathology

Cendes et al, 1995



Extrahippocampal Extrahippocampal 
ResuResu

 Dual pathology was presen Dual pathology was presen
lesions involved the tempo
extratemporal areas (14%)extratemporal areas (14%)

 Age of seizure onset and du
i fl h f dinfluence the presence of d

 Febrile seizures in childhoo
frequently in patients with 
(p<0.01)

Lesional Epilepsy:Lesional Epilepsy:
lts  IIlts  II

nt both in patients whosent both in patients whose 
ral lobe (17%) and 

uration of epilepsy did not 
d l h ldual pathology
od were found more 
hippocampal atrophy 

Cendes et al, 1995



Extrahippocampal Extrahippocampal 
SummSummSummSumm

 Patients with epilepsy and extra
incidence (15%) of hippocampaincidence (15%) of hippocampa

 Dual pathology is more common
porencephaly and gliosis and itporencephaly, and gliosis, and it
the lesion from the hippocampu

 Tumors and AVMs cause dual p Tumors and AVMs cause dual p
close to the hippocampus

 A common pathogenic mechani A common pathogenic mechani
development is more likely to ca
sclerosis and extrahippocampal 
secondary epileptogenesis

Lesional Epilepsy:Lesional Epilepsy:
marymarymarymary
hippocampal lesions have a low 

al atrophy (“dual pathology”)al atrophy (“dual pathology”)
n in patients with NMD, 
t is independent of the distance oft is independent of the distance of 

us in these entities
pathology only when the lesion ispathology only when the lesion is 

ism during pre or perinatalism during pre or perinatal 
ause concomitant hippocampal 
lesions (dual pathology) than is 

Cendes et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
Patient ChaPatient Cha

 30 patients with primary g
 17 females with mean ag17 females with mean ag
 13 males with mean age 

 Age of seizure onset 6 m Age of seizure onset - 6 m
 Duration of seizures - 1 to 
 Family history of seizures 
 No patients had febrile seiz

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
aracteristicsaracteristics
eneralized epilepsies

ge of 27 years (range, 10-62)ge of 27 years (range, 10 62)
of 26 years (range, 11-41)
onths to 46 yearsonths to 46 years
26 years
- 14 patients (67%)
zures during childhood

Watson et al, 1994
Watson et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
EpilepsyEpilepsy

 Juvenile myoclonic epilep
 Primary generalized tonic Primary generalized tonic
 Childhood absence epilep

J il b il Juvenile absence epilepsy
 Unclassified primary gene
 Photosensitive epilepsy -

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
y Typesy Types
psy (JME) - 9 patients
c-clonic seizures - 4 patientsc clonic seizures 4 patients
psy (CAE) - 3 patients

(JAE) 2 iy (JAE) - 2 patients
eralized epilepsy - 2 patients
1 patient

Watson et al, 1994
Watson et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
SeizureSeizure

 GTCS - 14 patients
 Absence - 9 patients Absence 9 patients
 Myoclonic - 7 patient

A i l b 6 Atypical absence - 6 p
 Atonic - 2 patients

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
e Typese Types

ts
ipatients

Watson et al, 1994
Watson et al, 1995Watson et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
EEG FiEEG Fi

 Bursts of generalizedg
and/or polyspike and 

Interictal - 19 paInterictal 19 pa
Ictal - 8 patients

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
indingsindings

d spike and wave p
wave activity (2-6 Hz)

atientsatients

Watson et al, 1994
Watson et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
ResRes

 Total hippocampal an
volumes were in norm
patients

 Hippocampal and am Hippocampal and am
symmetric

 Mean values for patie Mean values for patie
comparable to those o

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
sultssults
nd amygdaloid 
mal range for all 21 g

mygdaloid ratios weremygdaloid ratios were 

ent groups wereent groups were 
of control groups

Watson et al, 1994
Watson et al, 1995



Primary GeneraPrimary GeneraPrimary GeneraPrimary Genera
SummSumm

 Patients with primary
do not have reduction
amygdaloid volumes

 Reduction of hippoca Reduction of hippoca
volumes is a specific 
hippocampal and amyhippocampal and amy

alized Epilepsy:alized Epilepsy:alized Epilepsy:alized Epilepsy:
marymary

y generalized epilepsy 
n in hippocampal and pp p

ampal and amygdaloidampal and amygdaloid 
marker for 

ygdaloid sclerosisygdaloid sclerosis

Watson et al, 1994
W l 1995Watson et al, 1995



Secondary GeneSecondary Geneyy
Patient ChaPatient Cha

22 ti t ith d 22 patients with secondary 
 13 females with mean age
 9 males with mean age of

 Age of seizure onset - 3 mo
 Duration of seizures - 5 to 4
 Family history of seizures - Family history of seizures 
 Mental retardation - 17 pat

eralized Epilepsy:eralized Epilepsy:yy
aracteristicsaracteristics

li d ilgeneralized epilepsy
e of 25 years (range, 8-55)
f 28 years (range, 16-36)
onths to 12 years
43 years
- 3 patients (14%)3 patients (14%)
ients (77%)

Watson et al 1995Watson et al, 1995
Watson et al, 1996



Secondary GeneSecondary Geneyy
SeizureSeizure

 GTCS or GTS - 21 pa
 CPS - 14 patients CPS 14 patients
 Atonic - 12 patients

Ab 5 i Absence - 5 patients
 Myoclonic - 2 patient
 SPS - 1 patient

eralized Epilepsy:eralized Epilepsy:yy
e Typese Types
atients

ts

Watson et al, 1995
Watson et al, 1996



Secondary GeneSecondary Geneyy
EEG FiEEG Fi

 Bilateral, generalized
spike and wave and/op
activity 

Interictal - 22 paInterictal 22 pa
Ictal - 15 patient

eralized Epilepsy:eralized Epilepsy:p p yp p y
indingsindings

d and/or multifocal, 
or polyspike and wave p y p

atientsatients
ts

Watson et al, 1995
Watson et al, 1996



Secondary GeneSecondary Gene
MRI  FiMRI  Fi

Diff ti l t h Diffuse cortical atrophy -
 BPPS - 3 patients
 UPPS - 2 patients
 Heterotopias - 2 patients Heterotopias 2 patients
 Double cortex, pachygyri

N l 6 ti t Normal - 6 patients

eralized Epilepsy:eralized Epilepsy:
indingsindings
8 ti t8 patients

a, tuberous sclerosis - 1 each

W l 1995Watson et al, 1995
Watson et al, 1996



Secondary GeneSecondary Geneyy
ResRes

 Total hippocampal and am
in normal range for all 22g

 Hippocampal and amygda
symmetricsymmetric

 Mean values for patient g
those of control groupsthose of control groups

eralized Epilepsy:eralized Epilepsy:p p yp p y
sultssults
mygdaloid volumes were 
2 patientsp
aloid ratios were 

groups were comparable to 

Watson et al, 1995
Watson et al, 1996



Secondary GeneSecondary Geneyy
SummSumm

 Patients with seconda
epilepsy do not haveepilepsy do not have 
hippocampal and amy
R d ti f hi Reduction of hippoca
volumes is a specific 
hi l dhippocampal and amy

eralized Epilepsy:eralized Epilepsy:p p yp p y
marymary

ary generalized 
reduction inreduction in 
ygdaloid volumes

l d d l idampal and amygdaloid 
marker for 

d l id l iygdaloid sclerosis

Watson et al, 1995,
Watson et al, 1996



Hippocampal SHippocampal S
CCPatient ChaPatient Cha

 17 patients with pathologica 17 patients with pathologica
sclerosis - mean age of 33 y

 8 with left-sided HS 8 with left sided HS
 9 with right-sided HS

 Mean age of seizure onset - Mean age of seizure onset 
 Mean duration of seizures -

10 i (59%) h d f b i 10 patients (59%) had febri
 4 patients had other early ri

meningitis)

Sclerosis (HS):Sclerosis (HS):
aracteristicsaracteristics
ally proven hippocampalally proven hippocampal 
years (range, 6 to 52)

- 12 years (range 0 5 to 23)12 years (range, 0.5 to 23)
- 22 years (range, 2 to 38)
l i d i hildh dle seizures during childhood
isk factors (trauma, 

Watson et al, 1995, 1996 



Hippocampal SHippocampal SHippocampal SHippocampal S
SeizureSeizure

 SPS - 17 patientsSPS 17 patients
 CPS - 17 patients

GTCS 12 ti t GTCS - 12 patients

Sclerosis (HS):Sclerosis (HS):Sclerosis (HS):Sclerosis (HS):
e Typese Typesypyp

W t t l 1995Watson et al, 1995
Watson et al, 1996



Hippocampal SHippocampal S
PathoPatho

 Hippocampal Sclerosis Hippocampal Sclerosis -
 Grade I - 1 patient
 Grade II - 1 patient Grade II - 1 patient
 Grade III - 4 patients
 Grade IV - 8 patientsp
 Grade V - 3 patients

 Dual Pathology - 4 patienua a o ogy pa e
 Heterotopia + HS - 2 patie
 Cortical dysplasia + HS - 2
 Hemispheric atrophy + HS

Sclerosis (HS):Sclerosis (HS):
ologyology

17 patients17 patients

ntss
ents
2 patients
S - 1 patient

Watson et al, 1995, 1996



Hippocampal SHippocampal Spp ppp p
SummSumm

 Patients with TLE due to
reduced (> 2 SDs) hippo( ) pp

 Patients with TLE due to
ratios (smaller/larger) ofratios (smaller/larger) of 

 Reduction of hippocamp
marker of hippocampal smarker of hippocampal s

Sclerosis (HS):Sclerosis (HS):( )( )
marymary
o HS have significantly 
campal volumesp

o HS have hippocampal 
f < 0 90f < 0.90
pal volume is a specific 
sclerosissclerosis

W t t l 1995Watson et al, 1995
Watson et al, 1996



“Normalization” o“Normalization” o
MeasurMeasur

 Obtain the mean “Total In
of the normal control grou

 “Normalize” the volume o
measured (e.g., HF or AM( g ,
head size, using the formu

“Normalized” HF Vol Normalized  HF  Vol
Where,   R  =  mean TI

pp

of Volumetric MRI  of Volumetric MRI  
rementsrements

ntracranial Volume (TIV)” 
up
of each of the structures 

M) for individual variation in )
ula:
lume = R x HF Volumelume    R  x  HF  Volume
IV of the controls
atient’s TIVatient’s TIV


