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The Relationship between Hippocampal Damage on MRI and Secondarily

Generalized Tonic Clonic Seizures in Temporal Lobe Epilepsy :
Quantitative and Qualitative MRI Study
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D

Sung Eun Kim, M.D.

ABSTRACT

Purpose ' It has been suggested that recurrent seizures may cause the hippocampal formation (HF) damage
in temporal lobe epilepsy (TLE). To evaluate whether secondarily generalized tonic clonic seizure (SGTC) is
related to the degree of the HF damage on MRI we performed this study. Methods : We found 42 patients with
TLE who had HS on qualitative MRI from epilepsy database. They were divided into unilateral HS (UHS) and
bilateral HS (BHS) on qualitative MRI by visual analysis. We performed HF volumetry in 20 and T2 relaxometry
in 22 (17 patients were lateralized by quantitative MRI and ictal or interictal EEG). Resuits : The frequency of
status epilepticus and SGTCs in BHS were significantly higher than that in UHS (14% vs 3%, p<0.05 and 60%
vs 6%, p<0.05 respectively). Of 17 patients who were lateralized, the frequency of SGTCs was significantly
correlated to the ipsilateral (r=0.58, p<0.05) and contralateral (r=0.35, p<0.05) T2 relaxometry as well as in-
versely to the ipsilateral (r=—0.59, p<0.05) and contralateral (r==0.52, p<0.05) HF volume. Conclusions : BHS has
the higher frequency of status epilepticus and SGTCs, and the frequency of SGTCs was related to the HF
damage. (J Korean Epilep Soc 5 : 131-136, 2001)

KEY WORDS : Temporal lobe epilepsy - Hippocampal sclerosis - Hippocampal volumetry - Hippocampal T2 relaxometry -
Secondarily generalized tonic clonic seizure.
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B aArEs 1) 74 ggds wES TLE 84 &
MRIA %24 sinlasiel A3 ek sl Alole Y3 e
2 zlo)7} glEA], 2) o]Eel SlojA %A MR 129
4 71ZbEe Wk 349l vt Feshd &4 AR

4
7 QeHo] PEXIE W) Fstel & ATE AR

oy 9

e

1, S0y

Epilepsy databaseol 94202 TLEZ AEH
MRI% #inbddbt e 8xF 42988 gdes B dATe
AL} 4299 B A4 (consecutive) AR
o AR oz Betniahs wojrt sjnlstel gt Al
ML Jackson 579 71F0] ukt ABHAT olF 20
ol A= hippocampal volumetryE, 22 l|A4= hippoca-
mpal T2 relaxometryZ Al33}3itt. 209 oA+ hippo-
campal volumetry$} hippocampal T2 relaxometryE 2
o] Ao n o|F 1742 AFA MRIY ictal 32 in-
terictal EEGE '#2lo] A2E = S59& ¢ 4 itk

2. MRI protocols

P E MRI= 1.5 tesla Phillips ACS unit(Holland) & A}
85101 A|8815=1) A = (whole brain) & inversion reco-
very oblique coronal images(TE 18 msec, TI 160 msec,
TR 2700 mseg, slice thickness 3 mm with 0.3 mm gap),
T2 weighted oblique coronal images(TE 100 msec, TR
4030 msec slice thickness 5 mm with 0.5 mm gap), T1
weighted oblique coronal images(TE 18 msec, TR 650
msec, slice thickness 5 mm with 0.5 mm gap) & A133}
9t BE T1-, T2- weighted images+ hippocampus
o] FZof FYPH 2 FaH|| AFaGich

Hippocampal volumetry® T1 coronal £ inversion
recovery imagedlA AR =d 2H71olE T1 coro-
nal image (3 mm slice thickness without gap) ¢4 S5t
7]¢jl&= inversion recovery(3 mm slice thickness with
0.3 mm gap) oA A13Y313tt. Image data® Easy vision
workstation® 2 &AA Easy vision workstationel W3+
5o} QlE softwared AME3Sle] F3& SA313c) dinte
boundary= Watson $9¢} 7122 w2} 2331910 int-
racranial volume®l| normalization AZAth Intracranial vo-
lume& Van Paesschen 79 7]%¢] w} T1 sagittal
image (slice thickness 8 mm with 0.8 mm gap) *|4 &3
3} 11 intracranial volume®l] thdt hippocampal volume
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9] normalization T3} o] F3to] A%, Aol #A
glo] A3 sjn} %3 (absolute hippocampal volume) &
T3t

HCV corrected=HCV measurement—gradient X ICV
measured—ICV mean), HCVE= hippocampal volume, ICV

==

+ intracranial volume, gradient+ linear regression an-
alysisE o]&3to] Aatd FA tizatel 9leiA ] HCV#
ICV4] regression line?] 712712 £ 7oA+ 0.000831
o]t} A4 dEToEE e WO 129 (44 51,
24A90A 424) 2] AAETA &ito]
Ao 2 HCV, ICVE 433t

T2 relaxometry: Jackson $'7¢ ¥ & AHEsl] &
A5k =d) hippocampal bodyel 42%¢] brainstem$]
anterior borderl#] 8 mm single slice® FA3=H At} 1.5
tesla Phillips ACS unit(Holland) ol W42 softwareE ©}
2310 x4 AFo= TE 50 msec ¢4 200 msec 7+A1¢]
4 echoes?} ©1¢H 1 F4t Ao A= TE 50 msec ©l
A] 200 msec 7HA2) 8 echoes?} AREH ATt o9} & 4
Z2 8 echoesE AREale] Aojz Z}z}2] imageol 3lo1A
A2 5lojA) &= pixel?) image data¥ fitting single expon-
ential® 8A8te] Easy vision workstation®.Z &7
Easy vision workstationoll W= o] Sl softwareE A
2351 T2 relaxation time (HCT2) 2 3313tk ROI(re-
gion of interest) & 7Fs3 A &9 7158 CSFoll <3t
o] VJERE= partial volume effect® 33} hippocampus
o Fola =33tk A dETLEE TS WHoR
268 (2 149, 19419014 47A) &) A738HE SA4do] gl
volunteerE A2 2 HCT2E 33

3. g¥ ¢¥

EIEAE Fxate] ey 22 Y P U

D g A3, f97IzE 2AF gAY 9.

2) A3 3 (antecedents) : 7FAT Ao g AoE
Aol BE Y, dAFAL 54 o]Hd FF4A
A2l 744 Qlo] A} FHkE oA S BE FHY] FYL
2 Aoetgin F384 7+ (status epilepticus) & ILEAS]
operational criteria®l] @b 308 o) Bato] A|&5A
U bzl Alolof 24 2] glHo] gl A2 A

3) WA AAF o7 BeRRaake §x) 2o
e 1 35S FE3) & F e AU dRe &
Ao M= o)A AAA =k (secondarily generalized
tonic clonic seizure) T& 302 3t o]2Md A4

wake Aol A3 2 RAA AHg] whe Wske

= volunteerE tf

J Korean Epilep Soc / Volume 5 / December, 2001



73ko] Q7] W HZ 2d o|ulel AFIIFA Y 715
o]z HAaly Iae 34 Tkt

4) F9 o|x A #& {3 (mainly secondarily
generalized tonic clonic seizure type) : A A =&
FAHEA Y ARl w2t T8 223 f3o] WlEE A4t
Q7] wEel HZ 20Ul 775X 7159 #3 /£
off wpeh o2 HAA o] HEFEEA ¢
A 2:19 vEE gol AS W FE oA AN A
F8o2 Aok

4, $HNE

D Al B4l o5t A sinbAastel 954 sinbast
Alolol A o= Hol7} QA 2) olEell oA HHH
MR 7Hd 9] 4 717ke/3-2 wzke] 3149} sjnte] e
& &4 At o] AERE &7) $38ted Chi squ-
are test, Fisher’ s exact test, Student t—test, Spearmans
correlation coefficient 5 ©]431 EAA2] 33k

Hippocampal volumetry 2 T2 relaxometry 2] protocol
o] g7 Ankr|s} FH7le] 24zt v who] AREE ] o
o]l T2 protocolell &3t 2445 F017] A8t A4 &
AXE z—scoreZ Filste] FAIAE dFGith

4 0

1. B4 Q=22 Hippocampal volumetry®} hippocampal
T2 relaxometry 84

A 2T 12989 mean ICVE 1707£148 cm® Q&
™ mean HCV-E 3897 +351 mm®, ICV2E normalization
NZEA corrected mean HCV-L 38944347 mm® )%tk
()3} HCVZ corrected HCV). 5 HCV+ 3944 +330
mm®0|% 1 & HCVE 38614347 mm’E & HCV 7}
9= HCVED Ao f98 ol gl 5% 35
HCVY vl 0.97+0.02%

HCVY) intraobserver variation 2% oWtk

AA Q2T 2699 mean HCT2E 94.5+5.8 msec ©]
93 & HCT2+ 95.5+5.3 msec, 5 HCT2& 936+
6.2 msec® $& HCT27} 35 HCT2xt} A=A =
FoJg Aol UE $5F 5 HCT29) vl= 0.98+0.8
]3]t}

HCT29) intraobserver variation 2.5% ©JU$ith

2. Y=N FOEsEAT FEY SOrESZS Y Y Hlu
4299 TLE 259 7 93 26.4+6.940]1 %
W Age 1354574, #8717+ 12.8+6.19 ok 42
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W] TLE 82 F =H32A} 4 329 #Apelx] 7Hdst
(epileptiform discharge) 7} ZFQellA Vb=t 259
ME & 229 1HdME 4F 559 28U 3% S5
ol SAEHA 7Has7)E ekt o MRIAY Vel 3
opAgke] GEA E A& F5e Az A R
UEA E2 dFY fFeks FEsisith

MRIY A4 A 454 duisieel A4 83%
(35/42) 2 ¥=A dniAsT 17%(7/42) Bt} €58 &
o). B 9, ¥ A%, {1 @9FEE 2
FHY L T FolA Ao|7t AR HPY WYL F=
otAskelA 29% (/7)) 2 924 dnbEsiY 0%
Hjsled o8k Eshvh FHA Y HY ek 54
#olAskrolA 14%(1/7) 2 934 sinbidsle] 3%(1/
35) B}k F-oJ3HA] @3ttt

Z9 ola] AN LA §¥E FEA snbEsrelAM
60% (4/7) 2 AEA] Sva3l2l 6% (2/35) ot f-2lsHA
B FF o3 MA@ 315 w5 oA sinbE s
ol 31.1+35.28 % A&A snpagae] 12.7+14.5
3] B} §9351A E4tH(Table 1).

3. 2Z4 fofgeaa AN HorEeel B3N MRI Hlu

17904 A%3 MRI$} ictal & interictal EEGE &
o] AFHE 25HE ¢ F AT dFEH (=13, 13%
T =N interictal EEGoIA sinlaslet Z2& &5
oM 7S} AR B FFA sePdskE(n=4, AlAE
Ao FEA dubEstE BYAT ictal EEGOlA §%
Slutef| At dzto] Alztg) oA 85 sivhipsilateral hip-
pocampus) $} ¥ 3o} (contralateral hippocampus) 2
HCV# HCT2& vjnd 4 SIith

3= gjuke] HCVY HCT2: 4354 9 o34 sinbdst

)

2 o ™=

Table 1. Clinical characteristics between unilateral and bilate-
ral hippocampal sclerosis

UHS BHS fe]
Number (%) 35(83) 707D
Antecedents (%) 21 (60) 571 057
Febrite convulsion (%) 20 (67) 229 0417
Encephalitis (%)* 0O 2 (29) 0001
Status epilepticus (%) * 13 104 002
Mainly SGTC type (%)* 2 (6) 4 (60) 0.0003

132+ 79 123+ 42 077
Onset (mean=*SD) 167+ 57 114+ 56 008
Age (mean+SD) 280+ 84 24 + 53 015
Frequency of SGTC (mean£SD)* 127+145 31.1+352 0.02

Duration (mean+SD)

UHS : unilateral hippocampal sclerosis group, BHS : bilateral
hippocampal sclerosis group, SGTC : secondarily generalized
tonic clonic seizures, * @ pP<0.05
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Table 2. Quantitative MRI between unilateral and bilateral
hippocampait sclerosis groups with lateralized epileptic focus

Table 4. Correlationships between quantitative MRI and clinical
factors

UHS BHS SGTC Duration Onset Age
Number 13 4 Ipsilateral HCV -0.59* -0.36 0.53 0.05
lpsilateral HCV (mm3) 2849469 2442+ 358**# Contralateral HCV ~-0.52* 0.06 0.28 0.26
Contralateral HCV (mm3) 3731383 2325+ 413*# lpsilateral HCT2 058 -023 -004 -0.12
Ipsilateral HCT2 (m sec) 116+ 12* 121+ 13* Contratateral HCT2 0.35* 025 031 -0.03

Contralateral HCT2 (m sec) 99+ 7 119+ 9

UHS : unilateral hippocampal sclerosis group, BHS : bilateral
hippocampal sclerosis group, HCV : hippocamapl volume,
HCT2 : hippocampal T2 relaxometry

* 1 p<0.05, between UHS and control

#x 1 1£<0.05, between BHS and control

# 1 p<0.05, between UHS and BHS

Table 3. Quantitative MRI between with and without antece-
dents with laferalized epileptic focus

antecedent antecedent
(+) (-)

Number 13 4

lpsilateral HCV (mm3) 25261426  2939+575 0.07
Contralateral HCV (mm3)  3232+818 3549+ 461 036
lpsilateral 72 (m sec) 119+ 10 118+ 14 0.7
Confralateral 72 (m sec) 105+ 12 101+ 9 032

HCV : hippocamapl volume
HCT2 : hippocampal T2 relaxometry

T Bl A4 dierEth felsh A agE) 9l
ek z8jul, wiE #inke] HCVLF HCT2E 9EA4 vt
skl e A iz 2ot f28A FAY dgEo]
URARE US4 s slol s A4 hzia ¥ o]
7F itk 544 siebdskre] ¢ HOve 8% 52 it
s Bolr ASA sinbEsete) H HOVEL #9ln
54 dnEslEe e HCT2: 83X s 44 4
oPd3kre] e HCT29 98 Aol igix e wh %
M= G54 sirkEgtel Y& sirbEsE B &
oJ8kA A= ATHTable 2).

e Ee] AR 139 ghate} A HEe) gld 474
o) gzte] 8= 9 v swle] HiF HCVY HCT2: +
o3t Aole AT dagwEo] 9lgld FAlFAAN B}
A AFEHE o] AUNTHTable 3).
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AR B2 Slgele] #AIE B8
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SGTC : secondarily generaiized tonic clonic seizures, HCV : hi-
ppocamapl volume, HCT2: hippocampal T2 relaxometry
* 1 p<0.05

3
2.5 - | x Ipsiat HV Z-score 0
2 |+ | O lpsilat T2 Z-score
1.5%
o 1 r % . o o
S 05Hx o O
,3 0 % 1 X 1 ) g
—05 Bots 1 20 30 40 50 40 7D
-1 - o
~15) x N x
-2 L [m]
-25

Frequency of secondarily generalized to tonic clonic seizures

Fig. 1. The frequency of secondarily generalized tonic clonic
seizures is significantly correlated to the ipsilateral hippocampal
T2 relaxometry (r= 0.58, p<0.05) and inversely correlated fo the
hippocampal volumes (r=—0.59, p<0.05).

3
x Contralat HV Z-score
2F X o Contralat 12 Z-score
=]
1 kX
2 ki . = ) =
8 0 o * I L L ! L
K IR 20 ® 40 ) 60 M
q a
1 Lo
,2 |-
o x

Frequency of secondarily generalized tonic clonic seizures

Fig. 2. The frequency of generalized tonic clonic seizures is sig-
nificantly correlated to the contralateral hippocamapl T2 rel-
axometry (r=0.35, p<0.05) and inversely correlated to the con-
fralateral hippocampal volumes (r=—0.52, p<0.05).

05) EFellrl felshAl o] 3aaAE 73 HCT2 &
g o)aMd WA 22 e} FolskAl 83 (r=0.58, p<
0.05), RHi=(r=0.35, p<0.05) B5olA foatA akel
FBAE 7HtH(Table 4, Fig. 1, 2).

i

2 AT olXE A%A MRIEZ hippocampal volumetry 9

T2 relaxometry & 7o) AMESISIL, F 9P 2% 3jnto)

FElEHd Wgl 53 5 ainlgsE ag g 4 glor
A

&)
TLE®] #H=3}(lateralization) o] £3-2 Fth & AFoA
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+= hippocampal volumetryZ o]d B1'¥¢} Zo] Ay A
gl FuE Feled 2dd siot 3+ intracranial
volume®l| th&t HCVE normalization A|Z7] W&o S,
el BAIGI0) 7iQ1ZYe HCVE M= Hlal & &= Q). 2
Aol HCVel digt A4S 24 35 HCVIE 5
HCVETH At ol o)d RuEs AX§}? 1010 2
Aol 4 AREE hippocampal T2 relaxometry= Jackson
500 71%38 v x}ol7t gtk Jackson® < echo
time©] 22014 262 msec7t4] 16 echoes® AHE-3H HhA
= 04%“’1]7\1% echo time 50 mseclA 200 msec 7}4] 4
2 8 echoesE AHg-3151th Kuzniecky Y& Jackson
'SJJr U2 ¥ o g T2 relaxometryE A3t <9t siju}
7a%ke] zke] QlojA] zojHE ISt wEbA T2 rela-
xometry At e glom 7 7)gvit Aozt Q&
F odetd Bl o= FRelA dniAEEE Aw & S Qe
7Hsensitivity) 7} 2231} (Jackson, personal commu-
nication). ¥ Ao AM-E hippocampal volumetry 2}
T2 relaxometry® intraobserver variation= 2}Z} 2%,
2.5% oUZ ¥S vk 33ith
TLE &Atell slolA 54 siviad st 934 slinbdst
ol H)3}o} =&}, Van Paesschen 579 a7 ¢jstd
10092 A52 32; 5 11%904 IEA sliebisty &
Ag Blon B AFoME 17%04 &4 sirbEss
Bolok Al N F el SlojA ztel7h AR
AR Rl A4 sirbdghredx] AEE e 95%
(20/21) 2 =4 slivbdste] 40% (2/5) B} &Jq] QA =
NI FEAY snpEste] Ay HPGo]l AygE o R dSY
#nbEst Hoh WEE & < Ut ol ohvl: FEAS
2 A SuEErt d&A snbEsiel dele] dEreE
AL N thE B EP¥031 )%t} Van Paess-
chen 579 A8} rp7A 2 B AP T %S4 dfju}
ZAshtelr dEA sirbE s Bk o|AHA] AAlA Hake
37 #th A i A lE 434 v o)glodt
wzhe] 34=7} WolA anterior commissures % o]}

J 7FA8}(secondary epileptogenesis)®’ e AL A

S

I PR HUEA 19A FOR WY GARE
¥4 arkAsIgEAE o b glovt delew gz

3
o AE A o7t & Lol A7) whizel 2] B
7b 1o = ol ZHAFE AF USA FubEstelM &
A dnPdstE H3le TS de Aor A4d.
#H %4 MRI 22 MRS, B84 dF 55 o83t
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ko] 315 Aol Qvks Hago] rkl v
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¥t AxAo) Qom0 sjulel 5 217348
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o]¢} Z& AMAE- opntt st A o RalE=
Halehs A& AR Harvey 779 AEA Ak 4
o} TLE &AtellA Al3g MRI el 2ahd 21%(13/
63) oM e A] MRI% sliwbd 37t Itk webs A7
of Wdsto] MRIE Allatgivkd iy F HA F e
AIZE Zpol7t 9171 wiiEell MRIYIA Yepbe HCV AEE
HBE AE FA1Y HCV etz 2 d7he) dgks ¢howA
Ueld HCVY Z4AZ vepd Aol

Aol Gl Aol daAg o] gl A Hu}
HCV7} Atk o)d Ru'tWele ge) B g A
FFY 59l HCV 52 HCT2& A7 ARt ey
o] A FAFoA HCVE B A3l HCT2w 4%
e A Btk o)A ®arele] o= ok B AT
MM Tz AlAEE HRES ¢ T AR B2 17
& o g &3 whfE2] HCV, HCTZE dBEE
o} v wsiely] wigel e #x} 47 gk {2 2lo]
71 J& o= AEHL

£ AFee € 7HA EA-e] gtk AAle - 7kt
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9}t =, 97 %27]¥ T1 weighted image®} 4 echoesE
ARgEt7) A7 FH7)E IR image$) 8 echoesE ARE-E}
Atk W ES z1o)7} 9i%l7] wWlFel protocolel] 2% &
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