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1H-MRS, proton magnetic resonance spectroscopy: .:%;��LÃ�0�%:��,< 

AC-PC, anterior commissure-posterior commissure: Q@ -́l@  ́

ADC, apparent diffusion coefficient: ­���qtDu 

AED, antiepileptic drug: p����© 

ATL, anterior temporal lobectomy: QHÀ¨N»« 

CBP, carbamazepine: �8)1�,; 

CI, confidence interval: FÁS¹ 

CS, cluster seizure: ¢��C 

CSF, cerebrospinal fluid: ¤£Â� 

CT, computed tomography: �;,5<!<vhrk 

Cho, choline-containing compounds: �7;Y{RX� 

Cr, creatine: �9
"; 

DSC, dynamic susceptibility contrast 

DTI, diffusion tensor imaging: qt#;�8�I 

DWI, diffusion-weighted imaging: qtj°�I 

DZP, diazepam: �
�*3 

EEG, electroencephalography: ¤� 

EZ, epileptogenic zone: ����Vn¿_ 

FA, fractional anisotropy: �wn�� 

FES, focal epileptic seizures: ��n�����C 

FEvG, focal epileptic seizures evolving into generalized epileptic seizures: ��n�����C�
K

§n�����C���g 

FLAIR, fluid attenuation inversion recovery 

FSE, fast spin echo 



FSEC, familial spontaneous epileptic cat: cxn¥���n����� 

FSL, FMRIB Software Library 

FWE, family wise error 

FWHM, full width at half maximum 

GBP, gabapentine: �)0;"; 

GES, generalized epileptic seizures: K§n�����C 

Glx, glutamate and glutamine complex: �8!2;�	��8!2;¶¬XB 

ILAE, International League Against Epilepsy: ]½p����´� 

IVETF, International Veterinary Epilepsy Task force: ]½�T�����O`ZA 

IdE, idiopathic epilepsy: ��n���� 

KBr, potassium bromide (kalium bromide) : ¦R�7�3 

LEV, levetiracetam: 9/"6�!3 

MDB, minimum data base: 2'13$<!/<� 

MEG, Magnetoencephalography: ¤�\ 

MNI, Montreal Neurological Institute: 4;%7�<8�¡b��o 

MRI, magnetic resonance imaging: ��LÃ�I� 

MTLE, mesial temporal lobe epilepsy: MHHÀ¨���� 

MUO, meningoencephalomyelitis of unknown origin:V[>y�¤� 

NA, not available: P�>W 

NAA, N-acetyl aspartate: N-
�"8
�*6�;¶ 

PB, phenobarbital: -�()8+!<8 

PET, Positron emission tomography: ¼¾asevhrk 

PWI, perfusion-weighted imaging: ��j°�I 

QOL, quality of life: ���± 

ROI, region of interest: ºm¿_ 

SE, status epilepticus: �C·� 



SE-EPI, spin echo-echo planar imaging 

SPECT, single photon emission computed tomography: U=Jasevhrk 

SPGR, spoiled gradient echo 

SPM, Statistical Parametric Mapping 

SUDEP, sudden unexpected death in epilepsy: �����C�	� �~ 

StE, structural epilepsy: |³����� 

T2WI, T2-weighted imaging: T2j°�I 

TE, echo time: ��<z¹ 

VBM, voxel-based morphometry 

VOI, volume of interest: ºmB� 

WHO, World Health Organization: ?�EG}| 

ZNS, zonisamide:  '�2& 

mIns, myoinositol: 2��(�%<8 

rCBF, relative regional cerebral blood flow: �d�fo¤ª�  ̧

rCBV, relative regional cerebral blood volume: �d�fo¤ª�  ̧

rMTT, relative regional mean transit time: �d�foi^²µz¹ 
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1. ûǇ 

1.1. w«Ů"�
1�5	5 

 �5	5$ƥ#ċĈĿƤĈ#ŬĊţšÞŰĿļ4ę�ūŬ��0ȃYQ#)!/�

YYȃśȃŝȃ6F<ȃǼȃŘȃƛȃ8D?ȃfOQȃa8HȃHSUIbȃȀ! #©řƂ

"ǌ�0�1 [Buckmaster, 2017]Ȅ�#Ń´$²�ȃƌ�¢"$��"ů�#ǀǕ
ÝÉ�1Ȅ 

 �5	5$ȃw«Ů"���İ+Ó�žƑūĉ# 1���1 [Löscher , 2015]Ȅsŧ

��Ŀǫ (World Health Organization, WHO) $ȃ�5	54�ÔƥžƑ#Ǜ¥!ů�".0°Ą

Ĉ#ů�4ţ�1ċĈ#ƥūĉ�ȃƂ�#¯Å
ÝÉ�ȃĽ�!ƨúŭŜ�.&ĺķďƻ4�

���áƝ�ȃ2016ø"$�5	5ĉƟ
 5­nw|oÝÉ�1�ěá���1ȄáƝ"�1

.�"Ƃ�#¯Å,Ľ�!ƨúŭŜ�.&ĺķďƻ$�5	5ǂĥ4Ƹǰ"�1ƺÅ��0ȃ

¬�!ŬŃ#Ơ±
ąƺ�!1Ȅ(�ȃ�5	5#ůţ$Ħţ�	/ǾȂƟ(�÷ù�øȂñ

"�ô�ȃĉƟƩǏ#Ž~ţŋ"Ľ�!āǵ4þ�ǌ��Ȅ�2-�"ȃ�5	5	º	$İ

+Ǥƺ!ǂĥ��0ȃ�#Ă#ŇŮ"Ô��ǫ��1Ȅw«Ů�$ȃ�5	5"ǫ�1Ŷƻ4

Ɠm��1�*ȃ1909ø"Èǯē�5	5ǙŲ International League Against Epilepsy (ILAE) 


ůǎ�ȃ100ø|o"Ő0�5	5«Ů#ĚǦ4ů��Ɣ
��1Ȅ1970ø"$��5	5�

�5	5#ů��Ǹ�
ĜÂ�2 [Gastaut et al., 1970; Merlis et al., 1970]ȃ�5	5#ů�Ê,

¯Å"Ì���Ǹ
Ƶ32��1ȄİĦ#Í»$ȃ2017ø"Í»�2 [Fisher et al., 2017a; Fisher 

et al., 2017b; Scheffer et al., 2017]ȃ�5	5#ƨúŰ	�âťŰáƝ4 24ĮǪ|o�
�í!�

�+ 2Ä|o#�5	5ů�4ż�+#��ȃ�5	54 focal onsetȃgeneralized onsetȃ�.

& unknown onset"�Ǹ�1��4ĜÂ���1Ȅ�2/#ĜĹ$ȃ«Ů#ůï"Ć��Ġƾ


ƚ0ǔ�2��1Ȅ 

 w«Ů"�
1�5	5#ŇŮŴľ$�5	5ů�#ŎÕ��0ȃĉƟ#ţŋ#Ǌ 

(quality of life, QOL) #ĠÃ4ŴĚ�Ȅİ+mƭŰ!�5	5#ŇŮ$ȃē�5	5ƴ 



�  �

(antiepileptic drug, AED) ".1ƴřŮŉ��0ȃ�#y#�ſŰŇŮ"$¤ƦűǊ¡œ`he

kŮŉȃBQkǺŮŉ! 
�1ȄAED4ť���5	5ů�CkQjlh"���ȃĉƟ#

ů�Ê�.&ŭ�Ɯ�Ǹ	/ǝ�!ƴ£
ǠĔ�21ȄŠÉȃ<hWaK[kȃWh]jǣȃ

:QH@FbRȃLTDbRȃ@jWEcȃ\9TQ7kȃi^NfJMcȃQ[falQȃ

feQg?kȃ=W_kNkȃ\9VWhZMlhȃ@jSKXc! ĤÓ�# AED
mƭ

Ű"ť�/21
ȃĉƟ#øȁ,Ĉ��.&ØÛ#ıŖ! Ľ�!ƺÅ
ƞČ�21ȄÓ�#

�5	5ĉƟ$AEDŇŮ"°Ć�ȃƮ×!�5	5ů�CkQjlh4ż�
 [ILAE, 1997a]ȃ

ƍ30%#ĉƟ�$ŇŮ"ĕē�1 [Sander, 1993; Schmidt and Gram, 1995; Brodie and Dichter, 1996]Ȅ

�2/#ǝ�!ē�5	5ƴ"°Ć�!��5	5$ǱŇĈ�5	5�1�$ƴ£ĕēĈ�

5	5�¼%2��1 [Berg and Kelly 2006]Ȅ 

 w«Ů"�
1ǱŇĈ�5	5"$ȃ�5	5Òſ#ǝĆ
ĺƿ�21 [Binnie et al., 

2000]Ȅ1886ø"7?gH#ƥžƑÒſ«��1 Victor Horsley
ȃsŧ��*��5	5ĉƟ

"ç�1ÒſŇŮ4Í»���1 [Horsley, 1886]Ȅ�#ĂȃƥŊ (electroencephalography, EEG) 

4Ù*ȃźŅ�ǿŦ�ŉ (magnetic resonance imaging, MRI)ȃ®m�Üġéĥñğā (single 

photon emission computed tomography, SPECT)ȃǮǲÜġéĥñğā (Positron emission tomography, 

PET) ,ƥźÇ (Magnetoencephalography, MEG) ! #ƶ¢ĺķĒƶ#¹o"��ȃ�5	5Ò

ſ#Ĩƶ}Ĥ$sŧŰ"Ð§#mǗ4� ���1ȄŠÉ#�5	5Òſ$�ǭÒſȃǟĥÒ

ſȃ�.&Ɨ¾ŰÒſŇŮ"�
/2ȃ�ǭÒſ$�5	5¯ĈǶË#�ǭȃǟĥÒſ$�5

	5ĈŨö�Ğ#ǟĥ4ŴŰ��1ȄŚ"ȃ���ǷƱ�5	5 (mesial temporal lobe epilepsy, 

MTLE) $İ+mƭŰ"�ǭÒſ
Ƶ321ǱŇĈ�5	5��0ȃ�#ı¨Ĉ
Ǿ���


Ŷ/2��1 [ILAE, 1997b]Ȅ(�ȃǩǷđƶçǉÒ#ĉƟ"ç��$�5	5ů�#ĠÃ4

ŴŰ��1ǖǋžƑ¡œŮŉ,ŏǢƥŊ¡œŮŉ
Ɨ¾ŰÒſŇŮ���Ƶ32��1Ȅ 

 �5	5Òſ"���ȃ�5	5¯ĈǶË (epileptogenic zone) 
İ+Ǥƺ!Ļć�

ƞ�/2��1 [Rosenow and Lüders, 2001; Lüders et al., 2006]ȄLüders et al. (2006) ".0ĜÂ�

2��5	5¯ĈǶË$��5	5ů�
$�(1ąƺ¬�!ǶË�ȃ�ǭ (�1�$à�ǟ

ĥ) ".0�5	5ů�#ŎÕ4+�/�İì#űǊǢ���áƝ�21Ȅ�#áƝ$�5	



� ��

5¯ĈǶË
ÒſđƶĂ#ů�ŋ©#ıŖ".0�ĥ�21��4ż���1
ȃƶ¢ĺķ"

��� 5�#űǊŨöË (abnormal cortical zones) 4ĺ��1��".0ȃ�5	5¯ĈǶË4

ěő��1�ĜÂ���1Ȅ�# 5�#űǊŨöË$ȃů�ŭ�Þ".0ĺ��21ŭŜůŠ

Ë (symptomatogenic zone)ȃů�Ǫŀĳ#ZP;EEGȃMEG".0ĺ��21ů�ǪŀĳƬÖ

Ë (irritative zone)ȃů�Į#ZP;ǷƳ�EEGȃSPECT".0ĺ��21ů�ǌÙË (seizure 

onset zone)ȃMRI".0ĺ��21ļǘŨöË (structural abnormal zone)ȃů�Ǫŀĳ# PETȃ

SPECT�.& functional MRI".0ĺ��21ĿƤŀưË (functional deficit zone) "�
/2

1Ȅ�2/#ǶË
�5	5¯ĈǶË���·ƫ�13
�$!�
ȃǤƸ#Ó�ǶË$�5

	5¯ĈǶË#³ƤĈ
.0Ǿ�!1��21Ȅ�#�*ȃ�5	5Òſ#ǝĆŭ��$ȃƶ

¢"�2/#ĺķ
Ƶ32ȃƖ·Ű"İ+ũ3��ǶË
ÒſŰ"�ǭ�21Ȅmħȃ�2/

#ƶ¢ĺķ��5	5¯ĈǶË4Śá��!�ȃ�1�$Śá�2�+##ĿƤŰ"�ǭqƤ

!ǶË"�1Î·"$ȃǟĥÒſ�1�$ǖǋžƑ¡œŮŉ! #Ɨ¾ŰÒſŇŮ
Ƶ321Ȅ 

 

1.2. Ş«Ů"�
1�5	5 

 Ş«Ů"���+�5	5$İ+Ǟǚ�1žƑūĉ# 1���0 [Smith Bailey and 

Dewey, 2009; Muñana , 2013]ȃ�2(��#�Ǹ,ťǆ$ ILAE#ĜÂ4ĠÑ��+#
ť�/

2��Ȅ�!3�ȃ©řȃŚ"śŝ"�
1Śı#Ɠm�2��5	5«ŮĚǦ$ÝÉ�!	

��Ȅ�#ƒĶȃŸƄƟǪ�1�$Ş«õǪ�Ɠm��ťǆȃǂĥȃŇŮ4âŠ�1��$Æ

Ǳ����Ȅ�	�!
/ȃ2015ø"łƉ#Ş«žƑŬèǨ«�.&ÌŻžƑſÞƟ	/ļč

�21ÈǯŞ«�5	5Ś�ÚÀ~ International Veterinary Epilepsy Task force (IVETF) 
ǁƆ�

2ȃśŝ#�5	5+ȃŦm���5	5«Ů
âŠ³Ƥ"!���ƽ�1ȄŠÉ#śŝ#�

5	5ŇŮ$ȃÌĴŰ" AED".1�ſŰŇŮ#)�Ƶ32��1ȄYQ�#ƴř©Ċ#ǜ

�	/ȃ�#ƂǸ$\9VWhZMlhȃLTDbRȃ7d[Q7kȃƪª<g8cȃi^N

fJMcȃG6KXc! "Ǭ/21Ȅ�	�!
/ȃ��# AED"¬�!:ZPkH
Ý

É�13
�$!�ȃ���	# AED$Ƒǽ"Ì��ǠĔ
Ƶ32��1ȄYQ�¸Ľ"ś

"���+ȃ�2/#AEDŇŮ"ĕēĈ4ż�ǱŇĈ�5	5
ƍ 30%ÝÉ�1�Í»�2



� ��

��1 [Muñana, 2013; Martlé et al., 2014]ȄŠÉ#Ş«ƨú�$�#ǱŇĈ�5	5"ç�1Ň

Ů"$AED#Ó£�ť
Ƶ32��1
ȃ�2�+ů�CkQjlh
�	!�Î·ȃAED

#¤�ť��+"ȃQOL #Ʋ���p4Ė�Ȅ©řâǽ�$�5	5#ś"ç�1ǖǋžƑ

¡œ [Zebra, 1985a; Zebra, 1985b] �.&ƥŏǢ¡œ [Brown et al., 1984] 
Í»�2ȃ2002ø"

$ Muñana et al. (2002) 
ś#ǱŇĈ�5	5ŭ�"ç�1ǖǋžƑ¡œŮŉ#ħŉ�.&ŷ

ĳŰ¨Ķ"���Í»���1Ȅ�	�!
/ȃ�5	5#śŝ"ç�1�ǭ�1�$ǟĥÒ

ſŇŮ#ÌŻŸƄ$ 1Í#)��0 [Bagley et al., 1995]ȃƨú�"ç�1Í»$Ď�#Ŷ1Ǭ

0!�Ȅ 

 

1.3. �5	5ePh©ř 

 �2(�#�5	5#ePh©ř"$ȃÓĽ!©řƂ
ť�/2��0 

[Buckmaster, 2017]ȃǅůĈ�ƩŗůŭĈ"Ô��21ȄǅůĈePh"$>kRgkAePh 

[Sutula and Kotloski, 2017]ȃ<7Tkǣ [Dudek and Staley, 2017; Henshall, 2017] ,[j<h[k 

[Kelly and Coulter, 2017] 4{Ʒ��1ªÞřǊǅůĈePh,ǲŅ¡œǅůĈePh [Gorter 

and van Vliet, 2017] 
Í»�2��1Ȅ�2/#ePh$ȃwŕŰ!�5	5ů��1�$�

5	5¯Ĉ#şă4³Ƥ��ȃŚá#ŸƄŴŰ4+�� ť�2��1Ȅ�	�!
/ȃ�2

/#ǅůĈ�5	5ů�ePh$ů�ǅů¡œ4ąƺ��ȃW76H
ůţ�1³ƤĈ
�1Ȅ

mħȃƩŗůŭĈePh"$ȃ�ǛĢĈ�5	5ePh��1?T6YY (Papio papio) [Killam 

et al., 1966] ,��Ñĝ¡œ".���5	5ů�
ǅů�21ELa8H [xň/, 1959] 
Ý

É�ȃĽ�!�5	5ŸƄ"ť�/2ȃ�5	5#ǡ�Űǫr4ż�ŸƄ#Ìų�!��ȄǓ

øȃ��©ř (śŝ) "�
1Ʃŗůŭ#�5	5
ȃYQ#�5	5ePh���ı¦Ƽ�

2��1 [Buckmaster, 2017]Ȅ!�!/ȃ��©ř$ãĩ#mÀ���ǒ��2/2ȃţŋŢÏ


YQ"Ǔ�ȃǻ�t	/#Ɓ»,Ş«õ".1ŇŮ
w«Ů�Ǹ��1	/��1Ȅ�/"ȃ

ś#�5	5$YQ�¸Ľ"İ+mƭŰ!žƑūĉ# 1 ���1��
²�	/Ŷ/2��

1��+ 1�#ƺÅ�����/21 [Podell et al., 1996]Ȅmħȃŝ$¿ƂǪȃ��Ǫ�ƥ#Ā

Ċó
í!���	/Ó�#ƥžƑŸƄ"ť�/2ȃů�ŭ�
YQ�Ǹ��1��
Ó� 



� ��

[Kitz et al., 2017]ȃ�5	5ePh����2�©řƂ��1��4ż���1Ȅ 

 ãĩĈƩŗůŭĈ�5	5ŝ (familial spontaneous epileptic cat, FSEC) $ 2009ø"ů

ƻ�2�sŧ�Ám#ǡ�ŰƢį4+�Ʃŗůŭ#�5	5ŝãƋ��0 [Kuwabara et al., 

2010]ȃīĴŞ«ţ½ſÞÔÞ�ƕę�2��1@jlIRCjTl��1ȄFSEC$Ʃŗůŭ

#ǑƘƋů��.&vŁĈ#�ƭĈů�ȃ(�$¢ü¡œ"ǅů�21�ƭĈÿŵǪ{Ĉů�

4ż�Ȅ(�ȃů�Ǫŀĳ"�
1dPQbGkǧǳpǷűoZP; EEG "���ȃ�ǷǢ

"��!ƅůĈŨöŊ
Ǆ*/2ȃFSEC$YQMTLEePh�ƞ�/2�Ȅ�/"ȃHasegawa 

et al. (2014) $ZP;ǷƳ�EEG4ť��ȃōǼ�.&Đĸ�	/#ů�ǌÙ4Í»�ȃFSEC


MTLE��1ĭŹ!:ZPkH4ż��Ȅ�#Ă#ŸƄ"���ȃFSEC$MR volumetry"

�
1òµōǼäƃ#ǴçƀĈ [Mizoguchi et al., 2014] ,ů�Ǫŀĳ"�
1ōǼ,Đĸ�"

�
1ėģ�.&ŔŌ#Ũö4Ǆ* [Mizoguchi et al., 2017]ȃÓ�#ĺķ"���YQMTLE�

Ǹ��1ďƻ
ż�2��1Ȅ 

 

1.3. ĴŸƄ#ǍĬ 

 ĴŸƄ$śŝ4çǉ��1ì©řƨú"�
1ǱŇĈ�5	5"ç�1�5	5Ò

ſ#ë�"¹
�mǙ#ÌŻ�.&ƨúŰŸƄ��1ȄĪÝ�!�ì©řƨú"�
1�5	

5Òſ4ŹƆ�1�*"$ȃĽ�!ÌŒȃǂĥŉȃđĒ4ņá�!
2%!/!�ȄĴŸƄ#

ƈ 2Ƈ�$ȃīĴŞ«ţ½ſÞÔÞzð©ř«ŮJkMl"�
1�5	5ĉƟ#ÄǹŰŪÞ

ŸƄ4Ƶ�ȃ�5	5ÒſǝĆŭ�"ǫ�1ÌŒ"���ƞæ�1Ȅƈ 3Ƈ	/ƈ 5Ƈ�$ȃ

�5	5¯ĈǶË#ěáŉ"���ĺƿ�1ȅƈ 3 Ƈ�$ȃYQ MTLE ePh���ŹƆ�

2� FSEC4ť��ȃ.0Ɗå!ōǼƯƙ4ĺ��1�* Voxel-Based Morphometry#ıťĈ

"���ĺǃ�1Ȅƈ 4Ƈ�$ȃFSEC#ů�ŵĂ"�
1îď#ėģ�.&ŔŌ#Ñª4ĺ

ƿ�ȃǴ�ƹŰ! seizure-onset zoneĺƎ"�
1Diffusion�.& Perfusion MRI#ıťĈ4ƞ

æ�1Ȅƈ 5Ƈ�$ȃ�5	5ŇŮ"�
1]jQkźŅ�ǿH_@QjHC[l4ť��ƥ

{ǈŤřőá#ıťĈ4ĺƿ�1�*ȃFSEC4ť��ů�Ǫŀĳ#ƥ{ǈŤř#őá4Ƶ�

�Ȅ�/"ȃ�5	5#ŝ"ç�1:ZPkH^lH#AEDŇŮ#ǠĔơ4Ð§��1�*ȃ



� ��

:ZPkH"u���5	5ŝ#LTDbRŇŮ"�
1ƥ{ǈŤřÑª"���ĺƿ��Ȅ

ƈ 6 Ƈ�$ȃİƐŰ!ƨú�#�5	5Òſ'¹	��*ȃYQ MTLE #ƶý��1¢�Ƿ

Ʊ�ǭ4Ƶ�ȃƶý�.&�#·�ŭ4ĺƿ��Ȅŝ�ńǐ��ƥD7I
Ô��ȃù�ƶǥ

Ź�".0ß�!Ĩƶ
��1��,ȃžƑƧƏƣƂ
¢�ǷƱǶË"×ů�ȃÒſŰ6]j

lN#ĺƿ#�*ś4çǉ���ȄİĂ"ȃƈ 7Ƈ�$ȃĴŸƄ�Ƶ��¶�#âǽčĶ�ê

ĵŰ!ì©řƨú�#�5	5Òſ'#ïĲ4ƖĘ�1Ȅ 



 

 
7 

ǥ 2Ǥ 

 

 

ŵɝ(��9ƳƷ)#>
>)òɾǎǅđǕǠ 

 

 

 

2.1. ǻȬ 

 Ƹ×ɸü(��9#>
>)Ãɽ4ǀȺ*jb)÷ɮƈɨ$�9 International 

League Against Epilepsy (ILAE) )o�u�R�=ÝŪ��#�� [Podell et al., 1996; March et 

al., 1998; Berendt et al., 1999; Mariani et al., 2013]ʋ�
�'�7ʊ�×ǋ%Ƹ×ǋ(*Ĭ!
)

ȴŞŌƒ)ɘ	��9�2ʊƸ×ǋƲŰ)Ãɽ�6+ǀȺ�Ŀȧ$� �ʋ�)ïɼ=ȫƘ

�9�2ʊŮɈʊƸ×ǚǴĜɦ×4�)�)#>
>ǕǠȄ
7'9 International Veterinary 

Epilepsy Task Force (IVETF) �ǣ���7:ʊ2015ī(¡¬ÒƱ(��9#>
>)O�W�

QU�u�b�ÿé�:� [Berendt et al., 2015; De Risio et al., 2015; Hülsmeyer et al., 2015; Bhatti 

et al., 2015; Potschka et al., 2015; Rusbridge et al., 2015; Matiasek et al., 2015]ʋ 

 IVETF)O�W�QU(68ʊ¡¬ÒƱ)#>
>*�#>
>Ǎ¥=ɂ��ł

�ǎ'ǯó(6 #ƲĽ"�7:9ȍǆŃ�%ĔȂ�:ʊƲǍŁ#>
> (idiopathic epilepsy, 

IdE)ʊƃɎǎ#>
> (structural epilepsy, StE)ʊ�6+Úó�ŧ (unknown cause) (Ǉóđǎ

Ãɽ�:� [Berendt et al., 2015]ʋ�7(ʊIdE*ɛ Ł#>
> (genetic epilepsy)ʊ��7�

ɛ Ł#>
> (suspected genetic epilepsy)ʊ�6+Úó�ŧ)#>
> (epilepsy of unknown 

cause) (Ã�9�%�$�9ʋɛ Ł#>
>�9	*��7�ɛ Ł#>
>,)Ãɽ*

ɛ čƀž4ėŢÃź=Ŀȧ%�9ʋ 

 IVETF*¡¬ÒƱ(��9#>
>)ĔȂʊÃɽ�6+ǀȺ(ɨ�9O�W�Q

U%ãū(ʊƆƩÔ�:�#>
>)ȴŞǎ@o��]=Ŗî��ʋ�)O�W�QU*#

>
>=ğ'�%3 24ūɧ��# 2ò��)ɴȹǍŁ#>
>Ǎ¥=Ŕ!ǈ¨%�ʊ#>
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>)ǈ¨= IdE% StE(Ãɽ�9�%=ŕĊ�#	9ʋIdE)ȴŞ(��9 IVETF)ýƩ*

3ƒɬSU`x (three tire system) 
7'9 [De Risio et al., 2015]ʋ¯ɻ�q�ǥ�ƒɬ (Tier 

�) *ʊ#>
>)ǈ¨(�	# 6�ů
7 6ƍʉ$)ÅǍ#>
>Ǎ¥ʊ�6+Ǎ¥ɧƉ

ų)Ɇ¤ƀžʊǚǴđǎƀžʊwevxa�[q�U (minimum data base, MDB) )ȟƣƀ

žʊĠƀž(ȕĭǎ(ŰŅ'ǃĩ�ȷ27:'	�%%ĔȂ�:�ʋ¯ɻ�q�ǥ	ƒɬ 

(Tier 	) *ǥ�ƒɬ(Ð�#ʊƌĩ'ɿÌɿĹ)ȉƗɟʊǗƕ½ʆǂ¶ƛ (magnetic resonance 

imaging, MRI)ʊ�6+ȍȌʄƣ (cerebrospinal fluid, CSF) ƀž(ǃĩ�ȷ27:'	�%ʊ¯

ɻ�q�ǥ�ƒɬ (Tier �) (*ʊ¯ɻ�q�ǥ��6+	ƒɬ(Ð�#ʊȍƜƀž 

(electroencephalography, EEG) =ǀ	�Ǎ¥ŁǆŃ(��9ƲĽǎ'Ǎ¥ū�9	*Ǎ¥ɧƉ

ų)ȍƜǃĩ)ãĔ%ĔȂ�:�ʋ/�ʊIVETFO�W�QU*ʊ6�ůʉŴƨ�9	* 6

ƍ��)ÅǍ#>
>Ǎ¥ʊǚǴđǎƀž)ǃĩʊÅǍ#>
>Ǎ¥$)ȁǍǍ¥ (cluster 

seizure, CS) �9	*Ǎ¥ɠǟ (status epilepticus, SE) Ǎ¥ʊ�6+ IdE)ǥ�ƒɬ)ýƩ=ƨ

���Ƴ�Ő#>
>Ȟ (antiepileptic drug, AED) (Ýŀ�'	Āâ(�	#MRI�6+CSF

ƀž)šȠ=ŕĊ�#	9ʋ�
�'�7ʊ�:7)ÿé*Ƴ(Ě�93)$�8ʊƼù)

%�;Ʒ(Ě�9O�W�QU*'	ʋ 

 IVETFÃɽ*�)ǍȢ
7ɧ3'	�2ʊ�)Ãɽ¤Ǯ=§ǀ��Ƴ)Ǉóđǎ

�9	*ƿďųɧ(ɨ�9ǕǠ*ÿé�:#	'	ʋ#>
>)Ƴ)ƿďųɧ(ɨ�#ʊɕ

Û)Ãɽ=§ǀ��ÿé(��9�ćěë* IdE$ 9.2īʊStE$ 5.8īʊ#>
>¼¤$ 7.6

ī$� � [Fredsø et al., 2014]ʋÐ�#ʊCS)ɺĮ�ťų)ĒƂƏ(ɨɏ� [Monteiro et al., 

2012]ʊSE�ƿďųɧ)ǔǽ(Ǿ�9�%�ÿé�:#	9 [Saito et al., 2001]ʋ�
�'�

7ʊ�:7)ÿé(��9Ƴ)ìǞÃĦ*Ťŵ(��93)%*ą��ǃ' #	9ʋ 

 �Ɋ��6
(ʊIVETFÃɽ*ǍȢ
7Ť�Ɵ�ʊ2015ī�Ì(ȴŞ�:�ǈ¨

=�)ýƩ(â<�9�%*ÂŸ'	ʋ�)�2ʊŵǕǠ* IVETFÃɽ¤Ǯ=ŚĂ�ʊ2003

ī
7 2013ī) 10īɧ(��9ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�)ƳƷ)#>


>(ɨ�9òɾǎǕǠ=Ƞ �ʋŵǕǠ)ǐǎ*ʊ#>
>)ÒƱ)ƿď(ɨɏ�9�U

Lm?L[�=Ȼž�ʊăǜəŀ(ɨ�9ýƩ=ȃę�9�%$�9ʋ  
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2.1. Ŷŝ�6+Šƛ 

 ŵǕǠ*ʊŵđ(��9ƳƷ)#>
>ȴŞū)ǅđȻžʊ�6+ɌɄ@�N�

bȻž(69ƿďųɧÜ+�ULm?L[�Ȼž(69 2ɞƃŉ
7'9ʋ 

 

2.2.1. ĔȂ�6+æŰýƩ 

#>
>)ĔȂ�6+æŰýƩ 

 IVETFO�W�QU(ĺ	 [De Risio et al., 2015]ʊ#>
>*ğ'�%3 24ūɧ�

�# 2ò)ɴȹǍŁ#>
>Ǎ¥=Ŕ!ǈ¨%��ʋ�ȽŁ�9	*�ƓŁǆŃ%ȴŞ�9

	*Ǆ<:�Āâ(*ɫă��ʋ/�ʊƀž(68ľÚŁ�9	*ɋɁǚǴǹĳŁĈǚʊd

�O�oS�ʊÌįǆŃ)6
'Ǎ¥ŁǚǴɯĖ3ɫă��ʋ 

 

2.2.2. ƲǍŁ#>
>)ĔȂ�6+æŰýƩ 

 #>
>%ȴŞ�:�Ƴ)
�ʊIdE* 6�ů
7 6ƍʉ/$)ÅǍ#>
>Ǎ

¥ʊǍ¥ɧƉų(Ɇ¤ƀžʊǚǴđǎƀžʊȟƣƀžʊ�6+Ġƀž(ȕĭǎŰŅ'ǃĩ=

Ŕ�'	ǈ¨% IVETF(68ĔȂ�:#	9ʋ�
�'�7ʊŵǕǠ)òɾǎǕǠ%	
Ł

ɀ�ʊȴŞ×)ȕĭǎÆŞ%�#MDB)ȟƣƀž�6+Ġƀž�ē¼(Ƞ<:'
 �ǈ

¨3ǕǠ(æ2�ʋ/�ʊ6�ůʉŴƨ�9	* 6ƍʉ��)ÅǍ#>
>Ǎ¥=Ŕ!ǈ¨

(�	#3MRI�6+CSFƀž(ǃĩ�ȷ27:'	ĀâʊIdE(æ2�ʋ�7(ʊ¨ă%

�#ʊɠǫ'CS�9	* SE=Ŕ�ʊǍ¥Łȍŗ³(�	#Ů3�șǎ$�9Ơʁʊŋſ¤

�9	*Ĩƴò)ŗ³)0�MRI$ȷ27:�ǈ¨*ʊǚǴđǎńÔ� 1ī��ȷ27:'

	Āâ(ɩ8 IdE(æ2�ʋ/�ʊƷ(��9 IdE)÷ɮýƩ*Ƽù)%�;ÿé�:#	

'	�2ʊŮş)Hasegawa et al. (2017) )ÿé(ĺ	ʊIdE)Ʒ)īʈÖÃ= 7ƍʉ/$)Å

Ǎ#>
>Ǎ¥)ǈ¨%�ʊ�)�)ýƩ*Ƴ%ãƄ)3)=ǀ	�ʋ  
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2.2.3. ƃɎǎ#>
>)ĔȂ�6+æŰýƩ 

 #>
>%ȴŞ�:�Ƴ)
�ʊStE*ÅǍ#>
>Ǎ¥īʈ(

<7�MRI

�9	*CSF)ǃĩ=ȷ2�ǈ¨%ĔȂ��ʋ�7(ʊStE*SMd�y�bʊȕĭǴɕ�

6+MRI/CSFŊȨ
7ĂŁŁʊĉĶŁʊȐǉŁʊƬǈŁʊņżŁʊă³Łʊ�6+ȟǩŁǆ

Ń(Ãɽ��ʋ'�ʊ�)Ãɽ(*ǖĔȴŞ$*'�ȕĭȴŞ=ǀ	�ʋÃɽýƩ=��(

ǘ��ʌĂŁŁ—1ƍʉŴƨ)Ǎǈ
!ɑȠŁ)ȕĭĽ±=Ŕ!ǈ¨ʍĉĶŁ—MRI(69

¹ĆŁ)ƃɎǎȍǃĩ=Ŕ!ǈ¨ʍȐǉŁ—MRI(68ɹȝ¿ȐǊ=ȷ29ǈ¨ʍƬǈŁǆ

Ń—MRI/CSFƀž(68¿ȆƬ�6+�ȆƬ
7)ȍƜÜ=ȷ29ǈ¨ʋƳ$*¾ûǎ'

MRI/CSFŊȨ=Ŕ�Úó��ŧ'ǈ  ̈ (e.g. Úó�ŧ)ȍƬ (meningoencephalomyelitis of 

unknown origin, MUO))ʊƷ$* 1ƍʉ��)Ǎǈ
!ɑȠŁ)ȕĭĽ±=3!Ʒ żŁȑȓ

ƬCB�Uņż)ƬǈŊȨ=ǘ�ǈ¨=æ1ʍă³Ł—ɹɞă³)ţĸƎ=Ŕ�ʊMRI(6

8ɴĚǝŁ)ă³Łȍŗ³=ȷ29ǈ¨ʍȟǩŁǇĂ—Śð=ǘ�ȕĭĽ±=Ŕ�ʊÂȟ=

æ1ġŊŁǇĂ=ȷ29ǈ¨ʋ 

 

2.2.4. Ǎ¥)Ãɽ�6+ǀȺ)ĔȂ 

 IVETFÃɽ(ĺ	 [Berendt et al., 2015]ʊǍ¥û*ƯƭŁ#>
>Ǎ¥ (focal 

epileptic seizures, FES)ʊ¼șŁ#>
>Ǎ¥ (generalized epileptic seizures, GES)ʊ�6+ FES


7GES,)ǍĢ (focal epileptic seizures evolving into generalized epileptic seizures, FEvG) (Ãɽ

��ʋ�)Ǎ¥û*G�d�,)B�[k|�ʊǍ¥ūkaGʊ�9	*EEGŊȨ(68Ƙ

Ĕ��ʋƲƐ'Ǎ¥i[��%�#ʊCS* 24ūɧ�¿( 2ò��)ĐǍŁ#>
>Ǎ¥ʊ

SE* 1ò� 5Ã��ŔǸ�9Ǎ¥�9	*ē¼'ŅȾ)òļ'�(ɏǸ�9Ǎ¥%ĔȂ�

�ʋ'�ʊÅǍ#>
>Ǎ¥�CS(æ/:9ǈ¨�6+ÅǍ#>
>Ǎ¥� SE)ǈ¨(�

	#ʊ�)Ĺ 24ūɧ=Ƀ�##>
>Ǎ¥�ȷ27:'	Āâʊ#>
>ǈ¨(*ǳ0»:

'
 �ʋ 

 Ǎ¥ɺĮ*×ǋH�`
7ŵđŸɪū�6+ɌɄȻž@�N�bū) 2òÞĻ�

�ʋa�[* 1�ů(��9Ǎ¥)òŜ (Ǎ¥òŜ/ů) $ǨÂ��ʋ 
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 ƿďųɧ*ÅǍ#>
>Ǎ¥
7ŮǲɌɄȻžū�9	*Ə�ū/$)ųɧ%Ĕ

Ȃ��ʋěë*ȸƿ
7ŮǲɌɄȻžū�9	*Ə�ū)ųɧ%ĔȂ��ʋ 

 

2.2.5. MRI�6+CSFÃź 

 ¼#)MRI* transverseŞɵ)T1ĴȻǂ¶ʊT2ĴȻǂ¶ʊfluid attenuation 

inversion recovery (FLAIR) ǂ¶ʊ�6+ɎķāĴT1ĴȻǂ¶�Řķ�:#	9�%=ŷ�%

��ʋMRIȤȀ(* 1.5-Tesla system [Visart® 1.5 Tesla, Toshiba Medical System, Ź� (2003ī 4

ů
7 2009ī 10ů/$)] �6+ 3.0-Tesla system [Signa® HDxt 3.0T, GE Healthcare, Ź� 

(2009ī 10ů
7 2013ī 3ů/$)] �ǀ	7:#	�ʋ3.0-Tesla MRI(�	#* 3D T1Ĵ

Ȼǂ¶ʊɎķāĴ 3D T1ĴȻǂ¶ʊ�6+ 3D T2ĴȻǂ¶�ÞĻ�:ʊĄŞɵÀƃŉ(69

ȴŞ�àȋ$� �ʋCSF*ąƅǡÊ(68ÞĻ�ʊǰȊŜʊǰȊȴŞ�6+[�iLƫĮ

ƧĔ�Ƞ<:#	�ʋ¨ăǎ(ʊŵđ�ă)ǂ¶ȴŞšȰ (0.4–1.0-Tesla MRI system) $ƀž

�Ƞ<:#	9Āâ3ŵǕǠ(æ>�ʋ 

 

2.2.6. ǇóÃɽ�6+ǶȭÃź 

 ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�( 2003ī 4ů
7 2013ī 3ů(Ÿ

ɪ�ʊǍ¥=�ȳ%�9ǈ¨=ɚÂ�ʊ��)a�[=ÞĻ��ʌ(1) ìǞʍ(2) ¤ɠʍ(3) 

ŁÇ�6+ÛÓɜČ)ŰƮʍ(4) ƿīůŤʍ(5) ÅǍǍ¥)īʈʍ(6) Ǎ¥ûʍ(7) Ǎ¥ɺĮʍ

(8) CS�9	* SE)ŰƮʍ(9) Ǎ¥ɧƉų)ǚǴđǎŊȨʍ(10) MRI/CSFŊȨʍ(11) AED)

Ŝ�6+Ǟɽʍ(12) �)�)ƙǋʋ¼#)ǈ¨=Ȼž��ĹʊÝŀŁǍ¥�6+ɔÒɯĖ 

(ɴ#>
>Ǎ¥) =ɫă�ʊ�Ɋ)ĔȂ(ĺ	#>
>ʊ�7( IdE% StE(Ãɽ��ʋ/

�ʊStE$*ĂŁŁʊĉĶŁʊȐǉŁʊƬǈŁʊņżŁʊ�6+ȟǩŁǆŃ,)Ãɽ=Ƞ 

�ʋ 

 Ƴ(��9 IdE% StE)Ɣɇ(�	#ʊŁÇʊÛÓɜČ)ŰƮʊǍ¥ûʊCS)Ű

ƮʊSE)ŰƮʊȥŜ)AED)§ǀ*ʊHB��ƀĔ=ǀ	#Ƞ �ʋƷ(��9 IdE%

StE)Ɣɇ*ʊQ�o�QBV�Ğ�	�2ʊmA^S{�)ƌǖƀĔ(#Ƞ �ʋ/�ʊ
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¤ɠ�6+Ÿɪū)Ǎ¥ɺĮ*v�sB^be�UƀĔ=Ƞ �ʋP < 0.05=3 #ŰŅĥ�

8%��ʋǶȭÃź*EZR 1.28 (�	�/×ǋW�[�, Ȗƙ×ǜąđ, þƻ) [Kanda, 2013] 

=ǀ	#Ƞ �ʋ 

 

2.2.7. ƿďȻž�6+ǶȭÃź 

 2014ī 4ů(ƿďȻž@�N�b=Ǳ�¸Ǉɪ(ɍ���ʋ@�N�b(*��

)¿Ę=æ>�ʌƙǋĹ)Ǎ¥ɺĮ�6+ȴŞū
7ĂÔ��9Āâ*Ǎ¥ûʊƙǋ)Ǟ

ɽʊƿď)ŰƮʊ�6+Ə�ūų�ÚóʋƿďȻž)ǕǠæŰýƩ*@�N�b
7)ƿď

ƴŇ)ÞĻ%��ʋ 

 Log-rank test�6+Kaplan-Meierƛ(68 IdEʊStEʊ#>
>)�ćƿďųɧ�6

+�ćěë=ǨÂ��ʋÒƱ�ƿď�#	9Āâ*ʊW�Q�%�#ǀ	�ʋ�7(ʊ¤ɠ 

(�ć²)ʊŁÇʊÛÓɜČ)ŰƮʊɌɄȻžū)Ǎ¥ɺĮʊCS)ŰƮʊSE)ŰƮʊǍ¥ûʊ

ȥŜ)AED)§ǀ(Ě�9 IdEʊStEʊ�6+#>
> (IdE + StE) )�ćƿďųɧ=Log-

rank test�6+Kaplan-Meierƛ=ǀ	#ǨÂ��ʋɌɄȻžū)Ǎ¥ɺĮ* 0.3ò/ů (�6�

3�ů( 1ò)Ǎ¥ɺĮ(ǒĵ) =ɬĤuB�b%��ʋ�)Ǎ¥ɺĮ*ʊIVETFo�u�

Q�(��9�ȱĘ$�9Ǎ¥ɺĮ�(ý"	#	9 [Chang et al., 2006; Potschka et al., 

2015]ʋƿďųɧ(Ě�9�ULm?L[�)ƀȮ(*Cox proportional hazard model)ĴÉŏ

»ƛ=§ǀ�ʊĄɠ½ǼŁ=ɜ�9�2ƶǣ��ĂŜ=§ǀ��ʋÅ2(ʊ¼#)ĂŜ=

Cox proportional model(ŏ»�ʊP ≥ 0.3)ĂŜ=ɫă��ʋP < 0.3=ƨ��ĂŜ)0$ÀĮ

Cox proportional hazard modelÃź=Ƞ	ʊP < 0.05=3 #ŰŅ'ĂŜ%��ʋƳ) StE�6

+Ʒ)ǈ¨*Q�o�Ŝ�ğ'	�2ʊCox proportional hazard modelÃź*Ƞ<'
 �ʋǶ

ȭÃź*ǶȭYmbCD@EZR 1.28=ǀ	#Ƞ �ʋ  
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2.3. ǵŻ 

2.3.1. #>
>)Ƴ(��9ǅđȻž 

 ǕǠųɧ¿(ŵđ×ǋW�[�(ÅȴŸɪ��Ƴ* 19,193ɹ$� �ʋÝŀŁǍ

¥ (n = 5) =æ1 24ūɧ��)ɧɭ$ğ'�%3 2ò)ÝļŁǍ¥=�ȳ(Ÿɪ��ɹŜ*

472ɹ (2.46%) $�8ʊ#>
>%ȴŞ�:�Ƴ* 358ɹ (1.87%)$� �ʌCBC�6+ȕ

ĭǎ(Ŀȧ%ȃ�7:9ȟƣƿÔđƀž (n = 337)ʊĠƀž (n = 12)ʊMRI (n = 185), CSF (n = 

35)ʊEEG (n = 7)ʋ#>
>(Ãɽ�:�Ƴ)
�ʊIdE* 172ɹ (#>
>) 48.0%ʍ¼¤)

0.90%)ʊStE* 76ɹ (#>
>) 21.2%ʍ¼¤) 0.40%)$� �ʋ110ɹ)Ƴ*×ǋȯɢ�

9	*ȴŞƀž��ØÃ$�8ʊIdE�9	* StE(Ãɽ�9�%*$�'
 �ʋ 

 Ƴ) IdE)ǈ¨(�	#ʊ60ɹ(MRI�ĕš�:ʊ�)
� 13ɹ�CSFƀž=

ß�#	�ʋ/�ʊEEG=Ƞ �Ƴ* 4ɹ$� �ʋ¨ă%�#ʊ1ɹ)Ƴ*ÅǍǍ¥īʉ

� 6.8ƍ$� ��MRI�6+CSF(ǃĩ�ȷ27:'
 ��2 IdE(æ2�ʋ�7(ʊ

4ɹ)Ƴ* SE(69Ǎ¥Łȍŗ³�Ǆ<:ʊǚǴđǎńÔ� 1ī��ȷ27:'
 ��

2ʊIdE(æ2�ʋ#>
>)Ƴ)ȕĭa�[�6+ìǞÃĦ*Table 1�6+ 2(ǘ��ʋ 

 ŵǕǠ$*ʊɛ čƀž4ėǮÃź=Ƞ #	'	�2ʊ¼#) IdEǈ¨*

epilepsy of unknown cause$� �ʋɛ Ł#>
>�ǖȷ�:#	9�P^b��v�e} 

(LGI2Ăǃ) [Seppälä et al., 2011] �6+q�T@��SDi�c (ADAM23Ăǃ) [Seppälä et al., 

2012] *ŵǕǠ(*æ/:#	'
 �ʋ�
�'�7ʊ53ɹ (9ƳǞ) )Ƴ* IVETF�u

�b [Hülsmeyer et al., 2015] (�	#��7�ɛ Ł#>
>(�Ub@^o�:#	9ƳǞ

$� �ʋ 

 Ƴ) StE)ǈ¨(�	#ʊ76ɹ)Ƴ(MRI�ĕš�:ʊ�)
� 13ɹ*CSFÃ

ź=ß�#	�ʋɹȝ¿ø�Ŧ)Ǆ	4J@�ƄĉĶ(68CSFƀž�Ƞ�'
 �ǈ¨�

ďù��ʋStE)¿Ȳ*ʊƬǈŁǆŃ (MUO) � 28ɹ (36.9%)ʊȐǉŁǆŃ� 22ɹ 

(28.9%)ʊĉĶŁǆŃ� 9ɹ (11.8%)ʊȟǩŁǆŃ� 6ɹ (7.9%)ʊă³ŁǆŃ� 1ɹ (1.3%)$

� �ʋ10ɹ (13.2%) )Ƴ*ɤÇ�ôɳ$�8Ãɽ�ȋ$� �ʋ 
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 IdE% StE)ȕĭǈƴ�6+ÃĦ=Ɣɇ��ūʊCS)ŰƮ (IdE, 31% vs. StE, 55%; 

P = 0.0004)ʊFES (IdE, 30% vs. StE, 13%; P = 0.0009)ʊGES (IdE, 46% vs. StE, 74%; P < 0.0001)ʊ

�6+Åȴū)Ǎ¥ɺĮ (P < 0.0001) (�	#ŰŅŁ�ȷ27:� (Table 1)ʋ�) 2ȁɧ)

Ɣɇ(�	#¤ɠ (P = 0.36)ʊŁÇ (P = 0.12)ʊÛÓɜČ)ŰƮ (P =0.89)ʊSE)ŰƮ (P = 

0.08)ʊFEvG (P = 0.07)ʊ�6+ȥŜ)AED)§ǀ (P = 0.69) (ɨ�#ŰŅĥ*ȷ27:'


 �ʋ 

 

2.3.2. #>
>)Ʒ(��9ǅđȻž 

 ǕǠųɧ¿(ŵđ×ǋW�[�(Ÿɪ��Ʒ* 3,563ɹ$� �ʋÝŀŁǍ¥ (n = 

1) =æ1 24ūɧ��)ɧɭ$ğ'�%3 2ò)ÝļŁǍ¥=�ȳ(Ÿɪ��ɹŜ* 52ɹ 

(1.46%) $�8ʊ#>
>%ȴŞ�:�Ʒ* 51ɹ (1.43%) $� �ʌCBC�6+ȕĭǎ(

Ŀȧ%ȃ�7:9ȟƣƿÔđƀž (n = 46)ʊĠƀž (n = 3)ʊMRI (n = 20)ʊEEG (n = 1)ʋ#>


>(Ãɽ�:�Ʒ)
�ʊIdE* 21ɹ (#>
>) 41.2%; ¼¤) 0.59%)ʊStE* 10ɹ 

(#>
>) 19.6%; ¼¤) 0.28%) $� �ʋ20ɹ)Ʒ*×ǋȯɢ/�*ȴŞƀž��ØÃ

)�2ʊIdE�9	* StE(Ãɽ�9�%*$�'
 �ʋIdE)Ʒ(�	#ʊ2ɹ)Ʒ*

MRI�6+CSFƀž=ß�#	��ʊEEG=Ƞ � IdE)Ʒ*	'
 �ʋ#>
>)Ʒ)

ȕĭa�[�6+ìǞÃĦ*Table 3�6+ 4(ǘ��ʋ 

 StE)Ʒ(�	#ʊ10ɹ¼#)Ʒ(Ě�#MRIŘ¶�Ƞ<:ʊ1ɹ)Ʒ*CSFÃ

ź=ß�#	�ʋStEM��o)¿Ȳ*ʊȐǉŁǆŃ� 4ɹ (40%)ʊƬǈŁǆŃ� 1ɹ 

(10%)ʊĉĶŁǆŃ� 1ɹ (10%)$� �ʋ4ɹ (40%) )Ʒ*ɤÇ�ôɳ$�8Ãɽ�ȋ$

� �ʋ 

 IdE% StEM��o)ȕĭǈƴ�6+ÃĦ=Ɣɇ��ūʊ¼#)ĂŜ(�	#ŰŅ

Ł*ȷ27:'
 �ʌŁÇ (P = 0.70)ʊÛÓɜČ)ŰƮ (P = 0.06)ʊCS)ŰƮ (P = 0.69)ʊ

SE)ŰƮ (P = 0.36)ʊFES (P = 1.00)ʊGES (P = 0.69)ʊFEvG (P = 1.00)ʊȥŜ)AED)§ǀ 

(P = 1.00)ʊ¤ɠ (P = 0.54)ʊ�6+Åȴū)Ǎ¥ɺĮ (P = 0.37)ʋ 
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2.3.3. ƿďȻž 

2.3.3.1. #>
>)Ƴ(��9ƿďÃź 

 248ɹ) IdE�6+ StE)Ƴ)
�ʊƿďƴŇ)ŰƮ)ɉǧ=Ļ� 100ǈ  ̈ ( IdE 

65ɹ; StE 35ɹ) (Ě�#Ƕȭȫź=Ƞ � (ŰÑòǧƺ 40%)ʋ 

 

2.3.3.1.1. #>
>)Ƴ (ƲǍŁ�6+ƃɎǎ#>
>) (��9ƿďųɧ�6+ěë 

 100ɹ)#>
>)Ƴ)
�ʊ51ɹ*ɌɄǲ�ū(ƿď�ʊ49ɹ*Ə��#	

�ʋ�ćƿěë* 13.0ī (156�ůʍ95%¯ɻÖɧ (CI)ʊ131.1–181.6�ů)ʊ�ćƿďųɧ*

10.1ī (120.9�ůʍ95% CIʊ88.1–136.1�ů)$� �ʋ 

 

2.3.3.1.2. ƲǍŁ#>
>)Ƴ(��9ƿďųɧ�6+ěë 

 ɌɄųɧǲ�ūƭ(�	#ʊ39ɹ) IdE)Ƴ�ƿďʊ26ɹ�Ə��#	�ʋ�ć

ěë* 13.5ī (162.0�ůʍ95% CIʊ138.6–182.5�ů)ʊ�ćƿďųɧ* 10.4ī (125.4�

ůʍ95% CIʊ106.8–143.0�ů)$� �ʋIdE)Ƴ(��9ƿďųɧ�6+ěë)Kaplan-

MeierŭǼ* Figure 1�6+ 2(�:�:ǘ��ʋ 

 IdE)ǈ¨(�	#ĒƂƏ�ɚő�:�N�U*'
 ��ʊ7ɹ*#>
>Ǎ¥

�Ə�(ɨɏ�#	�ʋ�)
�ʊ2ɹ)Ƴ*ʊ#>
>Ǎ¥ǑĹ)Ə�� ��ʊÚó*

�ŧ$� �ʋ�) 2ɹ)ƳǞ*tUb��`�@%ɲǞƳ$�8ʊƏ�ū)īʈ*�:�

: 6.1ƍ�6+ 7.3ƍ$� �ʋtUb��`�@*ZeQwcʊɲǞƳ$*mDfh�k[

���6+ȗÔH�Cx��:�:ÁŠ�:#	��ʊů( 4ò��)Ǎ¥=è�#	�ʋ

tUb��`�@*ÙǍ) FEvGĹʊêçôɳ=è�Ə��ʊɲǞƳ*ÙǍ)GESĹʊǢư

Ə���ʋ/�ʊ12ɹ*�)ǆŃ(68Ə��ʊƑ8) 7ɹ)Ə�Úó*�ŧ$� �ʋ 

 

2.3.3.1.3. ƃɎǎ#>
>)Ƴ(��9ƿďųɧ�6+ěë 

 ɌɄųɧǲ�ūƭ(�	#ʊ12ɹ�ƿď�ʊ23ɹ�Ə��#	�ʋƏ�ǈ¨)


� 7ɹ (4ɹ)ĒƂƏ=æ1) *O�b����ȋ)#>
>Ǎ¥(68ʊ3ɹ*�)ǆŃ(
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68Ə���ʋƑ8) 13ɹ)Úó*�ŧ$� �ʋ�ćěë* 10.9ī (130.2�ůʍ95% 

CIʊ102.6–182.6�ů)ʊ�ćƿďųɧ* 4.5ī (54.1�ůʍ95% CIʊ20.1–121.9�ů) $� 

�ʋƿďųɧ�6+ěë)Kaplan-MeierŭǼ*�:�: Figure 1�6+ 2(ǘ��ʋ 

 StE)Ãɽ(��9ƿďųɧ�6+ěë)ȶǰ=Table 5(ǘ��ʋņżŁʄȓƬ

)ǈ¨*'�ʊƬǈŁǆŃ*�-#MUO)ǈ¨$� �ʋAEDƙǋ(Ð�#ʊ¼#)

MUOǈ¨(*M�OO�]OBc�6+SL�Uu��(69ºǅŎÉǋƛ�Ƞ<:#	

�ʋȐǉŁǆŃ* 12ɹ$�8ʊ�)
�ăǜŌȡ%ǇƾȴŞ(68ʄȓȐ�6+ʃȇȐ%ǖ

Ĕ�:�ǈ¨�ʊ1ɹ�!ǖȷ�:�ʋʃȇȐ)ǈ¨(Ě�#*śĝǼƙǋ3Ƞ<:#	

�ʋ¼#)ȐǉŁǆŃ)ǈ¨*AEDƙǋ(Ð�#ɹȝ¿ø)Ʀøƙǋ (M�OO�]OB

cʊƫM�W��ʊv�eb��) �Ƞ<:#	�ʋƖɹǈ*ĉĶŁǆŃ$Ů3Ą	ǆŃ$

� � (n = 4)ʋ�:7)Ƴ(�	#ăǜƙǋ*Ƞ<:�ʊAEDƙǋ%¿ǜǎƦøƙǋ�Ƞ<

:#	�ʋ�)�)ĉĶŁǆŃ(*ĄĞȍò (n = 1)ʊĎȍǈ (n = 1)ʊñƽ)ĶŇǃĩ (n = 1) 

�æ/:�ʋ�:7)ǈ¨*AEDǋƛ(Ð�#Ěǈǋƛ�ɚő�:�ʋȟǩŁǆŃ)ǈ¨3

ãƄ)ƙǋ�Ƞ<:�ʋĉĶŁʊƬǈŁ�6+ȐǉŁǆŃ)ƿďųɧ(Ě�9 3ȁɧƔɇ(

�	#ŰŅĥ�ȷ27:��ʊěë(Ě�9ŰŅĥ*ȷ27:'
 �ʋKaplan-MeierŭǼ

* Figure 3�6+ 4(ǘ��ʋ 

 Ƴ) IdE�6+ StE)�ćƿďųɧ)Ɣɇ(�	#ʊIdE* StE%Ɣ-#ŰŅ(ɥ


 � (P < 0.001) (Figure 1)ʋ�
�'�7ʊěë(ŰŅĥ*ȷ27:'
 � (Figure 2)ʋ 

 

2.3.3.1.4. #>
>)Ƴ(��9�ULm?L[� 

 ƿďÃź(��9 100ɹ)#>
>)Ƴ)
�ʊ6ɹ (IdE 1ɹʍStE 5ɹ) *�U

Lm?L[�Ãź)�2)ØÃ'òǧ�Ļ7:'
 ��2ɫă��ʋ�:7)Ƴ(��9

×ǋȯɢ�6+@�N�b
7)ȕĭa�[=Table 6ʊƳǞÃĦ=Table 7(ǘ��ʋ@�

N�b
7ÞĻ��áM��o)Ȫęųɧ�)AEDɚő=Table 8(ǘ��ʋ 

 Log-rank test)ǵŻ=Table 9(ǘ��ʋ#>
> (IdE+StE) �6+ IdE)ǈ¨(

�	#ʊ< 0.3ò/ů%Ɣɇ�#≥ 0.3ò/ů)Ǎ¥ɺĮ=è�ǈ¨*ŰŅ(ƿďųɧ�ǔ
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�ʋCox proportional hazard)ĄĂɡȫź(�	#ʊ#>
>ǈ  ̈ (IdE + StE) *≥ 0.3ò/ů)

Ǎ¥ɺĮ (P = 0.00005; hazard ratio (HR) 5.26; 95% CI 2.37–11.70; 46/96ɹ)ʊIdEǈ¨*≥ 0.3ò/

ů (P = 0.0005; HR 9.80; 95% CI 2.70–35.52; 27/64ɹ)ʊFES (P = 0.04; HR 3.99; 95% CI 1.05–

15.17; 14/64ɹ) �ƿďųɧ(Ě�9�ULm?L[�$� �ʋ≥ 0.3ò/ů)Ǎ¥ɺĮ=è�

9#>
> (IdE + StE) �6+ IdEǈ¨)
�ʊAED)ĄÎ¦ǀƙǋ*�:�: 25/46ɹ 

(54%)ʊ19/27ɹ (70%) (Ě�#Ƞ<:#	�ʋ�
�'�7ʊ¼#)ƀȮ(�	#ʊƿďų

ɧ(Ě�9�ULm?L[�%�#AED)ĄÎ¦ǀ(ŰŅĥ*ȷ27:�ʊAEDƙǋ)ƿ

ďųɧ,)ķɶ*ȷ27:'
 �ʋ�)�)ĂŜ(�	#3ŰŅĥ*ȷ27:'
 �ʋ 

 

2.3.3.2. #>
>)Ʒ(��9ƿďÃź 

 31ɹ) IdE�6+ StE)Ʒ(�	#@�N�b=ĕš�ʊɌɄýƩ=ƨ�� 13ɹ 

(IdE 8ɹʍStE 5ɹ) (ɨ�#Ƕȭȫź=Ƞ � (ŰÑòǧƺ 42%)ʋ 

 

2.3.3.2.1. #>
>)Ʒ (ƲǍŁ�6+ƃɎǎ#>
>) (��9ƿďųɧ�6+ěë 

 13ɹ)#>
>)Ʒ (IdE + StE) )
�ʊ8ɹ�ɌɄųɧǲ�ūūƭ(ƿď�ʊ5

ɹ*Ə��#	�ʋ�ćƿďųɧ*Èǀ�à (not available, NA) $� �� (95%CIʊ35�ů

–NA)ʊ1īƿďƺ* 92% (12/13ɹ)ʊ5īƿďƺ* 67% (8/12ɹ) $� �ʋ/�ʊ�ćěë

* 14.3ī (171.9�ůʍ95% CIʊ171.7�ů–NA)$� �ʋ 

 

2.3.3.2.2. ƲǍŁ#>
>)Ʒ(��9ƿďųɧ�6+ěë 

 ɌɄųɧǲ�ūƭ(�	#ʊ6ɹ�ƿď�ʊ2ɹ�Ə��#	�ʋ�ćƿďųɧ*

NA$� �� (95% CIʊ35�ů–NA)ʊ1īƿďƺ* 100% (8/8ɹ)ʊ5īƿďƺ* 86% (6/7

ɹ) $� �ʋ/�ʊ�ćěë* 14.3ī (171.7�ůʍ95% CIʊ43.6�ů–NA) $� �ʋ

IdE)Ʒ(�	#ĒƂƏ�ɚő�:�ǈ¨*	'
 �ʋ1ɹ*�Ȓǌ(69ȣĲ(68Ə�

���ʊ�)�) 1ɹ)Əó*�ŧ$� �ʋIdE)Ʒ(��9ƿďųɧ�6+ěë)

Kaplan-MeierŭǼ* Figure 5�6+ 6(�:�:ǘ��ʋ  
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2.3.3.2.3. ƃɎǎ#>
>)Ʒ(��9ƿďųɧ�6+ěë 

 ɌɄųɧǲ�ūƭ(�	#ʊ2ɹ�ƿď� 3ɹ�Ə��#	�ʋƏ�Úó(ĒƂƏ

*æ/:'
 ��ʊȍȐǉ)ÀǍʊêç�¼ʊ�6+Ȏ�¼(69Ə���:�: 1ɹ$

� �ʋ�ćƿďųɧ* 4.5ī (54.0�ůʍ95% CIʊ2.0�ů–NA) $�8ʊ1īƿďƺ*

80% (4/5ɹ)ʊ5īƿďƺ* 40% (2/5ɹ)$� �ʋ/�ʊ�ćěë* 14.3ī (171.9�ůʍ

95% CIʊ69.3�ů–NA) $� �ʋƿďųɧ�6+ěë)Kaplan-MeierŭǼ*�:�:

Figure 5�6+ 6(ǘ��ʋ 

 Ʒ(��9 StE)Ãɽ(ɨ�#ʊȐǉŁǆŃ)Ʒ*ʇȏ¿Ȑǉ)ȍơƪ�6+ũƴ

ȔǰȊȐ) 2ɹ$� �ʋAEDƙǋ)�(ʇȏ¿Ȑǉ)Ʒ(Ě�#*¿ǜǎ'ɹȝ¿ø)Ʀ

ø�Ƞ<:�ʋũƴȔǰȊȐ)Ʒ(*ƏĹ)Íƀ�Ƞ<:��2ʊǇƾǳǿȴŞ$� �ʋ

�)�) 3ɹ)Ʒ*ɤÇ�ôɳ$�8Ãɽ�ȋ)ǈ¨$� �ʋ 

 Ʒ(��9 IdE�6+ StE)Ɣɇ(�	#ʊƿďųɧ (P = 0.23) �6+ěë (P = 

0.58) %3(ŰŅĥ*ȷ27:'
 �ʋ 

 

2.3.3.2.4.#>
>)Ʒ(��9�ULm?L[� 

 Ʒ)ìǞ* StE)@kSe@� (n = 1) =ɫ�ʊ¼#ɲǞ (n = 12)$� �ʋ×ǋ

ȯɢ�6+@�N�b
7)ȕĭa�[=Table 10(ǘ��ʋ@�N�b
7ÞĻ��áM

��o)Ȫęųɧ�)AEDɚő=Table 11(ǘ��ʋ#>
>)Ʒ)�ULm?L[�Ãź

*ǈ¨Ŝ (n = 13) �ğ'	�2Ƕȭȫź=Ƞ
�%�$�'
 �ʋ 

 

 

 

2.4. ȃę 

 ŵǕǠ*ŵɝ 2ƊȴǋšȰ(��9¡¬ÒƱ#>
>)Å)ąȩƇòɾǎǅđǕ

Ǡ$�9ʋŵđ�ģ×ǋW�[�)ǺŸɪŜ(Ě�9#>
>)Ƴ)Ïâ* 1.9%$�8ʊǺ

ŸɪŜ(Ě�9 IdE�6+ StE)Ƴ)Ïâ*�:�: 0.9%ʊ0.4%$� �ʋŵǕǠ*Ą�)
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ĞûƳ�æ/:��ʊ�:7)ŰǇƺ*ąûƳ�Ą�æ/:9ɕÛ)Ƌǭ
7)ÿé (#>


> 1–2.6%ʍIdE 0.5–5%) (ɽ¢�9 [Hülsmeyer et al., 2015]ʋƳ(��9#>
>ŰǇƺ*ʊ

ƳǞÃĦ)ɘ	(69ķɶ*ğ'	%ȃ�9ʋ 

 #>
>)Ƴ(��9 IdE (10.4ī) )�ćƿďųɧ* StE (4.5ī) %Ɣɇ�#ŰŅ

(ɥ�ʊ�:*ɕÛ)ÿé(ɽ¢�9 (IdE 9.2ī, StE 5.8ī [Fredsø et al., 2014]; IdE 10.5ī, 

StE 3.4ī [Arrol et al., 2012])ʋ#>
>)Ƴ(��9 IdE�6+ StE)Ãɽ*ʊ�)ŃȄ)�

Ĺ)ŕƧ=àȋ(�ʊƙǋ(Ě�9ʀ	�)ãŅ=ĘŨ(�9%ȃ�7:9ʋ/�ʊŵǕǠ

) IdE)ȴŞýƩ*Ǭ­
!ƔɇǎĒ«'ƀž)0$ƃŉ�:#�8ʊ¼#)ÒƱǇɪ$ĕ

šàȋ$�9ʋ�:*ʊ#>
>ȴŞ(�	#ǂ���×ǋ)Ŗ©=àȋ(�9%ȃ�7:

9ʋ 

 �ćěë*#>
> (IdE + StE)ʊIdE�6+ StE)Ƴ$�:�: 13.0īʊ13.5īʊ

10.9ī$� �ʋɕÛ)Ƌǭ(��9Úó�ŧ)#>
>=æ1#>
>)Ƴ)�ćěë*

7.6ī [Fredsø et al., 2014] �6+ 7.0ī [Berendt et al., 2007] $�8ʊ	�:(�	#3ŵǕǠ

)Ãɽȁ*ěë)İɥ�ȷ27:9ʋ�)ěë)İɥ) 1!)ȧó%�#ĒƂƏ���7:

9ʋŵǕǠ)#>
>(ɨɏ��ĒƂƏ=Ƞ �Ƴ* 4/100ɹ$�8ʊƋǭ)ǕǠ%Ɣɇ�

#ø°ǎ(ğ'	 (49/81ɹ [Fredsø et al., 2014]ʍ24/63 [Berendt et al., 2007])ʋ�7(ʊŵǕǠ

)ĒƂƏ=Ƞ �ǈ¨*¼# StEǈ¨$� �ʋƋǭ(��9ÿé(�	#ʊĒƂƏ*O�

b����ȋ'#>
>Ǎ¥(69ƿƞ)ɀ (QOL) £�)�2ɚő�:9Āâ�Ą	 

[Wessmann et al., 2014]ʋŵǕǠ(�	#3#>
>Ǎ¥(69QOL)£�(68ĒƂƏ�ɚ

ő�:�àȋŁ��9�ʊƲ( IdE)ʀ	�*ĒƂƏ=ɜ�9´ä�ȷ27:�ʋ�:*Ơ

ă%Ɣɇ�#ŵɝ(��9ʀ	�)ÒƱ)ĒƂƏ(Ě�9ȃ�Š)ɘ	�ɨ®�#	9%ȃ

�9ʋ 

 �7(ʊInoue et al. (2015) *Ťŵ(��9ʀȈ�)Ƴ)Īúěë* 13.7ī%ÿé�

#	9ʋŵǕǠ) IdE)�ćěë*Ťŵ(��9Ƴ)Īúěë%ãǦ$� �ʋ�Šʊa�

v�L [Proschowsky et al., 2003] �6+BK�U [O’Neill et al., 2013] $Ƞ<:�ǕǠ(��

9Ƴ)�ćěë*�:�: 10.0ī�6+ 12.0ī$� �ʋ�:7)Ơă)ÿé(��9ƳǞ
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ÃĦ(*T{�v��SDi�c4�n�c����b��h�)6
'ąûƳ�Ą�æ/

:#	�ʋ�ŠʊŵǕǠ(��9ƳǞÃĦ(*]��4bB�o�c�ʊwe]|@�\^

LUm�c)6
'ĞûƳ�Ą�ȷ27:�ʋƳ)ěë(ɨ�#ʊ�șǎ(ąûƳ(Ɣ-#

ĞûƳ*ěë�ɥ	�%�ÿé�:#�8 [Greer et al., 2007]ʊƋǭȼ÷%Ɣɇ��ŵǕǠ)

#>
>)Ƴ)ěë)İɥ*ʊƳǞÃĦ)ĥǃ(ɨɏ�9àȋŁ3�9ʋ 

 Ƴ) IdE(��9ƿďųɧ(Ě�9�ULm?L[�(*≥ 0.3ò/ů)Ǎ¥ɺĮ�

ǘ�:�ʋ�)ǆŃ%Ɣɇ�#O�b����ȋ)#>
>Ǎ¥=Ŕ!Ƴ(*Ə��9	*

ĒƂƏ%)ɨɏŁ�Ĵ	�%�ǘí�:#	9 [Berendt et al., 2007]ʋ�Ɋ��6
(ʊŵǕ

Ǡ(* IdE(�	#ĒƂƏ�ɚő�:�ǈ¨*'	ʋ�:5�(ʊŵǕǠǵŻ*ĒƂƏ)Ű

Ʈ(ɨ<7� IdEǈ¨*≥ 0.3ò/ů)Ǎ¥ɺĮ(68ƿďųɧ)Ʀğ(!'�9�%=ǘí�

#	9ʋ�
�'�7ʊŵǕǠ(*Ə�Úó�<
7'	ǈ¨�æ/:#	��2ʊ#>


>(ɂó�9Ə�%ƿďųɧ)Ʀğ(ɨ�9óŻɨ®=Ȼž�9�%*ÂŸ'
 �ʋ�:

5�(ʊ�7'9ǕǠ%�#Ə�Úó(Ě�9ƿďųɧ)Ȼž�Ŀȧ$�9%ȃ�9ʋ/

�ʊȥŜ)AED)§ǀ*ƿďųɧ(Ě�9�ULm?L[�('7'	�%�ǘ�:�ʋ	

�!
)ǕǠ(�	#3 [Fredsø et al., 2014; Weissl et al., 2012]ʊȥŜ)AED)§ǀ%ÙÎ§

ǀ)Ɣɇ(�	#ƿď(ɨ�9ŰŅĥ*'	�%�ÿé�:#	9ʋ�:7)ǵŻ
7ȥŜ

)AED)§ǀ*ƿďųɧ(ķɶ=��'	�%�ǘí�:9�ʊŵǕǠ*űǀ�9AEDŜ

=Ȼž��3)$�8ʊ�)ȟ�ƫĮ'&)ȵ«=Ƞ #'	ʋ/�ʊIVETFo�u�Q�

(*ȞƱȅŁ#>
>)ƌǖ'�Ĺ*Ŵ��ŧ$�9%ȯ�:#	9 [Potschka et al., 2015]ʋ

ƼùʊIdE)Ƴ(��9ƙǋ)ǥ�ɚő*¿ǜǎƙǋ$�8ʊ�7'9ƙǋ�Ŀȧ%'9Ń

Ȅ*Ŀưǎ(AEDƙǋ(Ýŀ�'	ŃȄ%'9ʋ�:5�(ʊIdE)Ƴ(�	#ʊəÄ'

AEDƙǋ(Ýŀ�'	ʅɺĮ (≥ 0.3ò/ů) )#>
>Ǎ¥=3!ǈ  ̈ (19/64ɹ, 30%) (Ů

3ƝŅ=ō
Ŀȧ��9%ȃ�7:9ʋ�:*ʊ�×ǋ(��9�ɳƙŁ#>
>�)Ïâ

(ɽ¢�9 [Sander, 1993]ʋ 

 �7(ʊIdE)Ƴ(��9ƿďųɧ(Ě�9�ULm?L[�( FES�ȷ27:

�ʋ�
�'�7ʊɕÛ)ÿé(�	#ʊǍ¥û*ƿďųɧ(Ě�9�ULm?L[�%�
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#ǘ�:#	'	 [Berendt et al., 2007]ʋɈīʊPacker et al. (2015) *Ǎ¥û)Ãɽ(�	#ʊ

FES)ȴŞ(ɨ�#Ƹ×ħ%ǚǴĜɦ×%)ɧ(ĥǃ��9�%=ÿé�#	9ʋ�:5�

(ʊʀ	�4Ƹ×ħ) FES)ƌǖ'ÆŞ*Ɣɇǎôɳ$�9%ȃ�7:9ʋFES)0'7�

#>
>Ǎ¥)ƌǖ'ÆŞ(�	#ʊŴ�Ƹ×ȕĭ(�	#*�șǎ$*'	�ʊEEG*#

>
>Ǎ¥�9	*Ǎ¥û=ɤÇ�9�2(·:�_��$�9�2ʊ�)ŬÜ�Ų/:

9ʋ/�ʊJ�c��M�9	*HBe�ɟ(69ĕʂǕǠ(�	#ʊÝļŁ) FES*68

ɠĮ)Ǎ¥ɺĮ (J�c��MƼȿ) 4Ǎ¥i[�� (CS, SE�9	*�ƊŁ¼șÔ) =ı�

ɂ��ʊǚǴǰȊ)Ʀğ4ɣ¶Ưƭ)6
'�ƊŁ)#>
>ÚŁ)ƹĻ�ȷ27:9 

[Tanaka et al., 1992; Hiyoshi et al., 1993; Hasegawa et al., 2002; McIntyre et al., 2006]ʋ�)�2ʊ 

FES=Ŕ!Ƴ(�	#ʊ�)#>
>Ǎ¥=ƝŅƤ�Ȫę�ʊǍ¥ɺĮ(ŀ��əÄ'ƙǋ

�Ŀȧ%ȃ�9ʋ/�ʊFES*ȍ)ɩġǎ'Șċ(68ı�ɂ��:ʊƯƭŁ)#>
>Ú

Łɸü=ǘ�àȋŁ�ʅ	ʋ�:5�(ʊ#>
>ÚŁɸü�ŕĔ$�ʊ�)ɸü�Äɫà

ȋ)Āâʊ#>
>ăǜ(68#>
>Ǎ¥)ƢĈ�ȷ27:9àȋŁ��9ʋ 

 �×ǋ(��9ɳƙŁ#>
>*ʊÚË%�#ăǜƙǋ�ȃň�:ʊŤŵǚǴǇ

đ�(69#>
>ƙǋIBc�B�(68ʊŵɝ(��9#>
>ăǜ)əŀýƩ*ʊ

�2–3Ǟɽ)əÄ'AED(#3ƮǍ¥ųɧ� 1ī��$ʊǍ¥)�2(ŃȄ(�ÈǏ��9

Āâ�%ĔȂ�:#	9 [#>
>ƙǋIBc�B�, 2010]ʋ�)Ŗî*ʊƿďųɧ(ý"�

3)$*'�ʊ#>
>Ǎ¥(69Ǎɗ)ɓİ4Ǚ�ƿƞ(Ě�9QOL)£��ÆĔýƩ%

�#ȃň�:#	9ʋ/�ʊɳƙŁ#>
>)ĔȂ*Ŀ��3Ƕ��:#	'	�ʊ#>


>Ǎ¥ŎÉ)Ïâ�ɌÐ�:9AED)Ŝ(ŀ�#Ʀğ�#	��2 [Kwan et al., 2000]ʊȴ

Ş(*ɴ#>
>ŁǍ¥�åĔ�:ʊəÄ'Ő#>
>Ȟ�ØÃɡŏ��:#	9�%�ŷ

�%�:9 [Berg and Kelly, 2006]ʋ�)ɳƙŁ#>
>)
�ʊăǜƙǋ�àȋ'#>
>(

Ě�Ōȡ�Ƞ<:ʊƼù)ăǜƙǋ�àȋ'#>
>)Ą�*ƯƭŁ)#>
>ÚŁɸü=

Ŕ!�%�Ǔ7:#	9ʋŵǕǠ�ǘ�� IdE(��9ƿď(Ě�9�ULm?L[�*ʊ

ʅɺĮ (≥ 0.3ò/ů) )Ǎ¥�6+ FES)ďù$�8ʊƸ×ǋ(��9ăǜəŀýƩ%�#ȃ

ň�-�ɷǐ$�9%ȃ�9ʋŵǕǠ(�	#ʊűǀ�9AEDŜ*ƿď(Ě�9�ULm?
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L[�%�#ȷ27:'
 ��ʊȥŜ)AEDs(ŒŐ=ǘ�Ƴ)#>
>*ʊǷǸǎ'

AEDsÁŠ(69ǴƥǎŗĖ�6+#>
>Ǎ¥(Ě�9�Ē
7ʀ	�)QOL)£�(!

'�9�%�ȃ�7:9ʋ�:5�(ʊŵǕǠ*ʊƸ×ǋ(��9 IdE)Ƴ(Ě�9#>


>ăǜəŀýƩ%�#�2–3Î��)əÄ'Ő#>
>Ȟ(ŒŐ�9Āâ (≥ 0.3ò/ů)#>


>Ǎ¥ɺĮ)ʊ�6+//�*áǞƀž(�	#ƯƭŁ)#>
>ÚŁɸü%Ǆ<:9ɸü�

ƀÂ$�9Āâ�=Ŗî�9ʋ 

 ŵǕǠ(�	#ʊIdE) 2ɹ)Ƴ*#>
>Ǎ¥(69ǢưƏ (sudden unexpected 

death in epilepsy, SUDEP) (68Ə���%ȃ�7:9ʋƸ×ǋ(�	#ʊSUDEP)ÿé�Ɓ

ğŜďù�9� [Scorza et al., 2010; Scorza et al., 2014]ʊ�)yHeVx*<
 #	'	ʋ�

×ǋ(�	#ʊ¼șŁĴǑɧ�ŁǍ¥ʊ#>
>Ǎ¥)O�b����Țʊțʉ�6+ȥŜ

)AED)§ǀ� SUDEP)Ǎƿ�UL=ʅ29%�:#	9 [Stollberger et al., 2004; Surges et 

al., 2009; Scorza 2008]ʋSUDEP�Ǆ<:9 2ɹ) IdE)Ƴ(�	#3ʊŵǕǠ(��9 IdE)

Ƴ)�ćěë=�ò9Ə�īʉ (6.1ƍ�6+ 7.3ƍ)ʊ≥ 1ò/ɐ)#>
>Ǎ¥ʊğ'�%3

1!)AEDƙǋ(Ýŀ�'	ƲĽ�� �ʋSUDEP)ÿé)Ŝ*ğ'	�ʊƳ(��9

SUDEP)Ǎƿ�UL*jb(ɽ¢�#	9àȋŁ��9ʋÐ�#ʊɕÛ(ÿé�:�Ƴ)

SUDEP*ǛǁƳ [Scorza et al., 2010]ʊ�n�c����b��h� [Scorza et al., 2014] $ÿ

é�:#	9ʋŵǕǠ$*tUb��`�@�6+ɲǞƳ$�8ʊƳǞ(ɨɏ'�ɂ�8Ļ

9�%�ǘí�:9ʋ 

 Ƴ) StE(��9Ãɽ(�	#ʊĉĶŁʊƬǈŁ�6+ȐǉŁǆŃ) 3ȁɧ(�	

#ŰŅ'ƿďųɧ)ǃ'8�ȷ27:�ʋLog-rank test�6+Kaplan-MeierŭǼ(�	#ʊĉ

ĶŁǆŃ)> 80%�ÅǍǍ¥Ĺ 5īƿď�#	�ʋ�:5�(ʊəÄ'ƙǋ�š�:�Ā

âʊĉĶŁǆŃ*ƬǈŁ4ȐǉŁǆŃ(Ɣ-ƿďųɧ�ɥ	�%�ǘí�:9ʋ�
�'�

7ʊǍ¥ɠǈĮ%ãƄ(ĉĶ)ɠǈĮ�9	*[Bo(ƿďųɧ*ªď�9àȋŁ��9ʋ

�Š$ʊȐǉŁ�6+ƬǈŁǆŃ)�ćƿďųɧ*�:�: 13.7�ůʊ54.1�ů$� �ʋ

Ěǈǋƛ=ß��ȐǉŁǆŃ)Ƴ�6+ºǅŎÉǋƛ=ß��ƬǈŁǆŃ)Ƴ)�ćƿďų

ɧ*�:�: 2.2–23.3�ů [Hu et al., 2015]ʊ77.5�ů [Adamo et al., 2007] %ÿé�:#	
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9ʋSMd�y�bʊȕĭǴɕ�6+MRI/CSF(69 StE)Ãɽ*ƿďųɧ(Ǒǵ�9�

2ʊ�)ɤÇ�ɠȧ$�9%ȃ�7:9ʋStE*Ƅ�'ǆŃȁ
7ƃŉ�:9�2ʊŵǕǠ

$*�ULm?L[�ȫź=Ƞ
�%*ÂŸ'
 �ʋ�
�'�7ʊ#>
>ǈ  ̈ (IdE + 

StE) (ɨ�#≥ 0.3ò/ů)Ǎ¥ɺĮ�ƿďųɧ(ɨ�9�ULm?L[�%�#ȷ27:9

�2ʊIdE%ãƄ( StE(�	#3Ǎ¥O�b����Ů3ɠȧ'Ȫęɷǐ$�9%ȃ�9ʋ 

 Ƴ) IdE% StE(�	#ʊFESʊGES�6+CS)Ǎƿƺ(ŰŅĥ�ȷ27:�ʋ

ɕÛ)ÿé(�	#ʊIdE% StE(Ǎ¥û)ŰŅŁ*ȷ27:#	'	�ʊFES* StE(Ą	

´ä�� � [Pákozdy et al., 2008]ʋ�ŠʊŵǕǠ$*ʊFES* StE (13%) %Ɣɇ�# IdE 

(30%) $ŰŅ(Ǎƿƺ�ʅ
 �ʋɕÛ)ÿé*Ƌǭ
7)ÿé$�8 [Pákozdy et al., 2008; 

Schwartz et al., 2013; Armaşu et al., 2014]ʊStE(*ąûƳ�Ą	´ä(� �ʋąûƳ=Ą�æ

1Ƌǭ)ǕǠ(�	#ʊȐǉŁǆŃ* 22–72%ʊƬǈŁǆŃ* 7–37%$�8 [Podell et al., 

1995; Tipold et al., 1995; Pákozdy et al., 2008; Schwartz et al., 2013]ʊStE(*Ą�)ȐǉŁǆŃ�

æ/:9ʋƲ(ʊ#>
>Ǎ¥=è�tLQ�*ʊ�) 74.2%�ɴĚǝŁ)ȍǇĂ=Ŕ�ʊ

Ą�)ǈ¨�ɹȝ¿Ȑǉ%)ɨɏŁ�ȷ27:#	9 [Armaşu et al., 2014]ʋ�:5�(ʊĐ

ǣ
!ɩġǎ'ǇĂ=3!ȐǉŁǆŃ* FES=è�9�%�ƔɇǎĄ	%ȃ�7:9ʋ�Š

$ʊŵǕǠ*ĞûƳ�Ą�ʊĄ�*MUO=è�#	�ʋMUO*ɩġǎ'ǇĂ681�;+

/>Ł�9	*ĄǍŁ)ǇĂ=Ķŉ�9�2ʊƬǈŁǆŃ)Ą��GES=ǘ��%ȃ�7:

9ʋ�7(ʊŵǕǠ(æ/:�ȐǉŁǇĂ%)ɨɏ�Ĵ	%�:9tLQ�* 1ɹ)0$�

 �ʋŵǕǠ*ʊąûƳ�Ą	Ơă)ÿé%ǃ'8ʊ�)ƳǞÃĦ(ĞûƳ�Ą�æ/:�

�2ʊGES=Ą�ǘ�ƬǈŁǆŃ (35.9%) � FES=Ą�ǘ�ȐǉŁǆŃ (28.2%) =�ò

8ʊStE(��9 FES)Ǎƿƺ)Ʀğ(!'� �%ȃ�9ʋ�:5�(ʊǕǠɧ(��9

ƳǞÃĦ(68ʊFES%GES)Ǎƿƺ*ǃ'8ʊǍ¥û(69Ãɽ*ʊȴŞ(ą�'ķɶ=

��9àȋŁ��9ʋ/�ʊCS* IdE (31%) %Ɣɇ�# StE (55%) $ŰŅ(Ą
 �ʋ�:

*ɕÛ)ÿé%3ɽ¢� (IdE 45.2% vs StE 65.6% [Pákozdy et al., 2008])ʊIVETFO�W�QU

(�	#3ÅǍǍ¥ū)CS=Ŕ!Ƴ*MRI�6+CSF�ŕĊ�:#	9 [De Risio et al., 

2015]ʋŵǕǠǵŻ*�)O�W�QU=řŔ�9ǵŻ$�9ʋ 
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 ŵđ�ģ×ǋW�[�(��9 IdE (n = 21) % StE (n = 10) )Ʒ* 0.9% (31/3563

ɹ) $� ��ʊǱ�Ǉɪ(��9 IdE% StE)Ʒ* 1.6–1.7%%ÿé�:#	9 [Schriefl et 

al., 2008; Pakozdy et al., 2010]ʋŵǕǠ*�:7)ÿé683£	ŰǇƺ$�9ʋŵǕǠ(��

9Ʒ) IdE)ýƩ* 7ƍʉ��$)ÅǍǍ¥$�9� [Hasegawa et al., 2017]ʊ�Ɋ)ÿé$

* 1ƍ
7 12ƍʉ [Schriefl et al., 2008]ʊ0.5ƍ
7 14ƍʉ [Pakozdy et al., 2010] )Ʒ��:

�:æ/:#	9ʋ�:*ʊƷ(��9Ƕ��:�#>
>ȴŞ)ýƩ�'	�%�ɨ®�

#	9%ȃ�7:9ʋ/�ʊŵǕǠ* StE (19%) 683 IdE (41%) )Ʒ�Ą
 ��ʊ

Pakozdy et al. (2010) * StE (62%) * IdE (38%)683ŰǇƺ�ʅ	�%=ÿé�#	9ʋŵǕ

Ǡ)Ʒ) IdE�6+ StE)ɹŜ* 31ɹ$�8ʊ�7'9ǈ¨)Ȝǟ�ÃĦȵ«(*Ŀȧ$�

9%ȃ�9ʋ 

 ŵǕǠ(*	�!
)Éɩ��9ʋIVETFO�W�QU*ǕǠ)Ƕ�Ô=ö9�

2(¥7:ʊǕǠȄ4Ƹ×ħ�ĺ
-�o�u�Q�$�9�ʊÿé�:#ɧ3'	�)O

�W�QU)ē¼'ɒȠ*ʊǍȢ�Ì)ǈ¨(Ě�9òɾǎǕǠ$*ôɳ=Ɓ29ʋ�:5

�(ʊIVETFO�W�QU(ĺ �Ãɽ=§ǀ��Āâʊ.%>&)ǈ¨*ē¼'ȟƣƀ

žʊĠƀžʊɛ čƀž�6+//�*ėŢÃź=Ƞ #	'	�2ʊIdE4 StE(Ãɽ�9

�%�$�'	ʋ/�ʊMRIŘ¶(�	#3ʊ3D MRIŘ¶=Ƞ �ǈ¨*ʊIVETF)#>


>Ʋǃǎo�bO�[Rusbridge et al., 2015] =ɅȦ�#	93))ʊ¼#)ǈ¨(��9#

>
>ƲǃǎMRIo�bO�(69ȵ«=Ƞ
�%*$�#	'	ʋ�:5�(ʊŵǕǠ*

IVETFO�W�QU=ŚĂ��Ãɽ=ǀ	�9=Ļ'
 �ʋ�7'9ǕǠ(�	#*ʊ÷

ɮǎ'ýƩ$�9 IVETFO�W�QU=ǀ	�ȴŞ(69òɾǎǅđǕǠ�Ŀȧ%'9%ȃ

�9ʋ�7'9Éɩ(*ǇƾǳǿđǎȴŞ���7:9ʋƲ(ʊŵǕǠ) StE)ȴŞ*SM

d�y�bʊȕĭǴɕ�6+MRI/CSFŊȨ(68ƘĔ�:��ʊ�ɞ=ɫ�Ą�)ǈ¨$Ů

ǲǎ'ǖĔȴŞ=Ƞ
�%*$�#	'	ʋ�7(ʊǈ¨Ŝ)ğ'�3ǵŻ(hB@U=ƿ

1Úó('9àȋŁ��9ʋ�)�2ʊStEQnÃɽ(��9ƿďÃź�Ƞ�'
 �ʋ�

7'9ǕǠ(�	#ʊǳǿǇƾđǎȴŞ�6+ǈ¨Ŝ=ā4��%$68ƌǖ'ȵ«�Ƞ�

9%ȃ�9ʋ  
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2.5. Ğœ 

1) 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�=ßȴ��

ƳƷ(�	#ʊ#>
>)ŰǇƺ*Ƴ 1.9%�6+Ʒ 1.4%$� �ʋ 

2) #>
>)Ƴ(�	#ʊStE* IdE%Ɣɇ�#ʊƿďųɧ�ŰŅ(ǔ	ʋ 

3) IdE )Ƴ(�	#ʊʅɺĮ (≥ 0.3 ò/ů) )#>
>Ǎ¥*ƿďųɧ=ǔǽ��9�UL

m?L[�%'9ʋ 

4) IdE)Ƴ(�	#ʊµ
'�9	*ǔ	 FES3əÄ'AEDƙǋ=Ƞ
-�$�9ʋ 

5) IdE)Ƴ(�	#ʊȥŜ)AED(ŒŐŁ=ǘ�ʅɺĮ)#>
>Ǎ¥*ʊ#>
>ăǜ

)əŀ%'8
9ʋ 
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Table 1. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
=ßȴ��#>
>ƳŃȄ)Åȴū(��9ȕĭa�[ 

ĂŜ 
Ƴ 

#>
> (n = 358) IdE (n = 172) StE (n = 76) 
ŁÇ    
� ɰ [ÛÓ] 193 (54%) [71 (20%)] 97 (56%) [37 (22%)] 34 (45%) [14 (18%)] 
� ɱ [ɜČ] 165 (46%) [79 (22%)] 75 (44%) [41 (24%)] 42 (55%) [16 (21%)] 
¤ɠ    
� �ć² 6.0 6.2 5.9 
� Ǫõ 1.0–54.0 1.3–37.8 1.0–39.5 
ÅǍǍ¥īʈ (ī)    
� �ć² 3.6 2.5 5.5 
� Ǫõ 0.1–14.4 0.5–6.8 0.2–13.9 
ǚǴđǎƀž    
� ƌĩ 117 (33%) 170 (99%) 24 (33%) 
� ǃĩ 241 (67%) 2 (1%) 52 (67%) 
Ǎ¥ɺĮ (ò/ů)    
� �ć² 2.0 1.2* 4.0* 
� Ǫõ 0.1–37.0 0.1–37.0 0.1–30.0 
Ǎ¥û    
� FES 93 (26%) 52 (30%)* 10 (13%)* 
� GES 190 (53%) 78 (46%)* 56 (74%)* 
� FEvG 75 (21%) 42 (24%) 10 (13%) 
ƲǃǎǍ¥ƴƚ    
� CS 141 (39%) 53 (31%)* 42 (55%)* 
� SE 71 (20%) 31 (18%) 22 (29%) 
AED)Ŝ    
� §ǀ'� 180 (51%) 99 (58%) 28 (37%) 
� ÙÎ 137 (38%) 55 (32%) 38 (50%) 
� ȥŜ 41 (11%) 18 (10%) 10 (13%) 
�)�)ƙǋ    
� '� 281 (78%) 159 (92%) 30 (41%) 
� �8 77 (22%) 13 (8%) 46 (59%) 

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>; FES, ƯƭŁǍ¥; GES, ¼șŁǍ¥; FEvG, 
ƯƭŁǍ¥
7ǸǍ�9¼șŁǍ¥; CS, ȁǍǍ¥; SE, ɠǟǍ¥; AED, Ő#>
>
Ȟʋ*, P < 0.05 (HB��ƀĔ)ʋ  
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Table 2. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
ßȴ��#>
>ƳŃȄ)Åȴū(��9ìǞ 

#>
> (n = 358) IdE (n = 172) StE (n = 76) 
ìǞ n ìǞ n ìǞ n 

]�� 
5
4 ]�� 

2
7 ]�� 

1
5 

we]|@�\^LUm�c 
3
6 we]|@�\^LUm�c 

1
8 ɲǞ 7 

ɲǞ 
2
8 ~�LS{��`�@ 

1
4 we]|@�\^LUm�c 5 

~�LS{��`�@ 
2
4 bB�o�c� 

1
3 bB�o�c�  

bB�o�c� 
2
3 �n�c����b��h� 

1
0 iM  

�n�c����b��h� 
1
7 ɲǞ 9 

S�V�  

S�V� 
1
5 we]|@�S|dCR� 7 

P��a���b��h� 4 

uy�e@� 
1
4 J{h�@�J�M�]{��V�UieE�  

il~�  

iM 
1
3 CD�S|�O�K� 6 

CD�S|�O�K� 3 

J{h�@�J�M�]{��V�UieE� 
1
2 P��a���b��h�  

�n�c����b��h� 2 

CD�S|�O�K� 
1
2 SD^b��c�S�oc^M  uy�e@�  

P��a���b��h� 
1
1 iM 5 

tUb��`�@  

SD^b��c�S�oc^M 
1
0 uy�e@� 4 

m��]�n�c^M  

we]|@�S|dCR� 9 il~�  ŽƳ  

il~� 8 ŤŵUl^_  o]�hW^b�M�mF��h�a��  

ŽƳ 7 @y�H��O^H��UieE� 3 ~�LS{��`�@ 1 

m��]�n�c^M 6 m��]�n�c^M  we]|@�S|dCR�  

v�]�V 5 ŽƳ  SD^b��c�S�oc^M  

k�M� 4 k�M�  J{h�@�J�M�]{��V�UieE�  

tUb��`�@  tUb��`�@ 2 k�M�  

ŤŵUl^_  v�]�V  tLQ�  

@y�H��O^H��UieE� 3 B[�@��M�BgC�c  rJe�V  

n�c^L  n�c^L  CEUb�gB��c�s�Bb�`�@  

N@���`�@  S�V� 1 Ƶ  

B[�@��M�BgC�c  @B�^S|�W^[�  h�e�V�vC�`��c^M  

rJe�V 2 S��gx�`�@  v�]�V  

o]�hW^b�M�mF��h�a��  Sq�@��gUJ�    

Sq�@��gUJ�  we]|@�o�c�    

@mI��gC�c 1 @mI��gC�c    

G�Ub��@��SDi�c  B�M�^S|�O^H��UieE�    

hW^b�gC�c  t�lf�df�k@�O    

h�e�V�vC�`��c^M  G�Ub��@��SDi�c    

kS}��m��X  \�yS@�    

t�e�V  ÕƠɖƳ    

n�kE�a�m��\�U  �B@�p@c�mF^LU�`�@    

tLQ�      

\�yS@�      

B�M�^S|�O^H��UieE�      

B�M�^S|�Uo��I��UieE�      

ÕƠɖƳ      

@B�^S|�W^[�      

Ƶ      

we]|@�o�c�      

we]|@��B@�p@�c�\^LUm�c      

e|�m?�c��c      

u�^S|�����c�S�oc^M      

QzEc      

UO`A^S|�`�@      

S��gx�`�@      

t�lf�df�k@�O      

CEUb�gB��c�s�Bb�`�@      

�B@�p@c�mF^LU�`�@      

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>  
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Table 3. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
(ßȴ��#>
>Ʒ)Åȴū(��9ȕĭa�[ 

ĂŜ 
Ʒ 

#>
> (n = 51) IdE (n = 21) StE (n = 10) 
ŁÇ    
� ɰ [ÛÓ] 24 (46%) [20 (38%)] 8 (42%) [6 (32%)] 5 (50%) [5 (50%)] 
� ɱ [ɜČ] 27 (54%) [16 (31%)] 13 (58%) [5 (26%)] 5 (50%) [4 (40%)] 
¤ɠ    
� �ć² 4.1 4.3 4.0 
� Ǫõ 1.5–6.9 2.6–6.9 1.5–6.7 
ÅǍǍ¥īʈ (ī)    
� �ć² 2.5 1.4 4.6 
� Ǫõ 0.1–21.3 0.2–6.8 0.1–14.8 
ǚǴđǎƀž    
� ƌĩ 27 (53%) 21 (100%) 2 (20%) 
� ǃĩ 19 (37%) 0 (0%) 8 (80%) 
Ǎ¥ɺĮ (ò/ů)    
� �ć² 4.5 5.0 2.8 
� Ǫõ 0.4–75.0 1.0–75.0 0.5–30.0 
Ǎ¥û    
� FES 7 (14%) 4 (19%) 1 (10%) 
� GES 24 (47%) 6 (29%) 4 (40%) 
� FEvG 20 (39%) 11 (52%) 5 (50%) 
ƲǃǎǍ¥ƴƚ    
� CS 20 (39%) 6 (29%) 4 (40%) 
� SE 9 (18%) 3 (14%) 3 (30%) 
AED)§ǀŜ    
� §ǀ'� 13 (25%) 6 (7%) 3 (30%) 
� ÙÎ 24 (47%) 8 (38%) 5 (50%) 
� ȥŜ)§ǀ 10 (20%) 4 (19%) 1 (10%) 
�)�)ƙǋ    
� �8 6 (12%) 0 (0%) 6 (60%) 
� '� 45 (88%) 21 (100%) 4 (40%) 

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>; FES, ƯƭŁǍ¥; GES, ¼șŁǍ¥; FEvG, 
ƯƭŁǍ¥
7ǸǍ�9¼șŁǍ¥; CS, ȁǍǍ¥; SE, ɠǟǍ¥; AED, Ő#>
>
Ȟʋ  
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Table 4. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
(ßȴ��#>
>Ʒ)Åȴū(��9ìǞ 

#>
> (n = 51) IdE (n = 21) StE (n = 10) 
ìǞ n ìǞ n ìǞ n 

ɲǞ 35 ɲǞ 11 ɲǞ 9 
@y�H��S}�bp@ 12 @y�H��S}�bp@ 8 @kSe@� 1 
@kSe@� 1 @y�H�H�� 1   
@y�H�H��  O�e^S|�^LU    
O�e^S|�^LU      
�ŧ      

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
> 
 
 
 
 
 
 
Table 5. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
=ßȴ�� StE)Ƴ)áÃɽ(��9ƿďųɧ�6+ěë 

ĂŜ 
 ƿďųɧ (ī) ěë (ī) 

n (Ə�) �ć² 95% CI �ć² 95% CI 
ȐǉŁ 12 (11) 1.1 0.4–6.7 10.8 7.5–11.6 
ƬǈŁ 11 (9) 1.9 0.6–∞ 7.6 2.8–∞ 
ĉĶŁ 8 (1) NA 5.6–∞ NA 8.9–∞ 
ȟǩŁ 2 (1) 10.4 ∞–∞ 16.9 ∞–∞ 
Ãɽ�ȋ 2 (1) 3.3 3.3–∞ 7.6 7.6–∞ 

95% CI, 95%¯ɻÖɧ; NA, not availableʋ 
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Table 6. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
(ßȴ��#>
>)Ƴ)ɌɄȻžū(��9ȕĭa�[ 

ĂŜ 
Ƴ 

#>
> (n = 94) IdE (n = 64) StE (n = 30) 
ŁÇ    
� ɰ [ÛÓ] 52 (55%) [24 (26%)] 37 (58%) [18 (28%)] 15 (50%) [6 (20%)] 
� ɱ [ɜČ] 42 (45%) [17 (18%)] 27 (42%) [11 (17%)] 15 (50%) [6 (20%)] 
¤ɠ    
� �ć² 6.6 7.0 6.1 
� Ǫõ 1.3–35.0 1.3–31.0 2.0–35.0 
ÅǍǍ¥īʈ (ī)    
� �ć² 3.1 2.7 6.0 
� Ǫõ 0.4–10.0 0.6–6.8 0.4–10.0 
ǚǴđǎƀž    
� ƌĩ 71 (76%) 62 (97%) 9 (30%) 
� ǃĩ 23 (24%) 2 (3%) 21 (70%) 
Ǎ¥ɺĮ (ò/ů)    
� �ć² 3.3 2.5 4.0 
� Ǫõ 0.1–20.0 0.1–20.0 0.1–10.0 
Ǎ¥û    
� FES 20 (21%) 15 (23%) 5 (17%) 
� GES 51 (55%) 30 (47%) 21 (70%) 
� FEvG 23 (24%) 19 (30%) 4 (13%) 
ƲǃǎǍ¥ƴƚ    
� CS 43 (46%) 26 (41%) 17 (57%) 
� SE 16 (17%) 13 (20%) 3 (10%) 
AEDs)§ǀŜ    
� §ǀ'� 46 (49%) 37 (58%) 11 (37%) 
� ÙÎ 35 (37%) 18 (28%) 10 (33%) 
� ȥŜ)§ǀ 13 (14%) 9 (14%) 9 (30%) 
�)�)ƙǋ    
� �8 69 (73%) 60 (94%) 9 (30%) 
� '� 25 (27%) 4 (6%) 21 (70%) 

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>; FES, ƯƭŁǍ¥; GES, ¼șŁǍ¥; FEvG, 
ƯƭŁǍ¥
7ǸǍ�9¼șŁǍ¥; CS, ȁǍǍ¥; SE, ɠǟǍ¥; AED, Ő#>
>
Ȟʋ  
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Table 7. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
(ßȴ��#>
>Ƴ)ɌɄȻžū(��9ìǞ 

IdE (n = 64)  StE (n = 30)  
ìǞ n ìǞ n 

]�� 8 ]�� 5 
bB�o�c� 6 we]|@�\^LUm�c 3 
ɲǞ 5 ɲǞ  
~�LS{��`�@  CD�S|�O�K�  
�n�c����b��h� 4 �n�c����b��h� 2 
CD�S|�O�K�  il~�  
P��a���b��h� 3 iM  
we]|@�\^LUm�c  S�V�  
we]|@�S|dCR�  tUb��`�@ 1 
@y�H��O^H��UieE� 2 tLQ�  
tUb��`�@  P��a���b��h�  
J{h�@�J�M�]{��V�UieE�  m��]�n�c^M  
ŤŵUl^_  v�]�V  
uy�e@�  we]|@�S|dCR�  
iM  o]�hW^b�M�mF��h�a��  
SD^b��c�S�oc^M  uy�e@�  
k�M� 1   
m��]�n�c^M    
ÕƠɖƳ    
@B�^S|�W^[�    
v�]�V    
il~�    
S��gx�`�@    
ŽƳ    
Sq�@��gUJ�    

IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>  
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Table 8. 2003ī
7 2013ī) 10īɧ(ŤŵƸ×ƿëǜđąđ�ģÒƱ×ǋW�[�
(ßȴ��#>
>Ƴ)ɌɄȻžū(��9§ǀ AED 

§ǀ�� AED 
IdE (n = 64) StE (n = 30) 

n n 
AED'� 19 7 

PB 9 9 
ZNS 8 4 

KBr 1 1 

DZP 0 1 
PB + ZNS 2 0 

PB + KBr 5 3 

ZNS + KBr 10 2 
ZNS + DZP 1 0 

PB + KBr + ZNS 8 0 

PB + KBr + GBP 0 1 
PB + ZNS + CBP 1 0 

PB + KBr + ZNS + GBP 0 1 

PB + KBr + ZNS + LEV 0 1 
AED, Ő#>
>Ȟ; IdE, ƲǍŁ#>
>; StE, ƃɎǎ#>
>; PB, mDfh�k[
��; ZNS, ZeQwc; KBr, ȗÔH�Cx; DZP, T@Xix; GBP, Ihr�]
�;CBP, H�hvXl�; LEV, �q]�W[xʋ
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Table 10. 2003X�� 2013X� 10X��agwExI�SNS:UCrE~#6&7
�H�	������v����hb�����Y(7& 

M` 
v 

���� (n = 13) IdE (n = 8) StE (n = 5) 

\A    
� � [GD] 3 (23%) [3 (23%)] 2 (25%) [2 (25%)] 1 (20%) [1 (20%)] 
� � [�Q] 10 (77%) [6 (46%] 6 (75%) [2 (25%)] 4 (80%) [4 (80%)] 
;�    
� 8O> 3.8 4.3 3.6 
� �K 2.6–6.9 3.1–6.9 2.6–5.6 
@��<X� (X)    
� 8O> 1.8 1.6 4.5 
� �K 0.1–14.8 0.6–6.8 0.1–14.8 
��S�ih    
� kW 10 (77%) 8 (100%) 3 (60%) 
� zW 3 (23%) 0 (0%) 2 (40%) 
�<�Z (J/d)    
� 8O> 0.25 0.625 1.5 
� �K 0–60.0 0–1.5 0–60.0 
�<L    
� FES 3 (23%) 3 (38%) 0 (0%) 
� GES 4 (31%) 2 (25%) 2 (40%) 
� FEvG 6 (46%) 3 (38%) 3 (60%) 
sz��<un    
� CS 5 (38%) 2 (25%) 3 (60%) 
� SE 3 (23%) 1 (13%) 2 (40%) 
AEDs�=y`    
� =y�	 3 (23%) 2 (25%) 1 (20%) 
� FB 7 (54%) 6 (75%) 1 (20%) 
� �`�=y 3 (23%) 0 (0%) 3 (60%) 
��9�m~    
� �� 1 (8%) 0 (0%) 1 (20%) 
� �	 12 (92%) 8 (100%) 4 (80%) 

 
IdE, s�\����; StE, j������; FES, qp\�<; GES, ?�\�<; FEvG, 
qp\�<����
�?�\�<; CS, ���<; SE, ���<; AED, _����
��  
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Table 11. 2003X�� 2013X� 10X��agwExI�SNS:UCrE~#6&7
�H�	�����v����hb����=y AED 

=y	� AED 
IdE (n = 8) StE (n = 5) 

n n 

AED�	 2 1 

PB 3 1 

ZNS 1 0 

DZP 2 0 

PB + DZP 0 1 

ZNS + DZP 0 2 
AED, _�����; IdE, s�\����; StE, j������; PB, 0�+-5/&
75; ZNS, %* 2); DZP, "�$.3�  
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Figure 1. IdE��� StE�t�xRf����� Kaplan-Meierc��IdE� StE�l�
	�e^�xRf����
� (P = 0.00003)�,'!417��#6 7(7&��
	�	��IdE, s�\����; StE, j������� 
 
 
 
 
 
 

 
Figure 2. IdE��� StE�t�TI���� Kaplan-Meierc��IdE��� StE�e^
�TI�V���
� (P = 0.11)�,'!417��#6 7(7&��	�	��
IdE, s�\����; StE, j������� 
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Figure 3. P[\�o|\�����}\{]� StE�t�xRf����� Kaplan-
Meierc����� 3����	�xRf��e^V������ (P = 0.02)�,'!
417��#6 7(7&��	�	�� 
 
 
 
 
 
 

 
Figure 4. P[\�o|\�����}\{]� StE�t�TI���� Kaplan-Meier
c����� 3����	�xRf��e^V�������
� (P = 0.07)�,'!
417��#6 7(7&��	�	��  
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Figure 5. IdE��� StE�v�xRf����� Kaplan-Meierc��IdE��� StE�
e^�TI�V���
� (P = 0.23)�,'!417��#6 7(7&��	�	
��IdE, s�\����; StE, j������� 
 
 
 
 
 
 

 
Figure 6. IdE��� StE�v�TI���� Kaplan-Meierc��IdE��� StE�e^
�TI�V���
� (P = 0.58)�,'!417��#6 7(7&��	�	��
IdE, s�\����; StE, j������� 
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Voxel-Based Morphometry 9ů��îĬēƱşŸŶē�:�:ŧ#��5 Structural Abnormal 

Zone%ľƔ 

 

 

 

3.1. Ɯǈ 

 Voxel-Based Morphometry (VBM) &øĚź"Ƭ%ĿǤŲā9ľ§�5�.#�´ŷ

�ǴŸ�6�ƙǉèźŰ�ǇĺŎ��5 [Ashburner and Friston, 2000]ȕ�:�:µēȆ×%Ģ

ê#��5 structural abnormal zone%ľ§#���ȔČĸ%ĪŎ#&ǶĐȆ× (region of interest, 

ROI) 9ǌê�Ȕïƈŕê (volumetry) 0�½ćą%ŕê9ƻ� ROI Ŏ	ů�36�
�ȕ�

��"	3Ȕ�%ROIŎ&Ĝ²�ƻ�đǂ	�4ȔŕêƧ#25ŀ�"[=<N	Ã+65�

 	ÙÅ�6��5 [Hasboun et al., 1996]ȕrĪȔVBMŎ&Ʊ²ź��ŕêƧ%�Ǆ"�Ųā

Ȇ×9ľ§�5� 	�
Ȕ�%ŅƁē�2(¤Ūē	Ȑ�ȕŪÔȔVBM Ŏ9ů��Ǉĺ#

&]W%,"3�Ȕd>N [Hikishima et al., 2017]ȔjSW [Suzuki et al., 2015]Ȕ]] [Szabó et 

al., 2016] 0dCEKl [Tang et a., 2015] #ó��ů�36��5ȕ�63%ſƉ&]W%ŴĔ

gVl²ţ ��ÙÅ�6�/%��5ȕť#���/ 2005 ă#°ȓēÝ³9ƃ��ſƉ	

ÙÅ�6��5 [Tapp et al., 2006]ȕ�6+�%ƬſƉ#���Ȕŧ&ŀ�"ƄƗƅèſƉ#ů

�36ȔŪÔ%ƬŃƪ%ŽǄ#���ßà"Ċȅ9v��²ţ��5ȕ���"	3Ȕŧ#�

�5VBM&Ĵ�ÙÅ�6��"�ȕ 

 �´ŷ#��5VBMǇĺ#���ȔStandard VBM&İª#ǴŸ�6�ǇĺŎ��

5ȕStandard VBM&ŁŖƬ (standard template) #ó��óǕƬŰ�%ƊǵźŅǅ³9ƻ�Ȕ¿

��%Ƭ9ÁrƊǵ#Ýģ�5ȕStandard template  ÁrƊǵ#Ýģ��ŴĔƤ�2(�āƤ

%ƬŰ�9ŚŹǖȔŹǖȔƬƫȏő#¨¯�Ȕ�639�6�6ŉǞ�5� �ĿǤźŲā9



� ���

ľ§�5ȕStandard template &ŲāȆ×%Ǉ®èź�Ƣ9ƃ��.#ů�36Ȕß�%�āƬ

Ű�9ĂÕ�5� ��ę�65ȕ�%�.ȔStandard VBMǇĺ#&Ȕstandard template�2

(Ɩơ¨¯%�.%ŚŹǖȔŹǖȔƬƫȏő%ƖơƁũdS  ̀ (tissue probability maps) 	đǂ

 "5ȕ�% standard template�2( tissue probability maps%�ę#&Ȕ�āƬŰ�#ó��Ȕ

ĂÕ³ȔŁŖ³Ȕ¨¯³Ȕ�2(Ăŗ³"!%����%¥Ŭ9ů�5ȕ 

 £��ȇƶ�:�: (mesial temporal lobe epilepsy, MTLE) &Şśē�:�:Ÿ�9

ƃ�İ/rƳź"�:�:��4Ȕ]W#���£ƅźōŷ)%¹Ē	y��Ȃōē�:�:

% 1 ���5ȕ]W MTLE ĔƧ#���ȔŏȌ�2(ěĽ�9Þƅź#©Ǻ�5� #24

Ÿ�%Őâ�5�&œö	Ǒ.365� 	ÙÅ�6��5 (ƌ 6 Ƌ·Š)ȕ�%� �3Ȕ

MTLE%�:�:µēȆ×&ŏȌ�2(ěĽ���5� 	ƃ�6��5ȕ+�ȔŵŬƖơè

źÝ³ ��Ȕß�% MTLE ĔƧ%©Ǻ�6�ŏȌ#&ŏȌƀ³Ȕ�"8�ǲ�ƕƩû%Ƅ

ƗƕƩŐâȔFkBqLNȔŏȌïƈ%œö	Ǒ.365ȕŏȌƀ³&ƂŊ¡ȑŰ�Ŏ 

(magnetic resonance imaging, MRI) #���/ŏȌƵƟ�2(�½ćą%Ý³ ��ǆò�
5ȕ

���"	3ȔROIŎ9ů��ŏȌïƈ%ǎ�#&ß�%įǵ ľļƧ%šƞą	đǂ "5ȕ 

 ƌ 1 Ƌ�ǡ*�2�#ȔîĬēƱşŸŶē�:�:ŧ (familial spontaneous epileptic 

cat, FSEC) %�:�:µēȆ×#&ŏȌ�2(/+�&ěĽ�	ų86��5ȕ�61�#Ȕ

standard VBM Ǉĺ#���/ FSEC%ŏȌ�2(/+�&ěĽ�%œö	Ǒ.365 �ǒ	

��365ȕŪÔ+�Ȕŧ#��5 standard VBMǇĺ%ÙÅ&"��.ȔĵſƉ%Żź&Ȕŧ

% standard template�2( tissue probability maps9�ę�Ȕ�639ů�� standard VBMǇĺ

#24 FSEC% structural abnormal zone9ľ§�5� ��5ȕ 

 

 

 

3.2. ĶĨ�2(ĪŎ 

3.2.1. �Ŭ 

 ĵſƉ&ĭĵŨ´ŮÈƅèàè%ëȍ²ţ�2(ŮÈ�ŬåÊ�%ĝǑ9č�ƻ8



� � �

6� (ĝǑű½ȗ13-24, 26K-29, 26K-27, 27K-8, 27K-10, 28K-2, 28K-4, 29K-4, 29K-5ȘſƉ�ƽƧȗ

ǳǔý àǟ)ȕ 

 

3.2.2. �Ǐ²ţ 

 ŸǨēÝ³�2(°ȓēÝ³%Ċȅ9Ǭ�5�.ȔĵſƉ&Ǜ�ľļȔƄƗèźľ

ļȔƺőľļ (é ƺūǉƍ�2(Ů³èľļ)Ȕ�2(÷ľļ#Į3�"Ųā	Ǒ.36"�

6pı�3 10Ňȓ% FSEC�2(�āŧ9óǕ ��ȕ 

 

3.2.2.1. Feline standard template�2( tissue probability maps%�ę 

 ŧ% standard template�2( tissue probability maps%�ę#���Ȕ�āŧ�3 2013

ă# 2ȇȔ2014ă# 6ȇȔ2015ă# 6ȇȔ2016ă# 12ȇȔ2017ă# 12ȇ%ǉ 38NDho 

(ǽ 19ȇȔǿ 19ȇ) 9ºč��ȕxáăȓ& 40pıȓ (16–73pıȓ)Ȕxá�ǰ& 3.5 kg (2.4–

6.0 kg) ����ȕ 

 

3.2.2.2. Feline standard template�2( tissue probability maps9ů�� standard VBMǇĺ 

 Standard VBMǇĺ#& 25ȇ% FSEC (ǽ 14ȇȔǿ 11ȇ) �2( 12ȇ%�āŧ (ǽ

6ȇȔǿ 6ȇ) 9ů��ȕ�63%ŧ%xáăȓ& FSEC 73pıȓ (10–98pıȓ), �āŧ 35

pıȓ (23–51pıȓ) ��4Ȕxá�ǰ& FSEC 3.6 kg (2.0–5.2 kg)Ȕ�āŧ 3.3 kg (2.6–5.0 kg)

����ȕ 

 

3.2.3. ȒǮ�2(MRI`nWIl 

 ĵſƉ#�ů�� MR Ű�& � 3.0-Tesla MR ƾƢ (Signa® HDtx 3.0T, GE 

Healthcare, 
�) 9ů��Ĥ���ȕRFI=l#& 8 ch]WůƮI=l9ů��ȕĤ�į&

ŧ9ƭƯ�#�ê�ȔRF I=l£�ȇǭ9Óê��ȕ �%ŧ& MRI ĤĊ­ö"� / 12

įǵ%ƚȊƚŋ9ƻ�ȔĤ�x&zǯkoHl (5 mg/kg/h ) 9śŘ��ȕȒǮ& 7 mg/kg (IV) 

`nc^Aql (`nc^Aql®, ðüǀƹ, ðüȘ`nc^n® 28, DS^;qd<Ydla



� ���

lNȔàǸ) �ô��Ȕ2.0%=P^ljo (=P^l, DS ^;qd<YdlalN, àǸ)  

100%ǯƓ%ŒÀŊ�#24ƛġ��ȕȒǮį%ÇÄƎŬ#&�þÇÄÎ9ů�Ȕ12 Ï/¨�ƛ

ġ��ȕĤ�x& MRI �ú%�^;=[q\lNǯƓřąǉ (bk^?jlHqW`nq_, 

GE Healthcare, Ĺ~) #24ĐğĦ9gYQq�Ȕ36–38�%�Ŕ9ƛġ�5�.Ȕ�ŔĶ9�

%ÆÒ#ǌƢ��ȕĤ�LqGoN& spoiled gradient echoŎ9ů�� 3D T1ćǓŰ�9ƻ�� 

(TR/TE = 6.5/3.1 ms, FOV = 15 × 15, slice thickness = 0.6 mm, matrix = 256 × 192, NEX = 1, and in plane 

resolution = 0.58 × 0.78)ȕ 

 

3.2.4. VBM¥Ŭ 

 ĵſƉ% standard template tissue probability maps%�ę�2(�63%Uo`mq

W9ů�� standard VBM Ǉĺ#&ȔŤǋ%"�ǹ4�´ŷ�İ/rƳź#ů�365Ħ�Ǉ

ĺP^W Matlab 6.5 (Mathworks, Natick, Massachusetts) �2(Ű�ǇĺP^W Statistical 

Parametric Mapping (SPM12, Wellcome Department of Congnitive Neurology, London) 9ů��ƻ�Ȕ

ĪŎ&]W�ƻ86��5/%#Č��ƻ�� [Ashburner and Friston, 2000]ȕ¿Ƈķ�ǌê#

Ƕ��Ȕ]W#��5ŁŖǌê9ů��	ȔSPM12#��5ŁŖ³#& x, y, zǜ#ó�5rƳ

%ȃƝĉÝģ9ů��ȕ̈ ¯³#��5uÕrƿŅ#&����%ǌê9ƻ��	Ȕ̈ ¯@j

q	İ/ö"� 30 mm bias full width at half maximum (FWHM) 9ů��ȕ+�ȔĂŗ³¥Ŭ#

&ť�ů�36� FWHM isotropic Gaussian kernel#Č�� [Tapp et al., 2006]ȕ 

 

3.2.5. Feline standard template�2( tissue probability maps%�ę 

 Feline standard template�2( tissue probability maps%�ę^nqRhqW9 Figure 1

#ƃ�ȕ 

 

3.2.5.1. Feline standard template%�ę 

 �āŧ 38 NDho%�6�6#ó��ȔŅx sagittal ĩȄ9ů��­}ǥ-ċ}ǥ 

(anterior commissure-posterior commissure, AC-PC) 9ŋĂ#�ƢÀ8���ȕ�%įȔµś&­



� ���

}ǥ#ǌê��ȕAC-PC�ƢÀ8�9ƻ�� 38NDho9ĂÕ³��ȕ�69 initial template

 ��ȕAC-PC�ƢÀ8�9ƻ�� 38NDho9 initial template#ó��ŁŖ³��ȕŁŖ³

�� 38NDho9ĂÕ³��Ű�9 feline standard template ��ȕ 

 

3.2.5.2. Feline tissue probability maps%�ę 

 Feline standard template%�ę#ů�� 38NDho%��Ȕǽ�3 5ȇȔǿ�3 5ȇ

% ǉ 10 N D h o 9 ŝ � Ŝ # ǫ Ğ � Ȕ Ű � Ǉ ĺ P ^ W MRIcro software 

(http://people.cas.sc.edu/rorden/mricron/index.html) 9ů��ȇƷÞƖơ9Ĝ²#�Ǻ¶��ȕ

SPM12#25Ɩơ¨¯&ŚŹǖȔŹǖȔƬƫȏő% tissue probability maps9đǂ �5�.Ȕ

İª%Ɩơ¨¯#&ȔƬŰ�ǇĺP^W FMRIB Software Library (FSL, FMRIB, Oxford) 9ů�

�ŚŹǖȔŹǖȔƬƫȏő%Ʊ²¨¯9ƻ��ȕ�63%Ű�9�6�6 2 mm FWHM isotropic 

Gaussian kernel#�Ăŗ³�ȔĂÕ³��/%9 initial tissue probability maps ��ȕInitial tissue 

probability maps9ů��AC-PC�ƢÀ8�9ƻ��38NDho9�6�6¨¯³�2(2 mm 

FWHM isotropic Gaussian kernel#�Ăŗ³��ȕĂŗ³�6� 38NDho9ĂÕ³�Ȕ�69

secondary tissue probability maps ��ȕİċ#Ȕfeline standard template9secondary tissue probability 

maps9ů��¨¯��ȕ�%¨¯³#��5ȇƷÞƖơŒ�%¨¯@jq& MRIcro software

9ů��Ǻ¶��ȕ�63%¨¯Ű�9 feline tissue probability maps ��ȕ 

 

3.2.6. Standard VBM­¥Ŭ 

 FSEC (n = 25) �2(�āŧ (n = 12) �3č36�Ű�%AC-PC�ƢÀ8�9ƻ�

�ȕ�3#ȔAC-PC¥Ŭ9ƻ��Ű�9�% 38NDho�3�ę�� feline standard template

#Ø#ŁŖ³�Ȕ�3# feline tissue probability maps9ů��ŚŹǖȔŹǖȔƬƫȏő#¨¯�

�ȕ+�ȔƙǉǇĺ9ƻ��.ȔŚŹǖŰ�9 3 mm FWHM isotropic Gaussian kernel#�Ăŗ

³��ȕ 

 

3.2.7. Standard VBMǇĺ 



� ���

 FSECƤ �āŧƤ#��5ŚŹǖ%ĉĘŕê#&ȔSPM12£Ƹ% tľê9ƻ�� 

(ƤǵǇĺ)ȕ�3#Ȕ��� %ĉĘŲā9ŕê�5�.Ȕ¿ FSEC�� �āŧƤ#��5

ŉǞ9Áŀ% t ľê�ƻ�� (��Ǉĺ)ȕȆ×%Ťê&ŧ%Ƭ<WjN [Sinder and Niemer, 

1961] 9·Š��ȕVBMǇĺ#���ȔFSEC%ŏȌ �%ƵƟ9ľǊ�5�.Ȕvoxel%Ǿ

ÀǱ (cluster-level) #ó��Ǉĺ9ƻ��ȕ �%ľê#���Ȕªĳ voxelǷ�& 0.001#ǌ

ê��ȕ�%ċȔcluster-level%ßǰŉǞƿŅ%�.ȔFamily Wise Error (FWE) ƿŅ9ƻ��ȕ

ƿŅ cluster-level	 P(FWE) < 0.05��5ÚÀ#ĲėĀ�4 ��ȕ 

 

 

 

3.3. ƘĻ 

3.3.1. Standard template�2( tissue probability map%�ę 

 ]W�ů�365ĪŎ#Č�Ȕfeline standard template�2( tissue probability maps (Ś

ŹǖȔŹǖȔƬƫȏő) %�ę&»ƪ����ȕ���"	3Ȕtissue probability maps�ę#�

��Ȕ¨¯@jq#24ŚŹǖ��5Íū%rǭ	Ƭƫȏő#¨¯�6�ȕ�ę�� feline 

standard template�2( tissue probability maps (ŚŹǖȔŹǖȔƬƫȏő) &�6�6 Figure 2�

2( 3#ƃ�ȕ 

 

3.3.2. Standard VBMǇĺ 

 FSEC Ƥ �āŧƤ#��5 2 ƤǵŉǞ���Ȕ �%ŚŹǖȆ×#Ĳė"œö&

Ǒ.36"���ȕrĪȔ¿ FSEC �� �āŧƤ%ŉǞ�&Ȕ5/25 ȇ (20%) #���ŏȌ

�2(/+�&ěĽ�Ȇ×#Ĳė"œö	Ǒ.36� (P(FWE) < 0.05)ȕ�%��ŉǞ#���œ

ö	Ǒ.36� 4ȇ�&Ȕ­ȇƶ (n = 2)ȔõƬ (n = 2)Ȕ�ȇƶ (n =1) #���/œö	Ǒ.

36� (P(FWE) < 0.05)ȕ�63% cluster#Ƕ�5ǐƕ (cluster-level P(FWE) �ȔclusterJ=OȔµ

ś�3%ĆŁȔǭ�) & Table 1 ƃ��ȕŏȌ�2(/+�&ěĽ�%œö9Ǒ.�¢Öź" 1

ȇ% FSEC%ƘĻ9 Figure 4#ƃ��ȕ  



� ���

3.4. Ʀò 

3.4.1. Feline standard template�2( tissue probability maps%�ę 

 ĵſƉ&�āŧ 38 NDho�3ę5 feline standard template �2( feline tissue 

probability maps%�ę9ëŪ�5� 	�
�ȕ�%à
"ǂÐ ��Ȕŧ%Ƭ%à
��2

(ĉĘ#��Ā0ÉƇĀ	ŉǞźö"�� 	Ʀ�365ȕ�61�#ȔžȇƇ9Ǻ�Ų"5

ŧ%ÉƇ#ó��/ĵſƉ% feline standard template�2( feline tissue probability maps&�ů�


5 Ʀ�365ȕ���"	3ȔĵſƉ% feline tissue probability maps#&ȔÍūȆ×%¨¯

@jq	Ǒ.36�ȕŧ%Íū&ÿ¼9¦:�ȇƷȎ#ǃ86��5�.Ŧ�ȔŚŹǖ Ƭƫ

ȏő%IoWjNW�t#24ŸŮ��@jq Ʀ�365ȕ�61�#ȔƈƍÏĦ9Ü0�

Ű�Ǉ�ą9Ü°��5� �ǇŐ�65 Ʀ�5ȕ+�Ȕ�´ŷ#��5 SPM12%ŁŖ³

#&ȔńƐ�0Ĺ<M<�"!�Ƈǵ%ĀŲ#ó��Ų"5ŁŖ³\jfqQq	çÔ�5	Ȕ

Ũ´Ȇ×#���Ȕ�63%\jfqQq%�ů&u»ƪ��5ȕȇǭ%ĉĘ	ÉƇ#24à


�Ų5ť#���&ȔžȇƇȔxȇƇȔǳȇƇȔ�2(xȇƇ ǳȇƇ%ŒÀ%Uo`mq

W9ů��ſƉ	��#ƻ86��5 [Milne et al., 2016]ȕŧ#���/ȔblLhŧ#�ƽ�

65žȇƇ�&ȇǭ%ĉĘ	Ų"5ȕ�%�.ȔžȇƇ"!%Ťďź"ȇǭĉĘ9ġ�ŧ#ó

�524ŅƁ"Ǉ®èźǭ�%Ťê#&ȔÉƇ� �5�&ĉĘ#À8�� standard template

%�ę	đǂ��5 Ʀ�5ȕ 

 �´ŷ#��5 standard template#���ȔSPM9ů��]W VBMſƉ�&Ȕg

oWkBqlƄƗèſƉĚ (Montreal Neurological Institute, MNI) ��ę�6�ƬUo`mqW

	rƳź#ů�36��5ȕİª#ǴŸ�6� MNI Uo`mqW (MNI305) & Talairach Ƭ 

[Talairach and Tournoux, 1988] 9Ø#Ȕ305�%�āƧ%T1ćǓMRŰ�9ĂÕ��/%��

5 [Collins et al., 1994]ȕ�%TalairachƬ&¿ƬȆ×#��5µś�3%Ǚȁ (x, y, zǜ) 9ƃ�

�/%��4ȔŮŬèźŃƪ9¾5Ȇ× %żǶē	Ȑ�_nqXdoȆ×#Ǡ����5ȕ

�61�#ȔMNIƊǵ#��5ŲāȆ×#ó��ŃƪǇ®ź�Ȅ�3%�Ƣ9Ģŕ�
5ȕ�

��"	3ȔĵſƉ��ę�� feline standard template&TalairachƬ%2�"ŃƪǇ®èźĆŁ

9ġ�Ű�#ó�5ŁŖ³9ƻ���"��.ȔMNI Uo`mqW	ƃ�2�"ŲāȆ× 



� ���

ŮŬèźŃƪ%żǶē9ġ��5� &�
"���ȕƄƗƅèſƉ#���Ȕŧ&ß�%Ƭ

ſƉ�ů�36Ȕ�%Ńƪ	Į3�#"���5Ȇ×	ß�çÔ�5ȕưĄ�#���ȔŃƪ

źǼí9ƃ�ƄƗèźŵÝøÔ VBMǇĺ#��5ŲāȆ×%żǶē	Ǒ.36�ÚÀȔǍ

ĩƑą�2(ŵĘŬǇ%Âs#Ơ	5� 	{Ė�65ȕ�%�.Ȕ�3"5ſƉ#���Ȕ

feline standard template#ŅƁ"ŃƪǇ®èźĕÙ9�°�5� 	đǂ��5 Ʀ�5ȕ+�Ȕ

ëȍ²ţ ��2�ů�365
�ņȉ ŉǞ��Ȕŧ&ƬÏ0ŉǞźà
�Ƭïƈ9ġ��

.Ȕŧ#��5VBMſƉ%Ÿù&Ȕ�´ŷ#Ēů�
5»ƪē	�5ȕ 

 

3.4.2. Standard VBMǇĺ 

 ĵſƉ&Ȕŧ#ó�5 standard VBM9ƻ��ª.�%ÙÅ��5ȕ�%ƘĻ&]W

#ó��ǴŸ�6�VBMTql	ŧ#���/«ů»ƪ��5� 9ƃ���5ȕť#��

5VBMǇĺ&��#ÙÅ�6�4 [Tapp et al., 2006]ȔVBM&��²ţ#ó��ëŪ»ƪ"¨

ĺTql� Ʀ�365ȕ 

 ĵſƉ& 5/25ȇ (20%) % FSEC�ŏȌ�2(/+�&ěĽ�%ĿǤŲā9ƃ��ȕ

�63%Ȇ×&�6+�%ſƉ�ľ§�6�FSEC#���Ėê�65�:�:µŮȆ×#r

Ʋ�5 [Kuwabara et al., 2010; Hasegawa et al., 2014; Mizoguchi et al., 2017]ȕrĪ�ȔFSEC �ā

ŧ#��5ƤǵŉǞ#���ĲėĀ&Ǒ.36"���ȕ�6&Ȕň4% 20/25 ȇ (80%) %

FSEC #���ŏȌ�2(/+�&ěĽ�#ĿǤŲā	Ǒ.36"���� 	Ċȅ���5

 Ʀ�365ȕǧ¶% FSEC%ſƉ#���ȔMizoguchi et al. (2014) &ȔFSEC%ŏȌïƈ#

���ȃóƆē9ƃ��	Ȕÿ��5�&¼��%ƤǵŉǞ#ĲėĀ&Ǒ.36��"�ȕĵ

ſƉ%ƘĻ/ȉ��5�.ȔFSEC&��� #�:�:µēȆ×%�Īē�2(ŏȌƀ³%

Ĳŝ	Ų"5� 	{Ė�65ȕ�61�#Ȕstandard VBM¨ĺ&�:�:µŮȆ×ľ§Ŏ 

�� ROI Ŏ#�84č5ŕêŎ Ʀ�365ȕ�´ŷ#���ȔMTLE %ōŷ&Þƅźōŷ

	ƻ865� 	ß�ȕĈşȔ�:�:µŮȆ×%Ťê&ĔƧ� #ƻ865ȕĵſƉ&¿

FSEC��#ó�5 standard VBMǇĺ	�:�:µŮȆ× ��ų865ŏȌ�2(/+�&

ěĽ�9Áê�
5� 9ƃË�5ƘĻ "��ȕ�%�.ȔŨ´Ȇ×#��5ÎǖźŲā9



� �	�

Ǒ."��:�:#ó�5Þƅźōŷ&Ĵ�ƻ86��"�	ȔĵſƉ#��5 feline standard 

template�2( tissue probability maps9ů�� standard VBM#25��Ǉĺ&�:�:%Ƽ­

ľļ ��Ĳů"/% "5�7�ȕ 

 ]WîĬē MTLE %ƒ 57–70%%ĔƧ&ŏȌƵƟ9ġ�� 	ÙÅ�6��5 

[Kobayashi et al., 2001; Kobayashi et al., 2003; Conz et al., 2011]ȕ]WîĬēMTLE#���ȔŸ�

ñǇ%ĔƧ% 46%Ȕ£ƅōŷ#24ƴã"Ÿ�IoWnql%ĔƧ% 51%ȔȂō"MTLE%

ĔƧ% 100%#���ŏȌ%ƵƟ	Ǒ.36��5 [Kobayashi et al., 2001]ȕĵſƉ#���Ȕ

ſƉóǕ "�� FSEC%Ÿ�Ȉą%ǆò&ƻ���"�	ȔĵſƉ#��5 FSEC�ŏȌƵ

Ɵ	Ǒ.36�¯À& 20% (5/25ȇ) ��4ȔFSEC&ƴē%îĬēMTLE%»ƪē	�5ȕ

���"	3Ȕ]WîĬē MTLE #���Ÿ�Ȉą Ƕǥ%"�Ǧƻē%ŏȌïƈ%œö	

Ǒ.36��5�. [Conz et al., 2011]Ȕ�3"5 FSEC%ſƉ#���ȔƗįź#VBM¨ĺ

9Ǣǚ�5� &Ȕ�ā�� Ų"5ŏȌïƈ%œöũ9Ǒ.5»ƪē	�5ȕ 

 ŏȌ�2(/+�&ěĽ�%œö9Ǒ.� 5ȇ% FSEC%��Ȕ�%�Īē&w�	

3ȇȔÿ�	 2ȇ����ȕŏȌƵƟ%�Īē&]WîĬēMTLE#���/îĬ£�Ų"5 

[Ikeda et al., 2000]ȕFSEC&Ár%ŭÛt (Á�GqMNbqNȔȊ|ȔìŔ) �%ȋƨ9ƻ�

��5�.ȔŏȌƵƟ%�ĪēŌê#&ŭÛÐæ�Þ%Ðæ	Ƕ����5»ƪē	�5ȕ�

ĪēŌê#Ƕv�5Ðæ%Ʀò#&�3"5Ǔļ	đǂ "5ȕ 

 

3.4.4. ĵſƉ#��5¬ǹ 

 ĵſƉ& standard VBMŎ9ů��ȕ�´ŷ�&ȔŪÔ optimized VBMŎ [Good et 

al., 2001] 0 deffeomorphic anatomical registration using exponentiated lie algebra based VBM Ŏ 

[Ashburner, 2007] 	ĥƴÖ%ĪŎ ��ǴŸ�6��5ȕ�63%ĥƴÖVBMǇĺ& standard 

template#ó�5ǰ$À8�9ĥÌ�5ĪŎ��4Ȕ�3"5ǁȀ"¥Ŭ	đǂ "5ȕ]W

�ȇƶ�:�:ĔƧ9ů���63%VBM%ĪŎ9ŉǞ��ſƉ#���Ȕstandard VBMŎ

&����%<qR^;EWȆ×9Ã-� 	ÙÅ�6��5 [Keller et al., 2004]ȕ�61�

#ȔĵſƉ#��5��Ǉĺ�Ǒ.36�ŏȌ�2(/+�&ěĽ��Þ%­ȇƶ0õƬ%œ



� �
�

ö#���Ȕ�%ėƥ9ǈ¸�5� &ÑȂ��5ȕ+�ȔĵſƉ%ƤǵǇĺ#���Ȕ<q

R^;EWȆ×&Ǒ.36"���	Ȕfeline standard template#ó�5ǰ$À8�%�6#2

4ŏȌ%2�"ĎõĿǤ�&œö	Ǆǣ�6��5»ƪē	�5ȕ�%�.Ȕ�3"5ſƉ#

���&ȔĥƴÖVBMŎ%ëī	đǂ��7�ȕ 

 +�ȔĵſƉ�ů��¨¯³#��5ÕrēƿŅ#& 30 mm bias FWHM 9�ů�

�ȕrƳź#Ȕ7-Tesla MRI%2�"ǘȐƂÚMRƾƢ9ů��Ű�&ƂÚ%ƊǵźuÕrē

#25ej0'�,	ŸŮ�5�.Ȕć�ƿŅ (30 mm bias FWHM) 9��5đǂ	�5ȕ3-

Tesla MRƾƢ#ó��& 60 mm bias FWHM	ů�365� 	ß�	ȔŰ�#Ē��Ǔħ�

65ȕĵſƉ& 60 mm bias FWHM#25¨¯³9ƻ��ǻ#ȔŢ�%ŏȌ	ŹǖȆ×#¨¯

�65@jq	Ǒ.36��.Ȕ30 mm bias FWHM 9ů��59č"���ȕŧ%ƬJ=O

	]W ŉ*�õ���.#ȔŰ�%uÕrē	ŸŮ�� Ʀ���5ȕ�%ƿŅćą%ǩ�

#25ǇĺƘĻ)%Ċȅ&8����"�	ȔrƳź"]W% 3-Tesla MRI#��5 VBMǇ

ĺ#Č��ǌê (60 mm bias FWHM%�ů) #&24Õr"Ű�%ºč	đǂ��5ȕ�%�

.ȔƈƍÏĦ%Ü°0gqLio<qR^;EW%ǝœ9ƻ�� �Ȕ24ŅƁ"VBMǇĺ

#�"	5 Ʀ�5ȕ 

 

3.4.3. VBMǇĺ%ǪĒ 

 ŧ%ŤŸē�:�:%ƣĔũ&]W0ť ŉǞ���� [Smith et al., 2009; Wahle et 

al., 2014; Pakozdy et al., 2014]ȕ���"	3Ȕŧ%�:�:&�ȇƶǗä%Ÿ�Ö	ß� �6

5 [Kitz et al., 2017]ȕ�3#ȔWagner et al. (2014)&Ȕ�:�:%ŧ% 3¨%Ȗ#]W%ŏȌƀ

³ ȉ��5ƄƗŵŬèźÝ³9ÙÅ���5ȕƏ���žįǵ�%¥Ŭ	»ƪ" Standard 

VBM&Ȕàǅł"Ǔļ9ƻ�� 	»ƪ��5�.Ȕàǅł"�:�:%ŧ#ó�5VBM¨

ĺ&Ȕ�3"5�:�:%ŵĘŮŬǇĮ%r± "5�/�6"�ȕ 

 �´ŷ#���Ȕ<lTZ=dqŵ%Ǎĩ#& MRI 	ů�365ȕMRI ľļ&�

%�%ŴĔ9ǺÞ�5�.#ƻ865	ȔVBM ¨ĺ&<lTZ=dqŵ	ƃ�Źǖ%Ďö"

Ý³9ľ§�5� 	�
5� 	Ž36��5 [Matsuda, 2016]ȕǠăȔŧ&]W<lTZ=



� ���

dqŵ#ȉ��5ƖơŵŬèźĚǄ	ŸǄ�6Ȕōŷ¹Ē#ó�5gVl²ţ#Ǫ���5�

 	ƃË�6��5 [Chembers et al., 2015]ȕĵſƉ&�:�:ŧ9óǕ#ƻ��	Ȕ<lTZ

=dqŵ"!%ÝēēŴĔ#ó��/VBM¨ĺ9ƻ�� &Ĳů�/�6"�ȕ  
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3.5. õĠ 

1) ]Wů#ǴŸ�6� VBM Tql9ů��ŧ#��5 standard template �2( tissue 

probability maps%�ę&»ƪ��5ȕ 

2) FSEC �āŧ%ƤǵŉǞ���Ȕ�*�%Ȇ×�Ĳė"œö&Ǒ.36"���ȕ 

3) ¿ FSEC�� �āŧƤ%ŉǞ#���Ȕ25ȇx 5ȇ (20%) % FSEC�&ŏȌ�2(/

+�&ěĽ�%œö	Ǒ.36�ȕ 

4) Standard VBMŎ#��5��Ǉĺ&�:�:µēȆ×ľƔ#Ĳů"ǇĺŎ#"4č5ȕ 
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Figure 1. Feline standard template��� tissue probability maps�#5�� �� �Y
AC-PC, (!Q-2!Q; FSL, FMRIB Software Library; SPM, Statistical Parametric 
Mapping. 
 
 
 
 
 
 
 
 

 
Figure 2. 38T�%1A��#5�	 feline standard template�7R$YA, transverse7
R; B, sagittal7R; C, dorsal7RY 
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Figure 3. 38T�%1A��#5�	?EPXEPXJIV=� feline tissue probability 
maps�7R$Y+BS-
��
X?EP���JIV=� tissue probability maps�
')�� �O���	 (WLG*)Y 
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Figure 4. <U (G*) ���6:" (GT) �&,F�>0�O�	 FSEC� 1$Y 
Transverse7R
���(TM��2TMS-�H�Y�� NHS-�94�>0�
O�	S-��� (P(FWE) < 0.05, t;.)YFSEC, /83K@DC3
���AY 
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Ƥ 4ơ 

 

 

öļĝǌųƊƈĝ!>
>ź=ƃ��Ɗ�ƏĖ(Diffusion	6+ Perfusion Magnetic Resonance

buq}W}(çÀ 

 

 

 

4.1. Ƹǥ 

 !>
>Æĝȟá)!>
>(ǈ(ŸĢ=éǣƌ&²ĺ�9�2ȫ!>
>èƚ(

Ǘ¸Őō��"%�!>
>(ƇĢƂƁ(ǤȊ&	�!ł3ȋǝ%ŒĜ#ǀ�7:!�9 

[Rosenow and Lüders, 2001; Lüders et al., 2006]Ȭ!>
>Æĝȟá)�!>
>Ɗ��ï/9ě

ǝÂ°%ȟá"ȫ±Ȕ (�9�)ó©ȅĺ) &68ȫ!>
>Ɗ�(ťì=3�7�łü(ƍ

ǳȇ��#ôƿ�:!�9ȬƤ~ơ"Ǻ-�6�&ȫ�(ŒĜ)��( 5 (ƍǳƆćá
7

œģ�:!�9ȭirritative zone, seizure-onset zone, symptomatogenic zone, structural abnormal zone 

(epileptogenic lesion), 	6+ functional deficit zoneȬřƖ%!>
>Æĝȟá)ĦǗĖ&ŷô�

:9�2ȫĶúƹÐ��=ƃ�9Ä~§ñĶúĺāĵĒ (single photon emission computed 

tomography, SPECT) 4ȕșñĶúĺāĵĒ (positron emission tomography, PET)ȫǈ¬&șő=

Ǩƽ�9d\GŧȇǈŠ%$(�ǜƌ%Őō=Ñ1Ŕ�%Ǘ¸Őō�ěǝ#%9Ȭ�:7(Ő

ō&ś-ȫŻÁƉ&	�!ȨȈ(0=ěǝ#�9ƗŜªȧƄ¤ş (magnetic resonance imaging, 

MRI) )ț�ǜƌ%Őō#ǥ�9Ȭ 

 öļĝǌųƊƈĝ!>
>ź (familial spontaneous epileptic cat, FSEC) )¬¢¢ȠǑ

!>
> (mesial temporal lobe epilepsy, MTLE) (ǌųƊƈĝȆ�ĝ¿Ŷr\w#�! 2009 ĉ

&ƊǞ�:� [Kuwabara et al., 2010]ȬFSEC)ȫǌųƊƈĝǹƺƨƊ��9�)�:&ƵƊ�

9©ǏƊ�	6+¸Č¶ŬǮƊĝ©ǏƊ�( 2 (!>
>Ɗ�à=ĭ Ȭ�:/"( FSEC

(ƔƟ&	�!ȫirritative zone	6+ symptomatogenic zone&ǹƺƨȟá [Kuwabara et al., 2010]ȫ



� ���

structural abnormal zone&Ťȣ [Mizoguchi et al., 2014] 	6+/�9�)ĥŏ� (Ƥ 3ơÈŴ)ȫ

seizure-onset zone [Hasegawa et al., 2014] 	6+ functional deficit zone [Mizoguchi et al., 2017] &Ť

ȣ	6+/�9�)ĥŏ��ƘØ�:!�9Ȭ 

 Ƅ¤ǩĺ&	�!ȫfunctional deficit zone)Ɗ�ȐŘņ SPECT4 PET&69Ő¯�

~Ǐƌ"�8ȫseizure-onset zone)Ɗ�ŀ( SPECT4d\GŧȇǈŠ"ı¯�9�#�"�9 

[Lüders et al., 2006]Ȭ~ĻȫīķďǯƄ¤ (diffusion-weighted imaging, DWI), īķ[zVwƄ¤ 

(diffusion tensor imaging, DTI) 4ŮŢďǯƄ¤ (perfusion-weighted imaging, PWI) (6�%¦Ȁ

ƌ%MRIĵ¤ĨǗ(ȏƊ&68ȫfunctional deficit zone4ęü%œǾƌ/¿»òƌçÀ=ı¯�

9�#�ËǄ&%�� [Hajnal et al., 1991]ȬSPECT	6+ PET)ǈ(ŮŢ4�ǰȫ�%<�ǈ

ŗǄ=řƖ&ǫ��9�#�"�9�ȫ�(ƠȐ°ǤǄ����2ȫ�ÁƉ") SPECT4 PET

(Ƅ¤=ƠȐ°ǤǄ�Ȧ�MRIƄ¤&ȋ'Ï<�9�#"řƖ%�ƽ(Ðô�ǖ<:!�9Ȭ

�
�%�7ȫŻÁƉ&	�!ȫSPECT4 PET(ŁÉ)ő2!ȓôƌ"�9�2ȫ~Ǐƌ&

ŁÉ�  �9 MRI &69 seizure-onset zone (ı¯�ËǄ"�:*ȫț�ǜƌ
 68Ȧ�

ƠȐ°ǤǄȫ�7&)ǋĊƌ&õſËǄ%Őōş#%9ȬȂÇ&Mizoguchi et al. (2017) )ȫB

VewuzȨȈ�&	�9Ɗ�ȐŘņ( FSEC &ù�9 DWIȫDTIȫ	6+ PWI(ńƃĝ=

ǯō�ȫfunctional deficit zone#�!Ťȣ	6+//�)ĥŏ�(Ȧīķ	6+�ŮŢ=Ő¯�ȫ

Diffusion	6+ Perfusion MRI(ËǄĝ=ãÓ�!�9Ȭ 

 ŇƔƟ(Ǝƌ)ȫFSEC&	�9 seizure-onset zone	6+ functional deficit zone(Ő

¯"�9�ȫȨȈ�ěǝ%¿Ŷ(MRIĵ¤&	�!ȫƊ�ŀ(MRIĵ¤)ÜȘ=ő29Ȭ�

:5�&ȫŇƔƟ)Ɗ�ȐŘņ#ÄƊ(!>
>Ɗ�ƏĖ(ǈ(īķ	6+ŮŢ=ūô�ȫ�

(çÀ=ǯō��Ȭ/�ȫFSEC&ù�9DWIȫDTIȫ	6+ PWI(®ſĝ	6+ńƃĝ& 

�!3ŐǪ��Ȭ  
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4.2. ňĹ	6+Ļş 

4.2.1.  Ɓ 

 ŇƔƟ)ĽŇŻÁƂÖƚòêò(õȤ¿Ŷ	6+ƂÖ Ɓð×�(ħǭ=ė!ǖ<

:� (ħǭƅÍȭ25K-4, 26K-29, 27K-10ȮƔƟ�ǙǁȭȎǱĂ êǸ)Ȭ 

 

4.2.2. �Ǭ¿Ŷ 

 ŇƔƟ) FSEC (FSECƾ: Ȗ 5Ƞ, ȗ 1Ƞ) 	6+¡ćź (Oz]y}wƾ: Ȗ 3Ƞ, 

ȗ 3Ƞ) =�:�: 6Ƞ� �ƃ��Ȭ�:7(ź)ǵ�ŐōȫƙưòƌŐōȫǕŦŐō (ó

©ǕƀǦƥȫƂÀòŐō)ȫ	6+þŐō&Ŀ7
%Ɔć)ǭ27:%��#=Ɩǭ�!�9Ȭ

FSEC ƾ")©�#3¸Č¶ŬǮƊĝ(©ǏƊ�=Ƙ���=ƃ��ȬFSEC ƾ(�ëĉȩ)

36.5{ŃȪ (ƧÝ 17–74{Ń)ȫ�ë�ȋ) 4.1 kg (ƧÝ 2.8–5.6 kg) "���ȬOz]y}wƾ

&) FSEC(öƨ#)űȑ�(��=ƃ�ȫ�ëĉȩ	6+�ë�ȋ)�:�: 74{ŃȪ (Ƨ

Ý 41–47 {ŃȪ) 	6+ 3.3 kg (ƧÝ 2.4–4.0 kg) "���Ȭ 

 

4.2.3. ƔƟ\QBz 

 FSECƾ")Ɗ�ȐŘņ	6+Ɗ�ƏĖ&MRIĵ¤=ǖ��ȬƊ�ȐŘņ(ĵ¤)

ý%�#3 10ǿȐƊ��%�ŸĢ"ǖ<:�ȬƊ�ĖņMRI)¸Č¶ŬǮƊĝ©ǏƊ�Ė�

�& MRI ĵ¤=ǖ��ȬƊ�ǮƊ(�2(¸Č¶Ŭ)ŕĳ:ȁ¿ (1 ēĘ/ƛ, 2 °Ȑ, BzW

}aw 30ƛ, łê 3UY]) =ǖ�ȫ�(ĖȫÚǶȁ¿ (1ÚǶ/ƛ, 1°Ȑ, BzW}aw 30

ƛ, łê 5UY]) =ǖ��Ȭ�(¶Ŭ)Ɗ��ǮƊ�:�ŀŰ"Ʈ�#�ȫǽ4
&MRIĵ

¤,#Ɯǖ��Ȭ 

 Oz]y}wƾ")ǮƊƊ�=ǖ<%�ŸĢ (FSEC ƾ(Ɗ�ȐŘņ&ƐĐ) #

FSECƾ#Ð�ǮƊ¶ŬĖ 10°�¬ (FSECƾ(Ɗ�Ėņ&ƐĐ) (MRIĵ¤=ǖ��ȬOz

]y}wƾ&	�9ǮƊƊ�)�Ǻ��ewUY] (ŕĳ:ȁ¿ × 3UY], ÚǶȁ¿ × 5U

Y]) =ǖ��Ȭ 

 



� �
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4.2.4. MRIgy]Ow 

 ©!( MR Ƅ¤) 3.0-Tesla MRI ǚƽ=ƃ�!żė� (Signa® HDx 3.0T, GE Health 

care Japan, Ŋ�)ȫRFOBw&) 8 chc]ƃǊOBw=ƃ��Ȭ©!(ź"MRIĵ¤¸ 12ŀ

Ȑ(ƴȢƴŝ=ǖ�ȫŖ¢ƍȚǅ&ǕƦƖ�=ǖ��ȬȨȈû¨&)gymeF}w (gym

ey 28, DSe?}n@_nwhwS, êȒ) (7 mg/kg, IV)=ƃ�ȫŜƦXt}f=ĮƦĖȫ2–3%

(Ulewuz (Ulewxz, �ƓǛǔ, êȒ) #ȉƫ(ŨÏ&!ȨȈƶĭ=ǖ��ȬȨȈ�

)�ăÕÒÙ=ƃ�!ĲŜ�� (Ŝȃ¬Þ = 12–15 cmH20, ÕÒÚĸ = 12–15Ú/min)ȬĚĪĸ

) MRI �Ā(§e?Ba}bwSȉƫŭċǦ (jveDuwN}]gy}f, GE Healthcare, 

Ŋ�) =ǂƢ&Ǩƽ�r_WvzM=ǖ��ȬMRI ĵ¤�(�Ū)�Ūň=ƃ�!ȫ36–37�

&ƶĭ|ƦƁ��Ȭ  

 DWI) spin echo-echo planar imaging (SE-EPI) periodically rotated overlapping parallel lines 

with enhanced reconstruction =ƃ�!Êė�� (TR/TE = 8000/87.4 ms, FOV = 15 × 15, slice 

thickness = 3.0 mm, matrix = 256 × 256, NEX = 1, motion probing gradient = 3 axis, 	6+ b value = 

1000 s/mm2)Ȭ 

 DTI) SE-EPI&68Êė�� (TR/TE = 8000/85 ms, FOV = 15 × 15, slice thickness = 

3.0 mm, matrix = 128 × 128, NEX = 2, motion probing gradient = 15 axis, 	6+ b value = 1000 s/mm2)Ȭ 

 Dynamic susceptibility contrast (DSC) enhanced PWI) gradient echo-echo planar imaging

&68żė�� (TR/TE = 2000/32 ms, FOV = 15 × 15, slice thickness = 3.0 mm, matrix = 256 × 192, 

NEX = 1, time-resolution 2 s/phase, number of phase 50 time points/slices = 20, slices of images = 1000, 

	6+ total imaging time = 100 s)ȬŇƔƟ(DSC-PWI)ȫǾĒº&)I^R@o  ̂ (Gp_S

Jsz®, Ƥ~�ª, Ŋ�) 0.2 mL/kg (0.1 mmol/kg) =ƃ�ȫǌ¿š¨Ù (SjL]vS|Vuv

S®, ĽŇq^uY ,̂ êȒ) &69ǌ¿ IVĩ� (1 mL/s)&68Êė��Ȭ/�ȫǾĒºĩ�Ə

Ė&ȫƂƁȢåŝ 12 ml=Ð~ǽċ (1 mL/s) &69Ėǻ�š  ̈ (euYRt) =ǖ��ȬǾĒ

ºĩ�)ȫĵ¤ȏï 4ƛĖ&ȏï��Ȭ 

 łĖ&ȫǤ¹òƄ¤#�! T2ďǯƄ¤ (T2-weighted imaging, T2WI) =żė��Ȭ

T2WI)fast spin echo&68Êė�� (TR/TE = 7000/85 ms, FOV = 15 × 15, slice thickness = 3.0 mm, 



� ���

matrix = 383 × 288, NEX = 1, motion probing gradient = 15 axis, 	6+ b value = 1000 s/mm2)Ȭ©!

(ĵ¤) transverseĺȜ"ǖ<:�Ȭ 

 

4.2.5. īķ	6+ŮŢbuq}W} 

 īķ	6+ŮŢbuq}W})ȫMRI ǚƽ¬ǓVe]CD@ (Functool, GE 

Healthcare Japan, Ŋ�) =ƃ�!ȫDWI 
7Ǟ
�(īķ�ĸ (apparent diffusion coefficient, 

ADC)ȫDTI 
7ƆĻĝśŽ (fractional anisotropy, FA)ȫPWI 
7ƐùƌÿĤǈǕŦȌ (relative 

regional cerebral blood volume, rCBV), ƐùƌÿĤǈǕŢȌ (relative regional cerebral blood flow, 

rCBF), 	6+ƐùƌÿĤĈßǼȂŀȐ (relative regional mean transit time, rMTT) =ƥ¯�ȫH

u}nYg=�ģ��Ȭ�:�:(buq}W})Hu}nYg�&ȫȑĚȟá (region of 

interest, ROI) =��(ȟá&�ģ�ȫūô��ȭ�¢(Ťȣȫĥŏ�ȫǠĊȫůƋǳȫ	6+

ƍǳ�ƋǳȬ�:7(ȟá)ź(ǈ@]uS [Sinder and Niemer, 1961] =ÈŴ�!�ģ�:�Ȭ

ROI)ŤȣȫůƋǳȫƍǳ�Ƌǳ" 5 mm2ȫĥŏ�	6+ǠĊ" 10 mm2(­đ(ROI=ƃ�

�Ȭ 

 

5.2.6. ƳǦòƌǤŋ 

 ƳǦǤŋ&)Ćǲ(Ve]CD@ (Statcel3, OMS, âž) =ƃ��ȬƳǦǤŋ&ƃ�

�buq}W})©!(��(ĄÌ�:�:
7Êė��ȬŮŢbuq}W})���#(*

7 ��ê�
���2&ȫÐ¢(ƍǳ�Ƌǳ(�&ù�9śŽ (rCBV/ƋǳȫrCBF/Ƌǳȫ

MTT/Ƌǳ) =ƳǦǤŋ&ƃ��Ȭ 

 Ɗ�ȐŘņ&	�9 FSECƾ#Oz]y}wƾ(śǷ&)nzkBY]_}UŐôȫ

�7&ȫFSECƾ	6+Oz]y}wƾ&	�9Ɗ�ȐŘņ (ǮƊ¶Ŭ%�) #Ɗ�ƏĖ (ǮƊ

¶Ŭ�8) (śǷ&)CAwOLVzƣÍȞ�Őô=ƃ�ȫƳǦòƌńĠą)P < 0.05#ôƿ

��Ȭ 
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4.3. ƱŌ 

 �-!( FSEC)ŕĳ:ȁ¿ (n = 2, ƧÝ 2–3UY]) 	6+ÚǶȁ¿ (n = 4, ƧÝ 

2–5UY]) "Ɗ��ǮƊ�:�ȬFSEC�Ƙ��Ɗ�à)©ǏĝďƏȐ�Ɗ�"�8ȫ�ëƊ

�ĭƵŀȐ) 92.5ƛ (ƧÝ 60–122ƛ) "���ȬƊ�Ʈ�
7MRIĵ¤ȏï/"(�ëŀȐ

) 12° (ƧÝ 11–21°) "���Ȭ 

 Ɗ�ȐŘņ(śǷ&	�!ȫFSECƾ(Ťȣ( rCBV (�ë� 1.25, ƧÝ 1.08–1.43) 	

6+ rMTT (�ë� 0.92, ƧÝ 0.76–1.17) )Oz]y}wƾ(Ťȣ (rCBV: �ë� 1.60, ƧÝ

1.38–1.81; rMTT: �ë� 1.09, ƧÝ 0.93–1.33) #śǷ�!ńĠ%��=ǭ2� (rCBV: P < 0.01; 

rMTT: P < 0.05) (Figure 1)ȬƊ�ȐŘņ( FSECƾ#Oz]y}wƾ(śǷ&	�!ȫ�(�(

buq}W}&ńĠą)ǭ27:%
�� (Figure 1)Ȭ 

 Oz]y}wƾ&	�9¸Č¶Ŭ¸Ė(śǷ&	�!ȫ©!(buq}W}&ńĠ

%ą)ǭ27:%
�� (Figure 2)Ȭ 

 FSECƾ&	�9Ɗ�ȐŘņ#Ɗ�ƏĖ(śǷ")ȫFSEC(Ťȣ(ADC)Ɗ�Ȑ

Řņ (�ë� 0.95 mm2/s, ƧÝ 0.92–0.99) #śǷ�!Ɗ�ƏĖ (�ë� 0.94 mm2/s, ƧÝ 0.90–

0.96) &ńĠ%���ǭ27:� (p < 0.05) (Figure 3)Ȭ«àƌ% 1Ƞ( FSEC(Ɗ�ȐŘņ	6

+Ɗ�ƏĖ(ADCnYg= Figure 4&!Ƙ��Ȭ/�ȫƊ�ƏĖ(Ťȣ&	�9 rCBV (�ë

� 2.16, ƧÝ 1.82–2.65), rCBF (�ë� 1.94, ƧÝ 1.37–2.64), 	6+ rMTT (�ë� 1.11, ƧÝ

0.94–1.45) &	�!ȫƊ�ȐŘņ (rCBV: �ë� 1.25, ƧÝ 1.08–1.43; rCBF: �ë� 1.32, ƧÝ

1.01–1.65; rMTT: �ë� 0.92, ƧÝ 0.76–1.17) #śǷ�!ńĠ%�ľ�ǭ27:� (rCBV P < 

0.01; rCBF P < 0.01; rMTT P < 0.01) (Figure 3)Ȭ«àƌ%ŤȣŮŢ(æ¼=ǭ2� FSEC( 1Ƞ=

Figure 5&!Ƙ��Ȭ�7&ȫĥŏŎ( rMTT&	�!ȫƊ�ȐŘņ (�ë� 0.95, ƧÝ 0.75–

1.12) #śǷ�!ȫƊ�ƏĖ (�ë� 1.16, ƧÝ 0.82–1.40) &ńĠ%�ľ�ǭ27:� (P < 

0.05) (Figure 3)ȬFSECƾ&	�9Ɗ�ȐŘņ#Ɗ�ƏĖ(śǷ&	�!ȫ�(�(buq}W

}&ńĠ%ą)ǭ27:%
�� (Figure 3)Ȭ 
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4.4. ǀø 

 ¿Ŷ(!>
>r\w=�ƃ��ƔƟ(łê(µȓ)ȨȈ%�(ĵĒ�ǖ�%��

#"�9ȬŇŉȫseizure-onset zone(Ő¯&)Ɗ�ŀƄ¤�Ņ/���ȫŇƔƟ)Ɗ�ƏĖ(

Ƅ¤=�ƃ��9=ė%
��Ȭ�
�%�7ȫŇƔƟ&	�!3Ɗ�ƏĖ(Ťȣ(�īķ	

6+ȦŮŢȫĥŏ�(ȦŮŢ�ǭ27:�Ȭ�:)c](!>
>&	�9Ɗ�ŀ SPECT(

ƱŌ&ȡ��9 [Duncan et al., 1990; Rowe et al., 1991a; Henry et al., 1993; Sakamoto et al., 2003; 

McNally et al., 2005]Ȭ/�ȫŇƔƟ(Ɗ�ƏĖ(Diffusion	6+ Perfusion MRI)d\GȠǒ¬

ǈŠ=ƃ�� FSEC( seizure-onset zone#~Ǎ� [Hasegawa et al., 2014]ȫț�ǜƌ% seizure-

onset zone(Ő¯&ń¾"�9ËǄĝ=Ƙ��Ȭc]MTLE&	�!ȫƙưƭǃ(Ǉǐ=Ƙ�

ŤȣƕÀ)ł3~Ǐƌ&ǭ27:9ƯƼƇƁòƌĤǞ"�8ȫFSEC(!>
>Æĝȟá&	

�9ǕŦ�Ʋ)ȫƊ�ȐŘņ&)ƙưƭǃĸ#Ɛȑ���ŮŢ=Ƙ�ȫƊ�ƏĖ&)Ɗ�&�

�ěǝE`wK}(æ¼&68ȦŮŢ=Ƙ�#ǀ�7:9Ȭ/�ȫƊ�ȐŘņ&	�9 FSEC

( functional deficit zone=Őǧ��Mizoguchi et al. (2017) (ãÓ#ÐŔ&ȫŇƔƟ&	�!3

FSEC(Ťȣ&	�9�ŮŢ�ǭ27:�Ȭ�:)ȫź&ù�9 Perfusion MRI(®ſĝ=Ƙ�

1 (Ed\zS&%9#ǀ�7:9�ȫDiffusion MRI&	�!ȫŇƔƟ&ńĠą�ǭ27:

%
���#=ǀ�9#ȫ Mizoguchi et al. (2017) (ãÓ#śǷ�!ŇƔƟ(PzgwPBT

�ü���#�Ēȝ��ËǄĝ��9Ȭ����!ȫ®ſĝ(ńű&ȑ�9�7%9ƔƟ#�

!ȫŐǧ��=æ4��ƔƟ�ěǝ&%9Ȭ 

 c](!>
>Ɗ�&ȑ�9 Perfusion SPECT &	�!ȫ!>
>Æĝȟá)Ɗ�

ȐŘņ&�ŮŢ=Ƙ�ȫƊ�ŀ(ȦŮŢȫ�(Ė(Ɗ�ȐŘņ=�Ú9�ŮŢ=ư!®+Ɗ�

ȐŘņ(ŮŢ&ÚĘ�9�#�ƒ7:!�9 [Rowe et al., 1991b; Newton et al., 1992]Ȭ�:5�

&ȫseizure-onset zone)d\GȠǒ¬ǈŠ(0%7�Ɗ�ŀ SPECT=ƃ��ȦŮŢ(ı¯&6

8Ő¯"�9#ǀ�7:!�9 [Rosenow and Lüders, 2001]ȬMRI)Ƞǒ¬ǈŠ4 PETȫSPECT

#śǷ�!ȫ¥:�ƠȐ°ǤǄ=ĭ�ȫǈ©�=Ǥŋ"�9ȬWirestam et al. (2000) &6�!

SPECT#DSC-Perfusion MRI(rCBFnYg)ď�Ɛȑĝ=Ƙ��#�ãÓ�:ȫDSC-Perfusion 

MRI)!>
>Ğǁ&	�!3´ƃ�:!�9 [Wu et al., 1999; Placidi et al., 2002; O'Brien et al., 



� ���

2007; Xing et al., 2013]Ȭ/�ȫ!>
>Ɗ�&69ǈ(ǎí) seizure-onset zone
7�(Ôǹ&

�Ĵ�:9�2ȫƊ�ƏĖ(Ɔćȟá)īê�� seizure-onset zone=Ƙ�3(#ǀ�7:!�

9 [Sakamoto et al., 2003]Ȭ�:5�&ȫŇƔƟ&	�9Ɗ�ƏĖ(DSC-PWI(ȦŮŢȟá)

FSEC(īê�� seizure-onset zone=Ƙ�ȫ�:)!>
>Æĝȟá=Ƙ�ȟá( 1 "�9

#ǀ�7:9Ȭ 

 Ɗ�ŀ	6+Ɗ�Ėņ( Perfusion SPECTƔƟ [Newton et al., 1992] &	�!ȫ!>


>Æĝȟá)ŲŰĝƊ�(Ʃ 90 ƛĖ&Ɗ�ŀ(ȦŮŢ
7�ŮŢ,Ɯǖ�9�#�ãÓ�

:!�9Ȭ�(Ɗ�Ʃ 90ƛĖ(çÀ) “postictal switch” #Õ*:!�9Ȭ�
�%�7ȫŇ

ƔƟ)¸ČǮƊĝ©ǏĝƊ�( 90ƛ��ưȂ��MRIĵĒ (11–21°)"����ȫFSECƾ

(Ťȣ( rCBVȫrCBFȫrMTTȫ	6+ĥŏ�( rMTT)�ľ��//���Ȭ�� 
(ƔƟ

&	�!c]¢ȠǑ!>
>Ğǁ(�ǟ·%Ɗ�Ėņ(ŮŢbW}z�ãÓ�: [Wichert-

Ana et al., 2001; Wichert-Ana et al., 2004]ȫƊ�àȫ��ȫƝ&68 postictal switch(WBozM

�9�)�ŮŢ,(İƜŀȐ)Ɔ%9ËǄĝ��9ȬFSEC)c]MTLEr\w"�9�ȫc

]#(Ɲą4ȨȈ(ńűȫ�7&)ȫŇƔƟ(¸Č¶ŬǮƊƊ��©!©ǏĝďƏȐ�Ɗ��

���#�ȫpostictal switch (čȎ�9�)�ŮŢ,(İƜŀȐ& %���#ǀ�7:9Ȭ

/�ȫŇƔƟ&	�!ȫFSECƾ(ĥŏ�) rMTT(�ľ�ǭ27:��ȫrCBF	6+ rCBV

(�ľ/ũý)ǭ27:%
��Ȭd\GȠǒ¬ǈŠ=ƃ�� FSEC(ƔƟ&	�! [Hasegawa 

et al., 2014]ȫFSEC(Ɗ�)ĥŏ�
7Ťȣ,(Ɗ�ǎí�ǭ27:!�9Ȭ�:5�&ȫŇƔ

Ɵ(ĵĒWBozM&	�!ȫĥŏ�)�"&Ɗ�ŀ(ȦŮŢ=Ȃ
!���2ȫrMTT(0

��ľ=Ƙ�!��#ǀ�7:9Ȭ68řƖ% FSEC(Ɗ�&ȑ�9ŮŢçÀ=ǯō�9�2

&ȫƊ�Ė(Ƅ¤ÊėWBozM=æ4��#�ěǝ"�9Ȭ¼�!ȫc](ƔƟ"��3ROI

ş=ƃ��ƔƟ&	�!)ȫROI¬&èȇȟá=Ñ>"�/�ËǄĝ��8ȫaB@S&ƻ�

9Ȭź(ǈ)c]#śǷ�!ü��ȫROI ¬&ǈǆȥŦ4Ɗ�Ėņ&ȦŮŢ=Ƙ�Ťȣ£Ú 

[Leonhardt et al., 2005] =Ñ>�ËǄĝ3ǀ�7:9Ȭ 

 ŇƔƟ")Ɗ�ƏĖ( FSEC ƾ(Ťȣ&	�! ADC (ũý�ǭ27:�Ȭ!>


>Ɗ�&69ADC(ũý)ƭǃŚĝţǉ=ƘØ�93(#ǀ�7:!	8 [Helpern and Hung, 



� ���

1995; Hasegawa et al., 2003]ȫc]MTLE(ãÓ&	�!3ȫ!>
>Æĝȟá"�9Ťȣ")

Ɗ�Ėņ(�īķ�Ǣø�:!�9 [Diehl et al., 2001; Oh et al., 2004]Ȭ�:5�&ȫ¸Č¶ŬǮ

Ɗĝ©ǏĝƊ�&68FSEC(!>
>Æĝȟá#�:9Ťȣ&ƭǃŚĝţǉ�ƊƂ��#ǀ

�9�#�îĐ�;�Ȭ/�ȫMizoguchi et al. (2017) )Ɗ�ȐŘņ( FSEC(Ťȣ&	�9Ȧ

ADC =Ƙ�!�9�#
7ȫŇƔƟ( ADC (ũý�~ȂĝçÀ"�9#ǀ�7:9ȬADC

)ńĠ%çÀ=Ƙ���ȫƊ�ȐŘņ#Ɗ�ƏĖ(ADC(ƱŌ&)G}a}uYg�9ȇ°

�é�Ȭ�(�2ȫADC ÄŹ"ǫ��9�#)ÜȘ"�8ȫȐȄ��ǤȊ=Ƃ1ËǄĝ��

9ȬſŀŰ&	�!ȫŻÁȟá"(Ƅ¤ǩĺƌŲŰŐƬ)ȫDWI�9�)ADC##3&ȫ¸

Ǻ�� Perfusion MRI(ƱŌ#ƷÏƌ&²ĺ�9�#�ƌƖ"�;�Ȭ 

 FSECƾ(Ɗ�ȐŘņ#Ɗ�ƏĖ(śǷ&	�!ȫDTI
7ė7:9 FA&ńĠ%ç

À)ǭ27:%
��Ȭ�(ƱŌ)c]"ãÓ�:�ƱŌ&ȡ��9 [Diehl et al., 2005]Ȭ�


�%�7ȫŇƔƟ)Ťȣ�9�)ĥŏ�(ADCȫrCBVȫrCBFȫ	6+ rMTT&)¸Č¶ŬǮ

Ɗĝ©ǏƊ�&69ńĠ%çÀ�ǭ27:!�9Ȭ�:5�&ȫDWI	6+ PWI)DTI#ś

Ƿ�ȫ!>
>Æĝȟá(Ő¯&¥:9ËǄĝ��9ȬThivard et al. (2006) 3 FA#śǷ�!

ADC)ô�ƌǈŠ(Ɔć&Ɛȑ�9#ãÓ�!�9Ȭ�
�%�7ȫFA) conventional MRI

#śǷ�!œǾƆć(Ő¯&¥: [Licu et al., 2010]ȫŤȣƕÀ=Ƙ�Ťȣ")ƆĻĝ(ũý=

Ƙ��#�ãÓ�:!�9 [Wieshmann et al., 1999; Liacu et al., 2010]ȬFSEC&	�!3ȫ¡ć

ź#śǷ��Ɗ�ȐŘņ(Ťȣ(�ƞũý	6+ FA (��=ǭ2!�9 [Mizoguchi et al., 

2015; 2017]Ȭ�:5�&ȫèƚ±Ȕȟá(Şô&	�!)Ɗ�ȐŘņ( FA(Êė3ǖ�ěǝ

��9�;�Ȭ 

 Oz]y}wƾ&	�9¸Č¶Ŭ¸	6+¶ŬĖ(Îbuq}W}&	�!ȫńĠ

%çÀ)ǭ27:%
��Ȭ̧ Č¶Ŭ)~ŀƌ&�ÃǟƦ&Ēȝ=É.��2ȫ¶ŬĖ(ź)

~Ȃĝ(ƆćĈǘġǡ=Ď�Ǵ��ȬŇƔƟ)ȫ̧ Č¶Ŭ&69ƆćĈǘġǡ�ǈ(īķ#Ů

Ţ&Ēȝ=É.�%��#=ƘØ�!�9Ȭ�(�2ȫFSEC&	�9Ɗ�ƏĖ(Ťȣ4ĥŏ

��Ƙ��ADC(��	6+ rCBVȫrCBFȫ	6+ rMTT(æ¼)ȫ!>
>Ɗ�&ǴÛ�

93(#ǀ�7:9Ȭ�ÁƉ&	�!ȫ!>
>Ɗ�#ț!>
>ĝBiz]=śǷ��



� ���

SPECTƔƟ&	�!ȫț!>
>ĝBiz])ȫ!>
>Ɗ�#śǷ�!ńĠ%çÀ=Ƙ�%


��#ãÓ�:!�9 [Biraben et al., 1999]Ȭ�:5�&ȫƊ�ȐŘņ	6+Ɗ�ƏĖ(MRI

(śǷ)ȫ!>
>Ɗ�#ț!>
>Biz](ȍ³&ńƃ"�9ËǄĝ=ĭ�ȫǈŠŐō&

�� 
(µȓ��9ŻÁƉ&	�9!>
>ǩĺ(~½&%8ė9#ǀ�9ȬŇƔƟ&	�

!ȫƊ�ȐŘņ#Ɗ�ƏĖ( FSEC(Ťȣ&	�9ADCȫrCBVȫrCBFȫ	6+ rMTT&)ń

Ġ%çÀ�ǭ27:��ȫPerfusion MRI"ūô�:9 rCBVȫrCBFȫrMTT(ƱŌ)G}a}

uYg�ý%�ȫ!>
>Ɗ�=Ȧġċ&ı¯�9Z}w#�!ņĔ�:9Ȭ 

 ŇƔƟ)ȫŻÁƉ&	�!~Ǐƌ#%8  �9ȦƗäMRI#ŗǄƌĵ¤ş=ƃ�

9�#"ȫseizure-onset zone(Ő¯=ËǄ&��ȬŇƔƟ)Ɗ�=Ǵ������ 6Ƞ#ý%

�ȫƳǦòƌŐ¯»(��
7ĄÌ(śǷ=ǖ<%
��Ȭ/�ȫc]öļĝMTLE#ÐŔ&

FSEC(!>
>Æĝȟá(¢Ļĝ)~ĕ"%�#�ğ�:9�2ȫÄƪ%ĄÌ(śǷ")Ą

¢	6+Ì¢(�:�:(ƾ&	�!!>
>Æĝȟá"%�Ťȣ=Ñ1ËǄĝ��9Ȭ!>


>&	�9!>
>Æĝȟá(İô)ȫ±Ȕȟá(Şô#÷į%ȑ�=ĭ Ȭc]MTLE)

ŲŰĝ!>
>"�8ȫŵ¢ĝ(!>
>Æĝȟá=ĭ ƈ��é�ȫ!>
>Æĝȟá¢(

Ťȣ#�(ù¢(Ťȣ(śǷŐǧ�ǖ<:!�9ȬŇƔƟ&	�!ǮƊ�:� FSEC(Ɗ�à

)Ǡøƌ&©ǏĝƊ�"�9�ȫŲŰĝƊ�
7ƵƊ�9©ǏĝƊ�"�9ËǄĝ��9Ȭ�

:5�&ȫ©ǏĝƊ�=Ƙ�� FSEC&	�!3ȫ!>
>Æĝȟá#İô�:9¢#�(ù

¢(śǷ=ǖ��#)ȫ68řƖ%!>
>Æĝȟá(ǫ�& %�9#ǀ�7:9Ȭ  
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4.1 üĬ 

1) FSEC(Ťȣ	6+ĥŏ�)Ɗ�ƏĖ&ȦŮŢ=Ƙ��2ȫ!>
>Ɗ�Ė(ȦŮŢ)!

>
>Æĝȟá=ƘØ�9ĤǞ"�9Ȭ 

2) FSEC&	�!Ɗ�ƏĖ(Ťȣ&�īķ�ǭ27:9�2ȫ!>
>Ɗ�)!>
>Æĝ

ȟá(ƭǃŚĝţǉ=Ď�Ǵ��Ȭ 

3) ¸ČǮƊ¶Ŭ)ǈ¬(īķ	6+ŮŢ&ù�!Ēȝ�%�Ȭ 

4) Ɗ�ƏĖ(DWI	6+ PWI)!>
>Æĝȟá(İô&ńƃ%Z}w&%8ė9Ȭ
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Figure 1. Ɗ�ȐŘņ( FSEC#¡ćź(īķ	6+ŮŢbuq}W}(śǷȬ(A) Ǟ

�(īķ�ĸȬ(B) ƆĻĝśŽȬ(C) Ťȣ&	�9ŮŢbuq}W}Ȭ¡ćź#śǷ�
! FSEC(Ťȣ&	�! rCBV	6+ rMTT(ńĠ%�ľ�ǭ27:�Ȭ(D) ĥŏ�&
	�9ŮŢbuq}W}Ȭ(E) ƍǳ&	�9ŮŢbuq}W}Ȭ(F) ǠĊ&	�9ŮŢ
buq}W}ȬFSEC, öļĝǌųƊƈĝ!>
>ź; rCBF, ƐùƌÿĤǈǕŢȌ; rCBV, 
ƐùƌÿĤǈǕŦȌ; rMTT, ƐùƌÿĤĈßǼȂŀȐȬ*, P < 0.05; **, P < 0.01 (nzk
BY]_}UŐô)Ȭ  
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Figure 2. ¡ćź&	�9¸Č¶Ŭ¸Ė(īķ	6+ŮŢbuq}W}(śǷȬ(A) Ǟ

�(īķ�ĸȬ(B) ƆĻĝśŽȬ(C) Ťȣ&	�9ŮŢbuq}W}Ȭ(D) ĥŏ�&	
�9ŮŢbuq}W}Ȭ(E) ƍǳ&	�9ŮŢbuq}W}Ȭ(F) ǠĊ&	�9ŮŢb
uq}W}ȬrCBF, ƐùƌÿĤǈǕŢȌ; rCBV, ƐùƌÿĤǈǕŦȌ; rMTT, ƐùƌÿĤ
ĈßǼȂŀȐȬ  
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Figure 3. FSEC&	�9Ɗ�ȐŘņ#Ɗ�ƏĖ(īķ	6+ŮŢbuq}W}(śǷȬ
(A) Ǟ
�(īķ�ĸȬG}a}uYg�é�ǭ27:9�ȫƊ�ȐŘņ#śǷ�!
Ɗ�ƏĖ&	�9Ťȣ(Ǟ
�(īķ�ĸ&ńĠ%���ǭ27:�Ȭ(B) ƆĻĝś
ŽȬ(C) Ťȣ&	�9ŮŢbuq}W}ȬƊ�ȐŘņ#śǷ�!ȫƊ�ƏĖ&	�9
Ťȣ( rCBVȫrCBFȫ	6+ rMTT(ńĠ%�ľ�ǭ27:�Ȭ(D) ĥŏ�&	�9
ŮŢbuq}W}ȬƊ�ȐŘņ#śǷ�!ȫƊ�ƏĖ&	�9ĥŏ�( rMTT(ńĠ
%�ľ�ǭ27:�Ȭ(E) ƍǳ&	�9ŮŢbuq}W}Ȭ(F) ǠĊ&	�9ŮŢbu
q}W}ȬFSEC, öļĝǌųƊƈĝ!>
>ź; rCBF, ƐùƌÿĤǈǕŢȌ; rCBV, Ɛ
ùƌÿĤǈǕŦȌ; rMTT, ƐùƌÿĤĈßǼȂŀȐȬ*, P < 0.05; **, P < 0.01 (CAwO
LVz(ƣÍȞ�Őô)Ȭ  
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Figure 4. «àƌ%Ťȣ( ADCçÀ=ǭ2� FSEC( 1�ȬƊ�ȐŘņ#śǷ�! (B, 
ƋƑÅ)ȫƊ�ƏĖ (C, ƋƑÅ) (Ťȣ&	�9 ADC(���ǭ27:9Ȭ(A) T2ď
ǯƄ¤ȫ(B) Ɗ�ȐŘņ&	�9 ADCnYg, (C) Ɗ�ƏĖ&	�9 ADCnYgȬ
ADC, Ǟ
�(īķ�ĸ; FSEC, öļĝǌųƊƈĝ!>
>źȬ 
 
 
 
 
 
 
 
 
 

 
Figure 5. «àƌ%ŤȣŮŢçÀ=ǭ2� FSEC(~�ȬƊ�ȐŘņ#śǷ�!ȫƊ�
ƏĖ(Ťȣ (ƋƑÅ) &	�9ŮŢ(�ľ�ǭ27:9ȬFSEC, öļĝǌųƊƈĝ!
>
>ź; rCBF, ƐùƌÿĤǈǕŢȌ; rCBV, ƐùƌÿĤǈǕŦȌ; rMTT, ƐùƌÿĤĈ
ßǼȂŀȐ; T2WI, T2ďǯƄ¤Ȭ 
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Ɵ 5Ɯ 

 

 

ôĶėǄŬƆƃė�7	7ų6ż��Magnetic Resonance Spectroscopy"/2�7	7¿ėș

Ü#¥ĴėŎ®�/%Q\InZ"/2�Ǩä»#ǡ� 

 

 

 

5.1. ƱǛ 

 gxYyƓř«ȣMjDYxMHd| (proton magnetic resonance spectroscopy, 1H-

MRS) $Ƽ6$�+��2ź�ƩƲ¬#�ǨŻů6Ȕ�ǔƈ"Ŧñ�2�+"ȉƆ�3�Œ

ƹƈ!Ɠř«ȣŽ¦ (magnetic resonance imaging, MRI) ��2ȩ1H-MRS$ȨƎ�>H|ĽȊ 

(echo time, TE) 6ż�2Ĵŝ (short TE) �Ȉ�TE6ż�2Ĵŝ (long TE) 
�2ȩlong TE

$ȨưN-9OTv9MatCyȃ (total N-acetyl aspartate, tNAA)ȨDw9Ty (creatine, Cr)Ȩ

HuyËŀ»Éů (choline-containing compounds, Cho) 
ïñ��ŦñÅƹ��1Ȩshort TE$

ïñė"œ
2,##Ȩ�30#�ǨŻů"¶�Ȩn@;^KY|v(myoinositol, mIns) -E

vRny�/%EvRnyȃǓÉ� (glutamate and glutamine complex, Glx) ! #Ēû!�Ǩ

Żů6Ŏ®�2��
��ȨȋĔ�ǨŻů"ù��ľǽ!TE"/2 1H-MRSĭ¦
Ǎ53

��2ȩƼ�ǨſĄ$ŏǸƈ!ä»"§ƛ��ź�2�+ȨĐņ#MRI�$Ŏ®��!�Ȩ

�2�$ĸł#ſĄ6Ŏ®��Ȩ�¼ƅ�$Ȩ�7	7ȨƼŌáȨƼƽƄ�/%9vV_;

m|Ƃ! #ÈƘƕƪƁĘ�ǃćĖż�3��2ȩ 

 �¼ƅ"���Ȩ�7	7Ęƶ"ù�2 1H-MRS#ȅǕė$Ȣ�Ȩ�7	7ūŪ

ŎƦ"�
2 1H-MRS#ŀżė
ßÍ�3��2 [Caruso et al., 2013]ȩ�3$ȨNAA
ƕƪ

ƧƸİ�Ƌȋ�ȨƕƪƧƸ#šé
ǣ+032ŠȟƑ»�$Ȩ�36Âļ��NAA#Ťü


ǣ+032�+��2ȩ�3.�ȨŠȟƑ»6����
æ�¬¥¥Țǉ�7	7#Ǡĳ"

���ȨȅǕ!Ŏ®V|v��3��2ȩ(�ȨÓǭſĄ6Ĩ�!�bY¥Țǉ�7	7Ę
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ƶ"���,ȨĐņ#MRI�Řǲ�� 1H-MRS#�7	7ūŪŎ®ŵ$ŀę"Ȣ���
ƍ

03��2 [Doelken et al., 2008]ȩbY�7	7Ęƶ�$NAA�å#�ǨŻů"���,Ȩ

ǆêėƕƪ�Ǽůǭ��2Glx [Helms et al., 2006; Doelken et al., 2010] -Eu9ƧƸ#m|A|

��2mIns [Riederer et al., 2002; Mueller et al., 2003; Wellard et al., 2003] #äº
ßÍ�3��

2ȩ}ĴȨŴ¼ƅ"�
2 1H-MRS$Ȩ¤Ąű#ÈșÜ"�
2Ƽ�ǨŻůŘ
ßÍ�3Ȩ

ȋĔ
Ȣ(���2 [Ono et al., 2014]ȩ�	�!
0ȨbY�Řǲ��űų#Ƽ$û��ȨȢ

ƓàMRIǑƳ"���,Ê}ƩƲ#ĭĎ$Öȑ��1Ȩ�#șÜ
Ë(32Åƹė
ç�

�ȩ�#�+ȨƼƽƄ [Carrera et al., 2016]Ȩ�ǨėƁĘ [Carrera et al., 2014]! "ż��ßÍ

$��üİ��1Ȩ�7	7Ęƶ"�
2ŀżė6Ǧŋ��ßÍ$Ĝ�#ƍ2Ȏ1'�7 

!� [Neppl et al., 2001]ȩ 

 Ɵ 1Ɯ�Ɣ��/�"Ȩ�7	7#Ŝƅ$Ģ�7	7ǋ"/2ǋůŜƅ
Ǎ53�

�2
Ȩ�¼ƅ�Řǲ��Ŵ¼ƅ�ż�032Ģ�7	7ǋ"$Ȏ1
�2ȩQ\InZ 

(zonisamide, ZNS) $Ȩ1980Ć"ńȀ�ȉƆ�3�Mve?y9nZÛ#Ģ�7	7ǋ��

2ȩĺƒ!�żŒĈ
ǚĺ�3��25
�$!�
ȨTÛAvK<oTq]vȍóȨ

GABAį®#âčȨEvRnyȃį®#Ġ³Ȩ�/%Ȓ��í[Yu<oTq]v#Ġ³"

/1Ģ
�37�ż6Ɣ��Ƶ�03��2 [Leppik, 2000]ȩ�3(�"Ȩű#�7	7"ù

�2ZNS#ŀ¹ė6Ɣ�ßÍ
���	íÙ�ȨŷÙ#ûºůǃć"���,}Ǉƈ"ż�

032Ģ�7	7ǋ�!���2ȩ�	�!
0Ȩ¤Ąų"ù�2ZNS"���$Ȩ

Hasegawa et al. (2008) 
ǋůºĚ�/%ïªė"ȋ�2ǋŹîƈƐƚ6ßÍ���2
Ȩ�7

	7ƃ�"ù�2ZNS#ŀ¹ė6Ɣ��ßÍ$'�7 !� [Dewey et al., 2006]ȩshort TE6

�ż�� 1H-MRSĭ¦$ȨGlx#Ŏ®
Åƹ��1ȨZNS#Ģ
�37�żŒĈ��32E

vRnyȃį®#Ġ³6ǘǙƈ"ī®��2Åƹė
�2ȩ�3.�"Ȩ1H-MRS6ż��

�7	7#ų"ù�2ZNS#Ŏǝ$Ȩ>cXyM"Ý��Ģ�7	7ǋ#ǾģƷ6â-�Ȩ

�3(�#Ģ�7	7ǋ"ÂĖ�!�ȑŜė�7	7"ù�2Ŝƅ"�!
2Åƹė
�

2ȩ 
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 Ĝ�
�µßÍ��ǄŬƆƃėôĶė�7	7ų (familial spontaneous epileptic cat, 

FSEC) $Ȩ�#ǿ�Őċ/1ĄŊǈ�·ėǿ�
ƔÒ�3ȨƆ�ƃ îȨƼŞǚňȨMRIǚ

ň"/1ȨŠȟ6ë+��2¬¥¥Țǉ
�7	7¿ėșÜ���ƀ53��2 (Kuwabara 

et al., 2010; Hasegawa et al., 2014; Mizoguchi et al., 2014; Mizoguchi et al., 2017)ȩbYMTLE# 1H-

MRSĭ¦"���Ȩ�7	7¿ėșÜ��2Šȟ#�ǨŻůŦñ
Ǎ532
Ȩų#Šȟ$

bY�Řǲ��û��ȨŦñÅƹ!ľû#ȋĔ�ƙ (volume of interest, VOI) I;N"���

,ǘćȨå¥¥ȚǉȨ�/%ƼƻȡŢ#/�!�#șÜ6Ë7��(�ȩ�#�+ȨńƐƚ

�$ȨbYMTLE"����Ǩä»
ǣ+03 [Chassoux et al., 2016]Ȩų#Ƽ¬�Ê}ƩƲ

���VOIǟƳ
Åƹ!ǘć6Ǿģ��ȩńƐƚ$ 1H-MRS#ñȆǚňPeY LCModel® 

(LCModel®, L.A.systems, Ň�) 6ż��MjDYvǚň"/1ȨFSEC�/%¤Ąų#ǘć"

�
2�ǨůŘ6Ǧŋ�Ȩ�7	7¿ėșÜ#¥Ĵė6Ŏǝ��ȩ�0"ȨFSEC6ż��Ȩ

ZNSġ�"/2Ƽ�ǨŻůŘ#ä»6ǡ���ȩ 

 

 

 

5.2. ŅĲ�/%Ĵŝ 

5.2.1. ¢Ź 

 ńƐƚ$ķńŴ¼źÐƖîçî#òȠºů�/%źÐ¢ŹìÑ�#ğǣ6đ�Ǎ5

3� (ğǣžÇȪ12-34, 13-22, 26K-29, 27K-10, 27S-34, 28K-3, 28K-4ȫƐƚ�ǏƶȪȈǪĀ ç

ǳ) 

 

5.2.2. ƐƚXJ;y 

5.2.2.1. �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 1H-MRS6ż���7	7¿ėșÜ#¥ĴėŎ®#ǡ�6Ǎ��+ȨŃŜƅ#

FSEC�/%¤Ąų"ù�ȨƆ�Ȋœł"�
2ǘć (ā¥�/%Æ¥) #Ƽ�ǨŻůŘ6Ŧ
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ñ��ȩ¤Ąų� FSEC (ā¥ȨÆ¥Ȩ�/%ā¥+Æ¥) "�
2Řǲ�/% FSEC"�
2

āÆ#Řǲ6Ǎ��ȩ 

 

5.2.2.2. Q\InZ"/2�ǨŻůŘ#ä» 

 FSEC"ù��ȨZNS (HyO|f, DSe8|m9\mvhvM, çȌ) #ġǋµ 

(Ȕġ�ƴ) �/%ġ�� (ġ�ƴ) "Ƽ�ǨŻůŘ6Ŧñ�ȨZNS"ù�2ǘćªÜ"�


2�#ä»6ǡ��2ȩƐƚËŀÝŧ$ZNS#ǌ�ũĉ
ȨȔġ�ƴ 0 µg/ml�/%ġ�ƴ 

10–40 µg/ml���ȩ 

 ľ°"ȨZNSġ�µ"�
2 FSEC#ZNSǌ�ũĉ6Ŧñ�ȨŃŜƅ# FSEC#

ZNSǌ�ũĉ
 0 µg/ml��2��6ƒǣ��ȩ�#ďȨ1ĉƉ (Ȕġ�ƴ) # 1H-MRSĭ¦

6Ǎ��ȩŔ"ȨZNS 5 mg/kg (bid, p.o.) "�ġ��ȨïñŲĚ"ǅ2 1ǺȊď"Yte¡�

#ZNSǌ�ũĉŦñ6Ǎ��ȩª�#���ǌ�ũĉ
 10–40 µg/ml#ƣ×"íÙ�2��

6ƒǣ�Ȩ2ĉƉ (ġ�ƴ) # 1H-MRSĭ¦6Ǎ��ȩZNS#ġ�$òȠƨ�(�Ʈ
�ȩª

�#ZNSǌ�ũĉŦñ$åşŎŋŒȋ (mvd|t;eW;v, çȌ) "�Ǎ��ȩ 

 

5.2.3. �Ǣºů 

5.2.3.1. �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 ńƐƚ"$Ȩ28Ț# FSEC�/% 16Ț#¤Ąų6�ż��ȩFSEC#�è�ȅ$

3.4 kg (ƣ× 2.0–4.8 kg)Ȩ�èĆȥ$ 45zĿȥ (ƣ× 11–102zĿȥ) ��1Ȩ¤Ąų#�è

�ȅ$ 3.5 kg (ƣ× 2.4–5.1 kg)Ȩ�èĆȥ$ 24zĿȥ (ƣ× 8–124zĿȥ) ����ȩª�#

ų$}Ǉǰ�ŎŋȨýŎŋȨǌŢŎŋ (ðªǌŸǜƠ�/%ź»îŎŋ)ȨƕƪîƈŎŋ"�

��ĺ0	!ſĄ
!���6ƒǣ���2ȩ 

 

5.2.3.2. Q\InZ"/2�ǨŻůŘ#ä» 

 ńƐƚ"$ȩ~Ƕ# FSEC#�� 8Ț6�ż��ȩ�è�ȅ$ 3.9 kg (ƣ× 3.2–

5.2 kg)Ȩ�èĆȥ$ 93zĿȥ (ƣ× 69–133zĿȥ) ����ȩ 
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5.2.4. ȤȂgxYHv 

 ńƐƚ"ż���&�#ºů"ù�ȨMRIĭ¦ 12ĽȊµ/1ƭȞ{ƭŚ6Ǎ�

�ȩºů"½¯!ȃƥ»6Ǎ��ďȨgxle?|v (gxle?|v®, ÷ãǒǋ, ÷ÿ; g

xlex 28, DSe8|m9\mvhvM, çȌ) #ȓƺ¬ġ� (10 mg/kg) "/1ȤȂú©�

�ȩMRIĭ¦�#ȤȂƯĨ"$Ȩ;Pevty (;Pev, DSe8|m9\mvhvM, ç

Ȍ) 2.0%�/%ȃƥ#ţÉÌ©"/2ŒōƈĬř6ż��ȩȤȂ�Ȩ�ťŅ6ż�Ɗƾť6

37–38�"ơŹ{ƯĨ��ȩ 

 

5.2.5. MRIK|FyM 

 ª�#MRIĭ¦$ǯȒúƓƏÛ 3.0-Tesla MRIĭ¦ǑƳȦSigna HDxt, GE Helthcare, 

Ň�ȧ6ż��òĵ��ȩRFH;v"$ 8 chbYżǀH;v6�ż��ȩºů6ƿǂ�"�

ñ�ȨȚȁ6RFH;v¬"ǟƳ��ȩÏÌĽ#º�-ĭĎĽ#ĩº"/2motion artifactǱ

Ť#�+ȨȚȁ6R@v�ǖ�Ȩ�#~	0ƤƌW|g�Øñ��ȩMRIĭ¦�$ń��þ

#¨e8;`|avMȃƥũĉǜ (jue=tvG|Ygx|f, GE Healthcare, Ň�) 6ƷƝ

"ǟƳ�ȨĔĦİ#p\RuyE6Ǎ��ȩ 

 1H-MRSĭ¦µ" 3D T2 Cube (TE = 77.74 ms, TR = 3200 ms, slice thickness = 0.60 mm, 

FOV = 15 × 15 cm, matrix = 256 × 256, NEX = 1) 6æĳȕ­ŏě#�+"ĭ¦��ȩ�#Ž¦6

ż��ȨT2 sagittalĳȕ�/% dorsalĳȕ6�333­ŏě�� (slice gap = 0.5 mm, slice 

thickness = 2.0 mm)ȩ�#ďȨfast spin echo T2 transverseĳȕ (TE = 99.64 ms, TR = 6000 ms, slice 

thickness/Sp = 3.0/0.5 mm, FOV = 15 × 15 cm, matrix = 320 × 224, NEX = 1) 6ĭ¦�Ȩ1H-MRSŦ

ñșÜ#śñ"ż��ȩ 

 

5.2.6. 1H-MRSK|FyM 

 1H-MRSĭĎ$ Single-voxelŝ6ż��ȩ1H-MRSK|FyM$ 1D prove point 

resolved spectroscopy (PRESS) ŝ (short TE���TE = 35 ms�/% long TE���TE = 

144 ms, TR = 2000 ms, FOV = 22 × 22 cm, voxel thickness = 10 mm, chemical shift imaging slice 



 75 

thickness = 10 mm, matrix = 1 × 1, NEX = 8) 6�ż�� (��ȨTE = 35 ms6TE35ȨTE = 

144 ms6TE144��2)ȩńƐƚ�ż��TE35�/%TE144# 1H-MRSĭ¦$Ȩ�¼ƅ"�


2 1H-MRSƐƚ�}Ǉƈ"ż�032¡��2ȩ 

 

5.2.6.1. �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 bY�7	7Ęƶ�ßÍ�32 tNAAȨGlxȨ�/%mIns! #Ƽ�ǨŻůŘ6Ǧ

ŋ�2�+Ȩ�7	7¿ėșÜ#¥Ĵė#Ŏǝ"$TE35�/%TE1446ż��ȩVOI#ǟ

Ƴ$āÆ�333#ǘć6ùǫ"Ğº�ǟƳ��ȩITrw|Ksy`yZ"/1ǘćÎ×

#ƼƻȡŢ�/%çƼșÜ6ȏÀ��ȩVOII;N$�/� 10 × 10 × 10 mm6Ýŧ��ȨÈ

��"���ĒǦı��ȩITrw|Ksy`yZǟƳď"guMBqy6Ǎ�Ȩĭ¦6Ǎ

��ȩ< 16 HzMjDYvŚ¾¡ą6Ĩ�Ž¦6Ɛƚùǫ���ȩ 

 

5.2.6.2. Q\InZ"/2�ǨŻůŘ#ä» 

 ZNS#Ģ
�37�żŒĈ"ȋ��2Glx! #Ƽ�ǨŻůŘ6Ǧŋ�2�+Ȩ

ZNS"/2�Ǩä»#Ŏǝ"$TE35# 1H-MRS6ż��ȩVOI#ǟƳ$ǘćªÜ6ùǫ"

Ğº�ǟƳ��ȩITrw|Ksy`yZ"/1ǘćÎ×#ƼƻȡŢ�/%çƼșÜ6ȏÀ

��ȩVOII;N$�/� 20 × 10 × 10 mm6Ýŧ��ȨÈ��"���ĒǦı��ȩITr

w|Ksy`yZǟƳď"guMBqy6Ǎ�Ȩĭ¦6Ǎ��ȩ< 16 HzMjDYvŚ¾¡ą

6Ĩ�Ž¦6Ɛƚùǫ���ȩ 

 

5.2.7. �ǨŻůǚň 

 ńƐƚ#�ǨŻůǚň$LCModel® version 6.3-1A6�ż��ȩ�Ŧũĉ¡"ù�

2őŧ£Ă6�Ŧũĉ#Ƈ¯Ř�Ǐ��¡
 20%6�Ô2àÉȨ�Ȝė#�2¡���Ƭǜ

ǚň"ż��ȩŦñȗƉ$TE35# tNAAȨChoȨmInsȨGlx�/%TE144# tNAAȨCho"

�
2CrŘȨChoŘȨ�/%Cr+ChoŘ6ż��ȩƬǜǚň"$ȨăǬ#ƬǜPeY<=9 

(Statcel3, @|>o>M®Ů, ÞŶ) 6ż��ȨP < 0.056,��ŀęĂ�1���ȩ 
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5.2.8. Ƭǜîƈǚň 

5.2.8.1 �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 ¤Ąų#ā¥�/%Æ¥ǘć#È�ǨŻůŘ6<:vHDPy#ƞÇȘ�Ŏñ6ż

��ǡ���ȩª�#�ǨŻůŘ"ŀęĂ
ǣ+03!	���+Ȩā¥ (n = 16) �/%Æ

¥ (n = 16) 6ÉƠ� (n = 32)ȨFSEC�#Řǲ"ż�� (ƫŉ6Áŭ)ȩ 

 FSEC#ǘć"���ȨÆ¥�ā¥#È�ǨŻůŘ6<:vHDPy#ƞÇȘ�Ŏ

ñ6ż��ǡ���ȩ(�Ȩmyk;UY\|UŎñ6ż��ȨFSEC#Æ¥ (n = 28)Ȩā¥ 

(n = 28)Ȩ�/%āÆÉƠ (n = 56) #ǘć"�
2TE35�/%TE144#È�ǨŻůŘ6¤Ą

ų (n = 32) �Řǲ��ȩ 

 

5.2.8.2. Q\InZ"/2�ǨŻůŘ#ä» 

 FSEC#�¥ǘć"���ȨZNSȔġ�ƴ�/%ġ�ƴ#TE356�ż��È�Ǩ

ŻůŘ6<:vHDPy#ƞÇȘ�Ŏñ6ż��ǡ���ȩ 

 

 

 

5.3. ƫŉ 

5.3.1. �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 ª�# FSEC�/%¤Ąų#T2čǦŽ¦"���ŠȟƑ»6ƔÒ�2Ȣ�ÇșÜ

$ǣ+03!	��ȩ¤Ąų#ā¥�/%Æ¥ǘć#Řǲ"���Ȩª�#�ǨŻůŘ"ŀ

ęĂ$ǣ+03!	���+Ȩ¤Ąų�$ā¥ (n = 16) �/%Æ¥ (n = 16) ǘć#Iygv

İ6ÉƠ� (n = 32)ȨFSEC�#Řǲ"ż��ȩTE35�/%TE144"�
2¤Ąų#È�Ǩ

ŻůŘ (ā¥�/%Æ¥) 6Table 1�/% 2"�333Ɣ��ȩ 

 TE356�ż�� FSEC"�
2āÆǘć#Řǲ"���ȨÆ¥�Řǲ��ā¥#

mIns/Cho (ā¥, �è¡ 4.33, ƣ× 2.55–7.41; Æ¥, �è¡ 3.67, ƣ× 2.73–6.16) (P = 0.03) �

/%mIns/Cr+Cho (ā¥, �è¡ 0.98, ƣ× 0.64–1.63; Æ¥, �è¡ 0.91, ƣ× 0.61–1.27) (P = 



 77 

0.04) "���ŀę!��
ǣ+03� (Figure 1)ȩ(�ȨTE1446�ż�� FSEC"�
2

āÆǘć#Řǲ"���Ȩā¥�Řǲ��Æ¥# tNAA/Cr (ā¥, �è¡ 1.71, ƣ× 1.36–

2.23; Æ¥, �è¡ 1.62, ƣ× 1.12–1.97) (P = 0.003) �/% tNAA/Cho (ā¥, �è¡ 4.67, ƣ

× 3.41–5.82; Æ¥, �è¡ 4.23, ƣ× 2.99–5.37) (P = 0.002) "���ŀę!��
ǣ+03

� (Figure 2)ȩFSEC"�
2āÆǘć#Řǲ"���Ȩ�#�#�ǨŻůŘ"ŀę!ä»$

ǣ+03!	��ȩTE35�/%TE144"�
2ȨFSEC#È�ǨŻůŘ (ā¥�/%Æ¥) 

6Table 3�/% 4"�333Ɣ��ȩ 

 TE35"�
2 FSEC�¤Ąų#Řǲ"���Ȩ¤Ąų�Řǲ�� FSEC#ā¥ǘ

ć"�
2Glx/Cho (¤Ąų, �è¡ 6.83, ƣ× 3.96–10.95; FSEC, �è¡ 8.52, ƣ× 6.03–

11.55) (P = 0.003) �/%Glx/Cr+Cho (¤Ąų, �è¡ 1.73, ƣ× 1.13–2.95; FSEC, �è¡ 

2.00, ƣ× 1.48–2.59) (P = 0.01) "ŀę!â¶
ǣ+03� (Figure 3)ȩ(�ȨTE144"�
2

FSEC�¤Ąų#Řǲ"���Ȩ¤Ąų�Řǲ�� FSEC#Æ¥ǘć"�
2 tNAA/Cho (¤

Ąų, �è¡ 4.50, ƣ× 3.67–6.14; FSEC, �è¡ 4.23, ƣ× 2.99–5.37) (P = 0.03) "ŀę!�

�
ǣ+03� (Figure 4)ȩ�#�# FSEC (ā¥ȨÆ¥Ȩ�/%ā¥+Æ¥) �¤Ąų#�Ǩ

ŻůŘŘǲ"���ȨŀęĂ$ǣ+03!	��ȩTE35�/%TE144"�
2 FSEC�¤Ą

ų#āÆ6ÉƠ��È�ǨŻůŘ6Table 5�/% 6"�333Ɣ��ȩ 

 

4.3.2. Q\InZ"/2�ǨŻůŘ#ä» 

 Glx/Cr+Cho"���ȨZNSȔġ�ƴ (�è¡ 11.69Ȩƣ× 9.32–15.97) �Řǲ��

ġ�ƴ (�è¡ 9.49Ȩƣ× 6.12–11.66) "ŀę!��
ǣ+03� (P = 0.04) (Figure 6)ȩ�#

�#�ǨŻů"���ŀęĂ$ǣ+03!	��ȩZNSȔġ�ƴ�/%ġ�ƴ"�
2

FSEC#È�ǨŻůŘ6Table 7"Ɣ��ȩ  
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5.4. Ƶø 

5.4.1. �7	7¿ėșÜ#¥Ĵė#Ŏǝ 

 FSEC#�7	7¿ėșÜ�2�$�#¥ĴėŎƦ"�
2ľç#³Ȏ$VOI#ǟ

ñșÜ��2ȩFSEC$bYMTLE#pXvºů��1ȨbYMTLEƐƚ#æ�$ȨŠȟ"

�
2�ǨŻůä»6ßÍ���2ȩ�#�+ȨFSEC"���,Šȟ"�
2Ŧñ6Ǎ��

�
Ł(��ȩ�	�!
0Ȩű6ż�� 3-Tesla�/% 7-Tesla MRI"�
2 single-voxel 

1H-MRS#Řǲ"���Ȩ3-Tesla MRIǑƳ"�
2�ȜÅƹ!ľûVOII;N$ 10 mm3�

ßÍ�3��2 [Martin-Vaquero et al., 2012]ȩńƐƚ",ÊŐ# 10 mm3#VOII;N6ż�

�
ȨŠȟ#)#Ŧñ6Ǎ�àÉȨǘćȨå¥¥ȚǉȨ�/%ƼƻȡŢ#/�!�#șÜ6

Ë7��(�ȩ�#�+ȨńƐƚ�$bYMTLE"����Ǩä»
ǣ+03 [Chassoux et 

al., 2016]ȨÊ}ƩƲ���VOIǟƳ
Åƹ!ǘć6Ǿģ��ȩ�0!2Ɛƚ"���Ȩ 3-

Tesla�~#MRIǑƳ�2�$RFH;v#Tqy]vİ#â¶"/1Ȩľû voxelI;N6

û���ȨFSEC#Šȟ"�
2�ǨŻůä»6Ǧŋ�2��
ĕǕ"!2�4�ȩ 

 ńƐƚ$ȨFSEC"�
2TE144# tNAA/Cr�/% tNAA/Cho"���ā¥ǘć

�Řǲ��Æ¥ǘć#ŀę!��
ǣ+03�ȩ�0"ȨTE144# tNAA/Cho"���$Ȩ

FSEC#Æ¥ǘć$¤Ąų�#Řǲ"���,ŀę!��6Ɣ��ȩbYMTLE"ù�2

Voxel-based morphometry (VBM) Ɛƚ"���ȨŠȟƑ»�Ê¥#ǘć"�
2NAA�/%

NAA/Cr+Cho#Ťü�Ƌȋė6Ĩ���
Ɣ�3��2 [Brázdil et al., 2009]ȩ�0"ȨŠȟƑ

»6ǣ+!�¥Țǉ�7	76Ë*Ɛƚ"���,ȨǹƮƼŞǞȇ"/1�7	7¿ėșÜ

�ƀ532Šȟ# tNAA#��
ǣ+03��2 [Doelken et al., 2008]ȩāÆǘć"�
2Ȕ

ùƗ# tNAA/Cr�/% tNAA/Cho¡$ȨT2čǦŽ¦�/%VBMǚň (Ɵ�Ɯ#ƴȊŘǲ6

Áŭ) "���ĺƒ!ŠȟƑ»ĝǗ6Ĩ�!� FSEC (non-lesional MTLE) #ǘć"ù�2ƕƪ

ƧƸ#Ťü6ƔÒ�2,#��2ȩ(�ȨbY¤ĄǐȠƶ�#Řǲ"���,ȨŠȟƑ»6

ŀ�2bYMTLEĘƶ�$Ê¥ǘć"�
2NAAȨNAA/CrȨ�/%NAA/Cr+Cho"���

ŀę!Ťü
ǣ+03��2 [Fojtiková et al., 2007]ȩ�#ƫŉ$ȨHyYx|v�#Řǲ"�

�� tNAA/Cho"ŀę!��
ǣ+03�ńƐƚ�ȝ��2ȩ�	�!
0ȨńƐƚ#TE35
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"�
2È tNAAŘ"ŀę!��$ǣ+03��!�ȩTE35#Űē$�Ç^;NŘ
Ȣ�Ȩ

mIns-Glx#/�!d|D#û�!�ǨŻů"���ŦñÅƹ��2
ȨTE144�Řǲ��

i|Mt;y#Ŗ)
ź�-��Ȩŕƒė6œ�Åƹė
�2ȩ�3.�"ȨtNAAȨCrȨ

Cho#/�!TE144"���,ŦñÅƹ!�ǨŻů�$TE144"/2ǡ�
Ł(���Ƶ�

03Ȩ�7	7¿ėșÜ#¥ĴėŎ®"���ȨTE1446�ż�� 1H-MRSƼ�ǨŻůŦñ


ŀż!ŎŋV|v�!1đ2Åƹė
�2ȩ 

 ńƐƚ"���ȨTE35"�
2 FSEC#ā¥ǘć#Glx/Cho�/%Glx/Cr+Cho$

HyYx|v�Řǲ��ŀę"â¶����ȩGlx"Ë(32EvRnyȃ$Ƽ"�
2�

Ǖ!ǆêėƕƪ�Ǽůǭ��1ȨƼ#ǆê"ȋ��2 [Hajek et al., 2008]ȩƼ#ǆê�öĪ!

ȋ�6Ĩ��7	7ù��Ȩ1H-MRS6ż��Glx"ȋ�2ßÍ$���	íÙ�ȨbY

MTLE"ù��,ȨŠȟƑ»6ǣ+2Šȟ#Glxũĉ
~Ĺ�2��
ßÍ�3��2 

[Aydin et al., 2012]ȩ(�ȨŰƆėªǇ�7	7"���$ȨGlx#~Ĺ
ǘć�ǣ+03��

2 [Helms et al., 2006; Doelken et al., 2010]ȩ�30#ƍǗ$ȨbYMTLEpXv��2 FSEC

#ā¥ǘć"�
2Glx#~Ĺ6ĮĨ�2Åƹė
�2ȩ�	�!
0Ȩ~Ƕ�� tNAAŘ

#�� (Æ¥) 
Ɣ��7	7¿ėșÜ#¥Ĵė�ſ!2ȩ�0"ȨŠȟƑ»6ǣ+!�bY

MTLEĘƶ#ǘć"�
2Glx#ßÍ$ȨĜ�#ƍ2Ȏ1!�ȩŷÙȨbYMTLEĘƶ#Š

ȟ"�
2Glx#~Ĺ"���,Ȩ�#~Ĺ
�7	7"ǮÕ�2	ǩǧ#�Ú
�2��

32 [Doelken et al., 2008]ȩ�#�+ȨFSEC#ǘć"�
2Glx#~Ĺ#ǚȄ"���$Ȩ

�0!2X|R#Ǌƙ
ĕǕ��2ȩ(�Ȩű6ż��jyTwyWYtQ|vǤƆƆ�#

Ɔ�Ȋœł�/%Ɔ�ďł"�
2 1H-MRSƐƚ"���ȨƆ�ūŪ"�
2Glx#~Ĺ


ǣ+03��2 [Neppl et al., 2001]ȩFSEC$µĊ´ŨǤƆė#ªǇė�7	7Ɔ�6Ɣ��

+Ȩ�0!2Ɛƚ"���ȨFSEC"ù�2Ɔ�ďł#GlxŦñ$MTLE#ƂĚǚň#}¸

�!2Åƹė
�2ȩ 

 ńƐƚ$ȨFSEC#ā¥�/%Æ¥ǘć#Řǲ"���ȨmIns/Cho�/%

mIns/Cr+Cho"���ŀę!āÆĂ6ǣ+�ȩmIns$ĻŲǁƧƸ¬�Éě�3ȨEu9ƧƸ

öĉ-âŗ#m|A|���òȠƈ"±ż�3��2ȩ�7	7"�
2mIns#ä»$Ȩ~
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Ĺ [Wellard et al., 2003] �Ťü [Riederer et al., 2002; Mueller et al., 2003] 6ǣ+�ßÍ
�33

3íÙ�Ȩ�¼ƅ"���,�7	7"/2ĎȖ	 �	$5	���!�ȩ�30#ßÍ

$Šȟ�2�$¬¥/å¥¥Țǉ�#Ŧñ��1Ȩǘć"�
2ä»6Ɣ��ßÍ$!�ȩ

FSEC"���Ȩ¤Ąų�#Řǲ"���ª�#mInsŘ"���ŀęĂ
!��+ȨmInsŘ

#ä»
�7	7"/2,#	źŹƈä»"/2,#	�ĺƒ��2ȩ 

 

4.4.2. Q\InZ"/2�ǨŻůŘ#ä» 

 ZNSȔġ��Řǲ��ȨZNSġ�ď# FSEC#ªÜ#ǘć"���ȨGlx/Cr+Cho

#ŀę!Ťü
ǣ+03�ȩµǶ��/�"ȨGlx$EvRny�/%EvRnyȃ	0ŏ

ě�32ȩ�7	7Ɔ�"/2ǆêė´Ũ
EvRnyȃį®#â¶�/%­Ã1ǵ)#Ť

ü
Ǯ�2�+ȨGlx#~Ĺ
Č�Ǯ��32�Ƶ�03��2 [Helms et al., 2006]ȩZNS"

$ǆêė9n^ȃǴǷĥ�-1"�
29UgwCrw|Ksy�GABAǴǷĥ�-1#S<y

wCrw|Ksy"/1Ȩƕƪ�Ǽůǭ#­Ã1ǵ)ǦƢ-ſĄǆêƕƪ"�
2u9^L

yÄõ�6ȊĪƈ"Ġ³�2���ȨEvRnyȃ#ǻȐ6Ĥ��2��
ßÍ�3��2 

[Leppik, 2004]ȩńƐƚ#ƫŉ$Ȩ�#/�!ZNS#�żŒĈ6 FSEC"���ǥĺ�đ2,

#��2ȩ 

 ńƐƚ"�
2³Ȏ$ FSEC#�7	7Ɔ�p\RuyE6Ǎ���!�����

2ȩ�7	7#ų"ù�2ZNS#ŀ¹ė6Ɣ��ßÍ$��5�	�$�2
 [Dewey, 

2006]ȨńȀ�$}Ǉƈ"ż�03��2Ģ�7	7ǋ# 1���2ȩ�#��	0ȨZNS


FSEC#�7	7Ɔ�țĉ#Ťü6Ɣ�Åƹė$½¯"Ƶ�032ȩ�0!2Ɛƚ"���Ȩ

ZNS"/2�7	7Ɔ�țĉ#ä»� 1H-MRS"�
2GlxŘ#Ƌȋė6Ǧŋ�2���Ȩ

1H-MRS
ŀ¹ǌ�ũĉ²Ǽď"ŀ¹ė6ǡ���2Åƹė
�2ȩ  
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4.5. ûħ 

1) FSEC#ǘć"���ȨtNAA/CrȨtNAA/Cho#āÆĂȨ�/%¤Ąų�Řǲ�� tNAA/Cho

#ŀę!��
ǣ+032�+Ȩ�7	7¿ėșÜ"ȋǹ��ǘć"�
2ƕƪƧƸ#

Ťü
ƔÒ�32ȩ 

2) 1H-MRS"���ȨTE144# tNAAŘ$�7	7¿ėșÜ#ŎƦ"ľ,ŀż!�ǨŻůŘ

��1Ȩǎµ#�7	7¿ėșÜ#¥ĴėŎ®"ż�2��
��2Åƹė
�2ȩ 

3) FSEC"�
2mInsŘ#āÆĂ�/%¤Ąų�Řǲ�� GlxŘ#~Ĺ$Ȩ�7	7"Ǯ

Õ�2Åƹė
�2ȩ 

4) ZNS#ġ�"/1 FSEC"�
2ǘćªÜ#Glx/Cr+Cho#Ťü
ǣ+03��+ȨZNS

$ų"�
2Ģ
�37�ż6Ɣ�Åƹė
�2ȩ 
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Figure 1. FSEC�F<	?<[H���� mIns�P]bFSEC����a?<	P]
��F<� mIns/Cho (P = 0.03)��
 mIns/Cr+Cho (P = 0.04) �NJ
96�\���
�bCho, �03BN>R; Cr, �2�%3; FSEC, ELIYQUTI����S; mIns, 
.��*�'41b*, P < 0.05 (��1��"3�V@`8OD)b 
 
 
 
 
 

 
Figure 2. FSEC�F<	?<[H���� tNAA�P]bFSEC����aF<	P]
��?<<� tNAA/Cr (P = 0.003) ��
 tNAA/Cho (P = 0.002)�NJ
96�\��
��bCho, �03BN>R; Cr, �2�%3; FSEC, ELIYQUTI����S; 
tNAA, N-�!%1� +/�3^b**, P < 0.01 (��1��"3�V@`8OD)b 
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Figure 3. FSEC�F<[H	F?�AW��;GS�[H���� Glx�P]b;GS
	P]�� FSEC� Glx/Cho (P = 0.003) ��
 Glx/Cr+Cho (P = 0.01) ����NJ

5M�\����bCho, �03BN>R; Cr, �2�%3; FSEC, ELIYQUTI�
���S; Glx, �1$.3-�1$.3^ZA:b*, P < 0.05; **, P < 0.01 (-3,�&'
)4UOD)b 
 
 
 
 
 

 
Figure 4. FSEC�?<[H	F?�AW��;GS�[H���� tNAA�P]b 
;GS	P]��aFSEC�?<[H���� tNAA/Cho (P = 0.03) �NJ
96�\
����bCho, �03BN>R; Cr, �2�%3; FSEC, ELIYQUTI����
S; tNAA, N-�!%1� +/�3^b*, P < 0.05 (-3,�&')4UOD)b  
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Figure 5. FSEC�#)�.(_K7X��
K7X�[H (=C) ��� Glx�P]b
_K7X	P]��K7X����[H Glx/Cr+Cho (P = 0.04) �NJ
96�\��
��bCho, �03BN>R; Cr, �2�%3; FSEC, ELIYQUTI����S; 
Glx, �1$.3-�1$.3^ZA:b*, P < 0.05 (��1��"3�V@`8OD)b 
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¿ŊǟFǪ�'ØÀʻɕÓʩɝ2ɝő�?5ɝřù±ǲ2ƭɯ 

 

 

 

6.1. Ȱɭ 

 ØÀʻɕÓʩɝ (anterior temporal lobectomy, ATL) 3sj2ʯǂŤÌÀÀʻɕ,G�

G (mesial temporal lobe epilepsy, MTLE) 1ĺ"B,G�GġȌ. ,�ɐǹ1Ǫ�@CBɝő

-�A �̩À2ÀʻɕØƏ.ǇˁāÀ�?5Ůƨ¯FÓʩ"B A̱TL2ƶö3ô� F̩alconerˌ

Walker1?*, 1960Ō¦13ǤĖ2ɝő3ȇȕ�C,�B [Falconer, 1967; Walker, 1973]ˍ�

C8-2ůɝūȶFɰʅ 'sj2,G�GĔʫƳʥ-�B International League Against 

Epilepsy (ILAE) 2ěă-3ˌATL 3ȟ 90%2ťȾ1��,,G�GǷ°2ƆĊ3ɶ;@Cˌ

sj MTLE 1ĺ"B<� 1 +2ɝő-�BʓŶǹǇˁŮƨ¯Óʩɝ.0@5ɑħ0ůɝūȶ

F��,�B [ILAE, 1997b]ˍ8'ˌ�2ěă1��,ˌġȌǹǂǶ1?BƷ�ǣ3 35Ɛɱ-

0%ˌ5Ɛɱ- 0.3–3.6% (ŋė 1.6%) -�*'  ̱

 ¢çǶ1��B,G�GġȌ3Ʋ
0,G�G1ĺŢ"7�ˌ��+�2ɝő3ȇ

ȕ�C,�B [Spencer et al., 2008; ,G�GǂǶRKk�K�, 2010]ˍ�ƏˌǢçǶ1��B,

G�GġȌ3ˌBagley et al. (1995) 3ɜ*'¿Ŋǟ1ĺ"BɄƩʮƍɝ2ɝő.ù±ǲFɷƦ

 'ȅȐɸƊ29-�B �̱2ɸƊ1��, B̩agley et al. (1995) 3ļơǹ13ǝǷŤ,G�G

1ĺ"BɄƩʮƍɝ2ƚâŤFɷƦ"B�.3šɤ-�B.ɭï '3 %̩2ř2ɍŎ³-Ĵ

Ɛ 'ěă3ǤĖ8-0� 8̱' Ʉ̩Ʃʮƍ3,G�GìŤʹę3ǝĳ-�0�Éɐ,G�G

1ʒŢ�CBɝő-�A ǘ̩ǕŤǷ°2ťȾ13ʊŊǪ�@C0� �̱C8-2Ȗ-Ȋ ,�

'?�1 Ŭ̩
3ǘǕŤ,G�G1��B,G�GìŤʹę2ƭȢFɜ*,�' Ǣ̱çǶ1�

�,<ɝØ1,G�GìŤʹęFſÏ"B�.3õɂ-�A Ó̩ʩġȌ1?A,G�GǷ°2



� ���

ǈĥ3ƛŘ�CB  ̱� 03@ Ǣ̩çǶ1��B,G�GȺťãǜ1ĺ"B,G�GġȌ2

ěă�?5ɄƩʮƍ§ġ2ɝřù±ǲFɷƦ 'ěă3Ŭ
2ȄBʨA0� ,̱G�GġȌĚ

ȉȅȐ. , ǡ̩.ƻʄ ,ɄZK_3ģ�� ō̩�ɝʙȇ¹1?AıÉ0Ɛɝ3-�B�.

=ˌȋȦɋȣɁȎ3ØÀʻɕʹę1ħǷ ˌġȌǹIx��e2ƭɯ2';ǟFĺɺ. 'ˍ

ƞȅȐ2ǻǹ3ˌǢçǶ1��BATLĽÈ1ý�ˌ¿Ŋǟ1ĺ"BATL2ɝő2ȇȕ�?5

ɝřù±ǲFɷƦ"B�.-�B  ̱

 

 

 

6.2. ƟƋ�?5Əǃ 

6.2.1. ½Ǧ 

 ƞȅȐ3ƒƞǢçǩĆȌİģİ2Ĵ˂ãǜ�?5ǩĆ½ǦĩĈª2űɶFŚ,ɜE

C' (űɶǮø: 26S-20, 27K-11, 28K-5, 29K-3; ȅȐ¦ɞȾ: ʡɹŅ ģʆ)  ̱

 

6.2.2. ´ɵãǜ 

 ƞȅȐ13 7ʻ2¿Ŋt�U�ǟFǪ�'ˍ¿Ŋǟ2�Ĥ¯ʘ3 10.0 kg (ȝđ 8.8–

12.4 kg)ˌ�ĤŌˈ3 121.0�ƙ  ̄ (ȝđ 103–130�ƙ )̄ -�*'ˍÉ,2¿Ŋǟ3ɝØ2ʀ

¯ƭƦ ɛ̩ǉƭƦ (ĲÉɛǥɮȚ�?5ǩæİƭƦ) �̩?5ȋȦİǹƭƦ1��,Ɣ@�0ǯ

Ŋ30��.Fȇɶ ,�B  ̱

 

6.2.3. ɝØǬÅƭƦ 

 ɝØǬÅ13MRI (Signa® HDtx 3.0T, GE Healthcare, Ƣ¡)ˌ�?5X�u��d

�ƍŃƃŗ (computed tomography, CT: Aquillion PRIME TSX-303A, Ƣɒ�iJQ�\^h�_, 

ƧƜ) FƃÅ 'ˍMRI ƃÅƖ2 RF XK�13 8 ch sjǪɊXK�FǪ�'ˍMRI ƃÅ3

fast spin echo (FSE) T2ŔɷǬÅ (T2-weighted imaging, T2WI: TR/TE = 7000/85 ms, FOV = 15 × 15, 

slice thickness = 3.0 mm, matrix = 383 × 288, NEX = 1) f̩luid-attenuated inversion recovery (FLAIR) Ǭ



� � �

Å (TR/TE/TI = 11000/142/2400 ms, FOV = 15 × 15, slice thickness = 3.0 mm, matrix = 256 × 192, NEX 

= 2) F̩SE FALIR T1ŔɷǬÅ (T1-weighted imging, T1WI: T1TR/TE =2800/8.2–8.4 ms, slice thickness 

= 3.0 mm, matrix =320 × 224, NEX =2) F̩SE 3D T2 Cubé TE = 77.74 ms, TR = 3200 ms, slice thickness 

= 0.60 mm, FOV = 15 × 15 cm, matrix = 256 × 256, NEX = 1)ˌspoiled gradient echo (SPGR) 3D T1WI 

(TR/TE = 6.5/3.1 ms, FOV = 15 × 15, slice thickness = 0.6 mm, matrix = 256 × 192, NEX = 1)ˌʋŗğ

Ŕ FSE T1WIˌ�?5ʋŗğŔ SPGR 3D T1WIFòŚ 'ˍʋŗÚ13Rk]I�k (P�m

^S��®, Ș��Ê, Ƣ¡) 0.1 mL/kg (0.05 mmol/kg) FǪ�'ˍ2DǬÅ3É, transverseƍʵ

1,ƃŗFɜ*'ˍCTƃÅ3§�2Ơ©1,ɜ*': slice thickness = 0.5 mm, ufevHTd/

y�Q�ufe = 0.813/65, țʰĕ = 120 kVp, țʰǆ = 300 mA, FOV = 18 × 18 cm  ̱

 ɝØǬÅƭƦƖ É̩,2ǟ3Ŀ0�.< 12Ɩʤ2ȪʿȪƾFɜ� ƃ̩ŗ�3�ʗ�

�W� (5 mg/kg/h ) FǕǑ 'ˍˇʖ3 7 mg/kg (IV) x�}vO�� (x�}vO��®, ĸń

ɢəˌĸń; x�}v�®28, DSvH�~Im~�y� ,̂ ģʦ) -ĽÈ 2̩.0%Kbv��� 

(Kbv�, DSvH�~Im~�y� ,̂ ģʦ) �?5 100%ʗȡ2ǋùƽ¯1?Aȭż 'ˍ

ˇʖƖ2ąĀțǦ13¢ņąĀċFǪ�ˌ12 ąĀ/Ò-ȭż 'ˍƃÅ�3MRÌɘ2ÇvH

Kq�r�^ʗȡǒŐɮ ({�vM��W�jx��w, GE Healthcare, Ƣ¡) 1?AŠŸƉF

�md� ˌ36–38�2¯ǍFȭż"B';ˌ¹ǍƟF¯2Ąđ1ɱȹ '  ̱

 

6.2.4. ġȌǹÎȹ 

6.2.4.1. ˇʖx�jX� 

 ƞȅȐ1Ǫ�'"7,2ǟ1ĺ ů̩ɝ 12ƖʤØ?AȪʿ�ȪƾFɜ*' ǟ̱1è

Ò0ʗȡæFɜ*'řˌx�}vO��2ʳɃÌŴ�ˊ10 mg/kgˋ1?AˇʖĽÈ 'ˍůɝ

�2ˇʖȭż13 2̩.0%Kbv����?5ʗȡ2ǋùĀÈ1?BƳƬǹƀƽFǪ�' ʟ̱ǳ

Ú13��S\Q� (0.2 mg/kg, s.c.) (�dQ�®0.2%ǅĻǉ, z���R�K�W�pK� z

j�iJQ ]�r�, Ƣ¡) �?5wx�o�vJ� (0.02 mg/kg, i.v.) (�{d�®ǅ 0.2mg, ģ

ĝɢə, Ƣ¡) FǪ�' ů̱ɝǽØ�@ůɝ�2ŵǩÚ13`vHc��lj�L� (20 mg/kg, 

i.v.) (`vHc��lj�L�ǅĻǪ 1g�ƒçņ�, ƒçņ, ĸń) F 2Ɩʤ�.1Ŵ� 'ˍ



� ���

ãǜFɇɌ­1 Ň̩Àʻʔ2ɝʙF�Ə1"B';ʻʔF-�B��A÷1Ã�' ů̱ɝ�

2�md��U13ŠʰĒˌɛĕˌǽɆ¯ǍˌĀÈʗȡǒŐˌąƽȤƝ�ʗæǔȡǒŐˌĀƽ

ȤƝKbv���ǒŐ2ɪǎFɜ*'  ̱

 

6.2.4.2. ØÀʻɕÓʩɝ 

 ʻʔ3ȀȔÀʵ�@řʻ˃ʹę8-ƼÔAFɜ�ˌT��yS\]� (yS[fT

®^T�w, úǫɢə, Ƣ¡) 1,ǺɈFǈƺ 'ˍƘȤǹ0ǈƺ3}tk���k (Kb]�

®ǉ, Ɣǂɢɓ, Ƣ¡) 2Čʱ1,ɜ*' Ṉ̌ÀÀʻʔ2ǺɈFUĮĘ1Óʣ À̩ʻșFʲÏ

�$' ȴ̱ù2';2E#�0ÀʻșșɉFʻʷ˃¥ȁʔ1Ƹ ˌ̒ ɗ˃�@ÀʻșFʺ˃Œ

ɽĨʔ8-Ûʮ�?5�Ə6Ǟœ ' ʣ̱ʻ13ʰƽk��FǪ�, 4Ǖ2ľĭFÀʻ˃1ȑ

�'řˌ%2 4ǕFȷ�?�1ʻʷ˃�@Àʻ˃2ÓʩFɜ�ˌ˃ȓF°ū 'ˍ�@1ˌ˃

ȓɇÀȳFźģ�$B'; �̩�]���FǪ�,˃ȓŏʔ2Àʻ˃Fʩí ' Ƥ̱ʤŃ�@

2Ïɛ13˃˄ƵɛÚ (|���fT ,̂ ǧȏçȌņƮ, Ƣ¡) FǪ�,Ƶɛ 'ˍ˃ 2ʩířˌ

ůɝʽŞʠ� (Contraves AG Zurich, Q��gHK ,̂ Ƣ¡) 2Ƅ°1ȍɜ 'ˍʲÏ 'Ȇɉ

�?5�<ɉF 11 Ǯ2ŀÑFǪ�,Óʣ ˌɄɞFʲÏ�$'ˍ�2Ɩˌ�ģɄãɃ2ɼɜ

FèÒ1ȇɶ 'ˍ�@1ˌ~KT�ÜÐFǪ�,�<ɉ�?5ʁɉFÓʣ 'ˍ¨\�tL

^ɠ�@ř\�tL^�ǐFÓʩʹę. ů̩ɝɨʙȇ¹3˃ɉÛʮĬFɄy�. ,Ǫ�,

Óʩȝđġ2ÀʻɕF�Ə1Ǟœ ' Ā̱œț.qK}��FǪ�'Ʉȥȸ2ĀœÓʩ3Ŋ1

�ģɄãɃFƁÂ 0�?�1ǅŧǊ�ʎ; Ʉ̩Ĵɻ�@2Ïɛ3 q̩�}��1?Bǚǖ8

'3ȥȸŽȁǪvJw���?5j��t�ɢÚ (z�x�^j®PX�t`fj ȥȸŽȁǪ, 

CSLz���U, Ƣ¡)ˌX��W�²ǪĀñŤłŭƵɛƟ (Ith�®, a�IƎə, Ƣ¡) F

Ǫ�,Ƶɛ ' À̱ʻɕǺɻ�?5ǸɻFÓʩ"B. À̩ɄĵɇɫāÀȗ-�BǼȗ1Öʑ"

Bˍ%2ʻÀ3Ůƨ¯-�AÌŁÀƏ3ɇÀǇˁ.0BˍŮƨ¯�?5ƫǠɕ3ĀœÓʩ ˌ

Ǉˁ3ɇÀǇˁØȗʔF~KT�ÜÐ�?5qK}����^1,ʔÒÓʩ 'ˍɝ� MRI

1,ÀʻɕǺɻˌǸɻˌɇÀǇˁˌ�?5Ůƨ¯2Óʩ3ɶ;@C'ƖǕ-ÓʩȤ�. 'ˍ

ɝ�MRI3 FSE 3D T2 Cube�?5ʋŗğŔ SPGR 3D T1FòŚ 'ˍÓʩřˌ¢ņȆɉ (Y



� ���

IhfT^®EPTFE rfe�, ƒƞYI, Ƣ¡) FȥȸŽȁǪvJw���?5j��t�ɢ

Ú1,˃ȓÌFɟɥ"B?�1ēĳ 'ˍÀʻș3 3-0 }�x�u��ȴùȞ (Z�]x�

TM�, X�JiJN�, Ƣ¡) 1,êȠʌȬȴù-ʻʷ˃1Ƹ 'șɉ.ȴù ˌǺ�ȥȸ3

3-0�ovJ���jùūĀñȞ (qKP\�TM, X�JiJN�, Ƣ¡) 1,êȠʌȬȴù 

' Ǻ̱Ɉ3 3-0}�I�kȞ (ʛ¥lK��, ƣǫçȌņƮ, Ƣ¡) FǪ�,êȠȧȜȴùFɜ

*'ˍɝřMRI3 FSE 3D T2 CubeFòŚ '  ̱

 

6.2.5. ØÀʻɕÓʩɝř2VI�?5�md��U 

 ůɝř2Ŵə13�ze�`d� (20 mg/kg, tid, p.o.) (K�Vx�®ʝ 250mg, ģĝɢ

ə, Ƣ¡) �?5`vHc��lj�L� (20 mg/kg, bid, p.o.) F 1ʍʤŴ� ˌʟǳ13wx

�o�vJ� (0.02 mg/kg, bid, i.v.) F 3ƒʤŴ� 'ˍůɝ�@ 3�ƙʤFɪĹƛʤ. ˌɍ

Ŏş¼2�md��UFɜ*'ˍ8'ˌůɝř 1ʍˌ1�ƙˌ2�ƙˌ�?5 3�ƙř1ȋȦ

İǹƭƦFĴƐ 'ˍɝř follow-up MRIƭƦ3ˌɝØMRIƭƦ.ûƲ2ůʸ1,ˌůɝř 1

�ƙ�?5 3�ƙř1ɜ*'  ̱

 

 

 

6.3. ȧƥ 

 ȆɉÓʣØ�?5ØÀʻɕÓʩř2ůɝʽŞʠ�ÍǿF Figure 1�?5 21%C&

CȊ ' A̱TLFɜ*' 7ʻ2�) (Ɛɝʸ1ǟ�ˌǟ�ˌǟ�ˌǟ	ˌǟ
ˌǟ�ˌǟ))ˌ

5  ̒ (ǟ�ˌǟ�ˌǟ	ˌǟ
ˌǟ)) 3ØÀʻɕʹę2Óʩ1ūß ' (71%)ˍ � 03

@ˌǟ	3ǺɈȴùƖ1ȒǙ2ŠŸ¾ƵFȊ ˌɚǩFɵ9B<ĎŜ30�*'';ˌıƯƷ

FĴƐ 'ˍıƯƷřˌÓʩʹę2ȇɶFɜ*'3ˌůɝ¶ɣ1?BÏɛ3ɶ;@C#ˌŠŸ

¾Ƶ2ìď3�Ɣ-�*'ˍ8'ˌǟ��?5ǟ�3ˌǇˁÓʩ2ʫ1ǇˁÌÀ1­ȹ"BɄ

ŏʔ2�ģɄãɃɽĨʔ�@×ś�ɂ0Ģʚ2ãɃŤÏɛ3ǩ! Ø̩ÀʻʹęÓʩ�1ıƯƷ

Fɜ*' %̱2'; ɝ̩ř 3�ƙʤ2�md��U3ǟ� ǟ̩� ǟ̩
 ǟ̩)1��,ɜ*'ˍ



� ���

�C@ 4ʻ2�ĤůɝƖʤ3ˌ600Ò (ȝđ 504–695Ò) -�*'  ̱  

 ATL2ù±ǲ.Ƚ�@CB,G�GǷ°3ˌǟ�1��,ůɝǽř1 1Ď29ɶ;

@C'3 %̩2ř 3�ƙʤ1,G�GǷ°3ɶ;@C0�*' %̱2¤2 3ʻ2ǟ3ɪĹƛʤ

Fʊ ,ˌ,G�GǷ°3ɶ;@C0�*'ˍɝřȋȦİǹƭƦ1��,ˌƘ<Ģ�ȋȦİǹ

ǯŊ3÷ÀīčȂ�ðŢ2ǈĥ�B�3®� �̩?5ŇÀÀʻș2ɔȵ (ǟ� ǟ̩� ǟ̩
) -

�*' À̱ʻș2ɔȵ3ůɝ 1�ƙř�@ɪĹƛʤȤ�Ɩ8-ɶ;@C' ī̱čȂ�ðŢ1�

�, ǟ̩��?5ǟ�-3ůɝ	�ƙř2ȋȦİǹƭƦ1��,ƆĊ3ɶ;@C'3 ǟ̩
-

3ƆĊ3ɶ;@C0�*'ˍ�@1ˌǟ�-3ˌŇƑĎˌ÷ØřɀĪäðŢ2ǈĥ�B�3®

�ˌǟ
-3ˌŇȀ2ƈȃˌġɇÀȾɨˌǽŽŤ�?5ʤŽŤĺÇðĻ2ǈĥ3ƿȬǹ0ù±

ǲ. ,ɶ;@C'ˍɪĹƛʤFʊ ,ˌǟ)1ɝřù±ǲ3ɶ;@C0�*'ˍȦƖǹ0ȋ

ȦİǹɴµFTable 11Ȋ '  ̱

 ǟ� ǟ̩� ǟ̩
 ǟ̩)2ůɝǽř2MRI1��,ɇÀǇˁ�?5Ůƨ¯2Óʩ3

ȇɶ-�' Ø̱ÀʻɕÓʩ3ɜEC'ËĘǹ0ǟ2CT�?5MRIǬÅF Figure 3�?5 41

%C&CȊ 'ˍ � 03@ˌůɝ 1�ƙř follow-up MRI1��,ˌǟ�-3ɨȢ�?5

Ìå2ƁÂ�(Figure 5)ˌǟ
-3ɨȢ2ƁÂ3ɶ;@C' (Figure 6)ˍ�C@2ƁÂ3ůɝ 3�

ƙř2 follow-up MRI1��,ƴƁ. ,ɶ;@C'ˍǟ�1��,ˌůɝ 1�ƙř2 follow-

up MRI�@Àʻș2ɔȵ3ɶ;@C'ˍ8'ˌǟ)-3 3�ƙʤ2ɝř2MRI1��,ˌÓ

ʩʹęġ2ƁÂ3ɶ;@C0�*'  ̱

 

 

 

6.4. ȽĹ 

 ƞȅȐ3sj MTLE-Ǫ�@CB ATLFǟ1ĺ ,ɜ*'Õ;,2ěă-�Bˍ

ƞȅȐ1��, 5̩/7  ̒ (71%) 2ǟ-ØÀʻɕʹę2Óʩ1ūß '3 Ǥ̩ƹʪ-3ūßǣ2

˅�ɝő.3.ɭ�0�ˍ�Əˌ¢çǶ2ATL�?5ǇˁŮƨ¯Óʩɝ1��Bˌůɝ 30ƒ

ř2Ʒ�ǣ3 1.4%.ěă�C,�B [Kerezoudis et al., 2017]ˍsj.ǟ2ɄZK_�?5ʻɗ
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Ìġ2ɬÙİǹ­ȹ3ģ��ǯB'; �̩ư1ƻʄ"B�.3Đʯ-�B3 ǟ̩1��BATL

3ůɝůŲ2ǛȲ�?5ɱÁ2ý�1?AƆĊ"B�.3-�B.Ƚ�B ƞ̱ȅȐ2Óʩūß

³3ǟ�ˌǟ�ˌǟ	ˌǟ
ˌǟ)-�AˌůɝȼǛŐ3®�';ˌıĳ 'ūßFñ;B�

.3-�0�*'õɂŤ3�B %̱C>�1 £̩ř2Ɛɝ1?Aūßǣ2�@0B�ƓFɶ;

BõɂŤ3˅�.Ƚ�Bˍ8'ˌƞȅȐ-3ˌ¢çǶ1��BɄġȌůɝ1��,�ɐǹ1Ǫ

�@CBɾʶǄĀœɡȹ=ltW�\��\^h�F²Ǫ ,�0� Ǥ̱Ė �̩C@2ċƳ3

ǢçɍŎ1��BɄġȌůɝ1��,<ĽÈ�C++�A A̩TL1��Bůɝūßǣ2ƆĊ1

3šɤ�õƴ.Ƚ�B  ̱

 ġȌůɝ1��,ˌō�ɝʙ2ȇ¹3�^T~n�]��j1+03Bˍǟ3sj

1ƻ7,Àʻș3Ƿʑ ,�B'; À̩ʻș2�ƏǞœ-3šǙǹ1ɝʙ3ľ���+Ǌ�0

Bˍ�@1ˌÓʩʹę13ÀʻɕÉę2ɛǉ´ȩFŷ��ģɄãɃ3ɼɜ"BˍƞȅȐ-ıƯ

ƷFɜ*' 3ʻ2�)ˌ2ʻ3Ʉŏ2�ģɄãɃɽĨʔ2ƁÂ3ìď-�*'ˍƄ°Đʯ0ɝ

ʙ1�E�ˌƁÂ3ɲ�C0�ãɃ2įĖ3Óʩūßǣ2®�1+03*'.Ƚ�Bˍ8'ˌ

ƞȅȐ3t�U�ǟ29FǪ�'3ˌǟ2ʻʔ3ćȎʤ-ģ��ŖŨ3ǯ0Bˍǝ1ˌv��

e�w�kfU=�w�k����j��q�0/2Àʻș2Ƿʑ3ɖ �ćȎ1��,3ˌ

ʺ˃Œ2Óʩ<ȽŪ1ÈCBšɤ3�Bˍ%C>�1ˌǟ2 ATL 2Ix��e13ʻʔ2Ŗ

Ũ1ùE$'ɝő=ltW�\��\^h�FǪ�B�.3ůɝūßǣ2ý�1+03B-

�D�  ̱

 ƞȅȐ1��, ɝ̩řMRI1Óʩʹę§ġ2ůɝ¶ɣ3ɶ;@C0�º  ̄ (ǟ��

?5ǟ)) 3ˌ,G�GǷ°�?5ȋȦİǹǯŊFÿ:ƿȬǹ0ɝřù±ǲFȊ�0�*'ˍ

ǟ1ĺ"B ATL 3ˌʒÓ0ůɝ3ɜ�'Ĝù13ƿȬǹ0ù±ǲF«E0��.3Ȋĉ�C

Bˍ�2ȧƥ3ˌľãǜɍŎ1��B,G�GġȌ2ȇȕ1ģ�0�á.0BȄɦ-�Bˍ 

� 03@ ƞ̩ȅȐ3¿Ŋǟ1ĺ ,ƐɝFɜ*'<2-�A ǂ̩Ƕâƥ. ,2,G�GǷ

°2ų×3ɳƔ-�,�0�ˍsj MTLE ťȾ1ĺ"B ATL 2ɝő3Ɣȇ1ɧĳ�C 

[Falconer, 1967; Walker, 1973]ˌǤĖ-3 80%§�2ťȾ-,G�GǷ°2ǈĥ�B�3 90%§

�2,G�GǷ°2ǌĿ3ɶ;@C,�B [ILAE, 1997b] �̱Ə- Ǣ̩çǶ-3�C8-1ATL
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Fɜ*'ěă30�'; %̩2ƚâŤ3�D�Óʩʹę2ĚǏ<ȇȕ�C,�0� %̱C>�

1ˌĴʫ2ɍŎǲ³1 ATL FǪ�BĜùˌÓʩʹę2ǀĳ1Ǫ�@CBɝØƭƦFũʘ1ɴ

µ 0�C40@0�ˍ«·ãǜ2�ǭǹ,G�GƳʥ-�B International Veterinary Epilepsy 

Task Force (IVETF) 3žĦ"BʻǺ�ɄǄ=,G�GǝǯǹMRI [Rusbridge et al., 2015] 1à�ˌ

Ș 3Ȗ1��BVoxel-Based Morphometry Ș̩ 4Ȗ1��BǷ°ʤƴƛ�?5Ƿ°ǽř1��B

Diffusion �?5 Perfusion MRIˌ�?5Ș 5 Ȗ1��Bx�j�ȈƽÊˆ^{Tj�^Xu�

2?�0Æʎǹ0ƭƦǃ2ŭɦFȥ9ùE$Bšɤ3�B �̱@1 ,̩G�GìŤʹę2ưţ

3ˌƂÏ1?A,G�GǷ°2ǈĥFɶ;BƘľ2ʹę.�CB'; [Lüders et al., 2006]ˌƘ

Ȥǹ0Óʩʹę2ǀĳ3ɝ�Ȇɉ�ɄǄɰʞ�B�3ǊʔɄǄɰʞFǪ�, º̩¯�.1ǀĳ

"B�.3Ƙʒ-�B.Ƚ�B  ̱

 ƞȅȐ1��, A̩TL1��Bɝřù±ǲ. ,,G�GǷ°FȊ 'ǟ3 1ʻ2

9-�*' (ǟ�) �̱C3 ů̩ɝǽř2,G�GǷ°-�A %̩2ř 3�ƙ2�md��Uƛ

ʤ1��, ,̩G�GǷ°Fɶ;0�*'�.�@ ů̩ɝ¶ɣɎ¯1?*,œ�ɽ��C'<

2.Ƚ�@CBˍġÂ=ƪĞ1«�Ïɛ-Ȋ�CB?�1 [Herman, 2002]ˌÏɛ1?By�]

i��ǁȁ3,G�GǷ°2Ƿǩ1ģ��ʥ¸"B'; ů̩ɝ�2ÏɛʚFƘľʨ1ų�B�

.3ʘɤ.0B �̱@1ˌ̒ ʔġÂ1?B,G�GǷ°3óÂ�@ƉŌʤř1<ɶ;@CB�

.3Ȅ@C,�B'; [Lowenstein, 2009]ˌATL ǽř1,G�GǷ°3ɶ;@C0�º¯1�

�,<ˌ6�ƙ�@ 1Ōʤ2ȫȬ 'ŵ,G�Gə2Ŵ�3šɤ-�Bˍ8'ˌƞȅȐ-3ů

ɝř2,G�GǷ°2�ʧ�?5X�j���2';1 �̩ze�`d�2Ŵ�Fɜ*' �̱

ze�`d�3,G�G2ǟ1��B�ɐǹ0ŵ,G�Gə-�B3 [Bhatti et al., 2015] ʢ̩Ƀ

¯ŝǨ\��j2ǟ1��,<ɝř2ŵ,G�Gə. ,ʓŶ�C,�B [Fryer et al, 2011]ˍ

%2ëâŤ�?5Ŀ0�Ý°Ǫ2ɪǕ�@ [Bhatti et al., 2015] ,̩G�GġȌ2ɝřțǦ1��

Bŵ,G�Gə. ,Ƙ<žĦ�CBəÚ-�D�  ̱

 ƞȅȐ-ɶ;@C'ȋȦİǹ0ɝřù±ǲ3ˌ÷īčȂ�ðŢ2®��?5ǈĥˌ

"0E)ɨɩʬĶ3Ƙ<Ģ� (3/4 )̒ ɶ;@C'ǯŊ-�*' ɨ̱ɩȦɿ3Ȯɉ�@ɨȋȦF

ʊAɨ î- ň 'řˌɨȢˌġÀɊǠ¯ˌɨƇȱˌɨɩʙˌʏãʙ.Ȭ�ˍƞȅȐ-ɶ;



� �	�

@C'īčȂ�ðŢ2ǯŊ3É,÷Ȁ-�A Ó̩ʩʹę1ʭŽ"BɨȢ�?5Àʻɕ1įĖ"

Bɨɩʙ�@ʏãʙ62ʌȨȱȭ3ȋȦİǹǱĠłĖ.�ɏ"Bˍsj MTLE ťȾ1ĺ"B

ATL�?5Ůƨ¯ǇˁÓʩɝ2ɝřù±ǲ13 ɰ̩ʜÞʬĶ=� 4Ò2 12ûüéǼ3Ģ��

.3Ȅ@C,�B [Blakemore et al., 1967]ˍǟ1��Bɨ î2 ňǣ3sj.ƻʄ ,˅� 

(ǟ ȟ 75%; sj ȟ 50%)ˌƞȅȐ2īčȂ�ðŢ2ǈĥ�B�3®�3sj2� 4Ò2 12

ûüéǼ1Ǿŕ"Bù±ǲ-�B.Ƚ�@CBˍ�@1ˌǟ2 ATL 1��BɨɩʬĶ3ˌÀ

ʻɕʹę1à�ɨȢ2ɨɩȦɿƁÂ1?A ĺ̩À2ɨɩ2ǈĥ1+03BõɂŤ3�B ī̱č

Ȃ�ðŢ2®��B�3ǈĥ3ɶ;@C' 3ʻ2ǟ2�) Ó̩ʩʔ­§ġ2ƁÂ3ɶ;@C0

�º  ̄ (ǟ)) 13ĲÉ0ƆĊ3ɶ;@C'3ˌɨȢ2ƴƁ3ɶ;@C'º  ̄ (ǟ��?5ǟ


) 3ĎŜ3ɶ;@C0�*'ˍɨȢ62ůɝƁÂFɶ;'ĜùˌīčȂ�ðŢ2ǈĥ�B�

3®�3ɝřʡƛ2ù±ǲ1+03B�.3Ȋĉ�CB �̱Ə- Ó̩ʩʔ­§ġ2ƁÂ3ɶ;

@C0�īčȂ�ðŢ2®�1��, À̩ʻɕ1��Bůɝ¶ɣ�B�3Ǟœĕʇ1?Bõʉ

ǹ0Ǔǲ1ɽď %̩2ȋȦƳɂʬĶ3�ʐŤ-�B�.3�Ŧ�CB ǟ̱2ǇȯǠɛțɅÓ

ʩ1��B ATL 1ʾ¬ 'ÀʻɕIx��e1��,<ˌɝř2īčȂ�ðŢ2®�.ƆĊ

3ěă�C,�B [Shihb et al., 2014]ˍ8'ˌīčȂ�ðŢ2ĎŜ3ɶ;@C0�º  ̄ (ǟ���

1��, Ň̩ƑĎ�?5÷ØřɀĪäðŢ2ǈĥ�@®�3ɶ;@C' �̱C@2ȋȦİǹǯ

Ŋ1ʥ ,ˌGonçalves et al. (2011) 3ɨŎġɇÀʹę2ƪĞǱĠ1��,ˌǱĠ.ðĺÀ2ī

čȂ�2®� ð̩ĺÀ2�ÉˇǴ ð̩ĺÀ62ʂ»�?5ķA��AFĂ"BʏãĥɷFěă

 ,�Bˍ�C3ƞȅȐ2ǟ�1��BȋȦİǹǯŊ1�ɏ"Bˍ%2';ˌǟ�1��Bȋ

Ȧİǹù±ǲ3 ɨ̩ȢFÿ:ɨŎġɇÀʹę2ůɝƁÂ1ɽď '<2.Ƚ�@CB Ʉ̱3Ɓ

Â­ȹ1Ǿʥ 'ǲǠFȊ"';ˌɝř2ȋȦİǹƭƦ3 MRI -3ƭÏ-�0�Ƴɂǹ0Ʉ

ƁÂFʴ¶ɣǹ1ɴµ"B�.3-�B.Ƚ�B  ̱

 ƞȅȐ1��, À̩ʻș2�Ə62Ǟœ1?A3/4ʻ-Àʻș2ɔȵ3ɶ;@C'ˍ

Àʻș2șɔȵ3�ʈ 'īčȂ�ðŢ2ǯŊ.ûƲ1Ƙ<Ģ�ù±ǲ2 1+-�*' ì̱ď

. , À̩ʻșFƅʕ"B�îȋȦ2�ʼȋȦƁÂ=Ǟœ1?BÀʻș2ɛǆʬĶ3Ƚ�@C

BˍƞȅȐ1��,<Àʻș2ĕʇ1ĺ ,ǅŧFŰ*,�'3ˌʽŞʠ�2ůɝ1��,ˌ



� �
�

Ƅ°Ɩ2¯­2ĠƗ�B�3Ǟœ2ɬʩ3j�w�1+03B À̱ʻș2ĕʇFʃǌ"B';ˌ

Àʻș2Óʣȝđ�B�3ÓʣƏǃFƭɯ"Bšɤ3�Bˍ�@1ˌǟ
-3ƈȃˌġɇÀƌ

ɨ ǽ̩ŽŤ�?5ʤŽŤ2ĺÇðĻ2ǈĥFȊ"ãȀȋȦʬĶ3ɶ;@C' ã̱ȀȋȦ3Ȁș

Ȼ�@ȀȔɠFʊAʻɗÌ1ʎÈ"B A̱TL3Àʻɕŏʔ62Ix��e2'; ƫ̩ǠɕÌÀ

ʔ1­ȹ"BȀȔɠʊʐǽř2ãȀȋȦFƁÂ 'õɂŤ3�B ƞ̱ȅȐ-3ȿȀǹ1ãȀȋ

Ȧ2ƁÂFȇɶ"B�.3-�0�*'3 Ǉ̩ˁÓʩƖ1ɽď"BƁÂ2õɂŤ3˅� %̱C

>�1ˌǟ2 ATL 1��Bù±ǲ13�îȋȦ�?5ãȀȋȦ2ʬĶ1ĺ ,ǅŧFŰ�š

ɤ3�Aˌ%2ɼɜ3ǛȄ"7�Ȅɦ-�B  ̱

 ƞȅȐ-Ǫ�' ATL3MTLE1ĺ"B,G�GġȌ2ɝő2 1+-�AˌǇˁ�

?5Ůƨ¯2?�0ÌÀÀʻɕƱʋ1ĺ"BIx��e-�B Ǣ̱çǶ1��B �̩2ʹę6

2Ix��e1ʥ"Běă3��Ä�-�A [Shihab et al., 2014]ˌˀ��3ġȌǹǂǶFŹþ

 'V�^<ěă�CB [Tamura et al., 2013]ˍ � 03@ˌǟ2ƫǠɕˌǇˁ�?5Ůƨ¯

Fÿ:ÌÀÀʻɕʹę3 ,̩G�G(�-0�ȋȦɋɅ=��rɅ0/Ʋ
0Ʌǵ2ěă3�

B [Smith et al., 2001; Liu et al., 2004; Thomovsky et al., 2011; Young et al., 2011; Scott et al., 2015]ˍǝ

1ˌȋȦɋɅ-3ˌƕǠɋȣɁɅ2 50% (7/14 )̒ˌŉȒɽɋȣɁɅ2 63% (10/16 )̒ 1��,

�2ʹę62ʥ�3ɶ;@C,�B [Thomovsky et al., 2011]ˍ%C>�1ˌƞȅȐ-Ǫ�'Ì

ÀÀʻɕƱʋ1ĺ"BIx��e3 ,̩G�G290@# Ʌ̩ǵŤǰť0/2ɄġȌǂǶ3ʒ

Ţ�CBʻɗÌǰť1ĺ ,<ŢǪ3õɂ-�B.Ƚ�,�B  ̱  



� ���

ľŻ 

1) sj MTLE 1ĺ"BġȌůɝ-�B ATL Fǟǡ1ŢǪ"B';ˌ¿Ŋǟ1ĺ , ATL

2ɝőȇȕ.ù±ǲ2ƭɯFǻǹ. ,ûůɝFɜ*'  ̱

2) ¿Ŋt�U�ǟ1ĺ"BATL2ÌÀÀʻɕƱʋ2Óʩūßǣ3ȟ 71%-�Aˌɝ�ıƯ

Ʒ2ìď3Ʉŏʔ2�ģɄãɃ2ƁÂ-�*'  ̱

3) Óʩʹę§ġ2ƁÂ3ɶ;@C0�Ĝùˌ,G�GǷ°Fÿ:ģ�0ù±ǲ3Ƿǩ 0

�*'  ̱

4) ɝÀ2ƁÂ1?BĺÀ2ɨɩʬĶ3Ƙ<Ģ�ù±ǲ2 1 +-�B3ˌɝř2ȋȦİǹƭ

Ʀ�B�3MRI1?AƆĊ2ƚǗ3ɴµ-�BõɂŤ3�Bˍ
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Figure 1. 8Eg�>4�=�|�{
�c������y�=�R�V|�S�;h 
(%#��)'")-)�L4�����pD��i��0Hu?t�<Kzo��i�
�l
�� 
 
 
 

 
Figure 2. 8Eg�>4�=�|�{
�c�����>4�x=�R�V|�S�;
h (%#��)'")-)�>4�x�=�pD��i��l
�� 
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Figure 3. 8Eg�>4�=�|�{
�c�����|R 3D:]T CTe6�L4�
����pD��i��l
��CT, �+&*-!-YJXQ� 
 
 
 
 
 
 

 
Figure 4. >4�x=�|�{
�8Eg�c�����|R T2P�e6�=��F�
�i��̂ Mb����U\2�F��i��l
��A, transverseY�; B, dorsalY�; 
C, sagittalY��  
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Figure 5.V| � ,ZR����c�� follow-up MRI�j~	��9@���}q�W
5�._�Id[�F�/_�}O�F� MRI�l���T2P���� FLAIRe6
��3A�T1P�e6�13A�����QGP�~���W5�L49@ (�i�) 
���}q (�i�) �~������� T2P���� FLAIRe6��3A�T1P
�e6�m3A����vN��QGP�~��L44�n (fi�) �B1Cns
�wr�~���FLAIR, fluid attenuated inversion recovery; Gd, �$ �($; MRI, k
`7�e6a� 
 
 
 
 
 

 
Figure 6.V| � ,ZR����c�� follow-up MRI�j~	��9@���}q�W
5�._�Id[�F�/_�}O�F� MRI�l���T2P���� FLAIRe6
��3A�T1P�e6�13A�����QGP�~���W5�L4}q�~��
�� (�i�)��� T2P���� FLAIRe6��3A�T1P�e6�m3A���
�vN��QGP�~��L44�n�wr�~�� (fi�)�FLAIR, fluid 
attenuated inversion recovery; Gd, �$ �($; MRI, k`7�e6a� 
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ż 7Ż 

 

 

Ɖď 

 

 

 

 ĬŮŹ'à œ$�
7�<	<ÉŶ&ß�;ŪŨ!�Ǭż 2Ż&ÉŶǋúÄŋ	

5ż 3–5Ż&�<	<¤ýǟÃĳ�łǬż 6Ż&�<	<ÉŶ&Ʃð�4)�&¬�Ť$Ɯ7

- lǇ&ŮŹ;ƨ��ǭřÀǬŗ¢ť 'GiZbkNkĜäĕó (computed tomography, CT) 

2Ųľ�ǫş�ł (magnetic resonance imaging, MRI) 
lƟŨ$ĥ¦�Ǭ�8$��ǬąƩǣ÷

ǓǬǀǝŃ°ñ¹ǬUYFkIciIJQ`#"
ß��8��! Ǭu¢ť ƨ:8��7

�<	<ÉŶ$Üú �7Ƶ�
ě����7ǭ�	�#
5Ǭ¹ƾţÈ;Ŵ�#��<	<

$�
7�<	<ÉŶ&ƚíÅ±'ī�$ƨ:8��5�Ǭu¢ť$���1đĂŨƺǢ!#

���7ǭ�8- &ŗ¢ť$�
7�<	<Łť'ǬXS&¿ǙĹǖ �7 International 

league Against Epilepsy (ILAE) &Ĕ¶;¥ő�����0ǬŮŹ�! ƶĜÄŋ$ơé&(5

��
ÔÀ��ǭ�	�#
5Ǭ2015ë$ǬInternational Veterinary Epilepsy Task Force (IVETF) 


Ƶź�8Ǭz� œ&�<	<$�
7×ƐǬŞƹ�4)�Ǥ [Berendt et al., 2015]ǬƶĜ>

\hkO [De Risio et al., 2015]ǬǍyŨƁ¼ǬŁť [Bhatti et al., 2015]ǬŁťtõ [Potschka et al., 

2015]ǬŔŠŨ MRI \hSGf [Rusbridge et al., 2015]Ǭ�4)ţśƄƌÕŨHi\eiEł 

[Matiasek et al., 2015] $ǖ�7GiLiHJ
Å±�8ǬřÀ 'Ƈl���<	<¢ť;ƨ

��!
©Ɩ!#6���7ǭ 

 

 ż 2Ż 'Ǭ�<	<ÉŶ&ǋúŤ�Äŋ;ƑĲ�7�0ǬĠĬŗ¢Ŝ³ŶÕËÕ

 œ¢ťLiNk$�
7�<	<&ŕŖ&»ǥŨŢÕƻį;ƨ��ǭŕ&�<	<ĨţŘ'

1.87% �6Ǭ�&��ǬŔŦý�<	< (idiopathic epilepsy, IdE) ' 48.0%ǬĶǆŨ�<	< 



�  ���

(structural epilepsy, StE) ' 21.2% ���ǭ-�ǬŖ&�<	<ĨţŘ' 1.43% �6Ǭ�&�

� IdE' 41.2%ǬStE' 19.6% ���ǭàÂŕ
Ê�¯-8�ĬŮŹ&ŕ&�<	<ĨţŘ

'ǬËÂŕ&Ê�ņÉ	5&Å±!Ǥ{� [Hülsmeyer et al., 2015]Ǭŕŷ$47ĨţŘ&æ
,

!<"Ƹ058#��!
Ŵ´�8�ǭlĝ ǬIdE&ŕ&qÌÝ³' 13.5ë �6ǬĬǎ$

�
7ǦƔn&ŕ&Ý³$Ǥ{����ǭ�	�#
5ǬAED&ĩŞĚ$ǖ:5�≥ 0.3»/ħ 

(3jħ$ 1»xm) &Ŧ�ǡï�4)ŏŎý�<	<Ŧ� (focal epileptic seizure, FES) 'ŜÔ

ĪǕ$Ü�7eJD[=DNk!��Ŵ�8�ǭřÀ&ŗ¢ť$�
7r#Łť'Ċ�<	<

Ƨ (antiepileptic drug, AED) ;Ş���ŶŨŁť �6Ǭ�<	<Ŧ�&ŇÍ�7�'ǡï&}

n2þƒ&Ŝń&ƾ&ė·
Ƹ058#�Æ¬' AED
�ĝ�7�'Ǆ��87ǭu¢ť$

�
7�<	<ÉŶǋú'2–3�&ǋ�#AED$§ú�#��7�'§ú$s���<	<Ǭ

�#:�ǬǛŁý�<	<
 1�&Äŋ!#7 [�<	<ŁťB?Td?iǬ2010]ǭĬŮŹ


ŜÔĪǕ$Ü�7eJD[=DNk!��Ŵ��≥ 0.3»/ħ&Ŧ�'ŕ&�<	<ÉŶǋú&

Äŋ!��ĨŞ �7!Ƒ�587ǭ-�ǬÉŶǋú$'�<	<¤ýǟÃ&Ē×
o©ĺ 

�7ǭFES'Ƙ&ǗâŨ#ƞÏ$46ñ�ƿ��87�0ǬŏŎý&�<	<¤ýǟÃ �7

©Ɩý
Ǫ�Ǭ�<	<ÉŶ
ĒÎ�87�<	<Ŧ�Â �7!Ƒ�587ǭ��
��Ǭ

ĬŮŹ'ŕ$�
7�<	<ÉŶǋúÄŋ!��Ǭ�2–3 �xm&ǋ�#Ċ�<	<Ƨ$čĊ

�7Æ¬ (≥ 0.3»/ħ&�<	<Ŧ�ǡï)Ǭ�4)/-�'«ŷĳį$���ŏŎý&�<	<

¤ýǟÃ!š:87ǟÃ
ĳ� �7Æ¬�;Ĕ¶�7ǭ�	�#
5ǬĬŮŹ 'Ŗ&Ť�

Ě
á#�ǬÉŶǋúÄŋ&ŀ×$'Ɯ5#	��ǭ�5#7Ť�Ě&ƥŸ
ùƭ �7!Ƒ

�7ǭlĝǬŖ&�<	< ' FESǬŔ$���ǠƤ�<	< (mesial temporal lobe epilepsy, 

MTLE) �4)ņǧŰ¡;Ŵ�Ť�
Ê�Å±�8��6 [Wagner et al., 2014; Kitz et al., 2017]Ǭ

ǛŁý&�<	<Ŗ$Ü�7�<	<ÉŶŁť'ĨŞ �7©Ɩý
Ë��ǭ 

 

 ÚğýƛŐŦŤý�<	<Ŗ (familial spontaneous epileptic cat, FSEC) 'µl&Ǎy

ŨƁ¼
Ƹ0587XS MTLE �4)ŔŦý�<	<&aRf œ!��űź�8��� 

[Kuwabara et al., 2000]ǭŖ '�&ǠƦòĀ$�~æ
á#�Ǭ�řý&Ǫ�ØǨ
©Ɩ �7



�  ���

�!	5ķ�#�<	<ŮŹ$Ş�58��� œŷ �7ǭ���Ǭŕ461~İ�4)Ƙ

&H?K
à���0ǬŔ$ş�ƶĜćƩ$���'ǬŖ ©Ɩ#1&'��/%ŕ 1�Ş

©Ɩ �7!Ƒ�587ǭ�&�0Ǭ�& FSEC;Ş��ŗ¢ť$�
7�<	<¤ýǟÃ&

ĳ�ł&ĳƴ;ż 3–5Ż ƨ��ǭ 

 

 ż 3Ż 'ǬVoxel-Based Morphometry (VBM) &Ŗ$�
7ǋú;ĳƴ��ǭVBM

'Ƙ�Ã$Ü�7âăŨ#ĶǆŠè;ĳ��7�0$u¢ť ǔŦ�8�ƇƳÕŨş�Ʊĭ

ł �6 [Ashburner and Friston, 2000]Ǭ�8- Ŗ$Ü�7Å±'#	��ǭĬŮŹ Ş��

Standard VBM ł'ǬřÀ 'Ħ1ƀģŨ#ĝł �7
Ǭ�è�~&êÁŨ#Ƙ �7ĸŋ

Ƙ (standard template) �4)Ļű#Ǐ|�×&�0&ōŧƾǬŧƾǬƘƗǩň�8�8&Ƅƌ

űź^P\ (tissue probability map) 
ùƭ!#7ǭĬŮŹ'�èŖ 38 Ǡ	5 standard template

�4) tissue probability maps&�ā;ƨ��ǭ¸Ś$�����@dk
Ƹ058�
ǬŖ$

�
7VBMƱĭ&żlļ;ā�ǈ��!Ʋ�7ǭ-�ǬFSEC!�èŖ;Ş��2ƏǕStandard 

VBMƱĭ 'Ǭ��&ǟÃ$Ĩÿ#ŉá'Ƹ058#	��
Ǭ« FSEC�~!�èƏ&�

~Ʊĭ$���Ǭ5 Ǡ& FSEC  ņǧ�4)/-�'Ąı~ǟÃ&ŉá
Ƹ058�ǭ�8'

FSEC ĒŊ�87�<	<¤ýǟÃ!lƝ�7ǭ�<	<ÉŶ'«þƒ �ǘǟÃ;ŀ×�

7ùƭ
�6ǬStandard VBM $�
7�~Ʊĭ'�<	<ÉŶ$�
7Ʃ�ĳį!��ĨŞ

 �7�9�ǭ 

 

 ż 4Ż 'ǬDiffusion�4) Perfusion MRI$47Ŧ�ūõ$�
7 FSEC&Ďę�

4)ŌŅ&È¡;ĳƴ��ǭŦ�ǕĺĪ$�
7FSEC&ņǧ&}ŌŅ�4)Ŧ�ūõ&FSEC

&ņǧ2Ąı~$�
7}ĎęǬǪŌŅ
Ƹ058�ǭSeizure-onset zone'Ħ1�<	<¤ý

ǟÃ$ǃ{�7!�8��6ǬŦ�ūõ&Ďę�4)ŌŅ&È¡'ĎË�� seizure-onset zone

;Ŵ��!
ŭ58��7ǭĬŮŹ&ƆĮ'ǬDiffusion�4) Perfusion MRI
�<	<Ŧ�

$47óǞ;ē��7�!
©Ɩ �7�!;Ŵ�Ǭ�<	<¤ýǟÃ&ĵû$�
7Ŧ�Ǖ

ĺĪ Ŵ�87 functional deficit zone�4)Ŧ�ūõ$Ŵ�87ĎË�� seizure-onset zone




�  ���

ĳ� ��1&!Ƒ�587ǭřÀǬu¢ť$�
7 seizure-onset zone&ĳ�$'ǬŦ�Ĥ&

£l�ÓĘÞĜäĕó (single photon emission computed tomography, SPECT) 2YRAǠƦ�Ƙ

Ń
Ş�587
Ǭŗ¢ť$���Ǭ�85&ĳį�4)Ĺ¹&ĥ¦'Ĵ0�Ǘ×Ũ �7ǭ

ǜ�ƬŨ$ĎË�� seizure-onset zone
ĳ�©Ɩ#Diffusion�4) Perfusion MRI'Ǭŗ¢ť

$�
7�<	<¤ýǟÃĳƂ$Ħ1Ǒƭ#ĳį �7!Ƒ�58Ǭ�5$'ǬvõǬu¢ť

 1¨6�8587+�Ʃ�ĳįł& 1�$#7©Ɩý
�7ǭ 

 

 ż 5 Ż 'Ǭ\hSiŲľ�ǫJ]DShJGZk (proton magnetic resonance 

spectroscopy, 1H-MRS) ;Ş�ǬFSEC&�<	<¤ýǟÃ&�ĝý$���ĳƴ��ǭFSEC&

Ưí$���ǬƉ N->LOf>JWdCiǐ (total N-acetyl aspartate, tNAA) /Dg>Oi 

(creatine, Cr) �4) tNAA/Gei-¯Ĩ¡¬œ (choline-containing compounds, Cho) $�
7å

ªæǬ�4)�èŖ!Ľǁ��ª�Ưí$�
7 tNAA/Cho&Ĩÿ#}n
Ƹ058�ǭtNAA

'Ƙƃƕ�$Ħ1Ê�ÔÀ�ǬŵƅƃƕǚÙ$46�&ŉá
Ƹ0587ǭ�#:�ǬFSEC

&Ưí$���Ǭ�<	<$47óǞ
Ƹ0587�!;Ŵ´���7ǭXS!Ľǁ��Ƙ&

à��ŕŖ 'Ǭš:87�<	<¤ýǟÃ&.;Ǘ×Ũ$ǖøǟÃ$¯07�!'½Ǜ �

7
Ǭ�&�ĝý&ĳ�$ 1H-MRS47Ưí&Ŋ×
�Ş �7©Ɩý
�7ǭ-�Ǭ�<	

<Łť&żlǌċ' AED $47ƧœŁť �6Ǭ@YRiJ$Ä�� AED Ě&Ç�'ǛŁ

ý�<	<&Łť$1�#
7ǭ�<	<&Ŗ$�
7MVH_T (zonisamide, ZNS) Łť&

@YRiJ',!<"#�
ǬřÀ 'ƅǨŨ$Ċ�<	<Ƨ!��lƟŨ$Ş�58��7ǭ

�83�$ǬĬŻ ' FSEC $�
7 ZNS Łť$Ü�7ƘwƼŝœÈ¡1ĳƴ��ǭĬŮŹ

$���ǬFSEC&Ƙ 'ZNS&ĉp$46Ưí�Ã&EfN_i�4)EfN_iǐƫ¬~ 

(glutamate and glutamine complex, Glx) /Cr+Cho&ŉá
Ƹ058�ǭĬŮŹ&ƆĮ'ǬZNS&�

ŞĹî& 1� �7EfN_iǐĘ�&Ĉ�$46Ǭ�&ƫ¬~ �7Glx&ŉá
Ƹ058

�!Ƒ�587ǭ�5#7ŮŹ!��Ǭ�<	<Ŧ�&Ĉ�$Ü�7Ĩ�ý;űƸ�7ùƭ


�71&&ǬŖ$���1ZNS
Ċ�<	<�Ş;Ĩ�7©Ɩý'!Ƒ�7ǭ 

 



�  ���

 řÀǬŗ¢ť$�
7�<	<¤ýǟÃ!�&ĳ�ł&ĵû' Hasegawa (2017) $

4��Ĕ¶�8�ǭ�&ĵû'�&õ&�<	<ÉŶ$ƈ�1& �6Ǭŗ¢ť$���1�

<	<ÉŶ&ƚíß�'ǃ������7ǭż 6 Ż 'ǬXS MTLE $Ş�587��ǠƤ

�ǘƩ;�èŕ$Ü��ĞƩ�Ǭ�&Ʃð�4)¬�Ť;ƻį��ǭÉŶąć$���ǬŖ!

Ľǁ��ƘH?K
Ë��Ǭì�Ʃǒű�$46Ö�#ĞƩ
 �7�!2Ǭŵƅƙƃƕŷ


��ǠƤǟÃ$ÐŦ�ǬÉŶŨ>\hkO&ĳƴ&�0ŕ;Üƽ!��ǭ�&ƆĮǬĬŮŹ 

&�ǘā�Ř' 71% (5/7Ǡ)  �6ǬřĤŎ$���ā�Ř&Ǫ�Ʃð!'Ʋ��#�1& 

���ǭ�	�#
5Ǭu¢ť Ş�587ǀǝŃ°ñƪƍ2UYFkIciIJQ`&�ŞǬ

Ʃƒ&ąƩŒƊï&®m$46Ǭā�Ř&mġ
Ʈǂ071&!Ƒ�7ǭ-�Ǭ¬�Ť!��

&�<	<Ŧ�' 1Ǡ ąƩūõ&.$Ƹ058�ǭ�8'�ǘǟÃ²¾&Ƙ$�
7ąƩĖ

�$ƿ¼�7�<	<Ŧ�!Ƒ�58Ǭǋ�#ąƩ�4)Ʃ�ǬƩõ&žś$�Ĉ��ö71

&!ü:87ǭ-�ǬĦ1Ê�¬�Ť'Ü�&ÒºŬ�§ú&}n�4)­�&�ǠŽ&ƣƋ

 ���
Ǭ1Ǡ&ŕ'ưÛĪǕ;ǅ��¬�Ť
Ƹ0#	���0Ǭǋ�#ąƩ
ƨ:8�

Æ¬$'ĿƈŨ#¬�Ť
Ƹ058#�©Ɩý
�7ǭ�83�$Ǭņǧ�7�'Ąı~ƿÑ

& FES ;Ĩ�7 œ 'ǬXS!­ķ$��ǠƤ�ǘƩ$4���<	<Ŧ�&ŇÍ
Īô

�87ǭ 

 

 Ħõ$ǬĬŮŹ'ŗ¢ť$�
7�<	<ÉŶǋúÄŋ&ŀ×	5�<	<¤ýǟ

Ã&ĳƂǬ�4)XS MTLE  Ħ1lƟŨ$Ş�587��ǠƤ�ǘƩ&ŕ$�
7�&Ʃ

ð�4)¬�Ť;ĳƴ��ǭĬŮŹ
ŗ¢ť$�
7�<	<ÉŶ&ß�$®
�ÄųŨŮŹ

&Äũ!#7�!'Ǖǉ�#�Ǭ�<	<ÉŶ
ŕŖ&�<	<$�
7ǛŁý�<	<$Ü

�7Łťǌċ& 1�!#7Ġ'��Ǌ�#��9�ǭ�	�#
5ǬĬŮŹ&ſ¾ 'ØǙ$

���ǠƤǟÃ$�<	<¤ý;Đ� œ$Ü�7��ǠƤ�ǘƩ&Ʒ�'ƨ���#��

0Ǭ�5#7ŮŹ
ùƭ �7ǭ-�Ǭ�8- &ŗ¢ť$���Ǭ¹ƾŨŠè;Ƹ0#��

<	<$�
7ţśƄƌÕŨĳį',!<"ƨ:8��#�ǭ�<	<�ǘÉŶ&ØĞ'Ǭ�

ǘǟÃ$�
7ţśƄƌÕŨƷ�;©Ɩ$�Ǭ�<	<ţĀŜśÕŨĹî&ƱĢ*&l�$#



�  �	�

7�9�ǭ�8'Ǭŗ¢ť&.#5�ķ�#�<	<¢ť$�#
71&!Ƒ���7ǭvõǬ

ŗ¢ť$�
7�<	<ÉŶ&Ŧã
ǬÊ�&ŗ¢ç
Č���<	<Łť = AED;Ş��

�ŶŨŁť�!��ĵû;Ćů�ǬǛŁý�<	<$Ƣ�/Ǝþ œ!�&Úğ&Ŝń&ƾ;

®m��746Ơ�ǌċƓ$#7�!
Īô�87ǭ 
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