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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 

2  

 

 

 

 

 

 

2.1.  

 International 

League Against Epilepsy (ILAE)  [Podell et al., 1996; March et 

al., 1998; Berendt et al., 1999; Mariani et al., 2013]

International Veterinary 

Epilepsy Task Force (IVETF) 2015

 [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]  

 IVETF

 (idiopathic epilepsy, 

IdE)  (structural epilepsy, StE)  (unknown cause) 

 [Berendt et al., 2015] IdE  (genetic epilepsy)

 (suspected genetic epilepsy)  (epilepsy of unknown 

cause) 

 

 IVETF

24 2



 

 
8 

IdE StE IdE IVETF

3  (three tire system)  [De Risio et al., 2015]  (Tier 

) 6 6

 (minimum data base, MDB) 

	  

(Tier 	)  (magnetic resonance 

imaging, MRI)  (cerebrospinal fluid, CSF) 

 (Tier ) 	  

(electroencephalography, EEG) 

IVETF 6 6

 (cluster 

seizure, CS)  (status epilepticus, SE) IdE

 (antiepileptic drug, AED) MRI CSF

 

 IVETF

IdE 9.2 StE 5.8 7.6

 [Fredsø et al., 2014] CS  [Monteiro et al., 

2012] SE  [Saito et al., 2001]

 

 IVETF 2015

IVETF 2003

2013 10

  



 

 
9 

2.1.  

 

2  

 

2.2.1.  

 

 IVETF  [De Risio et al., 2015] 24

2

 

 

2.2.2.  

 IdE 6 6

IVETF

MDB

6 6

MRI CSF IdE

CS SE

MRI 1

IdE IdE

Hasegawa et al. (2017) IdE 7
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2.2.3.  

 StE MRI

CSF StE

MRI/CSF

—1 —MRI

—MRI

—MRI/CSF

MRI/CSF  (e.g.  (meningoencephalomyelitis of 

unknown origin, MUO)) 1

— MRI

—

 

 

2.2.4.  

 IVETF  [Berendt et al., 2015]  (focal 

epileptic seizures, FES)  (generalized epileptic seizures, GES) FES

GES  (focal epileptic seizures evolving into generalized epileptic seizures, FEvG) 

EEG

CS 24 2

SE 1 5

CS SE

24

 

 2

1  ( / )  



 

 
11 

 

 

 

2.2.5. MRI CSF  

 MRI transverse T1 T2 fluid attenuation 

inversion recovery (FLAIR) T1

MRI 1.5-Tesla system [Visart® 1.5 Tesla, Toshiba Medical System,  (2003 4

2009 10 )] 3.0-Tesla system [Signa® HDxt 3.0T, GE Healthcare,  

(2009 10 2013 3 )] 3.0-Tesla MRI 3D T1

3D T1 3D T2

CSF

 (0.4–1.0-Tesla MRI system) 

 

 

2.2.6.  

 2003 4 2013 3

(1) (2) (3) 

(4) (5) (6) (7) 

(8) CS SE (9) (10) MRI/CSF (11) AED

(12)  

( ) IdE StE

StE

 

 IdE StE CS

SE AED IdE

StE
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U P < 0.05

EZR 1.28 ( , , ) [Kanda, 2013] 

 

 

2.2.7.  

 2014 4

 

 Log-rank test Kaplan-Meier IdE StE

 

( ) CS SE

AED IdE StE  (IdE + StE) Log-

rank test Kaplan-Meier 0.3 /  (

3 1 ) IVETF

 [Chang et al., 2006; Potschka et al., 

2015] Cox proportional hazard model

Cox proportional model P ≥ 0.3 P < 0.3

Cox proportional hazard model P < 0.05 StE

Cox proportional hazard model

EZR 1.28   



 

 
13 

2.3.  

2.3.1.  

 19,193

 (n = 5) 24 2

472  (2.46%) 358  (1.87%) CBC

 (n = 337)  (n = 12) MRI (n = 185), CSF (n = 

35) EEG (n = 7) IdE 172  ( 48.0%

0.90%) StE 76  ( 21.2% 0.40%) 110

IdE StE  

 IdE 60 MRI 13 CSF

EEG 4 1

6.8 MRI CSF IdE

4 SE 1

IdE Table 1 2  

 IdE

epilepsy of unknown cause  

(LGI2 ) [Seppälä et al., 2011]  (ADAM23 ) [Seppälä et al., 

2012] 53  (9 ) IVETF

 [Hülsmeyer et al., 2015] 

 

 StE 76 MRI 13 CSF

CSF

StE  (MUO) 28  (36.9%) 22  

(28.9%) 9  (11.8%) 6  (7.9%) 1  (1.3%)

10  (13.2%)  
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 IdE StE CS  (IdE, 31% vs. StE, 55%; 

P = 0.0004) FES (IdE, 30% vs. StE, 13%; P = 0.0009) GES (IdE, 46% vs. StE, 74%; P < 0.0001)

 (P < 0.0001)  (Table 1) 2

 (P = 0.36)  (P = 0.12)  (P =0.89) SE  (P = 

0.08) FEvG (P = 0.07) AED  (P = 0.69) 

 

 

2.3.2.  

 3,563  (n = 

1) 24 2 52  

(1.46%) 51  (1.43%) CBC

 (n = 46)  (n = 3) MRI (n = 20) EEG (n = 1)

IdE 21  ( 41.2%; 0.59%) StE 10  

( 19.6%; 0.28%) 20

IdE StE IdE 2

MRI CSF EEG IdE

Table 3 4  

 StE 10 MRI 1 CSF

StE 4  (40%) 1  

(10%) 1  (10%) 4  (40%) 

 

 IdE StE

 (P = 0.70)  (P = 0.06) CS  (P = 0.69)

SE  (P = 0.36) FES (P = 1.00) GES (P = 0.69) FEvG (P = 1.00) AED  

(P = 1.00)  (P = 0.54)  (P = 0.37)  
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2.3.3.  

2.3.3.1.  

 248 IdE StE 100  ( IdE 

65 ; StE 35 )  ( 40%)  

 

2.3.3.1.1.  ( )  

 100 51 49

13.0  (156 95%  (CI) 131.1–181.6 )

10.1  (120.9 95% CI 88.1–136.1 )  

 

2.3.3.1.2.  

 39 IdE 26

13.5  (162.0 95% CI 138.6–182.5 ) 10.4  (125.4

95% CI 106.8–143.0 ) IdE Kaplan-

Meier Figure 1 2  

 IdE 7

2

2

6.1 7.3

4

FEvG GES

12 7  

 

2.3.3.1.3.  

 12 23

7  (4 ) 3
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13 10.9  (130.2 95% 

CI 102.6–182.6 ) 4.5  (54.1 95% CI 20.1–121.9 ) 

Kaplan-Meier Figure 1 2  

 StE Table 5

MUO AED

MUO

12

1

AED  (

) 

 (n = 4) AED

 (n = 1)  (n = 1)  (n = 1) 

AED

3

Kaplan-Meier

Figure 3 4  

 IdE StE IdE StE

 (P < 0.001) (Figure 1)  (Figure 2)  

 

2.3.3.1.4.  

 100 6  (IdE 1 StE 5 ) 

Table 6 Table 7

AED Table 8  

 Log-rank test Table 9  (IdE+StE) IdE

< 0.3 / ≥ 0.3 /
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Cox proportional hazard  (IdE + StE) ≥ 0.3 /

 (P = 0.00005; hazard ratio (HR) 5.26; 95% CI 2.37–11.70; 46/96 ) IdE ≥ 0.3 /

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

15.17; 14/64 ) ≥ 0.3 /

 (IdE + StE) IdE AED 25/46  

(54%) 19/27  (70%) 

AED AED

 

 

2.3.3.2.  

 31 IdE StE 13  

(IdE 8 StE 5 )  ( 42%)  

 

2.3.3.2.1.  ( )  

 13  (IdE + StE) 8 5

 (not available, NA)  (95%CI 35

–NA) 1 92% (12/13 ) 5 67% (8/12 ) 

14.3  (171.9 95% CI 171.7 –NA)  

 

2.3.3.2.2.  

 6 2

NA  (95% CI 35 –NA) 1 100% (8/8 ) 5 86% (6/7

) 14.3  (171.7 95% CI 43.6 –NA) 

IdE 1

1 IdE

Kaplan-Meier Figure 5 6   
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2.3.3.2.3.  

 2 3

1

4.5  (54.0 95% CI 2.0 –NA) 1

80% (4/5 ) 5 40% (2/5 ) 14.3  (171.9

95% CI 69.3 –NA) Kaplan-Meier

Figure 5 6  

 StE

2 AED

3  

 IdE StE  (P = 0.23)  (P = 

0.58)  

 

2.3.3.2.4.  

 StE  (n = 1)  (n = 12)

Table 10

AED Table 11

 (n = 13)  

 

 

 

2.4.  

 2

1.9%

IdE StE 0.9% 0.4%
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 (

1–2.6% IdE 0.5–5%)  [Hülsmeyer et al., 2015]

 

 IdE (10.4 ) StE (4.5 ) 

 (IdE 9.2 , StE 5.8  [Fredsø et al., 2014]; IdE 10.5 , 

StE 3.4  [Arrol et al., 2012]) IdE StE

IdE

 

  (IdE + StE) IdE StE 13.0 13.5

10.9

7.6  [Fredsø et al., 2014] 7.0  [Berendt et al., 2007] 

1

4/100

 (49/81  [Fredsø et al., 2014] 24/63 [Berendt et al., 2007])

StE

 (QOL)  

[Wessmann et al., 2014] QOL

IdE

 

 Inoue et al. (2015) 13.7

IdE

 [Proschowsky et al., 2003]  [O’Neill et al., 2013] 

10.0 12.0
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 [Greer et al., 2007]

 

 IdE ≥ 0.3 /

 [Berendt et al., 2007]

IdE

IdE ≥ 0.3 /

AED

 [Fredsø et al., 2014; Weissl et al., 2012] AED

AED AED

IVETF

 [Potschka et al., 2015]

IdE

AED IdE

AED  (≥ 0.3 / )  (19/64 , 30%) 

 [Sander, 1993]  

 IdE FES
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 [Berendt et al., 2007] Packer et al. (2015) 

FES

FES FES

EEG

FES

 ( )  (CS, SE ) 

 

[Tanaka et al., 1992; Hiyoshi et al., 1993; Hasegawa et al., 2002; McIntyre et al., 2006]  

FES

FES

 

 

2–3 AED 1

 [ , 2010]

QOL

AED  [Kwan et al., 2000]

 [Berg and Kelly, 2006]

IdE

 (≥ 0.3 / ) FES

AED
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AEDs

AEDs QOL

IdE

2–3  (≥ 0.3 /

) /

 

 IdE 2  (sudden unexpected 

death in epilepsy, SUDEP) SUDEP

 [Scorza et al., 2010; Scorza et al., 2014]

AED SUDEP  [Stollberger et al., 2004; Surges et 

al., 2009; Scorza 2008] SUDEP 2 IdE IdE

 (6.1 7.3 ) ≥ 1 /

1 AED SUDEP

SUDEP

SUDEP  [Scorza et al., 2010]  [Scorza et al., 2014] 

 

 StE 3

Log-rank test Kaplan-Meier

> 80% 5

13.7 54.1

2.2–23.3  [Hu et al., 2015] 77.5  [Adamo et al., 2007] 
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MRI/CSF StE

StE

 (IdE + 

StE) ≥ 0.3 /

IdE StE  

 IdE StE FES GES CS

IdE StE FES StE

 [Pákozdy et al., 2008] FES StE (13%) IdE 

(30%)  [Pákozdy et al., 2008; 

Schwartz et al., 2013; Armaşu et al., 2014] StE

22–72% 7–37%  [Podell et al., 

1995; Tipold et al., 1995; Pákozdy et al., 2008; Schwartz et al., 2013] StE

74.2%

 [Armaşu et al., 2014]

FES

MUO MUO

GES

1

GES  (35.9%) FES  (28.2%) 

StE FES

FES GES

CS IdE (31%) StE (55%) 

 (IdE 45.2% vs StE 65.6% [Pákozdy et al., 2008]) IVETF

CS MRI CSF  [De Risio et al., 

2015]  
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 IdE (n = 21)  StE (n = 10) 0.9% (31/3563

) IdE StE 1.6–1.7%  [Schriefl et 

al., 2008; Pakozdy et al., 2010]

IdE 7  [Hasegawa et al., 2017]

1 12  [Schriefl et al., 2008] 0.5 14  [Pakozdy et al., 2010] 

StE (19%) IdE (41%) 

Pakozdy et al. (2010) StE (62%) IdE (38%)

IdE StE 31

 

 IVETF

IVETF

/ IdE StE

MRI 3D MRI IVETF

[Rusbridge et al., 2015] 

MRI

IVETF

IVETF

StE

MRI/CSF

StE
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2.5.  

1) 2003 2013 10

1.9% 1.4%  

2) StE IdE  

3) IdE  (≥ 0.3 / ) 

 

4) IdE FES AED  

5) IdE AED
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Table 1. 2003 2013 10
 

 
 

 (n = 358) IdE (n = 172) StE (n = 76) 
    
 [ ] 193 (54%) [71 (20%)] 97 (56%) [37 (22%)] 34 (45%) [14 (18%)] 
 [ ] 165 (46%) [79 (22%)] 75 (44%) [41 (24%)] 42 (55%) [16 (21%)] 
    

 6.0 6.2 5.9 
 1.0–54.0 1.3–37.8 1.0–39.5 

 ( )    
 3.6 2.5 5.5 

 0.1–14.4 0.5–6.8 0.2–13.9 
    

 117 (33%) 170 (99%) 24 (33%) 
 241 (67%) 2 (1%) 52 (67%) 

 ( / )    
 2.0 1.2* 4.0* 

 0.1–37.0 0.1–37.0 0.1–30.0 
    

FES 93 (26%) 52 (30%)* 10 (13%)* 
GES 190 (53%) 78 (46%)* 56 (74%)* 
FEvG 75 (21%) 42 (24%) 10 (13%) 

    
CS 141 (39%) 53 (31%)* 42 (55%)* 
SE 71 (20%) 31 (18%) 22 (29%) 

AED     
 180 (51%) 99 (58%) 28 (37%) 

 137 (38%) 55 (32%) 38 (50%) 
 41 (11%) 18 (10%) 10 (13%) 

    
 281 (78%) 159 (92%) 30 (41%) 
 77 (22%) 13 (8%) 46 (59%) 

IdE, ; StE, ; FES, ; GES, ; FEvG, 
; CS, ; SE, ; AED, 

*, P < 0.05 ( )   
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Table 2. 2003 2013 10
 

 (n = 358) IdE (n = 172) StE (n = 76) 
 n  n  n 

 
5
4  

2
7  

1
5 

 
3
6  

1
8  7 

 
2
8  

1
4  5 

 
2
4  

1
3   

 
2
3  

1
0   

 
1
7  9   

 
1
5  7  4 

 
1
4     

 
1
3  6  3 

 
1
2    2 

 
1
2     

 
1
1  5   

 
1
0  4   

 9     

 8     

 7  3  1 

 6     

 5     

 4     

   2   

      

 3     

      

   1   

      

 2     

      

      

 1     

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

IdE, ; StE,   
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Table 3. 2003 2013 10
 

 
 

 (n = 51) IdE (n = 21) StE (n = 10) 
    
 [ ] 24 (46%) [20 (38%)] 8 (42%) [6 (32%)] 5 (50%) [5 (50%)] 
 [ ] 27 (54%) [16 (31%)] 13 (58%) [5 (26%)] 5 (50%) [4 (40%)] 
    

 4.1 4.3 4.0 
 1.5–6.9 2.6–6.9 1.5–6.7 

 ( )    
 2.5 1.4 4.6 

 0.1–21.3 0.2–6.8 0.1–14.8 
    

 27 (53%) 21 (100%) 2 (20%) 
 19 (37%) 0 (0%) 8 (80%) 

 ( / )    
 4.5 5.0 2.8 

 0.4–75.0 1.0–75.0 0.5–30.0 
    

FES 7 (14%) 4 (19%) 1 (10%) 
GES 24 (47%) 6 (29%) 4 (40%) 
FEvG 20 (39%) 11 (52%) 5 (50%) 

    
CS 20 (39%) 6 (29%) 4 (40%) 
SE 9 (18%) 3 (14%) 3 (30%) 

AED     
 13 (25%) 6 (7%) 3 (30%) 

 24 (47%) 8 (38%) 5 (50%) 
 10 (20%) 4 (19%) 1 (10%) 
    

 6 (12%) 0 (0%) 6 (60%) 
 45 (88%) 21 (100%) 4 (40%) 

IdE, ; StE, ; FES, ; GES, ; FEvG, 
; CS, ; SE, ; AED, 
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Table 4. 2003 2013 10
 

 (n = 51) IdE (n = 21) StE (n = 10) 
 n  n  n 

 35  11  9 
 12  8  1 

 1  1   
      

      
      

IdE, ; StE,  
 
 
 
 
 
 
Table 5. 2003 2013 10

StE  

 
  ( )  ( ) 

n ( )  95% CI  95% CI 
 12 (11) 1.1 0.4–6.7 10.8 7.5–11.6 
 11 (9) 1.9 0.6–∞ 7.6 2.8–∞ 
 8 (1) NA 5.6–∞ NA 8.9–∞ 
 2 (1) 10.4 ∞–∞ 16.9 ∞–∞ 

 2 (1) 3.3 3.3–∞ 7.6 7.6–∞ 
95% CI, 95% ; NA, not available  
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Table 6. 2003 2013 10
 

 
 

 (n = 94) IdE (n = 64) StE (n = 30) 
    
 [ ] 52 (55%) [24 (26%)] 37 (58%) [18 (28%)] 15 (50%) [6 (20%)] 
 [ ] 42 (45%) [17 (18%)] 27 (42%) [11 (17%)] 15 (50%) [6 (20%)] 
    

 6.6 7.0 6.1 
 1.3–35.0 1.3–31.0 2.0–35.0 

 ( )    
 3.1 2.7 6.0 

 0.4–10.0 0.6–6.8 0.4–10.0 
    

 71 (76%) 62 (97%) 9 (30%) 
 23 (24%) 2 (3%) 21 (70%) 

 ( / )    
 3.3 2.5 4.0 

 0.1–20.0 0.1–20.0 0.1–10.0 
    

FES 20 (21%) 15 (23%) 5 (17%) 
GES 51 (55%) 30 (47%) 21 (70%) 
FEvG 23 (24%) 19 (30%) 4 (13%) 

    
CS 43 (46%) 26 (41%) 17 (57%) 
SE 16 (17%) 13 (20%) 3 (10%) 

AEDs     
 46 (49%) 37 (58%) 11 (37%) 

 35 (37%) 18 (28%) 10 (33%) 
 13 (14%) 9 (14%) 9 (30%) 
    

 69 (73%) 60 (94%) 9 (30%) 
 25 (27%) 4 (6%) 21 (70%) 

IdE, ; StE, ; FES, ; GES, ; FEvG, 
; CS, ; SE, ; AED, 
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Table 7. 2003 2013 10
 

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

 8  5 
 6  3 

 5   
    

 4  2 
    

 3   
    

   1 
 2   

    
    

    
    

    
    

 1   
    

    
    

    
    

    
    

    
IdE, ; StE,   
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Table 8. 2003 2013 10
AED 

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, ; IdE, ; StE, ; PB, 

; ZNS, ; KBr, ; DZP, ; GBP, 
;CBP, ; LEV, 
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Table 10. 2003 2013 10
 

 
 

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

    
 [ ] 3 (23%) [3 (23%)] 2 (25%) [2 (25%)] 1 (20%) [1 (20%)] 
 [ ] 10 (77%) [6 (46%] 6 (75%) [2 (25%)] 4 (80%) [4 (80%)] 
    

 3.8 4.3 3.6 
 2.6–6.9 3.1–6.9 2.6–5.6 

 ( )    
 1.8 1.6 4.5 

 0.1–14.8 0.6–6.8 0.1–14.8 
    

 10 (77%) 8 (100%) 3 (60%) 
 3 (23%) 0 (0%) 2 (40%) 

 ( / )    
 0.25 0.625 1.5 

 0–60.0 0–1.5 0–60.0 
    

FES 3 (23%) 3 (38%) 0 (0%) 
GES 4 (31%) 2 (25%) 2 (40%) 
FEvG 6 (46%) 3 (38%) 3 (60%) 

    
CS 5 (38%) 2 (25%) 3 (60%) 
SE 3 (23%) 1 (13%) 2 (40%) 

AEDs     
 3 (23%) 2 (25%) 1 (20%) 

 7 (54%) 6 (75%) 1 (20%) 
 3 (23%) 0 (0%) 3 (60%) 
    

 1 (8%) 0 (0%) 1 (20%) 
 12 (92%) 8 (100%) 4 (80%) 

 
IdE, ; StE, ; FES, ; GES, ; FEvG, 

; CS, ; SE, ; AED, 
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Table 11. 2003 2013 10
AED 

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, ; StE, ; PB, 

; ZNS, ; DZP,   
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Figure 1. IdE StE Kaplan-Meier IdE StE

 (P = 0.00003)
	 IdE, ; StE,  

 
 
 
 
 
 

 
Figure 2. IdE StE Kaplan-Meier IdE StE

 (P = 0.11) 	

IdE, ; StE,  
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Figure 3. StE Kaplan-
Meier 3 	  (P = 0.02)

	  
 
 
 
 
 
 

 
Figure 4. StE Kaplan-Meier

3 	  (P = 0.07)
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Figure 5. IdE StE Kaplan-Meier IdE StE

 (P = 0.23) 	

IdE, ; StE,  
 
 
 
 
 
 

 
Figure 6. IdE StE Kaplan-Meier IdE StE

 (P = 0.58) 	

IdE, ; StE,  



ƌ 3Ƌ 

 

 

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  



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 



 

 
Figure 3. 38T�%1A��#5�	?EPXEPXJIV=� feline tissue probability 
maps�7R$Y+BS-��
X?EP���JIV=� tissue probability maps�
')�� �O���	 (WLG*)Y 



 
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 



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  



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 

 



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 

 

 



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 

 

 



 

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  



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



 
 
 
 

 
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 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!>
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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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5  

 

 

Magnetic Resonance Spectroscopy

 

 

 

 

5.1.  

  (proton magnetic resonance spectroscopy, 1H-

MRS) 

 (magnetic resonance imaging, MRI) 1H-MRS  

(echo time, TE)  (short TE) TE  (long TE) long TE

N-  (total N-acetyl aspartate, tNAA)  (creatine, Cr)

 (choline-containing compounds, Cho) short TE

(myoinositol, mIns) 

 (glutamate and glutamine complex, Glx) 

TE 1H-MRS

MRI

 

 1H-MRS

1H-MRS  [Caruso et al., 2013] NAA

NAA
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MRI 1H-MRS

 [Doelken et al., 2008] NAA

Glx [Helms et al., 2006; Doelken et al., 2010] 

mIns [Riederer et al., 2002; Mueller et al., 2003; Wellard et al., 2003] 

1H-MRS

 [Ono et al., 2014]

MRI

 [Carrera et al., 2016]  [Carrera et al., 2014]

 [Neppl et al., 2001]  

 1

 

(zonisamide, ZNS) 1980

T

GABA

 [Leppik, 2000]

ZNS

ZNS

Hasegawa et al. (2008) 

ZNS  [Dewey et al., 2006] short TE

1H-MRS Glx ZNS

1H-MRS

ZNS
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  (familial spontaneous epileptic cat, 

FSEC) MRI

 (Kuwabara 

et al., 2010; Hasegawa et al., 2014; Mizoguchi et al., 2014; Mizoguchi et al., 2017) MTLE 1H-

MRS

 (volume of interest, VOI) 

MTLE  [Chassoux et al., 2016]

VOI 1H-MRS  LCModel® 

(LCModel®, L.A.systems, ) FSEC

FSEC

ZNS  

 

 

 

5.2.  

5.2.1.  

 

 ( 12-34, 13-22, 26K-29, 27K-10, 27S-34, 28K-3, 28K-4  

) 

 

5.2.2.  

5.2.2.1.  

 1H-MRS

FSEC  ( ) 
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FSEC ( + ) FSEC

 

 

5.2.2.2.  

 FSEC ZNS ( , DS , )  

( )  ( ) ZNS

ZNS  0 µg/ml  

10–40 µg/ml  

 ZNS FSEC ZNS FSEC

ZNS  0 µg/ml 1  ( ) 1H-MRS

ZNS 5 mg/kg (bid, p.o.) 1

ZNS 10–40 µg/ml

2  ( ) 1H-MRS ZNS

ZNS  ( , )  

 

5.2.3.  

5.2.3.1.  

 28 FSEC 16 FSEC

3.4 kg (  2.0–4.8 kg) 45  (  11–102 ) 

3.5 kg (  2.4–5.1 kg) 24  (  8–124 ) 

 ( )

 

 

5.2.3.2.  

 FSEC 8 3.9 kg (  3.2–

5.2 kg) 93  (  69–133 )  
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5.2.4.  

 MRI 12

 ( ®, , ; 

28, DS , )  (10 mg/kg) 

MRI  ( , DS , 

) 2.0%

37–38  

 

5.2.5. MRI  

 MRI 3.0-Tesla MRI Signa HDxt, GE Helthcare, 

RF 8 ch

RF motion artifact

MRI

 ( , GE Healthcare, ) 

 

 1H-MRS 3D T2 Cube (TE = 77.74 ms, TR = 3200 ms, slice thickness = 0.60 mm, 

FOV = 15 × 15 cm, matrix = 256 × 256, NEX = 1) 

T2 sagittal dorsal 3  (slice gap = 0.5 mm, slice 

thickness = 2.0 mm) fast spin echo T2 transverse  (TE = 99.64 ms, TR = 6000 ms, slice 

thickness/Sp = 3.0/0.5 mm, FOV = 15 × 15 cm, matrix = 320 × 224, NEX = 1) 1H-MRS

 

 

5.2.6. 1H-MRS  

 1H-MRS Single-voxel 1H-MRS 1D prove point 

resolved spectroscopy (PRESS)  (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 
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thickness = 10 mm, matrix = 1 × 1, NEX = 8)  ( TE = 35 ms TE35 TE = 

144 ms TE144 ) TE35 TE144 1H-MRS

1H-MRS  

 

5.2.6.1.  

 tNAA Glx mIns

TE35 TE144 VOI

3

VOI 10 × 10 × 10 mm

< 16 Hz  

 

5.2.6.2.  

 ZNS Glx

ZNS TE35 1H-MRS VOI

VOI 20 × 10 × 10 mm

< 16 Hz

 

 

5.2.7.  

 LCModel® version 6.3-1A

20%

TE35 tNAA Cho mIns Glx TE144 tNAA Cho

Cr Cho Cr+Cho  

(Statcel3, , ) P < 0.05  
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5.2.8.  

5.2.8.1  

 

 (n = 16) 

 (n = 16)  (n = 32) FSEC  ( )  

 FSEC

U FSEC  (n = 28)  

(n = 28)  (n = 56) TE35 TE144

 (n = 32)  

 

5.2.8.2.  

 FSEC ZNS TE35

 

 

 

 

5.3.  

5.3.1.  

 FSEC T2

 (n = 16)  (n = 16) 

 (n = 32) FSEC TE35 TE144

 ( ) Table 1 2 3  

 TE35 FSEC

mIns/Cho ( ,  4.33,  2.55–7.41; ,  3.67,  2.73–6.16) (P = 0.03) 

mIns/Cr+Cho ( ,  0.98,  0.64–1.63; ,  0.91,  0.61–1.27) (P = 



 77 

0.04)  (Figure 1) TE144 FSEC

tNAA/Cr ( ,  1.71,  1.36–

2.23; ,  1.62,  1.12–1.97) (P = 0.003) tNAA/Cho ( ,  4.67, 

 3.41–5.82; ,  4.23,  2.99–5.37) (P = 0.002) 

 (Figure 2) FSEC

TE35 TE144 FSEC  ( ) 

Table 3 4 3  

 TE35 FSEC FSEC

Glx/Cho ( ,  6.83,  3.96–10.95; FSEC,  8.52,  6.03–

11.55) (P = 0.003) Glx/Cr+Cho ( ,  1.73,  1.13–2.95; FSEC,  

2.00,  1.48–2.59) (P = 0.01)  (Figure 3) TE144

FSEC FSEC tNAA/Cho (

,  4.50,  3.67–6.14; FSEC,  4.23, 2.99–5.37) (P = 0.03) 

 (Figure 4) FSEC ( + ) 

TE35 TE144 FSEC

Table 5 6 3  

 

4.3.2.  

 Glx/Cr+Cho ZNS  (  11.69  9.32–15.97) 

 (  9.49  6.12–11.66)  (P = 0.04) (Figure 6)

ZNS

FSEC Table 7   
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5.4.  

5.4.1.  

 FSEC VOI

FSEC MTLE MTLE

FSEC

3-Tesla 7-Tesla MRI single-voxel 

1H-MRS 3-Tesla MRI VOI 10 mm3

 [Martin-Vaquero et al., 2012] 10 mm3 VOI

MTLE  [Chassoux et 

al., 2016] VOI  3-

Tesla MRI RF voxel

FSEC  

 FSEC TE144 tNAA/Cr tNAA/Cho

TE144 tNAA/Cho

FSEC MTLE

Voxel-based morphometry (VBM) NAA

NAA/Cr+Cho  [Brázdil et al., 2009]

tNAA  [Doelken et al., 2008]

tNAA/Cr tNAA/Cho T2 VBM  (

) FSEC (non-lesional MTLE) 

MTLE NAA NAA/Cr NAA/Cr+Cho

 [Fojtiková et al., 2007]

tNAA/Cho TE35
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tNAA TE35

mIns Glx TE144

tNAA Cr

Cho TE144 TE144

TE144 1H-MRS

 

 TE35 FSEC Glx/Cho Glx/Cr+Cho

Glx

 [Hajek et al., 2008]

1H-MRS Glx

MTLE Glx  

[Aydin et al., 2012] Glx

 [Helms et al., 2006; Doelken et al., 2010] MTLE FSEC

Glx tNAA

 ( ) 

MTLE Glx MTLE

Glx

 [Doelken et al., 2008] FSEC Glx

1H-MRS Glx

 [Neppl et al., 2001] FSEC

FSEC Glx MTLE

 

 FSEC mIns/Cho

mIns/Cr+Cho mIns

mIns
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 [Wellard et al., 2003]  [Riederer et al., 2002; Mueller et al., 2003] 3

/

FSEC mIns mIns

 

 

4.4.2.  

 ZNS ZNS FSEC Glx/Cr+Cho

Glx

Glx  [Helms et al., 2006] ZNS

-1 GABA -1

 

[Leppik, 2004] ZNS FSEC

 

 FSEC

ZNS  [Dewey, 

2006] 1 ZNS

FSEC

ZNS 1H-MRS Glx

1H-MRS   
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4.5.  

1) FSEC tNAA/Cr tNAA/Cho tNAA/Cho

 

2) 1H-MRS TE144 tNAA

 

3) FSEC mIns Glx

 

4) ZNS FSEC Glx/Cr+Cho ZNS
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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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6.1.  

  (anterior temporal lobectomy, ATL) 

 (mesial temporal lobe epilepsy, MTLE) 

ATL Falconer

Walker 1960 3  [Falconer, 1967; Walker, 1973]

International League Against 

Epilepsy (ILAE) ATL 90% 3

MTLE 1

 [ILAE, 1997b] 35

0% 5 0.3–3.6% ( 1.6%)  

 3

 [Spencer et al., 2008; , 2010]

Bagley et al. (1995) 3

Bagley et al. (1995) 

3 3

3

3



3 3

3 3

3

ATL ATL

 

 

 

 

6.2.  

6.2.1.  

 

 ( : 26S-20, 27K-11, 28K-5, 29K-3; :  )  

 

6.2.2.  

 7 10.0 kg (  8.8–

12.4 kg) 121.0  (  103–130 ) 

 ( )

3  

 

6.2.3.  

 MRI (Signa® HDtx 3.0T, GE Healthcare, )

 (computed tomography, CT: Aquillion PRIME TSX-303A, , 

) MRI RF 8 ch MRI

fast spin echo (FSE) T2  (T2-weighted imaging, T2WI: TR/TE = 7000/85 ms, FOV = 15 × 15, 

slice thickness = 3.0 mm, matrix = 383 × 288, NEX = 1) fluid-attenuated inversion recovery (FLAIR) 



 

 (TR/TE/TI = 11000/142/2400 ms, FOV = 15 × 15, slice thickness = 3.0 mm, matrix = 256 × 192, NEX 

= 2) FSE FALIR T1  (T1-weighted imging, T1WI: T1TR/TE =2800/8.2–8.4 ms, slice thickness 

= 3.0 mm, matrix =320 × 224, NEX =2) FSE 3D T2 Cube TE = 77.74 ms, TR = 3200 ms, slice thickness 

= 0.60 mm, FOV = 15 × 15 cm, matrix = 256 × 256, NEX = 1) spoiled 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)

FSE T1WI SPGR 3D T1WI  (

®, , ) 0.1 mL/kg (0.05 mmol/kg) 2D transverse

CT : slice thickness = 0.5 mm, /

 = 0.813/65,  = 120 kVp,  = 300 mA, FOV = 18 × 18 cm  

 12

 (5 mg/kg/h ) 7 mg/kg (IV)  ( ®, 

; ®28, DS , ) 2.0%  

( , DS , ) 100%

12 / MR

 ( , GE Healthcare, ) 

36–38  

 

6.2.4.  

6.2.4.1.  

 12

10 mg/kg

2.0%

 (0.2 mg/kg, s.c.) ( ®0.2% ,  

 , )  (0.02 mg/kg, i.v.) ( ® 0.2mg, 

, )  (20 mg/kg, 

i.v.) ( 1g , , ) 2



 

 

6.2.4.2.  

  (

® , , )  (

® , , ) U

4

4

 ( , , ) 

 (Contraves AG Zurich, , ) 

11

 ( ®P  , 

CSL , )  ( ®, , ) 

3

MRI

3

MRI FSE 3D T2 Cube SPGR 3D T1  (



®EPTFE , , ) 

3-0  (

TM , , ) 

3-0  ( TM, , ) 

3-0  ( , , ) 

MRI FSE 3D T2 Cube  

 

6.2.5.  

  (20 mg/kg, tid, p.o.) ( ® 250mg, 

, )  (20 mg/kg, bid, p.o.) 1

 (0.02 mg/kg, bid, i.v.) 3 3

1 1 2 3

follow-up MRI MRI 1

3  

 

 

 

6.3.  

 Figure 1 2

ATL 7  ( ))

5  ( ))  (71%) 3

3

3

3

3 )



4 600  (  504–695 )   

 ATL 1

3 3 3

 ( ) 

1

	 3 3

3

3

)

Table 1  

 ) MRI 3

3 CT MRI Figure 3 4

3 1 follow-up MRI

(Figure 5) 3  (Figure 6) 3

follow-up MRI 1 follow-

up MRI 3 ) 3 MRI

 

 

 

 

6.4.  

 MTLE ATL

5/7  (71%) 3

ATL 30

1.4%  [Kerezoudis et al., 2017]



3 ATL

3

) 3

3 3

3

ATL

 

 3

3 3

3

3 2 3 3

3 3 3

3 3

3

3 ATL

3 3

 

 MRI 3  (

)) 

ATL 3 3

3

MTLE ATL  

[Falconer, 1967; Walker, 1973] 80% 90%

3  [ILAE, 1997b] ATL



3

ATL

International Veterinary Epilepsy 

Task Force (IVETF) 3 MRI [Rusbridge et al., 2015] 

3 Voxel-Based Morphometry 4

Diffusion Perfusion MRI 5

3

 [Lüders et al., 2006]

3  

 ATL 1

 ( ) 3

 [Herman, 2002]

3 3

3  [Lowenstein, 2009] ATL 3

6 1 3

3 [Bhatti et al., 2015]

 [Fryer et al, 2011]

 [Bhatti et al., 2015]

 

 

3  (3/4 ) 



MTLE

ATL 4 1 3

3  [Blakemore et al., 1967]  

(  75%;  50%) 4 1

ATL

3 3

3 3 3

 ( )) 3 3 3  (

) 3

3 3 3 3

3

ATL

3  [Shihb et al., 2014] 3  (

3

Gonçalves et al. (2011) 

MRI

3  

 3/4 3

1

3

3



3

3

3

ATL

3

3 3

ATL

3  

 ATL MTLE 1

 [Shihab et al., 2014] 3

 [Tamura et al., 2013] 3

3

 [Smith et al., 2001; Liu et al., 2004; Thomovsky et al., 2011; Young et al., 2011; Scott et al., 2015]

50% (7/14 ) 63% (10/16 ) 

3  [Thomovsky et al., 2011]

3

3   



 

1) MTLE ATL ATL

 

2) ATL 71%

 

3) 3

 

4) 1 3

MRI 3 3
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Figure 1.  
( )

 
 
 
 

 
Figure 2. 

 ( )  



 

 
 
 

 
Figure 3. 3D CT

CT,  
 
 
 
 
 
 

 
Figure 4. T2

A, transverse ; B, dorsal ; 
C, sagittal   



 

 
 
 

 
Figure 5. follow-up MRI

MRI T2 FLAIR
T1  ( ) 
 ( ) T2 FLAIR T1

 ( ) 1

FLAIR, fluid attenuated inversion recovery; Gd, ; MRI, 
 

 
 
 
 
 

 
Figure 6. follow-up MRI

MRI T2 FLAIR
T1

 ( ) T2 FLAIR T1
 ( ) FLAIR, fluid 

attenuated inversion recovery; Gd, ; MRI,  
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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 



  

ÃÇ 

 

 

 

 }Áv#¯�"���!Þ¯SNO�"p^×r#Å!���Þw}�?�H

©WOW¶f�?WÍÑ��W8Î� (�?t]³WuZ) ¹�ÉÌuq��O�"Ãm#¼

���ß}£«#/o�"���!Þ£«�\�"T>%k��-CÞ'[���i�p^Þ

� ��¦ �<�������Ö� s��
����w}�?�H©WOW¶f�?

WÍÑ��8Î� (�?t]³W£«Z) ÐÄbOÆ7uq��
�¤��(���ß��Þ

}Áv��Ó�N
�p^#Ù��w}�?�H©WOW¶f�?WÍÑ��8Î� (�

?t]³W£«Z) ¹B,®ÂcÞ}£«�Õ��Þ���_:� ��¦ �s��)

���F£«Z �§gÞ�D1QÞ�BVeÞI�x°�E���
nÃ·���ß 

 }Áv����Úµ¬����YÜ�NO�"A:#Ù	���Þw}�?�H

©WOW¶f�?WÍÑ��8Î� (�?t]³W£«Z) ��~0UÞ¢aÈ+;Þ¾�O

lKÞ¨�Àª´Þ9B�.Þ�DjdÞ¢B���Þ��²RUÞ��ËÞL}2QÞ�a

OÞÛ¾�JÞÏ|PØÞÒa4¸ÞyGÝ»ÞM`*Y� ��F£«Z�¡���
�¤

��(���ß 

 }£«#º��Õ��Þ������=�Ê��
nÃ�Þ6¨#�¥!·��

�ß 

 {h�ÞOWÔ5W� ��
¿X!Þ�$�z�s�±��Ù	���� �}&Þ

� �}@�Þ3 �}½Q�i� nÃ·���ß 



 111 

�A*8 

 

Adamo PF, Rylander H, Adams WM. Ciclosporin use in multi-drug therapy for 

meningoencephalomyelitis of unknown aetiology in dogs. J Small Anim Pract. 2007;48:486–96. 

 

Armaşu M, Packer RM, Cook S, Solcan G, Volk HA. An exploratory study using a statistical approach 

as a platform for clinical reasoning in canine epilepsy. Vet J. 2014;202:292–6. 

 

Arrol L, Penderis J, Garosi L, Cripps P, Gutierrez-Quintana R, Gonçalves R. Aetiology and long-term 

outcome of juvenile epilepsy in 136 dogs. Vet Rec. 2012;170:335. 

 

Ashburner J, Friston KJ. Voxel-based morphometry—the methods. Neuroimage. 2000;11:805–21. 

 

Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage. 2007;38:95–113. 

 

Aydin H, Oktay NA, Kizilgoz V, Altin E, Tatar IG, Hekimoglu B. Value of proton-MR-spectroscopy in 

the diagnosis of temporal lobe epilepsy; correlation of metabolite alterations with 

Electroencephalography. Iran J Radiol. 2012;9:1–11. 

 

Bagley RS, Baszler TV, Harrington ML, Pluhar GE, Moore MP, Keegan RD, Greene SA. Clinical 

effects of longitudinal division of the corpus callosum in normal dogs. Vet Surg. 1995;24:122–7. 

 

Berendt M, Gram L. Epilepsy and seizure classification in 63 dogs: a reappraisal of veterinary epilepsy 

terminology. J Vet Intern Med. 1999;13:14–20. 

 



 112 

Berendt M, Gredal H, Ersbøll AK, Alving J. Premature death, risk factors, and life patterns in dogs with 

epilepsy. J Vet Intern Med. 2007;21:754–9. 

Berendt M, Farquhar RG, Mandigers PJ, Pakozdy A, Bhatti SF, De Risio L, Fischer A, Long S, Matiasek 

K, Muñana K, Patterson EE, Penderis J, Platt S, Podell M, Potschka H, Pumarola MB, Rusbridge C, 

Stein VM, Tipold A, Volk HA. International veterinary epilepsy task force consensus report on epilepsy 

definition, classification and terminology in companion animals. BMC Vet Res. 2015;11:182. 

 

Berg AT, Kelly MM. Defining intractability: comparisons among published definitions. Epilepsia. 

2006;47:431–6. 

 

Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas W, Engel J, French J, 

Glauser TA, Mathern GW, Moshé SL, Nordli D, Plouin P, Scheffer IE. Revised terminology and 

concepts for organization of seizures and epilepsies: report of the ILAE Commission on Classification 

and Terminology, 2005-2009. Epilepsia. 2010;51:676–85. 

 

Bhatti SF, De Risio L, Muñana K, Penderis J, Stein VM, Tipold A, Berendt M, Farquhar RG, Fischer A, 

Long S, Löscher W, Mandigers PJ, Matiasek K, Pakozdy A, Patterson EE, Platt S, Podell M, Potschka H, 

Rusbridge C, Volk HA. International Veterinary Epilepsy Task Force consensus proposal: medical 

treatment of canine epilepsy in Europe. BMC Vet Res. 2015;11:176. 

 

Binnie CD, Polkey CE; International League Against Epilepsy. Commission on Neurosurgery of the 

International League Against Epilepsy (ILAE) 1993-1997: recommended standards. Epilepsia. 

2000;41:1346–9. 

 



 113 

Biraben A, Taussig D, Bernard AM, Vignal JP, Scarabin JM, Chauvel P, Duncan R. Video-EEG and 

ictal SPECT in three patients with both epileptic and non-epileptic seizures. Epileptic Disord. 1999;1:51–

5. 

 

Blakemore CB, Falconer MA. Long-term effects of anterior temporal lobectomy on certain congnitive 

functions. J Neurol Neurosurg Psychiatry. 1967;30:364–7. 

 

Brodie MJ, Dichter MA. Antiepileptic drugs. N Engl J Med. 1996;334:168–75. 

 

Brown FD, Fessler RG, Rachlin JR, Mullan S. Changes in food intake with electrical stimulation of the 

ventromedial hypothalamus in dogs. J Neurosurg 1984;60:1253–1257. 

 

Brázdil M, Marecek R, Fojtíková D, Mikl M, Kuba R, Krupa P, Rektor I. Correlation study of optimized 

voxel-based morphometry and (1)H MRS in patients with mesial temporal lobe epilepsy and 

hippocampal sclerosis. Hum Brain Mapp. 2009;30:1226–35. 

 

Buckmaster PS. Comparative Biology and Species Effects on Expression of Epilepsy. In: Pitkänen A, 

Buckmaster PS, Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier 

Ac Press, San Diego. 2017. pp. 7–20. 

 

Carrera I, Kircher PR, Meier D, Richter H, Beckman K, Dennler M. In vivo proton magnetic resonance 

spectroscopy for the evaluation of hepatic encephalopathy in dogs. Am J Vet Res. 2014;75:818–27. 

 

Carrera I, Richter H, Beckmann K, Meier D, Dennler M, Kircher PR. Evaluation of intracranial neoplasia 

and noninfectious meningoencephalitis in dogs by use of short echo time, single voxel proton magnetic 

resonance spectroscopy at 3.0 Tesla. Am J Vet Res. 2016;77:452–62. 



 114 

 

Caruso PA, Johnson J, Thibert R, Rapalino O, Rincon S, Ratai EM. The use of magnetic resonance 

spectroscopy in the evaluation of epilepsy. Neuroimaging Clin N Am. 2013;23:407–24. 

 

Chang Y, Mellor DJ, Anderson TJ. Idiopathic epilepsy in dogs: owners' perspectives on management 

with phenobarbitone and/or potassium bromide. J Small Anim Pract. 2006;47:574–81. 

 

Chassoux F, Artiges E, Semah F, Desarnaud S, Laurent A, Landre E, Gervais P, Devaux B, Helal OB. 

Determinants of brain metabolism changes in mesial temporal lobe epilepsy. Epilepsia. 2016;57:907–19. 

 

Chembers JK, Tokuda T, Uchida K, Ishii R, Tatebe H, Takahashi E, Tomiyama T, Une Y, Nakayama H. 

The domestic cat as a natural animal model of Alzheimer's disease. Acta Neuropathol Commun. 

2015;3:78. 

 

Collins DL, Neelin P, Peters TM, Evans AC. Automatic 3D intersubject registration of MR volumetric 

data in standardized Talairach space. J Comput Asist Tomogr. 1994;18:192–205. 

 

Conz L, Morita ME, Coan AC, Kobayashi E, Yasuda CL, Pereira AR, Lopes-Cendes I, Cendes F. 

Longitudinal MRI volumetric evaluation in patients with familial mesial temporal lobe epilepsy. Front 

Neurol. 2011;2:5. 

 

De Risio L, Bhatti S, Muñana K, Penderis J, Stein V, Tipold A, Berendt M, Farqhuar R, Fischer A, Long 

S, Mandigers PJ, Matiasek K, Packer RM, Pakozdy A, Patterson N, Platt S, Podell M, Potschka H, Batlle 

MP, Rusbridge C, Volk HA. International veterinary epilepsy task force consensus proposal: diagnostic 

approach to epilepsy in dogs. BMC Vet Res. 2015;11:148. 

 



 115 

Dewey CW. Anticonvulsant therapy in dogs and cats. Vet Clin North Am Small Anim Pract. 

2006;36:1107–27. 

 

Diehl B, Najm I, Ruggieri P, Tkach J, Mohamed A. Morris H, Wyllie E, Fisher E, Duda J, Lieber M, 

Bingama W, Lüders HO. Postictal diffusion-weighted imaging for the localization of focal epileptic areas 

in temporal lobe epilepsy. Epilepsia. 2001;42:21–8. 

 

Diehl B, Symms MR, Boulby PA, Salmenpera T, Wheeler-Kingshott CA, Barker GJ, Duncan JS. 

Postictal diffusion tensor imaging. Epilepsy Res. 2005;65:137–46. 

 

Doelken MT, Stefan H, Pauli E, Stadlbauer A, Struffert T, Engelhorn T, Richter G, Ganslandt O, 

Doerfler A, Hammen T. (1)H-MRS profile in MRI positive- versus MRI negative patients with temporal 

lobe epilepsy. Seizure. 2008:17:490–7. 

 

Doelken Mt, Mennecke A, Stadlubauer A, et al. Multi-voxel magnetic resonance spectroscopy at 3.0T in 

patients with idiopathic generalized epilepsy. Seizure. 2010;19:485–92. 

 

Dudek FE and Staley KJ. Post-Status Epilepticus Models: Systemic Kainic Acid. In: Pitkänen A, 

Buckmaster PS, Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier 

Ac Press, San Diego. 2017. pp. 599–610. 

 

Duncan R, Patterson J, Hedley DM, Macpherson P, Brodie MJ, Bone I., McGeorge AP, Wyper DJ. CT, 

MR and SPECT imaging in temporal lobe epilepsy. J Neurol Neurosurg Psychiatry. 1990;53:11–5. 

 

Falconer MA. Anterior temporal lobectomy for epilepsy. In: Rob C, Smith E (Eds.). Operative Surgery, 

Vol 12. Butterworths, London. 1979. pp. 315–27. 



 116 

 

Fisher RS, Cross JH, D'Souza C, French JA, Haut SR, Higurashi N, Hirsch E, Jansen FE, Lagae L, 

Moshé SL, Peltola J, Roulet Perez E, Scheffer IE, Schulze-Bonhage A, Somerville E, Sperling M, 

Yacubian EM, Zuberi SM. Instruction manual for the ILAE 2017 operational classification of seizure 

types. Epilepsia. 2017a;58:531–542. 

 

Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, Lagae L, Moshé SL, Peltola J, Roulet 

Perez E, Scheffer IE, Zuberi SM. Operational classification of seizure types by the International League 

Against Epilepsy: Position Paper of the ILAE Commission for Classification and Terminology. 

Epilepsia. 2017b;58:522–530. 

 

Fojtiková D, Brázdil M, Skoch A, Jírů F, Horký J, Marecek R, Mikl M, Krupa P. Magnetic resonance 

spectroscopy of the thalamus in patients with mesial temporal lobe epilepsy and hippocampal sclerosis. 

Epileptic Disord. 2007;9:S59–67. 

 

Fredsø N, Koch BC, Toft N, Berendt M. Risk factors for survival in a university hospital population of 

dogs with epilepsy. J Vet Intern Med. 2014;28:1782–8. 

 

Fryer KJ, Levine JM, Peycke LE, Thompson JA, Cohen ND. Incidence of postoperative seizures with 

and without levetiracetam pretreatment in dogs undergoing portosystemic shunt attenuation. J Vet Intern 

Med. 2011;25:1379–84. 

 

Gastaut H. Clinical and electroencephalographical classification of epileptic seizures. Epilepsia. 

1970;11:02–13. 

 



 117 

Gonçalves Pereira PM, Oliveira E, Rosado P. Apparent diffusion coefficient mapping of the 

hippocampus and the amygdala in pharmaco-resistant temporal lobe epilepsy. AJNR Am J Neuroradiol. 

2006;27:671–83. 

 

Gonçalves R, Carrera I, Garosi L, Smith PM, Fraser McConnell J, Penderis J. Clinical and topographic 

magnetic resonance imaging characteristics of suspected thalamic infarcts in 16 dogs. Vet J. 

2010;188:39–43. 

 

Good CD, Johnsrude IS, Ashbumer J, Henson RN, Friston KJ, Frackowiak RS. A voxel-based 

morphometric study of ageing in 465 normal adult human brains. Neuroimage. 2001;14:21–36. 

 

Gorter JA and van Vliet EA. Post-Status Epilepticus Models: Electrical Stimulation. In: Pitkänen A, 

Buckmaster PS, Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier 

Ac Press, San Diego. 2017. pp. 637–50. 

 

Greer KA, Canterberry SC, Murphy KE. Statistical analysis regarding the effects of height and weight on 

life span of the domestic dog. Res Vet Sci. 2007;82:208–14. 

 

Hajek M, Dezortova M, Krsek P. Eur J Radiol. H MR spectroscopy in epilepsy. 2008;67:258–67. 

 

Hajnal JV, Doran M, Hall AS, Collins AG, Oatridge A, Pennock JM, Young IR, Bydder GM. MR 

imaging of anisotropically restricted diffusion of water in the nervous system: technical, anatomic, and 

pathologic considerations. J Comput Assist Tomogr. 1991;15:1–18. 

 



 118 

Hasboun D, Chantôme M, Zouaoui A, Sahel M, Deladoeuille M, Sourour N, Duyme M, Baulac M, 

Marsault C, Dormont D. MR determination of hippocampal volume: comparison of three methods. 

AJNR Am J Neuroradiol. 1996;17:1091–8. 

 

Hasegawa D, Orima H, Fujita M, Hashizume K, Tanaka T. Complex partial status epilepticus induced by 

a microinjection of kainic acid into unilateral amygdala in dogs and its brain damage. Brain Res. 

2002;955:174–82. 

 

Hasegawa D, Orima H, Fujita M, Nakamura S, Takahashi K, Ohkubo S, Igarashi H, Hashizume K. 

Diffusion-weighted imaging in kainic acid-induced complex partial status epilepticus in dogs. Brain Res. 

2003;983:115–27. 

 

Hasegawa D, Kobayashi M, Kuwabara T, Ohmura T, Fujita M, Orima H. Pharmacokinetics and toxicity 

of zonisamide in cats. J Feline Med Surg. 2008;10:418–21. 

 

Hasegawa D, Mizoguchi S, Kuwabara T, Hamamoto Y, Ogawa F, Matsuki N, Uchida K, Fujita M. 

Electroencephalographic features of familial spontaneous epileptic cats. Epilepsy Res. 2014;108:1018–

25. 

 

Hasegawa D. Diagnostic techniques to detect the epileptogenic zone: Pathophysiological and presurgical 

analysis of epilepsy in dogs and cats. Vet J. 2016;215:64–75. 

 

Hasegawa D, Pakozdy A, Volk HA. Differentiating structural from idiopathic epilepsy in cats. Vet Rec. 

2017;180:608–9. 

 



 119 

Helms G, Ciumas C, Kyaga S, Savic I. Increased thalamus levels of glutamate and glutamine (Glx) in 

patients with idiopathic generalised epilepsy. J Neurol Neurosurg Psychiatry. 2006;77:489–94. 

 

Helpern JA, Huang N. Diffusion-weighted imaging in epilepsy. Magn Reson Imaging. 1995;13:1227–

31. 

Henry TR, Mazziotta JC, Engel J Jr. Interictal metabolic anatomy of mesial temporal lobe epilepsy. 

1993;50:582–9. 

 

Henshall DC. Poststatus Epilepticus Models: Focal Kainic Acid. In: Pitkänen A, Buckmaster PS, 

Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier Ac Press, San 

Diego. 2017. pp. 611–24. 

 

Herman ST. Epilepsy after brain insult: targeting epileptogenesis. Neurology. 2002;59:S21–6. 

 

Hikishima K, Komaki Y, Seki F, Ohnishi, Okano HJ, Okano H. In vivo microscopic voxel-based 

morphometry with a brain template to characterize strain-specific structures in the mouse brain. Sci Rep. 

2017;7:85. 

 

Hiyoshi T, Seino M, Kakegawa N, Higashi T, Yagi K, Wada JA. Evidence of secondary epileptogenesis 

in amygdaloid overkindled cats: electroclinical documentation of spontaneous seizures. Epilepsia. 

1993;34:408–15. 

 

Horsley V. Brain-Surgery. BMJ. 1886;1345:670–5. 

 

Hu H, Barker A, Harcourt-Brown T, Jeffery N. Systematic Review of Brain Tumor Treatment in Dogs. J 

Vet Intern Med. 2015;29:1456–63. 



 120 

 

Hülsmeyer VI, Fischer A, Mandigers PJ, DeRisio L, Berendt M, Rusbridge C, Bhatti SF, Pakozdy A, 

Patterson EE, Platt S, Packer RM, Volk HA. International Veterinary Epilepsy Task Force’s current 

understanding of idiopathic epilepsy of genetic or suspected genetic origin in purebred dogs. BMC Vet 

Res. 2015;11:175. 

ILAE. The epidemiology of the epilepsies: future directions. Epilepsia. 1997a;38:614–8. 

 

ILAE. A global survey on epilepsy surgery, 1980-1990: a report by the Commission on Neurosurgery of 

Epilepsy, the International League Against Epilepsy. Epilepsia. 1997b;38:249–55. 

 

Ikeda A, Kunieda T, Miyamoto S, Fukuyama H, Shibasaki H. Autosomal dominant temporal lobe 

epilepsy in a Japanese family. J Neurol Sci. 2000;176:162–5. 

 

�34H�C,�H0)5 DH61F$HC��>H!&4I��
����/9'	

���I%G�7I1959;8:6–10I 

 

Inoue M, Hasegawa A, Hosoi Y, Sugiura K. A current life table and causes of death for insured dogs in 

Japan. Prev Vet Med. 2015;120:210–8. 

 

Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone 

Marrow Transplant. 2013;48:452–8. 

 

Keller SS, Wilke M, Wieshmann UC, Sluming VA, Roberts N. Comparison of standard and optimized 

voxel-based morphometry for analysis of brain changes associated with temporal lobe epilepsy. 

Neuroimage. 2004;23:860–8. 

 



 121 

Kelly ME and Coulter DA. The Pilocarpine Model of Acquired Epilepsy. In: Pitkänen A, Buckmaster 

PS, Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier Ac Press, 

San Diego. 2017. pp. 625–36. 

 

Kerezoudis P, McCutcheon B, Murphy ME, Rajjoub KR, Ubl D, Habermann EB, Worrell G, Bydon M, 

Van Gompel JJ. Thirty-day postoperative morbidity and mortality after temporal lobectomy for 

medically refractory epilepsy. J Neurosurg. 2017;23:1–7. 

 

Killam KF, Naquet R, Bert J. Paroxysmal Responses to Intermittent Light Stimulation in a Population of 

Baboons (Papio papio). Epilepsia. 1966;7:215–219. 

 

Kitz S, Thalhammer JG, Glantschnigg U, Wrzosek M, Klang A, Halasz P, Shouse MN, Pakozdy A. 

Feline Temporal lobe epilepsy: review of the experimental literature. J Vet Intern Med. 2017;31:633–40. 

 

Kobayashi E, Lopes-Cendes I, Guerreiro CA, Sousa SC, Guerreiro MM, Cendes F. Seizure outcome and 

hippocampal atrophy in familial mesial temporal lobe epilepsy. Neurology. 2001;56:166–72. 

 

Kobayashi E, D'Agostino MD, Lopes-Cendes I, Berkovic SF, Li ML, Andermann E, Andermann F, 

Cendes F. Hippocampal atrophy and T2-weighted signal changes in familial mesial temporal lobe 

epilepsy. Neurology. 2003;60:405–9. 

 

Kuwabara T, Hasegawa D, Ogawa F, Kobayashi M, Fujita M, Suzuki H, Matsuki N, Orima H. A 

familial spontaneous epileptic feline strain: a novel model of idiopathic/genetic epilepsy. Epilepsy Res. 

2010;92:85–8. 

 

Kwan P, Brodie MJ. Early identification of refractory epilepsy. N Engl J Med. 2000;342:314–9. 



 122 

 

Leonhardt G, de Greiff A, Weber J, Ludwing T, Wiedemayer H, Forsting M, Hufnagel A. Brain 

perfusion following single seizures. Epilepsia. 2005;46:1943–9. 

 

Leppik IE. Zonisamide: chemistry, mechanism of action, and pharmacokinetics. Seizure. 2004;13:S5–9. 

 

Liacu D, de Marco G, Ducreux D, Bouilleret V, Masnou P, Idy-Peretti I. Diffusion tensor changes in 

epileptogenic hippocampus of TLE patients. Neurophysiol Clin. 2010;40:151–7. 

 

Liu CH, Liu CI, Liang SL, Cheng CH, Huang SC, Lee CC, Hsu WC, Lin YC. Intracranial granular 

cell tumor in a dog. J Vet Med Sci. 2004;66:77–9. 

 

Lowenstein DH. Epilepsy after head injury: An overview. Epilepsia. 2009;50:4–9. 

 

Löscher W. Animal models of intractable epilepsy. Prog Neurobiol. 1997;53:239–58. 

 

Lüders HO, Najm I, Nair D, Widdess-Walsh P, Bingman W. The epileptogenic zone: general principles. 

Epileptic Disord. 2006;8:S1–9. 

 

March PA. Seizures: classification, etiologies, and pathophysiology. Clin Tech Small Anim Pract. 

1998;13:119–31. 

 

Mariani CL. Terminology and classification of seizures and epilepsy in veterinary patients. Top 

Companion Anim Med. 2013;28:34–41. 

 



 123 

Martin-Vaquero P, da Costa RC, Echandi RL, Sammet CL, Knopp MV, Sammet S. Magnetic resonance 

spectroscopy of the canine brain at 3.0 T and 7.0 T. Res Vet Sci. 2012;93:427–9. 

 

Martlé V, Van Ham L, Raedt R, Vonck K, Boon P, Bhatti S. Non-pharmacological treatment options for 

refractory epilepsy: an overview of human treatment modalities and their potential utility in dogs. Vet J. 

2014;199:332–9. 

 

Matiasek K, Pumarola I Batlle M, Rosati M, Fernández-Flores F, Fischer A, Wagner E, Berendt M, 

Bhatti SF, De Risio L, Farquhar RG, Long S, Muñana K, Patterson EE, Pakozdy A, Penderis J, Platt S, 

Podell M, Potschka H, Rusbridge C, Stein VM, Tipold A, Volk HA. International veterinary epilepsy 

task force recommendations for systematic sampling and processing of brains from epileptic dogs and 

cats. BMC Vet Res. 2015;11:216. 

 

Matsuda H. MRI morphometry in Alzheimer's disease. Ageing Res Rev. 2016;30:17–24. 

 

McIntyre DC. The Kindling phenomenon. In: Pitkänen A, Schwartzkroin PA, Moshé SL (Eds.). Models 

of seizures and epilepsy. Academic Press, London. 2006. pp. 351–63. 

 

McNally KA, Paige AL, Varghese G, Zhang H, Novotny EJ Jr, Spencer SS, Zubal IG, Blumenfeld H. 

Localizing value of ictal-interictal SPECT analyzed by SPM (ISAS). Epilepsia. 2005;46:1450–64. 

 

Merlis JK. Proposal for an international classification of the epilepsies. Epilepsia. 1970;11:114–9. 

 

Milne ME, Steward C, Firestone SM, Long SN, O'Brien TJ, Moffat BA. Development of representative 

magnetic resonance imaging-based atlases of the canine brain and evaluation of three methods for atlas-

based segmentation. Am J Vet Res. 2016;77:395–403. 



 124 

 

Mizoguchi S, Hasegawa D, Kuwabara T, Hamamoto Y, Ogawa F, Fujiwara A, Matsuki N, Fujita M. 

Magnetic resonance volumetry of the hippocampus in familial spontaneous epileptic cats. Epilepsy Res. 

2014;108:1940–4. 

 

Mizoguchi S, Hasegawa D, Hamamoto Y, Yu Y, Kuwabara T, Fujiwara-Igarashi A, Fujita M. Interictal 

diffusion and perfusion magnetic resonance imaging features of cats with familial spontaneous epilepsy. 

Am J Vet Res. 2017;78:305–10. 

 

Monteiro R, Adams V, Keys D, Platt SR. Canine idiopathic epilepsy: prevalence, risk factors and 

outcome associated with cluster seizures and status epilepticus. J Small Anim Pract. 2012;53:526–30. 

 

Mueller SG, Laxer KD, Suhy J, Lopez RC, Flenniken DL, Weiner MW. Spectroscopic metabolic 

abnormalities in mTLE with and without MRI evidence for mesial temporal sclerosis using hippocampal 

short-TE MRSI. Epilepsia. 2003;44:977–80. 

 

Muñana KR, Vitek SM, Tarver WB, Saito M, Skeen TM, Sharp NJ, Olby NJ, Haglund MM. Use of 

vagal nerve stimulation as a treatment for refractory epilepsy in dogs. J Am Vet Med Assoc. 

2002;221:977–83. 

 

Muñana K. Management of refractory epilepsy. Top Companion Anim Med. 2013;28:67–71. 

 

Neppl R, Nguyen CM, Bowen W, Al-Saadi T, Pallagi J, Morris G, Mueller W, Johnson R, Prost R, Rand 

SD. In vivo detection of postictal perturbations of cerebral metabolism by use of proton MR 

spectroscopy: preliminary results in a canine model of prolonged generalized seizures. AJNR Am J 

Neuroradiol. 2001;22:1933–43. 



 125 

 

Newton MR, Berkovic SF, Austin MC, Rowe CC, McKay WJ, Bladin PF. Postictal switch in blood flow 

distribution and temporal lobe seizures. J Neurol Neurosurg Psychiatry. 1992;55:891–4. 

 

O'Brien TJ, David DP, Kilpatrick CJ, Desmond P, Tress B. Contrast-enhanced perfusion and diffusion 

MRI accurately lateralize temporal lobe epilepsy: a pilot study. J Clin Neurosci. 2007;14:841–9. 

 

Oh JB, Lee SK, Kim KK, Song IC, Chang KH. Role of immediate postictal diffusion-weighted MRI in 

localizing epileptogenic foci of mesial temporal lobe epilepsy and non-lesional neocortical epilepsy. 

Seizure. 2004;13:509–16. 

 

Ono K, Kitagawa M, Ito D, Tanaka N, Watari T. Regional variations and age-related changes detected 

with magnetic resonance spectroscopy in the brain of healthy dogs. Am J Vet Res. 2014;75:179–86. 

 

O’Neill DG, Church DB, McGreevy PD, Thomson PC, Brodbelt DC. Longevity and mortality of owned 

dogs in England. Vet J. 2013;198:638–43. 

 

Packer RM, Volk HA. Epilepsy beyond seizures: a review of the impact of epilepsy and its comorbidities 

on health-related quality of life in dogs. Vet Rec. 2015;177:306–15. 

 

Packer RM, Shiahab NK, Torres BB, Volk HA. Risk factors for cluster seizures in canine idiopathic 

epilepsy. Res Vet Sci. 2016;105:136–8. 

 

Pákozdy A, Leschnik M, Tichy AG, Thalhammer JG. Retrospective clinical comparison of idiopathic 

versus symptomatic epilepsy in 240 dogs with seizures. Acta Vet Hung. 2008;56:471–83. 

 



 126 

Pakozdy A, Leschnik M, Sarchahi AA, Tichy AG, Thalhammer JG. Clinical comparison of primary 

versus secondary epilepsy in 125 cats. J Feline Med Surg. 2010;12:910–6. 

 

Pakozdy A, Halasz P, Klang A. Epilepsy in cats: theory and practice. J Vet Intern Med. 2014;28:255–63. 

 

Placidi F, Floris R, Bozzao A, Romigi A, Tombini M, Beviera ME, Sperli F, Izzi F, Mattia D, Marciani 

MG. Dynamic susceptibility contrast (DSC) MRI and interictal epileptiform activity in cryptogenic 

partial epilepsy. Epilepsia. 2002;43:1515–21. 

 

Podel M, Fenner WR, Powers JD. Seizure classification in dogs from a nonreferral-based population. J 

Am Vet Med. 1995;206:1721–8. 

 

Podell M. Seizures in dogs. Vet Clin North Am Small Anim Pract. 1996;26:779–809. 

 

Potschka H, Fischer A, Löscher W, Patterson N, Bhatti S, Berendt M, De Risio L, Farquhar R, Long S, 

Mandigers P, Matiasek K, Muñana K, Pakozdy A, Penderis J, Platt S, Podell M, Rusbridge C, Stein V, 

Tipold A, Volk HA. International veterinary epilepsy task force consensus proposal: outcome of 

therapeutic interventions in canine and feline epilepsy. BMC Vet Res. 2015;11:177. 

 

Proschowsky HF, Rugbjerg H, Ersbøll AK. Mortality of purebred and mixed-breed dogs in Denmark. 

Prev Vet Med. 2003;58:63–74. 

 

Riederer F, Bittsanský M, Schmidt C, Mlynárik V, Baumgartner C, Moser E, Serles W. 1H magnetic 

resonance spectroscopy at 3 T in cryptogenic and mesial temporal lobe epilepsy. NMR Biomed. 

2006;19:544–53. 

 



 127 

Rosenow F, Lüders H. Presurgical evaluation of epilepsy. Brain. 2001;124:1683–700. 

 

Rowe CC, Berkovic SF, Austin MC, Saling M, Kalnins RM, McKay WJ, Bladin PF. Visual and 

quantitative analysis of interictal SPECT with technetium-99m-HMPAO in temporal lobe epilepsy. J 

Nucl Med. 1991a;32:1688–94. 

 

Rowe CC, Berkovic SF, Austin MC, McKay WJ, Bladin PF. Patterns of postictal cerebral blood flow in 

temporal lobe epilepsy: qualitative and quantitative analysis. Neurology. 1991b; 41:1096–103. 

 

Rusbridge C, Long S, Jovanovik J, Milne M, Berendt M, Bhatti SF, De Risio L, Farqhuar RG, Fischer A, 

Matiasek K, Muñana K, Patterson EE, Pakozdy A, Penderis J, Platt S, Podell M, Potschka H, Stein VM, 

Tipold A, Volk HA. International Veterinary Epilepsy Task Force recommendations for a veterinary 

epilepsy-specific MRI protocol. BMC Vet Res. 2015;11:194. 

 

Saito M, Muñana KR, Sharp NJ, Olby NJ. Risk factors for development of status epilepticus in dogs with 

idiopathic epilepsy and effects of status epilepticus on outcome and survival time: 32 cases (1990-1996). 

J Am Vet Med Assoc. 2001;219:618–23. 

 

Sakamoto S, Tsuyuguchi N, Takami T, Morino M, Goto T, Hattori H, Tsutada T, Haque M, Sunada I, 

Shimogawara M, Hara M. Interictal patterns of cerebral glucose metabolism, perfusion, and magnetic 

field in mesial temporal lobe epilepsy. Epilepsia. 2003;44:1196–206. 

 

Sander JW. Some aspects of prognosis in the epilepsies: a review. Epilepsia. 1993;34:1007–16. 

 

Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, Hirsch E, Jain S, Mathern 

GW, Moshé SL, Nordli DR, Perucca E, Tomson T, Wiebe S, Zhang YH, Zuberi SM. ILAE classification 



 128 

of the epilepsies: Position paper of the ILAE Commission for Classification and Terminology. Epilepsia. 

2017;58:512–521. 

 

Schmidt D, Gram. Monotherapy versus polytherapy in epilepsy: a reappraisal. CNS Drugs. 1995;3:194–

208. 

 

Schriefl S, Steinberg TA, Matiasek K, Ossig A, Fenske N, Fischer A. Etiologic classification of seizures, 

signalment, clinical signs, and out come in cats with seizure disorders: 91 cases (2000–2004). J Am Vet 

Med Assoc. 2008;233:1591–7. 

 

Schwartz M, Muñana KR, Nettifee-Osborne J. Assessment of the prevalence and clinical features of 

cryptogenic epilepsy in dogs: 45 cases (2003-2011). J Am Vet Med Assoc. 2013;242:651–7. 

 

Scorza FA, Colugnati DB, Pansani AP, Sonoda EY, Arida RM, Cavalheiro EA. Preventing tomorrow's 

sudden cardiac death in epilepsy today: what should physicians know about this? Clinics. 2008;63:389–

94. 

 

Scorza CA, Arida RM, Cavalheiro EA, Scorza FA. Epilepsy research occurrences of sudden death in 

dogs with epilepsy may be numbered. Epilepsy Behav. 2010;19:541–2. 

 

Scorza CA, Cavalheiro EA, Calderazzo L, Scorza FA. Labrador retrievers and SUDEP: a simple theory 

that may have important applications. Epilepsy Behav. 2014;32:27–8. 

 

Scott SJ, Elliot K, Philibert H, Summers BA, Godson D, Singh B, Simko E. An unusual lipomatous brain 

mass in a Golden Retriever dog. J Vet Diagn Invest. 2015;27:772–6. 

 



 129 

Seppälä EH, Jokinen TS, Fukata M, Fukata Y, Webster MT, Karisson EK, Kilpinen SK, Steffen F, 

Dietschi E, Leeb T, Eklund R, Zhao X, Rilstone JJ, Lindblad-Toh K, Minassian BA, Lohi H. LGI2 

truncation causes a remitting focal epilepsy in dogs. PLoS Genet. 2011;7:e1002194. 

 

Seppälä EH, Kosknen LL, Gulløv CH, Jokinen P, Karlskov-Mortensen P, Bergamasco L, Baranowska 

Körberg I, Cizinauskas S, Oberbauer AM, Berendt M, Fredholm M, Lohi H. Identification of a novel 

idiopathic epilepsy locus in Belgian Shepherd dogs. PLoS One. 2012;7:e33549. 

 

Shihab N, Summers BA, Benigni L, McEvoy AW, Volk HA. Novel approach to temporal lobectomy for 

removal of a cavernous hemangioma in a dog. Vet Surg. 2014;43:877–81. 

 

Sinder RS, Niemer WT. Stereotaxic atlas of the cat brain. The University of Chicago Press, Chicago. 

1961. 

 

Smith Bailey K, Dewey CW. The seizuring cat. Diagnostic work-up and therapy. J Feline Med Surg. 

2009;11:385–94. 

 

Smith SH, Van Winkle T. Cerebral vascular hamartomas in five dogs. Vet Pathol. 2001;38:108–12. 

 

Spencer S, Huh L. Outcomes of epilepsy surgery in adults and children. Lancet Neuro. 2008;7:525–37. 

 

Stöllberger C, Finsterer J. Cardiorespiratory findings in sudden unexplained/unexpected death in epilepsy 

(SUDEP). Epilepsy Res. 2004;59:51–60. 

 

Surges R, Thijs RD, Tan HL, Sander JW. Sudden unexpected death in epilepsy: risk factors and potential 

pathomechanisms. Nat Rev Neurol. 2009;5:492–504. 



 130 

Sutula TP and Kotloski RJ. Kindling: A Model and Phenomenon of Epilepsy. In: Pitkänen A, 

Buckmaster PS, Galanopoulou AS, Moshé SL (Eds.). Models of Seizures and Epilepsy, 2nd ed. Elsevier 

Ac Press, San Diego. 2017. pp. 813–25. 

 

Suzuki H, Sumiyoshi A, Matsumoto Y, Duffy BA, Yoshikawa T, Lythgoe MF, Yanai K, Taki Y, 

Kawashima R, Shimokawa H. Structural abnormality of the hippocampus associated with depressive 

symptoms in heart failure rats. Neuroimage. 2015;105:84–92. 

 

Szabó CÁ, Salinas FS. Voxel-based morphometry in epileptic baboons: Parallels to human juvenile 

myoclonic epilepsy. Epilepsy Res. 2016;124:34–9. 

 

Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human brain. Thieme, Stuttgart. 1988. 

 

Tamura M, Hasegawa D, Uchida K, Kuwabara T, Mizoguchi S, Ochi N, Fujita M. Feline anaplastic 

oligodendroglioma: long-term remission through radiation therapy and chemotherapy. J Feline Med 

Surg. 2013;15:1137–40. 

 

Tanaka T, Tanaka S, Fujita T, Takano K, Fukuda H, Sako K, Yonemasu Y. Experimental complex 

partial seizures induced by a microinjection of kainic acid into limbic structures. Prog Neurobiol. 

1992;38:317–34. 

 

Tang Y, Yu X, Zhang X, Xia W, Wu X, Zou X, Li H, Huang X, Stefan H, Chen Q, Gong Q, Zhou D. 

Single-dose intravenous administration of anitiepileptic drugs induces rapid and reversible remodeling in 

the brain: Evidence from a voxel-based morphometry evaluation of valproate and levetiracetam in rhesus 

monkeys. Neuroscience. 2015;303:595–603. 

 



 131 

Tapp PD, Head K, Milgram NW, Muggenburg BA, Su MY. Application of an automated voxel-based 

morphometry technique to assess regional gray and white matter brain atrophy in a canine model of 

aging. Neuroimage. 2006;29:234–44. 

 

�����2;��������("��@BI�����2;������ 2010�+.=

?:#�<�H�#-EI2010I 

 

Thivard L, Lehéricy S, Krainik A, Adam C, Dormont D, Chiras J, Baulac M, Dupont S. Diffusion tensor 

imaging in medial temporal lobe epilepsy with hippocampal sclerosis. Neuroimage. 2005;28:682–90. 

 

Thivard L, Adam C, Hasboun D, Clémenceau S, Dezamis E, Lehéricy S, Dormont D, Chiras J, Baulac 

M, Dupont S. Interictal diffusion MRI in partial epilepsies explored with intracerebral electrodes. Brain. 

2006;126:375–85. 

 

Thomovsky SA, Packer RA, Burcham GN, Heng HG. Imaging diagnosis-magnetic resonance imaging 

features of metastatic cerebral lymphoma in a dog. Vet Radiol Ultrasound. 2011;52:192–5. 

 

Tipold A. Diagnosis of inflammatory and infectious diseases of the central nervous system in dogs: a 

retrospective study. J Vet Intern Med. 1995;9:304–14. 

 

Wagner E, Rosati M, Molin J, Foitzik U, Wahle AM, Fischer A, Matiasek LA, Reese S, Flegel T, 

Matiasek K. Hippocampal sclerosis in feline epilepsy. Brain Pathol. 2014;24:607–19. 

 

Wahle AM, Brühschwein A, Matiasek K, Putschbach K, Wagner E, Mueller RS, Fischer A. Clinical 

characterizaton of epilepsy of unknown cause in cats. J Vet Intern Med. 2014;28:182–8. 

 



 132 

Walker AE. Temporal lobectomy. J Neurosurg. 1967;26:642–9. 

 

Wehner T, Lapresto E, Tkach J, Liu P, Bingaman W, Prayson RA, Ruggieri P, Diehl B. The value of 

interictal diffusion-weighted imaging in lateralizing temporal lobe epilepsy. Neurology. 2007;68:122–7. 

 

Weissl J, Hülsmeyer V, Brauer C, Tipold A, Koskinen LL, Kyöstillä K, Lohi H, Sauter-Louis C, Wolf 

M, Fischer A. Disease progression and treatment response of idiopathic epilepsy in Australian Shepherd 

dogs. J Vet Intern Med. 2012;26:116–25.  

 

Wellard RM, Briellmann RS, Prichard JW, Syngeniotis A, Jackson GD. Myoinositol abnormalities in 

temporal lobe epilepsy. Epilepsia. 2003;44:815–21. 

 

Wessmann A, Volk HA, Parkin T, Ortega M, Anderson TJ. Evaluation of quality of life in dogs with 

idiopathic epilepsy. J Vet Intern Med. 2014;28:510–4. 

 

Wichert-Ana L, Velasco TR, Terra-Bustamante VC, Araújo D Jr, Júnior VA, Kato M, Leite JP, Assirati 

JA, MacHado HR, Bastos AC, Sakamoto AC. Typical and atypical perfusion patterns in periictal SPECT 

of patients with unilateral temporal lobe epilepsy. Epilepsia. 2001;42:660–6. 

 

Wichert-Ana L, Velasco TR, Terra-Bustamante VC, Alexandre V Jr, Guarnieri R, Walz R, Kato M, 

Araújo WM, Carlotti CG Jr, Araújo D, Carlos Dos Santos A, Sakamoto AC. Ictal chronology and 

interictal spikes predict perfusion patterns in temporal lobe epilepsy: a multivariate study. Seizure. 

2004;13:346–57. 

 

Wieshmann UC, Clark CA, Symms MR, Barker GJ, Birnie KD, Shorvon S.D. Water diffusion in the 

human hippocampus in epilepsy. Magn Reson Imaging. 1999;17:29–36. 



 133 

Wirestam R, Ryding E, Lindgren A, Geijer B, Ostergaard L, Andersson L, Holtås S, Ståhlberg F. 

Regional cerebral blood flow distributions in normal volunteers: dynamic susceptibility contrast MRI 

compared with 99m Tc-HMPAO SPECT. J Comput Assist Tomogr. 2000;24:526–30. 

 

Wu RH, Bruening R, Noachtar S, Arnold S, Berchtenbreiter C, Bartenstein P, Drzezga A, Tatsch K, 

Reiser M. MR measurement of regional relative cerebral blood volume in epilepsy. J Magn Reson 

Imaging. 1999;9:435–40. 

 

Xing W, Wang X, Xie F, LiaoW. Application of dynamic susceptibility contrast-enhanced perfusion in 

temporal lobe epilepsy. Acta Radiol. 2013;54:107–12. 

 

Young BD, Levine JM, Porter BF, Chen-Allen AV, Rossmeisl JH, Platt SR, Kent M, Fosgate GT, 

Schatzberg SJ. Magnetic resonance imaging features of intracranial astrocytomas and 

oligodendrogliomas in dogs. Vet Radiol Ultrasound. 2011;52:132–41. 

 

Zabara J. Time course of seizure control to brief, repetitive stimuli Epilepsia.1985a;26, 518. 

 

Zabara J. Peripheral control of hypersynchronous discharge in epilepsy. Electroencephalography and 

Clinical Neurophysiology 1985b;61:S162. 

 

Zimmermann R, Hülsmeyer V, Sauter-Louis C, Fischer A. Status epilepticus and epileptic seizures in 

dogs. J Vet Intern Med. 2009;23:970–6. 


