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1.1. Ũˁ 

� ȐIʆʈȧIȪșȕJ 1968ŤG 0.01%̪10§̘C=[ 14.5̘̫DĬēQ]B'\

̷Dorn 1968 I̸ 2013ŤGJ 4.5%Dıô6B'\̷ Song 2013 !̸2IʆʈȧIȪșȕIı

ôGJ ƾ˜Iɀǫḁ̂ȞÛmagnetic resonance imaging̪MRI̫ǞĝIƺĂIķ-.̄«

6B'\Dż_]\!¼îJʆŷÓ`Ē6BV ̘ʚã`ɚǎ8\ƬǱIŒF. ïǖCIp

ʆʈȧIʹƫQ]B'=!;I=U ïǖGʑZF'ſɻJĀġªƵIɂɢȤſDʹƫQ]B

'=ĈʁžI̤'!ȖĦCVMRIǖǎJǩ˖Ȭ̤ÍCC\I ǃ˴ ȏG˶Ÿ˵CJȐJň

ƯI¦ĚD6BŕãC̞(ňŪIı) MRI ǖǎ`˲Ə8\̞'¯Iıô6B'\D'(ɾ

ƻVC\!R= MRIWr¢��¥{¥ƫŗơű computed tomography̪CT̫IƺĂGY

[ɂɢȤſJY[˛˥CǡȿFʹƫIĈʁGF[ ʆʈȧĵɃWƢŏɰǯȩ`Ņƭ8\ƭʸV

ı) ǯȩIšVƑI@B-B'\!;I=U ȞÛǖǎCC\ɉũʈȧžȥĴD̒ʈȧžȥ

Ĵ`̀ë8\ŹʫIC[ ·úȩCJ̤ɀĭIMRIIìțQ]B'\! 

� ʆʈȧG*'B Ȑ*YMȒIĀȪžʈȧCJ̣ʊʈIƾVĶ.̷Snyder 2006 

Troxel 2003 Motta 2012  ̸ǠGȐCJɂɢʋʈ ȒCJ�¢�ʈIĶ'Dʴ_]B'\

̷Bagley 1999 Snyder 2006 !̸ĀȪžʈȧIĶ.J̨̤ȐGȪș8\I ɂɢʋʈFEJʗ

̨CVpZ]\̷Song 2013 Kube 2003 !̸̣ʊʈJ±¥��¢¤���¥�¥W�nt¥

FECĶ. ɂɢʋʈJȸ̘Ɋ̪�w�¢¤��b ���~o̫CĶ'2DIĬēQ]B'

\̷Song 2013 Snyder 2006 Sturges 2008 !̸;I=U ̘ʚãIʈȨžȥĴḠ6BJ 

ȐɊWŤ̨+ZVC\ɉũIƜǾJĈʁCC\!ȒỊʊʈḠ6BJ 1øIȒI̘ʚãGʩ

ƦÒỊʊʈIǩ˖Ȭ̙ɴ̪17.2%̫GȪș8\2DVĬēQ]B*[̷Troxel 2003 Nafe 

1979  ̸ɂɢŀȬǖǎCĶȪžȥĴIμ_]=D6BV ʈȧžȥĴ`ďń8\2DJC-F

'! 

� ʆʅ̣Ǻ cerebrospinal fluid ̪CSF̫ǖǎJ Ķ.I̘ʚãʈȧCJ®ɒũIɟʀƦ
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ıô̪5%50 Ò/8l ¯Güǐȗ̫Dɮ{¢�nȅũIıôIʭZ]\2DIĶ'I 2]ʐ

ÇJȇȦžȤſCVˎ2[)\̒ȏȢȬƊʭCC\=UʹƫGǀțCJF'!6+6 CSF

®GʈȧɟʀI�¢�ʈ̷Snyder 2006 Palus 2012̸Wɡɵȗžɼʈ̷Tzipory 2009 

Zimmerman 2006  ̸ʄɤĆ°̘ʈ̷Westworth 2008  ̸ɂɢʋʈ̷Vandevelde 1987̸Cʽ

UZ]\2DIC[ ;IĭċGJʹƫIĈʁDF\2DIC\!=>6̘ʚãʈȧIľĦ8

\ĭċGJ ̘ʚãĥµ˩`Â@B'\2DVĶ. CSF IƚĄIĢ̏FĭċVĶ'!;I

=UG ̒ ÎʪȬGŅƭ8\2DIC-\ȞÛǖǎCʈȨžȥĴ`ʺÍ6B'.2DI˻ʫD

F@B.\! 

� ȖĦ ȐȒIʆʈȧʹƫG*'BMRIJ®ŸȬFŲò`Ǌ=6B'\!MRIIƾķ

IȏŷJ¹IȞÛǱDǩ˖6BĶǚFƁĬIĄ[æ:\D2^GC\!̘ ʚãȥĴIʏŧȬF

ʹƫǱD6BI Xɰ CTJ XɰIˣ˭ũI˯'`ȞÛĀȘD8\ŰƅȬFʹƫI¯CC\!

ʟƮȑGwl�¢8\ƬǱ̪��j�wl�¢̫IƺĂ6=ɣǊ ȏńIţ̓>MCF. ¿

ƃIƫ̓`Ǿń¤ʤɁC-\Y(GF@=!MRI Dǩ˖8\Dơűƹ̃Iȸ. ˋțJŁÍ

CC\I ʥƼ8\D'(ǟȈIC\!Positron emission tomography ̪PET̫W single 

photon emission CT ̪SPECT J̫ƢŏžǐǛ˄÷ċȎIƕö`ȞÛʤɁ8\VIC ǾńŎ

ˇJǬW˹ɝFEIÇãöƅ+ZąŉÇ�~�¢oGʑ\RCǚ"GźțĈʁF̤ƄũǾń

ǱCC\!Ĝ̛D6BJ ȯȬGźT=ƢŏžǐǛ˄÷ċȎ`Ǝ«8\ŹʫIC\2DW ;

IūǔǱ ;6BʳÛũIÆQIƕ1Z]\!;]GŎ6BMRICJ ˦űð`Êț8\ĭ

ċ`ëD6B PDaEIĭċIÇãIãĦžIǐ`ț'BŰƅȬȢŠ`ǖæ8\̪Ǚ˦Ȭ 

MRI̫2DIC- QZGȎˌIžˌ Ɋ̜Wö-D'@=ĶǚFȏǤȞÛ̪ǞʁȬ MRI̫

`È\2DIC-\!2]ZIȏǤȞÛ`ɡpċ_:BʺÍ8\2DC ·úCJʆʈȧIɊ

̜Wɡɵĩ`ƜǾ6=[ ĵɃǯȩʵȞ`ɏB=[ C\'JƢŏɰǯȩųIåȪIǀȉ`ȿ

ʽ6B'\!őöȎʏŧCJ ��DǩOȥȘɡɵǖǎDÉ:=ȦËƦIŒF'=U R>Ȟ

ÛʹƫIpCʈȧIɊ̜`ȏń8\2DJ̏6'!R= MRI IƺĂ6B'\Dʴ@BV 

R>ˤŠIMRI̪Conventional MRI  ̫AR[JǙ˦ȬȞÛ`Ŵ\ơÛIpIĭċIĶ. 

��Cʡ_]B'\Y(FȏǤơÛIĬēJPDaEF'IIȖȑCC\! 
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1.2. Conventional MRI G*M\ȐDȒIʆʈȧIȞÛƊʭ 

� Conventional MRIGJT2ŮˀȞÛ T1ŮˀȞÛ FLAIRȞÛ ˦űT1ŮˀȞÛ

FEIu¥p¢wIC[ 2]ZIǖǎCVʆʈȧ`C\ɉũç̜8\²JĈʁC ȐȒG*

'BVʆʈȧȞÛIȏŷḠ6BĶ.IĬēIC\̷Kraft 1997̬Bentley 2015̬Wisner 

2011 !̸ʆʈȧGJʆŅˌãȥĴDŅˌĵȥĴIC[ Conventional MRIJ2]Z`êƫ8

\IGǀțCC\!ʆʈȧJľĦ8\˵ÅGY@B Ņˌãʈȧ ȾʊãŅˌĵʈȧ Ⱦʊĵ

ʈȧGç̜Q]\!ŅˌãʈȧGJɂɢʋʈ̪Ʒȑʋɟʀʈ şɍˎʋɟʀʈ ʋʖʈ  ̫¨

ʣʈ ʄɤĆʈȧIC[ ȾʊãŅˌĵʈȧGJ̣ʊʈ ɡɵȗžɼʈ ɂɢ̔ʈFEIß\

̷Prata 1977 !̸ȾʊĵʈȧGJ ̢ɼʈ ̢őʘžʈȧ ̧ʇãʈȧI̘ʚãǸȄFEIĐ

R]\̷Prata 1977 !̸�¢�ʈW˓ɇžʈȧ ʠɔɼʈFEJEI˵ÅGVȪș8\!;I

=U ̘ ʚãʈȨIŔĦ˵Å`ȞÛGY@B̀ë8\2DJʈȧIɊ̜`ʹƫ8\¨CJ˻ʫ

DF\!2]ZIùëI=UGJmassGY\ʠɔɛIÖÅ ʆȆȫˌ¤ȫˌI buckling̪ Ȇ

ȫˌ*YMȆȫˌİȟ˵JÐ=]=RRȫˌIbr¥�ci¢ȑGĥƙQ]\2D̫FEI

mass effect̪ĥƙõǊ̫W̢Ĵ÷̪ȒỊʊʈCJʈȧĔģI̢GɽÿIșT\  ̫ʈȧ˜Ø

I.Vʊ©ʇIŦI[Wʈȧ˙ɲIɏ?¨I[IŰƅFEIāɺGQ]B'\!Conventional 

MRICJȏG bucklingIƊʭWʈȧ˙ɲDʆŅˌİȟIŰƅIƝæIƵȴCC[ ʆŅˌã

+Ņˌĵ+IùëIʺÍ6W8'I ķ-FʈȨCJ̀ëIĢ̏FĭċVC\!R=ʈȧIÃ

ŖɖģIȿńWʈȧDĔģʍĝDĪ˧`ƵZ+G8\2DJǯȩƬ˾`Ǯń8\¨CŹʫ

GF@B.\!¼©GȐȒCʽUZ]\ĊʆʈȧIConventional MRIG*M\ȞÛƊʭGA

'Bǘʿ8\! 

 

1.2.1.� ̣ʊʈ Meningioma 

� ̣ʊʈJȾʊãŅˌĵGȪș6 ¦ʔȬGT2ŮˀȞÛC̤Ñĉ T1ŮˀȞÛCɒÑ

ĉ k���e�̪Gd̫GY\˦ű T1ŮˀȞÛCɜ 60%79̩Jħ¦GıŮQ]\ʈȧCC
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\̷ Thomas 1996, Sturges 2008, Ródenas 2011, Wisner 2011̸̪ Ĥ 1.1 A%H !̫Mass effect

JPDaEIȦËCʽUZ]�ȒI 97̩ ȐC 100̩	̷Troxel�	��(� Ródenas 2011, Wisner 

2011̸� ȥĴĔģGʆǶʈ̪ʈȧĔģžǶʈ̫IʽUZ]\2DIĶ'I X@.[˩ʡ6

=ȥĴCJPDaEʽUZ]F'²VC\̷Sturges 2008, Ródenas 2011̸̪ Ĥ 1.1 D,H̫!

̣ʊʈIȏŷȬFƊʭD6BJ ˦űðƎ«GY[ʽUZ]\ʈȧG˜ƛ6=̣ʊIɽÿ

̪dural tail sign̫ÛCC\̷Graham 1998, Cherubini 2005̸̪ Ĥ 1.1 C,G� ˍȶþ !̫Dural 

tail signJ̣ʊʈIȐI(? 22%82̩ ȒJ 64̩CpZ]\Dʴ_]B'\I̷ Motta 2012, 

Sturges 2008, Ródenas 2011, Graham 1998  ̸̣ʊY[Ȫș8\¹Iʈȧ̪̣ʊG˓ɇ6=

ʈȧWɡɵȗžɼʈFE C̫VʽUZ]\2DIĶ. ƾ˜CJ̣ʊʈIȏȢȬƊʭDJʴ)

F.F@B'\!Ğʀẓ̌ʊʈ̪Ğʀ`Â(̣ʊʈIĵʲ¨¤ȞÛʹƫ¨IčɆCC[̬ȥȘ

ɡɵŀȬʹƫčCJF'̫J 02� D .3 IƺĂGY[Ķ.ʹƫQ]\Y(GF[ ȐCĶ'

ÚĎ̪ȒC 6̩ ȐCJ 12.5%32̩̫IC\̷Troxel 2004� Thomas 1996, Sturges 2008, 

Ródenas 2011, Graham 1998̸!ǩ˖ȬĞʀƇçIķ-. ʈȧŅˌJĥ˞Q]̣ʊGǰ@

=˵çGIpţĨGpZ]\2DIĶ'IIȏŷCC\̷James 2012̸!;I=U ʈȧŅ

ˌʐÇIķ-.F.DVĞʀƇçIûçGķ-'D̘ʚãĥIµ˩6 șė`ʃ+82DVŒ

F.F'!ʙɻJĞʀẓ̌ʊʈIŜķĞʀIʐȋǹˡ6 ̘ ʚãĥµ˩`̅1=ɈFȦËG˱

˫6==U Case ReportD6BĬē6B'\̷Wada 2016̸!2IȦËJĞʀǹĹų	Ť̃

șľ6=I ƵZ+FĞʀIåȪWʈȧIıķJʭZ]F'RR¹ȤſCǣ´6B'\! 

 

1.2.2.� ɡɵȗžɼʈ� Histiocytic sarcoma 

� ɡɵȗžɼʈJȾʊãŅˌĵWȾʊĵGľĦ8\ÚĎIC[ ̣ʊGǰ@BMRaž

GǸȄ8\VIDĿɏžʈȨ`ŰƇ8\VIDIC\̷Wisner 2011 !̸T2ŮˀȞÛCɒ%̤

Ñĉ T1 ŮˀȞÛCɒ%ÆÑĉ`Ɂ6 ˦űðCǩ˖Ȭħ¦GıŮQ]\̷Tzipory 2009̸

̪Ĥ 1.1 I%L !̫Dural tail sign`Ɂ8VIIĶ'I̷Tamura 2009̸̪ Ĥ 1.1K� ˍȶþ  ̫ʙ

ɻJʆȀGǻ.ß[˚TY(G˦űıŮIʽUZ]\VIIĶ'ÚĎIC\Dɺ)B'\

̷Wada 2017̸̪ Ĥ 1.1 K� ̐ȶþ !̫ɡɵȗžɼʈJŽ˥Gıķ6 ʆŅˌGVǸȄ8\2D
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VĶ'=U massĔģGʆǶʈÛ`Ů.ʽU Ů'mass effect`Ɂ8̷Wisner 2011̸̪ Ĥ

1.1 L !̫ 

 

1.2.3.� ɂɢʋʈ� Gliomas 

� ɂɢʋʈDJo�bɟʀ̪ɂɢʋɟʀ̫Gȝǆ8\ʈȧIɮɆCC[ ˤŠʆŅˌã

GȪș8\!Ʒȑʋɟʀʈ astrocytoma Dşɍˎʋɟʀʈ oligodendroglioma J MRI ȞÛ

¨CƵȿGùëC-F'=U ʏŧȬC\'JȞÛʹƫȬGɂɢʋʈD¦ƒQ] ¦ʔȬGʆ

ŅˌãGT2ŮˀȞÛC̤Ñĉ T1ŮˀȞÛCÆÑĉ`Ɂ8ʈȨžȥĴ`ŰƇ8\2DIĶ'!

˦űT1ŮˀȞÛCıŮQ]F'ĭċJÆo�¥�IĶ. �¢oȑIıŮ`Ɂ8ĭċJƀž

ũI̤'̪̤o�¥�̫Dʴ_]B'\̷Young 2011̸̪ Ĥ 1.1 M%P !̫ªƧFıŮ`Ɂ82

DVC[ ıŮIɉũJŶőʠɔIıǥ*YMʠǺʆ̄̂IȽɭ`ăƸ6B'\!�¢oȑI

ıŮ`Ɂ8VIJã˵Gæʠ Ĳǣ`Â@B*[ ƷȑʋɟʀʈI̤ƀžũĩCC\ʋʖʈ

glioblastomaGȏŷȬCC\̷Young 2011, Lipsitz 2003 !̸ƷȑʋɟʀʈDşɍˎʋɟʀʈ

I˯'J ¬ɻDVʈȧĔģG˕ũIǶʈ`Â(2DIĶ'I̷Ródenas 2011, Young 2011, 

Kraft 1997, Snyder 2006  ̸ʆǶʈJƷȑʋɟʀʈCY[Ķ'ÚĎIC\̷Bentley 2013̸!R

=ƷȑʋɟʀʈJ̃ʆGȪș8\̙ũI̤' ̷Snyder 2006̸!şɍˎʋɟʀʈJ×ʆņG

˜ƛ6BȪș8\²IĶ. ʈȧIĥ˞GY\ʆņIĴŰJƷȑʋɟʀʈY[VĶ.pZ]\

̷Bentley 2013̸! 

 

1.2.4.� ;I¹ 

� ̘ʚGȪș8\ȾʊĵʈȧD6BJ ̘ʚ̢GȪș8\̢ɼʈ osteosarcoma WĶő

ʘž̢˒̢ɼʈmultilobuler osteochondrosarcomaFEIC\!̘ʚ̢GȪș6=Ķőʘž

̢˒̢ɼʈJT2ŮˀȞÛ T1ŮˀȞÛCǼċÑĉŮũ`Ē6 ˦ űT1ŮˀȞÛCŦɖģG

ıŮQ]\̷Lipsit 2001̸̪ Ĥ 1.1 Q%T !̢̫ʈȧȥĴIʆNIǸȄɉũ`ʺÍ8\GJMRI

IǀõCC\I̷ Besalti 2016  ̸̢ F'6ȹȆ÷6=ʈȧȥĴIʯʰ÷GJCTIÜ]B'\! 
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� 2IY(GConventional MRIJÑĉŮũWľĦ˵Å ȞÛIȏŷFE+ZȐȒCV

ʈȧÌëGìțQ]B'\!6+6 Conventional MRIIpCJ̀ëC-F'ȦËVƦĶ

.ľĦ6 R=ɡɵĩWo�¥�c¢oD'@=ʺÍJĢ̏CC[ ·úȩG*'BMRIȏ

ǤơÛWPETDÉ:BʺÍQ]B'\! 

 

 

1.3̭��IʆʈȧG*M\ȏǤơÛIȞÛƊʭ 

� ��IʆʈȧʹƫG*'BV MRI I®ŸȬFŲò`Ǌ=6B*[ Conventional 

MRI̪T2ŮˀȞÛ T1ŮˀȞÛ FLAIRÛ ˦ű T1ŮˀȞÛ̫I¹G ƑƥȞÛ ɀ÷

ȕŮˀȞÛ̪T2*ŮˀȞÛFE  ̫|d��~nɀ÷ȕr¢��w� dynamic susceptibility 

contrast ̪DSC̫ǱGY\ȃǵŮˀȞÛ arterial spin labeling (ASL)ǱGY\ʆʠǵȞÛ 

MR w�n� wr�¥̪MRS̫FEIơÛQ]\!ʈȧãæʠḠ6BJɀ÷ȕŮˀÛC

ǖæIĈʁCC[ ʋʖʈFEIƀžʈȧJæʠIĶ'ÚĎIC\! 

 

1.3.1.� ƑƥȞÛ Diffusion imaging 

1.3.1.1. ƑƥŮˀȞÛDiffusion-weighted imaging̪DWI  ̫

� DWIJǬçĽIˏŶɟFö-̪ ��e¢ˬö¤Ƒƥˬö I̫ɉũ`Ɲæ8\ȞÛǱC 

ʆʈȧIɟʀŋũIʺÍGY.ț'Z] ;Iń˽ÔD6BƑƥ˥ũ`ʤ8p+MIƑƥÏƦ

apparent diffusion coefficient̪ADC̫IÊțQ]\!¦ʔȬGɟʀŋũI̤.F\GA]B

ɟʀĵǺIǬçĽIö-Iƀ.F\=UG DWIJ̤ÑĉDF[ ƀžIʆʈȧI ADCÔJ

ʕžIVIDǩOBÆÔ`Ɂ8̷Hayashida 2006, Kono 2001, Sugahara 1999, Guo 2002, 

Gauvain 2001 !̸��G*'BADCÔIÆ'PE±ųIƀ. R=ǯȩųIșľǁ̃Vȸ'

DIĬēIC[ DWIJ±ųʺÍWǯȩõǊIƔǛDF[(\̷Haldorsen 2011 !̸ 

 

1.3.1.2.� Ƒƥ�¢z�ȞÛ Diffusion-tensor imaging̪DTI  ̫

� DWI `īG ¦ńIƬĎNĎ+@B˧ɪ8\ɂɢɰɫ`ȞÛ÷6=VII DTI CC
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\!��G*'B DTI+ZŴZ]\���¥{IʳǈJ ̣ʊʈI{d�̪ɡɵĩ̫Ìë

Wʕž¤ƀžÌëGǀțDQ]B'\̷Toh 2008a, Wang 2012b !̸R= ̣ʊʈIʠɔ˦

ű¨IʠɔŧJDTI+ZŴZ]\ fractional anisotropy ̪FA Ô̫DˈIȱ̄IC\2DVɁ

Q]B'\̷Toh 2014 !̸ 

 

1.3.2.� MRw�n� wr�¥� MR spectroscopy̪MRS  ̫

� MRSJșÇãIº˃ȚȎ`̒ÎʪȬGǾń8\2DIC-̪ ;IʼɟGA'BJɑ 4

ɐCˁT\  ̫̄ FVID6BN-by}�bw��m¢˹̪ NAA J̫ɂɢɟʀƦ r�¢̪ Cho̫

Jɟʀʊº˃ n�b}¢̪ Cr J̫g��m¥º˃IƔǛDQ]B'\!ʆʈȧJb��¢̪ Ala̫

I¨ƳIpZ]̷Majós 1999  ̸ʂˌ̪Lip̫W°˹̪Lac̫IæȖ̮ıôJĲǣIľĦ`Ɂě

8\!R= ʆŅˌĵʈȧCJʆIɂɢɟʀIĐR]B'F'=UG NAA I�¥nJʽU

Z]F'̷Majós 2004 !̸2IƊʭJʆŅˌãȥĴDŅˌĵȥĴÌëGǀțCC\I ǡŠ

ʆɡɵIMRSĪŸ̗ĪãGßZF'Y(Gǳƃ8\ŹʫIC\!¦ʔȬG̤o�¥�ɂɢ

ʋʈJChoI¨ƳDNAAIÆ©`Ɂ6 ʋʖʈJCho/NAAǩI 1`ˏ)\DQ]B'\! 

 

1.3.3. MRȃǵȞÛ MR-perfusion imaging 

� MRȃǵȞÛ̬R=JȃǵŮˀȞÛ perfusion-weighted imaging̪PWI̫J˦űð`

Êț8\DSCǱD˦űð`Êț6F'ASLǱGçMZ]\! 

 

1.3.3.1̭DSC-PWI 

� DSCǱJˤŠT2C\'JT2*ȸɳõǊ`ț' ˦űðIˤ˭GY\ɀ÷ȕĴ÷`¦

˭žIÑĉÆ©D6Bʲō6 ;IɢƹȬĴ÷+ZɡɵIȃǵȑƅ`ʺÍ8\ƬǱCC\!

CTȃǵȞÛDČǚGʆʠǺ  ˽ cerebral blood volume̪CBV̫̬ ʆʠǵ˽ cerebral blood flow

̪CBF̫̬C\'Jţħˤ˭ƹ̃mean transit time̪ MTT F̫EI���¥{`ɓæC-\!

MRȃǵȞÛJCTIY(Fń˽ȬʺÍVĈʁCC\I öʄǵß̄ƦIǾńIŹʫCC\2

D ǐúŀǖǎDǩO\DåȖžIƀ. w�dwǉƦGí̆IC\=Uàʆ`j�¥8\2
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DȈ6'2DY[ ȱŎȬʺÍ`ț'\2DIĶ'̪;I=U;]<] relative (r)CBV, 

rCBFIY(GʤʷQ]\ !̫��IʆʈȧG*'BJ¦ʔȬGrCBVI;IʺÍGț'Z] 

̣ʊʈIɡɵĩÌëWʕž¤ƀžÌëGǀțDQ]B'\̷ Zhang 2008a, Zhang 2008b !̸

¦ʔȬG rCBV J̤o�¥�ɂɢʋʈCJÆo�¥�ɂɢʋʈGǩO̤ÔGF[W8.

̷Bulakbasi 2005  ̸ʋʖʈ̪̤o�¥�ɂɢʋʈ̫JʈȧʠɔıșIĶ'2D`ăƸ6B̒

ŠG̤' rCBV`Ɂ8̷Saito 2012 !̸ 

 

1.3.3.2.� ASL-PWI 

� ASLǱJǵö8\ʠǺ®Iw�¢G�viǲ̪radio frequency̴RF̫Cɀ÷8\2

D̪���¢o̫GY@B ʠǺ;IVI`ãġž��¥t¥D6BʲǾ̗ĪIȃǵȑƅ`ʺ

Í8\ƬǱCC\!ʆʠǵʺÍG*'BJ rCBFIț'Z]̪ ASLǱCJˤŠ rCBVWMTT

JǭUZ]F'  ̫��̣ʊʈG*'BJDSCǱDASLǱGY\ʈȧȃǵÔIȱ̄6 ;I

ȃǵÔJɡɵŀȬFʠɔŧDȱ̄8\2DIĬēQ]B'\̷Kimura 2006 !̸;I=U ˦

űðGY\ñÈțIƆŻQ]\ĭċCV ˦ űð`Êț:9Gʹƫ8\2DVĈʁDF@B-

B'\! 

 

2IY(G��ʆʈȧIȞÛʹƫCJMRIIȏǤơÛ`ʡ(²GY@B ʈȧIɊ̜I

pFZ9 ;IɡɵĩIƜǾWo�¥�ç̜`ʡ(2DIC- ±ų±ǾVĈʁDF@B-B

'\! 

 

 

1.4� ǃȻɌIːƱ 

� őöȎʏŧG*'BJ ̘ʚãȥĴIȥȘɡɵǖÇIƚĄGJȏǤFșǖǞĝWÎʪ

ȬFĵɃƌʢIŹʫDF\=U ȿńʹƫGʑZF'2DIĶ'IIȖȑCC\!;I=U 

ʏŧʹƫJȞÛǖǎ*YMǯȩGŎ8\ăźžGļHZ]\2DIĶ'!ȐWȒIʆʈȧIķ

˵çJî˟6=Y(GT2ŮˀȞÛC̤%ɒÑĉ T1ŮˀȞÛCɒ%ÆÑĉ`Ɂ6 Gd˦ű
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ðCıŮQ]\!öȎɊWęɊ Ť̨ ʈȧIÅɷWŰȑGY[ ʈȧIç̜JC\ɉũĈʁ

CC\I 1ĠIơÛCJʈȧžȥĴD̒ʈȧžȥĴDÌëIĢ̏FĭċVŒF.F'!R

= ȾʊãŅˌĵ C\'JŅˌãȥĴ`Conventional MRICľĦ8\Åɷ+Zêƫ8\2

DJC-BV ʈȧIɊ̜`̀ë8\2DJ̏6'2DIĶ'!ȾʊãŅˌĵʈȧ>@=D6

BV ̣ ʊʈDɡɵȗžɼʈCJʈȧIıǥw�¥�W±ųIȢF[ ǯȩǱVĴ_@B.\

=UG2]ZÌëI˻ʫDF\!R= ɂɢʋʈGʽUZ]\˦űðI�¢oȑıŮGY\

ʕžDƀžIç̜J ��G*'BǡȿCJF'2DVĬēQ]B'\̷Jenkinson 2001, 

Scott 2002, Law 2004 !̸2]ZIʈȧžȥĴC\'J̒ʈȧžȥĴ`̀ë8\GJ C\'

JʈȧIɡɵĩWo�¥�ç̜`8\GJ Conventional MRIIpCJ̆ȟIC\! 

� ȐG*'ḄʊY[Ȫș8\̣ʊʈDɡɵȗžɼʈJConventional MRICJùëI

A+F'VIVĶ'I ɡɵȗžɼʈIʏŧȬƕöJ̒ŠGƀ'̷ Abadie 2009�Hu 2015 !̸

R= ȒỊʊʈJƌʢƹGİȟIƵȴC è̈ųIåȪȕIÆ'2DIĬēQ]B'\I

̷Troxel 2003 Gorden 1994 Motta 2012  ̸ȐDIǩ˖JĬēQ]B'F'!MRIIȏǤ

ơÛJȥĴIǞʁȬ*YMŶʯȬǙ˦IƁĬ`ƞÌ8\2DIC- 2]ZIʈȧ`̀ë8\

=UG·úȩG*'BʏŧȬGʡ(ˠôǖǎǱDF@B'\!6+6 2]ZIȏǤơÛG*

M\ȐȒIʆʈȧGŎ8\ĬēJ ȖĦIƊPDaEF'!ʙɻJ��DČǚGȐWȒCV

MRI IȏǤơÛG*'B̘ʚãIʈȧžȥĴÌëIĈʁCC\D½ń6=!ʆʈȧIʺÍ

`ʢîG +A̒ÎʪȬGʡ(2DIC-]K ̧ ųIȔúȩGķ-.Ŋ«C-\Dɺ)B'

\! 

� ǃȻɌCJ 2011Ť 6ƿ%2019Ť 9ƿRCGưǃȔúșėɃŀķŀöȎúȩy¢{

¥`ąʹ6 MRI ǖǎ*YM;IųʆĵɃƌʢ`ąMBȥȘɡɵŀȬFȿńʹƫIŴZ]=

à 40ËIȐȒIʆʈȧſɻG*'B MRIIȏǤơÛCC\DWI̪ ɑ 2ɐ  ̫DTI̪ ɑ 3ɐ  ̫

MRS̪ɑ 4ɐ  ̫*YM PWI̪ɑ 5ɐ̫`ț'=ǩ˖ǖʶ`ʡ'̬ƾųGȐȒIʆʈȧʹƫ

G*M\2]ZIȏǤơÛǱIǀțžGA'Bɮƒ8\̪ɑ 6ɐ !̫àBIʆʈȧȦËſɻ`

ʤ 1.1GɁ8! 
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ʤ 1.1  àʆʈȧȦËſɻ�w� 

Ȑ 

ȦË ȐɊ éʹƹŤ  ̨  žë ȥȘɡɵʹƫ 

1 ��}�b¤|~nw 9Ǣ8£ƿ � �spay °̘ṛ̏ʊʈ 

2 ��¢}¤���~o 11Ǣ3£ƿ  � � ˡŰƇžşɍˎʋɟʀʈ 

3 ef�u�¤r¥m¥¤�¢� ¥n 9Ǣ6£ƿ � � ɡɵȗžɼʈ 

4 ef�u�¤r¥m¥¤�¢� ¥n 10Ǣ3£ƿ � � ɡɵȗžɼʈ 

5 �¥o� 10Ǣ � � ɇʡẓ̌ʊʈ 

6 ����¥�¤���¥�¥ 12Ǣ9£ƿ � �spay ̣ʊ¨ȭẓ̌ʊʈ 

7 ̎ɊȐ 10Ǣ4£ƿ � � ˡŰƇẓ̌ʊʈ 

8 ��~�r¥�~�¤���¥�¥ 9Ǣ10£ƿ � � ɰɫẓ̌ʊʈ 

9 ��¢}¤���~o 9Ǣ8£ƿ � � ɡɵȗžɼʈ 

10 �d̹�¥�� 10Ǣ � � ɇʡẓ̌ʊʈ 

11 ��¢}¤���~o 9Ǣ2£ƿ � �cast ˡŰƇžşɍˎʋɟʀʈ 

12 ǍȐ 8Ǣ7£ƿ � �cast ̣ʊ¨ȭẓ̌ʊʈ 

13 }¡¡ 12Ǣ9£ƿ � � ̘ʚ̢̢ɼʈ 

14 ��}�b¤|~nw 12Ǣ9£ƿ � � ɇʡẓ̌ʊʈ 

15 ����¥�¤���¥�¥ 6Ǣ11£ƿ � �cast ɡɵȗžɼʈ 

16 ef�u�¤r¥m¥¤�¢� ¥n 14Ǣ3£ƿ � �cast ˡŰƇẓ̌ʊʈ 

17 l���b¤K¤C¤w��g� 7Ǣ � � ɡɵȗžɼʈ 

18 ��}¥x 9Ǣ3£ƿ � �spay ̚ɘɟʀẓ̌ʊʈ 

19 �d¤�¥�� 10Ǣ4£ƿ � �spay Ķőʘž̢ʈȧ 

20 ��}�b̹|~nw 13Ǣ7£ƿ � � ɇʡẓ̌ʊʈ 

21 uf~��¢�¤u¥��~o 13Ǣ1£ƿ � � ɇʡẓ̌ʊʈ 

22 u¥¤x¥ 11Ǣ7£ƿ � � ̚ɘɟʀẓ̌ʊʈ 
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23 �¥�h¥n¤��b 10Ǣ11£ƿ � �cast ɡɵȗžɼʈ 

24 ef�u�¤r¥m¥¤�¢� ¥n 13Ǣ2£ƿ � � ̣ʊ¨ȭẓ̌ʊʈ 

25 �d̹�¥�� 12Ǣ10£ƿ � �cast ɇʡẓ̌ʊʈ 

26 ef�u�¤r¥m¥¤�¢� ¥n 5Ǣ10£ƿ � �spay ɡɵȗžɼʈ 

27 ��¢}¤���~o 7Ǣ5£ƿ � �cast ˡŰƇžşɍˎʋɟʀʈ 

28 ����b¢ 12Ǣ � � ̒ńị̃ʊʈ 

29 u��b¢¤�wl¥ 4Ǣ2£ƿ � �cast ɇʡẓ̌ʊʈ 

30 ̎ɊȐ 7Ǣ � � ŶőĞʀẓ̌ʊʈ 

31 ̎ɊȐ 11Ǣ � �spay ɇʡẓ̌ʊʈ 

     

Ȓ     

ȦË ȒɊ éʹƹŤ  ̨  žë ȥȘɡɵʹƫ 

32 b�u�b¢ 10Ǣ2£ƿ � �spay ˡŰƇžşɍˎʋɟʀʈ 

33 ̎ɊȒ 11Ǣ7£ƿ � � ɇʡẓ̌ʊʈ 

34 ̎ɊȒ 15Ǣ6£ƿ � �spay ɇʡẓ̌ʊʈ 

35 ̎ɊȒ 15Ǣ6£ƿ � �spay Ⱥɘʈẓ̌ʊʈ 

36 ��ef¥v�¢¤�h�w�l�~� 13Ǣ5£ƿ � �cast Ⱥɘʈẓ̌ʊʈ 

37 ̎ɊȒ 16Ǣ � �spay ɇʡẓ̌ʊʈ 

38 ̎ɊȒ 12Ǣ1£ƿ � � ɇʡẓ̌ʊʈ 

39 ̎ɊȒ 14Ǣ6£ƿ � �cast ɇʡẓ̌ʊʈ 

40 ̎ɊȒ 12Ǣ1£ƿ � � ĀĻɂɢĵɿʘʈȧ̪PNET  ̫
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Ĥ 1.1. ĊʈȧIºʤȬFConventional MRIƊʭ 

śY[Ṛ̏ʊʈ̪ȦË 20  ̫Ṛ̑ʊʈ̪ȦË 33  ̫ɡɵȗžɼʈ̪ȦË 4  ̫ɂɢʋʈ̪ȦË

27  ̢̫ʈȧ̪ȦË 19 !̫ƾ¨ǦJT2ŮˀȞÛ̪A, E, I, M, Q̫C̬ʈȧ˵ÅIĶ.JɒÑĉ

D̤ÑĉIǼċ�{¥¢`Ɂ6 ɡɵȗžɼʈCJɒÑĉCC\!2ǦȯJT1ŮˀȞÛ̪ B, F, 

J, N, R C̫àBIʈȧJɒ%WWÆÑĉ`Ɂ6 Ṛ̏ʊʈI¦˵GJŮ'ÆÑĉIʽUZ]\!

3ǦȯJ˦űT1ŮˀȞÛ̪C, G, K, O, S̫CC[ àBIʈȧJ˦űðCİȟƵȴGıŮQ

]B'\!̣ʊʈ*YMɡɵȗžɼʈCJ dural tail sign̪ˍȶþ̫ʽUZ]B*[ ɡɵȗ

žɼʈCJQZGʆĠGǻ.ß[˚TÛ̪̐ȶþ̫VʭZ]\!ƾ©ǦJʈȧĔģIT2Ůˀ

ȞÛ̪D, H, L, P, T̫`Ɂ6B*[ Ṛ̏ʊʈ ɡɵȗɼʈ ɂɢʋʈCJʆǶʈWȇȦ`μ

(ƊʭIʽUZ] mass effectVʭZ]\!Ṛ̑ʊʈCJmassĔģGʆʅ̣ǺIˊȠIʽ

UZ]\I ʆŅˌGJʆǶʈJʽUZ]F'!̢ ʈȧCVĔģIʆŅˌãGʆǶʈJʽUZ

]F'! 
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ɑ 2 ɐ 

 

ƑƥŮˀȞÛIǖ  ʁ

 

 

2.1ɯ  ɹ

� ƑƥŮˀȞÛ diffusion-weighted image̪DWI̫JƑƥȞÛIƾVéǁ+Zʡ_]B

-=ƌǱCC[ ɡɵãIǬçĽI̪ŶőFö-CC\̫ƑƥI˥QDƬĎ`���¥{D6

BȞÛ÷8\ƬǱ`'(!ƑƥI˥QJǚ"FɡɵǙɗIű̖`ąM ʆãIƑƥJʠɔã 

ɟʀĵ*YMɟʀãƑƥI 3AIùȞG*M\ǬçĽIö-+ZșT\!ɟʀãCJɊ"Iɟ

ʀãĝŃWʞȫFE̤çĽIŋũI̤'=UGƑƥ˥ũJ˪.F\I ɟʀĵCJ;Ií̆I

ŒF'=UGʗŢ˥.F\!DWI G*'B ƑƥIŮ'ɡɵJÆÑĉG ƑƥIí̆Q]=

ɡɵJ̤ÑĉGƝæQ]\!;]X)̬Úƪɀĭ`+M\ƬĎGY[̬ȏGȫˌFEIɰɫC

JɰɫƬĎGƑƥ6W8'=U̪ ȢƬžƑƥ̫̬1ƬĎIÚƪɀĭG­ʡFɰɫCJÆÑĉG̬

;]GȰʡ8\ɰɫCJ̤ÑĉGƝæQ]\!ʆIĭċGJǡŠȫˌIÑĉIĴ÷8\IJĺ

R6.F'=U ȢƬžƑƥIű̖`ƙ̈6=̪ 8F_?Ķ˔CơÛ6=ƑƥŮˀȞÛ`ôɓ

ţħ6=̫ɒƬžƑƥŮˀȞÛ i̪sotrophic diffusion-weighted image; isotrphic DWI̫`ơ

Û8\!R=®ǋɂɢɛIDWICJȃǵIű̖`PDaEF.6 ǬIƑƥIp`Ɨ)Z]

\Y(G8\=Ṳ' bÔ`Êț8\2DIĶ'!bÔDJ ƑƥŮˀȞÛIu¥p¢w`È

\Úƪɀĭ̪motion probing gradient; MPG̫IŮũDƹ̃`ʫɜ6=ÏƦCC[ bÔJ;

Iu¥p¢wIE]>MƑƥIű̖G˿ƣCC\+`ʤ6B'\!bÔIķ-'PE C-C

I\ȞÛGƑƥIĂn8ű̖Iķ-.F\!3T̪�w�̫ʧɷG*M\ʆIDWICJ bÔ

` 1000sec/mm2G6BơÛ8\2DI¦ʔȬCC[ ƑƥŮˀ>MIȞÛ`Ŵ\GJŒF.

DVČǅ¾C b=0 sec/mm2D6=ȞÛ`ëGơÛ8\ŹʫIC\!2]`DWIDČƹGơÛ

8\2DGY[ T2Iű̖`ąMF'ʭ+MIƑƥÏƦapparent diffusion coefficient̪ ADC̫
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`Ŵ\2DIC-\!ƑƥȖˇJ ń˽ȬFƑƥIķ-Q`ʤ8=UGƑƥÏƦ̪D̫D'(

ƔǛ`ț' DJʐȝǬI�¢|�FƑƥ`ʤ6B'\!6+6 șÇɡɵãCJɟʀʊW;

I¹IİȟFEIĶ.Ií̆IC\=UGłàGʐȝFƑƥJˎ2ZF'!;I=U ǾńQ

]=șÇãɡɵIƑƥÏƦ`Y[ǡȿGʤ6=VID6BADC`ț' mm2/sIüÅI«)

Z]\ A̭DC�~�J �ny�3DGʵɓQ]=ADCIÔ`ʤɁ6=ń˽ȬȞÛCC\!

R= DWIJT2ŮˀȞÛGMPG`+M=ȞÛI=U T2ɱĘIŬ́8\̪ T2ŮˀȞÛC

̤Ñĉ`Ē8\̫ȥƅCJ DWICV̤ÑĉDF\9T2 shine-through�D'(ȖˇIˎ2

\!T2 shine-throughGY\ű̖DȳIƑƥIí̆Q]=̗Ī`̀ë8\=UGJ ADC�

~�`ț'=ʺÍIŹʫDF\! 

� ADCI¨Ƴ8\ȥƅJ ǬçĐ˽Iı)\VIàBCC[ ;IƦJĶ'!ADCI

Æ©8\VI AR[ƑƥIí̆Q]\VIJ ʆǓįIŽžǁ¤³Žžǁ ̑ʄžǓį ʆ

ȇ ®Ǩ;I¹Iɟʀ̊ŇžǶʈ Ba+aȊȈ ˔ɞƠÙ ɟʀŋũI̤'ʈȧ ʆʌȧF

EIəˀFǺÇWæʠFEIƕ1Z]\!ƲǁIʆǓįËG*M\DWIIǀțžJY.ȷZ

]B*[ ·úȩCJʏŧCY.ÊțQ]B'\!DWIJ 30ɄɉũIȸ'ƹ̃Càʆ`j�

¥8\ơÛIĈʁCC\=U ʆǖǎI�¥}¢Gɡp˚R]B'\ƭʸVŒF.F'!ʝʠ

ųIˏŽžǁGDWIC̤Ñĉ`Ɂ8̗ĪJ̒ĈˢȬFƾɠǓį˵ÅDʺÍQ] ;I̗ĪY

[VŦ'̗ĪCȃǵÆ©̪ ȃǵȞÛGY\ I̫ʭZ]=ĭċ ;IŝGȱů8\̗Ī̪ ischemic 

prnumbra̫GA'BJʠǏȁʳȩǱFEGY[ƾɠǓįDF\2D`̅/2DIC-\̗Ī

DF\̷Kidwell 2003 !̸FLAIRÛDDWII�w�~}Ḡ6BJȐG*'BVĬēQ]B

'\̷ Xu 2014 Liu 2015 !̸2IY(GƲǁIʆǓįËG*M\DWIIǀțžJ·úȩCJ

Y.ȷZ]B*[ őöȎʏŧCVĬēQ]B'\̷Garosi 2006 Tidwell 2011 !̸6+6 

ȐȒIʆʈȧḠ6BIDWIIĬēJp¥w��¥�ɉũ6+F'!DWIJʈȧIɟʀŋũ

Ḡ8\ƁĬIŴZ]\=U ��CJʈȧDƄǌȦÌë ̷Guzman 2002  ̸ʆʈȧÌ

ëWƀžũIêńGÊțQ]B'\̷Dominguez-Pinilla 2016 !̸R= ʆʈȧCJʈȧĔģ

GʆǶʈIˎ2\2DIĶ'I DWICJƑƥ˥ũ̪ADCÔ̫+ZʠɔĀžǶʈDɟʀžǶ

ʈ`ùë8\2DIC-\̷Ebisu 1993 !̸ 
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� ǃɐCJ Ȑ*YMȒIʆʈȧȦËGA'B DWI `ơÛ6=ȦË`ț' Ċʈȧ̃

G*M\ADCÔIǩ˖ǖʶ`ʡ@=̭ô)BʈȧĔģG*'BV ʈȧ˙ɲ˵*YMʈȧĔ

ģǶʈ̗Ī`ǩ˖ǖʶ6=!��IʆʈȧIȦËG*'B ʆʈȧãIADCÔ`ʈȧDJă

Ŏ×IǡŠGp)\ķʆȫˌnormal-appearing white matter̪NAWM̫IADCÔC̈6

=ȱŎÔ`ǩ˖8\ƬǱIĬēQ]B'\̷Guo 2002̬Oh 2004̬Saraswathy 2009, Qin 

2018 !̸ǃȻɌCJȐ>MCF. ȒIȦËVĐUBǖʶ6B'\=U ȐDȒG*M\ǡŠ

FȫˌIADCÔGŝȢIæ\ĭċGJ ŅƦÔCǩ˖8\2DIC-F'Dɺ)Z]\!2

I=U R9ʈȧȥĴDJăŎ×INAWMG*M\ADCÔ`Ǿń6 ȐDȒCǩ˖ǖʶ6

=! 

� R= ʈȧȦËG*M\ADCÔĪŸ̗Ī region of interest̪ROI̫IʸńGA'

BJ ��G*'BʈȧàÇ`ɬɸ8\Y(Fķ-' ROI `ɷ.ƬǱD ʈȧãIĲǣWæ

ʠ˵Å`˳MBőQF ROI `ʩƦɷ.ƬǱIʡ_]B*[ 2]ZIƬǱG*'B˅ˁIç

+]B'\!;I=U ǃȻɌCJČ¦ÒÇIČ¦ʈȧG*M\ķ-FROIDőQFROIG

A'BVǩ˖ǖʶ6=! 

 

 

2.2ǄƩ*YMƬǱ 

 

2.2.1� ÌʻöȎ 

� ǃȻɌGJ ưǃȔúșėɃŀķŀöȎúȩy¢{¥G 2011Ť 6ƿ%2019Ť 9ƿI

̃GɂɢȦȑ`Ē6Bǆ̇6= 40̘̪Ȑ 31̘ Ȓ 9̘̫`ț'=̪ʤ 1.1 !̫àBIȦËJ

¦ʔˑÇǖǎ ʠǺǖǎ ɂɢŀȬǖǎ X ɰǖǎ`ʡ' MRI ǖǎGB̘ʚãGȥĴ`ȿ

ʽ6B'\!;IųĵɃƌʢ`ʡ' ȥȘɡɵǖǎGBʈȧIʹƫ`ŴB'\!ǃȻɌGů=

@BJ retrospective FȞÛʳǈȻɌI=U Ņ̡öȎÕȘļĚÁ*YMöȎúȩy¢{¥Õ

ȘļĚÁIƍʽJŹʫDQ]B'F'!6+6FIZ̬àBIȐȒſɻI̞'¯J öȎúȩ

y¢{¥éʹƹGǖǎ�¥{ɒ`ȻɌGț'\2D`ƽ̓GBƍ˂6B'\! 
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2.2.2� ơÛƬǱ 

 

2.2.2.1� ̦˸� �r¥� 

� 8OBIſɻCǖǎI 12ƹ̃î+Zɨ̝¤ɨǬD6=!ǝ×ȭ̑ʄG 18%24GIȠ

ɷ˾`ț'BʠɔȿÐ`ʡ' � ��h¥�̪� ��h¥�® ưúŚ ŌŘ 7̫mg/kgI

̑ʄãƎ«GB̦˸Őß`ʡ' ǫɔ}�¥�`Ɩɔų dz���¢̪gwjd¢® �d

�¢ʨʜ Ǉ¶̫̪ 2%3%̫*YM˹ɝ̪2 l/min̫GY\đŭ̦˸CɫƓɔȘ`ʡ@=!̦˸

®J·ŚƟǫ`ʡ' 1ĠƟǫ˽` 10%20ml/kg ǫˮãĥ 12%16cmH2O ĖđƦ 12Ġ/min

Gʸń6 ɔȘ6=!̦˸®JŸƐƦ öʄʠ˹ɝ̟Ęũ̪SpO2̫I×�{�¢o`ʡ' 

°˹�¢q�Ǻ̪z��n�® ��× Ǉ¶̫̪ 5ml/kg/hr̫`̑ʄȈȂ6=! 

 

2.2.2.2� ơÛǅ¾ 

� 8OBIöȎJ 3.0TIMRIʧɷ̪ Signa® HDxt GE Healthcare, Tokyò̫ ț'Bơ

Û6=!RFrd�GJ 8}�¢��IKnee coil`ț'B öȎ`ÀʎÅGÐń6 ̘˵`

rd�ãG˷ɷ6=!DWIIîG Conventional MRIIơÛ`ʡ@=!Conventional MRI

IơÛǅ¾J¼©Iˤ[CC\̵ Fast spin echo̪ FSE Ǳ̫T2ŮˀȞÛJɶ[˝6ƹ̪̃ TR̫

/gr¥ƹ̪̃TE̶̫7000/81.6ms Spin echo̪SE̫Ǳ fluid-attenuated inversion recovery

̪FLAIR̫ÛJ TR/TE/ăŵƹ̪̃TI̶̫11002/141.8/2400ms FSEǱ T1ŮˀȞÛ*YM

˦ű T1ŮˀȞÛJ TR/TE/TI=6.8/2.9/920ms 2]ZIu¥p¢wJw�dwÿ̶2.0mm 

w�dw gap̶0.5mm�FOV̶15 cm715 cm ���nw̶1287128GBǜƫÛ`ơÛ6

=!DWI ơÛǅ¾J¼©Iˤ[CC\̵Spin echo EPI̪PLOPELLER̫Ǳ TR/TE̶

8000/71.5ms w�dwÿ̶2.0 mm w�dw gap̶0.5mm�FOV̶15 cm715 cm ��

�nw̶1287128 ɋɓĠƦ̪NEX̶̫1 MPGƬĎ̶3˔ b Ô =1000sec/mm2CǜƫÛ

`ơÛ6=!DWI ơÛJ˦űð̪k�vb��̪Gd̫0.1mmol/kg̬IV̫`Ǝ«8\îGʡ
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@=! 

 

2.2.3� ȞÛ�¥{ʳǈ 

� DWI ơÛGY[ŴZ]=ȞÛ` MRI ʧɷãʛIȞÛʳǈz��̪functool, GE 

healthcare, Tokyo̫GY@BADC�~�`ÈƇ6=!ŴZ]=ADC�~�GäŰĪŸ̗

Ī̪region of interest: ROI̫`āȌȞÛD6BT2ŮˀȞÛC\'J˦űT1ŮˀȞÛ`Êț

6Bʈȧã ʈȧĔģ ăŎ×IǡŠFȫˌ̗Ī̪NAWM̫Gʸɷ6 ;]<]I ADC Ô

̪710-3mm2/s̫`ʵǾ6=̪Ĥ 2.1 !̫ʈȧãI ROII˷ɷƬǱJ 2013ŤG SvolosZIʡ

@B'\#����¥Ǳ$̀ ˰ț6=!ROIIķ-QJʈȧãI small ROI ʈȧĔģ*YM

NAWM J 10%20mm2IǡäŰD6=!large ROI JʈȧIķ-Q ŰGċ_:B 10.9%

227.3mmIɖģC ʈȧIã×İȟ`C-\>Mʬ(Y(Gķ-FäŰIROI`ɷ- ;I

ã˵G 5AIőQFäŰIROI̪small ROI̫`ķ-FROI l̪arge ROI̫ãG˷ɷ6=̪2

]`����¥ǱD'(̴Ĥ 2.1D	!ʈȧĔģIROIJ˦űT1ŮˀȞÛC˦űıŮ`Ɂ8ʈ

ȧɲI 10mm¼ãGʈȧĔģ̗ĪGǰ@B˷ɷ6=̪Ĥ 2.1B E !̫R= ʈȧĔģGT2Ů

ˀȞÛC̤Ñĉ`Ɂ8̗ĪIpZ]=ȦËG*'BJ 2I˵ÅVʈȧĔģDČT 10%

20mm2IǡäŰCǾń6B'\!Ċ˵ÅG*'B 5Ġ9AǾń6 small ROIJĞʀWĲǣ 

æʠž̗Ī`˳M\Y(GțƌCʸɷ6=! 

 

2.2.4� ɦʵʳǈ 

� ĊʈȧG*M\ʈȧã̪small*YM large ROI  ̫ʈȧĔģIADCÔI®ĸÔ*Y

MğçÅɖģ̪IQR  ̫NAWMI®ĸÔ*YM IQR`ɓæ6=!ĊADCÔ`NAWMC̈

6=ADCǩI®ĸÔ*YMIQRVɓæ6=!2]ZIǾńÔ`Ċʈȧ̪ ̣ʊʈJȐDȒ`ë̫

G*'B ǩ˖ǖʶ6=!ǡʮžIǖńIC-\ȦËƦIC@=ȐỊʊʈJ

Anderson-Darling ǖń`ʡ@=I ǡʮçŞ6B'F+@=̪p=0.038̫=U �¢���

��~nǖń`ʡ@B'\!ȐDȒỊʊʈ*YMȐIɡɵȗžɼʈG*M\ʈȧ̃IĶ˻ǩ

˖ǖńGJ Kruskal-Wallisǖń`ț'=I ɂɢʋʈD̢ʈȧJȦËƦIŒF'=UGǀƃ
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ŝǖńJʡ_9āȌÔD6=!Ķ˻ǩ˖ǖńGBǀƃŝIʽUZ]==U Ṛ̏ʊʈDṚ̑ʊ

ʈ̬*YMṚ̏ʊʈDɡɵȗžɼʈG*M\ 2ɹ̃ǩ˖GJMann-Whitney Uǖń`Êț6

=!ȒIɡɵȗžɼʈJǃȻɌGJĐR]B*Z9̒ŠGɈCC\=U Ṛ̑ʊʈDɡɵȗž

ɼʈIǩ˖ǖʶJʡ@B'F'!R= ȐDȒI NAWM *YMĊȦËG*M\ large ROI

D small ROIIǩ˖GVMann-Whitney Uǖń`ț'=!8OBIɦʵʳǈJ ɦʵz��

efb̪Statcel 4, OMSæȍ� Ǉ¶̫`ț'BŅƭ6 p<0.05CǀƃŝC[Dêń6=! 

 

 

2.3ɣǊ 

� àʆʈȧȦËI(? DWI`Ņƭ6=ȦË`ʤ 2.1GɁ8!ȦË 1 3 4 5 6 7 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25 27 28 29 

30 33 34 35 36 37 38 39 40Iʵ 35Ë Ȑ 27̘ Ȓ 7̘̪(? 1̘J̘ʚãG

2AI{d�Iʈȧ`ƓA >̫@=!̋ 20̘ ̍ 14 ̘̪ (? 1̘J̘ʚãG 2AI{d�I

ʈȧ`ƓA  ̫ţħŤ̨J 11Ǣ 4£ƿCC@=!̣ ʊʈJ 24 Ë̪ ɇʡž 12Ë ̣ ʊ¨ȭž 2

Ë ȺɘÇž 2Ë ɰɫʖɟʀž 1Ë °̘ȑ 1Ë ŶőĞʀž 1Ë ˡŰƇž 2Ë ̒ń

ĩ 1Ë ̚ɘɟʀž 2Ë  ̫ɡɵȗžɼʈ 6Ë ˡŰƇşɍˎʋɟʀʈ 2Ë ĀĻɂɢĵɿʘ

ʈȧ̪PNET̫1Ë ̢ɼʈ 1Ë ̢IĶőʘȑʈȧ 1ËCC@=! 

 

2.3.1�  NAWMIǾńɣǊ 

� ĊʈȧȦËG*M\ăŎ×I NAWM I ADCÔI®ĸÔ*YMğçÅɖģ̪IQR̫

`ʤ 2.2GɁ8!ȐỊʊʈȦËDɡɵȗžɼʈȦËINAWMĨGJǀƃŝJʽUZ]F

+@=I ȐDȒIǩ˖G*'BJ ȐINAWMIADC Ô̪ 0.821710-3mm2/s J̫Ȓ̪ 0.755

710-3mm2/s̫GǩOǀƃG̤+@=̪p=0.02 !̫ 

 

2.3.2� ʈȧã*YMʈȧĔģIǾńɣǊ 

� ĊʈȧG*M\ʈȧã̪ small ROID large ROI *̫YMʈȧĔģ̪ ˙ɲ˵DT2Ůˀ
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ȞÛC̤ÑĉI̗Ī̫I ADC ÔI®ĸÔ*YM IQR `ʤ 2.3 GɁ8!R= Ȑ*YMȒI

NAWMIADCÔGǀƃŝIʽUZ]=IC ADCÔ`ăŎ×NAWMC̈6=ƦÔCC\

ADCǩI®ĸÔ*YM IQR`ʤ 2.4GɁ6=!Small ROID large ROII¬ƬG*'B Ȑ

̣ʊʈ Ṛ̑ʊʈDɡɵȗžɼʈIĶ˻ǩ˖ǖńCǀƃŝIʽUZ]̪âG p=0.01  ̫ʈȧĔ

ģG*'BVǀƃŝIpZ]=̪ p=0.04 =̫U Ṛ̏ʊʈDṚ̑ʊʈ Ṛ̏ʊʈDɡɵȗžɼ

ʈG*'B;]<] 2ɹǩ˖ǖń`ʡ@=!Ṛ̏ʊʈIADCǩ̪small ROI̴1.117 large 

ROI̴ 1.144 J̫Ṛ̑ʊʈ̪ small ROI̴ 0.965 large ROI̴ 1.003 W̫ɡɵȗžɼʈ̪ small ROI̴

0.995 large ROI̴ 0.966 Y̫[VǀƃG̤+@=̪ 8OB p<0.01 !̢̫ ʈȧWɂɢʋʈIADC

ǩJ Ṛ̏ʊʈY[V̤Ô`Ɂ6B'=!ʈȧĔģG*'BJṚ̏ʊʈDṚ̑ʊʈ̪p=0.26̫

*YMṚ̏ʊʈDɡɵȗžɼʈ̪ p=0.06 I̫ 2ɹǩ˖CJǀƃŝJʭZ]F+@=!ʈȧĔģ

IT2ŮˀȞÛC̤Ñĉ`Ɂ8̗ĪḠ6BJȒCJľĦ6F+@==U Ṛ̏ʊʈDɡɵȗ

žɼʈCǩ˖ǖʶ`ʡ' Ṛ̏ʊʈ̪ADCǩ̴1.457̫J ɡɵȗžɼʈ̪ADCǩ̴1.764̫

Y[VǀƃGÆ+@=̪p=0.025 !̫ʈȧã̪small ROI large ROI  ̫ʈȧĔģ̪˙ɲ*YM

T2ŮˀȞÛC̤Ñĉ̗Ī̫IADCǩIɕL1Ĥ`Ĥ 2.2GɁ6=! 

 

2.3.3� small ROID large ROIIǩ  ̟

� ȦËǧGʈȧãI small ROID large ROIIADCÔ`ǩ˖ǖʶ6 Ṛ̏ʊʈDṚ̑

ʊʈ*YM̢ʈȧCJàBIȦËCǀƃŝJʽUZ]F+@=!ɡɵȗžɼʈG*'BJǀƃ

ŝC[I 2ȦË F6I 4ȦË ɂɢʋʈG*'BJǀƃŝC[I 1ȦË F6I 2ȦËC

C@=! 

 

 

2.4ɺō 

 

2.4.1� NAWMIADCÔ 

� ǡŠȐIƑƥŮˀȞÛḠ6BJ 2AIĬēIC\I ȒIǡŠÔḠ6BJʙɻI
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ȷ\̆[CJĬēJF+@=!ȐIĬēI 1 AJ 3 ǢǂǿIǡŠȐG*M\ʆI DWI ȻɌ

̪1.0T̫CC[ ķʆȭˌ̗ĪIADCÔJ 0.84360.98710-3mm2/s œȑǐJ 0.90260.19

710-3mm2/s ʯŧJ 0.80760.13710-3mm2/s ƋǑÇJ60.91560.16710-3mm2/s Ƿ̠J

1.04460.16710-3mm2/s CC@=̷Hartmann 2014 !̸¹I̗ĪDǩ˖8\DǷ̠Cǀƃŝ

IʭZ] œȑǐWƋǑÇDǩ˖8\DʯŧCǀƃŝIʭZ]=!V(¦AJ MacLellan

ZI 2017ŤG 3.0T MRICĬē6B*[ ķʆIȆȫˌIţħADCÔI 0.8349%0.92737

10-3mm2/s ȫˌJ 0.6897%0.7332710-3mm2/sIɖģCC@=!2]ZIÔJʆʘ̃CȢF

@B*[ ��G*M\ɣǊ̪ȫˌJȆȫˌDǩ˖6BADCÔIÆ'̷̫ Citation 2015̸D

¦ʒ6=!R= ��G*'BŤ̨IıôGY@B ADC ÔIıôIʽUZ]B'\I

̷Watanabe 2013a  ̸ȐG*'BV ADC ÔDſɻIŤ̨DĨGǡIȱ̄IʭZ]B'\

̷MacLellan 2017 !̸ǃȻɌIɣǊJ ȐI NAWMI ADCÔJ 0.821710-3mm2/s ȒI

ADCÔJ0.7655710-3mm2/sCC[ ȐIADCÔJȒY[VǀƃG̤ÔCC@=̪ p̶0.02 !̫

ȐI ADCÔJHartmannZIɣǊG˜'I ǃȻɌINAWMIǾń˵ÅJ×̘ʘIȭˌ

©ȫˌCC[ MacLellanZIǾń6=˵Å̪ ų̘ʘʆņĔģIȫˌ D̫JȢF\=UƦÔG

ĶŒIŝȢIșT=ĈʁžVďńC-F'!R= ȒG*'BJDWIIǡŠÔḠ6BIĬ

ēJʙɻIȷ\̆[F+@=I ȀćIýĳˁƨ̷2015 Ť̸CBa+aȒIr¢� ¥�D

6BǾńQ]=ķʆȫˌIADCÔJ 0.8260.07710-3mm2/sCC[ ǃȻɌIȐIɣǊD̜

Ä6B'\! 

� ��G*'BʈȧIʺÍ`8\̉ ADCÔIŅƦÔ`p\ĭċD ʈȧIADCÔ`

ăŎ×INAWMIADCÔC̈6=ADCǩ`ț'\ĭċDIC[ E?Z`Êț8\+J

˅ˁIç+]B'\!ǡŠȫˌI ADCÔJŤ̨DâGıô8\IC ADCǩY[V ADCÔ

I˰8\D'(ƃʭD̷ Watanabe 2013a  ̸ʈȧ`ǩ˖8\ĭċGADCÔCJi¥�¥�~

�IC\I ADC ǩCJi¥�¥�~�IF. ʈȧIɡɵĩFEÌëI6W8'D'(

ĬēVC\ ̷Rumboldt 2006 !̸ǃȻɌCJ ȐDȒINAWMIADCÔGǀƃŝIʽUZ

]==U ȐDȒIȢɊ̃Cʈȧ`ǩ˖8\=UGNAWMC̈6=ADCǩ`ț'\2DD

6=! 
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2.4.2� ʈȧã*YMʈȧĔģIADC 

 

2.4.2.1� ʈȧãIADC 

� ʈȧɟʀIÞŅžJʆʈȧI ADC ÔI¯ʫFǮńġĽCC\D'_]B'\ 

̷Wang 2009 !̸��G*'B̬¦ʔȬG̤o�¥�IʈȧɡɵãCJǬçĽIƑƥʁóIÆ

©8\2DIȷZ]B*[ ƀžʈȧCJ ADC ÔJÆ©8\ ̷Yuan 2008 !̸ǃȻɌCJ 

Ṛ̏ʊʈ Ṛ̑ʊʈ ɡɵȗžɼʈIʈȧ̃CĶ˻ǩ˖ǖń`ʡ' ʈȧã̪small ROI*Y

M large ROI I¬Ƭ̫G*'B ǀƃŝIʽUZ]=̪small ROI: p=<0.001 large ROI: 

p=0.002 !̫ 

� ̣ʊʈG*M\DWIIÑĉŮũJǚ"CC\Dʴ_]B*[ ̷ Stadnik 2001 K̬ono 

2001, Fulippi 2001  ̸PDaEIʕẓ̌ʊʈJDWIDADC�~�CɒÑĉ`Ɂ6 ƀẓ̌

ʊʈCJ̤ɟʀŋũI=UG DWI ̤ÑĉDÆ ADC Ô`Ɂ82DIĶ' ̷Kono 2001̬

Fulippi 2001 !̸��G*'B ̣ ʊʈJţħADCÔI 0.9860.18710-3mm2/s ̷Dorenbeck 

2005  ̸ƀẓ̌ʊʈIţħADCÔJ 0.6460.05710-3mm2/s ̷Bano 2013  ̸0.64560.097

10-3mm2/s ̷Watanabe 2013  ̸0.92360.05710-3mm2/s̷Santelli 2010  ̸ʕžJ 0.9136

0.16710-3mm2/s̷ Watanabe 2013b  ̸0.96460.05710-3mm2/s̷ Santelli 2010  ̸1.0460.12

710-3mm2/s̷ Bano 2013  ̸1.0560.27710-3mm2/s̷ Yogi 2014̸DĬēQ]B*[ ƀžI

ƬIʕžY[V ADC ÔJÆ'!6+6 DWI CJ̣ʊʈIɡɵŀȬo�¥�c¢o̪ʕž

*YMƀž/̒ńĩ̫`±Ǿ8\2DJC-F'D8\ĬēVC\̷Santelli 2010 !̸ǃȻɌC

J̣ʊʈI(?ƀžJȐI 3ËIpCC[ 2I(? 1ËJADCÔI small ROIJ 0.587

10-3mm2/s  large ROIJ0.56710-3mm2/sDà17Ë®ƾVÆÔCC@=I V(2ËJsmall 

ROI J 1.111710-3mm2/s D 0.85710-3mm2/s large ROI J 1.156710-3mm2/s D 0.887

10-3mm2/sDʕžIȥĴI®ĸÔ˙[IƦÔ`Ɂ6B*[ 2I 3ËCƀžỊʊʈ`ʺÍ8

\²JĢ̏CC@=!6+6 ȐG*'Ḅʊʈ̪ ķ˵çIʕž D̫ɡɵȗžɼʈ̪ ŠGƀž̫

JâG̣ʊY[Ȫș6 Conventional MRICJùëIA-G.. 2I 2AIʈȧJʏŧȬ
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ƕöIȢF\=UG̀ëI˻ʫDF\!��G*'BJ̘ʚãIɡɵȗžɼʈJȪșI̒ŠG

ɈCC[ ĬēVp¥w��¥�ɉũ6+F.̷ Gomi 2012 Gill-Samra 2012�Wang 2012a  ̸

ADC Ô`Ǿń6B'\ĬēJʙɻIȷ\̆[F+@=!;I=U Ṛ̏ʊʈDɡɵȗžɼʈ

Iǩ˖ǖʶ`ʡ@=!ʈȧãIADCǩJsmall ROI large ROIâGɡɵȗžɼʈ̪ small ROI: 

0.995 large ROI:0.966̫IƬIṚ̏ʊʈ̪small ROI: 1.117 large ROI:1.114̫Y[Vǀƃ

GÆ+@=̪ small ROI: p=0.0002 large ROI: p=0.01 !̫ADCÔVɡɵȗžɼʈ̪ small ROI̴

0.759710-3mm2/s large ROI̴ 0.770710-3mm2/s I̫ Ṛ̏ʊʈ̪ small ROI̴ 0.933710-3mm2/s 

large ROI̴ 0.947710-3mm2/s ̫ Y[VǀƃGÆ+@=!2]JɟʀŋũI̤QWǐçʦIı

ô`ăƸ6ADCÔIÆ©6B'\ĈʁžIɺ)Z] ȐIɡɵȗžɼʈJ��IƀžʈȧI

ɣǊD̜Ä6B'\!R= ��G*'B̤o�¥�ɂɢʋʈIţħ ADC ÔJ 1.047

10-3mm2/s `j~�i�ÔD6Bșľǁ̃Dȱ̄8\̪ADC ÔIÆ'Dșľǁ̃Jȸ'̫2

DIɁQ]B*[̷Qu 2016  ̸2]VȐIɡɵȗžɼʈIɣǊDȵȲ:9 ʓĕǻ'!ǃȻ

ɌɣǊY[ Conventional MRICJ̀ëIĢ̏FȐỊʊʈDɡɵȗžɼʈJDWI`ơÛ

8\2DC ̀ëC-\+V6]F'!ȐIɡɵȗžɼʈJ˩ʡI̒ŠGƲ. ĵɃƌʢGB

ȞÛ¨łàè̈`ʡ@=D6BVåȪȕI̤. ÷ŀȩǱWƢŏɰǯȩ`ʡ@BVʒǣȕI̤

'ʈȧCC\̷Abadie 2009�Hu 2015 !̸;I=U ʢîGMRIǖǎC̣ʊʈDÌëIC

-\D Y[˛˥FŎźIĈʁDF[ șľǁ̃IŬ́FE¸ųIȔúȩGˉȓC-\Ĉʁž

`ɅUB'\! 

� ǃȻɌCJȒỊʊʈ̪small ROI: 0.965 large ROI: 1.003̫IADCǩJ ȐỊ

ʊʈ̪small ROI: 1.117 large ROI: 1.114̫Y[VǀƃGÆ.̪small ROI: p=0.0001 large 

ROI: p=0.003  ̫ɡɵȗžɼʈDČǚGɟʀŋũI̤QḠ˧6B'\ĈʁžIC\!6+6 

��G*'BƌʢƹGȾ'̣ʊʈ̪1.0160.26710-3mm2/s̫J˒Z+'̣ʊʈ (1.1160.29

710-3mm2/s)Y[VADCÔIǀƃGÆ'D'(ĬēIC\ ̷Yogi 2014 !̸ADCÔVȒỊ

ʊʈ small ROI̴ 0.727710-3mm2/s large ROI̴ 0.778710-3mm2/s̫J ȐỊʊʈ̪small 

ROI̴0.933710-3mm2/s large ROI̴0.947710-3mm2/s̫Y[VǀƃGÆÔCC[ ȒỊ

ʊʈJ��G*M\Ⱦ'̣ʊʈIɣǊY[VADCÔIÆ+@=!ȒỊʊʈJĮȑ`Ē6B
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'B Ⱦ. è̈IŉƶC åȪȕVÆ'2DIĬēQ]B'\̷ Troxel 2003 Gorden 1994 

Motta 2012 !̸ȐCJȒPEƵȿGʈȧIȾQ`ʷ6B'\ˁƨJF'I ʙɻIɢ̡¨ ˒

Z+. ¦ƒè̈IĢ̏C ˏ̕ǲȽȼđŭĝ̪CUSA̫Cđŭ8\Y(Gʈȧãè̈`ʡ_

R\`)F'ȦËVŒF.F'!2IY(GʈȨIžȑI˯'VDWICʺÍC-\ĈʁžV

ɁěQ]=! 

� ;I¹IʈȧD6B ��G*'B̤o�¥�ɂɢʋʈIADCÔJ 0.903%1.2907

10-3mm2/s̷ Lee 2011 Xiao 2015  ̸Æo�¥�ɂɢʋʈJ 1.41860.32710-3mm2/s̷ Xiao 2015̸

DĬēQ]B*[ �¢�ʈJ 0.5960.09710-3mm2/s u�¡¢ɟʀʈJ 1.3360.287

10-3mm2/s ˓ ɇžʈȧJ 0.894%1.05710-3mm2/sCC[̷ Dorenbeck 2005  ̸ķʉ̢I̢ɼ

ʈJ 1.1660.18710-3mm2/sDĬēQ]B'\̷Zeitoun 2018 !̸Æo�¥�D̤o�¥�ɂ

ɢʋʈ`ùë8\=UGáʤQ]=ƾ˰FADCÔJ 0.6%1.0710-3mm2/sIɖģCC[ 2

]ZIȻɌJ ADC ŅƦÔY[V NAWM C̈6= ADC ǩ`Êț8\2D`ƞǒ6B'\

̷Elson 2015 !̸̢ ɼʈCJƾőADCÔDƾķADCÔ`ț'\2DC ˒ ̢ɼʈDÌëI

ĈʁDF\D'(ĬēVC\̷Yakushiji 2009 !̸R= ȐG*M\̣ʊʈ̪15Ë̫I ADC

ÔJ 1.3460.34710-3mm2/s ɂɢʋʈ̪6Ë̫J 0.9660.36710-3mm2/sDĬēQ]B'\

̷Sutherland-Smith 2011 !̸ǃȻɌG*'BɂɢʋʈI ADC ÔJ small ROI C 1.8067

10-3mm2/s large ROIC 1.655710-3mm2/s ̢ ʈȧJ small ROIC 1.247710-3mm2/s large 

ROIC 1.250710-3mm2/sCC[ ɂɢʋʈIɣǊJʙɻI±ƂGă6ḄʊʈY[V̤Ô`

Ɂ6=!ƀžɂɢʋʈIDWIJÆADCÔ`Â(̤Ñĉ`Ē6̷ Tien 1994 S̬ugahara 1999, 

Gupta 2010, Castillo 2001̬Kono 2001  ̸2]J̤ɟʀŋũWɟʀĵʇIǽŒ`ăƸ6B'

\DĬēQ]B'\̷Tien 1994̬Sugahara 1999̬Kono 2001 !̸6+6 ADCÔJʈȧɟ

ʀŋũ>MCF.ɟʀǐI̓ɋ Ĳǣ̗ĪWǐçʦÛ ɟʀĶŰžFEI¹IʫġDV̄˧8

\D'(ĬēVC\̷Sugahara 1999̬Kono 2001 !̸2IY(GADCÔJ'.AVIʫġ

GY[ƦÔIĴöIˎ2\Dɺ)Z] ADC ÔǽŒIʳ˺`Y[̏6.6B'\!ɂɢʋʈ

IȦËI(? Æ'ADCÔ`Ɂ6B'=ȦËVC@=I ǃȻɌCJɂɢʋʈIȦËƦIŒ

F'=UGʺÍJ̏6'Dż_]\!¸ųȦËƦ`̌UBǖʶ6B'.ŹʫIC\! 
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2.4.2.2� ʈȧĔģIADC 

� ĀȪžʆʈȧIĔģɡɵNIǸȄG*M\ DWI ƊʭGA'BJǚ"F˅ˁIFQ]

B'\!ADCJʈȧǸȄIɉũ`Ǯń8\IGǀțCC\D'(ĬēVC\I̷Tien 1994̬

Gupta 2000  ̸Ķ.IȻɌCJƑƥŮˀȞÛDADC�~�CʈȧIĔģɡɵNIǸȄIɉũ

`ǡȿGǮń8\IJªĈʁCC\Dʴ_]B'\̷ Eis 1994 C̬astillo 2001 S̬tadnik 2001̬

Kono 2001 !̸ 

� ʈȧĔģǶʈJ ¦ʔȬGJʆǓįỈIʆǶʈDČǚGʠɔĀžǶʈ*YMɟʀ̊

ŇžǶʈCǙƇQ]B*[ ʠɔĀžǶʈJĈˢžCC\I ɟʀ̊ŇžǶʈJªĈˢžCC

\̷Baird 1997 Loubinoux 1997 !̸ʠɔĀžǶʈJʆʈȧ`ĐU Ķ.IȥƅḠ˧6BȪ

ș8\!ʠɔĀžǶʈJ DWI Cǚ"FÑĉŮũ`Ē8\I ADC ÔJıô8\!ɟʀ̊Ň

žǶʈJʆǓįWʝʠ ĵÙGʭZ] DWIC̤Ñĉ`Ē6 ADCÔJÆ©8\!DWID

ADC�~�Jɟʀ̊ŇžǶʈDʠɔĀžǶʈ`̀ëC-\=U ʆȤſIMRIʹƫGD@B

̒ŠG˻ʫCC\!DWIJȭˌWȫˌIǶʈIŦI[`ˤŠIMRIY[Y.ƝæC-\Dʴ

_]B'\!ʠɔĀžǶʈJʆʈȧGÂ(ʆǶʈGƾV̙ɴGˎ2\DQ]B*[ ʠǺʆ̄

̂IŔƊȬFȽĲJǪɟʠɔIˣ˭ž`ıôQ:\!¦ʔG˦űðCıŮQ]\ʈȧǐ`Ą[

ģT˦űðCıŮQ]F'̗ĪJ #ʈȧĔģǶʈ$DĖK]\̷ Lee 2013 !̸ʕžỊʊʈW

˓ɇžʈȧG*M\ʈȧĔģǶʈJʠɔĀžǶʈCC\DQ]B*[ ʈȧɟʀJľĦ6F'!

6+6 ɂɢʋʈIʈȧĔģǶʈGJǸȄ8\ʈȧɟʀIľĦIC\!;I=U ƾőIADC

ÔJ2]ZI̗ĪG*'BƾVɟʀŋũI̤. ʈȧɟʀIıǥIȮaF̗Ī`Ɂě8\Ĉʁ

žIC[ ·úȩCìțQ]B'\̷ Chiang 2004 Pavlisa 2009 Krabbe 1997 Rollin 2006 

Lee 2011 !̸ 

� ʈȧĔģIADCÔJ��I̤o�¥�ɂɢʋʈC 1.14960.12710-3mm2/s ˓ɇž

ʈȧC 1.41360.14710-3mm2/s ADCǩJ̤o�¥�ɂɢʋʈC 1.46660.24 ˓ɇžʈȧ

C 1.82960.25IĬēQ]B'\̷ Lee 2011 !̸R= ��̣ʊʈCJADCI̤'ſɻ̪ 2.14

60.71710-3mm2/s̫J ADC IÆ'ſɻ̪1.2260.19710-3mm2/s̫DǩO ʢųIʈȧĔ
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ģIȢŠƊʭIǹĹIƲ'̪3˨̃+Z 10£ƿIɖģ̫I ADCÔIÆ'ſɻJʈȧĔģI

ȢŠIɩɪ8\2DIĬēQ]B'\̷ Nakamizo 2003 !̸ǃȻɌCJ Ṛ̏ʊʈ Ṛ̑ʊʈ 

ɡɵȗžɼʈIʈȧ̃CĶ˻ǩ˖ǖń`ʡ' ʈȧĔģG*'BǀƃŝIʽUZ]=̪ p=0.04̫

I Ṛ̏ʊʈDṚ̑ʊʈ Ṛ̏ʊʈDɡɵȗžɼʈI 2ɹ̃ǩ˖CJ ǀƃŝJpZ]F+@

=̪p=0.26 p=0.06 !̫*;Z. ȒỊʊʈDȐIɡɵȗžɼʈ̃CJǀƃŝIʭZ]\D

ɺ)Z]\I T2 ŮˀȞÛC̤Ñĉ̗ĪIà.ʭZ]F+@=Ṛ̑ʊʈI ADC ǩIƾVÆ

+@=!2]JʆǶʈWʈȧǸȄGY\ű̖Dʴ(Y[J ʈȧGY\ĔģIǡŠFʆŅˌI

ĥƙGˎġ6B'\ĈʁžIɺ)Z]\!R= ȒINAWMIADCÔJ 0.755710-3mm2/s

CC[ ��IǡŠÔ̪0.8710-3mm2/s̫Y[VÆ+@=!2]JȒIʆŅˌʐÇIÝ"Ⱦ'

ĈʁžIC[ ȒỊʊʈIƌʢƹG Ⱦ'ʈȨ`è̈6=ųGʆI6KZ.Ɏa>RRIȑ

ƅDF\̪ÝGƉ\IGƹ̃I++\̷̫ Gorden 1994 Tomek 2006̸2DD̄˧6B'\I

CJF'+Dɺ)Z]\! 

� T2ŮˀȞÛC̤Ñĉ̪T2 Hi̫I̗ĪG*'BJ Ṛ̏ʊʈIADCǩ̪1.457̫Jɡ

ɵȗžɼʈ̪1.764̫Y[ǀƃGÆ+@=̪p=0.025 !̫ɡɵȗžɼʈJåȪȕI̤'=UG 

ĔģNIǸȄIŮ. ADC ÔIÆÔ`Ɂ8Dɺ)Z]=I ƈ"I±ƂGă6Bɡɵȗžɼ

ʈIADCÔJ̤Ô`Ɂ6=!ɡɵȗžɼʈGJ 2AIıǥ�{¥¢IĬēQ]B*[ ˒ʊ

*YMʆɡɵGű̖`Ăn8ʈȨŰƇ�{¥¢DMRaž˒ʊȥĴ`Ɂ8�{¥¢IC\

̷Tamura 2009 !̸2I(? MRaž˒ʊȥĴCJĔģʆŅˌNIʈȧǸȄIŒF'²IĬ

ēQ]B'\̷Ide 2011 !̸ǃȻɌG*M\ɡɵȗžɼʈIȦËJ2Iıǥ�{¥¢Iç̜`

ʡ@B'F'I MRažıǥ�{¥¢IĶ+@=ĈʁžVɺ)Z]\!R=ɡɵȗžɼʈJ

ʈȧIƇ́w�¥�I˥. ʆNIʠɔÌɥ`ʡ@B'\˒ʊGȪș8\2D+Z Ƈ́I˪

.n×ʊȝǆỊʊʈGǩOʠɔĀžǶʈIșTW8. ADC ÔI¨Ƴ6=ĈʁžVɺ)Z

]\!ČǚG DWI JʈȧĔģIʈȧɟʀǸȄIľĦ`Ǯń8\IGǀțCJF'D'(Ĭ

ēVC[̷Server 2009 van Westen 2006  ̸ADCÔCIʈȧǸȄIʺÍJ̏6'ĈʁžI

ɺ)Z]\! 
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2.4.3� small ROID large ROI̪ROIIķ-Q  ̫

� ��G*'B ROIIʸɷƬǱGA'B˅ˁQ]B'\!ʈȧàÇ`ɬɸ8\Y(F

ķ-F ROI CǾń8\D ʈȧã˵IĲǣWæʠ ȹȆ÷FEVß@B6R(=UGǡȿž

GǟM\D'(ƃʭIC\!ˢG ʈȧãGőQFROI`ɷ.ƬǱJ ROI`ɷ'=˵Å>

MIɣǊDF\=UG ʈȧIȏž`Ɨ)Z]F'ĈʁžIC\!;I=U ̧ Ġƈ"J large 

ROID small ROI`Ċʈȧ̃Cǩ˖ǖʶ6=!̣ʊʈ*YM̢ʈȧG*'BJ small ROI

D large ROIGǀƃŝJʽUZ]F+@=I ɡɵȗžɼʈ̪33%̫Dɂɢʋʈ̪66%̫G*

'BJǀƃŝIʭZ]=!ɡɵȗžɼʈDɂɢʋʈJ̣ʊʈW̢ʈȧDǩO ʈȧãGĲǣW

æʠ˵ÅIC\=UGķ-F ROI CJ;]`˳M\²IC-F+@=Dɺ)Z]\!;I=

U 2]ZIʈȧ̃Iǩ˖GJC-\>MĲǣ æʠ˵Å`˳M=őQF ROI GY\ǾńI

ŹʫDż_]\! 

 

� 2IP+ ·úȩCJ DWI Cɢ˭`ˠ@BʆʈȧG*M\÷ŀȩǱWƢŏɰǯȩG

Ŏ8\ăź`ʭ\2DVʻpZ]B'\!2]J ǯȩ®JADCÔIıô8\I åȪ6B

ʈȧIıķ6ĻU\D ADC ÔJǯȩîIÔGƉ\ÚĎIC\2DIöȎŅ̡CɁQ]B'

\=UCC\ ̷Chenevert 1997̬2000̬Mardor 2001 !̸˜ŤDWIGY\ȞÛʹƫJ ʆ

I¹GVʅ̣WʅǕ Çť˵CV;IʏŧźțIƑI@B'\̷ Tsuchiya 2005 M̬aeda 2003̬

Fujiwara 2005 !̸ȏG˜Ť ưǃG*'BÇť˵I DWI C fluoro-deoxyglucose positron 

emission tomography (FDG-PET)D̜ÄIʈȧǖæ`ȯƔ6=DWIIƭʡIFQ]B'\

̷Takahara 2004 !̸¸ųȔúȩG*'BV DWI`ɋǗȬGǴț6B'.2DC ʹƫIš

IƑI\ICJF'+Dż_]\! 
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2.5őƒ 

̯̫NAWMIADCÔJȐGǩO ȒCǀƃGÆÔ`Ɂ6=! 

̰̫ʈȧãIADCǩJṚ̏ʊʈGǩO ɡɵȗžɼʈCÆÔ`Ɂ6 ɡɵȗžɼʈJƀžI

ǅ¾`Ɂ6B'=! 

̱̫ʈȧãIADCǩJṚ̏ʊʈGǩO Ṛ̑ʊʈCÆÔ`Ɂ6 ʈȧIȾQ`ʺÍC-\Ĉ

ʁžIɁěQ]=! 

̲̫ʈȧĔģIADCǩGY\ʠɔĀžǶʈWɟʀ̊ŇžǶʈÌë *YMʈȧǸȄIʺÍ

JĢ̏CC@=! 

)̳ ROIIʸń̪small ROID large ROI̫JƂń8\ʈȧGY[Ê'çM\ŹʫIC\Dɺ

)Z]=! 

 

  



  

 28 

Ĥ*YMʤ 

 

ʤ 2.1� DWI`Ņƭ6=ʆʈȧȦËIęɊ Ť̨ ž ʈȧɊ  ̜

 

ȦË ȐɊ Ť  ̨ ž ʈȧ 

1 ��}�b¤|~nw 9Ǣ8£ƿ �spay °̘ṛ̏ʊʈ 

3 ef�u�¤r¥m¥¤�¢� ¥n 9Ǣ6£ƿ � ɡɵȗžɼʈ 

4 ef�u�¤r¥m¥¤�¢� ¥n 10Ǣ3£ƿ � ɡɵȗžɼʈ 

5 �¥o� 10Ǣ � ɇʡẓ̌ʊʈ 

6 ����¥�¤���¥�¥ 12Ǣ9£ƿ �spay ̣ʊ¨ȭẓ̌ʊʈ 

7 ̎ɊȐ 10Ǣ4£ƿ � ˡŰƇẓ̌ʊʈ 

8 ��~�r¥�~�¤���¥�¥ 9Ǣ10£ƿ � ɰɫẓ̌ʊʈ 

9 ��¢}¤���~o 9Ǣ8£ƿ � ɡɵȗžɼʈ 

10 �d̹�¥�� 10Ǣ � ɇʡẓ̌ʊʈ 

11 ��¢}¤���~o 9Ǣ2£ƿ �cast ˡŰƇžşɍˎʋɟʀʈ 

12 ǍȐ 8Ǣ7£ƿ �cast ̣ʊ¨ȭẓ̌ʊʈ 

13 }¡¡ 12Ǣ9£ƿ � ̘ʚ̢̢ɼʈ 

14 ��}�b¤|~nw 12Ǣ9£ƿ � ɇʡẓ̌ʊʈ 

15 ����¥�¤���¥�¥ 6Ǣ11£ƿ �cast ɡɵȗžɼʈ 

16 ef�u�¤r¥m¥¤�¢� ¥n 14Ǣ3£ƿ �cast ˡŰƇẓ̌ʊʈ 

17 l���b¤K¤C¤w��g� 7Ǣ � ɡɵȗžɼʈ 

18 ��}¥x 9Ǣ3£ƿ �spay ̚ɘɟʀẓ̌ʊʈ 

19 �d¤�¥�� 10Ǣ4£ƿ �spay Ķőʘž̢ʈȧ 

20 ��}�b̹|~nw 13Ǣ7£ƿ � ɇʡẓ̌ʊʈ 

21 uf~��¢�¤u¥��~o 13Ǣ1£ƿ � ɇʡẓ̌ʊʈ 
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22 u¥¤x¥ 11Ǣ7£ƿ � ̚ɘɟʀẓ̌ʊʈ 

23 �¥�h¥n¤��b 10Ǣ11£ƿ �cast ɡɵȗžɼʈ 

25 �d̹�¥�� 12Ǣ10£ƿ �cast ɇʡẓ̌ʊʈ 

27 ��¢}¤���~o 7Ǣ5£ƿ �cast ˡŰƇžşɍˎʋɟʀʈ 

28 ����b¢ 12Ǣ � ̒ńị̃ʊʈ 

29 u��b¢¤�wl¥ 4Ǣ2£ƿ �cast ɇʡẓ̌ʊʈ 

30 ̎ɊȐ 7Ǣ � ŶőĞʀẓ̌ʊʈ 

     

ȦË ȒɊ Ť  ̨ ž ʈȧ 

33 ̎ɊȒ 11Ǣ7£ƿ � ɇʡẓ̌ʊʈ 

34 ̎ɊȒ 15Ǣ6£ƿ �spay ɇʡẓ̌ʊʈ 

35 ̎ɊȒ 15Ǣ6£ƿ �spay Ⱥɘʈẓ̌ʊʈ 

36 ��ef¥v�¢¤�h�w�l�~� 13Ǣ5£ƿ �cast Ⱥɘʈẓ̌ʊʈ 

37 ̎ɊȒ 16Ǣ �spay ɇʡẓ̌ʊʈ 

38 ̎ɊȒ 12Ǣ1£ƿ � ɇʡẓ̌ʊʈ 

39 ̎ɊȒ 14Ǣ6£ƿ �cast ɇʡẓ̌ʊʈ 

40 ̎ɊȒ 12Ǣ1£ƿ � ĀĻɂɢĵɿʘʈȧ̪PNET  ̫
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ʤ 2.2� ĊʈȧG*M\NAWMI®ĸÔ̪ğçÅɖģ̴IQR  ̫
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Ą 2.1� ROIGȪǹ¹ǹ 

A:ȇǀɑ¹G T2 ĺȰƸÌ B:ȇǀɑ¹GɆĽ T1 ĺȰƸÌ C: NAWM ɭĉG T2 ĺ

ȰƸÌ D:ȇǀÑG ADCe���w�ɻ�����ƙɼ E:ȇǀöăG ADCe���

w� F: NAWMG ADCe���w� 

 

 

 

 

 

Fig.1�

A	

B	

C	

D	

E	

F	

Figure	1		DWI	and	DTI	measurements.	Localizing	T2W	and	T1W	post-contrast	images	with	superimposed	
apparent	diffusion	coefficient	(ADC),	fracHonal	anisotropy	(FA)	color	maps,	of	11.5	year	FS	Shih	Tzu	with	
meningioma.	Upper	row	:	intratumoral	region	(“revolver	technique”)	;	middle	row	:	peritumoral	regions	;	lower	
row	:	contralateral	normal	region	(cNA).	T2W	image�A	,	T1W	post-contrast	image�B	of	the	tumor	area,	and	
T2W	image	of	the	normal	white	maTer	area(C).	ROIs	are	placed	on	ADC	maps	(D-F)	and	on	FA	maps	(G-I)	as	the	
figure.	�

�
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�  

�   
 

Ą 2.2� ȇǀÑɻsmall ROI large ROIɼ ȇǀöăɻȿǴɑ T2 HiɭĉɼGîȇǀ

E*/X ADCƔGǤJ0Ą 

ƬɶȈȇ ƯɶȈȇ ǫǷƳŇǽȇGĔɖƔȾE*'@ small ROI large ROI ȿǴ

ɑAŷŌĮIOVY:!ƬɶȈȇBƯɶȈȇ ƬɶȈȇBǫǷƳŇǽȇG 2ǺƔȾE*

'@8Y9Y small ROIB large ROIAŷŌĮIȮnVY ƬɶȈȇBǫǷƳŇǽȇ

G T2 HiɭĉAŷŌĮIȮnVY:! 
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ǟ 3 Ǟ  

 

ŗŦx�±�ƸÌGƉȩ 

 

 

3.1ǲȧ 

� ŗŦĺȰƸÌɻDWIɼ+VH9ƖÕěGŗŦGɅ2B �ƖÕěGŗŦGŭñ

ŇɻƻŭŇʂanisotropyɼG 2>GŊċIŀVYX!DWIHɄıGMRIťÌn�k�

pEɋÞËŪǒČɻMPGɼ\äÜRX1BA ƨɋÞEU=@R:V2YXƖÕěG

ŗŦGĺ2\ÅíĺĶE3@ƸÌEț3:RGA&X!ŗŦx�±�ƸÌ

diffusion-tensor imagingɻDTIɼH ĔŭñLGMPG\äÜRX1BAŗŦGĺ2G

ODV6 ŗŦGŭñ�ƻŭŇGŊċRƸÌßA- ȄE*'@HǃȴGǳǰƋɆ\ë

ȥßRX1BIA-X!Ƶ»ÑAHƖÕěGŗŦHÏŭñEćǠAHD. ǪǿȈDC

GƋɆEUWŭñEUXŗŦGɅ2GɎ'IƵQX!8GƲȳ\ƻŭŇŗŦ

anisotropic diffusionB'(!ŗŦƻŭŇ\ƊÒ»�y�ɻŭñEU=@ĕ-2IƻD

XƻŭŇŗŦ\țƲRXŧĝ�y�ɼA&X#x�±�$Eɀ¸27:GI DTIA&

X!Ƶ»ÑAHǪǿȈEU=@ȌƷDŗŦIĘ0VY:W ŁĦDȘƚGĽɬ\é/:

WRX:n ŗŦ3pR'ŭñBŗŦ3E.'ŭñI&X!ƫEĕȄǃȴAHǔǬǳǰ

GŭñIş=@'X:nE ǔǬǳǰEƘ=:ŗŦHɩıEɅ.  ŭAǔǬǳǰBǆ

«RXŭñGŗŦHɩıEɊ'!ŭñEUXŗŦGɅ2GĮIɩıEĕ-'1B\5ƻ

ŭǄA&XɻƻŭŇIĺ'ɼ6anisotropicBțƲ3 1GĲșŏÕBǆ«ŏÕGÅíĺ

ĶGƔƱ\ƻŭŇƔƱɻfractional anisotropyʂFAɼB'(! ŭ ȄȂɶƝH¡¢ 

ĭì ÚĿŭñBR**U8ðQɅ2AŗŦ3@'XGA 5ǠŭǄA&XɻƻŭŇI

ĸ'ɼ6isotropicB'(! 

� DTI GŊċɗHĔ. țǓŭƙRƌ"A&X!FA Gpe��ɗ\țǓRXp
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e��ƸÌpx�±�G§ȽEŭñ\ȐEU=@țǓRXe��țǓƸÌDCI&X!

N:ŗŦx�±�+VǔǬǳǰGȶș\ŞĞ3U(BRXŭƙIŗŦx�±�z�i

zj��_�A&X!FAH ±țǄDƻŭŇGĺ2GŚƍA&W 0%1NAGÇ\B

Xɻâ¹D3ɼ!FAGÇHǔǬǳǰEĢPǃȴAĕ-.ɻ�zA 0.4%0.6ɼ 8G¦A

RȄƆpə»ȹHǔǬǳǰGŭñIUWş=@'X:nE FA Iĕ-'ɻ�zA 0.6%

0.9ɼ!ƤǃȴG FAHppĦ2.ɻ�zA 0.1%0.3ɼ ȄȂɶƝAH 0Eɀ'ÇEDX!

ƾĒɑAH FAHº¢RXGIæÙA&W �zAHȄƇč ÔȘ Ȅȇǀ ĔǂŇǐ

ßƿ ǡȒǵŇÉǩǐßƿɻALSɼ HIVōƃƿ @]+] ǮïėȰƿDCGĔ.G

ƽňAº¢RX1BIǋVY@'X!î�ir�â¹Aǻ)XB ǔǬǳǰŭñGÅí

º¢IŵRĕ-'GA 1Y\¾=@ǔǬǳǰGȶș\ƸÌß3@ 3D e���w�

EțǓRX1BIA-X! ȎEĭìŭñGǳǰHȵ ÚĿŭñHǱ ɮĩŭñHɧ.

țǓRX!1YEU=@ 1ƁGƸÌAǔǬǳǰGƋǦŇBŭñŇ\ȬÂRXªIA-X!

�ir�â¹A�iz�\ɇFX1BEUWǔǬǳǰGŭñ\ 3DțǓRX1BIA- 

1Y\ŗŦx�±�z�izj��_�B'(!ŗŦx�±�z�izj��_�H

DTIAŀVYXƸÌ\ĊE3@ǔǬǳǰŻGȶș\ŞĞ3@ŠÔRXŭƙA ­àǁE

*'@ȇǀGŤÔGɠEə»ȹDCGɖȡDǔǬȹ\ţÊ3D':nEŒȚȨƸEƶ

'VYXU(ED=@'XʇWitwer 2002ʈ! 

� ƬE*/X DTI G¾ƶEɜ3@H ğɴǄEȂɶśÊ\ȷ13ǬųǄĒß\

DTIAȬÂRXªA ȂɶGƛȇ ÔȘ Ƚǩ*UK�c��ƋɆGţÊ\ɩÃȠǄE

ȬÂA-XB'(ċõI&XʇLiu 2018ʈ!N: DTIGŗŦx�±�z�izj��

_�\ƶ'@ȂɶţÊGɖƿĶ\ȋĵǄEȬÂ3:ċõR&XʇKonishi 2017ʈ!8G

¯ ƐıƬƯGȄpȂɶGŗŦx�±�z�izj��_�AGe���w�EUX

3DțǓßDCIȟŧċõ2Y@'XʇAnaya Gracia 2015 Jacqmot 2013 Yoon 2016 

Ronen 2003 Takahashi 2010 Jacqmot 2017ʈ!3+3 ȄȇǀG DTI\Ɖȩ3:

case report ²ēGċõHȔǼGǋXɝWȮnVYD+=:!ŹǞAH Ƭ*UKƯG
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Ȅȇǀƿ¿E*'@ DTI \Ůș3 îȇǀɛE*/XȇǀÑG FA ÇGƔȾƉȩ\ș

' ȇǀöăE*'@R ȇǀȿǴɑ*UKȇǀöăGƛȇɭĉ\ƔȾƉȩ3:!ÚǞ

G DWIȦƀBðƌEèĤÉG NAWMG FAÇGƬBƯE*/XƔȾ ð Æ»Gð

 ȇǀE*/Xĕ-D ROIBĦ2D ROIRƔȾƉȩ3:! 

 

 

3.2źũ*UKŭƙ 

 

3.2.1� ÀȭÞƪ 

� ŹǎǚEH ůŹưàƵøǕĝĕĝÞƪàǁr�t�E 2011ĳ 6Ŷ%2019ĳ

9 ŶGɛEǔǬƿƭ\ô3@Žɞ3: 40 ɮɻƬ 31 ɮ Ư 9 ɮɼ\ƶ':ɻț 1.1ɼ!

Ï@Gƿ¿H ȎȺ»Ɖƅ ȘƝƉƅ ǔǬĝǄƉƅ X ǳƉƅ\ș' MRI ƉƅE

@ɮȕÑEƾĒ\ǑȮ3@'X!8GĿēǕŒȚ\ș' ƾƴǫǷƉƅE@ȇǀGȫū

\ŀ@'X!ŹǎǚEĻ:=@H retrospective DƸÌȦƀǎǚG:n ğɴÞƪÈƴ

Ěû¶*UKÞƪàǁr�t�ÈƴĚû¶GœȮHńȡB2Y@'D'!3+3DIVɽ

Ï@GƬƯňǼGɲ'§H Þƪàǁr�t�ÖȫųEƉƅy�tǠ\ǎǚEƶ'X1

B\ŴɪE@œȲ3@'X! 

 

 

3.2.2� ťÌŭƙ 

 

3.2.2.1� ɹɓ��zm�� 

� RM@GňǼAƉƅG 12ųɛÚ+Vǯɱ�ǯƖB3:!ƏÉǅɨȁE 18%24G

Gƺǹɘ\ƶ'@ȘǣǑÄ\ș' ����d��ɻ����d��® ůàĬ ĢĪɼ

7mg/kgGɨȁÑŕ¤E@ɹɓĥÎ\ș' ƕǣv���\ŜǣĿ `±����ɻc
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pe`�® �`��Ȟȗ ž¬ɼɻ2%3%ɼ*UKɔǨɻ2 l/minɼEUXóķɹɓA

ǰřǣƴ\ș=:!ɹɓ¦H­Ĭšƕ\ș' 1 āšƕɗ\ 10%20ml/kg ƕɍÑą

12%16cmH2O ÷óŧ 12 ā/min EȪĞ3 ǣƴ3:!ɹɓ¦HŃŖŧ ÞȁȘɔǨ

ɳùĶɻSpO2ɼG�}t��j\ș' ¨ɔ��l�Ɲɻ±��iz® x�� ž¬ɼ

ɻ5ml/kg/hrɼ\ɨȁƥƢ3:! 

 

3.2.2.2� ŗŦx�±�ƸÌGťÌż´ 

� RM@GÞƪH 3.0TGMRIȝǹɻSigna® HDxt GE Healthcare, Tokyoɼ\

ƶ'@ťÌ3:!RFm`�EH 8v��~�G Knee coil\ƶ'@ Þƪ\µȊ¹E

ÄĞ3 ɮɑ\m`�ÑEɒǹ3:!DTIGÚE Conventional MRIGťÌ\ș=:!

Conventional MRIGťÌż´H²¢GɄWA&XʃFast spin echoɻFSEɼƙ T2ĺ

ȰƸÌHǸWɁ3ųɛɻTRɼ/cm�ųɛɻTEɼʅ7000/81.6ms FSEƙ T1ĺȰƸÌ

*UKɆĽ T1 ĺȰƸÌH TR/TE/TI=6.8/2.9/920ms 1YVGn�k�pHp�`p

åʅ2.0mm p�`p gapʅ0.5mm�FOVʅ15 cm415 cm �z�ipʅ1284128

E@ƎūÌ\ťÌ3:!DTIGťÌż´H²¢GɄWA&Xʃn�j�n�wzp��

cm�ɻSEɼƙ TR/TE ʅ8000/87.1ms p�`påʅ2.4mm FOVʅ15 cm415 cm 

�z�ipʅ1284128 NEXʅ2 MPGŭñʅ15Ƚ b value =1000sec/mm2!DTI

H Conventional MRIťÌGĿA ɆĽÛ\ŕ¤RXÚEș=:! 

 

3.2.3� ƸÌy�tȦƀ 

� DTI ťÌEUWŀVY:ƸÌy�t\ MRI ȝǹÑȖGƸÌȦƀ±�z

ɻfunctool, GE healthcare, TokyoɼEU=@ FA�w�\¼ŏ3:!çƧƸÌB3@

T2ĺȰƸÌ&X'HɆĽ T1ĺȰƸÌ\¾ƶ3@ ŀ:Y: FA�w�¡GȇǀÑ ȇ

ǀöă èĤÉGƐıDǃȴɭĉɻNAWMɼEÒļGɜŃɭĉɻROIɼ\Ȫǹ3 8

Y9YG FA Ç\ȨƟ3:ɻĄ 3.1ɼ!ȇǀÑG ROI GɒǹŭƙHǟ 2 ǞG ADC Bð
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ƌA 2013ĳE SvolosVIș=@'X#�����ƙ$\ɏƶ3:!ROIGĕ-2H

ȇǀÑG small ROI ȇǀöă*UKNAWMH10%20mm2GƐÒļB3:!large ROI

HȇǀGĕ-2 ļEï[7@ 10.2%208.4mmGǥăA ȇǀGÑÉĎƹ\A-X;

/Ȣ(U(Eĕ-DÒļG ROI \ǹ- 8GÑɑE 5 >GĦ2DÒļG ROIɻsmall 

ROIɼ\ĕ-D ROI ÑEɒǹ3:(1Y\�����ƙB'(ʂĄ 3.1D)!ȇǀöăG

ROI HɆĽ T1 ĺȰƸÌAɆĽďĺ\ǓRȇǀǴG 10mm ²ÑEȇǀöăɭĉEƘ=

@ɒǹ3:ɻĄ 3.1B Eɼ!N: ȇǀöăE T2 ĺȰƸÌAɷÅí\ǓRɭĉIOV

Y:ƿ¿E*'@H 1Gɑ¹RȇǀöăBðQ 10%20mm2GƐÒļG ROI AƟĞ

3@'X!îɑ¹E*'@ 5ā6>ƟĞ3 ÿǿpĐƒ ÔȘŇɭĉ\ɐ/XU(Eƶ

ŒAȪǹ3:! 

 

3.2.4� ǮȨȦƀ 

� îȇǀE*/XȇǀÑɻsmall *UK large ROIɼ ȇǀöă NAWM G FA

ÇG¦ĖÇ*UKĀÕ¹ǥăɻIQRɼ\ǢÔ3:!î FAÇ\ NAWMAɟ3: FAƔ

G¦ĖÇ*UK IQR RǢÔ3:!1YVGƟĞÇ\îȇǀɻɶȈȇHƬBƯ\ØɼE

*'@R ÚǞG DWIGȦƀųBðƌEƔȾƉĞ\ș=:!ƐȤŇGƉĞIA-Xƿ

¿ŧG&=:ƬɶȈȇH Anderson-Darling test\ș=:I ƐȤÕįH3@'D+=

:ɻp=0.04ɼ:n �����z�wiƉĞ\ș=@'X!ƬɶȈȇBƯɶȈȇ*UK

ǫǷƳŇǽȇE*/XȇǀɛGĔɖƔȾƉĞEH Kruskal-Wallis ƉĞ\ƶ':I ǔ

ǬȉȇBɵȇǀHƿ¿ŧIħD':nEŷŌĮƉĞHș[6çƧÇB3:!ĔɖƔȾƉ

ĞE@ŷŌĮIȮnVY::n ƬɶȈȇBƯɶȈȇ *UKƬɶȈȇBǫǷƳŇǽȇ

E*/X 2ǺɛƉĞ\Mann-Whitney UƉĞE@ğŮ3:!ƯGǫǷƳŇǽȇHɩı

EǗA&X:n ƯɶȈȇBǫǷƳŇǽȇGƔȾƉȩHș=@'D'!N: ƬBƯG

NAWM*UKîƿ¿E*/X large ROIB small ROIGƔȾERMann-Whitney U

ƉĞ\ƶ':!RM@GǮȨȦƀH ǮȨ±�zab ɻ̂Statcel 4, OMSÔƩ� ž¬ɼ
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\ƶ'@ğŮ3 p<0.05AŷŌĮ&WB×Ğ3:! 

 

 

3.3ǭƂ 

� ÏȄȇǀƿ¿G(< DTI\ğŮ3:ƿ¿\ț 3.1EǓR!ƿ¿ 1 3 4 5 

6 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

26 27 28 29 32 33 34 35 36 37 38 39 40GȨ 36¿ Ƭ 27ɮ Ư 8

ɮɻ(< 1 ɮHɮȕÑE 2 >Gt`�Gȇǀ\ř>ɼ;=:!ɢ 20 ɮ ɣ 15 ɮɻ(

< 1ɮHɮȕÑE 2>Gt`�Gȇǀ\ř>ɼ ĲćĳɺH 12Ƒ 11�ŶA&=:!ɶ

ȈȇH 23¿ɻǖșŇ 12¿ ɶȈ¡ǅǪǿŇ 3¿ Ǎǧ»Ň 2¿ ¨ɮƭ 1¿ Ƀļ

ŏŇ 2¿ ɩĞĈ 1¿ ɯǧǪǿŇ 2¿ɼ ǫǷƳŇǽȇ 7¿ ɃļŏİǜȷȉǪǿȇ

3¿ æęǔǬēǾȓȇǀɻPNETɼ1¿ ɵǽȇ 1¿ ɵGĔĦȓƭȇǀ 1¿A&=

:! 

 

3.3.1�  NAWMGƟĞǭƂ 

� îȇǀE*/X NAWMG FAÇG¦ĖÇ*UK IQR\ț 3.2EǓR!ƬɶȈ

ȇBǫǷƳŇǽȇGƿ¿ɛA NAWMEŷŌĮHȮnVYD+=:I ƬBƯGƔȾE

*'@H ƬGNAWMGFAÇɻ0.39ɼHƯɻ0.42ɼEƔMŷŌEºÇA&=:ɻp=0.005ɼ! 

 

3.3.2� ȇǀÑ*UKȇǀöăGƟĞǭƂ 

� îȇǀE*/XȇǀÑɻsmall ROIB large ROIɼ*UKȇǀöăɻȿǴɑB

T2ĺȰƸÌAɷÅíGɭĉɼG FAÇG¦ĖÇ*UK IQR\ț 3.3EǓR!N: Ƭ

*UKƯG NAWM G FAÇEŷŌĮIȮnVY:GA FAÇ\èĤÉGǃȴAɟ3

:ŧÇA&X FAƔG¦ĖÇ*UK IQR\ț 3.4EǓ3:!Small ROIB large ROI

G¥ŭE*'@ ƬɶȈȇ ƯɶȈȇBǫǷƳŇǽȇGĔɖƔȾƉĞAŷŌĮIȮnV
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Yɻsmall ROIʂp=0.03 large ROI p=0.04ɼ ȇǀöăE*'@RŷŌĮIOVY:

ɻp=0.03ɼ!8G:n ƬɶȈȇBƯɶȈȇ ƬɶȈȇBǫǷƳŇǽȇE*'@ 2ǺƔ

ȾƉĞ\ș=:!ƬɶȈȇG FAƔɻsmall ROIʂ0.419 large ROIʂ0.447ɼHƯɶ

Ȉȇɻsmall ROIʂ0.549 large ROIʂ0.534ɼUWRŷŌEº+=:ɻsmall ROIʂp=0.04 

large ROI p=0.03ɼI ǫǷƳŇǽȇɻsmall ROIʂ0.372 large ROIʂ0.369ɼBH

ŷŌĮHȮnVYD+=:ɻsmall ROIʂp=0.19 large ROI p=0.42ɼ!ɵȇǀ*UK

ǔǬȉȇG FAƔHƬGɶȈȇUWRºÇ\Ǔ3@':!ȇǀöăE*'@HƬɶȈȇ

BƯɶȈȇɻp=0.44ɼ*UKƬɶȈȇBǫǷƳŇǽȇɻp=0.09ɼG 2 ǺƔȾAHŷŌ

ĮHȣVYD+=:!ȇǀöăG T2ĺȰƸÌAɷÅí\ǓRɭĉEɜ3@HƯAHĜ

Ć3D+=::n ƬɶȈȇBǫǷƳŇǽȇAƔȾƉȩ\ș' ƬɶȈȇɻFAƔʂ0.623ɼ

H ǫǷƳŇǽȇɻFAƔʂ0.421ɼUWRŷŌEɷÇ\Ǔ3:ɻp=0.004ɼ!ȇǀÑɻsmall 

ROI large ROIɼ ȇǀöăɻȿǴ*UK T2ĺȰƸÌAɷÅíɭĉɼG FAƔGǤJ

0Ą\Ą 3.2EǓR! 

 

3.3.3� small ROIB large ROIGƔȾ 

� îƿ¿ƓEȇǀÑG small ROIB large ROIG FAÇ\ƔȾƉȩ3 ƬɶȈȇ

BƯɶȈȇ*UKɵȇǀ ǔǬȉȇAHÏ@Gƿ¿AŷŌĮHȮnVYD+=:I ǫ

ǷƳŇǽȇE*'@ý  1¿E*'@ŷŌĮIOVY:ɻp=0.045ɼ! 

 

 

3.4ǻģ 

 

3.4.1� NAWMG FAÇ 

� ƐıƬAċõ2Y@'XĲć FAÇHƤǃȴA 0.1978%0.2364 ǃȴH 0.5136

%0.6144ʇMacLellan 2017ʈ ơêGãđȱŨʇ2015ʈGm�z���ƯHƤǃȴA
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0.1730.03 ǃȴA 0.2530.06 A&=:!1YVGǭƂH�zE*/XǃȴHƤǃȴ

BƔȾ3@ FAÇIɷ'B'(ǭƂB ȍRX!MacLellanGċõʇ2017ʈAH FA

ÇBĳɺGɛEHƐGǇɜHǓ26 ĭìĕȄáƳE*'@ŷŌĮHȮnVY@'D'!

�zE*'@ FAÇHƸǨÇGƔ\ȨƟ3@'X:nE Æ"GƸǨÇE*/X£ǑĞ

ȡǨ\ɟ':ĞɗëȀDÇB3@ ňǼGĳɺpƾƭGŚƍ ƗǁÝƂGŚƍB3@&

XǘĶGÓƲŇ\ř=@¾ƶ2Y@'X!3+3ƬAHĳɺpƬǙEUWĮI&XB'

(ċõʇHartmann 2014 Hobert 2013 Pease 2011ʈBŷŌĮID'B(ċõI&

XʇMacLellan 2017ʈ!ŹǎǚGǭƂHƬG NAWMG FAÇH 0.39 ƯH 0.42A&

W ƯG NAWM G FA ÇHƬUWRŷŌEɷ+=:ɻp=0.005ɼ!ƬG FA ÇH

MacLellanVʇ2017ʈGǭƂUWRºÇ\Ǔ3@':I MacLellanVGċõʇ2017ʈ

AHĲćĳɺH 6Ƒ ŹǎǚGƬGĲćĳɺH 10Ƒ 3�ŶA&=:!ƬHÜɺE·(

ĕȄǃȴGȃɶɻ�c��GƞħɼIċõ2Y@*WʇChambers 2012ʈ 8Y\èŲ

3@ FAÇIº¢3:ëȀŇIǻ)VYX!ŹǎǚAHƬBƯG FAÇEŷŌĮIȮn

VY::n DWIðƌ ƬƯɛAȇǀ\ƔȾRXEĻ:=@H FAÇ\ NAWMAɟ

3: FAƔ\ƶ'X1BB3:! 

 

 

3.4.2� ȇǀÑ*UKȇǀöăG FA 

 

3.4.2.1� ȇǀÑG FA 

� ɪǃ'1BEǟ 2 ǞG ADC ƔAHƬɶȈȇEĤ3 ƯɶȈȇBǫǷƳŇǽȇ

H¥ŭBRºÇ\Ǔ3@':I FAƔHƬɶȈȇEĤ3@ƯɶȈȇHɷÇ\ ǫǷƳ

ŇǽȇHppºÇ\Ǔ3@'X!1YH ADC ƔIºÇ\ǓRU(DȇǀAR pH

WØGƾŎIȷ-@'XëȀŇIǓü2YX! 

� �zE*'@DTIHǔǬȉȇGj×�y_�jE¾ƶ2YX1BIĔ'I FA
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ÇE*/XȄȇǀƿ¿GȬÂE*'@HŌȣIÕ+Y@'X!ǔǬȉȇE*'@ºj×

�{Bɸj×�{GǔǬȉȇ\ɚØA-ʇInoue 2005, Ma 2013ʈ Ĳć FAƔɻFAÇ

/ NAWMɼBŵĦ FAÇHɷj×�{GǔǬȉȇɻ7B8ɼGɚØE*'@ŷŌĮI&

X1BIċõ2Y@'XʇServer 2014ʈ! ŭAHǔǬȉȇGj×�y_�jEH¾ƶ

A-D'B'(ċõR&XʇBeppu 2003, Goebell 2006, Wieshmann 1999, Server 

2014ʈ!InoueVʇ2005ʈH ɷj×�{ǔǬȉȇH ºj×�{ǔǬȉȇBƔM@ɷ

' FAÇ\ǂȣ3 BeppuVH FAÇBǔǬȉȇGǪǿŇ*UKȘǣŇGɛEƐGǇɜ

I&X1B\ċõ3ʇBeppu 2003ɽ2005ʈ FAÇHǔǬȉǪǿGġĶďÜEɜɇ3@

ďÜRX1BIǓ2Y@'X!ŹǎǚGǔǬȉȇHɷj×�{A&XIRM@GȇǀG

¦AŵRº' FAƔ\ô3@*W �zAȱQVYXǭƂBǊǈ3:!3+3 �zE

*'@���ȇHȉȑȇUWRº' FAÇ\ǓR1BIċõ2Y@*W 8YHȇǀÑ

E���ȇGǪǿŏÕIĔ':nBǻģ2Y@'XʇToh 2008bʈ!8G:n FA ÇH

ȇǀǪǿGǙɰEUWĒ[XëȀŇRǓü2YX! ŭ �zGºj×�{ǔǬȉȇG

FA ÇH 0.13130.056 ɷj×�{ǔǬȉȇH 0.12730.05 B'(ċõR&XʇMa 

2013ʈ!ȄȇǀE*/X FAÇº¢G�e}q�HÁƦB3@£űA&XI '.>+

GċõAH FAGº¢H}����*UKǳǰȹGǏĐEUXǪǿēǛɛGďÜEɜ

ɇRXBǻģ3@'XʇSinha 2002 Brunberg 1995 Wieshmann 1999ʈ!3+3 

ǌƤßGĜĆI FAÇGº¢\R:VR1BRȧ[Y@*WʇRomani 2014ʈ ȬÂI

Ăɦ1BRĔ'! 

� ɶȈȇE*'@R �zGȏŇɶȈȇG FAÇH 0.2130.08 ŉŇɶȈȇH 0.31

30.13AŷŌĮI&XB'(ċõR&YI ʇAslan 2018ʈ ȏŇɶȈȇG FAH 0.262

30.10 ŉŇɶȈȇH 0.22630.05 AŷŌĮHȣVYD'B'(ċõRĔ' ʇXing 

2017 Pang 2016 Van Cauter 2012ʈ!N: �zAºj×�{ǔǬȉȇH 0.1130.02 

ɶȈȇH 0.1930.04AŷŌĮI&W FAHȇǀǙɰGɚØEŷƶA&XB'(ċõR

&XʇPiper 2016ʈ!ŹǎǚE*/XƬɶȈȇG FAƔH small ROII 0.419 large ROI
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I 0.447 ǫǷƳŇǽȇG small ROII 0.372 large ROII 0.369AŷŌĮHȮnV

YD+=:ɻsmall ROIʂp=0.19 large ROIʂp=0.42ɼI ǫǷƳŇǽȇG FAƔH

ɶȈȇUWRppºÇ\Ǔ3:!N: ƯɶȈȇG FAƔH small ROII 0.549 large 

ROII 0.534 ƬɶȈȇɻsmall ROII 0.419 large ROII 0.447ɼUWRŷŌEɷ

Ç\Ǔ3:ɻsmall ROIʂp=0.04 large ROIʂp=0.03ɼ!�zGɮȕÑɶȈȇE*'@

FAÇHɾɼFAʄ0.1HɩıEȻV+'ȇǀ ɿɼ0.1ʄFAʄ0.2HȻV+'ȇǀ ʀɼ

0.2ʄFAʄ0.3Hǐ'ȇǀ ʁɼFAʆ0.3HɩıEǐ'ȇǀB3@ȬÂ3:ǭƂ FAʆ

0.3Hǐ'ȇǀA&XëȀŇIɷ. ǳǰŇɶȈȇH1YEĔ.òNYX1BIċõ2

Y@'XʇRomani 2014ʈ!1GĊƠ\®āGǎǚEĻ@Hn:Čï ƯɶȈȇHƔȾ

Ǆǐ'ȇǀEÕɰ2YX!ADC GǭƂB½7@R ƯɶȈȇHȔǼG©ŋɄW ƔȾ

Ǆǐ'ȇǀA&XBȧ)X!1GU(EȇǀGǐ2\ŗŦ MRIAȬÂIA-XëȀŇ

IǓü2Y:! 

 

3.4.2.2� ȇǀöăG FA 

� �zE*'@ ȇǀöăG FA ÇH ɷj×�{ǔǬȉȇBºj×�{ǔǬȉ

ȇAHŷŌĮI&X1BIċõ2Y@*W ɷj×�{AH FAÇHƞħRXʇGupta 

2010ʈ!Grade7ɻɷj×�{ɼGǔǬȉȇGȇǀöăEHȇǀGƜƣpǳǰz�iz

GīĐIűǉA&W ºj×�{GČïEHȇǀöăGǳǰz�izIÄĜ2Y@'X

:nBǭȱ?/VY@'XʇGoebell 2006ʈ!ƬE*/Xƈɛſ��}^AH ƾĒö

ăGƛȇpȃɶDCGȂɶţÊGD'ąɂɑ¹AH FAÇIďÜ3 ɈșŇȂɶȻßƿ

AHȂɶGǔǬŻGþėBǳǰŭñGɡĠ ÔȘG:nE FAÇHº¢RX1BIċõ

2Y@*WʇKonishi 2017ʈ �zE*/XȄÑGǭƂ\ȯű3(X! 

� �zE*/XȼǖŇȇǀBɶȈȇGƔȾAH ȼǖŇȇǀGȇǀöăƛȇɭĉ

E*'@KN]ŇGȽǩţÊBǳǰūȜIċõ2Y@'XʇZhang 1997ʈI ɶȈȇ

AHǳǰɫHƔȾǄÄĜ2Y@'XʇVaz 1998 Ide 1992ʈ!3:I=@ ɶȈȇUW
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RȼǖŇȇǀGȇǀöăɭĉAH FAGº¢IOVY ȼǖŇƾĒAH 0.14630.026 

ɶȈȇAH 0.19930.052 Aċõ2Y@'XʇToh 2007ʈ!�zAHɶȈȇBɷj×�

{ǔǬȉȇ\ƔȾ3:ċõR&W ɷj×�{ǔǬȉȇHɶȈȇUWRº'ȇǀöăƛ

ȇG FAƔ\Ǔ3@'XʇDe Belder 2012ʈ!ŹǎǚGǭƂH ȇǀöăG FAƔHƬ

ɶȈȇɻ0.76ɼ*UKƯɶȈȇɻ0.88ɼUWR ǫǷƳŇǽȇɻ0.56ɼHºÇ\Ǔ3 

ǔǬȉȇɻ0.755ɼHƬGɶȈȇBðǘĶA&=:!ɶȈȇAH öăGȄğȴHT=

.Wąŝ2Y@'X:nEǔǬţÊIħD. FAƔIƔȾǄɷÇ\Ǔ3:Bǻ)VY

X!3+3ǫǷƳŇǽȇAHȇǀGƜƣpǔǬǳǰGūȜDCEUX FAƔGº¢IƼ

[YX!¦ARƯGɶȈȇG FAƔHŵRɷ. UWąŝ2Y:ǔǬǳǰIƮ'ǥăÑ

EĔ.ĜĆRXëȀŇIǻ)VY 1YRN:ƯɶȈȇGēǕǄŤÔĿEȄI3IV.

ǝ];NNGƭŎBDXɻÍEőXGEųɛI++XɼʇGorden 1994; Tomek 2006ʈ

1BBɜɇ3@'XGAHD'+Bǻ)VYX!N: ɵȇǀG FA ÇHŵRº'I 

1YHɵȇǀIɮȕɵUWǂƵ3 Ȅ\ąɂ3@'X:nE ȇǀöăGƟĞɑ¹Hĕ

ȄǅȴɭĉBD=@3N(:nA&Z(ɻĕȄǅȴɭĉHǃȴUWRÍ"FAÇIº'ɼ!

ǔǬȉȇG FAƔHŐ"G©ŋEè3@ ɶȈȇBĒ[V6ƔȾǄɷ'ŧÇ\Ǔ3@'

:!ǔǬȉȇEɜ3@H ƿ¿ŧ\ďp3@ȬÂ3@'.ńȡI&XBŅ[YX! 

� ǪǿɡĠŇƛȇHǪǿɛ|z�a�*UKƖGďÜEU=@ƫł°/VY Ǫ

ǿȇȅEUWɛȴȆIƞħRXʇSpatz 2010ʈ!ȘǣæŇƛȇH ŗĹ3:Ƕǰɛ*U

KǪǿēǛɛ\·(ǔǬǳǰGȦɥ\ƫłBRXʇZhao 2006ʈ!ȘǣæŇƛȇGOA

HFAÇHº¢3 ǪǿÊĠŇƛȇHFAÇI¡ŰRXIʇLiu  2018 Ellingson 2015ʈ 

ȘǣæŇƛȇBǪǿɡĠŇƛȇHÐĜRX1BI&W FA GȦɕ\2VEȟɤERX!

T2 ĺȰƸÌAɷÅí\ǓRɭĉE*'@ ǫǷƳŇǽȇIŵRº' FA Ɣ\Ǔ3@*

W ADC ƔBðƌE1YRǫǷƳŇǽȇGȇǀöăEHȘǣæŇƛȇI�`�Eȷ-

@'XëȀŇIǓü2YX! 
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3.4.3� Small ROIB large ROIɻROIGĕ-2ɼ 

� FAÇE*'@R large ROIB small ROI\îȇǀɛAƔȾƉȩ3:!ɶȈ

ȇ*UKǔǬȉȇ ɵȇǀE*'@H small ROIB large ROIEŷŌĮHȮnVYD

+=:I ǫǷƳŇǽȇG 1 ¿E*'@GOŷŌĮIȣVY:ɻ17%ɼ!FA ÇE*'

@H ROIGĕ-2GĽɬHħD'Bǻ)VY:! 

	

� ƲĆĴ.¾ƶ2Y@'XŗŦĺȰƸÌɻDWIɼpŗŦx�±�ƸÌɻDTIɼH 

ƖÕěGŗŦIfapÕįRXB'(ɌǘGRBE ADCp FABȧ=:ĞɗÇ\ƟĞ

3@'X!3+3ɀĳ q-space imagingɻQSIɼp diffusional kurtosis imagingɻDKIɼ

GU(D fapÕį\³Ğ3D'ŗŦMRIŒƙI�zE*'@ċõ2Y@'X!QSI

HɄıG DWIUWRĔ.Gy�t\ƶ'@ğɠEƖÕěIÞ':ȸɥɻĒ¹ɼ\ȨƟ

RXŒƙA&WʇCohen 2002ʈ DKI HŗŦGƐȤÕį+VGɉȃGǘĶ\ĨĶ

ɻkurtosisɼB'(ŚƍAțƲ3:RGɻĨĶHƐȤÕįGČïE 0ɼA&XʇJensen 

2005ʈ!QSI HƐıDÜɺŇĒßE*/X�c��Gƞħ ĔǂŇǐßƿGƾĒƉÔ 

ĒļŇȂƈƿE*/XȂɶGȬÂDCGċõI&W DKI Hºj×�{Bɷj×�{

ǔǬȉȇGɚØʇRaab 2010 Van Cauter 2012ʈ ņŇŸȄƇčGƾŎŔŢDCIċ

õ2Y@'X!®ĿĦÞƪȋĵE*'@R 1GU(DŬ3'ŗŦƸÌȦƀƙ\ğŮR

X1BAƵÚEȫū&X'HɚØëȀDƽňIď)@.XBŸľ2YX!	

	

 

3.5ĦŘ 

ɾɼNAWMG FAÇHƬEƔM ƯAŷŌEɷÇ\Ǔ3:! 

ɿɼȇǀÑG FA ƔHƬGɶȈȇEƔM ƯGɶȈȇAɷÇ\Ǔ3 ADC B½7@ȇ

ǀGǐ2\ȬÂA-XëȀŇIǓü2Y:! 

ʀɼȇǀöăG FA ƔH ɶȈȇUWRǫǷƳŇǽȇBǔǬȉȇAºÇ\Ǔ3 FA Ɣ
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GɷÇHǔǬţÊGD'ąɂ\ǓüRXëȀŇI&X! 

ʁɼFAE*'@H small ROIB large ROIHC<VRŷƶA&XBǻ)VYX! 
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Ą*UKț  

 

ț 3.1� DTI\ğŮ3:Ȅȇǀƿ¿GúǙ ĳɺ Ň ȇǀǙɰ 

 

ƿ¿ ƬǙ ĳɺ Ň ȇǀ 

1 �}v�^�uwip 9Ƒ 8�Ŷ �spay ¨ɮƭɶȈȇ 

3 ab�n��m�h�������i 9Ƒ 6�Ŷ � ǫǷƳŇǽȇ 

4 ab�n��m�h�������i 10Ƒ3�Ŷ � ǫǷƳŇǽȇ 

5 ��j� 10Ƒ � ǖșŇɶȈȇ 

6 ���{���×z���� 12Ƒ9�Ŷ �spay ɶȈ¡ǅŇɶȈȇ 

7 ɤǙƬ 10Ƒ4�Ŷ � ɃļŏŇɶȈȇ 

9 �×�v���{wj 9Ƒ 8�Ŷ � ǫǷƳŇǽȇ 

10 z`ʉ��{� 10Ƒ � ǖșŇɶȈȇ 

11 �×�v���{wj 9Ƒ 2�Ŷ �cast ɃļŏŇİǜȷȉǪǿȇ 

12 ƄƬ 8Ƒ 7�Ŷ �cast ɶȈ¡ǅŇɶȈȇ 

13 v�� 12Ƒ9�Ŷ � ɮȕɵɵǽȇ 

14 �}v�^�uwip 12Ƒ9�Ŷ � ǖșŇɶȈȇ 

15 ���{���×z���� 6Ƒ11�Ŷ �cast ǫǷƳŇǽȇ 

16 ab�n��m�h�������i 14Ƒ3�Ŷ �cast ɃļŏŇɶȈȇ 

17 g���^�K�C�p�}c� 7Ƒ � ǫǷƳŇǽȇ 

18 ��v�q 9Ƒ 3�Ŷ �spay ɯǧǪǿŇɶȈȇ 

19 z`���{� 10Ƒ4�Ŷ �spay ĔĦȓŇɵȇǀ 

20 �}v�^ʉuwip 13Ƒ7�Ŷ � ǖșŇɶȈȇ 

21 nbwz��{�n��{wj 13Ƒ1�Ŷ � ǖșŇɶȈȇ 
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22 n��q� 11Ƒ7�Ŷ � ɯǧǪǿŇɶȈȇ 

23 ���d�i�x�^ 10Ƒ 11�Ŷ �cast ǫǷƳŇǽȇ 

24 ab�n��m�h�������i 13Ƒ2�Ŷ � ɶȈ¡ǅŇɶȈȇ 

25 z`ʉ��{� 12Ƒ 10�Ŷ �cast ǖșŇɶȈȇ 

26 ab�n��m�h�������i 5Ƒ10�Ŷ �spay ǫǷƳŇǽȇ 

27 �×�v���{wj 7Ƒ 5�Ŷ �cast ɃļŏŇİǜȷȉǪǿȇ 

28 ���}^� 12Ƒ � ɩĞĈɶȈȇ 

29 n��^���pg� 4Ƒ 2�Ŷ �cast ǖșŇɶȈȇ 

32 ^�n}^� 10Ƒ2�Ŷ �spay ɃļŏŇİǜȷȉǪǿȇ 

     

ƿ¿ ƯǙ ĳɺ Ň ȇǀ 

33 ɤǙƯ 11Ƒ7�Ŷ � ǖșŇɶȈȇ 

34 ɤǙƯ 15Ƒ6�Ŷ �spay ǖșŇɶȈȇ 

35 ɤǙƯ 15Ƒ6�Ŷ �spay ǍǧȇŇɶȈȇ 

36 ��ab�o����d×pzg�wz 13Ƒ5�Ŷ �cast ǍǧȇŇɶȈȇ 

37 ɤǙƯ 16Ƒ �spay ǖșŇɶȈȇ 

38 ɤǙƯ 12Ƒ1�Ŷ � ǖșŇɶȈȇ 

39 ɤǙƯ 14Ƒ6�Ŷ �cast ǖșŇɶȈȇ 

40 ɤǙƯ 12Ƒ1�Ŷ � æęǔǬēǾȓȇǀɻPNETɼ 
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ț 3.2� îȇǀE*/XèĤÉG NAWMG¦ĖÇɻĀÕ¹ǥă IQRɼ 

 

� � Ƭ� Ư�

ȇǀǙɰ� ɶȈȇ� ǫǷƳŇǽȇ� ǔǬȉȇ� ɵȇǀ� ɶȈȇ� ǔǬȉȇ�
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ā 3.1� ROI9ȦǱ­Ǳ 

A: Ȁƹɇ­9 T2 ĺȬƱÄ�B: Ȁƹɇ­9ȾĽ T1 ĺȬƱÄ�C: NAWM ɥĈ9 T2

ĺȬƱÄ�D: ȀƹË9 FA X���k{ɹ�~�t�Əɺ�E: ȀƹóĀ9 FA X��

�k{�F: NAWM9 FAX���k{ 

 

 

 

 

 

Fig.1�

A	

B	

C	

D	

E	

F	

Figure	1		DWI	and	DTI	measurements.	Localizing	T2W	and	T1W	post-contrast	images	with	superimposed	
apparent	diffusion	coefficient	(ADC),	fracHonal	anisotropy	(FA)	color	maps,	of	11.5	year	FS	Shih	Tzu	with	
meningioma.	Upper	row	:	intratumoral	region	(“revolver	technique”)	;	middle	row	:	peritumoral	regions	;	lower	
row	:	contralateral	normal	region	(cNA).	T2W	image�A	,	T1W	post-contrast	image�B	of	the	tumor	area,	and	
T2W	image	of	the	normal	white	maTer	area(C).	ROIs	are	placed	on	ADC	maps	(D-F)	and	on	FA	maps	(G-I)	as	the	
figure.	�

�
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�   

�   

 

ā 3.2  ȀƹËɹsmall ROI�large ROIɺ�ȀƹóĀɹȷǮɇ�T2 HiɥĈɺ9ëȀƹ

7�!J FAƋ9ǚ<"ā 

ƣɳȂȀ�ƦɳȂȀ�ǤǰƪǸȀ9ĒɍƋȶ7��2 small ROI�large ROI�ȷǮɇ

3űňį�BHK-�ƣɳȂȀ4ƦɳȂȀ�ƣɳȂȀ4ǤǰƪŅǸȀ9 2ǳƋȶ7��

2ƣɳȂȀ4ƦɳȂȀ9 small ROI4 large ROI3űňį�ȪCHK-��ƣɳȂȀ

4ǤǰƪŅǸȀ3:űňį:ȜHK6�0-�A-�ƣɳȂȀ4ǤǰƪŅǸȀ9 T2 Hi

ɥĈ3űňį�ȪCHK-� 
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ǖ 4 ǔ  

 

MRc|[n�c_x�9žȤ 

 

 

4.1ǬȢ 

� ȆĵƩċ7��2ƼĪ4ŭã�Ȏ&�MRIȘǱ3�J��MRc|[n�c_

x�magnetic resonance spectroscopyɹMRSɺ:őȕƿ7:MRI¦Ô�HɒƼ$K2

�I�ǖ 2Ɔ�ƲēŎľ9 1945Ĵ7ŽǋƌÊɶƩȰ�ƼȜ$K2�H(=7ǈǒ4Ò

Ư�ėA02�-�ç��HȐ÷9șȾɂǐ3ȩš7ïAK2�JÅǡ9×ìMȬ?J

-C7²Ư$K2�J� Ýƻ7��2MRS:ƭ¯×9¥ȯơMɝ·Țƿ7Ƙğ(J

#43�$A%A6ƷŊȡŹ7Ư�HK2�J�MR:ŽǋƌÊɶƩȰMÒƯ&2ºê

MĿJŤƏ3�I�MRI 3:ƍ7ïAKJƍǡáěŽɹ1Hʁ{�n�ɺ�H9ºêM

ƱÄÜ&2�J��Ť�1HMƂƿ7&-MRSɹ1H-MRSɺ:ƍ9ºê7ćDK2�J

$A%A6¥ȯơ�H9ºêM�ǯȵ7ºêĺķ�ƃȵ7óƐŞ4&-c|[n�3Ŀ

JŤƏ3�J�Îě×9áěŽ9ǋċ:�¤ȸ7ĜĄ(JáěŽ7G02°HKJǋċ

9ĽɠMæ!�í'áěŽ3�02DóĀ9Ƭč7GIL)�7ÊɶóƐŞ9Ʌ��ƭ

'JɹÜĝayn chemical shiftɺ�+9ayn9ē�$4ºêĺķ�Hƭ¯Ë9Îě

9Ǒɫ�ōÎ65MȬ?J#4�3�J�c|[n�9ëx�[:ǋċĺķ7µĜ&6

� ppmɹƾÎ9 1ʁparts per millionɺ3Ȗ$KJ�1H-MRS3ĿHKJ¥Ȗƿ6¥ȯ

ơ4&2�N-Pej�Pcu�Z�ɋ N-acetyl-L-aspartateɹNAAɺ�[�Pj�

CreatineɹCrɺ �G=[�Pj���ɋ PhosphocreatineɹPCrɺ�_��ïűơȱ

CholineɹChoɺ��J�ºêMåĿ(JU_�ŬɓɹTEɺ9Ʌ�7G02ȪCHKJ

¥ȯơ�ƴ6J��TE �Ǉ�ɹshort TEɺċì7:�ȥ9£7�WR±an�� 

myo-inositolɹInsɺ�\�h�� GlutamineɹGlnɺ4\�h��ɋ GlutamateɹGluɺ
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65�ȠĤ3�J� 

ǾȀƹ9ȧŢ7��2:�ǍǥǣǺ9ĜĄ9ŖƂ46J NAA�ǣǺȂ7ĜĄ&�

ǣǺȂ�ǣǺ9¥ȯ�ɀ9ŖƂ46J Cho�ǣǺË7ĜĄ&�ƷƿƤŊ3DƋȶƿĞğ

&-½Mǌ( Cr�ǟ9ĚƌŅ¥ȯ7GIƭō$KJ�ɋɹLacɺ�ŪƤȃǣǺ7ɴƜķ

7ïAKJ lns�űƯ3�J�vn9ǾȀƹ3:��ȉƿ7\��o9ɴ�Ȁƹ9Ť�

NAA :®�&�Cho 9�Ũ�ȜHKJ#4�H�\��o 	�
9ǾȀƹ3:

Cho/NAA�ɴ�6JÂî7�I�Lac9�ŨDȪCHKJʆDawoud 2014ʇ�&�&�

ďƉ9ĜĄ7GI Cho9®��ƭ'J#4D�J-C�ȽĲ9MRIƱÄ4±*�ŋɍ

7Ȩ¶&6!K;6H6�� 

 

� ¦�7ë¥ȯƮơ9ƢŁMǝß7ǌ(� 

(N-Pej�Pcu�Z�ɋ N-acetyl-L-aspartateɹNAAʁx�[: 2.0ppmɺ:�

ǾË7ēɎ7ĜĄ(JP�±ɋ3�ǍǥǣǺ3ƭō$K�ȵǢ�HǣǺđƖ>�ğ9×

ì3ƒÍ&�ıǓȲȃǣǺ3¥ȯÎȡ$KJ� 

)[�Pj�ɹCrʁx�[: 3.0ppmɺ: Creatine 4 PhosphocreatineɹPCrɺ9ɾ

19Üìơ4&2ȠĤ(J#4:ɛ&��ȽĲ 3.0ppm7ǫ[�Pj� total creatine

ɹt-Crɺ4&2ȠĤ$KJ�ǾË7��2 t-Cr :ǍǥǣǺ�ǍǥȃǣǺMûL)�(

?29ǣǺ7ÊȽ&2ĜĄ&�ǣǺË9 ATP ƜķM�ğ7¹1Ã�M&2�I�Ur

�Z�¥ȯ9ŖƂ46J� 


_�� CholineɹChoʁx�[: 3.2ppmɺ7:ǣǺȂ9�6ƀōơȱ3�J}c}

_��4ļȱȂ9�ōÎ3�J�aj��G=+9¥ȯƮơ��J�Cho9x�[:ǣ

ǺȂ9Îȡ�ìō9ŖƂ4$K�Ƽǹ&2�J@�ɫEvn9Ǿ3:ȫƭŬ7ɴ��Ɔ

ǖ7®�(J� 

��ɋ LactateɹLac:x�[: 1.3ppmɺ:�ȉ7ƇĲǤǰ3ȠĤ(J#4:3�)�

ȓƒ®�653ɋǡƅ�ƤŊ76J4Ěƌ¥ȯ�ɀBžÍ$KJG�76J�(6L/�



  

 55 

1H-MRS7�!J Lacx�[:Ěƌ¥ȯ9ŖƂ46J� 

�Ǽȱ LipidɹLipʁx�[: 0-2ppmɺ:ƇĲǾ3:ȪCHK6���short TEMƯ

�-ċì7:ǾȀƹ9ďƉMäū&2Ř�J#4�3�J� 

�P�q� alanineɹAlaʁx�[: 1.48ppmɺ:ɝŃɤP�±ɋ3�#9x�[:Ƈ

ĲĞɜŬ7:ȜHK6��ɭɰǤǰ39ȒƽÎȡ9ɂǐ3P�q�9x�[�ȜHKJ

#4��I�+9-CP�q�9x�[:ɭɰƤŊ9ǤǰEɳȂȀ�ǣȌŅȄƹ3ȪC

HKJ� 

�\�h�� GlutamineɹGlnʁx�[: 2.1ppmɺ�\�h��ɋ GlutamateɹGluɺ

:ƇĲǾ3DȠĤ$KJ�Glu:ȈĖŅǍǥªɄơȱ3�I�ap{cÔǣǺ�HǣǺ

đ>ŝÍ$KJ�Gln 4 Glu :G�¬-ƀȾMǌ(-C�]�X�aynDɝĲ7ȸ

��2.1ppm¤ȸ3�Ƿ�ɍ60-ƤŊ3ȠĤ$KJ�Gln:ƔȼăMȬǛ(J°ƯM

D1-C�ǣǺË7 Gln �ɂÖ7ĜĄ(J4ƓȀEǣǺȀǿMȲ#(#4�ȢLK2

�J� 

��WR±an�� myo-inositolɹInsʁx�[: 3.5ppmɺ:ŪƤȃǣǺ7�!JƜķ

�ɴ��ǍǥȃǣǺ9ĎƊ4ǃɔ�ɴ�4ȢLK2�J�Ins/Cr :Ȁƹ9ŇŅķ4ä

Ƌ³9ɔ¸ɹɵŇŅķ9ǍǥȃȀ3®��®ŇŅķ9ǍǥȃȀ3ɴ�ɺMǌ(#4�Ċ

ò$K2�J ʆSherbeny 2014�Howe 2003�Castillo 2000ʇ� 

 

� vn7��2�ǾȀƹ7�!J 1H-MRS9ȆĵńƯ4&2ȀƹhR{9ÎɫE

\��oÎɫ�üǺŅȀƹ�G=ďƉŅȀƹ4ǾȄƹ9ɐÑEŝĦǭƎƻľ9ÌƼŅǾ

Ȁ ƹ 4 ŝ Ħ ǭ ď Ɖ 9 ɐ Ñ 6 5 7 Ò Ư $ K 2 � J ʆ Orphanidou-Vlachou 

2013�Sherbeny 2014�Dowling 2001ʇ�Ƣ7 MRS 7GJȧŢ�űƯ6ƶņ:�

Conventional MR ƱÄ9B3:ȧŢ�ɛ&�ǍǥȃȀ9ŇŅķȨ¶�ɳđƷĐ4ɳË

ƷĐ9ɐÑ�ǾȄƹ49ɐÑ�ŝĦǭďƉ4ÌƼ9ɐÑ�ȀƹŅƷĐ4ɐÑ�ÿɛ6Ǿ

ȓǙŅƷĐ�ĐŅƶņ�ƝƸŅƷĐ3�J�#KH:MRSMȹØ(J#43+9ȧŢ
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9ē�6Ù!46J� 

� ƣ7��2:ƇĲƣ39MRS9Ċò���1��I ʆOno 2014�Carrera 

2015ʇ�ƴĲƷĐ7ɔ&2:SandhoffƷ ʆIto 2018ʇEiqę¢ŅǾƝ ʆSievert 2017ʇ�

ƝƸŅƷĐEȀƹŅƷĐ659ɦȏËƷĐ ʆCarrera 2016�Stadler 2014ʇ39Ċò

��J�#KH9Ċò3:�ƝƸŅƷĐ4ȀƹŅƷĐ9ɐÑ:èǻ3�0-��Ȁƹɓ

9ƋȶžȤ3űňį:ȜHK2�6��+9-C�Ŵǔ9ǂƿ:ƣƦ9ǾȀƹ7��2

MRSMƯ�-Ȁƹɓ9ƋȶȨ¶MȔ��3�J�+K7Ļ-I�Ŵǔ3:A)ƇĲƣ

�G=ƇĲƦ9MRSƘğMȔ��ŴĝMRIȘǱ7�!Jĉƚ½MğǴ&�Ɔ7ǾȀƹ

ņǷ9MRS7�!Jë¥ȯơMƇĲƣɹ�J�:Ʀɺ4ƋȶžȤMȔ0-� 
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4.2� ƇĲƣ�G=Ʀ7�!JȞĵ9MRc|[n�c_x�9žȤ 

 

4.2.1� ŵš�G=ŤƏ 

 

4.2.1.1� ´ȩÛơ 

� ǈǒ7:�¿Ĳƣɹ(?2w�\�ƣɺ11 ɦɹ7 ƈ 2 �Ű210 ƈ 2 �Űʁĳ

ą 8ƈ 9�Ű�ɘ 6ɦ�ə 5ɦɺ�G=¿ĲƦɹ(?2ɚǑƦɺ11ɦɹ1ƈ 11�Ű2

5ƈ 2�Űʁĳą 2ƈ 2�Ű�ɘ 5ɦ�ə 6ɦɺMƯ�-�(?29Ûơ7��2�ȉ

ȳ¯žż�ȓƖ�ƭÜĝžż��G=Ǎǥĝƿžż:ƇĲ3�0-�#9ƇĲÛơMƯ

�-ǈǒ:ŧŴƧÝƭõǎĝēĝÛơĠɱĘø©�G=ƭõ¾ƫĘø©9ŐȪɹŐȪ

No.27K-8, S27K-8ɺMæ!2Ġť&-� 

 

4.2.1.2.� ŜÄŤƏ 

 

4.2.1.2.1� ɷɉ{�n_�� 

� (?29Ûơ:žż9 12ŬɓÔ�HǨɬ�Ǩƍ4&-�ƄÀǀɜǽ7 18224G

9ƳǱɏMƯ�2ȓǙǊ¹MȔ��{��yV��ɹ{��yV��®�ŧÝĭ�ģĬɺ

Mƣ3 7mg/kg�Ʀ3 10mg/kgɜǽËŒ�72ɷɉħÈMȔ��ƌǙj��zMŗǙľ�

Rgy���ɹUcXR�®��R��șȐ�Ÿ�ɺɹ223 %ɺ�G=ɋǡɹ2.0 l/minɺ

7GJðĹɷɉ3ǩŕǙƫMȔ0-�ɷɉ×: ĭŚƌMȔ��1 þŚƌɎM 102

20ml/kg�ƌɃËă 12216cmH2O�ôðŞ 12 þ/min 7Ȧğ&�Ǚƫ&-�A-�¯

ƗM 36237ķ7ǩŕ&�MRIŴ¯¤ī9|�yT��^�ln�\�R��ɹÇĝǽ

ƐíŲƏ� E881PD�GE Yokogawa Medical System, JapanɺMƯ�2łœŞ9�q

h��\MȔ0-�ɷɉ×:�ɋ��^�Ɩɹg��[n®�l���Ÿ�ɺɹ5 ml/kg/hrɺ

Mɜǽƞƛ&-�ɷɉǙƫ×�ȟɌľ7Ûơ7ûɩ:ȪCHK6�0-� 
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4.2.1.2.2� MRc|[n�c_x�9ŜÄŶ§�  

� (?29Ûơ: 3.0T9MRIȘǱɹSigna® HDxt GE Healthcare, TokyoɺM

Ư�2ŜÄ&-�RF_R�7: 8j��r�9 Knee coilMƯ�2�ÛơM¨ȅ­7

¹ğ&�ɦɇM_R�Ë7ɈǱ&-�MRS:ȽĲ9MRIŜÄ9ľ3�ȾĽÕMŒ�(

JÔ7Ȕ0-�MRSŜÄÔ7 3D T2 cubeɹTR/TE= 3200/77.74�c�Rcàʄ0.6mm�

FOV=15�15cm��n�[cʄ256�256�NEX=1ɺMŜÄ&�ĒŢɞÌƀōMȔ0-�

+�&2°ō$K- sagittal�dorsal�transverse9 3Ťî9ŢɞMƯ�2Įé9Ȟĵ

7ÀǾġEɦȏđɥĈMɆ!2ɽ1)1ɔłɥĈɹvolume of interestʁVOIɺMȦğ

&�+K,KŜÄ&-�VOI9`Rd: 10�10�10mmMĉƚ4&�ë»¯7��2

ŀȬş&-�MRS9ŜÄŶ§:¦�9ȽI3�JʂSingle voxel PRESSɹprove point 

resolved spectroscopyɺƏ�TR/TE ʄ 2000/35 msɹshort TEɺ�FOVʄ22 cm�22 cm�

�n�[cʄ512�512�NEXʄ8þ�Ŵǈǒ3: short TEMƯ�-� 

 

4.2.1.3� c|[n��ȡŹ 

� MRS ŜÄ7GIĿHK- MRS m�hM MRS ȡŹgynSUP3�J LC 

Model ɹversion6-3-1AɻLASystemsɻŧŴɺ>4ǏȔ&ɻLC ModelMƯ�2¥ȯƮ

ơƜķɹß­ʁmmol/Lɺ9ȡŹMȔ0-�Ƙğɢǂ4&2 Lip�Lac�Ala�NAA�

Glu�Cr�Cho��G= Ins MƯ�-�A-�MRS 3:ǋċĺķEƬč±Rd659

Ľɠ7GIºêĺķ�Ğğ&6�-Cɻ¥ȯƮơƋ3Ȩ¶(J#4DĒ��¥ȯƮơƋ

MƯ�Jċì�Cr �ůDĞğ&-Ş½Mǌ(-C7�Cr 3×0-½ɹCr ƋɺMƯ�

J#4��ȉƿ3�J�#9-C Cr49ƋƨDȡŹ7Ư�-� 

 

4.2.1.4� ǧȣȡŹ 

� ƇĲƣ�G=ƇĲƦ9 Fžğ72 Lip�Lac�Ala�Glu�Cr3:ƇȝÎİ�Ȝ

HK-ɹë p=0.81�p=0.95�p=0.10�ʈ=0.06�p=0.48ɺ��+9£9¥ȯƮơɹNAA�
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Cho�Insɺ3:ƇȝÎİ�ȪCHK6�0-ɹë p=0.007�p=0.007�p<0.001ɺ93�

±�u��n�k[žğMȔ02�J�ƣ�G=Ʀ7�!Jë¥ȯơx�[9×Ĕ½�

G=ýÎ­ǜĀɹIQRɺMǘÍ&-�ĮéȞĵ7�!J 2ǳɓ9űňįžğ:Wilcoxon

Ǖê¤ɣ­öžğMƯ�-�A-�ƣ4Ʀ9űňįžğ7:Mann-Whitney UžğM

Ȕ0-�(?29ǧȣȡŹ:�ǧȣgynSTPɹStatcelʀ, OMSÍƠ� Ÿ�ɺ72

Ȕ��p<0.053űňį�I4Ðğ&-� 

 

 

4.2.2Ǧź 

� ƇĲƣ�G=ƇĲƦ7�!J×Ĕ½�G= IQRMȖ 4.17ǌ(�A-�ƇĲƣ

�G=ƇĲƦ9¥Ȗƿ6 MR c|[n�Mā 4.1�4.2 7ǌ&-�ƇĲƦ:ƣ4Ƌ?�

GluɹĠŞ½ʁp<0.001�Cr Ƌʁp=0.02ɺ4 CrɹĠŞ½ʁp<0.01ɺ:űň7ɴ½Mǌ

&�ChoɹĠŞ½�CrƋÊ7 p<0.001ɺ:®½Mǌ&-�űňį9ȜHK- Glu�Cr�

Cho9ǚ<"āMā 4.37ǌ&-�ĮéēǾÞƪ9ƋȶMƣɹȖ 4.2ʁĠŞ½�Ȗ 4.4ʁ

ǃĥ½3�J CrƋɺ�G=ƦɹȖ 4.3ʁĠŞ½�Ȗ 4.5ʁǃĥ½3�J CrƋɺ3ǌ&

-�ĮéēǾÞƪ9Ƌȶ7��2ƣ9Lac9ĠŞ½39Bűňį�ȪCHK-ɹp=0.04ɺ

��+9£7:űňį:ȜHK6�0-� 

 

 

4.2.3ǶĤ 

� ƇĲƣ7�!J MRS 7ɔ&2:��1�Ċò$K2�J�Ono H: 1.5T

ɹsingle voxelƏ�short TE=15msɺ3ȋɸ�ōƣ�ǵɸ7�!JMRSMžȤ&�ȋ

ɸƣ: Cho/CrƋ�Ȏ&�ɴ��NAA/Cr:®��0-�#K:ƼǹŬ9ɳɟļō7ɔ

ȿ&2�J4ǶĤ&2�J�#9Ċò3:ōƣɹ325 ƈɺ7�!JēǾɹľɦȍɺ9

NAA: 90.17�6.34�Cr: 60.64�2.94�Cho: 73.67�3.30�Lac: 2.54�2.54ɹ¦
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�9½:ºêĺķ3�Iɻmmol/L3:6�ɺ3�I�NAA/Cr: 1.50�0.18�Cho/Cr

: 1.21�0.06�NAA/Cho: 1.23�0.11�Lac/Cr: 0.05�0.053�0-ʆOno 2014ʇ�

CarreaH: 3.0Tɹsingle voxelƏ�short TE=32msɺ3ōƣ9w�\� 10ɦ9Ċò

M&2�I�ľɦȍ3 NAA: 7.28�0.46�Cho: 1.89�0.11�Cr: 6.93�0.39�Glu

: 12.37�1.11�Ins : 8.73�0.50ɹmmol/Lɺ�NAA/Cr Ƌ: 1.04�0.04�Cho/Cr :

0.27�0.10�Glu/Cr : 1.78�0.10�Ins/Cr : 1.26�0.06 3�0-ʆCarrera 2015ʇ�

#9Ċò3:�Ǿȍ�G=Įé7��2¥ȯƮơ7ǃɅ�ȪCHK2�I�Cr Ɯķ:

ĉĶŽEĨǾ3ɴ��ɦɡȍ�ľɦȍ�Ȟĵ3®�0-�A-�SievertH: 3.0Tɹsingle 

voxelƏ�short TE=16msɺ3ƇĲ6w�\�ƣ 10ɦM_�n���4&2¥ȯƮơ

9ƘğM&2�I�Ȟĵ3 NAA: 7.85�0.35�Cho: 2.22�0.16�Cr: 6.20�0.44�

Glu: 11.21�1.01�Ins: 7.28�0.4ɹmmol/Lɺ4Ċò&2�JʆSievert 2017ʇ� 

� Ŵǈǒ9ƇĲƣ9Ȟĵ7�!J×Ĕ½:�NAA : 9.85�Cr : 6.87�Cho :

2.90�Lip: 1.13�Lac: 0.76�Ala: 0�Glu: 13.39�Ins: 8.84 (mmol/L)3�I�

3.0T M²Ư&2�JŦĊȭŠ4Ƌȶƿɫ¬&2�J�A-�ƣ9 Lac ¦đ3:ũH�

6Įéį:ȪCHK)�#K: Carrera H9Ċò4ǅǄ(J�Ŵǈǒ9Ƙğɇ­:Ȟ

ĵ9B3�I�£9Ǿȍ:žȤ&2�6�-C7űňį�36�0-èǻŅD�J��

vn7��2DĮéį�6�4��ĊòD�JʆTedeschi 1995ʇ�ƇĲƦ7�!JMRS

9Ċò:ȎǷ9ǆJɕI6�0-��Ŵǈǒ9Ǧź3: NAA: 10.08�Cre: 7.60�

Cho: 2.44�Lip: 1.94�Lac: 1.17�Ala: 0.28�Glu: 17.18�Ins: 9.46 (mmol/L)

3�I�ƣ9Ǧź4Ƌ?�Glu4 Cr:űň7ɴ½Mǌ&�Cho:®½Mǌ&-�Cho

:ù�Ûơ3:Øɸ4Ê7®�(J#4�ǆHK2�J� ʆBarker 2010ʇ�¡þƦ9

ĳąĴɸ: 2ƈ�ƣ: 8ƈ4ƣ9Ť�ɴɸ3�I�Ĵɸ4:ɔȿ6��÷Ǒ9Ʌ�7G

Jįƴ�ƵLKJ�ƇĲƣ4ƇĲƦ7�!Jĉƚ½7űňį�ȪCHK--C�ȀƹƸ

³49Ƌȶ7��2:ƣ9Ƹ³:ƣ9ĉƚ½4�Ʀ9Ƹ³:Ʀ9ĉƚ½4Ƌȶ(JŃț

��J4Ƕ�HK-� 
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4.3� ǾȀƹƸ³7�!JžȤ 

 

 

4.3.1� ŵš�G=ŤƏ 

 

4.3.1.1� ´ȩÛơ 

� Ŵǈǒ7:�ŧŴƧÝƭõǎĝēĝÛơÝƻe�h�7 2011Ĵ 6Ű22019Ĵ

9 Ű9ɓ7ǍǥƸƤMñ&2ŷɖ&- 40 ɦɹƣ 31 ɦ�Ʀ 9 ɦɺMƯ�-ɹȖ 1.1ɺ�

É29Ƹ³:�ȉȳ¯žż�ȓƖžż�Ǎǥĝƿžż�X ǭžżMȔ��MRI žż7

2ɦȏË7ƷĐMǊȪ&2�J�+9ľđǎŏȕMȔ��ƷƫǤǰžż72Ȁƹ9ȧŢ

MĿ2�J�Ŵǈǒ7Ļ-02: retrospective 6ƱÄȡŹǈǒ9-C�ĠɱÛơ¾ƫ

Ęø©�G=ÛơÝƻe�h�¾ƫĘø©9ŐȪ:Ńț4$K2�6��&�&6�Hɻ

É29ƣƦņǷ9ɮ��:�ÛơÝƻe�h�ÏȧŬ7žżm�hǗMǈǒ7Ư�J#

4MŮɞ72ŐȮ&2�J� 

 

4.3.1.2� ŜÄŤƏ 

 

4.3.1.2.1� ɷɉ{�n_�� 

� (?29ņǷ3žż9 12ŬɓÔ�HǨɬ�Ǩƍ4&-�ƄÀǀɜǽ7 18224G

9ƳǱɏMƯ�2ȓǙǊ¹MȔ��{��yV��ɹ{��yV��®�ŧÝĭ�ģĬɺ

7mg/kg9ɜǽËŒ�72ɷɉħÈMȔ��ƌǙj��zMŗǙľ�Rgy���ɹU

cXR�®��R��șȐ�Ÿ�ɺɹ223%ɺ�G=ɋǡɹ2 l/minɺ7GJðĹɷɉ3

ǩŕǙƫMȔ0-�ɷɉ×: ĭŚƌMȔ��1 þŚƌɎM 10220ml/kg�ƌɃËă

12216cmH2O�ôðŞ 12 þ/min 7Ȧğ&�Ǚƫ&-�ɷɉ×:łœŞ�Ûǽȓɋǡ

ɯöķɹSpO2ɺ9�qh��\MȔ���ɋ��^�Ɩɹg��[n®�l���Ÿ�ɺ
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ɹ5ml/kg/hrɺMɜǽƞƛ&-� 

 

4.3.1.2.2� MRc|[n�c_x�9ŜÄŶ§ 

(?29Ûơ: 3.0T9MRIȘǱɹSigna® HDxt GE Healthcare, TokyoɺMƯ

�2ŜÄ&-�RF_R�7: 8j��r�9 Knee coilMƯ�2�ÛơM¨ȅ­7¹

ğ&�ɦɇM_R�Ë7ɈǱ&-�MRS:ȽĲ9MRIŜÄ9ľ3�ȾĽÕMŒ�(J

Ô7Ȕ0-�MRSŜÄÔ7 3D T2 cubeɹTR/TE= 3200/77.74�c�Rcàʄ0.6mm�

FOV=15�15cm��n�[cʄ256�256�NEX=1ɺMŜÄ&�ĒŢɞÌƀōMȔ0-�

+�&2°ō$K- sagittal�dorsal�transverse9 3Ťî9ŢɞMƯ�2ȀƹMǪǲ

&�ÀǾġMɆ!JG�7 VOIM 11Ȧğɹsingle voxelƏɺ&-�VOI9`Rd:

10�10�10mmMĉƚ4&�3D T2 CubeGIÌƀō&-ƱÄMƯ�2ĂļȀƹË3ů

ē9~[e�MɈǱ&-�MRS9ŜÄŶ§:¦�9ȽI3�JʂSingle voxel PRESS

Ə�TR/TEʄ2000/35ɹshort TEɺ�c�Rcàʄ10 mm�FOVʄ22 cm�22 cm��n

�[cʄ512�512�NEXʄ8 þ�ŜÄŬɓĸɑ�èǻ6Ƹ³3:�äĥÀ9ƇĲ6Ȟ

ĵɥĈ7��2D VOIMȦğ&�íƁ9ŜÄŶ§3ŜÄ&-� 

 

 

4.3.1.3 � MRSm�hȡŹ 

� Ŵǔ9 4.2.1.34íƁ7ɻMRSŜÄ7GIĿHK-MRSm�hMLC Model M

Ư�2¥ȯƮơƜķ9ȡŹMȔ0-�Ƙğɢǂ: Lip�Lac�Ala�NAA�Glu�Cr�

Cho�Ins MƯ�-�¥ȯƮơƋɹɼCrɺ71�2�vn3:ȀƹË9 Cr :®½Mǌ

(#4�Ċò$K2�I�¥ȯƮơƋ4&2Ȁƹ9 CrM²Ư(J#4�ɛ&�-C7

Ȁƹ9äĥÀ9ƇĲǾ7�!J MRS 9ƘğMíŬ7Ȕ��ƇĲÀ9 Cr ƜķM²Ư(

J#4�Ē� ʆTsougos 2012ʇ�Ŵǈǒ3DȀƹ9 Cr �®½Mǌ&2�-�ɹǦź

4.3.2.2âƟɺ�äĥÀ9ƇĲ6Ǿ9MRSƘğMȔ02�6�Ƹ³D�0-�+9-C�
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¥ȯƮơƋ9Ƌȶ7:äĥÀ9ƇĲ7B�JǾ9 Cr½��J�:Ƙğ93�6�0-

Ƹ³7ɔ&2:ƇĲƣ�G=ƇĲƦ9 Cr½M²Ư&�ȣǘ&-�A-�ǾȀƹ9\�

�mn�\7: NAAE Cho9ßƥGID NAA/ChoƋ�G= Cho/NAAƋ�ŉķ�G

=Ƣƴķ�ɴ�#4�vn7��2Ċò$K2�J-CʆLaw 2003�Poptani 1995ʇ�

NAA/ChoƋ�G= Cho/NAAƋDȣǘ&-� 

 

4.3.1.4 � ǧȣȡŹ 

� Mann-Whitney UžğMƯ�2ƣɳȂȀɹn=6ɺ9ë¥ȯƮơMÆȔǈǒɹ4.2ɺ

3ĿHK-ƇĲƣ9Ȟĵɹn=22ɺ4ǧȣĝƿ7Ƌȶ&-�ǤǰƪŅǸȀ�ǍǥȃȀ�

ɲǸȀ�G=ƦɳȂȀ:Ƹ³Ş�ĩ6�-CǧȣȡŹ:ȔL)�âƟ½4&-�ǧȣȡ

Ź:�ǧȣgynSTPɹStatcelʀ, OMSÍƠ� Ÿ�ɺMƯ�2Ġť&�p<0.053ű

ňį�I4Ðğ&-� 

 

 

4.3.2 Ǧź 

� ÉǾȀƹƸ³9�/�MRS MĠť&-Ƹ³MȖ 4.6 7ǌ(�Ƹ³ 7�9�11�

12�13�15�17�18�20�21�22�23�27�37�389ȣ 15³�ƣ 13ɦ�Ʀ 2ɦ.

0-�ɘ 8ɦ�ə 7ɦ�ĳąĴɸ: 10ƈ 6�Ű3�0-�ɳȂȀ: 8³ɹǏȔŅ 4³�

ɳȂ�ǀŅ 1³�ȺļōŅ 1³�ɨǞǣǺŅ 2³ɺ�ǤǰƪŅǸȀ 4³�ȺļōıǓȲ

ȃǣǺȀ 2³�ɲǸȀ 1³3�0-� 

 

4.3.2.2 ȀƹƸ³7�!J¥ȯƮơ9ĠŞ½71�2 

� ëȀƹƸ³7�!J¥ȯƮơĠŞ½9×Ĕ½�G= IQRMȖ 4.77ǌ&-�Ƈ

Ĳƣ4Ƌȶ&2�ƣɳȂȀ: Crɹp<0.001ɺ�NAAɹp<0.001ɺ�G= Insɹp=0.01ɺ

�űň7®��Alaɹp=0.002ɺ�Lipɹp=0.03ɺ�űň7ɴ½Mǌ&-�A-�ǧȣĝ
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ƿȡŹMȔ�6�0-D99�ǤǰƪŅǸȀ7��2D Cr�NAA�®��Ala�Lip�

Cho :ɴ½Mǌ&�ǍǥȃȀ: NAA �®��Ala�Cho�Lip�Lac �ɴ½Mǌ&-�

ɲǸȀ: NAA�Glu �®��Ala�Lip�Lac :ɴ½Mǌ&�Cr :žÍ$K6�0-�

ƦɳȂȀ:ƇĲƦ4Ƌȶ&2�Cr�Cho�NAA�Ins�®��Ala�Lip�ɴ½Mǌ&�

Lac :žÍ$K6�0-�ëȀƹ9¥Ȗƿ6 MR c|[n�Mā 4.4ɹƣɳȂȀɺ�ā

4.5ɹƦɳȂȀɺ�ā 4.6ɹǤǰƪŅǸȀɺ�ā 4.7ɹǍǥȃȀɺ�ā 4.8ɹɲǸȀɺ7ǌ&

-��

 

4.3.2.3 ȀƹƸ³7�!J¥ȯƮơƋ71�2 

� ëȀƹƸ³7�!J¥ȯƮơƋ9×Ĕ½�G= IQRMȖ 4.87ǌ&-�ƇĲƣ

4Ƌȶ&2�ƣɳȂȀ: NAA/Crɹp=<0.001ɺ�G= Ins/Crɹp=0.01ɺ�NAA/Cho

ɹp=<0.001ɺ�űň7®��Ala/Crɹp=0.002ɺ�Lip/Crɹp=0.03ɺ�Cho/NAAɹp=<0.001ɺ

:űň7ɴ½Mǌ&-�A-�ǤǰƪŅǸȀ7��2D NAA/Cr�NAA/Cho�®��

Ala/Cr�Lip/Cr�Cho/NAA :ɴ½Mǌ&�ǍǥȃȀ: NAA/Cr�NAA/Cho �®��

Ala/Cr�Lip/Cr �Lac/Cr�Cho/NAA�ɴ½Mǌ&-�ɲǸȀ: NAA/Cr�NAA/Cho

�®��Ala/Cr�Lip/Cr�Lac/Cr�ɴ½Mǌ&-�ƦɳȂȀ:ƇĲƦ4Ƌȶ&2�NAA/Cr�

Cho/Cr�Ins/Cr�NAA/Cho�®��Ala/Cr�Lip/Cr�Cho/NAA�ɴ½Mǌ&-��

 

 

4.3.3� ǶĤ 

� ƣ7�!JȀƹ9 MRS 9¦Ô9Ċò:ȀƹŅƷĐ4&2É29ȀƹMA4C

2 NAA: 1.214�Cho: 2.666�Cr: 1.292 (mmol/L)�NAA/Cho: 0.465�NAA/Cr

: 0.997�Cho/Cr: 2.106�#9�/ɳȂȀɹn=10ɺ9 NAA: 1.014�Cho: 2.009�

Cr: 1.068 (mmol/L)�NAA/Cho: 0.455�NAA/Cr: 0.924�Cho/Cr: 2.120�Ǎǥ

ȃȀɹn=7ɺ9 NAA: 1.369�Cho: 2.928�Cr: 1.436 (mmol/L)�NAA/Cho: 0.512�
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NAA/Cr: 0.984�Cho/Cr: 2.1914Ċò$K2�JʆStadler 2014ʇ�ŴǈǒǦź:

#9Ċò4Ƌȶƿɫ¬&-Ş½4602�J�A-�£9Ċò3:�ȀƹŅƶņ9 NAA

: 2.15�1.52�Cho: 3.67�1.11�Cr: 2.93�1.54�Glu: 6.44�4.42�Ins: 4.31

�3.00�Lac: 0.51�1.83�Lip: 12.3�37.12 (mmol/L)4Ċò$K2�I�ƝƸŅƶ

ņGI NAA�Cr�Glu�®�&�Cho:űň7ĎØ&2�-ʆCarrera 2016ʇ�#9

Ċò3:ĥƟǳ9 Cr 4Ƌȶ&2�ƶņǳ9 Cr Ɯķ:®��Ğğ&6�#4Mǌ&2

�I�Ŵǈǒ3DÉ29ȀƹƸ³7��2 Cr:®½Mǌ&-�#K:vn9Ǧź4D

�ȇ&2�JʆNagendank 1996�Hazany 2007ʇ�vn7��2 Cr:[�Pj�Yp

�f96�ɳȂȀ�ŇŅ��uȀ�ȴǏŅȀƹ653: Crx�[�ƅś(J#4�Ȣ

LK2�J ʆHazany 2007ʇ�A-�ſķ7ɗĢ$K-Ǥǰ�®ɋǡƤŊ7�JǤǰE

ǣǺÎȗ�ǁN6ȀƹǤǰ653D Cr x�[�®�(J#4�Ċò$K2�J

ʆNegendank 1996�Matsumura 2005�Isobe 2002�Hattingen 2008ʇ�Ǿ9ŪƤȃ

ǣǺ: Cr Mìō(J#4�èǻ3�\Pqb±ɊɋM Cr ìō9×ɓ¯4&2ŝÍ(

J#4�3�J��ŪƤȃǣǺȀ¦đ9ȀƹǣǺ7�!J Crìō:ũH�7ĩ6�6

JʆDringen 1998ʇ�+9-C�ŪƤȃǣǺȀ¦đ9Ȁƹ7��2 CrƜķ9®�:Ȁ

ƹ9ŇŅķ9ɍț6ŖƂ3�J#4�ǌú$K2�JʆNagendank 1996�Isobe 2002�

Hattingen 2008ʇ�Ŵǈǒ9Ǧź3:£9Ȁƹ4Ƌ?�ƣ4Ʀ9ɳȂȀ9 Cr:GI®

��ɲǸȀ3: Cr :žÍ$K6�0-�#9Ǧź: Cr Yp�f9ƅś7ưŷ(J4

Ƕ�HKJ� 

� Ŵǈǒ3:�É29ȀƹƸ³7��2ƇĲƣEƇĲƦ4Ƌȶ&2 NAA �®½

Mǌ&2�-�vn9ȆĵȧŢ7��2 NAA 9®�:q����9ƕĕɹ�èȻŅɺ

EȵǢśÁMäū&2�J4Ƕ�HK2�I�ǾȀƹEǾȑȓ9ƷŊ3: NAA�®�

(J#4�ȢLK2�J�A-�ǍǥȃǣǺEɳȂǣǺ: NAAM@4N5ŕ-6�9

3�ǍǥȃȀEɳȂȀ�ŇŅ��uȀ�ȴǏŅȀƹ3:#9x�[:ƕĕ(J�ƣ7�

�2�ɝŉŻŅɳȂǾƝGIDǾȀƹ9 NAA:űň7®�&�ɳȂȀ3: NAA:A
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0-�žÍ$K26�ʆCarrera 2016ʇ�Ŵǈǒ3:ƦɳȂȀ9 1³7��2 NAA�

É�žÍ$K6�Ƹ³��0-��+9£3:ĩ6�H)žÍ$K2�J�&�&�Ʀ

ɳȂȀ�G=ƣɳȂȀ:ƇĲƣƦ4Ƌȶ&2űň7®� NAAMǌ&�+9£9ȀƹG

ID®½Mǌ&2�I�vn9Ǧź4ɫ¬(J4Ƕ�HK-�A-�ɲǸȀ:ůD®½

Mǌ&2�-��ɲǸȀ:ɲ7ưŷ(JȀƹ3�J-C�NAA Mŕ-6�èǻŅ�Ƕ

�HKJ� 

� _��ɹChoɺ9x�[:ǣǺȂ9Îȡ�ìō9ŖƂ4$K�ĎƊ×9ȀƹǤ

ǰ3:�Ũ&�ɳȂȀ��Ć¯ȁȀ3:ɪȎ6x�[Mǌ(4ȢLK2�J�vn9Ȁ

ƹË Cho/Cr:ɴ\��oǍǥȃȀɹ4.48�2.09ɺEȴǏŅȀƹɹ4.23�2.02ɺGID

®\��oǍǥȃȀɹ2.23�0.512ɺ7��2űň7®�4��Ċò�Ē� ʆDawoud 

2014�Chen 2006�Martinez-Bisbal 2009�Shokry 2012ʇ�#K:ǣǺĎƊ ʆChen 2006ʇ

EǣǺƉ9×ì9ĎØ ʆMcKnight 2007ʇ4ǃɔ(J#4DĊò$K2�J�Cho/NAA

7��2Dɵ\��oǍǥȃȀɹ7.81�1.72ɺEȴǏŅȀƹɹ7.49�2.03ɺGID®\

��oǍǥȃȀɹ1.99�0.86ɺ7��2űň7®�0-ʆDawoud 2014�Liu 2012�

Server 2010ʇ�1AI Cho/Cr4 Cho/NAA:ŇŅķ9ĎØ7«�ĎØ(J ʆBrandao 

2013ʇ�Ŵǈǒ7��2�ǤǰƪŅǸȀ4ǍǥȃȀ3 Cho:ɴ��ƦɳȂȀ�ɲǸȀ3

®�0-�ǍǥȃȀ: 2³4DȺļōıǓȲȃǣǺȀ3�I�ɴ\��o9-C7 Cho

9ɴ½�ȜHK-4Ƕ�HKJ�A-�ǤǰƪŅǸȀ71�2ɻvn39Ċò:ȎǷ9

ǆJɕI6���ĎƊ9ǁN6Ȁƹ9-C7 Cho 9ɴ½Mǌ&-èǻŅ��J�&�

&�vn9ɳȂȀ3ǆHKJ Cho 9ɪȎ6x�[:ɻŴǈǒ7�!JƣƦ9ɳȂȀ3

:žÍ$K)�Ƣ7Ʀ7��2:ɝĲ7®½Mǌ&-�Ʀ9ɳȂȀ:ɀȔ�Ɂ�#4�

Ċò$K2�IʆTroxel 2003ʇ�Ȁƹ9ĎƊcx�o4ɔȿ&2�JèǻŅ�Ƕ�HK

J� 

� �ɋɹLacɺ:ɴ\��oǍǥȃȀ7��2Ȁƹ×łɇ3ȓǙţƭ�ȀƹĎƊ

7ȹ�1�)7Ěƌ¥ȯ�ȔLKJ-C�ɴ½Mǌ(4Ċò$K2�JʆSutton 1992ʇ�
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A-��[�yO�b:ǾƓȀ9ƤŊ3:Ur�Z�ƙ4&2�ɋČM²Ư(J#4�

3�J-C�Ȃǉďľ9�[�yO�b9ƑŅÜ9Ǧź4&2 Lac �ĎØ(J#4�

ȢLK2�JʆBarker 2010ʇ�Ŵǈǒ3:ǍǥȃȀ9Ƹ³ɹ2³4DȺļōŅıǓȲȃ

ǣǺȀɺ7��2ůD Lac�ɴ��#KH9Ǧź4�ȇ&-� 

� ǼȱɹLipɺ:vn7��2ȴǏŅȀƹEǦŽȀ659ŌŅǸȊȀ3ɴ��Ƣ7

ųÎÜǍǥȃȀ3ɴɧķ7ȜHKJ4ȢLK2�JʆMora 2019ʇ�ȴǏŅȀƹEáƼ

ŅŇŅȀƹ9ċì7:�ǣǺȂǉďEďƉ�Ȳ#J-C7 Lip 9x�[�žÍ$KJ

ʆvan der Graaf 2010ʇ�®\��oǍǥȃȀ3: Lip9x�[:žÍ$K6���ɴ

\��oǍǥȃȀEıǓȲȃǣǺȀ3: Lip�žÍ$K2�JʆKosui 2012ʇ�ƣ7�

�2DǍǥȃȀ���uȀ�ɳȂȀ7��2 Lip �žÍ$K2�JʆCarrera 2016ʇ�

Lip9ĜĄ:Ń)&DďƉMȖ(D93:6��üǺ9ĜĄ7ɔȿ&2�J#4DĊò

$K2�JʆBrandao 2013ʇ�Ŵǈǒ3:É29ȀƹƸ³7��2ƇĲƣ�G=ƇĲƦ

GID Lip :ɴ½ɹ10 ¼¦�ɺMǌ&2�-�×3DǍǥȃȀEǤǰƪŅǸȀ:Ş½

�ɴ��ǣǺȂ9ǉďEďƉ9ĜĄ�ƵLKJ�Lac�G= Lip9ĜĄ:ɴ\��o9

ȀƹMǌú(J#4�Ċò$K2�IʆBulik 2013ʇ�Lac4 Lip9ɴ½Mǌ&-Ŵǈ

ǒ9ǍǥȃȀ:�MRS 9Ǧź�HŇŅķ�ɴ�#4MřƘ3�J93:6��4Ƕ�

HK-� 

� vn9ɳȂȀ7��2 Ala9ĜĄ�Ē�Ċò$K2�IʆHazany 2007�Cho 

2003�Demir 2006ʇ�Cho9ĎØ�Cr4 NAA9®�7Ø�2 Ala9ĜĄ�ƢŁƿ3

�J4��ĊòD�Jʆvan de Craaf 2010�Demir 2006ʇ�&�&¦Ô9ƣ9ɳȂȀ

9Ċò3: Ala:žÍ$K2�6�ʆCarrera 2016�Stadler 2014ʇ�Ŵǈǒ3:É2

9ǾȀƹ7��2 Ala9ɴ½�ȪCHK�×3Dƣ�G=Ʀ9ɳȂȀ7��2GIɴ½

Mǌ&2�I�#K:vn9Ǧź4�ȇ(J�A-�ƣ4Ʀ9ɳȂȀ3: Cr 4 NAA

9®½DȜHK2�I�#KH� Alax�[4±*2�vn4íƁ7ɳȂȀ9ƢŁ4Ȣ

�JèǻŅ��J�-.&�vn3ȜHKJ Cho 9ĎØ:ƋȶƿF0�IĎƊ(Jƣ
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Ʀ9ɳȂȀ3:ȜHK6�9�D&K6�� 

 

� Ŵǈǒ7�!JÓɕ: MRS ŜÄMĠť3�-ȀƹƸ³Ş�ĩ6��3�J�

MRS 9Ƙğ7:Ǡ 1.0cm 9ƇŤļ9 VOI M�ÀǾġMïC-óĀǤǰMɆ!2Ȧğ

(JŃț��I�Ȁƺ�Ĩ$(�JċìE�VOI 9ȦǱ�ÿɛ6­Ǳ7Ȁƹ�ĜĄ(

Jċì7:Ƙğ(J#4�3�)�ŜÄŬɓD£9a�]�cGIDɑ�-C7Ƹ³Ş

9Ǌ¹�ÿɛ3�0-�ƣƦ9ȀƹƸ³4vn9ȀƹƸ³�É�í'ǦźMǌ(4:ɕ

H6���Ŵǈǒ3:vn9Ǧź4ɫ¬(JD94�ƴ6JǦźMǌ(D9�ĜĄ&-�

A-�ÎÇƏ7GJȀƹ9W�t��k{:vn7��2DĒ�Ċò$K2�I�Ŵǈ

ǒ3DëȀƹɓ3W�t��k{:ȜHK2�J�+9-C�MRS 9ǾȀƹ7�!J

űÚŅMȨ¶(J7:�¡ľDƸ³ŞMɍ8�$H7žȤ&2��Ńț��J4Ƕ�H

KJ� 

 

 

4.4� ĨŔ 

ɽɺƇĲƣ4ƇĲƦ9Ȟĵ7�!J MRS 9Ƌȶ3: GluɹƣʃƦɺ�CrɹƣʃƦɺ�

ChoɹƣʅƦɺ7űňį�BHK-� 

ɾɺƇĲƦ3:Įé9Ȟĵ9ë¥ȯƮơ7űňį:ȜHK6�0-��ƇĲƣ3: Lac

79Bűň6Įéį�BHK-� 

ɿɺƣ4Ʀ9ɳȂȀ7��2 Ala ɴ½�NAA 4 Cr 9®½�BHK�vn9ɳȂȀ9

ƢŁ4�ȇ&-��vnɳȂȀ4ƴ6I Cho:®½Mǌ&-� 

ʀɺǍǥȃȀ9Ƹ³:ŇŅɹȺļōŅıǓȲȃǣǺȀɺ3�0-��Cho�Lip�G=

Lac 9ɴ½GIŇŅ9ƢŁMű&2�I�MRS 7��2ǍǥȃȀ9ŇŅķMřƘ3�

JèǻŅ�ǌú$K-� 
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ā�G=Ȗ 

 

Ȗ 4.1� ƇĲƣ�G=ƇĲƦ9ë¥ȯƮơƜķ4¥ȯƮơƋɹƣ4Ʀ9Ƌȶɺ 

 

� � Üĝayn� ƣɹ����	� Ʀ�����	�

� � (ppm) ĠŞ½(mmol/L) /Cr ĠŞ½(mmol/L) /Cr 

Lip 0-2 1.13 (0.01-2.07) 0.16 (0.01-0.30) 1.94 (0.24-3.38) 0.24 (0.03-0.52) 

p½ �  0.42 0.52 �  

Lac 1.33 0.76 (0.15-1.69) 0.11 (0.02-0.25) 1.17 (0.26-2.07) 0.17 (0.04-0.24) 

p½ �  0.74 0.94 �  

Ala 1.48 0 (0-1.28) 0 (0-0.18) 0.28 (0-0.91) 0.04 (0-0.13) 

p½ �  1.97 1.97 �  

NAA 2 9.85 (9.20-10.6) 1.42 (1.35-1.46) 10.08 (9.42-10.5) 1.33 (1.23-1.47) 

p½ �  0.72 0.1 �  

Glu 2.1 13.39 (11.7-15.4) 1.98 (1.70-2.14) 17.18 (15.4-18.2) 2.17 (2.04-2.47) 

p½ �  <0.001* 0.019* �  

Cr 3 6.87 (6.67-7.16) 1 7.66 (6.88-7.92) 1 

p½ �  0.009* �  �  

Cho 3.3 2.90 (2.73-2.98) 0.42( 0.39-0.44) 2.44 (2.28-2.67) 0.34(0.30-0.36) 

p½ �  <0.001* <0.001* �  

Ins 3.5 8.84 (8.58-9.36) 1.28 (1.19-1.35) 9.46 (8.69-10.4) 1.28 (1.17-1.43) 

p½ �  0.06 0.85 �  

LipʁǼȱ�Lacʁ�ɋ�AlaʁP�q��NAAʁN-Pej�-LPcu�Yp�f�Gluʁ\�h���Crʁ

[�Pj��Choʁ_���Ins:�WR±an���*ʁpʃ0.05 
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� 4.1� 
	��MR��	�� 
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@ 4.3� OCR
OCS�^��@ 

OCR�Q���S�� Gluwp=0.02x
 Crwp<0.01x�MG�u��Chowp<0.001x

�MG�:<�Z	
� 

 

 

0	

2	

4	

6	

8	

10	

12	

14	

16	

18	

20	 正常犬と猫 
Glu Cr 

犬 

犬 

猫 

猫 

猫 

Cho 

犬 

mmol/L 

** 

** 

*		p<0.05	
**p<0.01 

* 
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k 4.6yMRS�AJ	
efXW;�?\�Dv�F�fX\r 

 

 

W; R\ =lKDv  F> VUablI 

7 o\R 10P 46L � nEHFtgf 

9 (35�7)2# � 9P 86L 	 abTFcf 

11 (35�7)2# � 9P 26L 	cast nEHFB]mh`df 

12 NR 8P 76L 	cast tg9YFtgf 

13 �44 12P 96L � pisscf 

15 0)0#8273"18&8 6P 116L 	cast abTFcf 

17 �.&1�7K7C7�'$�2 7P � abTFcf 

18 ,2�8� 9P 36L �spay q_`dFtgf 

20 -$�/�z� �� 13P 76L 	 [jFtgf 

21 �� "05#7�8*# � 13P 16L � [jFtgf 

22 �87�8 11P 76L 	 q_`dFtgf 

23 %8(�8�7!1� 10P 116L 	cast abTFcf 

27 (35�7)2# � 7P 56L 	cast nEHFB]mh`df 

     

W; S\ =lKDv  F> VUablI 

37 o\S 16P �spay [jFtgf 

38 o\S 12P 16L � [jFtgf 



 
 

 
75

 

E
4.

7�
3
0
*
4
	
�
�
+
B
:
9
'
�
	
�
	
%
F
8
4
�
/
2
(
K

m
m

ol
/L
L
�
#
.
(
	
�
�
,
)
&
<
-
K

IQ
R
L

 

 

%
F
8
4
�

n
2
�

�
�

L
ip

 
L

ac
 

A
la

 
N

A
A

 
G

lu
 

C
r�

 
C

ho
 

In
s 

3
0
5
�

22
 

#
.
(
�

1.
13

 
0.

76
 

0 
9.

85
 

13
.3

9 
6.

87
 

2.
9 

8.
84

 

�
�

�
 

�
IQ

R
) 

(0
.0

1-
2.

07
) 

(0
.1

5-
1.

69
) 

(0
-1

.2
8)

 
(9

.2
0-

10
.6

) 
(1

1.
7-

15
.4

) 
(6

.6
7-

7.
16

) 
(2

.7
3-

2.
98

) 
(8

.5
8-

9.
36

) 

3
0
6
�

22
 

#
.
(
�

1.
94

 
1.

17
 

0.
28

 
10

.0
8 

17
.1

8 
7.

66
 

2.
44

 
9.

46
 

�
�

�
 

�
IQ

R
) 

(0
.2

4-
3.

38
) 

(0
.2

6-
2.

07
) 

(0
-0

.9
1)

 
(9

.4
2-

10
.5

) 
(1

5.
4-

18
.2

) 
(6

.8
8-

7.
92

) 
(2

.8
8-

2.
67

) 
(8

.6
9-

10
.4

) 

5
J
C
B
�

6 
#
.
(
�

25
.6

5 
1.

74
 

8.
7 

3.
1 

19
.5

3 
1.

5 
2.

99
 

3.
11

 

�
 

�
IQ

R
) 

(5
.4

7-
47

.1
) 

(0
.1

5-
7.

58
) 

(4
.7

8-
10

.4
) 

(2
.1

5-
3.

96
) 

(9
.7

1-
20

.7
) 

(0
.4

9-
2.

43
) 

(2
.0

0-
3.

22
) 

(1
.9

2-
4.

36
) 

�
 

p
(
�

0.
02

9*
 

0.
43

 
0.

00
17

* 
0.

00
02

* 
0.

21
8 

0.
00

02
* 

0.
69

5 
0.

01
4*

 

6
J
C
B
�

2 
#
.
(
�

24
.4

4 
0 

5.
98

 
0.

75
 

14
.4

3 
1.

85
 

1.
13

 
5.

07
 

�
�

�
 

�
IQ

R
) 

(2
2.

6-
26

.3
) 

 
(3

.1
9-

8.
77

) 
(0

.3
7-

1.
12

) 
(7

.2
2-

21
.7

) 
(1

.2
9-

4.
34

) 
(0

.8
2-

1.
43

) 
(3

.2
6-

6.
88

) 

=
?
7
1
@
B
�

4 
#
.
(
�

48
.5

6 
0 

2.
38

 
4.

2 
14

.2
2 

3.
35

 
5.

42
 

5.
67

 

�
�

�
 

�
IQ

R
) 

(4
0.

4-
50

.8
) 

(0
-0

.6
1)

 
(1

.1
8-

3.
67

) 
(3

.7
0-

4.
91

) 
(1

0.
8-

17
.1

) 
(2

.5
1-

4.
34

) 
(3

.7
6-

7.
35

) 
(3

.9
0-

8.
06

) 

;
>
D
B
�

2 
#
.
(
�

43
.9

1 
17

.8
6 

2.
98

 
1.

31
 

10
.5

6 
5 

5.
86

 
6.

41
 

�
�

�
 

�
IQ

R
) 

(2
2.

1-
65

.7
) 

(1
3.

9-
21

.8
) 

(1
.4

9-
4.

47
) 

(1
.1

3-
1.

51
) 

(8
.0

9-
13

.0
) 

(3
.9

9-
6.

02
) 

(5
.1

9-
6.

52
) 

(5
.6

0-
7.

22
) 

I
@
B
�

1 
#
.
(
�

13
0.

6 
6.

21
8 

4.
01

4 
0.

54
9 

0 
0 

0.
87

4 
0 

L
ip
M
A
G
�

L
ac
M
$
H
�

A
la
M


�
�
!
�

N
A

A
M

N
-

�
�
�

-L


�
�
�


�
"
�
�

G
lu
M
�
�
�
�
!
�

C
rM
�
 


�
!
�

C
ho
M
�
�
!
�

In
s:
�
�
�
�
�
�
"
�
�

 

*M
pN

0.
05

 

 
 



 
 

 
76

 

G
4.

8�
4
1
*
6
	
�
�
+
D
<
;
'
�
	
�
	
%
H
:
6
�
0
�
 


�
!
5
	
�
�

N
A

A
/C

ho
�
C

ho
/N

A
A
�
#
.
(
	
�
�
,
)
&
>
-
M

IQ
R
N

 

 

%
H
:
6
�

n
3
�

�
�

L
ip

 
L

ac
 

A
la

 
N

A
A

 
G

lu
 

C
ho

 
In

s 
C

ho
/N

A
A

 
N

A
A

/C
ho
�

 

4
1
7
�

22
 
#
.
(
�

0.
16

 
0.

11
 

0 
1.

42
 

1.
98

 
0.

42
 

1.
28

 
3.

4 
0.

29
 

�
�

�
 
�
IQ

R
) 

(0
.0

1-
0.

90
) 

(0
.0

2-
0.

25
) 

(0
-0

.1
8)

 
(1

.3
5-

1.
46

) 
(1

.7
0-

2.
14

) 
(0

.3
9-

0.
44

) 
(1

.1
9-

1.
35

) 
(3

.1
2-

3.
74

) 
(0

.2
7-

0.
32

) 

4
1
8
�

22
 
#
.
(
�

0.
24

 
0.

17
 

0.
04

 
1.

33
 

2.
17

 
0.

34
 

1.
28

 
4.

18
 

0.
24

 

�
�

�
 
�
IQ

R
) 

(0
.0

3-
0.

52
) 

(0
.0

4-
0.

24
) 

(0
-0

.1
3)

 
(1

.2
3-

2.
47

) 
(2

.0
4-

2.
47

) 
(0

.3
0-

0.
36

) 
(1

.1
7-

1.
43

) 
(3

.9
0-

4.
40

) 
(0

.2
1-

0.
25

) 

7
L
E
D
�

6 
#
.
(
�

3.
69

 
0.

25
 

1.
25

 
0.

45
 

2.
81

 
0.

43
 

0.
44

 
1.

09
 

1.
49

 

�
 

�
IQ

R
) 

(0
.7

9-
6.

77
) 

(0
.0

2-
1.

09
) 

(0
.6

9-
1.

50
) 

(0
.3

1-
0.

57
) 

(1
.4

0-
2.

98
) 

(0
.2

9-
0.

46
) 

(0
.2

8-
0.

62
) 

(0
.4

6-
1.

50
) 

(0
.6

7-
3.

04
) 

�
 

p
(
�

0.
02

9*
 

0.
43

 
0.

00
17

* 
0.

00
02

* 
0.

22
 

0.
01

4*
 

0.
01

4*
 

0.
00

02
7*

 
0.

00
02

* 

8
L
E
D
�

2 
#
.
(
�

3.
39

 
0 

0.
8 

0.
1 

1.
93

 
0.

15
 

0.
72

 
0.

43
 

0.
58

 

�
�

�
 
�
IQ

R
) 

(3
.0

9-
3.

69
) 

 
(0

.4
3-

1.
17

) 
(0

.0
5-

0.
15

) 
(0

.9
7-

2.
90

) 
(0

.1
1-

0.
19

) 
(0

.4
6-

0.
98

) 
(0

.2
1-

64
) 

(0
.2

9-
0.

87
) 

?
A
9
2
B

D
�

4 
#
.
(
�

6.
53

 
0 

0.
34

 
0.

57
 

1.
93

 
0.

74
 

0.
77

 
0.

92
 

1.
08

 

�
�

�
 
�
IQ

R
) 

(5
.1

3-
7.

29
) 

(0
-0

,0
8)

 
(0

.1
7-

0.
53

) 
(0

.4
8-

0.
71

) 
(1

.3
8-

2.
45

) 
(0

.4
8-

1.
06

) 
(0

.5
0-

1.
16

) 
0.

77
-1

.1
4)

 
(0

.9
4-

1.
57

) 

=
@
F
D
�

2 
#
.
(
�

6 
3.

44
 

0.
4 

0.
25

 
2.

05
 

1.
08

 
1.

06
 

0.
22

 
4.

53
 

�
�

�
 
�
IQ

R
) 

(3
.0

4-
8.

97
) 

(2
.4

0-
4.

49
) 

(0
.2

0-
0.

61
) 

(0
.1

9-
0.

31
) 

(1
.4

1-
2.

69
) 

(0
.8

5-
1.

31
) 

(1
.0

4-
1.

08
) 

(0
.2

1-
0.

23
) 

(4
.3

8-
4.

68
) 

K
B
D
�

1 
#
.
(
�

19
.0

1 
0.

91
 

0.
58

 
0.

08
 

0 
0.

13
 

0 
1.

59
 

0.
63

 

L
ip
O
C
I
�

L
ac
O
$
J
�

A
la
O


�
�
!
�

N
A

A
O

N
-

�
�
�

-L


�
�
�


�
"
�
�

G
lu
O
�
�
�
�
!
�

C
rO
�
 


�
!
�

C
ho
O
�
�
!
�

In
s:
�
�
�
�
�
�
"
�
�

 

*O
pP

0.
05

 



  

 77 

  

ê 4.4� Ɯ*ɩǷǶ*MRRiK[v 

Ư� 28ɷɠǘǜǰıɩǷǶ�P}|S}�11Ÿɶ{Šɮ�ɒ�Cr�NAA�Ins*��

& Ala�Lip*�ř>Ț5;�Ñ¨*ƨ«+���9Ʈ÷ȼȲĦ T1ģȜŲœ«�8.�

MRS>ƎĄ�� VOIȕĄ�ǩɯT2ģȜŲœ|ƺƝœ|ſěœɰ� 

 

ê 4.5� ƞ*ɩǷǶ*MRRiK[v 

Ư� 17ɷǆȅıɩǷǶ�ɔǈƞ�16Ÿ��þɓ�Cho�Cr�NAA�Ins*���Ala,Lip

*�ř>Ț5;�Ñ¨*ƨ«+���9Ʈ÷ȼȲĦ T1 ģȜŲœ«�8.�MRS >Ǝ

Ą�� VOIȕĄ�ǩɯT2ģȜŲœ|ƺƝœ|ſěœɰ� 
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ê 4.6� ǝǧƢıǮǶ*MRRiK[v 

Ư� 30ɷǝǧƢıǮǶ�`}eE}K|Yu?�10 Ÿ 11 {Š�ÌÂɒ�Cho�Ala�

Lip *�ř�Cr�NAA *��>Ț5;�Ñ¨*ƨ«+���9Ʈ÷ȼȲĦ T1 ģȜŲ

œ«�8.�MRS>ƎĄ�� VOIȕĄ�ǩɯT2ģȜŲœ|ƺƝœ|ſěœɰ� 

  

ê 4.7� ǃǞǸǶ*MRRiK[v 

Ư� 35ɷȭĥĹęǋȤǸǜǰǶ�ewzW|fv\XL�7Ÿ 5{Š�ÌÂɒ�Cho�

Ala�Lac*�ř�Cr�Naa*��>Ț5;�Ñ¨*ƨ«+���9Ʈ÷ȼȲĦ T1ģ

ȜŲœ«�8.�MRS>ƎĄ�� VOIȕĄ�ǩɯT2ģȜŲœ|ƺƝœ|ſěœɰ� 
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ê 4.8� ɨǮǶ*MRRiK[v 

Ư� 19ɷɨǮǶ�Wyy�12 Ÿ 9 {Š�ɓ�Ala�Lac�Lip *�ř�Cho�NAA�

Glu *��>Ț5�Cr d}K+Ț59<(��Ñ¨*ƨ«+���9Ʈ÷ȼȲĦ T1

ģȜŲœ«�8.�MRS>ƎĄ�� VOIȕĄ�ǩɯT2ģȜŲœ|ƺƝœ|ſěœɰ� 
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Ǐ 5 Ǎ  

 

ƑƅģȜƨ«*ůȓ 

 

 

5.1ǥȑ 

� ơì��ÄƱ)��$ǴĩƤÁķ>Ș��;ļŻ&�$+ positron emission 

tomographyɯPETɰ�ş6šƦ&�<$�;��ȉǩ*ŜÎƠ&ǞƊɘ�9�*ǺĞ

ƴƀƦı+����*�5 single photon emission computed tomographyɯSPECTɰ

7 CT Ƒƅƨ«>�Ʀ��ǖ Ƃ�ĝ�ȅ=<$�;����ȪĜ�MRI *ľȆƴȴ

ŷ)���ɪȱō«)8:MRI%6ƑƅģȜƨ« perfusion-weighted imagingɯPWIɰ

ɯ
;�+ MR Ƒƅƨ« MR perfusion &6Þ,<;ɰ>Ʀ�$ǴĩƤÁķ*Ș��

ÐǱ&("��PWI+ŎĎǦȈŝ�(��3�ƼśɈ%Ŗȅ%�;�5 PET7 SPECT

8:6ĲǬ)č�;ȡŁ+đ(��3��PWI�ø*MRIō«6Õś)ȅ���%�

;�5��ğ*ůū%ù�*Ĵñ>Ĩ;�&�%���ÄƱ%6ĝ��Ʀ�<$�$�

;�PerfusionɯƑƅɰ&+�ËĊ)+Ç�śɈ)ǝǧ*Ç�ĉǉĤ�:)�Ǡ�<;

ȄƉɂ*�&>ǂ��Ƒƅƨ«+ŽǜȄǓwhv*ȄƅÁķ>Ș��;�PWI *ō«

)+ȲĦ½>�Ʀ�; dynamic susceptibility contrastɯDSCɰƂ&ȲĦ½>�Ʀ�(

� arterial spin labelingɯASLƂɰ�
;��ÄƱ)��$ȲĦ½>Ʀ�(� ASLƂ

+ȲĦ½?wvJ}*
;ĲǬ7ɁǕ(ǵɑĈ*
;ĲǬ�ȄǓǀ¢*èɕ(ĲǬ/*

ȺƦ�ǫ
9<$�;��ƨ«Ȑ«ğ+ǽ�6**��Ǽ)£ÒɔəżɯSNRɰ��

�ɯƨȣ�ĳ�ɰ�ō«)śɈ���;&��ŵƗ�
;��*�5��Ǽƴ)�Ʀ�

<; PWI +ȲĦ½>�"� DSC Ƃ%
:��*ŕƂ%+Ƽ�ō«śɈ%ɪ�ƨȣ*

ǴƑƅƨ«>ùŐ*RtAR)ƌ:)Õś)ō«�;�&�%�;�Ɣ�H\u^Bm

ɯGdɰȲĦ½�āì�;&��*Ýé*ǁò�÷Ã�$£Ò����;��*ǁò÷
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Ã)��£Ò÷Ã>¹Ʀ�$�ȄƉǴɉɆ%ȲĦ½�ȄǓ�9Ɛ<³(�Ǵ*Ȅƅ>Ș

��;*� PWI%
;�CTƑƅƨ«%+±}\ȲĦ½*Ɣğ& CT¥*ƷǦı�ǽ�

�5)ĄɂȐũ)+×�$�;��PWI %+ Gd ȲĦ½*Ɣğ& MR £Ò&+ƷǦɉ

¡�(��5čŐ%÷Ō�;ĭȌ�
:�ĄɂȐũ)+×�$�(��3��Ąɂƴ)

ƎĄ>�;�5)+ƅ­Áǳ6ƎĄ�(�<,(9��ȰĚ+ĄıƴȘ�ɯƸčƴȘ�ɰ

�ȅ=<;�&�ù�� 

� PWI%Ĩ9<;btn}V&�$+�ɯƸčƴɰȄƉɂ��ɯƸčƴɰȄƅɂ�

�ěîȰȶśɈ('�
;��ǴȄƉɂ relative cerebral blood volumeɯrCBV

ɺml/100gɻɰ+Ēĺ*Ǵǝǧ)È5;ȄǓĞ)��;�ǉ>ǂ�ņű%�ŶĚ*úǴ

Ƶȣ% 4%¼ħ�ŶĚ*Ƴȣ%�*Æ´Ǉğ%
;��ǴȄƅɂ relative cerebral blood 

flowɯrCBFɺml/100g/minɻɰ+ȄǓĞ>Ç�śɈ)ƅ<;ȄƉɂ*ņű%�Ēĺ)�

Ǡ�<;ȿǛ7f\BǙ*ɂ+�*Ȅƅɂ)�ā�;�Ȅƅɂ+Ēĺ>Ȱȶ�;ȄƉ*

ȱğ)�ā��rCBV>MTT%Ɏ�$Ȓǒ�;ɯrCBF=rCBV/MTTɰ�ěîȰȶśɈ

mean transit timeɯMTTɺsecɻɰ+Ǵǝǧ>Ȱȶ�;ȄƉRd}\*ņű%�Õ�Ȅ

ǓĞɯȄƉɂɰ>Ņ#òÔ�ȰȶśɈ�Ƽ�ǝǧ*ŕ�Ȅƅ+ù�(;��
,�Õ�

úǴƵȣ%6ɪȄƅ*ɜð%+ MTT�Ƹčƴ)Ƽ���Ȅƅ*ɜð%+ MTT�Ƹč

ƴ)Ʌ�� 

� c[)��; PWI*ş6ɁȌ(ȺĮƭĲ+İıţǴŮó%
:�Ķğ&ƛƬı

�ɪ��&�ñÜ�<$�;ɺLev 1999�Ueda 1999ɻ�ŃŏģȜƨ«ɯDWIɰ&¯)

PWI>Ŗȅ�$�diffusion-perfusion mismatchɯİıţǴŮó%+ŃŏƬĚð8:6

ƑƅƬĚð�ĝ��&�ù���*lRkXWȼ´ɰ>Ș��;ɼDWIƬĚð+ɗÐȯ

ƴ(Ůó)ɏ;ȼ´ɯO?ɰ%
;��PWI ƬĚð+Ȅƅɂ�����ǝǧ*ŴǱɑ

Ĉ+
;6**�3 Ðȯƴ(Ɲķ%Řţ²Ƒƅ)8;Ůó>Ȯ<;ÐǱı�
;ȼ´

ɯi]zgtɰ%
:�i]zgt>ŊĄ�;�&�%�;ɺHenninger 2007�

Neumann-Haefelin 1999ɻ�İıǴȃȄ%+ MTT�ĠɅ��MTTĠɅð+ rCBV7
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rCBF ƬĚð8:6ĝ�ǔé)āì�ɺKaronen 2000ɻ�MTT �ǿÖ)ĠɅ��ɜð

ɯ4ǅ��ɰ%+�Ðȯƴ(Ůó)ɏ;&�<$�;ɺThijis 2001�Lin 2003ɻ��9

)c[ÄƱ%+ŎĎǦƁƱ7ÃĂƱƂħ*Ƕư²Ʋ*Ʉ¸)6 PWI��Ʀ�<$�;

ɺKim 2017�Bennett 2017ɻ� 

� �*�*ȺĮ&�$ǶưıƮ÷�Ň�9<�ǴǶư%+��)ǃǞǸǶ)��

;ĳığȖœ%Ʀ�9<;�&�ù��ǴǶư)��; PWIō«6��Ǽƴ)+ȲĦ

½*İȱƄ­)8; DSCƂ�ȅ=<$�;�ǴǶư*Ȗœ)��$+ rCBV�rCBF�

MTT* 3#*ǴȄȅÁķbtn}V*�!�ş6ăĄ�$�; rCBV��Ʀ�<;�

&�ù�ɺSmith 2004�Wong 2009ɻ�DSCƂ*Ș�*�Ȣı>¢#�5�Ƅ­ȱğ

injection rateɯIRɰ)ɉ�;ƾǊ�ù�ȅ=<$�;ɺLev 1997�Heiland 2001ɻ�

CT perfusion )��$ȲĦ½d}KƔğ&d}KºȸśɈ*ůȓ)8:şȺ(ƨ«>

Ĩ;)+� 4ml/sec*Ƅ­ȱğ�ĭȌ&��ñÜ�
:�PWI&��$ůȓ�<$�;

ɺIshida 2009ɻ�PWI%+�3ml/sec8:6ȵ�ȱğ%Ƅ­�;&�rCBF�ȶĐȘ�

�<;&��ñÜ�
;ɺvan Osch 2003ɻ�CT/MRIƑƅģȜƨ«HA\tAz 2006 

ɺCT/MRƕƅƨ«ąȥHA\tAzÔÕǑĄĀá�, 2006ɻ%+�CTƑƅƨ«%+Ȳ

Ħ½*Ǥɂ 30-60ml >ǻÁƄ­ä>Ʀ�$ IR 3-5ml/sec�PWI %+ȲĦ½*Ǥɂ

0.1mmol/kg> IR 5ml/sec%Ƅ­��20ml*ƥƣɣôſɯ5ml/secɰ%ħŀ��;*�

Ţ3��&�<$�;��*�5�Ɯƞ)��$6 CT perfusion >ȅ�ɐ) 4ml/sec

*Ƅ­ȱğ%ȲĦ½>Ƅ­�;�5)øɞɖǳ>�Ʀ�$�;�&�ù�ɺKawata 

2006ɻ����(�9�øɞɖǳ>�Ʀ�;ȲĦŕƂ+ǺĞƴ)v}Wz)ąŖ�;*

�ɕ���
3:ŜÎ�$�(�*�ơƝ%
;�����MRI %�Ʀ�;ȲĦ½*

ɂ(0.1	0.2ml/kg)+�CT %�Ʀ�;ɂɯ1	2ml/kgɰ8:6đ(��5�ɞɖǳ%+

(��ų¨Ƶɖǳ�9Ƅ­�%�;ÐǱı�
;�ŤƾǊ*ƶƴ*ɲ#+�ų¨Ƶɖǳ

�9Ƅ­%�;ȲĦ½*ȱğ*ůȗ&�ŶĚ(Ɯ&ƞ* PWI )��; 1ml/sec &

4ml/sec*ȲĦ½Ƅ­ȱğɯIRɰ)8;Ǵ*ȄȅÁķ÷Ã)#�$żȨůȓ�;�&%
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;� 

� ƟÄƱ)��; PWI +Ɯ*ǴŮó%6šƦı�ñÜ�<$�;ɺLu 2013�

Kawata 2006ɻ�¿
$c[*ſɝƯĲǬ%ǴĆÝé*Ƴȣ)��; rCBF*Ƌđ�ñ

Ü�<$�;� ɺZiegelitz 2014�Virhammar 2017ɻ��<6Ɯ)��$ÕŰ*ǟŪ

>ǂ�$�; ɺSchmidt 2017ɻ�c[ǴǶư)��$�rCBV �ǃǞǸǶ*Lw}Z

@zL)šÀ%
;&ȑ=<$�:�ɪLw}\ǃǞǸǶ%+ȄǓŔƥ*õ¿)8;

rCBV*ɪ¥�ñÜ�<$�;ɺSvolos 2013�Sacconi 2006ɻ�����Ɯƞ*ǴǶư

)��; PWI*ñÜ+ǿǬ*ƻ;Ɍ:(�"���*�5�ŤƾǊ* 2#ƶ*ƶƴ+

Ɯƞ*ǴǶư)��; PWI*šƦı>Ș��;�&%
;� 
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5.2� ŶĚ(Ɯ�8.ƞ)��;ȲĦ½Ƅ­ȱğ*ůȓ 

 

5.2.1ťŒ�8.ŕƂ 

 

5.2.1.1.1� �©ąɧ�  

� ş¶)§ĚƜƞÓ 2ɝ)��$�ȰĚ*ƪǩɃɯƜ 22G�ƞ 24Gɰ)$ȲĦ½

Ƅ­*ȱ�ƅȱɯIR 4ml/sec
;�+ 3ml/secɰ)ǭ
9<�ƨ«>Ĩ;�&�%�;

�>ůȓ��� 

 

5.2.1.1.2� Ťąɧ*�șÁƚ 

� ƾǊ)+�§ĚƜ 8ɝɯ6Ÿ 2{Š	8Ÿ 6{Š�ɒ 5ɝ�ɓ 3ɝ��Ɂ 9.4kg

	11.7kgɰ�§Ěƞ 6ɝɯ3Ÿ 11{Š	4Ÿ 5{Š�ɒ 3ɝ�ɓ 3ɝ��Ɂ 2.6kg	4.2kgɰ

>Ʀ����0$*Áƚ)��$�ǼȦ�ůū�ȄƉ|ƥÃĂůū��8.ǃǞĂƴů

ū+ŶĚ%
"��ŤƾǊ+ŗŤƟÄƥßǄĂúĂ*ÁƚąɧĀá��8.ƥß¦ƣĀ

á�*ĽȚɯĽȚƫÒɷ28K-2, S28K-2, 29K-5ɱS29K-5ɰ>Ĩ$ąŖ��� 

 

 

5.2.1.2� ō«ŕƂ 

 

5.2.1.2.1� ɬȾgx[O}v 

� �0$*Áƚ+ůū* 12śɈ¼�9Ǣɣ|Ǣſ&���ų¨Ƶɖǳ) 18	24G

*ƪǩɃ>Ʀ�$ȄǓǀ¢>ȅ��gxjeE}vɯgxjeE}v®�ŗÄĖ�ċĔɰ

>Ɯ% 7mg/kg�ƞ% 10mg/kgɖǳ°Ŀ�)$ɬȾď­>ȅ��žǓWr}f>ňǓħ�

AUevtzɯDRGAz®�kAtzȋȂ�Ũ�ɰɯ2	3 %ɰ�8.ȿǛɯ2.0 l/minɰ

)8;ÚġɬȾ%ǣŅǓƣ>ȅ"��ɬȾ�+�ĖŌž>ȅ��1 æŌžɂ> 10	
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20ml/kg�žȷ°ë 12	16cmH2O�ÞÚŐ 12 æ/min )ȕĄ��Ǔƣ���3���

ƍ> 36	37ğ)ǣŅ��MRIŤ��ē*iueCtvN}Y@zLyAq}ɯ¬Ăǳ

ƃÕţƂ� E881PD�GE Yokogawa Medical System, Japanɰ>Ʀ�$ĬłŐ*o^

VuzL>ȅ"��ɬȾ�+�ȿuzNvƉɯUvtK[®�Yvo�Ũ�ɰɯ5 ml/kg/hrɰ

>ɖǳƗƏ���ɬȾǓƣ�|ȏɀħ)Áƚ)ãɡ+Ț59<(�"��IR 1ml/sec

& 4ml/sec*Ó PWIō«+ş� 72śɈ>��$¸*ŗ)ȅ"�� 

 

5.2.1.2.2� ƑƅģȜƨ«*ō«Ŧ� 

� �0$*Áƚ+ 3.0T*MRIȉǩɯSigna® HDxt GE Healthcare, Tokyoɰ>

Ʀ�$ō«���RFOAv)+ 8Wpz_v* Knee coil>Ʀ�$�Áƚ>�ǹ�)

¢Ą��ɝȼ>OAv°)Ƚǩ���PWI*¼) Conventional MRI*ō«>ȅ"��

Conventional MRI*ō«Ŧ�+��*Ȱ:%
;ɸFast spin echoɯFSEɰƂ T2ģ

Ȝƨ«+Ǩ:ȫ�śɈɯTRɰ/DO}śɈɯTEɰɹ7000/81.6ms�FSEƂ T1ģȜƨ«

�8.ȲĦ T1 ģȜƨ«+ TR/TE/TI=6.8/2.9/920ms��<9*P}MzR+RtAR

Éɹ2.0mm�RtAR gapɹ0.5mm�FOVɹ15 cm	15 cm�k[uKRɹ128	128

)$Ųœ«>ō«���PWIō«+3�ȲĦ½Ƅ­>ȅ=��Pre PWIP}MzR>

șō��ō«ɜð�£Òģğ�8.`AS>ǀȚ���Pre PWI %Ⱥµ(ƨ«>ŋ³

ħ�Õ�ō«ɜð)$ PWIŤō«>ąŖ���Pre�8.Ťō«* PWIō«Ŧ�+�

�*Ȱ:%
;ɸ Gradient echo-echo planer imaging (GRE-EPI)Ƃ�TR/TEɹ2000/32�

RtARÉɹ3.0mm�FOVɹ15 cm	15 cm�k[uKRɹ128	128�NEXɹ1�Pre

ō«%+ Total slice of imagesɹ20�Ťō«%+ Total slice of imagesɹ1000�ø+�

Ȕ&Õ��Ťō«*ȲĦ½)+H\Q?l\ɯFm^RIpz®�Ǐ��¯�Ũ�ɰ>

�Ʀ��Ƅ­)+Ąɂı>¢Ņ�;�5) MRIčĮǻÁƄ­äɯRiK[uR|Ut

uR�aADv�úɊɰ>Ʀ����*ǻÁƄ­ä*ş�Ƅ­ɂ+ 1.3ml%
:�ȰĚ

* MRI ůū%Ŀ��;ȲĦ½Ŀ�ɂ 0.2ml/kg >Ŀ��;)+ş�%6 6.5kg *�Ɂ



  

 86 

�ĭȌ "��®$*ƞ*¤�%��*ş�Ƅ­ɂ)ȸ�(�"��5�ƞ+�ȇɘǉ

Ȓǒɯ�Ɂ kg 2/3	0.1ɹ�ȇɘǉɺmm2ɻɰ%ȲĦ½>Ŀ����PWI ō«ɇÿ 4 ǅ

ħ�9Ɯ% 0.2ml/kgɯ0.1mmol/kgɰ�ƞ% 7.3ml/mm2ɯ3.2mmol/mm2ɰɯ50kg*c[

*�ȇɘǉĤ�:*ȲĦ½ɂ%Ōǒɰ*ȲĦ½>ų¨Ƶɖǳ8: IR 1ml/sec
;�+

4ml/sec%Ŀ���ħ�ƥƣɣôſ 12ml>Õ�*ȱğ%ħŀ�Ƅ­��� 

 

5.2.1.3� ƨ«Z}VȐũ 

� PWIō«)8:Ĩ9<�ƨ«>MRIȉǩ°ȁ*ƨ«ȐũUe[ɯfunctool, GE 

healthcare, Tokyoɰ)$ rCBV�rCBF�8.MTT*Gt}kXg>×Ĺ���Ĩ9

<�Gt}kXg�)±ĥ*ɉĬɜðɯROIɰ>ėÑ*úǴƳȣ�ĻŭŬ�ȎĞ�úǴ

Ƶȣ�Ƈɦ)ȕǩ��Óbtn}V>ȒƎ���ROI>ȕǩ��Óœɘ)��; T2ģ

Ȝƨ«�8.Óbtn}VɯrCBV�rCBF�8.MTTɰ*Gt}kXg>ê 5.1ɯƜɰ�

5.2ɯƞɰ)ǂ���ROI *ú��+ 8.2	27.5mm2*Ŷ±ĥ&��Óȼ�)��$ 5

æ�#ƎĄ���ŤƾǊ%�Ʀ�� MRIŴä%+ĄɂƴȘ�>ąŖ%�(�ɯĄɂƴ

Ș�)ĭȌ(Áǳƅ­ɉŐ*Ŷǀ(ƎĄ�%�(�ɰ�5�®$*btn}VɯrCBV�

rCBF�MTTɰ*ƎĄ¥>úǴƳȣɯƵȣ�Ƴȣɰ)��;�<9*¥%Ɏ���*Ő

¥>ǡȒȐũ)Ʀ�;ƸčƴȘ�ɯĄıƴȘ�ɰƂ>Ʀ��ɺWu 1999ɻ� 

 

5.2.1.4� ǡȒȐũ 

� Ɯ�8.ƞ)��;Óȼ�ɯėÑ*úǴƳȣ�ĻŭŬ�ȎĞ�úǴƵȣ�Ƈɦɰ

*Óbtn}VɯrCBV�rCBF�MTTɰ*�ü¥�8. IQR>ǒ³���IR 1ml/sec

�8. 4ml/sec Ǫ*®$*btn}V)��$�ėÑúǴ* ROI* 2 ǪɈůȓ>ȅ"

��®$*Ɯɯn=8ɰ�8.ƞɯn=6ɰ* IR 1ml/sec& 4ml/secǪ%ƎĄ>ȅ"�®ɜ

ð)��$ėÑ)šĵĘ�Ț59<(�"��5�Ɯ% 16 úǴÆƢɯn=8	2ɰ�ƞ%

12 úǴÆƢɯn=6	2ɰ&�$Ȑũ>ȅ"��®ɜð*btn}V)��$�Ɯ* IR 
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1ml/secǪ& 4ml/secǪ�ƞ* 1ml/secǪ& 4ml/secǪ% 2ǪɈ*żȨůĄ>ȅ"��

�<9®$* 2ǪɈ*šĵĘůĄ+WilcoxonǎÒ�ɛ�àůĄ>Ʀ����0$*ǡ

ȒȐũ+�ǡȒUe[BC?ɯStatcel 4, OMS³ƙ� Ũ�ɰ>Ʀ�$ąŖ��p<0.05

%šĵĘ
:&·Ą��� 

 

 

5.2.2ǟŪ 

 

5.2.2.1� �©ąɧǟŪ�

� Ɯ*ų¨Ƶɖǳ)ƪǩɃ 22G�ƞ%+ƪǩɃ 24G>ȕǩɯÓ 2ɝ�#ɰ��IR 

4ml/sec*ƅȱ%6ƪǩ�ǭ
9<�ƨ«>Ĩ9<;�&>ǀȚ���5�ŤƾǊ%+

IR 1ml/sec& 4ml/sec*żȨ>ȅ��&&����

 

5.2.2.2.� Ɯ)��; IR 1ml/sec�8. 4ml/sec*ƸčƴȘ� 

� IR 1ml/sec�8. 4ml/sec*Ŧ��*ÓƑƅbtn}V)��;úǴƳȣ%Ɏ

��ƸčƴŐ¥ɯÓɜð rCBV/úǴƳȣ rCBV*�ü¥�8. IQR�Óɜð rCBF/ú

ǴƳȣ rCBF*�ü¥�8. IQR�Óɜð MTT/úǴƳȣ MTT*�ü¥�8. IQRɰ

>ȇ 5.1)ǂ�����<* IRǪ*®$*ɜð)��$6ėÑĘ+Ț59<(�"�� 

� IR 1ml/sec�8. 4ml/sec*żȨ>ȅ"�Óbtn}V*�ü¥�8. IQR>

ȇ 5.3)ǂ���IR 4ml/sec)��;Ƈɦ* rCBVɯ3.55ɰ�8. rCBFɯ3.60ɰ+ 1ml/sec

)��;Ƈɦ* rCBVɯ2.55ɰ�8. rCBFɯ2.47ɰ&żȨ�$šĵ)õ¿�$��(�

<�< p=0.049�p=0.01)�3��IR 4ml/sec)��;ȎĞ* rCBVɯ0.99ɰ�8.ú

ǴƵȣ* MTTɯ0.89ɰ+�1ml/sec )��;ȎĞ* rCBVɯ1.02ɰ�8.úǴƵȣ*

MTTɯ0.97ɰ8:šĵ)���$��ɯ�<�< P=0.03�p=0.049ɰ��*�*ɜð)

��$šĵĘ+Ț59<(�"�� 
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5.2.2.3� ƞ)��; IR 1ml/sec�8. 4ml/sec*ƸčƴȘ� 

� IR 1ml/sec�8. 4ml/sec*Ŧ��*ÓƑƅbtn}V)��;úǴƳȣ%Ɏ

��ƸčƴŐ¥>ȇ 5.2)ǂ�����<* IRǪ*®$*ɜð)��$6ėÑĘ+Ț

59<(�"�� 

� IR 1ml/sec�8. 4ml/sec*żȨ>ȅ"�Óbtn}V*�ü¥�8. IQR>

ȇ 5.4)ǂ���IR 4ml/sec)��;ĻŭŬ* rCBFɯ1.58ɰ�ȎĞ* rCBVɯ1.22ɰ�

8.úǴƵȣ* rCBVɯ1.17ɰ+�1ml/sec)��;ĻŭŬ* rCBFɯ1.32ɰ�ȎĞ* rCBV

ɯ1.01ɰ�8.úǴƵȣ* rCBVɯ1.00ɰ&żȨ�$šĵ)ɪ¥%
"�(�<�<

p=0.049�p=0.02�p=0.04)��*�*ɜð)��$šĵĘ+Ț59<(�"�� 

 

 

5.2.3ǫČ 

 

5.2.3.1� ŶĚƜ�8.ƞ)��;ėÑĘ 

� ŤƾǊ%+Ɯ�8.ƞ*Õ�Áƚǈ% IR 1ml/sec& 4ml/sec*Ŧ�>Ʀ��ɐ

)��<�<ėÑÓǴɜð*ƎĄ¥)šĵĘ+Ț59<(�"��c[*ǶưıƭĲ7

ȄǓıƮ÷*Ș�)��;ǴƑƅ*ƸčƴȘ�>ȅ�ɐ)+�Õ¨*Ƴȣ+ɑĈ)8;

ƬĚ¥>ǂ��&�
;�5)�Ʈ÷ȼ�&Ïč¨* NAWM%Ɏ��¥>�Ʀ�;*

��Ǽƴ%
;ɺSvolos 2013aɻ�ŤƾǊ)��;ǟŪ+�ƟÄƱ)��$6c[&Õ

Ű*Ș�Ƃ>�Ʀ%�;�&�ǂâ�<��3��c[)��$�ŶĚǴ%+MTT+

®Ǵ>Ȱ�$12î�&��ƛī�
; ɺĔƧ 2008ɻ�rCBF& rCBV+ż�ɉ¡�

Ĺ:ǌ"$�:�Ƶȣɜð%+ rCBF & rCBV �ɪ��Ƴȣ%+ rCBF & rCBV ��

�ª×)
;�&�ȑ=<$�;� ɺĔƧ 2008�ćí 2003ɻ�ŤƾǊǟŪ8:Ɯ�

8.ƞ)��$6ÕŰ*ª×�
;�&�ǂ�<�� 
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5.2.3.2� ŶĚƜ)��; IR*żȨ 

� Ɯ)��; IR 1m/sec&żȨ�$ 4ml/sec*Ƈɦ)��; rCBV& rCBF)š

ĵ(õ¿�Ț59<��ƞ)��$6šĵĘ+(���4ml/sec*Ƈɦ)��; rCBV

& rCBF+ 1ml/sec*¥8:6ɪ¥>ǂ�$���Ƈɦ+ȃȄ)č�$ǲĢ%
;�&

�ȑ=<$�:ɺɭĕ 2006ɻ��*Ǵǝǧ)ż0$Ƈɦ*Ȅƅ�ȟċ%
;�&�ɉ

ȳ�$�;&ǫ
9<��3��ȎĞ* rCBV �8.úǴƵȣ* MTT + IR 1ml/sec

&żȨ�$ 4ml/sec%šĵ(Ƌđ�Ț59<��rCBF7 rCBV+��ƅȱ* IR)ż

0$ɪƅȱ%+ȲĦ½�ǝǧ)ºƹħİƓ)ǌ!��;d}KśɈ*țĘ)8:ȶĐ

Ș��<;ÐǱı�
;�&�ñÜ�<$�:ɺSmith 2004�Wong 2009ɻ��*Ħɚ

6ǫ
9<;�����*òÔ)+�*�*ȼ�)6Ħɚ�³;ÐǱı�ɪ��ȎĞ*

rCBV +úǴƳȣ)č�;ȎĞ*żƠ>Ș��$�;*%��ƅȱ* IR &żȨ�$ɫ

ƅȱ*òÔ)+ȎĞ)č�;úǴƳȣ*Ƒƅ�õ¿��ÐǱı6ǫ
9<;�3��

MTT+ǝǧȃȄ%+ɗĚ)Ʌ�(;�&�ñÜ�<$�:ɺWong 2016ɻ�MTT�Ƽ

�(;&ȑ��&+�*ȼ�*Ƒƅõ¿>ơ�$�;�Ɯ)��$�šĵĘ+³$�(

���ȎĞ�ø*ȼ�%+ 1ml/sec &żȨ�$®�ƴ) 4ml/sec *ŕ� MTT +���

�Ǽƴ)+úǴƵȣ*ŕ�Ƴȣ8:6ȄǓĞ�ȟċ%ɫƑƅ%
;�&&ɉȳ�$�

;ÐǱı�
;� 

 

5.2.3.3� ŶĚƞ)��; IR*żȨ 

� ƞ)��$+�IR 1m/s &żȨ�$ 4ml/s *ĻŭŬ* rCBF�ȎĞ&úǴƵȣ

* rCBV %šĵ(�ř�Ț59<��ŤƾǊ)��$ƞ* rCBF & rCBV +Ɯ)ż0

$®�ƴ)�¥>ǂ�$�;�ƞ*ǴȄǓ+ɗĚ)ǜ��5)�ǴƑƅ>ŉ
)��Ð

Ǳı�
;�c[)��$ PWI ō«ś* IR *ȹ�)8"$�Ʈ÷�ȶĐȘ��<$

�3�&���&�ñÜ�<$�:ɺIshida 2009ɻ��ƅȱ* IR8:6 5ml/sec*ɫ
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ƅȱ* IR �Ŋý�<$�;�ƞ%+đ(�ǴƑƅ> IR >ȱ��;�&%Ȋ��Ʈ÷

*ȶĐȘ�>ɋ��&�ÐǱ&(;*%+(��&ǫ
9<�� 

 

� şħ)�ŤƾǊ%+ų¨Ƶɖǳ>�Ʀ�$�Ɯ% 22G�ƞ% 24G*ƪǩɃ>Ʀ

�$ 4ml/sec*Ƅ­ȱğ)8;ō«�ÐǱ%
"���<+ƟÄƱ)��$ MRI>ō

«�;ɐ)�Ǽƴ)ƪǩ>ǀ¢�;ų¨Ƶɖǳ>Ʀ�$6Å´ůū%�;�&>ǂâ

�$�;� 
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5.3� ǴǶưƯ�)��;ůȓ 

 

5.3.1ťŒ�8.ŕƂ 

 

5.3.1.1� �șÁƚ 

� ŤƾǊ)+�ŗŤƟÄƥßǄĂúĂÁƚÄƱTzV}) 2011Ĝ 6Š	2019Ĝ

9 Š*Ɉ)ǃǞƯƝ>Û�$ŧɍ�� 40 ɝɯƜ 31 ɝ�ƞ 9 ɝɰ>Ʀ��ɯȇ 1.1ɰ�

®$*Ư�+�ǼȦ�ůū�ȄƉůū�ǃǞĂƴůū�X Ǧůū>ȅ��MRI ůū)

$ɝȀ°)Ʈ÷>ǀȚ�$�;��*ħøǄļȆ>ȅ��Ʈƣǝǧůū)$Ƕư*Ȗœ

>Ĩ$�;�ŤƾǊ)Ĥ�"$+ retrospective (ƨ«ȐũƾǊ*�5�ąɧÁƚ¦ƣ

Āá��8.ÁƚÄƱTzV}¦ƣĀá�*ĽȚ+ĭȌ&�<$�(�����(�9ɱ

®$*ƜƞĲǬ*ɤ��+�ÁƚÄƱTzV}¶Ȗś)ůūZ}Vǐ>ƾǊ)Ʀ�;�

&>Şɘ)$ĽȞ�$�;� 

 

 

5.3.1.2� ō«ŕƂ 

 

5.3.1.2.1� ɬȾgx[O}v 

� �0$*ĲǬ%ůū* 12śɈ¼�9Ǣɣ|Ǣſ&���ų¨Ƶɖǳ) 18	24G

*ƪǩɃ>Ʀ�$ȄǓǀ¢>ȅ��gxjeE}vɯgxjeE}v®�ŗÄĖ�ċĔɰ

7mg/kg*ɖǳ°Ŀ�)$ɬȾď­>ȅ��žǓWr}f>ňǓħ�AUevtzɯD

RGAz®�kAtzȋȂ�Ũ�ɰɯ2	3%ɰ�8.ȿǛɯ2 l/minɰ)8;ÚġɬȾ%

ǣŅǓƣ>ȅ"��ɬȾ�+�ĖŌž>ȅ��1 æŌžɂ> 10	20ml/kg�žȷ°ë

12	16cmH2O�ÞÚŐ 12 æ/min )ȕĄ��Ǔƣ���ɬȾ�+ĬłŐ�ÁǳȄȿǛ

ɥàğɯSpO2ɰ*o^VuzL>ȅ���ȿuzNvƉɯUvtK[®�Yvo�Ũ�ɰ
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ɯ5ml/kg/hrɰ>ɖǳƗƏ��� 

 

 

5.3.1.2.2� PWI*ō«Ŧ� 

� �0$*Áƚ+ 3.0T*MRIȉǩɯSigna® HDxt GE Healthcare, Tokyoɰ>

Ʀ�$ō«���RFOAv)+ 8Wpz_v* Knee coil>Ʀ�$�Áƚ>�ǹ�)

¢Ą��ɝȼ>OAv°)Ƚǩ���PWI*¼) Conventional MRI*ō«>ȅ"��

Conventional MRI*ō«Ŧ�+��*Ȱ:%
;ɸFast spin echoɯFSEɰƂ T2ģ

Ȝƨ«+Ǩ:ȫ�śɈɯTRɰ/DO}śɈɯTEɰɹ7000/81.6ms�FSEƂ T1ģȜƨ«

�8.ȲĦ T1 ģȜƨ«+ TR/TE/TI=6.8/2.9/920ms��<9*P}MzR+RtAR

Éɹ2.0mm�RtAR gapɹ0.5mm�FOVɹ15 cm	15 cm�k[uKRɹ128	128

)$Ųœ«>ō«���PWIō«+3�ȲĦ½Ƅ­>ȅ=��Pre PWIP}MzR>

șō��ō«ɜð�£Òģğ�8.`AS>ǀȚ���Pre PWI %Ⱥµ(ƨ«>ŋ³

ħ�Õ�ō«ɜð)$ PWIŤō«>ąŖ���Pre�8.Ťō«* PWIō«Ŧ�+�

�*Ȱ:%
;ɸ Gradient echo-echo planer imaging (GRE-EPI)Ƃ�TR/TEɹ2000/32�

RtARÉɹ3.0mm�FOVɹ15 cm	15 cm�k[uKRɹ128	128�NEXɹ1�Pre

ō«%+ Total slice of imagesɹ20�Ťō«%+ Total slice of imagesɹ1000�ø+�

Ȕ&Õ��Ťō«*ȲĦ½)+H\Q?l\ɯFm^RIpz®�Ǐ��¯�Ũ�ɰ>

�Ʀ��Ƅ­)+Ąɂı>¢Ņ�;�5) MRIčĮǻÁƄ­äɯRiK[uR|Ut

uR�aADv�úɊɰ>Ʀ����*ǻÁƄ­ä*ş�Ƅ­ɂ+ 1.3ml%
:�ȰĚ

* MRI ůū%Ŀ��;ȲĦ½Ŀ�ɂ 0.2ml/kg >Ŀ��;)+ş�%6 6.5kg *�Ɂ

�ĭȌ "��®$*ƞ*¤�%��*ş�Ƅ­ɂ)ȸ�(�"��5�ƞ+�ȇɘǉ

Ȓǒɯ�Ɂ kg 2/3	0.1ɹ�ȇɘǉɺmm2ɻɰ%ȲĦ½>Ŀ����PWI ō«ɇÿ 4 ǅ

ħ�9Ɯ% 0.2ml/kgɯ0.1mmol/kgɰ�ƞ% 7.3ml/mm2ɯ3.2mmol/mm2ɰɯ50kg*c[

*�ȇɘǉĤ�:*ȲĦ½ɂ%Ōǒɰ*ȲĦ½>ų¨Ƶɖǳ8: IR 1ml/sec
;�+
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4ml/sec%Ŀ���ħ�ƥƣɣôſ 12ml>Õ�*ȱğ%ħŀ�Ƅ­��� 

 

 

5.3.1.3� ƨ«Z}VȐũ 

� PWI ō«)8:Ĩ9<�ƨ«> MRI ȉǩ°ȁ*ƨ«ȐũUe[)$ rCBV�

rCBF�8.MTT*Gt}kXg>×Ĺ���Ĩ�<�Gt}kXg) ROI>ÍƘƨ

«&�$ T2ģȜƨ«
;�+ȲĦ T1ģȜƨ«>�Ʀ�$Ƕư°ɯsmall ROI & large 

ROIɰ�8.ǶưÝé�NAWM)ȕǩ��Óbtn}V>ȒƎ��ɯê 5.3ɰ�Ƕư°

*ƎĄ)��$�Ś9�(öŹ�åǰ�³Ȅ�ƽƖÃ+ÐǱ(Ɍ:Ȼ��ǶưÝé+Ȳ

Ħ½%õģ�<;Ƕưk}Qz*ø 1 ~�°*ɜð)Ʀļ%Ƚǩ���ROI *ú��

+ 10.6	142.8mm2*Ŷ±ĥ&��Óȼ�)��$ 5 æ�#ƎĄ���Ƹčƴ rCBV

ż�rCBFż�MTTż+ NAWM�9Ĩ� NAWM-rCBV�NAWM-rCBF�NAWM-MTT%Ɏ

��¥>Ʀ��ǒ³��� 

 

5.3.1.4� ǡȒȐũ 

� Ƕư°ɯsmall ROI & large ROIɰ�8.ǶưÝé�Ïč¨*úǴƳȣ)��

;Óbtn}VɯrCBV�rCBF�MTTɰ*�ü¥�8. IQR>ǒ³���ÓƯ�)�

�;Ƕư°* small ROI& large ROI*żȨ)+Mann-Whitney UůĄ>Ʀ����

0$*ǡȒȐũ+�ǡȒUe[BC?ɯStatcel 4, OMS³ƙ� Ũ�ɰ>Ʀ�$ąŖ��

p<0.05%šĵĘ
:&·Ą��� 

 

 

5.3.2ǟŪ 

� ®ǴǶưƯ�*�!�PWI>ąŖ��Ư�>ȇ 5.5)ǂ��Ư� 20�21�22�

23�24�27�31�38�39�40*Ȓ 10��Ɯ 7ɝ�ƞ 3ɝ "��ɒ 7ɝ�ɓ 3ɝ�
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ěîĜɮ+ 11Ÿ 11{Š%
"��ɩǷǶ+ 7�ɯǆȅı 5��ɩǷ�Ƶı 1��ɠ

ǘǜǰı 1�ɰ�ǝǧƢıǮǶ 1��ǃǞǸǶ 2�ɯȭĥĹęǋȤǸǜǰǶ 1��Êÿ

ǃǞøǯǾǶưɯPNETɰ1 �ɰ%
"��IR + 1ml/sec � 8 �ɯƯ� 26�27�28�

29�30�31�32�35ɰ�4ml/sec� 2�ɯƯ� 39�40ɰ%
"�� 

 

5.3.2.1� Ƕư°* rCBV�rCBF�MTT 

� ÓǶư)��;Ƕư°ɯsmall ROI& large ROIɰ*Óbtn}V*ƸčƴŐ

¥ɯrCBVżɷrCBV/NAWM-rCBV�rCBFżɷrCBF/NAWM-rCBF�MTTżɷMTT/NAWM-MTTɰ

*�ü¥�8. IQR 
;�+ 1 �*òÔ+�*Ƹč¥>ȇ 5.6 )ǂ���Ƕư°*

small ROI& large ROI*Óbtn}V*ƸčƴŐ¥>żȨůȓ��®$*Ư�%šĵ

Ę+Ț59<(�"�� 

� IR 1ml/sec>ȅ"�ɩǷǶ*Ư�+ 6�
:�small ROI�8. large ROI*

rCBVż�rCBFż+ 4ml/sec* 1�8:6�¥>ǂ���3��ǃǞǸǶ*Ư�+Ó

IR% 1��#%
:�1ml/sec*Ư�* small ROI�8. large ROI* rCBVż�rCBF

ż+ 4ml/sec8:6�¥>ǂ���ǝǧƢıǮǶ*Ư�+ IR 1ml/sec* 1�*4%


:�small ROI�8. large ROI* rCBVż�rCBFż+ 1ml/sec*�%ş6�¥>ǂ

���MTTż+®$*Ƕư)��$ú�(Ę+ȍ9<$�(�� 

 

5.3.2.2� ǶưÝé* rCBV�rCBF�MTT 

� ÓǶư)��;ǶưÝé*Óbtn}V*ƸčƴŐ¥ɯrCBV ż�rCBF ż�

MTTżɰ*�ü¥�8. IQR
;�+ 1�*òÔ+�*Ƹč¥>ȇ 5.6)ǂ��� 

� IR 1ml/sec>ȅ"� 6�*ɩǷǶƯ�* rCBVż�8. rCBFż+®$*Ƕư

*�%ş6�¥>ǂ���IR 4ml/sec>ȅ"�ɩǷǶ*Ư�+ 1�%
:�rCBVż�

8. rCBF ż+®$*Ư�*�%ş6ɪ¥>ǂ���ǝǧƢıǮǶ*Ư�ɯIR 1ml/s

* 1 �*4ɰ* rCBV ż�8. rCBF ż+ 4ml/sec *ɩǷǶ*Ư�8:6�¥>ǂ�
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���ǃǞǸǶ*Ư�ɯIR 1ml/sec�4ml/secɰ8:6ɪ¥>ǂ���MTTż+®$*

Ƕư)��$ú�(Ę+ȍ9<$�(�� 

 

 

5.3.3ǫČ 

 

5.3.3.1� Ƕư°*ǴƑƅ 

� DWI7 DTI&ÕŰ�PWI)��$6Ƕư°)ȕǩ�; ROI*ú��*ůȓ>

ȅ"������PWI)��$+'*Ƕư*ÓƯ�)��$6 large ROI& small ROI

*Ɉ)šĵĘ+Ț59<(�"���*�5�ÍƘƨ«&�$ T2 ģȜƨ«7ȲĦ T1

ģȜƨ«%Ś9�(åǰ7³Ȅ�öŹɜð>Ȼ�$ ROI >ȕǩ�;�&�%�<,�

PWIȘ�)��$+Ƕư°*ROI*ȕǩ+'!9*ŕƂɯsmall ROI�8. large ROIɰ

6�Ʀ%�;&ǫ
9<�� 

 

� PWI +�ÄƱ)��$ǃǞǸǶ*Lw}Z@zL)šƦ%
;&��ñÜ�

ù�āì�;ɺLee 2014�Tsougos 2012ɻ�ǃǞǸǶ+ Conventional MRI%ȲĦ�<

(�6*�ǽı%�uzLƝ*ȲĦõģ>ǂ�6*�ĳı*ÐǱı�ɪ��&�ȑ=<

$�; ɺYoung 2011ɻ�����ȲĦ�<(�Ƕư*�! 15	45%+ĳı%
:��

*Ș�Ƃ)+ɌƩ�
;�&6ñÜ�<$�;ɺMihara 1995ɻ��*�5�

Conventional MRI �%(��PWI6��$Ș��;ĭȌı�ǂ�<$�:�ɪLw

}\*ǃǞǸǶ1' rCBV�õ¿�;�&�ñÜ�<$�;ɺLee 2014ɻ�3��ȲĦ

õģȼ�+ rCBV �ɗȲĦȼ�8:6šĵ)ɪ��&6ȑ=<$�;ɺDi Stefano 

2014ɻ��<+ǃǞǸǶ*ĳığ*ņű*�#&�$ǶưȄǓĞ*õ¿�
:ɺSaito 

2012ɻ�rCBV+ǃǞǸǶ°*ǜǰĊğ&ĪĐȄǓĊğ*�ŕ)Ƹɉ�;�&)Ȥç�

;&ñÜ�<$�;ɺSadeghi 2008ɻ�����ɪLw}\*ǃǞǸǶ%+ rCBV�ǜ
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ǰõź&Ƹɉ�;��rCBV&ǶưǜǰĊğ&*Ƹɉ+ǀȚ%�(�&��ñÜ6
;

ɺPrice 2011ɻ�c[)��;Ƕư°* rCBVżɯIR 5ml/secɰ+�Lw}\ǃǞǸǶ

% 2.32	3.66�ɪLw}\ǃǞǸǶ% 6.33	7.14�ȧǆƮ÷+ 4.45&�ɪ� rCBVż

+ɪLw}\*ǃǞǸǶ*ÐǱı�ɪ��&�ñÜ�<$�;ɺCalli 2006�Svolos 

2013aɻ�ŤƾǊ*ǃǞǸǶ*Ư�+ 2 �&6ɫLw}\ǃǞǸǶ)ē��IR 1ml/sec

*Ư�* rCBVż* small ROI+ 1.64�large ROI+ 1.83�rCBFż* small ROI+

1.74�large ROI+ 1.83�4m/sec* rCBVż* small ROI+ 4.13�large ROI+ 4.57�

rCBFż* small ROI+ 4.56�large ROI+ 4.83%
:�IR4ml/sec*Ư�+ 1ml/sec

8:6ɪ¥>ǂ���3�ɩǷǶ*Ư�+®$ǽıǶư)ē��IR 1ml/sec *Ư�*

rCBVż* small ROI+ 2.34�large ROI+ 2.11�rCBFż* small ROI+ 1.77�large 

ROI+ 1.94�4m/sec* rCBVż* small ROI+ 4.13�large ROI+ 3.94�rCBFż*

small ROI+ 4.25�large ROI+ 4.16%
:�IR4ml/sec*Ư�+ 1ml/sec8:6ɪ

¥>ǂ����<9*ǟŪ�9�ƅȱ* IR%+Ʈ÷�ȶĐȘ��<;ÐǱı�ǫ
9

<��c[)��;�*ñÜ%+�Ƕư°* rCBVż+ȧǆƮ÷% 8.92�03.61�ɪL

w}\ǃǞǸǶ% 10.95�6.55�ɗĄïɩǷǶ% 8.85�4.40%��<9*ǶưɈ%+š

ĵĘ+ȍ9<$�(� ɺSvolos 2013bɻ�ŤƾǊ)��; 4ml/sec*ɩǷǶ&ǃǞǸǶ

Ư�* rCBVż�rCBFż+Õ�8�(¥>ǂ�$�:�c[)��;ǟŪ&ɢ��;�

ŤƾǊ*ǝǧƢıǮǶ*Ư�ɯ1ml/secɰ+®$*Ư�*�%6ş6�¥>ǂ����

ǝǧƢıǮǶ*Ư�+c[)��; PWI*ñÜ�(��5)·œ+ɕ�������

c[)��;ǟŪ+ 4	5ml/sec* IR>�Ʀ�$�;��ŤƾǊ* 4ml/sec*Ư�+c

[*¥8:6®�ƴ)�¥>ǂ�$�;��<+c[*Ǵ&ż0Ɯƞ*ǴȄǓ+ǜ��

5)ǴƑƅɂ� PWI%+ŉ
)��ÐǱı�ǫ
9<�� 

 

5.3.3.2� ǶưÝé*ǴƑƅ 

� ǶưÝé* rCBV+c[)��$�Lw}\ǃǞǸǶ% 0.96�0.36�ɪLw}
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\ǃǞǸǶ% 2.67�1.06�ɩǷǶ% 0.98�0.33&��ñÜɺSvolos 2013aɻ7�¸*

ñÜ%+ǶưÝé* rCBV+ȧǆƮ÷% 1.23�0.38�ɪLw}\ǃǞǸǶ% 1.81�0.99�

ɩǷǶ% 1.35�0.31%
:�ɪLw}\*ǃǞǸǶ* rCBV ż+ɪ¥>ǂ�&ȑ=<

$�;ɺSvolos 2013bɻ��<+ɪLw}\*ǃǞǸǶ+Ƕưǻ��ɗĚ)ȄǓŔƥ�

ģ��ǶưÝé%+ąȣƮ÷)6ȄƉ>�Ǡ�;�5�
;�+Ƕư*ƈƒ)8:ȄǓ

�Ǡ�õ
;�5&ȑ=<$�;ɺLehmann 2009ɻ�ȯ)ǚǗ(ȄǓÊıƆǶ ��

Ȥ�;�Ǽƴ)+ɗƈƒıǶư&ȑ=<$�;ɩǷǶ%+�»Ɍ�<�ĉǉ°)��;

Ɖ�Ɣğ*õ¿ɯ#3:ƆǶɰ)8:Ēĺ*ȄƉɂƋđ�Ȥ�;&ȑ=<$�;

ɺUematsu 2003ɻ�ŤƾǊ)��;ǃǞǸǶ*Ư�+ 2�&6ɪLw}\%
"���

rCBVż� 1.06�8. 0.93�rCBFż� 1.1�8. 1.25%
:�c[*ǟŪ8:6ɗ

Ě)�¥>ǂ���3��IR 1ml/sec�8. 4ml/sec)ú�(Ę+(�"��3��ɩ

ǷǶ* IR 1ml/sec Ư�)��$+ rCBV ż�8. rCBF ż+ 0.73 &ɗĚ)���

4ml/sec*Ư�+ rCBVż� 2.03�rCBFż� 2.40%
:�1ml/sec+ȶĐȘ��<;

ÐǱı6ǫ
9<;�����4ml/sec*ɩǷǶÝé+ɪLw}\*ǃǞǸǶÝé8:

6ɪ¥>ǂ�$�:�4ml/sec *ŕ�ȶúȘ��<�ÐǱı6ØĄ%�(��3��

rCBV& rCBF+¼Ȭ��8�)úǴƳȣ8:6úǴƵȣ%ɪ¥�ǂ��&�9�ɩǷ

Ƕ+ƿǷ°ɩø8:Ʋƥ�;�5)ǶưÝéɜð+úǴƵȣ%
:�ǃǞǸǶ+Ǵąȣ

°8:Ʋƥ�;�5)ǶưÝé+Ƴȣɜð*ÐǱı�ɪ���*�5ɩǷǶ*ǶưÝé

* rCBV ż& rCBF ż�ɪ¥>ǂ��ÐǱı6ǫ
9<;������<+c[*Ǵ

Ƕư)��$6ÕŰ%
:�c[* PWI*ǟŪ%+�Lw}\*ǃǞǸǶ&ɩǷǶ*

ǶưÝé* rCBV+ú�(Ę+(��ŤƾǊ%+ǃǞǸǶ*Ư�Ő�đ(��5)��

ħƯ�Ő>õ7�$ůȓ�;ĭȌ�
;&į=<;� 

� 3���ÄƱ)��$ǴǶư*Ș�)+ DSCƂ% rCBV��ASLƂ%+ rCBF

>Ʀ�$Ș��<;�&�ù��MTT +6"-9ǴŮó*Ș�)�Ʀ�<$�;�Ť

ƾǊ)��$ǴǶư*Ƕư°�8.ǶưÝé* MTT +Ƕư*ǈɢ7 IR *ȹ�)8"
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$ú�(Ę+Ț59<��c[&ÕŰǴǶư*Ș�)+Ⱥµ%+(�&ǫ
9<�� 

 

� ŤƾǊ)��;»Ɍ+ǴǶư*Ư�Ő�ɗĚ)đ(��%
;��*ō«Ƃ&

ż0;&ō«śɈ�Ʌ��ƛ) 4ml/sec* IR*òÔ)+ǴǶư*ǺĞ�%+Ƅ­ś)

ƪǩ�9Ɛ<;�Ƞ�ù�Ț59<�Ư�Ő*ǀ¢�èɕ%
"��Ɯ)��$ IR*

ůȓ>ȅ"�ȝő%+�11kg��*ŶĚƜ%+Ŀ�ȱğ 3ml/sec�ȲĦ½ɂ 0.1mol/kg

�ÐǱ ��11kg ��*ŶĚƜ%+ 1.5ml/sec�0.2ml/kg *Ŀ�ȱğ&Ŀ�ɂ%�Ʀ

%�;Ƒƅƨ«�Ĩ9<��&>ñÜ�$�;ɺStadler 2017ɻ�ŤƾǊ%6ŶĚƜ)

��$+ 1ml/sec* IR%�Ʀ%�;ƨ«>Ĩ;�&+%����ǶưƯ�)��$+

c[&ÕŰȶĐȘ��<;ÐǱı�
"������c[)��; CT/MRƑƅƨ«ą

ȥHA\tAz 2006 % 3ml/sec Ǉğ* IR %
<,Ȑũ+%�;&Ȕȩ�<$�:

ɯHeiland 2001ɰ�3ml/sec* IR*ǴǶưƯ�*ůȓ6�ħ+ĭȌ&į=<;� 

 

� �æ+ DSC Ƃ)8;ǴƑƅ*Ș�>ȅ"���ASL Ƃ+ȲĦ½Ƅ­>ĭȌ&

�(��5)�?wvJ}ÏĮ)8;¾×Ʀ�(���ÄƱ)��$ɟƦ�<##
;�

3� DSC Ƃ&*żȨ)��$6ɪ�Ƹɉ>ǂ��&�ñÜ�<$�;ɺMa 2017�

Bisdas 2009ɻ�ŤƾǊ*�©ąɧ&�$đŐ*Ɯ&ƞ>Ʀ�� ASLƂ*ō«>ș4�

��Ɯ%+ PWI>ŋ³%����ƞ%+�3�ŋ³%�(�"���*�5�æ+ DSC

Ƃ*4*ůȓ>ȅ"��ȲĦ½>�Ʀ�(�% PWI>Ĩ;�&�%�<,�ȲĦ½)

8;¾×Ʀ7Ƅ­ȱğ>ǣŅ�;�5)û�ƪǩ*ȕǩ('>ǫĸ�;�&(�ō«

�;�&�%�;8�)(;��ħ+ ASLƂ*ō«ŕƂ6Ù5ƾǊȅ��%�PWI*

ĝ�ŜÎ)#(�;ÐǱı�
;&ǫ
9<�� 
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5.4Đń 

ɲɰŶĚƜƞ*úǴ)��;ÓƑƅbtn}V)ėÑĘ�ȍ9<(�"��5�ǴƑƅ

*ĄıƴȘ�>ȅ�ɐ)+�c[&ÕŰ NAWM%Ɏ��Ƹč¥>�Ʀ%�;&ǫ
9

<�� 

ɳɰŶĚƜƞ)��$ų¨Ƶɖǳ)Ɯ% 22G�ƞ% 24G*ƪǩɃ>Ʀ�$�IR4ml/sec

)8;ō«�ÐǱ%
"�� 

ɴɰǴǶưƯ�*Ƕư°)��$ rCBVż& rCBFż+ IR 1ml/sec8:6 4ml/sec%

ɪ¥>ǂ��IR�ȵ�&Ʈ÷>ȶĐȘ��;ÐǱı�ǂâ�<�� 

ɵɰMTT +Ƕư°�8.ǶưÝé*�ŕ)��$ǴǶư*Ș�)+Ⱥµ%+(�&ǫ


9<�� 
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® 5.3� �C�·C�´ÄnÇ16ÅÄe§�²"½ !�jXÅ 

ºV rCBV rCBF MTT 
1ml/s 4ml/s 1ml/s 4ml/s 1ml/s 4ml/s 

y�� rfX

ÄIQRÅ 

1.29 

(0.92-1.69) 

1.15 

(0.90-1.83) 

1.36 

(1.02-1.98) 

1.19 

(1.05-1.93) 

0.96 

(0.87-1.12) 

0.94 

(0.79-1.10) 

PX 0.61 0.76 0.64 

¯q rfX

ÄIQRÅ 

1.02 

(0.92-1.10) 

0.99 

(0.75-1.06) 

1.16 

(1.05-1.28) 

1.03 

(0.84-1.24) 

0.87 

(0.82-0.93) 

0.90 

(0.77-0.95) 

PX 0.03* 0.12 0.90 

e§�² rfX

ÄIQRÅ 

2.65 

(2.26-2.97) 

2.72 

(2.02-3.02) 

2.42 

(2.29-3.28) 

2.88 

(2.35-3.44) 

0.97 

(0.88-1.04) 

0.89 

(0.84-0.94) 

PX 0.33 0.35 0.049* 

�Á 

 

rfX

ÄIQRÅ 

2.55 

(2.09-2.83) 

3.55 

(2.48-4.00) 

2.47 

(2.30-2.54) 

3.60 

(2.68-4.56) 

0.94 

(0.92-1.04) 

0.93 

(0.88-0.94) 

PX 0.049* 0.01* 0.38 

���.Æ�j�§¬�»2���
Æ�j�§¬�»2���Æob¶¹~¼2��Æ¸u^zT·r2�	Æ��Yl��Æ�wl�*�

® 5.4� �C�·�´Än=12ÅÄe§�²"½ !�jXÅ 

ºV rCBV rCBF MTT 

1ml/s 4ml/s 1ml/s 4ml/s 1ml/s 4ml/s 

y�� rfX

ÄIQRÅ 

1.56 

(1.09-1.65) 

1.42 

(1.27-1.75) 

1.32 

(1.14-1.52) 

1.58 

(1.44-1.68) 

1.06 

(1.01-1.11) 

0.96 

(0.90-1.08) 

PX 0.18 0.049* 0.39 

¯q rfX

ÄIQRÅ 

1.01 

(0.96-1.07) 

1.22 

(0.93-1.26) 

1.12 

(1.10-1.19) 

1.17 

(1.08-1.31) 

0.90 

(0.84-0.96) 

0.96 

(0.92-1.04) 

PX 0.02* 0.75 0.18 

e§�² rfX

ÄIQRÅ 

1.00 

(0.72-1.16) 

1.17 

(1.03-1.37) 

1.02 

(0.88-1.12) 

1.23 

(1.03-1.37) 

0.93 

(0.86-1.06) 

1.00 

(0.94-1.05) 

PX 0.04* 0.059 0.53 

�Á 

 

rfX

ÄIQRÅ 

1.60 

(1,41-2.04) 

1.96 

(1.76-2.07) 

1.49 

(1.19-1.82) 

1.77 

(1.63-1.97) 

1.06 

(1.01-1.11) 

1.07 

(1.02-1.11) 

PX 0.14 0.18 0.69 

���.Æ�j�§¬�»2���
Æ�j�§¬�»2���Æob¶¹~¼2��Æ¸u^zT·r2�	Æ��Yl��Æ�wl�*�
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�

a �	�� �n�B��+��AJHR8C`�hºV�

k�F �� s±�Z2���. F;D2���
 F;D2��� F;D�`�hºVI[tC �*�

"� !�`AJHR8D �*� CV£(e��Ic5+�#$��h"�+��

rCBVÆ�j�§¬�»2rCBFÆ�j�§¬�»2MTTÆob¶¹~¼�
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�

a �	�� �n�B��+��AJHR8C`�hºV�

k�F �� s±�Z2���. F;D2���
 F;D2��� F;D�`�hºVI[tC �*�

"� !�`AJHR8D �*� CV£(e��Ic5+�#$��h"�+��

rCBVÆ�j�§¬�»2rCBFÆ�j�§¬�»2MTTÆob¶¹~¼� �
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® 5.5� PWI{ZIi} !§¨��WC��2pÃ2v]2¨��À 

 
 
�W �� \°~pÃ  v] �� ¢°| 

20* G?:I-ÈV;OS 13� 7P� 1 �­vÂ©¨ 

21* R/;=JO>QRRD>;3 13� 1P� � �­vÂ©¨ 

22* RRQTR 11� 7P� 1 ¿��¦vÂ©¨ 

23* @RBMROQ<K- 10� 11P� 1cast  ¢�v¤¨ 

24* ./LRIQ4R1RQEOCNRO 13� 2P� 1 Â©S�vÂ©¨ 

27* BMO:QCL>;3 7� 5P� 1cast µtxvm�³ª�¦¨ 

31** ¾�� 11� �spay �­vÂ©¨ 

     

�W �� \°~pÃ  v] �� ¢°| 

38* ¾�� 12� 1P� � �­vÂ©¨ 

39* ¾�� 14� 6P� 1cast �­vÂ©¨ 

40** ¾�� 12� 1P� 1 _g�¡d¥«¨�ÄPNETÅ 

* : 1ml/sec�W2** : 4ml/sec�W 
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� 5.34ROI�+'�' 


 4)$�2small ROI� large ROI3����
��2rCBV�rCBF�MTT3�

���	�����4)$������	����/�� T2�,#��� 4���

� NAWM����	����/�� T2�,#� 

rCBV4&�%(*"0�rCBF4&�%(*!0�MTT4��-.�1 
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Ɗ 6Ɖ 

 

Ɯč 

 

 

� ĩŻƆ'Ŗř&ƫƬū%
�:Ƿ�ǀŰǉěŃ"� MRI ŕĽĖ�&ĦŢĀ

>Ǌ��:�">ųŰ"� �ČęóǌŤ�ȆDWIȇ�ČęTjPgŤ�ȆDTIȇ�MR

M`HViMK^lȆMRSȇ
7+ŐŅóǌŤ�ȆPWIȇ&ĵǇ>ƺ��	Ĥǘá¦

ŔƱï%
� MRI&ģ­%79ƫƬū&Ū��Î¤����9��&łŭ%Ǯ� 

4§ÖŭŃ��!$��ǽúǪ>Ţ��ÑƂŭŃ5ĘàƝłŭ>ƺ�w&!
:Ğǈ4

Î	 
 �:	§ÖŭŃ5ĘàƝłŭ>ÙĞ�:%ô�9�Ƭū&ƅǾ>ŕØ�:�

"�!
:"łŭ%ß�:¥Į&ēō5v÷�Ø4±Ʀ"$:	����ŜĢœ!'Ƭ

ū&ƅǾ&ŕØ%'ũŞƕƟÖŰǊ��p±Ĺ!�9��&�3%'ÑƂŰłŭ�:�

'ÑƂŰ$ĊŃ>Ţ��ƫŠĵ>�ƺ�:ýǁ��:	���ǐŢ5fMH&Ǹ�8�

;8�Àǵ$Ū�0�'êħ�$�ǿ�t�ĚÒ�ÕÄ�:&4wÙ!�:	����

ǛëMRIĵİ!ƺ=;: Conventional MRI!'ǫ �%��ƫƬū4ÕÄ�:	Ȃ

ƮƬ"ƕƟŝĀƤƬ'ȂƮ79ŮŠ��Conventional MRI!'��7�$õą>ƀ�

�"�Ò����& 2ƅǾ&Ƭū'ƱïŰĐ¦�ŧ$9�v÷4Ð=� �:�3%Ñ

ƂĊƻ794¢%�;8&Ƭū&ǫ >�:Ƅñƺ��"�ǧǁ"$� �:	0��

ƫðǤ%ƬŬ�ÕÄ�:�3%ÑƂłŭ�ÙĞ!
�ĘàƝłŭ>ƺ�Ëµ%'�ƫƬ

ū"ưū&ǫ �ýǁ"$:	x©ŭ%
� 'MRI&ŕĽĖ�>Conventional MRI

"ƕ1µ=� ÙĞ�:�"!ǉěƐñ>n� �:	ƶƣ'Ŗř&ƫƬūŪ�%
�

 4�]V"¶ĶMRI&ŕĽĖ�%
�:ƫƬū&ǫ �±Ʀ!�:"}Ø��2011

í 6ĥ�2019í 9ĥ0!%ğĩŚ©Š¼ƂÖÓÖ¦Ŕ©ŭNjQl>°ǉ��MRIĵ

İ
7+ƫÑƂĊƻ>°� ũŞƕƟÖŰ$žØǉě�ø8;�� 40�&Ŗř&ƫƬ
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ūāƣ%
� �MRI&ŕĽĖ�!�: DWIȆƊ 2Ɖȇ�DTIȆƊ 3Ɖȇ�MRSȆƊ 4

Ɖȇ�
7+ PWIȆƊ 5Ɖȇ>Ţ��ŀǖĵǇ>ƺ��Ĥ÷%�;8&Ė�Ń>ƕ1µ

=��Ǌ�>ƺ��	 

 

� Ɗ 2 Ɖ!'�á¦ŔƱï%
� 4ƫĳÍ&ǉě%ŁŢ�;���: DWI >

ƫƬū 35 �%ǢŢ�Ǌ���	DWI &Ǌ�%'ǂ��&Čę�ĚȆADCȇ>�Ţ�

�	�;%ô�90�Ƭū"®ß�&Ļë%1	:ůǑȆNAWMȇ%
�: ADC �

>Ŗ"ř!ŀǖĵǇ��Ŗ& ADC�'ř794ĦĄ%ȃ�>ƀ��	�&�3�Ŗ"

ř&Ƭū>ŀǖ�:�3%Ƭū& ADC �> NAWM & ADC �!Ǳ��ŴßŰĚ�!

�: ADCŀ>Ţ� Ǌ�>ƺ��	Ƭū�%
� 'ŖȂƮƬ"ŀǖ� řȂƮƬ"

ƕƟŝĀƤƬ'ĦĄ%�� ADC ŀ>ƀ��	ADC �'ƬūƔƥ&�ÙĀ"ŴǮ�:

�"�Êº�; 
9�mƴŰ%ĂĀƬū!' ADC ���o�:	0��ADC �&

�o'ŠÕĨǭ&Źƞ"ŴǮ��0�Ƭū&Ž�"Ǐ&ŴǮ>ƀ��"4Êº�; �

:	ĩŻƆƗĮ%
� �ƕƟŝĀƤƬ'ŖȂƮƬ"ŀǖ� ADCŀ����Ùǲ%

ƕƟŝĀƤƬ'ĂĀñ�ȃ��ŠÕĨǭ�Ź�"��Ʊï�%mƳ��	mĝřȂƮƬ

'�¶Ķ%ŖȂƮƬ"ŀǖ� �� ADCŀ>ƀ��ÙǲŰ%řȂƮƬ'Ž�Ƭū!�

:"��ƱïŰwÙ"mƳ��	ĩŻƆ&ƁƖƯƬ& ADCŀ'|¢&Ŗ&Êº"�ȁ

ƤƬ& ADC ŀ']V&ȁƤƬ&Êº"ǘ�� ��	����DWI !ĵǇ��ƁƖ

ƯƬ&Ū�'� ȃIhlW&ƁƖƯƬ!�����ƶƣ&vă%®� ȂƮƬ5ƕƟ

ŝĀƤƬ794ȃ� ADC ŀ>ƀ��]V!ƺ=; �:7�$ƁƖƯƬ&ĂĀñ>

ADC !Ǌ��:�"'!
$���	�����IhlW&ƁƖƯƬ"&ŀǖĵǇ4

ýǁ"þ=;�	 

� Ƭū»Á%
� 'ŖȂƮƬ�řȂƮƬ�ƕƟŝĀƤƬ&ÒǧŀǖĵØ
� 

ĦĄè�ǋ38;�	ř&ȂƮƬ»Á& ADCŀ�Ĥ4����;'Ƭū%7:»Á&

Ļë$ƫƕƟ&ó�ÃĒ%ǒ¿�:±ƦĀ�*"�Đ�8;:	]V%
� 'Ƭū»
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Á& ADC�&�o'»Á,&ƬūƔƥ&ňő%ǮǞ�:�"�Êº�; �:��ƕ

ƟŝĀƤƬ5ƁƖƯƬ&»Á!'ŖȂƮƬ»Á794ȃ�>ƀ��	0��ƹƌ¬Āņ

Ƭ!' ADC ��Î¤��ƔƥĀņƬ!' ADC ���o�:��Ƭū»Á& T2 óǌ

ȃ�³ǺÈ& ADCŀ4ƕƟŝĀƤƬ5ƁƖƯƬ&»Á!'ŖȂƮƬ»Á794ȃ�>

ƀ��	�&�3�Ƭū»Á,&ňő> ADCŀ!Ǌ��:&'Àǵ!���	 

� ADCōØĢ&�õ&ǮüǺÈȆROIȇ&ǈƠĝŃ%Ǯ� �Ƭū��>ƛơ�

:Ó
$ ROIȆlarge ROIȇ"Ƭū�Ǥ&Ïļ5�ƹ�źŒ§>ǣ�:7�%ǥƠ�:

á�$ ROIȆsmall ROIȇ>ŀǖĵǇ��	ȂƮƬ"ȁƬū!'ĦĄè'ǂ8;$��

���ƕƟŝĀƤƬ"ƁƖƯƬ!ĦĄè�ǂ8;��3�ADC &ōØ%
� 'ēō

� �:Ƭū&ƅǾ%7� ōØĝŃ>Ƣ	:ýǁ��:�"�ƀ½�;�	 

 

� Ɗ 3Ɖ!'Čę&ĝ·5ƁƖƝƚ&ĕ�>Ǌ�!
: DTI> 35�&ƫƬūŪ

�%
� ĵǇ>ƺ��	DTI&Ǌ�%'ŧĝĀŀśȆFAȇ>�Ţ��	DTI%
�

 4 NAWM%
�: FA�>Ŗ"ř!ŀǖĵǇ��ƗĮ�Ŗ& FA�'ř794ĦĄ

%��>ƀ��	�&�3�DWI"¶Ķ�FAŀ>Ţ� Ǌ�>ƺ��	Ƭū�& FA

ŀ'ŖȂƮƬ%ß� řȂƮƬ'ĦĄ%ȃ�>ƀ��ƕƟŝĀƤƬ'55��>ƀ��

��ĦĄè'ǋ38;$���	ƁƖƯƬ& FAŀ'� &Ƭū&$�!Ĥ4��>ƀ

��ȁƬū'Ĥ4ȃ�>ƀ��	FA�'ƁƖƝƚĪ&ĕ�5żÏ%79�o�:�"

5�Ƭū&Ž�%ŀ�� Î¤�:�"�Êº�; �:	řȂƮƬ5ȁƬū'Čę&

ĝ·�mØ�$���:�'ŀǖŰŽ�Ƭū!�:±ƦĀ�Ƣ	8;�	0��x©ŭ

%
� DTI'ƁƖƯƬ&IhlUAjI%�Ţ�;:�"�Ò��FA�'ƁƖƯƔ

ƥ&ƔƥÜñ%ŀ�� Î¤�:"ǅ=; �:��Ydlij5ƁƖƝƚ&żÏ%7

9ȃIhlW&ƁƖƯƬ&ĝ��IhlW&ƁƖƯƬ794�� FA �>ƀ�"��

Êº4�:	ĩŻƆ%
�:ƁƖƯƬ&Ū�'� ȃIhlWƁƖƯƬ!����3

FAŀ�����±ƦĀ�Ƣ	8;:��Ū�Ě�â$��3%�ě'ǵ��	 
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� Ƭū»Á%
� Ŗ
7+ř&ȂƮƬ794ƕƟŝĀƤƬ"ƁƖƯƬ! FA ŀ

'��>ƀ��	ȃIhlW&ƁƖƯƬ!'Ƭū&ňő5ƝƚVeHV&åÏ�ġŶ$

�3��>ƀ���IhlW&Ëµ%'Ƭū»Á&ƝƚVeHV��Õ�; �:�3

%ȃ�>ƀ��"�Êº�; �:	ƕƟŝĀƤƬ5ƁƖƯƬ'Ƭū»Á,&Ƭūňő

5»ÁƫÙǑ&żÏ�Ũ=;�ȂƮƬ!'ƁƖĕ�&$�ÃǙ>ƀ½� �:"Ƣ	8

;:	s!4řȂƮƬ'Ĥ4ȃ� FAŀ>ƀ� 
9�79ÃĒ�;�ƁƖƝƚ�Ò�

ÕÄ�:�3"Ƣ	8;�	0��ȁƬū'Ĥ4�� FAŀ>ƀ� 
9��;'ȁƬ

ū&»Á'ÓƫűǑ!�9�ÓƫűǑ'ůǑ794 FA�����"%ǮǞ� �:±

ƦĀ��:	Ƭū»Á& T2óǌȃ�³ǺÈ%
� '�ŖȂƮƬ5ƁƖƯƬ&�;"

ŀǖ� ƕƟŝĀƤƬ!�� FA ŀ>ƀ��	ƹƌ¬ĀņƬ&1!' FA �'�o��

ƔƥǳÚĀņƬ' FA ��nĠ�:�"�Êº�; 
9�ADC ŀ"¶Ķ%ƕƟŝĀ

ƤƬ»Á%'ƹƌ¬ĀņƬ�ǒ
 �:±ƦĀ�ƀ½�;�	 

� FAōØ%
�: ROI&ǈƠĝŃ%Ǯ� 4�large ROI" small ROI>ŀǖ

ĵǇ����� &Ƭū%
� ĦĄè'ǋ38;$���	�&�3�FA&ōØ%


� ' small ROI" large ROI&#�8&ĝŃ4ĦŢ!�:�"�ƀ½�;�	 

 

� Ɗ 4 Ɖ!'Š��&{ǍšŔ>Ƿ�ǀŰ%ōØ�:�"&!
: MRS &ĵǇ

>ƺ��	�;%ô�9�ĩŻƆ!�Ţ�� MRIƾƠ%
�:Ļë¦Ŕ!&ÉŎ�>

Ÿ:ýǁ�����3�0�'ĻëŖ
7+Ļëř& MRS ōØ>ƺ��ĺ% 15 �&

ƫƬūŪ�&MRS%
�:´{ǍŔ&ŀǖĵǇ>ƺ��	ĩŻƆ%
�:{ǍšŔ&

ōØǹų'ƧǑȆLipȇ�uǦȆLacȇ�@eYjȆAlaȇ�N-@M\eGjǦȆNAAȇ�

IfLjȆGluȇ�Hh@RjȆCrȇ�KfjȆChoȇ�bDB[LVlgȆInsȇ>Ţ��

ÙĚ�Ȇmmol/lȇ
7+Ļë$Š��!'Ĥ4×Ø� �: Cr!Ǳ��{ǍšŔŀ"

� Ǌ���	ĻëŖ"Ļëř&{ǍšŔ%
� Glu�Cr�Cho !ĦĄè�18;

��3�ƬūŪ�"&ŀǖ%
� 'Ŗ&Ū�'Ŗ&ÉŎ�"�ř&Ū�'ř&ÉŎ�
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"ŀǖĵǇ��	 

� 15�&ƫƬūŪ�!'�� &Ƭū%
� Ƭū�& Cr'��>ƀ���3�

®ß�&Ļë%1	:ƫȆǃïȇ& Cr���:�'ōØ&!
$���Ū�%Ǯ� 

'ĻëŖ
7+Ļëř& Cr�>�Ţ��{ǍšŔŀ>ǆƋ��	Cr'CZgGl{Ǎ

%ýǁ$Hh@RjFXlO&ÕÄ�:ƁƖƔƥ�%ǋ38;:��ȂƮ5ǻƷȁ%'

ÕÄ���0�Ɣƥ�ƽ&Ų?$ƬūƕƟ!4�o�:�"�Êº�; �:	�&�

3 Cr'ȂƮƬ!Ƿë%���ȁƤƬ!'^lH�Ĺĕ� 
9�ƕƟŝĀƤƬ5ƁƖ

ƯƬ!4�o��"Ƣ	8;:	0��NAA/Cr4� &Ƭū%
� Ļë794��

>ƀ� ��	NAA &�o'Ydlij&p±ǚŰ$ŉÔ5ǕƓĕ�%ǒ¿��ƁƖ

ƯƔƥ5ȂƮƔƥ' NAA>."?#Ď�$��""ǮǞ� �:"þ=;:	Cho'

ƕƟŝĀƤƬ"ƁƖƯƬ!ȃ��řȂƮƬ�ȁƬū!����	Cho&^lH'ƔƥƮ

&�ǄkµĆ&ďķ"�;�Îľs&ƬūƕƟ!'nĠ��]V!'ȂƮƬ�oÆ�ƭ

Ƭ!'ǽƶ$^lH>ƀ�"ǅ=; �:	0��ȃIhlWƁƖƯƬ!'�IhlW

ƁƖƯƬ794ȃ�>ƀ��"�Êº�; �:	MRS !ĵǇ��ƁƖƯƬ&Ū�'

� ȃIhlW&ƁƖƯƬ!����""�ƕƟŝĀƤƬ'ƔƥÎľ�Ų?$�"%Ǯ

Ǟ� ȃ�>ƀ��"Ƣ	8;:	����x©ŭ%
� ȂƮƬ%ǋ38;: Cho

&ǽƶ$^lH'ĩŻƆ!'ǋ38;��ŕ%ř%
� 'Ƿë%��>ƀ��	�;

'ř&ȂƮƬ&ÎľM^lW�Ƿë%ǟ��""ǮǞ� �:±ƦĀ��:	�&z�

Lip" Lac&nĠ�x©ŭ!'ȃIhlWƁƖƯƬ!ǋ38;:��ĩŻƆ&ƁƖƯƬ

%
� 4ǋ38; 
9�MRS 'ƁƖƯƬ&IhlUAjI%ĦŢ!�:±ƦĀ�

ƀ½�;�	0��]V&ȂƮƬ%
� Cho&Î¤�Cr" NAA&�o%¤	 Ala

&ÕÄ�ŕûŰ!�:"��Êº��:	ĩŻƆ&ȂƮƬ&Ū�' Ala&ȃ�>ƀ� 


9�Cr" NAA&�o"�� ]V"¶�7�$ŕû>Ħ� �:±ƦĀ��:	 

 

� Ɗ 5Ɖ!'ƫ&ùş¦ą>Ǌ��:�"!ƬūƹƌõĆ&ŻƆ%î��Ţ�;
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 �: PWI&ĵǇ>ƺ��	PWI!ø8;:\eclQ'ƫƹŊǨȆrCBVȇ�ƫƹŅ

ǨȆrCBFȇ�ìÅǛǠĢǭȆMTTȇ!�:	MRS "¶Ķ�ĩŻƆ!�Ţ�� MRI ƾ

Ơ%
�:´\eclQ&Ŗ"ř&ÉŎ�>Ÿ:ýǁ����	0��ĩŻƆ!'ǝö

£>Ţ� ǝö£&ſËÐ§%79ƫ&ƹŅ>Ǌ��: DSCŃ>�Ţ����x©ŭ

%
� ǝö£&ń�ǜñȆIRȇ&ǡ�%79ũÐ�ǠáǊ��;:�"�Êº�;

 
9�IR %Ǯ�:ŻƆ�Ò�ƺ=; �:	�&�3�0�'ĻëŖ
7+Ļëř

%
� IR 1ml/sec
7+ 4ml/sec&ŀǖĵǇ>ƺ��ĺ%ƫƬūāƣ& PWI%
�

:´\eclQ&ĵǇ>ƺ��	ĩŻƆ!�Ţ�� MRIƾƠ!'ØǨŰǊ�>ÙĞ!


$��3�� &\eclQ&ōØ�ȆrCBV�rCBF�MTTȇ>¶m��&Óƫů

Ǒ&�!Ǳ���&Ě�ȆrCBV ŀ�rCBF ŀ�MTT ŀȇ>ƙǆǄĭ%Ţ�:ŴßŰ

Ǌ�Ń>Ţ��	 

� ĻëŖ"Ļëř&Óƫ%
�:´Ǥ�Ȇæ²&ÓƫůǑ�ĉĲı�ǃï�Óƫ

űǑ�ŇȀȇ& PWI%
� ´\eclQ%æ²è'ǋ38;$���	0��MTT

ŀ'ƫ&´Ǥ�%
� ./Åm$Ě�>ƀ��űǑǺÈ!' rCBV ŀ" rCBF ŀ�

ȃ��ǃï!' rCBV ŀ" rCBF ŀ����·>ƀ��	�;']V&Ļëƫ%
�

:ƗĮ"mƳ�:	ĻëŖ%
�: IR&ŀǖ%
� �IR 1m/sec"ŀǖ� 4ml/sec

&ŇȀ%
�: rCBV ŀ" rCBF ŀ%ĦĄ$nĠ�ǋ38;�	ř%
� 4ĦĄè

'$���4ml/sec&ŇȀ%
�: rCBVŀ" rCBFŀ' 1ml/sec&�794ȃ�>ƀ

� ��	ŇȀ'Ƹƹ%ß� ƨò!�:�"�ǅ=; 
9�z&ƫƕƟ%ŀ- Ň

Ȁ&ƹŅ�ǎÝ!�:�"�ǮǞ� �:"Ƣ	8;�	0��ǃï& rCBVŀ
7+

ÓƫűǑ&MTTŀ' IR 1ml/sec"ŀǖ� 4ml/sec!ĦĄ$Ōâ�ǋ38;�	ǃï

& rCBVŀ'ÓƫůǑ%ß�:ǃï&ŀś>Ǌ�� �:&!��Ņǜ& IR"ŀǖ�

 ȄŅǜ&Ëµ%'ǃï%ß�:ÓƫůǑ&ŐŅ�Î¤��±ƦĀ�ȉ�Đ�8;:	

0��MTT ŀ�Ź�$:"ǅ��"'�&Ǥ�&ŐŅ&Î¤>Ŝ� 
9�mƴŰ%

'ÓƫűǑ&ĝ�ůǑ794ƹƌï�ǎÝ!ȄŐŅ!�:�"%ǮǞ� �:±ƦĀ
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��:	Ļëř%
�: IR&ŀǖ%
� �IR 1 m/sec"ŀǖ� 4 ml/sec&ĉĲı

& rCBF ŀ�ǃï"ÓƫűǑ& rCBV ŀ!ĦĄ$nĠ�ǋ38;�	0��ĩŻƆ%


� ř& rCBF ŀ" rCBV ŀ'Ŗ%ŀ- ��Ű%��>ƀ� ��	ř&ƫƹƌ

'Ƿë%Ɣ��3%�ƫŐŅ>đ	%��±ƦĀ�ƀ½�;:	4����8�ř!'

â$�ƫŐŅ%ß� IR>ǜ��:�"!ƿ��ũÐ&ǠáǊ�>ǯ��"�±Ʀ"$

:&!'$��"Ƣ	8;�	0��ĩŻƆ!'ĸ�űǶƩ>�Ţ� �Ŗ! 22G�

ř! 24G&ŦƠǩ>Ţ� 4 ml/sec&ń�ǜñ%7:Ė��±Ʀ!���	�;'Ś

©ŭ%
� MRI>Ė��:ǲ%mƴŰ%ŦƠ>ž��:ĸ�űǶƩ>Ţ� 4ª�

ĵİ!
:±ƦĀ�ƀ½�;�	 

� 10 �&ƫƬūŪ�%
� Ƭū�"Ƭū»Á%
�:´\eclQ&ŀǖĵ

Ǉ>ƺ��	DWI 5 DTI "¶Ķ�Ƭū�%ǈƠ�: ROI &Ó
�Ȇsmall ROI 
7

+ large ROIȇ&ĵǇ>ƺ��PWI!'#&Ƭū%
� 4´\eclQ%ĦĄè'ǋ

38;$���	�&�3�PWIǊ�%
� 'Ƭū�& ROI&ǈƠ'#�8&ĝŃ

Ȇsmall ROI
7+ large ROIȇ4ĦŢ!�:�"�ƀ½�;�	 

� ƫƬūŪ�&�� IR 1ml/sec>ƺ��ȂƮƬŪ�' 6�!������&zƕ

ƟŝĀƤƬ�ƁƖƯƬ'´ 1 ��IR 4ml/sec >ƺ��Ū�'ȂƮƬ"ƁƖƯƬ´ 1 �

!���	IR 1ml/sec>ƺ��Ū�%
� Ƭū�& rCBVŀ" rCBFŀ'ȂƮƬ!

Ĥ4ȃ��ƕƟŝĀƤƬ!Ĥ4����	IR 4ml/sec >ƺ��ȂƮƬ"ƁƖƯƬ&

rCBVŀ" rCBFŀ%Ó
$è'$�����IR 1ml/sec>ƺ��Ū�794rƣ�%

ȃ�>ƀ� ��	�&�"�8�]V"¶Ķ�Ņǜ& IR!'ũÐ�ǠáǊ��;:

±ƦĀ�ƀ½�;�	0��ĩŻƆ&� &Ū�%
� ´\eclQ&Ě�']V&

Ě�794��Ű%��>ƀ� ��	�;']V&ƫ"ŀ-Ŗř&ƫƹƌ'Ɣ��3

%ƫŐŅǨ> PWI!'đ	%��±ƦĀ�Ƣ	8;�	x©ŭ%
� PWI'ƁƖƯ

Ƭ&IhlUAjI%ĦŢ!�:"ǅ=; �:��ĩŻƆ!ĵǇ>ƺ��ƁƖƯƬ'

2�"4ȄIhlW&ƁƖƯƬ!�9��IhlW"&ŀǖ'!
$���	y÷�I
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hlWƁƖƯƬ"ŀǖ� ���"!�79 PWI&ĦŢĀ>Ǌ�!
:&!'$��

"Ƣ	:	 

� ]V%
� ȃIhlWƁƖƯƬ'ƬūƲ�&ƹƌĜŠ�Ƿë%ó��Ƭū»

Á!'ÙǑũÐ%ƹŊ>�Ƙ�:�3��:�'Ƭū&ňő%79ƹƌ�Ƙ�Î	:�

3%ȃIhlWƁƖƯƬ&Ƭū»Á& rCBVŀ'ȃ�>ƀ�	ǚ%ƒƎ$ƹƌ¬ĀņƬ

���ǒ�:ȂƮƬ!'ƫņƬ%79»Á&ƹŊǨ&ãĈ&Ōâ�ǒ�:�3%

rCBVŀ'��>ƀ�"ǅ=; �:	ĩŻƆ%
� IR 1ml/sec>ƺ��s! rCBV

ŀ" rCBF ŀ'ȂƮƬ�Ĥ4���ƕƟŝĀƤƬ!ȃ�>ƀ��	IR 4ml/sec >ƺ�

�ȂƮƬ'� &Ū�&s!Ĥ4ȃ� rCBV ŀ" rCBF ŀ>ƀ��	ƕƟŝĀƤƬ'

]V%
�:ƁƖƯƬ"¶Ķ&ũą%79�ȃ� rCBVŀ>ƀ��±ƦĀ'Ƣ	8;:

��IR 4ml/sec&ȂƮƬ%
�:ȃ�%Ǯ� ']V&ũą"ŷŵ�:	����ĩŻ

Ɔ! PWI>ĵǇ��Ū�Ě�Ƿë%â$��3%��&ƗĮ&1!Ǌ�>�:�"'

Àǵ!�y÷Ū�Ě>Î5� ĵǇ� ��ýǁ��:"Ƣ	:	0��x©ŭ%
�

 MTTŀ'4�)8ƫĳÍ&Ǌ�%�Ţ�; �:	ĩŻƆ%
� 4Ƭū�
7+

Ƭū»Á& MTT ŀ'Ƭū&ƅǾ5 IR &ǡ�%7� Ó
$è'ǋ38;��]V"

¶ĶƫƬū&Ǌ�%'Ǣ�!'$�"Ƣ	8;�	 

 

� Ĥ÷%�ĩŻƆ!ƺ��´ƅŕĽĖ�&ƗĮ
7+ Conventional MRI&ŕû

>Ƭū�ȆƼ 6.1ȇ
7+Ƭū»ÁȆƼ 6.2ȇ%�� Ƽ%ƀ��	x©ŭ%
� '

�;8&ŕĽĖ�%7:Ƭū&ǫ 5IhlW�Ǿ�ƺ=; �:���;8&��m

�&ŕĽĖ���!Ǌ�>ƺ�&'ǵ�������&ŕĽĖ�>ƕ1µ=�:�"!

ǉěƐñ�n�:�"�Ò�Êº�; �:[Ma 2013�Gaudino 2016�Lin 2017�

Cuccarini 2016�Xiao 2015�Sauwen 2016]	ĩŻƆ!ǫ >ƺ�����Ƭū"� 

' Conventional MRI!'¨ &�
%��Ŗ&ȂƮƬ"ƕƟŝĀƤƬ&ǫ �ŖȂƮ

Ƭ"řȂƮƬ&Āŗ&ǡ�ȆĊƻĢ%ř&ȂƮƬ'Ìŗ!�Ǳ!
:��Ŗ'Ǔ8��
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ƬŬ4Ò�ȇ�Conventional MRI !fjIŗ%Îó�;:ƁƖƯƬ&ǫ $#�Đ�

8;:	�;8&Ƭū%�� ´LlJjM>ƕ1µ=� ƢÞ� �
��	 

� Ŗ&ȂƮƬ"ƕƟŝĀƤƬ'"4% Conventional MRI!'ǝö£!Åm%Î

ó�;Ȉdural tail sign>��ŽƮ�ÙǑÑƬū!�:��ƕƟŝĀƤƬ!'Ƭū&Î

ľM^lW�ǜ��3%Ƭū»Á%îƍÁ&ƫņƬ>��Ȉ�� mass effect�ó��

"�Ò�	����ȂƮƬ!4Ƭū»Á&ƫņƬ'Ƒ«�&Ū�!ǋ38; �:	0

��ƶƣ'ƕƟŝĀƤƬ'ǓƮ79ŮŠ�:�3%ƫŏ%ŋ��9Ǘ2ǝö��ŕûŰ

$Ĉǂ!�:"Ƣ	 ���[Wada 2017]��&�40�ȂƮƬ!ǋ38;��3�

Conventional MRI !'�& 2 �&Ƭū&ǫ 'ǵ��"Ƣ	:	DWI !'Ƭū�&

ADC ŀ'ȂƮƬ794ƕƟŝĀƤƬ!��>ƀ��DTI %
�: FA ŀ4��>ƀ�

�	ADC �'ƬūƔƥ&�ÙĀ5Ƭū&Ž�"Ǐ&ŴǮ>ƀ��"�ǅ=; 
9�

ĂĀƬū.#� ADC �>ƀ�	FA �'ƁƖƝƚ&ĕ�5żÏ%79�o��Ƭū&

Ž�%ŀ�� Î¤�:�"�ǅ=; �:	�&�3�ADC ŀ" FA ŀ>ƕ1µ=

� ƢÞ�:"ƕƟŝĀƤƬ'ȂƮƬ794ƬūƔƥ&�ÙĀ�ȃ��ƁƖƝƚ&ĕ�

5żÏ�ó����į8��Āŗ"����]V%
�:ĂĀñ&ȃ�Ƭū&ŕû�ƀ

½�;:	0��ADC �&�o'x©ŭ%
� ŠÕĨǭ&Źƞ"ŴǮ�:�"4ǅ

=; 
9��;4Ŗ&ƕƟŝĀƤƬ&ŕû"mƳ�:	�8%�MRS %
� 4Ȅ

ĂĀñ&Ƭū!ǋ38;: Lac " Lip &nĠ�ƕƟŝĀƤƬ!'ǋ38; �:	Ƭ

ū»Á%
� '�ȂƮƬ794ƕƟŝĀƤƬ! ADC ŀ'ȃ�>ƀ��FA ŀ'55

��>ƀ��	mƴŰ%' ADC�'»Á,&ƬūƔƥ&ňő%79�o��ƹƌ¬Ā

ņƬ!'Î¤�:�"�ǅ=; �:	PWI%
� ƕƟŝĀƤƬ&Ƭū»Á& rCBV

ŀ" rCBF ŀ'ȂƮƬ794ȃ�>ƀ��ƫŐŅ�ȃ�±ƦĀ�Ƣ	8;�	ADC ŀ

" FAŀ>ƕ1µ=�:"�ƕƟŝĀƤƬ'Ƭū&ĆǬM^lW�ǜ��0�ƫ,&ƹ

ƌ�Ƙ>ƺ� �:ǓƮ%ŮŠ�:�"�8�ĆǬ�ǟ��4ƮţĬ&ȂƮƬ%ŀ-ƹ

ƌ¬ĀņƬ�ó�ǒ�� �:"Ƣ	8;:��PWI &ƗĮ79Ƭūňő&±ƦĀ4
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¸Ø!
$�"Ƣ	8;�	 

� ŖȂƮƬ"řȂƮƬ%
� 'DWI%
�:Ƭū�&ADCŀ'Ŗ794ř!

��>ƀ��DTI %
�: FA ŀ'Ȅ�>ƀ��	ADC ŀ'řȂƮƬ!'ƕƟŝĀƤ

Ƭ"¶Ķ��!�:��FA ŀ�ȃ��"�8�Ž�Ƭū!�:±ƦĀ�ƀ½�;�	

0��MRS%
� řȂƮƬ!']V%
� ŕûŰ"ǅ=;: Cho&Î¤'ǋ38

;��2�<Ļëř794��>ƀ��	4����8 Cho &�o'6��9Îľ�

:řȂƮƬ&ŕû"ǅ	:&�4�;$�	0��Ƭū»Á%
� 4 ADCŀ'Ŗ7

94ř!��>ƀ��DTI! FAŀ'Ȅ�>ƀ��	0��ř&ĻëůǑ& ADC�'

Ŗ5]V&ĻëůǑ& ADC�794���ř&ƫÙǑƲ����Ž�±ƦĀ4Ƣ	8

;�	�;'ř&ȂƮƬ&ĊƻĢ%�Ž�ƬŬ>�Ǳ��÷%ƫ��(8�Ƈ?�00

&ŗą"$:Ȇ�%ć:&%Ģǭ���:ȇ�""ǮǞ� �:&!'$��"Ƣ	8

;�	 

� ƁƖƯƬ' Conventional MRI!ǝö�;$�4&�ƵĀȆ�IhlWȇ!�

fjIŗ&ǝöÎó>ƀ�4&�ĂĀȆȃIhlWȇ&±ƦĀ�ȃ��"�ǅ=; �

:��ǝö�;$�Ƭū&�� 15�45%'ĂĀ!�9��&Ǌ�Ń%'ǰť��:	

0��fjIŗÎó>ƀ�ưū�ȄIhlWƁƖƯƬ"ǔƃĀũÐ&ǫ %' ADC"

FA &ƕ1µ=��´�!Ǌ��:794ŕŧĀ 80%�100%%ė¾�:"��Êº�

�:[Salice 2016]	ȃIhlWƁƖƯƬ'mƴŰ%� ADC�>ƀ��ĩŻƆ!'ȃ�

>ƀ��]V&Êº"ŷŵ��	��� FAŀ'� &Ƭū&s!Ĥ4��>ƀ��]

V&Êº"mƳ��	0��MRS!']V%
� ȄIhlWƁƖƯƬ'Ȅ Cho
7

+Ȅ Lac�Ȅ Lip &^lH>ƀ� [Cuccarini 2016�Kuesel 1994]�NAA '�o�: 

[Bulik 2013]�"�ǅ=; 
9��;'ĩŻƆƗĮ"4mƳ� �:	ĩŻƆ&ƁƖ

ƯƬ'� ȄIhlW!����3��IhlWƁƖƯƬ"&ŀǖ'!
$�����

PWI 4x©ŭ%
� ƁƖƯƬ&IhlUAjI%ĦŢ!�:�"�Êº�; �:

ȋLee 2014�Tsougos 2012Ȍ�3%�IhlWƁƖƯƬ"&ŀǖ�!
:"79�;
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8&ŕĽĖ�>ƕ1µ=��ǉě&ĦŢĀ>Ǌ�!
:±ƦĀ�ƀ½�;�	 

 

� ĩŻƆ!ĵǇ>ƺ��ƫƬū&�Ǿ' Armed Forces Institute of Pathology%

7:¦Ŕ&WHO�ǾȋKoestner 1999Ȍ>�Ţ� �:��ĤĜ&�Ǿ!'�ǼƏƔ

ƥĀȂƮƬ�ȂƮƬ&�Ǿ�8Ñ; ǼƏƔƥƬ"� Řƈ� 
9�0�ȂƮƬ&´

ƕƟÇ4]VȂƮƬ"¶Ķ%IhlW�Ǿ�;:7�%$� �:ȋMotta 2012�

Vandevelde 2012�Higgins 2016�Miller 2019Ȍ	ĩŻƆ!'ȂƮƬ&ƕƟÇ&ĵǇ5

ƁƖƯƬ&IhlUAjI�Ǿ'ƺ� �$���y÷Ū�Ě>Î5� ĵǇ� ��

�"!�]V"¶Ķ�;8&ǫ 4±Ʀ"$� �:±ƦĀ�Ƣ	8;�	Ĥǘ!'

q-space imagingȆQSIȇ5 diffusional kurtosis imagingȆDKIȇ&7�$�Ĝ��Č

ęMRIĊŃ�]V%
� ÙĞ�; �:	QSI'Ļë$¤ȅĀÐ§%
�:bCf

j&Ōâ�ÒŮĀŽ§Ū&ũÐĵ��ÐõĀƪĴŪ%
�:ƪȂ&Ǌ�$#&Êº��

9ȋFatima 2013�Assaf 2002Ȍ�DKI'�IhlW"ȄIhlWƁƖƯƬ&ǫ �ÿ

ĀĨƫĳÍ&ũąċĔ$#�Êº�; �:ȋRaab 2010 ,Van 2012Ȍ	0��ĩŻƆ

!ƺ�� MRS' single voxelŃȆ�Ą%ǈØ�� 1�& VOI&�³&1>¯Ǵ�:

ĝŃȇ!�:��multi voxelŃ"��î�ǈØ�� VOI>Ɣ��¨�9��;�;&

voxel&M`HVg>0"3 ¯Ǵ�:ĝŃ��:	�;'çÓ$Ƭū&�Ǥ!{Ǎš

Ŕ&�é�#&7�%Ð§� �:�>Ÿ:�"�!
:"��¡œ��:��Ė�%

�8%Ģǭ���:"��Ĺœ��:	PWI%
� 4ǝö£>�Ţ�$�ASLŃ��

ǝö£%ß�:@hgGl�Ò�x©ŭ%
� 'ÙĞ�; �:	ASL Ń']V%


� 4 DSCŃ794ŤǑ�Ă��"�ǅ=; 
9�ƫƹŅ&đ	%��á¦Ŕ%


� 'ī~ǈØ>¹3�ĵǇ�ýǁ"$:"þ=;:���&7�$z&ŕĽĖ�4
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