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2.1 ROI  

A: T2 B: T1 C: NAWM T2

D: ADC E: ADC

F: NAWM ADC  

 

 

 

 

 

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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R n pR I

I n

R I 5

I 6anisotropic

fractional anisotropy FA

Q 5 I

6isotropic  

DTI FA R
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p ± R I

± R I ±

FA 0 1

FA 0.4 0.6

p I n FA I 0.6

0.9 FA pp 0.1 0.3 0

FA R I

ALS HIV

R I

I 3D

R I

R 1 R I

3D R I

± ±

DTI R

n

Witwer 2002  

DTI

DTI R

I Liu 2018 DTI ±

Konishi 2017

p ±

3D I Anaya Gracia 2015 Jacqmot 2013 Yoon 2016

Ronen 2003 Takahashi 2010 Jacqmot 2017 DTI

case report n
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DTI FA

DWI NAWM FA

ROI ROI  

 

 

3.2  

 

3.2.1  

2011 6 2019

9 40 31 9 1.1

X MRI

retrospective n

I

 

 

 

3.2.2  

 

3.2.2.1  

R 12 18 24G

®

7mg/kg ±
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® 2 3% 2 l/min

1 10 20ml/kg

12 16cmH2O 12 /min

SpO2 ± ®

5ml/kg/hr  

 

3.2.2.2 ±  

R 3.0T MRI Signa® HDxt GE Healthcare, Tokyo

RF 8 Knee coil

DTI Conventional MRI

Conventional MRI Fast spin echo FSE T2

TR / TE 7000/81.6ms FSE T1

T1 TR/TE/TI=6.8/2.9/920ms

2.0mm gap 0.5mm�FOV 15 cm415 cm 1284128

DTI

SE TR/TE 8000/87.1ms 2.4mm FOV 15 cm415 cm

1284128 NEX 2 MPG 15 b value =1000sec/mm2 DTI

Conventional MRI R  

 

3.2.3  

DTI MRI ±

functool, GE healthcare, Tokyo FA

T2 T1 FA

NAWM ROI

FA 3.1 ROI 2 ADC
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2013 Svolos I ROI

small ROI NAWM 10 20mm2 large ROI

10.2 208.4mm

ROI 5 ROI small 

ROI ROI ( 3.1D)

ROI T1 R 10mm

3.1B E T2 R I

Q 10 20mm2 ROI

5 p

 

 

3.2.4  

small large ROI NAWM FA

IQR FA NAWM FA

IQR

DWI I

Anderson-Darling test I

p=0.04 n

Kruskal-Wallis I

I n

I n n

2 Mann-Whitney U

n

NAWM large ROI small ROI Mann-Whitney U

R ± Statcel 4, OMS
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p<0.05  

 

 

3.3  

DTI 3.1 R 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 40 36 27 8

1 2 20 15

1 2 12 11

23 12 3 2 1

2 1 2 7

3 PNET 1 1 1

 

 

3.3.1  NAWM  

NAWM FA IQR 3.2 R

NAWM n I

NAWM FA 0.39 0.42 p=0.005  

 

3.3.2  

small ROI large ROI

T2 FA IQR 3.3 R

NAWM FA I n FA

FA IQR 3.4 Small ROI large ROI

I n
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small ROI p=0.03 large ROI p=0.04 I

p=0.03 n 2

FA small ROI 0.419 large ROI 0.447

small ROI 0.549 large ROI 0.534 small ROI p=0.04

large ROI p=0.03 I small ROI 0.372 large ROI 0.369

n small ROI p=0.19 large ROI p=0.42

FA

p=0.44 p=0.09 2

T2 R

n FA 0.623

FA 0.421 p=0.004 small 

ROI large ROI T2 FA

3.2 R  

 

3.3.3 small ROI large ROI  

small ROI large ROI FA

n I

1 I p=0.045  

 

 

3.4  

 

3.4.1 NAWM FA  

FA 0.1978 0.2364 0.5136

0.6144 MacLellan 2017 2015
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0.1730.03 0.2530.06

FA I R MacLellan 2017 FA

n

FA n

p

p I

Hartmann 2014 Hobert 2013 Pease 2011 I I

MacLellan 2017 NAWM FA 0.39 0.42

NAWM FA p=0.005 FA

MacLellan 2017 I MacLellan 2017

6 10 3

I Chambers 2012

FA I I FA I n

n DWI R FA NAWM

FA  

 

 

3.4.2 FA 

 

3.4.2.1 FA 

2 ADC

I FA

pp ADC I R p

I I  

DTI × I I FA
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I ×

× Inoue 2005, Ma 2013 FA FA

/ NAWM FA × 7 8 I

I Server 2014 ×

Beppu 2003, Goebell 2006, Wieshmann 1999, Server 

2014 Inoue 2005 × ×

FA Beppu FA

I Beppu 2003 2005 FA

R I × IR

FA Q

FA R I

I n Toh 2008b n FA

×

FA 0.13130.056 × 0.12730.05 Ma 

2013 FA I

FA

R Sinha 2002 Brunberg 1995 Wieshmann 1999

I FA R Romani 2014 I

 

FA 0.2130.08 0.31

30.13 I  Aslan 2018 FA 0.262

30.10 0.22630.05  Xing 

2017 Pang 2016 Van Cauter 2012 × 0.1130.02

0.1930.04 I FA

Piper 2016 FA small ROII 0.419 large ROI
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I 0.447 small ROII 0.372 large ROII 0.369 n

small ROI p=0.19 large ROI p=0.42 I FA

pp FA small ROII 0.549 large 

ROII 0.534 small ROII 0.419 large ROII 0.447

small ROI p=0.04 large ROI p=0.03

FA FA 0.1 0.1 FA 0.2

0.2 FA 0.3 FA 0.3 FA

0.3 I I

Romani 2014 n

ADC

MRI I

I  

 

3.4.2.2 FA 

FA × ×

I I × FA R Gupta 

2010 Grade7 × p

I × I

n Goebell 2006

p FA I

n FA R I

Konishi 2017  

I Zhang 1997 I

Vaz 1998 Ide 1992 I
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FA I 0.14630.026

0.19930.052 Toh 2007 ×

×

FA De Belder 2012 FA

0.76 0.88 0.56

0.755

n I FA I

p FA I

FA I

R I I

I Gorden 1994; Tomek 2006

FA I

I n

n FA I

FA

p I  

I R Spatz 2010

R Zhao 2006

FA FA I R I Liu  2018 Ellingson 2015

R I FA R

T2 R I FA

ADC I

I  
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3.4.3 Small ROI large ROI ROI  

FA large ROI small ROI

small ROI large ROI n

I 1 I 17% FA

ROI  

	

DWI p ± DTI

I R ADCp FA

q-space imaging QSI p diffusional kurtosis imaging DKI

MRI I QSI

DWI I

R Cohen 2002 DKI

kurtosis 0 Jensen 

2005 QSI

I DKI × ×

Raab 2010 Van Cauter 2012 I

R

I 	

	

 

3.5  

NAWM FA  

FA ADC

I  

FA FA
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R I  

FA small ROI large ROI  
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3.1 DTI  

 

     

1  9 8  spay  

3  9 6    

4  10 3    

5  10    

6 ×  12 9  spay  

7  10 4    

9 ×  9 8    

10  10    

11 ×  9 2  cast  

12  8 7  cast  

13  12 9    

14  12 9    

15 ×  6 11  cast  

16  14 3  cast  

17 K C  7    

18  9 3  spay  

19  10 4  spay  

20  13 7    

21  13 1    
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22  11 7    

23  10 11  cast  

24  13 2    

25  12 10  cast  

26  5 10  spay  

27 ×  7 5  cast  

28  12    

29  4 2  cast  

32  10 2  spay  

     

     

33  11 7    

34  15 6  spay  

35  15 6  spay  

36 ×  13 5  cast  

37  16  spay  

38  12 1    

39  14 6  cast  

40  12 1   PNET  
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3.1 ROI  

A: T2 B: T1 C: NAWM T2

D: FA E: FA

F: NAWM FA  

 

 

 

 

 

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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3.2  small ROI large ROI T2 Hi

FA  

small ROI large ROI

2

small ROI large ROI

T2 Hi
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4  

 

MR  

 

 

4.1  

MRI MR

magnetic resonance spectroscopy MRS MRI

2 1945 =

MRS ×

MR

MRI 1H

1H MRS 1H-MRS

×

chemical shift

ppm 1 parts per million 1H-MRS

N- N-acetyl-L-aspartate NAA

Creatine Cr  Phosphocreatine PCr

Choline Cho TE

TE short TE ±  

myo-inositol Ins Glutamine Gln Glutamate Glu
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NAA

Cho

Cr Lac

lns

NAA Cho  

Cho/NAA Lac Dawoud 2014

Cho MRI

 

 

 

(N-  N-acetyl-L-aspartate NAA 2.0ppm

±

 

) Cr 3.0ppm Creatine  Phosphocreatine PCr

3.0ppm total creatine

t-Cr t-Cr

ATP

 

 Choline Cho 3.2ppm

Cho

 

 Lactate Lac: 1.3ppm
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1H-MRS Lac  

 Lipid Lip 0-2ppm short TE

 

alanine Ala 1.48ppm ±

 

 Glutamine Gln 2.1ppm  Glutamate Glu

Glu

Gln Glu

2.1ppm Gln

Gln

 

± myo-inositol Ins 3.5ppm

Ins/Cr

 Sherbeny 2014 Howe 2003 Castillo 2000  

 

1H-MRS

Orphanidou-Vlachou 

2013�Sherbeny 2014�Dowling 2001 MRS

Conventional MR

MRS
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MRS  Ono 2014 Carrera 

2015 Sandhoff  Ito 2018  Sievert 2017

 Carrera 2016 Stadler 2014

MRS

MRS MRI

MRS  
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4.2 MR  

 

4.2.1  

 

4.2.1.1  

11 7 2 210 2

8 9 6 5 11 1 11 2

5 2 2 2 5 6

No.27K-8, S27K-8  

 

4.2.1.2.  

 

4.2.1.2.1  

12 18224G

®

7mg/kg 10mg/kg

® 223 % 2.0 l/min

× 1 102

20ml/kg 12216cmH2O 12 /min

36237 MRI n

E881PD GE Yokogawa Medical System, Japan

× ® 5 ml/kg/hr

×  
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4.2.1.2.2 MR  

3.0T MRI Signa® HDxt GE Healthcare, Tokyo

RF 8 Knee coil

MRS MRI

MRS 3D T2 cube TR/TE= 3200/77.74 0.6mm

FOV=15 15cm 256 256 NEX=1

sagittal dorsal transverse 3

volume of interest VOI

VOI 10 10 10mm

MRS Single voxel PRESS prove point 

resolved spectroscopy TR/TE  2000/35 ms short TE FOV 22 cm 22 cm

512 512 NEX 8 short TE  

 

4.2.1.3  

MRS MRS MRS LC 

Model version6-3-1A LASystems LC Model

mmol/L Lip Lac Ala NAA

Glu Cr Cho Ins MRS ±

Cr Cr Cr

Cr  

 

4.2.1.4  

F Lip Lac Ala Glu Cr

p=0.81 p=0.95 p=0.10 =0.06 p=0.48 NAA
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Cho Ins p=0.007 p=0.007 p<0.001

± ×

IQR 2 Wilcoxon

Mann-Whitney U

Statcel , OMS

p<0.05  

 

 

4.2.2  

× IQR 4.1

MR 4.1 4.2

Glu p<0.001 Cr p=0.02 Cr p<0.01

Cho Cr p<0.001 Glu Cr

Cho 4.3 4.2 4.4

Cr 4.3 4.5 Cr

Lac p=0.04

 

 

 

4.2.3  

MRS Ono 1.5T

single voxel short TE=15ms MRS

Cho/Cr NAA/Cr

325

NAA 90.17 6.34 Cr 60.64 2.94 Cho 73.67 3.30 Lac 2.54 2.54
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mmol/L NAA/Cr 1.50 0.18 Cho/Cr

1.21 0.06 NAA/Cho 1.23 0.11 Lac/Cr 0.05 0.05 Ono 2014

Carrea 3.0T single voxel short TE=32ms 10

NAA 7.28 0.46 Cho 1.89 0.11 Cr 6.93 0.39 Glu

12.37 1.11 Ins 8.73 0.50 mmol/L NAA/Cr 1.04 0.04 Cho/Cr

0.27 0.10 Glu/Cr 1.78 0.10 Ins/Cr 1.26 0.06 Carrera 2015

Cr

Sievert 3.0T single 

voxel short TE=16ms 10

NAA 7.85 0.35 Cho 2.22 0.16 Cr 6.20 0.44

Glu 11.21 1.01 Ins 7.28 0.4 mmol/L Sievert 2017  

× 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)

3.0T Lac

Carrera

Tedeschi 1995 MRS

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)

Glu Cr Cho Cho

 Barker 2010

2 8
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4.3  

 

 

4.3.1  

 

4.3.1.1  

2011 6 22019

9 40 31 9 1.1

X MRI

retrospective

 

 

4.3.1.2  

 

4.3.1.2.1  

12 18224G

®

7mg/kg

® 223% 2 l/min

× 1 10220ml/kg

12216cmH2O 12 /min ×

SpO2 ®
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5ml/kg/hr  

 

4.3.1.2.2 MR  

3.0T MRI Signa® HDxt GE Healthcare, Tokyo

RF 8 Knee coil

MRS MRI

MRS 3D T2 cube TR/TE= 3200/77.74 0.6mm

FOV=15 15cm 256 256 NEX=1

sagittal dorsal transverse 3

VOI 1 single voxel VOI

10 10 10mm 3D T2 Cube

MRS Single voxel PRESS

TR/TE 2000/35 short TE 10 mm FOV 22 cm 22 cm

512 512 NEX 8

VOI  

 

 

4.3.1.3 MRS  

4.2.1.3 MRS MRS LC Model 

Lip Lac Ala NAA Glu Cr

Cho Ins Cr Cr

Cr

MRS Cr

 Tsougos 2012 Cr

4.3.2.2 MRS
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Cr

Cr

n NAA Cho NAA/Cho Cho/NAA

Law 2003 Poptani 1995

NAA/Cho Cho/NAA  

 

4.3.1.4  

Mann-Whitney U n=6 4.2

n=22

Statcel , OMS p<0.05

 

 

 

4.3.2  

MRS 4.6 7 9 11

12 13 15 17 18 20 21 22 23 27 37 38 15 13 2

8 7 10 6 8 4

1 1 2 4

2 1  

 

4.3.2.2  

× IQR 4.7

Cr p<0.001 NAA p<0.001 Ins p=0.01

Ala p=0.002 Lip p=0.03
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Cr NAA Ala Lip

Cho NAA Ala Cho Lip Lac

NAA Glu Ala Lip Lac Cr

Cr Cho NAA Ins Ala Lip

Lac MR 4.4

4.5 4.6 4.7 4.8

 

4.3.2.3  

× IQR 4.8

NAA/Cr p=<0.001 Ins/Cr p=0.01 NAA/Cho

p=<0.001 Ala/Cr p=0.002 Lip/Cr p=0.03 Cho/NAA p=<0.001

NAA/Cr NAA/Cho

Ala/Cr Lip/Cr Cho/NAA NAA/Cr NAA/Cho

Ala/Cr Lip/Cr Lac/Cr Cho/NAA NAA/Cr NAA/Cho

Ala/Cr Lip/Cr Lac/Cr NAA/Cr

Cho/Cr Ins/Cr NAA/Cho Ala/Cr Lip/Cr Cho/NAA

 

 

4.3.3  

MRS

NAA 1.214 Cho 2.666 Cr 1.292 (mmol/L) NAA/Cho 0.465 NAA/Cr

0.997 Cho/Cr 2.106 n=10 NAA 1.014 Cho 2.009

Cr 1.068 (mmol/L) NAA/Cho 0.455 NAA/Cr 0.924 Cho/Cr 2.120

n=7 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 2.191 Stadler 2014

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)

NAA Cr Glu Cho Carrera 2016

Cr Cr

Cr

Nagendank 1996 Hazany 2007 Cr

Cr

 Hazany 2007

Cr

Negendank 1996 Matsumura 2005 Isobe 2002 Hattingen 2008

Cr ± Cr ×

Cr

Dringen 1998 Cr

Nagendank 1996 Isobe 2002

Hattingen 2008 Cr

Cr Cr

 

NAA

NAA

NAA

NAA

NAA NAA
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Carrera 2016 1 NAA

NAA

NAA

 

Cho ×

Cho/Cr 4.48 2.09 4.23 2.02

2.23 0.512  Dawoud 

2014 Chen 2006 Martinez-Bisbal 2009 Shokry 2012  Chen 2006

 McKnight 2007 Cho/NAA

7.81 1.72 7.49 2.03

1.99 0.86 Dawoud 2014 Liu 2012

Server 2010 Cho/Cr Cho/NAA  Brandao 

2013 Cho

2 Cho

Cho

Cho

Troxel 2003

 

Lac ×

Sutton 1992
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Lac

Barker 2010 2

Lac  

Lip

Mora 2019

Lip

van der Graaf 2010 Lip

Lip Kosui 2012

Lip Carrera 2016

Lip

Brandao 2013

Lip 10 ×

Lac Lip

Bulik 2013 Lac Lip

MRS

 

Ala Hazany 2007 Cho 

2003 Demir 2006 Cho Cr NAA Ala

van de Craaf 2010 Demir 2006

Ala Carrera 2016 Stadler 2014

Ala ×

Cr NAA

Ala

Cho
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MRS

MRS 1.0cm VOI

VOI

MRS

 

 

 

4.4  

MRS Glu Cr

Cho  

Lac

 

Ala NAA Cr

Cho  

Cho Lip

Lac MRS
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4.1  

 

� � 	 	

� � (ppm) (mmol/L) /Cr (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) 

p  �  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) 

p  �  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) 

p  �  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) 

p  �  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) 

p  �  <0.001* 0.019* �  

Cr 3 6.87 (6.67-7.16) 1 7.66 (6.88-7.92) 1 

p  �  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) 

p  �  <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) 

p  �  0.06 0.85 �  

Lip Lac Ala NAA N- -L Glu Cr

Cho Ins: ± * p 0.05 
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4.1 MR 	  

 
 

 
 

4.2 MR 	  
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4.3  

Glu p=0.02 Cr p<0.01 Cho p<0.001

 

 

 

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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4.6 MRS  

 

 

      

7  10 4    

9  9 8  	  

11  9 2  	cast  

12  8 7  	cast  

13  12 9    

15  6 11  	cast  

17 K C  7    

18  9 3  spay  

20  13 7  	  

21  13 1    

22  11 7  	  

23  10 11  	cast  

27  7 5  	cast  

     

      

37  16  spay  

38  12 1    
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4.4 MR  

28 11 Cr NAA Ins

Ala Lip T1

MRS VOI T2  

 

4.5 MR  

17 16 Cho Cr NAA Ins Ala,Lip

T1 MRS

VOI T2  
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4.6 MR  

30 10 11 Cho Ala

Lip Cr NAA T1

MRS VOI T2  

  

4.7 MR  

35 7 5 Cho

Ala Lac Cr Naa T1

MRS VOI T2  
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4.8 MR  

19 12 9 Ala Lac Lip Cho NAA

Glu Cr T1

MRS VOI T2  
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5  

 

 

 

 

5.1  

positron emission 

tomography PET

single photon emission computed tomography SPECT

CT MRI

MRI perfusion-weighted imaging PWI

MR  MR perfusion

PWI PET SPECT

PWI MRI

Perfusion

PWI

dynamic susceptibility contrast DSC

arterial spin labeling ASL ASL

SNR

PWI DSC

Gd
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PWI CT ± CT

PWI Gd MR

 

PWI

relative cerebral blood volume rCBV

ml/100g

4% relative cerebral blood 

flow rCBF ml/100g/min

rCBV MTT rCBF=rCBV/MTT

mean transit time MTT sec

MTT MTT

 

PWI

Lev 1999 Ueda 1999 DWI

PWI diffusion-perfusion mismatch

DWI

PWI

Henninger 2007

Neumann-Haefelin 1999 MTT MTT rCBV
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rCBF Karonen 2000 MTT

4 Thijis 2001 Lin 2003

PWI

Kim 2017 Bennett 2017  

PWI

DSC rCBV rCBF

MTT 3 rCBV

Smith 2004 Wong 2009 DSC

injection rate IR Lev 1997 Heiland 2001

CT perfusion

4ml/sec PWI

Ishida 2009 PWI 3ml/sec rCBF

van Osch 2003 CT/MRI 2006 

CT/MR , 2006 CT

30-60ml IR 3-5ml/sec PWI

0.1mmol/kg IR 5ml/sec 20ml 5ml/sec

CT perfusion 4ml/sec

Kawata 

2006

MRI

(0.1 0.2ml/kg) CT 1 2ml/kg

PWI 1ml/sec

4ml/sec IR
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PWI Lu 2013

Kawata 2006 rCBF

 Ziegelitz 2014 Virhammar 2017

 Schmidt 2017 rCBV

rCBV Svolos 2013 Sacconi 2006

PWI 2

PWI  
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5.2  

 

5.2.1  

 

5.2.1.1.1  

2 22G 24G

IR 4ml/sec 3ml/sec

 

 

5.2.1.1.2  

8 6 2 8 6 5 3 9.4kg

11.7kg 6 3 11 4 5 3 3 2.6kg 4.2kg

28K-2, S28K-2, 29K-5 S29K-5  

 

 

5.2.1.2  

 

5.2.1.2.1  

12 18 24G

®

7mg/kg 10mg/kg

® 2 3 % 2.0 l/min

1 10



  

 85 

20ml/kg 12 16cmH2O 12 /min

36 37 MRI

E881PD GE Yokogawa Medical System, Japan

® 5 ml/kg/hr

IR 1ml/sec

4ml/sec PWI 72  

 

5.2.1.2.2  

3.0T MRI Signa® HDxt GE Healthcare, Tokyo

RF 8 Knee coil

PWI Conventional MRI

Conventional MRI Fast spin echo FSE T2

TR / TE 7000/81.6ms FSE T1

T1 TR/TE/TI=6.8/2.9/920ms

2.0mm gap 0.5mm�FOV 15 cm	15 cm 128	128

PWI Pre PWI

Pre PWI

PWI Pre PWI

 Gradient echo-echo planer imaging (GRE-EPI) TR/TE 2000/32

3.0mm FOV 15 cm	15 cm 128	128 NEX 1 Pre

Total slice of images 20 Total slice of images 1000

®

MRI

1.3ml

MRI  0.2ml/kg 6.5kg



  

 86 

 kg 2/3	0.1 mm2 PWI 4

0.2ml/kg 0.1mmol/kg 7.3ml/mm2 3.2mmol/mm2 50kg

IR 1ml/sec

4ml/sec 12ml  

 

5.2.1.3  

PWI MRI functool, GE 

healthcare, Tokyo rCBV rCBF MTT ×

ROI

ROI T2

rCBV rCBF MTT 5.1

5.2 ROI 8.2 27.5mm2 5

MRI

rCBV

rCBF MTT

Wu 1999  

 

5.2.1.4  

rCBV rCBF MTT IQR IR 1ml/sec

4ml/sec ROI 2

n=8 n=6 IR 1ml/sec 4ml/sec

16 n=8	2

12 n=6	2 IR 
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1ml/sec 4ml/sec 1ml/sec 4ml/sec 2

2 Wilcoxon

Statcel 4, OMS p<0.05

 

 

 

5.2.2  

 

5.2.2.1

22G 24G 2 IR 

4ml/sec

IR 1ml/sec 4ml/sec �

 

5.2.2.2. IR 1ml/sec 4ml/sec  

IR 1ml/sec 4ml/sec

rCBV/ rCBV IQR rCBF/

rCBF IQR MTT/ MTT IQR

5.1 IR  

IR 1ml/sec 4ml/sec IQR

5.3 IR 4ml/sec rCBV 3.55 rCBF 3.60 1ml/sec

rCBV 2.55 rCBF 2.47 (

p=0.049 p=0.01) IR 4ml/sec rCBV 0.99

MTT 0.89 1ml/sec rCBV 1.02

MTT 0.97 P=0.03 p=0.049
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5.2.2.3 IR 1ml/sec 4ml/sec  

IR 1ml/sec 4ml/sec

5.2 IR

 

IR 1ml/sec 4ml/sec IQR

5.4 IR 4ml/sec rCBF 1.58 rCBV 1.22

rCBV 1.17 1ml/sec rCBF 1.32 rCBV

1.01 rCBV 1.00 (

p=0.049 p=0.02 p=0.04)  

 

 

5.2.3  

 

5.2.3.1  

IR 1ml/sec 4ml/sec

NAWM

Svolos 2013a

MTT

  2008 rCBF rCBV

rCBF rCBV rCBF rCBV

  2008  2003

 



  

 89 

 

5.2.3.2 IR  

IR 1m/sec 4ml/sec rCBV rCBF

4ml/sec rCBV

rCBF 1ml/sec

 2006

rCBV MTT IR 1ml/sec

4ml/sec rCBF rCBV IR

Smith 2004 Wong 2009

rCBV IR

MTT Wong 2016 MTT

1ml/sec 4ml/sec MTT

 

 

5.2.3.3 IR  

IR 1m/s 4ml/s rCBF

rCBV rCBF rCBV

PWI IR

Ishida 2009 IR 5ml/sec
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IR IR

 

 

22G 24G

4ml/sec MRI
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5.3  

 

5.3.1  

 

5.3.1.1  

2011 6 2019

9 40 31 9 1.1

X MRI

retrospective

 

 

 

5.3.1.2  

 

5.3.1.2.1  

12 18 24G

®

7mg/kg

® 2 3% 2 l/min

1 10 20ml/kg

12 16cmH2O 12 /min

SpO2 ®
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5ml/kg/hr  

 

 

5.3.1.2.2 PWI  

3.0T MRI Signa® HDxt GE Healthcare, Tokyo

RF 8 Knee coil

PWI Conventional MRI

Conventional MRI Fast spin echo FSE T2

TR / TE 7000/81.6ms FSE T1

T1 TR/TE/TI=6.8/2.9/920ms

2.0mm gap 0.5mm�FOV 15 cm	15 cm 128	128

PWI Pre PWI

Pre PWI

PWI Pre PWI

 Gradient echo-echo planer imaging (GRE-EPI) TR/TE 2000/32

3.0mm FOV 15 cm	15 cm 128	128 NEX 1 Pre

Total slice of images 20 Total slice of images 1000

®

MRI

1.3ml

MRI  0.2ml/kg 6.5kg

 kg 2/3	0.1 mm2 PWI 4

0.2ml/kg 0.1mmol/kg 7.3ml/mm2 3.2mmol/mm2 50kg

IR 1ml/sec



  

 93 

4ml/sec 12ml  

 

 

5.3.1.3  

PWI MRI rCBV

rCBF MTT × ROI

T2 T1 small ROI large 

ROI NAWM 5.3

1 ROI

10.6 142.8mm2 5 rCBV

rCBF MTT NAWM NAWM-rCBV NAWM-rCBF NAWM-MTT

 

 

5.3.1.4  

small ROI large ROI

rCBV rCBF MTT IQR

small ROI large ROI Mann-Whitney U

Statcel 4, OMS

p<0.05  

 

 

5.3.2  

PWI 5.5 20 21 22

23 24 27 31 38 39 40 10 7 3 7 3
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11 11 7 5 1

1 1 2 1

PNET 1 IR 1ml/sec 8 26 27 28

29 30 31 32 35 4ml/sec 2 39 40  

 

5.3.2.1 rCBV rCBF MTT 

small ROI large ROI

rCBV rCBV/NAWM-rCBV rCBF rCBF/NAWM-rCBF MTT MTT/NAWM-MTT

IQR 1 5.6

small ROI large ROI

 

IR 1ml/sec 6 small ROI large ROI

rCBV rCBF 4ml/sec 1

IR 1 1ml/sec small ROI large ROI rCBV rCBF

4ml/sec IR 1ml/sec 1

small ROI large ROI rCBV rCBF 1ml/sec

MTT  

 

5.3.2.2 rCBV rCBF MTT 

rCBV rCBF

MTT IQR 1 5.6  

IR 1ml/sec 6 rCBV rCBF

IR 4ml/sec 1 rCBV

rCBF IR 1ml/s

1 rCBV rCBF 4ml/sec
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IR 1ml/sec 4ml/sec MTT

 

 

 

5.3.3  

 

5.3.3.1  

DWI DTI PWI ROI

PWI large ROI small ROI

T2 T1

ROI

PWI ROI small ROI large ROI

 

 

PWI

Lee 2014 Tsougos 2012 Conventional MRI

 Young 2011 15 45%

Mihara 1995

Conventional MRI PWI

rCBV Lee 2014

rCBV Di Stefano 

2014 Saito 

2012 rCBV

Sadeghi 2008 rCBV
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rCBV

Price 2011 rCBV IR 5ml/sec

2.32 3.66 6.33 7.14 4.45 rCBV

Calli 2006 Svolos 

2013a 2 IR 1ml/sec

rCBV small ROI 1.64 large ROI 1.83 rCBF small ROI

1.74 large ROI 1.83 4m/sec rCBV small ROI 4.13 large ROI 4.57

rCBF small ROI 4.56 large ROI 4.83 IR4ml/sec  1ml/sec

IR 1ml/sec

rCBV small ROI 2.34 large ROI 2.11 rCBF small ROI 1.77 large 

ROI 1.94 4m/sec rCBV small ROI 4.13 large ROI 3.94 rCBF

small ROI 4.25 large ROI 4.16 IR4ml/sec  1ml/sec

IR

rCBV 8.92 03.61

10.95 6.55 8.85 4.40

 Svolos 2013b 4ml/sec

rCBV rCBF

1ml/sec

PWI

4 5ml/sec IR 4ml/sec

PWI  

 

5.3.3.2  

rCBV 0.96 0.36
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2.67 1.06 0.98 0.33 Svolos 2013a

rCBV 1.23 0.38 1.81 0.99

1.35 0.31 rCBV

Svolos 2013b

Lehmann 2009

Uematsu 2003 2

rCBV 1.06 0.93 rCBF 1.1 1.25

IR 1ml/sec 4ml/sec

IR 1ml/sec rCBV rCBF 0.73

4ml/sec rCBV 2.03 rCBF 2.40 1ml/sec

4ml/sec

4ml/sec

rCBV rCBF

rCBV rCBF

PWI

rCBV

 

DSC rCBV ASL rCBF

MTT

MTT IR
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4ml/sec IR

IR

11kg 3ml/sec 0.1mol/kg

11kg 1.5ml/sec 0.2ml/kg

Stadler 2017

1ml/sec IR

CT/MR

2006 3ml/sec IR

Heiland 2001 3ml/sec IR  

 

DSC ASL

×

DSC Ma 2017

Bisdas 2009 ASL

PWI DSC

PWI

×

ASL PWI
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5.4  

NAWM

 

22G 24G IR4ml/sec

 

rCBV rCBF IR 1ml/sec 4ml/sec

IR  

MTT
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5.3 C C n 16  

 rCBV rCBF MTT 
1ml/s 4ml/s 1ml/s 4ml/s 1ml/s 4ml/s 

 r

IQR  

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) 

P  0.61 0.76 0.64 

 r

IQR  

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) 

P  0.03* 0.12 0.90 

 r

IQR  

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) 

P  0.33 0.35 0.049* 

 

 

r

IQR  

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) 

P  0.049* 0.01* 0.38 

. 2 2 2 2

5.4 C n=12  

 rCBV rCBF MTT 

1ml/s 4ml/s 1ml/s 4ml/s 1ml/s 4ml/s 

 r

IQR  

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) 

P  0.18 0.049* 0.39 

 r

IQR  

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) 

P  0.02* 0.75 0.18 

 r

IQR  

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) 

P  0.04* 0.059 0.53 

 

 

r

IQR  

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) 

P  0.14 0.18 0.69 

. 2 2 2 2
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	 B C

F 2 . 2 2 I C *

D * C I 5

rCBV 2rCBF 2MTT
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	 B C

F 2 . 2 2 I C *

D * C I 5

rCBV 2rCBF 2MTT



  

 105 

5.5 PWI I C 2 2 2  

 
 

      

20* V OS 13 7  1  

21* R R  13 1    

22* R T  11 7  1  

23* M O  10 11  1cast  

24* R O 13 2  1  

27*  7 5  1cast  

31**  11  spay  

     

      

38*  12 1    

39*  14 6  1cast  

40**  12 1  1 PNET  

* : 1ml/sec 2** : 4ml/sec  
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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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6  

 

 

 

 

MRI

DWI DTI MR

MRS PWI 	

MRI

	

	

	

	

MRI Conventional MRI 	

Conventional MRI

2

	

	 MRI Conventional MRI

	

MRI 2011

6 2019 9 MRI

40
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MRI DWI 2 DTI 3 MRS 4

PWI 5

	 

 

2 DWI

35 	DWI ADC

	 NAWM ADC

ADC 	

ADC NAWM ADC

ADC 	

ADC 	ADC

ADC 	 ADC

	 ADC

	

ADC

	 ADC

ADC 	 DWI

ADC

ADC 	

	 

	 ADC
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ADC

	

ADC ADC T2

ADC

	 ADC 	 

ADC ROI

ROI large ROI

ROI small ROI 	

ADC

	 

 

3 DTI 35

	DTI FA 	DTI

NAWM FA FA

	 DWI FA 	 FA

	 FA

	FA

	

	

DTI FA

FA

	

FA 	 
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FA

	

	

	 FA

	 FA

FA

	 T2

FA 	 FA

FA ADC

	 

FA ROI large ROI small ROI

	 FA

small ROI large ROI 	 

 

4 MRS

	 MRI

MRS 15

MRS 	

Lip Lac Ala N- NAA

Glu Cr Cho Ins

mmol/l Cr

	 Glu Cr Cho
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15 Cr

Cr

Cr 	Cr

	

Cr

	 NAA/Cr

	NAA

NAA 	Cho

	Cho

	

	MRS

	 Cho

	

	

Lip Lac

MRS

	 Cho Cr NAA Ala

	 Ala

Cr NAA 	 

 

5
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PWI 	PWI rCBV

rCBF MTT 	MRS MRI

	

DSC

IR

IR 	

IR 1ml/sec 4ml/sec PWI

	 MRI

rCBV rCBF MTT

rCBV rCBF MTT

	 

PWI 	 MTT

rCBV rCBF

rCBV rCBF 	

	 IR IR 1m/sec 4ml/sec

rCBV rCBF 	

4ml/sec rCBV rCBF 1ml/sec

	

	 rCBV

MTT IR 1ml/sec 4ml/sec 	

rCBV IR

	

MTT
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	 IR IR 1 m/sec 4 ml/sec

rCBF rCBV 	

rCBF rCBV 	

	

IR

	 22G

24G 4 ml/sec 	

MRI

	 

10

	DWI DTI ROI small ROI

large ROI PWI

	 PWI ROI

small ROI large ROI 	 

IR 1ml/sec 6

1 IR 4ml/sec 1

	IR 1ml/sec rCBV rCBF

	IR 4ml/sec

rCBV rCBF IR 1ml/sec

	 IR

	

	

PWI 	 PWI

2 	
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PWI

	 

rCBV 	

rCBV 	 IR 1ml/sec rCBV

rCBF 	IR 4ml/sec

rCBV rCBF 	

rCBV

IR 4ml/sec 	

PWI

	

MTT 	

MTT IR

	 

 

Conventional MRI

6.1 6.2 	

[Ma 2013 Gaudino 2016 Lin 2017

Cuccarini 2016�Xiao 2015�Sauwen 2016]	

Conventional MRI
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Conventional MRI

	 	 

Conventional MRI

dural tail sign

mass effect

	 	

[Wada 2017]

Conventional MRI 2 	DWI

ADC DTI FA

	ADC

ADC 	FA

	 ADC FA

	 ADC

	 MRS

Lac Lip 	

ADC FA

	 ADC

	PWI rCBV

rCBF 	ADC

FA

PWI
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DWI ADC

DTI FA 	ADC

FA 	

MRS Cho

	 Cho

	 ADC

DTI FA 	 ADC

ADC

	

	 

Conventional MRI

15 45% 	

ADC

FA 80% 100%

[Salice 2016]	 ADC

	 FA

	 MRS Cho

Lac Lip  [Cuccarini 2016�Kuesel 1994] NAA  

[Bulik 2013] 	

PWI

Lee 2014 Tsougos 2012
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Armed Forces Institute of Pathology

WHO Koestner 1999

Motta 2012

Vandevelde 2012 Higgins 2016 Miller 2019 	

	

q-space imaging QSI diffusional kurtosis imaging DKI
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