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DCE: Dynamic Contrast Enhanced (bolus passage) AlF: Arterial Input Function
DSC:  Dynamic Susceptibility Contrast (bolus tracking) TiW:  T1i-weighted

PS: Permeability surface area product of the endothelium BBB:  Blood Brain Barrier

Ri: Spin—lattice or longitudinal relaxation rate (1/T1)  vp: Blood plasma volume

R:: -~ Spin—spin or transverse relaxation rate (1/T2) T2'W: T2*—weighted
EES: Extravascular Extraculluar Space | MTT: Mean Transit Time (min)
CBV:  Cerebral Blood Volume (ml blood/100gm tissue) Kkep: Constant rate, PS/ve

CBF:  Cerebral Blood Flow (ml blood/100gm tissue/min} Kuans:  Transfer constant

Ve: Fractional volume of the EES, 0<ve<1 ASL: Arterial spin labeling

VSASL: \/elocity selective ASL
VTI: Vascular territory imaging

DWI: Diffusion—weighted imaging
OTI: Diffusion tensor imaging

FA: Fractional anisotropy (FA)

RA: Relative anisotropy (RA)
HARDI: High angular resolution DWI
VBM: voxel-based morphometry

PASL: Pulsed ASL
CASL: Continuous ASL

Trace (MD, Mean Diffusivity)

VR: Volume ratio

LI: Lattice index

DSI: diffusion spectrum imaging
ADC: apparent diffusion coefficient
AKC: apparent kurtosis coefficient

DKI: Diffusional kurtosis imaging

2. 2= X7|2HAA (Perfusion MRI)

(1) T1 7Z 4A% o] £3 vy (Dynamic Contrast-Enhanced, DCE,
or Bolus Passage Method or T1-weighted Perfusion)

* Common outputs: EES volume, CBF, CBV, Kians

o e Az ol B fAskd Kidney® Esto] AAHAY EES 9902 23 oo
At o 29AE 239 T1 g% Z2AA T 32 G4 A5 358 F7M7le 9
ath 2949 Fol HE TI Aok Be 2ol Yehd & ok

a‘F
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R (t) =IR10 + ’ﬁc(t)

A71A R Z4A FU%9 o|E(relaxation rate, 1/T1)o1H Rie Z9GA F9A Ry, 1
< ZFA9 dFER o|¢EY F7HRelaxivity)ol®, Ct)2 3¢ At @& FEo|t} o
ZY9A= AAAXAAE BBB (blood brain barrier)S E#31A £3A|%F tumoryt multiple
sclerosis (MS) 59 ZgtdA &= EESE E°71A fdh. A olg A= 7S EUd
CBV3#} MTT & CBF &9 2 Eo th& AegEQ AdAsd #dS 24 =Hid=d 2 ¢
2}-‘1‘:‘ PS 2 ve o]t} (1). 3AINE o]& AAE dYe] A7 €A __?:%’0]'/‘1 A+ (constant
rate) ke (-PSAJE WAl Po#Hm dm g DCE WEE ol4¥ H$E 3D Fast
gradient-echo TIW sequenceE A}8-3lA] =1 TR<7 mséc, TE<1.5 msec, flip angle:30° 7b A}
gt @), '

BBBY &40 @& ¥4(leakage) AL AAd A 5 Ay a%xe 294 FU(
oz Hast & 4 Aok Tumord] AS 2JA Fol
*ﬁ.‘-ﬁ] flow EATE B3 4 AUt wEbM flowst permeability & 7‘%*— st

(transfer constant) Keass PSS W22 AR/ 0 (34). I tHE ZAL A J%
permeability model®] 7% (ex, MS) Ktrans=PS (flow>>PS)2 A&t Aste flow model?]
A% (ex, tumor) Kyas=flow (low<<PS)& A48T} Acute MS HHFANM Kigms=0.050/min
o) ve=21% Ao Chronic MS ¥WHAGNA Kuans=0013/min ]2 ve=49% AEo|t}. WE
2 4= breast ¢ prostate®] FHANA AL Kuans mapss 2 G771 2 Fof Ayt 6. 8t
A7t TIW-DCE MRIE ©}&3X CBF& 737 1’]5“}‘ = 32 PS (flow-limited) @ A=
blood plasma volume(v,) Z7L uHE3)o} ). Permeability Mapg 3171 918t free software

% Y47} LUPE program (http://www.jubileum.lu.se/mrphysics/ software/lupe/download.htm)
ojc}, '

@A TIW-DCE #iol sty gle #AE AR driv A&sHA AIFS 3T + e
7h, B4 29A7F @rig 7h3A 23 W £XHEV} (tissue homogeneity), AR 339 F
g R AREGES B A7le £A% (spatial and ‘temporal resolution), YA perfusion
2 permeability€ angiogenesis®t BHAAIA oG HAFL, P TFLE Kuans R veE oA
S AE F J AXEYIE DEE AT o2 s|YHE o Kease 20 g4 @
7) steted =& Heke] 2PA DS} A Ao ATt (36)



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(2) T2" 7% 9 S o]43 W (Bolus Tracking or Dynamic
Susceptibility-weighted Contrast-enhanced, DSC, or T2,
T2 -weighted Perfusion)

X _. Commbn outputs: CBF, CBV, MTT, Peak height, Percent signal recovery

GD-DTPAE %7 %9 Antecubital veinol 9.2 Susceptibility(A8t44)0 Z7haw,
T2" X137} Z4sHA 9t o] #AE Ao W T2 relaxivity contrast 3} (AR2¥)2 Jeh
A 9o} (7). T2W-DSC (8) MRIZ o] 83t oA AF& Tiw-DCE MRI 89| Hlato] t
}3’._31}33..9& perfuéion e 4L F A A EPI sequenceE o] 839 AdA F 3+ volume
= @ % 1522 A=t 28890 AFAQ flows 27| A4 £ brain-feeding arteryl| A
ZFA s WsE Yolof s o|& ‘AIF #i FEth Microvasculatureol 41 ¢l perfusion -
2 97 YaAE gradient-echo (T2'W) Rt} spin-echo sequence (T2W) 7} &= 3 ith
I8Y spinecho®  ol8¥ A$E AFE /7t ¥Sel AR 4L AN
gradient-echo’} Az @t} 29 flow A4 modeldl e 2949 L9 AR2x9 W37} A
FRAE 7L b= 7HE S ol 83k AA=E v ¥ #(quadratic relation) BAE 2=
=3 2949 A3 2449 e ¥ ) magnetic field’} W33kl AHHQ Phase W3}
w3}7] W2o| o] phase W3] 7|28 £ 2gA 9 W3S o] 4 flow quantificationo] 742

¢

)

il

1—'

Flow¢] quantiﬁcaﬁon%-'- st AIF Ftol %R%}D}. azjv @A) AHEEE gradient-echo 4
Bl A& voxel 2717} AA partial volume effect®] &#417F Bz Yot olE E9] artery7}
main magnetic fieldl FPFshn FFHA artery RS Naro] #WasstA = partial
volumed] ¢} 3} voxél el F A3 bloodst 9 tissued) o2 YePITH(79). waekA partial
volume effectE& ARHAIT 4T 7} Aok AT artery7} main magnetic field$t H 3PS o] F
A ¥e ALE ZGAZ A3 vessel 0199 tissueE AE7h WSk B (10). o] B9E
AIFE MCAY local AR algorithms & A48 7-90] 431 voxelle) AZE vesseld] A
73, vesselo] tH3F voxel®l 91x], main magnetic field ol & Vessél-‘ﬂ ' 9 yoxeld] €)X
w2} ¥5helo] partial volume effect® B $3t717F wi¢- FET HI2ol= local AIF ol e
H3 Qv o] B9 @ A AIF7F obd 229 voxelol i@ AIF 3h& ol &7t (10).

- 82 -



Advanced Technologies for MR DWI/PWI - A7 &

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

THH ZYA = intravascular 9} extracellular space o3+ g3t 2 Ay 2z Ao
ol Hematocrit &9 ztol7} Exjste] o] WA ok sht Z2e] gAd) tis) ZAs|7F BHE}
o YRANTE AMst Ut Dispersionol] W3t flow #tel 237 #Astn doy} Local AIF
TR ostd AT gl (1112). H4 9] bolus profiles 471 Y3 4-5 ml/secE YA
E FTYstL oF 20 gauge?d IV line§ o] &3l+= Aol £l Deconvolution® 93 Fx wxd
singular value decomposition (SVD) 82 @2 SNR % residue functions] s} =#H%o]7]
Aol AHgo] Aejeht A delaydl GEEA AN 3 T ol Azdl ALHL 3
ot (13-15). A} 98 AM$-EH+E Deconvolution W2 2+ modified SVS, Fourier method %
maximum-likelihood expectation maximization (MLEM) ®3 %o°] 1t} (16). Region-of-interest
(ROD RS o] &3 E4 Ao 2479 voxeld tistd dtetrlglE 3t 1 ROIY e B
sh= W3 RO A3 E WA st geveE T3 ol AMSHIL Yt

AA #4l2 percent signal recovery(PSR)-& ©]83F malignant glioma$®} metastasis & 748
3l= A2 H metastasis®] A+ PSREtol capillarydl A1 ¢} GD-DTPAY F+4 wWiFo] A"
Glioma grading& #siA= rCBV7F 4utzd o g xE5o] rCBV7} €% high grade tumor’}
2t 3A 9 Oligodendroglioma®l 749+ graded] #A§le] vascularity’} F7}8lA rfCBVE o]
4% 4 Q. ggtA rICBVE o] &3 grade ZA A9 £ Fibrillary astrocytoma®] Z-$-9Hs o] &
3 Ao] ¥t GradingsS 9% E 39 W02 Keaed ©18-31L UTh

(3) 9 2HHAY S o] &3 W (Arterial Spin Labeling, ASL,
Method)

* Common output: CBF

ASL perfusion G482 radiofrequency (RF) B AE o]-83}9 arterial blood¥] longitudinal
ZAstE WIAA dE WHOZ blood9 TI relaxation AlZte]l 49 AL JA3H4 ot A

A G4} bloode= A8 §lo] A4S A3 (Control or Reference) T WA F3< bloodE A+
A7 Folf 9448 Ao (Labeled or Tagged) ¥ A4+e] A7} flowdl vl 3|4 YeluA o #
=7HA o8 ASL ¥go] /MEEI gled O FE olfE static tissued] 7|9 EE HAIEER
Z°|3 blood labeling E3E HUJER Fol7] YA Static tissued] 7149 Z flow F9 A
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Aol @27} B Alsl=d I 8 ol F9 3u7} magnetization transfer (MT) effectol] &3t
Aolty. ASL Wiol= pulsed ASL (PASL) (17-22)3} continuous ASL (CASL) (23-25)%
velocity selective ASL(VSASL) (2627) ®8o] k. ASL G448 ol&3te 735+ perfusion
‘mapg 9= A Yo T dh}e ojdo] dEH AL oxygen metabolism (CMRO2)E €&
9Jth= Aotk (28). Dual-echo (Ist echo=ASL, 2nd echo=BOLD)Y} single-echo (addition=BOLD,
subtraction=CBF) ¥#< o] &3ld FAldl CBF$t BOLD 942 €1 o]& ng o2 CMROZE
T 7 UG (29).

PASL -2 #& Al 5 bloodE labeling st WHoE 7]Ed AEHI Qe dRt
MRI AH]2 A}g-o] 7bs3ly 7HASE 7o) EXolt} odr]o) £3F i o 2= FAIR, PICORE,
EPISTAR, UNFAIR, EST, TITL, DIPLOMA % IDOL 3ol it} wbde] CASL 2 2 Azt
F¢} flow driven adiabatic inversion®] ¢]3] bloodZ labeling 3= WHoz EW¥WS sl=9 o9
Aol Hasta PASL Wil nligtd oz go] YA SNRo| & Aol FAHolrt (30). =3
# o pseudo-CASLe}l /RgtElx o} (31,32). o] ¥HHojMe 71£9 CASLoA AHE-HE
continuous RF irradiation ¥#& 942 <l discrete RF ¥22 tA3I5th. £ 71& CASLY
X AH&EE continuous gradient F&S AEAHQ discrete gradient 22 AU o2 <
3 RF 2929 35 gHo] F718te] MT effectE < 20% €927 SNRE =o| 54 =49
o] Uyt Mz ALG 75ttt SRR ofA k. A Aol ALEEkE Hle A7 At

o[

HEF A9 22 cerebrovascular diseases A9 73 labeled blood 7} B4 949 :
2 ANZtol 22 Y21 blood T1 #tEY AlZke] ZA 2 & Jh olF Z-¢-o VSASL #H3
A He=dH 2 98= blooddt §AEEE 7|F 0.2 (cutoff veloCity Vo), 12 o)A /9
M T labeling 3HE ot o] A$ spatial selection® FO™ ARAL TI Fol A &
E7F Ve ol3l! A% (decelerated blood only) 44HS A+ whioltd o @& o] &3
venous blood®] acceleration &3 W&o venous blood?] 7|9:E £Y 4 Utk

|

2o ASL #Hg o]43 vascular territorye dE Wol AgEm Qlid o] whE
cerebrovascular disease A}l A} stenotic vesselE©o] o7 7l A& A9 carotid endarterectomy,
stenting, &< bypasss9 intervention A& $3E Ao 7834 A2 4 Utk Vascular
territory imaging (VTI) G482 PASL WS o} 83t UE feeding artery WHE labeling s}
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Hod A (Diffusion MRI)

(1) Diffusion Measurements

Diffusion &85 o|& oM F2 AH8HE AL diffusion-weighted 98E BAU 2L
o #EE A& WEY] RE Aol Foldh, Aut 27| FHYdE o] 43t DWI J4S 47
oAM= diffusion #E = oMolglth. {2 So] EBo|M dendrite densityS
diffusion MRIZ ©|-&3td ¥& 4 & A7 A1 U (36).

(2) 84k 7z 9 A (Diffusion Weighted Imaging, DWI)

SRS de dEAHS WHoZE pulsed-gradient spin-echo (PGSE), echo-planar
imaging (EPI) sequence® ©}&3tt). oju FFAS AAAE UAAE b-valuest 3o
trapezoidal gradientE ©|8% %9 b-value= o}t 2t} (37).

5§\ & o¢’
b, =y’GG,|&* A—-——)+ ~
s =7 ‘J[ [ 3)7 30 6}

.

A7) A ¥ °k7<}94 gyromagnetic ratio®]1, §¥ DWI gradient duration, AX DWI gradient
Atolel A7t Z4A ) aE)3l e gradient ramp-up AlZte|th AAA R o) b-valuer HAE U
B A8+ imaging gradient®] 913t} 4L Wy 53] diffusion gradient®} imaging gradient
8] 4% A& (cross-term)o] b-gtel AFES WA F Ut (). olF A V] HAMAE
diffusion gradient® ©}&3l= W3S negative?} positive® F H AL A& To| T A S
o] &3}H mascroscopic susceptibility] 3t b W3y} AWo] wlel ojgA FHLsEIE &
T Atk o= diffusion gradiento] 2l WAE = eddy currentoll 93 Aol WAL H4
313t7] 913t Double-refocused PGSE EPI sequence 7} 7W2= %13 phase array coil®) /L=
DWIS Aol Zol mf9- 3 F At Residual eddy-currents phase-encoding 3t 2. 2 shearing,
scaling, translations 9] G4 ¥W&AL o}7|3t}. o] eddy-—current EHE HA3}67] 5t AE
& sequence (39-42)F W23l A 2o post-processing algorithm (43)0] A= 1 iv}

s
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DTI 940l Gaussian ¥ zteths 714 dlol B8 B4 0] o|FoAx AT HA QUA
AME 223 RIS A= el Kurtosise T4 EXAA A+ fourth moment
2 & #X (large displacement)dl v§- ®7Ad EAJo] Ut} o] wiB 2= diffusional kurtosis
imaging (DKI) 94H& o ofzfel o] DWIA AHEEe A3 {ASE o2 Yed ¢ 3
=3

S =S5, exp(— bD + -é—szZK]

714 S& DWIQ A% oju Sp= diffusion gradient’} $22 W |39 AZolH, be
b-value, D= apparent diffusion coefficient (ADC)°]3, K= apparent kurtosis coefficient (AKC)
ojty, wzbd ¢o] A& Gaussian diffusiono] AR ¢gtow Kgs A7l HAdAeE A
b-valued) W BdE& ¥ Fo fittingg 3ok ok o] F¢e AR lung (44) I normal
human brain (4546)°] &85 31t}

(3) 84 94 94 (Diffusion Tensor Imaging, DTI)

- DTI 934 w33 oz wjgdd 7+2EHE9 ¥4 (Anisotropy) &4t @42 7@

Qe Wyos om oz A& FSIJEA BARll FAES WA &t rotationally
invariant scalar (RIS) #F& 4& & 1o #ARY FAbE vad F e Zo] BEAoth di&
¢l RIS index £+ Trace (47-49)% 2 mean diffusivity, fractional anisotropy (FA) (48-50),
relative anisotropy (RA) (48-50), volume ratio (VR), lattice index (LI) (5051), ¥
diffusion-shape index (linear diffusion ¥} spherical diffusion) S°] Yt} olE] gt FA A<
AL FaEH JleH] Jdom F1Z FAS RAY Aold-& H|A¥EH 0 E normalizationdt=
U (FA) 52 A¥# 22 normalizationdt=1F (RA)S] =telelth. EF diffusion-shape index%
o] 8-3t gray matter diffusion ¥ white matter diffusiong 7EE 4 ot DTI ¥4 = 3
1}o] EAL diffusion tensord eigenvalue$} eigenvector® ©]-8-3t4 white matter®] WFAH S A
o2 Yehd 4 ok olw Rede right-left, Greend anterior-posterior, Blue® head-feet &<
Herde (52).

DIT 942 BAHaE wez ggoez 4 7 &30 U A

= ROI
(region-of-interest) ¥, EA+= histograme ©] &3t WY, AAE 5372 group mapping
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gt WHolth (583-55). ROI W2 €A A8 & glou o8 78S T3] A8iM ¢85
w248k AMEY At 012 8471 ok Histogram B'8E 92 A A9 wiie of
¢ R4S A dolx =y HgHE sMdol dE A$ AHER £ Yt Axel Yk Group
mapping 3t WS SPM(Statistical Parameter Mapping, Welcome Department of Imaging
Neuroscience) ©lY} FSL(www.fmrib.ox.ac.uk)- TBSS(Track-based spatial statistics) &3 2
L2I3YE o83t voxel-based morphometry (54) #4& 3t As oty 54 A8 7ol
NAZ A 7H5 8.

(4) A7 cptAd A A (Fiber Tracking)

2o diffusion tensor FY EokillAd F=2 JiEEe 7]%9] e pe fiber tracking £-&
tractography *'H| 7ol & Fn Ao 56-60). ©of WHE ol & HAAM functional
network$} neroanatomy®} 7o MEE F& EA HUh ol Wil ok I A+ 44
of A4 A&HA ¥ I “H'v-c’ﬂ Aol 2t B TAHLE A Ae wiAS
I o} HMREo crossing—fiber TAE HA37] st EHI Je7HE AFHBRAY

Fiber trackingS $8] A}8¥H+: sampling scheme %9 347} HARDI (High angular
resolution DWD)ol™ ¢ 40-200 302 b=2000 sec/mm’c] F& o] "t} (61). = dhte] "
< g-space acquisition scheme©]™ diffusion spectrum imaging (DSDelA A}&¥H 1 ¢tk o7
A q=y6G/2nZ reciprocal wave-vectorolth. o8] g-valued A7) Y3} b-valuec] X e} Zho
diffusion gradient®] strength® W3}stA H+dH g-spaced) SAL DTIANA 7R Gaussian
free diffusion 3}%‘3}2] %+=th Crossing-fiber FAE &ol71 98t A2 7leso] /NLHA
=t 2A A 7HA] o2 3 4 itk

AM T  diffusion-tensorg 71Z2E ¥ WMo Z multiple tensor fitting ¥ (62-64)3%
FORECAST (fiber orientation estimated using continuous aXially symmetric tensors) (65)7} 4
719 &3t} o] WS AL shdtg olEa FHal dAtd AMRHI et HEA O F Streamline
(37.66) HH o] voxel® voxel Aolo] white matter®] @2-L Zol Wid A}LE I Q. o] Hh
£ o] g3t A Tez ALE 7b5d YEAS ZZ WL Johns Hopkins thdtlAl 7itd
DTIStudio (https://www.dtistudio.org/)+ L&A 7428 dTV Volume-1 (http://www.volume-
one.org/; http://www.ut-radiology.umin.jp/people/masutani/dTV/dTV_frame-ehtm ) F°| At
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tA| et o] WHEL oH3F] crossing TAE HAsIA Esm Yot o]2 A distributed
connection ®yol ZEEHU2 o] HWHL random walk diffusion model (5867,68)3% Monte
Carlo method (67,69)3} Front evolution® (5860), Fast marching tractography (FMT) (5870)
ol Atk E 3} oS JiAE WH-L Probabilistic W (59,68)% o] &3 Ao|t}

T A WYHL g-spaced 71RE F WhHoF diffusion spectrum imaging (DSI) (71),
Q-ball imaging (QBI) (72), persistent angular structure MRI (PAS-MRI) (73), CHARMED
(Composite hindered and restricted model of diffusion)&¢] "ol At} Diffusion tensorg 7]
22 3 WYl HlsjA crossing £AIE AAsteH YA ML HAUAT A7 g-valuedl
th3k gAS dojofut a8 scan AlzFo] 28 A b-value Fto] 4000 sec/mm’ ©]AFo] = ojo}
o2 ofx Aol ALt HgA) ¥t Al WAe 8L Empirical EE o] 43 Roz
spherical deconvolution (74) o] oj7]e} &3},

A fiber tracking 89 Aol JoM crossing-fiberg | dste A4 o + HAZ &
< @771 A== Aol Lol fiber trackS AHFHLZ AGA EAd=rt otk B3 fiber
F AT A Y9 trackd volume & T3HAY fiber path?] density & T3 o] A7
3 9tk EF streamline WY 02 Aol fiberd] M5E 2 F Uk FoIR fiber trackolA <]
diffusion anisotropy < F34A U relaxation AZHE 73FAY -2 magnetization transfer ratio
e FAE AT AP Qo (7576) Mo @7 29y connectivityoll th& a7 (77) &
g A= Qi

AN
!
rHu

T 29 ¥ #F AT EIET H FA AP VIeEc] ol IRIAG AT
°of M2 7lee A g8 AL Ao BE AYPAF7t o]FojAcl B Aol ¥ BF
e A A THAZE E7F 4+ 9o DCEY DSC-Perfusion MRI A$& HES H4o]
HEF B FE2 AEHY B TR graded AFYE oled Jldstn ok AW
ASL-perfusion MRI9| 73 diH oz @& &o] & olFoAA &3 Urt. 2 hFEAQ o
= #9F Aol 23 CBF99 b& AAE 417 &M 7led oz o o A =Hojof 3]

T

r

Jo




Advanced Technologies for MR DWI/PWI - &/A4S

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oz AzZdEd. DWIY DT Ae¢e A 4o ditde= ARgH3 gleu Fiber
tractography 9] ¢ HFF &9 £& A AYsEe A9 F2 A ALHT vwA
A4 A7 neuroanatomy L functional connectiond$] ATl FE o]&HI JUth Ro

2@ Wol 3 A4 2 ¥ BE GAe] Y] mBHOR oW Aoz YUtk

B RAYE7)EAFAYY A A= FYT (A62284).



..............................................................................................................................................................................................................

1. Tofts PS, Kermode AG. Measurement of the blood-brain barrier permeability and leakage space
using dynamic MR imaging. 1. Fundamental concepts. Magn Reson Med 1991;17(2):357-367. |

2. Choyke PL, Dwyer AJ, Knopp MV. Functional tumor imaging with dynamic contrast—enhanced
magnetic resonance imaging. ] Magn Reson Imaging 2003;17(5):509-520.

3. Tofts PS, Brix G, Buckley DL, Evelhoch JL, Henderson E, Knopp MV, Larsson HB, Lee TY,
Mayr NA, Parker GJ, Port RE, Taylor J, Weisskoff RM. Estimating Kkinetic parameters from
dyhamic contrast—enhanced T(1)-weighted MRI of a diffusable tracer: standardiZed quantities and
symbols. J Magn Reson Imaging 1999;10(3):223-232

4, Patankar TF, Haroon HA, Mills SJ, Baleriaux D, Buckley DL, Parker GJ, Jackson A. Is volume
transfer coefficient (K(trans)) related to histologic grade in human gliomas? AJNR Am ]
Neuroradiol 2005;26(10):2455-2465.

5. Tofts PS, Berkowitz B, Schnall MD. Quantitative analysis of dynamic Gd-DTPA enhancement in
breast tumors using a permeability model. Magn Reson Med 1995;33(4):564-568.

6. Harrer JU, Parker GJ, Haroon HA, Buckley DL, Embelton K, Roberts C, Baleriaux D, Jackson A.
Comparative study of methods for determining vascular permeability and blood volume in human
gliomas. ] Magn Reson Imaging 2004;20(5):748-757.

7. van Osch M]J, Vonken E]J, Viergever MA, van der Grond ], Bakker CJ. Measuring the arterial
input function with gradient echo sequences. Magn Reson Med 2003;49(6):1067-1076.

8. Johnson G, Wetzel SG, Cha S, Babb ], Tofts PS. Measuring blood volume and vascular transfer
constant from dynamic, T(2)*-weighted contrast-enhanced MRI Magn Reson Med
2004;51(5):961-968.

9. van Osch M], Vonken E]J, Bakker CJ], Viergever MA. Correcting partial volume artifacts of the
arterial input function in quantitative cerebral perfusion MRI. Magn Reson Med 2001,45(3):477-4&5.
10. van Osch M], van der Grond ], Bakker C]J. Partial volume effects on arterial input functions:

shape and amplitude distortions and their correction. ] Magn Reson Imaging 2005,22(6):704-709.

11. Calamante F, Morup M, Hansen LK. Defining a local arterial input function for perfusion MRI
using independent component analysis. Magn Reson Med 2004;52(4):783-797.

12. Alsop DC, Wedmid A, Schlaug G. Defining a local input function for perfusion quantification
with bolus contrast MRI. 2002; Honolulu, Hawaii p659.

13. Wu O, Ostergaard L, Weisskoff RM, Benner T, Rosen BR, Sorensen AG. Tracer arrival
timing-insensitive techmque for estimating flow in MR perfusion-weighted imaging using singular



Advanced Technologies for MR DWI/PWI - &S

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

value decomposition with a block—circulant deconvolution matrix. Magn Reson Med
2003;50(1):164-174.

4. Smith MR, Lu H, Trochet S, Frayne R. Removing the effect of SVD algorithmic artifacts
present in quantitative MR perfusion studies. Magn Reson Med 2004;51(3):631-634.

15. Vonken EP, Beekman FJ, Bakker CJ, Viergever MA. Maximum likelihood estimation of cerebral
blood flow in dynamic susceptibility contrast MRI. Magn Reson Med 1999;41(2):343-350.

16 Chen JJ, Smith MR, Frayne R. Advantages of frequency-domain modeling in
dynamic-susceptibility contrast magnetic resonance cerebral blood flow quantification. Magn Reson
Med 2005;53(3):700-707.

17. Edelman RR, Chen Q. EPISTAR MRI: multislice mapping of cerebral blood flow. Magn Reson
Med 1998,40(6):800-805.

18. Golay X, Stuber M, Pruessmann KP, Meier D, Boesiger P. Transfer insensitive labeling
technique (TILT): application to multislice functional perfusion imaging. ] Magn Reson Imaging
1999;9(3):454-461.

19. Kim SG, Tsekos NV. Perfusion imaging by a flow-sensitive alternating inversion recovery
(FAIR) technique: application to functional brain imaging. Magn Reson Med 1997,37(3):425-435.

20. Kwong KK, Chesler DA, Weisskoff RM, Donahue KM, Davis TL, Ostergaard 1., Campbell TA,
Rosen BR. MR perfusion studies with T1l-weighted echo planar imaging. Magn Reson Med
1995;34(6)-878-887.

21. Wong EC, Buxton RB, Frank LR. Implementation of quantitative perfusion imaging techniques
for functional brain mapping using pulsed arterial spin labeling. NMR Biomed 1997,10(4-5):237-249.

22. Wong EC, Buxton RB, Frank LR. Quantitative imaging of perfusion using a single subtraction
(QUIPSS and QUIPSS II). Magn Reson Med 1998;39(5):702-708.

23. Alsop DC, Detre JA. Reduced transit-time sensitivity in noninvasive magnetic resonance imaging
of human cerebral blood flow. J Cereb Blood Flow Metab 1996;16(6):1236-1249.

24. Alsop DC, Detre JA. Multisection cerebral blood flow MR imaging with continuous arterial spin
labeling. Radiology 1998;208(2):410-416.

25. Detre JA, Zhang W, Roberts DA, Silva AC, Willilams DS, Grandis D], Koretsky AP, Leigh JS.
Tissue specific perfusion imaging using arterial spin labeling. NMR Biomed 1994;7(1-2).75-82.

26. Wong EC, Cronin M, Wu WC, Inglis B, Frank LR, Liu TT. Velocity—selective arterial spin
labeling. Magn Reson Med 2006;55(6):1334-1341.

2{. Duhamel G, de Bazelare C, Alsop DC. Evaluation of systematic quantification errors in
velocity-selective arterial spin labeling of the brain. Magn Reson Med 2003;50(1):145-153.



L R N L I I mMm I IIImm T TmImm DI OO OO O O O O e e e R PN

28. Hoge RD, Atkinson ], Gill B, Crelier GR, Marrett S, Pike GB. Investigation of BOLD signal
dependence on cerebral blood flow and oxygen consumption: the deoxyhemoglobin dilution model.
Magn Reson Med 1999;42(5):849-863.

29. Liu TT, Wong EC. A signal processing model for arterial spin labeling functional MRIL
Neuroimage 2005;24(1):207-215.

30. Wong EC, Buxton RB, Frank LR. A theoretical and experimental comparison of continuous and
pulsed arterial spin labeling techniques for quantitative perfusion imaging. Magn Reson Med
1998;40(3):348-355.

31. Garcia DM, de Bazelaire C, Alsop DC. Pseudo-continuous flow driven adiabatic inversion for
arterial spin labeling. 2005; Miami Beach, Florida. p 37.

32. Jahng GH, Matson GB, Weiner MW, Schuff N. Improvements to control scan of ASL-perfusion

- MRI by improving null pulse for use with the repeated shallow flip angle excitations. 2006; Seattle,
Washington, USA. p 3433.

33. Hendrikse J, van der Grond J, Lu H, van Zijl PC, Golay X. Flow territory mapping of the
cerebral arteries with regional perfusion MRI. Stroke 2004;35(4):882-887.

34. Davies NP, Jezzard P. Selective arterial spin labeling (SASL): perfusion territory mapping of
selected feeding arteries tagged using two-dimensional radiofrequency pulses. Magn Reson Med
2003;49(6):1133-1142.

35. Zaharchuk G, Ledden PJ, Kwong KK, Reese TG, Rosen BR, Wald LL. Multislice perfusion and
perfusion territory imaging in humans with separate label and image coils. Magn Reson Med
1999;41(6):1093-1098.

36. Jespersen SN, Kroenke CD, Ostergaard L, Ackerman JJ, Yablonskiy DA. Modeling dendrite
density from magnetic resonance diffusion measurements. Neuroimage 2007;34(4):1473-1486.

37. Basser PJ, Mattiello ], LeBihan D. Estimation of the effective self-diffusion tensor from the
NMR spin echo. ] Magn Reson B 1994;103(3):247-24. |

- 38. Mattiello J, Basser PJ, Le Bihan D. The b matrix in diffusion tensor echo-planar imaging. Magn
Reson Med 1997;37(2):292-300.

39. Alexander AL, Tsuruda JS, Parker DL. Elimination of eddy current artifacts in
diffusion-weighted echo-planar images: the use of bipolar gradients. Magn Reson Med
1997;38(6):1016-1021.

40. Reese TG, Heid O, Weisskoff RM, Wedeen V]. Reduction of eddy-current-induced distortion in
diffusion MRI using a twice-refocused spin echo. Magn Reson Med 2003;49(1):177-182.

41. Jezzard P, Bamnett AS, Pierpaoli C. Characterization of and correction for eddy current artifacts



Advanced Technologies for MR DWI/PWI - 2tAHS

..............................................................................................................................................................................................................

in echo planar diffusion imaging. Magn Reson Med 199%;39(5):801-812.

42. Zhou X], Du YP, Bernstein MA, Reynolds HG, Maer JK, Polzin JA. Concomitant
magnetic-field-induced artifacts in axial echo planar imaging. Magn Reson Med 1998;39(4):596-605.

43. Haselgrove JC, Moore JR. Correction for distortion of echo—planar images used to calculate the
apparent diffusion coefficient. Magn Reson Med 1996;36(6):960-964.

44. Trampel R, Jensen JH, Lee RF, Kamenetskiy I, McGuinness G, Johnson G. Diffusional kurtosis
imaging in the lung using hyperpolarized 3He. Magn Reson Med 2006;56(4):733-737.

45. Lu H, Jensen JH Ramani A, Helpern JA. Three-dimensional characterization of non-gaussian
water diffusion in humans using diffusion kurtosis imaging. NMR Biomed 2006;19(2):236-247.

46. Jensen JH, Helpern JA, Ramami A, Lu H, Kaczynski K Diffusional kurtosis imaging: the
quantification of non-gaussian water diffusion by means of magnetic resonance imaging. Magn
Reson Med 2005;53(6):1432-1440. |

47. Basser PJ, Mattiello J, LeBihan D. MR diffusion tensor spectroscopy and imaging. Biophys ]
1994;66(1):259-267. |

48. Pierpaoli C, Jezzard P, Basser PJ, Barnett A, Di Chiro G. Diffusion tensor MR imaging of the
human brain. Radiology 1996;201(3):637-648.

49. Basser PJ. Inferring microstructural features and the physiological state of tissues from
diffusion-weighted images. NMR Biomed 1995,8(7-8):333-344.

50. Basser PJ, Pierpaoli C. Microstructural and physiological features of tissues elucidated by
quantitative-diffusion-tensor MRIL. J Magn Reson B 1996;111(3):209-219.

51. Pierpaoli C, Basser P]. Toward a quantitative assessment of diffusion anisotropy. Magn Reson
Med 1996;36(6):893-906.

52. Pajevic S, Pierpaoli C. Color schemes to represent the orientation of anisotropic tissues from
diffusion tensor data: application to white matter fiber tract mapping in the human brain. Magn
Reson Med 1999;42(3):526-540.

53. Jones DK, Griffin LD, Alexander DC, Catani M, Horsfield MA, Howard R, Williams SC. Spatiat
normalization and averaging of diffusion tensor MRI data sets. Neuroimage 2002;17(2):592-617.

54. Good CD, Johnsrude IS, Ashburner J, Henson RN, Friston K], Frackowiak RS. A voxel-based
morphometric study of ageing in 465 normal adult human brains. Neurcimage 2001;14(1 Pt
1):21-36.

- 55, Xu D, Mori S, Shen D, van Zijl PC, Davatzikos C. Spatial normalization of diffusion tensor
fields. Magn Reson Med 2003;50(1):175-182.

56. Mori S, Crain BJ, Chacko VP, van Zijl PC. Three-dimensional tracking of axonal projections in



..............................................................................................................................................................................................................

the brain by magnetic resonance imaging. Ann Neurol 1999;45(2):265-269.

57. Conturo TE, Lori NF, Cull TS, Akbudak E, Snyder AZ, Shimony JS, McKinstry RC, Burton H,
Raichle ME. Tracking neuronal fiber pathways in the Hving human brain. Proc Natl Acad Sci U S
A 1999;96(18):10422-10427.

58. Parker GJ, Wheeler-Kingshott CA, Barker GJ. Estimating distributed anatomical connectivity
using fast marching methods and diffusion tensor imaging. IEEE Trans Med Imaging
2002;21(5):505-512.

59. Parker GJ, Haroon HA, Wheeler-Kingshott CA. A framework for a streamline-based probabilistic
index of connectivity (PICo) using a structural interpretation of MRI diffusion measurements. ]

~ Magn Reson Imaging 2003;18(2):242-254.

60. Tournier JD, Calamante F, Gadian DG, Connelly A. Diffusion-weighted magnetic resonance
imaging fibre tracking using a front evolution algorithm. Neuroimage 2003;20(1):276-288.

61. Alexander AL, Hasan KM, Lazar M, Tsuruda ]S, Parker DL. Analysis of partial volume effects
in diffusion-tensor MRI. Magn Reson Med 2001,;45(5):770-780.

62. Tuch DS, Reese TG, Wiegell MR, Makris N, Belliveau JW, Wedeen V]. High angular resolution
diffusion imaging reveals intravoxel white matter fiber heterogeneity. Magn Reson Med
2002;48(4):577-582.

63. Hosey T, Willilams G, Ansorge R. Inference of multiple fiber orientations in high angular
resolution diffusion imaging. Magn Reson Med 2005,54(6):1480-1489.

64. Kreher BW, Schneider JF, Mader I, Martin E, Hennig ], II'yvasov KA. Multitensor approach for
analysis and tracking of complex fiber configurations. Magn Reson Med 20(5;54(5)11216—1225.

65. Anderson AW. Measurement of fiber orientation distributions using high angular resolution
diffusion imaging. Magn Reson Med 2005;54(5):1194-1206. |

66. Catani M, Howard RJ, Pajevic S, Jones DK. Virtual in vivo interactive dissection of white
matter fasciculi in the human brain. Neurcimage 2002;17(1):77-%.

67. Koch MA, Norris DG, Hund-Georgiadis M. An investigation of functional and anatomical
connectivity using magnetic resonance imaging. Neuroimage 2002;16(1):241-250. |
68. Behrens TE, Woolrich MW, Jenkinson M, Johansen-Berg H, Nunes RG, Clare S, Matthews PM,
Brady JM, Smith SM. Characterization and propagation of uncertainty in diffusion-weighted MR

imaging. Magn Reson Med 2003;50(5):1077-1088.

69. Hagmann P, Thiran JP, Jonasson L, Vandergheynst P, Clarke S, Maeder P, Meuli R. DTI
mapping of human brain connectivity: statistical fibre tracking and virtual dissection. Neuroimage
2003;19(3):545-554.



Advanced Technologies for MR DWI/PWI - A&

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

70. Parker GJ, Stephan KE, Barker GJ, Rowe JB, MacManus DG, Wheeler-Kingshott CA, Ciccarelli
O, Passingham RE, Spinks RL, Lemon RN, Turner R. Initial demonstration of in vivo tracing of
axonal projections in the macaque brain and comparison with the human brain using diffusion
tensor imaging and fast marching tractography. Neuroimage 2002;15(4):797-809.

71. Wedeen V], Hagmann P, Tseng WY, Reese TG, Weisskoff RM. Mapping complex tissue
architecture with diffusion spectrum magnetic resonance imaging. Magn Reson Med
2005;54(6):1377-1386.

72. Tuch DS. Q-ball imaging. Magn Reson Med 2004;52(6):1358-1372.

73. Parker GJ, Alexander DC. Probabilistic anatomical connectivity derived from the microscopic
persistent angular structure of cerebral tissue. Philos Trans R Soc Lond B Biol Sci
2005;360(1457):893-902.

74. Tournier JD, Calamante F, Gadian DG, Connelly A. Direct estimation of the fiber orientation
density function from diffusion-weighted MRI data using spherical deconvolution. Neuroimage
2004;23(3):1176-1185.

7. Toosy AT, Ciccarelli O, Parker GJ], Wheeler-Kingshott CA, Miller DH, Thompson A].
Characterizing function-structure relationships in the human visual system with functional MRI
and diffusion tensor imaging. Neuroimage 2004;21(4):1452-1463.

76. Pagani E, Filippi M, Rocca MA, Horsfield MA. A method for obtaining tract-specific diffusion
tensor MRI measurements in the presence of disease: application to patients with climically isolated
syndromes suggestive of multiple sclerosis. Neuroimage 2005;26(1):258-265.

71. Johansen-Berg H, Behrens TE, Robson MD, Drobnjak I, Rushworth MF, Brady JM, Smith SM,
Higham DJ, Matthews PM. Changes in connectivity profiles define functionally distinct regions in
human medial frontal cortex. Proc Natl Acad Sci U S A 2004;101(36):13335-13340.



