olat=2| : 18 & M3 & 2007
= =1 =15 L|2xZs = < &
=3M s8N HESHM AR MAtSiClSEA 9|
oINH M0 {3t AT
* 2B Ach st WAM D), TMSoystmy el datol stz
O1ZA+ - ACET - R+

Z2M 58N HEE BAE QACE R MASCIEEY(CN AN HES G HEF Y U 628
o sXlZ jAtoZ FIMI TR CTe 24 JIKFL0lM 8 cm Adte2 A7HsH] F X2 IME AN -EH2X
(cerebral blood volume, CBY), = & & 2Hcerebral blood flow, CBF) W =AM E3HA|ZHmean transit ime, MTT) ¥ =¥
H =3 Z=A|ZHime to peak TTP) Aae ooich 2R CTel CBY, CBF, MTT, TTP A oM

S9 Hl J7HA Xz
A

WS Hrlsiglon, W 2olof YAE thEF (oA MTTQF TIPS Z%slo] xfo|& bw3ICt 27 CTel Wl 7t
X KT DE0jM BEHEE QXS 4 AT, BE Heo| X EE 2ol MTTSE TTPL #XE X|do] UAMACH
THE CTO MTTS TTPZ A0l 224 3|EA HAE9le HYHEIE urdsiict 2F CTel Wl JHx X & o] &5t
Q50 x7| Ak oE FAR SE HYHRIE ¢ 5 U Hof BREE Pl @RS Bt sksyeR
W SEN =53 sixlel Aot 3 FaMel X2E s BR CToF REstol dUx HEO 75tk
ESME0: 2R HEZF, HMEHEEY
ol A4S 270l Loldd F 9ol HEFE =7l Axdste
N = o] 7455k}, vl go] Hl#IL, MRSE thAt o4& Zlxtksl
o] HEF9 z7|A%e] 7hgsh, Algte] 2d A™ A
Hzze d1H e 7pA Ho] YoylE Agorw  wk Auyt BAZ ol gk} de o] §HA ¢fx gl
24§84 HEFA HANL 2] WHRA 4~6  th? Xenon CTE 27] ko] f8A4e] Badx gloy
A7 ol Aeko] AAsebd dALdER NEY F Yk DF BRI o4 T deRd BAEE deglt
weha] e A7 ol 27] Aeks g AL A4 SPECTE A4-E v Ao £85 88 g2 el o
g 94" AAZ} Al Hojof gtk ey, AARISHE & AF ol AES {IuA FHol BHT dd= 27 ¥
o (computed tomography, CT)2 24417+ o[, 223 A7]  E7 Atk DWMRIE A4 228t ohde} &8 =47}
2 od A(magnetic resonance imaging, MRS 12417+ o]l A FWE ¢ o}, A5 (perfusu)n) Aoflo] 32147 W

ol ¥MZFe =7 AL ofeirt ofgidt A HEF
o 27 APE AR B PEel AFHR gew, 2
uc}m © 2= Xenon CT, 1:1-.?4—;(]- Hl—* z{x}g}u}%a (single
photon emission computed tomography, SPECT), %4

239 (positron emission tomography, PET), A-7] 5 %
H(MR spectroscopy, MRS), #At7z  217] 57 o 4H(diffu-

sion weighted MR imaging, DWMRI) S| glch. PET+ A

Az e

& Cd?“ 2007 AR AN 2 drnld o8 FAFHAS

o] =L 2007 7€ 119 A4t 2007 9€ 12¢ AHHAN L

A 11} ANAE, (110-744) A gA F27 AA3F 28
Agustud ¢ ol A} o) & 3}

Tel: 02)2072-3687, Fax: 02)3672-4948
E-mail: kdc@radiol.snu.ac.kr

=
2

=7

A7) Al zdZE7t 73 Aol A(echo planar imaging,
EP) 71¥ 59 st=dloje] subda X 7Y 71&
o] Fgstrt” DWMRIE dAI7A 48Rl of2] 434
Z H¥A HNEF) Zp 0 Aoz gEA Jed
el A gJAHEolell A HEF9] z7|Zgtd] HHHoR
olgxx gk ), olEd WHE HEfFe o=
wa Uiz ZsleE o AT sfute] AP ik
HF GAe P29 BF AdE A wHes
Agsto] P (blood brain
Eslo] Hzoz it e BAS Adste
Xenon CT, PET, SPECTS} =2 0.2 &0} d3hlel] =
ghxlo] B E3LE non-diffusible indicator?] I AH-E F3}t

A]  diffusible indicator&

barrier)-S
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3}4] ¢k 715 ] B (gadolinum) I 2.9 E(iodine) FES] =
AA S ALsEMR FF 94 2 [ CT d4e2 Ve
4= 9lth. #F CTE dynamic first-pass enhance CT 7]}
steady-stated enhanced CT 44+ 7]*Ho] glom AA| d4A
og2r AR WHo R HAFE Hrlstedl ol B
T/t Algks . ekt AFE LZEdoje A Tk
o] H&ld A4S =7)o WA A olelE HE LA
(cerebral blood volume, CBV), ]85 (cerebral blood flow,
CBF), 37 294 £} ZHmean transit time, MTT) % 2
A7) FH 3 EFA] ZHtime to peak, TTP) AEE A& F 3l
Al Hol HJE5F AgRAE AASA HME T % TS
Aol AAFH det? HF CTE HAEE & A g
SF CT8 FAd & F gz, S dedl & el
H

[e]
£29E A AT Jone 234 HYY ¥EFY

AR Webe ARSEY o189 & ek

2 ATE 234 H94 UEF W4T oz A5
CTE ol gstol 71944 €4 M =4 g 2%, @
% CTe) 945E o 8% Y AL B3 MEFY 5
ARG} A AARE Aol W) A A g ol
23 BF cT] I S FrhelnA Wt

8 HEB0AM 2R HOSSEEY0 Ay

THA
1. Tha

2006\ 79EE] 20079 3U7A AgUgad G4
g3t CTAAA ) WY 234 84 AAEA A4
=37 : 25, vho] B 27~89; HF o] 56) 625 N2

a9t A4 ZSAlA HEY, HzkllA HEo] e
%, HEES Fuk ubA] Aol gl A AL
Ag BAEL oigollA uiAlstch A ek Al
ehAl A< A X SNational Institute of Health Stroke Scale
(NIHSS) & H7beleh. w4 3RS of3HE AHAket A7
g AA, AAAE s o Foll IF{F CTE A3

o},
2. CT A7

CT #J-2 64 multi-detector-row CT (Brilliance; Philips
Medical Systems, Netherlands)S o] §3}o] A3 ofef FEoll
A Ao g 8 eme Tt AL 5 mm 74, 80
kVp, 200 mA, 7.6 seconds post injection delay, scan interval

3.8 seconds, 15 number of Jog cycles modeZ ©)8-3td 4 cm

64x0.625

©
®

Fig. 1. Axial Jog mode. A, Multiple axial scans at two couch locations with minimal inter-scan delay with single scan at each
location between jogs. Scanner obtains images from a single 360 degree rotation at location A (a). Table increments by 4 cm to reach
position B (b). Scanner obtains Images from a single 360 degree rotation at location B (c). Table travels 4 cm in opposite direction
to return to position A (d). Jogging sequence continues for a total of 40~60 seconds (e). Perfusion CT scan of coverage with Jog

mode (f) of 40 mm detector configuration (g).
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HA & b Ealo} ANt AvhFg. 1), A9 A& 127 2
of A (slice), 12027+ & 240709] BF CT F4E& Ak =
JA1= £ 60 mlE A%5FY7](Nemoto, Tyokyo, Japan)E

Fig. 2. Configure parameters. The hematocrit factor is the ratio
of red blood cells to the total volume of blood. The factor is
used to convert contrast enhancement (in HU) to CBV (in
ml/100 g of tissue).

| breage Tepe
[ .
|

W show blirur bne

Hefmranpe Yesssd Satstics

I egrel Erhiarvarniond LG T 5

ojstgel - M 18 A Ri3Z 2007
o] 23 4 mlsecs] 52 A FY33ct
3. Mapping

o] &3 AFE

CT program (Extended Brilliance

CT 2% & 357 T A4 A
2 Agstm, DR
Workspace; Philips Medical Systems, Netherlands)& ©[-&-3l
ZF B oA B 2029 AL Agre] £2F Fol W] FF
(CBV, CBF, MTT, TTP)¢] Z# o4& oA Heh FW2
superior sagittal sinus®} transverse sinus7} Yhbe F-9jollA
skull®t AHRA kA s AA S hounsfield (HU)7F 400
o7 slo] HAo dae FHIEEF dAIA 2AE3
o} Zule HE W uhfFo g Fefule Fuix e
(middle cerebral artery, MCAYE A¥€sto] H3 ¢ HU7I J
Aol Aas FHREF2000] HEF 24 33rhEFg 2).

2o Wl dol7] WRel HzH2 &S Wk
025, == 045, AW 085% hematocrite® HA¥TE
Hematocrit factor 2412 t}&3} 7ro] A o)3trh(Fig. 3).

Hematocrit factor=(1Humicro)=(1-0.85* Hmacro)

=0.62, with Hpaero=0.45 )]
CBVE 23100 g2 m= AXS R, BF9) S50 A%
< Wz =t} CBFE 132 39 23] 100 g 3 mlE WHEt

Fig. 3. The application will search
for the single pixel within the
ROI having the maximum en-
hancement, and mark it with a
red cross-hair and the artery.
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Zglole] Mz & (color-codes)= CBV (20~0), CBF (200
~0), MTT (15~0), TTP (30~14)E sfo] Wl R7} 2
YR EE S 2409l

4. TR A4 712 Nd

#HF CcTY G4 714¥2 indicator dilution theory, central
volume principles FA 4tollA &5 Yt 24

HU s Maximum slope of the curve

cBvV
(area under the normalized curve)

o F74e b 22 e uehd & g
Ct(t) = Ca(p)*h(t) = S Ca(t—s)h(s)ds @

Z A Z7}ol| ACt(t)=time-concentration curve in brain
tissue, Ca(t)=time-concentration curve in supplying artery
(artery input function), h(t)=transfer function ©.& 7g<Jgtc}.

BF CT JA7H2 first-pass curveS o] &8l Zd 4|
23 A7ko] B2 whel 2H o] 2A T W AT
-Z9 A X% A (time-concentration curve, TCC)& 712 Z
o] TAAG Mzl zedAle] HEol vlelsr] BE
o] AT (arrival time) % CBV, CBF, MTT, TTPE A4E
AckFig. 4. ZAAE 7Y Foll ML ASHoE F
Jeho] zedAE NPT ol Fosn 4D grew w
AUt 9= non-diffusible indicatorslel] ¥ A2l w9
240 2ARVES SHAE 2479 BES 2ol
HAde R4dE 88 + AUckFig 5).

CBV (ml/100 g #< @9 2FAW EF3l= blood
volume, 2| £4& Fsl= 2o Z =229 HUE(gml)

: g W BV ARE BFAE) 98 28H pa
0 5 10 5 BT welsh} BFALY A% FESG AFRY=A]
Time () Aol <o) Fape ez 2 Wslst sy A7 vend
Fig. 4. Graph illustrates a time concentration curves (TCC) % Qb zadale] A7 2GA]| BE FAE o] &3l ©h
plotted from perfusion CT data obtained in normal brain tissue. 9 =AY Bt I £48E(f)T A &
From this curve, per-voxel hemodynamic variables are calcu- -
7+ 0 31Xl o &
lated for TTP, CBF, and CBV. I e $Aer 2HdH
Artery
"0
Organ .
c () Vein
Y t)
c(t /\
a(t) v (t)
Time (1) Time () Time (t)

Fig. 5. Simple compartment model. Typical arterial, a (), organ, c (t), and venous, v (t), time concentration curves. Note secondary

peak in arterial curve due to recirculation.
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£=I §cuwdt/ §ovodt 1 3)
CBV=(f o) {Ct(tydt/ §Cv() ] @

k (hematocrit correction factor), o (brain tissue density) =
IAREE AF gog AAe ogF e Alkdd

Area under the curve in a parenchymal pixel

CBV=
Area under the curve in the reference pixel
CBFX non-deconvolution, deconvolution model®e] 9.2™,

non-deconvolution no venous outflow assumption (maximum

slope model)@} venous outflow assumption®] o] Qe &

A TF CTE deconvolution modele] LntE o2 ALE 3

9ich. CBFE B9, &5, ZAEH, 249, A, AUE

ol Dol A Edsle dAAE A 7Y

FE207 1 2h9E mimin/100 g2 JERH, o] 27

100 g B 187 Ave 5% 52 2944 §%& 23

CBF AZ& 37 ZAES AFH R utddo 2z HEF

o HYE g2 = e UE F e R 4EA

9ich? CBFY central volume principle’}'d 22 CBVE

MITZ W ghe 2 vehd & ek

CBV
MTT

CBF= (6

TTPE: CBF7} 3ol Edsle A2 o] oAl =
g7t A3 FE et ALHE 2ok TTP A%
= BF Aol I HHUE Vel HEF Aelrt 3l&
uf wf$- TZetAl wrgEte MIT A=A #574E 4
A9k wlsetA el

MTTE Z2GA7F FHez Folgh Ao yrled
Ale BF Ao g3} o) Fejgich

MTT = {h(otdt/ §hode %

ze] A7 A% F BeEE HzAIN 2gA QA
H £71E Holk A7 Julsnz xoAst Ao
2L Aol AARE AE B MIT %&b
ok MTT AEE g Aol ula) 7hg He Bl s
A& 49E dehio] Aol AFAN) Rz HY 4
¥E T oY sdu X Bddthe Basw 9
‘;}_.16)

5. A&EI}

25 CT2) CBF #57 A£¥9E 724 292 7teHl

olstgel - M 183 M35 2007

]3] H 9| (reversible ischemic area)® A stArt. #F CT
] s}e}u]E](CBY, CBF, MTT, TTP)& A=) U k&
BFsted 7 lebuig) ghg Felelich 7 sebvle e e
ofg] 93 2 Ed o o3g wemz P4 dF
(region of interest, RODI} VX]eh= HiE ¥{yk+¢] 3
S = gdez Ao} Uz g9 k7] B|(CBF, CBV)$t
Ao|MTTYE o] &8 wg A ke Falsich 35 CT
o] CBV, CBF, MTT, TTP A SollA B4 x| whel vl
sto] Mz Aol of&l WS AAY F UEAE F X

o gl e A7t A2 delstel Brkelg
6. SH 24

A siabe] AR AEe 34 o LE @] A &
F CTollA #F A& 299 719 &Y F9¢ HE
Fo] B 399 o5 dolR7] s 279 CBF, CBV,
MTT Zt& paired t-testZ SPSS (Windows 12; SPSS Inc.,
Chicago, IL, USA) & o|-§3to] B4, SAIRH 29
E p<0.052 AsAdrt

d o

4 HEZF 3ate] #5F CTllA] CBY, CBF, MIT,
TTP A% d] 7}A] 7Y Bl HHE A &
b 234 €A HA3A #3A) 6279 H 9] G oellA
]

]
oz W3ty &A% 2k BV AEE ookt &
Ho] e, 1799 A$e AY £4% 939 4
g 8Ael AT wredslgx, 108l ALLAS,
3ol AE HEgHe Z7F £74& HolFgiek T o
A Bsle] @V|E MITT, TTP AXeA ¥ 24 Vel
o, 51904 & CBEX.t} MTT, TTP | Eoll4l ZA vehyt
t}. 11%-& CBFS} MTT, TTP A&7t 2 2719 ol &

Table 1. Comparison of the results shown by CT perfusion
maps.

CBV
Total
Increased Normal Decreased
CBE>MTT, TIP 0 0 0 0
CBF=MTT, TTP 2 8 1 11
CBF<MTT, TTP 34 9 8 51
Total 36 17 9 62
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Table 2. Relative perfusion parameter scores in areas of infarction and non-infarction.

CBV (ml/100 g) CBF (ml/min/100 g) MITT (sec) TTP (sec)

Right Left Right Left Right Left Right Left
1 9.95 8.82 97.06 86.73 6.15 6.10 38.29 38.28
2 9.45 837 97.58 90.76 5.81 5.53 37.91 37.93
3 9.74 12.64 89.01 110.21 6.56 - 6.88 38.61 38.60
4 17.95 15.77 186.27 159.45 5.78 594 37.89 37.95
5 20.35 24.06 202.09 248.97 6.04 5.80 38.11 37.82
6 18.73 18.97 172.68 179.19 6.51 6.35 3851 38.25
7 16.11 14.75 153.71 131.63 6.29 6.72 38.27 38.53
8 14.24 14.70 129.36 128.91 6.60 6.84 38,51 38.61
9 15.06 16.86 120.20 12891 7.52 7.80 39.18 39.26
10 16.20 16.64 124.36 12252 7.82 8.15 39.53 39.75
11 16.04 12.87 116.19 85.66 8.28 9.01 39.91 4048
12 12.03 1115 87.92 71.12 821 941 39.82 40.66
13 1241 948 90.31 53.31 8.25 10.67 39.86 4144
14 11.87 11.34 85.59 71.34 8.32 9.54 40.01 40.87
15 13.78 1471 103.75 101.19 7.97 8.72 39.72 40.34
16 15.28 16.04 108.01 102.46 8.49 9.39 40.25 40.94

p value 0.797 0.285 0.009* 0.016*

*statistically significant p <0.05.

CBV (mi/100 g) CBF (ml/min/100 g) MTT (sec) TTP (sec)
Right Left Right Left Right Left Right Left
12.41 9.48 90.31 53.31 8.25 10.67 39.86 41.44 (e)

Fig. 6. A 37-year-old woman with chronic infarction in the left frontal borderzone area. Axial pre-contrast CT scan shows subtle
decreased density of left frontal lobe territory (a). The operator draws a straight line to separate the right and left cerebral hemispheres,
and indicates a region of interest (ROI) on one of the hemispheres (b). The typical staggered time between the arterial (red; lower) and
venous (blue; upper) time-density curves (c). Results of parameter in the CT perfusion (d, e). CBV (f) and CBF (g) map mild decrease
in the bifrontal lobe more severe in the left side. MTT (h) and TTP (i) delay in the bifrontal lobe more severe in the left side.
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£ H9lvi(Table 1).
iy 5‘}1} FollA HEF, ¥4 A, NIHSS 10~118] 5
2 gALHNA Fo 3, AR T FF &2

CBY CBF MTT TTP TCC
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Fig. 7. A 72-year-old woman complained of weakness for 1 day
after onset of a right upper limbs weakness. Illustrate CT
perfusion study in a patient with a hemispheric infarction
caused by occlusion of the left internal carotid artery. On the
MTT and TTP maps, the residual parts of the left hemisphere
have a different color than the right hemisphere, a finding that
indicates slight prolongation of MTT and TTP, which was
calculated at about 1 second.
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59 2]
At

NIHSS 2802 ¥EZg Zuldl 374 o7 A7 =
A7} weaknessS] Z/go| s}F7t AAste] ¥ #AF9 B
Aol AEFE 7IA3 Qe HIF CT &A49 1671 4
ollA] CBV, CBF, MTT, TTPE 7}l tH(Table 2). ¥52
A HzA3} #Z9) w3 FAL ttest FAAA CBV
gl CBFoll4] 93 EAF Zol7t f1R3L(p>.05), MTT,
TTP oA §23 o)t Urhp<.05). &2 <] ROl
A CBVE AAF H.919] ROIE 1241, ¥ 744 9.48 mg/100 g
o7 Z9 3, CBF= AA E97} 9031, ¥7AML 53318
4393, MITE AARE 825, H744 9+ 1067
(sec)E Z7Vsll A, TTP= HARS 39.86, H A4 Ho=
4144 (se)E A X o] FHE HoFr}(Fig. 6).

724) oiZ AR 59 FA7t P oA sFIE A
 ohgoll F5 CTolA HANE ikt A F4 5949
90% HMoZ FHZo| ¥HAPME FHbslL ek #F CTY
=2 167] <449 CBV, CBF, MTT, TTP, TCC? A&
Rol$3 QlvhFig. 7).

NIHSS 10~119] £5E9] HE
A2 &9 weakness S-S

4 $4F hPoE HBF CTe 4L U5

59 $4< St 624

FAT SAZE 308 3

P

ol Xzl 37 CTE AABAL(Fig. 8A), 5
MCA®] slNez QI3 HAZFME Xgst7] e inta-

arterial (IA) thrombolysisS A|3jsto] MCAE AAF &
A TH(Fig. 8B).

734 A AR 2FA HEA HEFTOSE NHSS
(score of 10)¢) #Z ZF =5 (posterior cerebral artery,
PCA) d<dollA] 57 CTS CBV % CBF7} € £40] 7
MTTS} TTPE Addse], FF3FF(temporoo-
ccipital) ¥-919] HAY oz T, MR F4Eed ol 4
X #9lx]o], intravenous tissue plasminogen activator (IV
tPAY] I LAE FofstadckFig. 9).

744 GAEIAL R FHEe] WAFTHY] gRoeg IF CT
4el CBV W CBF € Z422 Ho 2 9lou, 95
posterior cerebellar hemisphere ddollAe] MTT % TTP
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Fig. 8. Perfusion CT and MRI images of an 62-year-old man with acute stroke with cerebral angiography images. (A) Plain CT
showing subtle hypodensity of the region of right MCA territory (a). Cerebral angiogram showing an occluded right MCA (arrow)
(b, ¢, d). Diffusion weight MR imaging delineates bright signal intensity of infracted lesion (e) and MCA occlude in MR angiography
(f). The operator draws a straight line to separate the right and left cerebral hemispheres (g). Perfusion CT at the level of the MCA
territory shows decreased of the MCA territory of CBV (h), CBF (i) MIT () and TTP (k) maps. The typical staggered time between
the arterial (red; lower) and venous (blue; upper) time-concentration curves (I). (B) Plain CT showing subtle hypodensity of the right
MCA territory (a). Cerebral angiogram showing a restored flow to right MCA (arrow) after intra-arterial thrombolysis (b, ¢, d).
Diffusion MR imaging (e) and MR angiography (f). The operator draws a straight line to separate the right and left cerebral
hemispheres (g). Perfusion CT at the level of the MCA territory shows markedly prolonged circulation to the right MCA territory
of CBV (e), CBF (f) MTT (g) and TIP (h) maps. The typical staggered time between the arterial (red; lower) and venous (blue;
upper) time-concentration curves (1).

Fig. 9. A 73-year-old man with acute ischemic infarction in the left PCA territory area (arrow) and NIHSS score 10. IV tPA was
given immediately after CT perfusion. Perfusion CT images of CBV (a) and CBF (b) map decrease in the temporooccipital area in
the left side. MTT (c), TTP (d) maps show that the delayed perfusion area and diffusion MR imaging (e).
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Fig. 10. A 74-year-old man with left proximal ICA stenosis. Perfusion CT images of CBV (a) and CBF (b) maps show normal
However MTT (c) and TTP (d) maps show that the delayed perfusion area in left middle cerebella peduncle area (arrow) and right

posterior cerebellar hemisphere (PICA territory).

=] ¢lvl. National Institute of Neurological Disorders and
Stroke (NINDS) GA-ollA & 4 dhad 3 3274 ool
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As+93S ull, Prolysis in Acute Cerebral Thromboembolism
(PROACT) QANAE"Y S4 2 3~6A17F o]ulol] |4
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Clinical Application of Acute Ischemic Stroke in
Perfusion Computed Tomography

Jong Seok Lee*, Dae Cheol Kweon', Beong Gyu Yoo*

*Department of Radiologic Technology, Wonkwang Heaith Science College, TDepartment of Radiology,
Seoul National University Hospital

Recent advent of 64-multidetctor (MD) CT enables more coverage of Z-axis in the perfusion imaging.
The purpose of this study was to evaluate the clinical usefulness of perfusion CT by using 64-MD CT
in detecting the lesion in patients with acute stroke. The perfusion CT was performed by using 64-MD
CT in 62 consecutive patients who were initially suspected to have subacute ischemic stroke symptoms
during the period of recent 9 months. These patients had subacute stroke (n=62). CT scanning was
conducted with Jog Mode which provided 16 imaging slices with 5 mm of slice thickness, and 8 cm
of coverage in Z-axis. Scan interval was 1 seconds for each imaging slice and total 15 scans were
repeated. After CT scanning, perfusion maps (CBV, CBF, MTT and TTP) were created at Extended
Brilliance Workstation. The CBV and CBF maps showed that lesions were smaller images. While on the
MTT and TTP map lesions were seen to be larger fifty-one were large than they appeared on these
images. Two slices of perfusion maps obtained at the level of the basal ganglia were chosen to simulate
conventional older perfusion CT with 8 cm of coverage in Z-axis. TTP and MTT maps may be clinically
useful for evaluation of the penumbral zone in cases of aubacute cerebral ischemic stroke. The perfusion
CT is useful in the assessment of acute stroke as an initial imaging modality.
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