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[BEA] Bric e S o mEIREEE COMIEER AT XA =27 7V r—
v a v (C-arm CTP)ICHOWVWTHET 5.

[ 5] C-arm CTPIX5EME O C-7 — A [A#E T NEAT M & W4T M2 5m 4> EF10
[E] D A 1 WAL 217 5. UL L7277 — ¥ 2> HCBF, CBV, MTT, TTPHE i L O
BED 7 = — XOMHZRME BB ZIER L. SrEdl X OE S Eepd)
JIR B 29 11 kF L C AT L 72 C-arm CTPEIB & &7 5.

[F L] MEHREEBRS H\7-C-arm CTPIX, Z i E TOMD-CTP L [FEED X

|

{
\Y

TEERFMEZ MEREENTY TAZA LTI ZENARTHY, WMEFZ

WMaITo ECTAMRTELEREbRT.

1l

BERBEMICHERESNTWAHC-T—25 7Ty PRV EBEH L -LERY
WEICH 7T a7 L2 EALT, C-7 —LANERFMICHEK L CHEE LA
MWOMGRMEICHERNEZITZADEOICTL22LT, ZAETZEIITH 2 &
NTERDP ST RBERERONENTALLIICRD. ZOWURITE
D, ZHNETMEHREER CIFITH Z &N TE D o MM & (cerebral
blood flow; CBF)=CH¥ I & (cerebral blood volume; CBV), F-¥Jif i K[
(mean transit time; MTT), E— 7 Z|ZERRH (time to peak; TTP) & Vo 72 M TF

BRANTA—H BT+ 52N TExbH K517 -7 (dynamic C-arm CT



perfusion: C-arm CTP) ¥, BIIE, BRRICBW TR T XA — % z2 5t
357k & LTIE, single photon emission computed tomography (SPECT)<°
positron emission tomography (PET) ®IEA>, MRISCCTZ A\ 7= #E i i 4 A3 H
WHNTWVWDR, ZhoOREBETXEHOREE TIThbh b, MEREYL
MABDLERLLY TNV A LRIEROFMPRNETH -7, —JF TMFREE

EEHONTHRER AN A= EMMTT 22N TELLO2CRDE, MEHRK
B d oI R ENRE E o M ENERETICY, BEREN LM

TRBEMRMZzEBE LB T LI LRI IENTELEIICRD.

\

BAEETICEMMEESN TV MERZIEEZHWIZMEER T A — & Ol
HEL LT, BELEZEEEZEAOMMEHKN cCoEFHRELRE L AL
B A2 M+ 5 Carm CBVAHE S TWnd 2. ZoFikix, Bo5ndiEH
MCBVIZIR BT WD 72, il & PAZEIC KX 2 i i # 4 fe ik L 72 CBVAR 18

el U CMBEER A RN T 2 ETIXAERHTH LA, PASEME OB &R
B REREMEH E DI A~y FE2FMT IO DFEHRE L TIEATSTH
oz, LML 5, CBFPCBY, MITZR EOEBOMIEER T A —2 B 560
i, BIfERLH S CWwWad~VvF 7 07 27 Z—CT (MD-CT) (Z8IF HCTP (MD-
CTP) L RBDOFMEITD ZENTEDH LIRS V. BUFEORKIEIEIBFIC
BT, MEMEOHMBEE CORMEMIRERmETHY, BFE DK
BELICLERER CREOFMA T hIE, HHEMHEVI ATRERT
R T =28 %. Carm CTPIZBIEIRELEHEOR ETHY, HETEL

ZUHELTEE~DOSHITEEICOWEIEZNY Thb., +2C, AREEH-



WHREINZ7Ta N2 A TOT7 ) r—2 g HEHWTITo7=C-arm CTPOD fig

kL, BBRTOMERSS RO REEIC O VW THET .

i

C-arm CTPOFEITIZOWVWTIE, Y4ROMBEES TARESE Tt -72. F 1z,
JiXd 1. B 5 3 L OV L NI R OB O BRIZ, BEB L OFEEICH L TARK
BEORAITIZOWT S +HICHH L TREZ &,

C-arm CTPORFIZHOWVWTIL, bhbhpn@EOZKEB X HBRKTH
WTWAENRAL T L=« 7Ty hAAFRBMAEREWLE (Artis zee biplane,
Siemens Healthcare GmbH, Forchheim, Germany) ZZ*DEFFHWEHZ &N T
5. -7 — 2 OEEEH LW ARG | OMATIZHONTIE, Fr hF AT DC-

arm CTPfEMT 7' v 7 7 AN SN TV — 27 AT —va vy &R L.

C-arm CTPO g 5 iEE X OVHE 4 @i

C—arm CTPOD gt 71k & fENTE 44 Z Figure 1127”79 . C-arm CTPIZS{EHE OC-7T

I

— A [E R H U NEAT M & AT PE BRI O FH10[E 0 e i IR 24T O . ERA
DEEHEAX v VB ENOAT O 12D, EMO2EBIOHRENRX—RF 4
DIEEERE (w2 7) BEEERY, ki sEOHRE N EEF O IMENIEER %
W2 DERRE (7 40) BBERD. BOBOOC-arndldxz o MIZ1X0. 37O

R—=ZANWABL. 1EOFERINEFICC-armiL200° O [A]fiE A FE % 580 [ T A 53



5. FNZFNohEEF12248 projection (angulation step 0.80/frame) D5
— XL AT S . HEEIXTTRKVPT, MEHREILO0.36 4 Gy/frame, # 5 K
I$61. 30 L7 5.

EEROFEGHEE, ZHETOMD-CIPOBE LR —OF o b a—
Ve Lo ENEIRIC2EES AL TEEL—MEL, TaT7 1) »
UNY— A2 =/ #— (Press Duo, Nemoto, Tokyo, Japan) % H\ T,
40m1 > 300mgl/ml DI A A V3 — FiEFE Al (Oypalomin, Fuji Pharma Co.,
Ltd., Toyama, Japan) #4ml/sec® At — R TEAL, S HICHEUAE—FR
T30mlDABBIEKTO®RMLEZIT2 - 72,

W% DN IE 7 v b ¥ A 7 Operfusion softwareZ W THIT - 7=,
BETZ T NI TDU =T AT —2 a VICRET — X &finik L CRIT 21T
STWNE7O, WEKRTHOERBEOIERITITNDBREZEL D, C-
arm CTPOERMBEBEIZT 2R Y =2 —v g VECH > THEBIWIZHRIT SN S.
RN T 7V = a VOFEMIZAL NIRRTV ARV, #BEOREITHEN
ks Tnd Y B YYIEC-arnd [EHERHIEHSUE LT — X D
FRATICHIER S & 0, ARG T 2 Hik L 1X2 D OMENH 203, R M 7
BT 2327 MCEFEIRLS,INEIND T —Z OATREER Lo
ICHBERFET S5 TWD. Carm CTPCIEEN DT — XX 7 7 v b xR L
EHEWMTOHERNEN SN TNWDED, HE5NTZEBTEHRLITEED
W LI OA T A AR TOERBGEZERTDLILNTED. bavbiuidm

OHBEEXYV T 4 LOHEBERN LT WE S12, 5mn/E O KKK @4 FH v TCBFE,



CBV, MTT, TTP~ vy 7% {Ef L TW5b. E7, —FE®DOC-arm CTPOIRE TEHD

NEFHR»HE, FRFICERE 7 =— B D M E AR R S ERRT D

LM TELHED, bivbitiimaximary intensity projection (MIP) [H{& %

W

FAWT, MAANTOEEZR @GS @E@% E oM L7251 % R
U, 2V 3t B IR B ZE 5] U B ZE AT O M ER B & OMEIE I 4T o A 112

WTOREMICHWTWS.

REHFIRT

iE 5] 1

62, FHik, BHEMAEBNEBIRAZEAN CTH L. MECELHFOMEIKT &
WADEENDHY, HEELHHEL TR L, MRIC TARTEHEE L OEHTHE
A B IAME O M FEFE &, MRAIC THWNHEBINRPAZERN R biv7e (Figure 2 A,
B). MMLEREEZHATLIZE A, ANHBIKITHF THMEL T, AKX
Jibd e BRI R A2 B BN &2 I L 72 cross flow Tt ST/ (Figure 2 C, D).
C-arm CTPCIEA KB IRFEIL I BV TCBFO K T & 9 /72 CBVD EH 2358
o (Figure 2 E, F), MITIZEMRICER LT (Figure 2 6). [AIKFHIZ
fh SRz THEAT L 7= N-isopropyl-p-[1231]iodoamphetamine (1231-IMP) -SPECT C
X, ZEERIZE W TCarm CTPTH: b /- CBFE {4 & [AAR (A 1 K B Ik 5 15
TOMBAR T NMER SN (Figure 2 H). MATHEMMER ORENEDN

Zh, BHAEFEERTHY, BEAANABRBERZALEL T RWD, #Hl



M/NREED G DBz T > TRIBBIZL TV 5.

I 51 2

80, Mk, B[ &/ A BRF CTHAE L 72 (NIHSS 20) . REZWFICHE T L 72

MRID JEE R E % (diffusion weighted image; DWI) TIiX, A #ik & MR

2% (Figure 3 A, E), MRATITIANHEENIRELLICEHZENRD 6

HHU

AN
N, F£7o, kBERFOLBRICEBWTLEMEINGED b, 1B 7R R
IR TH o722, DNITRD LR EMEEA LRWRBHNTHY, ik
b F MR RO EEE & ORBENE O Do, BB E#REEIC
BEhL7., ETHOICC-arm CTPZE T L7z & 2 A, A KKK TIAFZRMTT
DIIEE DR T & 72, CBFE X ONCBVC K T HEI LDV TR D AL 7= i if %3
PHIC & & F > TWwWiz  (Figure 3 B-D, F-H). [RIMFICYERR L 7= % My 09 if 4 i 14
TIE, HENFHBIRO A EEAL (Figure 4 B, arrow) & HIFE AT TR SN DM

FEMEN MR TE 72 (Figure 4 A-C). MKZHH S E 52 & TRH ATRER

=

W M AE IR S FIE T 2 ¥l L, EHICiAeEIEEZ T L. REEO4A
NEHBENR IR CTIE, GWHBIRIZIRERCLE THZE R R T —EDRAT
YR =N —ORMATEEHEMNBELGESZ & TE (Figure 4 D-G), FHiiE
BACHBIER T E Ik E L- (NIHSS 3) . ii#%, FEC-arm CTPZ ME{T L 7=
EZAh, MIT~ vy BV THANCER L TWEEK CER R U EDHR I N,
CBFE KL UNCBV~ v 7 TIEH 72 22 K F i IE R8O b e v o 72 (Figure 5 A-C,

E-G). % H OMRITIL, KFEFEFICDVITRD b7 EEBIHIc—3% L CMAE



ENTERLTWEDR, TOMOEHS TOMEDILRIZRD o7 (Figure
5D, H. frEEBEEONREZBLE L, APBE14H CTmodified Rankin Scale 1 CH

FiRpE L 7.

Z 5

CTZ MW= MM i, A4 a—FEEAZLENRL—F—2L LT
Ay, &A% 0 Ko 9] [E 96 B 2 CT O M e it 3 & 17 o TR I 3
LCTEOZEZFHIL, F o iFM-CTHEMBENSWMIEER T A —FTh S
CBF, CBV, MITZ2 EA2 KDDL D THD. Z DOCTZH H W TREEEGR N #4215 2K
Fl%, 19804F(ZAxcelZ¥dynamic CT {E& L CHID CHIEH R & @A L M.
BIZAY v TV T2 AT OEERE P FRERCINAMBL L Z & T, Koenig
5 Mperfusion CT& L THRRIGHIZ O W T O 21TV, 20 5% i iE 41
CHB A RAARERECEHES L, BEEISS THROHENMIZO W TO
decision makingZefEMNHEOLN D Z ENLBETITALBER THITEN DI
EoTWg . —FT, MEREEEZHOZIMEREROIEICON T,
FITWAHRRIC BT DMK E DA 2 S B 215 5 C-arm CBVY A S h
TV " SLIIEFEICR o TRECHERINEFIEICURIRAONTZZ &
T, AR THl~_7=C-arm CTPIZOWTOHEBRMAZHFELHERIND LI
T &z 1731018719,

Figure 6lZbNbhDfiizk TEEZH 2 H W TIT7 > TW B30 D M



Tt WA O E %2 /R¥. C-arm CTPEMD-CTPIX, & bIZHERAIIE G % OMKIC
BT LWEEEROHER 2 RFNICRE T 2 2O RAERHK TN THD. =
Azt L CC-arm CBVIX, i#bYl72scan delay time# g% i) 7= b TRk N C s
AlOEFREEZRE T 272 DMAREFR X240 & BV, EEAOEEHIEICS
WX, C-arm CTPEMD-CTP T O HUNERFH TIZIEFRM L TH D Z L v, MD-
CTIPTIT72 o CWVWAHEHA O LG HIELFR L LI ICERALES T LI, B
NDREE-CTHEMBILIFREOERR T OND L EX T, M-CTPTOEEAEKE
FikEHELERAE e ha— v & L. C-arm CTPOBAF CRIE & 72> T
ok, MEREEBICEHRINTHDEC-T—2OEIEEEICHBELH D Z
El, THNETIETHEDO—=FHRHIZLNERNENITA RN L ThoT.
MD-CTPTIE, T 47T 27X —0@mBEICHEE LN LCTIHRE Z{TO 2 ENTED
72, FEhHINEEAOEZNTOYEESRICB T D CTHE O ZE AL % i H <
RZDHZLENTE, MAEPTOFHESIEISHEEARD. —JTCarm CTPOHAIC
X, —HMA~DC-T7 — ADREERIZEH 220, I HITEMNO2EOH|EIT~ A
B E L Tlibid iz, K -CTE i # I H W 55 F LA IEBUIR T8

ERD. HERBGMEN Y 7 O e 7T AOFEMITHAL NI TV R
WA, AR WCTIERE & ffioe L CRERI-CTIE R 2 Epk L, Zh & mic LT
FGER N7 A =X —%FHPM L TWDHZ L2725, Wintermarkb (X, MD-CT#% A
W2 CTHEVRE B R 12 F T, H SRR [ IR & 3% 52 74 & 2% BE O 10 45 12 R UE 28
IZOWTHRFTLTEY, ZOHRTT—FH 7Y 7RI E R -CT

M iC B T DM TEHEOEKFFMAEL L LTS, DF D FHI



LRIBRD A B TR D72 nGA X, CBVO i KEFEAR & MTT O i@ /)~ 3 4ff
WAET, fHERELTBFCOVWTHMKFMAAEL D ERRTNE 2 X5
\ZRoyality %, CBF&CBVDEHIIZ-SUWTC-arm CTP & MD-CTP & 0 HLik 2 17 72
STHEY, TEMTICBWV TiEC-arm CTTEH L 72CBF & CBVE IZMD-CTPA> 5
BoNMEREEL TBRKFF MM Il xTnd Y. LrLians, #iR
R 22328 B OREZFOE LEEEFMIZOWTIEL, BeuingPNiub 2
MD-CTP & DMFMEIZRAFTH Y, [EHMEZEORZBL N T —VICAR L
WELTRBY W, SHITEICR LizRoyality b b, EMFEHIC DV TIEC-
arm CTPEMD-CTP L ORIZHE WAHBENRB O btk xTns Y. bhvbhn
R LIZIEBI LI B W TS, C-arm CTPA> H 45 H 4L 72 CBF I {8 [XSPECT I & & [F] £k
MRk PR A R T HZ N TE ., ILITEF2CBWTE, DWVITHE
AT & o AVE IR R IE, TR AT O CBFROCBVIEIM4 12 35 W T b 8 it B AH
el UCTHi ST, EVE B CIIMRISC @ F O CTH & & bhle U C 22/ 4
fRAE MR W72, EMERYICE MELDH 2 KT 2 5 A i, EEMTTRD S
NEEORMOBREEL VT 4 LOMRBENECITSWHRERSDS. 4%
JEGI 2 ERCREMARHMNZITIOMLERND L8, AREICE W TH EMEMN 7 H
Wid 2 ECciktangEEnsfGonsdbolBbii.
C-arm CTPOH 5O ESOFMEE L TMEERESE DL Z LN TX D0,
Ta RNEA T DT =7 AT — a3 LBV T HEREG O ERIZM X T30k
TIME BB EERT D ENAEETH H. Yangd AC-arm CTPA b ERK L 72 &

MERORHHEEICOWTIE S RZMENEET I EHELTCHEN 19 b



NONORERTHIREF2 TR LIZEY, M AIELSA IR H o @9 2 306l
&L MENMAT TR S D @AM & CHENTZRE KB L L THRT L2 &0
T&E/., ZoZern, mMBEEIUEEZEET 2BRICITME T THH S
5 PMAEMENMOE R E & ICMmMEDOHAEMMGIER L ETFRICEDLZ L
NnTEHEEbNS.

M8 R 2 E 2 H W oC-arm CTPOAS % DORERE L L TiX, lone-stop-
shop] EWIH a7 FRPE S TNWDE 0B = IR RnEEDbN D
BEDVDKRELIZSEG, ELICMEREEICEEL TCarm CTIZ X 2 MHAHHK T
fli 247y, Sl&EHWTC-arm CTPAEATR » THTEER /N T X — % OFFAMl & i O
AT H) T 53T b THD. CTRMRIREDMOBEETZL Y T 4 ~D
BEOBEBEHSCHABEKICO 2R 225 LT, 15K FE TORERH
HEEXDZENAEAMNTHD. EHCTPMRIZ ETH LN D EBIL, BAELE
FRICB T 2A Ty 7 vay NEBRTH LD, EEOWBRENMED ETIC
FFRI ) 22 ~T272 0 3 256100, ) O Rl 21T 72 o 72 RF i & IR B 23 2
BRHLZENHDLZ D, WRERABERICHEMATEL2 0L har v
MIAHEREGWEZEZ OIS, MERE L TE, IFOREICHEHT 2 EE
FlEN4mITH Y, MOLEHREZESCMENBRICET IEEAREADED L
EEAEHENEMT 22BN DD, S HITHREICHE D KRB EHMN b
BRI DA, Yang b 1Z9E O 1F HILE T O C-arm CTPO & MG #R £ 1% 4. 6mGy T
HDHEMEL, BEOM-CTPTIXINMNE. 0nGy ThHh o7z Lk T s 9. F

77, Struffert® (IMD-CTP & [FKEIZMD-CTAZ 4T 5 T X 5 123-5mGy D MR

10



MENLELER2LLEHMELTND Y. SEERLEBRTORE FIETIX
INFETORE LD ERINERBALIEZ L 7o TV D720 R EIX

5.1mGy & 72 5 2%, ZAIIMD-CTPEIZIER%ETHDH. Z O X 5 RRERDFTE
T 22, C-arm CTPTIXfG O 5 E#ACBF, CBV, MITZ2EZHIZh=5Z &,
¥ 72— BE O R AL C i o P ZE AL AR B AT o0 FEAT 2 E D 72 I O b )
FEIC/BOoNDZ L a2BET L L, EREAREL IO EOHMNZ L
HREOFRENGOLNDI LD EEZTWVNDS. 2O X HIZCarm CTPIE, IR
TIEHELMERD & 225, SN f o R Gl o 5 Al <0 f i i 42 5] 015 5%

EFTORHEMREVIATHFOICAEMTEIREAETODI LB XL,

I % #8 & F 72 C-arm CTPIX, 24U E TOMD-CTP & [AKk o i 6 B2 5 1 %
TOZLENARETH . SHICMEREENTY T AZ A LITHIEERNT
A= OFPCME R OFFMBITZ D LD, METODE IR R

UM L B LTAMARGEE Ebnk.

F 4% F9  BA R
KIFFRIZ— A R« Dy NSty 7o b ¥ A4 7 DC-arm CTPAEAT 7

o077 ANEHEINTZY— I AT —2 a3 oM EZITT CTiTo 2.
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X% oA
Figure 1 : A schematic illustration of the acquisition protocol for the
C—arm CT perfusion and examples of generated cerebral perfusion color

maps and dynamic vascular images.

CBF: cerebral blood flow; CBV: cerebral blood volume; MTT: mean transit

time; TTP: time—to-peak

Figure 2 : Case 1, a 62-year-old male with chronic right cervical ICA
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occlusion. (A) Axial T2 weighted MRI showed old infarcted scars at the

right frontal and parietal regions. (B) MR angiography showed

remarkable decrease of the vascular signal in the right ICA. (C) A

cervical lateral view of the right CCAG. Occlusion at the bifurcation

of the right cervical ICA was observed. (D) An antero—posterior view

of the left CCAG showed right ICA occlusion and collateral flow via the

anterior communicating artery. (E-G) C-arm CT perfusion map revealed

remarkable reduced CBF (E) and slightly increased CBV (F) in the right

MCA territory, as opposed to the left hemisphere. The extent of the

ischemic lesions is clearly identified on the MTT map (G). N-isopropyl-

p—[1231]iodoamphetamine (1231-IMP) —-SPECT showed significant reduced CBF

as the same area with the C—arm CTP CBF map (H).

ICA: internal carotid artery; CCAG: common carotid artery angiogram;

CBF: cerebral blood flow; CBV: cerebral blood volume; MCA: middle

cerebral artery; MTT: mean transit time; SPECT: single photon emission

computed tomography

Figure 3 : Case 2, an 80-year—old female with acute ischemic stroke

Diffusion weighted MRI on admission showed early ischemic change in the

17



right putamen and corona radiata (A, E). C-arm CT perfusion map before
thrombectomy (B-D, F-H). CBF and CBV maps demonstrated reduced regional
CBF (B, F) and CBV (C, G) in the right putamen and corona radiata. A
significant perfusion deficit was recognized at the right ICA territory

on the MTT maps (D, H).

CBF: cerebral blood flow; CBV: cerebral blood volume; ICA: internal

cerebral artery; MTT: mean transit time

Figure 4 : Case 2, an 80-year—old female with acute ischemic stroke

Dynamic vascular images with the C-arm CT perfusion study revealed
right ICA occlusion and collateral flow via leptomeningeal anastomosis
(A: early arterial inflow, B: during arterial phase, arrow: occlusion
site, C: late arterial phase). Mechanical thrombectomy for the right
internal carotid artery occlusion was performed (D-G). Total

recanalization was achieved after the treatment.

Figure 5 : Case 2, an 80-year-old female with acute ischemic stroke.
C-arm CT perfusion maps just after thrombectomy (A-C, E-G). CBF and CBV
maps demonstrated slightly increased regional CBF (A, E) and CBV (B,

F) in the right putamen and corona radiata. A significant improvement
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of cerebral perfusion was recognized at the right ICA territory on the

MTT maps (C, G). DWI 24 hours after treatment showed early ischemic

change in the right putamen and corona radiata. However, no other

ischemic change was observed in the right cerebral hemisphere (D, H).

CBF: cerebral blood flow; CBV: cerebral blood volume; ICA: internal

cerebral artery; MTT: mean transit time

Figure 6:Comparison of three different perfusion acquisition techniques.

Upper row: A schematic illustration of the acquisition protocol for the

C-arm CT perfusion (C—arm CTP). Middle row: Acquisition protocol for

multi-detector row CT perfusion (MD-CTP). Lower row: A schematic

illustration of the acquisition protocol for C-arm cerebral blood

volume (C—arm CBV).
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