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Application of First — pass Quantitative CT Perfusion Imaging in Assessment of Hemodynamic Status of Moyamoya. Sui Binbin, Gao Peiyi,
Lin Yan, et al. Radiology Department, Beijing Tiantan Hospital, Capital Medical University, Beijing Neurosugery Institute, Beijing
100050 , China

Abstract Objective To assess the cerebral hemodynamic status of moyamoya using perfusion CT imaging. Methods Thirty — two
patients [ age 31.4 +11.0 (8 —46) years; male 19, female 13 ] diagnosed as moyamoya disease were studied. Perfusion CT (PCT) ima-
ging was performed before and after bypass surgery using 16 — slices CT scanner. Functional maps for perfusion parameters including cere-
bral blood flow (CBF) , cerebral blood volume (CBV) , and mean transit time ( MTT) were calculated and displayed. Pre — operation and
post — operation DSA results were collected and analysed. Results Pre — operation CT perfusion images showed hypoperfusion areas with
different degrees in cerebral hemisphere and basal ganglia in all 32 cases. After bypass surgery, CT perfusion images showed marked im-
provement of hypoperfusion area in 16 cases. No signficant changes were found in 10 cases, and hyperperfusion changes were displayed in
4 cases. In seventeen cases with CTP and DSA exams, different results between CTP and DSA were found in 5 cases. For 2 cases with
normal manifestation on pre — operation PCT images, no obvious change was found in one case, and hyperperfusion was displayed for the
other case. Among eight cases with follow — up exams, 4 cases showed improvement of hypoperfusion; no obvious changes were found in 3
cases and in one case, new hypoperfusion lesions were displayed. Conclusion CT perfusion imaging is a helpful method which can re-
flect hemodynamic status of involved cerebral tissues, can help to predict the severity degree of moyamoya disease and assess revasculariza-
tion after surgery.

Key words CT perfusion; Computed tomography; Moyamoya disease; Cerebral blood flow

29 1) R K WU TCA F 43 32, WA MCA Hl (&) ACA (3 f]) .
ST A 995 728 P N S 4 A BN (R R BE B S 0 I TR
B 32 G E 1 TR B B AT UK — R sl UK T R
(EAER 28 ], [A3EA0 4 ) o ARHT 2 A Z W4T CTP 4, Il
VAT TS 1R AT . Hoh 8 Bl R 5 Bl
Pis A CTP K4, AR U IS | 1 ~ 10 A, F 2 B U5 1 7]
7.54H

2. CT JETEAG 7 T PR AL B, CT A5 75 7T 16 JZ 127 CT

Moyamoya %5 ( Moyamoya disease, MMD ) X Fg it
U S B I 1 0 25, e — i DR R P £ 1 47 1A
SEPEIMLAE G o LASIT PN 3 K it P B B HL 3 S 3 T 1 Ak
78 S PR 2E S AT I RS T S 0 25 IR B 5k ) N S A0
M PR O R AE . IFFE E 2R R, S Bl Tk - R
Wb gk (STA - MCA) 380 T ARIGY7 A B T Ik 41
SV TR T A, ol R A R R R

AWEFERY H AR CT BE i MR A A& IFAG MMD ik
PSR S LV PRI A OO, JF TR BT IR 30 ) 4 AR
it B AT 5 o
AR EHE

L — Rk 8 B 2009 452  ~2010 4E 8 J M £ # BE
B Wi 12 19 32 5] MMD G835, Jorp 55 0k 19 41, £k 13 ]
BFEFER31.4£11.0 % Hop 6o fil <21 % o BT A6y
£ DSA 8 MRA 2 WHIESE . 2 WibR HEREDE 1997 4 HACE 57 T
'E B A R AL Moyamoya 35 B 78 2 BUIE T 1912 Wi b ofie ' o A
WFFEAT AR B 2 R MR HLE o

32 g3 P30 L TIA sl o Mo £ R, HAVE
WRAIE L2 S BhE . MR RGBT & T RE B A,
AT — AR TG T R RO | 2R U BT 4% . R T DSA B
MRA A5 S P3N 32 B8 R A8 R 43 3™ o e 7 i BEL 28, He v

AL (Sensation 16, i [F Siemens A F]) . B Juxt kM ikAT
A CT A S BHER Y ez BRI 2 1w 2 k4T CT 3
HEAH . BAREM ST .80kVp, 200mA, 2)E 12mm, 12
B 0.75, A2 T 7 2L 4, 1 2 T EH 2 A 40 k. B R
Y S 45 T A T A AR S 2 LY SR BR T i 5 40ml
(iohexol, 300mg/ml of iodine, Amersham Health, Princeton,
NJ) ,FEGTH R 8ml/s, XF RIS 4s FFGRMEEHH

¥ T3 CTP JE A R 5 A & S Ab 28 T AR B (R s 2
AbPRFR L) N CT JEVERAFHEAT A B 3l ok K 3 i A o
43 5] 3% B A 5 7T 30 ik (anterior cerebral artery, ACA) F1 [ 4%tk
S5, ACA 57 FARH % W 7R R 10 61, ol Bk i A R s IR 2 R
B9 M oh 3 ik (middle cerebral artery, MCA) 4332, 44 3
i) - %5 B W28 )5, 1158 rCBF (xCBV (xMTT J xTTP i fkth %
A,

« 27 .



J Med Res,Sep 2015,Vol. 44 No.9

& ES

1. RHT ARG CTP iR R 8 CTP E &, Sl il
gL kLRI N rCBF (xCBV xMTT FI *TTP 24§ 1) J&) &6
SO MR I X BRI vCBF Ik, DMTT J rT-
TP Ftv&, rCBV ] 3 88 Ky F im0, A 38 i i it
e N R TR AW e R AW S NN NS i 4 D W1 o 1
DX 35l fii 4 20 (R 52 SR i B ) oA b o, A 2R R
SIEH Xk rCBF FeAE#ad 1.0, W 5E R e .

ARG CTP K 7R ,2 il 35 ok Wl 8 CT ¥ T
SEH I, 30 ) HE A 2 B R N 2 BR R E I T KON

7 52 2 (9 R o Xl ey 25 {81 B I 7 3 DX s 2 4
Je BT TR () R Y XA G 9 T X
5 CT 317 o B SR B SR B AL AR AT o RS CTP
L5 R 30 AR I s A R R R, 16 1] R R I
T DX A /N T %, 10 51 R LB e AR Ak, 4 491 )
AT S B O v PR AR G, FErh 1 {5 S s WD v
PRI A AR, 5 2 78 1E 5 B 1 IBOR AT AE 4R, 1 4
BRSBTS, | IR CT AR X & B/
FraR Ak (B L 2) .

Bl HERAM CTEINGETHAAZEMRETE

BFE Lo, 36 2 MR Bk - i b S Ik TR

SrHAT CTP R o AT XU 50350 I 42 B S O bR A o

DIl s AR S CTP A 28 7 76 (0450 550 I 2 DX B 0 0 A o PR ih 22 B A U320 ) CBE LCBY \MTT Al TTP Z: 4

B2 CTEIBBGITEGEZTHEATEARGRARS

.28 -

EER

ACBRFE L BIE2S X A MBRRBIIK - B TR SIS AR o ARET DSA PR {5 7% 2 0 350 P By kAR s e A, 2 00 K A i 3 Mk
2200 I T 2 Tk S R AN T A R LB 3L /N A I R R DSA R 5 R A AR Bl 22 M Bh bk R R . B. Rl — B
CT HEEREMR . ARJF CTP FEMER 7R 22 b K A7 b IR v XU BRI CTP IR R W B R fh . R il 28 22 A R 43 5
CBF, CBV, MTT #1 TTP 2%\ 4



BEAER el 2015 4E9 A 44 8 490

e B

2.4 4 CTP iR R .8 Bl H TR 3 ~ 10
NABEATT CTP 2 &, 5 ARG CTP K A [ A 8,
4 91 Sk 75 ARG v X T 4 s U e 3 B S R R
PRI AR A, b 1 B B R A TG A2 AL, 2 i) 4
FEAR R UFF AR 25 1 ) BB A AR 1 X ok, R
BE VTR A 2 B R B TIA SR, JeR i
A E AR A BB S e A o CT P 351 K DL & gk
L H A o

3.CTP 5 DSA 25 L #: 17 1] /2 F 17 R J5 DSA
. 9 i) DSA K WoR ML W) & X, CTP Ky
A I 75 AH N P ATV DX B 53 1) DSA R DL WA 19 1
WA ST, CTP K Ay b /i AR T DXl A AR i o DL
BB A8 4L 55 ) R ARG CTP 455 5 DSA 45 JLR 4%,
Horp 2 5] DSA K WL W RS W) & L4, CTP 12 7R Ja) &6 1l
ARG TR VA 00 W S 035 5 3 ) DSA R LW 4 M A, (H
CTP A UL i 97 4 7 el 3 (1Bl 3)

B3 DSAFMCTEFESITHEAMNETERARBMAAETER
A B B39 % AT Sk - KR s KIS BE ARG . ARJS DSA EG BRBART DS R AR, A7 M3 3h bk 87 K 755 B. Al — B
i) CTP 1%, S5 AKH1 CTP EMR EL#, RJG CTP EMG 8 7R 47 BiA AR 1 X W] B 45 . BMR 22 B AR 498 CBF, CBV . MTT 1 TTP

SR

i it

1.0 2595 1) 7 R B 1R T R RIS B a3
B F1 AR LA A5 M 25 R T 1957 4R iy Takeuchi I
Shimizu B YCHIIR™ o MMD i, %5 P4 3l ik £ ¢ i 45 7™
A A SE . I IS T R SRR DN S 3R
LA PTG B, Bl & 6 A8 & R fic 24 3 30 Sy e ot 14 i 4
rf K g B PR G R M e A o BN BB G O B L EE AR
R UL, AT HE S5 0 0 S A B i AE R 2 T Ek,
B MR A LS AT AR C B
JEXT MMD H & D RA 510 WS F TR
(ERAE i IR G S NSRS QA L7 N2 W 3 D VA E B4 N 7
oy AR B Bk . RS BE R b W Bh ik
55 R Hh 20 bkt B 43 SR W) A AR ot A R 2D B K A
T A R X LR B R R AR X
X B Mk B S 7 e R A S A DG R 2 1T, e e R
K A A AT A R R O B R . PR E TR
C 2R F G R, 20 70% ~ 80% 1 & 3% 7] i i F
AR SEE R G 0 S A B, B A A2 BB DX e I E v,
I FRAER 7

— N &, 74 25 0 AR B R 1 S 1 i o Ak
0] S A8 A 1A E 3 o g S ) S o A R A A i 9 £
R AR R R A 0 o BRI i I 3 A T8 R R T e
(), N Z RN LR # CBF I, MTT } TTP 4E
K, CBV Al R0 Fh i L IEH S A%, 48 3% il 2 22 1
VBl RS AR R . TR PEHE S, 0 R AR
M58 R LTI W) A, R 32 52 I 40 24 A% A0 1 i 44t
A RN R CBF & CBY W Th &, HESEHARE
CBF T} & W] i, R s vl e B s ME ViR & o W9 I
RARJE W RS T RE S8 17. 0% ~27.5%
B e B AT P 32 Bl E R A 4
(AR 5 H B (7] 2 B 0 e 98 0 X o 3o o 26 8 IR S
R A AT AL B B PR LA 1% 7547 4 R T ik
Sl TR E AR A S R i,
2. CT JHETE WA AE A 256 o 4 182 AN {6« 1 F
B AR AR B R, MMD (1932 W7 91 A R, 15 i 0]
ST AR AN/ A T I A U A A A —
ST TRIAE o Xk L 35 2R 75 1 T Ak 7T B AE Sy — A ) 45 )
e T AR R 1977 o CT 7 % (CT perfusion ima-
.29 .



J Med Res,Sep 2015,Vol. 44 No.9

ging, CTP) fF2— Bl J7 (8 PR | A ) 1000 € 3P
753, B8 iz T i R At 43 Bl g SR A 1Y
PP

CTP # A ] fE X MMD g 728 f) ™ 8 72 3 Je R
PR PP A TR B . XE T MMD, i T 2 K 3)
Jok B Bl A A PAT 2 Il 2l R 0 O L O 3 g e AR
B o i L I T T DR AR TR T A Y PR A
— IR B 2 8, JU AT B T AR A A BRI PR JC A
AR 8 i L3 B 7 2 RS A2 A, LA K i 2R AT
RIBIFIER 8. AT, CTP R J5 K A &k B,
R 8 (53% ) n] il i T AR IR 7 ok 35 =) 34 I
TARTE IR o 020 A5CR A W] A% F0 3 mT R Dt PR Ny
A I AR f) S8 5 T — I [ o 3 e (8 i) A2
AR A 4 0 LA O T G ) 5 BRI R R AR
Uyo AW LI, RJG CTP K DSA K #r 45 B 09 7F &
SRR (70% ), Box T CTP A 4% i Il R 52 M. A
WHFE b A 2 1) DSA SR WLWI R W) & I 4, CTP 41 8 7R
JR PR TE T 1% D0 W1 S 243 53 9 DSA AT LW & i A
B CTP Jf oK D i 37 %8 1 2% o i T MMD F R H
AR T B I A, S MU . (e TN
JEUIA 3 B0 DSA A A T 32 W 8 T AR ROR 199 6
CTP A6 A5 B 14 3 0 75 Joy 740 i 2 908 T A IR 2, A
M A fE S e MMD J835 9 F R BCR o 55 80, 4y —Fh
IRPIER AR, DSA AT REAR 2 5 PR & 432, U
e LB O AN ol T A P T TR A A
S F) A S S B — B[] A RE 5 i, CTP ] Ay —
TR X JC @) 1 B AR X HESE AT A R

B IRAT I B S P i AR T A O PR
FAR R, T AR H- 8O- A 7E
PG, A D RO B e T RG )T o X T a4
MMD 83, TR 55 H 0 2 sl 7 % B I 22 1)
FER e PRI, 7 i M W A L O 3h 0 o B P A
Xt A I R e EE Y

3. CT JETERLAR S Ik s B e 95 - BETETH I A v
s ZEAE Sl IO bk b 2% 2R I — > 2 2% 5 LA e 4T CBF
FR I e R I A B T 5 aE R 3l K B G ACA B
MCA . T MMD g XU 32 22, 16 4% S8 00 i o 30 ik
PP E T RE 2 SO AR AR, HE, X T
MMD f5 %, 30 W S L4 B 7 S 52 R 1045 3h ik s
AGHMET B X AT RERR ) T CTP 5 A /£ MMD ik
RN o — BB 5T 3R Al BT K s 3h kAR A
SR A o AWFSE R B, B AR R 23 191 B A I i

- 30 -

B Ik K KM v s Jok K S s O AH RIS S 4 5 R AR AE

FERT LR o AT 52 809 A8 23 1) 356 9 ORIl 615 30 ik

(00 SCHEATIE S o A 2 ) R AT 3l ik e 23 SCAS AT

7 e R (AR T AR ) B R v 3l bk 23 52 AT T

fli o D34, AR IE A KT CTP 2 8 K ik A7 2 2 3 52

F T 00 25 v 3R RO it A T X i o, 3 7 AR A

0 VAl 75 2206 IE 0 AR 20 S PR AG o A BIE ST A

SR KT KR 55 100 3AE T T Y E A A o R S (A R

o HE T ARG s, CTP A6 2 v i F T X5 S5 3 i

L2 M O TR A B A A R AT E PEVEAS o Rt — 2P

AIBIEFE R, i e CTP 35519 5 Ak FRBE Y, w fE fiE

{3 of 5 25 55 1L 3L T8 E AT W0 A0 B4 A A TR S

gi LTk, CT B T 5 RIS W A 25 9 52 22 Jiki 20
SR 07 9 T B0, Xk 0 55 1) 7 B R EE R IS I O
PP VAl v ml kS 3 YA
S %5 ik

1 Kuroda S, Houkin K. Bypass surgery for moyamoya disease: concept
and essence of sugical techniques[J]. Neurol Med Chir: Tokyo,
2012,52(5) :287 —294

2 Mallory GW, Bower RS, Nwojo ME, et al. Surgical outcomes and
predictors of stroke in a North American white and African American
moyamoya population [ J]. Neurosurgery, 2013,73(6) :984 — 991

3 Fukui M. Guidelines for the diagnosis and treatment of spontaneous
occlusion of the circle of Willis (' moyamoya’ disease ). Research
Committee on Spontaneous Occlusion of the Circle of Willis ( Moy-
amoya Disease) of the Ministry of Health and Welfare, Japan[J].
Clin Neurol Neurosurg, 1997, 99 (suppl 2) :s238 —240

4 Takeuchi K, Shimizu K. Hypogenesis of bilateral internal carotid ar-
teries[ J]. No To Shinkei, 1957, 9; 37 — 43

5 XMW, EA, BT, . RAE RS R ] BRI
ki, 2007, 36(5): 93 -95

6 Cho WS, Kim JE, Kim CH, et al. Long - term outcomes after com-
bined revascularization surgery in adult moyamoya disease [ J ].
Stroke, 2014, 45(10) ;3025 - 3031

TOEREE, B, AR, S ZRESNERAIT LI R E AR 2
7, 2008, 3 (7): 509 -512

8 Kaku Y, lihara K, Nakajima N, et al. Cerebral blood flow and me-
tabolism of hyperperfusion after cerebral revascularization in patients
with moyamoya disease [ J]. J Cereb Blood Flow Metab, 2012, 32
(11):2066 -2075

9 KWFH, mIE, WE. AER BN GRE B RL)]. P
[ A e s, 2013, 8 (8): 674 -679

10 Bacigaluppi S, Dehdashti AR, Agid R, et al. The contribution of im-
aging in diagnosis, preoperative assessment, and follow — up of moy-
amoya disease [ J]. Neurosurg Focus, 2009,26(4) :E3

(W ks H 1 :2015 - 01 - 13)
(&l H 1 :2015 -01 -29)



