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Treatment strategy and efficacy for moyamoya disease of different clinical types and radiographic stages
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[Abstract] Objective To assess the therapeutic strategies and efficacy of moyamoya disease of different clinical types and
radiographic stages. Methods The clinical types, radiographic stages and treatment strategies of 39 patients with moyamoya
disease, who were treated in our medical centers from April 2010 to December 2013, were retrospectively analyzed. The
treatment efficacies were analyzed by CT angiography, CT perfusion and DSA. The average follow-up time was (21.343. 1)
months (range: 7-44 months). Results Thirty-four patients had type |-V moyamoya disease, including 6 treated by encepho-
duro-myo-synangiosis (EDMS) and 28 by STA-MCA anastomosis combined with EDMS, with 4 receiving a second surgery on
the other hemisphere 6 months after first surgery. Five patients with type V| moyamoya disease underwent emergency surgery:
cerebral hematoma evacuation + decompressive craniectomy + EDMS, Stage | and ]| patients were treated by conservative
therapies. Stage [l[-V] patients were treated by EC-IC cerebrovascular reconstruction. The skin incision, bone window, and
dura incision were designed individually in order to protect anastomoses formed pre-op in stage V &. V| patients. All patients
had improved clinical condition during follow-up. CTP imaging showed significantly increased relative cerebral blood flow and
relative cerebral blood volume, and decreased time-to-peak after the operation(P<C0. 05), and these changes were intensified
with the prolong of follow-up. Conclusion Selection of appropriate treatment strategy according to different clinical types and
radiographic stages can achieve better therapeutic efficacy for moyamoya disease patients.

[Key words| moyamoya disease; clinical types; radiographic stages; treatment strategy; outcomes

[Acad J Sec Mil Med Univ,2014,35(11):1232-1237]]

[ BE#] 2014-07-25 [#ZH#] 2014-11-02

[EE®mA] % %, Yl B EI. E-mail: xuhong780830@sina. com; M kA . Bl ZAEEIT. E-mail: dails@sina. com
& Sk [ 85 — 14 (Co-first authors).

“ W {E{E# (Corresponding author). Tel: 0512-52227325, E-mail: nsch. h. liu@ foxmail. com



511, %

T S AT PR 2 B AR 2 2 A 55 X6 9T A 5 9T AL

+ 1233 -

055905 2 LA KU 250 1N 3 Jok o o 18 4 6 47 P ok 7
YA ZE R RFAE L 4% & 5| S S I TR B —
ol L P O L 65 5 o 0K RS SR I ) A I I
EEEER FIAL 7 R Z I 55 R 5
I, 1969 4F H A% % Suzuki K Takaku ¥iZ 0w R 2
MR L RS IR YT A RS IE T (R
W Z5iRTT) I FARGIT . FARIBIT AKX ZH
ZHRE A N AT ARG MF AR, WA H AT A K5
(4 SCHR BF RE R B A AT RIA 97 M0 55 i 5501 R B
R H A ECE A T T AR R 2k B i
FE T AR CRD P PR -0 1 A8 0 R ) o T 2 fli il 4
FE T AR A4 - A8 - 1 7 il 5 A iS85 L 0 AR -
JUL A - A £ A e K S A AR 2507 L A 55 9 AR
HIMKRRRZ AL, FAR ISR, FABE ST
SOOI R TEMA AR . SR IE TR I 25 9
TRVEECE ., H M, A W5 Bl 5 A 2010 ~
2013 AF A8 25 5 £ 257 1 DR B RE XS [ G R 43 L L 1R
S0 I 250 R AT VR T O 1k BOR WS HE AT A R
TS I R IR IS %

1 FERIAFE

1.1 —f&FH 2010 4E 4 A ~2013 4F 12 A M
R 27 B s i ST 5 — N R B B S R R 2= e
55— BE B WSRO AR 5506 SR 39 M), A T AR 38 0E ot
i CT it 48 AR (CTA) 387 I8 145 15 5% (DSA)
Wiz W% . 55 15 6, & 24§, F 45 (30. 4 =
2. D% (11~56 %), MW 1990 4 Matsushima 55
2 0 A3 BUBRUES I R 4 B A0 T« DA A e it
KA CTIAD R 9 i1 C T A TIA RS [1 AL 45 & TIA
) 5 DR ASE B 6 s 5 I P I ke 1l i A B8 A
i ke 11 4 A 2 s 5 I i AR AE At 20 8] CHIL Y - TTA-Ji
FEBE T 5 IV 780, i A E-TTA %) 5 L Jigi 4 5E &2 95 5 4
CV B i RSB 5 ot o 789 A8 2 2L 5 CVIAY . figg
MA) . HorbE & A I R 8 .

FRAE 1969 4F Suzuki FI Takaku #& (4 46 25 95
I3 15 R 0 4y W AR E R I R T . 3
P Bl KR i B 28 (=005 11 81« 7 A2 J0 25 fR i 4 5 3z
Ui B KA 7 (n=5) 5 [ 197 - M 25 AR 1 A5 3 22 (n=13) 5
IV HH < 08 55 1R i A8 el b o i i Sl KOS B3 (n=11) 5V
W I 2 R D EE SR SR (n=8)5 V]
- 55 R i T SR ORI T S 8 Ah 3 ik At i

(n=2),

L2 FAR®% WERMEMZZSARNEE AR
283k 5 CT JIE S P4 H I, CT A 4275 Jhy JH 2555 » 2
2 FARAT P I i B+ 25 R R A [ B
IR SR 2 At 3OO0 B - s - UL A O A AR
FEIF AR B B T R HT PP AL A 45 % S CT L MRI,
DSA DL RSkt CT ¥ (CTP) . MR ¥s Bk g #0F
i LML B g 2= AL SRR E TR R . BT AR M
I3 A R KRR 2 R R R L 4E T OE
B EUR KO o R R 2 OR AP R L 2 R A R 5
T AR T B 0 A T 4 IO L 4 i e T SR (E
SR KO

1.3 ReMi#m ARjgl1HAE#E CTA 5 DSA,
WIIEW) & M fE . KRG 1 AN E & CTP,
SO0 J i 30 Bl ) A AR A B . R A A R T AR
R I AN R IRE O 38 S RS SE S B . HL I B
ViJe & A B s il i & A . BRI E A DSA, T
M S IEFRIE B L. & CTP,

L4 it RH SPSSL. 0 B it B L
T RO MSIAEAS ¢ K I AR B K HE (o) 0. 05,

2 & R

2.1 &L 39 B 5 i S ik S BT A i
2B ABE, ZUSAT P I B 2 R A+ -
R - JUL PR oML A R . LR 34 S BRI TR AR
L ALEE L6 ) B DR A2 A A A I AR AT A L I T i
FTH0H 3 k- I v 2 ik (ST A-MCA) W) 4+ 36 5 i
e - JUL PR It A R R 5 28 IR 2 4R FRIRT
(STA-MCA W £+ isi b - L 1A il 7 il 45 AR 4 43
BETRFARLERTFMEG S TFRIBIT . AU
HOV BRI (21, 343, DA (T~44 N

2.2 Wk JRA TIA KAEH 29 F), Hd 21 4]
RIGARER AT ARME TIA KA, 5 A #2830 6E R
ARG 25 2 KENAT 23 8 Bl FE A 5 s W A A 5
FARMAEBRAA G TIA K AE BE7 & B8 & A ]9
AW (6 #I7E 10 d 5.2 BIFE 1 A RATEE
By, RATA LI REmirBE 25 6, REHA
ARIRFERE KR . B B 5 B, Bl & 4 R
A, A 2 B I T ARG 3 Bk
A R b B Bl kR L RS 6 A Bl T & B8l kg
Ko ARULTEA G & WA B 1 K B4 T R Y 8



« 1234 -

BEPERAAAR 2014 4R 11 H LB 35 %

{91 8. 22 T R 9 0 0 IR T AR S JC R R R 5
BT A i JC e ) AR RS B 2 K I R
A S IR0 091 245 0 50 2 )5 R A RO AE .

2.3 URALDRINFILELER HEZLGETAR
BT 28 Bl R 27 Bl E ARG 1 MNE AT
CTA,1 il 5 2 DSA, iR W& I 4 3 iy (&
D, ¥FARE 1 ANEE CTP, X A2 08, 40 #r
IR L B CCBEF) | i I %5 & (CBV) | SF- ¥ 15 e i) ]
CTTP) $dl . 45 5K 3 B« - R - L P o 78 fil 5 R 11
i AR JE 1 A T O 5 R B A B 25 R E S
RSG5 T ARIGIT A 28 B, T A BR 1M i
TS SR AR R B MGE GE D =g 1T

@

AR ARG AU BR il (4357 B R s (| 2) .

AL 39 B A 32 ] A R AR R S A Sk
CTP Kk CTA/DSA S 40 7 1 & A g it BRAR
OKE RaF. Bt — P RE). Rg 6 ~H CTP
S5 5 iR - JUL DAY O AR R o 2L A A
DUBCARRTMGE . 2 7 A it % 8 X (P<<0.05) 454
FARIGIT LA i it 378 0 131 DU AR S 1A B i —
ol (P<<0. 05, % 2) . kfiii CTA/DSA B/RY) &
H$55@ s, Forb 19 I 380% 2 ki T AR A4 kL 5 [a] 42 5
AT 15 i RS v CRRID 3l bk 3850 v R Bl ok L 8 i 2l ik 3%
55 B S B BRI WA ) B2 BE W 6, 1 AH g 3 55 A iy B
IO (3,

E 1

RE 1B CTAS DSAE&

Fig 1 CTA/DSA images at one week post-operation

A: CTA one week post-operation demonstrated that the two STA-MCA anastomoses were in good patency (white arrow) ; B-C.

DSA images of ECA (posteroanterior view and lateral view) demonstrated that the two STA-MCA anastomoses were in good

patency (white hollow arrow)

x1 HEMODESEEA.GEFANETAE
BERMRARELEACIPHELER
Tab 1 CTP data pre- and one week post-operation
in patients treated by indirect bypass surgery or

combined (indirect + direct) bypass surgery

x2 HENOLEEZA.GEFAEBTA
BEERWMRARGE6ANAM CTPRELER
Tab 2 CTP data pre- and six months post-operation
in patients treated by indirect bypass

surgery or combined bypass surgery

Pre-operation 1 week post-operation ¢ P

Indirect bypass surgery (n=11)

rCBF 0.98%0.28 1.01£0.12 1.47 >0.05
rCBV 1.06=+0. 38 1.12+0. 21 —0.83 >0.05
rTTP 1.13%£0.30 1.02%£0.10 1. 90 =>0.05

Combined bypass surgery (n=32)*

rCBF 0.87+0. 29 1.00£0. 28 —3.64 <C0.05
rCBV 0.86+0.24 1.02£0. 24 —5.29 <C0.05
rTTP 1.14+0. 30 1.01+0.17 4.76 <0. 05

6 months post-
Pre-operation t P
operation

Indirect bypass surgery (n=29)*

rCBF 0.89+0.29 0.98+0. 31 —2.18 <€0.05

rCBV 0.88+0. 33 1.0040. 28 —3.30 <C0.05

rTTP 1.14+0. 34 0.9740. 14 3.60  <C0.05
Combined bypass surgery (n=27)%

rCBF 0.90+0. 28 1.0040. 40 —4.30 <C0.05

rCBV 0.9240. 29 1.11+0. 30 —4.18 <0.05

rTTP 1.15+0. 25 1.04+0. 14 4.19  <€0.05

“There were 4 patients receiving another combined bypass
surgery for contralateral hemisphere at 6 months after first

combined bypass surgery

*There were seven patients who had a good recovery refused to
have a CTP follow-up, including 2 patients treated by indirect by-

pass surgery and 5 patients treated by combined bypass surgery
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Tab 3 Vessel diameter changes at pre- and 6 months post-operation in patients treated by combined bypass surgery (n=27)

Average diameter pre-op

eration (D1, d/mm)

Average diameter post-op

A=(D2—D1)/ D1

Spontaneous anastomosis rate

eration (D2, d/mm)

STA 1.13 1.97
DTA & SPA 0. 64 1.57
MMA 0. 57 1.23

100% 74.3%
100% 145.3%
91% 115.7%

STA: superficial temporal artery; DTA: deep middle temporal artery; SPA: sphenopalatine artery

2 RE1EXHCIPESE
Fig 2 CTP image at 1 week post-operation

CTP imaging showed a significant increase of the rCBF and

rCBV, but a decrease of rTTP after the operation (upper

row: pre-operation; lower row: 1 week post-operation)
3 3 i

M2 IR YT 07 6 E 2 — BRI AR
IS = b el & 1 T B N | I R R TR S T
8 W PR 25 WA T ST AR T BB AES . Ak
I AL A - (D — BA T - LU D)5 1 22 1k
Oy 2 () SR JHE S R A T A 1 114 B PR R
3 N EY G R R R U
1 () 5 YAYT AR B IFIE IR T AR VR ST
AKX 6 I8 PR 2R 8936 7 - i i A5 87 5k 50 ST e 24
WA A2 DUR R A2 DU 25555 ) F
ARIGTT ELHE 6] He e A M B R LR TR ()
BHHEE.

4545 R AE SCHR B A 2 78 I PR S5 B 22 6 . R AT
KA TSR PR 0 B 559 B A0 R R T R . (D)
PR 7> 1 BUAY 8 TIA s RIND R fERAH <2
U oM 2 D RERR G . 3k il CT/MRI JG FHAE % B . 2

_ =

B R X oy L a . # CTP fu 4R 1
YRR 0% 1 I 3T T A O TC W W S R AT R R R
AT ARG I s CTP K 2 4 75 47 78 i 1 3t 98 1
ZA B VGEFETARIGIT . (O 1l ~ VAR H ¥
TR ) O 4 TR AN S T A A T R A B
Xof X A AR AR I AR 4 AR I R 3R B AR
0 5 G LI B g 2 VP AL A R E TR SR e HAR T
ARIrelS BoCHRY Y . AR FARFGAE T < ik Gk i AR
K1 A 22 D RE B A 5 S AR BRIl & A Bkt R v R 2 ol
AER B IR Z¢; @t A1 (80 # it CBF T R, 5 CT 42
NI T RO A I Al 25 4 5 — 2o P RO = ) S i
FE s FREE PR IE e s CVR TR IR T ARG A I
S TIA s Hr & AE. (3) VIAL: Jy i i Y 8% JC i
HT 1~ V B A8 it I 2 0 0 A 4 A
et PRAR 290, « I - S 38 67 6 % DR ST IR 7 0 L fioh 375 5%
PN IE ) AT NS o V31 A S NI 5 | K B
SR N (K= 0 = B N i A IS 5 s v (1 S W S =
) JC BT 58 3 1 R MR I PR RCT 1256 M A 72 3%
SCHRAR B 25 AR —L0 1 AT 2 50 2 AR R4 &
PUAFAE S 5008 70 ikt ot XU 7 A8 2 T R IT
FEAE TN S KR 00N 30 kg s MRT-T, m] WA/
kL 5 ik 285 JE iy 2l ok 5505 52 8 3l Bk Ak H 3 S w5
H o3 325K 5 LU H I 2k 15 2 i PR RE IR 5 A5 A i ke I
WEHEEL CBF .CVR T FEUEHE# . A4 5 ) VI B i
BEVT A R A W, HoA 2 65 9 T AR K
/NN kI & AR R A BRSO . RS 6 S B Ui
RPN . Ni 2012 AE AL HHE T AR
L. 1 H CTP $27 VI &R 3 AR 5 ik i 3
TE AR DU R » ARG &A= ke it 1 2 v XU B AT
AR WS IRIT R T BN AR = B
BN Bl KA s B 2 L 3 TR 40 FR A TC B IR I AR R
WG RAS T A B PR . 1 300 A8 2 A DR U o 0 B 57
27/ = b€ 3119 28 2 SO 1 D I | I O



+ 1236 -

PP R AR 2014 4R 11 H LB 35 %

WA I PRRE IR T 5832 AR 8 3 1 I S 2% B L5
18025 TG L3 30 ) 2 P A 45 Rl e TR g . X
LA bG8 AT VA 7 SRm I« (L G A R 47
STA-MCA Wj &, # AR i 97 4l 45 2 2 % wf 7] 47
STA-MCA + STA-ACA = PCA W) 4 ; %t F STA-
ACA 5 PCA Wy & IR ME /) 9 61, AT R FH R B S T
SRR | B 2 A B ALAT W A i O R AR
STA-ACA 5 PCA W&, (2) 8 1 B 3% + ] 32 1 1.

)
& 3

HEEIHBENEUFRATRET

FEAEMNZGE AN, R MR/ 2R g s e |
A V)5 REI A5 SR B A W) & . (3) BRI
S8 A8 R A SRV I AT R 5 A4/ 32 A il A8 A
DL i R T . (O VI R VI R B
AR E Bl Wi A A W& A Cin MMA 73 32,
STA 3 31m FRNTE B A AW 6 BT AR I 52 4. R

TN S B A LA T L A A A Bt B B
Joc B ) 3 e I R P 3 LT D

® ©

Fig 3 Individually designed surgical procedures for a radiographic stage [ moyamoya disease patient

A Position and incision, a modified pterional approach was adopted; B: The bone window was designed individually to ensure

the integrity of the MMA; C: The MMA trunk and its main branches were preserved intact and incised on both sides, resulting

in dura mater strips with a width of 0. 5-

1.0 cm. Then radial incisions were made on the remaining part of the dura mater. After

the hemostasis, the dura mater was flipped over and spread over the bone window
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Fig 4 Individually designed surgical procedures for a

radiographic stage V & [ moyamoya disease patient
A-B: a radiographic stage V patient; C-D: another radio-
graphic stage V patient. After pre-operative analysis of DSA
image, we designed the skin incision, bone window and dura
incision individually, so as to protect anastomoses formed

pre-operatively
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