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Summary: The mechanism through which ischemic manifestations develop in patients with middle Key words:

cerebral artery (MCA) stenosis is still uncertain. It may cause ischemic symptoms through both + M1 stenosis

embolic and hemodynamic mechanisms. In this study, we compared the findings from cerebral + SPECT

angiograms with single photon emission computed tomography (SPECT) in patients with M1 steno- * hemodynamic ischemia
sis to determine the pathogenesis of ischemia. + cerebral embolism

At our hospital from 1994 to 2000, 14 patients (12 males and 2 females; mean age, 60.9; range, 31 to

85 years) with angiographically demonstrated symptomatic M1 stenosis were enrolled in this study.

In 10, their stenotic lesion was located at the proximal site of the perforating arteries and for the Surg Cereb Stroke
other 4, stenosis was found at the distal site. Nine presented with transient ischemic attack (TIA) (Jpn) 30: 264-269, 2002
and 5 with completed stroke for an initial episode. The discrepancy in regional cerebral blood flow

(rCBF) was evaluated in relation to the site and degree of stenosis, type of ischemic presentation,

and frequency of ischemic events.

There was no significant difference in CBF between the patients with stenosis involving the proxi-

mal site and those with distal stenosis; but the cortical CBF decreased significantly in those with

severe stenosis compared with moderate stenosis.

The cortical CBF of those who had a complete stroke is similar to that of the patients with TIA; but

CBF of BGA decreased significantly in those with a complete stroke. The single ischemic event group

showed a significant decrease in cortical CBF. On the other hand, the group with multiple ischemic

events exhibited normal hemodynamics.

We concluded that multiple ischemic events that occurred in M1 stenosis are caused by an embol-
ic mechanism.
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Table 1

Clinical features of patienis with symptomatic M1 stenosis

Case No. Age Sex Site of Degree of  Type (Jj ’ CBF stuay ‘ Type cf Freauency of CT/MRI
lesion stenosis SPECT  itime since stroke] ischemia MAs lindings
] 62 F distal severe 4 Day 2 TIA single BG/small
2 83 M proximal  moderate 2 Day 7 TIA single mutiple lacunae
3 31 M distal moderate 1 Day 10 TIA multiple normal
4 62 M proximal severe ] Day 14 CS — BG/small
5 50 M distal severe ] Day 1 TIA single temporal/large
6 52 F  proximal severe 4 Day 13 TIA multiple frontal /BZI
7 76 M proximal severe 4 Day 13 CS — mutiple lacunce
8 70 M proximal  moderate 4 Day 3 TIA single mutiple lacunae
Q 34 M proximal  moderate | Day 10 TIA multiple parietal/small
10 66 M proximal severe 4 Day 11 CS — pariefal /BZI
N 85 M proximal severe 3 Day 1 CS — BG/large
12 60 M proximal severe | Day 3 TIA .single BG/small
13 63 M proximal  moderate 2 Day 3 TIA muliiple normal
14 58 M distal severe | Day 14 CS — BG/small

location of the stenosis was divided into proximal and distal in relation to the perforating arteries.

severe =2 70% stenosis, moderate =< 70% stenosis, type of SPECT is refer to Table 2, SPECT = single photon
emission computed tomography, TIA = transient ischemic atiack, CS = completed stroke, BG = basal ganglia, BZI =
border zone infarction, small infarction < ¢15 mm, large infarction = ¢15 mm

Fig. 1 The quantitative measurement of fCBF. ROIs were selected in 3 slices of SPECT (basal gan-
glia, body of lateral ventricle and centrum semiovale).

A1 b b AU SE B KRB R (MCA) 4% B8 O
REBRMEA L MEBEBHTRPB X Usingle photon emission
computed tomography (SPECT) ®Ff R & F DR IERETE
WZOWTHET L 7.

HERBLVFHE

xT 4 (Table 1) 13 1994 £ ~ 2000 12 Y Pz THW X iz
FEMEME M1 stenosis DEBEE X 14 BFITEME12 A - L2 A,
T EREIL 60911587 (31-857%). FAERERIZ TIA 459
Bl, TERRSETH Y, RERMIIEEZLTETO
proximal (2 @E I ER % &) Y1060, distal 2 4B Th
o7z, B (rCBF) DI &F45 149% B £ THO2MH
WHEfT L2 (¥ 75 H, 1-14 H).

Table 2 Classification of SPECT according 1o the pat-
tern of cerebral blood flow at rest and that
after acetazolamide (Diamox) administration

Rest Diamox {4 4if
Type 1 EH Hem
Type 2 EH AT
Type 3 KT il
Type 4 ’T ALE~ATF

rCBF i ™Tc:HMPAO % b L —H — & L TH W 7=
SPECT T, Patlak ploti£iZ & V) @23l L 22 K
BRIRAE - B EAARTR - RIRITPLN3 AT M4 2B nT
ROI &% L (Fig. 1), LB L U1 g ? acetazolamide

Surgery for Cerebral Stroke 30: 2002 265



Rest
BG cortex
proximal | 44.8+11.1 37.9+7.5
distal 47.7+2.3 42.3+4.4
Diamox
BG cortex
proximal | 48.2+7.9 38.8+8.4
distal 53.2+4.2 48.0+10.8
(meanxSD)

mCBF
60 -

B proximal  distal

BG cortex BG
Rest Diamox

cortex

Fig. 2 Comparison of CBF in palients with proximal and distal stenosis.
Values are mean= standard deviation in ml/100 g/min.

BG=basal ganglia.

(Diamox ") £% 'j 10 47 #% 12 rCBF % % L 72. MCA i,
KPR BETE T R B 722 25 4 ZADFRfHT S & o
72 JENCAEMLIIE T em DL EOMZEIBALIEER &, 1em UM
N7 FREEZTDTIATA ADOMTL Lz, BHER

FARE D 45 4E & L T acetazolamide $447 5 o LS Ik %
Yamashita & @ 45 5212 # U C Type 1-412 4 Hi L 72
(Table 2). 7 fitf 13 % i 3 T o4& #1040 @ CBF fifi
(4354 4.6 ml/100 g/min) & i & LT —2SD LA M % L
M & L. acetazolamide BUSE 13 22 fi#EF 0 10% LA 13470
ATIEORME L7,

#w R

1. FAEH & SPECT type

ZEHE A SPECT type A THA L L, TIAMTIZ
Type 12546, Type 25261, Type 4H3BITH 7.
SCIEE N ETTIE Type 15260, Type 3A%1 %,
P26 TH - 7.

TIA OEERME & 1 single event B & multiple event &
(257 SPECT type 2 IL#K$ % &, single event ¥ (5%1)
(& Type 123261, Type 24316, Type 4252 #1T, mul-
tiple event # (41 )% Type 12% 2%, Type 22161,
Type 4231 BITd - 7- (Table 1).

Type 4

2. BRI & CBF (Fig. 2)

proximal i & distal £ CBF % o8 U 7=, %2 9 1037
IE 3K A T i proximal B 2% 44.8+11.1 ml/100 g/
min, distal #:2%47.7+£23 ml/100 g¢/min T& H ., MCA
5oy B iE = F A 379475 ml/100 g/min, 42.3+
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44 ml/100 g/min T& - 7=. acetazolamide £ i £ O IfiL i
(& 45 WC A W3 T proximal # A% 482+ 7.9 ml/100 g/min,
distal # A% 53.2+4.2 ml/100 g/min. K B I Fh Zh
388+ 8.4 ml/100 g/min, 480+ 10.8 ml/100 g/min T & -
7o 2RERICHERTESEM A BB sk h o 7.

3. $EEE & CBF(Fig. 3)

72 BEHY 70% i D b D % moderate, 70% UL 1D L D
% severe & L, 2WM O CBF Z Lbig L 7. &M X
% A #1338 T 13 moderate # A 494+ 5.7 ml/100 g/min,
severe i A%435+10.7 ml/100 g/min T& Y, MCA #Hig D
B PLI o id 2 e 2 422455 ml/100 g/min, 374+73
ml/100 g/min Td - 7=. acetazolamide F17 % L | % 25 &
F4 Wi T moderate T 2% 51.4+ 80 ml/100 g/min, severe
TEAY 4871270 ml/100 g/min. K E B T h 2N 480+
9.0 ml/100 g/min, 353+ 55ml/100 g/min T & - 7
severe #f 12 BV THIER MG, KE MG & H IRV h)
IO NIz HEANL % 20 > 72, acetazolamide & 1 £,
FRMLHIZ BT severe ETHEDE T A SN (p=
0.012).

% 72 U 2% CBF % xH @l Ho THEN9 % & (Fig. 4),
acetazolamide B i £ O B2 & MK (p= 0.006) 1241 2 T %&#
R EIMGmZBWTD 2HMICHEENAD SN (p=
0.049).

4. RIMFEIEEL & CBF(Fig. 5)
TIA OHEF % Kb £ TORMISEDN —0
DL E

SRR E
T, single event#:5 %] & multiple event ¥4 6



Rest
BG cortex
moderate | 49.4+5.7 42.245.5
severe | 43.5+10.7 37.4+7.3
Diamox
BG cortex
moderate | 51.4+8.0 48.0£9.0
severe 48.7+£7.0 35.3+£5.5
(mean:tSbT

CBF ratio m moderate - severe
(%)

120
100 |
80

60

BG cortex BG
Rest

cortex
Diamox

Fig. 4 Comparison of CBF ratio (ipsilateral/con-
tralateral] in  patients  with  moderate and
severe stenosis.

D2HEIThIFTCBF # i L 7.

R AR M I3 S5 RAL HU T single event #EAY480+6.8
ml/100 g/min, multiple event#f %% 51.3+ 4.6 ml/100 g/
min T, MCAMH IR O K & M i i& & & h 378+ 48
ml/100 g/min, 43.8+5.0ml/100 g/min T & 2 7z . aceta-
zolamide £3 17 #% IliL 7% 13 5 & A% §H 480 T single event B A¢
49.6+£7.3 ml/100 g/min, multiple event #A%54.5+4.7 ml/
100 g/min. KZEMEIEZ N EN 372443 ml/100 g/min,

4 moderate i severe
(< 70%)

(=79%)

p=.012
™

Bﬁ' cortex
iamox

| BGRest cortex

Fig. 3 Comparison of CBF in patients with moderate and severe stenosis.

50.8 £7.6 ml/100 g/min T - 7=. Wil R O g Tl sin-
gle event #ET5 W CUEIFICE -+ JECAZIGE & b 42 {EL
I A5d b . acetazolamide 14 #F # O 2 B L 1 #5\ C
single event ff "7 E 2 AKAf & 73 L 72 (p= 0.011).

5. TIA® & 5ER 8O CBF L& (Fig. 6)

B 1 IR AL O 1 A5 WC A Wb T U TIA BEAY 494 +58 ml,
100 g/min, 5¢ W& A< B A% 387+ 11.3 ml/100 g/ min *C ,
MCA {38 D )z B ik 1x # 24 404456 ml/100 g/min.
36.8+9.1 ml/100 g/min T& - 72. acetazolamide {14 % C
EALECAZ U T TIA HEAY51.8 £65 ml/100 g/min,  SEMK %
HOREAY 4524175 ml/100 g/min. JZ LW 1L F AL E AL
432191 ml/100 g/min, 381+ 11.9ml/100 g/ min ¢ & ->
720 W TTR DM A A I A S 7275, S0k
RE TR T T RS S GRS LU 25 AT REASAIS P L T o (p =
0.035).

z =

1985 412 g8 2 Sz B IEAAF7E ' 12 L Auid, Wi
FRREIR OB - SRR D U A BN I Y
G (EC/IC 23 4 2% A4hy) ol it A 7 B g Y i 15 048
BedbDTho7z, 1997 HEITELINIATETOS
MR EIFZE” 2BV Th, EC/IC /N4 7S 2312 & 0 i
WMAIRED YT T 5 2 LI MR 37z oo i 4
FOTRRIZIER ST Rv, 2F D4 D5EFIZE
V5 MREER BB OB R DHMEA S DL DT 50
MRS S5 2 ENREC/IC /N A X2 D#EIE % % 229
ACEHEELD.
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Rest
BG cortex
single 48.0+6.8 37.8+4.8
multiple | 51.3+4.6 43.8+5.0
Diamox
BG cortex
single 49.6+7.3 37.2+4.3
multiple | 54.5+4.7 50.8+7.6
(mean+SD)
Fig. 5 Comparison
Rest
BG cortex |
TIA 49.4+5.8 40.4+5.6 ]
CS | 387113 | 36.849.1 .
Diamox
BG | cortex
| TIA | 518165 | 43.249.1
| Cs | 452475 ‘}38.1:171.9
(mean+SD)

mCBF

60

E single © multiple

p=.011

BG cortex
Rest

BG cortex
Diamox

of CBF in patients with single and multiple ischemic events.

mTIA - CS
BG cortex cortex
Rest Dlamox

Fig. 6 Comparison of CBF volues in patients presented with TIA and completed siroke.

1997 4T Sliwka & ' 121 ¥E 10 > MCA $ % i 58 51/78
% 12%) L Transcranial Doppler (TCD) % v T#f 1740
4)f# @ monitoring % 17\, microembolic source (MES) &
BORMo Tl ME LTS, F-RBE%R2BIZ5E

R 7HIZTIA Z4 U T022%, SERFERO2613E S
{2 border zone infarction T 1), MCA 72 E 73 i 4 28

#2944 O hemodynamic mechanism O B4 % 4%
L%, — 75 Nabavi 5¥ 13 2% 5 0 MCA 42 B & D
TCD monitoring TMESOHFEHEEZHER/L T b, T2
Derdevn 5" 1Z PET % H\» 7= 5Ffi ¢, MCA BIZEHE 2B W
T pial collateralis 7213 Tlid normal hemodynamics (4 $F

XL MATHERENEL TS ET 54, MCA%
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ZBHIIB VW Tid normal hemodynamics D b DA%\ =
E S, FERFEBITBIT S embolic 2 BEF O BB 2 7RI
LTw3

% Z THA study Tid, fEMEM MCA B %2 ¥ @ SPECT
TR & SRAEERAL - AREE - MBS IESERNCHRET L, EilmiE
REBIZB T 5 hemodynamic mechanism @ B 5- % ZE4ffi
L7z,

I 72 ERAL B O L% T UE proximal B & distal B & TZE#
BRI - R RRIR & b I Im i fi ~n’*’ia1’—‘f-9"]4ﬁ¢?‘£if‘f)*
o7z, —HIRERE TOLEIZB W T severe stenosis &
THREMKOFE LT 2207/, o8 EERT AR
T# % SPECT ¥ Type 4 DJERIZ, moderate stenosis



HETIE 56 H LH (200%) TdH > 72 DI L. severe
stenosis #ETIX 9 B 4 B (44.4%) T - 7. MMITEIREA L
DFEEIISRARERAL & IABIE AR, BEEIIRIEL TV 5
LW HRTHH T

B M%E{ED single event # & multiple event # D LK T
i, AIFEICBVWTHEBICKEEMTAYMET LTz, vy
ANTEHBCTIAZB ) KT L 95 REFIZB VT,
EBRENEA 2 X U microembolism @ B 5735k { 7RI S h
7.

RICTIAB L EHEFH O CBF 2 LR L TA
A, AHEORENRICEREREIAON o7z, —H,
FEIEM AR O M TIA B2 LSS R B AT 3R
TFTLTWw/, D) Ml stenosis DBEFHEDERER L 2D
FEREHT2ERICBVT, FEMKKTOBES kLA
P, FRBEEROMBEKTOIEELEREF-> T2
ZEAREE N,

¥ &

1. MATEHRER IR AR ER AL T MBI 70 <, ARZEREICIK
LT

2. multiple ischemic event DFERITIXE MLt OEK TiZ
Aoy, ZOFMEHEF L LT embolism A58 5- L C
WA HEE AR S e,

3. completed stroke R B 1328 ke FH I O ML FH AL T A
M5 LTwi.
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