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) ABSTRACT

Objective : The purpose of this study is to investigate changes of vasoreactivity after STA-MCA anastomosis in patients who develop
hemodynamic cerebral ischemia associated with ICA or MCA occlusion. Methods : Twenty-five patients with hemodyamic infarction due to
symptomatic ICA or MCA occlusion were treated with extracranial-intracranial bypass surgery (EIAB). Of these, we enrolled 17 patients
who underwent follow-up SPECT and follow-up angiogram. To test vasomotor reactivity, we measured relative regional cerebral blood flow
"(zrCBF) with SPECT both at test and after diamox infusion. rrCBF were calculated using the following equation : (lesional radioactivity/
contralateral radidactivity) % 100. We performed EIAB in patients with impaired vasomotor reactivity. To evaluate changes in vasomotor
reactivity after surgery, follow-up brain SPECT was performed 1-6 months after surgery and compared rrCBF before and after surgery.
Results : Base line radioactivity ratios did not change after surgery. These ratios after diamox challenge were 59.8 £4.2%, however, 1—6
months after surgery, ratios increased to 77.7 £4.6% (p<0.05, Paired T-test) . Preoperative degree of angiographic collateral circulation did
not influence the restoration of vasoreactivity. All but two patients showed good collateral circulation through the bypass. There were no
cerebral accidents in any these patients at 6 months to 2 years follow-up. Conclusion : These results demonstrate the restoration of va-
somotor reactivity distal to the occluded ICA or MCA after EIAB, and also show that measurement of rCBF using SPECT are useful
indicators of the clinical and hemodynamic improvement. (Kor J Cerebrovascular Disease 4:135-9, 2002)
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Fig. 1. SPECT scan of patient with right MCA occlusion. Circled ROI
is placed in the cortical ribbon of lesion side through the basal
ganglia level. Preoperative SPECT with (upper right) and without
Diamox (upper left) showed hypoperfusion and decredsed vaso-
motor reactivity in the right MCA territory. Follow-up SPECT (lower)
after EIAB, there was marked improvement in resting CBF and of
vasomotor reactivity to diamox in the same vascular teritory.
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Table 1. Clinical profile of the patients

59 infarction TIA ICA

1 M 1

2 M 35 infarction infarction ICA 3

3 M 35 infarction none ICA 2

4 M 49 TIA TIA MCA 2

5 F 54 TIA TIA MCA 2

6 M 45 infarction none MCA 1

7 F 65 - infarction none - MCA 1

8 M 64 infarction none MCA 2
9 F 58 infarction ICH MCA 2
10 F 42 infarction none ICA 3
1 M 61 infarction none MCA 3
12 F 54 infarction none ICA 3
13 F 64 infarction infarction MCA 3
14 M 57 infarction infarction MCA 1
15 F 40 infarction none MCA 3
16 F . 66 infarction none MCA 1
17 F 40 infarction none ICA 2

“ICA infernal carotid artery, MCA : middie cerebral arfery, TIA : fransient ischemic attack”
“Obst site 1 obstruction site, Collateral : degree of collaterdl circulation”

Fig. 2. Pre (A) and Postoperative
carofid angiogram (B) showing ex-
fensive filing of the entire middie
cerebral artery system (cir-cled part)
through the bypass.

Acetazolamlde Fo] 39 rrCBFE 4% 3¢ 59.81  #HA olatgle] duo] 450 dn U NS Zv1A|
A2%0NN FEF T7.7+46%% F2(E<0.05) 8 F7kt 74 =9 IR THE 22N 1, W BFRY0] U Ta
AchFig. 1. T8I 55 Aolle 25 840 acetazo- 5P 2F Q) AbhEEfo] Z7l3l0] YAAQ HxA 7%

lamide %o} ¥ rrCBE7} 24390} 4% Foli 28e & 4A 4 QEE k. APHoT A Ao vy
Asta F7RIG 2 rCBF7F 229 3 5% e g4 Aloly] miFo] Faege doy)= 2
T ArAEE R0 0xT o Akt HIAXYE  disiA o ol 3T 5L 248 1 oRe ¥8
A SRS DY BIABC] AAE HATbeA  who) oA AR UeT) 3184 Has 289 gl
ol GBS BjXA Bt BE Bl 671 UK 2 24 HEelstael goje] et sl ol o7
d 33 A AL Y oo WEE A gl o] Agltt. Power 59 PETOIA B2 Hgodst 3
: S)(OEF 2717} ¥ 29) 2ads) ado] gloka wEsid

€+a 3 o1, o] ATE AN Fo| AN EREETs)

s7ksto] F7h el AAA Rt ANE 4 Joke A
lﬂl%““"ﬂ lﬂ*”ol ol 14%4«1 Z]Ei@_%ﬂl darl & 2T PETE =7 80] 2yst 5 302 ofuje] A%

Kor J Cerebrovascular Disease 4:135-9, 2002 137



SHU-2RE28ds & a4y

petiyui} o —

it

=

i

7] mEol S3slo] i8] uhgsM OEF7} 7lMe &
A= TS 7FsAo] ek T AT FH7IHER) 7
M) Aprgo] B ANS 2HHS 7FsA) gk ol¢h of
zet AnE 2o HEue] HA Sxpla HFA F 30
0] o}&of AA)3 PET A OEF7} 7H 7% w73 Mol A
W5k 1] go] Bohx AAAQ) Aozt HAY Aate] $18
QAzA e gths BEs} Qo o] 2ol PETeIA
PR 144 H BB HHEge] 2T 2e 9
 laln AEeEA gelel JsiA w7l B FisAel
. 9le-e ALY gE)3 PET Aold #25E OEFY
Z71= acetazolamideoll theh HE#e] WA e}
A Ago] Qrk? wlehd. ¥ Pu@e] acetezolamidet}
| COY TE HheAe] ABtE BAEo) WA Ae) Akl 9|
e} ZrlElo] Quh0T22) ojalA) wksAJo] fhad dd
o] B¥aky gt HXAL A Hue] WY JUE
7t F7VvaA) Hk '
¥ g o] g5 destd Aol WA A8AA
2 QAEWA ol F7M17] sl A gt AAE
o} ErEu-ZfuEd 23S AW Hoth BF
W aEAEe Uik X8 Blad W B4 AL o
Ashs wab Z9Eol), SFEU-ZuEsY Eie
o] YR AR EIG WA AkS sk Zatel
A mmeke] i)z} gl). 198596 REH SFE-Z)
WE B IATEATE HAY ALe oAk v
QoI U Az vlnE o SEEe-ZusEy 28
2o] o adtolzkn & 4 Qrkw stk 1y o] A
7= gt el glolA ¥ BAsAg) We el st
the AellA EAP} Qi olFe] Hig A7l 5%
W-Zo)eEe Fgo] YdAs Folrt Gle BRI
WA A 7N T, AR FAS sk
77} Qe HaHTIWIO o)gl o) A1 FAo]
AAET A S} AN o) At B

& APSeNE SEEU-FrEY B2 ol 3
%
—

bole

P02 g} TR Aol QHg71e) HERE )
AR A}, 1 WekE ST 4 glo] Z71 s
U wsizt gigitk olgdk o)A Nobuo 599 A7l
L z2Emozguze Bikdo] Al%H 37AF 47194
= P ArEe) W R 79T, 3270iME Mt S
glov] 174 25l8 Pastdth Ishikawa 509 7]
AT B N8} 4% Fol 119E 27 1292 Aast
A3 4Fol= WeatA &strh Schmiedek % &5

Fu-zgEEY 294 5 998 wede AT

[ rf

138 XKorJ Cefebroyascular Disease 4:135-9, 2002

T

AR HEHA <l Wk iglch ¥ ATl
EIAB 3o <H37] rrCBF7}F 898 74y, 5%&
1 49elNE Wsbt gk aelm o] HWERel v
= RIABY) 43S A48 92= A%l olg} 2] &
Tgul -y Ed Bilo] 4 Fof e HEFF
Z7)a}A) g o]G2 SPECT ¥-4A] $9ss AAE v
MR Hol= ¥ AMEAS Fahaha] kATl thake -

02 32 o2

s
2 e ¥gad AxwAsy) EutEle] HEFI £
olEolE o] QA ANEA BF Ao 2T 5 glokd
2 a7e] TRY BE 5] AAA W) Y
gilzA%ox] WA} 9lo}A] Ishikawa 570] st
23} pe Wkl 40] 7Fs sttt

o
]|

Aol TR B0l b BA e, F971%t0) 24 ¢
o, ozl qold FFEU-FoEEY Bileo] UA
0 Aol wAE e @) dAE B
B2 oz A7) RaAEolor & Zolek

M B 34 YATAN - FAN-2¢-32dE

REFERENCES

1) Bamnett HIM. Delayed cerebral ischemic episodes distal to occlusion
of major cerebral arteries. Neurology 28 769-74, 1978

2) Barnett HIM, Peerless SJ, Kaufmann JCE. ‘Stump’ of internal caro-
tid artery. a source for further cerebral embolic ischemia. Stroke
9448-56, 1979

3) Baron JC, Bousser MG, Rey A, Guillard A, Comar D, Castaigne P.
Reversal of focal “misery-perfusion syndrome™ by extra-intracranial
arterial bypass in hemodynamic cerebral ischemia. A case study with
15-0 positron emission tomography. Stroke 12454-9, 1981

4) Finklestein S, Kleinman GM, Cuneo R, Baringer JR. Delayed stroke
following carotid occlusion. Neurology 30-84-8, 1980

5) Gibbs JM, Wise RIS, Thomas DJ, Mansfield AO, Russell RW. Cere-
bral hemodynamic changes after extracranial-intracranial bypass
surgery. J Neurol Neurosurg Psychiatry 50:140-50, 1987

6) Hirano T, Minematsu K, Hasegawa Y, Tanaka Y, Hayashida K, Ya-
maguchi T. Acetazolamide reactivity on 1231-IMP single photon em-
ission computed tomography in patients with major cerebral arery

* occlusive disease: correlation with positron emission tomography



parameters. J Cereb Blood Flow Metab 14.763-70, 1994
7) Hiroshi Y, Hidenao F, Yasuhiro N, Hidehiko N, Kazuo N, Yasumasa
Y, et al. Evidence of misery perfusion and risk for recurrent stroke in
major cerebral arterial occlusive diseases from PET. J Neurol Neu-
rosurg Psychiatry 60.18-25, 1996
8) Holohan TV. Extracranial-intrcranial bypass to reduce the risk of
ischemic stroke. Can Med Assoc J 144 :1457-65, 1991
9) Ishikawa T, Houkin K, Abe H, Isobe M, Kamiyama H. Cerebral ha-
emodynamics and long term prognosis after extracranial-intracranial
bypass surgery. J Neurol Neurosurg Psychiatry 59 625-8, 1995
10) Kleiser B, Widder B. Course of carotid artery occlusions with im-
paired.cerebrovascular reactivity. Stroke 23 171-4, 1992
"11) Kuroda S, Kamiyama H, Abe H, Houkin K, Isobe M, Mitsumori K.
Acetazolamide test in detecting reduced cerebral perfusion reserve
and predicting long-term prognosis in patients with internal carotid
artery occlusion. Neurosurgery 32.912-8, 1993
12) Markus H, Cullinane M. Severely impaired cerebrovascular reactivity
predicts stroke and TIA risk'in patients with carotid artery stenosis
and occlusion. Brain 124457-67, 2001
13) Nobuo H, Yasushi T, Tetsuya T, Kohei H. Predictability of extracr-
anialfintracranial bypass function. a retrospective study of patients
with occlusive cerebrovascular disease. Neurosurgery 40.53-60, 1997
14) Nussbaum ES, Erickson DI. Extracranial-intrcranial bypass for
ischemic cerebrovasculdr disease refractory to maximal medical the-
rapy. Neurosurgery 46.37-43, 2000
- 15) Powers WI. Cerebral hemodynamics in ischemic cerebrovascular
disease. Ann Neurol 29:231-40, 1991
16) Powers WJ, Grubb RLJr, Raichle ME. Clinical results of extracranial-
intracranial bypass surgery in patients with hemodynamic cerebro-
vascular disease. J Neurosurg 7061-7, 1989

A

Ho= - 4B - 24

H0
rJ

17) Powers WJ, Martin WRW, Herscovitch P, Raichle ME, Grubb RL Jr.
Extracranial-intracranial bypass surgery: Hemodynamic and meta-
bolic effects. Neurology 34.:1168-74, 1984

18) Powers WI, Temple LW, Grubb RLJ. Influence of cerebral hemo-
dynamics on stroke risk- one year follow-up of 30 medically treated
patients. Ann Neurol 25.325-30, 1989

19) Sacco RL, Kargman DE, Gu Q, Zamanillo MC. Race-ethnicity and
determinants of intracranial atherosclerotic cerebral infarction. The
northern Manhattan stroke study. Stroke 26 :14-20, 1995

20) Samson Y, Baron JC, Bousser MG, Rey A, Derton JM, David P, et al.
Effects of extra-intracranial arterial bypass on cerebral blood flow
and oxygen metabolism in humans. Stroke 16.609-16, 1985

21) Schmiedek P, Piepgras A, Leinsinger G, Kirsch CM, Einhaupl XK.
Improvement of cerebrovascular reserve capacity by EC-IC arterial
bypass surgery in patients with ICA occlusion and hemodynamic
ischemia. J Neurosurg 81:236-44, 1994

22) The EC/IC Bypass Study Group. Failure of extracranigl-intracranial
arterial bypass to reduce the risk of ischemic stroke. Results of an
international randomized trial. N Engl J Med 313 1191-200, 1985

23) Webster MW, Makaroun MS, Steed DL, South HA, Johnson DW,
Yonas H. Compromised cerebral blood flow reactivity is a predictor
of stroke in patients with symptomatic carotid artery occluszve di-
sease. J Vasc Surg 21.338-45, 1995

24) Yamashita T, Kashiwagi S, Nakano S, Takasago T, Abiko S, Shiro-
yama Y, et al. The effect of EC-IC bypass surgery on resting cerebral
blood flow and cerebrovascular reserve capacity siudied with stable
Xe-CT and acetazolamide test. Neuroradiology 33 217-22, 1991

25) Yonas H, Smith HA, Durham SR, Pentheny SL, Johnson DW. Inc-
reased stroke risk predicted by compromised cerebral blood flow
reactivity. J Neurosurg 79 483-9, 1993

Kor J Cerebrovascular Disease 4:135-9, 2002 139



