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Figure 1



NMCC 19 2012

2.5 AR

T —ZIXVHESD & LR Lz, 2387 A — % — O BT R/ 2 O CIRE Lz, Hat AR
713 P<0.05 |Zi% & L 72, PET-OEF O 2% LH-Z 3 572D SPECT-CBF @ AR, ARmca DAEEEI,
receiver operating characteristic(ROC) fi# THRIE L7z, ROC #h#Rix, @& 0515 57z SPECT-CBF @
AReb,”ARmca DOIFHEIED S 0.58D o8 L CHE L 7=,

3 fER

4 63 B D FERERIT 59+11 F . 43 B2 early PET study £, 20 #23 late PET study £ CTd - 7=,

PET-CBF @ ARc & ARmca ORNCHE M IX /20~ 72 (Fig. 2a), L»L. PET-CBF @ ARy I,
PET-CMRO: ® ARmca & MBI %Z /5 L7= (r=0.305[95% confidence interval(CI), 0.062 to 0.514]; P=0.0147)
(Fig. 2b), early PET study #f 43 5l T3 2 & BRI LV @do7z (1=0.522[95% CI, 0.262 to
0.711]; P=0.0003).,

SPECT-CBF @ ARwca i%. PET-CBF ® ARmca & #HBI L7= (r=0.845[95% CI, 0.755 to 0.903]; P<0.0001)

(Fig. 3a), SPECT-CBF ® AR /% PET-CMRO:2 ® ARmca & FHEA L 7= (r=0.515[95% CI, 0.307 to 0.677];
P<0.0001) (Fig. 3b), early PET study #f 43 I CH/#79 % & | FABMREIT L 0 &hr - 72 (r=0.653[95% CI,
0.439 to 0.797]; P<0001).

SPECT-CBF @ ARwL ARuca l%. PET-OEF @ ARmca & FHBI L 7= (r=0.459[95% CI, 0.239 to 0.635];
P=0001) (Fig.4), early PET study #f 43 /I TR T 5 & FHBUREIZ L Y &> 72 (r=0.609[95% CI,
0.363 to 0.762]; P<0001).

i #1231 5 PET-OEF @ ARwmca 1 1.001£0.044 T& Y , PET-OEF @ ARwmca @ 25 E5-13 1.089 DL E
LEFR LT, TOFEE, 15 6% PET-OEF @ ARvca D R4 EH-&H 0 L HE L7=, ROCHATIC L ViS5
cut-off point (1.101) 235175 SPECT-CBF ® ARl ARmMca % V7= PET-OEF @ ARmca D H% EF-%
RHT 5720 ORJE L R R 221 100% (15,715) ., 58% (28,748) T~ 7= (Fig. 4), [AEED cut-off
point (2331 2 BEPET IR L 2ME RIS I, TN Eh 43% (15,735), 100% (28,728) THh -7z, T D cut-off
point (FEFHEHE N OLHELNIZa > Fa— VEDOYY+2SD Th o7,

[A4£ D cut-off point % i\ T early PET study #f 43 5 T34 L72If, PET-OEF @ ARmca O %5 - 5-
#7572 D SPECT-CBF @ ARchl,” ARmca DREEE | FFELEE | BEME T f2tE P HI=IE, 22 100%

(13,713). 83% (25,730). 72% (13,18), 100% (25,25) T -7~ (Fig. 4),

r=0199 r=0.305
E 11 ns - o 11 qp=00147 ST
E w ° O
= 10 L T 10 o F
3 S Q
s &@ i 9 g
T 09 O - S 0.9 - ) L
k<! 83 o Cre ..
g 0.8 + @ o F S 08+ @ a‘ r
< o
< o o
807 o) o L o 0.7 @ -
o 1 &8
06 - L 064 L
o° o
05 T T T T T T 0.5 +* T T T T T T
05 06 07 08 09 10 11 12 05 06 07 08 09 10 11 12
AR, on blood flow PET ARy on blood flow PET
Figure 2a Figure 2b



ARjpca on blood flow SPECT

Figure 3a

15

1.4

1.3 4

1.2

1.1 4

o)

K|

0

“ 00
¢ °
a0

ARyga on OEF PET

(Ol ]

NMCC 19 2012
1.0 1 1 1 1 1.2 1 I 1 1 1 1
r=0.845 -~ r=0515 .
<0.0001 114 R
= 09 dP d | . p < 0.0001
o
= o3 o o 1.0+ L
2 08 5 L 2
g - € o094 -
8 s © o
Ko}
£ 071 (c)y o) L § 08+ N
3 o) S K
g E A & o7 oe
T 06 s @0 - < o~
< Q 06 =
o
05 T T T T 0.5 - T T T T T T
05 06 07 08 09 10 05 06 07 08 09 10 11 1.2

AR, on blood flow SPECT

Figure 3b

s
°

O [
1.0 4 R
o0 L ¢
0.9 T T

T T T
09 10 11 12 13 14 15

AR, /ARyc, on blood flow SPECT

Figure 4

* O : early PET study #, @ : late PET study #f

4 B

AN, PV — R HR R AR B R ES K OV BEBNIRPAZEIEGIIC 51T 5 SPECT 12 L /M CBF @ el
il te=KA4 CBF @[5/ %Hil | b PET 12 &5 KM OEF @ Tl skl) te & FARE42 2 & & 5KqEL
72 &5, Z® SPECT-CBF HiZ L » TR Bk o & KR 2 i T & 7=,

B EOWE T, & MEME PR HIEF 3\ T CCH IR RSER 2~3 7 A TR T L0 bONRH 5 22,
ZOZ LiE, CCH T RM-ERD CMRO: o457 b 3% 53, CMRO:2 E4 O FHEIZEI D & F Ffé 7 > b
AR AE A R MRS AR L TR T D & W) RIFZERE R & — 8T %,

F72. PET T CCH %O 72\ g, sl IREAZEM 0 KI5k © CBF J#i & R 3EH] Tk, K4 OEF
WERLTHWDE VNI HENDH D 2 1929 Z i, SPECT (2 & /M CBF o [,/ Jifil | He+Kk 4 CBF
o Tl %l ey PET I X 5K OEF @ Dffl,/xHAl) e EARBI L7z & o RFZERE R & —8T 5.
UL, iAo = b5 3 4 A UL ERGE L CoB R L7ERNCI\W T, Z @ CBF i OEF 4 i)
Pl D, 2O Eix, KEEEERD CMRO: DAL S 51 H B 53, FoMIiig <> h& 3 » ALL
ETCCH M ERTHENWS Z L TS,



NMCC 19 2012

AWFZEIZ BT 5 SPECT & PET @ ktikix, SPECT @ CCH 7% PET @ MCA fisi > CMRO: 724 H D FE
LHIRE4 % = &, SPECT @ CCH-MCA fEifio> CBF £ 4t PET @ MCA fii0> OEF =4 k& K4 %
ZEHRIFFELTZ, 61T, 2@ SPECT @ CBF IR & 2 PRI & 12 100% T, IR AN RO &
WNRE 2R U7, RS L BPETHISRIE, RMEERD CMRO: ZEH L H 512 h 230vb 63, R s
AR g3y HLL RS E CCH 2825 2 LI & 0 Misiic{f, -~ 72, Lo L, SPECT-CBF [0 #
THBEICERERSMETE A Z &, A REIER DS 5 acetazolamide 23 E/R W W) Z & iTFETH
%o BRI IR I A X M % 3 7 A LN OIEFIZ B W T PET AN SBENE 9 DERETHTDD AT Y —
=V ITANELTHATH S,

AT 1T immAS M3 72 limitation 236 5, Jox ORE MMM EHREITNZ T, BB FICHEED & 5 i
B, 2 A7 B RHHK T2 CCH 25| & 29719 RrlC NEE & M3~ 2 381X % o CCH %
FlEEIFTZERMOENTND 18, NEKIICIRE L7 IFEZET & 2 W RN R E O T 722 LIz CCH
FHlEEZTEEND 2, TO, WA &8 FHEZEE BIEATIE TN L7,

SE 3

1) 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
150 positron emission tomography. Stroke 1981;12:454-9.

2) Powers WJ. Cerebral hemodynamics in ischemic cerebrovascular disease. Ann Neurol 1991;
29:231-40.

3) Yamauchi H, Fukuyama H, Nagahama Y, Nabatame H, Ueno M, Nishizawa S, et al. Significance of
increased oxygen extraction fraction in 5-year prognosis of major cerebral arterial occlusive diseases. J
Nucl Med 1999;40:1992-8.

4) Grubb RL Jr, Derdeyn CP, Fritsch SM, Carpenter DA, Yundt KD, Videen TO, et al. Importance of
hemodynamic factors in the prognosis of symptomatic carotid occlusion. JAMA 1998; 280:1055-60.

5) Yamauchi H, Higashi T, Kagawa S, Nishii R, Kudo T, Sugimoto K. Is misery perfusion still a predictor
of stroke in symptomatic major cerebral artery disease? Brain 2012; 135; 2515-26.

6) Imaizumi M, Kitagawa K, Hashikawa K, Oku N, Teratani T, Takasawa M, et al. Detection of misery
perfusion with split-dose 123I-iodoamphetamine single-photon emission computed tomography in
patients with carotid occlusive diseases. Stroke 2002; 33: 2217-23.

7) Yamauchi H, Okazawa H, Kishibe Y, Sugimoto K, Takahashi M. Oxygen extraction fraction and
acetazolamide reactivity in symptomatic carotid artery disease. J Neurol Neurosurg Psychiatry 2004;
75:33-7.

8) Kuroda S, Shiga T, Houkin K, Ishikawa T, Katoh C, Tamaki N, et al. Cerebral oxygen metabolism and
neuronal integrity in patients with impaired vasoreactivity attributable to occlusive carotid artery
disease. Stroke 2006; 37:393-8.

9) Hokari M, Kuroda S, Shiga T, Nakayama N, Tamaki N, Iwasaki Y. Combination of a mean transit time

measurement with an acetazolamide test increases predictive power to identify elevated oxygen


http://www.ncbi.nlm.nih.gov/pubmed?term=Grubb%20RL%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed?term=Derdeyn%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed?term=Fritsch%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed?term=Carpenter%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed?term=Yundt%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed?term=Videen%20TO%5BAuthor%5D&cauthor=true&cauthor_uid=9757852
http://www.ncbi.nlm.nih.gov/pubmed/12215590?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12215590?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12215590?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuroda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed?term=Shiga%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed?term=Houkin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishikawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed?term=Katoh%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamaki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16385090
http://www.ncbi.nlm.nih.gov/pubmed/16385090?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16385090?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16385090?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

NMCC 19 2012

extraction fraction in occlusive carotid artery diseases. J Nucl Med 2008; 49:1922-7.

10) Kuroda H, Ogasawara K, Suzuki T, Chida K, Aso K, Kobayashi M, et al. Accuracy of central
benzodiazepine receptor binding potential/cerebral blood flow SPECT imaging for detecting misery
perfusion in patients with unilateral major cerebral artery occlusive diseases: comparison with
cerebrovascular reactivity to acetazolamide and cerebral blood flow SPECT imaging. Clin Nucl Med
2012; 37:235-40.

11) Kuroda S, Houkin K, Kamiyama H, Mitsumori K, Iwasaki Y, Abe H. Long-term prognosis of
medically treated patients with internal carotid or middle cerebral artery occlusion: can acetazolamide
test predict it? Stroke 2001; 32: 2110-6.

12) Ogasawara K, Ogawa A, Yoshimoto T. Cerebrovascular reactivity to acetazolamide and outcome in
patients with symptomatic internal carotid or middle cerebral artery occlusion: a xenon-133
single-photon emission computed tomography study. Stroke 2002; 33:1857-62.

13) Ogasawara K, Tomitsuka N, Kobayashi M, Komoribayashi N, Fukuda T, Saitoh H, et al.
Stevens-Johnson syndrome associated with intravenous acetazolamide administration for evaluation of
cerebrovascular reactivity. Case report. Neurol Med Chir (Tokyo) 2006; 46:161-3.

14) Saito H, Ogasawara K, Suzuki T, Kuroda H, Kobayashi M, Yoshida K, et al. Adverse effects of
intravenous acetazolamide administration for evaluation of cerebrovascular reactivity using brain
perfusion single-photon emission computed tomography in patients with major cerebral artery
steno-occlusive diseases. Neurol Med Chir (Tokyo) 2011; 51:479-83.

15) Komaba Y, Mishina M, Utsumi K, Katayama Y, Kobayashi S, Mori O. Crossed cerebellar diaschisis in
patients with cortical infarction: logistic regression analysis to control for confounding effects. Stroke
2004; 35:472-6.

16) Takasawa M, Watanabe M, Yamamoto S, Hoshi T, Sasaki T, Hashikawa K. Prognostic value of
subacute crossed cerebellar diaschisis: single-photon emission CT study in patients with middle cerebral
artery territory infarct. AJNR Am J Neuroradiol 2002; 23:189-93.

17) Baron JC, Bousser MG, Comar D, Soussaline F, Castaigne P. “Crossed cerebellar diaschisis™ a
remote functional suppression secondary to supratentorial infarction in man. J Cereb Blood Flow Metab
1981; 1:s500.

18) Pantano P, Baron JC, Samson Y, Bousser MG, Derouesne C, Comar D. Crossed cerebellar diaschisis:
further studies. Brain 1986; 109:677-94.

19) Yamauchi H, Fukuyama H, Yamaguchi S, Doi T, Ogawa M, Ouchi Y, et al. Crossed cerebellar
hypoperfusion in unilateral major cerebral artery occlusive disorders. J Nucl Med 1992; 33:1637-41.

20) Friston KJ, Frith CD, Liddle PF, Dolan RJ, Lammertsma AA, Frackowiak RS. The relationship
between global and local changes in PET scans. J Cereb Blood Flow Metab 1990; 10:458-66.

21) Takeuchi R, Matsuda H, Yoshioka K, Yonekura Y. Cerebral blood flow SPET in transient global
amnesia with automated ROI analysis by 3DSRT. Eur J Nucl Med Mol Imaging 2004; 31:578-89.

22) Ishikawa Y, Mukawa J, Kinjo T, Mekaru S, Miyazato H, Takara E, et al. Crossed cerebellar diaschisis


http://www.ncbi.nlm.nih.gov/pubmed/22310248
http://www.ncbi.nlm.nih.gov/pubmed/22310248
http://www.ncbi.nlm.nih.gov/pubmed/22310248
http://www.ncbi.nlm.nih.gov/pubmed/22310248
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saito%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogasawara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suzuki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuroda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshida%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/1517837?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1517837?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

NMCC 19 2012

in putaminal hemorrhage: evaluation by the Xe-133 clearance method. Brain and Nerve (Tokyo) 1994;
46:335-40.

23) Gibbs JM, Wise RJ, Leenders KL, Jones T. Evaluation of cerebral perfusion reserve in patients with
carotid-artery occlusion. Lancet 1984; 1: 310-14.

24) Pappata S, Mazoyer B, Tran Dinh S, Cambon H, Levasseur M, Baron JC. Effects of capsular or
thalamic stroke on metabolism in the cortex and cerebellum: a positron tomography study. Stroke 1990;
21: 519-24.


http://www.ncbi.nlm.nih.gov/pubmed/2326833
http://www.ncbi.nlm.nih.gov/pubmed/2326833

NMCC ANNUAL REPORT 19 (2012)

Detection of misery perfusion in the cerebral hemisphere with chronic
unilateral major cerebral artery steno-occlusive disease using crossed
cerebellar hypoperfusion : comparison of brain SPECT and PET imaging
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Abstract

Purpose: In patients with unilateral internal carotid or middle cerebral artery (ICA or MCA) occlusive
disease, the degree of crossed cerebellar hypoperfusion that is evident within a few months after the
onset of stroke, may reflect cerebral metabolic rate of oxygen in the affected cerebral hemisphere relative
to that in the contralateral cerebral hemisphere. The aim of the present study was to determine whether
the ratio of blood flow asymmetry in the cerebellar hemisphere to blood flow asymmetry in the cerebral
hemisphere on single-photon emission tomography (SPECT) correlates with oxygen extraction fraction
(OEF) asymmetry in the cerebral hemisphere on positron emission tomography (PET) in patients with
chronic unilateral ICA or MCA occlusive disease and whether this blood flow ratio on SPECT detects
misery perfusion in the affected cerebral hemisphere in such patients.

Methods: Brain  blood flow and OEF  were assessed  using 150-PET  and
MN-isopropyl-pr[123]-iodoamphetamine (123I-IMP) SPECT, respectively, in 63 patients. All images were
anatomically standardized using SPM2. A region of interest (ROI) was automatically placed in the
bilateral MCA territories and in the bilateral cerebellar hemispheres using a three-dimensional
stereotaxic ROI template, and affected-to-contralateral asymmetry in the MCA territory or
contralateral-to-affected asymmetry in the cerebellar hemisphere was calculated. Sixty-three patients
with reduced blood flow in the affected cerebral hemisphere on 123[-IMP SPECT were enrolled in this
study.

Results: A significant correlation was observed between MCA ROI asymmetry of PET-OEF and the ratio
of cerebellar hemisphere asymmetry of blood flow to MCA ROI asymmetry of blood flow on SPECT
(r=0.459; P=0.0001). The correlation coefficient was higher when reanalyzed in a subgroup of 43 patients
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undergoing a PET study within 3 months after the last ischemic event (+=0.541, P=0.0001 for PET;
r=0.609, <0.0001 for SPECT). The blood flow ratio on brain perfusion SPECT in all patients provided
100% sensitivity and 58% specificity, with 43% positive- and 100% negative-predictive values for
detecting abnormally elevated MCA ROI asymmetry of PET-OEF.

Conclusions: The ratio of blood flow asymmetry in the cerebellar hemisphere to blood flow asymmetry in
the cerebral hemisphere on SPECT correlates with PET-OEF asymmetry in the cerebral hemisphere,

and this blood flow ratio on SPECT detects misery perfusion in the affected cerebral hemisphere.





