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Regional Cerebral Blood Flow in Patients with Cerebrovascular Diseases
by 133Xenon Inhalation Method

oo

Bl z*

Hiroyuki ARrAr*

* Department of Neurosurgery, Kuwana Hospital

L xC®Ic

133Xe W AMEIC & 2 JRTM L & (fCBF) D il E
X Mallett and Veall?|z X v & A X}, Risberg &9,
Obrist 5 Iz X Ytk R a . 133Xe SHIHIREA
IZX 5 rCBF @i LtbR2 L, KHFHEITIHER
BYICREZITHY Z L8 TE, om0 RRE
Ko rCBF # FRHICHIET 2 Z &N TEHDT,
M & el KNP ER & % b4 2 2 & 37T HE
Thd. Fiz, K IVPXLRERTH Z LXBTE,
EHZEe rDOCBF2JETSZ L8 TES. L
L, MECRIEOREE I BECEE M ERE
EERE, KEVRSL T TRENRH L HR
LRTWBEREICIET 2 Z L RETH S
TERRBEIAILTHS.

Meditronic -0 FETMMLTEN € & & 2 H
WT 138Xe H 2R AKICE VML EFEEBRE D
rCBF 2 E L7720 THRET 3.

I 5 %
rCBF (3 Meditronic t+84o> 577 M f it il 2 3

* A TRBER RS R
ZhhSSEE10H 21 H
BHAZA 1 564£3 A 23 B
BIRIFERS - HRH )R] 6-4 (B 950)
% 4R B
o oA o2

f& (Meditronic cerebrograph. Model IRCBF-16)%
BT 138Xe # 2 AIRIC X Y JIE L7z, HRHER
D¥ILEAS 8 fH, F16fATHS. HHIZESD
2 =F o THEAY v FL—v 3 ViR
(scintillation detector) T, ZHhiZiZyrrFr—v
2 VR L LT 3/4 inch (1.905 cm) (F) x 3/4
inch (1.905cm) (%) » Nal (T) 7y =x&n,
Philips XP 1110 photomultiplier tube, ¥ LW
voltage devider chain ZZA TWT, ZDY v F
L—3 3 VRHERICZSIRFTRED 4 mm(E) X 20mm
BE)oHfEKoMmfay -2 2> THERAL
7z
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BCHEINS. ZOMNSHD1383XKe HMEED air-
curve 3Bk AL D 133XKe JEEE & T 5. 2o &

2—#—|ZX Y two-compartmental analysis 73

Tohs39, REBEHICEIRI O REE T 2
4 (PaC02), ~EF vt rBLUOMEZRET
3.

Right cerebral hemisphere Left cerebral hemisphere

Fig. 1 Position of each scintillation detector. Numerals
show detector number used in this study.
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A% i13 rCBF & L Tinitial slope index (ISI) %
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Table 1 Regional cerebral blood flow (initial slope index) in 12 healthy volunteers
ranging in age from 18 to 29 years (mean age of 21+2.8)

Case no. 1 2 3 4 5 6 7 8 9 10 11 12 Mean
Age (yrs.) 18 19 19 20 20 21 21 21 22 22 23 29 ISI %
Detector no.
1 81 60 71 57 75 57 65 53 69 59 58 47 62.74+ 9.8 1089,
2 84 54 73 59 74 52 65 52 65 52 60 55 62.1+104 107
3 58 60 71 55 €6 47 59 52 53 51 58 51 56.8+ 6.8 98
4 58 56 73 55 66 54 65 48 60 54 55 51 579+ 7.0 100
5 57 52 71 56 64 51 59 53 62 53 57 55 57.54 5.8 99
6 59 43 66 50 67 44 59 49 49 45 57 49 53.1+ 83 92
7 67 58 69 55 64 51 55 49 57 52 52 54 569+ 6.5 98
8 58 55 65 54 60 50 58 48 56 55 55 52 555+ 45 96
MR 65.3 547 69.8 553 669 508 60.4 50.6 59.0 52.6 56.7 51.6 57.84 6.6
Detector no.
9 65 81 76 67 74 56 69 61 74 55 60 47 654+10.0 112
10 66 67 76 64 70 54 64 S1 65 53 59 54 6194+ 7.7 106
11 59 64 71 60 68 48 57 52 60 45 53 51 573+ 79 98
12 60 54 69 56 65 53 61 52 59 54 55 51 5744 5.5 99
13 63 59 67 56 62 50 61 50 55 51 56 53 5694 5.5 98
14 62 52 69 53 60 45 55 48 56 44 53 49 5384 7.2 92
15 62 59 72 58 63 52 59 49 54 52 51 50 56.84+ 6.8 98
16 59 64 73 55 62 50 60 51 52 49 51 50 563+ 7.4 97
ML 620 625 71.6 588 653 51.0 60.7 51.8 593 504 547 50.8 582+ 6.7
PaCOq 374 344 359 37.6 370 38.0 392 352 41.1 356 38.0 362

ISI=initial slope index; MR =mean ISI on the right side; ML=mean ISI on the left side.

Cases 1 to 11 were females. Case 12 was a male.
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Table 2 Mean CBF* (IS]) in patients with thalamic hemorrhage

Caseno. (8% Sec* MR ML PacO» RiE  mesfer  SEll
1 50 M 47.6 45.3 31.8 R 7 days small
2 75 F 31.3 34.2 36.7 R 9 days middle
3 52 F 38.5 36.5 39.1 L 11 days middle
4 47 M 48.2 48.0 46.5 R 26 days middle
5 51 M 45.7 46.0 344 L 33 days small
6 59 M 39.7 41.9 38.3 R 37 days middle
7 34 M 44 .4 46.2 35.8 R 40 days small
8 70 M 25.7 24.2 27.1 R 41 days middle
9 77 M 37.8 37.0 38.6 R 133 days small

10 20 M 51.8 51.0 38.0 R 191 days small

*CBF =cerebral blood flow; **M=male, F=female;
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Fig. 2 Mean CBF in patients with thalamic hemor-
rhage.

RETOBMETHI, Ltk 4 BlozH1141].

4) TEZIMBINRIEE] 19505 68 E TO B
561, Ltk 7 BlOF1241.

5) MEEZER] - 455%0 589k E TO 5 1104,
2k T FlOF T4,

IV. #RBELUVER

) E &M
18750 5295k £ TOWHF 2RO B2 B 1%
15, 2114 IST % g L 7z (Table 1), mean

***R =right, L =left.

CBF (ISIDEHE) o\ THB &, 1260
AR ERA57.8£6.6, 721 Ek$358.246.7 Tdh
Y, ERZEZREELAELLNA» o7,

UFZhb0EFHFIDELRSHEIC L2 5K
wREERE O CBF It ENZ 5.

2) FRERH M)

RE 105 o glENICHIE L7z mean CBF %
Table 2, Fig. 21277, REHRTH»5 191 HD
Bl HlE & hiz. FiEH 191 BIZRIE S fr7zCase
10Z BRI FliE, WflE LET LT, 1041
DM fo> mean CBF D 1340.948.2, 564
DFNIT 42280 ThHY, BLALEAERA
Loz,

Hff2MEE 2R Lizfliz 4 Bldb Y, ZEAZED
BoRfE 2.9, FEHMMIAMEMEZ R L7z Bl i 6 B
by, EEEORKKEIT23 Tholk.

rCBF ¢ mean CBF |zxt L C20% L EIETF L7z
JAFINZ LD 2 & b BT EFIZ 72 d - 7z,

3) #HEEH A

ki 110 @)EIZH#IE L7z mean CBF %
Table 3, Fig. 3 12773 FEFMipI 1 floArT,
D105 1T FHHH THD o7z,

FEFMHB (Case 1) /hSHMBETHY, FIE
HBRAICELIZ LD T, REYMELEVWRHME
KEDBHLNTORT, MM 47.2, JEH MM
2351.6TH Y, MMl mean CBF KT LTW
1z,
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Table 3 Mean CBF (ISI) in patients with putaminal hemorrhage
Case Age Affected Time after Size of s
no. (yrs.) Sex MR ML PaCO: side the onset  hematoma OPeration
1 54 F 51.6 47.2 36.8 L 32 days small no
2 50 M 42.3 37.5 36.9 L 35 days middle yes
3 66 F 32.7 40.6 31.7 R 46 days large yes
4 57 M 43.7 35.8 35.6 L 113 days middle yes
5 45 M 43.4 36.7 39.8 L 121 days large yes
6 47 F 51.7 479 42.1 L 129 days middle yes
7 56 M 37.6 449 41.8 R 196 days large yes
8 45 M 41.0 60.2 41.7 R 214 days large yes
9 47 F 37.1 39.4 422 R 221 days middle yes
10 41 M 47.7 4222 41.1 L 236 days middle yes
11 43 M 39.9 32.6 39.5 L 2 yrs 8 days large yes
Table 4 Mean CBF (ISI) in patients with ruptured anterior communicating aneurysm
Case Age Time after Clinical .
no. (yrs.) Sex MR ML PaCO; the onset  condition* Operation
1 19 F 52.8 48.1 32.0 15 days Grade III 7 days after ope.
529 49.4 41.7 21 days Grade I 13 days after ope.
2 45 M 37.8 36.0 38.7 70 days Grade III 56 days after ope.
41.7 42.2 43.0 140 days Grade III 126 days after ope.
3 46 M 44.2 43.1 38.9 36 days Grade I 21 days after ope.
4 55 F 42.6 40.9 32.2 16 days Grade 111 no
38.4 38.1 24.7 29 days Grade III no
40.5 43.4 38.3 44 days Grade II1 no
5 63 F 45.3 44.0 26.5 3 days Grade III no

* Clinical condition=Clinical condition according to Hunt et alV

Mean CBF
608.. Y 1
50 | %

1 A ]
NT2E
30 /

TAffected Non—affected

hemisphere hemisphere
Fig. 3 Mean CBF in patients with putaminal hemor-

rhage.

FHRICHE S 210610 5 B 9 Bl FEIERIS
A5 236 HORICHIE Shic. o 1 FIIRIE
#®2ES HICE SN, EEKRIELEHAN D
v, EFPREMEEZRL, Bl R o
mean CBF 7332.6, JEHIM1A339.9 TH Y, 114
¥z o 1 > A h3mean CBF (25 L T20%{ETF L
T2 BTN Z iR & i D THTRFEIC A L 7z

L k2R omean CBF OFHfEIL, Hifu
H338.945.1, IEHMANA45.9+64THY, HEH
iz i filoomean CBF 2METF LTWiz. HEEHy
722 L%, mean CBF (32 & ¥ Hifufil23Jk i
ALY ENZ L THoT.

4) HANEHIRES

EEREELR Z Hunt 5V grade [ EL, T F
Hoograde (2 L7z mean CBF #/r L 7-.
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Fig. 4 Mean CBF related to Hunt’s grade* in patients
with ruptured anterior communicating aneu-

rysms.

O: Right hemisphe‘re

@ : Left hemisphere

* The patients’ condition according to the
classification of Hunt, et al’: Grade I=
asymptomatic, or minimal headache and
slight nuchal rigidity: Grade II=moderate
to severe headache, nuchal rigidity, no neuro-
logical deficit other than cranial nerve palsy:
Grade III=drowsiness, confusion, or mild
focal deficit: Grade IV=stupor, moderate
to severe hemiparesis, possibly early decere-
brate rigidity and vegetative disturbances.
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1) AIEEARES

SENZIEBIEL, 05 S ENIHTEICHIE
L 7z (Table 4, Fig. 4).

grade I {22 5] (Cases 1 &3) H YV, VT LHF
BICRE LI LD T, BESK 1 2ARRICREL
7z. 2o mean CBF D%, AKAH: Bk A3
48.6+ 6.2, IERMRNEERA346.3+4.5 Th o7z,

Mean CBF
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Fig. 5 Mean CBF related to Hunt’s grade in patients
with ruptured internal carotid or middle
cerebral aneurysms.

O : Hemisphere in the site of aneurysm.
x : The opposite hemisphere.

Table 5 Mean CBF (ISI) in patients with ruptured middle cerebral and internal carotid aneurysms

Coe 0% S meems MR ML PacO; RERET  CIEE Operation
1 36 M L IC-PC 50.5 51.8 34.8 3 days Grade III no
51.4 47.3 27.2 10 days Grade I1 no
54.5 53.7 37.1 24 days Grade I no
2 41 F R IC-PC 44.0 43.4 423 26 days Grade III no
43.6 46.5 40.8 32 days Grade 111 no
3 51 F R IC-PC 42.6 48.7 38.7 13 days Grade I 5 days after ope.
50.5 51.1 25.1 34 days Grade I 26 days after ope.
4 57 M R IC-Oph  59.3 56.4 40.2 25 days Grade I 16 days after ope.
S 59 F L IC-PC 48.4 42.3 35.6 12 days Grade II1 no
6 68 F L IC-PC 26.1 25.5 29.9 18 days Grade IV no
29.0 30.0 32.0 25 days Grade IV no
27.2 29.5 23.8 32 days Grade IV no
7 68 M L MC 29.6 33.0 35.2 7 days Grade III no
44.6 43.1 42.6 40 days Grade I1I no

* IC-PC=internal carotid-posterior communicating aneurysm; IC-Oph=internal carotid-ophthalmic aneurysm;
MC=aneurysm of main middle cerebral branching
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Table 6 Mean CBF (ISI) in patients with cerebral infarcts

Case Age

= oE s« Side of pp ML paco, Limeafter Focus*

infarct the onset

36.9 35.6 359 3 days
1 67 F L 34.6 30.4 37.0 24 days
40.5 37.5 38.1 45 days
434 41.8 34.9 74 days

2 80 M R 28.7 33.3 35.6 3 days L frontal & parietal

3 64 F L 36.3 33.2 37.3 5 days bilateral frontal & parietal
39.3 36.4 40.3 31 days

39.4 29.3 45.0 9 days R frontal; L frontal & parietal, @

4 62 M L 42.7 30.7 329 16 days L parietal, @
429 34.8 37.5 29 days
5 64 M R 343 39.3 43.2 11 days
32.1 38.6 36.3 31 days
6 89 M R 259 29.9 27.8 17 days
7 79 F R 32.3 354 61.4 18 days L frontal & parietal
8 58 . M L 39.8 39.5 39.0 26 days

39.9 35.2 41.2 55 days
42.5 40.8 37.9 29 days

9 76 M R 41.6 46.2 37.7 35 days
48.5 44.8 40.0 61 days R parietal, @
10 64 M L 43.0 40.9 38.2 38 days

39.8 37.4 43.0 72 days

11 63 F R 34.8 42.6 36.7 48 days R frontal & parietal, ®
32.7 35.7 31.7 117 days

12 63 F R 40.6 40.2 42.3 71 days

13 69 F R 324 39.3 314 96 days R parietal, @; L frontal

14 74 M L 537 54.0 40.8 102 days

15 70 F L 46.5  40.5 400 187 days ’
43.5 30.3 33.9 195 days

16 59 M R 43.2 48.8 38.1 193 days

42.8 44.7 40.3 243 days L parietal, @
17 45 M L 57.2 47.4 42.0 330 days

59.1 58.1 457 376 days

55.9 53.9 45.3 397 days

* Focus shows evidences of focal flow decrease of at least 20% below the hemispheric mean; @ indicates that
the focal flow reduction was found over low density areas revealed by computed tomography.

grade 11 D fEMIE 4 5] (Cases 1, 2,4 & 5)i2 7 E LT BFIMZ iR 1 Flici bh, RIEH44A
EHIE LD TH B, FE, FHPER42.6+ 2B & huiz grade T 0 fEf) (Case 4) T, ARl
5.1, 245k 420440 THY, EREIIZELAL FIQI%DETER L D . ZDEH O CT
HZbhizholz. (computed tomography) Ff & ClZ, MNEILKHLE

rCBF ® mean CBF (23t L T20%LL ED{ET & EHLNIDHZTH Y, MRFHITIIHNIEE,
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Fig. 6
AH:
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affected hemisphere.
non-affected hemisphere.

KRAYEEBE L DTz,

2) ANTEENERMHIEH & U KENEHARAFI
NSEBIRYE 6 Plic12mE], HRMEIIRE 1 filic 2
E, 7 FIC14EHIE LI<E% 4% grade IS L
T7s L7z (Table 5, Fig. 5).

grade I & II i, PNSHENRYE 3 Bl 5 EIIE
L, 95243 i TH >7z. mean CBF 0
ST EINREEIA350.7+6.3, XHAIAS 52.4+3.0 T
bolz. BIREHASLRMEL, EOTE-EHAK
Ehotz.

grade III T, P ARMBIIRYE 1 Flic 2 =, NEHE)
WRyg 3 iz 4 @, &4 6lic 6 BRIE L. Bk
RIDOFH1343.046.0, D FE1343.847.4T,
EAZERZLAERLRE P,

grade IV Ti%, PNEEBIRMA 1 Flic 3 EIEIE Lz
LT, BIIRERAIOTEY28.34£2.5, UlDEH
1327.441.5T, EAEZFELALERL, HEED
FRHIZET LT,

rCBF ® mean CBF (zx}t L T20%LL RETF %55
L7z RFTMZ i 2 flics 1 BlA bz, 141
E%AE T A% grade I o 72 H K i 8h IR 932 451
(Case 7) T, ZEOHIHIELFEREICZNEN2Y%
L23%DIET % A, CT TIIREDKEILRKDOIT
REH LIz, tho 1 FlIIFEE2S A %O grade IV
DENEENRFEDIER (Case 6) T, ERIFHEIEIC

3 mos. +
periods after onset

1 ~ 3 mos.

Mean CBF during periods after onset in 17 patients with cerebral infarcts.

2%DIETE2H &, CT TIRMETARBLOH
RIBTEAZEHE @ low density area DFTR 4L HD
bz,

5) B #E E 4l

PR ZELTHNCBRIORPE L T o712, FIEHROH
Riz 33 17 3 mean CBF o {H # 5% L 7= (Fig. 6,
Table 6).

FEREH 148 £ TICRE L7<ERIT 5 61 S[ET,
5 floomean CBF D SE#IT/R AL 32.243.1, il

2836.24+2.2 7, FEIE LIETFTAA2X L, HRA
RRENEER R LTz,
RIEZISA N B3IH ETORTIE, 84HIZ9E

I &+, mean CBF MEHL, JFERI7333.845.1,
SHUIPE38.2+4.2 T, WAL HIET LTV,

R TRREMEE TR L, BHTHRS L 2BEHEUA
DIEF L D bLRENEEZR L.

FEAEFR32H 5> 596 H DREICHIE = L7 ERIX 6
#liz10|E 3 »7-. mean CBF DOE#E, HHEIAS
39.1+4.6, U3 42.0+L23 ThHoiz. 1AL
NOEFIOFEHEL D bLREm W ER R Lz,

FAEHITH LA R L7 ERNZ, 551 9 Ef
E &Nz, mean CBF DE#i3, JHHIH345.049.5,
$HRIA349.24+7.8 TH o7-. 96 32 H) BN
DEF LY bENEZR L.

ERLIZXYicREL LTHRB L, FBEZOH
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Fig. 7 Mean CBF after the onset in patient (Case 1)

with left cerebral infarct.

O : mean CBF on the right

X : mean CBF on the left

F2RET 5 IC o TR R 2 icsgm L T
Wiz, F—EFTRE®3 B2 HT4A ETIZ4[E
#E L7z Case 1 & Fig. 71Z3R L7z,

mean CBF (2% L T20% LA HIKTF L7 RFTINZ
MmEE 8 FlCIEAME D BN, Z DREFKZ M
WARANZ A LD bR L DX 460 4 @],
iZH ozt 24l 2 [, mflttics e
Hohic b DF3FNC3IEH o7z, CT D low
density area i EERRFINZMEOL LD HH
7= 5EFNE S 5l 6 [E]dp - 7= (Table 6).

V. ¥ & &

Meditronic cerebrograph # v T133Xe # =20 .

NEIZ X D A% 8 P TRMIM AR B O JR TN
M % % L, initial slope index # fv>THasd
L7z.

BRI ML IOBH, FJEMR 191 BICZHRIRE L 72 KEF
BERTHoM. (hOFERT B2 5 133 HOR
CRIES A 9fFITIE, FflE DIETLTERY,
EAZEIZLAER LD BRI -T2, LKL
FEITH L T20% L HIET 2R+ RN Z misix
Izipotz.

ek 1<, oK T 235 - 7.
TR R TR L T20% L HETF L2 RS

18 % 9 & (1981)

s 1 plica b, CTETRICHE L Tnk.
RN BIARAR 1 26 0 23[E1AIE Ti, Hunts V0
grade iIZxIE L TH B L, gradel & Il TIEFE
72130 RR{ETF, grade Il G F %57 L, grade IV
TERIETLTW ., MM ICx LT
20% 0L HET L2 RFTMZ g 3 Flicd o h,
1 BA5 CT Fr RIS LTz,
PUAEZEITHNIC33EBIE Lo R, MM B i
L LETLTEY, HHPCRDEL, BERED
HEPRIE T 3 IC o TR R R < I3 L
TWiz., M ERICs L T20% L KT L7z
RFTMZmET 8 fFlic 9 [EA4 S, JRANTHR LR
Teb ik 44514, HlicAbNTLDIF 262
B, WREicRsRzbDiE3Flz3EH -7z,
CT RIS Lz b Did S Hlic 6 EA Hhiz.
183Xe # 2 W AFEIC X B AP MLt B&IRE i 13,
HBEMITREZITI ZLNTE, VLXK
HT 5 EMBAHET, S OoWMIKRAER D FRHR
ENTESROI, HEMLHIOLEEZ D
ENTEZOT, MERESREORELE, 2
W, RRCERBREE THS T LA L.

ARFFEO—ERIL S 4 B B AR ESRS (197942
A3H, X)) cBNTHEKLE.
Ffn RO PR, FAKBEIRAEEET OB EH7x
BHob LicfThhiz., ELBRHTS.
KEEBESL, AEFERESYL, REEZREYL
OWHINEHT 5.
x ®
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