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Regional Cerebral Blood Flow Measurement in Cerebral Cortical
Infarction by 133Xe Inhalation Method
—Detectability of Abnormal Flow Areas—

Hiroshi Matsuda, Toshio Maeda, Hiroyasu Seki and Kinichi Hisada
Department of Nuclear Medicine, School of Medicine, Kanazawa University, Kanazawa

Research Code No. : 721.9

Key Words : Regional cerebral blood flow, Inhalation method,
Cerebral cortical infarction

Twenty regional cerebral blood flow measurements by 138Xe inhalation method were performed in
14 patients with completed stroke whose infarcts involved the unilateral cortical surface in the territory
supplied by the middle cerebral artery, and detectability of abnormal flow areas was investigated by
comparison with previously reported age-matched normal values and laterality indices (LI). Those
patients were divided into the following two groups, cne group of 5 cases (9 measurements) with affected
area of almost whole cortical branches and the other group of 9 cases (11 measurements) with affected
area of one or two cortical branches.

In the former group, subnormal hemispheric mean values (HMYV) for the affected side and abnormal
LI of HMV were obtained in all the measurements, and 94.0% and 75.3% of the entire brain showed
subnormal regional absolute values (rAV) and abnormal regional LI (rLI), respectively. In the latter
group, subnormal HMYV for the affected side were obtained in 4 measurements (36%) and abnormal LI of
HMYV in 7 measurements (64%), and 31.5% and 28.1% of the entire brain showed subnormal rAV and
abnormal rLI, respectively. As a whole, some sorts of abnormalities were detected in 18 of 20
measurements (90%). Subnormal rAV and abnormal rl.I were observed not only in the regions
corresponding to low density areas seen on CT-scan but also in other regions.

Of 29 detector regions corresponding to low density areas seen on CT-scan in the latter group, 12
detector regions (41.4%) showed subnormal rAV, while 20 detector regions (69.0%) abnormal rLI.
Moreover, abnormal rLI which suggested focal hyperemia were observed in two detector regions.

It is concluded that nonivasive regional cerebral blood flow measurements by 19*Xe inhalation
method can afford us clinically useful information in cerebral cortical infarction by comparison with age-
matched normal values and LI.
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Tale 1 Comparison of regional absolute values (rAV) with age-matched normal
regional values. Percent ratio of the regions showing subnormal rAV to the
entire brain, classified by cortical low density areas (l.d.a.) seen on CT-scan.

Cr-scan findings 5

L Total

cortical 1l.d.a. 3.6% (12/334)
ipsilateral
T 14.4% (48/334)

contralateral 13.5% (45/334)

33.2% (89/268)
16.8% (45/268)

44.0%(118/268)

16.8%(101/602)
15.4% (93/602)

27.1% (163/602)

Total 31.5%(105/334)

94.0%(252/268)

59.3%(357/602)

(No. of detectors showing subnormal rAV / No. of detectors totally ‘measured)
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Fig. 1 Comparison of hemispheric mean values
(HMV) for the affected side with age-matched
normal values for the entire brain. Longutidinal
axis shows percent deviation of HMV for the
affected side from the lower normal limits, in-
dicated by zero line (------). The upper normal
limits are also shown by dashed lines. S and L
mean small and large infarction group re-
spectively, and were used in the following figures
and tables—+— (mean+S.D.)

(3344Higs) ©31.4% (1058HE) Iwhbhie,
Z ORI, CT LoERIUSIC YT % Fil st
3.6% (Q28:H28), B DEBIIE LA o fHiEk A
14.4% (484aHI%8), EEMIA13.49% (4582 ©
Hote, KEEFHTILRERR 268K HER) 0

eoee

110 p~

Fig. 2 Comparison of laterality indices (LID of
HMV with its normal values (mean=+2S.D.
shown by dotted area).

94.0% (252 H1%%) NIEHLUTOEERL, 0
W NEER LR hFh, 33.2% (89
HE), 16.8% (A5HHER), 44.0% (1184 Hi%)
THh -z,

W EEXIGT 2 RFEOEAZERE FOIE
HEoD bz (Table 2)
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MEER KT H11HIES (Table 3), Bflo
K FHMBELEFE LT E2RT 008 4 AFE



596—(52)

HARFERSHRFSME B4E 45

Table 2 Comparison of regional LI (rLI) with its normal values. Percent ratio
of the regions showing abnormal rLI to the entire brain, classified by cortical

l.d.a. seen on CT-scan.

CT-scan findings s

L Total

cortical 1l.d.a.

non l.d.a.

12.0% (20/167)
16.1% (27/167)

61.9% (83/134) 34.2%(103/301)

13.4% (18/134) 15.0% (45/301)

Total 28.1% (47/167)

75.3%(101/134) 49.2%(148/301)

(No. of pairs showing abnormal rLl / No. of pairs totally measured)

Tale 3 Overall detectabilities of abnormal findings in all the measurements
from four points of view, subnormal HMV, abnormal LI of HMV, Subnormal

rAV and abnormal rLI

Points of wview 5 L Total
subnormal HMV 4/11(36%) 9/9(100%) 13/20(65%)__--
abnormal LI of HMV 7/11(64%) 9/9(100%) 16/20(80%)
subnormal rAvV 9/11(82%) 9/9(100%) 18/20(90%)
abnormal rLI 9/11(82%) 9/9(100%) 18/20(90%)
Overall
detectability 9/11(82%) 9/9(100%) 18/20(90%)
- B ke — P
(36%), FERFHMIMMED B ZREHRE 2R Y B,

THo2 7THIEGL%), EFHLTF oM % sdH
BrHT5b00 I E®2%), REOELER
BoarmdH@EEET5 009 WEG2%)TH -
fo. —7, ABEBRTE, ThbodgolkEr
BWTREELLAETAGRA, 24 TIX208
EFISHIE (90%) wREEHEHL 272,

IMEERTO CT LoEBIUS YT % HiR
CRF5REOBHEE (Table 4), KT I
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B2 ¥ o R IR 0 B E/CT L o € B INI%
R BB F RS oBED, A%
BT 5REOEAERR RO IEFEE LT 55
£69.0% (20/29), BAIERFEHMIEED +15%
LERBREET2886.9% (2/29) THot. K
BERE T 1L (Table 5), NMEERTLFRFCTh
Zh, 100% (89/89), 93.3% (83/89), 7.9% (7/
89) THote,
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665ED B, 17 BT Gerstmann fEFEERE ©FRIE,
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HEA A —2 (Fig. 3D <%, EHREER S X
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Table 4 Detectabilities of abnormal findings in the regions corresponding to
focal cortical 1.d.a. seen on CT-scan in small infarction group by the following
three methods.

A : Comparison of rAV for the affected area with the age-matched normal
regional values. Percent ratio of rAV to the lower normal limits were shown.
Values less than 100% put marks * mean subnormal rAV.

B : Comparison of rLI for the affected area with its normal values (mean+
2S.D.). Abnormal rLI were denoted by marks*. In case 2 and 7, rLI put marks
#, which mean rAV for the affected area were greater than those for the
corresponding contralateral area, were observed.

C: Comparison of rAV for the affected area with HMV for the affected side.
Percent ratio of rAV to HMV were shown. Abnormal ratio denoted by mark*
was regarded as more than 115% or less than 859%.

Cases Intervals Perc. dev. No. of detectors
(affected side) from onset of HMV corresp., to l.d.a. . L ¢
1. 64M (Rt) 27 days =14%* 2 85;: ------ IBE . __;;; _____
B4y lo0 94%
2. 66M (Lt) 17 16% 2 132% 918 112%
117% 100 88%
3. 68M (Rt) 30 =-15%%* L) 75%* BE* 97%
79%* 92% 97%
To%* 9a* 90%
4. BOF (Lt) 90 - la»* 3 B7%* 106* 97%
86%* 112%* g4g*
104% 99 110%
5. 64M (Lt) 42 37% 3 136% 104 95%
135% 103 95%
lddg 102 943
" 102 11l 3 105% 105 89%
120% 113% 96%
111% 117% 88%
" 140 16% 3 108% 111* 89%
120% 105% 93%
109% 112* Bag*
6. 47M (Rt) 120 9% 2 111% 94* 98%
lo2s 5% 89%
7. 68F (Lt) 4 4% 2 103% 94*§ 108%
103% 98 108%
8. 69F (Lt) 12 3% 3 103% 105* 100%
9Bg* 105+ 97%
(92%* 108* 86%
9. 49M (Lt) 30 - 6%* 3 B7%%* 110% 90%
98y * 107%* 93%
91g* 108* 89%
Detectability of 41.4% 3-8 5. 9%
abnormal findings (12/29) (20/29) ( 2/29)

HE—EOUEEB2 AT R LT HHET TEHMEYRFEL L T5HETCHS, Lirl, &
HBEM ZOEEELTIEEIE%RE20% 505 B DFETE CT Lo ERINI i3 2 FEisk
{ERHE RT3, Bb, Flzid—15%LTF CBEBWTHRAEREEBRETHE ENTEd -
DE %773 A& FATE M, +15%LL Lo B %R o, TOBHELTHRDLH R ENELLR
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Table 5 Detectabilities of abnormal findings in the regions corresponding to
cortical 1.d.a. seen on CT-scan in large infarction group by the same three

methods as those in Table 4.

Ho. of detectors

Cases Intervals Perc. dev. No. of detectors showing abnormal values
{(affected side) from onset of HMV corresp. to l.d.a. A B [+
-Ij 34M (Rt) 23 days =15% 1o 10 8 0
2. 54M (Lt) 10 =34% 9 9 g 0
3. 62M (Lt) 90 =-37% 10 10 10 1

105 =30% 10 10 pii} 0

135 =17% 10 10 9 o

4. 50M (Lt) 91 -25% 10 10 9 3
5. 62M (Rt) 180 -22% 10 10 10 ]
485 -20% 10 10 9 2

547 -20% 10 10 10 1

Detectability of 100% 93.3% 7.9%

B, BXe7 V75 v AT I T
Aoz )75 v Al Bs 2 LRETHY,
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RS A5 v #2243 B BRI 38 | B I B AE & 2Bk
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LB S h B ot HBEEE 1 D H BRI,
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DITEFREHMPEICTE < HEIh B, FB

abnormal findings (B9/89) (83/89) (7/89)
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T WERFFRM, 20 SRR & 35 Hik
ThH5, 4EOOFEC L ZHFTIR, MEE
FTo CT LoERIUSI AN % Eigic s\
SEDS LTRIEBRCEEYRET S Z LT
i, FR2flick TR EmLE LD o &
NTE e, EAERFOERIHBIX+2SD & L1
7o BENE O T REM IZE L, ¥ 7- Halsey & b 38
45 X519, BrBEDEAEDRS I
Bt Bl < o DI RE O EA R TRIR R BN
&L DB hi » TuwicithiEi b,
SEIO/PNEEFTOBR T CT LoERIIER
5 FIC s\ CRFTER I 2 R T8k 2 %
HEL ETh o, FBHEMERELE 26T
BEEGI 2 TR LA &L, AIScRABcRTE
M % 75 L 72 ERAL 23 5% & e T b (A IB M D FTBEME 1%
BAlitnwboriEzbhs, AT, BAE
DR[ADO—2CRUDBHELRB LT LES &
VH, Wb B cross-talk ™ 2B b, AAEi
BNFHE S h AEAAS 5, Lal, SHEOL S



AEFI594= 4 H25H 599--(35)

an IIIII

a. X-ray CT of the patient with contrast en- b. Left carotid angiography. No occlusion was
hancement. Irregular enhancement was observed observed.
at left parietal region.

c. Radionuclide brain scan. Marked accumula- d. rtCBF of the patient. Hemispheric mean
tion was observed at left parietal region. values and regional absolute values were shown.
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e. Regional brain map showing flow reductions
compared to age-matched normal values, shown
as regional percentages above or below the lower
normal limits using the clock symbols in the
circles (90°'=25%).

CEBORENTOREME » EEEBEOEY
E2REL THHEBEOEAZELRINT B &
DR LE L bh, ZOoFEOREALE LTI,
REMD AT HT, Lhies3 5 b R
DA T 5 BRBEL 2T 2 B4 I8
EREL 2RV LTHB, EHRZDX 5 Bs
W NEEROEF 1 DX 52 D HETRE
ELEOhIE, 00X 5 REREREYHRL >
5,

— IR P RES /s £ DR BT
HERAERO MW S BWA T 5 2 & i2ran-
sneural depression”!"*?~3)8“qiaschisis”?6)~® &
WOBRRELT, ¥IEEFOES2 oML —
PR F v b EIREIEFET B & BAEERD /N
B o ifn 3 23 A3 B & & ix“crossed  cerebellar
diaschisis™® & W5 BlRE LCTHEE X h T35,

HARFERMHRFLME 5448 45

~_

<f ‘- ¥1“i

96° ///?DC?\ TS\\\
(/ <”‘;Q>"’?WC§T |

f. Regional brain map showing hemispheric
differences, displayed as either shaded squares
including the regional laterality indices (above)
or clock symbols in the circles (90°==25, below).
Dots in hemispheric mean and the circles denote
the significance of the indices compared to nor-
mal values (p<0.05). The value of laterality
index more than and less than 100 denote the
dominances of the right and left hemisphere,
respectively. The map showed both focal hyper-
emia at infarcted and its surrounding areas, and
crossed cerebellar diaschisis.

Fig. 3 A presentation of case 2 in small infarction
group. A B6-year-old patient with left parietal
infarction 17 days after onset.

OB, —RRERICHRENGEIET B & iR
BREN L CRANROMRBOBE TR Y,
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Fig. 4 Correlation coefficient between hemispher-
ic mean values (HMV) for the affected side and
regional values corresponding to low density
areas (l.d.a.) seen on CT-scan.
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