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VUF A A TR EAGE Xe 1 B2 BT BT
HI7E B (SDMM) o B 7
— R L RO —

o AE* HFE BAX
FEA*
IEA**

mize] o FlE
fRE R LHE

A e
AB F—* R EH
T

B Efho 3Xe THFMARE MBF) g2 BBEL LT, YU FI ATz 133Xe 1 Bt
X 2EERT, B, %o L BTG Mt E R E % (SDMM) 2R L, BE, BREOMEEZIT- .
SDMM i1 1 [E o 133Xe fFE#Ic IE L - EBRIBOZHRD MBF 25, FRIE L EBLM KTL0
BN Z ME L TESF o MBF 2 BT 255 ThH 3.

EFAE N A2HARLELT, EATHED 4~6 FHH THE L. EFNEONELX 2.5 2 THATH-
7o (5 43L& 2.5 44T r=0.996). TREEE L REEEREDER MBF & SDMM iz k 5#E MBF i3 X<
—B L7z (r=0.9985)., SDMM OFEHRMIZRF TH o 7= (r=0.9996). EEhF 0 L 7- MBF i, BEE%
TREICHIEICRE 25, EESE TS ER L. A ESN, P, %0 MBF HEHATETSHY,
R o MBF FigED i L /s 53, EHONEL MBF 0fifRiz ¥, 2AR-—YEZIZLEALY 5

NDTHHEEZLNT.

L ZC®Iz

PAZEMEBHIRIE(LIE (ASO) <> PAZEME ifn #2 HEBIAR
R (TAO) O RIEHRBEOPEHE 213, HE
FERDE 2 IR EN R RE L L CRERRER,
V—FS774, TREKY VF 75748
133Xe YW LEEIC & 5 5 - G MFRIES 23T
bhTwna. 13Xe FMFHRE M@~ O e
REMCRIET 2 5L LTERTH 3, #E3k
LB AR O LR (MBF)1~3) o 2
RIERTRETH Y, EEH o MBF JIE I 85k %
BERAVWAEWRYRETH > 7249, $EH, Yo F

* SRRFEFHEEFHE
* il NBFHEBRET A Y F—7"8
ZAt: 594E12 5241
BIETEZAL  604E2 B19F
BIRIEERS © ERHEITI-1 (B 920)
SRKFEFREEER
4 B A E

W A7k %5ES o MBF filgd B & LT
133Xe 1 E S I2 & 5 ZERET AL 3 RIS
(single dose multistep method, SDMM) # B3 L,

2 OEBIRNEZT O TRET 5.

I 133Xe 1 [E¥ 5% B BEHA it BiRIER
(SDMM) DR

SDMM iz X % MBF B0 % Fig. 1 1257
F. Thbb, b UHELE 133Xe 0HERE
BIEAERTR X OERFR—C4 2 MY —CHIE
TEhE, ZhbofEX VESFOFY MBF 28
BHARETH 2., LA LARLEROY VFH 2
FRXBPETIE, MfBERDRA A—V S F—
T E~DORRKR Yick 2ERENEN (FhZh,
WEHE T2 o EE LA E T | Tdb, EEK T 5
BIEREE T : Tda) BAEL, Z ORI 133Xe D
SRR —E D MBF iz Lo TP+ 3. =
Dy, EFHIEORERE (A, B) 2 2h Zhi
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ET30EXDS. Wi, EfEBhoRo MBF
*EBRI% O MBF LS ERIEE LEL, 13Xe
FER Aqtl o RREREIC JIE L TR S hic
BWEeE Trl (4 &35 L, WEKT 25 Tdb
RO EBFIMER OB E (Ac) 1%

log Ac=log A—(Tdb/Trl) x log 2

Ac=A %2 exp [—(Tdb/Tr1)]
TROLNB.

FIRICESE T E % »» 5 Tda 43 % 12 Aqt2 0
IR ICIIE L7z & & o2 & Tr2 (4) &
T5 L, EEETER OBRHHE Be i3

log Bc=log B+(Tda/Tr2) * log 2

Bc=B x exp [Tda/Tr2]
XVEHEhE., Zhbd o fHES® O HEEKRKEE
Ac B XU Be 2 b BH—fa 5%k L L T EBPo
SRR Tex (53) RS H 3.

22 % 5 5 (1985)

DI kiRg Trl, Tex, Tr2 X Y MBF i1
MBF=100-2/(T 1/2 - SG) (m//min/100 g)
ORTHEMHEIS. 22T, 113 133Xe OFFATO
SERFREX (0.72), T 1/2 2P, SG 3o
HE (1.05) THB%D. Fibb SDMM TiaE
BRI 2BOY T H 2 FICEBENTDA,
EHhRL, EBH, EBHE O 3 R TO MBF 331
ED 1383Xe ofETHBEhBZ L L5, £

ZRRBRESATETH 5.

OL dREFE

25®H 0 IS HOEFRAE L Flextfe L.
D9 B 3FITIRENTEROBISEH & B o
FHA4EETTHIE L (18D, 8Hlcixmil KD
KNGS LML, 33X O TROBER O 6
AT CHIE L7 (2 7).

]04 1 | 1 |
! l | 1
| 1 | :
1
ki - P
< | | | \
A | | I
e e e = | |
Ac (1 | |
1 1 1
! 1 1
] | |
Bc 1 \ 1
= S S | N I
2B ) Tr2
~ I I
: I 1 :
|
103 ! 1 : |
i | 1 | |
| 1 | |
I | 1 |
L L
Aqtl H—H—Ext —I—K Aqt2 —
Xe-133 Tdb Tda
I.M.inj.
[REST] [EXERCISE] [AFTER EXERCISE]
Ac=A-2'(Tdb/Tr]) logAc=10gA-(Tdb/Tr1) - 10g2
_n.,(Tda/Tr2) logBc=10gB+(Tda/Tr2) - 1og2
Bc=B-2

Fig. 1 Theoretical basis of calculation of mean half time of 133Xe washout during
exercise (Tex). If activity of 133Xe in the muscle immediately before (Ac) and after
(Bc) exercise is known, then Tex is calculated. Ac and Bc are calculated using
correction formura for time delays shown in the bottom of the figure. Tr1 and Tr2:
half time during first and second data aquisition at rest (aquisition time are Aqtl
and Aqt2, respectively). Ext: time during exercise. Tdb: time delay before exercise.

Tda: time delay after exercise.
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YU F a2 T7ERGI 3 Xe | BIEHRS BREET M ML ERIER (SDMM) 0% 511

1T, A A=V 7=V ETKEBE L
RELZEEL, 133Xe fiE#k 3 oM O®%, T
BE2S B KB £ £ CRE DY EEE % 3 o
BiThtE, F0HELICINHLHICEER. =
Df], SFHZTL 108 7 v —2Au (94 0 EEET
— 7 NEEIT o 1.

2EETIX, 193Xe R, TERMERIC 2.5 490
7= 2R EITV, fiVv TRBRWER A ES % 3 4
FAT O Ik, FEE, RO T — 2 INEE 2.55
MiT-7c. EHRIRBEVWTIS RO LA ART
b H ) HEE) (squatting 2 Fpiz 1 [B]) 24T

bk, IEBORHEOT —ZINELIT-T2.

DT — 2 EINThLS5HTL 307
Lv—ak Ll 2B, —HoOFTRIEH/FEOT —
ZIRSERE OB W IC X 5 FH MBF oAHE % it
FT50i, SHIL60T7L— A0 F— &Ik
EiTolc. Elo, THROFNE LES O E
TCRHET & D oREfEIEN & FRFCRIE L iz,

133Xe ARKER (P—FA V=N, F—7Y
FTA Y b—=7HER) FERERORIEERTIC
BOE®017Tml (1~2mCi) #fHE L. 7—4
PERICHE = A VF —ENfRRED ) A — 5 255

L7 2410S-VIP-450 ' v FhH AT « 2 v Ea—
% + ¥ 25 A (TECHNICARE) # w7z, 57—
ZIIERI 5 64X 64 TINEEL, ZhZEho 138Xe
BATALICSx 4 EzED ROI #FRE L T, FIAL
T ORI RERAR 2 5k o, H—I5EER O &/
HREEIC THRIEM & 5H Ui, 2R, &
B X OB N 2 IE L 723ESiHh o MBF o
B3, BASIC izk 5 MBF 37w /' 5 A%k
BRLTIT-7-.

Iv. % &R

RO RIEREO®RE 2HO 2R BN
T, BEBEOFT—2INELZ 60 7L — L4 L LIzt
& o SDMM iz X b HHH L7<&ES+ MBF i3, [
—F—IDFNEFROLHHE ORIKI0 AL E
HLZMBF &b » THEEOHBELTRL (=
0.9960, p<<0.001) (Fig. 2), LI DL#HBED 5 —»
NI+ RT30 7 L—20 % L=,

MBF-CORRELATION &0 points w.s. 20 points
C20p)
100¢(m1/min/100g) -
- ’/_,,-'
L -
50+ -~
L wr,*
L. e
B R

0.

0 S0
(ml/min/100a)
r=0.92:0 [(MBFZ0 0,27 (MEFAORY+ 0,121

n= 5z

100Ca0p)

Fig. 2 Correlation of calculated muscle blood flow
(MBF) during exercise between 5 min. (60 p)
and 2.5 min. (30 p) data aquisition at rest.

SDMM (= & %:&8)+ MBF EHOHEE : 1 &
2B RHER-LFH0EE L2108 7 L—2A
DPERBREOHI % Fig. 3 1R+, RO MES T
BEEEHRLVAROL» 2 EE L 5. K
RriCH~, SEEHF O REOBDTHIICEH T X
VAR TH B A%, ZEIRGIIESD & e B BERER T
EHhOB bbb TN Th o, ki, HEEIFL
L HICERH IR REEOR AL, EEh
BRI X =B L7z, EE TR
R0 IEBBRAART O B— R R B IR - 72,

1EIZRWT, 108 7 L— 2 DHT — 225
EERIE O T ZH 30 7 L—2 2.54) AWV,
BiEh 2 zhZ2h 30F L LT SDMM [t TH
H{ U 7= B oo g MBF i3, SE@f 036 71
— L4 (34)) OROF—% i b EFERH Lz EH
MBF L &b» THWHEEZR L (1=0.9985, p<
0.001), # o EIFRIZHE MBF=1.05- 32| MBF
+0.26 L7z Y, W#HFEL < —FK L (Fig 4).

SDMM [z &% MBF EHOBERM : 1 #ick
WTHEE L2108 7L —2anF—2izxtL 1 ED
ROI RE T b v R U REdi#R (TAC) oRf
#m30 5% fAwvwT SDMM TZHEH L7~ MBF
(MBF IR) L, FiED30 7L —2 0D F—FIT*%
hZHROI 2FZELTHEL 72> TAC »»
% SDMM THEMH L7 MBF (MBF 2R) Lit& b
»THEW—F %k L7z (r=0.9996, MBF 2R=0.97
MBF 1R +0.07, p<0.001) (Fig. 5). 2 Bt 2ok
D30 7L—aizEhFh2[ED ROl FEEXIT-
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22 % 5 & (1985)

———————————— MUSCLE BLOOD FLOW RESULTS ————————m—mm

22/ 57 1924 )
(direct ex-mbf measurement)

bt om g, antn
P g,

N

5 (mind

No.= 202

nam== KAWARBATA

==

calc: data= 27 - 72

[, o, o

e,

MEF =.0Z2
T1/72 15.72

t=1GCM
L 1

1

[

b} (min)

Fig. 3 Example of time activity curves obtained by direct measurement throughout the
rest-exercise (ancle flexion)-rest sequence in group 1 normal volunteer. TAM:
tibialis anterior muscle. GCM: gastrocunemius muscle. Data aquisition is every

S sec.

lea MBF correlation betw. mzas. and calc.
calc

SOCmE/min/100a) -

: ]
n
T =TT T T %
5,
3,

0 A L I I ! I ! 1 1 1
23 SOmeas
(ml1/min/100a)
r=0 'S C(MBFcalc)=1.05(MBFmeas)+ 0.241]
n=
Fig. 4 Correlation between directly measured muscle
blood flow (MBF) and calculated MBF during

exercise in group 1.

12g MBF correlation (during ex. IR w.s. ZR)

2R
20Cmt/min/100g) -
25 | __,_v"f-.
L e
- - T
- 5 /-
-
0 [ S T SO S S SR R
0 25 SO1F
(m1/min/100g)
r=0.9994 L[(MBFZR)=0.77(MBF1R)+ 0,071
n= 12

Fig. 5 Correlation of muscle blood flow during ex-
ercise by SDMM between single and 2 ROI
setting in group 1.

MEF correlation(Z times of ROI settinagl

/min/100gq) -

S 10 1st

(ml/min/100g)

r=0.99%4 C(Zndd= 974174 (1st)+ 0152
linzar displayw n= 3

Fig. 6 Correlation of muscle blood flow during ex-
ercise by SDMM between 2 times of ROI
setting in group 2. Reproducibility is excelolent.

T SDMM TGEH L7z h#hd MBF 2RI
by TEHW—HZm L7k (r=09996, MBF
2nd=0.99 MBF 1st-+0.02, p<0.001) (Fig. 6).
ERERICBIT 2THES & UEHRO MBF
MZF4t: Fig. 7 3 L1 Table 1 (2 2 BicB T 2 £
5 48 S TR R X O ERP 0 £HATO
SDMM iz X 3 MBF oZ{b&R¥. EBIEHLAR
(R1) 3 X R A»ES) (Ex1, EESH) % R2) ©
MBF i, £ LicFEZR 2L, R1LR20D
MBF 3 i3i¥—% Liz. KNG L BEEG TI3F
EEIn L, TEOLETHIEY MBF i 231+
1.35 (s.d.) m//min/100 g T& - 7. JMULH T i
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R2 Ex2 R3

60
[ Add.Mag.M.
—-— Vas.Lat.M.
= [ ———-Gastroc.M.
w &
22 40t
g
(=2 B =
[
- E
PR
% E
— 20
0
Study: R1 Ex1
0
20
w o
Qa O
= O
g =
» £ 40¢
= —
° & s.d.
o<
L nean
60 *

Fig. 7 Changes of muscle blood flow according to exercise in group 2. Abbriviations

are same as Table 1.

ThbiClRTEEZ R I HARR e (B
L& DE¥ MBF: 1.57+0.97 (s.d.) m//min/100 g,
p<0.1). Exl1 1> MBF 3 kKNG & BEERS ©
AREHmL, s gETHMEIKTH .
SMULSE Tk MBF oz b¥tdby, FE
ZERLARM o, Zhizw L, EEE) (squat-
ting, Ex2) Ti¥, WFh OB S MBF 3 F &
L7223, & I b B AMUER TR
Th ol (EH 36.04 ~38.98 m//min/100 g). Ex2
HOLFREE (R3) Tk KNG LBERER 3 R1 &
F%Th o7, SMULEH Tik MBF ok
62 L7z (45 23.50~24.72 ml/min/100 g).

HEEH MBF B E KE2 R+ 8 BEH
(Ex1) TxBERER2S 16 kP 12 5L £ <&, EIEE)
(Ex2) TIXSMUERE S 1S (13 Sy 2 759
VR LR ol DRI 13 L HR
B T & o 1= (Table 2). Exl T kN 2 &K
MBF %R L7z 4 B Tid KA © MBF i3 24.3
+69 (s.d.) m//min/100g T Y, BEHEMHSHEKE

R L2122/ i3 KNGS @ MBF (% 6.84:2.8 (s.d.)
m//min/100g L FREICEMEZ R L (p<0.001).

V. & =8

ThE MR B OLHT, TREEIE OFE, &
BEIZRBNT BXe gEVWH L I X 5 il
(MBF) JIE X BRER CHERAEL Y IERE
BEMETHB. L iCEE SO MBF oflElR,
EEEO BT O IREBIZI 1T 5 MBF 0Bifys
RIGEFHi+ 2 ECTEELEX O NS, LI L
Ko, ZTRETR/NEOY VFL— 3 VRIS
ETRRICES LTHIE + 549 DSz F Nz
<, —MXMIICII R T EE D% O JI
EMMTbhTW3BICBE Y, EFoEELRLh
TebDieh b 32BN, HEY Vv FL—
Vav e AAFIBELERLTEY, Thick?
HEE) o MBF JIE »FJHE T & hid 133Xe MBF J
ENELERT2 b0 LEbhS. SEbhbR
DEAFE LT 133Xe 1 [EEHLERE (SDMM) i3,
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Table 1 Muscle blood flow at rest and during exercise
calcurated from single dose multi-step method
(SDMM) in normal volunteers

Muscle blood flow (m//min/100 g)

left right
AMM 2.65+ 1.82 2.184 1.48
R1 VLM 1.92+ 1.12 1.23+ 0.71
GCM 2134+ 1.25 2.344 1.06
AMM 12.89+10.89 9.464+ 6.21
Exl1 VLM 2.75+ 2.01 5.524 2.32
GCM 23.79+10.02 15.254+ 7.26
AMM 2.40+2.84 2.204+ 1.36
R2 VLM 1.804+0.88 1.26+ 0.62
GCM 2.07+0.90 2.284 0.70
AMM 13.90+ 5.32 10.59+ 5.26
Ex2 VLM 38.98+11.96 36.044+-12.65
GCM 10.14+ 6.37 10.134 2.94
AMM 1.91+ 1.36 1.36+ 0.70
R3 VLM 24.724+ 7.95 23.50+ 5.54
GCM 3.02+ 1.35 2.394+ 0.73

R1, R2 and R3: at rest. Ex1: mild stepping exercise.
Ex2: heavy squatting exercise (every 2 sec.)

AMM: adductor magnus muscle.

VLM: vastus lateralis muscle.

GCM: gastrocunemius muscle

Table 2 Comparison of muscles showing highest blood
flow during mild stepping exercise and heavy
squatting exercise in normals. Blood flow of
AMM in the legs showing highest blood flow
in GCM is significantly lower than the re-
maining legs

Muscles showing highest blood flow
during exercise in normals

Mild exercise Heavy exercise

AMM 4 legs* 2 legs
VLM 0leg 13 legs
GCM 12 legs** 0leg
muscle blood flow in AMM:  24.346.9 (*)
6.842.8 (**)

AMM:: addvctor magnus muscle.
VLM: vastvs lateralis muscle.
GCM: gastrocAnemivs mogcle.

1D 133Xe DFFFEHR Y vFL—yarveh AT
THEER, BOBETIMLOBNEERET sz L
Xy, HEEhEL, %L RFCESHR o MBF ¢ &

22 % 5 & (1985)

H+3b0Th o, MBF OBIIZEL % {51l
ERETH 5.

SDMM (z & 2 &EHF oftE MBF (3 1 #fics
WOEEIPOER MBF Lxb»TE—%L,
SDMM iz X 5 MBF JIEDREEREW. R
SDMM (28 % FFBh O ERFORIE, T
bbb, EBRIEORHER O OBHREDELR
B ORHHORE,» SHEFETHEZ L, @
EYUZ2 T2 L0 THS. SDMM To MBF
HIZERED ROI REDOHEBIMEIZE D ® TR TH
oz, FA—FlToiyE LRE D EHME oW T
BRRE EITbhh o728, 2 HOBEZOL
#E (R1, R2) ® MBF W FHhoHRETH &<
—E Lz dicky, BYVELMEOHHAMLIR
FLrEXTRWEEDRS.

A [E D ZeEE o MBF (2.314-1.35 m//min/100 g)
1, %k 133Xe e LETo MBF L i3iE—
B LIERTH -2, b CEEERTHEHRA
Tholld, ZHIIHROEFAEVLELEET
bollblExbh3D,

REHHBITO X D hRiE§) T, Bk MBF
R IOEBRMEICR 5 2%, EESBI%ICIE MBF
FEEF L YV ERYT B LoD, EfEERRE LK.
ZHIREEHTIZ LY anoxic RRAEICK Y,
ko Em M ES & FROBFICL b0 LELDL
h 31738, BEEZIBITFIZRBWTIE T5% O TR
BEREAS IC THoK MBF 258 L, RESA B O—%HY
7 MBF ot Ex b, Tibb, Mk
X DEL D EE) L BEHREOKE ¥ R 2 BN R
BABITOERRNBLEL LN, BEHEPEICZ
o OESNCEE L TWa bk k MBF 2R L
Lt sh 3. 25% Tl KNG TN MBF
BRL, REAEOBANLZERIZIZ LD,
thbdb, BEEETIRCTRE KRS FE
ZEHN I VML fTbhLELDNS.

S EOFERITERESH O 2 T LES)H o MBF i3
AECHML, EBEOTREMERE TARKEOE
EE AR B ES AT O REE s FEE O & F 3
ZEREICLERTE, k0 mEATE MBF
BEEL YV VERARFELEXLNS. KL E
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VU Fh AT e e 13¥Xe | BIESS BEE TR MRIE R (SDMM) OFZ 581

TEB T O RE ZAT ) REV WD, HEION
ArHHBCBIRTE, SRy UvFIATERAN
5Z L THEEOGRERBICHENETHY, R
R—YVEE~DIEHLAETHS.

VI. #% ]

EHFD MBF 23 > F 5 2 7 TRIETHL
Witk & LT, 133Xe 1 [B]7E S5 BERE AR ML RIE
# (single dose multistep method, SDMM) % Bf 3
L, ZoEEHREZITY, UTofmeHrx.

1) SDMM iz B1F % EE) O HEE MBF % 2.5
4L 5 HPE TIRIE—E L (r=0.9960), LHlFD
BIERERIE 2.5 T &L bRk,

2) SDMM iz 7 3 MBF JlE © FHER
(r=0.9996) L X LD TRIFTH o 7z.

3) ThZzEELREESHF o SDMM 2 X
3% MBF & 2] MBF i3 r=0.9985 L H&Iic
—B L, REOHEIRIFTH .

4) IREEhTESREEN L 72 MBF (3ES)%
BHICLHIEEO LUVIZR S 28, EES)TILES)
¥ T# b MBF ORIINASEEGE L7z,

5) SDMM (I 1IERE/EEHF o MBF JIE A3 F]
HEThY, BT 5 MBF 0GR FHEE
DI 275 5§, HEOANZ & MBF 0%
E, AR—VEZZHLISHALI B O THB LE
z bhiz.

e SRIORFICEEREL LTIH AW nie
ERAFEFREEFZEOMER, BEH, EITEA
GRS, FEET, JIEgstER X CSFEFEE 0FH 41T
WEEZRLET.
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Summary

Development of a New Xe-133 Single Dose Multi-step Method (SDMM)
for Muscle Blood Flow Measurement Using Gamma Camera
—Methodology and Basic Evaluation—

Hisashi Bunko*, Mikito SETO*, Junichi TAKI*, Ichiro NANBU*,
Yasushi SHIRE*, Norihisa ToNAMI*, Kinichi HISADA*,
Masaaki KAWAMURA*, Taiji IIDA**, Masato YAMADA**
and Masamichi MATSUDAIRA**

Department of Nuclear Medicine, Kanazawa University, 13-1 Takaramachi, 920, Kanazawa

In order to measure the muscle blood flow
(MBF) during exercise (Ex), a new Xe-133 single
dose multi-step method (SDMM) for leg MBF
measurement before, during and after Ex using
gamma camera was developped. Theoretically, if
the activity of Xe-133 in the muscle immediately
before and after Ex are known, then the mean
MBF during Ex can be calculated. In SDMM,
these activities are corrected through correction
formula using time delays between end of data
aquisition (DA) at rest (R1) and begining of the Ex
(TAB), and between end of Ex and begining of the
DA after Ex (R2) (TDA).

Validity of the SDMM and MBF response on
mild and heavy Ex were evaluated in 11 normal
volunteers. Ex MBF calculated from 5 and 2.5 min

DA (5 sec/frame) both at R1 and R2 were highly
correlated (r=.996). Ex MBF by SDMM and
direct (measurement by fixed leg exercise were also
highly correlated (r=.999). Reproducibility of the
R1 and Ex MBF were excellent (r=.999). The
highest MBF was seen in GCM on miled walking
Ex and in VLM on heavy squatting Ex. After miled
Ex, MBF rapidly returned to normal. After
heavy Ex, MBF remaind high in VLM In conclu-
sion, SDMM is simple and accurate method for
evaluation of dynamic MBF response according
to exercise. SDMM is also applicable to the field
of sports medicine.

Key words: Xe-133, Muscle blood flow, Single
dose multistep method, Gamma camera, Exercise.
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