)
WXe £ ) 7 5 v AP X BRI TIREEE D 2E4f

— U Y FE—NLARICL DR —

AW T B R EE Rt P s
BH ST RE KRR IE A% B s
OBk I RE=E* 0 E Wit R R
Bl R

BE mittRACKT 2 RETOHIEEIME % Fl 2 BRI T, 133Xe 7 U 7 7 v 2K & D RATLH
MfE: (-MBF) 3 X OvE ML PiRaEZ HH U, EEMRIEEHT R & xHRat Lic, R0 22 4 & Hafeie (R
X EHRL L, LB IVUE Y & E— L AfiKE (13 4) i 1¥3Xe kL -MBF 2JIE L7z, EH
TR o0 2o r-MBF (313 69 m//100 g/min G, pressure rate product & #HEH (r=0.711) L, [k
IHEE PO RN BIRICH D L EX e, BERERERE T, THKTTIiC -MBF 0ffT %
Bvlc. VY FE—VARIC X ) EEERIO r-MBF (138 2.5 80 L7z 25, 50-75 % $RAs iRt
BT 1965, 9090 Ll Lo B A R T ik 1.3 5 Th 0 IRERE oI WM FREED KT 238 &
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73"(’&)’) T,
nHEHrFELEEZ NS,

L XC&®Ic

BRIRFC 3513 3 J O ML B (r-MBF) o 3£
3, BMECEEBOIREL IR T 5720 Ik b 3
B EE L EZ LS. SEEO R IR B
BROEBZEEE LWL 0B DH Y, RSN
BRI (PTCA) R0 L WHI R D AEFK O 1-
MBF o4 2 2R 2 B3t + 5 2 L oK E &
BREWEEZLRS. K PTCA 3 &8RN
REEBEELIERBETH Y, EREEDOE
BAPHEDSLA L EZ ON DD, [ARRICRZEmMR
WO S BTG LB i 0 B LI 5l 5 = L 143,
HEOHRIFDROHECHERALEX LIS,

Xenon-133 7 vV 7 5 o 2 ki3 B K 7l © r-MBF
PRSGICKELTENMETHY, Hrikild
* ORFRIERAEESNR
At LI 18 |
BHAEZA 244 18H
BURIGERS © B T REIERT 1-33 (8 673)

B S R RBE  R

KO

133Xe 7 V) 75 Rk -MBF OFERIAAES T, Hx 0ARIC & 38k % TR MR A

5 VW ARHIC X 5 RO LB E o FE6IC 8 L
TWaLY, SENTROEBRE IC B W TR
r-MBF (254 2 @R ZEE O B it T o L &
Lic, wmAhnEnFEEIMER2RE->v ) FE—
ER, TETHERED T3 B IELEERIC
B 5 EMBETREO R 2T oo THET 2.

II. ¥RELVAHE

HRIRER L CLER ELHHES TN EE
Zbh, WEIRIC S0Y% LLEOBEERED FET
5 5 VEMERR OVE 22 £ (35 42 i 56 £ 10 5%) &,
SR _EBRUMIE & 8% - e h R BIIRESE I TR B %
F@EDnPol, Wb MFEERERI S (B
EWG ST+7 5%) Td 5 (Table ).

iz, RIEERIRNIC iR hc b By 7
—FAVREENT, BEOESREEZK TR,
133Xe JK¥AHEH) 370 Mgq (10 mCi) % £ &8 ik N
IR —F2TCHEALL. BBREIIFT—FVEN
CHBLEE—EALR Y v =5 2 5 (GE #
Starcam 300 A/M) i T, WEERER L, BITIT
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Table 1 Study population and protocol
IHD CPS
n 22 9
Age 56+10 57+7
Male/Female 22/0 8/1

[Measurement of r-MBF]
(1) Resting state
(2) Dipyridamole 0.56 mg/kg i.v.
IHD; ischemic heart disease, CPS; chest pain
syndrome, r-MBF; regional myocardial blood flow

¥ & BIER 0 f b B < BT 5 ZERIRHLA 54T -
oo T—=2iX, A4 TERELIZI=a Y
2—4 (EZ#H GPS-550U) i 64x64 D<= Y v
7 2T 1 7v—»n/FicTiEgkL, Cannon b

—— CATHETER L

-
n

s 2 /p

F:MNyocardia

k :Clearance
A :Partition
p :Specific

TOSHIBA

ABOLATORY

1) Bolus Injection 0f '*%Xe
Into Left Coronary Artery
2) Imaging By Mobile Gammma Camera
BE STARCAMN-300A/N
ON LINED
—— DATA ANALYSIS
6464 Matrix,Exponential Nodel

27 % 6 5 (1990)

O FEICHENE S vz washout curve @ € — 7 )
5 40 Bk % TEIREBREL L, Kety 0 F=
X Alp LY REH LY. TFi3k® % r-MBF
ThHY, 2L p FERMRKD NI ERTED
B O M & LM o 2 EFREK (0.72) 3 X OV
DOHE (1.05) #F%3. Lid-> Tlfro washout
curve 26BN B IRk 7 VT TR LA
# v k) &y r-MBF #EHA[gETH 5 (Fig. 1).
eI -MBF 2 Il E %, YV & E— L
(0.56 mg/kg) & 4} THEEKRTHR, 3 H7%
WL 4SO RICHURED 133Xe KIEHR & mH L
T r-MBF # L, *oZ{R% el THaE
Ll BBAREIY EY FE— VARIE S
BB 22 b 9 Fl, MasmiEeERE 9 # 4 4l

- >
—

Formula)

Kety's

1 Blood Flow
Constance
Coefficient

Gravity

GHS-58500

Fig. 1 A diagram shows equipments installed in cardiac catheterization labolatory, and
real washout curve and the formula for calculating regional tissue flow rates.
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42 y.0. male AP

CORONARY ANGIOGRAPHY

(#7. 90%)

REST

DIPYRIDAMOLE

Fig. 2 A 42 yo. male with angina pectoris. Cineangiogram shows severe coronary nar-
rowing at left coronary artery. (upper) Actual r-MBF, and functional imaging in
resting and dipyridamole induced vasodilative state (lower). The r-MBF of every
regions increased after dipyridamole injection, but at the areas perfused by
stenotic vessel, coronary flow reserve diminished clearly.

#F 13 fli24F - 7= (Table 1). r-MBF o #5248
fo g, A—FR» bRk L EoiREE 7
4 v B EXEL, ATTFATE S & OV EITERL o
BRI HE LIz, Fig 2 12 EFTTi7E: 47 12
90 0 A2 % 3R T RER 0 FEERERE R T.

InI. 7

1) F=#k r-MBF
TEHBEE K T 13 69414 m//100 g/min T 44-99

m//100 g/min LHE/A < HELTWe. E7cHh%EE
B ZSEAASIK T 1% 6810 m//100 g/min T IE H
IR E ORI BZEZRBO R o7’ 0%LLE
OB ZEEARNSIR T3 5827 ml/100 g/min L
BT LIz (Fig. 3). EREEREK® r-MBF (3,
pressure rate product & o [§ic HeEtAYE VW F5EERE
R (r=0.711) 2F L, FBERETRNTETR
o r-MBF 3 26| EFEERROBERERE Y T
Fizf@ir L7z (Fig. 4).
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r-MBF e
(ml/100g-min.) —ns — — ns —
100 [~ '
e
i
80} .! S
B
T8
0 . o
60 0o
%) 8 1
%
o © A
%
40|
o stenosis(-) 50-75% 90%
stenosis  stenosis
Fig. 3 The r-MBF at the areas perfused by non and

50-759% stenotic vessels was 69 and 68 ml/
100 g/min each in resting state. Decreased
tissue flow rate at the areas perfused by over
909, stenotic vessels was showed significantly,
however there is overlaps.

R-MBF

t is(=
(m!/100g-min) $ Stenaall)

O 50-75%stenosis
100 A 90%stenosis

% 62 (1990)

2) PEYEE-LAETEH

Y FE—NVARICE Y r-MBF (3, LW
Tisk T3 Ze¥mE 44-85 ml/100 g/min 7> 5 128-180
mi/100 g/min ~HAN L, FHASEPE: AEEARSE T,
48-81 m//100 g/min %> & 78-157 m//100 g/min ~,
B EER 22T R Y 48t T 12 54-65 m//100 g/min 725
72-100 m//100 g/min ~ L RFEDFLEE AR £ 512
SR THEMOBERD I R0y, WD LIE
Bz —F b L 72 4 » 72 (Fig. 5).

Ty FE— VARREO LRI T 2 L
TnEE R FHEE) 13, EMERBITIIH 2.5 %
B LTcA, HREEERER ZERE Bk A 1.9 £,
EERAANERBR TN IIGETHY, BEOE
BEZJE C ORI TR ET L 7= (Fig. 6).

CEYFE— L ATEOEFEEHRK D r-MBF
& pressure rate product § r=0.650 & ZZERRE & [
Bk, B R WHRBIREMRZ R L7z (Fig. 7).

Iv. & =

1. r-MBF BlEDEE

1 LA ORI TERERY IS I EBIR D 42 034 U,
BERERYICIZ Z O R MHEFIR D r-MBF 234 L
A ML W L BEEAARETH 5.
L7245 T, r-MBF (3585 25 o e 3T 4ff &

y=0.00396x+32.5

% og
P ® r=0.711
A. O. p¢0.002
aof
'Lu ] | | | ] PRP
0 6 8 10 12 14 16 (x1000)

Fig. 4 Correlation between the r-MBF of the areas perfused by non stenotic vessels and

pressure rate product in resting state.
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% e ML T fif RE O Rl 643

( r-MBF
ml/100g/min)
9/min) — p<0001 — - p<001 — e p<0.01 -1
180
50-75%
- stenosis(-) } stenosis 90% stenosis
100
£ 1 iy
50
40|
e
R D R D R D
R:rest D:dipyridamole

Fig. 5 The changes of tissue flow rates from resting state to dipyridamole induced
vasodilative state. There was no regions of decreased tissue flow rates in dipy-
ridamole induced vasodilative state compared with resting state.

L LIS I % BT S 5 72 0 OB b HAA 73
SA—=2Thd. (ERTHRAEDFMIT AHA 04
FlcfREshs X ok, BEMCRSHERNT
H o 7o), PTCAICE &1 2 EMfTRENMT O
BIEWERMNEREOFESLA L) 20 b
%. L LUERAED K HI2iE, segmental 75 B 3§
JRE I Y Tz <, long lesion, skipped lesion
FZOBMERELSEHFEL, Thbo2REMIC
ERXHICFMETArRnBEELEL LS.
—F, 133Ke 7 V7 5 v REILI T, Wk
MR T 3 r-MBF REEMIC EHMERTEET S
5.
EL L OPRLENH LR ESR TV S A,
ZOERBFOREHI S LT vnxiv. ERo
DIITEE~OIER & L b2, E MIBIT 5 EH
FRBE ZE RS ER 0 RFTL A IR EN B [o %+ 2B @
WEh, BEESFEELVLS.

FREE BT CICRE L BREROS T
BEICERISh-S2H 22, [BRANCILAICKE
2 EZBN,13Xes V75 REEICX Br-MBF
DHIEIEREVLOLEDIS.

2. r-MBF QfIE

r-MBF % BEpR{FIT ERlT 52 5kE LT, BE
133Xe 7 Y 7 5 v R {5 & positron emission CT
(PET) 2*» 5. PET B3IERBAICRIERET D
D, RETE» S VBEFAETERCFELEXD
3R, BlirERREBELELL, <R
BNHERTOHERIRETH Y, AFEEKTO
FERICEBREDS. —F, ¥Xe sy 7502
EIEHENTHY, &5ICEMICRIEERRA
CEEREB LR T 2LELDS. LrLs
A ot EBO BRI W TEIIRER 14
AOBREELETHS. Fih, BXe 7 V75V RE
OREfTICET % B H v <=H X 50 setting #
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p<0.001
4— I— p<0.01 _”_. p<0.05 _|
[}
®
3|
°
[ ]
Qe
°
: ©

SN

CORONARY FLOW RESERVE
N
T

50-75%
stenosis

stenosis(-) 90% stenosis

Fig. 6 Coronary flow reserve was approximately 2.5
times of resting state at the areas perfused by
intact vessels. Coronary flow reserve of the
areas perfused by stenotic vessels was dimin-
isched significantly (50-759; stenosis; 1.9
times, >909% stenosis; 1.3 times, respectively).

27 % 6 5 (1990)

AETLSHLANTH Y, BHOBEBIREET
BIZZbH TR P OLRLECHERMER {HEITH]
BEThD. SHIZOEYF—TF VIRERITREICIT
2 TWa 7w, MITEEIERE, TEHIROMEL D
SHELEST, T rer 2 SOMRICK
DFEA OBEDDIFERT 5 Z L LATRE THREAT
i, BEIEBISIIBWTPET 2 WwWTWwa.
& BITER VIR LI TTRE 72 72 o FHEA TR O FUR
LESICILETEETH 5.

AT X BERE R ER LV < oo RIER
BHshATws Lo, EREIZE MIBWTH
BHLEHBEIAW. A XEHWTAE & micro-
sphere L HeER L 7= 34512 X 2 &, RIMEROMZE
iz & DERFRER TREEOREMITIZIEF—H
T2, WMEILLLBICoNTAHE T micro-
sphere izt Ui/l 2 mic s v, WE O
EREIHEBEREERS S 5N % 0iE 200 ml/100 g/min
ETLINTWBY, 1977 EYRFICH LY v <
AL D Y, REOEHRRBERICHT 28
PEMRUEL TN D LHEBEIND 25, RKRILER
OPIEMES X 0 CFR (345 EHFERRIZI W T
BN L TWBATREMES B 5.

3. ZEsks r-MBF

ARG & U R o IEF ik B T 5 KF
i r-MBF (33 69 m//100 g/min T IF#H K O

r-MBF
(ml/100g/min.)
200
150 |-
y=0.006x+93.4
100 | r-0.650
i . p<0.05
L PRP
L ) ) |
6 8 10 12 14 (x1000)

Fig. 7 Correlation between the r-MBF of the areas perfused by intact vessels and pres-
sure rate product in dipyridamole induced vasodilative state.
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WL —E L, XY 44-99 mi/100 g/
min LiF/E < AL T Wiz, —7%, r-MBF JIER
@ pressure rate product 3, 6,000-16,000 & kK = <
AELTED, WEOMT r=07110 BRI E W
EoHBEGRE Y. 20z Lid r-MBF 230
%@iﬁﬁmfbrgﬁié*azﬁbrw5
L7z2>T r-MBF ZEFE B EwRT5IC
fﬁﬁﬁcwuf@i%EWOWT®%@%M§
Thb. SENIERCESICHIE LSS pres-
sure rate product ZEEDIEE L L THWRA,
FRINBEZLEOBEFEVCEETHY, F
FOEEZTRTLOTRAVI LICHEL TR,

T S v, IEREEEFREL Tk pressure rate

product # 8B L+ 25 LI L ZUHENRH A H B,

B ML TR FR 2 E LBRT 2 LEDN
5. 2L, BEFATOWUEIEE TS5
RAEDD - T H LRI IIIFEERR TR
TREZZWVWEWIRED S L2, S EITHEMER
LIz 33 vNT pressure rate product & o B{R & fRE
L7-. AHA 43 E 50-75 95 2555 > r-MBF 13
LRI IEWRETRIR L 50, ThikThE
TOERPEEMEL—HLTWS. 0% EDE
EESRZeE ARy r-MBF 13, 2FIIEH ko E
JBEBE Y THICALE L Twiz23, pressure rate
product & » Iz EWHHBEREGR (r=0.900) # o
7o, L7z o THEELEROBRIZZBHEIZNT
WBLEXLR, TOZ EFMIT0YLL EoREE
BRAEER D RFHLER 23D LT 3 RTREM: & HERI
SELN, ThiISBOBETH 5.

4. T EYZE— LETFEF r-MBF
RIZAFETEIPEVFE— VAR D
r-MBF OJIE%fTo72. YEVFE— LD L
M RIERIZE K OiERH 2 0359, SENTZ
DER % i 22 LB B T RE © BAR 2> & IRES
Liz. PEY FE— VARIZE 3 EXEFREO M
FEIEER, TR 255 Th ol SHIZVEY
5 E — VAT D r-MBF Y, pressure rate product
L HER B WHRBARAFR (1=0.650) i, v
97;~wﬁﬁﬁaiﬁ¢%Wi&1%ﬁVT
LTWa EEXLATRY, S AMHMET

pressure rate product 23 R"ETHho72Z L XY,
AP EELEO N 2 EZ2Z L VI
HENR D B RHLHRIF © r-MBF (a3 it 12 R 17
TH5ZLETRTIOLEEXAONS. ZOZLEE
M P2 FM+ 2 EcBELATAE AL
WHIBETH 5. mBEERERHRNTE, FTI
ZEFRIZ r-MBF (2 KT L T W72 A% 5 pressure
rate product LFERERAREHF LTz, YK
FE— VARRIIHEBEAGSEE L. 2hiz
M FESEANEE S EEfR 2B B I — B IR T B 72w &
EBabhs. SHEENREREEOHEE IR
75K, ERNFHEE L RN T2 LEN S 5.
TR AR LM FIHAE DB E Rt Lz L =
%, FRAEEICIS U BEMETHEDCKT 2389
7e. 50-75%, BREE O R EEER ARSI, K
i1 r-MBF BIEH #EfR L oflic 2% o i
Poled, VEY FE—VARRICRIZOEDNK
TARARE Y, BORETHENEDHE RE’TR
Shic., ZOBMEZEH19EThH 722, =
DEFEHEOHANER IS HEBATLER,
TIOfY v F 7oA LR} LG I2 T 3
WEDR B 5. 909 LL b oo 5 EERR 258 o0 S ML i T
B 135 TH Y, 309, DIFEHIANGE L2 b 7= 7
wz kihra,
VEYFE—NAFIZZ Y VALY v F ST
ATHRMBRHEE LTHERLTWS 2, SRk
L 7<JEF T r-MBF o EJIfE 2380 U 7 fE 6 13
—Fl L FEEL o7, LidioT, #VU v il
(2 & % g AR 3 3R AREY 2 AR A M T N EE o
HERBELTWALOLEXLNS. LAL
L DERELE R, BRACELEEZEZ Sh
HEFILFEEL, Z0Z LIZARRTE O pressure
rate product [T RETH 5 Z L 1 LFTEED ¥z
HHOTIHEWZ L4 2 5. coronary steal
z;o@m&iféaoﬂ% 3B 50, SEOKR
#1Tix -MBF otz £fEmL sy, 2
B ELEEMEOEMIZEZ o Ty, BimE
BRTIROAERE & DAMERI o fF ke 228k L, O
IR T2 LoBRERDHZ. B¥Xe 7 ) 7
J v AETRANENE & KT 2 ZERsMERE I 75
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WEBEIETE BV, S &b RIAFET
% &3+ hE, coronary steal 12 k& 2 OLPNIET MR
EFREMOA D=0 LTHESHS.

V. F&H

Xenon-133 7 ) 7 5 v L E MR BEE
CEA L, TSIV Y FE— VAR
R G LR 2 E L. EXETRIR O 8k
r-MBF (335 69 m//100 g/min G, pressure rate
product FERAL, DMFRFEOFTE LALFEOMR
NERLEZ ORI, BERERETIRO L
B¢ r-MBF (3 24T ERERIRO BIRERL DT
FALBEL, LKEFRETTIC -MBF 08T 23
7. PV FE— VALY EFERKTIES
2.5 f2Is BN L7z 2%,  S0-75 % B ZSEfsE ¥t 5k <1
1.9 %, 90% LA b BERAEERETIZ 1315 T
bV, PREEOHIMEWELTEFHELET T
ZZENHLM L o7, Xenon-133 7 V7 5
21X r-MBF 0 FERINES T, FEx0ARICE
B ERMICFHERETH Y, BRESDD
THERLEFHELELZLLS.

27 % 6 % (1990)

X B
1) Cannon PJ, Sciacca RR, Fowler DL, et al: Meas-
urement of regional myocardial blood flow in man:
description and critique of the method using
Xenon-133 and a scintillation camera. Am J Cardiol
36: 783-792, 1975
Maseri A, Labbate A, Michelassi C, et al: Pos-
sibilities, limitation, and technique for the study of
regional myocardial perfusion in man by Xenon-
133. Cardiovasc Res 11: 277-290, 1977
Morgan SM, Fisher JD, Horwitz LD, et al:
Validation of regional myocardial flow measure-
ments with scintillation camera detection of Xenon-
133. Invest Radiol 13: 132-137, 1978
Scheibei RL, Moore R, Korbuly DK, et al:
Regional myocardial blood flow measurements in
the evaluation of patients with coronary artery
disease. Radiology 115: 379-386, 1975
Rossen JD, Simonetti I, Marcus ML, et al: Coro-
nary dilation with standard dose dipyridamole and
dipyridamole combined with handgrip. Circulatino
79: 566-572, 1989
6) Gould JL, Westcott RJ, Albro PC, et al: Non-
invasive assessment of coronary stenosis by myo-
cardial imaging during pharmacologic coronary
vasodilatation: II. clinical methodology and
feasibility. Am J Cardiol 41: 279-287, 1987

2

~

3

~

4

~

5

~

Presented by Medical*Online



647

Summary

Regional Myocardial Blood Flow Measurements in Resting and Dipyridamole
Induced Vasodilative State by Xenon-133 Clearance Method

Toshio KATAHIRA, Hiroki SUGIHARA, Koji SHIGA, Tatsuya NAKAGAWA,
Yasushi KuBoTA, Suetsugu INAGAKI, Koichi KAWATA, Takashi NAKAMURA,
Akihiro AzumA, Keizo FURUKAWA, Jun ASAYAMA, Hiroshi KATSUME
and Masao NAKAGAWA

Second Department of Medicine, Kyoto Prefectural University of Medicine, Kyoto, Japan

Myocardial imaging with Xenon-133 and a
gamma camera was employed to evaluate the
relationship between angiographically demon-
strated coronary artery stenosis and regional myo-
«cardial blood flow (r-MBF) in 22 patients with
ischemic heart disease and 9 control subjects.
After a left anterior oblique cineangiogram was
obtained, the cinecamera was replaced by the
mobile gamma camera in the same plane and loca-
tion over the precordium of patients. Then,
370 MBq (10 mCi) of 133Xe was injected into the
left coronary artery as a bolus. After the first
measurement of r-MBF in resting state, a second
injection was made 3 minutes after intravenous
injsction of 0.56 mg/kg of dipyridamole for 4 min-
utes. The r-MBF in different regions of the heart
was calculated by Kety formula. Coronary flow
reserve (CFR) was defined the rMBF ratio be-
tween resting and dipyridamole induced vasodila-
tive state. In the resting state, good correlation
(r=0.711) was observed between pressure rate
product and the r-MBF at the areas perfused by

non stenotic vessels. The r-MBF of the areas per-
fused by severe stenotic vessels (>90%;) was
smaller than that of the areas perfused by non
stenotic vessels, however there was overlapping of
flow. In the dipyridamole induced vasodilative
state, the r-MBF of the areas perfused by intact
vessels increased approximately 2.4 times of the
resting state, and showed good correlation with
pressure rate product. In contrast, the r-MBF of
the areas perfused by stenotic vessels did not cor-
relate with pressure rate product, but depended
on the degrees of coronary stenosis (50-75%
stenosis; 1.9 times, >909% stenosis; 1.3 times,
respectively).

In conclusion, Xenon-133 clearance method is
useful to evaluate the relationship among tissue
flow rates, anatomical coronary stenosis and
hemodynamics.

Key words: Ischemic heart disease, Myocardial
blood flow, Dipyridamole, Xenon-133 clearance
method.
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