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BE AR IECEBAMN T O > v 57 7 7 1 LBk DSA 21T L, ThEhoks
Bk 2 i Lt SEBYE AT 21TL.OfG SPECT THERKEIZ 5% K R bh, 20955 89% el il
G e, EBYE AR 2OT] RO i<, EBY A TR O /L BB REREE OB LA R S e,
< O TG SPECT TR Y RTRTHL BRbht, £RM/ VAR T EBiikEE L
AT EYAFCTORE MY ) SERMEAN &< R hi. DSA & v £ BIRIAREH (CCT)

LR IE T L AIIER L TR D,

OAHEREBIR D2 I FLED B D h e & T H AR IERIEH

NE- T LIS D, 2TL.O ) SPECT o KIREAL SR AL & #BIfRic CCT BER LTk

D, BN P OIE TILO MR BIIR D 2 3 2 & LIS,

Whd %,

L L&

it R M B CME (VSA L vasospastic angina) (2 38
WCHEBYV AT 20MT] L SPECT ¢ Rl i it K
BEALELEROA LYY, £ EBHARTICTH
LT 2 EEBEREC W b Biksh TR
DY, 0TI L ERILT 5 & L b ICEmITE)
HE$54E % digital subtraction angiography (DSA)
FRVWTRDD Z Lick Y, o R
L 7es

I 3 ®
RN BRI A2 25% LAF T,

e J ¥
& ﬂmsm;msﬁemﬂ
*x H BEHRE
=z 4441 521 H
BHMZM 4534131
PIRIGER S © m# T Xt &g hEfHT 8 (B 600)

SRER A BT R
o ERES

S B MR BRBEE AR RED — i & UL LT\ % WHE

(BB 29: 615-623, 1992)

v EBIRA B I T 75% LA E o NEBUIMEE
TR ERSEMEROIE (VSA) T2 il st L Lic.
BEA2F), LetE30H] T A 62+ 9 IR T H o 7.
VSA o 23 dBRE R b 0 JE % © B IELED
LL, =aay AR RO HBEORER
OEX ST RALOF Eix b s b o7z, VSA 724
i ERE A T B A BRI (CCT - coronary
circulation time) % 374 ¢ DSA Z W TR 7z.

EFFBIWROBEELF v vT BV
ATt EHEEIIR33F & L, CCT 2R 1.
¥ 7z 20T i Al (L/H) i3 4Bz 1 24040
EFEE R e L.

n. % &

HEIRER & EBAR Tl L5777
1222 2 AUNICHEST L. EBARIBE
BT =2 — 4 %V BREESATTIEC THE
17 L, symptom limit % % vz BEHEBZEIC
T 2T] 111 MBq 2 #E L, &5 | HEoES)
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Small Defcct

3 [ayge Defect

i Mumplo Smali

. Defect

Fig. 1 201Tl-myocardial scintigraphy. Left panel: Pulmonary 201T| uptake ratio (L/H).
Right panel: Three patterns of perfusion defect on 201TI-SPECT. Small defect,

large defect and multiple small defect.

ARDOD L 3-5 HE12FELER 2 & HBitko
HEEHE L. HESHRI VI~ - H 2T
(H >z RC-150E) iz T ¥ IE T planar % i5%.

23T SPECT (180°, 6° step) # #if7 L7=. 3 B
% ICHEE SPECT #EfTL, BoMoF &R
washout rate # >R  7z. MESIEM planar it &
D DA & B o B0 SR (ROI: region of
interest) ZFE L, [Rl—» ROI % 4 LRHEFic 3
FEL, ROI Y bk i/ 0Tk
H (L/H) & L 201T1 ffigEfER & L7z, 20T
SPECT D#EFRE 7 — v 2 HEMICHEL,

AHA 1 X % T o/~ ki8 (SD: small defect), 2 [X
iz 5 KK (LD: large defect), £XiED

F AM/NKiE (MSD: multiple small defect) & L
fe. F—# W X Bz HARP-II # fw e,
L/H & 201T1 %5 SPECT R KRIENN 7 — v &
(Fig. 1) IZ7R7.

BNk DSA (3 e BIIRE A TIE B I AT L
7=, hr—F i EREBIkOICHEE L, ioxaglate
320 # 2ml/, | BEICHEA. AHIRHL 30° Hn T
512 x 256 matrix, 8 bit, 30 7 v — 4 /f, 13-17
[4] DSA IZHith#% U4 L7z, DSA H{§ | ROI #
EEBIRELR & ERIRRAICEREL, ROI N
time-density curve J v peak to peak & v C
@8R CCT %#3k»i- (Fig. 2). FHRlCHW
time-density curve (x original curve % 50 [g]
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Coronary Circulation Time ( CCT)

LAD-P — (S

Fig. 2 Left coronary digital subtraction angiography (DSA). The coronary circulation

time (CCT) was calculated by peak to peak method of time-density curves. Loca-
tion of ROI: Proximal part of left coronary artery and coronary sinus.

smoothing +% = Lick W B 5 7-. cardiac sub-

traction 2378 B 7 SERZ 4 [Rlo0 MRt 2 & BRAL L 2.

7 — # R4 45 DFP-50A # i\ /-

Iv. # &

HEBARLOEMICT ST 0.1 mV LA Eo kP-H
HDHWVIFTHAMKT, %72 STj £ v 0.08sec T
ST 0.1 mV YL HET+ 5 EARUKT, ST oFE
7 b5, T AL, DSEERBIROHML LD
B PERT R 35 4 (49%) Ic R b iz, SEBARL
BRIGHERED 5 5 20T .0 SPECT < #iiRiH
FRL DR T5% £ RMEET T O
SPECT Ci#fi/RIBE RE LM - 72DiF 36% Td
> 7.

201T] 05 5 SPECT —© #Efi/R#8 72 il 54 431
(T5%) ICHBL L7z, KRIBASZ— v ic X 20T,
IR (SD ) 23, K4 (LD B9 154, %
Reth/NKIR (MSD £) 166 T b, NKIR23FI
9fFlix 1 KKz W RIBTH ~7-. SD o

Table 1 Defect pattern of 201TI-SPECT and number
of spasm vessel

Defect pattern  Patients Number of spasm vessel

of 201TI-SPECT (n)

1 vessel 2 vessels 3 vessels

No defect (N) 18 10(3) 0 8
Small defect (SD) 23 6(2) 4 13
Large defect (LD) 1S 10(10) 4 @4) 1
Multiple small

defects (MSD) 16 44) 303 9 (6)

( ): Severe vasospasm (99-100%; stendéis) 7w?h
ECG changes and chest pain on ergonovine
provocation test.

RIBFEBOL IREE 3 61, BIBERFRI0MF, o454
B, TEE4H], %REE2HITH 2. LD iz 2
KL EE TR Y, PERTLE S XiE
R L. WM T EERXKIRE R LS4, 3
R BB TRERBE AL R LI D2 4241 (78%),
RERFMME 6 5l (11%), FAMHMN RSk h
>0 6 6 (11%) Th - 7-.
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L/H L/H

.

P<0.001 p<0.05

29 % 5 5 (1992)

L/H p<o0.01
]
P<0.01
I_:l
N.S. ’
—
7

: 7 <
1
5 j Bl i .
: ? :
# : : :
1 ////i¢é§§?
- :; 4
. : 7 %
.3 .3
(.).370 0.481 I 0.418 0.503 I 0.470 0.456 0.603
N VSA normal abnormal sD LD MsD
TI- SPECT

Fig. 3 Pulmonary 20!TI uptake ratio (L/H). Left: Comparison of L/H between normal
control (N) and vasospastic angina (VSA). Middle: Comparison of L/H between
normal- and abnormal (perfusion defect) 201TI-SPECT in patients with vasospastic
angina. Right: Comparison of L/H between small defect (SD), large defect (LD)
and multiple small defect (MSD) of abnormal 201TI-SPECT in vasospastic an-

ginas. Shadow: normal mean+1 SD.

TEEIRERERT R & 29Tl L SPECT & dxtit
(Table 1) Tix, HERKEEZTE8h -7z 18 firh
10 iz —#sic spasm %, 8 i =KoV E A
spasm ¥ 5 L7z, —#&i spasm 1 3 Fliz.0EXE
LM > 99% LA Ed spasm T o723,
zhshiz = v =7 € UARTIC TOERELRK
OB LW 75-909% » spasm Th o7z, ¥
FRIEE R LTz 54 6ih SD B¢ 23 <1k, —Fic
spasm b7z b D 6, ZHiiC spasm % FEd
2bo 4, =KoV EAM spasm 3HITHY,
—¥% spasm 6 | 2 HliT LEREL, ML D
99% LA ko spasm 2 L. ZhSH2LER
TALRHINE % fEb v 75-90% o spasm T -
7z. LD 154 105 —F: AR 3 4, &
AITFATE: 6 B, ZERIEk: 1 61 i, 4 Fl2 ki,

1 FIA=HC spasm B3RS, =R 1 &RV
THFRTLEREE DS 99% LA ED spasm %
R L7z, MSD gE164H 4 HilH°—k: (8T FATE)
2, 3GINTHIC, 9 BIA=HEIC spasm R H 5 R,
=§; spasm 9 firh 3 2 BRVT, fhix TTLO
BREELED 9% LA LD spasm 2SR L7z, =
¥ spasm w1 3 f5| i3 spasm ASEBIE{LL, /AT
FEEVRLETH - 2. EEIRER & 2Tl Of
SPECT o3ttt <, =o=a2 EAMICTHL »
RO FR Shicnid SD B 23 fidh 2 4
(9%), LD & 1515144 (93 %), MSD #f 16 fi|h
134 81%) Thol. WEkER L, —r=)
E AR T REMENED 75% LA Lo [N & 7R
L e SRR ET2H D 5 b, DERELCH
xS 99% LL ko spasm &SR L 2 D3 326 T
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L/H p<0.05
—
7 ]
)
5t i

0.471 0.548

T

Male Female
(vsAa)

Fig. 4 Comparison of pulmonary 201Tl uptake ratio
(L/H) between male and female patients with
vasospastic angina.

Shadow: normal mean+1 SD.

Holz.

201T] fifi#EA%R (L/H) (3 IE % B 0.370-£0.052,
VSA B 0.481+0.132 <, VSA Bt 201TI Jifighfg
BHEE (p<0.001) icEfEE R Lz, £7z 20T .0
% SPECT % 4T L 7= VSA 72 5| SPECT IE%;
o> L/H (3 0.418+0.132, B> L/H i3 0.503
+0.134 &, SPECT CTifi/RiB% 38w 5 BT 201TI
AER XA (p<0.001) 2 HEflix ;R L7z, 20Tl
O SPECT o RIS % — itk 5 LIHo g T
12, SD #f 0.47040.102, LD ¥ 0.456--0.102,

MSD 7 0.603+0.157 &, VW AMKBEZID 2
VSA © L/H 3 FRICHEE% 7~ L 7z (Fig. 3). L/H
DB T ML ERTE v, VSA o BHEE
#lo L/H 3 0.4714£0.109, 4t e 5 o L/H 3
0.548+0.151 T, ZKHEFIFAREICEL, LEICE
2RO £ % 515 (Fig. 4). L/H ok
FHOBBMEIRFTH Y, 304]T y=0972x+
0.00648, r=0.989 Th ~7=. Ei-A—HRFENOH
BitEL REFTH Y, 304]T y=1.004x—0.00503,
r=0.995 ¢t - 7-.

Bk CCT 12 IE 4B 5.384+0.71 f5, VSA B
7214109 b &, VSA #THIE (p<0.001) (4
ELTwk. LaL, VSA BT 20Tl j SPECT
EHE & REHT CCT ITFEERL, ERER
K SF -tk sl TY CCT CHAEERR
547 - 72 (Fig. 5).

AR OEXBMER O VSA #Eco CCT i@
7.99+1.03 fb<, Bl CCT 6.80+0.88 Fric
LA (p<0.02) ICERE L TWweas, L/H 3%
A LDERBR B TAERER RO AR
- 7= (Fig. 6).

V. & B

EEREFAMERLOE (VSA) I 35 1 5 EBhIIR i e
D EALR & EEART 0TI Oy F 77740
Bt 2 R L BB ETIRIBLALERD
hizv., bivbiizLLaii X v, isosorbide dinitrate
B L O EEAPEEIR N B 5 % © 72 5 18 B8 B [
(CCT) 78 VSA LB W THLNICIERT S Z L %
WELTEY, VSAILK T2 ERMBRO B &
AL T &80, Ed#k CCT DRI ERUN
MBREELZ ML TW5 LEX DAL, LHEIML
BT OITI DMHY v F 7T 7 4 1B o
B rHBS 2 niESH 5. LIaTL v VSA T
i, EBAMICT LI LIEROERAHB LY,
F o BINRERE T b EEFRME X % 2 A5
SR TnaI0W SEBHAR M TIOHY v F 75
74D VSA |2 BT % BEtERIE, Waters 5V (3
396 1545 (3895), Kugiyama &2 3 19 @4,
Aoki &3 2541 1141 (4490) L|E L T3 23,
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CCT sec CCT sec
1 p<0.00.l 10 N.S.
8 2 8

29 % 5 2 (1992)

CCT sec
10 NS .
| —|
N.S. N. S.
| I | ——
8

1

T

4 .5.38 .21 4 707 1.26 %
L l
N VSA normal abnormal SD LD MSD
TI-SPECT

Fig. 5 Left coronary circulation time (CCT). Left: Comparison of CCT between normal
control (N) and vasospastic angina (VSA). Middle: Comparison of CCT be-
tween normal- and abnormal (perfusion defect) 201TI-SPECT in patients with
vasospastic angina. Right: Comparison of CCT between small defect (SD), large
defect (LD) and multiple small defect (MSD) of abnormal 20!TI-SPECT in
vasospastic anginas. Shadow: normal mean+ 1 SD.

bhvbh ORE T 72450 5441 (75%) &, ik
BEWBtEREZ R L. ZoFEE LT, hKIE
B KIRICE - v hEWERKELEEA T
BY, $LEFEFATLLELERON S FTHREERD
DE PR, OREA & o 0TI EFEET LXK
B REE T, ORI E KB L T i WREEME A
b5, INKBR2BEO D B, 1 KB V)
REMRIFIEENTEY, bLIhbr &R
LTS5 0, BiERT 637 L5, VSA
TRERBESH TS L0 L IESHAR 0TI L

ByrvFrs7oBHERIFGZ LB#ERESRS.

FLEE T v F 5740 T VSA
DR 8% ICHEFRRIBAHBT A L2 A ETIC
BEERLTW5. VSA 28T 5 20Tl M SPECT
3SFESELfICET s MGz LA L RONR
v IR T REFRIR & R L 72544, e A
XU ICROA, RERXEMEZEDS L 89Y%

LY, EEAED VSA THEBIATEO O
MARHETH D Z L ERLTWAS.

VSA (2513 5 @B ATTRF O 20Tl ifiEAH O #i
FohETIALRK V. 20Tl o Ko 8N
13, EREEERBED BRI D - MefE
PERTKREL £ TRZ S L& T 512719, VSA
DIEEIAGTEE 0TI LN, EBAN TH
b+ 2 ESBEERES KB L TV 5 REELE
V. VSA Tid BIERED 4 fs 6 3 RERIERIERRIC
BOWTLEBBENLEEIN TR Y, HEAR
CTELIETT s LnEAON S, EBAR
201T] 05 SPECT 0 3E/RIBEE L KIBRET IR, BE
ICRIBRET M fHERESHEML TR Y, £RH%
INRIBRECE LML TWS, Dz L EhEH
MNKIRE RS VSA TIEBIANIC X B AR
EEECEEAL L VEHTH L Z L3RI,
HERERE TH T L= ECARIC TOHEME
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CCT L/H
sec p<0.02 N.S.
| —
7
9
"t
g
-5
5 |
.3 ’
6.80 7.99 (‘),525 0.489

negative positive negative positive

Treadmil Test

Fig. 6 Comparison of left coronary circulation time
(CCT) and 21Tl pulmonary uptake ratio (L/H)
between negative- and positive-treadmill test in
patients with vasospastic angina.

fo ZREHEN £ < Rofuie. £ 72 KRIERET
L/H 2388 L s Bl O —2Iic, =T EUVH
il T A £ 5 spasm 23R4+ 5 & [y
2, WRIMAT 2 RS B RN <, ERBRER
ERHEVEERLEVOLL LAk, kKR
ERIBImAT & OBEM RSB OBE L EbN S.
bivbhofvic 2Tl figEfER (L/H) 35k
ICE L ORBEZEL TWa. HEHMinigET
HoHkcw, REMBBLUOREANFREIRITTH
%%, A EREFIC MBI T & R TR E AL <
WHHITIER OB v, F MR B
KhEASNS. ERUHESEZBOFERIC Lz
B, O HLEIC L 5 0TI ORI, HEr &
EiICANhZZFE 55w, LIH 2 #3T 4519
VSA THET 5 L, Ho I AR TEEE R
LTWa., ZoiEE2 AW 54, HELrEEIC
ANBLERDHBD, EbO THEAKRETH Y
MR EAER L Bbh s,

VSA 128 2 EEHATR 20Tl L SPECT @
washout rate I+ 2 F L F-omMET RO
V. SERFMEE T2 Brh 424 (T8%) 12, R5E&
Bofzom 1% i, #LTHSHT AN
KoolcniF 64 (11%) Tdh Y, KEHME B
fizT"LTWs. bhbho#ED vz, FEH
fERFICE W T VSA TRERMITEE EE S
nNTkY, BoMrKEHHo VSA TRoKD &
LT, EEBESEFLTVWS Z LEHERL
nnwklEbhs.

HEIREFEZ I H 3 L 72 £dghik CCT i
VSA THILMICIERL TS, i £TO R
& v 69 isosorbide dinitrate (= X % wELIE L&
AlC X 5 KOSHERMARZ ~7cdb Lich VSA T
FERMMEEAA LR L Tws z L Rlsh
5. EHAMOERBEER O CCT R plIc
LAEZICER LTwiza, 2Tl 05 SPECT X
B L IERBEEOREC CCT i3 & bITEEL T
e, MECHEEERRON AL Lo, EEAN
LER O sensitivity <o specificity (= FifEIZ 7% %
618 SEEHARLOERIBESIC CCT DERH
XV HBL TR Y (CCT g 7.998), kb
TR R SR L% BB LTV B ATEEMEDSE V. —
7, T .0 SPECT XKIAHI T B THE S
NV R % R LR B HIRIE D e R % R LD
SGENTWLAEEMEDS D, CCT OFHME L 7.26
B LB AT OER BN S & RN <
oTW5. 5%, BfERE /v — 1 VICKRES
% CCT L AHLER, TGy v F7 574
OEEMEZ SLICRFF LTV SLERD Y, i
EEARICE T 5 CCT oL VSA OFET i
BEx DSA 2 VW TERILT Sz LT, ZoEHE
RO NCER T B EBbhS.

bhbhof iz CCT i £ BINR G D &G
By EENICKBL TR Y, ASEREED =3
ZALERBET S DIFTiEAy. ZhE TORERT
I, AEBARIC 232 A BT % FIT b RS
IR CCT HEELTWBZEDBHLMLER T
587, —XEIC VSA 0 BWHT OIMEEEIRD 2
SN2ALDFEBHICE Y &N DD, OAEEER
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TAEE L7 d L L ERREE S FE T WD Z
LBk CCT L v #ERlSh 5. VSA Tl
SAEEBINR D S5 75 ROSHELIM, & 0 Lo
INLEFIRICIEN I EER S Y, LDz S
A L DFEFE S N WEBIIRSECFURIC b O I
DIETET B A[REMEA & 5. Cannon 519 LI+
% ‘“‘microvascular angina” o JRHEIC TV LA
VSA T Z » T 3 ATREM: & BE T & p v, 20T
i SPECT THFEME/NRIAE 7=+ Tlx S Ak
fiLMMc Z D X 5 IRIER B A T W S JREMEN &
% KL S 20 4 BN ARIR I, 97 EHBOIE T3
MFE A MBI b & TR THIINS % 43, VSA
TEH2FTRMBOFHMBE»ETL, 205 B
RO LT L Tw, t@ELT
W5, VSA L3 DAMEFEEIR © 2% 2 2SR C
STEAR RIS D JE YL 72 &2 (microvascular spasm) 1,
GEORFEL EZ LR, PITIOH Y5774
RN REE RS REAO -2 L EX LR S.

VI #

EEREFE B OE T2 2 TL v v F 75 7
 EREFTL, 9 5374l DSA # Wi E#NRIE
BRIERD (CCT) &k, | KIRIC @ LA v /b &
BRI ETED S &, 21TI [ SPECT T
KRG 5450 (7590) IcHIB L. R#EZRLE
Saplh 6z RN KIRTH > 72, F 72 KIERBE
5445rh 48 45 (89 %) i M BAN R oz, &
BEEAIOOIE © (B ARRE 21T 4R R 0 B
L, SEBATR O £ SHERERE O BEELAVRSg &
i, Z ORI L RBM/NKIR & TR HERIC R <
i, EE#R CCT 3B it LEE T o
MICER L TERY, EIEPHONTH L TLE
KMFEREENE > TV LA MBS S,
PUTL 05 SPECT T RM/NKIAZ R EH©
1R RELAM IS OV AR R R BB RS 2 % Ok
LTWBAEEMD 5 5.
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Summary

Evaluation of Coronary Hemodynamics and Exercise 2°'Tl-Myocardial
Scintigraphy in Patients with Vasospastic Angina

Kentaro MATSUMURA*, Emiko NAKASE*, Tohru HAIYAMA**,
Akira HASEGAWA** and Takayuki SArTo**

* Department of Internal Medicine, ** Department of Radiology, Kyoto Minami Hospital, Kyoto

To clarify the coronary hemodynamics and myo-
cardial perfusion in patients with vasospastic
angina, we performed exercise-201Tl-myocardial
scintigraphy (planar and SPECT) in 72 patients
and left coronary digital subtraction angiography
(DSA) in 37 patients without significant organic
coronary artery stenosis. Coronary artery spasm
was documented by coronary angiography in all
patients. Fifty-four patients (75%) developed
exercise-induced 201 Tl-myocardial perfusion defect
on SPECT.

201T] pulmonary uptake (L/H) was significantly
increased in patients with vasospastic angina. Espe-
cially, L/H was higher in patients with multiple
small perfusion defect on 20TI-SPECT, so
that exercise-induced left ventricular dysfunction
existed in patients with vasospastic angina and
especially in cases with multiple small perfusion

defect on 201TI-SPECT.

The left coronary circulation time (CCT) was
prolonged in patients with vasospastic angina. The
mechanism of prolonged CCT is still unknown,
but we suspected that prolonged CCT was induced
by increased peripheral coronary vascular resist-
ance in patients with vasospastic angina. It was
concluded that the peripheral coronary circulation
was disturbed in patients with vasospastic angina,
but its abnormal coronary circulation had no rela-
tion to location of spasm-induced vessels.

We concluded that impaired coronary micro-
circulation was taken a part of pathophysiology in
vasospastic angina.
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