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Abstract

The correlation was examined between the angina-producing arteries predicted to be responsible
for the sites of ST segment elevation during spontaneous ischemic attacks and the arteries in which
spasm was induced by intracoronary injection of either acetylcholine or ergonovine in patients with
variant angina.

From 1991 January to 1996 June, 42 patients with variant angina, 40 men and 2 women with a
mean age of 61.6 years old, underwent the acetylcholine provocation test within 2 weeks of
observation of the last ST segment elevation. After discontinuation of antianginal agents for at least
24 hours, a bolus of acetylcholine was injected in incremental doses of 20, 50 xg(occasionally 80
ug)into the right coronary artery and of 20, 50 and 100 4g incrementally into the left coronary
artery to provoke coronary spasm. Intracoronary injection of ergonovine was added in nine
patients, in whom intracoronary injection of acetylcholine failed to document coronary spasm on
the arteries predicted to be responsible for the sites of ST segment elevation during anginal attacks.
Ergonovine was injected in total doses of 40 x4 g into the right coronary artery and of 64 xg into the
left coronary artery. Positive spasm was defined as induction of more than 99% reversible stenosis.

The correlation between the arteries predicted to be responsible for the sites of ST segment
elevation during attacks and the vessels in which spasm was induced by acetylcholine test was
78.6% for all patients and 80.0% for all sites of ST segment elevation. By adding the ergonovine test
after the acetylcholine test, the correlation increased to 95.2% for all patients and 95.6% for all sites
of ST segment elevation.

The correlation observed agrees with previous studies in which the ergonovine test was performed
in patients without induced spasm by intracoronary injection of acetylcholine and that the super-
imposed ergonovine test is useful for diagnosing patients with variant angina.
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ZHBEERILT LBV LRV IR, LizdoT
BARENCIX, FERIE AW BN ESEFRAR R
BLEEL-TL 5. BfE, BRI ERATTRE 2 3EA
& LT acetylcholine & ergonovine 23217 5 5 23,
DETIX Yasue 57D|MELK, kLD HWSAT
V>7z ergonovine IZZEDH Y, % { DIl T acetylcholine
BHWONS &L 522> TE&Jz. Acetylcholine 38R
G 0STIRET, EXIDIERRFE LB » I EEE
BEoZKCEL, HENESCARBBRSHETH R
3anhTns,

=] -]

AR TIX, FAHNC X 2 BEFRORE 2 HHGi+
5HIT, REPESIENRE L, RIMFKIERCEH
RINTARE 2FHLEH EO ST LEHA» S F
Bl &N 2 E8EER &, acetylcholine BB T DT
EERBL L D—BEE2BHE LTz, 7z acetylcholine &
TR T ST L AL ME O BIFSFEF LK %
o 2B A, BN ergonovine BE5 b HEfTL T %
D—BERERE LTz, ‘

B EHE

SH&R I 1991 45 1 A-1996 4E 6 B LlgH 7 —F v
RE CHEERZN U 2 72 S 8iE M Iu0E B BB 194 6
o, BRFEMEXZFHEMPFERERBRT ST LRKE
BRI N, Z 0% 2EEUNCUEY T — 7 VIRE
& 5| & $t & EIRAY % acetylcholine % 7 i% ergonovine
BEHABRZHET U X 1 REPE 42 51TH 5. Table
1emd &S5, BE40B, k26, ¥ [£SD]
61.6+6.6 X TH o7z LERL, TE(IL, U, aVF)FH
HTOST EF 1761, fidE s & OCHEIBE(, avVL, V,—
VOFEED ST EF 2226, WMETO ST LFH 34
T®H -7z, American Heart Association $EEESET,
50%LA b T5%KMOBAE L T B, 8IRE, T5S%ULDE
BIIREE(LIE 156, 15RETH-o T,

Dizd &b 24 FFEILL ERRFE 2 L U7z E T, acetyl-
choline BB % fE{T L 7z, HERRE D E TIRA IIMRE
i < &b 2 FFEIEdrik U7z, Acetylcholine 374557
BRIz 20, S0 ug, HJWAIW & > Tid 80 g, AEHIRIC
1% 20, 50, 100 pg Z2MRREEL, 1 288, EliZwod
& Rk OMEER > ER O LERNELO HERFEY
L 72. Acetylcholine BfEAER T ST L R-ERAIEF M

Table 1 Patient characteristics .

Variables No. of patients (lesions)
Number of patients 42
Male gender 40
Mean age(yr) 61.616.6
Ischemic attacks with 45
ST elevation
IL, I, aVF 17(17)
V.-V, I, avVL 22(22)
IL, I, aVF and V,-V,, I, aVL 3(3)
Spontaneous 18(18)
Provoked by hyperventilation (HV) 4(4)
Provoked by exercise (EX) 6(7)
Provoked by HV plus EX 14(16)
Mild stenosis (50% < <75%) 7(8)
Organic stenosis(= 75%) 15(15)
Total of provoked spasm vessels 69
Induced by acetylcholine 62
RCA: LCX: LAD 29: 5: 28
OVS: 1VS: 2VS: 3VS 6:13:20: 3
Induced by ergonovine 7
RCA: LCX: LAD 4:0:3
OVS: 1VS: 2VS: 3VS 2:5:2:0

RCA =right coronary artery ; LCX=left circumflex artery ;
LAD=left anterior descending artery ; VS=vessel spasm.

DBENFFR IR VIFEE, IR ergonovine A
SRER & BINMEST L7z, Ergonovine % 75 E BRI i3
40 ug, EEERNICIE 64 ug TN Z N 4 3B THEA
L, 2882w LIEWO Y L AROMSER - BED
LDERECOHBERICEE L. SEEROERRII R
&b 9BLLED—BEDBIRENHE LSS E L
7o, EREROFHIZ, 11, 1, aVFEED ST RO
BE 3 EEEIRE /2 X EiER:, 1, avVL, V,-VSEEO
ST LR DOFERERMTITR & Ui, BEEFRAHTR
BucBAL T3, REMCEE  FRCOBEE 2izXE
THoHBAL, REE2 B BEO L ICRE LT L.

MetZHRB X REZ 2R 2 REZAY, p<
005 %b > CTHEEDHEL L.

& R

1, 3REY acetylcholine & & Uf ergonovine & #TER
BRODEY#% (Tables 1, 2)

Acetylcholine &7 B THEEIRD 29 1, Z[EIkE

B 5 85, ZERTTATHL D 28 B B as IR L, #85t 62
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Table 2 Coronary arteriographic and clinical findings during ischemic attacks and spasm provocation test

No Age Sex Ischemic ST elevation ACh(ug) Spasm site ER (ug) Spasm  Fixed
(yr) attacks by RCA LCA by ACh RCA LCA site  stenosis
by ER (%)
1 60 M Spontaneous V,-V, 20 50 te(f), #3(f) No
2 58 M Spontaneous V,—V, 50 50 #7(f) No
3 59 M Spontaneous V-V, 50 100 #7(0, #1(d) #7(90)
4 55 F  Spontaneous I, avVL 80 100 #8(d), #4(f) No
5 61 M Spontaneous V,—V,, I, aVL 80 50 #6(d), #3(f) No
6 63 M Spontaneous V,-V, 80 100 #1(d) 38 #7(0) #7(50)
7 55 M Spontaneous V,—V; 20 20 #e6(f), #1(f) No
8 68 M Spontaneous V,-V, 50 100 No 64 No #7(75)
9 50 M Spontaneous II, III, avVF 80 100 #7(d) 40 No No
10 77 M Spontaneous II, I, aVF 80 50 #3(0), #7(d) #3(50)
11 50 M Spontaneous II, I, avVF 50 100 #2(d), #7(d) No
12 78 M Spontaneous 11, Il, aVF 50 100 ta(n) #4(90)
13 54 M Spontaneous II, I, aVF 80 100 #3() No
14 65 M Spontaneous 11, I, aVF 80 50 #4(0), #38(f) No
15 50 M Spontaneous II, IIl, avVF 80 100 No 30 t2(f) No
16 78 M Spontaneous II, III, aVF 80 100 No 30 #3() #3(75)
17 58 M Spontaneous II, III, aVF 50 50 #2(0), #13(d) No
18 71 M Spontaneous I, I, avVF 20 50 #2(0, #7(d) No
19 54 M HV V,-V, 50 100 #6(d), #1(d) #6(50)
20 52 M HV V,—V, 80 100 No 64 #7(f) No
21 70 F HV V,-V, 50 20 #e6(f) #6(75)
2 67 M HV IT, I, aVF 50 100 #4(f) No
23 70 M EX V,—-V, 80 50 #6(f) #6(75)
24 64 M EX V.-V, 80 20 #e(f) #6(90)
25 62 M EX V.-V, 50 20 #6(f), #4(f) #6(75)
26 69 M EX V,-V; 50 50 #7(H), #4(f) #7(90)
27 69 M EX V,—V; 80 20 #7(0, #1(d) #7(75)
28 67 M EX V=V, 50 #8(f) #8(50)
II, IIl, aVF 80 #2(f)
29 61 M HV+TM V,-V, 80 100 No 30 #7() #7(75)
30 2 M HV+TM V,—V; 20 20 #7(0),#2(d), #11(f) #5(75)
31 60 M  HV+TM V,-V, 80 100 #e(n #6(50)
32 49 M  HV+TM V,—V; 50 20 #7090, #2(0, #12(6) #7(90)
33 48 M HV+TM V,-V,,I,avL 20 50 #7060, #3(0) #7(90)
3 55 M  HV+TM V,-V, 50 100 #6(H), #3(0 No
35 64 M HV+TM V.-V, 20 #6(f) No
II, I, aVF 20 #2(f)
36 76 M HV+TM V,-V; 50 #7(0) #7(50)
II, I, aVF 50 #1(d) #3(50)
37 64 M HV+TM II, III, aVF 50 100 #13() 20 #1(f) No
33 66 M HV+TM II, III, aVF 20 100 #3(f) No
39 63 M HV+TM II, III, aVF 50 100 #2(f) No
40 55 M  HV+TM II, I, aVF 20 50 #1(0, #7(6) No
41 48 M HV+TM II, I, aVF 80 100 No 40 #2() #2075
92 64 M HV+TM II, I, aVF 20 20 #2(0,#7(0, #13(0 #2(50)

M=male; F=female; ACh=acetylcholine; LCA=Ileft coronary artery; ER=ergonovine ; HV =hyperventilation ; EX=
exercise ; HV+TM=hyperventilation plus treadmill ; #=segment number according to the classification of American Heart

Association ; (f) =focal spasm ; (d) =diffuse spasm. Other abbreviation as in Table I.
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ENEEEEETH o7, | BOEEEIR 134, 2KE
813 20 B, 3 EEEEEIE 3BT, 6Bl EEIERY:
T¥H o7z, Acetylcholine EHERER T ST A #EH
ME DOBELBFRARBE T H o7z 9 Bzt LEIRY
ergonovine HRABR ZEMMT L, 75 ELEHFH
F¥ah, HEEIRS 46, ERITITRS3BITH 57z,
BELDICB T 2 BMFEER ST LRI » 5 F
BlEh 2 EBHER L, acetylcholine EFFRABR CDEH
TEEBEER & D—3UZ 78.6% (33/42 ), ergonovine & FF
AR TOFEFREEE L 0O—Bx 77.8%(1/9B) TH
D, & E2EbY IR 952%(40/42 B) D—FHET
HoTe. &7z ST EREAIN T2 D 2B 3 BB IFEIERE
ST LHERAIH & HEH & 2 B8 EHERL &, acetylcholine
F A RBR T O B TR D — BUEE 13 80% (36/45
7)), ergonovine BAERIT 77.8%(7/9 K) T, W& %
Bb¥-—EFHKIL 95.6%(43/45 ) TH-o 7>,

2, TR, BUEEIEESREICH(TB ST EREAIA DS
#R & h 2 BN & ERIFRERIC L 288
BB & D—BEFE D BHE (Table 2)

TEEFEYTST LASED 5hiz 20 BI, acetyl-
choline EERBERIZ 15 1 (75.0%), ergonovine EHFRER
i35 Bk 4 6 (80.0%) iz, FIEEESDLEIMER, 95.0%
(19/20 B) i A EEIAR & 7 i3 Z2 [EI ek D BEFE 2SR &
hi:. ATEERIEEREE T ST LEHTD & iz 25 fih,
acetylcholine BT RER 1 84.0% (21/25 ), ergonovine
AFTERBRIL 75.0% (3/4 B) 1z, Wi T 96.0% (24/25 1)
CERT TR OERESHIE L. L L, acetylcholine
& ergonovine DMHE Z AW T b, TEB X piEESHY
O ST EREATE 1 FITF OBFEOFR BT ARET
Hoiz,

3. Ergonovine BB 4 BINMEIT L 1= 9 EF D
#4251 (Table 2)

TEFHD ST LH 5P LFBEFHD ST L& 46
T3, ZE BRI X acetylcholine 5K 100 ug %, A7
BIIRICIZ K 80 g RIEIE LTS, EEHED HRIZEE
LonT, M LERELOVWThHELR
Mmofz, L L, ergonovine DEMIC & > T 9 Flh 7
Bl (G EEIR 4 5 & AT BIAR 3 6 i BB HESHE L
7z, FIEREERIZ 9 Bh 7 B, LERIZEALIX 9 Bl 6 B
WHEL 7=,

Table 3 Classifications of maximal acetylcholine
doses used for inducing coronary spasm in
the right and left coronary arteries

Maximal ACh dose

20 ug 50 ug 80 ug 100 ug
RCA 5(25%) 7(35%) 8 (40%)
LCA  8(32%) 8(32%) 9(36%)

Abbreviations as in Tables 1, 2.

4, TEBFRICEL 1- acetylcholine R AEHE
DIR5ET (Table 3)

AEEIIR T 5 BT 20 ng, 7N 50 ng, 8 B 80
ug BV UL, S0ug ZRAWV 161E 80 ug %
Fivsiz 4 BIT I BRI OBRHSTALETH 5 72, 80 ug
ZRW 8Bk 3B, 50 ug TRATBEINRICEED
FRBMK R 2o T2, ERBIRTIZ, 8 HIIC 20 yg, 8
1250 ug, 9B 100 pg REEA L. 100 ug % A7
OB 4B CREMTITHOSELFER S L E o
7z,

% ES

1. DML & DR

TEEFEHIROES 2 B 1) 2 Bl ESEH AT
BRELT, EREDLBAY T —T VRERRICAVSh
TW % ergonovine ZFFFIRIZ S A TRERERY, Yasue 578
L L7 BN S 3T RE T H % acetylcholine & 7
HER L A¥ 5%, Hackett 500 R4E U 72 BINW er-
gonovine EFERBRMERNCHVL SN TW3E, BHE
T, TERRREIEL, BEO BRFER B acetyl-
choline &fTEAERLS, Yasue & DIRELIKS  DHEZR T
RushTwsd, LaL, Z02EBEOESHESHRE
Fldnd 228K Re), (FAREORZ 2 fEK
O EBEFHROIT-—NVIEXIF—F L Ter-
gonovine BRIFEERMSAV SN T E /208, TN % acetyl-
choline AHHBRTRAL TH RLHELIZDOV T,
BRBEMEBRLC T,

SEEL 3, REPOER 2 MRIC, BMFEIER ST
LHIA SHER S h 2 BEHER L, acetylcholine &
HRRICB T 2 FREREK & O—BEREZ DL THR
FfL7:. Tabled4 iZ/RL7z& 512, Yasue 57D T
I 27 B o 25 $1(92.6%), Okumura ' 33 @ /1 32
B1(97.0%), =F15 D% 12 Bl 12 B (100%) T, HARFK
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YEBED ST _LHERAL & acetylcholine IZ & 2 EBHEFHF
ROLERED ST EARMUS—H LIz TW
3. LHL, WIFNbERLOMEICHL, NREFEK
BWhlxpot, k12, /R OWETIX, ST LEHH»
5 FHI S h 3 FEHEER L acetylcholine £ 7 3B IZ &
LEFEBER L O—BEIF, BELD TIX18.6%
(33/4241), ST EFEHNAILT D Tid 80.0%(36/45 )
T, BEOWE WL TEERTH 572, Yasue 5 DIRET
T, AEEIRICH 3 % acetylcholine D AR IZ 50
ug THBD, B2IZEK 80 ug BTz, 80 ug £ H
Wiz 8 Bk 3 B3 50 ug TRABEIIROEBFHELFFRZT
AEETholz. Thbb, AEERICN T 5 acetyl-
choline DEAR % 50 ug 12 & D TwIE, BEYT:
D O—BEIX 71.4% (30/42 B), ST LREAIL2D T
& 73.3%(33/45 ) b, —BEBBWIET T HHERER
%. Okumura 52 DEHE & BL DR EZLET 3 &,
BEICRL DERBPEER L It 5. Acetylcholine BT
BT, BMFIERO ST LRI SRS 02 EH)
IRiCBEOFR BT UEELIBE, FIREY ergonovine &
HRBREMHTT 22 LT, BEYYO—BE, ST £
IR0 O—BE D, #95% L BIFEOE]wE & @k
KERE -7, REMONRE L T, Yasue
&, Okumura 534 %< b 3 HAMKRELRLS 2 TE
BEFHBREMTL TV 508, A BHRERBRZ
ZEHEEE L. LaL, EFSVIEEIEHELY
HIREZAKEL TR ndboT, 2HA2AICE
BENFEFER LBRRT WS,

2. BN OEICE T B acetylcholine TR
BRoOBRAM

ST LR RESHEL, BEOEEH LS LEBIET L
T2 ESEPOER T, BEIMESTIEL T BEF
B U TBEOBRESMET T2 L Bbhs. SH
DL DIFFED & 1%, RESLIEFITY, Yasue 5077
BCHEL S &, BIMFEERICERD 5 ST LREL» S
FH S N 2EHRIC, ¥ 70%i2 L acetylcholine B
RERAIC & > T EBRBIHR P o7, 2D L,
TEEOZH & L TR SR 3 acetylcholine & 5
Bk, BRREXIFEREIERLETHRVE
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Table 4 Comparisons of correlations in previous
and present studies

Year Coincidence rate
(%)
Yasue, et al” 1986 92.6(25/27)
Okumura, et al'? 1988 97.0(32/33)
Miwa, et al'? 1989 100.0(12/12)
Sueda, et al(I) 1997 78.6(33/42)*
Sueda, et al(II) 1997 71.4(30/42) **

*p<0.05, **p<0.01 vs Okumura, et al.

(I) : maximal acetylcholine dose was 80 xg into the right
coronary artery, (II) : maximal acetylcholine dose was 50
g into the right coronary artery.

SRR VERID T —VFRY v & —F T 5/
ErbHsZL2ERL TWS, TEEIIZ acetyl-
choline 12 /&2 D E W HI & ergonovine IZEZ D E
BRI DB Y, 1 HIOHE AV EEEER AR
TRIEEZHBHREWHEELH 2. LiL, 2Bl
acetylcholine & ergonovine DT 5 % i \» /- & B 555
HRANAREZHITT 2 2 L 3BT TEETH 5. Acetyl-
choline IZ & % EEHEDFEFH &M T, ergonovine DB
e & - TEBEHEDLEDREEZE S AT REC 2 551
DTEFEL, ergonovine ;BIMNIC & % EEHEER AR X
ZHHEZRSH S L Bbh 3.

3. FHAROL LM LRA?

4 [E A4 DSHETT U 7 acetylcholine £ 7 S4B & 38BN
AT L 7z ergonovine BTRER T, BRRENICHIEE %%
EHERE{FED oo Tz, ENREETEIRME
PETAEMC2ER 2RV AWRAREHBITLR
75, BERMEOTRE MITEEOBLEMEDERD 2
Mhofz,

AHEDOBFE LT, F 1 AR, EFAHRBRATO
REERFRE LS 24 B L S 2 COMG WCHRTEP o2
ROBTS5N5, CakEhi¥  WRECIEAIREL,
—BEEQETCEES L-mgEEiIbs tBbhd. B
2 |, BRFEIERIC ST ERASER SN T» 2 ERIX
R2FF 1BFEEHEUTTHY, HRONEBESET
DE|EPN EEAR TEEREOEEMEHMET L TV 25EH)
THoIEEELHZ DL Bbhiz,
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1)

2)

3)

4)

5)

6)

7

KHE - BE - JIIE Z»

3 #

ERPERIERFO ST LRI & HEH & 1 2 B8HER &, acetylcholine 3 & Uf ergonovine &
TRABC & 3 BBEFERE L O—HFRIZ OV TRE L.

IERIZ 1991 5 1 H-1996 £ 6 iz, BRFKIER & 72 32 OFEBIMAARTHABR T ST LR FH/EDS
BRI hRERVEBRGI 26 ThH2. BH4406, 26, FHERIZ616KTHo7. &
B b 24U ERRERFIEL: S 2T, ST EREEKHKED S 2 BRUACEYAZATRER
ZHEfT L7z, Acetylcholine IXATEEINRIC 20, 50 g, HWAIC & - Tid 80 ug, ATEIMRIZIE 20, 50,
100 ug, Z W ZHEEMH RS U7z, BIERO ST LRI & FHI X L2 EEIRIC acetylcholine &
FIRABR CHEBELIFRH KR L o2 9B X, FIRK ergonovine B FTRAER 2 BNMEIT L 72, Er-
gonovine IZGEBIIRIC 40 ug, ZEEEIRIC 64 pg % & LTz, BEHED E I 9% LD EREE D H
el

BELYIY O ST LFIAH» SHER S hizEBER &, acetylcholine A RER T DFEFEEHER
ED—HEIL 78.6% T, ST LHIBAIY Tz D D—FZKIX 80.0%TH - 7z, Acetylcholine BFHRERT ST
EREIOAERME C EREFHRSTUTEETH > 72354, ergonovine MR L BINT 22T, B
FEY- ) O—BERIZ 95.2%, ST LREAIYMT: D O—BEKIL 95.6%BZHEML 7z,

BHEABITIX, acetylcholine IZ ergonovine 2 EBIMEE T2 Z & T, REOWME L RFEO—FERL
o7z, Ergonovine MBINRERIZ, FEDOZH L, BENDHZ LEbh:.
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