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Abstract

This study investigated whether the maximal dose of 50 1 g acetylcholine for the induction of coronary
spasm in the right coronary artery is adequate.

The acetylcholine test was performed in 388 consecutive patients to evaluate spasm from January 1994
to December 1997. Coronary spasm in the right coronary artery was induced in 43 patients, 37 men and 6
women with a mean age of 63 & 8 years by intracoronary injection of 80 u g of acetylcholine rather than 50
g These included 15 patients (35%) with rest angina, 23 patients with ischemic heart disease other than
rest angina and 5 patients (12%) with non-ischemic heart disease. Acetylcholine was injected in incremen-
tal doses of 20, SO and 80 u g into the right coronary artery. Positive spasm was defined as induction of
more than 90% reversible narrowing associated with either usual chest pain or ischemic electrocardio-
graphic changes. Clinical and angiographical characteristics was studied in these patients. Fifteen (35%)
patients had rest angina and 4 patients had variant angina with ST elevation in the inferior leads. Two
thirds of the patients had coronary spasm in the distal portion of the right coronary artery and one third of
those disclosed spasm focally. Coronary spasm was induced in 38 (15%) of 246 patients with ischemic
heart disease and in 5 (4%) of 142 patients with non-ischemic heart disease. The prevalence of positive
spasm in patients with ischemic heart disease was significantly higher (p < 0.01) than in patients with
non-ischemic heart disease.

A dose of 80 ug of acetylcholine, more than the maximal standard dose, might be clinically useful for
the induction of spasm in the right coronary artery if coronary spasm of this artery is strongly suspected.
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choline DEEIIMEITH T, EEEIIROFREAFNAER
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DEDEEHHFE, AL, BAEf%RETEL
BR 0 £BIHETT L7-. TEHEFEEL, American Heart
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2OEU EC b ER B L ER L.
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L, REDNELNLEIZOABITL.
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1. ERUKE ERBRITEHEIEE (Table 1)

R P R BB R ARLE 1551, S5 VERESUE S
Bl, LEHEEL126], BEIRFERMZ6HIT, FEM
HORBIIERECHE2H, REE26, BET
Oy 7 18T ol BRI EEH88%(38/4361),
FEB MM LRED12% Th o 7=, LEFRIRE 15 5]
H 651 (40%) HSRESERI T, LHEEOFLETE
BRix, GEBIR4BI, EIERK26], ZERITITH 66T
ol GEEIR T O BRI BT hifTERAL I TR
% 1 BIRRD7-(ERI 23) . REFFRFTTERIRIE R BRI T,
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Table 1 Frequency of spasm induced by 80 g of ace-
tylcholine in the right coronary artery in vari-
ous cardiac disorders

n  Spasm induced %
by 80 ug of ACh
IHD group 246 38 15
Rest angina 68 15 22
(variant angina) (24) (5) (21)
Effort angina 38 5 13
Rest and effort angina 26 0 0
Myocardial infarction 61 12 20
Post PTCA 53 6 11
Non-IHD group 142 5 4
Atypical chest pain 50 0 0
Valvular heart disease 18 2 11
HCM 8 2 25
DCM 15 0 0
Atrioventricular block 6 1 17
Sick sinus syndrome 17 0 0
Others 28 0 0
Total 388 43 11

ACh=acetylcholine ; IHD =ischemic heart disease ; PTCA=
percutaneous transluminal coronary angioplasty ; HCM=hyper-
trophic cardiomyopathy ; DCM =dilated cardiomyopathy.

MEEE 0% U EOE#RIEL RO/, ZOAMR
ERfifT 388 B, MMt LR 246 Bl 38 61 (15%) ,
JERE Mtk O B 142 51 581 (4%) (2B % G T IR
TEH. B CRBIIEEDECRBIZKL, &
BREOEERIEREICKTH 72 (p<0.01).

2. LREEEBUUESI T OHET (Table 3)

Acetylcholine 50 xg#%5-Tid, 1181(73%) (275% LA
£ 90% K DFIHE L, 551 (33%) \HIEBERD L
#BW7z. 80ugikE5TIX, FEI1IC3F, FEI21C1
B, SEI326l, 5Ei412961(60%) T % R0
7o, FoEREEREL, WBE 1261(80%), FRBE3
B1(20%) TH - 7-. WEER%E 1461, LERLESTE
AE6H, STEETZ 181IZFRD .

3. Z OO m%EDERES T DIRET (Table 4)
Acetylcholine 50 ug %5 TiE, 1161(48%)1275% L L
90% K DEIHE L, 361 (13%) ICWEERDO K =
BTz, 80 ugtk5TIE, HEILIC1H], SHEI2IZ561,
SEI3SH, FEI4C 1280 (52%) TERHEE RO 7.
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Table 2 Patient characteristics

Variables n

Number of total patients 43
Male gender 37(86)
Age (yr) 63+8
Number of diseased vessels

0-vessel disease 20(47)

1-vessel disease 21(49)

2-vessel disease 2( 4)
Involved vessel

Right coronary artery

Circumflex artery 5

Left anterior descending artery 13
Clinical diagnosis

Rest angina 15

Other ischemic heart disease 23

Non-ischemic heart disease 5

( )%

¥ R IR R AT 1461 (61%), FREEIASOH]
(39%) TH - 7-. MERER % 226 (96%), LEX L
ST LA % 8%1(35%), STIRT #2858 7.

4. IERMMEDERESI T DHRET (Table 5)

Acetylcholine 50 x g #%5-Ti&, 3%1(60%) {2 75% LA
F90% FKifh DFENHE % BB 7275, MEHERO BB 1
Bl ERD LN o7,

80ugik 5T, AHEI1IC1H6], FEI212361, &
A 1B CERSE R R, TEHTEIERE
%1 (80%), FRIBEIAS1HI(20%) TdH -7z, MEBAERIE
56, LCERESTERZ21B0OARICEDz. JEARLL
BRE 2Bl II LR ICRBEEROBBE 2RO, 5 b1
PUIBEE B OLMBMEL RO TV, LarL, £
DD 3 BN IPERE B, Mok L OERIZECFE
HoNLhoTlz.

5. Acetylcholine 80 ug %S5 NDBEMBH/E L BE
FEEBAL
Acetylcholine BB - & 5 E#HEIE, SHi1-20
WAL ERAS33% (14/4381), 53Hi3—4 DEME DI 67%
(29/4381) Th o 7. EEMELE I HEBEE 27306
(70%), FRBEH1361(30%) TH -7z,
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Table 3 Clinical and angiographic findings during spasm provocation test of acetylcholine in patients with rest

angina
Patient Age . . Acetylcholine 50 pg Acetylcholine 80 ug Spasm Organic

No. (yr) Sex  Diagnosis ECG  Spasm CP ECG Spasm inLCA stenosis (%)

1 64 M Variant (inf) 5/10 Negative T Spastic 6/10 ST 1 II,II,aVe #4(d) #8(d) No

2 67 M Varant (inf) 0/10  No No No ST I,M,aVe #3(f) No #3(75)

3 70 M Variant (inf) 0/10 No  Spastic 5/10 ST?!I,M,aVe #3(f) #7(d),#11(d) No

4 68 M Varant (inf) 0/10  No  Spastic 2/10 No #4(d) No #2(90)

5 63 M Variant (ant) 1/10 No Spastic 10/10 ST 1 O,I,aVr #1(d) #7(f) No

6 69 M Variant (ant) 0/10 =~ No  Spastic 10/10 ST 1 I,II,aVe #1(d) #7(f) #7(90)

7 76 M Restangina 0/10 No Spastic  6/10 ST I,Ml,aVe #4(d) #7(d) No

8 51 M Restangina 0/10  No No 1/10 No #1(d) #6(d),#11(d) No

9 76 M Restangina 0/10 No Spastic  3/10 No #4(d) #7(d),#13(d) No
10 65 M Restangina 2/10 No Spastic  4/10 No #2(d) #7(f) No
11 78 M Restangina 3/10 No Spastic 10/10 STt I,II,aVr #4(d) #7(d) No
12 67 M Restangina 0/10 No No  2/10 No #4(d) #7(d) No
13 64 M Restangina 0/10 No No  5/10 No #4(d) No No
14 70 F Restangina 0/10 No  Spastic 2/10 No #4() #7(d),#11(d) #2(90)
15 72 F Restangina 7/10 No  Spastic 5/10 No #4(d) #7(d),#13(d) No

Spastic: 75%< <90%.

CP=chest pain; ECG=electrocardiogram ; LCA=left coronary artery; M=male ; F=female ; inf=inferior ; ant=anterior; #=
American Heart Association classification ; (d) =diffuse spasm ; (f) =focal spasm.

6. Acetylcholine 80 ug# S5 NDEBHEICDWVT

651 (14%) (I — B CEMBI O B 2 B 7255, L
ZE8M, CEME), BEMoERE, IERTL2ED
EXLREHEOHRAIRDONT, BLICHITITRET
Hotz.

7. EFIRR

fE {5l (Table 3—fEf| 3; Fig. 1)

I, WM, aVFFETST LA BMEZ R0 - ERKL
FEDTORBMTH 5. Acetylcholine 20, 50 ug DEE
IRAIER S T3 558 3 (S TEIUE % B 7245, i b 08
HZELOBBIBOON o7, LHL, 80ugk
S5ToHi3 Il EEMELTEFECHOST LR, MiE
DHBZRDT.

£ ES

ERE (SEREERCEDRENEETH S
A, WHOEESETESL ) B HBHES TH 5.
L L, STEARDHER S T2V E FER.OE
BIOFBMBZ I IIRETH 5. EBAF, BRR
BT 72 & O IR B TR A S 5 A BRBR T IR

ZWOAIEET, WEY T —FVRE L R & A/
HREFRATRBR P LETHLI WD L%
W,

Yasue 5" %% acetylcholine % i \» 7= B HEF R AR
BORRMNERERETHE LTV 525, FEEIRK
BT ARAKSEIISOug TH S, AL, AT
BRICB T 2 RAKGE L BIRE T % B Tacetyl-
choline % EHFERI 1220, S0ug, L THEK80ug T
THREGL, TOFERAMEEMERIIOWTHRET L.

Acetylcholine 50 g% 5 TEEMHEDO HIEIlTERD SN
T80 ug RS TREBHM RO /-43BId, ZERRL
FEA1SBI, 9 beBUIRESRLAE, €0 4B,
0, aVriFECSTLERZBOLERTH 7. AFE
BRI b RIS AICEE L 7R SRR D b D

SO BN DA, FEBIC & o TIXEEBIIR CEZHES
FRINDITREOHVREFLEFNE VI ED,
acetylcholine 50 g #% 5 CIZBMEIARRE L 7ZER D
FETAZILEFHBLE., AMETERLIFTHAVE
acetylcholine 80 ug WWEME & L TR LU PENIZDOWV
TIIESBRORFTRETH 575, BKRMICEEIIHITT
BET, AREBIRICB T 5 < b B ERIC
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Table 4 Clinical and angiographic findings during spasm provocation test of acetylcholine in patients with
ischemic heart disease except rest angina

Patient Age Sex  Diagnosis Acetylcholine 50 ug Acetylcholine 80 ug .Spasm Org@c
No. (yr) CP ECG Spasm CP ECG Spasm in LCA stenosis (%)
1 53 M Effortangina 0/10 No Spastic 10/10 ST 1 I,I,aVe #2(f) #7(d) #13(90)
2 67 M Effortangina 0/10 No Spastic 5/10 No #4(d) #13(f) #2(90),# 13(90)
3 49 M Effortangina 2/10 No No  4/10 No #2(d) No #9(90)
4 65 M Effortangina 0/10 No No  3/10 No #3(f) No #7(90)
5 66 M Effortangina 0/10 No No  4/10 No #3(f) No #7(90)
6 65 M MI(anterior) 0/10 No No 10/10 ST?1I,II,aVr #4(d) #6(f) #6(90)
7 69 M MI(anterior) 0/10 No No  3/10 No #2(f) #8(f) No
8 29 M MI(anterior) 1/10 No Spastic 4/10 ST1I,I,aVe #1(d) #6(f),#11(d) #6(90)
9 54 M MI(anterior) 0/10 No Spastic 3/10 ST{ III,aVe #4(f) No #6(75)
10 68 F MI(anterior) 0/10 No No  7/10 No #4(d) #7(6) #7(75)
11 79 F MiI(anterior) 0/10 No No 10/10 ST 1 I,I,aVe #4(f) No No
12 63 M MI(intedor) 0/10 No Spastic 2/10 No #4(d) No #3(75)
13 62 M MI (interior) 0/10 No Spastic 10/10 ST 1t III,aVe #4(d) No #2(90)
14 65 M MI(interior) 2/10 No Spastic 10/10 ST 1 I I,aVr #3(f) No #2(75)
15 64 F Ml (interior) 0/10 No No  2/10 No #2(d) #8() No
16 49 M MiI(posterior) 0/10 No Spastic 3/10 No #4(d) No #8(90),#13(90)
17 48 M MI (posterior) 0/10 No Spastic 5/10 No #4(d) #8(d) #13(90)
18 54 M PostPTCA 0/10 No No 5/10 ST{I,I,aVe #2(d) #8(d) #7(75)
19 70 M  PostPTCA 0/10 No Spastic 2/10 No #4(f) #8(f) #7(75)
20 65 F  PostPTCA 0/10 No Spastic 2/10 No #4(d) #7(f) #7(75)
21 54 M PostPTCA 0/10 No No  0/10 ST?1I,I,aVe #3(d) #8(d) #7(75)
22 70 M  PostPTCA 0/10 No No 10/10 STt I,IM,aVe #4(f) #11(f) #11(90)
23 68 M PostPTCA 0/10 No No 2/10 No #3(d) No No

Spastic: 75%< <90%.
MI=myocardial infarction. Other abbreviations as in Tables 1, 3.

Table 5 Clinical and angiographic findings during spasm provocation test of acetylcholine in patients with non-
ischemic heart disease

Patient Age . . Acetylcholine 50 ug Acetylcholine 80 ug Spasm  Organic
Sex Diagnosis . .
No.  (yr) CP ECG Spasm CP ECG Spasm inLCA stenosis (%)

1 70 M Hypertrophic cardiomyopathy 0/10 No Spastic 3/10 No #2(d) No
2 73 M Hypertrophic cardiomyopathy 0/10 No Spastic 5/10 No #2(d) No
3 44 M Atrioventricular block 0/10 No Spastic 2/10 No #1(d) No
4 70 M Aotrtic regurgitation 0/10 No No 20/10 ST?1I,I,aVr #4(f) No
5 69 F Mitral stenosis 0/10 No No 5/10 No #2(d) No

Spastic: 75%< <90%.
Abbreviations as in Table 3.

iE, —“RERBLTALRNEFETHLLEIOLND.

F7-, B, ERMEVTNOERETD acetyl-
choline 50 g% 5T, 75% LhL90% il DT IUHE 1E
EEHPOH2/3DEFTALNEDT, ZRRKEWEL

LT 050 ug 24 7 AT BEHEATRIR & 4L 7.
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Fig.1 Representative coronary angiographic findings
Coronary vasoconstriction was found in the distal portion of the right coronary artery (4, B). Total
occlusion was induced in segment 3 (C). No stenosis was found in the right coronary artery.
A After intracoronary injection of 20 xg acetylcholine.
B: After intracoronary injection of 50 x g acetylcholine.
C: After intracoronary injection of 80 xg acetylcholine.
D: After intracoronary injection of 5.0 mg isosorbide dinitrate.

Dhuhorz. BREGHED 2611, MZLE, 2
IZIEBARE D Z BO B EFTH Y, 5 b 16
JERELOAHAE (2 & 2 A FE(E % A1 FR&D TV 72 fEf
Tho7z. 28lL b CafEPiEE DI & & MHIRIE DB N
ETIRET TH 55, MEBAPE & MFEEEDE L%
BHTWE, KBFFETIE, acetylcholine 80 g #2512
BT B BGEROBEIATRETH 575, TGO M
GhsgEb N7z 2 0260 REKELLEHAE % Brva 7z, FEIR
MR BB D TEE a5 1EER 13 2% (3/140 %)) T -
7z, IR CER BB TR R GE & O ZER)
R E G TERAHRI20% L EEZ R L, TEIROZ#
DT L 2R TH o7z, Lo L, ERtimAsE
# & V7B BB S BEER 2 £ 3 5 BN &
D, MEELEOFTROATIZRL, BEDERED

—H 7 LR H2LENDS.

RFEDRF L LT, EEEGEFRO TV FA ¥
¥ ¥ — N & BAERIDY, acetylcholine 80 p g #%-5-Hf (2
DhamolzmThHsb, LHrL, I, M, aVEFEDST
EFDHERR S T B BEFRE 451 & RS OE
BN B 2 A b RS I, Ak 0F A2 R
L7z. F 7z acetylcholine B 7if iR % T A DE & 5
WREICHIT L 2 o722 L DEETH 5.

=A
(=} affl

BRI 3T 3 % acetylcholine Dz Kz 5= & LT
80 g ZHEFE L 72, Acetylcholine 80 g %5 DB ANHET
T, BEEIRICE T 5 EEMRHEZRO LAFHFI N
B
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AR FE B TH Y 5 15 acetylcholine 50 g DEBIRINIX 545, AEHRICHT LEARSE
L LTREDPEDLIZONWTHRET L.

513 1994 4F 1 B—1997 4F 12 B K12 acetylcholine &7 % #i1T L 728 5% 388 Blh, GEEIIRIC B W
T, 50pg#& G TIIEEMEEIHBAL 225, 80 ugk G THEZNIHE L2438 TH 5. BH37H,
6B, PHERIT63L8RT, BIMME-LRBHIH (88%; ZEEIL.LE 156, OB
PR E236), FEEMmMECRBASHI(12%) TH 5. Acetylcholine i3 FBIMRAI 220, 50, 80 g
ZIEXREEL, 90% LL LD OB L WEHERE 2 3EEDOLERELO BB L RO - HAIC
EREGEEERL:. BHAOERRWERLNEEL LOBHICOVWTRET L. 4368id 156
(35%) DEFHRARAETIE, TEFECTST LA *ROREKEL 4BICRD 7. TREHEL
L & BRI, DEI3—4DEMER, WEREH2/30EFTRD . BRFRBRMEITE3886F,
acetylcholine 80 ug &5 12 & V), HEEIIRE M IC X 5 B OB 15% (38/246 ) 12520 S 7z
DIZRKL, FEERMAELCKRETIZA%GS/120)ICTEF, ZOERIEETH -7 (p<001).

Acetylcholine RFFHERIC & ) HEBIIREME LRI T 21213, TAS0ugk G TIIREL LOTEE
WD 5. GEBIREMEHHE DN DER T, BALDMITL80ugik52ERTRETH S
LR E N,

J Cardiol 1998, 32(3): 155—161

X &

161

ant form of angina induced by hyperventilation and Tris-

buffer infusion. Circulation 1978 ; 58: 56—62

1)

2)

3)

4)

5)

6)

Yasue H, Horio Y, Nakamura N, Fujii H, Imoto N, Sonoda
R, Kugiyama K, Obata K, Morikami Y, Kimura T: Induction
of coronary artery spasm by acetylcholine in patients with
variant angina: Possible role of the parasympathetic ner-
vous system in the pathogenesis of coronary artery spasm.
Circulation 1986; 74: 955—963

Okumura K, Yasue H, Matsuyama K, Goto K, Miyagi H,
Ogawa H, Matsuyama K: Sensitivity and specificity of
intracoronary injection of acetylcholine for the induction of
coronary artery spasm. J Am Coll Cardiol 1988; 12: 883—
888

Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge
GH, Alexander RW, Ganz P: Paradoxical vasoconstriction
induced by acetylcholine in atherosclerotic coronary arter-
ies. N Engl J Med 1986; 315: 1046—1051

AHA committee report: A reporting system on patients
evaluated for coronary artery disease. Circulation 1975; 51: 7—
40

Castello R, Alegria E, Merino A, Fidalgo ML, Martinez-
Caro D: The value of exercise testing in patients with coro-
nary artery spasm. Am Heart J 1990; 119: 259—263
Yasue H, Nagao M, Omote S, Takizawa A, Miwa K,
Tanaka S: Coronary arterial spasm and Prinzmetal’s vari-

J Cardiol 1998; 32: 155-161

7)

8)

9)

10)

11)

Nakao K, Ohgushi M, Yoshimura M, Morooka K,
Okumura K, Ogawa H, Kugiyama K, Oike Y, Fujimoto K,
Yasue H: Hyperventilation as a specific test for diagnosis
of coronary artery spasm. Am J Cardiol 1997; 80: 545—
549

Hackett D, Larkin S, Chierchia S, Davies G, Kaski JC,
Maseri A: Induction of coronary artery spasm by a direct
local action of ergonovine. Circulation 1987 ; 75: 577—
582

Heupler FA Jr, Proudfit WL, Razavi M, Shirey EK,
Greenstreet R, Seldon WC: Ergonovine maleate provocative
test for coronary arterial spasm. Am J Cardiol 1978; 41: 631—

640

AEE=, XF E, &% & AN, BHTE
—, WWEHE, L E, TEHAK, $4RR=:
BIROEBIRA L T €V BEICEDTEANRALD
MRET. WP & FEIR 1987; 35: 191-195

Okumura K, Yasue H, Horio Y, Takaoka K, Matsuyama K,
Kugiyama K, Fujii H, Morikami Y: Multivessel coronary
spasm in patients with variant angina: A study with intra-
coronary injection of acetylcholine. Circulation 1988; 77:
535—542



