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Summary

To investigate coronary vasospastic activity after percutaneous transluminal coronary angioplasty
(PTCA), we performed intracoronary injection of acetylcholine in 55 patients, mean 3.3 months
after successful PTCA. Coronary spasm was defined as transient total or subtotal occlusion of the
PTCA sites. Sixty-nine lesions of the 55 patients were examined to determine whether spasm was
provoked by incremental doses of acetylcholine. Restenosis was defined as coronary luminal narrow-
ing of =509, after nitroglycerin or isosorbide dinitrate. Twenty of the 55 patients (36%,) and 23 of
the 69 lesions (339,) had coronary spasm. There was no correlation between the incidence of coronary
spasm and the interval from PTCA to the acetylcholine test. The spasm was provoked in 17 lesions of
the 50 non-restenotic lesions (349,) and was also provoked in 6 of the 19 restenotic lesions (32%,). On
the other hand, restenoses occurred in 6 of the 23 spastic lesions (269,) and in 13 of the 43 non-
spastic lesions (28%,). There was no correlation between the incidence of coronary spasm and the oc-
currence of restenoses. Twenty-four patients had undergone acetylcholine provocative test before
PTCA. Among these 24 patients, 11 had coronary spasm before PT'CA, and 7 had coronary spasticity
after PTCA. Four patients who had positive evidence of coronary spasm before PTCA did not show
negative spasm after PT'CA. On the other hand, 3 patients who did not show evidence of coronary

N A B 2E BT AT B S B Cardiovascular Institute, Roppongi 7-3-10, Minato-
FAEBE X AR 7-3-10 (F106) ku, Tokyo 106

Received for publication May 12, 1990; accepted October 20, 1990 (Ref. No. 37-PS57)

— 869 —



mb‘*’ﬁ“; *Ei%y /]‘ﬁ»}(v (E3B

spasm showed positive evidence of coronary spasm after PTCA. The results of this study suggest
that the coronary arterial wall injury caused by balloon inflation provokes local coronary hyperreac-

tivity to acetylcholine and may be responsible for precipitating coronary vasospasm.
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B X BAROVE IR 1T B0 BT IE I =
EafBlE Bl LTwaR, Zoxh=X Al
DNTIRWEERBR 2 RAL . TRFEIL er-
gonovine?, methacholine®, acetylcholine?®, his-
tamine®, EBHART, EHFERRD, BITKRD
7Y, BERORFIEIVFERIADZI LD, &
BIRRET DI RWRIBBIGICL 5 b0 LER
HHTNB0,

BERICBNTE, "A—rvhF—F iz k
VEBIRNERMRE KB+ 5 2 Lick Y, Kk
PLic—BLIcEBHes FERTE 5 LR Sh
TV e MW TR BRI
(PTCA) iz & Y BEMIL & ANV —V hF—F N
THET3 &, NESLUHPEDE LWEEL &
e EBHBENICGEH S hTWBY. 1,
PTCA oE#KICIX FLREAL & £ DRMEHIR I
MERMBEAELD LEh T3 51,
PTCA pizhfsil o 1814 H158 Bt ¥ SR 2 HF I ergono-
vine AMRREMITT 5 &, 21~31% ofEfHIc
PTCA JEfTEMIOEREMEE FRSh D L @ES
HTWn RIS,

1980 4, Furchgott %194%, acetylcholine iz
i3 EHIRS B sk I 4 2 A+ (endothelium de-
rived relaxation factor: EDRF) #RE/ERH 2 &
Y, EXEANBHLO ME TR S 35, L
Rz SIBE L S CRIEERER 2 REARVI L %
&Lz, #D%, Ludmer 52001, acetylcho-
line (X TEH R BINR # FE5E & ¥, BIIRMEE(LiEES)
R % 45 & & 5 “ paradoxical vasoconstriction ”
ER D ®»5Z L &#ME LK %7, Okumura

DEDEBEFEIRIC, BB LEREERT
EHE L.

B, Shimokawa 52223 S —oh5—
FNTT EBIRO NS & R L, 43E/R%
DRI PN B MR DT AE 2 HERER ISR L
%, K OEBER? EDRF 0—oT % 5
serotonin {Zxf L TIBEIFEE R LI 2 & & B,
FANKMRRICE T 5 BEEREnFEL2IgHEL,
LR TR A 1T 3 1) B NI EE 0 & EIc o T
#iE L. #A# <z, EDRF #HETFTHS L
R EREFZREFO—>Tb b 5 acetylcho-
line izxt U PTCA Iz 813 2 50— R
BALAS, ZOBEEBICN TR 3 RIEERT
DERS, b MBI BEEBHEOFE L NI
BEEOEM IO W TR L.

HREFE

L%t %

Yptic THE PTCA icpgkzhl, B (1~
6 » R) DB HERERRAERFIC acetylcholine &
BIRNEEA & HiFT Lz S5l xtsk e L. B
24, i 1361, Fix2~74%, FH 9%
Thole. PTCA pilc REPLIVE L 2HrShic
REGEBRSN L. F72, PTCA %o Bi:#iesR
EHRERIC, BRECLAIRTEWRIEZEL
TWER b RS L. 554%, PTCA oz
W & 5 — 7 VIRE T acetylcholine BB % i
7 LIIERIL 24l T o7z 5o PTCA i
TR DEERIRENT, FIEBROME 17 5], H{EHRE
BBLLE S B, REEIAME 114, BMOmHE
ES5H, RIBEOHEELfiTthoTc. £, B
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BIRIR B (NI AE R 75% LU 2 B &M &
Lic)id, —HIRE 3741, —ByRE 1841<, 3t
TBBIREDOAND 69 & izt L PTCA % #ifT Li-.

2. EEIRES L acetylcholine & istEs

LB HEIL acetylcholine DFBPRMEAICE Y,
PTCA 4Tl s »—@ttse 2% % 72 13 Hisss
PA%E GERBIEZ M) 99% )2 ELbo L
EBELIC. (7, HREIHBERSROEET
Wl ZER 50% LI L EH Liz. Acetylcholine
ATHE T X TOFHOIER & 7 24 BT & v
IEL, #EHEIE Yasue BP0 KEICELT
HEAT Ule. EREBIRD =2 v b v — L EE 0%,
BEIRIC R — > v I W F—F L AE~YE
L, Rl v— r40~50/ D F<=> FE— Ric g%
Bl ~) UiAEEAER 10ml cyfEL
7z acetylcholine %, Z5@&hR~ix 25, 50, 100 ug
T, AEEIR~E 25 50 g £, zhZEh1
SEIDTTRBRICEAL, FEAKT 1 HEwE
HERYVIR L. RPCEREEEAELCRLY, MW
EHESLER ST-T BlEAELHEEETOR
RTHIE L. H&1#%IC nitroglycerin 0.3mg %7
i3 isosorbide dinitrate 5mg #FE L, EAT
BIRER & ifT L7z,

MEFARE R 2 REZHY, p<0.05 24
Bilk %, FARREITRTOBEORER
B THEfT L.

o S

1. Acetylcholine Bi¥ (- L AEBHEEHRE

PTCA it 17 & o 57 8 #5 2, 55 45 20 45
(36%), 69 525 23 y5%E (33%) izs8w 7. Fig. 1
iz PTCA JafT#E 0 & BEFRIREIA] 0B EFH LR
R Uiz, FEBLE 29%, FHIERTEHMOE
80%, REERLE 36%, BHELHHEE 20%, B
AL EE 35% Thotz.

2. PTCA MBI DiEHREE TO 1k & BRIES

PTCA T4 % acetylcholine &ffskERE T
DOHIRIZTES 33 s ATh o7, FEFIE stage I:

PTCA JfTHLoa s

7722 Spasm Positive
(] spasm Negative

(29%) (80%) (36%) (20%) (35%)

EAP  ERAP  UAP _ AMI oMl
N=17  N=5 N=11 N=5 N=1

Fig. 1. Incidence of coronary spasm at PTCA
sites in 55 patients.

EAP=effort angina pectoris; ERAP=effort and
rest angina pectoris; UAP=unstable angina pectoris;
AMI=acute myocardial infarction; OMI=old myo-
cardial infarction.

30~60 [, stage I1:61~120 g, stage I11:121~
180 H o> 3 #ARICAY L, 4 stage I iF B EME
ERRRE B LIz, & stage OFERRIT, Th
Z2h 1:28%, I11:36%, I11: 50% <, PTCA 4%
R & 8 LT v BERNE E MR AE W ERA
BRD LI, FHFHREBREIRDOLAR
» o7 (Fig. 2).

3. BRBELEEE

EEHREE LOBREZOREFIIRE
(28%) Dbz, Fig. 3 3 T84E L HkE
DEFRERLEZ LD THB. FHRZED 2 v 505K
B 17 /% 34%) CEEFEE RO D ITH L,
BRELRDI19RER 6 /E (32%) I b
ME@wic (N.S). #ic, EREEERDR 23K
EHORE (26%) PEPELRLE D ITHL,
TR RO Rh o7 46 JFEH 13552 (28%) iz
bERELRD K (N.S.).

4. PTCA FigizB T 32 BEBEOE(L

PTCA o#i# T acetylcholine B#F 8 # HifT
L7z 24 plizc>nwT, PTCA #itgic ki 25845
Mok Fig. 4 1R+, £tz PTCA #
RS 1141, k2 1341<, PTCA #%ix 4
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Fig. 2.

Spasm positive

Incidence of coronary spasm in different stages after PTCA in 55 patients.

Stage I, II and III represent intervals from PTCA to acetylcholine test.
Stage I=30~60 days; Stage II=61~120 days; Stage III=121~180 days after PT'CA.
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Fig. 3. Relationship between angiographic restenosis and occurrence of coronary spasm

at 69 PTCA sites.

FIAEEMEL, 3627,

BRI % 5 &, FERUE T PTCA jifT
B acetylcholine & 7fatER< 10 7t 4 1] 2357
BEGETH o7z, PTCA % BHMIRE T3,
04 5H 2 G ASEBRERME &L 22 D, oo 241
BN EETH T, FEEHERMHIL L 261
WEh b IERMRER TH o723, PTCA #%bE
BEPFERINT 240% 1 FlEFERES T, &)Y
1 X FEFIREEF Td -7z, 7=, PTCA jiE
RN T H o To HEWRLIE 6 1 1 23 PTCA

BB L o722, T 11 IEFRAHI T H -
7o FEFRLEPOIETE, PTCA f#ijic acetyl-
choline AFFRER% HEIT L7z 3 il T2 8
BiTdhote. PTCA #345% 1G5 L
Tedt, Tl g EERERT H o . E ik,
PTCA #% % @8EBME R TR L 24% Lz 8
ez, tho 1 FIEIEFREF TH . BRIA
MEOMEEEZE T, PTCA i 8 59 3 45 5% S B
BtET, PTCA #34H 14 xkuiL, &
V2@l nEETHho. LABL, TO
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Fig. 4. Changes of coronary spasticity before
and after PTCA in 24 patients.

Open circles=restenosis (—); closed circles=re-
stenosis (+).

Abbreviations are the same as in Fig. 1.

PTCA #% b EEGEHMZ RL2 24 VTFhb
EFEBAEF TH -z Hiz, PTCA JiZssEe
HTH o SHIP 241k, PTCA %o
TEE L 72 o T2 REEBRLETEIH DO &1
PTCA fijo acetylcholine BHFRERAFIEETH -
7z. PTCA #ii, 1#Ii@ BT, fho 2 filix
RBiETdholc. PTCA %, 36lL bEREI &
Siah o7 h, ERHEEIC BT AR d o7z,
LLE, PTCA #i#4 < acetylcholine AfistBR
RWiAT L7z 24 flic > T b, PTCA 4453 85518
&R L2 10k 4 f51) (40%) AFERAEE R L
DITx L, shBRERME 1440 341 (21%) b F

PTCA JfTEBALOERHEN:

WAEZFEY, HEENE L FPRAE ORMICEEEM 13589
bhihoiz.

5. Acetylcholine £&#stERD TS

55 fth 20 I BHRE 2 BB T, 05 B 16
PIBE S LANICBRERR L, 46D H 25T SR
BRODICHBEOTELTMLEL L. 72, 2
Bl —BE DB 2 B0 72, FoficizleE
HREIRCMERT 2 L 0EE A2 ABHEIRED b
kot

z =

EEEORARF I VEEERICIBHSAT
WA, EEOEHRPFERHICEIIVEREShZ T
&6, BERAT IR S EBIRBETO
BEREEEZ AT B,

Okumura 52043, 704 o RERLESRE I
acetylcholine DFEBIMRNEAZ T2V, 634
BRFELFER SN 728, BEPEDS O 93 4
BT IFOARALLER S ozt &
Y, acetylcholine DFBIIRPNEEA T BEML
DEBHEAFEITI VT, B 90%, # 24 99%
EBELTWS. Zhizxl, Ludmer 5203,
acetylcholine DFEBIRAIHEIEAIC L Y, BIFRE
e ERBD 63 % IHEMEIHEIC X 55548
EEBOLLLBELTVS.

SEDFEFR T, PTCA #ijic acetylcholine 4
TR & AT L7 24 45k 1145 (46%) 15 B4
238w, PTCA jfT# D 55 il 20 5] (36%) iz
LbEEEEE D, BaBLY Ludmer &of
R L Okumura H5OEEICITI ARV DOIEN b
5. OB L LT, E—iz Okumura &Lk
TiExav be—LEOKBI R VDY S “atypi-
cal chest pain” ThokZ tBEXLLNB. F)
WRAE et R B oL B fLIC S+ 5 7 & L
Ty TR 1T REVIUME O B I Bl 7e b 0TI
BRWIZ EEBEZMBRATNS2Y), Lo,
RERDELS O BRTELERBRE 2> br—
Bl Lcgaicd, REPMVEOEBHESRRICE
i3 % acetylcholine FBIRPEEA D4% BT [K W
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Mg, g, NER @

LEZXLN 3. EDOREKZ, acetylcholine (3
REPUE O BEF R ICE VML o LH
gz, EDRF #EERFO—EE LT, BNREL
2 X % N MR REE o & B @Bk ICx LT, L
FFHEB T 2 EEEM S EDRF oA 2%
BL, MENEERAE2TRTILETHS. ThbY,
4Bl 8 & EENR O — B TR E £ 1T
LPEAELER LD, Z OFHAENBREPOEIC
BOLNID ¥4 70 MERHE GEBINRRETOIBE
IR 7 od, Fh &b acetylcholine o %I
1B o 5 EEHEH O RS RA U Ic5REE o M IX
X boRonHEERS. Lrl, B
FRDOARPLZOWMERERNT 5 Z L IREgELE
zZbhi.

PTCA 13 BB X % FAEMTERE R
DEERBRFR LR -2, SBFELE6LT
WBEFICB W TRERERZENLOBERD
182729, —%, FHREOCHEZZOERICLY
EFoEITHD BB, —fFic 30~40% icx4E
L3030, PTCA 74 2~3 » B 5 bI3AERM
BWilEshTna2®, £4E, PTCA KT
725 acetylcholine AFFEBRE COHIM %, HMifT
#mEp R stage I (30~60 A), F bEHkE
BRF N EEX OB stage 1T (61~120 ), B
REMBRROLBW D2 B X bh % stage
IIT (121~180 H) @ 3 #YicsriF, 4 stage IZB
i BB EERRR Y RE Lz, Stage MLz
nFERR MG R (1 28%, 11: 36%, III:
509%) #sRL7zas, stage I & III ofEfIskasd
<, HEHEMEEERED bhRb ok

Shimokawa 522233, -7 #5EBIRD PEHIRL
¥AN— v T —F THIBE LI, 4ERIRIC
PN IRa R R L iR I I & serotonin # T
FARIFER, BB, HiEER %
SRL, & BITZ DAL O EHINE I AR 72
WHEREIRD LA LHREL TS, F,
Egashira &!2 % Yamamoto 519§ [z, HKE
MRS & &I L7 7 2 BIRAS 3 0 BB
W T % histamine 2k YV FEELFRIND

T ERLE. ZLT, ThbOBHERERL
Y, ABMEHI O A N BCHIRE I I SRE R & FE T
3ZLxiEHLI. 4E® study © PTCA #
T 1~6 » Ao BT BEELFTRILE
ZEiE, b heBnTh PTCA BIFHROBAEN
BRI I IR R 2 FE L T B ATREME & SRR
T5bDThH 5.

SEIDFERTIIEPAEERL 28% T, fEROM
EL )RR EEZ R L. Zo—HELT, #HIE
PTCA Iz gltzh L T b B MMM R AR £ 7c
FERLETIC, BRECEBAARERMELZEL
7o fEHIT acetylcholine BFFsEBR D% 5 &[R4+
LicicheEibhb. LkdkoT, PTCA ji
TEFEF I B W Tk BRI IR L Y &iE
FRTLEEZXOLNBEY, ThLRIMIICKIT BE
BN L BREOEEICSWTEARHATH 5.

Bertrand &8, A PTCA izpksh L7z 437
Fllz>WT, 6 » J1Iic ergonovine AR %
AT L, SRS OFRERT 47% T, B
M OFRERE 20% TholcZ Lh b, Flk
BOFEEREFESEELT VWS Z L ®MEL
7c. 4AEO study TRIFRZE LEEEEORIC
BEIIE» bhied oz, Bertrand &L
DFEDHEMB & LT, FHx DB TIIER
554 &bl oleZ b, EEHEHRICHER LIS
FoEwy, LT, EEEOERLR CICHEEGH
2LEZDNS.

MacAlpin®® xpiEszE® 50% Ll EOBIRE
LR EE2F T 5EBARTIE, ZOEBARIMEA
#h 9% WA L2 c#ig k2 oRBlkizs
LTS &+ L) “geometric theory” %
BB L, RN A A A L GHE o HEEH T AR
BATIRET H B L& Lz, Zhic L, Freedman
5343, ergonovine IZxt3 5 EENR/FET D BF
IN#EIX geometric theory M A TIIFHBATE oy
LR L. ARIOFHL OERTH, TEMEIE
AL (MIEzER 50% LLE) D 32% 1cF4E
L, —%, FEERAERE (NEHRER 50% LIF)
D 34% wbREELTEY, PTCA #%HoOMEKE
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IZ2WT % geometric theory DAL TIIHHATE
RWEEGIDH B Z LR ENT.

PTCA o#ii#8 T acetylcholine BfiER% i
Tl 24 ivh 7 flic BB RO B EZR D 2 &
EITIER ICHEBRIE Y. YRR W TRIEBIIRER
IZTER 75% LA EOBRERREEF T HERIC
n# PTCA #ififTL Ty, PTCA fijoEH
FEBMEFIIZ DWW Tk geometric theory TEHEHT
x5EFLHB. LaL, PTCA HiiceHETH
572 13 oK, 343 PTCA #8770 70 %4
HERLE. 2hbd 3fIICEERICEIT 3EH
EETANDADI=ALRYTEIES LT HE,
PTCA iz X a2 BREGEDOHKR, ZoEEERE
B W TEBIRBETO BB 4 U rIREtEs b
5. LaLl, ZoRPnBEdE 2 HA N OB
BEALIZE B0, Fh b bMEERER
HmRE b EELEOEEICLZ LD
RONPICELTE, SBIORFNBMKRELEX
bh5.

PTCA WfTREIRBBEIIBVWIELEE
REEARERETDHS. HIREZ TR T 55
FIER, LERTLVED bhfEeid, FOR
HCHEER & T LEREOFELHER T30
B—RETHS. FLT, b URERER CRULE
RERTROBRENZOONE 2 o LFA I
X, 4|l study TEHL M X 5 ICHRE L
BREIERRICEZ VB LD, ZOMME
REOFER L LTEBEEOMEE 2 ZEICAN 3%
ERbs. LT, PTCA Riffh|o@suEitic
S T REF 334, acetylcholine »EERA
AL ergonovine %5 & Bix Y T EHE O Heferny
FAEN L, FEAEDEF HHBEORE % 7
EEHFICBRICEMRT 5720, BeroEEE
DEWREHBLEADNS.

]

1. gE PTCA izhkzh L 72 55 4 § 20 45
(36%), 69 J%Z=Eh 23 552 (33%) iz acetylcholine
X 2EEEEBD .

E 3

PTCA HifTHhL DS MEE

2. PTCA #if72> & acetylcholine BB ¥
TOHM L EEEFRRICIEN 2o T,

3. FEMREOFELEBEEIC QB R
Iz.

4. PTCA #8i- i @BEENBEEICR - 2E
FRHY, ZhbdboERTE PTCA 2k 3588
IREED BT E SRR & 72 - TV % WM 2RI
Ihiz.

5. Acetylcholine @ytic X 2 EERAGHER
mobhkedhor.

-3 #

#E PTCA izpkzh L7z 55 5], 69 yxEIzxtL,
B 0B ERE AR IC acetylcholine @
BERANEAZ BT L, PTCA HfTie oEhs
HEMEIC W T RET Lic. EEEE 24T 204
(36%), 23 JR% (33%) 1AL, FRIRIRELR T3
TERTHPLIED 80% LELEELZ/RLE. L
2L, FUEPRIE, REERUE, SHOHEE,
B IR FEE BV T, ThEh 29%, 36%,
20%, 35% WEBHEEMEE R L. PTCA fEfT
75 acetylcholine BARFRER ¥ T DRI L FHME
FRRICET R, BHEHICRT 2 BANKME
DEBEASOFEEIRR S h o, BT 6998
EH19IRE (28%) 12380 bhic. R R
B0 v SO IR 172 (34%), FHEO B
19 575 6 75 (329%) IS @b e ke, MG E
BT 23 FRET 6 JRE (26%) MEHEEEZTRL,
TR D 46 RED 135/E (28%) 12 bk
ExFHI-. LM ->7T, acetylcholine 2k b
FFR SR BE L EREORICEHEIED b
otz PTCA R8T acetylcholine £7ifst
R % MEAT LIER X 2440, 2o ) b 114l
PTCA piig#fEmitcd o723, PTCA #1134
B L. $£72, PTCA figit<dhb o7z
13 4% 3 filiz PTCA #8#: & 42 »7-. PTCA
B I \E RN & & o TERIC oW TIE, A
W— UHERIC & B M BEHRE ASEBIAR BT 0@
% EHE Lo Al g A3 R & fu7z. Acetylcholine
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