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Effect of Acetylcholine on the Highly Stenotic Coronary Artery:
Difference Between the Constrictor Response of the Infarci-Related
Coronary Artery and That of the Noninfarct-Related Artery

KEN OKUMURA, MD, HIROFUMI YASUE, MD, KOZABURO MATSUYAMA, MD,
HISAG OGAWA, MD, YASUHIRO MORIKAMI. MD, KENJI OBATA, MD,

NARITSUGU SAKAINO. MD

Kumamota, lupan

To examine the constrictor response of the infarct-related stenotic
coronary ortery in comparisun with that of nuninfarct-related
stenotic arteri¢s, acetylcholine in maximal doses of 100 pg for the
Teft and 50 pg Tor the right coronary artery was injected into the
16 infarct-related coronary arterics of 16 patients with previous
myocardial infarction (group 1) and into 19 stenotic coronary
arteties of 16 patlents with stable angina without myocardial
i (group 2). A holine’s effects on lumen diameter
and area were quantitatively analyzed at the stenotlc segment and
its proximal segment without significant stenosis,

Acetylcholine decreased lumen diameter and area at the
stenotic segments from 0.72 £ 0.18 to 0.18 = 0.33 mm and from
0.45 = 0.22 to 0.10 = .22 mm?, respectively, in group 1 (both
p < 0.01) and from 0,75 = 0.22 to 0.4% = 0.30 mm and
0.48 = 0,29 10 0.26 = 0.23 mm?, respectively, in group 2 (both
p < 0.01). Acetylcholine decreased the diameter and area at the

proximal segment from 2.71 + 0.75 to 2.38 = 0.6 mm and fram
6.18 & 3.4 10 4.71 2 2.23 mm?, respectively, in group I (both p <
0.01) and from 2.31 £ 0.67 to 1.95 = 0,59 mm and from 4.5 =
2.97 t0 3.22 % 1.96 mm?, respectively, in group 2 (both p < 0.01).
The changes [n dlameter and area at the stenotic segment in group
1 were significantly greater than those in group 2 (both p < 0.01);
there were no significant differences between groups in the
changes at the prosimal segment. Tetal or subtotal occlusion of
the stenotic artery was induced in 11 (69%) paiients in group 1
compared with 4 (21%) patients in group 2 (p < 0.01 group 1 vs.
group 2).
Itls that the response to of
the slennllc segment of the infarct-related coromary artery is
d as compared with that of noninfarct-related arteries.
(J Am Coll Cardiol 1992;19:752-8)

QOcclusion of the coronary artery by an intraluminal throm-
bus has been angiographically demonstrated in the early
phase of acute myocardial infarction (1,2). The 1

strictor response of the stenotic coronary artery in response
to dynamic (10) or static ¢xcrcise (11,12) and (0 a vasoactive

of the occlusive thrombus formation is still controversial and
rupture of the atheromatous plaque and a subsequent plate-
let apgregation (3,4) or occlusive vasaconstriction (or coro-
nary spasm} superimposed on the atherosclerotic lesion
(5.6), or hoth, has been proposed (7,8) as a triggering

hunism for the thrombus formation. App ly 75%
of the stenotic coronary artery has an eccentric residual
Iumen with potential for active or passive vasomotion by an
arc of normal arterial wall partially surrounding the lumen
{9). Previous studies have examined quantitatively the con-
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L such as acetylcholine (13-15) in patients with
angina pectoris. Coronary spasm has been shown (16) to be
inducible in some patients with recent myacardial infarction.
However, the constrictor response of the infarct-related
stenolic coronary artery in comparison with that of the
noninfarct-related stenotic arlery has nol been analyzed
quantitatively,

We (14) and other investigators (13,i7) have shown
that intracoronary administration of acetylcholine, an
endothelium-dependent vamdllmor {17), causes vasodilation
in arteries without ath | and triction in
arteries with atherosclerosis. In the present study, incremen-
tal doses of acerylchnling were injected into the highly
stenotic coronary artery of patients with a previous myocar-
dinl infaretion (group 1) and patients with stable angina
withoul a previous infarction (group 2). By compuring its
effects on lumen diameter and area of the stenotic coronary
artery in the two groups, we examined whether the constric-
tor response of the infarct-related coronary artery is en-
hanced as compared with that of noninf: lated coronary
arteries.
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Table 1. Patient Profiles and Angiographic Characteristics of
Stenotic Lesions

Characteristics of
Stenotic Lesion

Time From
Patient  Age (yr)/ Location  MI Onset Length
Mo, Gender  of MI e Site” Tyoe (mm}
Group 1
1 62M  Anterior 1 86 Fecentric 3
2 SHM  Inferior 1 51 Cancentric 5
3 S4/M  Lalerat 1 S13  Cancentric 6
4 55M  Lateral 3 $12  Concenvic <3
5 36M  Anterioy [ 87 Concentric 3
3 56M  laferior 2 s? Eccentric 3
7 46M Anterior 1.5 57 Eccenric 3
8 6M  Anterior ‘ $8  Eccentric 1]
9 63M  Anterior b 57 Concentric 4
1 TUF  inferior 12 §2 Eccentric 1"
n T4F Inferiar 1 Si Eccentric 6
12 S6M  Anterior 1 86 Eccentric <3
13 S&M  Inferior 2 52 Eccentric 9
11 59M  Anterior 1 86 Eccentric 4
15 48M  Anterior I 57 Eccentric &
6 MM Inferior I Sl Eccentric <3
Group 2

17 8I/F - - §3 Concentric 3
13 S2M - - 81 Concemric <3
19 6IM - — 82 Eccentric 4
86 Concentric 3

ki “aMm - — S6 Eccentric 3
21 58M — — 86 Eccentric 5
2 6UM - - 86  Eccentric 3
SIt  Eccentric 3

23 55M - - 811 Eccentric 9
24 SOM - — s2 Eccentric 3
b2l M - - §6  Eccentric 3
% G5iF - — §12 Concentric 3
u M — §7  Eccemric 3
23 58IM — — 87 Eccentric [}
] 83M — — §7  Concentric 3
SH Comcentric <3

k[1] 60M - - 813 Eccenlric 10
k1] M - - S4 Concentric 4
3 68/F — 82 Concenuic 3

*81 10 813 indicute the segments of the coronary arterivs as defined by the
AHA Comittee Report {18). F — female; Group 1 - 16 palients with prior
myocardial infarction; Group 2 = 16 paticnts with stable angina without prior
infarction; M = male; Ml = myocardial infarction.

Methods

Study patients (Table 1), The study group comprised 32
consecutive patients who 1) had one or more fixed. high
grade stenoses in a coronary artery other than the left main
trunk, and 2) did not have either congestive hean fallure or
unstable angina at the time of cardiac cath Pa-
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Group | comprised 16 patients with onset of a prior
myocardial infarctian 25 1o 725 days before the angiographic
sludy: 14 of the 16 were male and 2 female; the mean age was
50 years {range 4610 74). No patient underwent thrombolytic
therapy during the acute phase of the prior infarction. Within
1 month before the onset of infarction, mine patients had had
new episodes of angina (rest and effort angina in seven
patients and rest angina alone in two), but none had taken
antinginal medicime. One patient had had effort angina 2
years before the onset of infarction but had been free of
angina. without medication, during the 6 months preceding
the onset of infarction. The remaining six patients had never
cxpcricnced an anginal attack before the acute infarction.
The site of infarction was anterior in eight patients, inferior
in six and lateral in two. The diagnosis and site of myocardial
infarction were based on the electrocardiographic (ECG)
changes during the acute phase (1.¢., ST segment ¢levation
and development of abnormal Q waves). In 13 (81%%) of the
16 patients, thalliem-201 myocardial scintigraphy with or
without exercise testing was performed during the chronic
phase of the diseuse and all patients showed a periusion
defect without redistribution in the territory perfused by the
stenotic coronary artery. All patients showed a wall motion
abnormality in the territory perfused by the stenotic artery
on the left ventriculogram.

Group 2 comprised 16 patients with stable effort angina
and no previous myocardial infarction; 13 of the '6 were
male and 3 female; the mean age was 58 years (range 35 to
68). No patient had had angina at rest and none had evidence
of myocardial infarction on the ECG at rest. Exercise
thallium-201 dial sci h Hon was per-
formed in 12 (75%) of the 16 patients and a perfusion defect
was demonsirated in the territory perfused by the stenotic
corcnary artery of arteries immediately after exercise in all
patients. However. no perfusion defect was present at the
redistribution phase in any patient.

In both groups of patients, all medications were with-
drawn =72 h before the study; the exception was sublingual
nitroglycerin, which was also withdrawn =6 h before the
study. No patient had experienced rest angina after interrup-
tion of antianginal medicines. No patient had allergy, active
peptic ulcer, chronic obstructive lung disease or any other
serious diseases. The study was performed during diagnostic
cardiac catheterization and written informed consent was
Gbtained from all patients before the study. The study wasin

with the guideli pproved by the ethics com-
mittee a1 our institution.
Angiographic examination and study protocol. Coronary

artetiography was performed with the Sones technique in the
morning while the patient was in the fasting state, A tripolar

ticnts with total occlusion in the three major coronary artery
branches were excluded from study. The study patients were

! de catheter (USCI) was inserted into the right ven-
tricular apex by way of the right femoral vein and was
dtoa y ker set at a rate of 40 to 50

classified into two groups ding to the p or
absence of previous myocardial infarction in the territory
perfused by the stenotic coronary artery.

/min. Coronary ar were taken in the right
anterior oblique projection for the left coronary artery and in
the left anterior oblique projection for the right coronary
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artery, The relations among focal spot, patient and height of
the imaging tube were kept constant during the study.
Study protocol, After baseline left and right coronary
arteriography, intracoronary injection of acetylcholine was
performed. When the highly stenotic lesion was in the left
coronary artery, incrémental doses of acetylcholine (20, 50
and 100 pg) were injected inte that artery; when the lesion
was in the right coronary artery, incremental doses of
acetylcholine (20 and 50 pg) were injected into that artery.
Injection continued until wtal or subtotal occlusion of the
artery was induced or ischemic ST segment changes with or
without associated chest pain developed or the maximal
dose of acetylcholine (100 pg for the left and 50 g for the
right coronary ariery) was given. The details of the method
of acetylcholine injection were reported previously (19,20),
The duration of injection of each dose of acctylcholine was
20 s and the interval between injections was 5 min. A
coronary arteriogram was performed 1 min after completion
of acetylcholine injection. The timing of arteriography was
based on the previously reported documentation (20) of
coronary spasm in patients with variant angina by arteriog-
mphy performed approx:mately 1 min after acetylcholine
When acetylcholine-induced 1 did not
resolve spontaneously within 5 min or hemodynamic insta-
bility due to myecardial ischcmia developed, nitroglycerin
(100 to 200 ug) was injected into the coronary artery in-
volved. The arteriograms were obtained from multiple pro-
jections after administration of sublingual nitroglycerin and
the morphology and degree of the coronary artery lesion
were determined. Three ECG leads (I, aVF aml V1 or V4)
and arterial blood p: were i j un
an oscilloscope dunng the study, In ad\:lltlcn. six ECG leads
(I, 11, aVF, VI, V; and V,) were continuously recorded
during acetyicholine injection and for the following 3 min.
Quantitative coronary artericgraphy. Measurement of lu-
men diameter and area of the coronary artery was performed
quantitatively with the aid of a computer-assisted coronary
angiography analysis system. End-diastolic cinefilms most
clearly visualizing the stenotic lesion were videodigitized
and stored in the cardiac image analysis system (Cardio 300,
Kontron Instruments). Automated contour detection was
performed by a geometric edge differentiati hni
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measuring a magnification factar bascd on the known size of
the angiographic catheter.

Measurements were performed by two investigators, If
the invest.ators did not agree with part of the detected
contours, especially in the stenotic lesion, they discussed
where the proper positions were and corrected the positions
interactively with the cursor. The arterial segment that was
net considered to be parallel to the image intensifier was
excluded from the analysis.

The method of quantitative angiography was validated in
phantom studizs. The accuracy and precision of this method
were determined from analysis of cinefilms of an acrylate
block with precision-drillcd models of coronary arieries with
diameters of 0.5, 0.8, I, 2, 3 and 4 mm (corresponding to the
vessel diameters expected in this study) filled with 100% of
contrast medium and fitmed under 10 cm of water with an
angiographic catheter that aiso was filled with contrast
medium. The measurement of the diameter of each coronary
artery model was performed in 10 successive frames (i.., 10
times for each model). The measured diameter (mean * 5D}
was 0.54 = 0,04 mm for a 0.5-mm model, 0.8 = 0.06 mm for
20.8-mm model, 0.99 % 0.06 mm for a 1-mm model, 1.97 +
0.06 mm for a 2-mm model, 3.01 = 0.08 mm for a 3-mm
model and 3.99 % 0.09 mm for a 4-mm model. The correla-
tion between the measured and true values was excellent
(Y = 0.99X + 0.01, r = 0.99, p < 0.001). A slight overesti-
mation was noted for the measurement of a 0,5-mm model,
although the d iation of the d values was
as smaii as 0.04 mm. The overall accuracy and precision of
this methad were 2.18 £ 3.3% and 4.6 & 2.5%, respectively.
Analysis of i ver and i ver variability for
the measurement of the coronary artery diameter showed
high reproducibility {r = 0.99, SEE = 0.05 mm, p < 0.001;
and r = 0.99, SEE = 0,04 mm, p < 0.001, respectively).

The minimal lumen diameter and area of the stenotic
lesion were defined as those of the stenotic segment. The
diameter and area at the site approximately 1 ¢m proximal to
the stenolic lesion and without a stenosis *>50% of lumen
di | ) were also d. The mea-
surement was performed before and after acetylcholine
injection and after nitroglycerin administration. Special care
was taken to take all three measurcments at the same site by

similar to the method described by Reiber et al. (21). In brief,
after interactive delincation of a centerline within the vessel
segment to be measured, the ically gener-

using ic references.
Data analysis, Alf data ure shown as mean values + 1 8D,
The arterial diameters and areas at baseline and after admin-

ates lines perpendicular to the The first and
second derivative function of the densograms along each
scanline are then computed, and the contour point is defined
as 60% of the distance between the extrema of the first and
second derivative. With use of the detected edge points, the
computer then automatically generates a refined centerline
of the vessel segmem and the edge detection algorithm is

peated. A pr is applied to each of the
detected contours by evaluating features of the local neigh-
borhood and averaging them. Calibration is achieved by

of nitroglycerin were compared between the two
groups with the unpaired r test for the data normally distrib-
uted or with the Wilcoxon's unpaired rank sum test for those
not normally distributed. The effects of acetylcholine on
coronary artery diameter and area were statistically ana-
lyzed with a palred t test. The response of the coronary
artery 10 acetylcholine was b the two
groups with an unpaired 7 test and a chi-square test. The
degree and morphology of the coronary artery stenoses were
compared between groups wnh a Chl square test, A p value
< .05 was i
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Tahle 2. Comparison of Stenotic Lesivn Between Two Groups

Group ¢ Crroup 2

No. of patients 16 16
Age (yr) (mean = 500 R L
Malefemale ratio 1412 1372
€ab

One-vessel 9 &

Twimvessel 6 8

Three-vessel I 4
Stencli arturies

LAD 8 9

LCx 2 3

RCA 6 5

Total 16 9
Type of stenosis

Concentric 3 ¥

Eccentric 1 it

(type £17) {5) in

Length of stenosis

=5Smm 0 17

>5mm L] 2

*Eccentric type of stenosis with a namrow neck or iregular borders. or
both, described by Ambrose et al. {22). CAD = coronary artery disease;
LAD = left anterior descending coromary artery: LCx = left circumfiex
coronary arlery; RCA = right coronary artery.

Results

Coronary Artery Lesions of the Study Patients
{Table 2)

Growp 1. Of the 16 patients, 9 (56%) had single-vessel
disease, 6 (364} had donble-vessel disease and the remaining
patient (6%} had triple-vessel disease. Sixteen highly
slenalic coranasy arleries were considered to be the artery
responsible for the previous myocardial infarction tinfarct-
related artery) and the effect of acetylcholine on these
arteries was examined. These 16 arteries included 8 left
anienior descending coronary arteries, 2 left circumflex
arteries and 6 right ¢oronary arteries. Five of the 16 asteries
showed a concentric type of stenosis with the residuat lumen
on the midline of the artery and the other 11 showed an
¢ocentric type of stenosis. Among these | eccentsic [esions,
5 manifested the narrow neck or irregular borders, or hoth,

t das lype I i3 by Ambrose et al. (22). The
lengih of the stenotic segment was =5 mm in 10 arterics and
>3 mm in the other 6.

Group 2. Of the 16 patients, 4 (25%) had single-vessel
disease, 8 (50%) had double-vessel disease and the remaining
4 [25%) had triple-vessel disease. Twenty-five coronary
arteries had an organic stenosis >75% of the lumen diame-
ter. The effect of acetylcholine was analyzed in 19 of these 25
noninfarct-related coronary asteries, which inclnded the 9
left anterior descending arteries, © left circumflex anteries
and 5 right coronary areries. Of the remaining six arteries,
acetylcholine was not injected into thees because the stemo-
sis was present only in the distal segment and in the other
three arteries (all left circumflex arteries), acetylcholine was
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Diamster

Area

Comicd €1 Conbol AT

Group 1 Group 2

GCeresot ML Contrd ACH
Group 1 Group 2

Figore 1. 1.nmen diameter and arga at the srenatic segment before
(Control} and after intracoronary injection of acetylcholine (ACh)
are shown for each study patient. Horizontal bars indicate mean
values. Group 1 = 16 patients with prior myocardial infarction;
Group * = 16 patients with stable angira without prior irfarction.
See text Tor discussion. *p < 0.01.

injected but the stenotic segmen? was not clearly opacified
with the arteriograms performed in the right anterior oblique
projection and thus the diameter and area changes were not
analvzed. Of the 19 coronary arteries studied, the lesion was
<oncentric in 8 and eccontric in the other 11. Among the 11
lesions with eccemtric stenosis, only 1 showed type 1I
stenosis (22). The length of the stenotic segment was =5 mm
in 17 antesies and >5 mm in the other 2. Neither the type 1.
the length of the stenosis in these noninfarct-related coro-
nary arteries was statistically different from those of the
infarct-related arteries of group | patients. The incide.ce of
type 11 stenosis (22) in group 2 was lower than that in group
I, although a statistical differcnce was not present. In cither
group, the type of stenosis {concentric or eccentric or
cecentric type Il stenosis) was not correlated to he constric-
tor response of the lesion to acetylcholine.

Effect of Acetylchaline on Lumen Area
and Diameter

Dase of acetylcholine used in the two groups. The maximal
dose of avetylcholine (100 ug for the left and 50 pg for the
right coronary arery) was injected into 10 stenotic coronary
arteries (635C) in group 1 and in 16 stenolic arteries (84%) in
group 2. In the other stenotic arteries in each group, acetyl-
choline injection was stopped at the dese of 20 or 50 ug since
total or subtotal occlusion of the stenotic coronary artery
was irduced. There was no statistical difference in the dose
of acetylcholine injected into the stenolic coronary artery
between the two groups.

Effect at the stenotic segment (Fig. I): The baseline
lumen diameter and area at the stenotic segment of the 16
infarct-related arieries (group 1} were 0.72 % 0.18 mm (range
0.5to 1.1 mm) 2nd 0.45 = (.22 mm? (range 0.18 10 0.94 mm?},
respectively; those of the 19 noninfarct-related coronary
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Diameter Area

Projimad site Slancha s Frovies iw

Stenob 3ite

“4Chengea after ACh

/«

[ crow=

[ o

Figure 2, Percent changes in lumen dismeter and area at the stenotic
and proximal segments after intracoronary injeetion of acetyleholine
{ACh}. The reduction in dizmeter and area at the stenotic segment
was gréater in group | than in group 2, althowgh that at the proximal
segment was sirilar between tie two groups. *p < 0.01.

arteries (group 2) were 0.75 + 0.22 mm {range 0.5 to 1.2} and
0.48 = 0.29 mm? (range .17 to 1.11), respectively. There
was no statistical difference in diameter or area between the
two grouns. Intrucoronary injection of acetvicholine de-
creased the diameter and area to 0.18 + 0.33 mm and 0.10 =
0.22 mm?, respectively, in group | and 19 0,49 = 0.30 mm
and 0.26 * 0.23 mm’, respectively, in group 2. All the
changes induced by acetylcholine were statistically signifi-
cant (all p < 0.01). Consequently, acetylcholine indueed
total or subtotal occlusion at the stenotic segment in 11
{A%%) of the 6 infarci-related arteries in group [ and in 4
21%) of the 19 posinfarct-related arteries in group 2 (p <
0.01 group 1 vs. group 2).

The degree of acetylcholine-induced narrawing at the
stenolic segment wes compared hetween the two groups
(Fig. 2). The percent change in lumen diameter after acetyl-
choline was ~78 + 37% in group 1 and — 34 =+ 38% in group
2,and thal in lumen area after acetylcholine was -84 + 31%
in group | and =41 L 41% in group 2. The changes in the
diemeter and area in group 1 were significantly greater than
those in group 2 (hoth p < 0.01). There was no s1gn|ﬁcant
correlation belween the interval since m, dial inf:
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o] Diameter Area

4.5 »
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T N e

Cockol  ACh Contral  ACh
Group 1

Control  ACh  Gomlrod  AGH
Giowp t Group 2

o

Figure 3. Lumen diameter and arca st the proximal segment before
{Control) and after i y injectian of acetylcholine (ACh) in
each study patient. Horlzontal bats indicate mean values. See text
for distussion. *p < 0.01.

2.97 mm? (range 2.36 w 14.33), respectively, in group 2.
There was no statistical difference in baseline diameter and
area hetween the two groups, Intracoromary acetylcholine
decreased the diameter and area t0 2.38 = 0.6 mm (p < 0.01)
and 4.71 = 2,23 mm? (p < 0.01), respectively, in group 1 and
to 195  0.59 mm ¢p < 001) and 3.2 + 1.96 mm®
(p < 0.01), respectively. in group 2. There was no significant
difference in the percent changes from the baseline between
the two grotips (~12 £ 9% for the diameter and ~21 = 16%
for the area in group £ and —15 = 18% for the diameter and
=25 =+ 28% for the arca in group 2) (Fig. 2).

The dose of acetylcholine was not equal for cach of the
study patients, Because the vasoconstrictive effect of ace-
tylcholine has been shown to be dase dependent (18), the
injection of the maximal dose of acetylcholine (100 ug for the
left and 5U ug tor the right coronary artery) into all the
sicnotic coromary arteries would have resulted in the same
anlcome Or More potent vasoconstrictive response. After

and the changes in diameter and area in group 1, although the
change was relatively small in the two patients whose
infarction occurred as long as 19 and 24 momhs, respee-
tively, before the study (percent change in dizmeter — 11%
and ~14%, respectively). Afier administration of nitroglyc.
erin, lumen diameter and area were 0.89 = 0.24 mm and 0.67
% 0.39 mm?, respeclively, in group | and 0.91 = 0,24 mm
and 0.69 = (144 ram?, respectivaly, in group 2. There was no
statistical difference in the diameter and area after nitroglye-
erin between the two groups.

Efect at the proximal segiment (Fig. 3). The baseliac
lumen diameter and area were 2.71 £ 0,75 mm (range 1.8 10
4mm)and6.18 + 3.4 mm’ (range 2.6 to 12.45), respectively,
in group 1 and 2.31 *+ 0.67 mm (range 1.7 to4.3)and 4.5 =

dministration of nitroglycerin, the di and area were
3.15 = 0.86 mm and 8,36 £ 4.31 mm?, respectively, in group
1and 2.58 = 0.72 mm and 5.66 £ 3.74 mm?’, respectively, in
group 2, and the diameter of group | was sipnificantly greater
than that of group 2 (p < 0.05).
Effect on the noninfarct-related cororary artery in group
I: In four group | patients, a fixed, organic stenasis > 7% of
the lumen diameter was also present in the artery other than
the infarci-related coronary artery. These noninfarct-related
stenolic arteries included two lefi amerior descending arter-
ies and two left ciceumflex arteries. and the effect of acetyl-
choline on the stenotic segment of these arterics was exam-
ined. The doses of acetylcholine used were 20 ug for one
artery., 50 pg for another and 100 pg for the remaining two.
The baseline lumen diameter and area of the stenotic seg-
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sient were 0.65 = 0.16 mm and 0.35 = 0.16 mm2, respec-
tively, and those after acetyicheline .31 £ 004 mm aad (1.2
= 0.03 mm?, respectively (p ~ NS tor both changes), Total
or subtotal ocelusion was no1 tnduced ia any of these
noninfarcl-related sienotic arteries.

Discussion

Angiographic studies performed in the early phase of
acute myocardial infarction have shown an approximately
W% incidence of total occlusion in the infarct-related coro-
nary artery (1,2). Thrombolytic therapy for acute myocardial
infarction is clearly effective in recanalizing the oceluded
~essel €23,24). Thus, occlusive thrombus in the coronary
artery is the common pathway leading to myocardial infarc-
tion, but the precise mechanism for the thrombus formation
remains © be elucidated. Previous studies (5.6) performed
during the acute phase of myocardial infarction or preinfarc-
tion angina have revealed that coronary spasm may play an
imporiant role in the pathogenesis of acute myocardial
infarction. It has been shown that transient coranary artery
occlusion due te spasm possibly induces occlusive thrombus
fi ion (25) and ty acute myocardial infarction
(26).

Ali group 1 patients had myocardial infarction in the
tesritory perfused by the highly stenatic coronary artery. To
compare the vasoreactivity of this infarct-related stenotic
artery with that of the noninfarct-refated a-tery, we exam-
ined the conmstrictor response of the stenolic lesions to
acetylcholine. For the quantitative measurement of tumen
diameter and area, we used a computer-assisted coronary
anglography analysis system 1hal detects vessel conlours

ically with a edge differentiation tech-
nique (21), This method was validated in phantom studies in
which the diameter of coronary artery models with a known
diameter of 0.5 10 4 mm was measured, and the accuracy and
precision were found to be excellent.

Effect of acetylcholine on the atwrosclerafic coronary
arteries. Acetylcholine is an endothelium-dependent
vasodilator (17) as well as a potent vasosonstrictor (27).
Endothelinm-dependent relaxation with acetylcholine has
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than that of the nominfarct-refated coronary artery. This
finding was furrther cumnared hy tha sraats idence of
acetylchuling-izduced total or subtotal occlusion in group 1
than in group 2. Bertrand et al. (15) demonstrated that
coronary spasm was induced wiith inravencus ergometrine
in 21% of thewr patients with vecent myocardiel infarction.
The incidence of coronary spasm in that study is low
enmpared with our finding of a 69% |nctdcnce rate of total or
subtotal after i ORAry ion of ace-
tylcheline. This difference may be explained by 1) the
difference in the severity of fixad stenasis (the study by
Bertrand et al. [16] included patients with insignificant
stenosis, whereas all of our patients Rad a highly stenotic
Icsiond, 2) the difference in stidy protocol (it was not
¢larifted in the study by Bertrand et al. [16] whether antiangi-
nal drugs were withdrawn before the angiographic examina-
tion was performed), 3} the difference in the study popuna-
tien (race). and 4) the difference in the vasoconstrictor used
{intravencus ergometrine versus intracoranary acetylcho-
line) between the two sludles Total occlusion of the stenotic
lesion after i y infusion of acerylcholine has been
decumented in five {63%) of the eight patients with stable
angina (13), but it was rot reported whether the stenotic
coronary artery was infarct related.

The present study failed to clarify whether the enhanced
constricler response of the infarct-related as compared with
that of the noninfacci-related artery was a cause or a resvlt of
myocardial infarction. It has been shown experimentally (29)
that reperfusion of an cccluded coromary artery induces
endothelial injury that results in impairment of endothelium-
dependent relaxation with acetylcholine, Because the
endothelium-dependent relaxation of the stenotic coronary
artery is already impaired by atherosclerosis (29), the effect
of sepetfusion on the relatively eshanced constrictor re-
sponse in the infarct-related coronary artery seesss to be
minimal. To clarify the peecise role of this enhanced con-
sirictor response will require a prospective, follow-up stady
of the patients with coronary artery disease whose athero-
scierotic lesion is highly piitie 1o the ictive
effect of acetylcholing, although such a study will be difficult

10 acc hish

been shown (28) to be present in the nonatherosclerotic
human coronary artery but impaircd in the atherosclerotic
artery. The present study showed that acetylcholine eansed
a sigaificant reduction in lumen diameter and area of the
Atherosclerotic co-onary anerics not only at the proximal
site but at the stenctic site in both groups, The resalts are
consistent with previous clinical observations of the effect of
acetylcholine (13-15) and d ate that riction
ocours in response to aceiylcholine even ai the highly
stenotic lesion.

Differemt response to acztylchaling of infaret-relatei and
uoninfarct-related corenary arteries. The analysis of the
effect of acetylcholine on lumen diameter and area of the
stenotic segment clearly showed that the constrictor re-
sponse of the infarct-related coronasy artery was greater

Mechism of the differeat responses, Because the con-
strictor response at the proximal segmert did not differ
between the two groups, it is possible that the constrictor
response of the stenotic lesion of the infarct-related artery i
nol necessarly increased. Alernatively, the noninfarer-
related artery may have a reduced constricter response. This
pessibilily i sueported by the fact thot, i3 four proup |
patients with a highly stenotic lesion in both the infarct-
relaied and th: nominfarci-related artery, acetylcholive in-
duced total or subtotal occlusion only in the infarct-related
artery. Our study, hawever, could not clarify the mechanism
for the difference in constrictor response between the
infarct-related amd the moninfarct-related artery. Type X1
eccentric stenosis, which was defined angiographically as an
eccentric stenasis with 2 narrow neck or irregular borders,
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or bath (22), was more commen in group | (5 of 16) than in
group 2 (1 of 19), although this difference was nol statisti-
cally significant because of the small number of patients. A
higher incidence of 1ype 1T slenosis in patients with unstable
anging and acule or recent myocardiul infurction than in
paticnits with stable engina was previously reported (22,30).
It has been shown thar approximately 75% of the stenolic
coronary arlery has an ceeentric residual lwmen that is
partially circumscribed by an are of the normal arterial wall
segment (D). An ceeentric stenatic lesion thus seems t3 be
more phiable than a concentric one that 15 surrounded with
stiff vascular wall.

The highly stenotic coronary artery with the potential for
active vasomotion such as seen in the infarct-related artery
may have a risk for transient acclision even with a physio-
logic change in the vascular tone (geometric theory) 313, On
the contrary, the stenotic coronary artery with a reduced
vasomotion as scen in the noninfarct-related artery may be
at Jow risk fur trunsient occlusion and thus for the armation
of occlusive thrombi. However, many faclors affect the
tonus of the coronary artery, including the autonomic ner-
vous system (10-12,27), circulating neurchumoral factors
(?") and so on; thus, the potential for active vasomotion may

2 guined 2ven in the noninfarct-refated stenotic lesion.

Conclusions. The constrictor response of the stenotic
segment of the infarct-related coronary artery is enhanced as
compared with that of the noninfarct-related artery. This
finding suggests that the relatively enhanced constrictor
response uf ific infarct-related coronary artery is related to
the genesis ot aente myuocardial infarction.
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