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Impaired Flow-Mediated Vasodilation of Epicardial Coronary Artery

in Vasospastic Angina

To evaluate whether the flow-mediated vasodilation and coronary flow reserve
are impaired or not in patients with vasospastic angina (VA), we measured the
changes of epicardial coronary artery diameter and flow reserve in spasm
related-left anterior descending coronary artery (LAD). The flow mediated-
response of epicardial coronary arteries in 15 VA were compared with 15 con-
frols. Using quantitative coronary angiography, we measured the diameter of
proximal (pLAD) and middle segment (mid-LAD) of LAD under baseline condi-
tions, during increased blood flow after distal adenosine injection and after
proximal administration of nitroglycerin. An increased fraction of average peak
velocity after injection of adenosine was similar in both groups [control 340
(mean) +24 (SEM)%; VA 330+19%]. Flow-mediated vasodilation was pre-
served in all controls (pLAD 13.1+1.4%; mid-LAD 15.8 +2.5%) but it was signi-
ficantly impaired in patients with VA (pLAD -1.0+1.8%; mid-LAD 0.1 +3.5%).
The vasodilator response to nitroglycerin was comparable in controls (pLAD
25.8 +2.8%; mid-LAD 27.2+2.8%) and VA (pLAD 26.2 +5.2%; mid-LAD 26.7 +
3.5%). Coronary flow reserve is preserved in patients with VA. However, the
flow-mediated response of spasm related-epicardial coronary artery is impaired.
This may play an important role in the pathogenesis of coronary artery spasm.
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INTRODUCTION

Vasospastic angina has been demonstrated to be
caused by epicardial coronary artery spasm (1). Endo-
thelial dysfunction has been regarded as a cause of cot-
onary artery spasm in patients with vasospastic angina
since they have impairment of vasodilation in response
to vatious vasoactive amines (2-7). However, it is still
controversial whether coronaty artery spasm tesults from
defective endothelium-dependent vasodilation or local
hypetreactivity of vascular smooth muscle (8, 9). Previous
studies have focused on autonomic netvous system abnot-
mality (2) ot local vascular hyperreactivity to vatious
stimuli (12-13). In most in vivo studies to date, acetyl-
choline has been a major tool for evaluating endothelial
function. However, acetylcholine may induce the direct
vasoconstriction of vascular smooth muscle irrespective of
whether endothelial dysfunction is present ot not.

Flow-mediated vasodilation is an important physiologic
mechanism in the regulation of coronaty blood flow. This
phenomenon could provide flow-mediated dilator feed-
back to oppose the constrictor force of the myogenic
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response to increased intraluminal pressute, theteby coot-
dinating vasomotor tone changes in the coronary netwotk
(14). The flow-mediated vascular response is thought to
be mote physiologic than those to acetylcholine in the
evaluation of vasomotor function. This response was
shown to be an endothelium-dependent phenomenon
(14-17). Several studies have demonstrated the adequacy
of this technique as a method to evaluate endothelial-
dependent vasomotor function (18-22). However, there is
little attention about flow-mediated vasodilation in pa-
tients with vasospastic angina. Thus, the present study
was designed to evaluate the flow-mediated vascular
response and cotonaty flow resetve in spasm related-
epicardial coronary artery of patients with vasospastic
angina.

MATERIALS AND METHOD

Patients

Fifteen patients with vasospastic angina and fifteen
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patients with atypical chest pain were studied. Patients
with unstable angina, recent myocardial infarction, left
ventticular dysfunction, and risk factors with coronaty
artery disease were excluded. Patients, with chest pain
suggesting vasospastic angina and normal 201-thallium
labeled myocardial perfusion scans, were entolled in
vasospastic angina group. All patients underwent bedside
‘intravenous ergonovine echocardiography’ after disconti-
nuation of all cardicactive drugs for at least 3 days.

Previously we reported intravenous ergonovine echo-
catdiography as an accurate noninvasive method for diag-
nosis of coronaty artery spasm (23, 24). A spasm site pre-
dicted by intravenous ergonovine echocardiography was
well correlated with angiographically confirmed spasm
site. Especially, a spasm site of LAD (left antetrior de-
scending cotonaty attery) tertritoty by intravenous ergo-
novine echocardiography was well coincided with those
confirmed by coronaty angiogram [concordance rate, 25/
27 (93%)](24). Patients with regional wall motion ab-
normalities of mid-LAD (middle segment of LAD) terri-
tory on intravenous etgonovine echocardiogram wete
selected as vasospastic angina group for this study.

All control patients with atypical chest pain had nega-
tive intravenous etgonovine echocardiography and angio-
graphically normal coronary atteries. Written informed
consents were obtained from all patients before the study.

Diagnostic coronaty angiography was petformed in all
patients before the study by using 7F catheters with a
standard femoral artery approach. Three thousand units
of hepatin was given intravenously after arterial puncture.
Non-ionic contrast material was used for all patients.
Patients wete excluded from the study if they had spon-
taneous cotonaty artery spasm duting coronary angio-
gram, ot angiographically proved atherosclerotic coronaty
artery lesion. Thirty-five patients of vasospastic angina
were inidally included for this study. Of these patients,
20 patients were excluded from the study (7 patients
showed spontaneous coronary artery spasm during the
study; 13 patients had atherosclerotic coronary artery
lesion). Since spontaneous coronary artety spasm occurs
mote frequently during the eatly morning hours (25-28),
all studies were petrformed in the late motning or aftet-
noon (11 AM to 1 PM) to reduce the likelihood of con-
founding spontaneous spasm.

Study protocoal

After the diagnostic angiogram, an additional 5,000
units of hepatin was given intravenously, and an 8F
guiding catheter was positioned in the ostium of the left
cotonaty artety. A 3F infusion catheter was advanced
through the guiding catheter into the proximal pottion
of distal LAD. A 0.014-inch Dopplet flow wite (15 MHz)

S.-H. Kang, H.-K. Park, CW. Lee, et al.

was then advanced through the infusion catheter and the
tip of the Doppler flow wite was positioned distal to the
end of the infusion catheter. Before beginning the study
protocol, the position of the Doppler flow wire was
adjusted to obtain an optimal and stable flow velocity
signal. The Doppler wire and infusion catheter position
were not changed thereafter. Throughout the study,
heart rate, aortic pressure, mean and phasic flow velocity
wetre monitored continuously. A projection for optimal
visualization of the left cotonaty artery was chosen and
unchanged throughout the study. After the control con-
dition had been established, adenosine was injected as a
bolus into the distal LAD through the infusion catheter.
The dose of adenosine (1.5 cc, 18 ig) was chosen on the
basis that maximal flow is achieved by a bolus of 18 ug
adenosine (29). Coronary angiography was petformed
with an injection of 8-10 mL of nonionic contrast medi-
um at control conditions and 60 seconds after the peak
flow velocity induced by adenosine (21, 30, 31). We
waited 5 minutes after each angiogram to exclude the
effect of contrast-induced vasodilation. After return to
baseline conditions, 250 ug nitroglycerin was injected
into the left main coronary artety through the guiding
catheter. Last coronary angiogram was petformed 4 min-
utes after nitroglycerin injection.

Quantitative coronary angiography

Coronary angiograms were recotded on a 35-mm cine-
film (30 frames/s) using a Siemens cineangiographic sys-
tem on the projections that allowed the best visuals of
the LAD on end-diastolic frames without ovetlap of side
branches. Angiograms were obtained at quiet end expira-
tion to avoid possible effects of tespiration. Flow-medi-
ated vasodilation was evaluated in the mid-portion of the
proximal LAD (pLAD) and mid-LAD free of side branches.
The proximal segment of citcumflex artety was used as
control. A portion at least 5 mm proximal to the infusion
catheter tip was selected for quantitative analysis of mid-
LAD segment. Measurement of the lumen diameter of
each atterial segment was performed quantitatively with
the aid of a cinevideodensitomettic analysis system (auto-
matic edge-detection method). The artetial segments
under study were videodigitized at end-diastolic and then
stored in the cardiac image analysis system. The diameter
of the segment of intetest was measured with twofold
magnification, and the average value from triplicate mea-
surements was used for analysis. Two or more fixed ana-
tomical structures setving as references were determined
to allow assessment of setial changes in the diameter of
the same artetial site. Each angiogram was analyzed at
random by experienced investigators unawate of the clin-
ical histoty. The percentage changes in the coronaty dia-
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meter was calculated as follow: (diameter after drug -
control diametet) / control diameter X 100 (%).

Statistical analysis

All data were exptessed as mean*SEM. Statistical
compatisons between the two groups of patients wete
made by the unpaired Student t test. Serial changes of
hemodynamic vatiables and coronary vessel diameters at
baseline, after adenosine and after nitroglycerin injection
wete evaluated by ANOVA for repeated measures. A p
value less than 0.05 was considered statistically signi-
ficant.

RESULTS

Clinical characteristics

Table 1 summarizes the clinical characteristics of the
patients. The baseline characteristics, such as age, sex,
total cholesterol levels, HDL cholesterol levels, were com-
parable between the two groups.

Hemodynamic variables

Resting heatt rate, and arterial blood pressure were
also similar in both groups (Table 1). Thete was no sig-
nificant change in heatt rate, and arterial blood pressute
duting the injections of adenosine or nitroglycerin (data
not shown).

Flow-mediated vasodilation
All subjects included in this study had angiographically
normal coronary artety. Intracoronaty injection of adeno-

sine into the distal LAD produced significant increase in

Table 1. Clinical characteristics of the study population
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average peak flow velocity in both control and vasospastic
angina groups (control 340124%; vasospastic angina
3301 19%). And the ratio of resting-to-maximal blood
velocity (coronaty flow reserve) was similar in both
groups. Mean baseline diameter of pLAD and mid-LAD
segments wete similar in both groups (Table 1). In con-
trol subjects, the luminal diameter of both segments
significantly increased after intracoronaty injection of
adenosine (pLAD 13.111.4%; mid-LAD 15.812.5%).
In contrast, flow-mediated diameter changes of both seg-
ments wete significantly blunted in patients of vasospas-
tic angina (pLAD -1.0%£1.8%; mid-LAD 0.1£3.5%,
P<0.05) (Fig. 1). There was no dilation of the left cir-
cumflex coronaty artery segments in any subjects of both
groups after intracoromaty injection of adenosine. In
response to nitroglycerin infusion, proximal and mid-
LAD segments were dilated to a similar degree in both
controls (pLAD  25.8+2.8%; mid-LAD 27.2+2.8%)
and vasospastic angina groups (pLAD 26.2 £5.2%; mid-
LAD 26.7£3.5%).

DISCUSSION

The major finding of this study is that flow-mediated
vasodilation is impaited in spasm-related human epicat-
dial left antetior descending coronary artery, wheteas the
capability of the artery to dilate in response to nitrogly-
cetin is preserved. This result suggests a specific func-
tional alteration in the vasoregulatory capacity of the
endothelium in the arteties responsible for vasospastic
angina. It has been demonstrated that an increase of
blood flow through normal coronary arteties results in
vasodilation in animal and human studies. This response
has been reported to be dependent on the presence of
an intact endothelium and mediated by enhanced release
of endothelium-derived relaxing factor (14-17). Under

Characteristic Vasospastic angina (n=15) Control (n=15) P value
Age (yr) 516 + 34 474 + 25 NS
Sex (male/female), number 10/5 9/6 NS
Total cholesterol (mmol/L) 413 + 0.23 429 + 0.30 NS
Total triglyceride (mmol/L) 142 + 0.1 140 + 0.17 NS
HDL-C (mmol/L) 110 * 0.18 114 + 0.15 NS
SBP (mmHg) 129 + 6.4 131 + 57 NS
DBP (mmHg) 73 + 5.1 76 £ 4.4 NS
Heart rate (beats/min) 72 +29 73 + 34 NS
Baseline APV (mm/sec) 169.0 + 194 162.0 + 154 NS
Vessel size of pLAD (mm) 34 £ 02 35 £ 02 NS
Vessel size of mLAD (mm) 28 + 0.1 29 + 02 NS

APV indicates average peak velocity; mid-LAD, middle segment of left anterior descending coronary artery; NS, nonsignificant; pLAD,

proximal segment of left anterior descending coronary artery.
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Fig. 1. Comparison of flow-mediated vasodilation and nitroglycerin-induced vasodilation in proximal (A) and middle segments (B)
of left anterior descending coronary artery {(LAD). Flow-mediated vasodilation was significantly impaired in vasospastic angina patients
as compared with the control subjects, whereas nitroglycerin-induced vasodilation was similar in both groups (pLAD, indicates
proximal segment of LAD; mid-LAD, middle segment of LAD; NTG, nitroglycerin).

notmal conditions, flow-mediated vasodilation represents
the major mechanism by which the epicardial vessels
respond to stimuli, such as exercise that increases myo-
cardial wotk and oxygen demand. An important func-
tional consequence of impaited flow-mediated vasodila-
tion of epicardial coronary artery is that it limits blood
flow to the myocardium, which may contribute to the
development of myocardial ischemia. The incidence of
myocardial ischemia in vasospastic angina matkedly in-
creases in the early morning (25-28). Although the mech-
anisms responsible for this increased incidence are not
fully understood, we think that the blunted flow-medi-
ated dilating capacity of the epicardial coronaty artery
ptobably contributes to aggravation of coronary artety
spasm. This hypothesis is suppotted by the fact that the
endothelium plays an important role in modifying fluc-
tuations in Coronary vasomotor tone in response to vati-
ous physiological stimuli that occur in a circadian fashion
(32). In this study, we could not petform the study in
the early motning (7-9 AM) because spontaneous coto-
nary artety spasm developed in almost all cases. This
observations is compatible to previous repott on diurnal
variation in vasospastic angina (25-28). Unfortunately, in
patients with vasospastic angina, the precise mechanism
of coronary artety spasm temains unclear. Endothelium-
dependent vasodilation mediated by acetylcholine has
been teported to be abnormal at the vasospastic site (2-
4). However, cotonaty vasodilation evoked with brady-
kinin or substance P was comparable to the coronaty
spasm site induced by ergonovine maleate and the con-
trol site. The results suggest that endothelial function is
normal at the site of the acetylcholine-induced cotonaty
artery spasmu in patients with vasospastic angina (8, 9). In

the animal model of cotonary artery spasm, vascular
smooth muscles from the spastic segments also show
matkedly augmented response to histamine and setotonin
as compared to those of the nonspastic segments (10, 11).
Therefore, it is still unclear whether abnormal vasomotor
response tesults from endothelial dysfunction or local
hyperteactivity of vascular smooth muscle in epicardial
coronaty attety. Acetylcholine has been a majot tool for
investigating endothelium-dependent vasodilator response
but it has some limitations because acetylcholine has a
direct vasoconstriction effect on vascular smooth muscle
and it is not a physiologically circulating substance. In
conttast, flow-mediated vasodilation is both a sensitive
and physiological response. Thetefore, the present study
extended our knowledge of endothelial function in vaso-
spastic angina by showing that flow-mediated vasodila-
tion is impaired in spasm related-epicardial coronaty
artety. These abnormalities represent endothelial dysfunc-
tion rather than a more general impairment of epicardial
dilator capacity because these vessels tespond normally
to nitroglycetin. Coronaty artety spasm was reported to
occur mote frequently in areas of atherosclerotic narrow-
ing (33). Therefore, it has been suggested that in these
patients the basic abnormality may be endothelial dys-
function associated with atherosclerosis process. Howevet,
the cause cannot be attributed solely to atherosclerosis
since the majotity of patients with vasospastic angina
have notmal or near normal coronary arteties in Kotea
(34) and acetycholine do not provoke spasm in most
patients with fixed coronary attery disease (35). The
endothelial dysfunction of the spasm related-epicardial
coronaty artety seems to be diffusely involved. The dila-
toty tesponse to nitroglycerin of the attery with spasm
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in patients with vasospastic angina did not differ from
that of either the artery without spasm in the same
patients ot the cotonaty artery in the control subjects
(36). Inn this study, flow-mediated response was impaired
in both spasm (mid-LAD) and nonspasm site (pLAD) of
spasm related-epicardial coronary artety. In this regard,
our study suppotts the previous observations that endo-
thelium dependent-vasodilation of spasm telated-epicat-
dial coronary attery is diffusely impaired in patients with
vasospastic angina (35, 36).

Coronary flow reserve can be calculated as the ratio
of resting-to-maximal blood flow velocity, in the situa-
tion which the cross-sectional area of the vessel at the
site of Doppler probe placement temains constant be-
tween measurements. Despite several limitations, includ-
ing superimposed mild obstruction of the vessel by the
catheter, this method is widely used (37). In this study,
an increased fraction of average peak velocity (coronaty
flow teserve) was similar in both groups. This findings
demonstrates that, despite impaited flow-mediated vaso-
dilation of epicardial conductance vessel, flow reserve of
the coronaty microvasculature is normal in patients with
Vasospastic angina.

In this study, spasm-related epicardial cotonaty artety
was not documented angiographically because of ethical
considerations. However, we previously repotted that ergo-
novine echocardiography can be reliably used to predict
the vasospasm segment in VA (23, 24). Finally, we did
not evaluate the flow-mediated vasodilation of non-spasm
related epicardial coronary artery in VA. Thetefore, we
do not know whether the flow-mediated vasodilation of
nonspasm  related-epicardial coronary artery is impaired
of not.

In conclusion, the vasomoter tone of intact cotonaty
arteries appears to be modulated by changes in blood
flow. Flow reserve of the coronaty microvasculature is
preserved in patients with vasospastic angina. Howevet,
the flow-mediated vasodilation of spasm related-epicat-
dial coronary artety is impaired. This may play an impot-
tant tole in the pathogenesis of human epicardial coro-
nary artery Spasm.
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