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Abstract
Objective—To evaluate changes in coron-
ary artery spasticity in patients with
vasospastic angina who had been stable
for years under continuous drug treat-
ment.
Methods—Follow up coronary angio-
graphy was performed under intracoro-
nary ergonovine provocation in 27 well
controlled patients with vasospastic an-
gina and no organic stenosis; the tests
were done > 24 months after the initial
coronary angiography, in which occlusive
spasm had been induced by the same regi-
men of ergonovine provocation.
Results—The mean (SD) follow up period
was 47.2 (21.6) months. All patients had
been free from angina attack for more
than 24 months under treatment with
antianginal drugs. During this follow up
period, organic stenosis developed in only
one case. Occlusive spasm was observed
during follow up coronary angiography in
23 patients. Spasm with 90% narrowing
was observed in three other patients, and
diVuse significant narrowing was seen in
the final patient. No significant diVerence
was found in spasticity (p = 0.75) between
the initial and the follow up tests.
Conclusions—Repeatedergonovineprovo-
cation during coronary angiography after

a controlled period of several years
showed that coronary spasm remains
inducible in most patients. Discontinuance
of drug treatment during the remission
from anginal attacks achieved by medi-
cation may put the patient at high risk.
(Heart 1999;81:528–532)
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The significance of coronary arterial spasm in
ischaemic heart disease is now widely
understood1 2 and the provocation test during
coronary angiography has come into general
use in the diagnosis. Various studies on the
prognosis of vasospastic angina have been
reported.3–7 Most patients with vasospastic
angina who have no significant organic stenosis
are easily managed by antianginal agents,
including long acting nitrates, and their prog-
nosis appears to be satisfactory. There remains,
however, the question of whether to continue
drug treatment indefinitely. The risks of
withdrawal and the possibility of spontaneous
remission have both been pointed out.6 8 It is
important to know whether drugs can safely be
discontinued, particularly in cases of pure
vasospastic angina without significant coronary
artery stenosis.

Table 1 Clinical and angiographic characteristics of the patients

Initial test Follow up test

No
Age
(years)/ sex

Follow up
(months) Drugs during follow up

ST segment
changes

Site of spasm
(seg)

Chest
pain

ST segment
changes

Site of spasm
(seg)

Chest
pain

1 79 M 83 sr.ISDN 40 mg, ISDN 5 mg, sr.nif 20 mg, dil 30 mg 2, 3, F↑ 1 + 2, 3, F↑ 2 +
2 77 M 56 sr.ISDN 40 mg, sr.nif 20 mg V4–6↓ 11 + V2–5↑ 7, 11 +
3 63 M 48 sr.ISDN 40 mg, sr.nif 40 mg, nic 20 mg − 1 + − 1 +
4 72 M 36 sr.ISDN 40 mg, dil 60 mg − 7 + 2, 3, F↑ 3 +
5 68 M 93 sr.ISDN 40 mg, dil 60 mg V3–5↓ 6, 11 + V5, 6↓ 11 +
6 84 M 25 sr.ISDN 40 mg, sr.nif 20 mg − 7, 11 + − − (4;90%) −
7 60 M 79 sr.ISDN 40 mg, sr.nif 20 mg − 1 + 2, 3, F↓ 11 +
8 65 M 25 sr.ISDN 40 mg, sr.dil 200 mg V2–5↑ 6 + V2–6↑ 6, 11 +
9 50 M 50 sr.ISDN 40 mg, sr.nif 20 mg, nic 15 mg − 1 + − − (1;90%) −
10 75 M 35 sr.ISDN 40 mg, td.NTG 25 mg, sr.nif 40 mg V1–6↑ 7 − − 7 +
11 64 M 31 sr.ISDN 80 mg, td.ISDN 40 mg, sr.nif 80 mg, nic 20 mg 2, 3, F↑ 2 + − 2 +
12 61 M 52 sr.ISDN 40 mg, sr.nif 20 mg V1–4↑ 6 + V4–6↑ 6, 12 +
13 62 M 35 sr.ISDN 40 mg, benidipine 8 mg, nic 15 mg − 12 − − 12 +
14 45 M 24 td.ISDN 40 mg, sr.nif 40 mg V2–5↑ 6 + − − (6;90%) −
15 50 M 71 sr.ISDN 40 mg, dil 30 mg − 11 + 2, 3, F↑ 2 +
16 64 M 49 sr.ISDN 40mg, sr.nife20mg, nic 10 mg 2, 3, F↑ 3 + V2–6↑ 7, 11 +
17 57 M 31 sr.ISDN 40 mg, dil 60 mg − 9 − 2, 3, F, V6↑ 9, 11 +
18 58 M 94 sr.ISDN 40 mg, sr.nif 10 mg, dil 30 mg, nic 5 mg 2, 3, F↑ 1 + V1–3↑ 6 +
19 66 M 67 sr.ISDN 40 mg, sr.nif 20 mg V1–4↑ 6 + V1–3↑ 6 +
20 64 F 29 td.ISDN 40 mg V3–6↑ 11 + V3–6↑ 7, 11 +
21 67 M 49 sr.ISDN 40 mg, sr.nif 20 mg 2, 3, F↑ 2 + 2, 3, F↑ 2 +
22 71 M 28 sr.ISDN 40 mg, sr.nif 20 mg 2↑ 13 + 2, 3, F↑ 2 +
23 62 M 53 sr.ISDN 40 mg, sr.nif 20 mg V5, 6↑ 11 + − − +
24 54 F 60 sr.ISDN 40 mg, sr.nif 20 mg 2, 3, F↑ 1 + 2, 3, F↑ 2 +
25 64 M 24 sr.ISDN 40 mg, sr.nif 30 mg 2, 3, F↑ 1 + V3–6↑ 7 +
26 67 M 24 sr.ISDN 40 mg, dil 60 mg − 12 + V2–4↑ 7, 11 +
27 43 M 24 td.ISDN 40 mg, dil 60 mg, nic 10 mg V2–6↑ 7 + V2–6↑ 7 +

dil, diltiazem; ISDN, isosorbide dinitrate; nic, nicorandil; nif, nifedipine; sr, sustained release; td, transdermal; seg, coronary segment as defined by the American Heart
Association classification; ↑, ST segment elevation; ↓, ST segment depression.10
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We previously reported that a diagnostic
provocation test using one dose of ergonovine
into each coronary artery is simpler, easier, and
safer than various other provocation methods.9

We have been employing this regimen since
1988. In this paper we report the changes in
coronary artery spasticity in patients who had
been stable for years, and discuss the value of
sustained medical treatment.

Methods
PATIENTS

Between November 1988 and March 1995,
107 patients developed occlusive spasm under
ergonovine provocation during coronary
angiography at the Chiba Tokushukai Hospi-
tal. Thirty seven patients without organic
stenosis (> 50% luminal narrowing) in any
coronary artery and with no history of

Figure 1 Initial and follow up coronary angiograms from
patient 16. Angiograms of A1, A2, C1, and C2 of the left
coronary artery were obtained in the right anterior oblique
projection; angiograms B1, B2, and D1 of the right
coronary artery were obtained in the left anterior oblique
projection. Angiograms were obtained after administration
of 20 µg of intracoronary ergonovine (A2, B2, and C2), or
after administration of 5 mg of intracoronary isosorbide
dinitrate (A1, B1, C1, and D1). On the initial angiogram,
occlusive spasm was observed in American Heart
Association (AHA) segment 3 after the administration of
ergonovine (B2), but no significant organic stenosis was
present after administration of isosorbide dinitrate (A1 and
B1). On the follow up angiogram, occlusive spasm was
observed in AHA segments 7 and 11 after administration
of ergonovine (C2).

Spasticity in controlled vasospastic angina 529

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.81.5.528 on 1 M

ay 1999. D
ow

nloaded from
 

http://heart.bmj.com/


myocardial infarction were considered to be
well controlled by our drug treatment regimen,
which included sustained release isosorbide
dinitrate given for more than two years. Of
these 37 patients with pure vasospastic angina,
29 agreed to follow up coronary angiography
and underwent ergonovine provocation during
procedure. Two patients were excluded be-

cause their clinical records showed that they
had had anginal attacks during the previous 24
months. Details of the other 27 patients are
given in table 1. There were 25 men and two
women, mean (SD) age 63.4 (9.6) years at fol-
low up coronary angiography.

STUDY DESIGN

All patients gave informed consent to the study.
Both the first and the second ergonovine
provocation were performed using the same
uniform protocol reported previously.9 All cor-
onary vasodilating drugs (nitrates, calcium
blockers, and so on) were discontinued more
than 48 hours before the examination, except
for sublingual glyceryl trinitrate as needed.
Coronary angiography was performed by the
Judkins technique using 4 F or 5 F catheters.
Ergonovine maleate solution, 0.2 mg/ml, was
diluted in 9 ml of saline, and 1 ml of this solu-
tion (20 µg ergonovine) was then given into
each coronary artery by rapid bolus injection.
This provocation test was carried out using the
following procedure, under continuous moni-
toring of arterial blood pressure and ECG:
+ Control angiography of the right coronary

artery
+ Control angiography of the left coronary

artery

Figure 2 Initial and follow up coronary
angiograms from patient 23. Angiograms of
A1, A2, C1, and C2 of the left coronary
artery were obtained in the right anterior
oblique projection; angiograms B1, D1, and
D2 of the right coronary artery were obtained
in the left anterior oblique projection.
Angiograms were obtained after
administration of 20 µg of intracoronary
ergonovine (A2, C2, and D2), or after
administration of 5 mg of intracoronary
isosorbide dinitrate (A1, B1, C1, and D1). On
the initial angiogram, occlusive spasm was
observed in American Heart Association
segment 13 after the administration of
ergonovine (A2), but no significant organic
stenosis was present after administration of
isosorbide dinitrate (A1 and B1). On the
follow up angiogram, spasms observed after
administration of ergonovine were not
occlusive but caused 75% diVuse narrowing of
the left and the right coronary arteries (C2
and D2).

Figure 3 Results of ergonovine provocation tests in the left coronary artery.

27 vessels

spasm(+)
17 vessels

spasm(–)
10 vessels

spasm(+)
11 vessels
(41%)

Initial test Follow up test

spasm(–)
6 vessels
(22%)

spasm(+)
4 vessels
(15%)

spasm(–)
6 vessels
(22%)
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+ Angiography of the left coronary artery four
minutes after the 20 µg ergonovine dose had
been given

+ Angiography of the right coronary artery
four minutes after the 20 µg ergonovine dose
had been given

+ Angiography of the right coronary artery
and the left coronary artery two minutes
after administration of isosorbide dinitrate
(5 mg).
Whenever chest pain or significant ST

segment changes were observed, a selective
coronary angiogram was immediately ob-
tained. When occlusive spasm was observed,
isosorbide dinitrate was given into the coronary
artery and further provocation was withheld. In
our ergonovine provocation test protocol, the
left coronary artery was provoked under the
same controlled conditions in the initial and
follow up tests. To investigate any changes in
spasticity, the incidence of left coronary artery
spasm was compared between the initial test
and the follow up test.

Results
The mean (SD) follow up period was 47.2
(21.6) months. Throughout the follow up
period, 15 patients had been free from angina
attacks. Four patients (cases 11, 17, 18, and 22)
had atypical chest symptoms but these were
considered not to be anginal on account of
their characteristics and the lack of eVect of
glyceryl trinitrate. Three patients (cases 9, 19,
and 23) had anginal attacks early during the
follow up but had been free from attack for
more than 24 months. Five patients (cases 3,
11, 13, 16, and 27) experienced an anginal
attack on accidentally omitting their drugs on
one or more occasions. No patient was admit-
ted to hospital as an emergency because of
angina during the follow up period.

Seven patients (cases 2, 3, 4, 6, 15, 21, and
22) underwent ambulatory ECG monitoring
during the follow up, and no ST segment
changes were documented. Although two
patients (cases 3 and 14) had suVered from
headache as a side eVect of isosorbide dinitrate,
case 3 was able to keep taking the drug, while
case 14 was able to tolerate it when given
transdermally rather than orally.

After the follow up period, there was only
one case (case 27) in whom organic stenosis
developed. Seven patients (cases 2, 7, 12, 15,
18, and 25) had an anginal attack during the
wash out period of 48 hours before coronary
angiography. Each attack was relieved easily by
sublingual glyceryl trinitrate. Occlusive spasm
was induced in 23 patients, at an earlier stage
than in the initial test in four patients,
unchanged in 10, and later in the other three
patients (for example, fig 1). However, occlu-
sive spasm was not induced in four patients;
spasm as 90% narrowing was observed in three
of these (cases 6, 9, and 14), and diVuse
significant narrowing was observed in the other
(case 23, fig 2). Occlusive spasm was induced
in 17 of 27 left coronary arteries in the initial
test, and in 15 of 27 left coronary arteries in the
follow up test (fig 3). No significant diVerence

was found between the initial test and the
follow up test in left coronary artery spasticity
(McNemar test; p = 0.75).

Discussion
ERGONOVINE PROVOCATION AND PATIENT

SELECTION

Heupler et al reported ergonovine provocation
using the systemic administration of 0.2–0.3
mg of ergonovine maleate.11 We reported that
using a 16 µg dosage into each coronary artery
was as sensitive as, and safer than, a systemic
dose of 0.4 mg.9 Since 1988, we have been per-
forming routine ergonovine provocation, using
20 µg into each coronary artery, at the time of
first coronary angiography in patients with
angina. In the present study, we undertook
repeated provocation during coronary angio-
graphy in well controlled patients. Because we
used the same regimen, we could compare the
results between the initial and the follow up
tests; the earlier the spasm was induced, the
greater the spasticity was considered to be. We
excluded patients with organic stenosis, be-
cause we were attempting to answer the
question of whether medication should be con-
tinued indefinitely in well controlled patients
with vasospastic angina.

Whittle et al concluded that the ECG
response alone was an inadequate indicator of
the presence of coronary artery spasm12; thus
we did not use non-invasive assessments (for
example, ambulatory ECG monitoring) in our
assessment of vasospastic angina. In any event,
because the patients had been well controlled
by drug treatment, no ST segment changes on
ambulatory ECG monitoring were docu-
mented during the follow up period.

REMISSION OF VASOSPASTIC ANGINA

The use of slow release isosorbide dinitrate in
Japan since 1981 has made it easy to prevent
anginal attacks in patients with vasospastic
angina. Most patients with vasospasm but
without significant coronary artery stenosis can
be managed by drug treatment. Some studies
have shown spontaneous remission.4 8 13–16

Waters et al reported that in many patients with
vasospastic angina, the symptoms would disap-
pear spontaneously, so drugs could safely be
discontinued in some patients.8 Ergonovine
testing would be useful in identifying those
patients who could discontinue medication.
The patients enrolled in our study were free
from anginal attacks with the drug treatment
regimen used. Spasm of either the left or the
right coronary artery was induced by ergono-
vine provocation in most of these patients at
follow up angiography. No significant diVer-
ence was found between the initial and the fol-
low up tests in the degree of spasticity of the left
coronary artery. We diagnosed vasospastic
angina only when spasm was confirmed on
angiography, whereas Waters et al made the
diagnosis using symptoms and ECG changes.
This diVerence in diagnostic technique may
have been responsible for the discrepant
findings in the two studies. Although a positive
ergonovine response in asymptomatic patients
does not necessarily mean that the disease is
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suYciently active to cause symptoms, we
postulate that non-inducibility of spasm is
likely to indicate remission of vasospastic
angina.

Ozaki et al reported fluctuation in the
location of the spasm in the coronary arteries.
They concluded that, while vasospastic angina
may be a transient disease, it may also be a per-
sistent and variable condition lasting for many
years.17 Our data suggest that anginal attacks
may well recur after withdrawal of drugs, even
in patients who have been symptom-free on
medical management for several years. We feel
that this risk should be emphasised if the ques-
tion of discontinuing drug treatments is raised
in patients with coronary vasospasm.

PROGRESSION OF STENOSIS

A correlation between coronary artery spasm
and the initiation or progression of organic ste-
nosis has been reported.18–23 However, in our
series of 27 patients, coronary artery stenosis
was discovered in only one case. Ozaki et al
reported progression of stenosis in 16 patients
who had been symptomatic during the follow
up period.22 Also they reported regression of
stenosis in 14 patients who had been free from
anginal attacks and in whom spasm was not
induced during follow up coronary angio-
graphy. Our patients were selected on the basis
that they were well controlled by drug treat-
ment, though spasm could be induced at follow
up coronary angiography in most of them. Ste-
nosis may not progress in patients who are well
controlled, even if spasticity persists. Although
on average the patients in our study were
followed up for a long period, four (15%) of the
27 patients had a follow up period of only 24
months. This may have implications with
respect to disease progression.

REBOUND PHENOMENON

A rebound phenomenon caused by abrupt ces-
sation of vasodilator drug treatment may influ-
ence the likelihood of spasticity at follow up
coronary angiography. It was diYcult to allow a
longer cessation period to establish that there
was no rebound, because we would have
needed to admit the patients to hospital as a
precaution throughout the cessation period,
owing to the risk of an ischaemic attack. Thus
a rebound phenomenon cannot be completely
excluded.

CONCLUSIONS

Repeated ergonovine provocation and coron-
ary angiography during a symptom-free period
of several years’ duration on drug treatment

showed that coronary artery spasticity per-
sisted in most cases. Though such patients may
be free from symptoms, discontinuing their
drug treatment may put them at high risk of
ischaemic attacks.
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