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SUMMARY Forty patients with unstable angina refractory to medical treatment had one vessel
percutaneous transluminal angioplasty to the most stenotic lesion in a major coronary artery. The
procedure was successful in 35 patients, and the remaining five patients underwent emergency

coronary artery bypass graft surgery. The initial success rate (84%) for the 16 patients with single
or the 19 patients with multivessel disease (90%) was similar. At early follow up (average nine days)
all patients with successful angioplasty remained symptomatically improved; 10 patients (83%)
with single and 10 patients (63%) with multivessel disease had negative treadmill stress tests. Five
of six cardiac events occurred within the intermediate (average 11 months) follow up period; two
patients had recurrent refractory unstable angina, two had angioplasty for progression ofdisease in
a vessel not previously treated by angioplasty, and one had bypass graft surgery. During late
(average 26 months) follow up one patient had a non-fatal myocardial infarction while seven

patients (58%) with single vessel disease and nine patients (75%) with multivessel disease had
negative stress tests; 29 of 40 patients showed long term improvement.

Unstable angina pectoris can rapidly progress to
myocardial infarction or death despite vigorous
medical treatnent.'" Thus patients with unstable
angina are usually admitted to the coronary care unit
and treated with multiple drugs including long and
short acting nitrates,5 ,B blockers,6 antiplatelet
agents,7 and calcium channel antagonists.89 Despite
these measures some patients continue to experience
angina and because they are at high risk for myocar-
dial infarction and death'0 they are considered for
early coronary artery bypass surgery. Recent inves-
tigations have shown that like surgical treatment
percutaneous transluminal coronary angioplasty may
be effective in the treatment of unstable angina pec-
toris"-" even in emergency situations in patients who
do not respond to medical treatment.'4 Most patients
in these earlier studies had single vessel coronary
artery disease. This is not a common angiographic
finding in patients with unstable angina where the
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majority have multivessel disease.2 Consequently,
the efficacy of percutaneous transluminal coronary
angioplasty in patients with unstable angina that
is refractory to maximal medical treatment and
multivessel disease is not well defined.
We have evaluated the immediate and late

symptomatic, functional, and angiographic state of
patients after percutaneous transluminal coronary
angioplasty of a single, critically stenotic, major
artery for refractory unstable angina. Thus this study
compares the results of complete angioplastic
revascularisation in single vessel disease with those of
incomplete angioplastic revascularisation in multi-
vessel disease in patients with refractory unstable
angina.

Patients and methods

PATIENTS
During a two year enrolment period 40 patients with
refractory unstable angina entered this study.
Refractory unstable angina was defined as the persis-
tence of anginal symptoms despite maximally
tolerated combined # adrenergic blockade, nitrates,
antiplatelet treatment, and/or calcium antagonists
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Coronary angioplasty for refractory unstable angina
when given for at least 48 hours.

Unstable refractory angina was subdivided as
follows: (a) occurring at rest or with minimal effort;
(b) of recent onset (<1 month and progressively
increasing in frequency, duration, and/or severity);
(c) occurring < six weeks after myocardial infarc-
tion.'5 Acute myocardial infarction was ruled out by
serial creatine kinase measurements and electro-
cardiograms obtained over a minimum of48 hours in
the coronary care unit. No patient included in this
study had congestive heart failure, cardiomyopathy,
valve disease, or left ventricular aneurysm. No
attempt was made to negotiate totally occluded
vessels, left main lesions, or any lesion greater than
8 mm in length and these patients were excluded
from the study.
The details ofpercutaneous transluminal coronary

angioplasty, risks, benefits, and the possibility of
emergency coronary artery bypass surgery were
explained to each patient. Informed written consent
was obtained from the patient and an immediate
relative.

PERCUTANEOUS TRANSLUMINAL CORONARY
ANGIOIPLASTY PROCEDURE
Routine coronary angiography was performed by the
standard Seldinger technique. The severity ofcoron-
ary lesions was measured as the maximum percentage
diameter narrowing in any standard radiographic
view. Percutaneous transluminal coronary angio-
plasty was performed by the Gruntzig technique'6
modified for use with a steerable system. In patients
with one vessel disease, coronary angioplasty was
performed if a stenosis of ) 70%, was present. In
multivessel disease, defined as > 70%o stenosis in two
or more coronary arteries, a single percutaneous
transluminal coronary angioplasty was performed to
the most stenotic lesion within a major vessel. Just
before angioplasty, patients received prophylactic
sublingual glyceryl trinitrate (0-3 mg) and intraven-
ous heparin (10 000 IU) to prevent possible coronary
spasm and thrombosis respectively. Balloon infla-
tions were repeated to produce a satisfactory dilata-
tion as determined by a reduction in the pressure
gradient across the lesion and an improvement in
angiographic appearance of the stenosis. Multiple
projection coronary arteriography was performed to
confirm the result. An angioplasty procedure was
considered successful when it reduced the stenotic
lesion to < 50% and the transstenotic pressure
gradient by > 30 mm Hg.
For the first 24 hours after angioplasty, patients

were monitored in the coronary care unit, where
serial electrocardiograms were obtained and serial
creatine kinase activity was measured as clinically
indicated. For this first 24 hour period after angio-
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plasty, femoral sheaths were left in place and patients
were treated with intravenous heparin. Antianginal
treatment including intravenous glyceryl trinitrate
was given during the initial 24 hours after angioplasty
and then gradually tapered off.

FOLLOW UP EVALUATION
Successfully treated patients were followed at regular
clinic visits. The severity of angina was graded
according to the New York Heart Association clas-
sification. Patients were only followed until the
following cardiac end points:.ecurrence ofrefractory
unstable angina; percutaneous transluminal coron-
ary angioplasty of a vessel other than the vessel
originally dilated for relief of refractory unstable
angina; myocardial infarction; and death. Patients
who had percutaneous transluminal angioplasty for
restenosis of the originally dilated vessel for other
than refractory unstable angina remained in the
study.

Treadmill stress tests with the standard Bruce
protocol were performed within one month of angio-
plasty, and at three, six, and every six months after
angioplasty. No patient was taking digitalis. All
antianginal medications except vasodilators were
stopped 24 hours before exercise testing.
Vasodilators were withdrawn six hours before the
stress test. All 12 standard electrocardiographic leads
were monitored throughout the test. A horizontal or
downsloping ST segment depression of 0-1 mV or
more occurring 0 08 s after the J point during
exercise was regarded as a positive test. Because
many patients had numerous stress tests, results of
the test done within the first 30 days, the most recent
within one year, and the most recent done at least one
year after angioplasty are reported.

In the event ofrecurrence ofanginal symptoms or a
positive treadmill stress test, patients were advised to
undergo repeat coronary angiography, and if
indicated repeat percutaneous transluminal coronary
angioplasty was performed.

TIMING OF FOLLOW UP EXAMINATIONS
Follow up is divided into early (within one month of
angioplasty), intermediate (one month to 12 months
after angioplasty), and late ( > 12 months after angio-
plasty).

DATA ANALYSIS
Data are expressed, when appropriate, as the mean
(1 SD). We use the Statistical Analytical System on

an IBM 4381 to test for intragroup significance by a

paired t test, proportions by either chi-square
analysis or the Fisher exact test as appropriate, and
morbidity by actuarial analysis. The term significant
used within the text implies a p value < 0-05.
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Results

PATIENT CHARACTERISTICS AND CORONARY
ANGIOGRAPHIC FINDINGS
There were no significant differences between the
characteristics of patients with single or multivessel
disease (table 1). In patients with multivessel dis-
eases, 19 had two vessel disease and two had sig-
nificant disease within all three major coronary
vessels.
IMMEDIATE RESULTS OF ANGIOPLASTY
One vessel percutaneous transluminal coronary

angioplasty was initially successful in 35 (88%o) of 40
patients (table 2). Patients with single or multivessel
disease had similar results. The initial success rate for
angioplasty of lesions of either the left anterior
descending or left circumflex coronary arteries was

also similar in patients with single or multivessel
disease. The initial success rate was lower in patients
who had angioplasty of the right coronary artery and
single vessel disease than in patients who had angio-
plasty of the right coronary artery and multivessel
disease, but this difference was not statistically
significant (p > 0 37). Furthermore, initial success
rates for proximal (87%), mid (100%), and distal
(83%) lesions were not significantly different. In the
35 successfully treated patients, angioplasty reduced
the mean (SD) stenosis from 84 (10)% to 20 (5)%O (P
< 0 001) and the mean (SD) pressure gradient from
60 (18) mmHg to 12 (11) mmHg (p < 0-001).
Angioplasty failed in five patients who went to
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emergency coronary artery bypass graft surgery:

three for impending myocardial infarction caused by
vessel occlusion and two patients for recurrent
coronary spasm.

EARLY FOLLOW UP (WITHIN ONE MONTH)
Thirty five patients were asymptomatic during the
early follow up period and had no cardiac events (fig
1). Antianginal medications were stopped in 14
(40%o) before discharge while the remaining 21
patients were discharged while medication was

gradually stopped. Eighteen ofthese 35 patients were
hypertensive and nine were discharged on # blockers
or calcium channel blockers. Treadmill stress tests
were performed by 28 (80%) of 35 patients (table 3).
This test was negative in 20 (71 %) patients. Within
the first month no patient had repeat angiography or

angioplasty. Thus all 35 patients entered inter-
mediate follow up.

INTERMEDIATE FOLLOW UP (MEAN 11 MONTHS)
Twenty three (6600) of these 35 patients remained
symptom free, seven (20%) had class II angina, and
five (14%) had a cardiac event. Figure 1 compares

symptoms in patients with single vessel disease and
those with multivessel disease. Of the 23 symptom
free patients, six were taking no medications while
the remaining 17 were taking ,B blocker calcium
channel blockers or both. Eleven of these 17 symp-
tom free patients continued on these antihyperten-
sives while the remaining six normotensive patients
were taking small prophylactic doses of# blockers or

Table 1 Clinicalfeatures in 40 patients

SVD MVD Total
Patient characteristics No (on) No (%) No (°%)

Patients 19 (48) 21 (52) 40 (100)
Sex (male) 14 (35) 14 (35) 28 (70)
Average age (years (range)) 55 (31-82) 56 (43-74) 56 (31-82)
Previous myocardial infarction 2 (5) 6 (15) 8 (20)
Previous CABG 1 (3) 1 (2) 2 (5)
New onset of angina at rest 7 (18) 5 (12) 12 (30)
Crescendo angina 11(28) 8 (20) 19 (48)
Angina within six weeks ofAMI 1 (3) 8 (20) 9 (23)
Diabetes mellitus 1 (3) 4 (10) 5 (13)
Essential hypertension 10 (25) 8 (20) 18 (45)

AMI, acute myocardial infarction; CABG, coronary artery bypass graft; MVD, multivessel disease; SVD, single vessel disease.

Table 2 Vessel in which percutaneous transluminal coronary angioplasty was attempted and immediate results

SVD MVD Total

Attempted Successful Attempted Successful Attempted Successful
No No (G%) No No (0/) No No (G, )

LAD 14 12 (86) 10 8 (80) 24 20 (83)
LCX 1 1 6 6 (100) 7 7 (100)
RCA 3 2 (67) 5 5 (100) 8 7 (87)
CABG 1 1 0 0 1 1
Total 19 16 (84) 21 19 (90) 40 35 (88)

CABG, coronary artery bypass graft; LAD, left anterior descending; LCX, left circumflex; MVD, multivessel disease; RCA, right coronary
artery; SVD, single vessel disease.
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Fig 1 Early, intermediate, and late follow up after successful one vessel percutaneous transluminal coronary angioplasty in
patients with unstable angina pectoris that was refractory to medical treatment. The numbers in parentheses indicate the
number ofpatients. The severity of anginal symptoms is classified according to the New York Heart Association classification.
Comparisons between patients with single vessel coronary disease (SVD) and multivessel coronary disease (MVD) did not
reach statistical significance.

calcium channel blockers or both. All seven patients
with symptoms were taking ,B blockers, nitrates, and
calcium antagonists. Treadmill stress tests (table 3)
were performed by 22 (63%) patients and were
negative in 14 (64%).
Within the first 12 months two patients had a

recurrence of refractory unstable angina. In both
patients angiography showed restenosis of the vessel.
This cardiac event constituted a failure of treatment
and both patients were excluded from further follow
up. There were no deaths and no patient sustained a
myocardial infarction during this period. Fourteen
patients had repeat coronary angiography for class II
or III angina and a positive treadmill stress test. In
eight patients a restenosis was seen. Two other
patients had progression of disease within a vessel
in which angioplasty had not previously been
attempted. In the remaining four patients there was
no change from the post-angioplasty angiogram.
Percutaneous transluminal coronary angioplasty was
repeated in six of the eight patients with restenosis
and was successful in five. One patient had
emergency bypass graft surgery. The two patients
with progression of disease within an--artery not
originally treated by angioplasty for refractory
unstable angina had successful angioplasty butwere
excluded from further follow up. Thus 30 of 35
patients remained in the study at one year.

LATE FOLLOW UP (MEAN 26 MONTHS, RANGE 12
TO 36 MONTHS)
At late follow up in the 30 patients, 23 (77%) were
symptom free, six (20%) had symptoms, and one had
a non-fatal myocardial infarction. Eight of the 23
symptom free patients were not taking an antianginal
agent while 15 were taking ,B blockers or calcium
channel blockers or both. Of these 15, 13 hyper-
tensive patients were continued on ,B blockers or
calcium channel blockers or both while two nor-
motensive patients were given prophylactic doses of
these drugs. All six patients with symptoms who
were taking nitrates and f blockers and calcium
channel blockers had class II angina. The percentage
of patients with symptoms was similar in patients
with single vessel disease and multivessel disease (fig
1). Treadmill stress tests (table 3) were performed by
24 patients and were negative in 16 (67%). During
this late follow up, 12 of the 30 patients had repeat
coronary angiography. In three patients, progression
of disease was seen within the vessel that had been
treated by angioplasty. No patient who had angiogra-
phy showed progression of disease within a vessel
that had not previously been treated by angioplasty.
One patient had no change in coronary angiographic
anatomy despite chest pain. Percutaneous trans-
luminal coronary angioplasty was successfully
repeated in two patients for restenosis, while one

MOMMEL-ib
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Table 3 Treadmill stress tests duringfollow up

Early Intermediate Late

SVD MVD Total SVD MVD Total SVD MVD Total
No (%) No (G) No (G) No (G) No (G) No (0) No (0) No (0) No (G)

Patients 12 16 28 8 14 22 12 12 24
Negative TMST 10 (83) 10 (63) 20 (71) 6 (75) 8 (57) 14 (64) 7 (58) 9 (75) 16 (67)
Positive TMST 2 (17) 6 (37) 8 (29) 2 (25) 6 (43) 8 (36) 5 (42) 3 (25) 8 (33)
Ischaemic changes PTCA area 1 (8) 1 (6) 2 (7) 2 (25) 1 (7) 3 (14) 4 (33) 0 4 (17)
Exercise duration (minutes) 7 6 6 8 6 7 7 8 7
85% PHR 7(58) 7 (44) 14(50) 7 (88) 7 (50) 14 (64) 7 (58) 7 (58) 14(58)

MVD, multivessel disease; PHR, predicted exercise heart rate adjusted for age and sex; PTCA, percutaneous transluminal coronary angioplasty;
SVD, single vessel disease; TMST, treadmill stress test.

patient declined repeat angioplasty. Thus 29 (73%)
of 40 patients had long term symptomatic
improvement (fig 2). After successful angioplasty six
(17%) patients had cardiac events; in five these
occurred within six months of angioplasty (fig 3).

Discussion

The present study suggests that percutaneous trans-
luminal coronary angioplasty ofone vessel may be an
alternative to coronary artery bypass graft surgery in
patients with unstable angina that is refractory to
medical treatment. It also shows that selective coron-
ary angiography may be reliable in identifying lesions
precipitating refractory unstable angina in patients
with multivessel disease. Coronary artery bypass
graft surgery has been the only accepted treatment
for these patients. De Feyter et al have described the
feasibility of percutaneous transluminal coronary
angioplasty in this subset of patients as an altemative
to coronary artery bypass graft surgery. 14 Their study
indicated that percutaneous transluminal coronary
angioplasty relieves symptoms, improves exercise
capacity, and reduces the frequency of myocardial
infarction and death in the first year in patients who
generally had single vessel disease. On the other
hand, we studied a population in which half the
patients had single vessel disease and half had
multivessel coronary arterial disease. We followed
them for up to three years after angioplasty. Per-
cutaneous transluminal coronary angioplasty was
performed as an emergency procedure in the study of
De Feyter et al but not in ours.
The procedural success rate for the current study

is similar to that reported for percutaneous trans-
luminal coronary angioplasty in stable angina7 18 and
higher than the 61-76% success rate reported in
earlier studies of patients who generally had single
vessel disease and unstable angina.""1-3 The National
Heart, Lung, and Blood Institute reported acute
myocardial infarction in 9%o and in-hospital mor-
tality in 0 9% ofpatients with unstable angina during
percutaneous transluminal coronary angioplasty"
while in another study the frequency of emergency
coronary artery bypass graft surgery was 70,, with an

in-hospital mortality of 1.70,'." The frequency of
emergency bypass surgery in the present study was
somewhat higher (120,,) but with no in-hospital
mortality and no significant difference between
patients with single or multivessel disease. In the
early follow up period all patients with either single
or multivessel disease in whom angioplasty was
successful became symptom free and improved their
exercise capacity. During this period no patient died
or sustained myocardial infarction.

Late follow up in our study showed that the
proportion of patients with symptomatic improve-

Fig 2 Diagrammatic representation of the course ofpatients
after one vessel percutaneous angioplasty (PTCA) for the
relief of refractory unstable angina (UAP).
CABG, coronary artery bypass graft surgery.
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Fig 3 Comparative actuarial analysis of cardiac events in
patients with either single vessel coronary artery disease
(SVD) or multivessel coronary artery disease (MVD) who
had one vessel percutaneous transluminal coronary
angioplasty (PTCA) for the relief of refractory unstable
angina. The numbers below the abscissa indicate the number
ofpatients beingfollowed. There was no statistical difference
in plots comparing patients with single vessel or multivessel
disease.

ment was the same in the groups with single vessel
disease and multivessel disease. These results are
similar to those reported in a study of patients with
unstable angina and single vessel disease in which
successful percutaneous transluminal coronary
angioplasty was successful (80%) as bypass surgery
in improving symptoms." None the less, although
patients with multivessel disease and one vessel
percutaneous transluminal coronary angioplasty are
asymptomatic they often have a positive treadmill
stress test. This may be attributable to incomplete
revasculai: sation. Two groups have attempted to
produce complete revascularisation in patients with
multivessel disease by percutaneous transluminal
coronary angioplasty."9 20 Knudtson et al reported no
difference in the clinical course when complete or
incomplete revascularisationl was achieved by per-
cutaneous transluminal coronary angioplasty in
patients with stable angina and multivessel disease.'9
Similarly, anginal patients with multivessel disease
had residual ischaemia during exercise with positive
treadmill stress tests after angioplasty.2'24
Thus our data suggest that percutaneous trans-

luminal coronary angioplasty of a single critically
stenosed artery may be a viable alternative to surgical
revascularisation and may be associated with fewer
cardiac events than other treatments.2325 This was
not a randomised study-randomisation would
require a single graft to the most stenotic lesion in
patients with multivessel disease rather than com-
plete revascularisation-however, it does compare
patients with complete revascularisation (single ves-
sel disease and one vessel angioplasty) and those with
incomplete revascularisation (multivessel disease

and one vessel angioplasty). The results of incom-
plete and complete revascularisation are similar.

In patients with unstable angina there is a
considerable increase in circulating platelet
aggregates,2627 platelet factor IV, ,B thromboglobulin,
and thromboxane A,.'2 These alterations in platelet
homoeostasis strongly suggest that platelets are an
important faction within the culprit lesion in the
precipitation of unstable angina. Smitherman in his
review of unstable angina argues that, based on such
evidence, the onset of unstable angina reflects a
juncture at which thrombotic events rapidly progress
at the site of fixed coronary stenosis to produce
dynamic coronary stenosis."9 Such thrombi within
the culprit lesion have been visualised with
angioscopy.' In such a situation anticoagulants may
be effective in the management of unstable angina
and indeed two large scale multicentre clinical trials
have shown that aspirin is effective in treating
unstable angina.73'
Yet there are patients who despite taking maximal

tolerated medications, including anticoagulants,
remain refractory to medical treatment. In that
subpopulation percutaneous transluminal coronary
angioplasty may, by reducing the fixed coronary
stenosis, prevent the development of the local
environment necessary for platelet activation.
Nevertheless, as angioplasty may produce iatrogenic
trauma within the coronary artery heparin or some
other anticoagulant should be given for a short time
after angioplasty.
Long term anticoagulation was not attempted in

this study. Such treatment may reduce the incidence
of restenosis but no placebo controlled studies have
yet been reported and published reports are uncer-
tain whether long term anticoagulation significantly
alters the prognosis after percutaneous transluminal
coronary angioplasty."

In conclusion, the results of the current study
indicate that one vessel percutaneous transluminal
coronary angioplasty will produce the symptomatic
relief of refractory unstable angina pectoris with an
improvement in exercise tolerance and a low
incidence of cardiac events.
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