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FOCUS ON CORONARY SYNDROMES

Long-Term Results of Coronary Balloon Angioplasty

The clinical syndrome of unstable angina pectoris is char-
acterized by new recurrent episodes of ischaemic pain

at rest or on minimal effort in the absence of evidence for
myocardial infarction. Unstable angina appears to be re-
lated to a structural change in a previously stable, generally
non-obstructive, coronary atheromatous plaque as a result
of fissuring (rupture) or erosion, with local platelet aggre-
gation and thrombus formation overlying and adherent to
the plaque [1–5]. Recurrent episodes of chest pain may be
associated with distal embolization of thrombotic material
causing minor myocardial damage and an increase in serum
troponin I and troponin T levels [6]. These patients repre-
sent a subset with a higher risk of further adverse events.

The syndrome of unstable angina pectoris is often accom-
panied by systemic signs of inflammation. A raised C-reac-
tive protein level [7] and interleukin-6 [8] are associated
with an unfavourable outcome and Liuzzo et al. [9] have
shown that increased plasma levels of CRP may predate the
clinical syndrome. Neri Serneri et al. [10] demonstrated
lymphocytic activation, not consequent to myocardial is-
chaemia, supporting the immune system mediated, inflam-
matory nature of unstable angina. This activation persisted
for 6–8 weeks. Merlini et al. [11] demonstrated increased
coagulation system activity during the acute phase of unsta-
ble angina and a persistent hypercoagulable state over 6
months despite an uneventful clinical course.

The incidence of short- and medium-term recurrent car-
diovascular events is increased in certain angiographic sub-
sets of patients undergoing coronary balloon angioplasty
[12–14]. The more recent observations of systemic inflam-
matory and coagulation abnormalities in patients with un-
stable angina led us to question whether the long-term out-
come after angioplasty would be detrimental in patients with
angina pectoris, since these systemic manifestations, often
persisting for several months, may represent a persistent
tendency to plaque vulnerability, recurrent acute coronary
syndromes and/or late coronary restenosis. To test this hy-
pothesis, we examined the long-term (10–12 years) out-
come in patients with unstable angina treated by balloon
angioplasty and compared the findings with those of pa-
tients with stable angina undergoing angioplasty during the
same time period.

Patients and methods

During the 3 year period 1984–86 coronary balloon angioplasty
was attempted in 224 consecutive patients and completed in
199 of them. In 14 patients the procedure was performed in the
context of recent acute myocardial infarction without evidence
of recurrent angina or ischaemia and these patients were ex-
cluded from the present analysis. Unstable angina was present
in 64 patients and stable angina in 121. Baseline clinical and
angiographic characteristics were similar in the stable and un-
stable groups (Table 1). Follow-up for survival was available in
all patients at a mean of 11.1 ± 0.7 years.

Event-free survival was ascertained at a mean of 9.5 years.
Long-term survival was assessed using Kaplan–Meier curves
and the log rank test. Recurrent events (infarction or
revascularization) were compared by annual event rates.
Dichotomous variables were compared by 2 × 2 tables and
continuous variables by Student’s t test. The study had greater
than 80 % power to detect a clinically significant 20 % dif-
ference in survival and 20 % difference in event-free sur-
vival between the stable and unstable patient groups.

Results
There was a small early hazard in patients with unstable
angina due to higher mortality in patients with post infarc-
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Table 1. Baseline characteristics of patients with stable and
unstable angina pectoris

Unstable Stable p valueangina angina
(n = 64) (n = 121)

Age (yrs) 58.4 ± 9.2 55.9 ± 10.0 NS
Male 45 (70.3 %) 94 (77.7 %) NS
Previous infarction 34 (53.1 %) 52 (43 %) NS
Multivessel disease 33 (51.6 %) 62 (51.2 %) NS
Diabetes mellitus* 13 (20.6 %) 25 (21 %) NS
History of hypertension* 20 (31.7 %) 43 (36.1 %) NS
Mean no. (+SD) of

systems dilated 1.2 ± 0.38 1.2 ± 0.48 NS
Complete

revascularization 31 (61 %) 74 (61 %) NS

*unstable angina n = 63; stable angina n = 119
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tion angina and heart failure. Subsequent survival was the
same for the stable and unstable groups so that at 11 years
survival was 71 % in unstable patients and 81 % in stable
patients, NS) (Fig. 1). The yearly rates of adverse events
(acute infarction or revascularization) are shown in Fig. 2
averaged over each 2 year period. Event rates for stable and
unstable patients were not significantly different at any time
during the follow-up period. Event-free survival (alive with-
out myocardial infarction or repeat revascularization) was
the same in both cohorts (32 % at 10 years).

We retrospectively defined subgroups of unstable pa-
tients at increased short term risk using the Braunwald clas-
sification and found a similar long-term survival in patients
in Braunwald class 3 and classes 1 and 2 combined (85 % vs
80 % at 10 years, NS) and event-free survival (43 % for both
at 10 years). In a subgroup in which electrocardiographic
(ECG) data were available and in whom ischaemic ECG
changes were identified during the index hospitalization,
10 year survival was similar to those without these ECG
changes (81 % vs 85 %, NS) and event-free survival was 56 %
vs 55 % (NS).

Discussion

Increased risks were initially reported in patients undergo-
ing angioplasty for unstable angina pectoris, due to an in-
creased incidence of thrombus and instability of the plaque
[15]. For this reason, we and many other centers usually
attempt to stabilize patients prior to angiography, although
it is not altogether proven [16, 17] that outcome is improved
by delaying intervention. Stammen et al. [18] performed
angioplasty in patients with unstable angina at a mean of 15
(range 1–76) days after hospital admission and reported a simi-
lar 6 month outcome to that in patients with stable angina.

A higher incidence of restenosis following balloon
angioplasty in unstable patients has been described by some
[19, 20] but not all [13] authors. Local lesion characteristics
may influence the early response to angioplasty and late
event rate [13, 14, 21–23]. In the National Heart, Lung and
Blood Institute Angioplasty registry the cumulative event
rate at 2 years was the same for unstable and stable patients
[24], but at 5 years a higher crude mortality was reported in
patients with rest angina than in unstable patients without
rest angina and particularly in those with post-infarction
angina [25].

The present analysis highlighted the potential early haz-
ard of coronary balloon angioplasty in patients with Class
IIIB unstable angina in the mid-1980’s, but showed quite
clearly that the later course is not different from that of
stable patients. The findings confirmed the shorter-term
reports that coronary angioplasty was effective in patients
with unstable angina pectoris [13, 15, 24, 26] even though
angioplasty of the obstructive coronary lesion does not pre-
vent the systemic reaction and its local disruptive nature
could amplify it. We did not observe an increased number
of recurrent acute adverse events compared with patients
treated for stable angina. Events were similar in the stable
and unstable cohort when we examined freedom from any
event or patient events on an annual basis, thereby examin-
ing and including recurrent events in the same patient.

The present study provided, then, no evidence that after
an index episode of unstable angina patients were at in-
creased long-term risk for further adverse events compared
to stable patients after coronary balloon angioplasty. Many
determinants of increased susceptibility of plaques to rup-
ture have been identified such as a large lipid core, thin
fibrous cap and evidence of macrophage infiltration and di-
gestion of cap collagen [27–29]. Markers of acute systemic
inflammation, increased coagulation tendency and infec-
tious agents probably have some role in the aetiology or
modulation of ischaemic syndromes [9, 11, 30–32], but fac-
tors modulating response to the acutely unstable plaque may
be different to those responsible for repeat late coronary
events. It appears that the beneficial effect of mechanical
reperfusion far superceded any tendency to recurrent acute
syndromes, albeit we did observe an increased tendency to
restenosis in a subset of patients with multiple coronary
irregularities, decreased coronary flow or angiographic
intracoronary thrombus [13].

In the current era of antiplatelet glycoprotein 2b/3a in-
hibitors, clinical stabilization may be more readily achieved
prior to intervention in unstable patients [33]. The CAP-
TURE study showed that use of the 2b/3a glycoprotein
receptor blocker abciximab 24 hours before intervention
decreased the risk of myocardial infarction [34]. In addi-
tion, coronary stenting, and the greatly improved imaging
by radiography and intravascular ultrasound in recent years,
allow for optimization of the dilated lesion at the time of
percutaneous intervention [35]. These advances in the man-
agement of high risk unstable patients should further de-

Figure 1. Kaplan-Meier curves of survival for patient cohorts with
stable and unstable angina pectoris. After a small early fall in
survival of unstable patients the curves remained parallel through-
out the follow-up period, with no difference in long-term survival
between the 2 groups.

Figure 2. Annualized event rate (averaged for each 2 year period)
in patients with unstable and stable angina pectoris. There was no
difference in recurrent events between the 2 groups.
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crease the potential disadvantage of performing angioplasty
in the presence of an acute coronary syndrome.
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