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Introduction

Severe coronary artery disease in patients
with a markedly depressed left ventricular
function is associated with a poor prognosis.
With the increasing application of coronary
angioplasty (PTCA) in patients with multi-
vessel coronary artery disease, a potentially
larger number of patients with an impaired
left ventricular function may be considered
as candidates for revascularization.

In larger centers, PTCA is now routine-
ly performed in patients who had previous-
ly been considered unsuitable because of
the increased procedural morbidity and ow-
ing to the mortality associated with an unfa-
vorable long-term outcome1-6. Even though
PTCA has been offered as an alternative
to bypass surgery7-9, the role of PTCA in
the treatment of patients with severe left
ventricular dysfunction (ejection fraction
≤ 35%) has not been well defined4-8.

The aim of the present study was to
evaluate the immediate and long-term
results in patients with severe left ventricu-
lar dysfunction ≤ 35% who underwent
PTCA.

Methods

From January 1999 to July 2002 a total
of 2488 PTCAs were performed at our In-
stitute. Among these, 125 patients (5%) had
an ejection fraction ≤ 35%. Patients were
required to have a coronary narrowing
≥ 50% in diameter in at least one major
coronary artery. Patients with an acute
transmural myocardial infarction within 1
week before PTCA were excluded from the
analysis. Prior revascularization was not an
exclusion criterion. The ejection fraction
was measured in the right anterior oblique
view using the area-length method.
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Background. Severe coronary artery disease in patients with a markedly depressed left ventricu-
lar function is associated with a poor prognosis. Even though coronary angioplasty (PTCA) has been
offered as an alternative to bypass surgery, the role of PTCA in the treatment of patients with severe
left ventricular dysfunction has not been well defined. The aim of the present study was to evaluate
the immediate and long-term results in patients with severe left ventricular dysfunction ≤ 35% who
underwent PTCA.

Methods. One hundred and twenty-five patients with a left ventricular ejection fraction ≤ 35%
who underwent PTCA were analyzed.

Results. The mean left ventricular ejection fraction was 29.7%. Eighty-seven patients (69.6%) had
multivessel disease and 41 (32.8%) had previous coronary artery bypass graft. Intra-aortic balloon
pumping was used in 12% of cases. Angiographic success was achieved in 96% of patients. Complete
revascularization was achieved in 56 patients (44.8%). Major complications occurred in 4% of the
population and 2 patients died (1.6%). During the long-term follow-up re-PTCA due to angiograph-
ic restenosis was performed in 41 patients (34%); 12 patients (10.4%) died. The only parameter which
significantly correlated with death was the presence of an occluded left anterior descending coronary
artery not recanalized neither with PTCA nor with coronary artery bypass graft.

Conclusions. These data suggest that PTCA may be an effective treatment for coronary artery dis-
ease in patients with left ventricular dysfunction and is associated with high procedural success rate
and low complications; however, the long-term follow-up seems not to be influenced by the PTCA
procedure.
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Coronary angioplasty. The percutaneous intervention
was performed according to standard clinical practice.
Lesions were treated with balloon dilation; additional
stents were used to optimize the final angiographic re-
sults or to cover coronary dissections. Rotational
atherectomy was used for heavily calcified lesions. Di-
lation of the culprit lesion was attempted first, followed
by revascularization of other major vessel territories
when necessary. Lesions on vessels supplying a chron-
ically akinetic area were not routinely treated.

The indications for intra-aortic balloon pumping
were unstable angina and dilation of a vessel supplying
an extensive ischemic area of the myocardium. 

All patients received oral aspirin 100 mg/day and
ticlopidine 250 mg twice daily for at least 2 days prior
to the procedure. A bolus of 10 000 U of intravenous
heparin was administered after sheath insertion with a
repeat bolus given as needed to maintain an activated
clotting time > 250 s. After the procedure, aspirin 100
mg/day was continued indefinitely and ticlopidine 250
mg twice daily was continued for 1 month in patients
who received coronary stenting.

Definitions. The severity of dyspnea was graded ac-
cording to the NYHA classification. The angina status
was assessed according to the CCS classification. Un-
stable angina was defined using the Braunwald classi-
fication. Clinical success was defined as successful di-
lation of at least the culprit lesion, with immediate clin-
ical improvement in the anginal status and without ma-
jor in-hospital complications such as myocardial in-
farction, the need for emergency coronary artery by-
pass grafting or death. The diagnosis of myocardial in-
farction was based on the creatine kinase (CK)-MB
serum level (enzyme levels > 3 times the upper limit of
normal or a ratio of CK-MB/CK > 0.1) whether or not
associated with ECG abnormalities.

An angiographic diameter stenosis ≥ 50% of the left
main trunk and/or of one of the three major coronary ar-
teries was considered significant for the classification
of one-, two- or three-vessel disease. Angiographic suc-
cess was defined as a ≥ 50% reduction in stenosis di-
ameter with a ≤ 20% residual diameter narrowing of a
lesion. Revascularization was considered complete
when all coronary vessels with lesions ≥ 50% were suc-
cessfully dilated. 

Follow-up. Data were collected by reviewing the hos-
pital charts of each patient. Repeat coronary angiogra-
phy was performed only for recurrence of angina, dys-
pnea or evidence of ischemia at the stress test. The fol-
low-up status was determined by clinical visits and/or
telephone interview. 

Statistical analysis. The baseline characteristics of the
population were analyzed using summary statistical
measures. Frequencies and percentages were used for

categorical data while mean and SD were chosen for
continuous data. The relationship between the vital sta-
tus of the patients and the parameters considered as
possible prognostic factors was analyzed using a uni-
variate logistic model.

Overall survival rates were calculated with Kaplan-
Meyer curves. All the analyses were made using the
Stata 6 program (www.stata.com).

Results

Clinical and angiographic characteristics. Among
2488 patients treated with PTCA between January
1999 and July 2002, a total of 125 patients had a left
ventricular ejection fraction ≤ 35%. Of these 99 were
men and 26 women with a mean age of 67 years (range
27-89 years). The mean left ventricular ejection frac-
tion was 29.7 ± 4.95% (range 16-35%). Forty-one pa-
tients (32.8%) had previous coronary artery bypass
surgery. Most of the patients were in NYHA class I or
II (class I 35.2%; class II 39.2%; class III 14.4%; class
IV 11.2%) at the time of procedure. A total of 202 le-
sions were attempted (1.6 lesion/patient). Eighty-seven
patients (69.6%) had multivessel disease. Complete
revascularization was attempted in 56 patients (44.8%).
Sixteen percent of the patients had an occluded left an-
terior descending coronary artery. Intra-aortic balloon
pump counterpulsation was instituted prophylactically
in 15 patients (12%). The details of the clinical and an-
giographic characteristics are shown in tables I and II.
Compared to patients with an ejection fraction ≥ 35%,
a significantly larger percentage of this cohort of pa-
tients had long lesions, multivessel disease, a previous
acute myocardial infarction, and a previous coronary
artery bypass graft history.

In-hospital outcome. Angiographic success was
achieved in 96% of lesions. In-hospital major compli-
cations occurred in 5 patients (4%). Two patients died,
2 had an acute myocardial infarction, and 1 patient had
pulmonary edema. No vascular complications oc-
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Table I. Clinical characteristics of the patients treated with coro-
nary angioplasty at our Institute between January 1999 and July
2002.

EF ≤ 35% EF ≥ 35%
(n=125) (n=2363)

Age (years)* 67 (range 27-89) 63 (range 29-87)
Sex (M/F) 99/26 2127/236
History of angina* 68 (54%) 1663 (70%)
Previous CABG* 41 (32.8%) 280 (16%)
Previous AMI* 83 (66%) 1165 (48%)
History of diabetes 34 (27.2%) 550 (23.2%)

AMI = acute myocardial infarction; CABG = coronary artery
bypass graft; EF = ejection fraction. * p < 0.05.



curred. As shown in table III, the procedural success
rate was similar to that of those with an ejection frac-
tion > 35% whereas the incidence of major adverse car-
diac events was significantly higher in patients with an
ejection fraction ≤ 35%.

Follow-up. Clinical follow-up was available for 120
successfully treated patients (97.5% of patients). The
mean duration of follow-up was 17 months (range 1-63
months).

At clinical evaluation 70 patients (58%) were in NYHA
class I, 34 patients (28%) in class II, 10 patients (8.5%)
in class III, and 6 patients (5.5%) were in class IV.

Repeat catheterization was performed in 54 patients
(45%); 41 patients (34%) underwent repeat PTCA be-
cause of angiographic evidence of restenosis. 

Twelve patients (10.4%) died; all deaths were due to
cardiac reasons. The actuarial survival curves and pre-
dictors of death at follow-up are respectively shown in
figure 1 and table IV. 

Discussion

The left ventricular function is the most important
independent predictor of survival in patients with coro-
nary artery disease. Several randomized trials have
shown an improved long-term survival in patients with
multivessel coronary artery disease and an impaired
left ventricular function when treated with surgical vs
medical therapy10,11. A significant survival benefit has
been demonstrated in patients with a depressed left
ventricular function and three-vessel disease undergo-
ing elective coronary bypass12,13. In patients with se-
vere left ventricular dysfunction, PTCA is an effective
treatment. Scant information is available on the long-
term survival of patients with a depressed left ventricu-
lar function who have undergone PTCA. In one com-
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Table II. Angiographic characteristics of the patients treated
with coronary angioplasty at our Institute between January 1999
and July 2002.

EF ≤ 35% EF ≥ 35%
(n=125) (n=2363)

EF (%) 29.7 (range 16-35) 58.3 (37-80)
Multivessel disease* 87 (69.6%) 1363 (58%)
Extent of CAD

1 vessel 38 (30.4%) 570 (42%)
2 vessels 32 (25.6%) 290 (21%)
3 vessels 55 (44%) 503 (37%)

Revascularization
Complete 56 (44.8%) 1236 (53%)
Incomplete 69 (55.2%) 1127 (47%)

Total occlusion 29 (23%) 581 (24.5%)
Occluded LAD 20 (16%) 16 (0.6%)
Lesion length (mm) 18.5 ± 2.4 13.7 ± 2.8
Stent implantation/
lesions 162/202 (79%) 3200/4092 (78%)

CAD = coronary artery disease; EF = ejection fraction; LAD =
left anterior descending coronary artery. * p < 0.05.

Table III. Procedural results of the patients treated with coro-
nary angioplasty at our Institute between January 1999 and July
2002.

EF ≤ 35% EF ≥ 35%
(n=125) (n=2363)

Success 96% 96.3%
MACE* 4% 1.4%
Death 1.6% 0.2%
AMI 1.6% 0.8%
CABG 0% 0.2%
Pulmonary edema 0.8% 0.2%

AMI = acute myocardial infarction; CABG = coronary artery
bypass graft; EF = ejection fraction; MACE = major adverse car-
diac events.

Figure 1. Actuarial survival curve in patients with severe left ventricular dysfunction treated with coronary angioplasty.



plete report Kohli et al.3 reported their results on 69 pa-
tients with an ejection fraction ≤ 35% undergoing an
elective procedure of PTCA: the 2-year actuarial sur-
vival rate was 77% and the survival free of myocardial
infarction and bypass surgery was 75% at 18 months
(mean follow-up 21 ± 11 months).

We reported the immediate and long-term results of
patients with severe left ventricular dysfunction who
underwent PTCA. Our PTCA success rate per lesion
was 97%, the rate of major complications was 4%,
which is higher than that of patients with a normal ejec-
tion fraction undergoing PTCA at our Institute. Repeat
catheterization was performed in 45% of the patients
with a long-term follow-up and 34% of the population
underwent re-PTCA because of angiographic evidence
of restenosis. All patients undergoing repeat catheteri-
zation had recurrence of angina/dyspnea or evidence of
a positive ischemia test; this could explain the high in-
cidence of angiographic restenosis observed in our
study. However, angiographic restenosis was not found
to be a predictor of long-term survival; none of the pa-
tients died during the first 6-month follow-up period,
suggesting that PTCA performed in patients with se-
vere left ventricular dysfunction is able to ameliorate
symptoms and/or to improve functional class at follow-
up but is not able to influence the prognosis in such pa-
tients. As demonstrated by Anderson et al.14, a clinical
history of congestive heart failure is associated with an
increased early and intermediate-term mortality in pa-
tients undergoing percutaneous revascularization. A
clinical history of heart failure adds prognostic infor-
mation to that already provided by the patient’s ejection
fraction, suggesting that when selecting a mode of
revascularization it is important to consider not only the
state of the ejection fraction but also the recent symp-

tom history of the patient. In our study no correlation
was found between the functional class at presentation
and the long-term follow-up but in contrast to what re-
ported by Anderson et al.14 most of our patients were
not in NYHA class III or IV at the time of presentation.
The long-term survival curve for completely revascu-
larized patients was similar to that of the patients who
underwent PTCA of the culprit lesion. These data are
different from those reported by O’Keefe at al.13 who
found that the completeness of revascularization was an
important predictor of long-term survival in 100 con-
secutive patients with left ventricular dysfunction and
treated with PTCA. Few studies comparing PTCA and
bypass surgery have examined the subgroup with an
impaired ventricular function and multivessel coronary
artery disease. When patients submitted to PTCA in the
BARI study were compared with a selected subgroup
of patients in the Dynamic NHLBI Registry15 satisfy-
ing the BARI eligibility criteria, a contemporary percu-
taneous coronary intervention was associated with an
improved angiographic success and with dramatically
reduced rates of abrupt vessel closures and in-hospital
bypass surgery. However, there was no reduction in late
deaths. There have been three major randomized trials
of surgery vs angioplasty stent implantation: ARTS16,
ERACI II17, and the SoS18 trial. Coronary artery bypass
graft patients had more symptomatic relief and the PTCA
group had a higher need for repeat revascularization.
Compared with balloon angioplasty, the need for repeat
revascularization has dramatically decreased for coro-
nary stenting patients. In the BARI study 50% of an-
gioplasty patients needed repeat revascularization vs
21% at 1 year in ARTS, 18% at 1 year in ERACI II, and
21% at 2 years in the SoS trial. However, there has been
no substantial impact on the underlying atherosclerotic
process or the manifest risk of spontaneous myocardial
infarction. The mortality rate in our study was 10.4% at
a mean follow-up period of 17 months. The only pre-
dictor of long-term survival was the presence of an oc-
cluded left anterior descending coronary artery not re-
canalized neither at PTCA nor bypass surgery. This re-
sult is in accordance with the data reported in the liter-
ature19,20 and confirms the importance of the “open
artery theory” as an independent predictor of survival. 

In conclusion, the findings of the present study sug-
gest that PTCA in patients with an impaired ventricular
function can be performed with a high procedural suc-
cess rate, similar to those reported for patients with a
normal ejection fraction routinely submitted to this pro-
cedure at our Institute. For patients in whom complete
revascularization cannot be achieved, higher rates of
recurrent angina and repeat revascularization proce-
dures can be expected. However, the long-term survival
seems not to be influenced by PTCA even though a
close relationship between an open coronary artery and
the left ventricular function has been reported. The
most important limitation of our study is related to its
retrospective nature and the statistical power was limit-
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Table IV. Univariate analysis: predictors of death in the patients
with a severely impaired left ventricular ejection fraction who
underwent coronary angioplasty (PTCA).

HR CI p

Age 1.04 0.98-1.10 0.284
Sex 0.91 0.24-3.43 0.450
Angina 1.83 0.55-6.04 0.231
Previous CABG 1.81 0.55-6.88 0.398
Diabetes mellitus 1.76 0.57-5.42 0.362
CASS 1.27 0.61-2.64 0.335
EF 0.95 0.86-1.05 0.256
EF < 25% 2.28 0.72-7.24 0.28
LAD 100% 4.25 1.13-15.9 0.001
Stent implantation 1.80 0.41-7.88 0.066
No. stents implanted 1.91 0.85-3.25 0.419
Total occlusion 1.97 0.63-6.01 0.540
Complete revascularization 1.25 0.57-2.67 0.784
Restenosis 1.92 0.51-7.18 0.953
Repeat PTCA 2.01 0.54-7.51 0.976

CABG = coronary artery bypass graft; CI = confidence interval;
EF = ejection fraction; HR = hazard ratio; LAD = left anterior
descending coronary artery.



ed by the relatively small sample size. Furthermore,
this was not a randomized trial. Specific studies are
needed in order to identify the best strategy to adopt for
patients with severe left ventricular dysfunction.
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