
Long-term follow-up of patients treated with 
coronary angioplasty for acute myocardial 
infarction 

Long-term follow-up data for patients treated with coronary angioplasty (PTCA) for acute 
myocardial infarction are limited. Therefore the long-term outcome of 336 consecutive patients 

treated with PTCA at a median of 4.5 hours (range 0.5 to 48 hours) from symptom onset was 
evaluated. The in-hospital mortality was 11.1% (37 patients). Follow-up is complete for 293 of 
299 (98%) hospital survivors at a median of 24 months. Of patients discharged, the mean age 
was 55 +- 11 years, 49% received intravenous thrombolytic therapy, 53% had multivessel 
coronary artery disease, and the mean ejection fraction was 48 f  10%. Post-discharge survival 
was 96.1% at 1 year and 93.6% at 2 years by life table analysis. Post-discharge survival was 
independently predicted by no prior myocardial infarction (98.9% versus 87.3% P-year survival, 
p < 0.001 by log rank analysis) and infarct artery patency at hospital discharge (which had its 
major impact on survival early after hospital discharge: [97.4% versus 93.4% l-year survival but 
94.2% versus 93.4% l-year survival; overall p = 0.021). For patients with analyzable 
ventriculograms at hospital discharge, ejection fraction 2 40% was also a significant 
independent predictor of survival (98.1% versus 85.8% P-year survival, p = 0.01). For patients 
with a successful PTCA, time from symptom onset to catheterization and angioplasty 5 4 hours 
versus > 4 hours was also an independent predictor of outcome (97.1% versus 91.4% 2-year 
survival; p = 0.04). Freedom from recurrent myocardial infarction was achieved in 95.2% of 
patients at 1 year and in 93.1% at 2 years. The only independent predictors of recurrent nonfatal 
myocardial infarction were a history of diabetes mellitus (P = 0.004), and multivessel coronary 
artery disease (p = 0.03). During follow-up, 7.1% of Patients had repeat PTCA and 11.0% had 
coronary artery bypass surgery. Independent predictors of late revascularization were a history 
of prior myocardial infarction and an age I 65 years (p < 0.05). At latest follow-up, 27.3% of 
patients reported symptoms of angina pectoris (mean angina class = 1.8 ? 0.8). The only 
independent predictor of late angina was a closed infarct artery at hospital discharge. We 
conclude that post-discharge survival in this group of patients trreated with angioplasty in the 
setting of an acute myocardial infarction was 93% at 2 years, and that survival may be as high as 
97% in patients without prior myocardial infarction and in patients treated successfully within 4 
hours of symptom onset. Further symptoms of ischemla are not uncommon despite an 18% 
incidence of repeat angioplasty or bypass surgery at 2 years’ time. (AM HEART J 1989; 118:228.) 
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Coronary angioplasty (PTCA) provides an effective 
means of establishing reperfusion during acute my- 
ocardial infarction in patients who have failed, or 
have contraindications to, intravenous thrombolytic 
therapy. The 80% to 94% primary success rate and 
72 % to 94 % hospital discharge patency rates1-4 after 
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PTCA compare favorably with rates achieved with 
intravenous thrombolytic regimens,5-10 but the in- 
herent time delay and cost associated with the pro- 
cedure limit its use. 

Data on the long-term outcome of patients with 
acute myocardial infarction treated with PTCA is 
limited to select patient populations.3l 4 To deter- 
mine the impact of PTCA on post-discharge survival, 
we attempted follow-up of all patients treated for 
acute infarction with PTCA through December 1986 
at our institution. This study was undertaken to ex- 
amine the interplay of clinical and angiographic fac- 
tors on patient outcome following hospital discharge 
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after PTCA, and to better determine which patients 
should be offered PTCA for acute myocardial infarc- 
tion. 

METHODS 
Patient population. All patients who were treated with 

PTCA for acute myocardial infarction within 48 hours of 
symptom onset at the University of Michigan Hospital 
from December 1983 through December 1986 were in- 
cluded in the study. During this time period, patient 
recruitment into ongoing thrombolytic therapy trials lim- 
ited the use of primary angioplasty in patients who were 
eligible for intravenous thrombolytic therapy. From April 
1,1984, to October 31, 1985, a trial comparing intracoro- 
nary streptokinase versus angioplasty was performed,2 and 
from December 10,1985, through December 31,1986, the 
Thrombolysis and Angioplasty in Myocardial Infarction 
(TAMI) protocols were ongoing.g The 293 patients who 
underwent a PTCA for an acute myocardial infarction with 
or without prior thrombolytic therapy and survived until 
hospital discharge comprise the study population. 

To be considered for PTCA, patients were required to 
have chest pain > 20 minutes in duration unrelieved by ni- 
trates, to have electrocardiographic (ECG) evidence of a 
myocardial infarction, and to have an infarct-related artery 
diameter stenosis L 50%. Ongoing chest pain with ST 
changes or evidence of hemodynamic impairment was also 
required, except in 18 patients randomized to angioplasty 
after successful thrombolysis in the TAM1 I trial.9 Angio- 
graphic exclusion criteria included left main coronary ar- 
tery stenosis of > 60%) “left main coronary artery equiva- 
lent” lesions defined as > 70% stenosis of both the proxi- 
mal left anterior descending and proximal circumflex 
vessels, and tortuous distal occlusions that were judged not 
to be suitable for PTCA. Informed consent was obtained 
from all patients or family members prior to the cardiac 
catheterization and PTCA. Five patients were excluded 
from the study because their cineangiograms could not be 
retreived for analysis. 

In-hospital management. After the PTCA procedure, 
patients were transferred to the cardiac intensive care unit. 
Patients were treated with intravenous heparin for 5 to 7 
days. Patients also received oral or topical nitrates, oral 
calcium channel blockers, and aspirin. The use of beta 
blockers was left to the discretion of the patient’s attend- 
ing physician. If a patient developed signs or symptoms of 
recurrent ischemia not responsive to nitrates that was ac- 
companied by ECG ST segment changes, repeat cardiac 
catheterization and PTCA or bypass surgery were per- 
formed to maintain patency of the occluded artery. Prior 
to hospital discharge, repeat cardiac catheterization was 
performed in 219 patients (74.7%) to assess the status of 
the infarct artery. 

Patient follow-up. After hospital discharge, patients 
usually were continued on calcium channel blockers, ni- 
trates, and 325 mg of aspirin daily for a minimum of 6 
months. The long-term use of beta blockers was deter- 
mined by the referring physician. A repeat cardiac cathe- 
terization was only performed if it was clinically indicated. 

Follow-up information on the patient’s status was obtained 
by phone conversations with the patient, the patient’s 
family, or with his/her personal physician. This informa- 
tion was supplemented by chart review and a mailed ques- 
tionnaire. When a death was noted, details were obtained 
from the hospital record, death certificate, and from fam- 
ily members. Follow-up was 98% complete, and was 
unsuccessful only when no forwarding address or phone 
number was available at discharge. 

Angiographic analysis. All angiograms were reviewed 
by a single observer unaware of the clinical outcome to de- 
termine infarct artery patency (Thrombolysis in Myocar- 
dial Infarction [TIMI] grades 0 to 3)5 and pre- and 
post-angioplasty diameter stenosis using a previously val- 
idated automated edge detection computer algorithm.ll 
The global ejection fraction was determined by the area- 
length method.12 

Statistical analysis. The in-hospital and follow-up data 
were entered into the University of Michigan Coronary 
Angioplasty for Acute Myocardial Infarction data base, a 
relational data base using modified SYSTAT software 
(Wilkinson, Leland. SYSTAT: the System for Statistics. 
Evanston, Ill.: Systat, Inc, 1986). 

The clinical variables that were included for analysis 
were age, gender, infarct site, time to catheterization and 
PTCA, history of prior myocardial infarction, prior use and 
type of thrombolytic agent used, history of diabetes melli- 
tus, cardiogenic shock, and initial blood pressure in the 
catheterization laboratory. Other included clinical vari- 
ables were left ventricular ejection fraction at baseline and 
at predischarge angiography, vessel site dilated, pre-PTCA 
percent stenosis, pre-PTCA TIM1 flow, post-PTCA per- 
cent diameter stenosis, post-PTCA TIM1 flow, presence of 
collateral vessels distal to the site dilated, and PTCA suc- 
cess (percent diameter stenosis < 70% with TIM1 flow 
> 2). Further included variables were development of 
chest pain with associated ST segment changes suggesting 
ischemia after PTCA, performance of emergency bypass 
surgery, and infarct artery patency at hospital discharge 
(including bypass surgery). For patients not undergoing 
pre-hospital discharge angiography, the infarct artery was 
assumed patent either if it was patent after angioplasty or 
had been bypassed, as long as the patient had not suffered 
a subsequent ischemic event. If the artery was not patent 
after PTCA or the patient had further infarction in the in- 
farct territory, the vessel was assumed to be not patent. 

The Mantel-Haenszel test was used to determine the 
univariate correlates of outcome over time. Log rank anal- 
ysis was used to determine the significant independent 
correlates of outcome over time. The end points for which 
analysis were performed included in-hospital survival, 
post-hospital discharge survival, post-discharge recurrent 
myocardial infarction, post-discharge angina, and post- 
discharge revascularization. 

RESULTS 

A total of 336 patients underwent PTCA for an 
acute myocardial infarction. There were 37 in-hos- 
pital deaths (11.1% ), which were independently cor- 
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Table 1. Baseline clinical characteristics (n = 293) Table II. Baseline cardiac catheterization results 

Age (yr) 
Male 

Anterior infarction 
Inferior infarction 

Mean arterial pressure at 

catheterization (mm Hg) 
Cardiogenic shock 

Diabetes mellitus 
Concurrent intravenous thrombolytic 

agent use 

55.6 + 10.6* - 

233 (79.5’; ) 
129 (44%) 

164 (56.Oc;D) 
115 f 20 

24 (8.2 !‘6 ) 

35 (12.5%) 
146 (49.8 % ) 

*Mean + standard deviation. 

related with left ventricular ejection fraction 5 30% 
(p < O.OOl), post-angioplasty TIM1 flow grade 5 1 
(p = O.OOl), post-angioplasty recurrent ischemia 
(p = 0.002), cardiogenic shock (p = 0.003), and age 
> 65 years (p = 0.06). 

Total occlusion of infarct artery 

Infarct artery 
Proximal LAD 

Non-proximal LAD 
Proximal circumflex 

Non-proximal circumflex 
Proximal RCA 

Non-proximal RCA 

Bypass graft 
PTCA success (<70X stenosis and TIM1 

flow 12) 

Post PTCA infarct artery patency (TIM1 

flow 25 2) 
Ejection fraction 

152 (51.9”,) 

59 (20.1’; 
68 (23.3% 

16 (5.4% ) 
20 16.8% ) 
66 (22.5 ‘:;, 

59 (20.15 

5 (1.7”;‘) 
234 (79.97 ) 

256 (87.4% ) 

48.0 i 10.3 

LAD, Left anterior descending artery; PTCA, percutaneous transluminal 
coronary angioplasty; RCA, right coronary artery; TIMI, Thrombolysis In 

Myocardial Infarction trial. 

The baseline characteristics for the patients who 
survived the initial hospitalization and were avail- 
able for follow-up are listed in Table I. Findings at 
catheterization and the results of angioplasty are 
shown in Table II. After the initial PTCA, acute is- 
chemic events in the infarct artery territory occurred 
in 14.8% of patients, and at the time of hospital dis- 
charge 83.2 % of patients had a demonstrated or pre- 
sumedly open infarct-related artery. 

artery at discharge) within 4 hours, even the high-risk 
patients who presented in cardiogenic shock or with 
baseline ejection fraction I 40 % did well, with 90.0 % 
and 90.9 % 2-year survival, respectively. 

Post-discharge clinical course. Of the 299 patients 
discharged alive, 293 have been followed for a mean 
of 21.0 f 7.0 months (median 24 months). Actuarial 
survival was 96.8% at 6 months, 96.1% at 1 year, and 
93.6% at 2 years. The significant univariate predic- 
tors of mortality during follow-up were a history of a 
prior myocardial infarction (p < O.OOl), ejection 
fraction I 40% at hospital discharge (p = O.Ol), lack 
of infarct artery patency at hospital discharge 
(p = O.Ol), multivessel coronary artery disease 
(p = 0.025), and in those patients with a successful 
PTCA, time to PTCA > 4 hours after symptom on- 
set (p = 0.04). Female gender (p = 0.09) and baseline 
ejection fraction I 40% (p = 0.14) were of border- 
line significance. Fig. 1 illustrates the effect on 
survival of the only variables found by log rank test- 
ing to have had an independent significant impact on 
post-discharge survival: history of prior myocardial 
infarction, ejection fraction s 40% at discharge, in- 
farct artery patency, and time delay to successful 
angioplasty > 4 hours. Infarct artery patency im- 
proved survival during the first year after infarction 
(97.9 versus 93.4% l-year survival), while at 2 years 
this difference decreased (94.2 % versus 93.4% ). No 
other variables, including the use of intravenous 
thrombolytic therapy, significantly influenced late 
patient survival. For patients who survived hospital- 
ization and were successfully treated (patent infarct 

Freedom from recurrent nonfatal myocardial in- 
farction was 96.7 % at 6 months, 95.2 % at 1 year, and 
93.1% at 2 years. The independent predictors of a 
recurrent myocardial infarction were a prior history 
of diabetes mellitus (p = 0.004) and multivessel cor- 
onary artery disease (p = 0.03). 

The incidences of post-discharge repeat PTCA and 
bypass surgery were 7.1% and ll.O%, respectively. 
Independent predictors of late revascularization were 
a history of a prior myocardial infarction and age I 65 
years (p < 0.05). A trend toward a greater need for 
revascularization was observed for no intracoronary 
thrombolytic agents used and for a history of diabe- 
tes (p = 0.09 and 0.10, respectively). 

At latest follow-up, 27.3% of patients reported 
symptoms suggestive of angina pectoris. In these pa- 
tients the mean Canadian Heart Association angina 
class was 1.8 + 0.8. The only independent correlate 
of recurrent angina was an occluded infarct artery at 
the time of hospital discharge. Of patients with an 
angiographically documented open infarct artery, 
23.3% had angina, compared with 44.0% of those 
with a documented closed vessel (p = 0.02). There 
was no difference in the incidence of angina between 
patients with documented or suspected patent in- 
farct arteries (23.3 % versus 26.7 % , p = NS) or be- 
tween patients with documented or suspected closed 
infarct arteries (44.0% versus 30.4%) p = NS). 

DISCUSSION 

Although several studies13-l5 have now shown im- 
proved l-year patient survival following reperfusion 
compared with conventional therapy for acute myo- 
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cardial infarction, the influence of the method of es- 
tablishing reperfusion on the outcome and upon 
other predictors of long-term survival is incompletely 
described. With conventional non-reperfusion ther- 
apy, the important determinants of late mortality in 
patients surviving an acute myocardial infarction are 
ejection fraction, the number of diseased coronary 
arteries, and the occurrence of congestive heart fail- 
ure in the coronary care unit.16 This study was there- 
fore undertaken to review our experience using 
PTCA as treatment of acute myocardial infarction 
and to determine the important predictors of long- 
term survival when this method of reperfusion was 
used. 

In the Western Washington Trial,13 treatment 
with intracoronary streptokinase produced a reduc- 
tion in l-year mortality only among those patients 
with successful coronary artery reperfusion. Only 
2.5% of patients with successful reperfusion versus 
14.6 % with no reperfusion died in 1 year’s time. The 
Netherlands Interuniversity Reperfusion Trial14 of 
533 patients reported a 91% l-year survival rate in 
patients treated with streptokinase with or without 
angioplasty, compared with only 84% survival in a 
conventionally treated group. In the GISSI trial,15 an 
18 % reduction in mortality with streptokinase com- 
pared with conventional therapy was observed at 21 
days, and a still significant 10.4% reduction in mor- 
tality was present at 1 year’s time. However, the 
streptokinase-treated and control groups did not 
differ in their survival after leaving the hospital; both 
groups had a 6 % out-of-hospital mortality in the year 
after hospital discharge. The time-related effect of 
thrombolysis on mortality was demonstrated during 
the in-hospital phase of recovery, while after dis- 
charge, parallel survival curves were reported in all 
patient groups.15 

Long-term follow-up in patients who have been 
treated with PTCA for acute myocardial infarct is 
limited. Rothbaum et al3 reported only a 2% post- 
discharge mortality in 121 patients during an average 
follow-up of 20 months. Stack et al.,4 evaluating a 
combination of intravenous streptokinase and 
PTCA, noted only a 2.6% out-of-hospital death rate 
at a median follow-up of 6 months. This study also 
reveals an excellent out-of-hospital survival, but the 
96.1% l-year and 93.6% 2-year survival are some- 
what lower than in these two prior studies. The pa- 
tients in the three studies had similar baseline clin- 
ical characteristics. However, the time until at- 
tempted PTCA was longer in this series than in the 
series of Rothbaum et al., and the success rates in 
these studies also may ha.ve differed. The procedural 
success rate in this series was 80 % , while it was 87 % 
and 94%) respectively, in the series of Rothbaum et 

A. Prior Myocardial Infarction 

754 t I I I I I I I I I r 1 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Tlms (mos) 

B. Ejection Fraction 5 40% at Discharge 

8 80 - --t- ves Logm x2.9.69 
-no 

?5,,,, 
p-o.004 

I, , 1, , , , , 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Tlms (mos) 

C. Patent Artery at Discharge 

8 80 - ves LogRank x2=7.82 
rm 

75, I,,, I,,, ,,, p-0.005 , 

0 2 4 6 0 10 12 14 16 18 20 22 24 

Time (mos) 

D. Time to Catheiterlzation 5 4 hours 

8 80 -v ves LogRank x2 -5.87 
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0 2 4 6 8 10 12 14 16 18 20 22 24 

Time (mos) 

Fig. 1. Life table analyses showing the effects of the 
independent predictors of post-hospital survival after an- 
gioplasty for acute myocardial infarction. A, Prior myocar- 
dial infarction. B, Ejection fraction I 40% at hospital dis- 
charge. C, Infarct artery patency at hospital discharge. D, 
Time to catheterization I 4 hours in patients with successful 
angioplasty. 

al3 and that of Stack et al4 However, Rothbaum et 
al3 and Stack et a1.4 used visual estimation of PTCA 
success, which is recognized as overestimating suc- 
cess compared with objective quantitative meth- 
ods.i7 Nonetheless, these differences may explain the 
modestly higher post-discharge mortality in our pa- 
tient population. 

Only the study by Stack et al4 used a multivariate 
analysis to determine the correlates of post-infarc- 
tion survival. In that study, cardiogenic shock prior 
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to angioplasty, older age, lower ejection fraction, fe- 
male gender, and infarct vessel occlusion on first an- 
giogram were significantly associated with increased 
risk of cardiovascular death. In the current study, 
age, baseline ejection fraction I 30%, and cardio- 
genie shock were associated with higher mortality, 
but these factors were important only during hospi- 
talization. After hospital discharge, these variables 
were not important predictors of mortality. 

This study provides additional information about 
the long-term follow-up of patients undergoing PTCA 
in the setting of acute myocardial infarction. First, 
treatment with PTCA less than 4 hours after symp- 
tom onset was associated with a progressive relative 
improvement in out-of-hospital survival that is ap- 
parent for at least 2 years. This has not been shown 
with thrombolytic therapy alone, possibly due to the 
increased incidence of late recurrent ischemic events 
in patients who do not have “definite” revasculariza- 
tion by PTCA or bypass surgery.15 The possible fur- 
ther importance of definitive revascularization, 
whether it is performed immediately or on a deferred 
basis, is suggested by the 1% to 3 % annual reinfarc- 
tion rate in this and other PTCA series33 4, l8 com- 
pared with 7% infarction rates in both GISW5 and 
the Netherlands Interuniversity14 studies. Second, 
left ventricular ejection fraction at the time of hospi- 
tal discharge, but not at the time of first treatment, 
appeared to be a significant predictor of post-dis- 
charge survival. This result is similar to that of Shee- 
han et al.,lg who evaluated left ventricular function 
in patients who had received streptokinase during 
acute infarction. The time delay until functional re- 
covery after ischemia and “stunning” is well rec- 
ognized.20 It is apparent that once recovery has begun 
to take place, indices of left ventricular function are 
as important to prognosis after reperfusion as they 
were in the “pre-reperfusion” era. Third, survival did 
not appear to be dependent on the prior administra- 
tion of intravenous thrombolytic agents. Finally, 
however, 27% of patients still had angina at latest 
follow-up. This was most closely correlated with the 
presence of a high-grade stenosis or occlusion in an 
artery not amenable to successful PTCA or to bypass 
surgery. Angina occurred in 35% of patients with 
single-vessel disease who did not have an open infarct 
artery at hospital discharge, compared to 41% of pa- 
tients with multivessel disease and a closed artery. 
This lack of a difference suggests the importance of 
residual islands of ischemia within or at the borders 
of an infarct as a cause for late angina in these 
patients. 

Limitations. There are several limitations to this 
study. First is the lack of a randomized control group, 
treated either with thrombolysis alone or with con- 
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ventional therapy. Second, because of the relatively 
small sample size, meaningful subgroup analysis was 
not always possible. Third, follow-up relied on infor- 
mation obtained by phone, rather than objective data 
such as ECGs, treadmill results, and repeat cardiac 
catheterization, and may not have determined all re- 
infarctions or restenoses of the infarct artery. 

Conclusions. The use of PTCA to achieve reperfu- 
sion in the setting of acute myocardial infarction re- 
sults in a high infarct artery patency rate and its early 
use is associated with an excellent post-discharge 
survival in a diverse patient population. Even in pa- 
tient subsets that would have been expected to have 
a high long-term mortality, early primary or adjunc- 
tive angioplasty may lead to an excellent post- 
hospital discharge prognosis. Furthermore, recurrent 
infarction is rare after myocardial infarction treated 
with PTCA, possibly less frequent than after the use 
of a thrombolytic agent alone. These favorable long- 
term results suggest that PTCA as a strategy for 
treatment of acute infarction patients who have a 
contraindication to or who fail thrombolytic therapy 
deserves further prospective evaluation. 
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