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CASE PRESENTATION 

J. B. first presented to PMH in April of 1993 at the age of 57 with extertional chest pain, 

left arm numbness, and increasing dyspnea on exertion. Risk factors for premature coronary 

artery disease included hypertension, diabetes mellitus, tobacco use, and a low HDL (18 

mg/ dl) with a normal LDL cholesterol (97 mg/ dl). He was evaluated in the ambulatory care 

clinic and scheduled for an outpatient exercise echocardiogram. The baseline 

echocardiogram revealed preserved left ventricular systolic function with inferior 

hypokinesis. He exercised for 9 minutes on a standard Bruce protocol, the test was 

terminated for fatigue . During exercise he developed lateral ST segment depression, 

worsening inferior hypokinesis and lateral hypokinesis consistent with provoked ischemia 

in the absence of chest pain. He was treated with aspirin and a calcium channel blocker, and 

did well until October of 1994 when he was involved in a MVA. An MRI, CXR, and spine 

films were performed at an outside hospital and reported as "negative". After he was 

discharged form the hospital he began to have more frequent chest pain, new dyspnea on 

exertion, and orthopnea. He presented to PMH in November of 1994 and was admitted with 

new congestive heart failure. In retrospect, it was hypothesized that his sudden change in 

symptoms was due to an undiagnosed myocardial infarction in October. He ruled out for a 

myocardial infarction during the November admission, was diuresed, and referred for an 

echocardiogram to re-evaluate his left ventricular systolic function. The technical quality of 

this echocardiogram was limited, however the report indicated that J.B. had a dilated left 

atrium and globally depressed left ventricular systolic function. The physicians taking care 

of J.B. decided to complete his work-up as an outpatient and he was scheduled for an ETT 

Thallium. He exercised for 9 minutes on a standard Bruce protocol, increasing his heart rate 

from 84 to 124 bpm and systolic blood pressure from 150 to 175 mm Hg, achieving a RPP of 

21,700 before the test was terminated for fatigue. He developed nondiagnostic ECG changes 

in the absence of chest pain, and perfusion imaging revealed a fixed posterior I inferior and 

posterior/septal defect with a small amount of peri-infarct reversibility consistent with 

borderzone ischemia. He was also noted to have significantly depressed left ventricular 

function on gated images. He was continued on medical therapy including aspirin, nitrates, 

an ACE inhibitor, and furosemide. 
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He was readmitted to PMH in February of 1995 and after reassessing his left ventricular 

systolic function by echocardiography it he was referred for catheterization to evaluate his 

coronary anatomy anticipating that if he had 3 vessel disease that he would derive a 

survival benefit from coronary artery bypass grafting. Cardiac catheterization revealed 

severely depressed left ventricular systolic function with an ejection fraction of 0.23 (normal 

~ 0.50) with anterior akinesis, apical dyskinesis, inferior hypokinesis and severe three vessel 

coronary artery disease. He was recommended for bypass surgery but unfortunately, 

developed overt heart failure 24 hours after the catheterization, ruled in for a myocardial 

infarction, and expired that evening from refractory ventricular arrhythmias. 

INTRODUCflON 

Acute myocardial infarction is a common manifestation of atherosclerotic coronary 

artery disease, accounting for more than 750,000 hospital admissions annually in the United 

States [1]. Although the vast majority, 80 to 95%, of those admitted to the hospital survive 

to be discharged [1], mortality in the first year approaches 10%, with an annual mortality of 2 

to 5% in subsequent years [1-5]. Most mortal events, 50 t? 75% [1,5,6], occur in the first 6 

months, with the highest incidence in the first 6 weeks after an acute MI [1,5,6]. As a result, a 

structured attempt to identify patients at high risk for death or re-infarction---risk 

stratification-after an acute MI has become a standard part of their medical care in the hope 

that intervention in these patients will improve their prognosis. 

Previous studies have associated death and/or re-infarction in the first 2 years after 

infarction with 1) the extent of myocardial necrosis [7-11], 2) symptoms of congestive heart 

failure [11-15], 3) evidence of spontaneous or provoked myocardial ischemia [8-10,16,17], and 

4) electrical instability as measured by the severity of ambient ventricular ectopy [7,9-11,16], 

late potentials on a signal-averaged electrocardiogram (SAECG) [18-20], or altered autonomic 

tone resulting in reduced heart rate variability [21-23]. Furthermore, the risk of mortality for 

post-MI patients increases commensurate with the number of these risk factors present at 

the time of hospital discharge (Table 1), so that the 2 year mortality for patients with 1 risk 

factor is 4 to 9% while patients with all 4 risk factors have a two year mortality of 40 to 60% 

[24]. 
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Table 1. Variables Associated with Increased Mortality Risk in the First 2 Years 
After a Myocardial Infarction 

Variable Odds Ratio 95% CI 

Variables associated with the amount of myocardial 
damage (pre-existent and related to the index event) 

Symptoms > 1 month 

Ejection fraction < 0.40 

Rales above the bases 

Congestion on chest radiograph 

Previous myocardial infarction 

Variables associated with residual ischemia 

Angina before discharge 

Angina on exercise test 

Variables associated with electrical instability 

More than 10 VPC/hour 

2.2 

4.2 

7.6 

6.0 

1.8 

1.3 

2.5 

2.7 

Abnormal signal-averaged ECG (QRS > 114 ms, RMS 8.0 
< 20 1.1V, LAS> 38 ms) 

Heart rate variability (SDNN < 50 ms) 3.8 

1.3 to 3.6 

2.3 to 7.6 

4.4 to 12.9 

3.5 to 10.4 

1.1 to 3.1 

0.76 to 2.2 

1.2 to 5.5 

1.4 to 1.5 

2.2 to 6.3 

CI = confidence intervals calculated using Mantel-Haenszel estimates; VPC = ventricular 
premature complexes; ms =milliseconds RMS =root mean square; 1.1V =microvolt; LAS = 
low-amplitude signals; SDNN =standard deviation of normal beat cycle lengths. 
Krone RJ. Ann Intern Med 1992; 116:223-237. 

The majority of studies that address post-MI risk stratification are based on data obtained 

prior to the routine use of agents known to reduce infarct mortality, including ACE

inhibitors, aspirin, iS-blockers, and thrombolytic therapy. Consequently, these studies must 

be considered in the context of the treatments contemporary for the time period in which 

they were performed. More recent studies have analyzed the outcomes of patients enrolled 
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in thrombolytic trials. Unfortunately, these patients represent a selected population, since 

they generally have fewer comorbidities, less advanced coronary disease (Figure 1) [251 

higher ejection fractions, fewer late potentials on SAECG, and are younger than infarct 

populations as a whole. 

Precent Pre-Thrombolytic Era 

100 

80 
0-1VD 

60 

40 

2VD 
20 

3VD 

0 

Figure 1. Difference in Severity of Coronary Artery Disease (VD = 
vessel disease) in the Pre-Thrombolytic and Thrombolytic Eras. 
Roger WJ, et al. JAm Coli Cardiol1991:1007-16 

Furthermore, these trials have been performed during the "interventional era", when 

patients are generally treated more aggressively for recurrent ischemia. As a result, the 

patients that undergo predischarge evaluation are highly selected, and their risk of post-MI 

complications is relatively low. Despite these differences, variables that identify patients as 

high risk for morbid and mortal events appear similar in both the "prethrombolytic and 

reperfusion eras". 

Over the past twenty years post-MI treatment strategies have changed considerably. 

Even before the thrombolytic era, patients were mobilized sooner, shortening their length of 

hospitalization. Recently, the ability to limit myocardial necrosis through the use of direct 

angioplasty has stimulated investigators to reassess post-MI management and consider early 

discharge without risk stratification for low risk patients. It is likely that a similar approach 
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can and will be evaluated in low risk patients treated with thrombolytic agents. While this 

is a provocative concept, and will certainly attract great interest from health care reform 

advocates, currently only 18% of hospitals in the United States have cardiac catheterization 

laboratories, fewer have the capability of performing emergent angioplasty, and only one 

third of patients admitted to the hospital with an acute infarct are treated with thrombolytic 

therapy. Therefore, risk stratification will continue to be an important adjunct to the 

treatment of acute myocardial infarction in the majority of patients. This review will 

attempt to outline a reasonable approach to risk stratification for all post-MI patients. 

Potential Interventions for Patients with Acute Myocardial Infarction 

The ability to differentiate between high, intermediate, and low risk patients - risk 

stratification - would be futile without effective interventions to lower the risk of 

morbidity and mortality following myocardial infarction. Fortunately, several 

interventions are available that have been shown to reduce the incidence of angina, 

congestive heart failure, and sudden cardiac death. 

Revascularization by Angioplasty 

Thrombolytic therapy is limited by 1) unsuccessful in lysis of the occlusive thrombus in 

10 to 25% of patients [26-28], suboptimal antegrade flow in approximately 25% in whom 

thrombolysis is successful (Table 2) [29], and 3) the presence of a severe residual coronary 

stenosis in man.y that successfully reperfuse [30]. In addition, many patients have a 

contraindication to receiving thrombolytic therapy. · Consequently, several studies have 

assessed the role of angioplasty in patients with evolving myocardial infarctions. In the 

immediate period following the onset of infarction, angioplasty has been proposed and used 

(a) instead of thrombolytic therapy to restore antegrade flow in the infarct artery, "primary" 

angioplasty, (b) to restore antegrade coronary flow in the patient in whom thrombolytic 

therapy is unsuccessful, "rescue" angioplasty, or (c) in the asymptomatic patient who has a 

high-grade residual stenosis of the infarct artery after successful thrombolysis. 
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Table 2. Paten~ of the Infarct-Related Arte2:, Accordin~ to Treatment Grou;e 
Patency Streptokinase Streptokinase Accelerated t-P A t-PA 

+ SC He2arin +IV He2arin + Stre2tokinase 
Open vessels, TIMI 
2and3 

At 90 minutes, % 54 60 s1•t 73 

At 180 minutes, % 73 74 76 85 

At 24 hours, % 77 80 86 94 

At 5-7 days, % 72 84 84 80 

Complete 
reperfusion. TIMI 3 

At 90 minutes, % 29 32 54t'l 38 

At 180 minutes, % 35 41 43 53 

At 24 hours, % 51 41 45 60 

At 5-7 days, % 51 58 58 55 
•p - 0.032 for the comparison of this group with the group given t-PA with streptokinase. 
tP < 0.001 for the comparison of this group with the groups given streptokinase with 
subcutaneous or intravenous heparin. 
'IP < 0.001 for the comparison of this group with the group given t-PA with streptokinase. 
The GUSTO Angiographic Investigators. N Engl J Med 1993: 329:1615-22. 

Primary Angioplasty For Acute Myocardial Infarction 

Primary angioplasty should be considered in all patients presenting with acute 

myocardial infarction. However, caution must be exercised in patients with bleeding as a 

contraindication to thrombolytic therapy, since angioplasty mandates the aggressive use of 

heparin in the peri-procedural period [31]. Antiplatelet therapy is also required in the 

periprocedural period to reduce the risk of acute closure and their use may be 

contraindication in patients with bleeding disorders. 

The merits of angioplasty as an alternative to thrombolytic therapy in the patient with 

acute myocardial infarction [32], have been closely examined [33,34]. Primary angioplasty in 

selected infarct patients restores antegrade flow in the occluded infarct artery in > 90%, 

accomplishing this more quickly than thrombolytic therapy, and is associated with a 1 year 
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survival of 90 to 96% [35-38]. However, primary angioplasty for acute myocardial infarction 

may be less successful in patients with depressed left ventricular function, three vessel 

coronary artery disease, or a tortuous infarct artery [39]. 

Three randomized trials using contemporary angioplasty equipment and techniques 

have compared these approaches [40-42], and the results are summarized in Table 3. In these 

studies, angioplasty successfully restored antegrade coronary flow in approximately 95% in 

whom it was attempted. In the study by Zijlstra et al [40], follow-up angiography weeks after 

infarction showed that the infarct artery was patent in 91% of those who had angioplasty 

angioplasty and in only 68% of those who received thrombolysis (p = 0.001). The residual 

infarct artery stenosis was also less in those who underwent angioplasty (36% vs 76%, p < 

0.001). As a result, those who underwent primary angioplasty had fewer in-hospital adverse 

events (non-fatal reinfarction or death) and were less likely to have recurrent ischemia or 

require coronary revascularization over the follow-up period. 

Gibbons et al [41] also found that those who underwent primary angioplasty were less 

likely to require coronary artery revascularization for recurrent ischemia over a 6 month 

follow-up period than those treated-with thrombolysis. Nevertheless, the two groups had a 

similar left ventricular ejection fraction, incidence of recurrent myocardial infarction, and 

survival. 

These findings were confirmed by the Primary Angioplasty in Myocardial Infarction 

(PAMI) investigators [42], who found that angioplasty offered a clear advantage in "high 

risk" patients (i.e., > 65 years old, anterior infarction, or tachycardia on presentation). 

Mortality in these patients was 2% for those who underwent angioplasty and 10% for those 

who received thrombolysis (p = 0.01) (Table 3). The apparent survival benefit of angioplasty 

is, at least in part, due to the fact that the thrombolytic group had an excessive incidence of 

cerebrovascular hemorrhage (with death); cardiac related deaths were similar in the 2 

groups. These investigators also found that recurrent ischemia was significantly less in the 

group undergoing primary angioplasty. 
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Table 3. Effect of MI Location on In-Hospital Endpoints in P AMI, by Treatment (%) 

Anterior MI Non-Anterior MI 

PTCA tPA P value PTCA tPA P value 
(n=71 (n=67) (n=124) (n=133) 

Death 1.4 11.9 0.02 3.2 3.8 NS 

Reinfarction 0 6.0 0.04 4.0 6.8 NS 

Death or 1.4 18.0 0.0009 7.3 9.0 NS 
reinfarction 

Recurrent 11.3 28.4 0.01 9.7 27.8 0.0002 
ischemia 

Stroke 0 6.0 0.037 0 2.2 NS 

Ventricular 1.4 1.5 NS 9.7 2.3 0.01 
Fibrillation 

NS = not significant 

The finding that patients presenting with anterior infarction benefited most from early 

infarct artery patency demonstrates the importance of the mass of jeopardized myocardium 

[43]. Limiting necrosis in the anterior wall has a profound effect on overall left ventricular 

systolic function (Table 4) and is associated with reduced post-MI morbidity and mortality 

[44]. 

Table 4. Global Left Ventricular Systolic Function According to the Site of Infarct-Related 
Occlusion 
Location Number of patients Ejection fraction % 

Proximal LAD artery 68 41.3 +10.7"' 

Middle LAD artery 30 51.0+11.4 

Proximal RCA 104 53.3+10.0 

Proximal circumflex artery 17 48.4+11.0 

LAD= left anterior descending; RCA= right coronary artery; • p < 0.0001. 
Stadius et al. Circulation 1985;72:292-301. 
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A recent angiographic substudy of the Global Utilization of Streptokinase and Tissue 

Plasminogen Activator for Occluded Coronary Arteries (GUSTO) trial enrolled 2431 patients 

and demonstrated the importance of establishing early infarct artery patency and restoring 

normal antegrade, TIMI 3, blood flow [29]. Patients were randomized to receive one of four 

thrombolytic + heparin regimens, (1) streptokinase + subcutaneous heparin, (2) 

streptokinase+ intravenous heparin, (3) accelerated t-PA + intravenous heparin, or (4) t-PA 

+ streptokinase + intravenous heparin. Patients were then subjected to coronary 

angiography at 90 minutes, 180 minutes, 24 hours, or 5 to 7 days. While patients treated 

with the most effective regimen, accelerated tP A and N heparin, had an infarct artery 

patency of 81% at 90 minutes, only 54% had normal, TIMI 3, coronary blood flow. 

Establishing normal antegrade blood flow by 90 minutes resulted in a significant 

preservation of left ventricular systolic performance when measured by end-systolic volume 

index and ejection fraction (Table 5). 

Table 5. Effect of Early Patency on Ventricular Function at Follow-up, According to TIMI 
Grade 
Variable TIMIO TIMI 1 TIMI 2 TIMI3 

At 90 minutes N=233 N=84 N =275 N=370 

Ejection Fraction % 55±15 55±15 56±15 62±14 .. , 

ESVI (ml I M2
) 31±17 33±21 29±14 26±14 .. , 

At 5 to 7 days N = 171 N=63 N =212 N=284 

Ejection Fraction % 56±14 54±12 56±14 61±14 

ESVI (ml/M2) 32±16 34±13 30±13 26±14 

N =number of patients; ESVI =end-systolic volume index 
•p < 0.001 for the comparison of this group with the groups with TIM! grades 0 and 1. 
1 P < 0.001 for the comparison of this group with the group with TIM! 2. 
The GUSTO Angiographic Investigators. N Engl J Med 1993: 329:1615-22. 
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The GUSTO Angiographic Investigators. N Engl J Med 1993: 329:1615-22. 

Survival at hospital discharge was greatest in those patients that received thrombolytic 

..------- ----------------__,therapy early after the onset 

Figure 2. Effect of Early Thrombolytic Therapy on Mortality 

12 -~ 10 -Q.l 
8 .... 

~ 
>. 6 .... 
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Figure 3. Effect of Ejection Fraction on Survival 
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f infarction (figure 2) and 

ad a better left ventricular 
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29]. 

The GUSTO 
Investigators. N 
Engl J Med 1993: 
329:673-82. 

At one year, the 

survival 

advantage for 

TIMI 3 blood 

flow compared to 

TIMI 1 or 2 flow 

increased to 54% 

(figure 4) [45]. 
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In comparison to thrombolytic therapy, primary angioplasty reduces the incidence of 

subsequent hospital morbidity, readmission, and follow-up costs, largely by reducing 

recurrent ischemia following intervention. Predictors of improved long-term survival 

following angioplasty for acute myocardial infarction include preserved left ventricular 

function, a patent infarct artery at discharge, early reperfusion, and single vessel coronary 

artery disease [36,37,46]. These same variables also predict an excellent long-term survival 

following thrombolysis for acute myocardial infarction [29], tPA, however is much less likely 

to restore normal perfusion early, or result in a patent infarct artery at discharge. Finally, 

primary angioplasty may change our approach to post-MI risk stratification. For those 

patients with relatively preserved left ventricular systolic function and 1 or 2 vessel disease, 

it is unlikely that additional testing will alter post-MI management, in the absence of 

spontaneous recurrent ischemia or evidence of ventricular arrhythmias. Recently, the 

preliminary results from the P AMI II trial were reported and suggest that patients 

presenting with an acute MI treated with successful angioplasty and classified as low risk (~ 

70 years of age, 1 or 2 vessel disease, ejection fraction> 45, and no malignant arrhythmias) do 
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not require intensive care monitoring and can be safely discharged at 3 days without 

additional risk stratification [47]. Confirmation of these findings in a larger trial could 

dramatically alter acute and post-MI management and result in a substantial reduction in 

health care costs. 

Recent nonrandomized and retrospective studies have suggested that mechanical 

reperfusion of occluded coronary arteries may improve survival in patients with myocardial 

infarction and cardiogenic shock [~53]. Such patients have a hospital survival of 

approximately 20% when treated with intravenous thrombolytic therapy [54]. In contrast, 

mechanical restoration of antegrade coronary flow via angioplasty is associated with a 

hospital survival of about 70% in these patients (Table 6) [55]. However, data collection on 

TABLE 6. Survival of Patients With Myocardial Infarction and Cardiogenic Shock Treated 
With Angioplasty 
Study 

Ellis SE, et al. 
JAm Coil Cardiol1989; 13: 
1251-9. 

Lee L, et al. 
Circulation 1988; 78: 1345-

51. 

Lee L, et al. 
J Am Coli Cardiol 1991; 17: 
599-603. 

Moosvi AR, et al. 
JAm Coli Cardiol 1992; 19: 
907-14. . 

Gacioch GM, et al. 
JAm Coli Cardiol 1992; 19: 
647-53. 

Number of 
Patients 

61 

24 

69 

38 

68 

Hibbard MD, et al. 45 
JAm Coli Cardiol 1992; 19: 
639-46. 

Landau C et al. Coronary angioplasty in 
Med 1994; 96:536-42. 

Survival with Survival with 
successful angioplasty unsuccessful angioplasty 

86% 32% 

77% 18% 

69% 20% 

56% 8% 

61% 7% 

71% 29% 

patients with acute myocardial infarction. Am J 

the 251 patients in the SHOCK Pre-Study Registry strongly suggest that patients with the 

worst prognosis are not undergoing cardiac catheterization and implies that results of 
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nonrandomized trial may be confounded by selection bias [56]. The SHould we emergently 

revascularize Occluded Coronaries for cardiogenic shocK (SHOCK) trial is an international 

randomized trial of emergency PTCA/CABG versus initial medical stabilization, including 

thrombolysis and aggressive hemodynamic support, designed to identify which patients 

benefit from emergent revascularization in the setting of cardiogenic shock. 

In summary, primary angioplasty for acute myocardial infarction should be considered 

for all acute myocardial infarctions provided it can be performed expeditiously. Patients that 

will derive the largest mortality benefit from primary angioplasty, compared to thrombolytic 

therapy, are those with an anterior myocardial infarction. Patients that have 

contraindications to thrombolytic therapy should be referred for primary angioplasty 

provided they do not have bleeding as a contraindication and they can be instrumented 

within 12 hours of infarction. This strategy must be temporized by the realization that only 

18% of hospitals in the United States have cardiac catheterization laboratories and even 

fewer have the capability of performing emergent angioplasty [55]. Although the transfer of 

patients with myocardial infarction to facilities that can perform angioplasty is possible, the 

obligate delay in achieving reperfusion may outweigh the potential benefits. Finally, since 

5% of patients initially referred for angioplasty required emergent coronary artery bypass 

surgery, primary angioplasty should be performed only in centers with experienced and 

immediately available cardiac surgeons [57]. 

"Rescue" Angioplasty of a Persistently Occluded Infarct Artery for Failed Thrombolysis 

Several studies have demonstrated the marked beneficial effect of infarct artery patency 

(obtained via endogenous, pharmacologic, or mechanical recanalization) on survival in 
" patients with acute myocardial infarction [58-61]. Survivors of myocardial infarction with a 

patent infarct artery have an improved long-term outcome in comparison to those whose 

infarct artery is occluded, even though left ventricular systolic function is similar [61,62). In 

the 10 to 25% of patients in whom thrombolytic therapy fails to restore antegrade coronary 

flow, recanalization of the infarct artery via angioplasty has been advocated to rescue 

ischemic (but viable) myocardium, and to improve long-term survival. Recently, Ellis et al 

[63] reported the results of a multicenter trial that randomized 151 patients, with occluded 

left anterior descending arteries despite receiving thrombolytic therapy, to a rescue 

angioplasty or continued medical therapy. Entry criteria included 1) ECG evidence of an 
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anterior infarct, 2) cardiac catheterization within 8 hours of the onset of chest pain, 3) 

treatment with any acceptable intravenous thrombolytic regimen, 4) age 21 to 79, 5) TIMI 

flow grade 0...1 in the left anterior descending artery at least 90 minutes after thrombolytic 

administration, and 6) ability to give informed consent. Patients with cardiogenic shock, 

history of a prior Ml, and left main stenosis were excluded. Procedural success was achieved 

in 92% of interventions. Baseline patient characteristics are presented in table 7. The trial 

Table 7. Baseline Characteristics for Patient in the Rescue Trial 

Angioplasty 

No. of patients 78 

Age, years 59±11 

Gender,% male 79 

Diabetes,% 16 

Smoking, % 44 

Time from Ml, hours 4.5±1.9 

Systolic BP, mm HG 126±23 

Heart rate, bpm 84±15 

Killip class ~, % 21 

Multivessel disease, % 34 

Ongoing angina at the time 81 
of catheterization, % 

Proximal occlusion site, % 46 

TIMI 1 flow, % 36 

Conservative 

73 

59±11 

85 

11 

56 

4.5±1.9 

135±26 

83±17 

26 

40 

67 

51 

37 

Angiographic collaterals, % 32 37 
P > 0.05 for all variables; MI =myocardial infarction; BP =blood pressure; and bpm = beats 
per minute. 
Ellis SG, et al. Circulation 1994; 90:2280...2284. 
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demonstrated a significant reduction in the primary endpoint, death or CHF, in the 

angioplasty group, as well as an improved exercise ejection fraction, compared to the 

conservative group (Table 8). 

Table 8. Procedural and 3D-Day Outcomes for Rescue Angioplasty 

Angioplasty Conservative p 

PTCA success, % 92 so• 
Late in-hospital 9 14 NS 
PTCA or CABG, % 

30-day L VEF, % 

Resting 40±.11 39±.12 NS 

Exercise 43±.15 38±.13 0.04 

30-day outcomes, % 

Death 5 10 NS 

Severe CHF 1 7 NS 

Nonfatal VT 12 12 NS 

Death or CHF 6 17 0.05 

Any of the above 18 28 NS 

-Qf two patients that "crossed over" to urgent angioplasty. 
Ellis SG, et al. Circulation 1994; 90:228D-2284. 

Infarct artery patency is an important predictor of mortality in survivors of myocardial 

infarction [60,61,64-67}. In comparison to those with a patent infarct artery, survivors of 

infarction with an occluded artery have (a) increased left ventricular dilatation [68], (b) a 

greater incidence of spontaneous and inducible ventricular arrhythmias [69], and (c) a poorer 

prognosis [65]. In survivors of myocardial infarction, the incidence of left ventricular 

aneurysm formation is higher in patients with an occluded infarct-related artery [7D-72]. 

Forman et al [71] studied 79 survivors of myocardial infarction and noted that 48% of those 

with a persistently occluded left anterior descending coronary artery developed left 
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ventricular aneurysms, whereas this occurred in only 15% of patients with a patent left 

anterior descending coronary artery. Similarly, Jeremy et al [68] measured left ventricular 

volumes by radionuclide ventriculography in 40 patients 48 hours and 1-month after their 

first myocardial infarction. Left ventricular volumes increased in all 14 patients with an 

occluded infarct artery but in only 2 of the 26 patients with a patent artery. In addition, 

Lamas et al [73] reported that patients with a persistently occluded infarct-related artery have 

marked abnormalities in ventricular size, function, and shape when compared to those with 

similar sized infarcts and a patent infarct vessel. Thus, infarct artery patency substantially 

influences left ventricular remodeling over the days to months after myocardial infarction. 

In survivors of infarction, infarct artery patency may favorably influence left ventricular 

remodeling and electrical stability even if accomplished at a time when rescue of ischemic 

myocardium is unlikely (i.e., hours to days after unsuccessful thrombolysis) [64]. 

In summary, successful rescue angioplasty in patients with an occluded left anterior 

descending artery reduces the incidence of death or CHF and results in an improved exercise 

ejection fraction. It may also confer long-term mortality and morbidity advantages 

compared to patients with a persistently occluded infarct-related artery. 

The major impediment to rescue angioplasty is the timely and accurate identification of 

patients in whom thrombolytic therapy has failed to reestablish antegrade coronary flow. 

Rescue of ischemic myocardium is unlikely unless unsuccessful thrombolysis is recognized 

and reperfusion is established in 8 to 12 hours of the onset of symptoms. Unfortunately, 

noninvasive methods of determining infarct artery patency are not yet widely applicable to 

patients with an evolving infarct [74-76], and clinical markers of reperfusion (relief of chest 

pain, resolution of ST segment elevation, and reperfusion arrhythmias) have limited 

predictive value in identifying failure of thrombolysis [77]. Immediate catheterization of all 

patients following thrombolytic therapy to identify those with an occluded infarct artery is 

impractical, costly, and may be associated with a high incidence of bleeding complications 

[26,27]. 
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Currently, there are insufficient data to recommend widespread use of rescue angioplasty; 

Ellis et al [63] enrolled only patients with anterior infarcts, angioplasty may be ineffective in 

reestablishing antegrade coronary flow in approximately 8 to 15% of patients, and 

reocclusion of the infarct artery may occur in 9 to 20% of those that are successfully dilated 

[40,59]. Furthermore, although infarct artery patency 90 minutes after thrombolytic therapy 

is only 65 to 81%, it rises to 90% by 24 hours [28,29]. Such "late" reperfusion may improve 

survival without the risk of invasive procedures coupled with thrombolytic therapy 

[60,61,78--80]. 

Routine Angioplasty of Asymptomatic Patients Following Successful Thrombolytic Therapy 

Following successful fibrinolysis, platelet aggregation and thrombus formation may 

recur at the site of arterial injury and lead to reocclusion, especially if a flow limiting 

stenosis is present [81]. Therefore, several randomized trial have examined whether 

attempting angioplasty of a severe residual stenosis in the infarct-related artery within hours 

[26,27 ,82], 2 days (83-85], or up to 2 weeks [86,87] after thrombolytic therapy prevents 

reocclusion, reinfarction, and/ or death. Briefly, these trials have failed to show benefits 

attributable to routine angioplasty of asymptomatic patients with a stenotic infarct artery 

following thrombolytic therapy. Such a strategy does not appear to rescue myocardium or 

prevent reinfarction or death. On the contrary, patients subjected to this approach appear to 

have an increased incidence of adverse events, including bleeding, recurrent ischemia, 

emergent coronary artery bypass surgery, and death [27 ,88]. The increase in recurrent 

ischemia, need for emergent coronary artery bypass surgery, and death may in part be 

explained by the excessive hemorrhage into the vessel wall that occurs when these 

treatments are combined [89,90] . 

In short, routine angioplasty of the stenotic infarct artery in asymptomatic patients 

during the hours, days, or weeks following thrombolytic therapy exerts no benefit and may 

be harmful in comparison to conservative management. Therefore, an invasive strategy 

should be reserved for survivors of infarction who manifest ischemia at rest or with 

provocation. 
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Revasculariution by Coronary Artery Bypass Grafting 

Coronary artery bypass surgery is an excellent treatment for angina and improves long

term survival in selected patients. Data in support of the latter goal comes from three 

randomized trials, the VA Cooperative Study of CABG [91], the Coronary Artery Surgery 

Study (CASS) [92,93], and the European Coronary Surgery Study Group [94]. 

The VA Cooperative Study of CABG enrolled 686 men with stable angina for > 6 

months (patients were excluded if they had had a MI within 6 months of randomization, 

refractory hypertension i.e. diastolic blood pressure > 100 mm Hg, unstable angina, LV 

aneurysm, decompensated congestive heart failure, severe comorbid disease, or EF < 0.25) 

and randomly assigned them to the medical (n = 354) or surgical (n = 332) therapeutic arms. 

The perioperative mortality for the entire surgical group was 5.8% with a .9.9% incidence of 

perioperative Q wave infarction. Survival (based on intention to treat) of patients with 1, 2 

or 3 vessel disease and normal left ventricular function was similar for medical and surgical 

treatment. Of the 686 enrolled into the trial, 168 patients had depressed left ventricular 

systolic function (EF > 0.25 < 0.50) and 3 vessel coronary artery disease. Patients that were 

randomized to surgery derived .a survival benefit compared to medically treated patients 

(Table 10) [91]. 

The CASS trial enrolled 780 patients (704 men, 76 women, age s: 65 years) and 

randomized them to medical or surgical treatment. Patients were eligible for randomization 

if they had Oass I or II angina, with or without a history of an antecedent MI greater than 3 

weeks prior to entering the study. Patients were excluded if the had more severe angina, 

Class III or IV congestive heart failure, severe comorbid disease, or could not be completely 

revascularized. The perioperative mortality for the entire CASS registry (6630 patients) was 

only 1.9%. Similar to the VA trial, patients with normal left ventricular systolic function 

did equally well regardless of whether they were treated medically or with surgery. 

However, the 160 patients with 3 vessel coronary artery disease and depressed left 

ventricular systolic function (EF > 0.34 < 0.50), derived a survival benefit from CABG as 

compared to medical therapy at 7 and 10 year follow-up (Table 10) [92,93]. 
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Table 10. Cumulative survival of patients with 3 vessel coronary artery disease and a 
deeressed ejection fraction, < 0.50. 

Trial Follow-up Period Medical Treatment CABG P Value 
ears % % 

VA Coop Study 
n = 168 (71 S & 97 M) 

5 66 83 0.018 

7 52 76 0.002 

11 38 50 0.026 

CASS 
n = 160 (78 S & 82 M) 

7 65 88 0.009 

10 61 79 0.01 

n = number of patients; S = surgically treated group; M = medically treated group. 

The European Coronary Surgery Study Group randomized 767 men, age< 65 years with 

normal left ventricular systolic function, mild to moderate angina for ~ 3 months, and 2, 3, 

or left main disease (~ 50% < 75%) to early coronary bypass surgery or medial therapy. 

Survival was improved in the surgery group compared to the medical group at 5 years (p = 
0.0001) and although the advantage declined with time, survival in the surgery group was 

still superior at 12 years (p = 0.04) [94]. Further analysis revealed that the survival advantage 

was related to the presence or absence of proximal left anterior descending arterial stenosis 

(Figure 5). 
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Figure 5. Ten-Year Cumulative Survival Rates with 95% Confidence Interval for the 
Surgically and Medically Treated Groups 
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Px = proximal; LAD = left anterior descending artery; SUR = surgery; MED = medicine. 
Varnauskas E, et al. N Eng! J Med 1988; 319:332-337. 

Although the trial randomized patients with left main coronary artery stenosis, it was 

under-powered to demonstrate a difference in survival of patients. 

Treatment of Ventricular Arrhythmias 

The presence of complex ventricular ectopy following acute myocardial infarction is an 

established predictor of poor prognosis. The Cardiac Arrhythmia Suppression Trial (CASTI, 

a randomized trial designed to assess the risk/benefit ratio of treating arrhythmias in 

asymptomatic patients clearly demonstrated an excess mortality associated with 

antiarrhythmic agents [95]. 

Although invasive electrophysiologic evaluations have demonstrated that patients at 

highest risk for clinically important arrhythmias, are inducible and have a left ventricular 

ejection fraction below 0.40, the optimal management of these patients is still being defined 

[98]. Two randomized trial are currently in progress that may provide additional insight 

into the management of post-MI patients with high grade ventricular ectopy. The 

Multicenter Unsustained Tachycardia Trial (MUSTTI, an ongoing trial is designed to 
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nonsustained (3 beats to 30 seconds) ventricular tachycardia reduces sudden death and 

overall mortality [96]. The second trial, Antiarrhythmics Versus Implantable Defibrillators 

(AVID), is designed to assess the efficacy of antiarrhythmic drug therapy (sotalol or 

amiodarone) versus implantable defibrillators for the treatment of life-threatening 

ventricular arrhythmias. 

Recently, signal averaged electrocardiography has permitted identification of infarct 

survivors who are at high risk for ventricular arrhythmias and sudden cardiac death 

[18,19,97-99]. Signal-averaged electrocardiography is a noninvasive method for identifying 

low-amplitude, high-frequency signals (late potentials) in the terminal portion of the QRS 

complex. These represent slowed, asynchronous electrical conduction within 

heterogeneous areas of myocardium in which normal cells are interspersed with areas of 

fibrosis or ischemia [100-104]. These late potentials ·have been associated with ventricular 

tachycardia and sudden death in survivors of myocardial infarction [105-106]. In survivors of 

infarction with ventricular arrhythmias and late potentials, electrophysiologically-directed 

surgical excision of the arrhythmia focus results in resolution of the ventricular 

arrhythmias and late potentials, and it improves survival [107]. Additionally, successful 

thrombolysis is associated with a reduction in the incidence of signal-averaged 

electrocardiographic late potentials [108]. In a pilot study, Boehrer et al [109] demonstrated 

that mechanical restoration of anterograde flow 1 to 2 weeks after acute myocardial 

infarction resolved late potentials in patients with an occluded infarct-related artery. Since 

patients with late potentials after infarction have an increased incidence of ventricular 

tachycardia and sudden death, establishing anterograde flow in the infarct artery, even late, 

"--- may reduce the occurrence of these events. However, a large multicentered randomized 

trial will be required to determine whether abolishing late potentials in this patient 

population confers a survival benefit. 

Prevention of Progressive Left Ventricular Dilatation 

Left ventricular . dilatation and impaired left ventricular systolic function after 

myocardial infarction are important predictors of a poor prognosis [9,11-15,110]. Dilatation of 

the infarct zone -infarct expansion - occurs within the first few days of infarction and 

results in an increase in ventricular diastolic volume due to altered left ventricular 

compliance and increased filling pressures. As a consequence, the left ventricular ,.cavity 
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changes from its usual ellipsoid shape to a more spherical configuration. This change in 

ventricular geometry leads to increased regional wall stress, disruption of the normal 

myocyte architecture and worsened contractile dysfunction. Infarct expansion occurs in 35 to 

45% of survivors of anterior myocardial infarctions and has been reported in up to 70% of 

those with fatal infarction [111]. With extensive infarct expansion, a left ventricular 

aneurysm may fonn with an associated one year mortality of 60 to 80% [112]. Thus, patients 

with infarct expansion after myocardial infarction have a higher mortality than those with 

similar sized infarcts without expansion. In addition to early infarct expansion, late 

remodeling of the ventricle occurs over the weeks to months after infarction. This is 

characterized by dilatation of the noninfarcted portion of the ventricle. This phenomenon 

also adversely affects prognosis in survivors of infarction. Recently, several large 

randomized trials have demonstrated that the use of ACE inhibitors in post-MI patients 

with reduced ejection fractions improves long-term survival and reduces hospital 

admissions for congestive heart failure (Table 11) [113-116]. 

Table 11. ACE Inhibitor Trial to ·umit Ventricular Dilatation 

Time to 
Randomization 

LVEF 

Drug 

Presence of CHF 

Follow-up 

Endpoints 

Results 

Consensus II 
Within 24 hours 

Unknown 

Enalapril 

Possible 

6 months 

Mortality and 
morbidity 

Survival not 
improved, 

treatment of 
CHF improved 

ISI5-4 
Within 24 hours 

Unknown 

Captopril 

Possible 

35 days 

Mortality 

Survival 
improved 

SAVE 
3 to 16 days 

~40% 

Captopril 

No overt CHF 

42 months 

Mortality and 
morbidity 

Survival 
improved 

AIRE 
3 to 10days 

Unknown 

Ramipril 

Present, NYHA 
IV excluded 

15 months 

Mortality and 
morbidity 

Survival 
improved 

Rutherford ]D. Medical Grand Rounds University of Texas Southwestern Medical Center. 
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In short, patients with left ventricular systolic dysfunction following a myocardial 

infarction, symptomatic and asymptomatic, are benefited long-term by treatment with ACE 

inhibitors. 

CONTEMPORARY RISK STRATIFICATION 

Risk stratification is designed to identify patients at high risk of complications of an 

acute myocardial infarction so that they may be considered for "an intervention" to improve 

their outcome. Traditionally, this stratification has been based on review of the patient's 

clinical profile and noninvasive testing performed during the pre-discharge period. 

However, over the past 10 years the options for intervention early in the course of an acute 

myocardial infarction have flourished and contemporary risk stratification is best divided 

into 3 phases including, phase !--presentation to the emergency room through the first 24 

hours, phase 2-days 2 through 5, and phase 3-predischarge. While the goals and available 

options may differ at each phase, the prime concern of the physician is the same--weighing 

the risk/benefit ratios of intervention versus conservative therapy. The goals in phase 1 are 

to identify those patients for whom primary angioplasty would be most beneficial and those 

at high risk for whom rescue angioplasty would be beneficial in the event that thrombolysis 

fails. Phase 2 is a the period of watchful waiting -the physician closely monitors the patient 

for evidence of recurrent ischemia, infarct extension, reinfarction, or mechanical 

complications such as pump failure, ischemic mitral valve disease, or myocardial rupture 

(septal or free wall). Finally, phase 3 is designed to identify those patients with poor left 

ventricular systolic function, severe arrhythmias, positive SAECG's, poor exercise capacity, 

or evidence of ischemia during provocative testing. In summary, contemporary 

management of patients with acute myocardial infarction entails continuos monitoring for 

signs and symptoms suggesting that a patient is in a high risk group and then weighing the 

risk versus benefit of a more aggressive management style. 

Phase 1. Risk Stratification in the First 24 Hours of an Evolving Myocardial Infarction 

The administration of thrombolytic therapy in combination with aspirin, heparin, and 

fS..blockers can save lives and is considered the standard of care for patients with an acute 

myocardial infarction [117]. However, the physician caring for the patient must quickly and 
• 
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carefully determine that the risk/benefit ratio of providing this care is favorable for each 

individual patient. In some patients, primary angioplasty may be more appropriate than 

lytic therapy while others may be poor candidates for any form of reperfusion therapy. 

FEATURES THAT PREDICT HIGH RISK AT THE TIME OF PRESENTATION 

Patients that present with a history of preceding left ventricular systolic dysfunction, 

advanced age, prior myocardial infarction(s), diabetes mellitus, and female gender are at 

increased risk for death and morbid events, both from their infarct and from potential 

interventions [11-15,118-120]. Therefore all interventions must be thoughtfully considered 

in an expeditious manner. Kowalchuk and colleagues [119] evaluated the coronary anatomy 

in 84 consecutive octogenarians and found that . 88% had coronary anatomy suitable for 

coronary artery bypass grafting (CABG), while only 31% were suitable for percutaneous 

transluminal coronary angioplasty. Elective CABG in this patient population was associated 

with a 16% mortality, whereas the mortality associated with angioplasty was 8%, 8 times the 

incidence for the general population. Furthermore, octogenarians undergoing an emergent 

CABG during an acute MI have a 20 to 25% perioperative mortality [121]. 

The presence of tachycardia, hypotension, pulmonary congestion, or shock on physical 

examination are important predictors of adverse short- and long-term outcomes. These 

clinical markers usually indicate severe left ventricular systolic dysfunction, and are 

associated with increased mortality and morbidity. In the setting of tachycardia, 

hypotension, . and/ or shock, volume depletion and right ventricular infarction must be 

considered and ruled out, as these processes may be easily corrected with volume expansion. 

While the resolution or persistence of a patient's chest pain after thrombolytic therapy 

does not reliably predict infarct artery patency, continued chest pain has been associated with 

a worse prognosis. Herlitz et al [122] reported that patients requiring ~ 3 injections of 

analgesic had an increased 2 year mortality [29% versus 16%, p < 0.001), greater incidence of 

in hospital ventricular fibrillation (10.3% compared to 2.7%, p < 0.001), and a 63.3% chance of 

developing congestive heart failure in the hospital compared to a 29.6% incidence (p < 0.001) 

in patients without prolonged pain. 

Several electrocardiographic patterns present during infarction have been associated 

with a worse prognosis. Anterior ST elevation (V2 to V4) reflects occlusion of the left 
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anterior descending artery and identifies patients with a poorer prognosis compared to 

patients with other sites of infarction [123,124]. In fact, death from single vessel coronary 

artery disease is most commonly associated with involvement of the proximal left anterior 

descending artery [125]. Anterior infarction may be associated with inferior ST segment 

depression or elevation. This electrocardiographic finding is present when the left anterior 

descending artery wraps around the apex supplying a portion of the inferior ventricular 

septum or provides collateral flow to a severely diseased or occluded right coronary artery. 

Infarction in this distribution leads to an extensive area of myocardial necrosis with a in 

hospital mortality of 14.3% compared to 6.7% for anterior infarcts not involving the inferior 

wall [128]. Anterior and/ or lateral ST segment depression in association with an inferior 

infarction, implies extension of the infarct from the inferior wall to the posterior and/ or 

lateral left ventricular walls and this electrocardiographic pattern is also associated with a 

poor prognosis. Finally, patients that present with widespread ST segment depression or 

persistent ST segment depression have a worse prognosis [126-129]. Patients in the GISSI 

trial control group with widespread ST depression had an associated 16% mortality [127]. 

Raunio et al [128], in an autopsy- series, found that widespread ST segment depression 

correlated with an 89% incidence of severe three-vessel coronary disease. 

In summary, patients that present with preexisting left ventricular systolic dysfunction, 

advanced age, prior myocardial infarction(s), diabetes mellitus, female gender, anterior or 

extensive infarcts, and widespread ST segment depression are at increased risk for death and 

morbid events related to infarction. These patients need to be assessed quickly and strategies 

implemented to reestablish normal antegrade coronary blood flow early after identification. 

P~se 2. Risk Stratification from day 2 through day 5 

During this phase of care patients with suspected left ventricular systolic dysfunction 

should be identified so that ACE inhibitors can be started promptly to favorably influence 

infarct expansion and remodeling. Patients with anterior infarction, inferior-posterolateral 

infarction, or any infarct with pre-existing reduced myocardial performance are most likely 

to benefit from ACE inhibition. 

The peak incidence of mechanical complications occurs between days 3 and 5, therefore 

patients require vigilant monitoring during phase 2 for these complications of infarction. 

Since myocardial rupture only occurs in the presence of transmural infarctioq, any 
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intervention that limits infarction to the subendocardium or partial involvement of the 

myocardium may prevent this complication. Unfortunately, the administration of 

thrombolytic therapy late, > 11 hours, has been associated with an increased incidence (and 

earlier occurrence) of myocardial rupture [130]. This has been associated with the pathologic 

observation that thrombolytic therapy converts non-hemorrhagic infarcts to hemorrhagic 

infarcts [130]. Despite this increase in myocardial rupture, thrombolytic therapy 

administered late S 12 hours results in a net clinical benefit with reduced mortality [130,131]. 

Patients with postinfarction angina and ST segment changes have a 1G-fold higher 

inhospital mortality, and an increased 1-year mortality (20% versus 9%) and re-infarction 

rate ( 27% versus 18%) [132]. Similarly, episodic pulmonary edema identifies patients as 

high risk and may represent recurrent myocardial ischemia and or ischemic mitral 

regurgitation. In the prethrombolytic era, Dwyer and coworkers [133] demonstrated that 

patients with recurrent pulmonary congestion had a 1-year mortality of 28% compared with 

5.5% in those without pulmonary edema. 

Patients with depressed left ventricular systolic function following infarction are at high 

risk for ventricular arrhythmias,_ sudden cardiac death, and progressive heart failure. Both 

the VA Cooperative Study of CABG and CASS trial demonstrated that bypass surgery leads 

to a survival benefit for patients with 3 vessel coronary disease and depressed left 

ventricular systolic function, EF < 0.50, compared to medical therapy [91-93]. Therefore, 

patients with depressed left ventricular systolic function that lack severe comorbidities 

should be evaluated for the presence of three vessel coronary artery disease. Several studies, 

utilizing echocardiography [134-136], radionuclide ventriculography [137], or thallium 

perfusion imaging [137-140] have evaluated the ability of these tests to predict the presence of 

coronary artery disease in patients with depressed left ventricular systolic function. 

Unfortunately, noninvasive testing often provides nondiagnostic results and has limited 

sensitivity (S 85%) and specificity (44% to 90%) [141,142]. Additionally, since the decision to 

refer a patient to surgery will ultimately be based on the absence or presence of 3 vessel 

disease with suitable distal target vessel, these patients should be referred directly for 

catheterization rather than relying on noninvasive testing. 
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IDENTIFICATION OF HIGH RISK PATIENTS PREDISOIARGE 

In the 1960s several investigators demonstrated that morbidity and mortality after acute 

myocardial infarction are closely related to historical, clinical, hemodynamic, and 

electrocardiographic variables that are often present at the time initial presentation [12-14]. 

Although thrombolytic therapy has profoundly altered the treatment of acute myocardial 

infarction and reduced mortality, the risk factors that predict post-infarct complications 

remain the same. This is evident by the striking similarity between the coronary prognostic 

index described by Peel et al [12] in 1%2 (Table 12), and the risk factors that Hillis et al [15] 

identified from review of the 3,261 patients enrolled in the TIMI II trial (Table 13). 

Table 12. Coronary Prognostic Index 
&ore ~ 

Gender and age: 
Men, 54 or under 0 Women, 64 or under 2 

55-59 1 65 or over 3 
60-64 2 
65 or over 3 

Previous History: 
Previous infarct 6 
Other cardiovascular diseases or history of exertional dyspnea 3 
Angina only 1 
No cardiovascular disease 0 
Shock: 
Ab~nt 0 
Mild---transient at on~t 1 
Moderate---present on admission but subsiding with rest and sedation 5 
Severe---persisting despite rest and sedation 7 
Congestive Heart Failure: 
Ab~nt 0 
Few basal rales only 1 
Any one or more of the following: breathlessness; acute pulmonary edema; orthopnea or 
dyspnea; gallop rhythm; liver enlargement; edema; or jugular vein distention 4 
Electrocardiogram: 
Normal QRS. Changes confined toR-T segment or T wave 1 
QR complexes 3 
QS complexes or bundle-branch block 4 
Rhythm: 
S~us 0 
Any one or more of the following: Atrial fibrillation or flutter, paroxysmal tachycardia, 
persisting sinus tachycardia, frequent ectopic beats, nodal rhythm or heart block 4 
Total Patient Score = Prognostic Index 
Patients with an index between 1 to 8 are at low risk with a 4 week mortality of under 5%. 
Patients with an index over 17 are at high risk with a 4 week mortality of under 50%. 
Peel AAF, et al. Br Heart J 1962; 24:745-60. 
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Table 13. Mortality at 6 Weeks for Each of the Risk Factors Identified in TIMI II 
Risk Factor No. of Patients with No. of Deaths in P Value 

Risk Factor (%) 6 Weeks (%) 
Age ~ 70 years 37 4 (11 .5) 42 (11.2) < 0.001 

Previous infarction 456 (13.7) 36 (7.9) 0.002 

Anterior infarction 1,681 (51.5) 94 (5.6) < 0.001 

Atrial fibrillation 66 (2.0) 7 (10.6) 0.062 

Rales in more than one third of lung 105 (3,2) 13 (12.4) 0.012 
fields 

Hypotension and sinus tachycardia 158 (4.8) 16 (10.1) <0.001 

Female gender 577 (17.7) 41 (7.1) 0.031 

Diabetes mellitus 425 (13.0) 36 (8.5) 0.002 

Hillis LD, et al. JAm Coli Cardiol 1990; 16:313-5. 
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Table 14. Mortality at 6 Weeks According to the Number of Risk Factors Present in TIMI II 
Trial 

No. of Risk Factors No. of Patients No. of Deaths within Mortality Rate (%) 
6 Weeks 

0 864 13 1.5 

1 1,384 32 2.3 

2 689 48 7.0 

3 231 30 13.0 

~4 93 16 17.2 

No. = number. 
Hillis LD, et al. JAm Coli Cardiol1990; 16:313-5. 

The presence of increasing numbers of these clinical factors clearly identifies a gradient of 

risk for increased morbidity and mortality after infarction regardless of whether they receive 

thrombolytic therapy; therefore patients with 2 or more risk factors should be considered for 

coronary angiography. 

Noninvasive Stress Testing 

The utility of several noninvasive diagnostic tests have been evaluated in patients after 

myocardial infarction to detennine which patients are at greatest risk for subsequent cardiac 

events. These tests rely on the occurrence of symptoms and/or objective evidence of 

""-. provoked myocardial ischemia. Their sensitivity and specificity vary in accordance with 

patient characteristics including ability to exercise, gender, baseline electrocardiographic 

abnormalities, and the presence of other myopathic processes that result in myocardial 

scarring and wall motion abnormalities. The simplest and least costly is an exercise 

tolerance testing which can be safely performed early, between days 3 to 5 post-infarction. 

To maximize the sensitivity of exercise testing while maintaining safety, patients are 

exercised on a treadmill or bicycle ergometer until they achieve 70% of the maximal 

predicted heart rate, complete 5 METS, develop clinically important dyspnea or fatigue; 

experience typical chest pain accompanied by ST segment depression of~ 1 mm, or have 3 or 
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more consecutive ventricular ectopic beats [143]. Patients that exercise for > 9 minutes 

without evidence of ischemia or ventricular ectopy have an excellent one year mortality, < 

2% [17]. Those that have a positive test or can not perform the test have a worse prognosis 

and should be considered for cardiac catheterization. Finally, inability to complete an 

exercise test and or the presence of baseline electrocardiographic abnormalities reduces its 

sensitivity and specificity. To overcome these limitations, tests that combine exercise or 

pharmacologic stress (adenosine, dipyridamole, or dobutamine intravenous infusions) with 

an imaging modality (echocardiography, myocardial perfusion imaging, or radionuclide 

ventriculography) have been used extensively [141,142,144,145]. Although these tests have a 

greater sensitivity and specificity for detecting ischemia than regular exercise testing, their 

specificity is limited by nonischemic myopathic processes [146]. Furthermore, until recently 

the utility of these tests for predicting prognosis after infarction had not been compared in 

the same patient. Olona et al [147] recently compared the utility of 1) exercise testing + 

echocardiography, 2) exercise testing + radionuclide ventriculography, 3) exercise thallium-

201 + echocardiography, and 4) exercise thallium-201 + radionudide ventriculography with 

cardiac catheterization for predicting the prognosis of patients after their first infarct. Over a 

5 year follow-up period, 78 of 115 patients (68%) developed complications that were severe 

in 37 (32%). As illustrated in table 15 all test were similar in sensitivity and specificity. 

Combining any two of the test increased the predictive value, the combination of exercise 

testing thallium-201 scintigraphy and radionuclide ventriculography yielded the best results 

predicting 90% of the complications, provided both test were abnormal. Although 

combining these tests also improved the negative predictive value for severe complications 

(72 to 97%), the negative predictive value for no complications was still poor (55 to 83%). 
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Table 15. Sensitivity and Specificity of Cardiovascular Tests for Predicting Moderate and 
Severe Complications after Infarction. 

Sensitivity Specificity 

Com plicationa 

Exercise testing 57% 74% 

Thallium-201 scintigraphy 91% 50% 

Radionuclide ventriculography 57% 71% 

Two-dimensional echocardiography 60% 62% 

Cardiac catheterization 36% 76% 

Severe complications 

Exercise testing 60% 58% 

Thallium-201 scintigraphy 65% 76% 

Radionuclide ventriculography 55% 70% 

Two-dimensional echocardiography 55% 80% 

Cardiac catheterization 64% 63% 

The following complications were _identified over 5 years of follow-up: angina, new 
myocardial infarction, heart failure, coronary angioplasty, cardiac surgery, and death. 
Patients were included in the severe complications group if they experienced severe angina 

"-- (Canadian Cardiovascular Society functional class ill or IV), severe heart failure (New York 
Heart Association functional classes ill or IV), reinfarction, angioplasty, cardiac surgery, or 
death. 
Olona M, et al. J Am Coli Cardiol 1995:815-22. 

The determination of left ventricular systolic function also provides key prognostic 

information and can define a high risk patient population that should be considered for 

diagnostic coronary angiography [9,11-15,110]. 
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Cardiotc Catheterization 

Performing cardiac catheterization on unselected patients following acute myocardial 

infarction has limited utility [148]. The mere presence of a residual high grade coronary 

stenosis in the infarct related artery or other stenoses does not predict the site of future 

infarction(s) or ischemic events. In fact, Little et al [149] and Nobuyoshi et al [150] have 

reported that serial angiograms demonstrated that 40 to 60% of future infarcts occur at the 

site of minimal lesions, < 50% diameter stenosis. 

In accordance with numerous trials examining post-MI risk stratification, the American 

College of Cardiology I American Heart Association Task Force has stated that diagnostic 

coronary angiography is indicated predischarge in patients, 1) with angina pectoris occurring 

at rest or with minimal activity; 2) that have heart failure during the evolving infarct, or a 

left ventricular ejection < 0.45; 3) with evidence of myocardial ischemia during stress testing 

with or without concomitant angina pectoris; and, 4) that have a non-Q wave myocardial 

infarction [151]. The first three groups of patients have well delineated reasons for 

diagnostic coronary angiography, and knowledge of their coronary anatomy will influence 

their management, however the recommendation to perform a cardiac catheterization on 

patients following a non-Q wave infarction is controversial. Cardiac catheterization is also 

indicated in patients known to be at increased risk based on the presence of two or more 

clinical risk factors (Tables 12 & 13), as many of these patients will have multi-vessel disease 

and or depressed left ventricular systolic function. However, patients that appear to be at 

low risk for recurrent infarction or sudden cardiac death should not routinely undergo 

cardiac catheterization for risk stratification. 

Contemporary Treatment Strategies and Risk Stratification of Patients with Acute 

Myocardial Infarction. 

Patients presenting within 12 hours of infarction should be considered for primary 

angioplasty or thrombolytic therapy based on the strategy outline in figure 6. Those patients 
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Figure 6. Treatment Strategies During an Evolving Myocardial Infarction 
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identified as high risk are likely to derive the greatest benefit from reestablishing TIMI 3 

flow early. Based on currently available data, patients that undergo primary angioplasty are 

much more likely to achieve this goal than those that receive thrombolytic therapy. Patients 

with severe left main disease discovered at the time of coronary angiography should be 

considered for emergent CABG. Those patients with contraindications to thrombolytic 

therapy, except for those related to bleeding, should be considered for primary angioplasty. 

Currently there no reliable methods to detect failed reperfusion following thrombolytic 

therapy. Until such a method becomes available, it will be necessary to base the decision to 

perform emergent coronary angiography on clinical variables, including resolution of chest 

pain and ECG changes, and/or evidence clinical deterioration. During the early post-MI 

period, evidence of spontaneous ischemia, widespread persistently depressed ST segments 

or other markers of a poor prognosis, or evidence of a mechanical complication are 

compelling reasons to consider coronary angiography (Figure 7). Those patients with 
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Figure 7. Treatment Strategies in the Early Post-Infarct Period 

Iachelll.U 
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Extensive Jeopardized / Coronary Coronary 

Myoardium? angioplasty bypass surgery 

• "Flash" Pulmonary 
edema 

• Anterior non-Q wave 
infarction 

+ 
No 

• Predischarge risk stratification 

left main, 3 vessel disease and depressed left ventricular systolic function, or mechanical 

complications derive a survival advantage from surgery. Finally, the remaining patients 

should be considered for elective cardiac catheterization if clinical variables indicate that 

they are in a high risk group or they have evidence of ischemia during provocative testing 

(Figure 8). 
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Figure 8. Risk Stratification: Predischarge 
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Concluding Remarks 

The treatment of patients with evolving infarcts should be focused on obtaining TIM! 3 

flow as quickly · as possible using the most readily available method of reperfusion. 

Thereafter, patients should be managed based on persistent or recurrent symptoms, the 

presence of clinical characteristics that identify those patients at high risk, or evidence of 

ischemia during provocation. 
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