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Despite significant advancements in
medical and revascularization thera-
py, cardiovascular disease remains

the leading cause of morbidity and mortality
in developed nations. In the first year follow-
ing an acute ST elevation myocardial infarc-
tion (ST-AMI), further complications of
ischemic heart disease (IHD) are common

(Table 1).1 Although extensive clinical inves-
tigation has demonstrated the benefit of med-
ical therapy, it appears significant gaps
between proven therapy and actual care
remain. A multifaceted approach that is indi-
vidualized to each patient, therefore, is
required. The goal of post ST-AMI manage-
ment is to limit subsequent cardiovascular
events, while maintaining the patient’s highest
functional capacity and quality of life. This
article will review the appropriate manage-
ment of patients post ST-AMI from the first
day of admission through the subsequent year.

Risk Assessment

Appropriate risk stratification of patients with
ST-AMI requires vigilance during hospital-
ization and beyond. After effective reperfu-
sion and/or completion of myocardial necro-

This article provides readers with the
necessary pharmacologic information
for treating post-MI patients. Appropriate
use of current drugs is discussed, as well
as how best to follow your patient.

About the author...

Dr. Welsh is an international
cardiologist and is co-direc-
tor of the University of
Alberta Hospital Chest Pain
Program. 

Management
of Patients
Post MI

By Robert C. Welsh, MD, FRCPC



Perspectives in Cardiology / April 200238

Post MI

Mr. Smith, a 63-year-old man, presented to the emergency
department complaining of a band-like chest pressure
(present for the last 90 minutes) associated with mild nau-
sea and diaphoresis. He denied past medical problems,
recently stopped smoking (two months) and his father died
at age 55 from a heart attack. 

The patient was noted to be in moderate distress, with a
blood pressure of 170/92 mmHg and a heart rate of 90
beats per minute. The jugular venous pressure was 4 cm
above the sternal angle and lungs were clear to ausculta-
tion and percussion. The apical impulse was within normal
limits with normal heart sounds and no audible murmurs.
The 12-lead ECG showed 2.5 mm of ST segment elevation
in the precordial leads (V1 to V4). A chest X-ray demon-
strated no obvious abnormalities, with normal cardiac con-
tours and no pulmonary edema.  

Mr. Smith was diagnosed with an acute anterior wall ST
elevation myocardial infarction (MI) and was treated 45 minutes after presentation with acetylsalicylic
acid (ASA), fibrinolysis, a beta blocker and therapeutic anti-coagulation. His symptoms subsided and the
ECG normalized over the subsequent 75 minutes. In hospital, he remained asymptomatic with no recur-
rent symptoms and had a peak creatinine kinase (CK) of 1,150 (CK-MB 150). After successful comple-
tion of a low level stress test four days after admission, he was discharged from hospital to be followed
by his family physician. 

What are the appropriate investigations and medical therapies for this patient?  

Discussion on page 44
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sis (lack of effective reperfusion) close clinical,
hemodynamic and electrocardiographic obser-
vation is required for the next 24 to 48 hours.
Recurrent ischemia, hemodynamic instability
and/or significant arrhythmia identify a high-
risk subset of patients who require medical sta-
bilization and further urgent diagnostic investi-
gation. During progressive mobilization in the
convalescent period and after hospital dis-
charge, ongoing assessment for symptoms
and/or signs of recurrent ischemia and left ven-
tricular dysfunction (LVD) are necessary to
ensure long-term patient stability (Table 2).

Exercise stress testing (EST) after ST-AMI
provides the following:
• Prognostic information for the risk of sub-

sequent cardiovascular events; 
• An assessment of functional capacity; and 
• A measure of the efficacy of current therapy.
Patients with poor functional capacity and
high-risk features during EST have the highest
incidence of complications and warrant further
investigation (Table 3). The optimal timing and
ideal exercise protocol remains unresolved.
Traditionally, submaximal EST is undertaken.
This incorporates a series of predefined end
points to identify the highest risk category of
patients, but does not fully test functional
capacity. A subsequent symptom-limited EST
is required after hospital discharge. Symptom-
limited EST provides a more complete assess-
ment of functional capacity and residual
ischemia, and can be completed safely.
However, it may lead to unnecessary referral
for invasive testing, due to resolving electrocar-
diogram (ECG) abnormalities after ST-AMI.
Guidelines specify an EST should be per-
formed on all eligible patients, either prior to
discharge or in the early post-discharge peri-
od.2 Non-invasive testing with nuclear perfu-
sion imaging or stress echocardiography have
potential advantages over standard ECG EST,
but due to significant incremental cost and lim-

ited availability, they are typically reserved for
patients with uninterpretable ECG’s or the
inability to exercise.

Clinical evidence of LVD is one of the most
powerful predictors of future cardiac events. A
left ventricular ejection fraction (LVEF) of <
40% is associated with a mortality rate three
times as high as patients without LVD (LVEF <
40% versus > 40%, mortality 26.6% versus
7.2%, P = 0.0001).3 Due to the availability and
accuracy of echocardiography, it remains the
most common means of determining LV func-
tion, although the prognostic value of clinical
examination (as well as angiographic and
nuclear assessments) have also been demon-
strated. If LVD is documented, it is essential to
maximize appropriate medical therapies and
investigate for potentially reversible medical
conditions (i.e., residual myocardial ischemia)
in an attempt to modulate the patient’s morbid-
ity and mortality risk.

In the early reperfusion era (1980-1995),
research has shown routine cardiac catheteriza-
tion after ST-AMI does not improve patient
outcomes. In contrast, recent investigations
among high-risk patients with non-ST eleva-
tion acute coronary syndromes (unstable
angina and non-ST elevation AMI) demonstrat-

Post-MI
Cardiac Angiogenesis

Table 1

One Year Events Post ST-AMI

Event Patients %
One-year mortality 19%

Cardiac catheterization 31%

Percutaneous coronary angioplasty 15%

Coronary artery bypass 8%

ST-AMI = acute ST elevation myocardial infarction

Adapted from: Pilote L, Lavoie F, Ho V, et al: Changes in the treatment and outcomes
of acute myocardial infarction in Quebec, 1988-1995. Can Med Assoc J 2000;
163(1):31-6.
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ed benefit from an aggressive approach (22%
RR, 3.5% ARR, P = 0.025, end point = death,
MI and repeat hospitalization).4 Significant
debate about the impact of aggressive versus
conservative management of patients with
aborted or relatively small ST-AMI following
reperfusion therapy, is ongoing. Until this con-
cept is appropriately tested, surveillance for
clinical indications for cardiac catheterization
should continue to guide invasive investigation.

Medical Therapy

Large, randomized trials have identified an
armamentarium of therapeutic options proven
to reduce morbidity and mortality in the post
ST-AMI patient. Despite dissemination of
this information, evidence suggests approx-

imately one-third of patients do not receive
proven therapy after discharge. Furthermore,
even in patients discharged on appropriate
medications, a significant number discon-
tinued therapy within the first year. A sig-
nificant impact on patient outcomes could
be achieved simply by ensuring appropriate
medical interventions are initiated and
maintained.   

Anti-Platelets and 
Anti-Coagulants

Acetylsalicylic acid (ASA) remains the sin-
gle most cost-effective therapy for acute
and chronic management of patients after
MI and should be given to all patients,
unless contraindications exist. In six ran-

Post MI

Risk Assessment Diagnostic Approach

24 to 48 hours • Recurrent ischemia • Cardiac catheterization

• Recurrent infarction

• Hemodynamic instability • Echocardiogram

• Arrhythmia • Prolonged ECG monitoring

Convalescence • Assess residual ischemic burden • Low-level stress test
pre-discharge • Symptom-limited stress test

• Left ventricular dysfunction • Echocardiogram
(degree of myocardial necrosis) • ECG change, CK elevation

Post-discharge • Clinical angina • EST, perfusion imaging 
• Stress echo

• Clinical CHF • Echocardiography

ECG: electrocardiogram  CK: creatine kinase  EST: exercise stress test  CHF: congestive heart failure

Table 2

Risk Stratification: A Continuous Process
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domized trials of ASA in patients after AMI,
meta-analysis reveals a reduction in vascular
mortality of 13%, non-fatal reinfarction of
31%, and nonfatal stroke of 42%.5 Other anti-
platelet agents have not been studied specifi-
cally in patients after ST-AMI, but a signifi-
cant amount of information has been obtained
with the adenosine diphosphate receptor
blockers (thenopyridines, ticlopidine and
clopidogrel) in patients with IHD.

A recently published trial assessed the com-
bination of ASA and clopidogrel, as compared
to ASA alone, in patients with acute coronary
syndromes. A reduction in cardiovascular
events with the combination therapy was docu-
mented.6 Although this combination cannot be
recommended routinely after ST-AMI, it repre-
sents a reasonable addition among high-risk
patients with recurrent ischemia or document-
ed severe coronary artery disease (CAD).
Monotherapy with clopidogrel is an effective
alternative to be used in patients with intoler-
ance or absolute contraindications to ASA.

The known pathophysiological correlation
of plaque rupture and occlusive thrombus for-
mation as the inciting event in ST-AMI would
suggest a reduction of cardiovascular events
with long-term anticoagulation. Unfortunately,
the clinical data has demonstrated conflicting
results and, as such, routine oral anticoagula-
tion is not currently recommended. Oral anti-
coagulation is recommended in patients with
atrial fibrillation and, although research is lim-
ited, it is recommended over a period of three
months in patients with moderate to severe
LVD and/or documented LV mural thrombus.1

Novel oral anti-thrombotic therapy, currently
being developed, may provide safe and effec-
tive long-term therapy, but requires dedicat-
ed assessment in the future.

Nitroglycerin Derivatives, 
Beta Blockers and CCBs

Nitroglycerin derivatives were the first avail-
able anti-ischemic therapy and remain effec-
tive for the acute relief of angina, as well as
prophylactic therapy prior to exertion.
Although they provide symptomatic relief,
long-term therapy has not demonstrated a
reduction in cardiovascular events.
Therefore, nitroglycerin should be available
to all patients with IHD to treat acute
episodes of angina. It can be used prior to
exertion or in sustained release preparations
on a prophylactic basis in patients with symp-
tomatic angina.

Beta blockers decrease heart rate, blood
pressure (BP), myocardial contractility and
improve ventricular diastolic relaxation,
thereby producing a reduction in myocardial
oxygen consumption. The acute and chronic
benefit of beta blockers initiated at the time of
presentation with an ST-AMI and continued
thereafter, has been clearly demonstrated.
Due to the consistence of clinical benefit,
patients with relative contraindications should
start beta blocker therapy at low dose, with
gentle titration, in an attempt to institute thera-
py. In post ST-AMI patients with documented
LVD (LVEF < 40%) the Effects of Carvedilol
on Mortality and Morbidity in Patients with LV

Table 3

High-Risk Features of an Exercise Stress Test

• Early diagnostic ECG changes (< 3 minutes)

• Prolonged changes in recovery (> 5 minutes)

• Hypotensive systolic blood pressure response

• Ventricular arrhythmias (ventricular fibrillation or 
ventricular tachycardia)

• Poor functional class
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Dysfunction After MI (CAPRICORN) study
demonstrated carvedilol reduced clinical
events. Once patients are clinically stable,
therefore, attempts to initiate beta blockers
should be undertaken.7 Beta blockers remain
the foundation of medical therapy post ST-
AMI and all patients should be treated, unless
contraindications exist.

Although calcium channel blockers (CCBs)
have not been shown to reduce cardiovascular
events, they are effective anti-anginal and BP-
lowering therapy and should be considered sec-
ond-line agents for patients intolerant to beta
blockers. 

Patients with refractory ischemia on a max-
imal tolerated dose of beta blocker may be con-
sidered for combination therapy with dihy-
dropyridine CCBs. 

ACE Inhibitors and ARBs

Research has demonstrated significant bene-
fit from angiotensin converting enzyme
(ACE) inhibitor therapy in patients with LVD
or symptomatic congestive heart failure fol-
lowing ST-AMI. Furthermore, the benefit of
ACE inhibitors has recently been demonstrat-
ed in high-risk patients (> 55 years) with vas-
cular disease or diabetes and one other risk
cardiovascular risk factor, without known LV
dysfunction (17.8% placebo versus 14.0%
ramipril, RR 0.78, P = < 0.001, end points =
MI, stroke, CV death).8 Although this study did

not include patients post ST-AMI, the magni-
tude of evidence in conjunction with other tri-
als clearly demonstrates the benefit of ACE
inhibitors in patients with documented CAD.
ACE inhibitors, therefore, should be used in all
patients post ST-AMI with documented LV
dysfunction or symptomatic CHF, and consid-
ered in other patients with appropriate high-risk
clinical characteristics (hypertension, diabetes
mellitus, aged > 55).  

Despite pre-emptive anticipated benefit of
ARBs, studies to date have failed to demon-
strate superiority of these agents over ACE
inhibitors. Research in CHF would suggest
ACE inhibitors remain first-line and preferred
therapy. Although ARBs have essentially the
same contraindications, they are a reasonable
alternative therapy in patients with documented
LVD and intolerance to ACE inhibitors due to
severe intractable cough. 

Management of Dyslipidemia

Epidemiological data and intervention trials
have demonstrated the clear relationship of ele-
vation of total cholesterol, low density lipopro-
tein (LDL) cholesterol, triglycerides, and low
levels of high density lipoprotein (HDL) cho-
lesterol, with adverse cardiovascular events.
The Scandinavian Simvastatin Survival Study
validated the cholesterol hypothesis, demon-
strating that total cholesterol and LDL choles-
terol reduction in patients with CAD was asso-
ciated with a 30% reduction in all-cause mor-
tality.9 Subsequent studies have documented
benefit across the spectrum of IHD patient risk
and degree of cholesterol elevation. 

The benefit of early initiation of statin
therapy post ST-AMI remains unstudied, with
the most compelling evidence arising from
the Myocardial Ischemia Reduction with
Aggressive Cholesterol Lowering (MIRACL)

Post MI

Research has
demonstrated significant
benefit from ACE
inhibitor therapy in
patients with LVD or
symptomatic CHF
following ST-AMI. 
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study.10 This study looked at acute coronary
syndrome patients with unstable angina and
non-ST elevation who were treated early with
atorvastatin. It demonstrated a risk reduction of
16% at 16 weeks of follow-up in the combined
primary end point of death, non-fatal MI, resus-
citated cardiac arrest or recurrent symptomatic
angina requiring hospitalization (95% CI 0%-
30%, P = 0.048). All patients with CAD should
be counseled on appropriate dietary changes
and initiated on therapy to obtain a goal LDL <
2.5 mmol/L, a total cholesterol/HDL ratio < 4
mmol/L and  a triglyceride level < 2.0 mmol/L,
as outlined in the Canadian Working Group on
Hypercholesterolemia and Other Dyslip-
idemias.11 

Medical Management After
Revascularization 

Although coronary artery bypass surgery and
percutaneous coronary intervention improve
myocardial perfusion, they clearly fail to modi-
fy the atherosclerotic process. Saphenous vein
coronary artery bypass grafts tend to rapidly
develop arteriosclerosis,
therefore, after coronary
artery bypass grafting, risk
factor reduction and sec-
ondary prevention is para-
mount to reduce subsequent
clinical events. After percu-
taneous coronary interven-
tion involving stent implan-
tation, combined anti-
platelets therapy with ASA
and clopidogrel is required
for two to four weeks to pre-
vent acute stent occlusion during the critical
period of re-endothelialization. Subsequently,
long-term proven medical therapy and risk fac-
tor modification is required.

Cardiac Rehabilitation and
Lifestyle Modification 

Formal cardiac rehabilita-
tion programs with multi-
disciplinary assessment are
the ideal means to provide
patient education, risk factor
modification, clinical assess-
ment and a supervised exer-
cise progression. These pro-
grams should be recom-
mended to all patients
where available, as they
have been shown to serve
the following functions:

• Improve functional capacity; 
• Decrease emotional distress; 
• Reduce cardiac mortality; and
• Improve patient compliance. 

Patients should receive an
exercise prescription at
the time of hospital
discharge. 
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Patients should receive an exercise pre-
scription at the time of hospital discharge,
based on a three-phase graded approach.
The first phase is initiated in-hospital,
based on progression from bed rest to
activities of daily living prior to dis-
charge. Phase two encompasses the time
from hospital discharge over the next 10
weeks, with progression of activity to
walking at a reasonable pace (5 km/hr to
7 km/hr). The final phase includes return
to full exercise capacity after completion
of a symptom-limited exercise stress test.
Although controversy exists regarding the
intensity and duration of exercise required
to positively impact patient outcomes, it
appears the benefit is incremental. It is
generally recommended that patients
exercise 30 to 45 minutes three or four
times per week.

Smoking cessation is associated with
improved clinical outcomes and during
every patient contact the physician must
stress its importance. During hospitaliza-
tion, short-term administration of anxi-
olytics or clonidine, in selected patients,
may be useful to suppress withdrawal
symptoms, although data is limited. Once
patients have obtained clinical stability,
dedicated programs with nicotine replace-

ment or bupropion therapy, have been
shown to help smokers quit. 

Pre-Discharge Counseling

Since a significant number of patients
with ST-AMI have no past medical histo-
ry, the physician should allow them the
opportunity to ask practical questions
concerning return to normal function.
After acute MI, patients cannot drive for
at least four weeks and thereafter recom-
mendations should be based on individual
patient characteristics. Commercial vehi-
cle operators cannot drive for three
months post AMI and occupations associ-
ated with passenger transport typically
require a negative EST prior to return to
work. Patients with evidence of clinical
instability should not be allowed to drive
until appropriate management improves
their clinical situation.

Decisions to return to employment are
based on multiple factors including clini-
cal, socioeconomic and the specific work
requirements. Although it is important to
allow appropriate physical and psycho-
logical recovery, return to a fully func-
tional position is the goal of all individu-

Mr. Smith was admitted to hospital with anterior ST elevation MI with effective reperfusion
and moderate CK elevation. He was treated with ASA, a beta blocker, and an angiotensin con-
verting enzyme inhibitor. His fasting cholesterol 12 hours after presentation was abnormal
(total cholesterol 6.59 mmol/L, low density liporpotein 4.80 mmol/L, high density lipoprotein
0.77 mmol/L and triglycerides 2.25 mmol/L) and statin therapy was initiated. During the ini-
tial cardiac rehabilitation assessment, he completed a symptom-limited stress test without
symptoms or electrocardiogram evidence of ischemia. An echocardiogram demonstrated nor-
mal left ventricular function.

Case Discussion



als. Patients should be clinically stable and
capable of achieving approximately six
metabolic equivalents of exercise, approxi-
mately equivalent to climbing two flights of
stairs at a reasonable pace, prior to return to
sexual activity.  

Conclusion

The medical management of patients after
ST-AMI remains less than ideal, with a sig-
nificant number of patients discharged with-
out the benefit of appropriate therapy, and
others discontinuing therapy within the first
year. Although “best therapy” requires a
significant number of medications, it is nec-
essary to achieve optimal clinical outcomes.
It is essential that a combined effort be
undertaken to educate and manage these
patients, including family physicians, car-
diac rehabilitation personnel, general
internists and cardiologists. 
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Decisions to return to
employment are based
on multiple factors
including clinical,
socioeconomic and 
the specific work
requirements.
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