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Acute Myocardial Infarction. One Century of History

Update

Coronary thrombosis has been a known cause of dea-
th since the beginning of the 19th century. On the basis of
animal experiments, in which 1 coronary artery was ligated,
and limited observations on human postmortem examina-
tions, coronary thrombosis was considered a fatal clinical
entity. In 1901, the German Krehl reported that coronary
thrombosis not always caused sudden death and that it
could be complicated by formation of a ventricular aneu-
rysm and myocardial rupture. These observations were
confirmed years later by Obrastov, Strazhesko, and Herrick,
who reported the clinical characteristics of acute myocardial
infarction and established the differential diagnosis with an-
gina pectoris 1.

As soon as it became evident that one could survive
an acute myocardial infarction, attention was drawn to its
treatment. In 1912, James Herrick established the importance
of rest in postinfarction recovery; rest was the only thera-
peutic orientation existing at that time, and it was prescribed
in an exaggerated way until the beginning of the 1950s.
Patients were required to stay bedridden for up to 6 weeks,
and were even forbidden to move or to feed themselves du-
ring the first week 2. James Herrick was also responsible for
introducing electrocardiography, which was created by Ein-
thoven in 1902, and has been the major diagnostic tool for
acute myocardial infarction up until the present time 1.

In 1923, Wearn reported the first consecutive series of
19 patients with the clinicopathologic diagnosis of infarc-
tion. These patients were prescribed absolute rest, hydric
restriction, and use of digitalis for pulmonary congestion,
and caffeine and camphor for preventing and treating hypo-
tension, syncope, and cardiac conduction blocks. Five ye-
ars later, Parkinson and Bedford reported their experience
with the use of morphine to relieve pain in a series of 100 pa-
tients with acute myocardial infarction. Nitrates were con-

traindicated, due to the risk of hypotension, and rest was re-
commended for the longest time possible, as has already
been emphasized 1.

In 1929, Samuel Levine published the first book ex-
clusively dedicated to the topic of treatment of acute myo-
cardial infarction. In the book, the frequency and risk of se-
veral arrhythmias were reported as was the importance of
their early detection; quinidine was recommended for ven-
tricular tachycardias and adrenaline for cardiac blocks and
syncope.

In the 1950s, acute myocardial infarction was already
considered the major cause of death in developed countries
and a major public health problem. Due to the evident risk of
deep venous thrombosis and pulmonary embolism resul-
ting from prolonged rest, and based on the recommenda-
tions by Bernard Lown 2, who allowed patients to leave their
beds, sit in a chair, and walk much earlier, the time of recove-
ry was reduced and a more rapid return to daily activities
was recommended. Pharmacological management also
evolved, and the need for intense fluid replacement and
oxygen use was recommended 1.

Coronary care units

In the second half of the 20th century, Desmond Julian,
in Great Britain, introduced coronary care units. These units
accounted for one of the greatest isolated advances in the
treatment of infarction, reducing the mortality rate from 30%
to 15% in the first hours of evolution. They also contributed
to a better appreciation of the diagnosis and management of
arrhythmias, to the appearance of continuous cardiac moni-
toring, to the development of cardiopulmonary resuscita-
tion maneuvers and external defibrillators, and to the better
training of physicians and nurses. These advances evolved
even more with hemodynamic monitoring through the
Swan-Ganz catheter and the use of the intra-aortic balloon
counterpulsation, contributing to the aggressive manage-
ment of heart failure and cardiogenic shock.

Mobile intensive care units also appeared, equipped
with material and persons trained in detecting and treating
fatal arrhythmias, especially ventricular fibrillation.
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Pharmacological intervention and limitation of the
size of the infarct - Preservation of left ventricular function
became the major predictive factor of prognosis. The size of
the infarct was then defined as the major determinant of
mortality and morbidity. The use of injectable and oral beta-
blockers not only to treat arrhythmias, but also to limit myo-
cardial damage induced by the ischemic area, arose as a the-
rapeutic possibility 3. These drugs reduce oxygen con-
sumption by the myocardium and enhance blood redis-
tribution from the epicardium to the myocardium, dimini-
shing the area of infarct and increasing survival. Clinical
trials, such as the MIAMI 4 and the ISIS-1 5, showed signifi-
cant reductions in mortality, especially in the first 48h of the
event, justifying the early use of these drugs. A lower num-
ber of ventricular arrhythmias and a reduction in the inci-
dence of reinfarction in the initial phase of infarction were
also observed; these effects may be sustained in the long
run with the use of oral beta-blockers 6.

In regard to calcium channel blockers, no clinical trials
detected statistically significant differences in the reducti-
on in cardiovascular events and mortality with their use.

Nitrates were tested in different studies, and in some,
the results were favorable, as reported by Yusuf in a meta-
analysis 7. However, other major studies, among which we
highlight ISIS-4 8, did not show any benefit in the routine
use of nitrates. They are an unquestionable indication only
in cases of recurring angina and heart failure associated
with acute myocardial infarction.

The use of magnesium, initially received with enthusi-
asm due to the publication of the results of several studies,
especially LIMIT-2 9, which reported a significant reduction
in mortality in the group of patients treated, proved to be of
little help according to the published results of ISIS-4 8.

The angiotensin-converting enzyme inhibitors have
been thoroughly studied and their benefits in reducing mor-
tality and events have been very well documented 10,11. Cur-
rently, their mandatory use is a consensus in patients with
poor ventricular function, heart failure, or previous infarc-
tion without myocardial reperfusion therapy. Their use is
also mandatory in the long-term treatment of patients with
well-established atherosclerotic disease, as shown in the re-
cently published HOPE study 12. The concept of metabolic
protection of the ischemic myocardium with the polarizing
solution of Sodi-Pallares reappeared in the mid- 1990s,
based on the DIGAMI study 13. This study showed a 30%
reduction in death by the end of the first year in a group of
diabetic patients treated with the infusion of a glucose-
insulin solution and severe control of the glycemic levels.
In a pilot study of the general population 14, the continuous
infusion of a glucose-insulin-potassium solution showed a
tendency toward reducing events in the group treated,
motivating the performance of more clinical trials to assess
the real impact of this medical management.

Contemporary studies, such as 4S 15, CARE 16, and
LIPID 17, have shown that the treatment with lipid-lowering
drugs (statins) in patients with a history of infarction is as-
sociated with an up to 30% reduction in the incidence of

death, in new nonfatal infarctions, and in the need for
myocardial revascularization. The literature still lacks
definitive data in regard to their use in an acute episode.

The reperfusion era – In the 1950s and 1960s, Flet-
cher and Verstraete, even though experimentally, were the
pioneers in the use of thrombolytic agents 1. In the 1970s,
Chazov et al 18 and Rentrop et al 19 revolutionized cardiology
by showing that the intracoronary infusion of streptokinase
could dissolve intracoronary thrombi, therefore limiting the
infarct’s extension and size. This was corroborated by the
studies of De Wood et al 20, according to which 90% of pati-
ents with clinical findings of infarction and alterations in the
ST segment had occlusive thrombi in the coronary arteries.
The need for an intracoronary injection, however, was the
major obstacle to its use. Intravenous infusion, which is ea-
sier and faster, proved to be equivalent to the intracoronary
infusion 21.

Due to the fact that thrombolytic agents can be easily
and safely used, they became the standard and most used
treatment for acute myocardial infarction. Randomized clini-
cal trials involving thousands of patients, showed, in a trus-
tworthy and consistent way, a reduction in mortality rates 22.

The first randomized clinical trial from 1986, known as
GISSI 23, included more than 11,000 patients and evaluated
the efficacy of intravenous streptokinase as compared with
placebo. In 21 days of observation, mortality in the treated
group was 10.7% and 13% in the control group, correspon-
ding to a 19% reduction in relative risk and representing 1
life spared for every 43 patients treated. Analysis of the sub-
groups showed a greater benefit for patients treated in the
first 3 postinfarction hours (reduction in relative risk = 26%)
and between the 3rd and 6th hour (reduction in relative risk =
20%). In patients treated after the 6th hour, no statistically
significant difference occurred.

Isolated use of streptokinase was compared with that
of another thrombolytic agent known as rt-PA (recombinant
tissue plasminogen activator) in a phase-1 trial, TIMI-1 24.
This study, comprising 290 patients, showed that the latter
drug provided faster reperfusion, but showed no significant
differences in mortality, in hemorrhagic complications, and
in ventricular function.

Another major trial with 17,187 patients, ISIS-2 25, con-
firmed the effects of streptokinase associated with aspirin,
showing a 25% reduction in relative risk with an NNT (num-
ber needed for treatment) of 19. A 12% reduction in relative
risk occurred in those patients treated between the 12th and
24th postinfarction hour.

Alteplase was effectively tested versus placebo in
ASSET 26 in more than 5,000 patients with a 24.5% reduction
in relative risk in 30 days and a 26.3% reduction in 6 months.
However, no reduction was shown in the incidence of rein-
farction, angina, or heart failure.

Anistreplase, compared with placebo, was assessed
in the AIMS study 27. Reductions were observed in the risk
of death of 47% in the first 30 days and 42% in 1 year.

All these results together with the low incidence of
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severe adverse effects made the use of thrombolytic agents
unquestionable in the first hours of acute myocardial infarc-
tion. In addition to significantly reducing mortality, throm-
bolytic agents protect against associated morbid events,
such as cardiogenic shock and heart failure, in a direct
relation to the speed with which they are administered 22.

In regard to adverse effects, thrombolytic therapy is
related to a small and significant increase in the occurrence
of cerebral strokes 22.

Several clinical trials have compared different throm-
bolytic agents in regard to the degree of reperfusion, myo-
cardial protection, and decrease in mortality. GISSI-2 28 is a
classical study that compared the efficacy of streptokinase
with tissue plasminogen activator (alteplase) in the treat-
ment of infarction. No differences between the groups exis-
ted in regard to mortality rate, heart failure, and ejection frac-
tion. The incidence of bleeding, however, was higher
among those individuals receiving adjunct heparin.

The TEAM-2 trial 29, carried out in 1991, did not establi-
sh higher coronary artery patency and lower reocclusion ra-
tes when comparing APSAC versus streptokinase. Alteplase
vs. urokinase vs. both was tested in the TAMI-5 trial 30 and
showed that the combination therapy was more efficient in
achieving early reperfusion, and this fact did not mean a
lower mortality rate. On the other hand, the TAMI-7 trial 31,
which compared 5 different regimens of alteplase adminis-
tration, showed that accelerated administration (in 90min)
was safe and provided higher coronary artery patency and
lower reocclusion rates.

The ISIS-3 trial 32 showed no differences between the 3
types of thrombolytic agents tested (streptokinase, altepla-
se, and APSAC) in regard to a reduction in in-hospital mor-
tality and that by the end of 6 months. On the other hand,
the incidence of cerebral hemorrhagic stroke was higher in
the group receiving alteplase. Soon after, results from the
GUSTO-1 trial 33 were published. GUSTO-1 assessed 4
groups with different thrombolytic strategies: streptokinase
with subcutaneous heparin, streptokinase with intravenous
heparin, alteplase of accelerated infusion with intravenous
heparin, and a combination of streptokinase and alteplase
associated with intravenous heparin. Two differences in re-
gard to the previous studies were the administration of alte-
plase in 1.5 h (unlike the conventional infusion in 3 h) and
the use of intravenous heparin. Mortality in 30 days was
7.2%, 7.4%, 6.3%, and 7.0% in the respective groups. A 14%
reduction in the risk and absolute benefit of 1 life spared for
every 100 patients treated with alteplase were observed as
compared with the 2 groups treated with streptokinase. The
association of 2 thrombolytic agents and the use of intrave-
nous heparin with streptokinase did not show advantages
but increased the risk of bleeding.

The results of the angiographic subgroup of the
GUSTO-1 trial 34 also favored the use of accelerated altepla-
se, and coronary artery patency and slow anterograde co-
ronary flow, called TIMI III flow, were higher at 90 min. The-
refore, an advantage in the accelerated strategy of alteplase
in association with intravenous heparin was observed, and

the costs and benefits of the routine use of this drug, ap-
proximately 4 times more expensive than streptokinase, were
discussed.

New studies continued to test different thrombolytic
agents and their strategies of administration. In the TIMI-4
trial 35, accelerated rt-PA provided coronary artery reperfusi-
on with obtainment of TIMI III flow earlier and a tendency
to better evolution and survival when compared with that
provided by APSAC or its combination with rt-PA. The IN-
JECT trial 36 was designed to compare reteplase with strepto-
kinase. The results in the 6,010 randomized patients were si-
milar, showing that both agents are equivalent in reducing
events, with no increase in the bleeding rate. Reteplase, in 3
different types of bolus infusion, was compared with alte-
plase in 3-hour infusion in the RAPID study 37. In general, re-
teplase in double-bolus administration resulted in higher
and more complete reperfusion than that obtained with the
standard dose of alteplase (85.2% vs 77.2% at 90 min,
p=0.08), with a better index of TIMI III flow obtainment
(62.7% vs 49.0% at 90min, p=0.01), which determined a hi-
gher ejection fraction at hospital discharge (53% vs 49%,
p=0.034). However, mortality and heart failure by the end of
30 days had similar incidence rates. Once the efficacy of re-
teplase in double bolus was confirmed, this strategy was
compared with that of accelerated alteplase in the RAPID-2
study 38, and the advantage of the faster obtainment of
TIMI III flow found in the previous study was confirmed;
this, however, represented no difference in the patient’s
evolution.

Accelerated administration of alteplase was compared
with the double-bolus infusion of this drug in the COBALT
study 39. No equivalence was observed between them, with
a mild tendency toward higher mortality and intracranial
bleeding in the second group. The GUSTO III trial 40, on the
other hand, showed an equivalence in effects in regard to re-
teplase and accelerated alteplase, with a similar rate of
events for the patients studied.

The beneficial effect of thrombolytic agents depends
on the time factor. Even though with a lower impact, evi-
dence exists that thrombolytic agents may be used from 6 to
12 hours after symptom onset in patients with persistent
current of injury or extensive infarction. The LATE study 41

showed a significant reduction in mortality (8.9% vs 12%) in
patients treated between the 6th and the 12th hour with alte-
plase versus placebo. The EMERAS Collaborative Group 42

randomized 4,534 patients with evolution time ranging from
6 to 24 hours to receive streptokinase or placebo. No signi-
ficant reduction in general mortality was observed; howe-
ver, in the subgroup of 2,080 patients treated between the 7th

and the 12th hour, a nonsignificant tendency toward lower
mortality occurred (11.9% vs 13.2%).

The reuse of thrombolytic agents, mainly alteplase,
due to the lower risk of hypersensitivity and systemic blee-
ding, which are common findings with the use of streptoki-
nase, was assessed in a substudy of the GUSTO I study 43.
This strategy was used in 46% of the reocclusions, showing
a significant reduction in mortality when compared with



Arq Bras Cardiol
2001; 77: 602-10.

Sarmento-Leite et al
Acute myocardial infarction-History

605

that of patients treated in a conservative way (11% vs 24 %;
p<0.001).

Promptness in instituting the treatment is one of the
major objectives in the search for the ideal thrombolytic the-
rapy. One of the ways of reducing this time and increasing
the proportion of patients treated in the first hours would be
the prehospital administration of the thrombolytic agent.
Some studies were carried out in this direction. The greatest
study was the EMIP study 44, which randomized 5,469 pa-
tients and showed that prehospital administration of a
thrombolytic agent is feasible and safe. The prehospital
treatment reduced by 55 minutes the start of thrombolytic
therapy as compared with the in-hospital treatment. Never-
theless, few patients underwent the thrombolytic therapy
within the first hour of symptom onset. Even though no sig-
nificant difference occurred in total mortality, cardiac morta-
lity was reduced by 1.5% by the end of 30 days. Another
study, the MITI-2 study 45 with 360 patients, failed to show
benefits in the reduction of the combined outcome of death,
cerebral stroke, major bleeding, and infarct size, or in the im-
provement in ejection fraction, even though this strategy
has been shown to be effective in reducing the time of diag-
nosis of an acute myocardial infarction.

Therefore, the early detection and prompt referral of ca-
ses seem of major importance in the prehospital assessment.

As shown in the angiographic substudy of the GUSTO-
1 trial 34, the impact on the reduction in mortality due to co-
ronary reperfusion was caused by the obtainment of TIMI III
coronary flow, ie, complete anterograde coronary flow. Even
though thrombolytic therapy is the most widespread measure
used in the treatment of acute myocardial infarction, it has
several limitations: contraindications for its use, dubious
benefit in subgroups, limitation in the obtainment of coronary
artery patency, and a higher incidence of complications. It is
known that approximately 20% of the patients who receive
medical care in the first hours of infarction evolution have
some kind of absolute contraindication to the use of throm-
bolytic agents, such as active bleeding, recent surgery, pro-
longed cardiopulmonary resuscitation maneuver, and recent
hemorrhagic or ischemic cerebral strokes 22.

Patients with a history of previous myocardial revas-
cularization, poor ventricular function, and those in cardio-
genic shock, who are usually excluded from most clinical
trials, did not have unquestionably confirmed benefits with
the use of thrombolytic agents 22.

Side effects also limit the obtainment of better results.
Thrombolytic therapy has been associated with an increase
in the number of cerebral strokes, most of which are hemor-
rhagic, of 3.9 per 1,000 patients treated. This incidence was
higher in patients older than 75 years of age, and caused, in
most cases, death or sequela 22. The occurrence of systemic
bleeding requiring transfusion was also higher in the group
on thrombolytic agents. In addition, in approximately 20%
of patients, the thrombolytic therapy failed to reach comple-
te reperfusion 33. Even after apparently very successful
thrombolysis and adjunct therapy with heparin and ace-
tylsalicylic acid, the risk of recurring ischemia and reinfarc-

tion was approximately 20% 22. This might have been due to
the fact that the culprit lesion remained with residual steno-
sis and with a still unstable plaque, representing a worse
prognosis and higher cost, as was well demonstrated in the
TAMI study 46 in which reocclusion followed by thromboly-
sis had a higher rate of morbidity and mortality.

Reperfusion with a catheter – The impossibility and li-
mitations of the use of thrombolytic agents in myocardial
reperfusion forced percutaneous transluminal coronary an-
gioplasty to be an alternative treatment.

Percutaneous transluminal coronary angioplasty was
used in humans for the first time by Andreas Gruentzig in
1977, and since than this procedure has been increasingly
used for the treatment of ischemic heart disease. In 1982,
Hartzler et al used primary angioplasty in the treatment of
acute myocardial infarction. In the 1990s, this procedure
was widely used, and it was accompanied by a lower recur-
rence of ischemia, a lower incidence of reocclusion due to a
new thrombotic event in the culprit artery, and, above all, a
lower incidence of restenosis.

In the 1980s, these concepts were initially launched in
the medical literature in the observational studies by
DeWood on total occlusion of the coronary arteries by a
thrombus in the first hours of infarction evolution 20. Other
shorter and encouraging pilot studies also published in the
1980s contributed as well, and they associated primary
angioplasty with thrombolytic therapy as combination
therapy 47. Some clinical trials followed 48,49, showing surpri-
singly a higher rate of events in the group treated with pri-
mary angioplasty as compared with the groups that recei-
ved only thrombolytic agents, but this was later explained
by an inadequate adjunct antithrombotic therapy.

Therefore, the so-called hybrid therapy, which combi-
ned thrombolysis with direct angioplasty, did not prove to
be very efficient. This did not happen in a series of short
studies 50,51, which assessed only primary angioplasty as a
therapeutic measure and obtained positive results. These
short studies served as the basis for the major clinical trials,
whose objective was to show the superiority of primary an-
gioplasty as compared with thrombolysis in reducing car-
diovascular and systemic events.

In recent years, the results of several clinical trials with
this objective and involving thousands of patients have be-
en published. A great heterogeneity exists in regard to the
type and dosage of thrombolytic agent used, whether or not
heparin is used, and the time between diagnosis and treat-
ment onset. The PAMI study 52 randomized 395 patients
with 12 hours of infarction evolution until the beginning of
the thrombolytic treatment, which consisted of alteplase or
primary angioplasty. This study showed a high index of
success with percutaneous transluminal coronary angio-
plasty (97%) and a lower immediate incidence of the combi-
ned outcome of death and reinfarction (5.1% vs. 12.0%,
p=0.02). This incidence was maintained by the end of 6
months (8.5% vs. 16.8%, p=0.02), in addition to the absence
of cerebral bleeding in the group undergoing percutaneous
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transluminal coronary angioplasty. A German study 53,
whose results were published at the same time of those of
the PAMI study, randomized 142 patients with 6 hours of
infarction evolution and favored the group treated with per-
cutaneous transluminal coronary angioplasty. With high
angiographic success (98%), the following results were sig-
nificantly better: higher coronary artery patency (91% vs.
68%), improvement in ejection fraction (51% vs. 45%), less
residual stenosis (36% vs. 76%) and recurring ischemia (9%
vs. 38%), and a low probability of a new event (0% vs. 13%)
or of a new need for revascularization (4% vs. 31%). The
Mayo Clinic group 54, on the other hand, showed no advan-
tage for the patients randomized for primary angioplasty,
when compared with those who underwent thrombolytic
treatment. Ribeiro et al 55 had similar findings in a clinical trial
with 100 patients.

The GUSTO IIb trial 56 is perhaps the largest and most
representative of all clinical trials, because it used the best
thrombolytic strategy with accelerated alteplase, and it ran-
domized patients at 57 different centers in 9 countries. Even
though total mortality did not show a statistically significant
difference, a significant 33% reduction occurred in the inci-
dence of the combined outcome of death, reinfarction, and
cerebral stroke when percutaneous transluminal coronary
angioplasty was compared with thrombolytic therapy (9.6%
vs. 13.7%).

Publication of the results of the Primary Angioplasty
Registry (PAR) 57 occurred concomitantly with that of the
above-cited studies. PAR gathered information about pa-
tients undergoing primary percutaneous transluminal coro-
nary angioplasty, which was performed by very well-trained
professionals in 6 centers with extensive experience in this
technique, representing the bulk of these procedures per-
formed in the USA. During a period of approximately 2
years, the authors studied 245 patients who had undergone
primary percutaneous transluminal coronary angioplasty.
Angiographic success was 88% (residual stenosis lower
than 50%) and obtainment of TIMI III flow occurred in 97%
of the patients, which is, as already known, one of the major
determinants of a good prognosis. A low incidence of imme-
diate events was observed, with mortality occurring in 4%
of the patients, reinfarction in 2%, cerebral bleeding in
0.4%, need for reintervention in 5%, and need for revascula-
rization surgery in 9% of the patients.

Angioplasty versus thrombolysis in the general
community – Several large registries were conducted to cla-
rify the relative benefits of primary percutaneous translumi-
nal coronary angioplasty in the general population. Most of
them did not identify differences in mortality between the 2
existing strategies. Every et al58 showed in a study carried
out in several cities near Washington, DC, that minimum
differences were observed throughout 1 year of follow-up
of the patients undergoing each of the different types of
treatment.

Collectively, experience registries are the best repro-
duction of the so-called real world of primary angioplasty,

where physicians can choose the reperfusion strategy ac-
cording to local conditions and routines. This focuses at-
tention on the question of why some clinical trials show the
greater advantage of primary angioplasty as compared with
thrombolysis, unlike these registries. Several possible ex-
planations exist as follows: a) the results of the registries are
authentic and the differences between the 2 strategies are
minimal; b) the prolonged time that elapses from the pa-
tient’s entrance into the hospital to the installation of the
angioplasty balloon (“door-to-balloon” time), which results
from the nonroutine use and high complexity of primary
percutaneous transluminal coronary angioplasty, may be
responsible for the worse results of this alternative in the
registries; c) differences between the skills and experiences
of the hemodynamics professionals may account for the
better results of percutaneous transluminal coronary angio-
plasty in clinical trials, because this procedure is usually
performed in highly skilled and experienced centers. If one
considers the first explanation (a) as true, it is mandatory to
choose the strategy that is most rapidly available and that
can be performed by the best team possible.

“Door-to-balloon” time – Ranging from 40 to 238 minu-
tes according to the study considered 59, the GUSTO IIb
trial 56 showed very clearly that an important relation exists
between the prognosis and the “door-to-balloon” time,
with an increase in mortality as time goes by and no proce-
dure is performed. Mortality by the end of 30 days in the
patients in whom the first dilation was performed within the
first 60min was 1%; in the subgroup dilated between 61 and
90 min, mortality was approximately 4%; in those patients
dilated after 90min, it was 6.4%. This evidence emphasizes
that efforts need to be put into reducing this time period to
less than 60min, which requires organization, creation of
specific routines inside each institution, and agility, in addi-
tion to a rapid selection and diagnosis of patients with a cli-
nical suspicion of infarction. The registry by Every et al 58

showed an inverse relationship between the number of pro-
cedures performed in each institution and the “door-to-bal-
loon” time, meaning more rapid and experienced institutions
and professionals.

Even though of difficult clinical detection, the failure of
thrombolytic therapy in coronary reperfusion is an indica-
tion of the need for immediate referral for angioplasty. This
therapy should always be considered when the infarction is
extensive, when clinical deterioration of the patient exists, or
in case of a previous infarction.

Antiplatelet and anticoagulant therapy – A dramatic
reduction in mortality and in the incidence of nonfatal in-
farctions in patients with unstable angina was obtained
with the use of acetylsalicylic acid in doses ranging from 75
to 1,300mg/day. The extension of these benefits for acute
myocardial infarction was very well defined in the ISIS-2 stu-
dy 25, which concluded that aspirin should be administered
as soon as possible at minimum doses of 160mg in the
presence of acute infarction.
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Data from studies on elective angioplasties indicate
that aspirin reduces the incidence of acute occlusion after
the procedure 60. Even though this has not been tested in
direct percutaneous transluminal coronary angioplasty, ex-
trapolation of these data and those of the ISIS-2 study 25

also recommends the mandatory use of aspirin in primary
angioplasty.

Clinical experience with ticlopidine in patients with acu-
te myocardial infarction is still limited. The Canadian-Ame-
rican study on secondary prevention with ticlopidine 61

shows a 30% reduction in the incidence of fatal and nonfatal
cardiovascular events when compared with that with the
use of aspirin. The benefits of the use of ticlopidine in asso-
ciation with aspirin to replace coumarin anticoagulants after
coronary angioplasty with stent implantation are very well
established 62. The advantages obtained in elective proce-
dures can be applied to emergency interventions, such as
primary percutaneous transluminal coronary angioplasty.

Clopidogrel was also assessed in analyses of seconda-
ry prevention in the CAPRIE study 63 and proved to be
equivalent to aspirin. Several studies 64-66 compare clopidogrel
with ticlopidine, and the only advantage found was the lower
incidence of adverse effects with the use of clopidogrel.

With aspirin, ticlopidine, and now clopidogrel already
incorporated into current therapeutic strategies, recent cli-
nical trials have shown the importance of more aggressive
antiplatelet therapy with platelet glycoprotein IIb/IIIa blo-
ckade in the management of acute ischemic syndromes. In
the subgroup of patients with acute myocardial infarction
treated with primary angioplasty in the EPIC study 67, an
evident benefit was observed in those receiving abciximab
when compared with those receiving a placebo. This inspi-
red the RAPPORT clinical trial 68 in which 483 patients un-
dergoing primary angioplasty were randomized to receive
abciximab or placebo. An evident 48% reduction occurred
in the incidence of the combined events death, reinfarction,
or need for a new revascularization in the first 30 days. Sur-
prisingly, these benefits did not remain by the end of 6 mon-
ths, contrary to the results of the EPIC 67 and EPILOG 69 stu-
dies. In the RAPPORT clinical trial, platelet glycoprotein
IIb/IIIa inhibitors also reduced by more than 40% the need
for stents, stressing even more the theory of the need for
aggressive antiplatelet therapy in the percutaneous treat-
ment of acute ischemic syndromes.

Two other clinical trials with angiographic and clinical
outcomes, the GRAPE pilot study 70 and the ADMIRAL
study, showed that the use of abciximab prior to the direct
revascularization procedure still in the emergency room or
on the way to the hemodynamics laboratory increases the
rate of coronary reperfusion with better and earlier recovery
of TIMI III flow in up to 20% of the patients, when compa-
red with placebo. In addition, the use of abciximab prior to
the procedure also promotes improvement in ventricular
function. On the other hand, the CADILLAC study rando-
mized 2,082 patients with acute myocardial infarction into 4
groups of treatment as follows: a) stent + placebo; b) stent +
abciximab; c) primary percutaneous transluminal coronary

angioplasty + placebo; d) primary percutaneous translumi-
nal coronary angioplasty + abciximab. This study showed
no immediate or long-term clinical benefit in any of the
groups that used platelet glycoprotein IIb/IIIa inhibitors, as
compared with those who did not use the drug in this clini-
cal situation. Therefore, unlike what was thought, it seems
that the indication for absolute use of platelet glycoprotein
IIb/IIIa inhibitors is restricted to those cases of complex
interventions and unstable angina. Oral platelet glycopro-
tein IIb/IIIa inhibitors will hardly be tested in this clinical
context because of the recent and disappointing results ob-
tained with their use in percutaneous revascularization pro-
cedures, which were evidenced in the EXCITE, FROST, and
OPUS-TIMI 16 studies.

Anticoagulant agents, especially heparin, have been
traditionally used as adjuncts to thrombolytic therapy and
primary angioplasty in the acute phase of infarction with the
aim of avoiding new thrombotic events, which does not me-
an they are very advantageous. Mahaffey et al carried out a
meta-analysis 71 of 6 randomized clinical trials with more
than 1,735 patients, who had undergone thrombolytic thera-
py. In-hospital mortality was 5.1% in those patients recei-
ving heparin versus 5.6% in the control group; this differen-
ce was statistically insignificant, contrary to the incidence
of systemic bleeding, which was significantly higher in the
group treated with anticoagulant agents. Some clinical trials
tested high doses of heparin as an alternative to the use of
thrombolytic agents, but found no difference.

The dosage and duration of the treatment with heparin
varies according to the type of thrombolytic agent used and
whether or not an association exists with platelet glycopro-
tein IIb/IIIa inhibitors. With streptokinase, for example,
according to data from the ISIS-3 32 and GUSTO 1 trials 33, no
routine use of heparin is required. Therefore, the exact role
played by heparin in improving initial reperfusion, preven-
ting reocclusion, and reducing mortality remains uncertain.

Use of stents in acute myocardial infarction – Intro-
duction of stent implantation has been the major isolated
change in the era of catheter reperfusion in the last few
years.

With a better understanding and development of the
combined use of aspirin and ticlopidine in the prophylaxis
of thrombotic phenomena, thrombosis of stents has been
significantly reduced, and implantation of stents in the
acute phase of infarction has become feasible.

Recent clinical trials have shown the potential superio-
rity of stent implantation over conventional angioplasty.
The FRESCO study 72 randomized 150 patients for elective
stent placement or conventional angioplasty for the treat-
ment of acute infarction. The study showed no difference in
the isolated incidence of death or reinfarction, but a great
reduction in angiographic restenosis (17% vs. 43%) and in
the need for new revascularization of the infarct-related ves-
sel in up to 6 months (7% vs. 25%) was observed. These
data are similar to those reported in the GRAMI 73, ESCO-
BAR 74, and STENT-PAMI 77 trials.
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The CADILLAC clinical trial, which tested the combi-
nation of primary angioplasty, stents, and abciximab as
already mentioned, did not favor the group that received
platelet glycoprotein IIb/IIIa inhibitors. On the other hand,
the 2 groups in which stents were implanted (a - stent + pla-
cebo, b - stent + abciximab), independently of the use of ab-
ciximab, had a better evolution as compared with the groups
undergoing angioplasty (c - percutaneous transluminal co-
ronary angioplasty + placebo, d - percutaneous translumi-
nal coronary angioplasty + abciximab). A significant reduc-
tion occurred in the combined events of death, reinfarction,
hospitalization, and need for new revascularization of the
target vessel (a - 10.9% vs b - 10.8% vs c - 19.3% vs d - 15.2%;
p=0.0001), and it was more evident in the 6-month follow-up.
The benefit seems to be secondary to a greater stabilization
of the infarct-related vessel in the acute phase, with greater
immediate luminal gain and lower long-term loss, instead of
being due to a more potent inactivation of platelet activity.

 Therefore, until new evidence appears, stents certain-
ly do not reduce mortality, but interfere positively in the
reduction of restenosis and of new interventions.

Primary angioplasty in special subgroups - Some spe-
cial subgroups of patients, such as those in cardiogenic
shock, those with occlusion of venous grafts, and the elder-
ly, deserve special attention.

The incidence of cardiogenic shock after infarction
ranges from 5% to 15%, and it is the most common cause of
death in the in-hospital phase 22. Measures of support, such
as intra-aortic counterpulsation balloon, may promote tran-
sient improvement if immediate revascularization is not pos-
sible. Even though thrombolytic therapy reduced total mor-
tality in acute myocardial infarction and the incidence of
cardiogenic shock, until very recently no large clinical trial
existed assessing improvement in survival in this specific
situation. In the GISSI trial 23, mortality in 30 days was 69.9%
for 146 patients treated with streptokinase and 70.1% for
134 patients treated with placebo.

All these benefits of primary angioplasty have been
reported in observational studies and case series, but the
real benefit of primary angioplasty was tested only in 2 clini-
cal trials. The SMASH trial 75 failed to show a benefit, and it
was interrupted because of the insufficient number of pa-
tients. The randomized clinical trial SHOCK 76 compared
percutaneous transluminal coronary angioplasty or emer-
gency myocardial revascularization and maximum clinical
treatment in patients with infarction, who developed car-
diogenic shock, excluding the mechanical causes. Even
though the expected 20% reduction in mortality rate was
not confirmed, mortality was lower in the group treated inva-
sively, especially when the subgroup of patients under the

age of 75 years was analyzed. It seems, therefore, that the
real benefit of primary angioplasty in cardiogenic shock is
lower than that expected, perhaps because of a defect in the
selection of patients referred to the hemodynamics laborato-
ry in smaller studies. However, primary angioplasty is still
the best alternative in the treatment of this subgroup of pa-
tients, mainly when associated with other methods of life
support.

Patients with a history of previous myocardial revas-
cularization and with infarction secondary to occlusion of a
venous aorto-coronary graft are known to respond poorly
to thrombolytic therapy, with rates of success very inferior
to those observed in patients with occlusion of native ves-
sels. Therefore, primary angioplasty has become the the-
rapeutic strategy of choice for these patients in the centers
where it is available.

In regard to the elderly, controversies still persist. In
the 6-month follow-up of the PAMI trial 77, advantages were
observed in the group that underwent percutaneous trans-
luminal coronary angioplasty. In a substudy of the GUSTO
IIb trial 78, however, this benefit was not shown. Based on
this latter large and representative clinical trial, we conclude
that the elderly should be treated in a manner similar to that
in which the young are treated, ie, choosing the most rapidly
available and better performed therapy.

The future of reperfusion through the use of a
catheter - The progress in general and interventional car-
diology is amazing. It is evident that this area will undergo
transformations, and many discoveries are still to come. The
better understanding of the pathophysiology of acute is-
chemic syndromes is associated with new therapeutic pers-
pectives, which go beyond simple obstruction of coronary
artery flow. The continuous development and use of plate-
let glycoprotein IIb/IIIa inhibitors, stent implantation, and
the perfect knowledge of dynamic phenomena, such as
thrombosis, genetics, inflammation, and possibly infectious
agents and plaque stabilizers, will be the central focus of this
old, but always renewed discussion. Advantages and bene-
fits will only be consolidated at the moment when the “door-
to-balloon” time is reduced and the centers of excellence
provide first-line material and keep their professional team
trained and skilled.

The possibility of a shorter time of hospitalization with
cost reduction has been considered, and it is feasible, in-
dicating that radical changes in the current approach to
acute myocardial infarction may occur.

Therefore, other targets of treatment are to be elucida-
ted. High-technology science and evidence-based medici-
ne will undoubtedly answer these questions, bring new
knowledge, and certainly raise other questions.
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ERRATA

Por falha gráfica, a figura da Correlação Clínico-Radiográfica de Arq. Bras Cardiol 2001; 77 (nº 5): 493
foi impressa com erro a correta é:


