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Introduction

The year 2012 is the centenary year of the publication of 
James Herrick’s seminal paper: ‘Certain clinical features of 
sudden obstruction of the coronary arteries’.1 He described 
the clinical features of two patients with acute myocardial 
infarction (AMI), one of whom came to postmortem exam-
ination and was found to have thrombotic occlusion of a 
coronary artery. Since this description of AMI, the manage-
ment of the condition has gone through three major phases 
and is about to enter the fourth.

The Past

Phase I: bed rest, expectant treatment

In his 1912 paper, Herrick wrote: “The importance of abso-
lute rest in bed for several days is clear.” At the time, 
pathologists considered myocardial infarctions to be 
‘wounds’ of the heart and cardiac rupture was feared as a 
dreaded, invariably fatal complication. Soon, in most hos-
pitals, Herrick’s ‘several days’ of bed rest became two or 
three weeks. The usual duration of hospitalization in 
uncomplicated cases was six weeks, followed by a pro-
longed recovery at home. Few patients were permitted to 
return to normal activity.

Later authors recommended morphine for pain, as well 
as digitalis, and caloric and fluid restriction. By 1929, AMI 

was recognized as a relatively common medical emergency. 
Levine, in the first book devoted entirely to this condition,2 
emphasized the frequency and danger of cardiac arrhyth-
mias and recommended quinidine for ventricular tachycar-
dia and intramuscular adrenaline for atrio-ventricular 
block. Electronic ECG monitoring was not yet available 
and he suggested that nurses be trained to detect arrhyth-
mias by frequent auscultation.

In the first edition of Harrison’s Principles of Internal 
Medicine, published in 1950 (which was my textbook as a 
student and which I later edited), treatment of AMI included 
inhaled oxygen in patients with pulmonary rales and/or 
cyanosis, as well as subcutaneous atropine and papaverine 
and sublingual nitroglycerine to relieve coronary spasm. 
Perhaps most importantly, anticoagulants (both heparin and 
warfarin were available) were recommended to prevent 
myocardial reinfarction, pulmonary embolism, and mural 
thrombosis.3
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Not only physical rest but also emotional rest was 
emphasized. As an intern in 1952, we admitted patients 
with AMI wherever a bed was available on the medical ser-
vice, but always as far from the nurses’ station as possible, 
so that they would not be disturbed by the commotion, 
especially the frequent telephone ringing. It was not uncom-
mon for me, when arriving on the medical floor at 6 am to 
draw blood to be sent for testing, to discover that one of my 
AMI patients had died quietly during the night. It was quite 
discouraging to young physicians, because we felt so impo-
tent; older physicians accepted this as ‘just the way it was.’

By 1960, when I was a young cardiologist, it was appre-
ciated that AMI was the most common cause of death in 
North America and Europe, that cardiac rupture was, in 
fact, an uncommon complication and that prolonged bed 
rest, which had been routine since Herrick’s day, could 
actually be harmful in some patients by leading to venous 
thrombosis and fatal pulmonary thromboembolism. In 
uncomplicated cases, the duration of absolute bed rest was 
shortened to about five days, the tempo of ambulation was 
gradually increased, and the duration of hospitalization was 
shortened to about a month.

In retrospect, the management of AMI during Phase I 
may be considered to have been ‘expectant,’ with rest, 
relief of pain, anticoagulation, and coronary vasodilation, 
all of which were of questionable benefit. During this 
period, which marked the first half century after Herrick’s 
paper, mortality remained stubbornly high. Nevertheless, 
during Phase 1, much was learned about the clinical mani-
festations, natural history and electrocardiographic features 
of AMI. It became clear that ventricular arrhythmias were 
the most common causes of death.

Phase 2: the coronary care unit

This phase began in 1961 with a paper by Desmond Julian, 
then a cardiology registrar at Edinburgh’s Royal Infirmary, 
which described what later would be known as the Coronary 
Care Unit.4 Four separate components came together in 
these units: (1) the segregation of patients with AMI into 
specialized intensive care units – designated areas of a hos-
pital in which trained staff, specialized equipment, includ-
ing monitors, catheters, pacemakers, drugs, and frequently 
cardiologists were all at hand; (2) continuous electrocardio-
graphic monitoring of cardiac rhythm with audible alarms 
for serious arrhythmias; (3) the training of medical and nurs-
ing staff in closed chest resuscitation; and perhaps most 
importantly (4) providing trained nurses with the authority 
and responsibility to perform this procedure, including 
external defibrillation, in the absence of a physician. The 
introduction of coronary care units radically reduced deaths 
from ventricular fibrillation, complete heart block, and other 
potentially fatal arrhythmias, and thereby reduced the early 
hospital mortality of AMI by half – from about 30% that it 
had been during the previous decade to about 15%.

The use of coronary care units swept rapidly and within 
five years the concept had become accepted and imple-
mented in almost all general hospitals in the industrialized 
world. Coronary care units brought two issues into sharp 
relief. The first was the high mortality from AMI before 
patients reached the unit, and often while waiting in a 
crowded Emergency Room. This led to more rapid deploy-
ment of ambulances and expedited assessment in emer-
gency departments of patients with chest pain and other 
suspicious clinical manifestations of AMI. To accelerate 
treatment, physicians or trained emergency medical techni-
cians in some areas rode in well-equipped ambulances, 
monitored the patients, and, when necessary, performed 
resuscitation prior to hospital arrival.5 The second issue 
was that in patients who reached the coronary care unit and 
in whom arrhythmic death had been prevented or treated 
successfully, the usual cause of death was failure of the left 
ventricular pump. This resulted most commonly from large 
infarcts, which in turn were related to a marked imbalance 
between myocardial oxygen supply and demand. In the 
early 1970s, our group’s efforts in experimental animals 
were devoted to restoring this balance, both by reducing 
oxygen demand with beta-adrenergic blockers6 and by 
improving oxygen supply by means of myocardial reperfu-
sion.7,8 It is of interest that, in his 1912 paper, Herrick had 
been prescient when he wrote: “The hope for the damaged 
myocardium lies in the direction of securing a supply of 
blood through friendly neighboring vessels so as to restore 
as far as possible its functional integrity.”1

The Present

Phase 3: myocardial reperfusion

This phase was initiated in 1975 by Chazov et al. who lysed 
coronary thrombi by infusing streptokinase directly into the 
blocked coronary arteries of patients with AMI.9 We then 
demonstrated that timely reperfusion actually salvaged 
severely ischemic myocardium.10 Although intracoronary 
fibrinolysis became routine in a few cardiac centers, it was 
not suitable for widespread adoption for logistical reasons. 
In 1986, the GISSI investigators, in one of the first cardiac 
mega-trials, demonstrated a reduction in mortality by strep-
tokinase infused intravenously.11 In the first TIMI trial, we 
found that patency of the infarct-related coronary artery, 
however it was achieved, was associated with prolonged 
survival,12 leading to the ‘early open artery theory.’

During the last quarter century, myocardial reperfusion 
has been improved progressively by a number of key steps: 
(1) the development of tissue plasminogen activators, more 
potent in lysing thrombi than streptokinase13; (2) the addi-
tion of aspirin14 and then more potent antiplatelet agents15 
to the fibrinolytic; (3) the use of percutaneous coronary 
angioplasty following AMI in place of fibrinolytics16; (4) 
the addition of stents17 – first bare metal then drug-eluting 
stents – following intracoronary balloon inflation; and most 
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recently (5) by aspiration thrombectomy prior to coronary 
stenting.18 As a consequence of these measures, each of 
which improved clinical outcomes, in-hospital mortality 
from AMI in the general population again declined by half, 
from 15% to about 7.5% and it is now as low as 3.5% in 
patients who are enrolled in clinical trials. Most patients in 
industrialized nations are now receiving the benefits of 
timely (early) reperfusion therapy.

While myocardial reperfusion obviously represents a 
major step forward, it is not an unmixed blessing. Although 
it reduces ischemic cell death it also injures the surviving 
myocardium. In the 1960s, well before the first human rep-
erfusion studies were carried out, Jennings et al.19 and Krug 
et al.20 demonstrated impaired reperfusion after release of a 
temporary coronary occlusion. Kloner et al. reported that 
reperfusion caused microvascular damage with swelling of 
capillary endothelial cells and of myocytes, leading to what 
was termed the ‘no reflow phenomenon.’21 Areas of no-
reflow have been found to be associated with infarct expan-
sion in animals and a high mortality in patients.22 Myocardial 
reperfusion is often accompanied by myocardial injury, 
commonly known as lethal reperfusion injury. Indeed, in 
1985, we referred to myocardial reperfusion as ‘a double-
edged sword.’23

During the past decade, three paradoxes have been 
incriminated as playing a role in lethal myocardial reperfu-
sion injury24: (1) the calcium paradox, which raises intracy-
toplasmic calcium concentration; (2) the oxygen paradox, 
in which reperfusion raises myocardial pO2, causing the 
formation of toxic reactive oxidants; and (3) the pH para-
dox, in which a physiologic pH is suddenly restored in the 
ischemic zone in which the pH had declined. It has been 
postulated that these paradoxes are involved in opening a 
channel in the inner mitochondrial membrane, the so-called 
mitochondrial permeability transition pore, and that the 
resultant rapid influx of calcium and reactive oxygen spe-
cies through these pores damages mitochondria, which in 
turn fail to synthesize high energy phosphate, thereby lead-
ing to myocyte death.

The Future

Phase 4: the prevention of lethal myocardial 
reperfusion injury

Many interventions to prevent or diminish lethal myocardial 
reperfusion injury have been studied.25 Two are particularly 
interesting and have shown some promise, both in preclinical 
studies as well as in small, but intriguing, proof of principle 
clinical trials. The first is an extension of the principle of car-
diac preconditioning, in which brief cycles of alternating 
ischemia and reflow prior to a sustained occlusion reduce the 
size of the subsequent infarct.26 It has been observed that this 
cyclic ischemia can be induced in an organ or tissue other 
than the heart, yet remain cardioprotective, an intervention 
termed ‘remote ischemic preconditioning.’27 The clinical 

value of ischemic preconditioning – local or remote – is use-
ful only when the timing of the prolonged ischemia, such as 
that induced by cardiac surgery or a percutaneous coronary 
intervention, is known. It is not applicable to patients with the 
usual AMI in whom the time when the coronary occlusion will 
occur is, of course, not known. However, ‘postconditioning’ – 
in which the cyclic periods of ischemia and reflow are begun 
immediately after the prolonged occlusion is relieved – has 
also been shown to reduce ischemic injury28 and it too can be 
effective when carried out remotely.29 Conditioning can also 
be begun during the occlusion and it is then referred to as 
‘perconditioning.’ The mechanism of protection afforded by 
these different forms of conditioning appears to be prevention 
of opening of the above-mentioned mitochondrial permeabil-
ity transition pore.24 However, there is continuing debate 
about the specific signals acting on the pore.

Two clinical applications of perconditioning in patients 
with AMI have been reported. Botker et al. found signifi-
cant reduction in infarct size in patients in whom intermit-
tent arm occlusion with a blood pressure cuff was performed 
in the ambulance prior to primary percutaneous coronary 
intervention.30 The second is pharmacologic conditioning, 
in which ciclosporin A was infused intravenously just prior 
to balloon inflation. Following encouraging preclinical 
studies by Griffiths and Halestrap,31 Piot et al. conducted 
a three-center clinical trial and showed that ciclosporin A 
reduced infarct size.32 Although these two approaches 
may appear to be dissimilar superficially, both seem to 
have a similar fundamental mechanism, i.e. interfering 
with the opening of the mitochondrial permeability transi-
tion pores, and thereby preventing lethal myocardial rep-
erfusion injury.

It has been estimated that timely reperfusion can salvage 
approximately 50% of severely ischemic myocardium33 
and that prevention of lethal myocardial reperfusion injury 
should prevent the necrosis of an additional 40%.24 If the 
latter is successful, it would further substantially reduce the 
mortality from AMI.

As we enter the second century following Herrick’s 
remarkable paper, substantial further research on the pre-
vention of lethal myocardial reperfusion injury should, and 
undoubtedly will, be carried out. This will involve both pre-
clinical and clinical studies, culminating in large trials with 
clinical endpoints.34 In addition, during the next few years, 
we will see an acceleration of therapy with a variety of 
autologous progenitor cells administered post-infarction in 
an effort to regenerate new myocardium. I expect that many 
of these investigations will be published in the pages of this 
important new journal.

Congratulations and best wishes for a successful pub-
lishing endeavor in an important aspect of cardiology.
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