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Case reports and clinical experiences have implicated catecholamine. Excess likely contributes to the pathophysiologic process
as a cause of cardiac dysfunction, impaired hemodynamic function, and poor outcomes. Cardiac dysfunction has also been
described in many other diseases; there is likely a common underlying pathophysiology. In this review, we will examine the
pathophysiology of cardiac dysfunction after catecholamine surge and discuss the evidence surrounding cardiac dysfunction.
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survival on stress but which in turn may be cause

of disease. The aim of this mini-review is to focus
on and to distinguish catecholamine cardiotoxicity from
catecholamine cardiomyopathy.

l ife needs of catecholamine and they are essential for

Both are the effect of catecholamine surge, the first with target
on left ventricular myocardial dyssynergia and the second on
myocardial muscle. Both coexist and work in synchrony in
the same patient.

The first example is the reported Takotsubo cardiomyopathy
(TC) which is a paradigm of catecholamine toxicity. It
is a regional myocardial disease characterized by apical
ballooning."' Imaging, and especially cardiac ultrasonography,
has made it possible to identify contraction asynchronies
of different segments of the left ventricle under acute
stress conditions. The phenomenon occurs mainly but not
exclusively®* at the tip (apical ballooning) and the distal third
of the left ventricle.

The cardiomyopathy, which owes its name to the known
Japanese fishing vessel, has also been called “broken heart
syndrome” to underline that the two segments of the left
ventricle have different contractility, to indicate its possible
reversibility and finally to imply that aside from its first

description (above-mentioned TC), also different diseases
have the same morphological and functional framework.

A cases review with patients admitted with chest pain and
TC; diagnosis was done on the basis of findings of apical
ballooning and normal coronary arteries only in 7.5% of
patients. Among those patients with TC, catecholamine-
associated triggers were emotional trauma (in 72.5%),
surgical stress (in 12.5%), adrenergic intoxication (in
7.5%), and catecholamine-producing cancer (in 7.5%). In
this series, the patients affected from a functional disease,
the apical ballooning, 20% presented in cardiogenic shock
and were life-threating.””! The others had different diseases
associated with apical ballooning.

In the case, we prefer to identify the framework not as
Takotsubo but as apical ballooning by referring to imaging.

The apical ballooning syndrome may be transient, permanent,
or recurrent®™ and associated or not with coronary arteries
disease. The syndrome characterizes many diseases as TC,
acute myocarditis, coronary vasospasm, cocaine-induced
coronary vasoconstriction, and thrombosis with endogenous
fibrinolysis before angiography!Y! and brain diseases as
aneurysmal subarachnoid hemorrhage and emotional stress.!*!
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All reflect a similar pathophysiology that is caused by
catecholamine-induced ventricular dysfunction. Furthermore,
recurrent apical ballooning syndrome has been associated
with a transient hypertensive response during exercisel” or
with catecholaminergic storm of pheochromocytoma,®?!
which suggests a hypersympathetic mechanism.

Apical ballooning can be fatal®!'”) or associate with favorable
prognosis and may with different clinical pattern as chest
pain, ECG changes, increase of troponin, heart failure,
pulmonary edema, or cardiogenic shock depending on the
different diseases that cause it but it is always due to an action
of catecholamine that causes myocardial dyssynergia.

The hypothetic explanation of the pathophysiology of the
apical ballooning is complex and is related to catecholamine
cardiotoxicity. In these cases, probably, the plasma levels of
catecholamine among patients with ballooning are very high,
more than the values among myocardial infarction patients.[!'"!
The release of catecholamine affecting the hearth came from
sympathetic cardiac terminals and from adrenal glands in
reference of the specific stress.

Overactivation of the sympathoadrenergic system is an
essential mechanism for survival under conditions of acute
circulatory failure providing short-term adaptation to the
stressful conditions of critical illnesses. The administration
of exogenous catecholamine is short-term benefits and
mandatory to support the failing circulation in acutely ill
patients with reduced cardiac output and/or hypotension.
The prolonged exposure to elevated levels of catecholamine
may, by contrast, become maladaptive and can result in
significant adverse effects,!'” cause the stunned myocardium
and possibly increased mortality.!*!

Hence, we have a progressive transition from a functional
disecase (stunned myocardium), due to catecholamine
toxicity, potentially lethal but also reversible, through
catecholamine myocardiopathy which is a structural,
irreversible myocardiopathy. The prolonged adrenergic stress
is detrimental to the cardiovascular system by initiating a
series of adverse effects triggering significant cardiotoxicity,
whose pathophysiological mechanisms are complex and
only partially elucidated. They include various degrees of
cardiomyocyte necrosis and apoptosis, myocardial infiltration
with poly-morphonuclear and mononuclear leukocytes,
interstitial edema, subendocardial and subepicardial
hemorrhages, and the progressive development of distinct
foci of fibrosis over time.!'¥

The mechanisms responsible for the cardiac damage of
adrenergic agents remain only partly defined: They interest
hemodynamic changes as imbalance between myocardial
oxygen supply (as effect of enhanced cardiac contractility

and heart rate) and demand induced by catecholamine
damage cardiomyocytes; vasoconstriction in the coronary
macro- and micro-circulation reduce the supply of oxygen
and high-energy phosphates; cellular mechanisms as
calcium overload, consequence of beta-adrenergic receptors
activation, and increase of oxidative stress. The mechanisms
promote cardiomyocyte cell death, both through the apoptotic
and necrotic pathways.['>'®? The resulting classic histologic
finding of contraction-band necrosis, which is characterized
by focal myocytolysis, myofibrillar degeneration, and
irregular cross-band formation.

More factors play together in catecholamine cardiomyopathy:
Differential regional coronary vasoconstriction, as effect of
alpha receptor stimulation, causes the apical cardio depression
with an apical-basal gradient; increase of ventricular pressure
and aortic afterload cause significant left ventricular outflow
tract obstruction which, associated with acute left ventricular
systolic dysfunction, poses a major therapeutic challenge.!'*!”
In other words, negative inotropy and increased afterload for
left ventricular outflow tract obstruction are life-threating and
causes of hemodynamic distress, associated with hypotension
and cardiogenic shock.

The prevalence of one factor over the another and the
pathological anatomy of the coronary arteries probably makes
the difference between the catecholamine cardiotoxicity and
cardiomyopathy.
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