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Several relatively recent case reports and series have described a condition featuring 

symptoms and signs of acute myocardial infarction without demonstrable coronary artery 

stenosis or spasm in which the heart takes on the appearance of a Japanese octopus fishing 

pot called a takotsubo (Figure 1). In takotsubo cardiomyopathy (also called transient apical 

ballooning and stress cardiomyopathy), left ventricular dysfunction, which can be 

remarkably depressed, recovers within a few weeks.
1–4

Takotsubo cardiomyopathy occurs predominantly in post-menopausal women soon after 

exposure to sudden, unexpected emotional or physical stress. For instance, the incidence of 

takotsubo cardiomyopathy increased substantially in elderly women living near the epicenter 

of the Niigata earthquake.
4
 Although the left ventricular dysfunction is transient and there is 

no evidence of obstructive epicardial coronary disease, an increasing number of angioplasty 

procedures have been performed for presumed acute coronary syndromes.

Concepts about the demographics, clinical features, prognosis, and management of this 

reversible form of left ventricular failure are still evolving. In this brief review, we 

summarize recent clinical reports and discuss an animal model that may clarify the 

pathogenesis of this condition.
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History of the Condition

Many case reports and series have demonstrated acute, severe, reversible left ventricular 

dysfunction that coronary ischemia, aortic valvular lesions, or myocarditis cannot explain. 

Iga et al
5
 reported a case of reversible left ventricular dysfunction associated with 

pheochromocytoma in which the takotsubo appearance was first described, although they 

did not use the term takotsubo. The authors also inferred that high circulating concentrations 

of catecholamines could directly damage the myocardium.
5
 In 1990, Sato et al

6
 first 

described this reversible cardiomyopathy as tako-tsubo-like left ventricular dysfunction; 

outside Japan, this phenomenon was called apical ballooning
7
 or stress cardiomyopathy.

8 

After 2000, many case reports cited associations with emotional stress, normal coronary 

angiography, and minimally increased serum levels of cardiac enzymes.

Diagnostic Criteria

There is as yet no consensus on the diagnostic criteria for takotsubo cardiomyopathy. 

Researchers at the Mayo Clinic proposed diagnostic criteria in 2004, which have been 

modified recently
9
: (1) transient hypokinesis, akinesis, or dyskinesis in the left ventricular 

mid segments with or without apical involvement; regional wall motion abnormalities that 

extend beyond a single epicardial vascular distribution; and frequently, but not always, a 

stressful trigger; (2) the absence of obstructive coronary disease or angiographic evidence of 

acute plaque rupture; (3) new ECG abnormalities (ST-segment elevation and/or T-wave 

inversion) or modest elevation in cardiac troponin; and (4) the absence of 

pheochromocytoma and myocarditis.

Patients were assigned this diagnosis when they satisfied all these criteria. Japanese 

investigators have recently presented diagnostic guidelines; however, the modified Mayo 

criteria are commonly used. It is necessary to establish worldwide consensus on diagnostic 

criteria for takotsubo cardiomyopathy.

Epidemiology

Computer-assisted SCOPUS or MEDLINE searches of the literature for the terms apical 
ballooning, ampulla cardiomyopathy, tako-tsubo cardiomyopathy, and takotsubo 
cardiomyopathy between 1989 and December 2007 demonstrated an exponentially 

increasing frequency of publications. Until 2000, a few case reports were published, but the 

presentation of takotsubo cardiomyopathy has increased gradually since 2001. The number 

of publications has increased rapidly; takotsubo cardiomyopathy has probably gained broad 

attention in the field of cardiology among US and European physicians. On the basis of 

recent analyses reported from several countries, this condition probably accounts for ≈1% to 

2% of all cases of suspected acute myocardial infarction.
10

Clinical Features

The Table shows clinical features based on the available literature.
1–4,7,8,10–14

 Most reports 

have noted a clear gender discrepancy, with the syndrome much more common in women 

than men. Takotsubo cardiomyopathy typically is preceded by exposure to emotional or 
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physical stressors such as an unexpected death in the family, abuse, a quarrel, or exhausting 

work, although in some cases, precipitant stressors have not been identified. The most 

frequent clinical symptoms of takotsubo cardiomyopathy on admission are chest pain and 

dyspnea, resembling acute myocardial infarction. Moreover, the ECG findings on admission 

often include ST elevation in precordial leads. Subsequent T-wave inversion and Q-wave 

formation also are frequently found. The ECG findings themselves are therefore insufficient 

to differentiate between acute anterior myocardial infarction and takotsubo 

cardiomyopathy.
15

 As of this writing, coronary angiography is the best single tool to 

diagnose this condition. Most cases lack significant coronary stenoses (Table).

Patients with takotsubo cardiomyopathy on admission have high levels of serum 

catecholamines and of plasma brain natriuretic peptide (BNP). The secretion pattern of BNP 

in takotsubo patients is quite similar to that in myocardial infarction patients, and 1 report 

presented the precise time course of BNP secretion in patients with takotsubo 

cardiomyopathy.
16

 Basal hyperkinesia might be related with left ventricular end-diastolic 

pressure and BNP release.
17

 Cardiac enzyme levels (eg, creatinine kinase, troponin T) are 

slightly increased.

Several patients with takotsubo cardiomyopathy have been evaluated by cardiac magnetic 

resonance imaging to assess subendocardial necrosis with delayed contrast enhancement 

techniques. Although the findings are still a matter of debate, lack of delayed enhancement 

may predict wall motion recovery (Figure 2). Histological changes have been identified by 

myocardial biopsy in some studies. Further evidence is required, however, to clarify the 

actual structural findings. Both magnetic resonance imaging and histopathological findings 

can differentiate patients with takotsubo cardiomyopathy from those with acute myocardial 

infarction resulting from coronary arterial occlusion.

Concepts About Pathophysiology

Most patients with takotsubo cardiomyopathy who underwent myocardial biopsy have 

shown the same results: interstitial infiltrates consisting primarily of mononuclear 

lymphocytes, leukocytes, and macrophages; myocardial fibrosis; and contraction bands with 

or without overt myocyte necrosis. The inflammatory changes and contraction bands 

distinguish takotsubo cardiomyopathy from coagulation necrosis, as seen in myocardial 

infarction resulting from coronary artery occlusion. The exact pathophysiological basis of 

the distinctive contractile pattern in takotsubo cardiomyopathy remains to be elucidated. A 

few concepts are discussed below.

Multivessel Epicardial Coronary Artery Spasm

Reversible ventricular dysfunction might result from epicardial coronary artery spasm and 

consequently regionally stunned myocardium.
6
 When no spontaneous coronary spasm has 

actually been observed, impaired coronary blood flow caused by vulnerable plaque rupture 

has been proposed as a cause of takotsubo cardiomyopathy. Multivessel epicardial spasm 

and regionally stunned myocardium would not explain the discrepancy between severe 

apical ventricular dysfunction and only slightly increased levels of cardiac enzymes, and 

after plaque rupture in a single coronary artery, the area of abnormal left ventricular wall 
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motion would not be expected to extend beyond the perfusion territory normally supplied by 

the artery. Moreover, ECG findings seem to differ between patients with acute coronary 

syndrome and those with takotsubo cardiomyopathy.
11

 The latter do not evince reciprocal 

changes, although ECG findings do not have sufficient predictive value to distinguish 

takotsubo cardiomyopathy from acute coronary syndrome in individual patients.
15

 In 

addition, ischemic myocardial stunning does not produce the histological changes usually 

observed in takotsubo cardiomyopathy.
16

 Finally, spontaneous or inducible coronary arterial 

spasm has not been found in most cases of takotsubo cardiomyopathy. Accordingly, 

myocardial stunning resulting from epicardial coronary artery spasm does not seem to cause 

takotsubo cardiomyopathy.

Coronary Microvascular Impairment

Because abnormal left ventricular wall motion occurs in a relatively large area of the apical 

myocardium in patients with takotsubo cardiomyopathy and because the abnormalities are 

dynamic rather than fixed, disturbances in the coronary microcirculation might occur. Kume 

et al
18

 noted coronary microcirculatory disturbances. Yoshida et al
13

 reported impaired 

coronary perfusion and severe myocardial metabolic abnormalities in patients with 

takotsubo cardiomyopathy on the basis of results of thallium-201 myocardial single-photon 

emission computed tomography and 
18

F-fluorodeoxyglucose myocardial positron emission 

tomography. Elesber et al
19

 demonstrated the presence of microvascular dysfunction in a 

significant proportion of patients with this syndrome and noted a correlation between 

microvascular dysfunction and the severity of myonecrosis and ECG abnormalities.

Taken together, these studies suggest that coronary microcirculatory abnormalities may 

accompany takotsubo cardiomyopathy; however, the association does not imply a cause-and-

effect relationship. For instance, the possibility remains that the microcirculatory 

abnormalities result from increased mechanical wall stress as a consequence of apical 

ballooning.

Catecholamine Cardiotoxicity

Wittstein et al
12

 compared admission plasma catecholamine concentrations between a group 

of 13 patients with stress cardiopathy who had transient apical ballooning and a group of 7 

patients hospitalized for acute myocardial infarction (Killip class III). The plasma levels of 

both epinephrine and norepinephrine were remarkably increased in the stress cardiopathy 

patients. The authors suggested that the remarkably elevated catecholamine levels might be 

the main pathogenetic factor. However, elevated catecholamine levels are not uniformly 

found in patients with this syndrome.
3
 High plasma catecholamine levels in patients with 

pheochromocytoma are well known to induce reversible cardiomyopathy.
20

The myocardial histological changes in takotsubo cardiomyopathy strikingly resemble those 

seen in catecholamine cardiotoxicity in both animals
21

 and humans.
20

 These changes, which 

differ from those in ischemic cardiac necrosis, include contraction band necrosis, neutrophil 

infiltration, and fibrosis. These findings probably reflect consequences of high intracellular 

concentrations of Ca2+, and it has been proposed that Ca2+ overload in myocardial cells 

produces the ventricular dysfunction in catecholamine cardiotoxicity.
20

 Although diffuse 
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heart failure can produce high circulating catecholamine concentrations, the attained levels 

are not nearly as high as in takotsubo cardiomyopathy and by definition would not explain 

the takotsubo pattern.

Because circulating epinephrine exerts far more potent hormonal effects on the heart than 

norepinephrine does, takotsubo cardiomyopathy could in particular reflect epinephrine-

induced toxicity. Concurrent cardiac neuronal and adrenomedullary hormonal stimulation 

might occur, and this combination accompanies emotional distress. Lyon et al
22

 have 

hypothesized that the high circulating epinephrine levels might trigger a switch in 

cardiomyocyte intracellular signaling after occupation of β2-adrenoceptors from Gs protein 

to Gi protein coupling.

Neurogenic Stunned Myocardium

The cardiac functional and ECG abnormalities in takotsubo cardiomyopathy might reflect 

activation of central neurogenic mechanisms analogous to those evoked by subarachnoid 

hemorrhage.
23

 Intracranial pathology can produce the same myocardial histopathological 

findings seen in takotsubo cardiomyopathy.
24

 Because the basal myocardium has a 

somewhat higher norepinephrine content
25

 and greater density of sympathetic nerves than 

the apical myocardium does,
26

 at first glance, cardiac sympathetic stimulation would not 

appear to explain the apical ballooning that characterizes takotsubo cardiomyopathy; 

however, the left ventricular apex contains a higher concentration of adrenoceptors. Thus, 

myocardial responsiveness to adrenergic stimulation is pronounced in the apex.
27

 In 

addition, cardiac sympathectomy prevents brain-mediated cardiac injury.
28

 Therefore, 

takotsubo cardiomyopathy may reflect stunned myocardium from a neurogenic source. 

Animal studies have reported decreased inotropic responses to norepinephrine in the setting 

of catecholamine-induced cardiomyopathy
29

 that is associated with a decreased number of 

myocardial β-adrenoceptors. Thus, takotsubo cardiomyopathy might reflect a combination of 

myocardial necrosis and decreased β-adrenoceptor responsiveness with high local 

catecholamine concentrations that cause both abnormalities. The heart stands out among 

organs of the body in terms of dependence on neuronal uptake for inactivating 

catecholamines in the extracellular fluid.
30

 High circulating catecholamine levels such as in 

pheochromocytoma can interfere with the neuronal uptake process
31

 and augment 

occupation of adrenoceptors on myocardial cells. These findings help to explain why 

emotional distress would induce mainly cardiac toxicity as a result of high plasma 

catecholamine levels despite being delivered to all organs via the arterial blood.

In summary, the available pathophysiological information indicates that the apical 

ballooning that characterizes takotsubo cardiomyopathy reflects toxic high local 

concentrations of catecholamines, not coronary artery or microvascular disease. The pattern 

of left ventricular dysfunction may result from both myocardial cellular rupture and 

withdrawal of β-adrenoceptors. The “first cause” would be neurogenic, with the precipitant 

sudden, unexpected, severe emotional distress. Stunning-like involvement at the left 

ventricular base also has been observed in patients with pheochromocytoma and even in 

takotsubo cardiomyopathy patients.
32

 Individual differences in the anatomy of cardiac 

sympathetic innervation or the distributions of adrenoceptors might result in the involvement 
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of a variety of left ventricular myocardial segments. In typical apical ballooning, high local 

concentrations of norepinephrine might evoke basal hyperkinesis, increasing mechanical 

wall stress at the apex and thereby increasing end-diastolic pressure and BNP levels.
16

Prognosis

The prognosis of patients with takotsubo cardiomyopathy is generally favorable; however, 

we have had some fatal complications with takotsubo cardiomyopathy such as left 

ventricular free wall rupture.
33

 Heart failure, with or without pulmonary edema, is the most 

common clinical complication. We believe that the published in-hospital mortality data are 

underestimated. It is important to pay attention to the hemodynamics in the acute phase, 

which often correspond to New York Heart Association class III heart failure.
3
 Only a 

handful of recurrent takotsubo cardiomyopathy cases have been reported. Mechanisms 

underlying susceptibility to recurrence are not understood. One article has reported that the 

recurrence rate of takotsubo cardiomyopathy is ≈10%.
34

Management

There are no specific treatments for the left ventricular failure characterizing takotsubo 

cardiomyopathy because cardiac function is normalized within a few weeks. When shock 

occurs, intraaortic balloon pumping is established as additional support for the circulation.
3 

We use upright posture, oxygen, and diuretics for pulmonary edema, although given the 

putative pathophysiological mechanism, it would be reasonable to treat pulmonary edema 

with sedation and morphine.

Arrhythmia resulting from QT prolongation is commonly observed in patients with 

takotsubo cardiomyopathy
35

; however, we do not administer antiarrhythmics 

prophylactically. In our experience, administration of magnesium sulfate is effective for 

ventricular tachycardia in the acute phase of takotsubo cardiomyopathy if the QT interval is 

prolonged.

We believe that administration of cardiotonic agents is not appropriate because of the likely 

underlying mechanisms. We also do not administer β-adrenoceptor blockers, which can 

prolong the QT interval and leave unopposed the potentially adverse effects of high local 

concentrations of catecholamines at α-adrenoceptors. The use of β-adrenoceptor blockers in 

the acute phase of takotsubo cardiomyopathy is still a matter of debate. Given the findings in 

the animal model, treatment with a combined α- and β-blocker seems rational, whereas 

treatment with a catecholamine as a cardiotonic seems contraindicated.
36

It should be kept in mind that Adrenalin (Parke-Davis & Co, Detroit, Mich) was originally 

marketed as a hemostatic agent, not a pressor or cardiotonic. We often encounter thrombosis 

in takotsubo cardiomyopathy cases,
37

 which might reflect vasoconstrictor, platelet 

activation, or prothrombotic effects of extremely high epinephrine levels. Because apical 

ballooning increases the risk of cardiac rupture, it is still controversial whether treatment 

with aspirin or heparin is indicated. The fact that epinephrine promotes platelet activation by 

stimulating platelet α2 adrenoceptors provides additional rationale for treatment with a 

combined α- and β-blocker.
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Because estrogen treatment is beneficial in preventing the animal model of takotsubo 

cardiomyopathy (see below), such treatment might be considered in elderly women who 

have suffered an episode of takotsubo cardiomyopathy; however, clinical trials of estrogen 

administration in takotsubo cardiomyopathy patients have not been performed.

Animal Model of Takotsubo Cardiomyopathy

A number of important pathophysiological questions remain. Why are elderly women 

particularly susceptible to developing takotsubo cardiomyopathy? How does profound 

psychological stress trigger the condition? Finally, is regional heterogeneity of adrenoceptor 

numbers sufficient to explain apical ballooning? The development of appropriate animal 

models has begun to address these issues.

Experimental approaches to mimic the clinical manifestations may provide new insights into 

the pathogenesis of takotsubo cardiomyopathy. Clinical provocation tests to induce this 

condition have not been reported and ethically are not acceptable. Therefore, in the 

development of an appropriate animal model, we attempted to replicate severe, emotional 

distress–induced sympathetic neuronal and adrenomedullary activation, as seen in takotsubo 

cardiomyopathy.

In rats, simple immobilization is well known to evoke profound sympathoadrenal 

activation.
38

 During immobilization, the increment in plasma epinephrine is derived wholly 

from the adrenal medulla, whereas most of the increment in plasma norepinephrine is 

derived from sympathetic nerves. Patients with takotsubo cardiomyopathy have increased 

plasma epinephrine and norepinephrine levels compared with those seen during 

immobilization in rats,
12

 suggesting that immobilization in rats mimics the clinical 

condition.

Increased circulating epinephrine levels within a physiological range are well known to 

result in skeletal vasodilation and increases in heart rate and cardiac output, whereas 

norepinephrine increases total peripheral resistance to blood flow and mean arterial blood 

pressure. At relatively low circulating levels, there are no appreciable ECG or left ventricular 

functional abnormalities. In contrast, in response to immobilization, pathologically high 

epinephrine and norepinephrine levels are associated with characteristic ECG changes, 

including ST-segment elevation and, importantly, reversible left ventricular apical ballooning 

(Figure 3), strikingly reproducing the abnormalities seen in takotsubo cardiomyopathy.
36

 An 

instance of sudden death caused by ventricular fibrillation in response to immobilization has 

been noted (Figure 3). Immobilization induces upregulation of immediate early genes, 

functional markers of cellular excitation
36,39

 such as c-fos and c-jun in endothelial cells, 

myocardial cells, and coronary vascular smooth muscle cells (Figure 3). Expression of 

immediate early genes diffusely in coronary arteries suggests possible coronary spastic 

changes and consequent microvascular dysfunction.

ST-segment elevation in rats subjected to immobilization is prevented by combined blockade 

of α- and β-adrenoceptors (not by α- or β-blockade alone), calcium channel blockers, or 

nitroglycerin.
36

 Left ventricular dysfunction and induction of immediate early genes in the 
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heart also are prevented by combined blockade of α- and β-adrenoceptors. These findings 

suggest that high myocardial concentrations of catecholamines and consequent activation of 

adrenoceptors in the heart produce the acute cardiac changes.
36

Estrogen receptors (ERα and ERβ) are expressed widely in the cardiovascular and central 

nervous systems. Estrogens exert various functions, including prevention of some 

cardiovascular diseases, modulation of sexual behavior and memory processes, and some 

autonomic nervous functions.
40,41

 We therefore have hypothesized that the reduced estrogen 

levels after menopause explain the predisposition of elderly women to takotsubo 

cardiomyopathy. Estrogen supplementation attenuated the immobilization-induced cardiac 

dysfunction and increased heart rate and blood pressure.
42

 These effects also were observed 

in estrogen-treated castrated male rats (F. Ichikura, unpublished observation). The reduced 

estrogen levels induced vulnerability to stress, whereas estrogen supplementation attenuated 

the exaggerated responses, including sympathoadrenal activation and vagal inhibition,
43 

which is observed in takotsubo cardiomyopathy.
28,29

Emotional stress also causes rapid and transient expression of immediate early genes in the 

brain, and monitoring of expression of these genes has enabled visualization of the central 

neurocircuitry of distress.
39

 Treatment with estrogen attenuated the immobilization-induced 

increase in c-Fos immunoreactivity or c-fos mRNA expression in the lateral septum, medial 

amygdaloid nucleus, paraventricular hypothalamic nucleus, dorsomedial hypothalamic 

nucleus, laterodorsal tegmental nucleus, and locus caeruleus, regions that are parts of the 

central autonomic network and possess immunoreactive estrogen receptors.
44

 Estrogen 

attenuated immobilization-induced c-fos mRNA expression in the adrenal gland and heart, 

suggesting protective effects at the level of the target organs.
42

 Estrogen treatment also 

increased the levels of possibly cardioprotective substances such as atrial natriuretic peptide 

and heat shock protein 70 in the heart.
42

 Moreover, administration of estrogen attenuated 

isoproterenol-induced tachycardia and cAMP production and reduced the incidence of 

ischemia/reperfusion-induced arrhythmia in rat hearts.
45

 Conversely, bilateral ovariectomy 

increased Ca2+ sensitivity of cardiac myofilaments, and estrogen replacement abolished this 

change.
46

 The density and protein content of β1-adrenergic receptors were upregulated in 

bilateral ovariectomy, and estrogen/progesterone supplementation reversed these changes.
47 

Taken together, these data suggest that reduced estrogen levels, by actions on both the 

nervous system and the heart, after menopause might constitute the basis of susceptibility of 

elderly women to takotsubo cardiomyopathy. To test this hypothesis, clinical data comparing 

incidences of takotsubo cardiomyopathy with or without estrogen supplementation are 

required. The estrogen hypothesis alone does not seem sufficient to explain the occurrence—

albeit uncommon—of takotsubo cardiomyopathy in men.

Recently, we have found that the expression of oxidative stress-related substances such as 

heme oxigenase-1 and cyclooxygenase-2 is increased in the cardiovascular system of rats 

after exposure to immobilization and that treatment with α- and β-adrenoceptor blockers 

attenuates these responses (unpublished observation). Therefore, stress-induced high 

circulating catecholamine levels may alter redox states in the cardiovascular system. 

Induction of heme oxigenase-1 and cyclooxygenase-2 may suggest oxidative stress and 

adaptive responses in the cardiovascular system.
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A Pathogenetic Concept About Takotsubo Cardiomyopathy

On the basis of the above-cited clinical literature and findings from the rat immobilization 

model, we propose a possible mechanism for the pathogenesis of takotsubo cardiomyopathy 

(Figure 4). In response to sudden, unexpected, severe emotional distress, neurons of the 

central autonomic network expressing estrogen receptors are activated, followed by marked 

increases in sympathetic neuronal and adrenomedullary hormonal outflows. Epinephrine 

released from the adrenal medulla and norepinephrine from cardiac and extracardiac 

sympathetic nerves reach adrenoceptors in the blood vessels and heart. Contraction of the 

resistance vessels rapidly increases systemic blood pressure and cardiac afterload. 

Meanwhile, within the heart, high circulating levels of norepinephrine and epinephrine, 

along with increased release and decreased reuptake by sympathetic nerves, induce 

catecholamine toxicity in the cardiomyocytes via occupation of adrenoceptors. 

Hypercontraction and possibly functional basal obstruction of the left ventricular outflow 

result in increased mechanical wall stress in the left ventricular apex, in conjunction with 

high BNP levels and increased end-diastolic pressure.
17

 Contraction bands and myocardial 

cell rupture occur in a regionally heterogeneous manner related to greater apical expression 

of adrenoceptors. Disturbance in the coronary microcirculation, as suggested by diffuse 

expression of immediate early genes in coronary arteries, and increases in oxygen demand in 

the cardiomyocytes alter the redox state and trigger oxidative stress, which precipitates a 

variety of positive feedback loops that lead to stunning of the apical myocardium. In 

postmenopausal women, the loss of estrogen effects exaggerates the responses of central 

neurons and cardiac cells and possibly attenuates the production of cardioprotective 

substances.

Atypical Contractile Pattern of Takotsubo Cardiomyopathy

Recent case reports have described takotsubo cardiomyopathy associated with suppression 

of basal contraction and apical sparing, a kind of “inverted takotsubo.”
48

 Kurowski et al
10 

found that ≈40% of patients with transient ventricular dysfunction had this atypical pattern. 

We also have reported a case of recurrent takotsubo cardiomyopathy with a different 

contractile pattern.
48

 Ischemia resulting from multivessel coronary vasospasm seems 

unlikely in these cases because it would not be expected to be associated with apical sparing. 

Various patterns of left ventricular wall motion abnormalities therefore seem possible in 

takotsubo cardiomyopathy, with transient left ventricular apical ballooning being more 

common and other regional wall motion abnormalities less common. Further research in 

both clinical and preclinical settings is required to determine whether individual differences 

in patterns of wall motion abnormalities are related to local differences in patterns of 

excessive sympathetic activity or in responses to sympathetic stimulation.

Conclusions

The recently recognized syndrome of takotsubo cardiomyopathy constitutes a novel form of 

heart failure that is precipitated by sudden, unexpected emotional distress and is relatively 

common in elderly women. Precipitating mechanisms are probably complex, and the 

observations detailed in this review represent only the beginning of the process of 
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understanding this condition. Abnormal catecholamine dynamics related to emotional 

distress seems to play a major role in the pathogenesis of this cardiomyopathy, rendering 

takotsubo cardiomyopathy a type of neurocardiological disorder that manifests as acute but 

reversible heart failure. Combined α-and β-adrenoceptor blockade might therefore mitigate 

the syndrome. Theoretically, on the basis of findings in the rat immobilization model, 

supplementation of estrogen in postmenopausal women might protect against its 

development. This cardiomyopathy should be considered a possible cause of sudden cardiac 

death resulting from arrhythmia or cardiac rupture in individuals without obvious heart 

disease. The prognosis is good in patients who survive the initial severe insult without 

complications. To understand the pathogenesis and to devise rational treatment and 

prevention strategies, more attention should be paid not only to the myocardium and 

coronary arteries but also to the integration of central neural, autonomic, endocrine, and 

circulatory systems in emotional distress.
49
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Figure 1. 
Left ventriculogram (A, end-diastolic phase; B, end-systolic phase) in the right anterior 

oblique projection. The extensive area around the apex shows akinesis, and the basal 

segments display hypercontraction, especially in the end-diastolic phase. C, A picture of a 

real takotsubo, which has a round bottom and narrow neck to capture octopuses and has 

been used for a long time in Japan.
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Figure 2. 
Cine sequences of cardiac magnetic resonance imaging during systole (A) and diastole (B) 

in the acute phase. Normal function could be documented after 3 weeks (C, systole; D, 

diastole). Contrast-enhanced cardiovascular magnetic resonance image did not show 

myocardial hyperenhancement even in the delayed phase (E). Adapted from Nef et al,
50

 with 

permission.
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Figure 3. 
Left ventriculographic (A through C) and ECG (D and E) changes in response to 

immobilization of rats. Left ventriculogram, right anterior oblique (30°) projection. A, 

Diastole. B, systole. C, The trace of A and B. Reduced left ventricular contraction around 

the left ventricular apex was observed in response to stress. ECG, lead II. Line indicates 0.2 

second. ST-segment elevation (D) was observed in response to stress. A case of ventricular 

fibrillation also was observed (E). Dark-field photomicrograph showing signals for c-jun 
mRNA in the heart (F) and coronary arteries (G and H) sampled at 30 minutes from the 
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onset of immobilization. Strong signals were observed in myocardium surrounding the left 

and right ventricular cavities (F). These signals also were observed in endothelial cells and 

smooth muscle cells of coronary arteries (G and H). Bar=600 µm (F) and 100 µm (G and H). 

A through C, Adapted and modified from Ueyama et al,
51

 with permission from the 

Japanese Circulation Society.
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Figure 4. 
Possible underlying mechanism of classic takotsubo cardiomyopathy. See text for details.
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