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ABSTRACT

• Tako-tsubo cardiomyopathy (TTC) is an important differential 
diagnosis of acute coronary occlusive myocardial infarction 
that should be understood by all clinicians.

• Although TTC is frequently clinically indistinguishable from 
acute left anterior descending coronary artery occlusion, 
it is readily differentiated with coronary angiography. The 
increasing frequency of acute angiography and 
revascularisation for patients with acute myocardial infarction 
has resulted in TTC being far more frequently diagnosed.

• Most common in postmenopausal women, TTC is frequently 
precipitated by physical or emotional stress, and after an 
acute phase during which the patient may be significantly 
haemodynamically compromised, there is rapid recovery 
and an excellent prognosis.

• After diagnosis the patient can be reassured and advised of 
the low rates of recurrence.

• Currently, no specific preventive therapy has been proven to 
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be effective.
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 o-tsubo cardiomyopathy (TTC) is a recently recognised

ndition that frequently mimics acute anterior ST-eleva-
n myocardial infarction. All practitioners treating acute

chest pain should be aware of TTC. The common form is
characterised by acute onset of chest pain, ST elevation in the chest
leads, and transient akinesis of the apex and distal half of the
anterior, inferior and lateral walls, with compensatory hyperkinesis

ed by severe
urs predomi-
nction recov-

that of acute
on and cannot
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angiography shows no coronary artery occlusion (or readily identifi-
able site of probable recent occlusion — a “culprit” lesion) and
shows a characteristic wall motion abnormality that cannot be
explained by occlusion of a single vessel (ie, involves multiple
vascular territories).1 As the wall motion abnormality fully recovers
within days to weeks, if angiography is not done early the character-
istic left ventricular wall motion abnormality may have resolved and
the diagnosis will be missed. This is probably the main reason why
the condition has not been widely recognised until recently — with
the shift to the use of percutaneous intervention for reperfusion in
acute myocardial infarction (rather than thrombolysis), early angio-
graphy is now routine in most cases of TTC.

First reported in the Japanese population in the early 1990s,3

the term “tako-tsubo cardiomyopathy” was used to describe this
clinical entity because the left ventricle in systole has the shape of a
tako-tsubo, a Japanese octopus-catching pot, with a round bottom
and a narrow neck (Box 1). It is also commonly known as transient
le f t  v ent ricula r apica l  ba l looning syndrome,  stres s
cardiomyopathy4 or broken heart syndrome. None of the names
are totally accurate, as more than a third of patients have a small
segment of apical sparing,5 and in half to two thirds, TTC is
precipitated by physical stress or no stressor is identified.6,7

Epidemiology

Although TTC was first recognised more than 15 years ago in Japan,
it was not recognised in the Western white population until earlier
this decade, and it was thought that its high prevalence in the
Japanese population may have been a result of unique genetic or
cultural factors. However, more recent reports from North America,
Australia, and Eastern Europe, including Asians, African Americans
and white people, show that the condition is common worldwide
and has been under-recognised.4,7 Indeed, the wide variability in
reported prevalence of TTC may simply be due to differences in
rates of very early angiography in acute myocardial infarction. We
recently reported a TTC rate of 2.6% in patients who presented with
ST-elevation acute myocardial infarction to our centre, where all
patients have immediate angiography.7 Similarly, a recent review of
the literature reported that TTC accounted for about 2% of all
patients presenting with chest pain and ST elevation.2

Most patients who present with TTC are postmenopausal
women,6 suggesting hormone-related and age-dependent patho-
physiology. However, the condition is not exclusively confined to
this demographic — there is a higher proportion of premenopau-
sal women among patients with TTC with apical sparing,7 and a
higher proportion of men among those with TTC precipitated by
physical stress.8

TTC is often referred to as stress cardiomyopathy because the
onset of symptoms is frequently preceded by a major stressor —
either physical or psychological (Box 2). However, this may be a
little misleading: 65%–80% of cases have an identifiable stressor
(of which around half are emotional and half physical), but 20%–
35% have no obvious precipitant.7

1 In tako-tsubo cardiomyopathy, the shape of the left 
ventricle in systole (A) is very similar to that of a 
tako-tsubo (a Japanese octopus-catching pot) (B)
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Clinical features
Chest pain is the most common presenting symp-
tom — up to 90% of patients with TTC report
chest pain as their primary complaint, although
some report only dyspnoea, palpitations, syncope
or nausea.4,6,9 As with acute myocardial infarc-
tion, features of high circulating adrenaline levels
(such as diaphoresis and peripheral shutdown)
are also common. In a small proportion (1%–
5%), there is significant haemodynamic compro-
mise requiring intra-aortic balloon counterpulsa-
tion and mechanical ventilation.6 Other
complications are rare; they include left ventricu-
lar thrombus formation,10 ventricular rupture11

and intractable arrhythmias.12 In-hospital mortal-
ity is < 1%.1

The patient’s electrocardiographic changes on
admission are often indistinguishable from those seen in acute
anterior myocardial infarction: ST-segment elevation, usually in
V3–V6, with evolving T-wave inversion, although ST elevation in
other leads and ST depression and T-wave inversion alone have
been reported. Some groups have tried to establish criteria to
discriminate anterior myocardial infarction from TTC. When the
ratio of ST elevation in leads V4–V6 to V1–V3 is > 1.0, this predicts
TTC, and the presence of reciprocal inferior ST depression predicts
anterior myocardial infarction.13 However, these are not suffi-
ciently accurate to allow confident avoidance of coronary angio-
graphy. Later in the course (after 3 days), widespread deep T-wave
inversion is often seen with significant QT prolongation, which is
not frequently seen after acute myocardial infarction.6 However,
these late electrocardiographic discriminators are not sufficiently
consistent to allow accurate diagnosis on the basis of electrocardio-
graphy alone and do not help to diagnose the patient before
angiography.14,15

Serial troponin and creatine kinase MB levels in TTC show only
a small rise in comparison to the wall motion abnormality seen;
this is an important difference from acute myocardial infarction. A
small proportion of patients will have no troponin rise at all, and
the absence of elevation does not exclude the diagnosis.7 In
addition, the cardiac biomarker levels do not appear to follow the
slow rise and fall kinetics seen with myocardial infarctions in
which a culprit lesion can be identified.

The diagnosis of TTC depends on coronary angiography. As well
as absence of a culprit lesion, there is the characteristic akinesis of
the distal half of the anterior and inferior walls and apex on left
ventricular angiography (Box 1), which cannot be explained by the
occlusion of a single vascular territory (ie, the left anterior
descending artery does not extend beyond the apex to supply the
distal half of the inferior wall). In the apical sparing variant, this
also cannot be explained on the basis of occlusion of a single
coronary vessel. The recently published Mayo Clinic criteria1 have
been fairly well accepted (Box 3).

Standard definitions of TTC usually include no significant
(< 50%) coronary stenosis by angiography. This prompts the
question: are women with significant coronary disease protected
from TTC? It is more likely that there is no protective effect of
coronary stenosis and this criterion is simply included to avoid any
confusion with acute myocardial infarction. However, given that
most patients with TTC are older, it is quite possible that many
with this syndrome may have incidental significant coronary

atherosclerosis but are not diagnosed on this
basis, leading to underestimation of its inci-
dence.

Treatment and prognosis
It is unusual for serious haemodynamic compro-
mise to persist beyond the time of initial diagno-
sis. This most frequently occurs when TTC has
been precipitated by the stress of another illness.
In this circumstance, particularly when the
patient requires inotropic support to maintain
adequate blood pressure, adrenergic inotropes
will only perpetuate the syndrome. In our experi-
ence, β-blockade in conjunction with non-adren-
ergic inotropes can prevent this vicious cycle and
allow the ventricle to recover (unpublished data).

Particular difficulty may occur when TTC manifests a severe left
ventricular outflow tract obstruction (LVOTO), especially when
accompanied by severe mitral regurgitation. In one reported case,
this required mitral valve replacement.16

The wall motion abnormality in TTC returns to normal in many
patients within days,17 and certainly within the first month. This
means that TTC patients who do not succumb to haemodynamic
compromise have an excellent prognosis with no long-term sequelae.
Unless at least echocardiography and preferably coronary angiogra-
phy are performed within the first 48 hours, the diagnosis may be
missed. This would leave the patient with a diagnosis of anterior
infarction, with far worse prognosis and resulting undue anxiety.

Recurrence rates are low, with estimates of 5%–10% from long-
term follow-up of small to moderate series.6,18 Although α- and β-
blocking drugs prevent the syndrome in the rat model,19 and β-
blockers prevent the wall motion abnormality when reproduced
by dobutamine stress testing in humans,20,21 there have never been
any trials for prevention of natural recurrence in the long term. If
TTC has been recurrent or the first event has been life-threatening,
it seems reasonable to use either β-blockers or combined α-, β-
blockade to prevent recurrence. In addition, it seems reasonable to
treat people who have significant left ventricular dysfunction with
angiotensin-converting enzyme (ACE) inhibitors and β-blockers
until ventricular function recovers.

2 Common physical, 
psychological and 
emotional stressors 
precipitating tako-tsubo 
cardiomyopathy

• Unexpected death in the family

• Gambling and financial losses

• Devastating medical diagnosis

• Car accidents

• Public speaking

• Earthquakes
• Acute physical trauma

• Robbery

• Major surgical procedures ◆

3 Mayo Clinic criteria1 for tako-tsubo cardiomyopathy

• Transient, reversible akinesis or dyskinesis of the left ventricular 
apical and mid-ventricular segments with regional wall motion 
abnormalities extending beyond a single vascular territory on left 
ventriculography.

• Absence of obstructive coronary artery stenosis > 50% of the 
luminal diameter or angiographic evidence of acute plaque 
rupture.

• New electrocardiographic abnormalities consisting of ST-segment 
elevation or T-wave inversion.

• Absence of:

recent head trauma
intracranial bleeding
phaeochromocytoma
obstructive epicardial coronary artery disease
myocarditis
hypertrophic cardiomyopathy. ◆
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Pathophysiology

Currently, the precise mechanisms of TTC are unknown. However,
the evidence available points to catecholamine-mediated mecha-
nisms with likely mediation via cardiac sympathetic nerves. As
knowledge of the precise mechanisms improves, more precise
diagnostic criteria may be defined.

TTC occurs at a time of surging catecholamine levels, which can
be precipitated by emotional or physical stress or occur without an
identifiable precipitant. Catecholamine levels are characteristically
far higher than in matched patients with acute anterior myocardial
infarction and similar degrees of left ventricular dysfunction and
heart failure.22 On myocardial biopsy, the histological appearances
are very similar to contraction band necrosis seen in phaeochro-
mocytoma.22 In a rodent model, TTC can be prevented with α- or
β-blockade.19 The more dense distribution of adrenoceptors at the
apex might explain why the apex is affected while the base is
spared.19 In addition, oestrogen downregulates cardiac adrenocep-
tors and attenuates their response to activation, providing a
plausible reason why the condition is largely confined to
postmenopausal women.23

Although there is no dispute that the syndrome is due to a
sudden surge in catecholamines, there is considerable controversy
as to how this results in the reversible wall motion abnormality.
The first and most popular theory attributes the reversible left
ventricular dysfunction to microvascular spasm.24 This hypothesis
has been supported by observations of increased Thrombolysis In
Myocardial Infarction (TIMI) frame counts (ie, slower blood flow)
on immediate angiography,25 but this theory does not explain the
localisation of the wall motion defect to the distal half of the
ventricle, nor why there is apical sparing in some patients. The
observation that the transient left ventricular dysfunction is repro-
ducible with dobutamine infusion also does not fit with microvas-
cular spasm as the cause, because dobutamine has only
vasodilatory effects.

More recently, it has been proposed that transient severe LVOTO
may underlie TTC.26 LVOTO produces ischaemia by markedly
increasing oxygen demand and by reducing blood flow by
increased wall stress. With severe LVOTO with a concomitant
massive catecholamine surge, it is feasible to see myocardial
stunning despite normal blood flow. This would be a neat
explanation of why the wall motion defect is confined to the distal
half of the ventricle, but cannot explain those patients with apical
sparing. In addition, older women frequently have sigmoid septum
due to unfolding of the aorta, providing an appropriate age- and
sex-based predisposition to catecholamine-induced LVOTO.
Although a significant gradient develops in some patients and can
be reliably reproduced by dobutamine infusion, a gradient was
present in only a small proportion of patients at cardiac catheteri-
sation in the largest series reported.6 It is possible that the
obstruction is only very transient and has been alleviated by the
time of catheterisation. However, some patients have the wall
motion abnormality reproduced by dobutamine infusion without
any outflow tract gradient.21 It is likely that LVOTO plays a role in
exacerbating the syndrome, but does not fully explain it.

Lastly, there is some evidence that TTC may be neurally
mediated. Similar transient wall motion abnormalities are seen
frequently in patients with subarachnoid haemorrhage, in whom
the wall motion abnormality is thought to be due to neurally
mediated localised microvascular ischaemia. Histopathological fea-
tures of the myocardium are very similar, with contraction band

necrosis,27 and can be prevented by cardiac sympathectomy.28

Interestingly, apical sparing has also been noted in patients with
subarachnoid haemorrhage, and this is associated with an aneu-
rysm in the anterior half of the circle of Willis, although not
universally so.29 In this location, aneurysms usually overlie the
amygdala and right insular cortex, both of which control sympa-
thetic outflow to the heart providing a mechanistic means to
explain the anatomopathological association.29 In support of this
hypothesis metaiodobenzylguanidine scanning in the acute phase
shows absence of uptake in the affected area.30

Summary

Tako-tsubo cardiomyopathy is an important differential diagnosis
of acute anterior myocardial infarction that is becoming increas-
ingly better recognised and accounts for around 2%–3% of
patients presenting with the clinical features of acute myocardial
infarction. Despite significant haemodynamic compromise in a
large proportion of patients, the condition has an excellent
prognosis and should be actively discriminated from myocardial
infarction, which has a significantly worse prognosis, by early
coronary angiography. There is no specific treatment for TTC,
although prospective trials of long-term adrenergic receptor block-
ade for prevention of recurrence may provide evidence to support
its use as a long-term management strategy.
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