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Takotsubo cardiomyopathy

How can an earthquake cause cardiogenic shock? Can a bereft lover really die from a broken heart? Takotsubo
cardiomyopathy is an intriguing reversible condition which still mystifies and excites the layman and physician
alike. This article explores the clinical essentials for recognizing and managing this group of complex patients.

nized, but still underdiagnosed, cause of reversible

acute cardiomyopathy. Takotsubo cardiomyopathy
was first described in Japan, and named takotsubo after
the left ventricle’s resemblance to the Japanese fisherman’s
octopus trap at ventriculography (Sato et al, 1990). Also
known as stress cardiomyopathy or ‘broken heart syn-
drome’, it is a clinical syndrome mimicking acute ST

Takotsubo cardiomyopathy is an increasingly recog-

elevation myocardial infarction, but in the absence of
causative obstructive coronary artery disease. Takotsubo
cardiomyopathy is usually triggered by an event causing

Table 1. Modified Mayo dlinic and Gothenburg criteria for

diagnosis of takotsubo cardiomyopathy

Gothenburg criteria:
all three required for diagnosis

Modified Mayo dlinic criteria:
all four required for diagnosis

1 Transient hypokinesis, akinesis or
dyskinesis in the left and/or right
ventricular segments and
frequently, but not always,

a stressful trigger (psychological
or physical)

A Transient hypokinesis, akinesis or dyskinesis
in the left and/or right 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

The absence of other pathological
conditions (e.g. ischaemia,
myocarditis, foxic damage,
tachycardia) that may more
credibly explain the regional
dysfunction

B The absence of obstructive coronary 2
disease or angiographic evidence of acute
plaque rupture

No elevation or modest elevation
in cardiac troponin (i.e. disparity
between the troponin level and
the amount of the dysfunctional
myocardium present)

D The absence of phaeochromocytoma and myocarditis
See Prasad et al (2008); Omerovic (2011)

C New electrocardiogram abnormalities (ST 3
segment elevation and/or T wave inversion)
or modest elevation in cardiac troponin
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marked sympathetic surge with catecholamine release
that induces a characteristic pattern of left ventricular
wall motion abnormalities with systolic dysfunction.
These changes typically resolve completely, at least mac-
roscopically, in a period of days to weeks, depending on
the severity of the acute abnormalities. The American
Heart Association has classified takotsubo cardiomyopa-
thy as a primary acquired cardiomyopathy (Maron et al,
2006), and diagnostic criteria have been proposed by
both the Mayo Clinic (Prasad et al, 2008) and a Swedish
group (Omerovic, 2011), although neither are universally
accepted (Table 1).

Epidemiology

The incidence of takotsubo cardiomyopathy is almost
certainly underestimated, but with increasing awareness
and more widespread access to eatly coronary angio-
graphy it is now recognized more frequently. Several
series in Asian and western, predominantly Caucasian,
populations suggest around 1-2% of patients with sus-
pected acute coronary syndrome are eventually diagnosed
with takotsubo cardiomyopathy (Gianni et al, 2006;
Kurowski et al, 2007). In the UK this equates to approx-
imately 3000 cases per annum. The distribution is
skewed such that postmenopausal women account for
70-90% of reported cases (Deshmukh et al, 2012;
Schultz et al, 2012). Unlike acute coronary syndrome
and other atherosclerosis-related conditions, presentation
is more common in the summer months (Citro et al,
2009), and lacks the early morning peak associated with
plaque rupture events (Sharkey et al, 2012).

Clinical presentation

The initial presentation of takotsubo cardiomyopathy
resembles that of acute coronary syndrome, most com-
monly with acute chest pain (67.8%) and/or dyspnoea
(17.8%), and sometimes with ventricular arrhythmia or
cardiogenic shock (1.5% and 4.2% respectively).
Typically there is a history of a recent emotional event
(26.8%, e.g. bereavement, major argument, gambling
losses), physical stress (37.8%, e.g. exhausting work,
asthma attack, neuromuscular crisis), or a combination
(e.g. suicide attempt), although in a significant minority
no preceding stressor can be identified (34.3%; Gianni et
al, 2006). Iatrogenic causes are also recognized, including
induction of general anaesthetic, adrenaline administra-
tion and dobutamine stress echocardiography (Abraham
et al, 2009). From a medicolegal perspective, there is
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suspicion that physical restraint or electrical stunning
(e.g. Taser weapons) might also trigger the condition
(Cevik et al, 2009; Otahbachi et al, 2010).

In the emergency department, suspicion could be
raised by description of symptoms typical for acute coro-
nary syndrome in the context of a precipitating stressful
event, particularly in postmenopausal women. Clinically,
patients show signs of sympathetic overdrive with pro-
found sweatiness, hypertension and anxiety.

Investigations

The different modalities of investigation are targeted
towards rapid and precise distinction of takotsubo cardio-
myopathy from ST elevation myocardial infarction, and
subsequent determination of severity.

Electrocardiogram
The electrocardiogram is invariably abnormal in the ST
and T wave segments.

ST segment elevation is present in 80% of cases which
appears early in the presentation and is greatest in the
precordial leads (Gianni et al, 2006). This then resolves
leaving a negative T wave pattern that deepens progres-
sively over the first few days (Kurisu et al, 2004). The
changes are widespread, involving multiple coronary artery
territories, and raising suspicion of myo- or pericarditis.

There is transient QT¢ prolongation which resolves to
normal during the recovery phase. This is often very pro-
nounced (>500ms), which would rarely be seen in ST
elevation myocardial infarction resulting from coronary
occlusion, and increases the risk for arrhythmias (in par-
ticular torsades de pointes). The QTc can return quickly
to normal (Kurisu et al, 2004), and this emphasizes the
need for early imaging to identify the structural abnor-
malities before they resolve, in turn avoiding mistaken
diagnosis of inherited long QT syndrome and unneces-
sary therapy such as defibrillator implantation.

Differences between the electrocardiogram patterns
seen in takotsubo cardiomyopathy and ST elevation
myocardial infarction have been proposed as a tool for
early triage, with the presence of ST segment depression
in lead aVR alongside absence of ST segment elevation in
lead V1 identifying takotsubo cardiomyopathy with 91%
sensitivity and 96% specificity in one series of Asian
patients (Kosuge et al, 2010), although this has not been
replicated in Caucasian populations. In practice this
would not preclude the need for cardiac catheterization
in the context of acute chest pain with new ST segment
elevation.

Cardiac catheterization

Most takotsubo cardiomyopathy patients will have urgent
coronary angiography to exclude ST elevation myocardial
infarction. In takotsubo cardiomyopathy the epicardial
coronary arteries are typically normal, although bystand-
er atherosclerotic coronary artery disease can be present.
This is incidental to the index presentation and insuffi-
cient to cause the degree or pattern of left ventricular
dysfunction. In one cohort of Japanese patients with
takotsubo cardiomyopathy, 10% had coronary artery
disease judged incidental to the primary diagnosis of
takotsubo cardiomyopathy (Kurisu et al, 2009). Even in
the presence of coronary artery atherosclerosis, intra-
vascular ultrasound has demonstrated that plaque rup-
ture or intracoronary thrombosis is not seen (Haghi et al,
2010). Once causative coronary occlusion has been
excluded, ventriculography should be performed (unless
contraindicated), and in takotsubo cardiomyopathy will
often be diagnostic (Figure I).

The typical pattern of wall motion abnormality is the
apical and mid-wall hypokinesis that earned takotsubo
cardiomyopathy its original description. Atypical variants
may occur (see below). After diagnostic cardiac catheteri-
zation, early access to high quality cardiac imaging is

Figure 1. A 58-year-old woman presented to hospital with chest pain, dyspnoea and vomiting after being bullied at work. Her electrocardiogram showed
widespread ST segment elevation. She underwent urgent cardiac catheterization which showed normal coronary arteries. a. Her ventriculogram showed marked
hypokinesis at the apex, strongly suggestive of takotsubo cardiomyopathy. The diagnosis was confirmed on cardiac magnetic resonance imaging the same day.
The absence of late gadolinium enhancement completely excluded myocardial infarction. Pictured here are four-chamber views at (b) end-diastole and (c) end-

systole showing shortening and thickening of basal segments of the left ventricle, but severe hypokinesis at the apex.
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essential, in particular echocardiography and, where
available, cardiovascular magnetic resonance imaging.

Echocardiography

Echocardiography is readily available and aids diagnos-
tic confirmation. Markedly reduced left ventricular
systolic function is the most prominent feature, along-
side the characteristic pattern of wall motion abnormal-
ity, with the left ventricular apex typically akinetic or
markedly hypokinetic, and corresponding hypercon-
tractility of the base. However, patients in the acute
phase can have normal or near normal stroke volume
with preserved cardiac output (Schultz et al, 2012).
Assessment for left ventricular outflow tract obstruction
is important in the presence of hypotension as this has
important implications for further management.
Contrast echocardiography may be helpful to exclude
thrombosis in the akinetic left ventricular apex.

Cardiovascular magnetic resonance

Acute cardiovascular magnetic resonance imaging in

takotsubo cardiomyopathy patients demonstrates four

principal abnormalities (Eitel et al, 2011):

1. There is left ventricular hypokinesis with varying
degrees of left ventricular dysfunction (Figure I).
One cardiovascular magnetic resonance series report-
ed the classic pattern of apical hypokinesis in 82% of
cases, with atypical midventricular (17%) and basal
(1%) patterns (each with apical sparing) less fre-
quently seen. Biventricular involvement (34%) may
occur, and tends to be associated with more severe
disease.

2. After infusion of the contrast agent gadolinium, the
early phase scan will delineate left ventricular apical
thrombus if present.

3. The delayed phase scan will demonstrate absence of
the intense subendocardial to transmural pattern of
late gadolinium enhancement that is typical of myo-
cardial infarction. Patchy late gadolinium enhance-
ment during the acute phase has been reported but is
absent at follow up (Naruse et al, 2012). In a subgroup
of patients a pattern of small, transmural late gadolin-
ium enhancement persists, and is observed in the
ventricular apex at follow up. In the absence of coro-
nary atherosclerosis, and with the original hypokinesis
during the acute phase involving a much wider vol-
ume of myocardium, this is not a conventional myo-
cardial infarction. This may reflect pressure-induced
ischaemia and myocardial necrosis caused by the
extremely high intraventricular pressures which can be
generated during acute stress, with the thin-walled
apex most susceptible, although postmortem histo-
logical confirmation of this late gadolinium enhance-
ment pattern is lacking.

4. Finally, T2-weighted studies can show increased
regional water content, probably as a result of myocar-
dial inflammation, typically collocated with the areas

of left ventricular dysfunction, although this is less
specific for takotsubo cardiomyopathy. In most cases
all these abnormalities will have resolved at follow-up
scanning at 2 months.
In those patients with suspected ST elevation myocar-
dial infarction but normal coronaries, cardiovascular
magnetic resonance’s ability to show characteristics of
the myocardial tissues provides an excellent technique
for further assessment and differentiation of takotsubo
cardiomyopathy from other acute heart failure syn-
dromes such as acute myocarditis (Monney et al, 2011).
In addition its ability to reliably exclude myocardial
infarction, through analysis of distribution of wall
motion abnormalities as well as with late gadolinium
enhancement, has important implications for the indi-
vidual patients and the health economy in removing the
need for long-term secondary prevention of atheroscle-
rosis. Its weakness is limited availability outside large
centres, and a time lapse from presentation to scanning
may allow some abnormalities to resolve before being
fully appreciated.

Biomarkers

Serum assays of cardiac troponins, myoglobin, creatine
kinase-MB (CK-MB), natriuretic peptides (BNP and
NT-proBNP) can be, and usually are, all elevated in tako-
tsubo cardiomyopathy, but none is sufficiently specific
for diagnostic purposes. In most cases, a patient with
takotsubo cardiomyopathy will have a dramatically ele-
vated BNP alongside a marginally elevated troponin,
reverse to the biomarker profile typically observed in ST
elevation myocardial infarction (Madhavan et al, 2009).
Ratios of different biomarkers at presentation could help
differentiate takotsubo cardiomyopathy from ST eleva-
tion myocardial infarction (Frohlich et al, 2012), although
this needs to be further validated. For prognostication,
marked or persistent elevation in NT-proBNP or BNP
levels carries worse prognosis and correlates with the
extent of catecholamine release, and severity of left ven-
tricular dysfunction (Nguyen et al, 2011).

Acute cardiac complications

Takotsubo cardiomyopathy patients are a heterogenous
group, and as such there is a spectrum of disease severity
in takotsubo cardiomyopathy. Mild cases may exhibit
only a minimal degree of left ventricular dysfunction and
resolve quickly, while more severe cases presenting with
cardiogenic shock make a more protracted recovery. In
this latter group there are several factors contributing to
the abrupt loss of cardiac output. The akinesis of the left
ventricular apex causes an acute left ventricular systolic
impairment, which results in marked reduction of ven-
tricular ejection. With this, the hyperdynamic contrac-
tion in the base of the left ventricle may cause acute left
ventricular outflow tract obstruction, sometimes associ-
ated with systolic anterior motion of the mitral valve and
acute mitral regurgitation that may exacerbate the haemo-
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dynamic abnormality and pulmonary congestion
(Villareal et al, 2001; Fefer et al, 2009). These factors
together can cause a severe acute pump failure and the
clinical cardiogenic shock.

Other problems include complete atrioventricular
block, which may require temporary pacing, but will
usually resolve quickly in parallel to the functional
recovery (Chadha et al, 2012); cardiac rupture, usually
fatal without urgent surgery, which is more common in
older hypertensive females (Kumar et al, 2011); and
torsades de pointes or other ventricular tachyarrhyth-
mias. Importantly, the apical wall motion abnormality
predisposes to formation of thrombus within the left
ventricular cavity (2% of cases in one cardiovascular
magnetic resonance study; Eitel et al, 2011), and sys-
temic embolic events (3%; Schultz et al, 2012) can be
encountered.

Management

The central tenet of takotsubo cardiomyopathy is that
ultimately the myocardial function will return to normal,
and so the priority lies with aggressive supportive care to
sustain life and minimize complications until full recov-
ery is achieved. In mild cases, no treatment or a short
course of medical therapy may be sufficient; in severe
cases, consideration of mechanical support as a ‘bridge to
recovery’ may be necessary. Takotsubo cardiomyopathy is
a recently recognized entity and so there is still little evi-
dence on which to base management rationale. This dis-
cussion is based on available evidence, current consensus,
and the viewpoint of the authors.

Diagnosis and initial management

In the initial phase, standard protocols for management
of ST elevation myocardial infarction should be followed
until this has been excluded with cardiac catheterization
confirming no culprit coronary lesions (Figure 2).
Ventriculography at the time of coronary angiography is
essential and often diagnostic in takotsubo cardiomyopa-
thy, and an early complete echocardiogram will demon-
strate the left ventricular dysfunction and characteristic
pattern of wall motion abnormality (Figure I). In some
patients left ventricular function may normalize within
2-3hours (authors’ unpublished observations) which
strengthens the need for the early assessment of left ven-
tricular function.

Patients should be admitted to an acute cardiac or
medical unit with continuous cardiac electrocardiogram
monitoring given the acute risk of arrhythmias, particu-
larly in the setting of significantly prolonged QTc inter-
val. The authors would advise that monitoring continues
until the QTc interval has returned to a level considered
low risk for sudden cardiac death. Non-invasive moni-
toring of haemodynamic parameters such as cardiac
output, stroke volume and peripheral vascular resistance,
for example with impedance electrocardiography, may
be helpful in continuous assessment of the patient’s sta-

bility, and for evaluation of the haemodynamic conse-
quences of pharmacological treatment. Contrast echocar-
diography and cardiovascular magnetic resonance in the
early phase post-gadolinium will exclude left ventricular
thrombus, and the late post-gadolinium phase will pro-
vide further evidence to exclude myocardial infarction.
Once excluded, antiplatelet and anticholesterol drugs
can be reviewed for discontinuation. Systemic anticoag-
ulation should be initiated if left ventricular thrombus is
confirmed.

Mild cases

Mild cases with rapid symptomatic improvement may
deserve no therapy and early discharge. Patients with
persistent symptoms and left ventricular dysfunction
often warrant conventional heart failure therapy with
graded introduction of angiotensin-converting enzyme
inhibitors and beta-blockers licensed for heart failure.
However, there is evidence that some takotsubo cardio-
myopathy patients can have altered peripheral sympa-
thetic nerve activity associated with low peripheral vascu-
lar resistance, and if peripheral vascular resistance is
demonstrated to be significantly reduced then angio-
tensin-converting enzyme inhibitors may be withheld.
There is no clinical evidence for superiority of one spe-
cific drug over another, although studies in a novel ani-
mal model in the authors laboratory have suggested
carvedilol may have a beneficial effect above other beta-
blockers (Paur et al, 2012). Beta-blockers may also reduce
the risk of cardiac rupture (Kumar et al, 2011).

Figure 2. Diagnostic management algorithm for patients with suspected takotsubo

cardiomyopathy.

| Suspicion of acute ST elevation myocardial infarction

Y

| Urgent cardiac catheterization

Y Y

| Acute coronary occlusion | |

No obstructive lesions |

Y A

Percutaneous coronary intervention

| Proceed to left ventriculography |

if appropriate

S

| Takotsubo cardiomyopathy |

No diagnostic pattern |

N

| Other pathology (e.g. myocarditis) |<—

Revisit precipitants and risk
factors, review cardiac enzymes
and electrocardiogram, further

imaging to include echo and cardiac
magnefic resonance
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Severe cases with cardiogenic shock

Takotsubo cardiomyopathy with severe haemodynamic
instability provides unique challenges. Urgent echocar-
diographic assessment is essential both to establish the
degree of left ventricular systolic impairment and cru-
cially to define the presence or absence of dynamic left
ventricular outflow tract obstruction (which may have
already been identified at cardiac catheterization by pull-
back across the aortic valve). If left ventricular outflow
tract obstruction is identified, beta-blockers should be
cautiously introduced to prolong diastolic filling time
and increase in left ventricular end-diastolic volume,
reducing the left ventricular outflow tract gradient and
improving cardiac output (Fefer et al, 2009), and electri-
cal pacing of the right ventricular apex could be consid-
ered. In this situation, and in cases where the low cardiac
output is associated with low peripheral vascular resist-
ance, afterload reduction with intravenous nitrates and
angiotensin-converting enzyme inhibitors can be detri-
mental and should be avoided (Figure 3).

Intra-aortic balloon counterpulsation has haemo-
dynamic benefit largely through afterload reduction in
the systolic phase and improved coronary perfusion in
the diastolic phase. Theoretically it avoids complications
of positive inotropy such as increased myocardial oxygen
demand, although absolute benefit in patients with nor-
mal coronary arteries will be less than for those patients
with cardiogenic shock in the context of myocardial inf-

Figure 3. Management algorithm for patients with confirmed takotsubo cardiomyopathy
complicated by cardiogenic shock.

Takotsubo cardiomyopathy with cardiogenic shock |

Y

Continuous haemodynamic monitoring |

A \

Urgent echocardiography to assess for left ventricular outflow tract obstruction |

Y

\d
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Absent |
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Cautious heta blockade
and consider right
ical pacing v

ventricle a

Low peripheral ngl; perlp!l :rul
vascular resistance Vascular resistance

Intravenous nitrates
and consider infra-aorfic
halloon counterpulsation

v v

Levosimendan |

'

Persistent cardiogenic shock: consider mechanical circulatory support, e.g. left
ventricular assist device or veno-arterial extracorporeal membrane oxygenation

arction. Patient selection is critical if considering intra-
aortic balloon counterpulsation, especially in light of
recent neutral data from the TABP-SHOCK II trial
(Thiele et al, 2012), and given the theoretical risk (never
described clinically in takotsubo cardiomyopathy) that
intra-aortic balloon counterpulsation and afterload
reduction could worsen dynamic left ventricular outflow
tract obstruction.

The decision to use sympathomimetic drugs for posi-
tive inotropy is challenging and counterintuitive in tako-
tsubo cardiomyopathy. Given its aetiology, further activa-
tion of catecholamine receptors or their downstream
molecular pathways might worsen the left ventricular
dysfunction. In addition dobutamine infusion may
worsen dynamic left ventricular outflow tract obstruc-
tion, and many cases of dobutamine-induced takotsubo
cardiomyopathy have been described during stress proto-
cols (e.g. Abraham et al, 2009). In contrast, levosimendan
is a positive inotrope that acts to sensitize cardiac myo-
filaments to calcium and, in an animal model of tako-
tsubo cardiomyopathy, levosimendan was shown to be
effective rescue from cardiogenic shock (Paur et al, 2012).
Although further studies are necessary to define its role,
levosimendan is the authors’ recommendation for ino-
tropic drug therapy in takotsubo cardiomyopathy with
cardiogenic shock. However, given its limited availability,
medical practitioners may be forced to resort to alterna-
tives (e.g. noradrenaline) as the only available inotrope
until transfer to a tertiary centre.

In patients with refractory cardiogenic shock and dete-
riorating multiorgan failure, it is appropriate to consider
early referral for veno-arterial extracorporeal membrane
oxygenation or for implantation of a left or biventricular
assist device as a ‘bridge to recovery’, given the ventricular
function of these patients has an excellent chance of full
recovery (Redfors et al, 2012; Figure 3).

In the recovery phase, it is appropriate to introduce
standard heart failure therapy as haemodynamics allow
including angiotensin-converting enzyme inhibitors,
beta-blockers and potentially an aldosterone receptor
antagonist.

Other considerations

Takotsubo cardiomyopathy can be the herald for an
underlying medical condition such as phaeochromocy-
toma or intracranial pathologies, and consideration
should be given to appropriate screening especially if the
patient is young, male or has an atypical pattern of wall
motion abnormality (Cesaretti et al, 2010). Complete
explanation of the diagnosis to the patient and appropri-
ate communication with GP is essential. Patients must be
aware that they have not suffered a ‘heart attack’ and their
GP must be clear that — in the absence of comorbidities
that would mandate it — there is no evidence to support
long-term secondary prevention therapies started during
an acute coronary syndrome protocol to target athero-
sclerosis.
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PI'Og“OSiS and outcome

Takotsubo cardiomyopathy is an acute, reversible process
and in the majority of cases the prognosis is excellent.
Left ventricular systolic function on serial echocardiogra-
phy improves over days to weeks, with one study showing
resolution of mean ejection fraction from 20% to 60%
by follow up at mean of 21 days (Wittstein et al, 2005).
A proportion of patients will have ongoing episodic chest
pain (possibly up to 30%), and some will have a formal
recurrence of takotsubo cardiomyopathy with varying
frequency reported from 3.5 to 10% (Gianni et al, 2006;
Elesber et al, 2007).

However, for a significant minority of patients the
outcomes are less favourable. There is an in-hospital mor-
tality of 0.5-1% and 30-day mortality of 5% associated
with sudden cardiac death or cardiogenic shock and
multi-organ failure (Schultz et al, 2012). Moreover the
potential of takotsubo cardiomyopathy to explain a
cohort of stress-induced sudden cardiac death before
hospitalization remains to be determined.

Takotsubo cardiomyopathy aetiology:
recent research advances

Catecholamine surge is the aetiological cornerstone in
takotsubo cardiomyopathy, with serum levels at presenta-
tion significantly elevated compared both to resting levels
in the same patient and to levels in comparable patients
with acute ischaemic heart failure (Wittstein et al, 2005).
Moreover, iatrogenic takotsubo cardiomyopathy has been
described after administration of sympathomimetics, for
example in stress echocardiography (Abraham et al,
2009). The half-life of catecholamines is short such that
serum levels will have halved several times over before
initial assessment, in turn causing underestimation of the
peak catecholamine levels to which the myocardium and
vasculature are exposed.

Linking this catecholamine surge to the observed myo-
cardial dysfunction has remained an enigma for several
decades. The resemblance to ST elevation myocardial
infarction directs the clinician towards the coronary
arteries, but the pattern of myocardial dysfunction
requires multiple coronary vessels to be implicated simul-

taneously. One proposal to receive significant attention is
the concept of ‘aborted myocardial infarction’, with
plaque rupture and formation of a thrombus which sub-
sequently dissipates leaving an acute myocardial stunning
that subsequently resolves. Indeed abnormal left anterior
descending artery anatomy could be present, such that
the acutely occluded vessel supplies an unusually large
area of the left ventricular anterior wall and apex (so-
called ‘wrap-around’ left anterior descending) accounting
for the large distribution, and a previous case report with
intravascular ultrasound had identified acute plaque rup-
ture in this context (Ibanez et al, 2005).

However, a study using intravascular ultrasound has
not corroborated these results (Haghi et al, 2010), and a
retrospective analysis of coronary anatomy in a cohort of
patients with takotsubo cardiomyopathy showed no
increased frequency of wrap-around left anterior descend-
ing anatomy (Hoyt et al, 2010). These studies are sup-
ported by a further prospective study (Delgado et al,
2011), largely dismissing aborted ST elevation myocar-
dial infarction as a mechanism. Other proposals include
direct effects of catecholamines to cause multivessel coro-
nary artery spasm, myocardial microcirculatory dysfunc-
tion or myocyte dysfunction, but none of these can
account for the regional abnormalities or address the
conundrum of catecholamines exerting a profound nega-
tive inotropic effect in this condition.

The authors’ hypothesis centres on the negative ino-
tropic effect of high dose adrenaline on the left ventricu-
lar myocardium, and does account for these factors (Lyon
et al, 2008; Figure 4). Studies in transgenic mice overex-
pressing the B2 adrenoceptor in ventricular cardiomyo-
cytes have previously demonstrated differential response
to low and high adrenaline concentrations. Physiological
B2 stimulation causes G-mediated positive inotropy, but
intense ‘supraphysiological’ stimulation alters the down-
stream effect to a G;-mediated negative inotropy by a
reversible process known as stimulus trafficking. This is
specific to adrenaline, as noradrenaline does not activate
this pathway.

A greater density of B2 adrenoceptors at the apex com-
pared to the base accounts for the regional variation in

Figure 4. Schematic diagram showing the pathophysiology of takotsubo cardiomyopathy.
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response, as adrenaline is released systemically from the
adrenal glands into the circulation. Using a rodent model
this hypothesis was confirmed, demonstrating acute api-
cal and midventricular dysfunction in a ‘takotsubo-like’
pattern initiated by rapid high-dose intravenous adrena-
line bolus, but not by noradrenaline (Paur et al, 2012).
This acute adrenaline-dependent apical dysfunction was
inhibited by prior treatment with a G; inhibitor, confirm-
ing a G;-dependent mechanism.

Replicating features on isolated cardiomyocytes in
vitro, it has been demonstrated that acute adrenaline-
mediated negative inotropy was P2-G; dependent,
resulting from stimulus trafficking of the 2 adrenocep-
tor from the normal ‘stimulatory’ G, to the ‘inhibitory’
G; pathway. Apical cardiomyocytes are more sensitive to
catecholamines than basal cardiomyocytes isolated from
the same ventricle, because it has a higher density of
B-adrenoceptors (Paur et al, 2012). Thus this hypothe-
sis suggests that, at the catecholamine levels seen in
takotsubo cardiomyopathy, there is a B2-mediated nega-
tive inotropic effect, more pronounced at the apex, and
completely reversible on removal of the catecholamine
stimulus.

2-G; signalling, while negatively inotropic, is cardio-
protective and activates anti-apoptotic pathways. The
authors believe this may form a physiological negative
feedback loop to dampen the cardiotoxic effects of acute
stress and high catecholamines, and may contribute to
explain the fully recovery and good long-term prognosis
observed in most individuals with takotsubo cardiomy-
opathy. In addition, oestrogens have direct effects on
expression of adrenoceptor proteins in the ventricular
myocardium that may account for the female preponder-
ance. For further discussion, refer to Lyon et al (2008)
and Paur et al (2012).

Conclusions

Takotsubo cardiomyopathy is a unique and intriguing
syndrome that still frequently eludes diagnosis. Our
understanding of takotsubo cardiomyopathy has

increased exponentially over the past decade, with much

shock.

B Takotsubo cardiomyopathy is an acute, reversible process most often seen in
postmenopausal women and triggered by a sudden catecholamine surge from an
emotional or physical stress.

W The presentation is suggesfive of acute ST elevation myocardial infarction, but at
cardiac catheterization the coronary arteries are normal, and ventriculography
shows a left ventricle resembling a Japanese octopus trap, or takotsubo.

W There is a spectrum of disease from mild chest pain to refractory cardiogenic

B Management is aimed at supporting the haemodynamics until the abnormalifies
have resolved, using mechanical circulatory support if necessary.

W Prognosis is excellent and the majority of patients make a complete recovery.

KEY POINTS

greater clarity in approach to its diagnosis and best man-
agement. Uldmately, however, there remains only a par-
tial awareness of the true incidence of takotsubo cardio-
myopathy in the emergency department, on the general
medical take or in the catheter laboratory, and sparse
clinical evidence for how to manage these patients.
Coordinated epidemiological and pathophysiological
studies will improve recognition, shed light on its mecha-
nisms, and validate the theoretical and animal models
that form the basis of practice today. The authors’
research group would be interested to review any con-
firmed or suspected cases of takotsubo cardiomyopathy,
and be delighted to offer management advice regarding
patients with this challenging condition. BjHM
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