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Editorial

Alexander R. Lyon, MA, BM, BCh, MRCP, PhD
Roberto Ferrari, MD, PhD
Kim Fox, MD, FRCP

TAKOTSUBO CARDIOMYOPATHY:
WHAT IS ALL THE STRESS ABOUT?

or many centuries it has been recognized that emotional or physical stress

can elicit cardiac symptoms including chest pain, dyspnea, palpitations, and

syncope. In the last 60 to 75 years, the focus of clinical cardiology has been

predominantly upon coronary artery disease as the most common cause of
stress-induced cardiac chest pain and breathlessness, indeed with the development
of an array of cardiac “stress” tests with the aim of identifying or excluding coronary
artery disease. In parallel, over the last 30 years, the direct biological effects of cate-
cholamines on the ventricular myocardium have been studied intensely, with detailed
understanding of receptor, secondary messenger, and intracellular molecular biology
underlying the inotropic and arrhythmogenic responses to catecholamines. This knowl-
edge has demonstrated that high levels of epinephrine and norepinephrine can trigger
distinct functional changes in myocardial function specific to adrenergic receptor
subtypes and secondary messenger pathways activated.

This detailed knowledge of myocardial biology and catecholamine responses from
laboratory studies has become clinically relevant since the first description of Takotsubo
cardiomyopathy by Sato and colleagues from Hiroshima in 1990. Following their first
report, there has been a growing avalanche of published case reports, small series,
larger cohorts, and now national and international registries on this acute heart failure
syndrome with characteristic phenotypic appearances. Having once been considered
a rare condition with an unusual name, it is now rare to speak to a cardiologist working
in acute cardiac care who has not seen a Takotsubo case in the previous year. While
not as common as coronary disease, stress-induced heart failure in the absence of
acute plaque rupture is becoming increasingly recognized. Published cohorts from
many different countries and geographical regions have consistently suggested that
approximately 1% to 2% of all individuals presenting with symptoms consistent of an
acute coronary syndrome ultimately have Takotsubo cardiomyopathy or a related stress-
induced cardiomyopathy syndrome. This has been supported with the report at the
recent American College of Cardiology meeting in March 2014 of more than 21 000
cases of Takotsubo cardiomyopathy admitted to Medicare hospitals in the USA in 2011,

Copyright © 2014, AICH - Servier Research Group. All rights reserved 71 www.dialogues-cvm.org
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0 =5

H (tako) means octopus, the left-hand side
of the character (H) is the “insect/worm/
snake/reptile/shellfish radical”; (H) is origi-
nally composed of 7]\ “small” and A “flesh,”

so the character could be sourced to mean-
ing: “small fleshy, reptile-like animal.”

Z= (tsubo) means “pot,” and may be com-
bined, for example, with the character “tea”
2 to form the word tea-urn in Japanese or
teapot in Chinese (3£3%). Its lower, hollow
cross-shaped part (5E) represents the
bulging section of a pot, the upper part ()
represents the lid.

Figure 1. Earthenware octopus trap (Takotsubo), used in Miyazu, Kyoto prefecture, Japan, 20th century, gift of
Minoru Adachi. Height 9 inches, diameter 6.50 inches. © Morikami Museum & Japanese Gardens, Delray Beach, FL USA
(www.morikami.org).

when identified from ICD-10 discharge coding. While this report requires appropriate
peer review and analysis, it is highly suggestive that Takotsubo cardiomyopathy is
significantly more common than previously thought. This study also highlighted the
impact of severe unexpected environmental disasters to trigger mini-epidemics of
Takotsubo cardiomyopathy in the affected communities, as seen in Vermont during
Hurricane Irene and in Missouri following one of the worst tornadoes to hit America

in living memory.

Further understanding of this condition has also identified that not all cases have the
typical Takotsubo appearance with apical dysfunction and basal hypercontraction, which
first led Sato and colleagues to compare the end-systolic appearance during ventricu-
lography to the local Japanese fisherman’s octopus pot (Figure 1). The pot is designed
in this way with a narrow neck to allow live octopi to swim into the pot when exploring
for prey, but are then trapped and unable to escape. Live octopi are worth more than
dead octopi in the Japanese fishing markets, and indeed, to some, eating octopi while
alive is considered a delicacy. To others this might trigger an episode of Takotsubo
syndrome! Figure 2 shows an artistic interpretation of an octopus inching its way into
a vase, by contemporary potters Jan Wax and Chris Bing.

In this issue of Dialogues, a number of experts in the field review the literature and
share their views and experience, and help identify the strategies required to diagnose
and care for individuals with Takotsubo cardiomyopathy. Alexander R. Lyon gives the
state-of-the-art review of the field and insights into the historical background to the
emergence of this condition into modern cardiology practice. Eduardo Bossone, Rodolfo
Citro, Francesco Ferrara, and Jorge A. Salerno-Uriarte describe the epidemiology of
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Takotsubo cardiomyopathy, which persons are most at risk, and when are they likely to
be most susceptible. Initially viewed as a relatively benign condition, due to the lack
of severe obstructive coronary disease and recovery of macroscopic ventricular function,
and certainly when compared with acute myocardial infarction, there is a growing liter-
ature suggesting that Takotsubo cardiomyopathy is not as mild as previously thought.
Birke Schneider reviews the complications during the acute and chronic phases to
shed light on the question of how serious this condition really is, and what to look out
for in your patient with Takotsubo cardiomyopathy. Generally, these patients will enter
acute primary percutaneous coronary intervention (PCI) protocols designed for patients
with acute coronary syndromes. However, the management pathways for patients with
Takotsubo cardiomyopathy are not clear, and Elmir Omerovic reviews the current knowl-
edge that helps guide practice. We contacted Paul Bridgman and Christina W. Chan,
who have published the experience from their hospital in Christchurch, New Zealand,
following the two major earthquakes in 2011 and 2012. They provide a very personal
account of their experience working in a hospital caught up in a major natural disaster,
and the flow of acute Takotsubo cardiomyopathy cases through the acute coronary
care unit. Gemma A. Figtree selects her 7en Seminal Papers on this syndrome and pro-
vides a personal review of the insights and advances that each paper provides covering
the initial description and the major advances to date, including epidemiology, and
mechanistic and clinical pathophysiology.

There is much still to be understood about this acute cardiac syndrome, which appears
much more common than previously thought, and although recently recognized, has
probably been around in human society for thousands of years.

Figure 2. Ceramic “Octopus pot” by sculptors and potters Jan Wax and Chris Bing,
Wax and Bing Studios, California, USA; photo, Jan Wax (www.waxbing.com).
© Wax and Bing Studios, with kind permission.
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compensatory cardiocirculatory
mechanisms are activated to main-
tain sufficient perfusion of the vital
organs in the setting of TS. Indeed,
we have demonstrated that TS is
associated with decreased sympa-
thetic tone, decreased peripheral
vascular resistance (PVR), and pre-
served cardiac output despite exten-
sive apical akinesia.2 These findings
differ from those observed in acute
myocardial infarction and are con-
sistent with our observation of
near-normal filling pressures in TS
(unpublished observations). When
compared with acute heart failure
due to extensive ischemic damage,
this is yet another counterintuitive
finding. Indeed, if one considers that
TS is associated with highly elevat-
ed plasma levels of catecholamines,
it may be reasonable to view TS as
a condition that is interrelated with
both cardiac and extracardiac alter-
ations. In addition to its unique
cardiocirculatory profile, TS may be
intimately linked to other organ
systems. These details suggest an
important “knowledge gap” in our
understanding of cardiovascular
physiology, in general, and of TS,
in particular. In our opinion, it is
the combination of the undeniable
“knowledge gap,” the fact that TS,
in most cases, is self-healing, and
the presence of a substantial risk
of death that calls for the respect of
the fundamental ethical principle
primum nil nocere (“first, do no
harm”) when considering treatment
options in patients with TS.

Initial patient care

In the initial phase, standard pro-
tocols for the management of pa-
tients with acute coronary syndrome
should be followed until this diag-
nosis has been convincingly exclud-
ed. This is achieved by means of
urgent cardiac catheterization, which
demonstrates that coronary anato-
my and coronary flow cannot rea-

sonably explain the severity or ex-
tent of segmental LV dysfunction.
Ventriculography, at the time of
coronary angiography, is essential
and often diagnostic in TS. It also
reveals other “atypical forms” of TS
such as reversed, midventricular,
and regional forms, ie, inferior, an-
terior, lateral, and apical (and their
combinations). Similarly, an early
transthoracic echocardiogram will
noninvasively demonstrate and doc-
ument wall motion abnormalities.
In some patients, LV function may
normalize within 2 to 3 hours (our
unpublished observations), which
strengthens the need for the early
assessment of LV function in order
to not miss the diagnosis. Given the
risk of arrhythmias, patients should
be admitted to an acute cardiac or
medical unit with continuous elec-
trocardiogram monitoring, particular-
ly in the setting of a prolonged QTc
interval, which is present in a sub-
stantial number of TS patients.14-17
Noninvasive monitoring of hemo-
dynamic parameters such as cardiac
output, stroke volume, and PVR, for
example, with impedance electro-
cardiography, may be helpful in the
continuous assessment of patient
stability and evaluation of the he-
modynamic consequences of phar-
macological treatment. Contrast
echocardiography and magnetic res-
onance imaging (MRI) of the heart
in the early phase will exclude

LV thrombus and provide further
evidence to exclude myocardial in-
farction.

Pharmacological therapy

Once diagnosed with TS, therapy is
based upon the patient’s overall
clinical condition. It is important to
realize that there are no random-
ized controlled trials (RCTs) to help
define the optimal medical treat-
ment or provide a base for our rec-
ommendations. Consequently, there
is a large heterogeneity in opinions
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concerning the best treatment for
TS worldwide. Many authors advo-
cate extrapolation of the general
knowledge acquired in the field of
heart failure, and recommend the
use of standard medications such
as angiotensin-converting enzyme
(ACE) inhibitors, B-blockers, and
diuretics. Aspirin is also suggested
for use in the presence of coexisting
coronary atherosclerosis. At our
hospital, we do not initiate treat-
ment with B-blockers and ACE in-
hibitors in the acute phase, respect-
ing the “do no harm” principle. After
normalization (or near-normaliza-
tion) of segmental function and
hemodynamic status, we initiate a
long-term treatment (arbitrarily con-
tinued for one year) with p-blockers
in the absence of contraindications
or intolerance, which is based on
the observation that the condition
may recur in ~15% of patients.!8 In
the absence of data from RCTs, the
appropriate duration of any therapy
for TS is unknown.

PHARMACODYNAMIC
CONSIDERATIONS FOR
THE TREATMENT OF
TAKOTSUBO SYNDROME

Based on the current evidence im-
plicating catecholamine toxicity

in the pathophysiology of TS, the
blockade of adrenergic receptors
may be a suitable treatment op-
tion. However, whether adrenergic
blockade is beneficial, neutral, or
deleterious is unknown. Some ex-
perimental data support the use of
B-blockers in TS.19 Metoprolol im-
proved the LV ejection fraction in
primates with adrenaline-induced
TS within 24 hours. However, car-
diac dysfunction also normalized in
animals who received no treatment.
Although a number of studies were
conducted to investigate drug treat-
ment of TS in humans, there are no
RCTs, which limit the reliability of
current evidence derived primarily
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from observational studies. A few
reports have demonstrated the ben-
efits of B-blocker use, particularly
in the presence of dynamic left ven-
tricular tract obstruction (LVOTO).20
Treatment with B-blockers may also
protect against malignant arrhyth-
mias that occur in a substantial
number of TS patients.2! Some pa-
tients appear to be prone to devel-
opment of TS after withdrawal of
B-blockade, which supports the
hypothesis that p-blockers could
prevent TS.22 B-blockers may theo-
retically reduce the risk of cardiac
rupture in TS.23 There is no clinical
evidence suggesting the superiority
of one specific treatment over an-
other. Some studies in a small-ani-
mal model suggest that carvedilol
(a nonselective B- and a; blocker)
may have a beneficial effect that is
greater than that of other f-block-
ers.? Regrettably, other data suggest
that B-blockers may not be protec-
tive at all. For example, as many as
20% of TS cases occur in patients
already receiving B-blocker treat-
ment.24 Some small retrospective
studies have compared patients
treated with traditional cardioprotec-
tive medications including f3-block-
ers, ACE inhibitors, calcium channel
blockers, or aspirin with controls.25.26
There was no difference in LV func-
tion at admission or at follow-up,
suggesting the ineffectiveness of
standard heart failure medications
in the prevention and treatment of
TS. All this information strengthens
the application of the @o no harm”
principle. Therefore, in our judgment,
for safety reasons, it is prudent not
to extrapolate treatment algorithms
from heart failure and administer
pharmacological agents such as cal-
cium channel blockers, B-blockers,
and ACE inhibitors to TS patients.
We should wait until we achieve a
better understanding of the patho-
physiology behind TS and until we
acquire knowledge from properly
designed and conducted RCTs.

Mild cases

Mild cases with rapid symptomatic
improvement need no therapy and
early discharge is possible. Some
authors advocate conventional
heart failure therapy with graded
introduction of ACE inhibitors and
B-blockers licensed for heart failure.
However, there is evidence that a
substantial proportion of TS patients
may have altered peripheral sym-
pathetic nerve activity associated
with low PVR.2 Therefore, adminis-
tration of ACE inhibitors, -blockers,
calcium channel blockers, or other
vasoactive drugs may be harmful.
The safety and efficacy of these phar-
macological agents in the treatment
of patients with TS have not been
established.

Severe cases
and cardiogenic shock

A substantial number of patients
with TS may present with low BP, but
have normal or near-normal cardiac
output. It is, therefore, important
to provide objective evidence of
worsening hemodynamic status (ie,
decreasing cardiac output or cardiac
index) before making a decision
about pharmacological treatment.
TS with severe hemodynamic in-
stability creates unique challenges.
The likelihood of acute heart failure
and worsening clinical status in-
creases in the presence of the follow-
ing three variables: age >70 years,
presence of a physical stressor, and
LV ejection fraction <40 percent.27
TS complicated by cardiogenic
shock is reported in 15% to 20%, pul-
monary edema in 20%, ventricular
tachycardia in 4%, and death in 5%
of patients.224 In TS patients with a
compromised hemodynamic status,
urgent cardiac catheterization with
ventriculography or echocardio-
graphic assessment is essential to
establish the degree of LV systolic
impairment, and, vitally, to deter-
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mine the presence or absence of
LVOTO. Almost 25% of TS patients
develop LVOTO and treatment of
these patients is particularly com-
plicated.28 The presence of LVOTO
may already be recognized at the
time of cardiac catheterization and
angiography by a catheter pullback
across the aortic valve. Some au-
thors recommend cautious treat-
ment with -blockers in the pres-
ence of dynamic LVOTO based on
the rationale that prolongation of
diastolic filling time and an increase
in LV end-diastolic volume reduces
the LVOTO gradient and improves
cardiac output.20.28 Electrical pacing
of the right ventricular apex could
be considered, if we apply the same
reasoning as in the treatment of ob-
structive cardiomyopathy.

Positive inotropic agents

The decision to use sympatho-
mimetic drugs for positive inotropy
is challenging and counterintuitive
in TS. Given what is known about
the mechanisms involved in TS,
further activation of catecholamine
receptors or their downstream mo-
lecular pathways might worsen
patients’ clinical status and progno-
sis. Therefore, the use of inotropes
such as dobutamine, noradrenaline,
dopamine, adrenaline, milrinone,
and isoprenaline should be gener-
ally regarded as contraindicated

in TS. There is solid evidence that
catecholamines can directly induce
TS,29 worsen LVOTO by further in-
creasing hypercontractility of the
midventricular segment,30 and delay
spontaneous recovery in humans.
Similarly, administration of adrena-
line and isoprenaline induces a TS-
like condition in rats39 and mice.4
The use of the novel inotrope lev-
osimendan in conjunction with
noradrenaline has previously been
described in patients3! and in an
experimental rat model.? The mode
of action of levosimendan is differ-



Dialogues in Cardiovascular Medicine - Vol 19 - No. 2 - 2014

Takotsubo Cardiomyopathy - current knowledge guiding clinical management strategies - Omerovic

ent from that of standard inotropes
because it does not act on adrener-
gic receptors, but rather exerts its
positive inotropic effects by prolong-
ing the interaction between actin
and myosin. However, this sugges-
tion should be taken cautiously
because levosimendan has been
shown, in experimental models,

to have an adrenergic-like activity
because it inhibits phosphodiester-
ase 32 which, therefore, leads to in-
creased levels of intracellular cyclic
adenosine monophosphate (CAMP).
Furthermore, levosimendan has a
pronounced dose-dependent vaso-
dilatory effect, which may further
compromise the hemodynamic sta-
tus in an unstable TS patient with
low PVR. Similarly, in cases where
the low cardiac output is associated

with low PVR, afterload reduction
with intravenous nitrates and ACE
inhibitors can be detrimental and
should not be used.

Mechanical support

Intra-aortic balloon pump (IABP)
is recommended by some authors
for cardiogenic shock due to TS.
IABP improves cardiac output large-
ly through afterload reduction, and
this nonpharmacological therapy
has been in use for the treatment
of cardiogenic shock for several
decades. However, in light of recent
neutral data from the IABP-SHOCK II
trial33 and the fact that IABP may
worsen dynamic LVOTO (Figure 2),
we advise against IABP in unstable
TS patients. Instead, we advise that
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Figure 2. Continuous Doppler recording at the level of LVOT in patients with Takotsubo
syndrome during IABP.

A 64-year-old woman presented with sudden central chest pain, dizziness, and ST-elevation in anterior
leads. The patient was hypotensive on arrival to the catheterization lab with a systolic blood pressure
~80 to 90 mm Hg. Coronary angiography showed significant stenosis in one minor diagonal branch,
but with normal flow in all coronary arteries. Ventriculography showed typical apical ballooning that
was engaging ~60% of the left ventricle. On suspicion of cardiogenic shock based on sustained hypo-
tension, the patient recetved IABP immediately after angiography. The patient’s condition deteriorated
immediately after administration of IABP, with worsening hypotension. ECG showed increasing peak
pressure gradient (arrows) in the LVOT and decreasing stroke volume with every assisted (4:1) beat.
The IABP was removed and stroke volume increased immediately to near-normal values. The patient
recovered over the next few days without any pharmacological treatment other than aspirin and fonda-
parinux. This case illustrates the danger of iatrogenic injury and violation of the “do no harm” principle.
Abbreviations: ECG, echocardiography; IABP, intra-aorta balloon pump; LVOT, left ventricular
outflow tract.
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patients presenting with worsening
hemodynamics, rapid progression
to cardiogenic shock, and deterio-
rating multiorgan failure should be
considered for veno-arterial extra-
corporeal membrane oxygenation
(ECMO) or implantation of a left
or biventricular assist device as a
“bridge to recovery,” given that the
ventricular function of these pa-
tients has an excellent chance of
full recovery.34-36

Prevention of
thromboembolism

TS may be associated with blood
hypercoagulability. Indeed, we often
encounter thromboembolism in
our patients, which might reflect
the vasoconstrictor, platelet activa-
tion, or prothrombotic effects of
high catecholamine levels.37 In our
practice, we diagnose thromboem-
bolism in ~4% of TS patients,? which
suggests that the potential risk of
intraventricular thrombus formation
and systemic embolization should
be addressed. In our opinion, ad-
ministration of low-molecular-weight
heparin (LMWH), aspirin, and/or
P2Y12 receptor antagonists such
as clopidogrel, prasugrel, or tica-
grelor should be a part of the stan-
dard treatment and it should be ini-
tiated early. Echocardiography and
cardiac MRI will provide important
information about the presence of
mural thrombus and the extent of
wall motion abnormalities. However,
data to ascertain suitable criteria
for use of anticoagulation to pre-
vent thromboembolism in patients
with TS are scarce. Indirect evidence
from randomized trials on antico-
agulation for the prevention of LV
thrombus formation in myocardial
infarction patients has shown that
the use of anticoagulation treatment
for 10 days reduces the incidence
of LV thrombus formation. The use
of anticoagulation therapy in pa-
tients with known LV thrombus is
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supported by observational studies
in which this therapy, which was
administered over a period of four
to six months, was associated with
a reduction in the rate of emboliza-
tion. We recommend approximately
three months of anticoagulation
treatment if an intraventricular
thrombus is detected. For patients
without thrombus, but with severe
left ventricular dysfunction, we sug-
gest anticoagulation treatment un-
til widespread LV akinesia substan-
tially improves or for three months;
whichever is shorter. It is controver-
sial whether anticoagulation treat-
ment is advisable because there is
a possibility of TS being complicat-
ed by cardiac rupture. However, the
reported number of cases compli-
cated by heart rupture is rather low
compared with the number of cases
showing an LV thrombus.
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Special Report

Takotsubo syndrome: lessons from the Christchurch earthquakes

Paul G. Bridgman, MB, ChB, FRACP; Christina W. Chan, MB, ChB, FRACP
Cardiology Department - Christchurch Hospital - Private Bag 4710 - Christchurch - New Zealand

In 2010 and 2011, two major earthquakes struck the city of Christchurch, New Zealand, which occurred six
months apart. Both caused case clusters of stress cardiomyopathy. The first quake provided an unprecedented
opportunity to perform a blinded study into the psychology of chest pain presentations. We found that psycho-
logically normal women get stress cardiomyopathy and that noncardiac chest pain is clustered in women
with increased anxiety. The second earthquake triggered a very different pattern of chest pain presentations
raising the possibility of diurnal variation in the onset of stress cardiomyopathy. Follow-up has shown that
the women have had good medium-term outcomes.

y children look at me in
disbelief when I say that
when [ was a boy there
were no earthquakes. They
accept them as a normal part of life
now. A generation of Christchurch
children now knows that you do not
build your house on untrustworthy
land, that you cannot predict the future,
and that nature exerts the greatest of
forces. In the end, Christchurch got off
lightly. The death toll could have been
so much worse. The central city is lost,
but we are a first world country with
resources to cope. Rebuilding a cen-
tury of buildings will take decades and
will be dependent on our economic for-
tunes. However, we will come through
it. Many disasters that are more seri-
ous have struck societies less well
equipped to cope. The February earth-
quake was surreal. Suddenly, our city
was a third world disaster zone, the
likes of which you only see on TV. The
roads were suddenly potholed, flood-
ed, and jammed with people leaving.
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There was no power or communication.
The wounded were making their way
to the hospital. Dazed people were
wandering the streets without purpose.
You had no way of knowing if your
children were alive—you just had to
trust. My wife and I stayed at the hos-
pital and worked. We could not have
gotten home anyway—Paul Bridgman.

GEOLOGY, QUAKES,
AND CONSEQUENCES

Two major earthquakes occurring six
months apart struck the city of Christ-
church. The first was in September

Copyright © 2014, AICH - Servier Research Group. All rights reserved 121

2010 and the second was in February
2011. The September earthquake was a
magnitude of 7.1 and struck at 4:36 Am.
It was shallow and centered under
farmland 40 kilometers west of Christ-
church City. Significant damage oc-
curred in rural areas and in older build-
ings across Christchurch City (Figure 1,
and Figure 2 page 122). Insurance
claims for the earthquake are confirmed
as being close to 3.5 billion NZD.

It was the second earthquake that oc-
curred on February 22, 2011 at 12:51
PM that caused the most death and
destruction. While it was smaller and
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story Canterbury Television building
that collapsed and caught fire. The
majority of the rest of the center city
stayed standing, but damage to the
building’s foundations subsequently
resulted in 1000 city center buildings
that had to be demolished (Figures 4
and 5).

Both major earthquakes generated their
own series of aftershocks that further
damaged buildings. With schools shut
and aftershocks taking a heavy psy-
chological toll on the population, tens
of thousands of people moved away
from Christchurch for weeks after each
major event. Fortuitously, Christchurch
Hospital was able to stay operational
following both events. In the case of
the second earthquake, the hospital
buildings were the only multistory
buildings in Christchurch to survive in
a state fit for use.

PSYCHOLOGY

The first earthquake presented an ob-
vious opportunity to study patients
with chest pains precipitated by emo-
tional stress. Christchurch Hospital,
the city's only acute hospital, remained
functional, and, in the days that fol-
lowed, acute cardiology-admitting staff
quickly noted a large number of ad-
missions with chest pain precipitated
by the earthquake. This enabled a
prospective log of postearthquake pa-
tients with chest pain to be maintained.
Their final diagnoses included noncar-
diac chest pain, myocardial infarction
(MI), and stress cardiomyopathy. We
set strict diagnostic criteria for these
three conditions and this yielded a
final study population of 17 women;
6 with stress cardiomyopathy, 5 with
MI, and 6 with noncardiac chest pain.
The patients returned as outpatients
for a semistructured interview with the
senior clinical psychologist who was
blind to the cardiology diagnosis. Par-
ticular strengths of our study includ-
ed: (i) blinding to the cardiology diag-
nosis; (ii) the homogenous nature of

the patient groups; and (iii) the ability
to standardize the interviews. Qur major
finding was that the women present-
ing with noncardiac chest pain scored
high for anxiety traits, whereas the
other two groups were more normal.!
Patients presenting with noncardiac
chest pain often had a history of anxi-
ety disorder, greater generalized and
health-related anxiety, and scored
highest for neuroticism traits (7zble I).
In contrast, the women with stress
cardiomyopathy were the most psy-
chologically robust. Psychiatric histo-
ries and scores for depression were
the same across all three of our groups.
Our finding of increased anxiety in
the noncardiac patients is consistent
with previous reports showing it to be
strongly associated with the presence
of anxiety disorders.2 However, our
findings in the stress cardiomyopathy
patients are quite different from pre-
vious reports that found increased anx-
iety in these patients. Those studies
were, however, unblinded studies on

women also can develop stress car-

diomyopathy, and it was shown that
noncardiac chest pain is clustered in
women with increased anxiety.

COMPARING
EARTHQUAKES

Within fifteen minutes of the February
earthquake, trauma cases started
arriving in the emergency department
(ED). Within an hour, the ED was full
and chest pain patients started to ar-
rive. The acute cardiology team of the
day cared for the admissions and again
ran a prospective log of chest pain
presentations. The rest of us discharged
as many patients as we could. The
hospital was running on patchy emer-
gency power generation and was flood-
ed in many areas from broken pipes
in the walls and ceilings. An audit
was commenced after the September
earthquake to fully document the pat-
tern of cardiac admissions. Clinical
notes and electronic discharge sum-

Stress
Noncardiac CP MI cardiomyopathy

N=6* N=5* N=6*
HADS
Anxiety 2 (2-15) 6 (4-9) 5.3 (0-12)
Depression 3 (0-9) 4 (0-8) 2.3 (1-6)
HAQ 3 (3-28) 4 (11-16) 7(1-17)
EPQ-BV neuroticism 4 (18-51) 6 (22-33) 25 (15-36)
EPQ-BV extroversion 5 (21-42) 2 (30-37) 33 (23-46)
IES-R 8 (3-74) 1 (7-67) 27 (15-47)

Table 1. Evaluation of anxiety and depression in patients presenting with chest pain.
Abbreviations: CP, chest pain; HADS, hospital anxiety and depression scale; HAQ, health anxiety
questionnaire; EPQ-BYV, Eysenck personality questionnaire-brief version; IES-R, impact of event scale
revised; MI, myocardial infarction. *All data mean (range).

heterogeneous groups of patients with
sporadic stress cardiomyopathy. It may
be that the psychology of our earth-
quake-induced stress cardiomyopathy
patients differs from that of sporadic
cases or that our small numbers mis-
lead us, but we believe that the pre-
vailing view that women suffering from
stress cardiomyopathy have psycho-
logical problems is incorrect. Normal
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maries were systematically reviewed
and relevant data collected. Following
the second major earthquake in Febru-
ary 2011, another review was performed
using the same methodology as the
first. This allowed for a stringent com-
parison of the effects of the two events.
For control groups, we used cardiology
admissions in the corresponding time
period from the previous year.
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2011 was smaller than that at 4:36Am
in September 2010, but resulted in 3
times more cases. One other report of
an earthquake stress cardiomyopathy
cluster comes from the Niigata earth-
quake of 2004.11 That earthquake oc-
curred at 13:01pm. Watanabe et al
reported 25 cases of stress cardiomy-
opathy in the 4 weeks after the event
compared with only 1 case reported
in the 4 weeks previously and none in
the 2 years before. 11

A CASE OF
RECURRENCE WITH
A DIFFERENT PATTERN

One of our most interesting cases of
stress cardiomyopathy was a woman
who presented after each earthquake
with stress cardiomyopathy, with a dif-
ferent pattern on each occasion. She
is not the first patient that we have
seen with a different echo pattern on
presentation, but we reported her given
the identical nature of the stressor.

This 76-year-old woman first present-
ed on September 4th after ten hours
of chest pain. The electrocardiogram
(ECG) showed inferolateral deep T
wave inversion and QT prolongation.12
The levels of troponin I (Tnl) peaked
at 0.81 ug/L. Coronary angiography
demonstrated diffuse atheroma with
a moderate midleft anterior descend-
ing artery lesion that was stented at
the time. ECG showed a classic takot-
subo pattern. Her follow-up ECG on
September 28th was normal and she
was completely well at that point.

However, during the second earth-
quake on February 22, she again de-
veloped chest pain and shortness of
breath. Tnl levels peaked at 1.3 ug/L,
and the ECG showed a midwall variant
takotsubo with apical sparing. She was
discharged from the hospital on Febru-
ary 25th, and was planning to leave
Christchurch for a new home in an-
other city, but returned for a follow-up
ECG on July 27, which was normal.

The literature suggests that the recur-
rence rate of stress cardiomyopathy is
low. In a case series of apical balloon-
ing syndrome from the Mayo Clinic,
the average yearly recurrence rate over
the first few years was 2.9%.13 A sys-
tematic literature review found a sim-
ilarly low recurrence rate of 3.5%.14
Recurrence with a differing pattern of
left ventricular dysfunction is docu-
mented in a case report of a Japanese
male with an intercurrent physical ill-
ness.!5 A recent case report of a woman
with a midventricular variant recur-
rence three years after an initial pres-
entation with typical Takotsubo car-
diomyopathy argues that genetic or
other differences between patients can-
not be responsible for the observed
variable patterns of left ventricular dys-
function.t6 Our report reinforces this
and it also demonstrates that recur-
rence with a different pattern of left
ventricular dysfunction can occur early
with the repeat of the same stressor.

ONE-YEAR FOLLOW-UP
OF THE EARTHQUAKE
CLUSTER

So what happened to all of these wom-
en with stress cardiomyopathy? The
21 women who presented to Christ-
church Hospital with stress cardiomy-
opathy within four days of the February
earthquake represent a unique co-
hort.17 We systematically conducted

a follow-up on these women at 12
months to ascertain what had hap-
pened to them—physically, psycho-
logically, and socially.

Methods included a systematic review
of the clinical files, electronic discharge
summaries, imaging, and a telephone
interview. A single investigator con-
ducted the interviews in March 2012.
A structured questionnaire was used
to assess the patients’ self-reported
cardiac and general health status.
Patients answered questions about
their cardiac symptoms, especially in
relation to major aftershocks, hospital
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admissions, other noncardiac medical
conditions, and treatment. After the
initial telephone interview, psycho-
metric questionnaires were also sent
to the patients for consenting patients
to complete.

All 21 stress cardiomyopathy patients
were postmenopausal females with a
median age of 68 years (52 to 85 years).
Two patients presented with recurrent
stress cardiomyopathy. One patient
described above had presented after
the first earthquake. Another woman
also had a history of stress cardiomy-
opathy who had previously presented
in August 2009 with apical ballooning
triggered by an emotional stressor.

The average length of hospital admis-
sion was 37 hours (interquartile range,
7to 51 hours). Two patients devel-
oped mild left ventricular failure and
were successfully managed with oral
frusemide treatment. No patient re-
quired inotropic support or intra-aortic
balloon pump insertion. There were
no deaths in this stress cardiomyopa-
thy group during the study period.

At 12 months, all 21 stress cardiomy-
opathy patients were successfully inter-
viewed. Two patients left Christchurch
shortly after the 2011 earthquake.
One had taken permanent residence
in the North Island and the other had
returned to live in Christchurch 13
months after the event. The remaining
19 patients stayed in Christchurch.
Initially, six women still had chest pain
after discharge. Five patients reported
that they have experienced a few
episodes of chest pain with aftershocks.
All reported their symptoms settled
by May 2012. There was no recurrence
of stress cardiomyopathy in the 12-
month follow-up period.

There were six hospital readmissions—
five patients were admitted to the hos-
pital and one patient had two admis-
sions in the follow-up period. There

were three cardiac-related admissions
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in March 2011. One patient re-present-
ed one day after discharge with heart
failure symptoms. She stayed in the
hospital for another 24 hours and re-
ceived treatment for heart failure. One
patient presented nine days after she
was discharged with chest pain. She
was conservatively managed because
she did not have new ECG changes or
a significant rise in troponin levels.
Another patient presented 28 days after
initial discharge with atrial fibrillation
requiring rate control treatment. There
were three noncardiac related admis-
sions that occurred later, which in-
cluded exacerbation of chronic airway
disease, pain due to compression frac-
tures, and renal colic.

Most patients were treated with as-
pirin and B-blockade during and after
admission with 43% receiving angio-
tensin-converting enzyme inhibitors
(ACE inhibitors) or angiotensin recep-
tor blockers (ARB). At follow-up ap-
pointments, most patients had the p-
blockers discontinued. Our 12-month
follow-up interview found that B-block-
ers and ACE inhibitors/ARBs were
restarted in a number of cases; the
patients reported that hypertension
was the most common reason.

Seventeen patients completed the
health assessment questionnaire
(HAQ). Overall, nine patients had nor-
mal health anxiety levels (score 0 to
8), eight patients had a medium level
of health anxiety (score 9 to 13), and
no patient had a high level of health
anxiety according to the test. Eighteen
patients completed the hospital anxi-
ety and depression scale (HADS). The
test indicated that only five patients
had borderline anxiety (score 9 to 13)
and one had borderline depression
(score 10).

The rest of the group did not have an
abnormal level of anxiety or depres-

sion. Sixteen patients completed the
impact of event scale revised (IES-R)
questionnaires. Twelve patients were

thought not to have posttraumatic
stress disorder (PTSD) as they had nor-
mal scores (score 2 to 26), four patients
might have had borderline PTSD as
they had a score greater than 33 (score
39 to 45).

Our data shows that the patients could
do well with a very short hospital ad-
mission. The cardiology staff had pre-
vious experience managing a cluster
of stress cardiomyopathy patients fol-
lowing the September 2010 earthquake.
This led to a high index of suspicion,
therefore, rapid investigation and
treatment. In the days following the
earthquake, the hospital was under
significant strain and there was pres-
sure to discharge patients as soon as
they were safe to leave. Patients who
were stratified by their clinicians to be
low risk had very short hospital stays—
as short as three hours.

The Christchurch earthquake stress
cardiomyopathy cohort had good short-
term and medium-term outcomes
without significant cardiac or psycho-
logical sequelae. Most patients re-
mained healthy both physically and
psychologically despite being exposed
to incessant aftershocks following the
February 2011 earthquake.

FINAL THOUGHTS

It is worth noting that only the two
major earthquakes triggered stress
cardiomyopathy despite the many
aftershocks Christchurch endured. In
fact, the vast majority of the 400 000
people exposed to this stressor did
not develop stress cardiomyopathy.
We would hypothesize that triggering
of stress cardiomyopathy requires a
“perfect storm” of genetic and environ-
mental factors. These include; female
gender, postmenopausal status, un-

known or unrecognized genetic factors,

sudden severe and unforeseen per-
sonal emotional stress, and perhaps
an afternoon occurrence of that trig-
gering event.
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Earthquakes are common in New
Zealand. We all grew up with periodic
small shakes. Before 2010, none of us
would have bothered putting our beer
down and getting off the couch to take
cover for an earthquake. What has oc-
curred is out of the ordinary for us
and was a powerful trigger for broken
heart syndrome.
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Transient left ventricular apical ballooning without coronary
artery stenosis: a novel heart syndrome mimicking acute

myocardial infarction

K. Tsuchihashi, K. Ueshima, T. Uchida, N. Oh-mura, K. Kimura, M. Owa, M. Yoshiyama,
S. Miyazaki, K. Haze, H. Ogawa, T. Honda, M. Hase, R. Kai, I. Morii; Angina Pectoris-Myocardial

Infarction Investigations in Japan
J Am Coll Cardiol. 2001;38:11-18

ven though early reports had been published in

the Japanese literature, it took the publication

of a multicenter study reporting 88 cases of

Takotsubo cardiomyopathy, in an international

journal, to make a global impact. Members of
the Angina Pectoris-Myocardial Infarction (AP-MI) used a
Japanese national registry of patients to retrospectively
analyze patients. Early reports described the features of
Takotsubo cardiomyopathy, which include (i) acute, but
transient, left ventricular apical wall motion abnormalities
with chest pain; (ii) electrocardiographic (ECG) changes
(eg, ST elevation or depression, abnormal Q wave); and
(iii) minimal enzymatic release mimicking acute myocardial
infarction (AMI) in the absence of angiographic stenosis.
However, this was the first study to describe clinical char-
acteristics associated with the syndrome in a more general
sense. This allowed the features that are now considered
“classic,” such as female preponderance (6.3-fold higher
than in men) and postmenopausal status of most patients,
to be associated with Takotsubo cardiomyopathy.

Although encouraged to use the terminology “apical bal-
looning” in the title, the authors provide a historical context
for this terminology by referencing an earlier work by Satoh
et al where the “Takotsubo” nomenclature was used and
explained the similarity to the Japanese octopus pot. The
authors also noted the important similarity between Tako-
tsubo cardiomyopathy and apical wall motion abnormali-
ties observed in association with intracranial events and
pheochromocytoma as well as other systemic conditions.

In addition to the postmenopausal female preponderance,
important clinical features that are described in this large
cohort include: (i) ECG morphology variability of patients
presenting with the condition; (ii) the relatively low rise of
cardiac enzymes; and (iii) the variety of triggers (eg, emo-
tional, physical, procedural, perioperative). Although the
tendency for rapid recovery is noted, potential dangers are
associated with the condition including the incidence of
ventricular arrhythmias (9%), the requirement for balloon
pump support (8%), and the mortality rate (1%). The 19%
rate of inotropic support (dopamine/dobutamine) is of
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particular relevance in the context of a recently proposed
hypothesis by Lyon, which highlights the pathophysiolog-
ical reasons why catecholaminergic inotropes may, in fact,

be harmful.

The authors also discussed the common development of
intraventricular pressure gradients, which were observed in
18% of the total cohort. In one example, the patient reached
a pressure as high as 75 mm Hg.

The prior predominant hypothesis was that this syndrome
was secondary to a generalized multivessel spasm. Perhaps
one of the most important contributions of this study re-
garding the prior predominant hypothesis is the finding
that only 10 out of 48 patients with intracoronary acetyl-
choline had a provoked vasospasm. Although this observa-
tion did not exclude a role for microvascular dysfunction,
it did open up the possibility for other Takotsubo cardio-
myopathy mechanisms.

2001
Sherpa Temba Tsheri, 16, becomes

the youngest person to summit Mount Everest;
the world’s first self-contained artificial heart
is implanted in Robert Tools; and
Marie José of Belgium (Marie José Charlotte
Sophie Amélie Henriette Gabrielle), the last

Queen of ltaly, dies at age 94 of lung cancer
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Apical ballooning of the left ventricle: first series in

white patients

W. J. Desmet, B. F. Adriaenssens, J. A. Dens

Heart. 2003;89:1027-1031

ollowing the publication of a large Japanese co-

hort of patients with takotsubo cardiomyopathy

by Tsuchihashi et al (reviewed in the previous

seminal paper summary), doubt remained as to

the relevance of the condition to the rest of the
world beyond Japan. Desmet et al described 13 white pa-
tients with Takotsubo cardiomyopathy by evaluating many
parameters including: sex, age, presenting symptoms, dura-
tion of symptoms before admission, serial ECGs, QT inter-
val, cardiac enzymes, cardiac imaging, invasive pressures,
cardiac index, wedge pressure, the use of intra-aortic bal-
loon counterpulsation, pathological finding, and parame-
ters of recuperation.

This study by Desmet et al was the first to highlight the
amazing reproducibility of the constellation of clinical
features that includes: (i) an acute onset of transient ex-
tensive akinesia of the apical and midportion of the left
ventricle; and (ii) no significant stenosis on the coronary
angiogram. These features are accompanied by chest symp-
toms, ECG changes, and a limited release of cardiac mark-
ers disproportionate to the extent of akinesia. In surviving
patients, the left ventricle function completely recovered
within a few weeks. Desmet et al also demonstrated an
apparent lack of racial influence and was the first to estab-
lish that this syndrome also occurs in a white population.
The age range, high proportion of female Takotsubo patients,
and the severity of presentation were all very similar to
the published Japanese results.

The timing of this syndrome’s recognition worldwide ap-
pears to be related to rapid triage and improvement in
imaging techniques. The early identification of the syndrome
by the Japanese clinicians was more likely related to the
practice of rapid triage for angiography and early imaging
of coronary anatomy and ventricular function rather than
a unique Japanese predisposition. In addition, the national
registry for patients with myocardial infarction allowed the
Japanese to identify the unifying features of this condition.
Investigators of Takotsubo cardiomyopathy are driven not
only by curiosity about the syndrome, but also by the un-
derlying pathophysiology, which likely has important im-
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plications to a broader range of cardiac conditions. The
lengthy discussion of possible pathophysiological mecha-
nisms by Desmet et al, which is a general feature of the
many manuscripts published in the ensuing years, is worthy
of comment, particularly given the paucity of evidence
that had been available.

2003

The age of the universe is accurately
determined—with just a 1% margin of error—
to be 13.7 billion years old; the planet Mars makes
its closest approach to Earth in over 50 000 years
during a perihelic opposition; and a blackout
cuts power to an estimated 10 million people
in Ontario, Canada and 45 million people

in eight states in the USA
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Assessment of clinical features in transient left ventricular

apical ballooning

Y. Abe, M. Kondo, R. Matsuoka, M. Araki, K. Dohyama, H. Tanio

J Am Coll Cardiol. 2003;41:737-742

be et al performed a small, but important,
mechanistic study on a series of 17 con-
secutive patients between April 1, 1996 and
March 31, 2001 who met the following crite-
ria: (i) reversible balloon-like left ventricular
wall motion abnormality at the apex with hypercontrac-
tion of the basal segment; (ii) ST-T segment elevation or
T-wave inversion in several leads on the electrocardiogram;
(iii) no history of a previous myocardial infarction; and
(iv) no complication with a subarachnoid hemorrhage or a
pheochromocytoma crisis. The study conducted coronary
physiological studies and utilized Doppler guidewire to
evaluate the diastolic to systolic velocity ratio, the decel-
eration time of the diastolic flow velocity, the early systolic
reverse flow, and the coronary flow reserve. In addition,
quantitative technetium-99m tetrofosmin (TF)-gated single-
photon emission computed tomographic myocardial im-
aging was conducted for both the acute and chronic phases.
A multiple-plane coronary angiogram was performed on
7 patients during the acute phase, 5 during the chronic
phase, and 4 during both acute and chronic phases. 6 pa-
tients also underwent myocardial biopsy to determine, for
the first time, the underlying pathology.

Scintigraphy demonstrated an 85% reduction in TF uptake
at the apex, which was considered independent of any
macro- or micro-vascular perfusion abnormality. This was
suggestive of a metabolic abnormality, and the authors
discussed the possibility of this abnormality being second-
ary to a toxic effect of locally released noradrenaline. This
theme has been pursued over the following decade in the
field. Abe et al demonstrated that: (i) ST-T segment and
wall motion abnormalities were transient and reversible;
(ii) the involvement of epicardial coronary artery stenosis,
vasospasm, and disturbance of microcirculation was mini-
mal; (iii) physical or emotional stress served as triggers
in approximately 94% of patients; and (iv) pathologic evi-
dence of acute myocarditis was minimal.

The elegant microvascular studies performed in this small
study also made a significant impact on future studies.
Although the theory of epicardial coronary artery spasm
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had been previously refuted, this study demonstrated, for
the first time, that a deleterious effect on the coronary
microcirculation was not a major mechanism involved in
the pathophysiology of the syndrome.

2003
An earthquake in the Boumerdes region
of northern Algeria kills 2200,

Paul Bahn, Sergio Rippoll, and Paul Pittit discover
engravings and bas-reliefs on the walls and
ceilings of some of the caves at Creswell Crags,
an important find as it had previously been
thought that no British cave art existed; and
Pope John Paul I, the first non-Italian pope
elected in more than four hundred years,

celebrates his silver jubilee in Rome
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Neurohumoral features of myocardial stunning due to

sudden emotional stress

I. S. Wittstein, D. R. Thiemann, J. A. Lima, K. L. Baughman, S. P. Schulman, G. Gerstenblith,
K. C. Wu, J. J. Rade, T. ]. Bivalacqua, H. C. Champion

N Engl J Med. 2005;352:539-548

ith this manuscript by a team at John’s

Hopkins Hospital, Takotsubo cardiomy-

opathy had reached “prime-time” in the

international literature. Although exten-

sive multimodality characterization was
performed, the most novel aspect of this work was the
study of neurohormonal levels in a patient cohort that
was homogenous because they all had an emotional
precipitant. The neurohormonal levels were measured at
multiple time-points, and expert attention was paid to
the preparation of samples, including ensuring that the
patients remained supine for at least 60 minutes prior to
phlebotomy.

The choice of a control group was always going to provide
problems for investigators, and it is surprising that multi-
ple control groups were not included, and that the control
group chosen was very small. The authors performed par-
allel studies in only 7 female patients with myocardial
infarction, who were chosen in an attempt to be a match
for the sympathetic tone driven from the myocardial dys-
function itself.

Additional issues, which somehow did not stop this manu-
script from being accepted by a premier medical journal,
include: (i) the sporadic nature of the phenotyping (eg,
only 5 women (26%) had a biopsy and only 5 women (26%)
underwent cardiac magnetic resonance imaging); and (ii)
one of the women included in the Takotsubo cohort had
a 70% obstructive LAD stenosis. The acceptance of the
manuscript for publication in the New England Journal of
Medicine perhaps reflects the “early days” nature of the
Takotsubo syndrome being recognized by the field and its
international intrigue.

The strengths of the study revolve around the key findings
that patients with emotional stress-induced cardiomyopa-
thy had supraphysiological levels of plasma catecholamines
and stress-related neuropeptides, with evidence of pro-
longed activation of the adrenomedullary hormonal system
beyond one week after the onset of symptoms. These find-
ings greatly strengthened the fields focus on abnormalities

in catecholamine signaling as a primary player in the
pathophysiology of Takotsubo cardiomyopathy. Further-
more, because their data implicated massive catecholamine
release, the authors discussed their avoidance of pressors
and p-agonists where possible, suggesting alternative me-
chanical circulatory support in patients that are severely
and hemodynamically compromised.

Although some of the strengths of this study have been
highlighted above, the finding of elevated circulating cate-
cholamines, or indeed, the histological feature of cate-
cholamine toxicity, with contraction band necrosis, has been
controversial and has not been a consistent observation
in all ensuing studies.

2005

Rosa Parks, an American civil rights activist,
dies at age 92; Eris, the largest known dwarf planet
in the Solar System, is identified by a team led by
Michael Brown using images originally taken on
October 21, 2003, at the Palomar Observatory;

and Kuwaiti women are granted the right to vote
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Apical ballooning syndrome or takotsubo cardiomyopathy:

a systematic review

M. Gianni, F. Dentali, A. M. Grandi, G. Sumner, R. Hiralal, E. Lonn

Eur Heart J. 2006;27:1523-1529

ianni et al performed a systematic review of

the literature to clarify the prevalence, clinical

characteristics, natural history, prognosis, and

pathophysiology of the transient left ventricu-

lar (LV) apical ballooning syndrome, which is
also called Takotsubo cardiomyopathy. Given the relatively
small number of patients in an increasing number of pub-
lished reports on Takotsubo cardiomyopathy, this well-
conducted systematic review published in 2006, has been
helpful to investigators and clinicians in the field. Gianni
et al performed an admirable job given the difficult job of
assessing the predominantly small studies, enabling them
to conduct a combined analysis on 286 patients.

In stating their inclusion criteria for the review, the authors
effectively began to solidify the diagnostic criteria for
Takotsubo cardiomyopathy, which had not been formalized
prior to this review. Inclusion criteria involved: (i) publica-
tions that reported original data; (ii) studies with at least

5 patients; (iii) patients with transient akinesis or dyskine-
sis of the LV apex and wall motion abnormalities involving
the midventricular LV segment that were not restricted to
a single coronary artery territory; (iv) patients who had
undergone coronary angiography revealing no obstructive
coronary artery disease (defined as >50%) and no acute
plaque rupture; and (v) at least one of the following: preva-
lence, clinical presentation, natural history, long-term prog-
nosis, and underlying pathophysiological mechanisms of
the apical ballooning syndrome.

The authors reported that the prevalence of the apical bal-
looning syndrome was still uncertain and clearly demon-
strated that there is a marked gender discrepancy, with
the disease being more common in women (=88.8%).

The most common clinical symptoms at presentation
were chest pain and dyspnea, and the most serious clinical
presentations included cardiogenic shock and ventricular
fibrillation. The most common electrocardiographic ab-
normalities included ST-segment elevation and T wave
inversion, which is usually observed during the acute and
subacute phases. During the acute phase, all patients
had moderate to severe midventricular dysfunction and
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apical akinesia or dyskinesia. Midventricular and apical
wall motion abnormalities completely resolved in all sur-
viving patients.

This review provided a baseline to guide clinicians and
make them aware of the existence and the typical clinical
manifestations of this syndrome. Future studies are required
because many questions remain regarding the etiology,
pathophysiology, and management of this syndrome.

2006

Grigori Perelman declines the prestigious
Fields Medal after solving the complex
mathematical problem known as Poincare’s
Conjecture, which originated in 1904;
Edgar Valter, an Estonian writer and illustrator
of over 250 children’s books, dies at age 76;
and Ireland claims the Triple Crown in rughy

for the second time in 3 years
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Stress (Takotsubo) cardiomyopathy—a novel pathophysiological
hypothesis to explain catecholamine-induced acute myocardial

stunning

A. R. Lyon, P. S. Rees, S. Prasad, P. A. Poole-Wilson, S. E. Harding

Nat Clin Pract Cardiovasc Med. 2008;5:22-29

his review and proposal of a novel mechanism

for Takotsubo cardiomyopathy is by one of

the world-leading laboratories in the field of

B-adrenergic signaling in the myocardium.

Although the manuscript contains no novel
data, the evidence laid out to support a novel hypothesis is
strong and has had a substantial impact on the field's search
for pathophysiological explanations of the phenomenon.

The authors build on the observed relationship of Tako-
tsubo syndrome with emotional and other forms of stress,
and the finding of persisting high catecholamine levels.
The laboratory, with a prior impressive record in character-
izing the direct effects of adrenaline (epinephrine) on the
ventricular myocardium, proposes that the Takotsubo syn-
drome represents a form of epinephrine-mediated acute
myocardial stunning. They refer to the known differential
distribution of cardiac By-adrenoreceptors (3,ARs), being
higher towards the apex in association with lower sympa-
thetic nerve density. 8,ARs are known to switch from Gs
protein signaling to Gi protein signaling after exposure

to high adrenaline, which results in negative inotropic re-
sponses to the persistently elevated catecholamines; there-
fore the B,AR gradient provides a credible explanation for
the apical predilection of the akinesis.

Importantly, the hypothesis and prior cell-based findings
that the authors refer to, provide a mechanism for the
myocardial dysfunction and the observed rapid recovery.
Their hypothesis stated that after the surge of adrenaline
has passed, the 8,ARs that had undergone “stimulus traf-
ficking,” and are actively mediating negative inotropy, ei-
ther switch back to Gs protein-coupling, or become inter-
nalized, and degraded.

The authors of this manuscript push forward an argument,
similar to Wittstein et al, that it appears illogical to treat
patients with stress cardiomyopathy and cardiogenic shock
with inotropic agents, particularly dobutamine. Although
these recommendations remain to be tested in an appro-
priately designed clinical trial, the recommendations for
preferential use of levosimendan over the catecholamine-
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based approach has been adopted by clinicians around the
world who are aware of this hypothesis, as well as the ani-
mal data published by the Harding laboratory in 2012, which
is discussed in the seminal paper summary 9 (page 138).

2008
The longest serving ocean liner in history, the
Queen Elizabeth 2 (QE2), is retired from service;
an extra leap second (23:59:60) is added to the end
the year; and Charlton Heston, an American actor
who won the Academy Award for best actor for

his role in the movie Ben Hur, dies at age 84
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Apical ballooning syndrome (Tako-Tsubo or stress
cardiomyopathy): a mimic of acute myocardial infarction

A. Prasad, A. Lerman, C. S. Rihal
Am Heart J. 2008;155:408-417

nvestigators from the Mayo Clinic have made steady

and important contributions to the characterization

and understanding of Takotsubo cardiomyopathy

since its recognition. This manuscript by members

of the team at the Mayo Clinic not only provides an
excellent review of the prior literature, but also highlights
the need for more evolved diagnostic criteria. The criteria
they proposed, which builds on previously tabled criteria
published in 2004, takes into account the anatomical variant
of apical sparing, and allow for patients with nonobstruc-
tive coronary disease to be diagnosed with Takotsubo car-
diomyopathy. The criteria are listed as:

1) Transient hypokinesis, akinesis, or dyskinesis of the left
ventricular midsegments with or without apical involve-
ment; regional wall motion abnormalities that extend be-
yond a single epicardial vascular distribution; a stressful
trigger is often, but not always, present.

2) Absence of obstructive coronary disease or angiographic
evidence of acute plaque rupture.

3) New electrocardiographic abnormalities (ST-segment
elevation and/or T-wave inversion) or modest elevation in
cardiac troponin.

4) Absence of pheochromocytoma or myocarditis.

An important discussion point covered in this manuscript
is the significant variability in the frequency of ST elevation
reported in the literature, ranging between 46% and 100%.
They astutely identified contributing factors to this report-
ed variability, including the transient nature of ST eleva-
tion; as well as selection bias for patients presenting with
ST segment elevation to be triaged promptly for angiogra-
phy, thus capturing the classical abnormality of left ven-
tricular systolic function prior to its rapid recovery.

The authors also devoted considerable time in this manu-
script to provide advice to readers about their theories on
the optimal management of Takotsubo cardiomyopathy
patients. They provided a practical approach, highlighting
the lack of evidence for any specific therapy, but the general
success of supportive measures. Despite acknowledging
the potential pathophysiological role of catecholamines,
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the authors were still advising readers that “cardiogenic
shock” should be treated with “inotropes” in addition to
intra-aortic balloon counterpulsation. The tendency to ad-
vise intensive care physicians against catecholamine-based
therapies has increased after the publication of the Lyon
hypothesis, and animal models supporting the likely ad-
vantage of levosimendan as an alternative. In many coun-
tries, despite the logic behind this, the higher financial cost
of levosimendan, rules against the common acceptance
of this practice.

2008

Ashrita Furman runs a mile on spring-loaded stilts
in 7 min 13 sec setting a new world record;

a human stampede at a Hindu temple at
Naina Devi in Bilaspur, Himachal Pradesh,
India, kills 162 and injures 400; and
Claudia Castillo of Spain becomes the first
person to have a successful trachea transplant

using a tissue-engineered organ
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Clinical characteristics and cardiovascular magnetic resonance
findings in stress (takotsubo) cardiomyopathy

L. Eitel, F. von Knobelsdorff-Brenkenhoff, P. Bernhardt, I. Carbone, K. Muellerleile, A. Aldrovandi,
M. Francone, S. Desch, M. Gutberlet, O. Strohm, G. Schuler, J. Schulz-Menger, H. Thiele, M. G. Friedrich

JAMA. 2011;306:277-286

his multicenter study is extraordinary in regard

to both the large numbers of patients with

stress cardiomyopathy that have been recruit-

ed (n=256), and the detailed cardiac magnetic

resonance imaging performed at the time of
presentation, as well as 1 month and 6 months into recov-
ery. The investigators include international experts in the
cardiac magnetic resonance (CMR) field, with particular
knowledge of the application of CMR to imaging interstitial
edema and fibrosis.

CMR was used to characterize the functional and myocardial
features of Takotsubo cardiomyopathy in a manner that
was not possible with either echocardiography or ventricu-
lography. For the first time, investigators were able to
precisely quantify right ventricular (RV) function in a large
cohort of patients, finding that 34% of the cohort had RV
“ballooning.” The large size of the cohort allowed investi-
gators to demonstrate that this was associated with sever-
ity of left ventricular dysfunction, as well as a higher fre-
quency of preceding stressful events, and that impaired
RV function was a risk factor for longer hospital stays.

Coming from international leaders in CMR-imaging of the
myocardial, including Matthias Friedrich, this study was
meticulous in its acquisition of T2-weighted images and
early postgadolinium datasets designed to sensitively and
specifically detect myocardial inflammation. Using this
approach, the investigators demonstrated that 81% of pa-
tients had myocardial inflammation, which was transmural
and matched the distribution of LV dysfunction. (ie, mid-
ventricular to apical). The authors observed that the trans-
mural distribution of the edema is distinct from the classic
patterns of myocarditis that is predominantly subepicardial
and most often inferolateral, which likely has diagnostic
relevance.

In contrast to the T2-weighted edema imaging, foci of patchy
late-gadolinium enhancement were infrequently observed,
in only 9% of the total cohort, and only in those with the
most severe presentations and highest troponin elevations.
Furthermore, the demonstration of any late gadolinium
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enhancement was only with a considerably reduced thresh-
old compared with the analysis of patients with myocardial
infarction, using a signal intensity-difference threshold

of 3 standard deviations (SD). When the investigators ap-
plied the more commonly used SI threshold of 5 SD, no
patient was found to have evidence of late-gadolinium
enhancement.

The exquisite CMR characterization of this large, multicen-
ter cohort study provides some hope that we will be able
to distinguish and triage individuals with Takotsubo car-
diomyopathy, in order to avoid the need for invasive angiog-
raphy. Such a possibility is most likely, initially, for patients
without ST elevation. In this cohort of patients, who do not
have an urgent indication to be transferred to the catheter
laboratory, it is already feasible that a combination of de-
tailed CMR following the protocol laid out in this manu-
script, perhaps with CT coronary angiography, would assist
in confirming the diagnosis of Takotsubo cardiomyopathy
and avoiding the catheter laboratory.

2011

Iceland’s most active volcano, Grimsvétn, erupts

making it the largest eruption in Iceland for
50 years; a pill to prevent sunburns is being
developed using coral’s natural defense against
the sun’s harmful ultraviolet rays; and
Ronald Searle, a British artist and satirical

cartoonist, dies at age 91
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High levels of circulating epinephrine trigger apical
cardiodepression in a beta2-adrenergic receptor/Gi-dependent
manner: a new model of Takotsubo cardiomyopathy

H. Paur, P. T. Wright, M. B. Sikkel, M. H. Tranter, C. Mansfield, P. O°Gara, D. ]. Stuckey,
V. 0. Nikolaev, I. Diakonov, L. Pannell, H. Gong, H. Sun, N. S. Peters, M. Petrou, Z. Zheng,

J. Gorelik, A. R. Lyon, S. E. Harding
Circulation. 2012;126:697-706

aur et al provide the Takotsubo field with novel
mechanistic and therapeutic insights using a
novel animal model of Takotsubo syndrome. The
experimental data also has relevance to under-
stand B-adrenergic signaling in cardiac patho-
physiology in a broader sense. This study is a fantastic
example of the value of “bed-to-bench-side” research. The
experimental design and manuscript builds from the “Lyon”
hypothesis, previously published by this group in Nature
Clinical Practice Cardiovascular Medicine in 2008, and dis-
cussed in the seminal paper summary number 6 (page 135).
The investigators, therefore, examined whether Takotsubo
cardiomyopathy results from a switch of adrenaline signal-
ing through the B-adrenergic receptor (8,AR) from a stim-
ulatory G-protein-activated cardiostimulant to an inhibitory
G-protein-activated cardiodepressant pathway.

In this study, rats received high-dose, intravenous bolus
injections of adrenaline or noradrenaline, with or without
specific pharmacological inhibitors, and then underwent
detailed monitoring of cardiovascular parameters, including
serial echocardiography. Patients with Takotsubo cardiomy-
opathy typically have a prominently elevated adrenaline
vs noradrenaline. Therefore, the adrenaline administration
successfully induced a takotsubo-like phenomenon, with
impaired left ventricular (LV) contractility being the highest
at the apex and midventricular segments. Rapid recovery
was also mimicked in this model, with normal LV contrac-
tility achieved at 1-hour postadrenaline bolus. Having re-
produced the Takotsubo phenotype with high-dose adren-
aline, investigators confirmed the role of Gi signaling, by
abolishing it with pertussis toxin pretreatment (7z vivo).

Parallel studies were also performed on primary cultured
rat cardiac myocytes, examining the effect of 8,AR over-
expression. The reproduction of the negative inotropic re-
sponse to adrenaline, with a switch from Gs to Gi, in iso-
lated myocytes further supports the predominant role of
cardiomyocyte dysfunction in Takotsubo cardiomyopathy
rather than the previously postulated vascular dysfunction.
The investigators also addressed the clinically important
issue of the most appropriate therapeutic approach to
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counter the negative inotropy mediated by the switch of
3,AR to Gi signaling: intravenous propranolol, carvedilol,
or levosimendan infusions were administered 15 minutes
after epinephrine injection. In contrast to either propra-
nolol or carvedilol, levosimendan administration showed
strong therapeutic potential, preventing further decline in
cardiac function. The clinical relevance of this time point,
however, given patients suffering from Takotsubo cardio-
myopathy do not present until the clinical syndrome sec-
ondary to the negative inotropy occurs, is uncertain. The
additional observation that a high-dose noradrenaline
bolus does not reproduce the takotsubo phenotype, and
the molecular switch from Gs to Gi signaling via the 8,AR,
suggests that physicians might be able to use noradrena-
line for pressor support in a relatively safe manner.

The Lyon/Harding team had previously postulated that the
3,AR switch to Gi was an essential protective mechanism
employed by the myocardium in conditions of sudden
adrenaline surges. The demonstration, in this study, of the
dramatic increase in acute mortality rates in rats receiving
adrenaline when preloaded with a selective 8,AR pharma-
cological antagonist certainly support this, and is an ex-
ample of the broader relevance of this manuscript to the
heart failure field in general.

2012
Betty White, an American actress, wins a
Grammy Award at age 91 making her the oldest
person to receive this award; Austrian skydiver
Felix Baumgartner becomes the first person to
break the sound barrier without mechanical
assistance; and The Shard, the tallest building
in the European Union and the tallest habitable
freestanding structure in the UK,

is officially opened
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A signature of circulating microRNAs differentiates takotsubo
cardiomyopathy from acute myocardial infarction

M. Jaguszewski, J. Osipova, J. R. Ghadri, L. C. Napp, C. Widera, J. Franke, M. Fijalkowsksi,
R. Nowak, M. Fijalkowska, 1. Volkmann, H. A. Katus, K. C. Wollert, J. Bauersachs, P. Erne,

T. F. Liischer, T. Thum, C. Templin

Eur Heart J. 2013 Sept 17. Epub ahead of print.

aguszewski et al provide us with the first pub-
lished data on the potential for circulating micro-
RNAs (miRNAs) to be diagnostic biomarkers for
Takotsubo cardiomyopathy. This is important in
the context of the paucity of diagnostic tools avail-
able for clinicians in the acute setting to differentiate be-
tween Takotsubo cardiomyopathy and acute coronary ar-
tery occlusion with associated myocardial infarction. The
manuscript is based on the increasing appreciation of the
role of this class of highly conserved, noncoding nucleotides
in cell proliferation, angiogenesis, differentiation, and apop-
tosis in cardiovascular physiology and pathophysiology.

The investigators recruited 36 patients from 5 contribut-
ing centers to the International Takotsubo Registry (www.
takotsubo-registry.com). Plasma samples were taken within
24 hours of presentation. Although this study is thought
provoking, a major limitation of the study is the very few
number of patients, particularly when the investigators
use arrays that contained probes for a total of 667 human
miRNAs for their first pass investigations. Although each
of the “hits” from this pooled screening round were then
quantified using quantitative RT-PCR in individual patients
in the validation step, it does not completely take away
from the “fishing expedition” nature of this study.

Interestingly, of the 36 patients diagnosed with Takotsubo
cardiomyopathy, 3 were included despite having obstructive
coronary artery disease (with at least one stenosis >50%).
This highlights the potential usefulness of the Mayo crite-
ria #1, which emphasizes that the wall motion abnormality
must extend beyond a single coronary territory. However,
it is not completely without controversy, given that it
disregards the Mayo criteria #2, requiring an “absence of
obstructive coronary disease or angiographic evidence of
acute plaque rupture.”

The main findings of the study reported are the upregula-
tion of miR-16 and miR-26a in patients with Takotsubo car-
diomyopathy compared with healthy subjects, and the up-
regulation of miR-16, miR-26a, and let-7f compared with

STEMI patients. Obviously, these findings need validating

139

in larger study populations. An interesting extension of
this work for future studies would be to examine the change
of microRNA in the recovery period, and in the time-period
remote from the presentation, compared with appropriate
controls. If the pattern of miR-16, miR-26a, and let-7f
microRNA upregulation in Takotsubo cardiomyopathy pa-
tients compared with STEMI patients is confirmed in future
studies, it may have clinical utility in the emergency room.
However, for this to occur, the ability to detect this distinc-
tive pattern must be reproduced in the early stages of pa-
tient presentation. The timing of plasma collection in this
study was not rigorously defined and occurred sometime
within 24 hours of presentation.

If the miRNA pattern in Takotsubo cardiomyopathy is vali-
dated, mechanistic hints may be elucidated. In this manu-
script, the authors make the biologically plausible link be-
tween miRs-125a and 5p, which was downregulated in
patients with Takotsubo cardiomyopathy, and its possible
role in the pathophysiology via its known effect on endo-
thelin-1 levels. Their findings that ET-1 levels were signifi-
cantly increased in the Takotsubo cohort were supportive
of this; however, causality remains to be tested.

2013

Queen Beatrix of the Netherlands abdicates in favor
of her son the Prince of Orange, who becomes the
first male monarch in 123 years; doctors in
Massachusetts, USA invent a pill-sized medical
scanner that can be safely swallowed by patients,
allowing the esophagus to be more easily scanned
for diseases; and French president Frangois
Hollande receives a baby camel by the government

of Mali for helping rid the north of Islamist rebels
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