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Takotsubo syndrome (TTS) is an acute cardiac condition independent of epicardial coronary obstruction that
mimics acute coronary syndrome and is characterized by acute heart failure with reversible ventricular motion
abnormalities. This consensus paper is the result of a multinational effort aiming to summarize the current
state of the art on TTS. Experts in the field provide a thorough and detailed review of this syndrome. Several
novel and unique sections are emphasized in this document, including the current state of the art on genetics
of takotsubo syndrome, microRNAs (miRs), racial differences, role of cardiac spectroscopy and intracoronary im-
aging, as well as mechanical circulatory support.
In part 1 of this two-part manuscript, we discuss how TTS came to be known, several patterns and forms it can
take in patients, epidemiology and pathophysiology of the syndrome, and clinical presentation.
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1. Introduction

1.1. Historical perspective

Takotsubo syndrome (TTS) was described for the first time decades
ago [1]. In 1986, a female case of transient left ventricular apical wall
motion abnormalities after her son's suicide was reported from United
States [2]. In this case, coronary angiography revealed no significant ste-
nosis. Similar conditions complicated by pheochromocytoma or sub-
arachnoid hemorrhage were already recognized around that time [3,4].

In 1990, Dr. Hikaru Sato first recognized the mysterious condition
of reversible left ventricular apical wall motion abnormalities with-
out coronary artery disease, which was often associated with emo-
tional or physical stress, and proposed the term “takotsubo-like left
ventricular dysfunction” from Hiroshima City Hospital. This name
derives from the shape of systolic left ventriculogram resembling a
takotsubo (Fig. 1) [5].

After 2000, Japanese researchers introduced knowledge of this dis-
order outside Japan with English papers [6,7], and the concept and
name “takotsubo cardiomyopathy” became recognized worldwide.
Fig. 1. A takotsubo used for trapping octopuses in Japan (Courtesy Dr. Kurisu S).
1.2. Nomenclature

TTS is a peculiar condition that clinically mimics an acute coronary
syndrome (chest pain, heart failure, ECG changes, biomarkers) with re-
versible ventricular motion abnormalities [8].

The main feature is the absence of coronary artery findings poten-
tially responsible and, usually, the involvement of myocardium terri-
tories dependent on various coronary arteries. Most researchers
describe it as a myocardial stunning process, possibly secondary to cat-
echolamine injury [8–10].

Initially TTS was deemed to be a cardiomyopathy, but some scien-
tists criticized the fact that the term implies a primary disease of the
myocardiumandproposed to define it as an acute and usually reversible
heart failure syndrome [10].

However, although the condition does not seem to be a “primary dis-
ease” of the cardiacmuscle – in most cases, at least – or we have not yet
identified a clear genetic basis, the fact that most of the patients do not
present heart failure symptoms makes it difficult to accept the latter
definition [9–11]. Others, consider that the problem is a transient car-
diomyopathy, since a number of recurrences have been reported and
some underlying pathophysiologic abnormalities at the myocardium
level have been described, explaining why only some people develop
the syndrome after intense stressful situations [12].

Moreover, due to its clinical heterogeneity (clinical profile, different
triggers, different anatomic forms, left ventricle or right ventricle or RV
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variable involvement, different pathophysiology) it could be a cluster of
different diseases with similar expression (phenocopies), fulfilling the
definition of “syndrome” [9,11–13].

The entity has commonly received several names, with N30 re-
ported [13,14], highlighting among them: takotsubo cardiomyopa-
thy or syndrome, Ampulla syndrome or transient cardiac/apical
ballooning because of the LV shape (Japanese octopus pot) in the im-
aging techniques, transient apical dyskinesia, and broken heart syn-
drome or stress cardiomyopathy due to its clear link with stressful
situations.

The term “stress cardiomyopathy” has the problem that, frequently,
we are not able to find a particular stress as trigger and that there are
other catecholaminergic situations, such as pheochromocytoma, that
are frequently excluded as takotsubo syndromes [13–16].

We support the unifying term suggested for this disease as
“takotsubo syndrome,” despite not all patients having the typical
“takotsubo trap” shape in their ventricles [10].

1.3. Diagnostic criteria

Since the syndrome description in 1986, several sets of diagnostic
criteria have been published, usually making the syndrome an “exclu-
sion diagnosis” [17] that entered into National Center for Biotechnology
Fig. 2.Working algorithm proposed including a simplified set of diagnostic criteria. *Transient
recovery is depicted by imaging techniques. **If a patient dies before an established diagnosis,
Information (NCBI) databases as a distinct clinical entity in 2008 [17].
Among these criteria stand out the Mayo criteria (2004, modified and
simplified in 2008) [18], the Japanese Takotsubo Cardiomyopathy
Group (2007) [6], the Johns Hopkins criteria (2012) [19], the Gothen-
burg Group (2013) [20], the Takotsubo Italian Network (2014) [21],
those proposed byMadias [22] and, most recently, the Heart Failure As-
sociation of the European Society of Cardiology Takotsubo Syndrome
Diagnostic Criteria in 2015 [10],which added the elevation of serumna-
triuretic peptide as a separate criterion.

Currently, the most widely used criteria are the 2008 modified
Mayo criteria (i.e., InterTAK [23], Retako [24]). However, in this
set, the presence of pheochromocytoma is considered an exclusion
criterion while, in fact, several authors consider those cases to be
within the takotsubo spectrum [16,18]. Probably, a simplified set
of diagnostic criteria for a syndromic approach followed by a diag-
nostic workup in order to get a more precise etiological diagnosis
would be warranted, as we do with dilated myocardiopathy, for ex-
ample [12]. Interestingly, more recently, a genetic basis has been
suggested to be involved in TTS with several familial cases of and
small studies reporting a potential association between TTS and sev-
eral genes [25–29].

Our proposed working algorithm including a simplified set of
criteria, is displayed in Fig. 2.
refers to a variable period of time ranging from days to weeks until a complete myocardial
the complete clinical profile (comorbidities, stressful situation) must be assessed.



Fig. 3. A – Apical (classic) pattern – End-systolic image from left ventriculography. B – Mid ventricular – End-systolic image from left ventriculography. C – Inverted or basal type – End-
systolic image from left ventriculography. D – Focal type – end-systolic image from left ventriculography.
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2. The different patterns of takotsubo

2.1. Anatomical variants

Since this initial description of apical ballooning, also known as the
classical pattern, and characterized by apical akinesis or hypokinesis with
preserved and/or hypercontractile basal segments, several different types
of left ventricular involvement have been described [23,30,31].

1) Classical pattern – Present in up to 80% of patients. (Fig. 3A).
2) Mid-ventricular pattern – Characterized by hypokinesis of the

mid left ventricle and hypercontractile apical and basal seg-
ments. Present in up to 15% of patients. (Fig. 3B).

3) Inverted (reverse) or basal pattern – Characterized by basal and
mid-ventricular segment hypokinesis or akinesis with preserved
contractility or hypercontractility of apical segments. Present in
2–5% of patients (Fig. 3C).

4) Focal type – Characterized by hypokinesis or akinesis of an iso-
lated segment; usually an anterolateral segment. Present in up
to 1.5% of patients (Fig. 3D).

5) Atypical patterns including right ventricular involvement –
Includes apical tip sparing variant, biventricular apical dysfunc-
tion, isolated RV involvement and global type. Their prevalence
is unknown, but likely represents a small minority of TTS cases
[23,32,33].

Probably, the most useful classification on this regard comprises 2
main types:
Themost commonor typical form– takotsubopot-shaped,with apical
affectation – and the first type described. Usually occurs in 70–85% cases,
being 81.7% in the largest series published, over 1750 patients (InterTAK)
[23,24]. The imaging techniques depict a distinctive LV apical and mid-
ventricular dis/a/hypokinesia together with basal hypercontractility.

The atypical forms, less frequent and heterogeneous, usually spar-
ing the apex cordis [34]. We could include in this type those with
mid-ventricular affectation – about 15% – and, less frequently, the
basal type (also known as inverted or reverse, “nutmeg” or “artichoke”
heart) often related to neurologic comorbidities – e.g., subarachnoid
hemorrhage – or pheochromocytoma [32]; global and focal types;
and, finally, those with right ventricular affectation (biventricular or
rarely isolated right involvement). Also, there was described a case of
“double takotsubo,” where the typical form was followed by the
inverted type [33].

The clinical RV expression is rare [10]. Some authors have reported
that RV contractile abnormalities may follow the same LV regional dis-
tribution and could influence the prognosis [10]. It is possible that the
RV affectation, observed about in 25–30% of the cases in some series,
evolved unnoticed in some cases. In fact, a recent small study with 31
patients reported that visually, echocardiography was able to identify
only 52% of patients who showed RVwall motion abnormalities on car-
diac magnetic resonance [35].

2.2. Primary and secondary forms

The anatomic classification can be complemented by another simple
distinction between primary and secondary forms [10,12]. This is
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intended to be amore etiologic grouping and thus would probably have
management and prognostic value. Although the concept varies slightly
among clinicians and researchers, we can assume these two separate
groups of takotsubo syndromes [10,12]:

Primary forms – In this group of patients, themost common (about
80% in a 2016 Retako analysis of 328 patients) [12], the acute cardiac
symptoms are the primary reason for seeking medical attention. These
patients do not have clearly identifiable triggers (28.5% over 1750
cases in InterTAK [36]) or when present, the stressful triggers are emo-
tional/psychic (27.7% in InterTAK) [36].

Secondary forms – Thosewith physical factors or comorbidities, po-
tentially acting as directly responsible for the cardiac condition (asthma,
drugs, surgery, trauma, subarachnoid hemorrhage, hyperthyroidism,
pheochromocytoma or paraganglioma, etc.) [10,36–38]. Some consider
these cases as takotsubo phenocopies.

3. Epidemiology

3.1. Prevalence

TTS may occur in up to 2% of patients presenting with suspected
acute coronary syndrome (ACS) [9,23]. The fact that it commonly pre-
sents with signs and symptoms resembling an ACS poses an important
diagnosis challenge since the distinction between these two entities is
frequently not immediately evident.

Despite initially being considered a relatively benign condition,
more current data have shown that TTS may be associated with consid-
erable inpatient morbidity and carry a small but important mortality
risk [23]. The prevalence of TTS has been increasing worldwide, espe-
cially among Caucasians. This is likely a consequence of an improved
awareness of the existence of this syndrome and easier access to early
coronary angiography than a true increase in TTS incidence [9,10,23].
Prior studies have consistently shown that TTS affects predominantly
postmenopausal women (66–80 years). The most common clinical
symptoms are chest pain (67%) and dyspnea (17%). TTS patients also
have higher frequencies of psychiatric disorders, such as depression
and/or anxiety, in comparison to ACS patients [23,39].

3.2. Inpatient morbidity

According to data from the Nationwide Inpatient Sample (NIS-USA)
(2008–2009 and 2009–2010), considered one of largest reported co-
horts, a higher mortality was observed in men, likely related to an in-
creased prevalence of acute critical illnesses, ventricular arrhythmia,
and sudden cardiac arrest [18,39]. Of note, TTS patients were identified
based on the International Classification of Diseases (ICD) discharge
codes and not on a systematic and detailed review of each individual
clinical case, which could potentially lead to inconsistencies in TTS diag-
nosis. As per the International Takotsubo Registry (group of 26 centers
in Europe and the United States) which included a total of 1750 TTS pa-
tients, cardiogenic shockmay affect 4.2% and ventricularfibrillation 1.5%
of cases [9,23].

Acute respiratory failure, acute neurologic or psychiatric diseases,
physical triggers, higher troponin levels, and lower ejection fraction
on admission were independent predictors for in-hospital complica-
tions [23,39,40].

3.3. Inpatient mortality

In the literature, the reported in-hospital mortality ranges from 1
to 5%, depending on the series. However, according to more recent
data from larger registries, TTS may carry 30-day mortality in the
range of 4–6%, which is considered comparable to ST-elevation myo-
cardial infarction (STEMI) and non-ST-elevation myocardial infarc-
tion (NSTEMI) [23].
3.4. Gender differences

TTS is more frequent in women than men, predominantly affecting
postmenopausal females. According to the International TakotsuboReg-
istry, TTS exhibits a female-to-male ratio of approximately 9:1. Overall,
male and female TTS patients have similar demographics and clinical
characteristics; however, they do have some important differences
worth mentioning. Physical triggers are more prevalent in men,
whereas emotional triggers are more common in women. Acute neuro-
logical disorders, such as intracranial bleeding, aremore frequently seen
in men [23,41,42].

In-hospital complications, such sepsis, ventricular arrhythmias, the
need for invasive or noninvasive ventilation, and the use of catechol-
amines, are more common among men. Cardiac arrest on presentation,
particularly out-of-hospital cardiac arrest, is also reported more fre-
quently in men.

In-hospital mortality and rate of major adverse cardiac events
(MACE) have been consistently higher inmen than inwomen [23]. Dur-
ing the first 30 days after admission,men remain at higher risk of MACE
and all-cause mortality than women [9,23,40].

Long-term follow-up has also shown that men have an increased
rate of all-causemortality andmajor adverse cardiac and cerebrovascu-
lar events beyond 30 days.

3.5. Age disparity

Women have significantly higher odds of developing TTS, and the
vast majority (up to 80%) are older than 50 years of age. In a study of
6837 patients diagnosed with TTS among 33,506,402 hospitalizations
in the Nationwide Inpatient Sample database – using discharge records
in 2008 using the International Classification of Diseases, Ninth Revi-
sion, code 429.83 – older women (N55 years) had 10.7 times higher
odds of developing TTS in comparison to men of similar age and 4.8
times higher odds for developing TTS when compared with women
b55 years old [18,23,43,44]. Inmen, there was no significant association
of age with development of TTS. At the time of TTS diagnosis, men are
usually younger than women [23].

Potential changes in the density and responsiveness of localmyocar-
dial adrenergic receptors from base to apex during menopause could
account for some of the gender and age differences noted [23]. Overall,
elderly patients have a higher prevalence of comorbid cardiovascular
conditions and worse in-hospital major adverse cardiovascular
outcomes such as acute heart failure, life-threatening arrhythmias,
stroke, lower ejection fraction upon admission, and cardiogenic shock
[23,40].

3.6. Racial disparities

There is a relative paucity of data regarding the potential impact of
race and/or ethnicity in TTS presentation and outcomes. However,
after European and North American TTS registries started publishing
their data, it became evident that race and ethnicity could play an
important role in TTS [44].

Caucasians present more commonly with chest pain and after an
emotional trigger in comparison to other racial groups. Asians and
African-Americans may have a higher rate of in-patient complications,
such as stroke and acute respiratory failure, requiringmechanical venti-
lation in comparison to Caucasians and Hispanics [23,44].

Distinctive racial electrocardiographic differences have also been
reported in these registries, with T-wave inversion and QT prolongation
being more prevalent among African-Americans. Higher prevalence of
ST-segment elevation has been observed in Asians, whereas ST-
segment depression is more frequently seen in non-African-
Americans. Prospective clinical trials are needed to confirm these
findings [23,44,45].
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3.7. Malignancy association

Noteworthy, evidence now exists that patients with TTS have an el-
evated rate of malignancy that greatly exceeds the expected prevalence
of cancer in age-matched populations in theUnited States andEuropean
countries [46–48].

In their pivotal work, Burgdorf et al. reported that patients with TTS
more commonly had a previous diagnosis of malignancy or developed
malignancies during follow-up as compared with patients with acute
myocardial infarction [49]. Similarly, El-Sayed et al. found that patients
with TTS have higher odds of malignancy than orthopedic and myocar-
dial infarction patients in a large population of patients hospitalized
with TTS in the United States over a 2-year period [50]. The results of
the COUNT study, an international collaborative review including a
large series of 1109 patients with TTS, found that the frequency of ma-
lignancy ranged from 4 to 29% (average: 10%) [51].

More recently, it has been shown that those TTS patients with a di-
agnosis of malignancy have higher peak BNP, leukocyte levels, CRP
and experience a highermortality rate [52]. These findings provide a re-
liable confirmation of the hypothesis that malignancy predisposes to
TTS [53]. Although the exact mechanisms of action of malignancy re-
main speculative, a number of clinical and experimental studies have
convincingly elucidated the potential links between cancer and emo-
tional stress, inflammation, and neurohormonal activation in TTS [54].
Indeed, cancer is accompanied by increased psychological stress,
which in turn increases susceptibility to TTS.

3.8. Genetic perspective

Several familial cases of TTS have been described [25]. The recently
identified genetic variants in key cardiac regulator genes imply a genetic
predisposition in TTS through increased sensitivity to catecholamine
toxicity. Moreover, other reasons that make a genetic predisposition in
TTS reasonable are a) There have been several reports of familial cases
[25,26]; b) TTS recurs in 5–10% of patients, suggesting a genetically me-
diated vulnerability; c) Most postmenopausal women experience acute
stressful events, but only a small subset develop TTS.

Small studies in individual patients have reported an association be-
tween TTS and several genes, including Bcl-2–associated athanogene 3
(BAG3) [26]. However, conflicting results have been published in small
studies regarding the presence or absence of functional polymorphisms
in relevant candidate genes, such asα1-,β1-, andβ2-adrenergic receptors,
G-protein coupled receptor kinase (GRK)-5, and estrogen receptors [27].

The first genome-wide association study (GWAS) in TTS patients
identified potential genetic risk variants and found promising prelimi-
nary results, but the study was too small to draw definite conclusions
[28]. Another recent study investigated a genetic predisposition for
TTS by using an in vitro induced pluripotent stem cell (iPSC) model of
TTS [29]. Several genetic variants in different key regulators of cardiac
function could be uncovered, including an overactive β-adrenergic
pathway and higher sensitivity of catecholamines in TS iPSC-CMs and
TTS engineered heart muscle [29]. Receptor desensitization and differ-
ent β1/β2-AR were identified as potentially important pathophysiologi-
cal components of TTS. According to current available data, it is likely
that a genetic predisposition may interact with environmental factors,
polygenic etiology and/or recessive susceptibility alleles; however,
small genetic studies have failed to identify significant causative genetic
variants [27,55]. A small number of case reports suggest an association
between rare genetic syndromes and TTS [55–57].

4. Pathophysiology

4.1. Catecholamine surge

Catecholamine surge constitutes one of the most intriguing features
of TTS [31]. Both circulating epinephrine and norepinephrine released
from the adrenal medulla and norepinephrine released locally from
sympathetic nerves are increased in the acute phase of TTS. This cate-
cholamine surge leads, through multiple mechanisms, to myocardial
damage, which is the substrate of transient apical left ventricular bal-
looning (Fig. 4).

Acute emotional and/or physical stressors, i.e., the well-known
triggers of TTS, have been shown to induce brain activation, thus in-
creasing epinephrine and norepinephrine levels [46]. Specifically, the
stress-induced increase in norepinephrine secretion stimulates the
hypothalamic-pituitary-adrenal axis, causing adrenal medullary cells
to synthesize and release predominantly epinephrine. Plasma levels of
catecholamines and their metabolites are elevated in the acute phase
of TTS in nearly 75% of patients, as originally demonstrated by Akashi
et al. [58], and subsequently reported by Wittstein et al. [59].

Along with higher levels of circulating catecholamine, there is also
evidence of increased catecholamine at the myocardial level in the
acute phase of TTS. Kume et al. have demonstrated increased norepi-
nephrine spillover in the coronary sinus in a small series of patients
with TTS, suggesting increased local myocardial release of catechol-
amine from cardiac nerve endings [60]. Indeed, norepinephrine spill-
over from the cardiac sympathetic nerves induces calcium overload,
thus resulting in contraction band necrosis – one of the pathological
hallmarks of TTS [61].

4.2. Beta receptors mechanism and myocardial ischemia

Catecholamine surge acts on beta-adrenergic receptors, which in
turn affect chronotropic, inotropic, and lusitropic cardiac functions and
trigger the onset of LV dysfunction [46]. Regional differences in density
of different types of adrenergic receptors seem to explain the typical
pattern of left ventricular dysfunction often seen in TTS. The beta2-
adrenergic receptors are more frequently expressed in apical than in
basal segments of the left ventricle, whereas a reverse distribution is
present for norepinephrine beta1-adrenergic receptors, which are
expressed mainly at the base than at the apex of the left ventricle [10].

Both epinephrine and norepinephrine have positive inotropic effects
through Gs-coupling protein. The rise in levels of epinephrine trigger
beta2-adrenoceptors to switch from Gs to Gi coupling, which is associ-
ated with a negative inotropic response of the left ventricular apex
[10]. This mechanism protects left ventricular myocardium from the
catecholamine storm, thus limiting the degree of myocardial injury in
the acute phase of TTS [10].

A further pathogenetic mechanism of TTS is transient myocardial is-
chemia. Since the 1990s, epicardial coronary artery spasm and/or dif-
fuse coronary vasoconstriction have commonly been reported in most
series of patients from Japan. Indeed, development of coronary spasm
with acetylcholine testing has been found in patients with TTS [37].
Also, spontaneous coronary artery dissection is reportedwith increasing
frequency in patients with TTS [62].

Recently, microvascular dysfunction has been advocated as a further
pathogenetic determinant of myocardial ischemia in TTS based on the
evidence that invasive and noninvasive diagnostic tools have docu-
mented abnormal coronary microvascular responses in TTS [48]. The
demonstration of reduced TIMI (Thrombolysis inMyocardial Infarction)
frame count at emergency coronary angiography, the finding of perfu-
sion defect in the left ventricular segments showing reduced contractil-
ity with myocardial contrast echocardiography, the evidence of a
decrease in tracer uptake during the acute phase of TTS, and a return
to normal at follow-up with single-photon emission computed tomog-
raphy strongly suggest a role for coronary microvascular dysfunction
as a trigger of myocardial ischemia in this condition [31].

4.3. Depressed cardiac energetic measured with 31 P cardiac spectroscopy

There is little mechanistic evidence regarding the acute intra-
myocyte pathophysiology processes that occur and evolve in the



Fig. 4. Pathophysiology of TTS: Acute emotional and/or physical stressors cause an acute catecholamine surge, with an increase inmyocardial release of catecholamine as well as a raise in
circulating epinephrine and norepinephrine levels. Endogenous catecholamine released into the heart via nerve terminals cause a direct catecholamine-induced myocardial toxicity. The
catecholamine surge acts on beta-adrenergic receptors thus affecting chronotropic, inotropic, and lusitropic cardiac functions. Also, catecholamine surge with excessive cardiac
sympathetic activity can induce either epicardial coronary artery spasmordiffuse coronarymicrovascular constriction, thus contributing to the acutemyocardial dysfunction and stunning.
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human takotsubo heart beyond that of small myocardial biopsies [63],
which have been collected predominantly from the right ventricle due
to the high risk posed by performing a biopsy from an akinetic or dyski-
netic myocardial territory.

Nevertheless, it has been demonstrated that myocardial energetics
(the phosphocreatine/gamma-adenosine triphosphate (PCr/γATP)
ratio obtained non-invasively by 31P-cardiac magnetic resonance spec-
troscopy) is severely reduced in acute TTS patients [64].

This occurs alongside a strikingly edematous myocardium [64,65].
While it is well-known that a fundamental characteristic of the

human takotsubo heart is a prompt and spontaneous recovery of the
left ventricular ejection fraction, the recovery of the cardiac energetics
as well as that of the myocardial edema appears to lag behind that of
the ejection fraction, since residual levels of edema have been shown
to persist at 4 months in the regions that were acutely affected and, in
addition, there is only partial recovery of the cardiac energetic status
at 4 months post-index event [64].
4.4. Role of hormonal/reproductive factors

Animal studies showing that estrogen supplementation reduces the
incidence of TTS in response to emotional stress [66,67] have led re-
searchers to hypothesize that reproductive factors could play a role in
the onset of TTS.

To date, however, there is very limited information in humans, and
the few clinical studies examining the role of hormonal/reproductive
factors in the development of TTS have several limitations (i.e., small
sample size, retrospective design).

A small study compared estradiol, progesterone, luteinizing hor-
mone, and follicle-stimulating hormone levels in women with TTS, MI,
and healthy women and found – unexpectedly – higher concentrations
of estradiol in TTS compared to both controls [68]. Estrogen levels,
though, were measured at admission and likely increased in response
to stress [68].
A retrospective case-control study found no differences in the prev-
alence of menopausal status, frequency of oophorectomy, and average
years since the onset of menopause across female TTS cases, age- and
event date-matched female controls with ST-segment elevation myo-
cardial infarction, and women with neither diagnosis [69].

Another small prospective case-control study compared repro-
ductive characteristics of TTS female cases, MI controls, and healthy
women [70]. TTS womenmore frequently reported a history of irreg-
ular menses and menopausal symptoms, higher parity, and using
hormone replacement therapy compared to MI and healthy female
controls.

In multivariable adjusted models, a history of irregular menses, par-
ity, and use of postmenopausal hormone replacement were signifi-
cantly associated with the onset of TTS.

The absence of associations between TTS and a history of oophorec-
tomy, and the fact that the use of hormone replacement therapy was
not protective, suggest that in contrast with animal studies [66,67], es-
trogen levels per se may not play a role in the physiopathology of TTS
in humans. Instead, this study suggested a possible important associa-
tion between premenopausal factors (e.g., disruptions in ovulatory cy-
cling, parity) and the onset of TTS at a later age.
4.5. Inflammation and interleukins' role in TTS

An inflammatory reaction is observed during the acute phase of TTS,
but its role is still not clearly defined. Catecholamines may cause endo-
thelial damage with consequent release of growth factors (VEFG and
EFG) and interleukins [71].

Higher serum levels of interleukins 6 and 10 at TTS admission are as-
sociated with risk of in-hospital complications and adverse events at
follow-up [72]. When compared with acute myocardial infarction
(AMI), TTS is featured by higher prevalence of macrophages (CD68)
and anti-inflammatory interleukins during both the acute and recovery
phases [63].
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4.6. Low prevalence of diabetes in TTS patients

It has been postulated that patients with diabetes mellitus (DM)
with complicated ASNS peripheral neuropathy would either be
protected from suffering TTS or experience mild forms of the disease.
Accordingly, patients with TTS would be expected to have a low preva-
lence of DM; also, patientswithDMwhohave suffered TTSwould be ex-
pected to have mild and/or short-duration DM, and certainly without
complicating ASNS neuropathy.

To explore this, a meta-analysis of 33,894 patients (88.9% women)
with TTS reported between 2001 and February 22, 2014, was carried
out, employing 5 subanalyses (all patients, patients reported individu-
ally, patients reported collectively in case series, patients b60 years old
reported individually, and patients N65 years old reported individually.
The prevalence of DM was 16.8%, 10.2%, 17.0%, 11.9%, and 12.5%, corre-
spondingly, and lower than the 26.9% found by the National Health and
Nutrition Examination Survey (NHANES) [47].

5. Clinical presentation

5.1. Primary and secondary forms

When we divide TTS patients between primary and secondary
forms, we are probably separating different diseases (phenocopies)
and thus will obtain different clinical presentations and prognoses. Re-
cent data have shown that “primary” patients suffered more frequent
chest pain as themain complaint (89.4% vs. 50.7%, p b 0.0001)with veg-
etative symptoms (57.4% vs. 38.1%; p= 0.006). Palpitations, syncope or
heart failure/shock on admission were numerically more frequent in
secondary forms.

During admission, differences were related to more intensive anti-
thrombotic and anxiolytic drug use in the primary group. Inotropic
and mechanical ventilation use was higher in the secondary forms,
which also displayed higher biomarker elevation and more in-hospital
stay and evolutive complications (death, recurrences) [12].

5.2. Right ventricle involvement

Up to 34% of TTS patients may have some degree of RV involve-
ment, even if not immediately clinically apparent [10]. Biventricular
involvement is typically identified on imaging studies such as
echocardiography and MRI. In observational retrospective studies,
the most frequently affected RV segments were the apico-lateral,
antero-lateral and inferior walls [23]. The presence of RV involve-
ment has been associated with a higher prevalence of in-hospital
major adverse cardiovascular events, including heart failure, cardio-
genic shock, and in-hospital mortality [23,34]. RV involvement is
more prevalent in older patients with a lower baseline left ventricu-
lar ejection fraction and is associatedwith higher frequency of signif-
icant or bilateral pleural effusions [23,34].

5.3. Inverted forms

Inverted (Reverse) or Basal Pattern: Patients with an inverted or
basal pattern are younger and more commonly present with an
identifiable emotional or physical triggering event in comparison to
TTS patients presenting with the classical pattern [37]. Heart failure
symptoms and significant mitral regurgitation are less prevalent in the
inverted forms [37]while subarachnoid hemorrhagemay bemore com-
mon [38]. More recent data suggest that some atypical forms, particu-
larly the reverse patterns, may carry worse prognosis [10].

5.4. Potential triggers

Both emotional and physical events are established triggers, al-
though more recently, an increasing association with physical stressors
has emerged, as well as the realization that the condition may occur
spontaneously, without an identifiable trigger, in a minority of patients.
Triggering events, particularly those of a personal nature, may be
concealed at the time of presentation [73,74].

In the Minneapolis Heart Institute experience of nearly 400 TTS pa-
tients, 10% provided no history of a triggering event, physical stressors
were present in 50%, and emotional events in 40% [73]. In comparison,
a report from the International Takotsubo Registry [23] noted triggering
events as physical in 36%, emotional in 28%, both in 8%, and neither in
29%. The rising importance of physical triggers of TTS likely reflects
greater awareness of this condition occurring in a health-care environ-
ment in association with an acute illness, medication administration,
medical testing, or an invasive procedure.

The diversity of precipitating events associatedwith TTS ranges from
the ordinary to the catastrophic; furthermore, seemingly minor events
can act as a trigger [23,73,75].

5.5. Pharmacologic triggers

Drugs with a variety of pharmacologic actions, ranging from chemo-
therapeutic agents to antidepressants, have been reported as TTS trig-
gers, often when administered in accidental or deliberate overdose
[10,23,42]. Illicit drug use (cocaine) and withdrawal from drugs (alco-
hol, opioids, metoprolol) are also known triggers [36,73].

Catecholamine administration in both therapeutic and excessive
doses has been temporally related to TTS onset.

Among the endogenous catecholamines, epinephrine has received
the most attention, likely reflecting the widespread use of this drug in
health-care settings. In most cases, epinephrine was administered dur-
ing aminor surgical procedure, although reports of intentional overdose
during suicide attempt exist [10,76].

Norepinephrine overdose has also been reported to induce TTS [77].
The synthetic catecholamines dobutamine, isoproterenol, and salbutamol
have eachbeen reported to provokeTTS,most commonlywhenuseddur-
ing stress testing, electrophysiologic testing, or treatment of chronic ob-
structive lung disease and asthma [10,76].

Notably, intraocular injection of phenylephrine has been reported as
a takotsubo trigger [10,76]. These takotsubo-catecholamine administra-
tion events provide support for the potential participation of the sympa-
thetic nervous system in the mechanism of TTS.

5.6. Procedure-related triggers

The evidence for TTS complicating medical or surgical procedures is
extensive and ranges from minor (colonoscopy) to major (prolonged
spinal surgery) [23,40]. Ironically, procedures performed by cardiolo-
gists and cardiothoracic surgeons are regularly reported TTS triggers, in-
cluding dobutamine stress testing, pericardiocentesis, cardioversion of
atrial fibrillation, pacemaker insertion, electrophysiologic testing and
ablation, and surgical and transcatheter valve replacement [10,16].

It is important, therefore, to consider TTS when encountering
patients with hemodynamic or rhythm instability after cardiovascu-
lar procedures. Resuscitation from cardiac arrest represents a partic-
ularly profound physiologic stress, frequently requiring epinephrine
administration and defibrillation, each of which can itself trigger a
TTS event [16].
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