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Introduction: Takotsubo cardiomyopathy is a transient type of acute heart failure with distinct wall motion ab-
normalities and unclear pathophysiology. This review focuses on the proposed pathophysiological mechanisms
that could be involved in the occurrence takotsubo cardiomyopathy.

Main body: Acute stress and subsequent excessive activation of the sympathetic nervous system are major factors
in the pathophysiology of takotsubo cardiomyopathy. The high levels of catecholamine work in a triggering
manner, generate reactive oxygen species, release inflammatory cytokines, and induce endothelial injury. The
incidence of Takotsubo cardiomyopathy has increased following COVID-19 infection and vaccination, which
suggests that neurohormonal and psychological factors (i.e., fear and anxiety of infection or vaccination) may
have an additional role in the pathophysiology. In addition, inflammatory state, cytokine storm, augmented
sympathetic activity, and endothelial dysfunction during the acute phase of COVID-19 infection may participate
in Takotsubo cardiomyopathy. Chronic stress is also linked to this complex mechanism by accelerating cripple of
endocrinal hypothalamic-pituitary-adrenal axis activity, which influences the cortisol effect on releasing cate-
cholamine, which is directly related to the pathogenesis of takotsubo cardiomyopathy.

Conclusion: The excessive activation of the sympathetic nervous system and subsequent high levels of cate-
cholamines could initiate the process. The catecholamines, in turn, generate reactive oxygen species and release
inflammatory cytokines (i.e., IL-1, IL-2, IL-6, IL-7, IL-8, CXCL1, TNF-a, and IFN-y), which causes endothelial
injury.

1. Introduction health care systems. In the US, the hospitalization rate due to TTC

increased from 52 cases/million to 178 cases/million adult discharges

Takotsubo cardiomyopathy (TTC) is considered a mysterious and
attractive entity described in Japan by Sato et al., in 1990 [1]. The term
this syndrome is derived from the Japanese word takotsubo (Tako means
octopus; tsubo means pot) because the appearance of the left ventricle
(LV) at the end of systole which can be visualized in trans-thoracic
echocardiogram (TTE) or coronary angiography with left ventriculog-
raphy is similar to a Japanese octopus fishing pot through the acute
phase [1]. TTC is a transient type of acute heart failure with distinct wall
motion abnormalities [1]. TTC has a significant economic burden on

over six years (i.e., six folds) [2], with an annual nationwide cost burden
exceeding 112$ million for the initial admission and readmission within
1-month [3]. It was estimated that the average expenditure of care from
hospitalization to six months after discharge was 11,491$ per patient
[4]. While the cost for the readmissions was equal to the entire cost of all
outpatient and primary care coalesced (€169 739 vs. €170 514) [4].
The classical morphological pattern of TTC is apical akinesia with
basal hyperkinesia of the left ventricular myocardium. TTC patients
typically presented with symptoms and signs that resemble acute
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coronary syndrome (ACS) symptoms with elevated cardiac biomarkers
but without any coronary lesion on the angiography [5]. It is estimated
that 1%-2% of all patients with suspected ACS are ultimately diagnosed
with TTC. The presence of localized wall motion abnormalities extend-
ing beyond a single epicardial coronary artery perfusion territory is an
essential feature to distinguish TTC from ischemic myocardial infarction
(MD) [5]. Interestingly, ventricular function improves spontaneously in
most patients within one month of presentation. Although several hy-
potheses have been formulated, the underlying pathophysiological
mechanism remains unclear. It predominantly affects postmenopausal
women and is often preceded by an emotional or physical trigger, but
the absence of the trigger does not preclude the diagnosis [5]. The
plasma levels of epinephrine and norepinephrine are significantly
elevated in TTC patients. Previous findings have suggested that sym-
pathetic tone activation following an acute stress event plays a signifi-
cant role in the pathophysiologic process. Many studies have supposed
that antidepressive disorders (ADD) and psychiatric diseases may
participate in the pathogenesis of TTC [6,7]. This study aims to provide a
comprehensive review of Takotsubo syndrome by concentrating on the
proposed pathophysiological mechanisms that could be involved in the
occurrence of this entity, especially the sympathetic nervous system
(SNS)  activation  hypothesis, = which  finally leads to
catecholamine-mediated myocardial stunning.

2. Epidemiology

Since the first report by the Japanese physicians Sato et al., in 1990,
TTC has gained worldwide recognition [1]. The expected incidence of
TTC in the USA and Europe is between 50,000 and 100,000 per annum
[8,9]. It is estimated to represent 0.02% of all hospitalizations in the
United States [8]. TTC forms about 1-2% of all patients presenting with
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the suspected ACS [10]. The recurrence rate of TTC is 1.8% per-patient
year [5]. While the rate of death from any cause is 5.6% per patient-year
[5]. The syndrome shows a high predominance toward the female
gender, with 89.8% of all cases being women with a mean age of 66.8
years [5]. Females older than 55 years have a 4.8 fold higher possibility
of developing TTC than younger females [8]. Contrary, there is no sig-
nificant correlation between the age and incidence of TTC in the males’
population [8]. However, male gender was associated with increased
rate of mortality in comparison with female gender [9].

3. Pathophysiology

The pathophysiology of takotsubo syndrome has been addressed in
many studies and can be subdivided into four main categories: (1)
myocardial ischemia, (2) the role of catecholamine in triggering car-
diotoxicity, (3) LV outflow tract obstruction and increased ventricular
afterload, and (4) enhanced autonomic nervous system activity [11],
and it can be shown in excessive stimulation of SNS, in psychiatric
disorders, neurologic disorders and the hormonal changes in women
including post-menopause and pre-menopause.

3.1. TTC with catecholamines and SNS stimulation

One major factor in the advancement of TTC is the excessive acti-
vation of the sympathetic nervous system (SNS) because it was observed
that the high level of catecholamine works in a triggering manner [11].
In addition, catecholamines were observed to be responsible for reactive
oxygen species (ROS), inflammatory cytokines release (i.e., IL-1, IL-2,
IL-6, IL-7, IL-8, CXCL1, TNF-a, and IFN-y), and subsequent endothelial
injury [12,13] (Fig. 1). A series of recent clinical studies have proved a
strong correlation between the number of cases triggered by extensive
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catecholamine and the stressful psychological events which is acceler-
ating the beginning of the clinical symptoms of TTC [14,15]. These
findings suggest that the elevated catecholamine responses and more
cardiac sympathetic stimulation are induced by psychiatric illness
because of the shortness of catecholamine reuptake. In addition to that
supraphysiologic adjustments in catecholamines and chronic cardiac
sympathetic stimulation are developed because of the aggravation of
underlying psychiatric disorders [16]. One of the main characteristic
features of TTC is the cardiogenic shock which is a common complica-
tion of the change that is happening in peripheral vessels of spasm fol-
lowed by dilation, which can harm at least the left ventricle systolic. All
of these modifications can be surged by the systemic catecholamine to
clarify the pathophysiologic mechanism; it can be described as the more
density of beta-adrenoreceptors a region has, the more sensitive to
circulating catecholamine it will be. Therefore, the apical myocardium
of the left ventricle is the most sensitive region in the heart, and it is
more susceptible to suffering from TTC than other myocardial regions
[14]. Besides, the myocardial characteristics, structure, and cytoskeletal
contractile proteins can be altered due to acute catecholamine overload,
reversible intracellular modifications, and moderate neutrophilic infil-
tration; however, all can return to normal after functional recovery [11].
However, the changes that happen after the catecholamine-induced
cardiotoxic effects are examined during the acute phase of the TTC
syndrome in biopsy samples which approve the direct effects as well as
the vascular impact [14]. In the acute phase of TTC, many extracellular
clusters were revealed by the immunohistochemical staining for mac-
rophages (CD68) with a little rising in leukocyte counts and C-reactive
protein levels in addition to the increasing natriuretic peptide levels
related to the elevation in catecholamine concentrations that are linked
to the asperity of left ventricular systolic dysfunction [17]. Chronic
stress is linked to the accelerating cripple of endocrinal
hypothalamic-pituitary adrenal axis (HPAA) activity regarding the
psychiatric pressure or the stressful life events patients experience,
which influence the promotion of cortisol effect on releasing catechol-
amine, which is directly related to the pathogenesis of Takotsubo syn-
drome [18]. Supraphysiologic alterations in catecholamines and chronic
cardiac sympathetic activation are suggested to be the intensification of
hidden psychiatric disorders which can trigger the onset of the TTC.
Chronic psychosocial or traumatic stress can induce constant hyperac-
tivity of HPAA, which can cause chronic hypoactivity [19,20]. However,
Takotsubo syndrome patients felt more nervous during a stress experi-
ment than the control group with a pronounced CSR36 [18]. On the
other hand, the direct effect of catecholamine on cardiomyocytes results
in LV transient dysfunction [21]. Endomyocardial biopsies showed
sporadic contractions band necrosis in clinical settings of a high level of
catecholamines such as pheochromocytoma or subarachnoid hemor-
rhage, associated with hypercontracted sarcomeres, dense eosinophilic
transverse bands, and interstitial mononuclear inflammation as a
reflection of the injury of myocyte [22], which its viability can be
decreased because of catecholamines through cyclic adenosine mono-
phosphate (cAMP) mediated Ca2p overload as it may occur in TTC. It
was reported in the medical literature that takotsubo patients have 7 to
34 times as high as published normal values of epinephrine, norepi-
nephrine, and dopamine [23].

Noteworthy, there is no accommodation concerning the antiplatelet
therapy in TTC patients even though the effects of catecholamines on
platelet activation and endothelial dysfunction have been approved [22,
24]. To sum it up, recent studies agree that the acute release of cate-
cholamines from the sympathetic nerves or adrenal medulla, or as drug
therapy, can lead to chronic, but transient LV dysfunction with sec-
ondary myocardial inflammation due to the elevation in susceptibleness
of the coronary microcirculation and cardiac myocytes to the stress
hormones [21]. It was noticed that the acute phase of TTC defined by
macrophagic infiltrations of cardiomyocytes and an increase in systemic
proinflammatory cytokines (i.e., IL-1, IL-6, IL-10, and TNF-a), which
may further worsen TTC and lead to defective pathologic circuit [12,13]
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(Fig. 1).
3.2. TTC with neurological disorders and psychiatric disorders

Previous research showed that hidden psychiatric disorders such as
depression, anxiety, mania and psychosis, and other neurological dis-
orders including subarachnoid hemorrhage, stroke, transient ischemic
attack or seizures, and pheochromocytoma are disorders that can
generate stress and physiologic modification which are identical to
symptoms expressed in TTC female patients which can lead to a supra-
physiological adjustment in catecholamines and longer cardiac sympa-
thetic provocation due to underlying ongoing stress because of the
reduced catecholamine reuptake [16,24]. Likewise, cripple CSR and the
elevated prevalence of psychiatric overload and nervousness are found
to be associated with the long-term pressure and accelerating crippling
of endocrinal HPAA activity and the cortisol induced on catecholamine
release that can lead to the pathogenesis of Takotsubo syndrome [18].
For example, research has provided evidence for the high prevalence
rate of neurological and psychiatric disorders which have been reported
to have a higher rate than TTC patients seem to in comparison with ACS
patients [5,22,25]. Furthermore, it is remarkable that TTC female pa-
tients have experienced more sentimental triggers before the onset of the
TTC compared with male TTC patients who have been found to have
more physical pre syndrome triggers. Nevertheless, physical events such
as acute respiratory failure or central nervous system (CNS) conditions
were reported to be independent predictors for in-hospital complica-
tions, but they are less frequent than emotional life events such as panic
attacks, anxiety, surprise parties, and stress, yet each of those two main
categories of life events can trigger TTC in patients [5,25].

Previous recent retrospective studies have emphasized a prevalence
rate of depressive symptoms in comparison with a healthy control
group. Additionally, a proportion of 43.2% of TTC patients who have
enrolled in this study has suffered from a psychiatric disease while half
of them had an active disorder [5]. Those diagnosed with chronic anx-
iety disorders seemed to be prevalent before the onset of the disease,
while prior research showed that anxiety preadmission is linked to the
occurrence of takotsubo cardiomyopathy syndrome [6]. TTC patients
respond to emotional and physical stressors more sympathetically which
triggers the stimulation of the autonomic nervous system, this stimula-
tion is expressed by two neurohumoral axes: the sympathetic-adrenal
medullary axis which is linked to the catecholamine release in the ad-
renal medulla which is activated after the immediate stressor and the
HPA axis that is activated by chronic stressors during the successive
releasing of cortisol from the adrenal cortex [18] (Fig. 1). This has also
been explored in an earlier retrospective analysis which recognized that
selective norepinephrine reuptake inhibitors, serotonin reuptake in-
hibitors, or benzodiazepines are medications observed to be taken to
treat affective disorders in TTC patients more prevalent than healthy
controls [5,22]. Besides, general anxiety levels are significantly higher
in healthy controls than in TTC patients contrary to the illness-related
anxiety levels which show a high prevalence in TTC patients [18].
Accordingly, there has been a recent study that showed psychiatric
illness before the onset of the disease is correlated to the increased risk of
TTC, but this does not affect the long-standing mortality [26].

It is worth to mention that the incidence of TTC has increased
following COVID-19 infection and vaccination. Patients had no previous
physical or emotional triggers, thus, neurohormonal and psychological
factors (i.e., fear and anxiety of infection or vaccination) may have an
additional role in the pathophysiology [27,28]. In addition, inflamma-
tory state, cytokine storm, augmented sympathetic activity, and endo-
thelial dysfunction that occurs during the acute phase of COVID-19
infection may participate to TTC [13].

4. Clinical features

Takotsubo patients typically presented with symptoms and signs
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almost similar to ACS symptoms [5,29]. The typical clinical presentation
for takotsubo syndrome (TTC) is a post-menopausal woman presented to
the emergency department with chest pain, dyspnea, palpitation,
nausea, and syncope that is preceded by emotional or physical trigger
[30]. However, the absence of this trigger does not exclude the diagnosis
[8]. Such patients should prompt urgent clinical evaluation and hasty
acquisition of resting 12-lead electrocardiography (ECG). During the
acute phase, the findings may include ST-segment elevation (usually in
the anterior precordial leads), ST depression, new left bundle branch
block (LBBB), T-wave inversion, Q wave abnormalities, and/or QTc
prolongation and even complete AV block with ventricular asystole [31,
32]. Cardiac biomarkers maybe show elevated levels of serum cardiac
troponin and brain natriuretic peptide (BNP) [5,33], while the creatine
kinase remains normal or is mildly elevated [5,34]. During the acute
phase, the echocardiography shows characteristic features consisting of
regional wall motion abnormalities of the LV (or occasionally RV
myocardium) that extend beyond a single epicardial coronary artery
perfusion territory with a significant reduction in left ventricular ejec-
tion fraction (EF) [5,35]. Because of acute left ventricular dysfunction,
some patients have pulmonary edema or cardiogenic shock [10,36]. The
classical morphological pattern of left ventricular (LV) regional wall
motion abnormality is the apical hypokinesia, akinesia, or dyskinesia
(apical ballooning) with basal hyperkinesia that occurs in more than
two-thirds of TTC patients [5,37]. However, further wall motion ab-
normalities in TTC have been described, such as basal, mid-ventricular,
and lateral akinesia of the left ventricular myocardium and the
involvement of the right ventricular myocardium as part of a biven-
tricular involvement or isolated right ventricular wall motion abnor-
mality [5,37]. Various types of Takotsubo cardiomyopathy are
summarized in figure (1). Serial echocardiographic assessments of TTC
patients reveal a significant improvement in systolic left ventricular
function [5]. Most Takotsubo syndrome patients should have urgent
coronary angiography to exclude myocardial infarction. However, cor-
onary angiography typically demonstrates normal vessels with no
obstructive coronary artery disease (CAD) or plaque rupture corre-
sponding to the wall motion abnormalities seen in this condition [10,
30].

5. Differential diagnosis

When approaching a patient with suspected takotsubo cardiomyop-
athy, it is essential to consider the following differential diagnosis in
your evaluation: acute coronary syndrome (ACS), acute coronary syn-
dromes cardiomyopathy associated with pheochromocytoma and in the
setting of acute brain injury, ACS related to cocaine abuse and acute
myocarditis [36,38].

6. Diagnosis

The diagnosis of TTC is considered a big challenge for physicians
because its clinical pattern may closely resemble myocardial infarction
(MI) regarding clinical presentations, electrocardiographic (ECG) ab-
normalities, and biomarkers [5,29]. Therefore, the definitive diagnosis
requires diagnostic criteria incorporating clinical and anatomical fea-
tures, ECG abnormalities, triggers, cardiac biomarkers, and reversibility
of myocardial dysfunction. After the first diagnostic criteria for TTC
were published by Japanese physicians in 2003, different other criteria
have been proposed, including the Gothenburg criteria, Johns Hopkins
criteria, Takotsubo Italian Network proposal, and the European Society
of Cardiology (ESC) Heart Failure Association (HFA) TTC Taskforce
criteria [39-41]. However, the most acceptable and used criteria for TTC
diagnosis are the Mayo Clinic Criteria, which were modified in 2008
Since the clinical picture of Takotsubo Syndrome (TTC) mimics the
presentation of the acute coronary syndrome (ACS) and due to the lack
of recognized non-invasive tool which allows a quick and reliable
diagnosis of TTC, the International Takotsubo Registry developed a
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clinical score to evaluate the probability of TTC and to distinguish TTC
from (ACS) in the emergency department [21]. The score consists of the
female sex, emotional trigger, physical trigger, absence of ST-segment
depression, psychiatric disorders, neurologic disorders, and prolonga-
tion of corrected QT (QTc) [21].

7. Prognosis

Most of the patients with takotsubo cardiomyopathy (TTC) recover
rapidly after the acute Most patients with takotsubo cardiomyopathy
(TTC) recover rapidly after the acute episode without remaining
symptoms. Therefore, takotsubo syndrome (TTC) is considered a benign
entity, and the prognosis of the patients with (TTC) in the absence of
significant underlying comorbidities at admission is good once the acute
phase has passed. It is recommended to perform an echocardiographic
follow-up approximately 4-6 weeks after discharge from the hospital to
document the normalization of the cardiac function. Typically, the
systolic dysfunction and the regional wall motion abnormalities are
transient and resolve completely within 3-8 weeks [42,43]. Thus, a
different diagnosis should be considered for patients with constant
contractile cardiac dysfunction. TTC has a 1.8% per patient-year
recurrence rate with a span of 25 days up to 9.2 years following the
initial event [5], while the death rate is approximately 5.6% per
patient-year from any cause [5]. Among all TTC deaths, 38% were
directly related to cardiac complications and 62% to underlying co-
morbid medical conditions [44]. Takotsubo cardiomyopathy complica-
tions occur through the acute period of the disease, whereas the late
complications are scarce (i.e., Left ventricular aneurysm) as the syn-
drome is reversible and the injury is temporary [45]. Factors that predict
adverse outcomes include TTC related to physical triggers, male gender
[5,46], age older than 75 years [47], acute neurologic or psychiatric
disorders [5,48]. In an Electrocardiogram (ECG), findings that predict
unfavorable outcomes involve corrected QT prolongation since it has
been associated with a higher risk of ventricular arrhythmias, especially
polymorphic tachycardia [49]. Furthermore, one study reported that the
magnitude and extent of ST-segment elevation (ECG) are considered an
independent predictors of in-hospital adverse events [50]. The following
factors expect adverse in-hospital outcomes 1) initial troponin >10 [5],
2) high values of brain natriuretic peptide (BNP), 3) elevated values of
white blood cell counts (WBCs) [51], 4) left ventricular ejection fraction
(LVEF) < 45% at admission which may predispose to cardiogenic shock
[5]1, 5) reversible moderate to severe mitral valve regurgitation (MVR)
[47], 6) right ventricular (RV) involvement [47], 7) free wall or septal
rupture [24], and 8) left ventricular outflow tract obstruction (LVOTO)
[47]. The occurrence of life-threatening complications requires rapid
intervention with close supervision in critical situations. Until now,
studies and data about the long-term follow-up of TTC are limited, and
the natural history of the syndrome is still mysterious. Further studies
concerning the long-term follow-up are necessary to determine the dif-
ferences in the outcomes.

8. Management

Since the clinical presentations of takotsubo syndrome (TTC) are
similar to those of acute coronary syndrome (ACS), the primary man-
agement focuses on the treatment of myocardial ischemia with a
continuous electrocardiogram (ECG) monitoring, administration of
aspirin, anticoagulants with direct thrombin inhibition and/or glyco-
protein IIb/Ila receptor inhibition, intravenous heparin, and p-blockers
[34,52,53]. Once the diagnosis of ACS is ruled out, the purpose of
treatment of TTC is supportive care to save lives and reduce the inci-
dence of complications; especially in high-risk patients, until complete
resolution, which usually occurs in a few weeks [53]. All patients with
TTC should be admitted to a coronary care department with close ECG
monitoring for the initial 24 h while the investigations and risk strati-
fication are completed [21]. Anti-platelet agents can be ceased unless
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there is coexisting coronary atherosclerosis or peripheral vascular dis-
ease. In addition, statins can be discontinued unless there is any indi-
cation. Patients without any complications and who have a left
ventricular ejection fraction (LVEF) of more than 45% can be evaluated
for early hospital discharge. While patients with LVEF of 35-45%,
conventional heart failure treatment should be considered, including
beta-blockers unless contraindicated [22,34,52,53]. Furthermore, some
patients may develop acute complications such as shock and acute heart
failure (HF). It is mandatory to detect whether the cardiogenic shock is
caused by significant left ventricular outflow tract obstruction (LVOTO)
or primary failure. Management of acute heart failure is generally per-
formed according to the standard guidelines except in the presence of
LVOTO. Therefore, If the diagnosis of LVOTO is established in these
patients, it is critical to avoid volume depletion and vasodilator therapy
[21,34,52,53]. The recommended treatment in patients with LVOTO in
the absence of significant pulmonary congestion is cautious fluid
resuscitation and parenteral beta-blockers, which may increase cardiac
filling and reduces basal hyper-contractility, thus can relieve the
obstruction [34,52]. Inotropic therapy such as (dobutamine or dopa-
mine) should be considered as a temporizing measure in patients who
develop cardiogenic shock due to failure of the pump [52]. Exogenous
Catecholamines should be avoided in more severe cases of cardiogenic
shock with progressive end-organs injury since these agents probably
aggravate or lengthen the acute phase [52,53]. In this situation, the
preferred therapy is mechanical circulatory support such as intra-aortic
balloon counter pulsation (IABP) [52]. So far, no specific randomized
trials are conducted to identify optimal medical treatment for takotsubo
cardiomyopathy. Therefore, further studies considering the effective
management in patients with stress cardiomyopathy are needed.

In conclusion, TTC is a transient type of acute heart failure with
distinct wall motion abnormalities. The excessive activation of the
sympathetic nervous system and subsequent high levels of catechol-
amines could initiate the process. The catecholamines, in turn, generate
reactive oxygen species and release inflammatory cytokines (i.e., IL-1,
IL-2, IL-6, IL-7, IL-8, CXCL1, TNF-a, and IFN-y), which causes endothe-
lial injury. The incidence of TCC increased following the COVID-19
pandemic due to the fear and anxiety of infection or vaccination. In
addition, inflammatory state, cytokine storm, augmented sympathetic
activity, and endothelial dysfunction that occurs during the acute phase
of COVID-19 may participate in TTC.
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