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INRODUCTION 

Left ventricular (LV) apical ballooning syndrome
 
this 

syndrome resembles acute myocardial infarction in the 

absence of evident coronary artery occlusion.
[1]

 Although 

the precise pathophysiology of tokotsubo 

cardiomyopathy is still unknown, it seems that it is 

associated with excessive sympathetic stimulation, 

microvascular dysfunction, coronary artery vasospasm, 

and abnormal myocardial tissue metabolism.
[2] 

The 

condition is known by many different names: stress-

induced cardiomyopathy, broken heart syndrome and 

ampulla cardiomyopathy. The term takotsubo 

cardiomyopathy is derived from the appearance of the 

mid-ventricle and apex of the heart on echocardiography 

or catheterization during systole; This apical ballooning 

resembles a spherical bottle with a narrow neck, not 

unlike the ancient Japanese octopus trap called tako-

tsubo.
[4]

 Left ventriculography during systole of patients 

with TCM demonstrates such a shape.
[12] 

In most cases of 

stress cardiomyopathy, the regional wall motion 

abnormality extends beyond the territory perfused by a 

single epicardial coronary artery The symptoms of 

broken heart syndrome are treatable, and the condition 

usually reverses itself in days or weeks.
[4]

 

 

 

Figure 1: The appearance of the mid-ventricle and apex of the heart on echocardiography.
[4] 
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ABSTRACT 

Takotsubo cardiomyopathy (TCM) is a form of transient systolic dysfunction that masquerades myocardial 

infarction clinically. It is a reversible acute heart failure frequently precipitated by psychological or emotional or 

physical stress. The main focus of this review is providing comprehensive details of etiology, risk factors, 

epidemiology, clinical manifestations, diagnosis and consequences thereafter. The pathological data of this 

ballooning syndrome is inconsistent. The pathogenesis of this disorder is likely to be catecholamine mediated 

myocyte damage and micro vascular dysfunction; however, a number of possible alternative theories have been 

suggested. These include oxidative stress, transient coronary obstruction and estrogen deficiency. 
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EPIDEMOLOGY 

The true prevalence of the apical ballooning syndrome 

remains uncertain.
[1]

 It tends to affect women more than 

men, and is most common in women over 50 years of 

age (possibly after the menopause). According to a 

retrospective review, patients with TCM accounted for 

approximately 2% of all the patients with suspected 

acute coronary syndrome.
[28]

 Further, 90% of these 

patients were postmenopausal women.
[29] 

It is thought to 

affect around 2,500 people in the UK each year. It is not 

thought to be genetic, and so does not run in families 

(unlike some other types of cardiomyopathy).
[7] 

Recent 

meta-analysis shows in-hospital mortality of 1–4.5% and 

recurrence rate of 5–10% during five year follow-up.
[5] 

A 

review of the literature revealed 131 cases encountered 

in many different types of surgical procedures, with 37% 

occurring during anesthesia or surgery and 58% 

occurring postoperatively. Apical takotsubo 

cardiomyopathy was identified in 81.7% of patients, 

whereas the midventricular form was found in 14.6%, 

and basal and focal forms were diagnosed in 2.2% and 

1.5%, respectively.
[3]

 

 

SICM is diagnosed approximately in 1–2% of patients 

with history, signs and symptoms similar to acute 

myocardial infarction.
[7]

 Most patients with SICM are 

postmenopausal women. A systematic review of 14 

studies by Gianni et a
[l8]

 and Prasad et al showed 89% 

and 90% female predominance with age range of 58-77 

and 58-75 years respectively. The reason of high 

prevalence in postmenopausal women is unknown but a 

hypothesis has proposed that reduced estrogens and their 

implications on microvascular system aftermenopause 

might be the main cause. Animal studies have shown 

estrogen attenuates immobility effects of stressors on the 

myocardium.
[13]

 

 

ETIOLOGY 

Physical Stressors 

Physical stressors may be related to physical activities 

(for instance heavy gardening or sports), medical 

conditions, or procedures such as acute respiratory 

failure (e.g. asthma, end-stage chronic obstructive lung 

disease), pancreatitis, cholecystitis, pneumothorax, 

traumatic injury, sepsis, thyrotoxicosis, malignancy also 

including chemotherapy and radiotherapy, pregnancy, 

Caesarean section, lightning strike, near drowning, 

hypothermia, cocaine, alcohol or opiate withdrawal, and 

carbon-monoxide poisoning. Exogenous drugs in terms 

of catecholamines and sympathomimetic drugs may also 

act as triggers for TTS including dobutamine stress 

testing, electrophysiological testing (with isoproterenol 

or epinephrine) and beta-agonists for asthma or chronic 

obstructive lung disease. Also, acute coronary artery 

obstruction might act also as a trigger for TTS. 

 

Nervous system conditions (e.g. stroke, head trauma, 

migraine intracerebral haemorrhage, or seizures) also 

represent an important trigger in the acute onset of 

TTS.
[35]

 

RISK FACTORS 

Lack of estrogen 

More than 90% of patients with TCM are 

postmenopausal women. In fact, in a study to investigate 

if hormone replacement therapy had an effect on TCM, 

the authors concluded that none of the 31% patients with 

TCM received estrogen replacement therapy.
[18]

 

Moreover, Ueyama et al
[17]

 demonstrated that the 

decrease in LV function was greater in ovariectomized 

rats subjected to restraint stress than in rats receiving 

estradiol supplementation. The myocytes are known to 

express estrogen receptor-α and estrogen receptor-β. 

According to Ueyama et al
[17]

, estrogen enhanced 

transcription of cardioprotective factors such as heat 

shock protein and atrial natriuretic peptide, and in turn, 

protected against the toxic effects of catecholamines, 

calcium overload and reduced oxidative stress.
[19]

 

 

Emotional or physical stress inducers 

A study reported on the prevalence of mood disorders 

and use of antidepressants in patients with TCM.
[22]

 

When patients with depressive disorders experienced a 

stressful event, vagus nerve tension was decreased and 

response to adrenal medullary hormone was increased, 

which may be relevant to the cause of the disease.
[20]

 

Further, some patients with depression showed very high 

noradrenaline extravasation.
[21]

 

 

Genetic factors 

Certain polymorphisms of α- and β-adrenergic receptors 

are associated with neurogenic stunned myocardium that 

occurs as symptom of subarachnoid hemorrhage and has 

overlapping pathophysiology with TCM.
[23]

 Although 

adrenoceptor polymorphisms have not yet been 

identified in patients with TCM, patients with this 

disease showed L41Q polymorphism of G protein 

coupled receptor kinase (GRK5) more frequently 

compared with the control group.
[24]

 L41Q 

polymorphism of GRK5 responds to catecholamine 

stimulation and attenuates the response of β-adrenergic 

receptors. Under catecholamine stimulation, balloon 

dilation of the ventricle may occur either by negative 

inotropic effect by β-receptor decoupling or ischemia 

because of an imbalance between α1-adrenergic coronary 

artery vasoconstriction and β-adrenergic vasodilation. 

These reports suggest the very interesting possibility that 

the susceptibility to TCM in individuals may be partially 

related to genetic factors. 

 

It's also possible that some drugs, rarely, may cause 

broken heart syndrome by causing a surge of stress 

hormones. Drugs that may contribute to broken heart 

syndrome include: 

 Epinephrine which is used to treat severe allergic 

reactions or a severe asthma attack. 

 Duloxetine (Cymbalta), a medication given to treat 

nerve problems in people with diabetes, or as a 

treatment for depression. 

 Venlafaxine (Effexor XR), which is a treatment for 

depression. 
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 Levothyroxine (Synthroid, Levoxyl), a drug given to 

people whose thyroid glands don't work properly
[5] 

patients are at risk for recurrence even years after the 

first event. 

 

 
Figure 2: Triggering factors. 

 

Clinical Manifestations 

The majority (88%) of patients with prior takotsubo 

cardiomyopathy had symptoms including fatigue (74%), 

shortness of breath (43%), palpitations (8%), and chest 

pain (8%). Most patients were New York Heart 

Association class I (70%), 10 patients were New York 

Heart Association class II (27%), and 1 patient was New 

York Heart Association class III (3%). All control 

subjects were asymptomatic.
[9]

 

 

Complications 

Hypotension and shock — Approximately 10 percent of 

patients with stress cardiomyopathy develop cardiogenic 

shock.
[31]

 Factors associated with the development of 
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shock include younger age, lower LV ejection fraction 

(LVEF) and a physical triggers.
[32] 

Backup of fluid into 

your lungs (pulmonary edema), Low blood pressure 

(hypotension), Disruptions in your heartbeat, Heart 

failure.
[5]

 

 

Table 1: Complications of stress cardiomyopathy.
[39] 

Acute complications Percentage 

Right ventricular involvement 18–34% 

Acute heart failure 12–45% 

LV outflow tract obstruction 10–25% 

Mitral regurgitation 14–25% 

Cardiogenic shock 6–20% 

Atrial fibrillation 5–15% 

Ventricular arrhythmias 4–9% 

Bradycardia, asystole 2–5% 

Thrombus formation 2–8% 

Pericardial tamponade <1% 

Ventricular wall rupture <1% 

In‐hospital mortality 1–4.5% 

Recurrence 5–22% 

5‐year mortality 3–17% 

 

Diagnosis 

The following six are especially indicative of TCM: A. 

acute onset and stressful inducement: One of the unique 

features of TCM is its relation with stressful emotional or 

physical events. This characteristic was described in 

nearly two-thirds of the patients who developed TCM. 

Unlike acute coronary syndrome, with an onset peak 

early in the morning, TCM presents in the afternoon in 

most cases when stressful inducible events are likely to 

occur; B. electrocardiographic characteristics: Although 

the initial electrocardiogram (ECG) of patients with 

TCM is nonspecific, an ST segment elevation can be 

found mainly in the precordial leads in 50% of patients at 

onset. In addition, reciprocal ST-segment depression in 

the inferior wall leads is unlikely. In comparison with 

patients with base deformity, inverted T waves are more 

frequently observed in patients with apex balloon-like 

dilation and they resolve spontaneously within a few 

weeks to several months. Furthermore, patients with 

TCM usually present abnormal Q waves in precordial 

leads. These Q waves are transient in most patients and 

generally resolve within a few days to several weeks. C. 

cardiac enzymes: In most patients with TCM, there is 

slight elevation in the cardiac enzyme level on 

admission. The enzyme levels decrease rapidly and do 

not seem to have prognostic significance. D.
 
Absence of 

coronary lesion: It is characteristic that no specific 

coronary lesions are detected in TCM. Generally, 

patients with TCM have chest pain, changes in ECG, 

elevation of cardiac enzyme levels, and wall motion 

abnormalities. Therefore, coronary angiography has to be 

conducted to rule out acute coronary syndrome; E. 

Balloon-like dilation of the ventricle: In contrast with 

acute myocardial infarction, LV wall motion 

abnormalities are found beyond a single coronary artery 

perfusion area in patients with TCM. Most patients with 

TCM show loss of motion or hypokinesia at the apex and 

an apical balloon-like dilation pattern associated with 

preservation of the base. However, cases of a TCM 

subtype without abnormalities of the apex were reported 

recently. TCM is essentially characterized by LV failure, 

although, approximately, one-third of patients also have 

abnormalities in the right ventricle. Cardiac magnetic 

resonance imaging (MRI) is a suitable method to 

establish the diagnosis of TCM because this modality 

allows the accurate identification of reversible 

myocardium damage by visualization of wall motion 

abnormalities in each area, quantification of ventricular 

function, and assessment of inflammation and fibrosis. 

This modality brings new insight into the 

pathophysiology of TCM. It could enable early treatment 

of acute symptoms, raise awareness, and improve clinical 

outcomes. Cardiac MRI is appropriate to evaluate wall 

motion abnormalities and LV ejection fraction, and to 

confirm the absence of delayed gadolinium enhancement 

in patients with TCM. This allows differentiation of 

TCM from myocardial infarction and myocarditis, both 

pathologies associated with delayed gadolinium 

enhancement. Although coronary computed tomography 

angiography is not applicable to the first diagnosis of 

patients with TCM, there are many reports on its use for 

clinical course evaluation after TCM onset; F. Recovery 

of cardiac function: One of the characteristics of TCM is 

that thorough recovery of cardiac function is achieved.
[12] 

the diagnosis of takotsubo cardiomyopathy appears to be 

unlikely in patients with troponin T greater than 6 ng/mL 

or troponin I greater than 15 ng/mL.
[36] 

 

Differntial Dignosis: Comparison of Takotsubo 

Cardiomyopathy And Acute Coronary Syndrome 

We compared a subgroup of 455 patients in whom 

takotsubo cardiomyopathy had been diagnosed with 455 

age- and sex-matched patients with an acute coronary 

syndrome who either fulfilled the third universal 

definition of myocardial infarction14 or had unstable 

angina caused by obstructive coronary artery disease. 

Data for patients with takotsubo cardiomyopathy were 

collected from five dedicated study centers (see the 

Methods section in the Supplementary Appendix), and 

data for patients with an acute coronary syndrome were 

collected from the Zurich Acute Coronary Syndrome 

Registry, since these centers had the most comprehensive 

patient records, including neurologic and psychiatric 

diagnoses according to the Diagnostic and Statistical 

Manual of Mental Disorders, fourth edition.
[3]

 

 

Diagnostic Criteria For Takotsubo Syndrome
[38]

 

1. Transient hypokinesia or akinesia of LV with 

regional wall motion abnormality, majority 

involving apex & mid LV (or other areas) extending 

beyond the distribution of single epicardial artery; 

hypokinesia invariably (but not always) follows 

stressful trigger which could be emotional or 

physical. 
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2. Appearance of new ECG abnormalities like 

STelevation, T inversion, Q waves with mild 

elevation of troponins and pro-BNP markers. 

3. Absence of obstructive lesion (plaque rupture, 

thrombus or spasm) of epicardial coronary artery 

(thus excluding STEMI, NSTEMI and prinzmetal 

angina) 

4. Absence of phaeochromocytoma and myocarditis 4. 

Significant elevation of serum natriuretic peptide 

(BNP or NT-proBNP) during acute phase. 

5. Positive but relatively small elevation of cardiac 

troponin measured with a conventional assay 

(troponin ve cases have been reported). 

6. Absence of culprit atherosclerotic disease including 

plaque rupture, thrombus formation and coronary 

dissection or other pathological conditions to explain 

the pattern of temporary LV Dysfunction e.g. 

hypertrophic cardiomyopathy, viral myocarditis etc. 

7. Recovery of ventricular function on cardiac imaging 

on follow up (3–6 months). (ECG-

electrocardiogram, LV-left ventricle, BNP-brain 

natriuretic peptide, STEMI-ST elevation myocardial 

infarction, NSTEMI-NonST elevation myocardial 

infarction, RV-right ventricle, LBBB-left bundle 

branch block). 

 

Pathophysiology 

Despite extensive research, the cause and pathogenesis 

of TTS remain incompletely understood. Stress 

cardiomyopathy represents a form of neurocardiogenic 

myocardial stunning, and while the link between the 

brain and the heart is established, the exact 

pathophysiological mechanisms remain unclear.
[30]

 

 

It was initially characterized by a unique pattern of 

transient wall motion abnormality in the left ventricle 

characterized by apical ballooning and a hyperkinetic 

base occurring in the absence of significant epicardial 

coronary artery disease.
[8]

 

 

Catecholomine Toxicity  

Catecholamines appear to have a central role in the 

pathophysiology of Takotsubo syndrome, as the trigger 

is often a sudden, unexpected stress; signs of sympathetic 

activation are present at presentation, and secondary 

medical triggers can also lead to extreme sympathetic 

activation. There are two initial elements of the 

physiology to consider. The first is the cognitive centres 

of the brain and hypothalamic–pituitary–adrenal (HPA) 

axis, and how much epinephrine and norepinephrine are 

released in response to a given stress (i.e. the ‗gain‘ of 

the HPA axis). The second is the response of the 

cardiovascular system (including the myocardium, 

coronary arteries, and peripheral vasculature) and the 

sympathetic nervous system to the sudden sympathetic 

activation and surge in circulating catecholamines.
[39]

 

 

Wittstein et al
[26]

 found that the serum catecholamine 

concentration was two to three times greater in patients 

with TCM than that in patients with myocardial 

infarction, and described that serious emotional stress is 

a precipitating factor. It has been reported that 

exogenously administered catecholamines and 

pheochromocytoma cause typical characteristics of 

TCM, which supports this theory further.
[25]

 

 

Lyon et al
[14]

 advocated a theory called ―stimulus 

trafficking‖ that could explain the decline of myocyte 

contractile function in patients with TCM. 

Supraphysiological levels of catecholamines induce β2-

coupling from Gs to Gi. Therefore, the decline of 

myocyte contractile function is evidenced by 

hypokinesia in ECG. Involvement of the apex can be 

attributed to higher adrenoceptor density in the apex than 

in the base.
[15]

 The rationale of stimulus trafficking is that 

a switch to Gi occurs to protect the myocytes from the 

strong stimulation of Gs, which causes apoptosis. Slow 

increases in serum troponin level explain early minimal 

necrosis of the myocardial tissue. Nef et al
[16]

 showed 

increased activity of the phosphatidyl inositol 3-kinase-

protein kinase B (PI3K/AKT) signaling pathway, which 

has important anti-apoptosis functions and plays a role in 

the rapid recovery of myocytes. Thus, the transient LV 

dysfunction can be attributed to the PI3K/AKT pathway 

and inversely switching from Gi to Gs, associated with 

the homogeneous, prompt and clinically thorough 

recovery of systolic function observed in TCM. 

 

Sympathetic stimulation 

The precise pathophysiological mechanisms of TTS are 

incompletely understood, but there is considerable 

evidence that sympathetic stimulation is central to its 

pathogenesis.
[6]

 Analyses of heart rate variability have 

also demonstrated a sympathetic predominance and 

marked depression of parasympathetic activity during the 

acute phase.
[34]
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Figure 3: Pathophysiology of Stress Cardiomyopathy.

[30]
 

 

 
Figure 1: Inverted T waves are found in the limb and precordial leads, which is a common characteristic of 

takotsubo cardiomyopathy with apex balloon-like dilation.
[27]
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TREATMENT 

Stress cardiomyopathy is generally a transient disorder 

that is managed with supportive therapy. Conservative 

treatment and resolution of the physical or emotional 

stress usually result in rapid resolution of symptoms, 

although some patients develop acute complications such 

as shock and acute heart failure (HF) that require 

intensive therapy. Appropriate management of shock 

varies depending upon whether significant left 

ventricular outflow tract (LVOT) obstruction is 

present.
[33]

  

 

 
Figure 4: Dilated Cardomyopathy Treatment.

[43]
 

 

Medications commonly used to treat takotsubo 

cardiomyopathy include beta-blockers and angiotensin 

converting enzyme (ACE) inhibitor drugs. These drugs 

promote heart muscle recovery. 

Anticoagulant drugs that interfere with blood clotting 

may be administered to avoid a stroke. 

 

Complete recovery usually occurs within 1 to 3 months 

Anti-anxiety or beta-blocker medication may be 

prescribed for a longer period of time to help control the 

release of stress hormones. It is also important to 

alleviate or manage the stress that may have played a 

role in triggering the disorder.
[37]

 

 

Treatment of TCM during the acute phase is 

mainlysymptomatic treatment. Intra-aortic balloon pump 

equipment is required for hemodynamically unstable 

patients in addition to cardiopulmonary circulatory 

support and continuous veno-venous 

hemofiltration.
[40,41,42]

 

 

DIURETICS 

All patients with dilated cardiomyopathy and congestive 

heart failure retain sodium and water, which increases 

preload and causes pulmonary congestion and edema. 

Diuretics are an effective way to rapidly reduce volume 

overload and pulmonary congestion. The diuretic should 

increase urine output and reduce left ventricular filling 

pressure. Diuresis results in rapid symptomatic relief. We 

begin treatment with a loop diuretic and often add a 

potassium sparing, or distal tubule, agent. Because the 

loop diuretics are short acting, patients in stage-2 failure 

may need an additional long-acting thiazide to achieve 

optimal effect.
[44]

 

 

AFTERLOAD REDUCTION 

ACE Inbibitors. Angiotensin-converting enzyme (ACE) 

is responsible for the formation of angiotensin II from 

angiotensin I, and for the breakdown of bradykinin.3' 

ACE inhibitors dilate arteries constricted by angiotensin 

II, thereby lowering systemic vascular resistance; they 

also improve left ventricular function and cardiac output 

while decreasing preload and afterload, and favorably 

influence myocardial "remodeling."
[44]

 

 

IONOTROPIC AGENTS 

Inotropic agents augment myocardial contractility. They 

appear to work in part by increasing intracellular 

calcium, which in tum reacts with contractile proteins to 

generate a greater force of myocardial contraction.12,-

agonist inotropic agents act by stimulating production of 

cyclic adenosine monophosphate (cAMP), which in tum 

facilitates calcium entry into the myofibrils. 

Phosphodiesterase inhibitors act by preventing the 

breakdown of cAMP. Inotropic agents produce a dose-

responsive increase in cardiac output with improved 

renal flow and reduction of total body salt and water. 

 

Despite theirdocumentedbeneficial effect on myocardial 

contractility, chronic use of inotropic drugs remains 

controversial. 
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Dopamine. Dopamine exerts an inotropic effect on the 

myocardium through a direct action on a3, and dopamine 

receptors, or through the release of norepinephrine from 

terminal sympathetic neurons. The effect depends upon 

the dosage given. At low dosages (less than 2 

gg/kg/min), dopamine activates dopaminel receptors and 

increases renal flow while enhancing coronary artery and 

cerebrovascular dilation. At moderate dosages (2 to 

5mg/kg/min), dopamine activates, iS-adrenergic 

receptors and causes increased myocardial contractility 

with little change of heart rate, and with reduction or no 

change in systemic vascular resistance. High doses (5 to 

10, ug/ kg/min) activate a1-adrenergic receptors and 

serotonin- sensitive receptors, and increase coronary and 

systemic arterial resistance and heart rate. In patients 

with severe heart failure, it is important not to give too 

much dopamine. Dopamine's strength lies in its ability, at 

proper doses, to restore cardiac output and increase 

sodium excretion.
[44] 

 

Management Considerations in Patients Presenting With 

Transient Stress-Related Cardiomyopathy 

 Monitor in hospital on telemetry; observe for heart 

failure, arrhythmias, and mechanical complications 

 Perform echocardiogram or magnetic resonance 

imaging to assess for LV function, mitral 

regurgitation, LV mural thrombus, right ventricular 

function, dynamic LV outflow tract obstruction, and 

other concomitant cardiac conditions 

 Evaluate for dynamic obstruction in the LV outflow 

tract in those with a new systolic murmur, 

hypotension, and/or mitral regurgitation 

 Anticoagulation with heparin to prevent LV mural 

thrombus formation in those with apical 

involvement if there are no contraindications to 

anticoagulation; consider oral anticoagulation with 

warfarin in those with significant persistent LV 

systolic dysfunction at the time of hospital discharge 

 Standard medical therapy for LV systolic 

dysfunction including an adrenergic-blocking agent 

 Repeat echocardiography before hospital discharge 

to reassess LV systolic function; consider repeating 

echocardiogram at 1 and 3 months in those with 

persistent LV dysfunction
[10]

 

 

REFERENCES 

1. Monica Gianni, Francesco Dentali, Anna Maria 

Grandi, Glen Sumner, Rajesh Hiralal, Eva 

LonnApical ballooning syndrome or takotsubo 

cardiomyopathy: a systematic review, European 

Heart Journal, July 2006; 27(13): 1523–1529.  

2. Vailas MG1, Moris D, Papalampros A, Sotiropoulou 

M, Schizas D, Davakis S, Vernadakis S.A "Trapped 

Heart" in an Octopus Pot: Takotsubo 

Cardiomyopathy; Review of a Rare Clinical 

Syndrome Following Solid-Organ 

Transplant.(pubmed), Oct, 2017; 15(5): 490-496. 

3. Christian Templin, M.D., et al.Clinical Features and 

Outcomes of Takotsubo (Stress) Cardiomyopathy N 

Engl J Med., 2015; 373: 929-938. 

4. my.clevelandclinic.org/health/diseases/17857-

broken-heart-syndrome 

5. Sanjiv Guptaa, Madan Mohan Gupta Review Article 

-Takotsubo syndrome - Indian Heart Journal, 2018; 

70: 165–174. 

6. Ghadri JR et al., -International Expert Consensus 

Document on Takotsubo Syndrome (Part I): Clinical 

Characteristics, Diagnostic Criteria, and 

Pathophysiology- Eur Heart J., Jun 7, 2018; 39(22): 

2032-2046. 

7. https://www.cardiomyopathy.org/takotsubo-

cardiomyopathy/intro. 

8. Caroline Scally, Amelia Rudd, Alice Mezincescu, 

Heather Wilson, Janaki Srivanasan, Graham Horgan, 

Paul Broadhurst, David E. Newby, Anke Henning, 

and Dana K. Dawson. Originally published11 Nov 

2017 Persistent Long-Term Structural, Functional, 

and Metabolic Changes After Stress-Induced 

(Takotsubo) Cardiomyopathy. Circulation, Mar 6, 

2018; 137(10): 1039–1048. 

9. Stress-Related Cardiomyopathy Syndromes Kevin 

A. Bybee and Abhiram Prasad Originally published 

22 Jul 2008, 2008; 118: 397–409. 

10. Martin EA, Prasad A, Rihal CS, Lerman LO, 

Lerman A. Endothelial function and vascular 

response to mental stress are impaired in patients 

with apical ballooning syndrome. J Am Coll 

Cardiol, 2010; 56: 1840-1846. 

11. Kazuo Komamura, Miho Fukui, Toshihiro Iwasaku, 

Shinichi Hirotani, Tohru Masuyama- Takotsubo 

cardiomyopathy: Pathophysiology, diagnosis and 

treatment, World J Cardiol, July 26, 2014; 6(7):  

602-609. 

12. Abiram prasad. What is takotsubo 

(stress)cardiomyopathy?(european cardiology 

review) 

https://www.ecrjournal.com/articles/takotsubo-

stress-cardiomyopathy 

13. Lyon AR, Rees PS, Prasad S, Poole-Wilson PA, 

Harding SE. Stress (Takotsubo) cardiomyopathy--a 

novel pathophysiological hypothesis to explain 

catecholamine-induced acute myocardial stunning. 

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

14. 15.Mori H, Ishikawa S, Kojima S, Hayashi J, 

Watanabe Y, Hoffman JI, Okino H. Increased 

responsiveness of left ventricular apical myocardium 

to adrenergic stimuli. Cardiovasc Res., 1993; 27: 

192–198. 

15. Nef HM, Möllmann H, Hilpert P, Troidl C, Voss S, 

Rolf A, Behrens CB, Weber M, Hamm CW, 

Elsässer A. Activated cell survival cascade protects 

cardiomyocytes from cell death in Tako-Tsubo 

cardiomyopathy. Eur J Heart Fail., 2009; 11:        

758–764.  

16. Ueyama T, Hano T, Kasamatsu K, Yamamoto K, 

Tsuruo Y, Nishio I. Estrogen attenuates the 

emotional stress-induced cardiac responses in the 

animal model of Tako-tsubo (Ampulla) 

cardiomyopathy. J Cardiovasc Pharmacol, 2003; 

42(1): S117–S119.  

https://www.ncbi.nlm.nih.gov/pubmed/29850871
https://www.cardiomyopathy.org/takotsubo-cardiomyopathy/intro
https://www.cardiomyopathy.org/takotsubo-cardiomyopathy/intro
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5841855/
https://www.ecrjournal.com/articles/takotsubo-stress-cardiomyopathy
https://www.ecrjournal.com/articles/takotsubo-stress-cardiomyopathy


www.ejpmr.com 

Kadarla et al.                                                                  European Journal of Pharmaceutical and Medical Research  

352 

17. Kuo BT, Choubey R, Novaro GM. Reduced 

estrogen in menopause may predispose women to 

takotsubo cardiomyopathy. Gend Med., 2010; 7:   

71–77.  

18. Migliore F, Bilato C, Isabella G, Iliceto S, Tarantini 

G. Haemodynamic effects of acute intravenous 

metoprolol in apical ballooning syndrome with 

dynamic left ventricular outflow tract obstruction. 

Eur J Heart Fail., 2010; 12: 305–308.  

19. Cevik C, Nugent K. The role of cardiac autonomic 

control in the pathogenesis of tako-tsubo 

cardiomyopathy. Am Heart J., 2008; 156: e31.  

20. Cevik C, Nugent K. The role of cardiac autonomic 

control in the pathogenesis of tako-tsubo 

cardiomyopathy. Am Heart J., 2008; 156: e31.  

21. Abraham J, Mudd JO, Kapur NK, Klein K, 

Champion HC, Wittstein IS. Stress cardiomyopathy 

after intravenous administration of catecholamines 

and beta-receptor agonists. J Am Coll Cardiol, 2009; 

53: 1320–1325.  

22. Zaroff JG, Pawlikowska L, Miss JC, Yarlagadda S, 

Ha C, Achrol A, Kwok PY, McCulloch CE, Lawton 

MT, Ko N, et al. Adrenoceptor polymorphisms and 

the risk of cardiac injury and dysfunction after 

subarachnoid hemorrhage. Stroke, 2006; 37:        

1680–1685.  

23. Spinelli L, Trimarco V, Di Marino S, Marino M, 

Iaccarino G, Trimarco B. L41Q polymorphism of 

the G protein coupled receptor kinase 5 is associated 

with left ventricular apical ballooning syndrome. 

Eur J Heart Fail., 2010; 12: 13–16. 

24. Kazuo Komamura, Miho Fukui, Toshihiro Iwasaku, 

Shinichi Hirotani, and Tohru Masuyama Takotsubo 

cardiomyopathy: Pathophysiology, diagnosis and 

treatment (world journal of cardiology) World J 

Cardiol, Jul 26, 2014; 6(7): 602–609. 

25. Wittstein IS, Thiemann DR, Lima JA, Baughman 

KL, Schulman SP, Gerstenblith G, Wu KC, Rade JJ, 

Bivalacqua TJ, Champion HC. Neurohumoral 

features of myocardial stunning due to sudden 

emotional stress. N Engl J Med., 2005; 352:        

539–548.  

26. Kazuo Komamura, Miho Fukui, Toshihiro Iwasaku, 

Shinichi Hirotani, and Tohru Masuyama Takotsubo 

cardiomyopathy: Pathophysiology, diagnosis and 

treatment (world journal of cardiology). World J 

Cardiol, Jul 26, 2014; 6(7): 602–609. 

27. Parodi G, Del Pace S, Carrabba N, Salvadori C, 

Memisha G, Simonetti I, Antoniucci D, Gensini GF. 

Incidence, clinical findings, and outcome of women 

with left ventricular apical ballooning syndrome. 

Am J Cardiol, 2007; 99: 182–185.  

28. Eshtehardi P, Koestner SC, Adorjan P, Windecker S, 

Meier B, Hess OM, Wahl A, Cook S. Transient 

apical ballooning syndrome--clinical characteristics, 

ballooning pattern, and long-term follow-up in a 

Swiss population. Int J Cardiol, 2009; 135: 370–375.  

29. Horacio Medina de Chazal, Marco Giuseppe Del 

Buono, Lori Keyser-Marcus, Liangsuo Ma, F. 

Gerard Moeller, Daniel Berrocal and Antonio 

Abbate. stress cardiomyopathy diagnosis and 

treatment JACC state-of-art-review 

30. Templin C, Ghadri JR, Diekmann J, et al. Clinical 

Features and Outcomes of Takotsubo (Stress) 

Cardiomyopathy. N Engl J Med., 2015; 373: 92. 

31. Templin C, Ghadri JR, Diekmann J, et al. Clinical 

Features and Outcomes of Takotsubo (Stress) 

Cardiomyopathy. N Engl J Med., 2015; 373: 929. 

32. Guy S Reeder, MDAbhiram Prasad, MD, Guy S 

Reeder, MD Abhiram Prasad, -

www.uptodate.com/contents/clinical-manifestations-

and-diagnosis-of-stress-takotsubo-cardiomyopathy 

33. OrtakJ,KhattabKBarantkeM,WiegandUK,BanschD

H,NienaberCABonnemeierH.Evolution of cardiac 

autonomic nervous activity indices in patients 

presenting with transient left ventricular apical 

ballooning.Pacing Clin Electrophysiol, 2009; 32: 

S21–S25. 

34. Je;ema Rima Ghadri, llan Shor Wittesgein, Abhiram 

prasad, Abishek deshmuk, John D, Christan 

Templin. International expert consensus document 

on Tokotsubo syndrome: clinical characteristics, 

diagniosis criteria and pathophysiology - Eur Heart 

J., Jun 7, 2018; 39(22): 2032–2046. 

35. Radhakrishnan Ramaraj, MD,1 Vincent L Sorrell, 

MD,1 and Mohammad Reza Movahed experimental 

and clinical cardiology. Exp Clin Cardiol. Spring, 

2009; 14(1): 6–8. 

36. By Kathleen Davis FNP, what is takotsubo 

cardiomyopathy?- 

www.medicalnewstoday.com/articles/309547.php 

37. Madhavan M, Prasad A. Proposed Mayo clinic 

criteria for the diagnosis of tako-tsubo 

cardiomyopathy andlongtermprognosis. Herz, 2010; 

35: 240–3. 

38. Alexander R. Lyon Eduardo Bossone Birke 

Schneider Udo Sechtem Rodolfo Citro S. Richard 

Underwood Mary N. Sheppard Gemma A. Figtree 

Current state of knowledge on Takotsubo 

syndrome:. European Journal of Heart Failure, 2016; 

18: 8–27. 

39. Patel HM, Kantharia BK, Morris DL, Yazdanfar S. 

Takotsubo syndrome in African-American women 

with atypical presentations: a single-center 

experience. Clin Cardiol, 2007; 30: 14-18. 

40. Cangella F, Medolla A, De Fazio G, Iuliano C, 

Curcio N, Salemme L, Mottola G, Agrusta M. Stress 

induced cardiomyopathy presenting as acute 

coronary syndrome: Tako-Tsubo in Mercogliano, 

Southern Italy. Cardiovasc Ultrasound, 2007; 5: 36. 

41. Bybee KA, Murphy J, Prasad A, Wright RS, Lerman 

A, RihalCS, Chareonthaitawee Acutecvimpairment 

of regional myocardial glucose uptake in the apical 

ballooning (takotsubo) syndrome. J Nucl Cardiol, 

2006; 13: 244-250. 

42. Edward K. Massin, MDCurrent Treatment of 

Dilated Cardiomyopathy. Texas Hean 

Institutejournal, 1991; 18: 1. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110608/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4110608/
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/abstract/16
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/contributors
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/contributors
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/contributors
https://www.uptodate.com/contents/management-and-prognosis-of-stress-takotsubo-cardiomyopathy/contributors
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991216/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramaraj%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19492036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sorrell%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=19492036
https://www.ncbi.nlm.nih.gov/pubmed/?term=Movahed%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19492036
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2689087/
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lyon%2C+Alexander+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bossone%2C+Eduardo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Schneider%2C+Birke
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Schneider%2C+Birke
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sechtem%2C+Udo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Citro%2C+Rodolfo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Underwood%2C+S+Richard
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Underwood%2C+S+Richard
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sheppard%2C+Mary+N
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Figtree%2C+Gemma+A

