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INTRODUCTION 

The postmenopausal elderly women who present with a 

background of unanticipated, sudden emotional, and 

physical stress are mainly subjected to Takotsubo 

cardiomyopathy (TCM). Emotional stress mainly acts as a 

trigger for transient left ventricular apical ballooning.3 

Takotsubo cardiomyopathy, a neuro-cardiological disease, 

is named so because, during the symptoms and signs of 

spasms and acute myocardial infarction presenting without 

any coronary artery stenosis, the heart appears to be a 

Japanese octopus fishing pot called a takotsubo (Figure 1). 

In this illness, left ventricular dysfunction is mainly seen 

which recovers within a few weeks.2 It is also known by 

some other names which include broken heart syndrome, 

stress-related cardiomyopathy, Ampulla cardiomyopathy, 

and transient LV apical ballooning syndrome.1  

Many cases have demonstrated reversible left ventricular 

dysfunction. Iga et al reported a case of reversible left 

ventricular dysfunction associated with 

pheochromocytoma in which the takotsubo appearance 
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was first described, although they did not use the term 

takotsubo. Later in 1990, Sato et al described this 

reversible cardiomyopathy as tako-tsubo - like left 

ventricular dysfunction and was used in Japan. In other 

places, the phenomenon was called apical ballooning or 

stress cardiomyopathy.2 A major earthquake that took 

place on 23 October 2004, in Niigata prefecture, Japan led 

to a diagnosis of Takotsubo cardiomyopathy among 16 

patients. Among them were 15 women and 1 man with an 

average age of 71.5 years. This incidence, therefore, 

revealed that Takotsubo Cardiomyopathy can occur 

among elderly women living near the epicenter.3  

 

Figure 1: Right anterior oblique projection of the left 

ventriculogram (a) end-diastolic phase; (b) end-

systolic phase), the basal segments exhibit 

hypercontraction, particularly at the end-diastolic 

phase, while the large region surrounding the apex 

exhibits akinesis; (c) an image of an actual takotsubo, 

which is a Japanese device that has been used for a 

very long time to catch octopuses and has a thin neck 

and a spherical bottom. 

Epidemiology 

TCM cases are increasing rapidly nowadays while the 

same was considered extremely rare until the past 20 

years.1 Currently, more than 5000 studies have aroused 

concern about this topic. Based on these back-dated 

studies, patients suspected of acute coronary syndrome 

accounted for approximately 2% of all the patients 

diagnosed with TCM.7,8 Additionally, 90% of TCM 

patients were postmenopausal women.9,10 There is a very 

rare chance for children or young adults to be affected 

since the average age of TCM patients was 68 years.11,12 

Few reports indicated fewer men who were inpatients were 

diagnosed with TCM and it was reported that physical 

stress was the major reason for the progress of the 

disease.13 The number of patients with TCM has increased 

manifold, especially since 2001 because, it probably 

accounts for approximately 1-2% of all cases of acute 

myocardial infarction.2  

METHODS 

Search strategy and selection criteria  

References for this comprehensive review were taken by 

searches of PubMed, Google scholar, Scopus, and 

Cochrane library between January 1975 and September 

2022, and references from relevant articles. The search 

terms “Takotsubo cardiomyopathy”, “left ventricular 

apex”, “postmenopausal”, “myocarditis”, and “stress” 

were used. There were no language restrictions. 

Table 1: Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

Studies in adults and geriatric 

populations 

Studies in pediatric 

population 

Published literature Reviews, 

meta-analyses, cohort studies, 

systematic reviews, and 

randomized controlled trials 

Case studies 

Papers in the English 

Language 

Papers not in the 

English 

language 

Papers selected from the 

previous 50 years 

Papers published 

over 50 years ago 

Papers relevant to the subject 

of discussion 

Papers irrelevant to 

the subject of 

discussion 

DISCUSSION 

Pathophysiology 

The exact cause and pathophysiology of TCM are still 

unknown.1 Many hypotheses have been given regarding 

this disease. The most accepted theories were that of 

catecholamine-induced cardiotoxicity and microvascular 

dysfunction.1,33 Wittstein et al in his recent study revealed 

that the plasma levels of epinephrine were critically 

elevated in TCM patients because emotional stress was its 

major precipitating factor. His study also indicated that the 

concentration of serum catecholamine was 2-3 folds 

higher in TCM than in myocardial infarction patients.34 In 

addition, other studies also substantiate this theory further 

by exogenous administration of catecholamine and 

pheochromocytoma, which results in similar features of 

TCM.35,36 During stressful conditions excessive amounts 

of catecholamines are released by the sympathetic nervous 

system. This situation could result in intracellular calcium 

overload and cardiac dysfunction through the B1-

adrenoreceptor signal transduction pathway.37 The main 

cause of ventricular dysfunction and catecholamine 

cardiotoxicity is calcium overload in myocardial cells.38 

Conditions with high catecholamine levels also affected 

the B2-adrenoreceptor. This results in myocyte injury due 

to calcium leakage because of hyperphosphorylation of the 

ryanodine receptor.39 Despite that, cardiotoxicity caused 

major changes in myocardial features with contraction 

band necrosis, inflammatory cell infiltration, and 

fibrosis.40  

Recently a review study revealed that there is a higher 

prevalence of TCM when physical stress is triggered than 

that an emotional stress. However, it should be noted that 

a b c 
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the absence of an isolated trigger should not be excluded 

while diagnosing this disorder. Since a large number of 

major causes for this disorder is remained unclear till now 

and it is also believed that TCM may manifest a wide 

variety of features, symptoms, and causes. Among the 

patients of TCM, the features of microvascular 

dysfunction were constantly demonstrated.41 The features 

of this syndrome include the impairment of endothelium-

dependent vasodilation, excessive vasoconstriction, and 

abnormality of myocardial perfusion.42 Going further into 

these features, a study by Uchida et al revealed that 

through myocardial biopsy, apoptosis of endothelial cells 

was shown.43  

 

Figure 2: Mechanism of Takotsubo cardiomyopathy. 

Risk factors 

Moving on to the risk factors, the risk factors of TCM 

include majorly emotional or physical stress, estrogen 

deficiency, and a few genetic factors too. The majority of 

TCM patients are postmenopausal females. According to 

research by Ueyama et al, rats who had ovariectomy after 

being exposed to stressful situations showed worse LV 

function than rats that received estrogen 

supplementation.44 The transcription of cardioprotective 

genes like heat shock protein and atrial natriuretic peptide 

may also be amplified by estrogen, protecting against 

cardiotoxic substances such as catecholamines, calcium 

excess, and oxidative stress.44,45 Emotional stress is also a 

crucial triggering element in the development of TC. 

Stress stimulates the sympathetic nervous system, which 

has been associated with the incidence of TC.46 Genetic 

factors have also been implicated in the incidence of TC. 

According to one study, individuals with TC carry the 

L41Q polymorphism of the G protein-coupled receptor 

(GRK5) more frequently than the control group.47 The 

GRK5 L41Q polymorphism responds to catecholamine 

stimulation and reduces the response of b-adrenergic 

receptors. Furthermore, Mediterranean and Asian women 

are more vulnerable to this disorder.48,49  

Several emotional or psychological stresses have been 

identified as initiating the start of TC, with structures in the 

central and autonomic nervous systems mediating these 

reactions.50 Stressors activate the brain, raise cortisol 

levels, and increase catecholamine bioavailability. In the 

acute phase of TC, circulating epinephrine and 

norepinephrine produced by adrenal medullary chromaffin 

cells, as well as norepinephrine released locally from 

sympathetic nerve terminals, are greatly enhanced. This 

process, which has a functional counterpart in transient 

apical left ventricular ballooning, causes myocardial 

damage via a variety of mechanisms including direct 

catecholamine toxicity, and adrenoceptor-mediated 

damage. Other risk factors, such as estrogen deficiency, 

may also play a role, presumably through endothelial 

dysfunction, as previously indicated.4  

Numerous research has examined whether multivessel 

epicardial spasm during angiography occurs 

spontaneously or is provoked. During coronarography, 

only a small number of individuals (three out of 212 

patients, 1.4%; 95% CI: 0.5-4.1%; range: 0-10%) 

exhibited spontaneous multivessel epicardial spasm. To 

assess inducible coronary spasms, several researchers 

utilized provocative procedures like acetylcholine or 

ergonovine infusions, with mixed findings. After receiving 

an infusion of a provocative drug, 24 out of the 84 patients 

who were assessed (28.6%, 95% CI: 20.0-39.0%) had a 

multivessel spasm. However, outcomes in several series 

that ranged from 0% to 100% differed greatly. Only 

findings from Japan, where vasospastic ischemia may be 

more prevalent, should be taken into account. Both 

spontaneous and induced cardiac spasms were rare (1.8 

and 27.7%, respectively). 

Utilizing echocardiography with a Doppler guidewire or 

contrast, Abe et al assessed the coronary microcirculation. 

Despite being based on a small number of patients, their 

results seem to indicate that anomalies in the coronary 

microcirculation do not significantly contribute to the 

condition. Kurisu et al discovered that 28 patients with 

transient LV apical ballooning syndrome had substantially 

greater TIMI frame counts, a validated indicator of 

coronary blood flow, than controls both during the acute 

period and follow-up. Bybee et al evaluated coronary 

angiograms done at the time of admission and verified 

similar findings. They also compared 16 age- and gender-

matched controls without coronary atherosclerosis but 

who had coronary angiography prior to valve surgery to 16 

patients with this disease to assess the TIMI frame counts 

in those individuals. They discovered that the mean TIMI 

frame counts were significantly higher compared to 

controls and that all patients with transient LV apical 

ballooning syndrome had significantly abnormal TIMI 

frame counts in one or more epicardial coronary vessels. 

Ten patients also had significantly abnormal TIMI frame 

counts in the distribution of all three major epicardial 

vessels. These researchers hypothesized that this anomaly 

may be important in the development of this disease and 

concluded that their results were suggestive of widespread 

coronary microvascular dysfunction. It is not yet apparent, 

though, whether microvascular dysfunction is the 

syndrome's fundamental cause or just a byproduct. 
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Four studies that assessed the plasma levels of 

catecholamines and their metabolites discovered that 26 of 

the 35 patients they studied had high norepinephrine 

concentrations (74.3%, 95% CI: 57.9-85.8%; range: 50-

100%). For instance, Wittstein et al compared the plasma 

catecholamine concentrations of seven controls 

hospitalized for acute MI with Killip class III on 

presentation with those of 13 patients with transitory LV 

apical ballooning syndrome.6 They discovered that 

individuals with transient LV apical ballooning syndrome 

had catecholamine levels that were two to three times 

greater than normal. Four investigations used single 

photon emission computed tomography to assess 

myocardial perfusion (SPECT). These studies' findings 

indicated mild to severe myocardial ischemia. Therefore, 

Abe et al observed that there was reduced radioisotope 

absorption at the LV apex in 11 of 13 patients (85%) who 

underwent resting technetium-99m tetrofosmin 

tomographic myocardial imaging during the acute period. 

According to Ito et al, myocardial perfusion as measured 

by SPECT imaging was decreased right away after 

hospital admission but significantly improved after 3-5 

days. They saw the nuclear imaging results showing lower 

myocardial perfusion in the absence of obstructive 

coronary lesions as compelling proof that the coronary 

microcirculation was impeded as the syndrome's 

underlying cause. In four investigations, fifteen 

individuals underwent endomyocardial biopsy; none of 

these samples revealed myocarditis. Additionally, all 

individuals who were examined lacked viral antibodies.5  

Diagnosis 

The four parts of the widely used Mayo clinic TC 

diagnostic criteria are as follows: the presence of stress 

elicitation; the absence of substantial coronary artery 

disease; transient hypokinesis, dyskinesis, or akinesis in 

LV segments with or without apical involvement; 

aberration in regional wall motion transcending a single 

vascular distribution; recent electrocardiographic (ECG) 

abnormalities (ST-segment elevation and/or T-wave 

inversion) or significantly elevated blood cardiac 

troponins; and absence of pheochromocytoma or 

myocarditis.23  

A more accurate method of detecting TC will benefit from 

the use of diagnostic modalities combinations such as 

ECG, cardiac biomarkers, echocardiography, coronary 

angiography, and cardiac magnetic resonance (CMR) 

imaging. The majority of recent abnormalities on the ECG, 

such as ST-segment elevation, are indicative of ACS, 

particularly in the anterior leads (56%) and T-wave 

inversion (39%). QT-prolongation, ventricular tachycardia 

(VT), ventricular fibrillation (VF), and torsade de pointes 

are further ECG abnormalities that might manifest.24 

Furthermore, research by Kosuge et al discovered that TC 

could be detected with 91% sensitivity, 96% specificity, 

and 95% accuracy when combined with ST-segment 

depression in aVR and the lack of ST-segment elevation in 

V1.25 Additionally, as demonstrated by other studies, the 

ECG should show no reciprocal changes, Q waves, and a 

ratio of ST elevation in leads V4-6 to V1-3 that is greater 

than 1, as well as the absence of ST depression or 

subsequent inferior ST elevation, in order to distinguish 

between anterior MI and TC.26  

In accordance with ECG results, TC also exhibits higher 

cardiac biomarker levels indicative of myocardial 

dysfunction.27 90% of patients had increased troponin 

levels, which are frequently misdiagnosed as ACS.28 

However, unlike to ACS, the greatest troponin level would 

typically be less than 1ng/ml. Additionally, it has been 

discovered that B-type natriuretic peptide (BNP) and N-

terminal pro-BNP (NT-proBNP) are commonly elevated 

up to 3–4 times greater compared to individuals with 

ACS.29 According to one study, significantly increased 

levels of these biomarkers were linked to decreased 

ejection fraction (EF) and raised plasma catecholamine 

levels rather than pulmonary congestion or pulmonary 

capillary wedge pressure, indicating the pathophysiology 

of TC and its severity.29  

Apical ballooning of the LV during echocardiography is 

the pathognomonic finding of TC. It was noted that 75% 

of patients had this particular morphology.19 Mid-LV 

akinesis was observed to cause a ballooning pattern in 25% 

of patients' morphologies, with no disruption of basal or 

apical contraction.30,31 In this example, it was also possible 

to find an impaired LVEF with characteristic systolic 

anterior motion (SAM). CMR is crucial imaging research 

that can offer more compelling proof of TC. The right 

ventricular (RV) involvement that CMR might 

demonstrate helps to distinguish it from other 

cardiomyopathies.32 But because it can be challenging to 

tell the difference between TC and ACS, coronary 

angiography may play a crucial part in TC diagnosis. 

Angiograms of the coronary arteries can more precisely 

demonstrate normal coronary arteries or little 

atherosclerosis. If there are no contraindications, a 

myocardial biopsy may also be carried out, primarily to 

reveal interstitial infiltrates with mononuclear cells, 

leukocytes, macrophages, cardiac fibrosis, and contraction 

bands. Inflammatory response and contraction bands 

exhibit various characteristics in TC and MI, and they may 

reveal coagulation necrosis in situations when coronary 

arteries are blocked.2  

Treatment 

The primary focus of TCM treatment during the acute 

period is symptom management. For patients with 

hemodynamic instability, in addition to cardiopulmonary 

circulatory support and continuous veno-venous 

hemofiltration, intra-aortic balloon pump equipment is 

necessary.14-16 Because of the elevated levels of 

catecholamines in the blood, there is debate concerning the 

usage of cardiac stimulants.17 However, 20% to 40% of 

TCM patients also utilize cardiac stimulants.18,19 Because 

of its inotropic action and vasodilator effect, levosimendan 

could be advantageous.20,21 Anticoagulant use is possible, 
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at least up until the restoration of systolic function. 

Treatment with a beta-blocker or beta-adrenoceptor 

agonists like phenylephrine and volume augmentation 

should be taken into consideration for patients with 

significant LV outflow tract blockage and hemodynamic 

compromise. Calcium channel blockers can be utilized to 

lower the pressure gradient in the LV outflow tract. In 

these situations, it is crucial to avoid using nitrites or 

inotropic medications as a kind of therapy. The use of 

calcium channel blockers like verapamil or diltiazem is 

advised for patients with suspected vasospasm.22  

Patients who have hemodynamic stability are frequently 

treated with diuretics, ACE inhibitors, and beta-blockers. 

Patients with LV apex loss should receive anticoagulant 

medication until the apex's contractility is restored in order 

to lower the risk of thrombosis unless there is a clear 

contraindication. Although it is appropriate to treat 

patients with -blockers and ACE inhibitors throughout the 

ventricular recovery phase, there is little agreement on the 

long-term therapy of TCM. However, there is little 

evidence to back up the continued use of these medications 

to increase survival rates or prevent TCM recurrence. 

Physicians may think about stopping these medications 

after LV function returns to baseline.1  

CONCLUSION 

An important alternative diagnosis for acute coronary 

syndrome is takotsubo cardiomyopathy. Normal (or 

almost normal) coronary arteries, regional wall motion 

abnormalities that go beyond a single coronary vascular 

bed, and frequently a triggering stressor are its 

distinguishing features. Mid- or basal left ventricular wall 

motion anomalies are becoming more and more 

recognized as variations of the typical left ventricular 

apical ballooning. Takotsubo cardiomyopathy is not 

uncommon, and more people becoming aware of this 

particular cardiomyopathy will probably increase the 

reported occurrence. Takotsubo cardiomyopathy diagnosis 

has significant effects on clinical care both during the 

presentation and subsequently. The long-term outlook is 

typically positive; nevertheless, a tiny proportion of cases 

initially present with potentially fatal complications. 

Although the pathophysiologic mechanism is unclear, 

catecholamine excess is most likely a key factor.6  

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Komamura K, Fukui M, Iwasaku T, Hirotani S, 

Masuyama T. Takotsubo cardiomyopathy: 

Pathophysiology, diagnosis and treatment. World J 

Cardiol. 2014;6(7):602-9. 

2. Akashi YJ, Goldstein DS, Barbaro G, Ueyama T. 

Takotsubo cardiomyopathy: a new form of acute, 

reversible heart failure. Circulation. 

2008;118(25):2754-62. 

3. Sato M, Fujita S, Saito A, Ikeda Y, Kitazawa H, 

Takahashi M, Ishiguro J, Okabe M, Nakamura Y, 

Nagai T, Watanabe H. Increased incidence of 

transient left ventricular apical ballooning (so-

calledTakotsubo'cardiomyopathy) after the mid-

Niigata Prefecture earthquake. Circulation J. 

2006;70(8):947-53. 

4. Amin HZ, Amin LZ, Pradipta A. Takotsubo 

Cardiomyopathy: A Brief Review. J Med Life. 

2020;13(1):3-7. 

5. Gianni M, Dentali F, Grandi AM, Sumner G, Hiralal 

R, Lonn E. Apical ballooning syndrome or takotsubo 

cardiomyopathy: a systematic review. Eur Heart J. 

2006;27(13):1523-9.  

6. Hurst R, Prasad A, Askew J, Sengupta PP, Tajik AJ. 

Takotsubo Cardiomyopathy: A Unique 

Cardiomyopathy With Variable Ventricular 

Morphology. J Am Coll Cardiol Img. 2010;3(6):641-

9. 

7. 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;99:182-5.  

8. 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;135:370-5.  

9. Strunk B, Shaw RE, Bull S, Adams J, Baer M, 

Gershengorn K, Kao A, Keeffe B, Sklar J, Sperling 

D, et al. High incidence of focal left ventricular wall 

motion abnormalities and normal coronary arteries in 

patients with myocardial infarctions presenting to a 

community hospital. J Invasive Cardiol. 

2006;18:376-81.  

10. Wedekind H, Möller K, Scholz KH. Tako-tsubo 

cardiomyopathy. Incidence in patients with acute 

coronary syndrome. Herz. 2006;31:339-46.  

11. Bajolle F, Basquin A, Lucron H, Bonnet D. Acute 

ischemic cardiomyopathy after extreme emotional 

stress in a child. Congenit Heart Dis. 2009;4:387-90.  

12. Maruyama S, Nomura Y, Fukushige T, Eguchi T, 

Nishi J, Yoshinaga M, Kawano Y. Suspected 

takotsubo cardiomyopathy caused by withdrawal of 

bupirenorphine in a child. Circ J. 2006;70:509-11.  

13. Kurisu S, Inoue I, Kawagoe T, Ishihara M, Shimatani 

Y, Nakama Y, Kagawa E, Dai K, Ikenaga H. 

Presentation of Tako-tsubo cardiomyopathy in men 

and women. Clin Cardiol. 2010;33:42-5.  

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

Takotsubo syndrome in African-American women 

with atypical presentations: a single-center 

experience. Clin Cardiol. 2007;30:14-8.  

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

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

induced cardiomyopathy presenting as acute 



Inban P et al. Int J Clin Trials. 2023 Feb;10(1):xxx-xxx 

                                                                   International Journal of Clinical Trials | January-March 2023 | Vol 10 | Issue 1    Page 6 

coronary syndrome: Tako-Tsubo in Mercogliano, 

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

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

A, Rihal CS, Chareonthaitawee P. Acute impairment 

of regional myocardial glucose uptake in the apical 

ballooning (takotsubo) syndrome. J Nucl Cardiol. 

2006;13:244-50.  

17. Sharkey SW, Lesser JR, Zenovich AG, Maron MS, 

Lindberg J, Longe TF, Maron BJ. Acute and 

reversible cardiomyopathy provoked by stress in 

women from the United States. Circulation. 

2005;111:472-9.  

18. Tsuchihashi K, Ueshima K, Uchida T, Oh-mura N, 

Kimura K, Owa M, et al. Transient left ventricular 

apical ballooning without coronary artery stenosis: a 

novel heart syndrome mimicking acute myocardial 

infarction. Angina Pectoris-Myocardial Infarction 

Investigations in Japan. J Am Coll Cardiol. 

2001;38:11-8.  

19. Dote K, Sato H, Tateishi H, Uchida T, Ishihara M. 

Myocardial stunning due to simultaneous multivessel 

coronary spasms: a review of 5 cases. J Cardiol. 

1991;21:203-14.  

20.  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;5:22-9.  

21. Padayachee L. Levosimendan: the inotrope of choice 

in cardiogenic shock secondary to takotsubo 

cardiomyopathy? Heart Lung Circ. 2007;16(3):S65-

70.  

22. Ibanez B, Navarro F, Cordoba M, M-Alberca P, Farre 

J. Tako-tsubo transient left ventricular apical 

ballooning: is intravascular ultrasound the key to 

resolve the enigma? Heart. 2005;91:102-4.  

23. Prasad A, Lerman A, Rihal CS. Apical ballooning 

syndrome (Tako-Tsubo or stress cardiomyopathy): a 

mimic of acute myocardial infarction. Am Heart J. 

2008;155:408-17.  

24. Previtali M, Repetto A, Panigada S, Camprotondo R, 

Tavazzi L. Left ventricular apical ballooning 

syndrome: prevalence, clinical characteristics and 

pathogenetic mechanism in a European population. 

Int J Cardiol. 2009;134:91-6.  

25. Kosuge M, Ebina T, Hibi K, Morita S, Okuda J, 

Iwahashi N, et al. Simple and accurate 

electrocardiographic criteria to differentiate 

takotsubo cardiomyopathy from anterior acute 

myocardial infarction. J Am Coll Cardiol. 

2010;55:2514-6.  

26. Ogura R, Hiasa Y, Takahashi T, Yamaguchi K, 

Fujiwara K, Ohara Y, et al. Specific findings of the 

standard 12-lead ECG in patients with ‘Takotsubo’ 

cardiomyopathy: Comparison with the findings of 

acute anterior myocardial infarction. Circ J. 

2003;67:687-90.  

27. Scantlebury DC, Prasad A. Diagnosis of takotsubo 

cardiomyopathy. Circ J. 2014;78:2129-39.  

28. Sharkey SW, Maron BJ. Epidemiology and clinical 

profile of takotsubo cardiomyopathy. Circ J. 

2014;78:2119-28.  

29. Nguyen TH, Neil CJ, Sverdlov AL, Mahadavan G, 

Chirkov YY, Kucia AM, et al. N-terminal pro-brain 

natriuretic protein levels in takotsubo 

cardiomyopathy. Am J Cardiol. 2011;108:1316-21. 

30. Sharkey SW, Windenburg DC, Lesser JR, Maron 

MS, Hauser RG, Lesser JN, et al. Natural history and 

expansive clinical profile of stress (tako-tsubo) 

cardiomyopathy. J Am Coll Cardiol. 2010;55:333-

41.  

31. Hurst RT, Asker JW, Reuss CS, Lee RW, Sweeney 

JP, Fortuin FD, et al. Transient midventricular 

ballooning syndrome: a new variant. J Am Coll 

Cardiol. 2006;48:579-83.  

32. Kohan AA, Yeyati EL, Stefano LD, Dragonetti L, 

Pietrani M, de Arenaza DP, et al. Usefulness of MRI 

in takotsubo cardiomyopathy: a review of the 

literature. Cardiovasc Diagn Ther. 2014;4(2):138-46.  

33. Akashi YJ, Nef HM, Lyon AR. Epidemiology and 

pathophysiology of Takotsubo syndrome. Nat Rev 

Cardiol. 2015;12(7):387-97.  

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

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

Bivalacqua TJ, Champion HC. Neurohormonal 

features of myocardial stunning due to sudden 

emotional stress. N Engl J Med. 2005;352:539-48.  

35. 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;53:1320-5.  

36. Marcovitz PA, Czako P, Rosenblatt S, Billecke SS. 

Pheochromocytoma presenting with Takotsubo 

syndrome. J Interv Cardiol. 2010;23:437-42.  

37. Roshanzamir S, Showkathali R. Takotsubo 

cardiomyopathy a short review. Curr Cardiol Rev. 

2013;9:191-6.  

38. Frustaci A, Loperfido F, Gentiloni N, Caldarulo M, 

Morgante E, Russo MA. Catecholamine-induced 

cardiomyopathy in multiple endocrine neoplasia: a 

histologic, ultrastructural, and biochemical study. 

Chest. 1991;99:382-5.  

39. Ellison GM, Torella D, Karakikes I, Purushothaman 

S, Curcio A, Gasparri C, et al. Acute beta-adrenergic 

overload produces myocyte damage through calcium 

leakage from the ryanodine receptor 2 but spares 

cardiac stem cells. J Biol Chem. 2007;282:11397-

409.  

40. Templin C, Ghadri JR, Dieekmann J, Napp LC, 

Bataiosu DR, Jaguszewski M, et al. Clinical features 

and outcomes of Takotsubo (stress) cardiomyopathy. 

N Engl J Med. 2005;373(10):929-38.  

41. Galiuto L, De Caterina AR, Porfidia A, Paraggio L, 

Barchetta S, Locorotondo G, et al. Reversible 

coronary microvascular dysfunction: a common 

pathogenetic mechanism in apical ballooning ot tako-

tsubo syndrome. Eur Heart J. 2010;31:1319-27.  



Inban P et al. Int J Clin Trials. 2023 Feb;10(1):xxx-xxx 

                                                                   International Journal of Clinical Trials | January-March 2023 | Vol 10 | Issue 1    Page 7 

42. 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;56:1840-6.  

43. Uchida Y, Egami H, Uchida Y, Sakurai T, Kanai M, 

Shirai S, Nakagawa O, Oshima T. Possible 

participation of endothelial cell apoptosis of coronary 

microvessels in the genesis of takotsubo 

cardiomyopathy. Clin Cardiol. 2010;33:371-7.  

44. 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):S117-9.  

45. 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;12:305-8.  

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

control in the pathogenesis of tako-tsubo 

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

47. 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;12:13-6.  

48. Cherian J, Angelis D, Filiberti A, et al. Can takotsubo 

cardiomyopathy be familial? Int J Cardiol. 

2007;121:74-5.  

49. Pison L, De Vusser P, Mullens W. Apical ballooning 

in relatives. Heart. 2004;90:e67.  

50. Peliccia F, Kaski JC, Crea F, Camici PG. 

Pathophysiology of Takotsubo Syndrome. 

Circulation. 2017;135:2426-41. 

 

 

 

 

 

 

 

  

 

 

Cite this article as: Inban P, Venkatesh N, Prajjwal P, 

Hassan M, Shah MH, Sunasra RR, et al. Takotsubo 

cardiomyopathy: a rare neuro-cardiological entity with 

its challenges. Int J Clin Trials 2023;10(1):xxx-xx. 


