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Abstract: 

Broken Heart Syndrome (BHS), which is alternatively referred to as Takotsubo Syndrome (TTS) and stress-
induced cardiomyopathy, is a cardiac condition with a temporary impairment of the left ventricle resulting from 
emotional or physical stress. Despite the absence of any coronary occlusion, BHS manifests similar symptoms as 
myocardial infarction and acute coronary syndrome. This review focuses on the cardiological, psychological, and 
neurological aspects of BHS with specific emphasis on the interplay between the two systems through the neuro-
cardiac axis. In this regard, the paper considers several important issues regarding the historical background, 
pathogenesis, mechanism, underlying physiological phenomena, and other causes of this cardiovascular 
syndrome. These include the autonomic dysregulation, catecholamine toxicity, inflammatory processes, oxidative 
stress, as well as psychological and neurological factors that contribute to myocardial dysfunction and stress-
induced cardiomyopathy. Various advanced cardiovascular imaging modalities and neuroimaging procedures 
employed in the diagnosis of BHS are examined in detail. From the study, it can be established that excessive 
sympathetic activity, autonomic imbalance, and brain-heart interaction are critical components in the development 
of BHS. 
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 1. INTRODUCTION 

Classical approaches to heart diseases were founded on the idea that these ailments have their 
roots in structural deviations, metabolism, and vessels disorders; however, contemporary 
research tends to indicate psychological and neurological factors that might contribute to such 
pathologies1. Emotional distress, anxiety, depressive mood, trauma, and other neurological 
disorders influence heart morbidity through neuro-endocrine and neuro-autonomic 
mechanisms. Among the list of stress-induced heart diseases, the BHS or TTS becomes an 
exemplifying case that demonstrates the connection between neurological and heart disorders. 
It shows how emotional or physical stress may lead to heart disease2. 

With the emergence of neuro-cardiology area of study, it became possible to comprehend the 
complex interrelations between central nervous and cardiovascular systems, which are often 
mentioned as a neuro-cardiac axis3. Neurological, hormonal, inflammatory, and autonomic 
mechanisms control the work of the heart muscle; therefore, the dysfunction of these factors 
causes the heart malfunctions like sympathetic overactivity, catecholamines liberation, 
myocardium stunning, arrhythmia, or endothelial dysfunction. Thus, BHS can be considered 
one of the most important interdisciplinary questions for medical professionals such as 
cardiologists, neurologists, and psychologists. 

1.1 Background and Context 
BHS, also referred to as TTS, or stress cardiomyopathy, is a reversible heart condition 
involving temporary impairment of the left ventricle function without obstruction in coronary 
arteries. It was first reported in Japan in the late 1990s; BHS got its name from the “Takotsubo” 
trap for capturing octopuses because the heart's left ventricle resembles a balloon shape4. BHS 
mainly occurs among postmenopausal women who have experienced significant emotional or 
physical stress like sadness, extreme nervousness, trauma, or suffering from a neurological 
condition. Clinically, it resembles both acute coronary syndrome and myocardial infarction 
with symptoms like chest pain, difficulty breathing, ECG changes, and increased cardiac 
markers without coronary artery disease. The current research in neuro-cardiology has focused 
on the importance of the interaction between the neuro and cardiac systems with autonomic 
imbalance and excess of catecholamines causing myocardial dysfunction in BHS5. 

 

Figure 1: Morphological Appearance of the Left Ventricle in Takotsubo Syndrome 
Resembling a Japanese Octopus Trap (Takotsubo) 
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 1.2 Objectives of the Review 

The primary objectives of this review are: 

1. To investigate the role of cardiology, psychology, and neurology in BHS. 

2. To analyze how the neuro-cardiac axis works when it comes to stress-induced 
cardiomyopathy. 

3. To establish a connection between BHS and acute myocardial infarction. 

4. To assess current research on diagnosis, imaging, biomarkers, and treatment options. 

5. To discuss current gaps in research and suggest areas for future study.  

1.3 Importance of the Topic 
Stress-associated heart disease is on the rise, which makes it vital to have an in-depth 
understanding of the relationship between stress, neurological mechanisms, and the health of 
the heart6. BHS serves as a clinical example of how a combination of psychological issues and 
autonomic imbalance can affect myocardium. There is more and more evidence connecting 
stress, depression, brain deterioration, stroke, and heart diseases, indicating the importance of 
interdisciplinary approach in these fields, which makes a critical review of BHS necessary7. 

2. BROKEN HEART SYNDROME: CARDIOLOGICAL, PSYCHOLOGICAL, 
AND NEURO-CARDIAC PERSPECTIVES 

BHS is a multi-faceted disease that combines the complicated interplay among the heart, brain, 
and mind. With the recent breakthroughs in cardiology and neurocardiology, there is now a 
better understanding of the pathophysiology of stress-induced cardiomyopathy, autonomic 
dysregulation, and brain-heart interactions. The ensuing sections will discuss the history, 
cardiological, psychological, diagnostic, and neuro-cardiac facets of BHS8. 

2.1 Historical Evolution and Clinical Concept of Broken Heart Syndrome 
BHS has progressed from being categorized as a rare cardiomyopathy to a significant neuro-
cardiac syndrome with considerable medical importance. The first literature on BHS described 
the transient apical ballooning of the left ventricle after emotional stress, whereas subsequent 
studies have documented other variants, including basal, mid-ventricular, and focal types. The 
syndrome is often characterized by pseudo-STEMI electrocardiographic features, thereby 
posing diagnostic difficulties as compared to myocardial infarction. 

The syndrome has exhibited diverse presentations using various nomenclature, including 
Takotsubo cardiomyopathy and stress-induced left ventricular dysfunction. Recent scientific 
studies have also provided insights into the molecular mechanisms involved in myocardial 
injury and autonomic dysregulation in stress cardiomyopathy9. 

Though previously thought of as reversible, contemporary reports have shown that BHS may 
be associated with life-threatening consequences like arrhythmias, cardiogenic shock, 
thromboembolic complications, ventricular rupture, and sudden cardiac death. Cases of cardiac 
rupture secondary to stress cardiomyopathy illustrate the potential for lethal outcomes due to 
BHS. 

2.2 Cardiological Perspective of Broken Heart Syndrome 
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 Cardiologic view on BHS centers on heart problems that result from psychological or physical 

stress. While BHS is usually temporary, it mimics both acute coronary syndrome and 
myocardial infarction, making the condition difficult to diagnose and treat10. The latest studies 
in cardiology have shed light on stress-related myocardial dysfunction and autonomic disorders 
linked to this syndrome. 

 

Figure 2: Echocardiographic Appearance of Apical Ballooning in BHS 

• Pathophysiology and Cardiac Dysfunction: Myocardial stunning is the primary 
mechanism underlying BHS, which results from the excess secretion of catecholamines 
due to stress. Sympathetic activation causes an increase in norepinephrine and 
epinephrine, causing cardiomyocyte toxicity, oxidative stress, and dysfunction of the 
coronary microvasculature11. In contrast to myocardial infarction, BHS does not cause 
permanent injury but rather temporary cardiac damage, despite the similarity between 
their clinical presentations.  

• Cardiovascular Imaging and Diagnostic Approaches: Imaging is critical in 
distinguishing BHS from acute coronary syndrome. Echocardiography typically shows 
apical ballooning and wall-motion abnormalities. Cardiac MRI and nuclear imaging 
techniques can be utilized to assess myocardial anatomy and physiology. Elevated 
levels of troponin, BNP, cytokines, and catecholamines are frequently seen in 
laboratory investigations12.  

• Relationship with Acute Myocardial Infarction: BHS manifests symptoms similar 
to those seen in acute myocardial infarction, such as chest pain, ECG changes, dyspnea, 
and increased cardiac enzymes; yet, significant coronary obstruction is generally not 
observed. While there are similarities between the two conditions in terms of clinical 
presentation, the treatment modalities for each condition differ vastly, with 
revascularization being necessary for AMI but not BHS. 

2.3 Psychological Dimension of Broken Heart Syndrome 
The psychological component of BHS is vital in the examination of the connection between 
psychological stress and heart problems. The negative impacts of psychological factors, 
including anxiety, depression, trauma, bereavement, and prolonged stress, have a major impact 
on the body’s physiological responses, resulting in dysfunction of the heart muscle and 
increasing the risk of cardiovascular diseases13. Psychological aspects not only cause BHS but 
also play a key role in healing from the disorder. 
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 • BHS has been recognized as being among the strongest inducers of psychological 

stress. Psychological stress involves situations that include emotional shock, grief, 
anxiety, disputes, monetary issues, and fear.  

• Psychological stress causes heart diseases by causing irregularities in the cardiovascular 
system due to the influence on the nervous system and inflammation.  

• Individuals with BHS frequently suffer from psychological stress, lack of emotional 
resilience, fear, uncertainty, and post-traumatic symptoms during the course of the 
disease. 

• The presence of depression and anxiety is considered an important factor contributing 
to heart diseases and is correlated with increased morbidity from cardiovascular 
conditions. 

• Emotional stress plays a part in causing chronic sympathetic nervous activity, 
impairment of endothelial function, and inflammation14. 

• Cognitive Behavioral Therapy (CBT) is considered a promising intervention strategy 
that can help mitigate psychological stress in patients.  

• Activation of the hypothalamus-pituitary-adrenal axis due to stress causes the secretion 
of cortisol, sympathetic hyperactivity, and increased production of catecholamines, 
which could adversely affect blood vessels and the heart muscle. 

• Amygdala and limbic structures contribute significantly to emotion regulation and 
cardiac control. Overstimulation of these structures can lead to an autonomic imbalance 
that makes people prone to stress cardiomyopathy15. 

3. NEUROLOGICAL PERSPECTIVE AND THE NEURO-CARDIAC AXIS 
The neurologic view on BHS emphasizes the intricate relationship between the brain and the 
cardiovascular system via the neuro-cardiac axis. Emerging discoveries in the field of 
neurocardiology have proven that psychological stress, autonomic disturbances, and nervous 
conditions play an important role in regulating heart physiology using neural, hormonal, and 
inflammatory mechanisms. Disturbances of such mechanisms result in the development of 
myocardial dysfunction and stress cardiomyopathy16. 

3.1 Neuro-Cardiac Axis and Autonomic Dysfunction 
The neuro-cardiac axis involves the bi-directional interconnection between the brain and heart 
through autonomic, hormonal, and inflammatory processes. The amygdala, hypothalamus, 
insular cortex, and the brainstem autonomic centers are among several structures that mediate 
this connection in terms of cardiovascular control. Sympathetic hyperactivity and lack of 
parasympathetic influence are considered critical components of BHS as they facilitate 
myocardial stunning, cardiac arrhythmias, and blood vessel problems17. 

The resulting autonomic imbalance associated with emotional and physiological stress causes 
an increase in catecholamine levels and the impairment of cardiovascular control. Research 
into neurocardiology also suggests that exercise therapy and autonomic balance improvement 
can lead to the betterment of cardiovascular conditions caused by psychological stress18. 
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Figure 3: Mechanism of the Neuro-Cardiac Axis and Catecholamine-Mediated Cardiac 
Dysfunction in Broken Heart Syndrome 

The latest research on the subject highlights the crucial role of brain-heart interaction in the 
emergence of stress cardiomyopathy syndrome. Abnormal functioning of emotional centers 
can exacerbate the effects of stress and raise the risk of cardiovascular complications. In 
addition, chronic autonomic imbalance may lead to vascular damage and inflammation, thereby 
interfering with myocardial recovery19. 

3.2 Neurological Disorders, Neuro-Imaging, and Cardiac Injury 
Neurological disorders like stroke, traumatic brain injury, epilepsy, and neurodegenerative 
conditions are commonly linked to neurogenic heart injury and autonomic dysfunction. 
Cardiovascular complications after strokes usually arise due to sympathetic overactivity and 
toxicity with catecholamines, but traumatic brain injury can also lead to cardiovascular 
disturbance due to the brain-heart connection. 

Neurological disorders could affect autonomic control, inflammation, and cardiovascular 
stability, resulting in myocardial dysfunction and arrhythmias20. Additionally, chronic stress 
arising from neurological disorders could further compromise the functions of the endothelium 
and cardiac output, as well as impair autonomic flexibility in vulnerable people. 

Brain heart syndrome patients exhibit functional problems with the brain structures responsible 
for emotions and autonomic function according to neuro-imaging. Neuro-imaging is now 
increasingly applied in the assessment of autonomic functions, stress reactions, and neuro-
cardiac interaction. These techniques could be useful in the identification of therapeutic targets 
for the treatment of stress cardiomyopathy21. 

4. MOLECULAR AND CELLULAR MECHANISMS OF BROKEN HEART 
SYNDROME 

The molecular and cellular mechanisms involved in BHS include an intricate interplay between 
neurohormonal activation, autonomic dysfunction, inflammation, oxidative stress, and 

6



 
 
 

 Journal of Pharmacology, Genetics and Molecular Biology (JPGMB)    
ISSN: 3049-3757 | Vol. 02, Issue-03, May-June |2026, pp. 01-12 

Journal of Pharmacology, Genetics and Molecular Biology (JPGMB) 

ISSN: 3049-3757 | Vol. 02, Issue-03, May-June | 2026 
 myocardial dysfunction22. Emotional or physiological stress leads to activation of the 

sympathetic nervous system and the hypothalamus-pituitary-adrenal axis, causing the 
overproduction of catecholamines that affect myocardial physiology. The biochemical changes 
are important contributors to ventricular dysfunction and stress cardiomyopathy23. 

Catecholamine toxicity has been identified as one of the major mechanisms behind myocardial 
injury in BHS24. High concentrations of norepinephrine and epinephrine adversely affect 
cardiac cells through calcium overload, mitochondrial dysfunction, oxidative stress, and cell 
death. Overactivation of the sympathetic nervous system might cause impaired coronary 
microcirculation and reduced contractility, contributing to myocardial stunning and temporary 
ventricular dysfunction25. 

Other mechanisms implicated in the pathophysiology of BHS include inflammation and 
oxidative stress. Stress-induced pro-inflammatory cytokines lead to impaired myocardial 
performance through their effect on endothelial cell function, cellular signaling, and 
myocardial metabolism26. Chronic oxidative stress can also impair the integrity of blood 
vessels and contribute to autonomic dysfunction. These mechanisms may account for the 
relationship between stress cardiomyopathy and other conditions including infection, COVID-
19, and chronic inflammatory diseases27. 

Interaction between neurotransmitters, stress hormones, and the autonomic nervous system is 
critical for regulation of cardiac muscle contraction and vascular constriction. Imbalance of 
neurohormonal pathways leads to arrhythmia, endothelial dysfunction, vasospasm, and poor 
myocardial reperfusion28. New studies have stressed the significance of neural regulation of 
the cardiovascular system and heart innervation for proper cardiovascular response during 
periods of stress29. 

Progress in molecular cardiology and neurocardiology has provided important information on 
the biochemical processes that underlie BHS. Therapeutic modalities related to modulation of 
the autonomic nervous system, antioxidative treatment, and neurocardiological approach can 
facilitate myocardial reperfusion and alleviate cardiovascular effects of stress 
cardiomyopathy30. It will be helpful to identify the exact molecular markers for effective 
therapy of stress cardiomyopathy. 

Table 1: Major Molecular and Cellular Mechanisms Involved in Broken Heart Syndrome 

Molecular 
Mechanism 

Major Effects on the Heart Clinical Significance in 
BHS 

Catecholamine 
Excess 

Myocardial stunning, calcium 
overload, oxidative stress 

Transient ventricular 
dysfunction 

Inflammation Endothelial injury and altered cellular 
signaling 

Cardiovascular instability 

Oxidative Stress Mitochondrial dysfunction and tissue 
damage 

Impaired myocardial 
recovery 
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 Autonomic 

Dysregulation 
Sympathetic overactivity and 
arrhythmias 

Neuro-cardiac imbalance 

Neurohormonal 
Activation 

Altered vascular tone and myocardial 
function 

Stress-induced 
cardiomyopathy 

 

5. DISCUSSION 
BHS is a complex disorder in which multiple organ systems including the heart, nervous 
system, and psyche interact to produce the condition. As noted in the review, the involvement 
of emotion, autonomic dysfunction, inflammation, and the brain-heart connection are all key 
factors contributing to stress-induced cardiomyopathy31. It is increasingly clear from the fields 
of cardiology, psychology, and neurocardiology that BHS should be viewed beyond a 
cardiovascular disease and recognized as a neuro-cardiac disorder32. 

5.1 Interpretation and Analysis of the Findings 
From the reviewed studies, one can conclude that excessive stimulation of the sympathetic 
nervous system and the release of catecholamines are the main factors responsible for 
myocardial abnormalities in BHS33. Psychological and physiological stress causes a 
neuroendocrine response to occur, affecting the function of the heart through autonomic 
dysfunction, oxidative stress, and inflammation. The scientific literature proves the existence 
of a link between psychological conditions, brain damage, and heart failure. Therefore, the 
notion of the neuro-cardiac connection plays an important role in stress-induced heart disease. 
However, BHS is typically regarded as a reversible disorder. 

 

Table 2: Comparative Analysis of Recent Studies on Broken Heart Syndrome, Neuro-
Cardiac Axis, and Cardiovascular Mechanisms 

Reference Study Focus Major Findings Relevance to Present 
Review 

Sukma & 
Balatif 
(2022)34 

Broken Heart 
Syndrome and 
stress-induced heart 
failure 

Reported the progression of 
emotional stress toward 
cardiac dysfunction and 
heart failure 

Supports the 
psychological and 
cardiological basis of 
BHS 

Talkington et 
al. (2025)35 

Neurological 
sequelae and 
diagnostic imaging 

Highlighted neuro-
inflammatory and neuro-
imaging mechanisms 
associated with 
cardiovascular 
complications 

Supports neuro-cardiac 
interaction and 
imaging perspectives 

Therkleson & 
Stronach 
(2015)36 

Clinical case study 
of BHS 

Demonstrated typical 
clinical presentation and 

Reinforces clinical 
understanding of stress 
cardiomyopathy 
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 stress-related cardiac 
dysfunction 

Valenza et al. 
(2025)37 

Brain–heart axis 
mechanisms 

Explained neural, 
biochemical, and 
autonomic pathways 
linking brain and heart 
function 

Strongly supports the 
neuro-cardiac axis 
discussion 

Yang et al. 
(2024)38 

Advanced 
cardiovascular 
research models 

Discussed innovative 3D 
cardiovascular models for 
studying cardiac diseases 

Supports future 
research and advanced 
cardiovascular 
investigations 

5.2 Implications and Significance 
The multidisciplinary approach associated with BHS has significant implications for 
contemporary clinical medicine and cardiovascular research. The syndrome brings to the 
forefront the issue of how cardiologists, psychologists, and neurologists must collaborate in the 
evaluation and management of patients. Increased awareness that psychological stress and 
dysautonomia play an essential role in the development of heart disease might facilitate earlier 
diagnosis and patient counseling, as well as enhance the effectiveness of treatment options 
available39. 

5.3 Research Gap and Limitations 
Although considerable progress has been made regarding neurocardiology and stress 
cardiomyopathy in recent years, there are a few gaps in the existing scientific knowledge. There 
is no standardized biomarker that could reliably diagnose and help in the risk stratification of 
BHS patients40. The exact neurobiological link between the emotional state and the condition 
of the myocardium is unknown. Moreover, most studies currently performed address the 
immediate clinical symptoms; only a small number of publications discuss the long-term 
effects from the perspective of neurology and psychology. 

5.4 Future Research Directions 
Areas for further research would be the identification of neuro-cardiac biomarkers and 
understanding the molecular neurophysiology behind BHS. This can be achieved through 
advanced neuro-imaging, autonomic testing, and precision medicine techniques. The 
longitudinal effects of recurrence of BHS, psychological aspects associated with the disease, 
and long-term cardiovascular issues should also be investigated. In addition, the use of artificial 
intelligence and machine learning along with other multidisciplinary approaches may help in 
achieving better results in the prediction, prevention, and management of stress 
cardiomyopathy. 

6. CONCLUSION
The BHS is an intricate case of a stress-induced cardiomyopathy that exhibits many interactions 
among the cardiovascular, nervous, and psychological systems via the neuro-cardiac pathway. 
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 Scientific studies show the importance of toxic effects of catecholamines, autonomic 

dysregulation, inflammatory process, and brain-heart interaction during the pathogenesis of 
this condition. BHS bears resemblance to myocardial infarction which presents a diagnostic 
and therapeutic dilemma in the management of this syndrome. Thus, it necessitates an 
interdisciplinary intervention combining cardiology, neurology, psychology, and stress and 
autonomic management. Further research is necessary to increase knowledge in neuro-cardiac 
physiology and identification of biomarkers. 
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