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Abstract: Recent insights into heart-brain interactions reveal the heart as a dynamic entity beyond its
traditional role as a pump. Evidence from heart transplant recipients demonstrates personality and
behavioral changes akin to their donors, indicating a potential transfer of emotional memory or
personal traits. The presence of sensory neurites within the heart, capable of communicating with the
brain, underscores the heart's influence on emotional and physiological states. Mechanisms such as
catecholamine-mediated effects in Takotsubo cardiomyopathy and the therapeutic benefits of music
therapy highlight the complex interactions affecting autonomic regulation and psychological well-
being following cardiac events. Neural connections involving the amygdala and cardiovascular
control centers, alongside the intrinsic cardiac nervous system, play pivotal roles in modulating
cardiac and emotional functions. Integrating findings from transplant observations, neuroradiology,
and behavioral interventions illuminate the active participation of the heart in cognitive and
emotional processes, laying a foundation for further exploration of the intricate heart-brain nexus.
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Background

The idea that the heart has an emotional memory has been regarded for decades as symbolic
and metaphorical than scientifically proven. While the heart is central to emotional experiences in
many cultures and traditions—often seen as the seat of feelings—scientific research indicates that
emotional memory and processing primarily involve the brain, particularly areas like the amygdala
and hippocampus[1]

Recent scientific developments have uncovered the presence of sensory neurons in the heart,
which can communicate with the nervous system and influence emotional and physiological
responses. The concept of "heart memory transfer" is an emerging field, and some studies suggest
that the heart's neural network might play a role in processing emotional information in ways that
are not yet fully understood|[2].

The heart contains an extensive network of neurons known as the intrinsic cardiac nervous
system, sometimes called the "heart brain." This network can process information and communicate
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with the central nervous system, influencing emotional states and physiological responses. Some
researchers propose that this neural system might contribute to emotional memory, or at least affect
how emotional experiences are felt and remembered[3].

In this article, we aim to elucidate the intricate connections between the heart and brain,
highlighting that the heart is much more than a mere pump.
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Figure 1. Graphical abstract summarizing the main evidences of emotional connections of the brain.

Main Body

I-A Vice-Versa Relationship Between the Heart and Brain
A-Witnesses from Heart Transplant Recipient

As of today, June 5th, 2025, approximately 3,500 to 4,000 heart transplants are performed
worldwide each year. The United States accounts for the largest proportion, with around 2,500 to
3,000 transplants annually. Factors influencing these numbers include organ availability,
advancements in surgical techniques, and improvements in post-transplant care, which have
significantly enhanced survival rates and expanded eligibility criteria[4].

Heart transplant recipients experiences have been reported in an interesting article by Pearsall
et al experiencing, displaying significant changes in their personalities, preferences, and behaviors
that often mirror those of their donors. These changes include shifts in food preferences, artistic tastes,
musical interests, and even career aspirations. Some recipients have described acquiring new skills
or knowledge that align with the donor's passions, such as being able to complete songs the donor
wrote or developing a sudden love for classical music despite previously disliking it. These
experiences suggest a transfer of personal history or emotional memory from the donor to the
recipient[5].

Beyond changes in preferences, some recipients have reported more profound connections to
their donors, including sensory experiences and emotional insights. For instance, one recipient had
dreams of seeing flashes of light in his face, mirroring the way the donor was killed by a gunshot.
Others have described feeling the presence of their donor, experiencing their emotions, or even
having conversations with them. These accounts suggest a deeper, more intimate connection that
goes beyond mere behavioral changes|[6].

The families of both donors and recipients often corroborate these accounts, noting striking
similarities between the recipients' new behaviors and the donors' personalities. These observations
lend credibility to the recipients' experiences and challenge conventional understandings of memory
and identity. While the exact mechanisms behind these phenomena remain unclear, the consistent
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patterns reported across multiple cases suggest that cellular memory or systemic memory may play
a role in the transfer of personal characteristics from donor to recipient [4,5,7].

B-Myocardial Dysfunction Related to Emotional Distress or Neurologic Injury

Takotsubo cardiomyopathy (TCM), alternatively termed broken heart syndrome or stress-
induced cardiomyopathy, is characterized by transient left ventricular dysfunction in the absence of
obstructive epicardial coronary artery disease. The syndrome is frequently precipitated by acute
emotional or physical stressors, leading to a unique pattern of contractile abnormality. This typically
manifests as apical ballooning, wherein there is akinesis or dyskinesis of the left ventricular apex,
coupled with compensatory basal hyperkinesis. This distinctive morphology differentiates TCM
from ischemic cardiomyopathy and other conditions involving myocardial stunning, warranting
consideration in patients presenting with acute heart failure symptoms following significant stress.
While the precise pathophysiology remains under investigation, current hypotheses involve
catecholamine-mediated microvascular dysfunction and myocardial stunning[8].

Lyon et al.'s proposed mechanism for Takotsubo cardiomyopathy centers on the differential
effects of catecholamines, specifically norepinephrine and epinephrine, on myocardial function
during a stress-induced surge. They suggest that norepinephrine primarily stimulates 31-adrenergic
receptors (1-ARs) in the heart, predominantly at the left ventricular (LV) base. This stimulation
increases contractility in the basal segments of the LV, leading to hyperkinesis in these regions[9].

Concurrently, epinephrine stimulates (32-adrenergic receptors (32-ARs), primarily located at the
LV apex. Activation of 32-ARs triggers a switch from the G(s) to the G(i) protein pathway, resulting
in a negative inotropic effect, effectively reducing the contractility of the LV apex. This relative
hypokinesis or akinesis at the apex contributes to the characteristic apical ballooning observed in
TCM. The theory also suggests that excessive 31-AR stimulation, even with partial attenuation from
the 32-AR-G(i) protein switch, leads to apoptotic changes in the LV apical myocardium. The selective
vulnerability of the LV apex is attributed to a higher concentration of (3-AR receptors in this
region[10].

Additionally, the stunned LV apex, resulting from (2-AR stimulation, is subjected to the
hypercontractile LV base caused by [31-AR stimulation. This disparity leads to increased end-systolic
LV pressure and wall stress on the akinetic apex, further contributing to the ballooning effect. In
essence, this theory combines differential catecholamine effects, regional receptor distribution, and
altered signaling pathways to explain the unique pathophysiology and morphological features of
Takotsubo cardiomyopathy[11].

C. Improvement of Myocardial Stunning via Sensory Stimuli Particularly Music

Music therapy is gaining traction as a valuable supportive intervention in critical care,
particularly for patients recovering from cardiac events like myocardial infarction or coronary artery
bypass grafting. Its benefits stem from its ability to modulate the autonomic nervous system,
promoting physiological stabilization, and to enhance psychological well-being, crucial for holistic
cardiac recovery. Calming music demonstrably reduces sympathetic nervous system activity while
bolstering parasympathetic responses, resulting in favorable cardiovascular outcomes: lowered heart
rate, reduced blood pressure, and decreased respiratory rate. A systematic review highlighted music
interventions' ability to improve autonomic balance across various clinical settings, evidenced by
statistically significant reductions in blood pressure and heart rate[12]. The slow tempo of genres like
classical or meditative music appears particularly effective in offering a safe and cost-effective
adjunct to traditional cardiovascular support in the ICU.

Beyond physiological effects, music therapy significantly addresses psychological stressors
commonly associated with acute cardiac events, such as anxiety and post-traumatic symptoms,
which can negatively impact recovery. Meta-analyses of cardiac surgery patients have revealed that
music exposure significantly reduces anxiety and pain compared to standard care[13]. These
therapeutic benefits are believed to arise from music engaging the brain’s emotional centers,
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stimulating the release of dopamine and oxytocin, and thus counteracting the physiological effects of
stress. This translates to a decreased reliance on sedatives and analgesics, minimizing medication-
related side effects and potentially accelerating recovery. Recent evidence continues to support these
findings; a randomized controlled trial showed that music therapy significantly reduced pain,
anxiety, agitation, and sedation requirements in cardiac ICU patients following coronary
angiography([14,15].

The integration of structured music therapy into ICU care protocols for post-cardiac event
patients offers promising clinical benefits, aligning with a holistic, patient-centered approach. While
these findings support the standardization of music as an ICU nursing protocol component, further
research is warranted. Future studies should focus on developing tailored music interventions that
account for individual patient preferences, cultural backgrounds, and neurological responses to
different musical styles to maximize therapeutic efficacy and promote personalized care.

II-Anatomical Explanations of Heart-Brain Connections
A-The Amygdala Connections with Cardiovascular Centers in the Brain Stem

The intricate interplay between the brain and heart forms a dynamic, bidirectional
communication system that profoundly influences both emotional and physiological states. A key
component in this circuit is the amygdala, a limbic system structure responsible for processing
emotional stimuli and modulating autonomic functions, notably heart rate and blood pressure (1).
This regulation is achieved through complex neural networks encompassing both the sympathetic
and parasympathetic branches of the autonomic nervous system, allowing for a nuanced control of
cardiac activity[3,16,17].

The central nucleus of the amygdala, a critical hub within this system, possesses direct
anatomical links to brainstem regions governing cardiovascular control, including the nucleus tractus
solitarius (NTS) and the dorsal motor nucleus of the vagus nerve (DMNV) (1). These connections
facilitate the amygdala's ability to directly influence cardiac function. Furthermore, functional MRI
(fMRI) studies have demonstrated that fluctuations in heart rate are correlated with changes in
amygdala activity, underscoring the presence of a tightly regulated feedback loop between emotional
processing and cardiovascular function (2). This suggests that emotional experiences can rapidly and
directly impact heart function, and conversely, that signals from the heart can influence emotional
processing in the brain[18].

Given its central role in emotional regulation, the amygdala significantly influences heart rate
variability (HRV), a well-established marker of autonomic nervous system balance and adaptability
(3). Higher HRV generally indicates greater autonomic flexibility and better cardiovascular health,
while reduced HRYV is associated with increased risk of cardiovascular events.

B-A New Breakthrough: Sensory Neurites of the Heart

Sensory neurites, recently discovered in the heart, are specialized nerve fibers that play a vital
role in regulating cardiac activity and are implicated in both memory transfer and decision-making.
With approximately 40,000 cells present in the heart, these neurites form an intrinsic neural system
that integrates extrinsic innervation inputs and influences short-term and long-term memory
functions[2,3,19].

These sensory neurites modulate their effects by transmitting neural signals through ascending
pathways via the vagus nerve and spinal cord, ultimately reaching the amygdala, thalamus,
hypothalamus, and cerebral cortex. By influencing these brain regions, the sensory neurites can
impact various types of decisions, including physiological, behavioral, and psychological ones. The
potential mechanisms involve modulating cognition and mood regulation.

The sensory neurites act as transducers, converting mechanical and chemical stimuli into
electrical signals. Mechano-sensory neurites respond to physical changes such as muscle
deformation, while chemosensory neurites detect changes in the chemical environment, such as
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adenosine release during ischemia. These signals are then transmitted to the brain, where they can
influence perception, emotions, and decision-making processes. This suggests that the heart can
contribute not only to physiological regulation but also to cognitive and emotional processes through
these sensory neurites[20].

Conclusion

The evidence presented challenges the conventional view of the heart as a mere circulatory
organ, revealing its intricate involvement in emotional and cognitive processes through
neuroanatomical connections. Reports of personality changes in heart transplant recipients and the
functionality of intrinsic cardiac sensory neurites suggest a role for the heart in memory and decision-
making. Recognizing the heart's active role in the heart-brain axis opens new avenues for exploring
therapeutic interventions targeting the interplay between emotional and physiological health,
particularly in managing stress-related cardiovascular conditions and promoting holistic patient care.
Further research is needed to fully elucidate the underlying mechanisms and clinical implications of
this dynamic two-way communication system.
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