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How familiar are we with the repercussions of sci-
entific research and medical practice for our daily 
lives? What are the “passions” and motivations that 

drive researchers and healthcare professionals? What 
do we know about their professions?

Society strives to make science and its implications known to ordi-
nary people in many different ways. Just think, for example, of the vari-

ety of leaflets promoting the importance of a healthy lifestyle and well-being 
in general. Of course, school does its part as well, introducing the principles 
of scientific literacy and raising awareness of a series of issues that help foster 
scientific thinking among young people.

These considerations are in fact the starting point for the Let’s Science! pro-
ject, carried out by the IBSA Foundation for Scientific Research in collabora-
tion with the Department of Education, Culture, and Sport of the Canton of 
Ticino (DECS). The partnership has made it possible to identify interesting 
topics that have been addressed by the project, getting scientists working in 
the canton involved. Two different worlds that are often far apart – scientific 
research and school – have thus been brought together, promoting dialogue 
between professionals and students through themed workshops, in order to 
develop awareness of both the topic itself and how to communicate it.

But what was the range of topics the project would address and what consid-
erations led to certain strategic decisions? Science and research are advancing 
rapidly, especially in biomedicine and related disciplines, and the continuous 
expansion of fields of investigation requires a constant effort to stay up to date, 
in order to both maintain a historical perspective and accommodate the nu-
merous innovations. Access to scientifically accurate information, conveyed 
in accessible language, opens up the opportunity for children to get to know 
and become passionate about topics that are generally considered “difficult”. 

And that’s the idea behind the Let’s Science! series, which aims to broaden the 
range of scientific topics that can be explored at school. The topics, which are 
interdisciplinary and directly related to individual health and well-being, are 
presented in an innovative way: the scientific text is in fact accompanied by 
a story that draws on the experience of cantonal middle school classes, who, 
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under the guidance of their teachers, developed original scripts, which were 
then translated into comics by professionals in the industry.

The only thing left for us to do is invite young readers to explore the fasci-
nating fields of research presented by Let’s Science!, which in turn open up 
opportunities for further questions and insights. Who knows, one of these 
readers might in turn one day become the one taking important steps forward 
in understanding the complexity of life and the delicate balance that allows us 
to be healthy and happy. Enjoy reading!

SILVIA MISITI

Director of the IBSA Foundation for Scientific Research

NICOLO OSTERWALDER

Educational consultant for science at the Department of Education (DECS)

'
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introduction                                                                                                                                   

Since ancient times, the heart has been seen as the seat of love and the soul. Th e 
ancient Egyptians, one of the fi rst cultures that showed a particular interest in 
the heart, used two distinct terms: ib, to designate the heart-soul, and haty for 
the heart-organ. When they mummifi ed a body, they left  the heart in the chest 
so that the gods could compare its weight with that of a feather, the symbol of 
the goddess Maat, who represented justice. If the deceased had committed evil 
and unjust acts in life that made their heart heavier than the feather, they would 
not be admitted to the kingdom of the dead. Th e brain, on the other hand, was 
removed from the body [fi gure 1fi gure 1 ].

Today, the roles have been reversed, so to speak. Th e brain is the organ of the 
mind, in a sense the center of life, and we tend to see the heart simply as a 
muscular pump… but it’s not. Th e heart is actually a more complex organ. In 
addition to pumping blood through the circulatory system, it interacts with 
the brain and other organs. For its part, the brain continuously sends signals 
to the heart.

Figure 1Figure 1 Weighing of the heart in Ancient Egypt (Book of the Dead of Ani, circa 
1275 B.C.E.)
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Th e autonomic nervous system plays a central role in the heart-brain connec-
tion. Its activation can stimulate both brain and heart activity. For example, 
when we exhale, we send signals that infl uence our heart rate. If our breathing 
rate is regular, our heart rate variability is coherent, otherwise it becomes cha-
otic. Th e latter condition occurs when the activity of the sympathetic nervous 
system (a system that evolution has shaped to predispose us to “fi ght or fl ight” 
reactions) becomes dominant, as happens in all stressful and anxiety-inducing 
situations.

While chaotic heart rate variability refl ects a state of emotional tension, 
coherent variability can be restored by breathing slowly, deeply, and rhyth-
mically. Th is eff ect can also be achieved through contemplation or medita-
tion techniques (just consider that nowadays there are smartwatch applica-
tions that prompt us to breathe in a regular rhythm when they detect we are 
stressed). Th e most surprising aspect is that re-establishing coherent heart 
rate variability through controlled breathing seems suffi  cient to improve our 
emotional state. While it is well known that emotions infl uence the heart 
rate, the infl uence of the heart rate on emotions is a recent discovery. Th is 
discovery “closes the circle” of the heart-brain connection, which can be seen 
as a single operational control unit that controls our physical and emotional 
well-being. In this sense, the heart-organ (haty) seems to have become the 
heart-soul (ib) once again.

the heart and the brain communicate
with each other                                                                                                                           

In the body, the heart and the brain are 
located some distance apart from each 
other, yet they communicate continu-
ously with each other, so much so that, 
as we know, strong emotions can cause 
the heart to “race”. Emotional activity 

generates and transmits signals to the heart that change how it functions. 
In fact, cardiac activity is heavily infl uenced by information from the brain 

Why does our heart 
race when we feel 
strong emotions?
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associated with physical activity, warning signs, stress, and sleep. Th e most 
intense neural signals are induced by what we call primordial, primal, or 
basic emotions (fear, anxiety, anger, love, joy, etc.), which activate alertness 
and immediate response mechanisms and which have enabled our ances-
tors to survive since the emergence of the genus Homo (about 2.1 million 
years ago).

At the anatomical level, the nervous system is organized into two parts: the 
central nervous system (CNS) and the peripheral nervous system (PNS) 
[fi gure 2fi gure 2 ].

Th e central nervous system is made up of neurons and nerve fi bers found 
in the brain, protected by the neurocranium or braincase, and in the spinal 
cord, contained in the vertebral column. Its function is to control and pro-
cess information from other organs and the environment; it generates the 
most appropriate responses and transmits them to the rest of the body. 

Th e peripheral nervous system, on the other hand, is made up of receptors
and nerves and sends information from both inside and outside the body 

Figure 2Figure 2 Th e nervous system 
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to the CNS and, at the same time, transmits centrally processed nerve stimuli 
to the periphery. 

Th e autonomic nervous system is part of the PNS and gets its name from the 
fact that it is independent of our volition. In fact, it regulates all the activities 
of our internal organs (such as the heart, lungs, and intestines) and certain 
muscles. It is through the autonomic nervous system that the brain controls 
the heart. 

Th is system is divided into two branches, the sympathetic and the parasympa-
thetic, which have antagonistic eff ects:

 the sympathetic system speeds up the heart rate and increases cardiac 
contraction, as well as exerting a constricting eff ect on other organs 
(for example, the arterial blood vessels and the intestines); it can also 
cause pallor, cold hands and feet, and an increase in arterial pressure 
(induced by arterial vasoconstriction);

 the parasympathetic system has the opposite eff ects: it slows down 
the heart rate and decreases cardiac contraction, exerting a dilating ef-
fect on the arterial vessels and the intestines.

Th e end result depends on whether sympathetic or parasympathetic activity is 
predominant in a given situation.

Th e nerve cells (neurons) of the sympathetic nervous system form connec-
tions with other neurons in the chain of sympathetic ganglia in the chest 
cavity. Th e most important of these is the stellate ganglion. Th e sympathetic 
ganglia integrate the neural information from the nervous system extrinsic to 
the heart with the information transmitted by the heart itself. 

Th e parasympathetic neurons involved in controlling cardiac function, on 
the other hand, are located in the medulla oblongata. Th e parasympathetic 
� bers reach the heart via the vagus nerve and form a plexus of fi bers intercon-
nected with the surface of the heart (the epicardium). Th e neural communi-
cation pathways between the brain and the heart via the autonomic nervous 
system are illustrated in fi gure 3fi gure 3 .
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the control center                                                                                                                                          

Communication between the heart and the 
brain depends on a control center located in 
the brain. It includes several brain structures: 
the medial prefrontal cerebral cortex, the insu-
lar cortex, the amygdala, the hypothalamus, etc. 
[fi gure 4fi gure 4 ].

Th e insular cortex is involved in generating a mental image of our physical 
state, which has an important infl uence on our basal emotional state. Th e 
amygdala is activated by negative emotions, generates immediate reactions 
to fearful emotions, and contributes to reinforcing memories related to 
negative emotions. In contrast, positive emotions tend to reduce activation 
of the amygdala. Th is structure is connected to the hippocampus and the 
paraventricular nucleus (located in the hypothalamus), which regulate the 
autonomic nervous system’s response to diff erent types of physical and psy-
chological stress. Th is explains how anxiety and other negative emotions can 

Where is the 
control center?

Figure 3Figure 3 Neural communication between the brain and the heart via the auto-
nomic nervous system
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speed up our heart rate through stimuli from the amygdala and the control 
center of the autonomic system located in the brain [fi gure 5fi gure 5 ].

Functional magnetic resonance imaging (f MRI) of the brain enables us to 
highlight the regions of the brain activated by diff erent stimuli. When a subject 
looks at human faces, an activity that elicits emotions, we observe the activa-
tion of a region of the brain that includes the amygdala and the hippocampus 

Figure 4Figure 4 Brain structures 
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Figure 6Figure 6 Illustration of an fMRI of a brain subjected to diff erent emotional or 
mental stimuli

Amygdala Hippocampus Cerebral cortex  

(colored red and yellow). On the other hand, when the subject performs mem-
ory tasks, activation of certain regions of the cerebral cortex (colored blue) is 
observed. Diff erent emotional or mental activities thus activate diff erent brain 
regions [fi gure 6fi gure 6 ].

the sympathetic and parasympathetic
nervous systems                                                                                                                         

As we have already mentioned, the heart is innervated by the sympathetic nervous 
system through neurons located in the upper thoracic portion of the spinal cord 
and connected with the sympathetic ganglia in the chest cavity. Th e neurons of 
the sympathetic ganglia innervate the cardiac conduction system, which gener-
ates the electrical stimulus that starts each heartbeat and transmits it from the up-
per part of the heart (the atria) to the lower part (the ventricles) [fi gure 7fi gure 7 ]. 
In addition, the sympathetic ganglia innervate the muscle tissue of the heart (the 
myocardium), increasing its contraction. Th e combined increase in heart rate 
and heart contraction serves to pump a greater volume of blood through the cir-
culatory system and thus provide more oxygen to the organs of the body.

At the level of the heart cells, sympathetic neurons stimulate the secretion of 
chemicals called neurotransmitters, such as noradrenaline (also known as 
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norepinephrine) and neuropeptide Y, whose role is to transmit information to 
other cells [fi gure 8fi gure 8 ]. Noradrenaline activates the heart’s beta-1 adrenergic 
receptors, which speed up the heart rate, while increasing contractility of the 
heart muscle at the same time. Th e sympathetic nervous system also controls the 

Figure 8Figure 8 Th e main neurotransmitters
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heart through the secretion of adrenaline (also known as epinephrine) from the 
adrenal gland. Th e time between nerve stimulation and the heart rate speeding 
up is 1.7 seconds.

Like the sympathetic system, the parasympathetic system also innervates both 
the cardiac conduction system and the myocardium. It stimulates the release of 
acetylcholine, which instantly slows down the heart rate, decreases the con-
tractility of the heart muscle, and reduces intestinal vasoactive peptide, a hor-
mone produced by the pancreas.

As we have seen, the system that regulates 
cardiac contraction is complex and involves 
the interaction of various parts of the nerv-
ous system that have the ability to produce 
diff erent, even antagonistic eff ects. Th is en-
ables the individual to respond eff ectively 
to various stimuli from both outside and 
inside the body. Th e issue of regulation is therefore very important and being 
able to build a model of it enables us to understand not only the substances that 
come into play, but also the eff ects they entail. Knowing how we can infl uence 
the behavior of this system, for example in situations when we need to bring it 
under control, is critical and can help save lives.

the cardiac conduction system                          

Each heart beat is the result of the electrical activation of the heart and the prop-
agation of electrical stimulation to all regions of the heart muscle. Th ese electrical 
phenomena are produced by the cardiac conduction system, which is formed 
by muscle cells with the ability to spontaneously depolarize (that is, change their 
electrical polarity). Th e spontaneous depolarization of these cells generates the 
electrical stimulus that is then transmitted to the entire heart through the con-
duction system. Th e anatomical structures that are part of it include the sinoatrial 
node (SA), the atrioventricular node (AV), the bundle of His, and the Purkinje 
fi bers, which are divided into a left  branch and a right branch [fi gure 9fi gure 9 ].

What is the 
cardiac contraction 

regulation system for?
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Since the SA node spontaneously depolarizes faster than the AV node, the bun-
dle of His, or the Purkinje fi bers, it determines the heart rate. Th is is why the 
SA node is also called the natural pacemaker and the normal heart rhythm 
is called the sinus rhythm. As we have seen, the functioning of the SA node 
is infl uenced by the sympathetic and parasympathetic impulses it receives, and 
thus by brain activity. However, the cells of the SA node maintain the heart rate 
at around 72 beats per minute even if detached from the nerves that control it. 

Th e human heart begins to beat early, 16 days 
aft er conception. Th e heart of a healthy in-
dividual beats at a rate of 60 to 90 beats per 
minute (at rest). From this, we can calculate 
about 42 million beats per year and 3 billion 
beats over an average lifetime. Th e heart beat 

can speed up to over 100 beats per minute or slow down to about 20 beats per 
minute. Some healthy individuals, including many athletes, have a heart rate 
between 45 and 60 beats per minute. Athletic training speeds up the heart 
beat during exertion itself, but tends to slow it down between one bout of 
exertion and the next. 

An interesting fact concerns the natural variability of the number of beats per 
minute among animal species [fi gure 10fi gure 10 ]. Small animals tend to have a 

When does 
the heart start 

beating?

Figure 9Figure 9 Th e cardiac conduction system
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faster heart rate, while larger ones have a slower rate, although the tortoise, for 
example, has a very slow heart rate. If we consider the diff erent animal species 
globally, there seems to be an overall inverse relationship between heart beats 
per minute and average life span. Th e signifi cance of this observation is unclear 
but it seems to suggest that the heart is, in a sense, “programmed” to beat a cer-
tain total number of times over a lifetime. If it beats faster, it reaches this beat 
limit earlier, so we could say that it “ages” quickly. But this is just a hypothesis. 
Other factors are likely to help explain this phenomenon.

the heart also communicates with the brain               

While the brain’s infl uence on the heart is well known, the heart’s infl uence 
on the brain is less well known. Communication between the two organs is 
actually bidirectional: descending and ascending. 

Th e ascending communication uses the same nervous system structures that 
the descending communication uses, as well as chemicals circulating in the 
blood. Th e heart has its own system of sensory nerve cells, the neurites, 

Figure 10Figure 10 Relationship between the number of heart beats per minute and the 
mean lifespan in diff erent animal species
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which are activated by diff erent physical and chemical stimuli from both the 
heart itself (heart rate, blood pressure, chemicals) and from other parts of the 
body. Th e heart’s intrinsic nervous system integrates information from the 
extrinsic nervous system and from the sensory neurites found in the heart 
itself. 

Th e a� erent sympathetic � bers (i.e., those directed towards the brain) con-
nect fi rst with the nerve ganglia in the chest cavity, which process neural 
signals, then with the dorsal root ganglion and the spinal cord. Th e nerve 
ganglia in the chest cavity connect with the lungs and esophagus, and indi-
rectly with many other organs, including the skin and arteries. 

Th e a� erent parasympathetic � bers connecting to the brain form the va-
gus nerve [fi gure 11fi gure 11 ], which is composed mainly of aff erent fi bers that 
connect with the medulla; from there, the information is transmitted to the 
subcortical regions (the thalamus, amygdala, etc.) and then to the upper re-
gions of the cerebral cortex. Th e heart can control or activate certain brain 

Figure 11Figure 11 Th e vagus nerve
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functions through these nerve pathways as well as through chemical signals, 
depending on the circumstances. Th is means that the heart can infl uence our 
perception of reality and our reactions.

hormones and neurotransmitters                                                                   

Both the brain and the heart produce and release hormones and neuropeptides 
into the blood, such as natriuretic peptides (brain natriuretic peptide and atrial 
natriuretic peptide), which control the homeostasis (stability) of extracellular 
fl uid and aff ect blood pressure. Although to a lesser extent than the brain, the 
heart also produces oxytocin, which we will talk about later. Another hormone 
produced by the heart has recently been discovered: GDF15. Th is hormone 
is produced in excess by the hearts of children with severe congenital heart 
disease; it circulates in the blood and inhibits the action of growth hormone, 
contributing to the growth retardation observed in these children. 

 OXYTOCIN: “THE LOVE HORMONE”

Oxytocin is also known as the “love hormone.” Th e secretion of this neuro-
peptide increases during the last stage of pregnancy and at moment of birth, 
stimulating the muscle contractions of the uterus. It also induces the secretion 
of breast milk during breastfeeding. Breastfeeding stimulates the hypothal-
amus to produce oxytocin, which is then secreted by the posterior pituitary 
[fi gure 12fi gure 12 ].

In both sexes, the production of oxytocin is 
stimulated by aff ectionate physical contact, 
sexual intercourse, or even just the sight of 
loved ones or small children, or by listening 
to music. Oxytocin promotes relational at-
tachment and trust in people. Experiments on 
mice have shown that injecting oxytocin into the brains of female mice gives 
rise to maternal behavior in non-pregnant females. Conversely, injecting them 
with molecules that block oxytocin causes female mice to forget their young 

Why is oxytocin 
called the love 

hormone?
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when they move away. In males, a lack of oxytocin causes aggression and a lack 
of social attachments. Oxytocin also has the eff ect of reducing food consump-
tion, which is why its therapeutic use to reduce obesity is being evaluated.

Oxytocin also exerts benefi cial eff ects on the heart, such as arterial vasodila-
tion and, consequently, a decrease in blood pressure. During a heart attack 
(caused by an interruption in the supply of oxygenated blood to the heart fol-
lowing the occlusion of a coronary artery), oxytocin seems to have a protective 
eff ect on the heart, reducing the severity of the heart attack. 

In short, the brain (and to a lesser extent the heart) secretes oxytocin, a hor-
mone with benefi cial eff ects on both organs.

mental stress and heart disease                                                                                 

Anxiety and depression increase emotional instability and the likelihood 
of experiencing a heart attack. Th e relationship between psychological stress 
and cardiac circulatory collapse was fi rst hypothesized by an anthropologist, 

Figure 12Figure 12 Th e production of oxytocin stimulated by breastfeeding  
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Walter Cannon, in 1942. He hypothesized that death induced by voodoo and 
black magic among some primitive populations in Africa and other parts of the 
world could be caused by a psychogenic shock produced by fear, which would 
activate brain mechanisms that can lead to cardiac circulatory collapse. More 
recent studies have shown an increase in the number of heart attacks both 
during an earthquake and in the following days, thus suggesting the harmful 
eff ects of anxiety on the heart.

Other studies have shown that psychological stress and chronic depression, 
which particularly aff ects women at a ratio of 2:1, are responsible for a higher 
number of heart attacks than those caused by traditional risk factors (smok-
ing, obesity, diabetes, and high blood pressure). With regard to risk factors, 
however, we must not forget that some can be modifi ed through lifestyle 
changes or pharmacological therapies [fi gure 13fi gure 13 ]. 

One interesting study found that mental stress, induced by having to perform 
mathematical calculations or memory tasks, caused a temporary disturbance 
in the cardiac circulation in some individuals; in the following four years, 
these same individuals had 5 times as many heart attacks as the others. 

Furthermore, in 1959, two American 
cardiologists, Meyer Friedman and Ray 
Rosenman, observed that some individuals 
are particularly predisposed to cardiovas-
cular disorders. Th is personality, which 
they called Type A, is characterized by ex-
cessive competitiveness, irritability, hostil-
ity, continuous desire for recognition, and propensity to put oneself through 
long working days. 

Biologically, stress stimulates the sympathetic nervous system by increasing 
blood levels of noradrenaline and cortisol, heart rate, blood pressure, and 
vasoconstriction (a reversible reduction in the diameter of the arteries). In 
response to noradrenaline and cortisol, the amygdala alerts the entire nerv-
ous system to prepare for imminent danger, as well as reinforcing memories 
related to negative emotions. Th ese alterations can create a vicious cycle that 
perpetuates stress. In addition, stress increases the number of white blood cells 

What is a Type A 
personality?
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in the blood, which is a sign of infl ammation, and the tendency of the blood 
to form clots (thrombi), which can cause a heart attack.

 BROKEN HEART SYNDROME

A special case of heart damage caused by psychological or psycho-physical 
stress is what’s known as broken heart syndrome, also called stress cardio-
myopathy or Tako-tsubo syndrome. First described in Japan in 1991, this 
syndrome is characterized by severe chest pain, indistinguishable from a heart 
attack, and a rounding of the heart’s shape reminiscent of the shape of the bas-
ket (tsubo) used by Japanese fi shermen to fi sh for octopus (tako). Th is event is 
oft en caused by a negative emotion (bad news, fear, etc.), although some cases 
caused by a positive emotion have been described. Th e “ballooning” of the 
heart is essentially reversible. Th e biological mechanism is not entirely clear, 
but the release of noradrenaline into the blood caused by a strong emotion 
seems to play an important role, at least in some cases; very high levels of no-
radrenaline are actually toxic to heart cells [fi gure 14fi gure 14 ].

Figure 13Figure 13 Cardiovascular risk factors 
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emotional well-being                                                                                                                        

Even in a state of physical rest, there are normally micro variations in the 
heart rate depending on the heart’s response to physiological oscillatory sig-
nals, the most important of which is respiratory activity. Th ere are two modes 
of heart rate variability: one is characterized by large, regular waves repeating 
in a harmoniously sequence (coherence), while the other is disordered, with 
waves that do not follow a particular pattern (chaos). 

Th e coherent mode refl ects the activation of the parasympathetic nervous 
system, as the oscillations of the heart rhythm depend on the slowing eff ect 
of the vagus nerve on the sinoatrial node, which is prevalent during exha-
lation. Deep, rhythmic respiratory activity thus favors coherent heart rate 
variability. Th e distance between the peaks and valleys of heart rate values is 
a measure of vagal activity. Interestingly, high coherent heart rate variability 
is associated with positive emotions (compassion, altruistic thoughts, etc.) 
and decreased anxiety. In line with these observations, the vagus nerve has 
been described as the biological system that facilitates caring for children and 
other individuals, and altruism in general. Th e vagus nerve has a high density 
of receptors for oxytocin which, as we have seen, induces positive emotions. 
In addition, this hormone increases the variability of the heart rate, thereby 
enhancing the eff ect of the vagus nerve.

Figure 14Figure 14 Tako-tsubo syndrome
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Th e most surprising aspect, however, is the fact that it is possible to volun-
tarily increase heart rate variability through controlled respiratory activity, 
and that this translates into a positive emotional experience. Th e top panel 
of fi gure 15fi gure 15  shows the heart rate of a healthy individual breathing spon-
taneously, in an uncontrolled way, at rest. Th e heart rate variability is chaot-
ic. Th e bottom panel shows the heart rate of the same individual breathing 
rhythmically once every 10 seconds (i.e., at a frequency of 0.1 Hz). Th is tech-

nique is called resonance breathing because 
it induces particularly large and harmonious 
oscillations of the heart rate. Of note is that 
this aspect has also been seized by market re-
search, leading to the inclusion of apps that 
invite you to breathe “in resonance” with 
some consumer products equipped with 
heart rate sensors!

Figure 15Figure 15 Heart rate variability during spontaneous (uncontrolled) breathing 
and resonance breathing
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Figure 16Figure 16  illustrates another example of this phenomenon. It shows the 
heart rate variability in 5 individuals breathing rhythmically according to a tech-
nique called “Shift  and Lift ” before the start of a work meeting (indicated by the 
vertical black line). With only one exception (the second line from the bottom), 
the heart rate variability was more coherent during rhythmic breathing than 
during the meeting. Various contemplative activities such as meditation and 
yoga all involve controlled or carefully guided breathing. Th e emotional benefi t 
associated with these activities may be due, at least in part, to activation of the 
vagus nerve induced by rhythmic breathing. A harmonious oscillation of the 
heart rhythm seems to stimulate the function of the prefrontal cerebral cortex, a 
region of the brain particularly sensitive to oscillations. Daily controlled breath-
ing exercises over 3 months were eff ective in increasing heart rate variability and 
improving the emotional experience.

Figure 16Figure 16 Heart rate variability in 5 individuals during controlled rhythmic 
breathing and during a subsequent work meeting

Source: McCraty R. Front Publ Health 2017.
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the brain and the heart generate magnetic fields

Th e brain and the heart both have electrical activity, which is typically recorded 
with an electroencephalogram (EEG) or electrocardiogram (ECG), respec-
tively. Th ese methods record the electrical signals on the surface of the body 
that generate magnetic fi elds. In the human body, the heart generates the larg-
est rhythmic magnetic fi eld, which is in the order of nanotesla (about 100 times 
greater than the brain’s magnetic fi eld) and can be measured at about one meter 
away from the body by a magnetocardiogram (MCG, the magnetic equivalent 
of the ECG). Th e magnetic fi eld of the human heart has a toroidal shape, the 
particular geometric shape illustrated in fi gure 17fi gure 17 .

Th e heart radiates a series of pulsed magnetic waves (magnetic energy emitted 
in pulses) in which the time interval between two pulses of magnetic energy 
(i.e., between two peaks of the magnetic wave) varies in a complex way. Th ese 
magnetic waves generate interference by interacting with tissues that can be 
magnetically polarized. Figure 18Figure 18  shows simultaneous ECG and MCG 
recordings on the surface of a healthy individual’s chest during exhalation and 
inhalation. Th e electrical and magnetic activity are synchronous, indicating 
that the former generates the latter.

Figure 17Figure 17 Th e magnetic fi eld of the human heart
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conclusions                                                                                                                                          

Th is brief introduction shows how the heart and the brain, although anatom-
ically far apart, exchange information through both the nervous system and 
circulating hormones. Th e heart, therefore, is much more than just a muscular 
pump that sends oxygenated blood throughout the body. We also saw that 
deep, rhythmic breathing can harmonize heart rate variability and, surprising-
ly, that this seems to improve the emotional experience. However, this latest 
observation is very recent and needs to be confi rmed by further studies.

Th e connections between the heart and brain are complex and some of the 
aspects we discussed are not necessarily part of conventional basic knowledge 

Figure 18Figure 18 Electrocardiogram and magnetocardiogram of an individual during 
exhalation and inhalation: correlation between electrical activity and magnetic activity

Source: Nakayama S. et al. PLoS One 2011.
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regarding the heart. Such aspects, however, could have the merit of removing 
the heart from the conceptual isolation to which it has been relegated, as a 
stand-alone organ, seeing it instead through its interactions with the brain 
and other organs. 

In fact, a systemic understanding of the human body cannot be reduced to 
detailed knowledge of how its individual parts function. On the contrary, 
understanding the body system and acquiring a certain level of wisdom re-
garding it (and ultimately regarding ourselves) is something that is cultivat-
ed through knowledge of the interactions between these parts. Eff ective and 
healthy communication between the diff erent parts of the body is essential 
to promote the well-being of the individual: taking care of the heart and the 
brain therefore has a positive eff ect on both organs and has an impact on the 
entire body; we could even justifi ably say that it has an impact on the indi-
vidual and on their experience of reality. A good balance between these two 
very important organs, the heart and the brain, is therefore essential for our 
psychological and physical health!
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no, we should be 
nearly there... 

is it far to point number 
eight? 

redde woods… orienteering 
training…

over 
there...



found it!
come on, let's go... 
we're almost at the 
end of the route!

what's wrong, kasperkasper... 
are you feeling ok?

we're coming… 

i'm just a bit out of 
breath, riccardoriccardo…

my head hurtshead hurts… i feel 
light-headed... ohhhh...



call an 
ambulance... 

hurryhurry! 

luis!...luis!...
luis!luis!

our friend 
passed out 

during training! 

we’re in redderedde
woods in 

tesseretetesserete…

they say to check 
if his heart is still heart is still 

beatingbeating... 

how do i 
do that? feel his 

wristwrist… 

it's 
beating! 

they say to try to 
take him to the end 
of the trail... that's 
where the ambulance 

will arrive!



let's go carefully... 
hold on, kasper, 
you can make it!

a little while 
later...just stay 

conscious a 
bit longer…

don't worry, guys... everything's 
going to be fine! 

have you told his 
parentsparents yet?

we'll call them!

no...



hello, i'm his 
mothermother... 

we'll call the 
cardiologistcardiologist right 

away!

everything’s 
okay, 

darling…

good morning, ma'am... i'm dr. zanettidr. zanetti, 
the cardiologistcardiologist... now we're going to do 

an ultrasoundultrasound on your son...

the cardiologist's office is at 
the end of this corridor…

a few moments later...

mom...mom...



get up on the bed, young man, and 
take your shirt off…

now i'm going to put this gel on 
you... it helps us get a better 

image of your heart.

like 
this...

what does 
that mean? 

to better explain, try to 
imagine that the circulatory circulatory 

systemsystem is like a road road 
networknetwork…

there's a problem! your heart 
has a holehole between the right right 

and left atriaand left atria…



"usually, the cars, which would be the red blood cellsred blood cells, 
follow a single path along the route..."

“…first they come across a 
sign with a drawing of a fetus 

and its umbilical cord…”

“…then the tollboothstollbooths, which are the 
heart valvesvalves that allow the red blood 

cells to move forward…”

“…they all arrive at the stationstation... which 
would be the lungslungs..."



“…the station is a continuous coming and 
going of aliensaliens, which would be particles 

of carbon dioxidecarbon dioxide…”

“…and oxygenoxygen
particles…”

“…basically, the bloodblood releases the 
carbon dioxidecarbon dioxide as it passes through 

the lungslungs…”

“...remember the sign before the valvesvalves? 
it's usually closedclosed…” 

“…and picks up 
more oxygenoxygen!”



when the fetus grows, this 
“hole” closes so that the 
blood rich in oxygen is 

separated from the blood 
rich in carbon dioxide…

if the hole is not closed, some of the blood that 
has already passed through the lungslungs and is carrying carrying 
oxygenoxygen mixes with the blood carrying carbon dioxidecarbon dioxide

and passes through the lungs a second time, 
so the right ventricle has to pump a larger 

volume of blood…

“this malformation is 
called an atrial septal atrial septal 

defectdefect…”

often, children who have this defect don’t notice 
anything, but sometimes, if the defect is large 

enough, they can get a bit more out of breath when 
they run… it is better to perform surgery to 

correct this defect!

…but there's no rush. 
we 'll do it in about 

a month.



one month later... i'll take the 
boy to the operating operating 

roomroom now…

it's going to 
be okay, isn't 
it, doctor? 

yes, ma'am... 
don't worry… 
your son is in 
good hands!

later...

we're done... 
we can close 

him up!

a little while 
later… he's waking 

up... 
hi, love... how 

are you feeling? 



but of 
course... you'll 

be able to 
run again even 
faster than 

before!

thank you very much, doctor… you've been 
very helpful... i can't wait to get back to 

trainingtraining…

…and you can 
get back your 
normal life, 
young man!

without a hitch! he will have to stay in hospital 
for a week to make sure he is completely 
recovered, then he can go back home...

yes dear, kasper is waking up from the 
anestheticanesthetic... i’ll say hello to him from 
you… i'll see you at home... i'll be there 
as soon as i've talked to the surgeonsurgeon…

that was his daddad... he wanted 
to know if everything had 

gone ok...

here 
i am!



ready for a nice 
run?

sure! 
i can't 
wait! 

let's go, 
then! 

go ahead, 
honey! 
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GLOSSARY

Acetylcholine A substance produced by our body that is responsible for nerve 
transmission at the level of the central and peripheral nervous 
systems. It is one of the major neurotransmitters. It controls 
the areas of the brain responsible for attention, memory, and 
learning functions. It slows the heart rate and decreases the 
contractility of the heart muscle.

Amygdala A small oval formation of gray matter located in the anterior 
part of the medial temporal lobe of the two cerebral hemi-
spheres. It is connected to the hippocampus and the paraven-
tricular nucleus, which regulate the autonomic nervous system’s 
response to diff erent types of physical and psychological stress. 
It is activated by negative emotions, generates immediate reac-
tions to fearful emotions, and contributes to reinforcing memo-
ries related to negative emotions. In contrast, positive emotions 
tend to reduce activation of the amygdala. 

Atrio-
ventricular 

node

An anatomical structure that is part of the electrical conduc-
tion system of the heart, along with the sinoatrial node (SA), 
the bundle of His, and the Purkinje fi bers. It is responsible for 
delaying the electrical impulse in the passage from atrium to 
ventricle.

Atrium Th e (right and left ) atria are the two upper chambers of the 
human heart and are located above the two ventricles; they 
are separated by the interatrial septum.
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Autonomic 
nervous 

system

Th is is part of the peripheral nervous system and is independ-
ent of our volition. In fact, it regulates all the activities of our 
internal organs (such as the heart, lungs, and intestines) and 
certain muscles. It is divided into two branches: the sympa-
thetic system and the parasympathetic system, which have 
antagonistic eff ects.

Cardio-
myopathy 

A condition that aff ects the heart muscle, reducing the effi  -
ciency of the heart, which struggles to pump blood to the rest 
of the body.

Central 
nervous 

system

Along with the peripheral nervous system, it makes up the 
“nervous system”. It is made up of neurons and nerve fi bers 
that are located in the brain (protected by the neurocrani-
um) and in the spinal cord (contained in the vertebral col-
umn). Its function is to control and process information 
from other organs and the environment; it generates the 
most appropriate responses and transmits them to the rest 
of the body.

Electro-
cardiogram 

(ECG)

A diagnostic examination that records and graphically repro-
duces the electrical activity of the heart while it is functioning. 
It provides information about the heart rhythm, heart rate, 
and the presence of any cardiac conditions.

Electro-
encephalo-
gram (EEG)

A diagnostic examination that measures the electrical activity 
of the brain through electrodes placed on the scalp, displaying 
it on a screen in the form of a series of waves.

Ganglion A nerve structure that is part of the peripheral nervous system 
and looks like a small round swelling located along the course 
of the nerves.

GDF15 A recently discovered hormone that is produced in excess by 
the hearts of children with severe congenital heart disease. It 
circulates in the blood and inhibits the action of growth hor-
mone, contributing to growth retardation.
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Heart rate Th e number of times the heart beats in a minute (bpm). 
Changes in the heart rate depend on the nerve stimuli re-
ceived by the heart, chemicals (noradrenaline, etc.), and the 
heart’s response to physiological oscillatory signals, the most 
important of which is respiratory activity. An adult’s rest-
ing heart rate is about 60-90 bpm. Bradycardia is defi ned as 
the presence of a slow heartbeat, usually below 60 bpm. It is 
called tachycardia, on the other hand, when the heart rate is 
above 100 bpm.

Hippo-
campus

A brain structure that is located in the inner region of the 
temporal lobe. Together with the paraventricular nucleus 
(located in the hypothalamus), it regulates the autonomic 
nervous system’s response to diff erent types of physical and 
mental stress.

Hormone A chemical produced within the body that is released into the 
bloodstream and activates responses in cells located at various 
distances from its site of production.

Hypo-
thalamus

A structure of the central nervous system located between 
the two cerebral hemispheres. It is made up of numerous nu-
clei that regulate and control peripheral autonomic mecha-
nisms, endocrine activity, and various somatic functions such 
as thermoregulation, sleep, hydro-saline balance, and food 
intake.

Insular 
cortex

Th e part of the cerebral cortex that lies between the tempo-
ral lobe and the frontal lobe. It is involved in generating a 
mental image of our physical state, which has an important 
infl uence on our basal emotional state.

Magnetic 
Resonance 

Imaging (MRI)

A non-invasive diagnostic examination that provides detailed 
images of the inside of the human body (internal organs, skele-
ton, joints, etc.) using magnetic fi elds.

Magneto-
cardiogram

An instrument used to measure the magnetic fi elds produced 
by the electrical activity of the heart.
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Medulla 
oblongata

Also simply called the medulla, it is the fi nal part of the brain-
stem, located above the spinal cord. It is formed of bundles of 
nerve fi bers that connect the spinal cord with the brain and is 
shaped like an upside-down cone. Th e parasympathetic neu-
rons involved in controlling cardiac function are located in 
the medulla oblongata.

Myocardium Th e muscle tissue of the heart, which forms the structure of 
the walls and makes it work like a pump. It is made up of 70% 
muscle fi bers and 30% blood vessels and connective tissue.

Neurites Sensory nerve cells in the heart that are activated by diff erent 
physical and chemical stimuli from both the heart itself (heart 
rate, pressure, chemicals) and other parts of the body.

Neuron A nerve cell that serves to produce and exchange signals. Th e 
central nervous system is made up of these cells, along with 
nerve fi bers.

Neuro-
peptide

A small protein molecule that is processed and circulated by 
nerve cells in response to a stimulus. Its function is to transmit 
or modulate nerve signals.

Noradrena-
line/norepi-

nephrine

A hormone and one of the main neurotransmitters. It acti-
vates the heart’s beta-1 adrenergic receptors, which speed up 
the heart rate, while increasing the contractility of the heart 
muscle at the same time. It acts directly on the sympathetic 
nervous system, regulating the response of certain functions 
(heart rate, breathing) to stressful or dangerous situations. It 
induces physical and mental alertness and regulates mood.

Oxytocin A hormone produced by the hypothalamus and secreted by the 
pituitary. In women, its secretion increases during the last stage 
of pregnancy and at the moment of birth, stimulating the muscle 
contractions of the uterus. It also induces the secretion of breast 
milk during breastfeeding. It is also called the “love hormone” 
because, in both sexes, its production is stimulated by aff ection-
ate physical contact, sexual intercourse, or even just by the sight 
of loved ones or small children, or by listening to music.
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Parasympa-
thetic nerv-
ous system

One of the two branches into which the autonomic nervous 
system is divided. It slows down the heart rate and decreases 
cardiac contraction, exerting a dilating eff ect on the arterial 
vessels and the intestines.

Paraventricu-
lar nucleus 

A group of hypothalamic cells. It contains diff erent types 
of neurons, which are activated by stressful stimuli and/or 
physiological changes.

Peripheral 
nervous 

system

Along with the central nervous system, it makes up the 
“nervous system”. Consisting of receptors and nerves, it sends 
information from both inside and outside the body to the 
central nervous system and, at the same time, transmits cen-
trally processed nerve stimuli to the periphery.

Prefrontal 
cerebral 

cortex

Th e anterior part of the frontal lobe of the brain, located in 
front of the primary motor cortex and the premotor cor-
tex. Together with other brain structures (the insular cor-
tex, amygdala, hypothalamus, etc.), it constitutes the control 
center that regulates communication between the heart and 
the brain.

Resonance 
breathing

A breathing technique that induces particularly large and har-
monious oscillations of heart rate variability.

Sinoatrial 
node

An anatomical structure that is part of the electrical con-
duction system of the heart, along with the atrioventricular 
node (AV), the bundle of His, and the Purkinje fi bers. It is 
also called the natural pacemaker because it determines the 
heart rhythm. Its function is infl uenced by the sympathetic 
and parasympathetic impulses it receives, and thus by brain 
activity.

Spinal cord Contained in the vertebral column, it is a fragile, tube-shaped 
structure that is part of the central nervous system. It is formed 
of nerve fi bers that carry information from the brain to other 
organs and other parts of the body and vice versa.
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Sympathet-
ic nervous 

system

One of the two branches into which the autonomic nervous 
system is divided. It speeds up the heart rate and increases car-
diac contraction, as well as exerting a constricting effect on 
other organs (for example, the arterial blood vessels and the 
intestines); it can cause increased blood pressure.

Thrombus A blood clot that forms inside arterial or venous blood vessels 
or in the heart chambers and hinders normal blood circula-
tion.



A systemic understanding of the human 

body cannot be reduced to detailed 

knowledge of how its individual parts 

function, but must also include how  

these parts interact with each other.

The heart, therefore, is not just a muscular 

pump that sends oxygenated blood 

throughout the body; it is a much more 

complex organ that interacts with the brain 

and the other organs. The brain, in turn, 

continuously sends signals to the heart. 

Our physical and emotional  

well-being depends on this complex  

heart-brain connection.
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