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Summary

"The heart, intestines and brain communicate closely with each other via the pneumogastric
nerve, the critical nerve involved in the expression and management of emotions in humans
and animals. When the mind is strongly excited, it immediately affects the condition of the
intestines." Charles Darwin, 1872

The brain stem forms the interface between the central nervous system and the peripheral nervous system.
Its functions influence respiration and metabolic functions (among other things). The nervous and motor
systems form a functional connection. The brain's task is to initiate and coordinate movement in order to
interact with the outside world. Another functional connection is formed by the intestines, the intestinal
nervous system, the microbiome and the immune function, which only gradually grow together with the
central nervous system after birth. All the cells in the body always work together, coordinated in different
tones, like in a large orchestra. Body and mind are not separate. Even the autonomic nervous system does
nothing by itself. It is part of a highly sensitive vibration system whose impulse waves affect both the
conscious and unconscious parts of our being equally.

The functional unit of the brain stem matures during pregnancy, birth and the first days of life. It determines
our life until death.

The first programming learned by the unborn nervous system is to prepare itself for exhalation. It is the first
autonomous expression of the foetus. When the pregnant woman is active, the child rests, because its
activity would then be an unnecessary consumption of energy. When the pregnant woman rests or sleeps,
the foetus senses the relaxation of the abdominal wall with the soles of its feet. Then it is allowed to play:
e.g. relaxing the lower jaw, opening the breast and passively allowing amniotic fluid to flow into the upper
airways. Active movement then follows an impulse from the brain stem: to squeeze out amniotic fluid. The
unborn child practises this for months and is therefore able to exhale after birth. Throughout life, the
unconscious memory remains that exhaling means that the mother is relaxed and that one is safe. In danger
or when threatened, it therefore helps immensely to let the breath flow out calmly and deeply.

The next 'brain stem programming' during pregnancy concerns the rear part of the vagus nerve, which is
very close to the respiratory centre and to a group of cells that can trigger vomiting. Here, already in the
middle of pregnancy, is a function that triggers a turtle-like behavioural programme: freeze (do not move)
when under stress or in danger. Like a turtle that retreats into its shell and only cautiously comes out again
when the danger has passed. The heart is then slowed down, the playful breathing movement is suppressed
and the brain receives less blood flow.



This behaviour makes sense during birth. It would not help if the child fidgeted and tried to help. The drop
in the heart rate of the foetus during labour ('dip I') is therefore completely normal. But immediately after
birth (and throughout life), it is no longer normal. Because it is of no use to faint in the face of danger.
Surprisingly, these cells are not broken down or removed, but slowly reprogrammed to become an essential
stimulus for internal bodily functions, such as the immune system.

Immediately after birth, a third behavioural programme is expected of the child: switching on the
'floodlights' in the brain and activating all the body's cells. The child cries, wriggles and all the body's cells
are suddenly wide awake, especially those in the brain. In this highly active 'crocodile mode' of the brain
stem, the child can essentially do two things: attack, protest or retreat (e.g. when a needle approaches).
This behavioural programme also remains throughout life as a basic stress response: 'fight or flight'.

Immediately afterwards, the child learns a new autonomous behavioural programme that calms aggression
and accompanies actions with the feeling that everything will be fine. This behavioural programme is typical
of mammals and requires brain functions that are superior to the brain stem: the midbrain, where, among
other things, the bonding hormone is produced.

When the temporary separation between mother and child becomes a (new) unity again (bonding), the
child gradually learns to consciously relate to others. Activating and calming down at the same time:
playing. The calming impulses then run through the anterior branch of the vagus nerve with each
exhalation. This makes the heart rhythm and breathing more effective. It is connected to more
comprehensive calming functions that involve the voice, hearing, face, skin, smell and much more.

This function is particularly well developed in humans. It is the basis on which we become loving, relational,
peaceful beings. (Sapolsky 2021)

The evolution of calming

Worms react to external stimuli immediately and reflexively. Turtles can play dead. Reptiles actively attack
or flee.

Mammals are able to calm these rapid reactions and communicate, play or act together with their
conspecifics in a relaxed manner.

To do this, three relatively independent body systems must be optimally coordinated with each other:

e The gut with its microbiome, and the internal organs closely interwoven with it, such as the immune
system.

e The motor functions, including bones, muscles, skin, nerve cells, fascia, etc.

e the heart and lungs, which supply the other areas with energy.

These parts of the body are coordinated in a daily rhythm of activity and rest. When the gut or immune
system is activated, the motor functions should rest. When hunting, fleeing or fighting, on the other hand, a
lot of oxygen and sugar must be provided. During this time, the activity of the internal organs like the
immune system (and thus their consumption) is drastically reduced.

The coordination between these basic bodily functions is still immature at birth. Only gradually are the vital
functions coordinated with each other. The stabilisation of the vagus nerve is particularly important here. It
is covered with an insulating layer, grows and roots further towards the heart, lungs, intestines and



abdominal and pelvic organs. The main task of this nerve pathway is to transmit calming, rhythmic impulses
from the midbrain to the cardiovascular, respiratory, intestinal, immune and metabolic functions.

Calming: a prerequisite for social communication

Neuroscientist Stephan Porges (see Lit.) described the biological connection between the development of
social communication in an explanatory model he called the polyvagal theory:

e The human psyche is inextricably interwoven with physical functions. It is based on physical
structures that developed through various stages of evolution (phylogeny).

e Individual development immediately before and after birth follows laws that shaped typical human
behaviour (ontogenesis). Unborn and newborn babies essentially went through physical and
psychological developmental phases that reflected millions of years of evolution.

e Simple behavioural programmes are overlaid by higher ones. Example: suppression of spinal cord
reflexes (e.g. in an unborn child) by the "diving reflex" ("don't fidget during birth!"), which in turn is
overlaid by the activation programme ("cry immediately after birth!"). Subsequently, the protest-
flight-attack behaviour of the newborn would gradually be overlaid and dampened by the
maturation of calming, emotion, and later also feeling.

e Atrouble-free interface between the brain and the peripheral body (autonomic nervous system) is

crucial for physical and mental health.

e Animals and humans constantly and unconsciously check their environment for safety (Porges term:
neuroception). They can only communicate socially in relative calm: when the immediate future
appears stable, or stress can be overcome, or the situation makes sense.

e The healthy development of children requires (in addition to the fulfilment of basic needs) primarily
security, bonding and calm communication.

The importance of the intimate relationship between mother and child can be measured by measuring
heart and breathing rhythms and brain waves.

The autonomic brain stem system of the newborn is initially very unstable. Stress affecting the child disrupts
the maturation of the necessary nerve programmes. An undisturbed bond between mother and child is
essential for the healthy development of the child. (Porges 2019, Mulkey 2019)

Disruption of the maturation of vagal function due to chronic stress, similar to disruption of the

microbiome, can promote the development of a variety of gastrointestinal and neuropsychiatric disorders
(psychomotor developmental delay, depression, immune disorders, ADHD, and many others) (Kolacz 2019).

Humans need security

Assessing a situation as "safe" requires midbrain functions that mammals possess. When mammals perceive
the sounds and actions of their conspecifics, midbrain signals (oxytocin and dopamine) and many others act

on the vagus nerve and the nerves reflexively connected to it, enabling the expression of social
communication and the calming of heart and respiratory function (respiratory sinus arrhythmia). Signals

from the anterior motor portion and via the sensitive ascending fibres of the vagus nerve dampen the
automatic brain stem programmes and attune bodily functions to relaxed rest or effective stress-free
activity (Colzato 2017).



The maturation of the vagus function

The toning of the vagus function occurs after birth as part of the close relationship between mother and
child (bonding, see below).

In newborns, the rhythmic, breath-synchronous triggering of the vagal response overrides the reflexes of
freezing (diving reaction, panic) or "loud protesting with full physical effort". The child is calm when it smells
its mother, feels her through the skin, and hears her heartbeat and voice.

First, the immediate basic needs must always be met (water, food, safety, freedom from pain). Then the
newborn can begin to expect that the immediate future is safe and that it is in a secure, meaningful
situation. If this is the case, the vagal response, which is repeatedly stimulated by the mother, can mature:
among other things, through the growth of nerve fibres and their coating with a protective layer
(myelination). Rituals significantly reinforce this development. Children can then be both passively attentive
(e.g. listening to learn) and cheerfully active (e.g. moving rhythmically, deftly or skilfully in a goal-oriented
manner).

Graphic (Jaeger 2018): Basic communication programmes:

Essential responses to external stimuli: spinal cord reflexes, "diving response" of the brain stem (freezing),
resist-attack-flight (sympathetic nervous system, brain stem & midbrain), and the ability to communicate
socially in safety (limbic system, midbrain &amp; forebrain, "branchial arch nerves" including the vagus
nerve). The posterior part of the vagus (motor nucleus — DMNv) mediates the "diving reaction"” ("don't
fidget!") at birth. After birth, it gradually matures into an important pacemaker for the immune system
("anti-inflammatory reflex"). It is also very important for the development of the functions of the pelvic
organs. The anterior origin nucleus of the vagus (nucleus ambiguus) belongs to a group of nerves that
became "unemployed" during the transition from fish to land animals: the gill arch nerves. In mammals,
they serve to enable and shape social communication.

The importance of calming

Rituals are important for triggering calming. Especially when they involve sensory stimuli such as smelling,
tasting, moving, feeling, hearing, singing, dancing, playing, and so on. And when they encourage calm, deep
exhalations (possibly as part of slow whole-body movements). Ritual actions stabilise the natural rhythm of
the vagus nerve and promote the development of meditative states. Stimulation of the reflexively
interconnected nerve plexuses that supply the larynx, pharynx, facial expressions and inner ear muscles
enhances this effect and promotes calm heart and lung rhythms and physical and mental healing processes.
(Porges 2019)

The anterior (younger part) of the vagus nerve has a calming effect on heart and lung function. Together
with other cranial nerves, it plays an essential role in social communication (including voice formation and
facial expressions). Assessing a situation as "safe" in the context of a relationship with conspecifics requires
midbrain functions. When mammals perceive the sounds and actions of their conspecifics, midbrain signals
(including via hormones such as oxytocin and dopamine) act on the vagus nerve and the nerves reflexively
connected to it, thus enabling the expression of social communication. The resulting calming of heart and
respiratory function can then be measured as "respiratory sinus arrhythmia". Once calmed, the automatic
brain stem programmes are dampened and the body's functions are tuned to relaxed rest or effective,



stress-free activity. The vagus nerve does not slow things down: rather, its function ensures motionless calm
(meditation) or joyful play and work, without stress or even panic. (Colzato 2018)

The calming effects of the vagus nerve are being lost in the hustle and bustle of modern civilisation.
Immunologists, cardiologists and others therefore see a new lucrative business opportunity in the medical
market: the surgical implantation of electronic vagus pacemakers. However, suitable training courses are
cheaper, less risky and more effective.

The immune system learns to dampen panic

The posterior vagus nucleus DMNVv is the origin of the anti-inflammatory reflex, which effectively dampens

the immune cells. The signals coming from the brain stem, synchronised with breathing, tone the immune
function, making it calm and effective. This prevents excessive reactions that would lead to severe disease
progression. This reflex arc is one of the foundations of the development of the acquired ("intelligent")
immune function, which overlays the innate "aggressive-non-specific" immune system. (Tracey 2009),
Martelli 2018)

The vagal rhythm does not slow down immune function (as do the nerves involved in the sympathetic
response or the hormone cortisol), but rather tones it:

it makes it calmer and more effective, and prevents excessive reactions. The rhythmic impulses via the
DMNyv seem to increase the chances of recovery not only from infections, but perhaps also from cancer.
(Cabej 2018).

Background (more detailed)

Autonomic nervous system

The autonomic nervous system (ANS) has the task of adapting internal organs to the respective
circumstances of the life situation. It tones, activates, synchronises or inactivates organ functions. The brain
centres that are younger (and then higher-level) in evolutionary history are not absolutely necessary for the
functioning of the ANS. However, the brain stem is intensively influenced by the midbrain and cerebrum
(within narrow limits).

The traditional view, which contrasted the sympathetic nervous system with an antagonistic,
"parasympathetic" reaction, could not explain the phenomena described. Sympathetic fibres use
noradrenaline as a neurotransmitter, parasympathetic fibres use acetylcholine. But as we now know, they
tend to work together rather than against each other. Therefore, functional relationships are increasingly
being researched, as are the interactions between different areas of the brain and the vegetative target
organs and human bacteria (microbiome, see below).

The anti-inflammatory reflex

A reflex arc of the autonomic nervous system begins with signals that originate from the type of microbial
colonisation of the intestine or that are released by immune cells (cytokines). The motor continuation of
this reflex arc runs via the posterior part of the vagus nerve (DMNVv). Its fibres conduct impulses to a nerve



node in the abdomen (the sympathetic ganglion coeliacum) and are then transmitted via the (also
sympathetic) splanchnic nerve.

Finally, the splanchnic signals are transmitted to immune cells in the spleen that produce the messenger
substance acetylcholine (ACH-producing T cells). The release of the messenger substance acetylcholine then
acts on a signal receiver of large immune cells (the alpha7nAChR "nicotine-like" receptor of macrophages).
In these large cells, the rhythmic signal from the brainstem then dampens the production of inflammation-
triggering messenger substances (inflammatory cytokines such as tumour necrosis factor).

It is possible that this type of information transfer takes place not only in the spleen, but also in other
regions of the abdominal cavity. (Martelli 2018)

One measure of the functionality of this anti-inflammatory reflex is the quality of the heart rhythm (which is
influenced by the anterior portion of the vagus nerve). (Yasumu 2004, DeWayne 2019)

The close communication between the microbiome, the gut and the brain (Riehl 2023) takes place via
efferent and afferent fibres of the vagus nerve, among other things. Disruptions to these feedback loops can
trigger or exacerbate neurological diseases such as Parkinson's. (dos Santos 2023)

The polyvagal theory in more detail

Another (developmentally younger) reflex arc of the autonomic nervous system begins at the carotid artery
and reports blood pressure to the brain via the sensory vagus branch. The motor continuation of the arc
acts as a feedback loop back to the heart and the tension state of the vessels.

Stephan Porges summarised this functional relationship in 1995 in a model he called the "polyvagal theory".

He distinguished between two different response patterns, which are mediated by two separate groups of
nerve cells whose axons run together through the vagus nerve. Recognising this differentiation helped him
understand the evolutionary step from reptiles to mammals.

Phylogeny

The brains of early vertebrates were roughly equivalent to the brain stem of mammals, with reflex-
controlled, relatively robust neural circuits. They were not very dependent on constant oxygen and nutrient
saturation in the blood and therefore required only a very simple autonomic nervous system. The larger
brains of mammals later enabled them to use emotions and core consciousness as a means of social
interaction.

Without emotional contact behaviour, it would not be possible to raise newborns by suckling and warming
them. The ability to express emotions and form social bonds came at a price for mammals: the need to
ensure a steady supply of nutrients to the brain. This function is served by a more differentiated, mature
autonomic nervous system (ANS):

The ANS regulates the condition of the intestines and blood vessels in such a way that stable social
behaviour is possible in mammals, i.e. it creates the conditions for the communication of emotions. The
regulation of heart and respiratory rates is particularly important in this context. In invertebrates, this is still
done endocrinologically, i.e. very slowly, and even in reptiles and fish with non-myelinated fibres, it is still
relatively delayed. However, mammals have myelinated (fast) fibres that originate in the brain stem and
dampen the sympathetic response. This is why mammals constantly examine their environment to



determine whether they are safe or whether danger threatens. Only when they feel safe can the
sympathetic response be calmed, the heart beat slower and communication with conspecifics begin.

At birth, the fibres of the vagus nerve are not yet surrounded by an insulating layer (myelin sheath). This
only develops gradually under the influence of social learning in the first days of life. Certain descending
(efferent) motor pathways of the vagus nerve are then surrounded by a protective layer, while others that
originate in the dorsal vagus nucleus, or the fibres that ascend from the organs, remain unmyelinated.
Myelinated (fast) and unmyelinated (slow) vagus fibres can trigger different responses in the same cell
groups and be involved in different adaptive behaviours.

Cranial nerves that phylogenetically descend from the gill arches of fish

The anterior vagus nucleus (nucleus ambiguus), from which the myelinated fibres originate, belongs to

other "branchial arch nerves" in terms of evolutionary development:

e N. trigeminus (V sensory facial nerve
e Facial nerve (VII motor facial nerve: facial expressions)
e Glossopharyngeal nerve (IX pharyngeal nerve)

e N. accessorius (XI neck rotator)

This group of nerves supplied the gills in fish and became "unemployed" during the transition from fish to
land mammals. These branchial arch nerves transmit impulses from higher motor centres of the brain
(cerebrum, diencephalon, basal ganglia, reticular formation, etc.) and convey internal sensory messages to
the brain.

This group of nerves is interconnected by reflexes. They are responsible for controlling coordinated motor,
sensory and visceral functions, which essentially affect the following target organs: heart, respiratory tract,
throat, larynx, facial expressions, neck muscles. Together, they form the basis of social communication by
mirroring one's own emotions and revealing one's own feelings.

The facial nerves (facial nerve VIl and trigeminal nerve V) convey facial expressions. They also dampen low-
frequency background noise by activating the middle ear muscles (stapedius muscle — nerve VII, tensor
tympani muscle — nerve VII) in order to emphasise the higher-frequency sounds of vocalisation and voice
production more clearly. This phylogenetic innovation enabled mammals to communicate in frequency
bands that reptiles could not reach. It is also important to note that voice production is influenced by a
branch of the vagus nerve (N vagus recurrens). (see Tinnitus below)

There are other close coordination relationships with phylogenetically older nerves such as the olfactory
nerve (I smell), vestibulocholeric nerve (balance), hypoglossal nerve (tongue) and the dorsal motor nucleus
of the vagus nerve, among others.

Pleasant smells, hearing and seeing conspecifics, exercising the masticatory muscles, throat and larynx
muscles, gently turning the head, opening the eyelids and calm movement of the eye muscles have a
calming effect on the gill arch nerves.

The function of the gill arch nerves is to ensure a social attitude towards the environment: lowering the
heart and respiratory rate, chewing, suckling and sucking, eating together, focusing communication on
conspecifics: including through noise filters in the middle ear, facial function and facial expressions
(conveying emotions, communicating), voice production (larynx, throat), calm attention and affection
(opening eyelids, turning head), calming heart and breathing.



Mammals are capable of social contact and communication

Social communication among conspecifics only occurs in mammals (and some birds). It requires calm and
security. The evaluation of a safe environment takes place unconsciously and requires feedback from the
communication-oriented cranial nerve nuclei (Porges calls this unconscious safety screening: nociception).
The resulting behaviour pattern is based on the activation of myelinated motor vagus fibres ("smart vagus"),
which dampen the heart rate and breathing. The ANS must enable these behaviour patterns in order for
mammals to eat, care for their offspring (or weaker group members) and learn from others.

Analysis of the fluctuating heart rate reveals two main pulse generators with lower and higher pulse
frequencies. The dominant higher frequency pattern is called respiratory sinus arrhythmia (RSA) and causes
a decrease in heart rate during the expiratory phase. According to current knowledge, it is mediated via the
myelinated fibres of the nucleus ambiguus, which some authors refer to as the 'smart vagus'. People with
high RSA amplitude have been shown to be less sensitive to both stress and motion sickness.

Activation (flight, resistance, fight).

In threatening situations, the myelinated vagus brake for mobilisation is switched off: this results in
sympathetic activation and a flood of noradrenaline in the brain (tunnel perception) and cortisol in the body
(blood sugar supply, shutdown of intestinal and immune function). The organism is then ready to fight,
resist or flee. The ability to communicate is restricted or has become impossible.

Teachers should be aware that frightened students are unable to learn and are not receptive to the pros and
cons of lengthy explanations. However, at least in humans, it is also possible to activate the myelinated
vagus and the sympathetic nervous system simultaneously. In sports science, this harmony is called 'flow": a
smooth, pleasurable sequence of movements that can occur during enjoyable jogging, swimming, sailing or
skiing.In almost all Western and Eastern martial arts, great importance is attached to not reacting to threats
with stress, even under full attention and even under heavy physical strain, but rather to keeping breathing
and heart rate calm.

Freezing, panicked defence, playing dead

When the first two solution patterns fail, mammals paradoxically react with immobilisation, fainting and
emptying of the stomach or intestines. This phylogenetically ancient and primitive brain reflex arc is
mediated by the non-myelinated vagus nerve ('vegetative vagus' from the dorsal motor nucleus, DMNv). It
was very useful in reptiles and dinosaurs: for example, when diving away or restricting metabolic activity in
times of need. For mammals, however, this reaction is rarely helpful and often life-threatening (among
other things because the brain is not sufficiently supplied with blood during a collapse).

It is assumed that this reflex pattern has nevertheless been preserved because it makes sense once in a
lifetime (during birth) and because it can also be applied beneficially: we encounter the pattern of
'motionlessness without fear' during breastfeeding and in certain phases of partner behaviour, for example.
It involves the unconditional abandonment of one's own boundaries and can therefore only come about if
there is a particularly high level of trust in one's partner. In sexuality, for example, the sympathetic and
vagus nerves interact in complex activation patterns in which both activation and immobilisation are
possible. This form of reaction is mediated by the release of the pituitary hormone oxytocin. If this
hormonally influenced pattern of trust is broken, as in cases of child abuse or rape, the normal functioning
of the control loops is severely damaged.



The therapeutic consequences of the 'polyvagal theory' and the 'anti-inflammatory
reflex'

Both theories contradict the prevailing mechanistic and warlike model that has dominated medicine since
the 19th century. And they suggest a form of medicine that would understand healing as a peaceful process
capable of stimulating learning and development processes.

Severe or prolonged tension or existential threats lead to stress

Those affected by stress want to flee, attack or persevere, and are increasingly unable to do so on their
own. This puts them at risk of burnout. They then want "someone" to solve the problem immediately. The
medical system, among others, thrives on this desperation. For then the time has come for doctor hopping,
pharmaceutical shopping or alternative esoteric healing methods.

It would be more interesting if those affected began to take an interest in what might be conflicting within
them. If they wanted to understand why individual cells or functions are not in harmony with others and
why they cause disruption through pain or malfunction.

This understanding could slowly and gradually lead to changes in patients.

Some methods that help you get in touch with yourself (Alexander Technique, yoga, tai chi, gigong, Pilates,
etc.) do not need to be understood rationally. You can simply do them. And then experience yourself
(feeling) and breathing. And finally, you also feel something from your inner senses (pressure, tension,
warmth, cold, joint position and the tingling-itching-pain sense). Pain is particularly interesting because it
conveys something important. You can play with it, as long as the vagus nerve calms the body: because
tickling and itching are also low-threshold pain signals. If you are not distracted by pain (hypnosis or self-
hypnosis) and it is not eliminated by chemical products, then you can influence it positively and change it.

Crises, illnesses, disorders and problems are like a rollercoaster ride. As long as someone is under stress and
fighting with all their might against something (cancer, Lyme disease, migraine, neurodermatitis, etc.) and
seeking out all kinds of healers to make the problem go away, there will be no development leading to
integration. True healing begins with reconciliation, with "accepting things as they are" (through calming,
which is conducted via the vagus nerve, among other things). Only then can curious experimentation begin.
And integration arises: "peace with oneself and one's surroundings". | often see this in cancer patients who
fight until the end and only let go and "make peace with themselves" at the very end, shortly before death.

However, industry has also long since discovered a lucrative new business area (in connection with the
vagus response). Experiments are being conducted with bioelectrical stimulation devices and implants
(Steinberg 2016, Tarnawski 2018, Pavlov 2012, 2019).

These are (potentially) commercially lucrative but questionable attempts. This is because the vagus nerve is
only part of a highly complex, irregularly adapted, chaotically organised oscillation system that sounds
harmonious, like music. A mechanical intervention would beat like a machine or a metronome.
Consequently, unlike learning physical mindfulness, a "vagus pulse generator" could also have adverse
effects.



Help with anxiety and panic

Before information can be conveyed in the context of social communication, calming must always come
first. The creation of safe, stress-free conditions. Abstract explanations are useless for influencing a
frightened state in the stage of sympathetic activation.

Patients with anxiety or panic reactions can relax through non-verbal stimulation of the areas supplied by
the cranial nerves (touch, voice, swallowing, etc.), through changes in posture and through light trance
states (flow).

That is why it is so important to take people in distress seriously, to listen to them and to talk to them. Even
without any knowledge of their language. Because the content of what is said is often irrelevant. Quite the
opposite of the way something is said (prosody): melody, rhythm, pitch, onomatopoeia, etc.

Body language (through facial expressions, movement, posture, presence, prosody) conveys a willingness to
open up, to show oneself, to perceive others and to enter into relationships. With an increasing sense of
security, stress (brain stem) and ultimately fear (midbrain) are released.
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