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Abstract

We are presenting this document to medical providers as a systematic approach to improve outcomes of patients with
COVID-19. The following variables are considered: Autonomic nervous system viewed from the perspective of the
Polyvagal Theory; Timing of interventions in terms of phase of the body’s defense (Fight, Flight, Freeze, Faint); The
nervous system considered the context of a “One System” perspective; Protein/Enzyme function; Immune system;
Cytokine load - activity, inflammation and metabolic response; Viral load; Angiotensin 2 load.

The ARDS and multi-system organ failure of the COVID-19 is a complex problem. This approach acknowledges the
complexity and presents a structure where the variables are systematically addressed.

1. The common risk factors for death are associated with baseline elevations of pro-inflammatory cytokines. Measures can
be taken to lower them before being exposed to the virus—Plan A.

2. Strategies to optimize the body’s defenses should be assessed and optimized. These include nutrition, vitamins, and trace
elements, sleep, exercise, and minimizing threat.

3. The body’s own resources are utilized through recruiting the autonomic nervous system to counteract elevated pro-
inflammatory cytokines. The interventions are implemented in the context of what stage of defense the body is in—fight,
flight, freeze, or faint.

4. Progressive pharmacological interventions are considered with the early interventions being those with minimal risk.

We are asking the following:

e This approach is viewed as the foundation for clinical interventions. They should be implemented in a systematic and
stepwise manner.

o Most of the treatments are already medically proven with minimal or no risk.

o All basic treatments are in place before more aggressive interventions are implemented.
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e That this process be considered a framework to test clinical protocols and novel therapies. Much work needs to be done
regarding dosing and timing.

e \We are particularly interested in the potential of the following interventions, which do need to be looked at in a protocol.
o Allowing ketosis in the Mid and Late Phases of the illness.
o Considering the use of ketone bodies instead of glucose for fuel in Mid and Late Phases of illness.
o Eliminating glucocorticosteroids in the Early and Mid-Phases the use of steroids.
o Utilizing the anti-inflammatory cholinergic nervous system (vagal stimulation, nicotine patches, etc.).
o Closer monitoring of IL-6 to in real time deliver the most appropriate interventions.

Keywords: Covid-19; Polyvagal Theory; Cytokine Theory; Coronavirus.

1. The Protocol

Covid-19 infections present a unique challenge to human physiology. In addition to activating our immune system
the virus activates our inflammatory system in multiple ways, engaging autonomic reflexes bringing us ever closer to
the edge of death if not death. There are four processes that are running in concert to create this stress on our bodies.
The viral load, the cytokine load, the angiotensin load, and the dampened influence of vagal pathways on visceral
organs and cytokine levels. Each of these needs to be mitigated to successfully negotiate a Covid-19 infection.

Our current societal response is to mitigate the viral load. We are distancing, isolating, masking, practicing good
hygiene, trialing antiviral medications and trying desperately to bring on- successful vaccine on-line. There are
multiple on-going trials to try and mitigate the cytokine load, but these receive little attention, let alone prioritization.
These trials are mainly focusing on immunologic pharmaceutical interventions and not on more basic interventions
including accessing and integrating our own innate recovery and healing responses. At this point we are unaware of a
trial to specifically mitigate the angiotensin load.

There is so much more we could be doing. In this paper we have incorporated the Polyvagal Theory (Porges 1995,
2007, 2011 [1-3]) and the Global Cytokine Theory to provide a framework for how to better manage Covid-19
infections as well as other severe infections and associated shock syndromes. This paper will focus primarily on the
most innate and physiologic strategies to help us survive a Covid-19 infection and secondarily on the use of
pharmaceuticals to mitigate an escalating infection.

Let’s explore these theories and strategies further.

2. The Polyvagal Theory - Autonomic Nervous System Response

As we struggle with the pandemic, we need to reinterpret and reframe our reactions within an informed
appreciation of our nervous system - acknowledging that our reactions to the pandemic will only make sense if
informed by an understanding of our evolution. Let’s start with our physiologic and psychologic reactions to
uncertainty and threat. We need to be able to regulate our physiologic state to move from the feeling of threat, fear and
danger to a feeling of safety, security and trust in others. Functionally, the brain, visceral organs and fascial tissues are
connected by neural pathways that send signals from the brain to our organs and tissues and from the organs and
tissues to the brain. Consequently, threat reactions through definable and measurable pathways have predictable
effects on our physical and mental health.

“One-System” Perspective

The term, “Mind-Body” is a misleading, even dangerous term. It implies that there is separation of the two. There
is not; and one does not exist without the other. Living organisms respond to the environment as a unit. Humans have
the additional characteristic of consciousness, which is manifested through language and thoughts. Research has
demonstrated that ideas and concepts are embedded in our brain in the same manner as any other physical reality. It is
one of the reasons that mental threats are processed in a similar way to physical ones [4].

Walter Hess in his 1949 Nobel Prize acceptance speech stated, “A recognized fact, which goes back to the earliest
times is that every living organism is not the sum of a multitude of unitary processes, but is, by virtue of
interrelationships and of higher and lower levels of control, an unbroken unity.” This brief statement provides the
context upon which development, application, and acceptance of neuro-autonomic disciplines, such as
neurocardiology, neurogastroenterology, neuroendocrinology, neuropsychology, and neuroimmunology have
emerged. This integrative “one-system” perspective encourages a better understanding of the dynamics of neural
regulation of an integrated nervous system, yet we still see constraint and lack of integration by the limiting paradigms
that are frequently used in the contemporary training and practice of medicine.
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We humans have a biological mandate of connectedness that requires a functional Social Engagement System
(Porges 2009 [5]), which through common brainstem structures coordinate the muscles of the face, head and spine
with the vagal regulation of the viscera and fascia. This system originates in a brainstem region known as nucleus
ambiguus. Thus, the optimally resilient individual has opportunities to co-regulate their physiological state with a safe
and trusted other. Ideally, this “other” person projects positive cues regarding their autonomic state through prosodic
voice, warm welcoming facial expressions, gestures and posture of openness and accessibility. This allows
vocalizations, facial expressions, gestures and postures modulated by autonomic states, to serve as cues of safety or
threat to others. Together these pathways connect behavior to the nervous system and form the basis for social
communication, cooperation, and connectedness.

The Polyvagal Theory

Polyvagal Theory, by articulating an evolutionary hierarchy in the function of the autonomic nervous system to
challenges, provides a map of the state of the autonomic nervous system during any challenge. By understanding the
autonomic state of an individual, this map informs us of the emergent behavioral, psychological and physiological
reactivity that an individual may have in response to threat or alternatively to safe experiences.

The Polyvagal perspective helps us understand how the COVID-19 crisis moves us into physiological states of
threat that disrupt our connectedness and places our physical and mental health at risk. We need to recognize
opportunities to mitigate the potentially devastating reactions to threat, which in turn can destabilize the autonomic
nervous system, resulting in visceral organ dysfunction and compromised physical and mental health. Awareness of
the neural systems underlying Polyvagal Theory informs us that threats to survival can shift autonomic states, moving
through sequential neural platforms that mimic evolution in reverse order, a process that John Hughlings Jackson
labeled as dissolution [6]. Functionally, as we progress through a threat-induced trajectory of dissolution, we first lose
the competence of our higher cognitive functions and the social engagement system. The uniquely mammalian
myelinated vagal pathway originating in the brainstem area that also includes brainstem structures regulating vocal
intonation, facial expressions, gestures, and postures to connect with others and calm our physiology goes off-line
under threat. As well, the functions of our distinctly human neocortex show decreasing authority over our physiology,
psychology and behavior. Without these resources, we move into adaptive, but more primitive defensive states.

Fight /Flight to Freeze

Our defense repertoire is first expressed as chronic mobilization, requiring activation of the pro-inflammatory
cytokines and the sympathetic nervous system. Secondly, it expresses itself as immobilization, which is controlled by
an evolutionarily older unmyelinated vagal pathway, the dorsal vagal pathway. In the absence of an active social
engagement system, the mobilized state provides an efficient neural platform for fight and flight behaviors. If this state
is activated for too long it will present as irritability, anger or chronic anxiety. When mobilization does not
successfully move the individual into a safe context, then the nervous system shifts into an immobilized state with
associated features of withdrawal, dissociation, syncope and death feigning. When this state becomes chronic it
presents with loss of purpose, social isolation, despair, helplessness, hopelessness, depression, and at times psychosis.

Although both acute defensive strategies have adaptive values in protecting the individual, they are dependent on
different neural pathways (i.e., high sympathetic tone or high dorsal vagal tone), which both interfere with
interpersonal interactions, co-regulation, accessibility, trust, and feeling safe with another person. Higher level
cognition and even language are also strategically and adaptively impaired. Thus, defensive states emerge, one
aggressive to reactive, the other submissive to paralytic, from neural platforms that evolved to defend, while
simultaneously compromising capacities to down-regulate our defenses through the co-regulation with a safe and
trusted individual.

What Autonomic State are You In?

Basically, the theory emphasizes that in the presence of cues of predictable social interactions of support our
nervous system of safety, the mammalian social engagement system, can down regulate our innate reactions to threat,
whether the threat is tangible and observable or invisible, predicted or imagined. In this physiologic mode of safety,
we have optimally high immunity and low inflammation. The case of Covid-19 is a battle between the virulence of the
virus and the resilience of the system. Understanding these interactions is equivalent to calibrating risk on an
individual level. With this information of risk, there is a better understanding of the foundational pathways through
which the virus can have minor or deleterious consequences and thus lead to treatment that would minimize end-organ
damage and death.

Polyvagal Theory informs us that autonomic state functions as an intervening variable moving the individual from
states of vulnerability in response to threat to states of accessibility when supported by cues of safety and appropriate
social support. Thus, knowing the physiological state of an individual provides a portal into understanding how they
will respond to Covid-19 and the pandemic in its biopsychosocial totality. For example, if we are in an autonomic
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state of defense, the threat of illness will be compounded by the lack of opportunities to co-regulate. Thus, the public
health strategies to flatten the curve and slow the transmission of the disease by social distancing and self-quarantining
will exacerbate the negative impact that the virus and the pandemic will have on us.

3. The Global Cytokine Theory within the Context of The Polyvagal Theory

Global Cytokine Theory simply states that the cytokine system is the fundamental communicator within our bodies
and brains having major governance over our physiologic and psychologic states and our behaviors. The “pro-
inflammatory” cytokines dictate the threat state. The “anti-inflammatory” cytokines dictate the safe state. The cytokine
system is much more than an adjunct of the immune system and controls much more than just inflammation. The
cytokine system is a mediator of the Polyvagal states and integrates neurocardiology, neurogastroenterology,
neuroendocrinology, neuroimmunology, neuropsychology, and neurosociology. The cytokine system is the
fundamental communicator via intracellular transmission, neural transmission and/or hormonal like transmission for
the body and the brain that results in the dissolution of any separation of systems - let alone the mind-body duality.

Threat

The “pro-inflammatory” cytokines, threat cytokines, are the underpinnings of the majority of our chronic physical
illness and diseases. They are the underpinnings of 100% of our mental illness and diseases, including addictions.
Also, they are certainly elevated in all who suffer social illness and disease (isolation, crowding, poverty,
disenfranchisement, discrimination and injustice) [7].

With elevations in our “pro-inflammatory” cytokines we see the progression from fight to flight to freeze to faint
and the associated physiology, psychology and behaviors of these states. Under the influence of the “pro-
inflammatory” cytokines we become catabolic, asexual, disconnected, selfish, reactive and irritable, and in the extreme
dissociated or even in a state of collapse. At this end point we have very poor immunity.

This has direct implications for the primary reason we are dying from Covid 19 — cytokine “storms”.

Safety

On the other hand, the “anti-inflammatory” cytokines, safety cytokines, are the underpinnings of health and
wellness. With the elevations of the “anti-inflammatory” cytokines we see the states of breed and feed and digest and
rest. It is here where we are anabolic, restorative, connected, bonded, sexual, reproductive, cognitive and creative. We,
also, have high immunity.

In addition to influencing our immune status and promoting inflammation in the body the “pro-inflammatory”
cytokines also dictate our metabolism through very complex pathways. Suffice it to say that when we are in fight,
flight, and fever we favor glucose for fuel in the battle. However, when we move into freeze, faint, and collapse we
favor ketones for fuel. Glucose reserves and gluconeogenesis may be falling in advanced attacks and therefore another
energy source is required, but, also, the ketones act as a brake on the “pro-inflammatory” cytokines to decrease their
production and also serve to protect critical tissues such as neurons, nephrons and both cardiac and skeletal myocytes.

“Pro-inflammatory” cytokines are fuel producing through breakdown of tissues in fight, flight and fever. They are
catabolic. Tumor necrosing factor was first known as cachectin. Prolonged elevation of “pro-inflammatory” cytokines
leads to tissue and organ compromise.

4. Combined Approach to Methodically Treat COVID-19

The Polyvagal Theory and the Global Cytokine Theory have direct implications in the management of Covid-19
and its associated pandemic. Let’s look at this crisis through this lens to see how we might optimally manage our
health and well-being and defeat this devastating virus.

Viral Load

Our primary strategy today is mitigating the viral load. The practices of distancing, isolating, masking and precise
hygiene have been the primary way of controlling this virus. Other strategies to mitigate viral load are antiviral
medications that can block the replication in an infected person. Beyond that we are holding on to the promise of a
vaccine to protect us from a Covid-19 infection. There are multiple issues with just focusing on the viral load.
Distancing, isolating and hygiene do not develop immunity. We are just hiding from the virus, but when we come out
of hiding the virus is still there. Months of this strategy has protected health care systems from a crushing onslaught of
patients and a potential system collapse, but has also caused social and financial trauma, and by the University of
Washington estimates we still have a very low percent of the population that has been exposed to the virus. This
makes it very difficult to come out of hiding and infection rates will just rise upon exposure to the virus. We need
about 60-70% exposure and immunity to significantly decrease the risk of coming out of hiding. When this level is
achieved, the virus just doesn’t have enough viable vectors to propagate itself. We are a long way away from this level
of herd immunity and barely getting closer with our current strategy. To complicate this more the length of time we
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can carry antibodies and immunity may be very short. Within months of illness we may be again at risk for infection.
We don’t know if a vaccine will provide sustained and prolonged immunity. Finally, the state of health in the US is so
poor with associated high-risk comorbidities that it may be difficult for us to achieve herd immunity through exposure
and illness as the risk of tissue and organ injury and death is too high. Our lack of investment in this area has come
home to roost.

We can hope that antiviral medications are going to be successful. However, the track record for antivirals is less
than stellar and they do not enhance immunity. So, we wait for a vaccine while life has come to a halt. A vaccine is
months to years away and even if one is developed the efficacy may be poor or immunity may be limited.

On top of these issues this virus has a propensity to mutate and today’s vaccine or antiviral may not be the one that
works tomorrow. Mitigating the viral load may be a constantly moving target. A vaccine is part of a solution but
certainly not the most important part of the solution and certainly a vaccine shouldn’t be nearly the sole focus in this
crisis. In fact, mitigating the viral load shouldn’t be the main focus either.

Cytokine Load

People are not being disabled or dying from the viral load. They are dying from cytokine loads primarily.
Certainly, the viral load plays a significant part in creating a “cytokine storm”, but there are many other factors in
someone’s total cytokine load that place them at risk for death.

Cytokine load is a combination of the viral cytokine load + the person’s pre-existing cytokine load from their pre-
existing medical conditions and nutritional status (see above) + the person’s cytokine load from their pre-existing
chronic as well as acute mental health conditions + the person’s cytokine load from their pre-existing social and
financial stressors - yes, living in isolation, poverty, disenfranchisement, discrimination and injustice elevates people’s
cytokine load and places them at increased risk to “storm” with a Covid-19 infection.

Note that all these risk factors shift the regulation of our physiological state into a defensive mode at great expense
to the support and regulation of the homeostatic processes that support health, growth, and restoration. The immune
system in partnership with other regulatory circuits including endocrine and autonomic systems shift their functional
strategies from support of homeostasis to defense when dealing with the viral threat. Certainly, the immune system
isn’t running wild as immunity is falling during these “storms”. Inflammation seems to be running wild or ‘storming”,
but this may actual represent a relatively normal viral cytokine load in a person with a high baseline cytokine load that
pushes them over a threshold into collapse, organ failure and death.

Mitigating cytokine loads needs to be the primary focus of stopping the destruction and devastation of this virus. If
we learn to successfully mitigate cytokine loads the viral infection becomes a relative non-event. Plus, successfully
mitigating cytokine loads will be available to us for all future pandemics, epidemics, and similar shock syndromes. It
will not change or mutate like a virus. This is where the solution lies for returning life to normal.

Two plans or approaches mitigate the “pro-inflammatory cytokine” load that are equally important will be
outlined.

e Plan A - Lower the baseline/pre-exposure pro | cytokine load

e Plan B - Minimize the impact with a multi-pronged approach after exposure*”

Angiotensin Load

The cytokine load is really the knockout punch in this fight, but there is another process that makes Corona viruses
so dangerous and deadly and that is angiotensin - specifically angiotensin 2. Angiotensin as you may guess by its
name helps support our blood pressure when we are under attack. It is part of our fight and flight response. It is present
when we are under attack whether by a person, an animal or a parasite, bacteria or virus. The “pro-inflammatory”
cytokine response plays a role in activation the vasoconstricting and inflammatory angiotensin system — they are
tightly related [8].

Angiotensin 2 is not only highly vasoconstrictive, but it is also highly inflammatory. We have an enzyme in our
body called angiotensin converting enzyme 2 (ACE2) that under normal conditions would cleave angiotensin 2 into
vasodilatory and anti-inflammatory angiotensins. Angiotensins flow freely through our blood stream and throughout
our bodies. ACE2 exists in our blood and on the surface of our cells making up our blood vessels as well as other our
tissues and organs. We have a high number of ACE2 receptors lining our blood vessels, in our nose, on our tongues, in
our throats, and on the cells of all our organs - brain, lungs, heart, kidneys, gonads and other organs.

Here is the problem: the Covid-19 virus skewers these receptors with its spike proteins to attach to our cells and
then enter our cells through these receptor sites to highjack the mechanics of our cells for replication and then

“ Acknowledging that the “pro-inflammatory” cytokines are a necessary part of defending threats including infections; therefore, Plan B has a
critical timing phase that identifies when the “pro-inflammatory” cytokine response needs to be mitigated or blunted and some interventions prior to
this point could result in poorer outcomes.
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distribution. To attack this virus our immune system must also attack tissues where the virus attaches (ACE2
receptors) and there can be collateral damage in this attack. To make this situation worse the occupation and
destruction of ACE2 leaves the highly vasoconstrictive and highly inflammatory angiotensin 2 in our blood and tissues
for far too long at too high of a concentration. This can cause inflammation of blood vessels and organs, clots and
infarctions in our limbs and organs including the brain (strokes) and heart (attacks).

In addition, angiotensin 2 inhibits the part of our nervous system located in our brainstem that communicates with
our hodies, especially our organs and endothelial tissues lining our blood vessels, through our vagus nerves that de-
escalates the inflammatory cytokine response in favor of and anti-inflammatory response. Angiotensin 2 thus does its
own inflammatory damage, but, also, perpetuates and complicates a cytokine storm. This response needs mitigation
along with the mitigation of the cytokine and viral loads.

5. Overview of Interventions and Timing

We are most interested in the most basic strategies that should improve outcomes with the least risk of doing harm
within the management of a Covid-19 infection. To manage an infection well it is important to understand the
changing physiology of the different phases of infections. With Covid-19 five phases are important to recognize:

Pre-exposure - see Plan A

Exposure - no symptoms

Early infection - fight, fever

Mid infection - flight -> freeze

Late infection - faint, collapse

We encourage proactively doing things to enhance immunity and decrease “pro-inflammatory” cytokine load in
the Pre-exposure phase and to maintain these interventions throughout an illness — see Plan A.

We feel it is important to allow the Early Infection Phase - fight, fever - to run for at least 24 hours other than
perhaps the introduction of a safe and effective antiviral medication. This allows our body’s innate immune system to
fight off the virus, drop the viral load and shed the virus from our systems. Aggressive Mid-phase interventions could
blunt this early and necessary immune response. The majority of people with Covid-19 infections will defeat the virus
in this Early-Infection Phase.

The Mid-Infection Phase signals a change or transition in our innate physiology and strategy to not only fight the
virus but to protect ourselves. Note the inflection point * on the graph below. This transition is marked by a down-
regulation in metabolism and interestingly cellular immunity, too. It is in this window that the system is starting to
fatigue and this phase is marked by escalating inflammation and falling immunity. In this window, temperature,
metabolism, heart rate and blood pressure will start to fall and our natural physiology will move from glucose to
ketones for fuel. Ketones and ketosis act as feedback system to depress “pro-inflammatory” cytokines and also are
protective to critical cells and cellular functions in a low metabolic, low perfusion and low oxygenation states. It is
important to not interfere but to support this phase of the infection and our innate strategy to defeat the virus.

Therefore, we contend when we move into this phase it is important to avoid aggressive pressor (pro-
inflammatory) interventions and glucose support including the use of glucocorticosteroids. We believe that
glucocorticosteroids are a stress hormone to promote fuel for the Early-Phase of infection. The glucocorticosteroids do
have other effects including some ability to support sodium retention and blood pressure, and they are able to inhibit
“pro-inflammatory” cytokines, but their prolonged use leads to falling immunity, excessive catabolism with tissue
and organ deterioration and prevents the protective effects of ketones and ketosis [9].

We believe there are multiple physiologic markers to monitor to determine when the physiologic state is moving
from the Early-Phase to the Mid-phase. As this changing physiology is mediated by “pro-inflammatory” cytokines we
feel that point of care testing of Interleukin 6 may be the most accurate data point to help understand this shift and the
timing of interventions. When the system is fatiguing in the fight and we are transitioning from the Early-Phase to the
Mid-Phase we feel aggressive pressor support becomes counterproductive and contraindicated. We feel
glucocorticosterofds should be withheld throughout the course of Covid-19 in favor of deployment of anti-
inflammatory, anabolic and pro-immunity strategies, particularly activation of the vagal anti-inflammatory cholinergic
system. By prevention of further exhaustion of the system and mitigation of the “pro-inflammatory” cytokine load at
the Mid-Phase of infection we believe the Late-Phase of faint, collapse, tissue destruction, organ failure and death can
be avoided.
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6. Polyvagal Strategies Beginning with Suspected Iliness/ Early-Phase

Many basic, do no harm, strategies are available for mitigating the “pro-inflammatory” cytokine load outlined
below, and let’s focus first on the Polyvagal strategies.

There are many resources within Polyvagal Theory that trigger endogenous anti-inflammatory/anabolic actions
through vagal efferent activity. Think of vagal mediated anti-inflammatory processes as performing a ‘negative’
feedback mechanism maintaining cytokine levels within an optimal or homeostatic range that would optimize health
and preparation in anticipation of threat. Polyvagal Theory proposes, based on well documented research, that vagal
efferents from the nucleus ambiguus actively dampen sympathetic and inflammatory reactions to threat. Thus, social
connectedness and cues of safety, which shift the autonomic nervous system out of a state of defense into a state that
supports feelings of safety will be accompanied by increases in vagal efferent function that will support homeostatic
processes such as health, growth, and restoration. Since there is a substantial literature documenting the role of vagal
efferents and acetylcholine (the neurotransmitter being used by the vagus) in dampening “pro-inflammatory”/catabolic
cytokines and enhancing and distributing “anti-inflammatory”/anabolic cytokines (see the research by Tracey 2002
[10]), plus the recent plausible hypotheses that COVID-19 is selectively attacking cholinergic systems, several
noninvasive techniques can be implemented.

7. Vagal Stimulation

Stimulation of vagal, trigeminal, and facial afferents on the external ear and face (e.g., forehead) communicate with
the brainstem nuclei, including the nucleus ambiguus, regulating the vagus and provide a validated technology to
stimulate vagal function. In addition, other noninvasive devices can improve vagal function through electrical
stimulation of the neck.

¢ Since modulated vocalizations trigger calming pathways that output through the vagus, it may be possible to use
a noncontact ‘ambient’ acoustic vagal nerve stimulator [11]. This noncontact stimulator would only require
playing modified vocal music. that emphasized the modulation of acoustic frequencies similar to a mother’s

lullaby.
¢ Can be done simply with washcloth to forehead or acupuncture to ear lobe.

e This can be accomplished by computer processing vocal music to exaggerate the intonation variations that our
nervous system detects as cues of safety. The algorithms modifying the vocal music functionally amplify the
positive prosodic information, which would effectively and efficiently calm the autonomic nervous system by
increasing vagal efferent outflow to downregulate sympathetic excitation and pro-inflammatory cytokine load.
Metaphorically, this would be similar to a mother’s voice or lullaby calming a crying baby.

8. Safety

Another key factor in mitigating inflammation is feeling safe even in the midst of a severe threat such as COVID-19
and possible death. Every measure should be taken to ensure the patient feels safe, seen and secure. This strategy is
based on a well-document neurophysiological pathway in which vagal function is enhanced while being calm and
feeling safe and secure.

¢ Safe and soothing environment;

Fully listening;

Clear communication with what is going on;

Pleasant soothing sounds - earphones with relaxing music;

Pleasant somatic sensations - light touch, massage;

Pleasant smells — the smell of certain plant oils can reduce “pro-inflammatory” cytokines;

Pleasant tastes - good food with spices that reduce “pro-inflammatory” cytokines are preferred to salt or sugar
for flavour.
9. Socialization

Another factor that promotes health and feeling safe is socialization. It is how the human race evolved and also why
the ventral complex of the vagus nerve is in proximity of the facial and postural muscles innervations. Safe
socialization down-regulates the fight and flight response and “pro-inflammatory” cytokines. Connection with others
is critical to our survival [12, 13].

o Educate the family as to the need to stay connected,;
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o Facetime/Zoom meetings;

o With precautions allow the family to interact with the patient;

¢ Have the patient stay up to date on family activities and include virtually if possible;
e OT/ PT/SW/Behavioral Health services;

¢ Online interactive games.

10. Breath/ Relaxation Techniques
The Science of Breathing

Research shows that when we are under stress (i.e., real or perceived), the brain and body are dominated by stress
chemicals, and prolonged exposure results in alterations of the body’s homeostasis and can complicate the
pathophysiological conditions of acute or chronic diseases (Chovatiya and Medzhitov 2014 [14]). This compensatory
response to stress is known as the stress responses (fight-flight-or-freeze), which is the function of the sympathetic
nervous system (SNS).

Hence, if the SNS, which is often referred to as the physiological gas pedal, is dominant for a prolong period of
time, its effects are pronounced by structural changes in the brain and on the nervous system [15-17]. The
counterbalance to the ANS is the Parasympathetic Nervous System (PNS), the physiological brake pedal. This is a
built-in evolutionary system to help bring us back to homeostasis once the threat is resolved and thus permitting the
body’s state to engage in reparative and restorative processes, a relaxation response [18, 19].

Research suggest we can induce this relaxation response of the PNS through voluntary slow breathing exercises
(e.g., diaphragmatic breathing and alternate nostril breathing) (Brown et al. 2005 [20]; Jerath et al. 2006 [21]; Naik et
al. 2018 [22]; Telles et al. 2017 [23]) and applications of mindfulness practices [24]. Activation of the relaxation
response helps stimulate the vagus nerve, which is measured via-a-vis respiratory sinus arrhythmia (RSA). Our heart
rate increases in inhalation (SNS) and decreases on the exhalation of the breath [25].

The RSA is an indicator of the vagal tone. Higher vagal tone means the body relaxes faster after stress. The greater
the amplitude of RSA, the greater the vagal tone [26]. Hence, engaging in slow breathing exercises during stressful
experiences (mental or physical) at a rate of 6-10 breaths per minutes helps optimize ventilation gas, arterial
oxygenation, gas exchange and arterial oxygenation helps maximize vagal tone, and thereby stimulating the PNS [27-
32].

Given the evidence and benefits of slow breathing exercises on health and well-being, and decreased mortality in
diseased states (Aeschbacher et al. 2016 [33]; Radaelli et al. 2004 [26]; Tsuji 1996 [34]), it is surprising that the
medical community has not prescribed this effective and simple tool part as part of a standard care of medical
treatment for those struggling with acute and chronic diseases. Slow breathing exercises are a vital part of optimizing
health.

There are many choices of breathing techniques that upregulate the ventral vagal tone. Here are some examples.

¢ Slow exhalations especially linked with deep short inhalations may enhance the vagal efferent action through the
ventral vagal pathways to the sino-atrial node. Respiration functions as a gating mechanism turning on and off
the vagal efferent flow [35, 36];

¢ Relaxed slow breathing;
o Alternate nostril breathing.

There are numerous other relaxation strategies. At least one should be thoughtfully considered if dealing with a
COVID-19 infection.

¢ Mindfulness/ meditation;

¢ Biofeedback/ medical hypnosis;
¢ Visualization;

¢ Slow-movement martial arts.

Support of the vagal, “anti-inflammatory” cholinergic, system decreases inflammation and increases immunity.
This system should not be ignored in patient care. It is our anabolic and healing response. Substituting
glucocorticosteroid’s anti-inflammatory effect for this system is felt to be a mistake and stunts the recovery and
healing process.
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The vagal system is the primary focus in this treatment paradigm, but there are other benign supportive measures
outlined below that should be employed, too.

11. Sleep

Restorative sleep is essential to recovery, healing and homeostasis. It is as essential as social connection to the
human species. A single night of lost sleep will be associated with a rise in “pro-inflammatory” cytokines and
recovery sleep is associated with a decrease in “pro-inflammatory” cytokines and an elevation in “anti-inflammatory”
cytokines. Whether in the preventative phase of infection (see Plan A) through the later phases of infection attention to
sleep is imperative. This can be challenging when in the hospital and particularly when in an ICU with excessive
activity, lighting, noises and interruptions. Maintenance of circadian rhythms and attention to sleep hygiene needs to
be practiced in all settings for optimal recover, restoration, healing and health.

12. Inclusive Monitoring and Treatment Considerations
It is critical to continue with the Polyvagal strategies throughout the progression of disease—especially if the
situation becomes serious.
13. Home
There are a number of things we can do at home if we think we are coming down with a Covid-19 infection:
Monitor
e Temperature - home thermometer;
e Oxygenation - home finger oximeter;
o Heart rate variability - home device;
¢ (Monitoring specific components of heart rate variability (i.e., respiratory sinus arrhythmia) that are valid indices
of vagal regulation of the heart through pathways originating in nucleus ambiguus can be of additional value.).
Intake
¢ Maintain fluids;
e Maintain fuel;

o Whole unprocessed foods;

o Simple carbohydrates are ok - need glucose for the fever and the fight;
o Basic anti-inflammatory and immune support;

o Vitamin D 5,000 units daily [37];

o Vitamin K2 1000 ug daily [38];

o Vitamin C 500 mg PO @8 [39];

o Vitamin B complex daily

o Magnesium 400 mg PO q daily [40];

o Zinc 5 mg PO (8 [41-43];

o Melatonin 5 mg PO g pm;

o Lecithin (contains fatty acid phosphatidylcholine a precursor of acetylcholine);
o Aspirin 81 mg daily to prevent vascular inflammation and clotting;

o Sleep - > 7 hours/ night.

If feeling short of breath or if oxygen saturations or HRV are falling then seek medical attention.

14. Institutional care — Early-Phase
Monitor
Labs
e Complete blood count with differential;
¢ Basic metabolic panel, Magnesium, Zinc;

e CRP, Lactate, Procalcitonin, Cytokine Panel* [44];
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e Prothrombin time, Fibrinogen, D dimer!
e Albumin [45].
Imaging
e Chest X-ray;
e Chest CT scan.
Vitals**

e Temperature;

Oxygenation;

Heart rate;

Heart rate variability;

Blood pressure;

Respiratory rate.
*If CRP, Lactate, Interleukin 6 are showing aggressive upward trends then the patient is starting Mid Phase physiology - flight -> freeze.

**|f these vital signs are falling then the patient may be starting into Mid Phase physiology - flight -> freeze.

If Prothrombin Time, Fibrinogen, D dimer are abnormal then the patient may be already into Late Phase
physiology - faint, collapse - activate shock protocol

Initial

e Supportive care;

¢ Oxygen via nasal cannula;

e Continue Home recommendations;

¢ Polyvagal modalities;

o If albumin < 3.6 then aggressive nutritional supplementation/ dietary consult.
Medications

o Antivirals may be appropriate here;

e Interferons may also have a role here.

If remaining stable in Early-Phase physiology - fight, fever, high fuel - then simple carbohydrates, glucose are ok -
need glucose for fever and fight.

If showing signs of instability - see below - then stop simple carbohydrates and activate the Mid-Phase strategies.

*Supplemental glucocorticosteroids have no role [46].

15. Fighting the Storm - Mid Phase - The Critical Point in Care

In the Mid Phase, the ultimate goal is to prevent the “pro-inflammatory” cytokines from crossing a threshold that
pushes the system into the Late Phase physiology of faint -> collapse -> organ failure -> death. It is at this inflection
point (*) where it is necessary to mitigate the cytokine load more aggressively even if it delays the shedding of the
viral load (Figure 1).
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Most of the interventions including allowing ketosis are specific to shutting down the pro-inflammatory cytokine storm
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Figure 1. The Critical Point in Care (Graph by Dr. Clawson, MD)

[9]. Ketosis can also slow viral replication. Ketosis will protect vital cells in a state of low perfusion, low oxygenation
and low metabolism.

Initial Basic Interventions

¢ Vitamin D 50,000 units PO now and q am x 3 days [37];

Vitamin K2 1000 ug PO now and g am x 3 days [38];
Vitamin C 1500 mg IV now and g8 [39];

MgSO4 1000 mg IV now and g8 [40];

Zinc 5 mg IV or PO po now and g8 (if low then replace to keep plasma levels normal - do not super supplement

- need a normal value for enzymes to deactivate pro inflammatory angiotensins and the cytokines);

DHEA 5 mg PO now and g pm [7];
Melatonin 5 mg PO now and g pm;
Vitamin B pack IV now and g pm;
Fuel: Avoid dextrose/glucose/simple carbohydrates [7].

o PO: high quality fats rich in omega3 fatty acids, medium chain triglycerides and high quality proteins [56];
o EN: high quality fats rich in omega3 fatty acids, medium chain triglycerides, small peptides);

o PN: lipids (high quality anti-inflammatory lipid emulsion rich in omega3 fatty acids and medium chain
triglycerides) and amino acids (rich in leucine, lysine, isoleucine, threonine, tryptophan, tyrosine and
phenylalanine), no dextrose with these) IV now and q am.

e Sleep.

Anticlotting treatment: Heparins SQ;

*Continue Polyvagal modalities

*Avoid pressors/adrenergics if possible

¢ Low dose dobutamine, dopamine and norepinephrine for support are preferred;

¢ Epinephrine and vasopressin are much more pro-inflammatory and should be avoided;
o If ketosis is allowed then lower MAPs will be better tolerated.

*No glucose or glucocorticosteroids - allow ketosis [46]

Although there are a number of markers for trending the physiologic decline towards shock, or faint and collapse,
physiology, however we feel IL6 is likely the most precise marker therefore we recommend rechecking IL6 stat -
hourly - if IL6 is still climbing then more aggressive strategies should be employed to mitigate the cytokine load.
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Advancing Interventions

Antibiotics - tetracyclines have antibacterial, anti-viral and anti-cytokine activity. They are also neuroprotective.
e Minocycline 200 mg IV now and 100 mg q12 after or [47];
o (Azithromycin is not preferred due to potential cardiac toxicity);

Gabanergics decrease ‘pro-inflammatory” cytokines and control fear and anxiety
e Gabapentin 100-300 mg PO g8

Cholinergics mimic the effects of the vagal system and decrease “pro-inflammatory” cytokines and increase “anti-
inflammatory” cytokines and cellular immunity

¢ Urecholine 10 mg po g8
¢ Nicotine 3.5 - 7 mg patch now and daily [48]

Hormonals from the sex/anabolic categories decrease “pro-inflammatory” cytokines, promote calm, trust and a sense
of safety, and promote cellular immunity and tissue repair

e DHEA 25-50 mg now and g pm [7]

e Oxytocin is anti-inflammatory and may be of value and enhance recovery. It is elevated when a patient feels safe
and cared for.

We suggest the above interventions prior to more aggressive interventions that may have more worrisome side
effects through the disruption and inhibition of normal immune functions. However, if the “pro-inflammatory”
cytokines are continuing to climb and are approaching a critical level where the patient may fall into frank shock then
more aggressive immunologic and biologics seem to be indicated. Using these interventions too early could result in
poorer outcomes if immunity is blunted too soon. We suggest rechecking IL6 stat - hourly - if still climbing then
advance.

Interleukin inhibition - IL 6
e Tocilizumab 400 mg IV

Pro-inflammatory cytokine inhibitors are potent focal blockers of a specific cytokine and its functions to decrease
the “proinflammatory cytokine” load/activity and can mitigate a cytokine storm. IL6 seems to be the most pro-
inflammatory of the group and therefore is the preferred target, but other “pro-inflammatory” cytokine inhibitors have
been used with reported success. IL6 inhibition may increase the risk for bacterial infections or other complications
from associated immune dysfunction.

16. Other Considerations

If Mid-Phase mitigation fails and the patient is progressing into Late-Phase physiology we would consider more
aggressive inotropic and vasopressor support as seen in traditional shock protocols appropriate but would still feel that
glucocorticosteroids would only be useful as an extreme rescue measure (Keller et al. 2020 [49]) and could potentially
be harmful by reversing the anti-inflammatory and protective effects of ketones and ketosis.

Again, these considerations are made in the light of trying to mitigate the progression to Late-Phase physiology
particularly at the inflection point just prior to the Mid-Phase of the infection. It is our feeling that the Mid-Phase is
under-recognized and this results in lost opportunities to mitigate the cytokine load prior to the system progressing
into shock with impaired immunity, high inflammation, tissue and organ injury and potential death.

Here is a more complete list of potential interventions worthy of consideration to mitigate a Covid-19 infection and
its progression to a shock syndrome and death:

Interventions that Mitigate Viral Load
PHYSICAL FACTORS

Distancing

e Prevents transmission
Isolating

e Prevents transmission
Hygiene

e Prevent transmission
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Masking
e Prevents transmission
Vaccines

e Prevents infection by priming the immune system to the viral proteins thus destroying the virus prior to invading
the cells and replicating

Herd Immunity
e Prevents sustained transmission
MEDICAL
Early Phase
Antiviral medications - remdesivir,
Interferons - interferon alpha-2b, gamma
o Activate anti-viral immune system
e Prevents replication
Human recombinant ACE2*
e Binds the virus in the blood where it is destroyed prior to attaching to or invading the cells and replicating

Human recombinant ACE2*

¢ Binds the virus in the blood where it is destroyed prior to attaching to or invading the cells and replicating
o Interferons
e Activate anti-viral immune system

Treatments that Mitigate Cytokine Load
VITAMINS AND SUPPLEMENTS
Vitamin D [37]
o Reduces pro-inflammatory cytokines
Vitamin Bs [50]
¢ Reduces pro inflammatory cytokines
Vitamin C [39]
¢ Reduces pro-inflammatory cytokines and may have anti-viral properties
Vitamin K [38]
¢ Reduces inflammation
Astaxanthine
¢ Reduces pro inflammatory cytokines
Quercetin
¢ Reduces pro inflammatory cytokines and may have antiviral properties
Glutathione/N Acetyl Cysteine [51]
¢ Reduces pro inflammatory cytokines, oxidative stress and may have anti-viral properties
Alpha lipoid acid [52]
¢ Reduces pro inflammatory cytokines
GABA

o Reduces pro inflammatory cytokines and anxiety
Melatonin [53-54]
¢ Reduces pro inflammatory cytokines
Alpha tocopherols
¢ Reduces pro inflammatory cytokines
Phosphatidylcholine
¢ Reduces pro inflammatory cytokines and raises anti-inflammatory cytokines
TRACE ELEMENTS
Magnesium [40, 55]
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o Reduces pro inflammatory cytokines and angiotensin 2; factor in Vit D function
Zinc [41-43]

o Key in enzymes that cleave pro inflammatory cytokines and may have anti-viral properties
DIET/NUTRITION/METABOLIC

Anti-inflammatory dietary oils (fish oil, avocado oil, walnut oil, etc.)
e Reduces pro inflammatory cytokines

Anti-inflammatory spices (turmeric, cinnamon, clove, ginger etc.)
e Reduces pro inflammatory cytokines

Anti-inflammatory oils (eucalyptus, lavender, rosemary, tea tree) Licorice root
¢ Reduces pro inflammatory cytokines

Licorice root

¢ Reduces pro inflammatory cytokines and may have anti-viral and anti-bacterial properties. Supports blood
pressure.

Ketosis — in Mid-Late Phases
o Deprives system of glucose needed for viral replication
Reduces pro inflammatory cytokines (Pinto)
Ketogenic diet (Pinto)
o Reduces pro-inflammatory cytokines and is neuroprotective
Ketone bodies (recommend beta-hydroxybutyrate over acetoacetate or acetone)
o Reduce pro inflammatory cytokines

MEDICATIONS

Benzodiazepines

o Reduces pro inflammatory cytokines and anxiety
Gabapentin [57]

o Reduces pro inflammatory cytokines and anxiety
Cannabinoids [58-60]

¢ Reduce pro inflammatory cytokines and anxiety
Urecholine

¢ Reduces pro inflammatory cytokines and raises anti-inflammatory cytokines
Nicotine (patch) [48]

¢ Reduces pro inflammatory cytokines and raises anti-inflammatory cytokines
Tetracyclines

¢ Reduce pro inflammatory cytokines, antibacterial and some antiviral properties
Azithromycin (Meyer et al. 2009 [61]) (cardiotoxicity is a risk)

¢ Reduces pro inflammatory cytokines, antibacterial and some antiviral properties
Glucophage

e Reduces pro inflammatory cytokines - decreases insulin resistance
Statins

¢ Reduce pro inflammatory cytokines — risk for mitochondrial dysfunction and myopathy

17. Other

Interleukin 1 inhibitor

Interleukin 6 inhibitor

Interleukin 17 inhibitor

Tumor Necrosing Factor inhibitor
Interferon alpha-2b

Interferon gamma

Interleukin 10
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Interleukin 4
Alpha 7 acetylcholine receptor agonist

Phosphodiesterase Inhibitors
¢ Reduce pro inflammatory cytokines
Histamine inhibitors
¢ Reduce pro inflammatory histamines and anxiety
Tyrosine kinase inhibitors - Acalabrutinib (Roschewski) [62]
o Selective inhibitor of Bruton Tyrosine Kinase (BTK)
IV Immunoglobulin
e Reduces pro inflammatory cytokines
Oxytocin [62]

¢ Reduces pro-inflammatory cytokines, increases anti-inflammatory cytokines, raises ventral vagal tone, facilitates
GABA relaxation, analgesic, promotes safety, and promotes anabolism and healing.

Anabolic hormones (DHEA, testosterone, estrogen, progesterone, pregnanolone) [7]
¢ Reduce pro inflammatory cytokines and promote recovery and healing
Angiotensin 2 lowering strategies
e See angiotensin below
18. Upregulating Ventral Vagus
Vagal stimulation (touch, social, electrical, acoustical) [10]
¢ Reduces pro inflammatory cytokines and raise anti-inflammatory cytokines
Breath control exercises

¢ Reduce pro inflammatory cytokines and raise anti-inflammatory cytokines

19. Mitigating Angiotensin 2 And Associated Effects

Human recombinant ACE2*

Converts angiotensin 2 to angiotensin 1-7 thus disinhibiting vagal tone and reducing inflammation/ catabolism
ACE inhibitors

¢ Prevent the formation of angiotensin 2, drops inflammation, but may leave more unoccupied ACE2 for viral
attachment, and side of cough and edema via persistent bradykinin

Angiotensin receptor blockers
o Blocks effects of angiotensin 2, drops inflammation, but may leave more circulating angiotensin 2

*Noted the potential role of human recombinant ACE2 in mitigated viral, cytokine and angiotensin 2 loads.

Other Interventions
Antiplatelet medications

¢ Reduce inflammation and clotting
Anticoagulants

¢ Reduce clotting

20. Conclusion

In summary, we feel there is a lack of recognition of some of our innate physiologic strategies that help us fight
and survive viral infections, but most specifically the sequelae of high cytokine loads. We have outlined the role of
Polyvagal Theory and Global Cytokine Theory in Safety and Threat for consideration in the treatment of Covid-19
infections. We have outlined the critical Mid-Phase of the course of infection that requires phase specific and precisely
timed interventions to prevent the deterioration into Late-Phase physiology where things become much more perilous
and it is difficult to execute a successful rescue. The premise is to start treatment with the most physiologic and benign
strategies - at first do no harm - and progress to more aggressive strategies as the situation becomes more dire. We feel
there are substantial interventions available to reduce viral, cytokine and angiotensin 2 loads, and their deleterious
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effects, to prevent the progression to collapse, tissue destruction, organ failure and death. It is with this in mind that we
have offered up these considerations and hope this will lead to further discussions, research and optimal care for
Covid-19 and other severe infections and shock syndromes.

21. Background Information
CYTOKINES

Cytokines phylogenetically are nearly a billion years old and are small bits of protein (~100-200s amino acid
sequences) that allow communication between cells. They are the major factor in the expression of the immune system
in both stimulating it (inflammatory) or down-regulating it (anti-inflammatory). There are cytokine receptors on the
surface of every cell in the body. They also act as neurotransmitters, are key in hormonal expression and regulate
metabolism. They are numerous and have been classified by their source of production, target of action, effect,
connection with disease states. For the focus of this discussion they will simply be categorized by warding off of threat
(pro-inflammatory) or promoting recovery and regeneration (anti-inflammatory). This is Table 1 from the paper
written by Foster and Samman 2012 [41]).

CYTOKINES
Pro-inflammatory
Primary - IL1 beta, IL6, TNF alpha
Others - 1L2, 15, 17, 18
Anti-inflammatory
Primary — IL 4, 10, 4, 13, TGF beta
Others — 1L37, 38

Table 1. Selected Cytokines. Cell sources and examples of their principal functions in inflammation (Foster and Samman [41])

Cytokine Primary Cell Sources Key Functions in Inflammation

IL-1 Macrophages Endothelial cells Synthesis of acute phase proteins by hepatocytes; Local and systemic

inflammatory effects

IL-2 Activated T cells Thl cells Proliferation of T cells, B cells; Proliferation and activation of NK cells
IL-6 Macrophages Th2 cells Endothelial cells ~ Synthesis of acute phase proteins by hepatocytes; Proliferation of B cells;
Adipocytes Myocytes Osteoblasts Down-regulation of IL-1 and TNF production; Activation of immune cells,

osteoclasts, endothelial cells; Hypothalamic Pituitary Axis—fever &
hormone release
IL-10 MacrophagesTh2 cells Resolution of inflammation; Inhibition of Th1 inflammatory cytokine
synthesis; Inhibition of activated macrophages and dendritic cells
IL-12 Macrophages Dendritic cells Promotion of Thl differentiation; Stimulation of [FN-y production by T cells,
NK cells
TNF-a Macrophages T cells NK cells Lymphoid ~ Synthesis of acute phase proteins by hepatocytes; Recruitment and activation
cells Endothelial cells Adipocytes Cardiac  of neutrophils and monocytes at sites of infection; Stimulation of CRP release
myocytes Fibroblasts Neuronal cells from liver; Activation of NF-kB pathway; Induction of insulin resistance
TGF-p Macrophages T cells Resolution of inflammation; Limit production of [L-2, IFN-vy, and TNF;
[nhibition of proliferation/activation of B cells, T cells, macrophages.
IFN-y Th1 cells NK cells Activation of macrophages; Suppression of Th2 cell activity; Promotion of

leukocyte migration

Abbreviations: IFN, interferon; IL, interleukin; NK, natural killer; NF-kB, nuclear factor-kappaB; Th, T helper;
TGF, transforming growth factor; TNF, tumour necrosis factor [64, 65].
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