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White Paper 
 

Vitality Smartcable: A transcutaneous auricular vagus nerve stimulation 
device for the clinical management of COVID-19 

 
 
   
Background 
Patients hospitalized with COVID-19 predominantly die of organ failure due to a surge of pro-
inflammatory cytokines triggering the need for mechanical ventilation, often due to acute 
respiratory distress syndrome (ARDS) 1. Known as a cytokine storm, the surge in cytokines is 
similar to the excessive inflammatory reaction associated with septic shock (see Figure 1) 2-5.   
 

 
Figure 1. The surge in cytokines in many COVID-19 patients results in a cytokine storm that 

compromises organ function and often leads to death. 
 

Anti-viral agents will most likely be required to reduce the molecular viral burden in COVID-19 
patients, but an additional approach to control the damaging cytokine release is required to alter 
the course of disease in hospitalized patients and improve chances of survival (see Figure 2).  

 

 
Figure 2. Outline of treatment approaches to prevent the cytokine storm in COVID-19 patients 

and improve survival. 
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Immunosuppressant drugs may reduce inflammation and the tissue damaging cytokines, but they 
could also be detrimental by inhibiting natural anti-viral immune responses (i.e., suppression of 
interferons), thereby delaying viral clearance and increasing the risk of secondary infections and 
death 6-8. 
 
There are two case reports of individuals recovering from COVID-19 pneumonia despite 
continuing immunosuppressive therapies for renal transplantation (tacrolimus, mycophenolic 
acid, and prednisone) and breast cancer (fulvestrant and abemaciclib) 9,10. The breast cancer 
patient’s husband was simultaneously hospitalized with COVID-19 pneumonia and described as 
being in good health, yet he experienced a worse clinical course (he required admission to ICU, 
she did not) and longer hospitalization (24 d vs 6 d) than his wife who was simultaneously 
treated for cancer 10.  
 
The reason for this major difference in disease course may lie in the regulation of the immune 
system by the vagus nerve. The vagus nerve is involved in an inflammation controlling reflex 
similar to the blood pressure regulating baroreflex. The vagus inflammatory reflex is triggered 
when the afferent vagus nerve senses inflammatory products through peripheral receptors (see 
Figure 3). Vagus nerve activity is relayed through the central nervous system to the efferent 
vagus nerve. This pathway involves the splenic nerve, which when activated releases 
norepinephrine and results in suppression of proinflammatory cytokine production by 
macrophages and alleviates inflammation in many pathological settings (e.g., endotoxemia, 
peritonitis, or acute kidney injury) 11. 
 

 
Figure 3. The vagus inflammatory reflex. 

 
Electrical stimulation of the vagus nerve using VNS can improve the body’s natural ability to 
regulate the inflammatory response and may be potent enough to suppress pro-inflammatory 
cytokines and prevent death from COVID-19, especially if used early enough in the course of 
hospitalization 12-17.  
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In rat models of sepsis, VNS attenuates the release of pro-inflammatory cytokines, prevents 
hypotension, modulates coagulation, and prevents fibrinolysis activation, decreasing organ 
dysfunction, and improving survival 18. Human studies also demonstrate that VNS suppresses the 
production of proinflammatory cytokines and improves clinical symptoms in rheumatoid 
arthritis, intractable epilepsy, atrial fibrillation, and Crohn’s Disease 13,16,19,20. This suggests that 
VNS may be effective in treating disorders characterized by cytokine dysregulation and that it 
has the potential to prevent hospitalized patients with COVID-19 from progressing to respiratory 
failure and death.  
 
In my clinical experience of using taVNS over the last 5 years, I have witnessed how taVNS 
positively impacts inflammation modulation in patients with autoimmune disorders such as 
rheumatoid arthritis, ankylosing spondylosis and inflammatory bowel disease. 
 
In fact, a recent case study highlights the ability of VNS to improve the clinical course of 
patients recovering from COVID-19 infection.33 

 
 
VNS methodology  
The vagus nerve can be electrically stimulated with an implantable device placed on the vagus 
nerve or by stimulating the auricular branch of the vagus nerve with a conductive surface in 
contact with the concha of the ear (transcutaneous auricular VNS; taVNS). The taVNS approach 
is painless, provides easy access to the vagus nerve, and is easy to operate. taVNS has been 
successfully and safely utilized in over 1000 patients within Dr. Nemechek’s private medical 
practice.  
 
A transcutaneous approach over the skin of the neck (tnVNS) is also possible but requires an 
electrical impulse strong enough to penetrate the skin and muscle over the vagus nerve on the 
lateral aspect of the neck. This makes the stimulation occasionally painful and it is difficult to 
precisely locate the vagus nerve with this method, making taVNS the preferred method for 
transcutaneous VNS.  
 
All three approaches of VNS are safe in humans. The transcutaneous auricular approach is the 
least expensive, does not require surgery, is painless, and makes it easy to precisely target the 
vagus nerve. It also requires little training and a single unit can be shared among many patients if 
properly disinfected. 
 
 
taVNS device description 
The combination of effectiveness, low cost, safety, and simplicity make taVNS an excellent 
candidate to assess the therapeutic inflammation modulating capacity of VNS in hospitalized 
COVID-19 patients. Bioelectrical stimulation of the vagus nerve is an unexplored avenue that 
could fill the urgent need to mitigate the damaging effects of the cytokine storm seen in many 
hospitalized patients. 
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Transcutaneous auricular vagus nerve stimulators utilizing an electrode clip are licensed and 
approved as medical devices in both Germany (Nemos®) and the U.K. (Parasym™).  
 
The Vitality Smartcable (Figure 4) is a transcutaneous auricular vagus nerve stimulator that runs 
off a smartphone, tablet, or iPod and is presently sold in the U.S. as a consumer wellness 
product. It runs for 5 minutes sessions and uses fixed microcurrent stimulation parameters. The 
consumer can select how many sessions to run and make small incremental changes in voltage 
for desired comfort and maximum performance, but the overall settings will always be within a 
safe range.  

 

 
Figure 4. Vitality Smartcable for taVNS. 

 
The Vitality Smartcable produces the stimulation parameters required for inflammation 
suppression as demonstrated in the scientific literature. Its construction meets ISO-13485 
certification criteria and EMF standards set by the FCC.   

Nemechek Technologies has the proprietary rights to the Vitality Smartcable, a transcutaneous 
VNS device presently sold as a consumer wellness product within the U.S. There is significant 
capacity to increase production within a short time frame. Five hundred taVNS devices are 
currently on hand; 2,000 can be produced within 30 days, and 10,000 can be produced within 90 
days. Sufficient supplies are readily available to meet the emergency need.  
 
 
taVNS Provides Needed Immune Regulation 
There are no proven therapies against COVID-19 infection other than supportive treatment of the 
comorbid complications (ARDS, heart failure, renal failure, secondary infections, etc.). A more 
successful therapeutic approach will most likely involve a combination of supportive care, anti-
viral therapy, and suppression of the excessive cytokine release observed in some patients with 
moderate to severe COVID-19. 
 
Recent treatment guidelines issued by the NIH review the addition of host modifiers/ 
immunotherapy in moderate to severe COVID-19 patients 21. None of the therapies presently 
available demonstrate enough efficacy or evidence to garner even a weak recommendation while 
others, such as JAK inhibitors, are avoided due to their potential to severely compromise the 
immune system. 
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A safe option for improved inflammation modulation is transcutaneous auricular vagus nerve 
stimulation (taVNS) (Figure 5).   
 

 
Figure 5. Proposed use of taVNS in the treatment of COVID-19 infection.  

 
In human and animal studies, VNS suppresses pro-inflammatory cytokines and alters the clinical 
course in severe inflammatory conditions 13,16,19,20. This suggests that VNS may be effective in 
altering the clinical outcome of hospitalized COVID-19 patients. taVNS is safe, easy to operate, 
inexpensive, and could be deployed rapidly in large numbers if found to be successful.  
 
 

Effectiveness of transcutaneous auricular VNS in inflammation modulation 
Both implantable and transcutaneous VNS has been extensively studied in animals, with more 
recent studies in humans confirming its safety and effectiveness. In rat models of sepsis, VNS 
attenuates the release of pro-inflammatory cytokines, prevents hypotension, and modulates 
coagulation and fibrinolysis, thus improving survival 23-25. This suggests that VNS has the 
therapeutic potential prevent hospitalized patients with COVID-19 from progressing to 
respiratory failure and death.  
 
An in-depth review of the effectiveness of taVNS on the modulation of inflammation was 
recently published 12. The following information is taken directly from Current Directions in the 
Auricular Vagus Nerve Stimulation I – A Physiological Perspective (Front Neurosci. 
2019;13:854. 2019) 12: 
 

“Inflammation processes are governed through interrelated humoral and neural reflex 
pathways (Tracey, 2009; Miller and Raison, 2015). In particular, chronic inflammation is 
based on deregulation of metabolic and immune functions, whereas the imbalance 
between pro-inflammatory and anti-inflammatory cytokines seems to be decisive in 
disease progression (Neurath, 2014). Abnormal and chronic inflammation is implicated 
in, causes and advances, numerous wide-spread chronic diseases as diabetes mellitus and 
is, for example, a major hindering factor in effective neuroprotection in the brain, e.g., 
after stroke. 
 
The vagus nerve (VN) provides a first-line defense against infection and inflammation in 
the periphery to restore homeostasis via conducting information to/from the brain to 
regulate the immune system. VN is a major component of the neuroendocrine-immune 
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axis (Bonaz and Pellissier, 2016). For instance, even fever, as a brain-mediated response, 
is signaled to the brain via afferent VN responding to peripheral proinflammatory 
cytokines, in addition to blood-borne routes for the fever’s signaling (Hansen et al., 
2001). 
 
The parasympathetic outflow along VN, i.e., activation of the parasympathetic system, 
has only anti-inflammatory effects. This was shown by the inverse relationship between 
VN-mediated parasympathetic markers of the heart rate variability (HRV) and 
inflammatory markers (Thayer and Fischer, 2008). In contrast, the sympathetic nervous 
system may have both pro-inflammatory and anti-inflammatory effects. 
 
In general, VN is involved in mainly three reflex pathways with a clear anti-inflammatory 
role: 

i. The anti-inflammatory hypothalamic-pituitary-adrenal axis. Here afferent VN 
fibers sense the level and location of injury/infection in that pro-inflammatory 
cytokines and/or endotoxins activate VN endings. Somatotopic maps in NTS 
become activated. Consequently, special neurons in hypothalamus activate the 
release of hormone adreno-corticotrophin by the hypophysis, stimulating the 
release of glucocorticoids by the adrenal glands to decrease peripheral 
inflammation. 
 

ii. The anti-inflammatory vago-vagal reflex, known also as the cholinergic anti-
inflammatory pathway (Borovikova et al., 2000; Tracey, 2007). Here infection-
activated afferent VN fibers synapse with and generate an outflow along efferent 
VN fibers releasing acetylcholine at their synaptic endings. The acetylcholine 
binds to surface receptors of macrophages and suppresses the production and 
release of pro-inflammatory cytokines by these macrophages.  Interestingly, the 
tonic neural activity of this cholinergic anti-inflammatory pathway is essential 
because, when it is impaired, over-inflammation results with an unrestrained 
cytokine release damaging tissue (Mercante et al., 2018a). From this perspective, 
vagus nerve stimulation (VNS) enhances the activity of immune-related neural 
circuits and confers protection of the human body. 
 

iii. The splenic sympathetic anti-inflammatory pathway. Here the infection-activated 
afferent VN yields outflow along the efferent VN which stimulates the adrenergic 
sympathetic nerve in the spleen, releasing norepinephrine at its endings. Then 
norepinephrine binds to splenic lymphocytes and leads to acetylcholine release by 
lymphocytes, whereas acetylcholine, in turn, inhibits the release of pro-
inflammatory cytokines by splenic macrophages. 

 

 
Thus, the innate immune system is subjected to a closed-loop reflex modulation via 
afferent VN fibers, as illustrated in Figure 2A, whereas the activity of the efferent VN 
maintains homeostasis by limiting pro-inflammatory responses and avoiding 
immunosuppression. For instance, the role of VN is proposed in informing the brain 
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about peripheral inflammation related to coronary artery disease and in actively 
modulating the disease related inflammation (Gidron et al., 2006). 
 

 
Figure 2 

 
 
An artificial VNS has been shown to harness this natural reflex (Figure 2C). The 
modulation of VN results in decreased pro-inflammatory and increased anti-
inflammatory cytokines, which is effective in suppression of over-inflammation, 
prevention of tissue injury, and improved survival. For instance, aVNS reduced pro-
inflammatory cytokines, as shown in a clinical trial (Stavrakis et al., 2015), and increased 
norepinephrine levels, as reviewed in Beekwilder and Beems (2010), which supports 
anti-inflammatory aVNS effects. 
 
In particular, VNS was shown to rebalance the working point of autonomic regulation of 
the immune system into a protective range avoiding pro-inflammatory responses and, on 
the other hand, avoiding immunosuppression (Tracey, 2009). Here the working point is 
defined as the magnitude of innate immune responses relative to the infection or injury 
stimulus. Chronic changes can unfavorably increase or decrease the working point with 
the resulting overshooting immune response (with tissue damage, sepsis, or even death) 
or immunosuppression (with secondary infections), respectively. 
 
In animals, VNS had favorable effects on rheumatoid arthritis in rats (Koopman et al., 
2017). VNS reduced surgery-induced intestinal inflammation and improved postoperative 
intestinal transit in mice, supporting the anti-inflammatory effect of VNS (Matteoli et al., 
2013). In addition, VNS prevented the development of shock in rats through inhibited 
synthesis of the tumor necrosis factor (cytokines) (Borovikova et al., 2000). aVNS was 
shown to be efficient in mice with lethal endotoxemia or polymicrobial sepsis while 
reducing systemic tumor necrosis factor due to anti-inflammatory aVNS effects (Huston 
et al., 2007). aVNS (auricular vagus nerve stimulation) suppressed lipopolysaccharide-
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induced inflammatory responses in endotoxemic rats through reduced pro-inflammatory 
cytokines, indicating that aVNS modulates the immune function through the cholinergic 
anti-inflammatory pathway (Zhao et al., 2012). 
 
In humans, potential therapeutic applications of aVNS are related to chronic 
inflammatory conditions. These are rheumatoid arthritis, see a clinical trial in Becker 
(2007), inflammatory bowel disease (Crohn’s disease, ulcerative colitis), and 
postoperative ileus in order to restore intestinal homeostasis, as reviewed in Tracey 
(2007), Marshall et al. (2015), and Bonaz and Pellissier (2016).” 

 
 
Limitations and safety of transcutaneous auricular vagus nerve stimulation 
An in-depth review of the limitations of taVNS was recently published. The following is taken directly 
from Current Directions in the Auricular Vagus Nerve Stimulation I – A Physiological Perspective (Front 
Neurosci. 2019;13:854. 2019) 12: 

 
“A few indirect but rather seldom unwanted effects can also be triggered by aVNS 
(auricular vagus nerve stimulation) due to afferent-efferent vagal reflexes, with NTS as a 
potential intermediate stage. The Arnolds ear-cough reflex is the most dominant reflex, in 
which mechanical irritation of the auricular skin with embedded aVN (auricular vagus 
nerve) may cause cough. Other reflexes are ear-gag reflex, ear-lacrimation reflex, ear-
syncope reflex, and vaso-vagal reflex. These vegetative reflexes can occur with the 
respective incidence up to a few percent in the general population (Tekdemir et al., 
1998; Ellrich, 2011; Napadow et al., 2012). 
 
In the transcutaneous aVNS, relatively large surface electrodes yield diffuse stimulation 
fields. Therefore, not only aVN but also other non-vagal fibers in the ear can be expected 
to be stimulated (Figure 1A). Relatively strong currents and good electrode contacts are 
required for the current stimuli to circumvent the skin barrier of the ear and still stay 
suprathreshold in regions innervated by aVN; however, the transcutaneous aVNS is 
considered as safe (Badran et al., 2018b). The remaining side effects are mostly minor – 
as related to invasive VNS (Liporace et al., 2001) – and may include headache, pain and 
skin irritation at the stimulation site, and dizziness (Mertens et al., 2018). In contrast to 
the transcutaneous aVNS, the auricular needle electrodes in the percutaneous aVNS and 
the resulting focused stimulation favor precise and local stimulation of aVN endings. 
Here the electrode contact impedance is lower and more reproducible, favoring a low 
current stimulation. Minor side effects are local skin irritation, local bleeding, local pain, 
and dizziness. The clinical incidence of skin irritation and inadvertent bleeding can be 
reduced down to only 0.05% using a transillumination technique of the ear (Kaniusas et 
al., 2011), which visualizes auricular vessels to avoid random placement of needles 
(Roberts et al., 2016). 
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Figure 1 

 
 
A special recognition is required on the recent controversy on whether the stimulation 
effects of aVNS are due to the recruitment of aVN and on the true anatomical location of 
aVN. The literature on the definite innervation of the auricle is very sparse and is usually 
based on often cited findings in Peuker and Filler (2002), which unfortunately show some 
inconsistencies with respect to aVN innervation regions (Burger and Verkuil, 2018). 
These uncertainties impede a proper interpretation of stimulation effects while an optimal 
target for aVNS is still under debate (Badran et al., 2018a; Burger and Verkuil, 2018). 
 
Auricular vagus nerve stimulation is typically performed at the tragus or (cavum, cymba) 
concha (Yakunina et al., 2016). However, some approaches cover larger areas of the 
auricle (Sator-Katzenschlager and Michalek-Sauberer, 2007) with the potential to 
stimulate concomitantly a few more auricular nerves in addition to aVN, especially the 
great auricular nerve (with connections to the spinal cord) or the auriculotemporal nerve 
(connecting to the nucleus spinalis of the trigeminal nerve). Due to a possible co-
activation of the great auricular nerve, it may make sense to study in future the activation 
of spinal cord sites, e.g., dorsal horn activity (Deuchars et al., 2017). However, current 
imaging studies in humans are usually focused on VN-activated brain stem nuclei and 
their projections (Yakunina et al., 2016). In rats, as reported recently in Mahadi et al. 
(2019), tracing of the transcutaneous stimulation at the tragus labeled the dorsal horn of 
the cervical spinal cord. Here, a central sympathoinhibition by up to 36% was observed in 
response to the stimulation, as mediated at least in part through sensory afferent 
projections to the spinal cord and despite of only sparse labeling of NTS, the termination 
site of aVN (Figure 1A). Authors in Mahadi et al. (2019) also suggest that the tragus 
stimulation can indirectly influence brainstem regions involved in the sympathetic control 



 10 

via the spinal cord and even suggest an indirect innervation of NTS by recruited aVN via 
the spinal cord. 
 
It is questioned if the tragus includes aVN endings or only non-vagal endings, such as the 
great auricular nerve and the auriculotemporal nerve (Badran et al., 2018a; Burger and 
Verkuil, 2018). A potential recruitment of these nerves would suggest that mechanisms 
may be involved for tragal stimulation beyond those anticipated for the sole aVN 
stimulation. Only the cymba concha was found so far to be solely innervated by aVN 
(Peuker and Filler, 2002) with the associated maximum activation of vagal projections in 
NTS during stimulation, as compared to tragus, cavum concha, or earlobe stimulation 
(Yakunina et al., 2016). However, the cymba concha offers some disadvantages in terms 
of complexity of electrical stimulation by requiring to insert and/or hold an electrode 
against the concha, as opposed to having to clip onto the tragus. 
 
Lastly, laterality of aVNS is debated. The stimulation of the left or right aVN cannot be 
expected to yield different physiological effects since afferent information from both 
sides are centrally merged in the brainstem (Chen et al., 2015b), and the right and left 
aVN show comparable counts of Aβ fibers (Safi et al., 2016).  
 
This is in clear contrast to the invasive cervical VNS with dominant lateral effects, in 
which, for instance, the right-side stimulation recruits predominantly the sinoatrial node 
(e.g., with the associated bradycardia) and the left side the atrioventricular node. 
However, simultaneous activation of the left and right aVN may potentially boost 
stimulation effects due to increased sensory input to the brainstem.” 
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