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Abstract 

At present there is no effective specific antiviral drug to treat the ongoing COVID-19 pandemic that has already infected 

millions of individual and caused hundreds of thousand deaths worldwide. There is strong indication that a cytokine storm 

is responsible for the severity of COVID-19 patients. Pilot studies using IL-6 receptor inhibitors such as Tolicizumab have 

shown promising results. However, since the cytokine storm is a complex systemic inflammatory response involving 

multiple cytokines it can be hypothesized that a “paninhibition” of cytokines and/or cytokine receptors will be more 

effective. However, at the same time this strategy may cause more adverse effects. In this article, we propose the application 

of Vagus Nerve Stimulation (NVS) and/or some forms of vagal maneuvers as adjuvant therapies to prevent and/or mitigate 

the cytokine response in COVID-19 patients. This proposal is based on the ability of NVS and to decrease the production 

of IL-6 and other cytokines. The potential application of the diving response (one form of vagal maneuver), that has been 

shown to confer intrinsic resistance to inflammation in the blood of diving mammals, is also discussed as adjuvant therapy 

for COVID-19 patients. 
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1. Introduction 

The recent COVID-19 pandemic that originated in December 2019 in Wuhan, China has infected 74,378,599 

individuals and caused 1,652,235 deaths (https://coronavirus.jhu.edu/map.html, data retrieved on 12/17/2020). At 

present there are few vaccines approved in US for the prevention [1] but the data on the efficacy and safety in older 

people is limited [2, 3]. In addition, it will take time to distribute the vaccine to the entire population due to limitations 

of vaccine supplies and trained health personnel [4]. Beside these vaccines, there is not specific treatment for patients 

with COVID-19 infection [5]. In addition, there is increasing clinical evidence that patients die from complications at 

present not clearly understood. Beside the expected research on antiviral drugs and vaccines, several drugs are being 

used in pilot clinical trials in a desperate race to find ways to prevent and mitigate fatal conditions associated with 

COVID-19 infection. Due to the high number of cases and deaths, simple but effective measures that can be easily 

applied to decrease the mortality can save thousands of lives. As an example, early application of prone positioning that 

demonstrated a significant decrease of 28-day and 90-day mortality [6] in patients with severe ARDS has been 

implemented to treat COVID-19 in several countries such as China [7], Spain [8]. Unfortunately, prone position can be 

applied to few COVID-19 patients: while the prevalence of ARDS among COVID-19 patients has been reported to be 
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up to 17 % [9], for several reasons, only a fraction of these ADRS patients are actually put in prone positioning [6]. For 

COVID-19 patients these numbers are similar: prone position was performed in 22 patients (49% of mechanically 

ventilated patients) in the Spanish study [8].  

It is clear that effective adjuvant therapies that can be applied to a larger fraction of COVID-19 patients will have a 

greater impact on the current pandemic. In this line, the recent proposal to use melatonin as adjuvant therapy [10], if 

proven effective, may have a great impact because it could be administered to a large fraction of patients.   

Recent findings have implicated the vagus nerve in several aspects of the disease [11-14] and prompted a reevaluation 

of this important autonomic nerve as potential target to mitigate the severity of the disease. Pharmacological 

neuromodulation of the vagus nerve to treat COVID-19 patients is an emerging area of research [15], in particular 

targeting the cholinergic anti-inflammatory pathway, has been proposed in several recent articles [16-19]. In this article 

we review the rationale behind the use of vagus nerve stimulation (VNS) and/or several forms of vagal maneuvers as 

adjuvant therapy for COVID-19 patients.  

2. Rationale and Experimental Support for the use of VNS “Early Adjuvant Therapy in 
COVID-19 Patients” 

There is increasing evidence suggesting that in severe COVID-19 patients, there are mild to severe cytokine storms 

[20]. Since interleukin-6 is a key player in cytokine storms the use of Tocilizumab (an IL-6 receptor blocker) has been 

added in several treatment regimes. Results from a single center experience (15 patients) indicate that Tocilizumab 

appears to be an effective treatment option in COVID-19 patients at risk of cytokine storm [21]. Several case-reports 

described the successful treatment of COVID-19 with tocilizumab [22-27]. In another study (32 patients) 2 of 5 survivors 

received Tocilizumab or Sarilumab, another monoclonal antibody against IL-6 [28].  

The cytokine storm is a systemic inflammatory response that, in addition of IL-6 other cytokines are involved [29].  

Indeed, the severity of COVID-19 depends on the increase in pro-inflammatory factors such as IL-1, IL-2, IL-6, IL-7, 

IL-10, granulocyte-colony stimulating factor, interferon-γ-inducible protein 10, monocyte chemoattractant protein 1, 

macrophage inflammatory protein-1 alpha, and TNF-α [5]. Thus, blocking the biological activities of these cytokines, 

and not only IL-6, may be more beneficial for COVID-19 patients. To achieve this goal a cocktail of cytokine and/or 

cytokine receptor inhibitors are needed that will likely result in higher incidence of adverse effects. As example, one 

study reported hypertriglyceridemia as adverse effects in COVID-19 patients receiving Tocilizumab [30]. 

This is why the ability of VNS to decrease the production of several cytokines can be exploited as a “paninhibitor” 

of cytokine production in COVID-19 patients.  

The “inflammatory reflex,” is a well characterized reflex neural circuit mechanism that regulate innate and adaptive 

immunity by signals traveling the vagus nerve to inhibit monocyte and macrophage production of tumor necrosis factor 

(TNF) and other cytokines [31]. Electrical stimulation of the vagus nerve has been extensively used in animal models 

and has FDA approval for the treatment of epilepsy and depression. Recently, Koopman et al. reported that electrical 

VNS inhibited peripheral blood production of TNF, IL-1β, and IL-6 in epilepsy patients. It also significantly inhibited 

TNF production for up to 84 d in RA patients [31]. TNF-α was found to be a key mediator of virus-induced M2 

muscarinic receptor dysfunction and airway hyperresponsiveness in influenza-infected guinea pigs [32]. Vagus nerve-

stimulating devices are relatively safe and well tolerated. They have not been associated with immunosuppression or 

long-term complications. They have been used for decades in patients with refractory epilepsy [33, 34] and have been 

used more recently in patients with depression [35]. Staas et al. reported the first successful outcome of two COVID-19 

patients treated with VNS [36]. This encouraging results were confirmed in an independent case report study with two 

patients using transcutaneous auricular VNS [37]. At present there are 5 registered clinical trials evaluating the benefit 

of VNS in hospitalized COVID-19 patient (Table 1). 

Table 1. Registered clinical trials using VNS to treat COVID-19 patients 

Intervention/Device Country www.clinicalTrials.gov  Identifier # 

Transcutaneous Auricular Vagus Nerve Stimulation Argentina NCT04379037 

 Auricular neuromodulation France NCT04341415 

Vagus nerve stimulation using the gammacore neurostimulation device Spain NCT04368156 

gammaCore® Sapphire (non-invasive vagus nerve stimulator) USA NCT04382391 

Yoga-based breathing support Italy NCT04413747 

Although VNS may not constitute a cure it has the potential to be used as adjuvant therapy at earlier stages to avoid 

the progression of the disease to more severe stages. The application at early stages may decrease the number of patients 

the need to be admitted to ICU, improve outcomes and decrease mortality in ICU patients. In later stages may help to 

mitigate the severity of the symptoms and sequelae in COVID-19 survivors.  

http://www.clinicaltrials.gov/
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3. Rationale and Theoretical Basis for the use of Vagal Maneuvers in COVID-19 Patients 

It is important to point out that the term “Vagus Nerve Stimulation” refers to any technique that stimulates the nerve 

vagus including: a) Manual massage and compression of the carotid artery in the cervical region of the neck (Carotid 

sinus massage, CSM) and b) several forms of paced breathing. However, at present the impact of these techniques on 

cytokine production has not been evaluated. Strictly speaking, CMS is one of the several “Vagal Maneuvers” that 

increase vagal parasympathetic tone and have several clinical applications. Vagal maneuvers include among others, 

carotid sinus massage, Valsalva maneuver, diving response and the oculocardiac reflex.  

It has been reported that vagal maneuvers induce different degree of cardiac inhibition in humans. For instance, the 

percent heart rate (beats/min) change produced by the diving response (seated) was -43 and by CSM was only -17 [38].  

These data suggest that not all “Vagal maneuvers” will induce similar changes on inflammatory cytokines and that 

further research is needed to evaluate the impact of specific vagal maneuver on cytokine secretion.  

Despite the lack of data on the above mentioned forms of vagal maneuvers on cytokine production, they deserve 

closer attention for the following reasons: i) CSM was shown to be effective in suppressing seizures [39] and is a widely 

used method for termination of supraventricular tachycardia (SVT) [40], ii) Cardio-respiratory VNS may explain the 

positive emotional and cognitive benefits attributed to deep breathing, yoga, or aerobic exercise activities, iii) 

Stimulation of the vagus nerve by acupuncture in a mouse model of endotoxemia has shown anti-inflammatory effects: 

The authors reported that manual acupuncture decreased the levels of TNF alpha in serum as well as decreased levels 

of TNF alpha mRNA and protein in spleen [41]. 

 From the practical point of view, vagal maneuvers can be easily implemented immediately during the current 

pandemic without major accommodations and economic limitations. Careful consideration should be taken regarding 

contraindications and adverse effect. In general vagal maneuvers are contraindicated in patients with unstable SVT and 

there are specific contraindications for particular maneuvers. For instance, CSM is contraindicated in patients with 

carotid bruits and patients with a history of transient ischemic attack (TIA) or stroke [42]. In these patients other types 

of vagal maneuvers could be used. The diving response or diving reflex is particularly interesting. The diving response 

is a protective autonomic response observed in marine mammals and also in humans, as a physiologic change to decrease 

oxygen expenditure [42,43]. Remarkably, it was observed that the blood of healthy northern elephant seals and Weddell 

seals (two deep-diving mammals) possess intrinsic anti-inflammatory properties: in these species the production of IL-

6 elicited by LPS exposure was 50 to 500 times lower compared to healthy human blood [44]. These observations 

suggest that the diving response may have a dual beneficial effect on COVID-19 patients: on one hand it may make the 

blood intrinsically resistant to inflammation (perhaps by a decrease in the production of cytokines and therefore 

mitigating the cytokine storm). On the other hand, it may decrease the oxygen consumption in the cells of COVID-19 

patients that are already under relatively hypoxia. In fact, it is believed that some of the effects of the diving response is 

to limit oxygen consumption by non-essential muscle groups as well as to induce bradychardia to further limit 

unnecessary oxygen consumption [43]. Indeed the diving response has been shown to have an O2-conserving effect in 

humans [45]. Niehues and Klovenski [42] provided more detailed and practical information on several vagal maneuvers 

including techniques.  

4. Rationale for the Potential Benefit of VNS and Vagal Maneuvers at Earlier Stages of the 
Disease 

At present there are four registered clinical trials aimed to evaluate the potential benefit of electrical VNS in 

hospitalized COVID-19 patients but not in ambulatory asymptomatic or with mild stages of the disease (Table 1).  

VNS and vagal maneuvers may be beneficial at earlier stages in outpatients to prevent or at least partially mitigate 

the development of the cytokine storm. The rationale for this assumption is supported by the fact that when COVID-19 

patients are admitted in the ICU they already have elevated levels of IL-6 that could have been suppressed by vagal 

maneuvers at home or in outpatient offices. Indeed, it was recently demonstrated that VNS reduced the blood levels of  

IL-6 in COVID-19 patients [37]. In addition, patients can be quickly trained to perform some form of less risky and less 

complicated vagal maneuver such as the diving response.  

5. Conclusion 

The rationale to consider electrical VNS in COVID-19 patients is supported by several studies in animal models of 

inflammation and by at least by two experimental studies in humans. While there is no experimental evidence that non-

electrical stimulation of the nerve vagus by clinically used vagal maneuvers decrease inflammation or production of 

cytokines in humans, all of them have the potential to do so because they all share a similar underlying mechanism of 

action. This proposal suggests the possibility of a pilot clinical trial during the current pandemic to first evaluate the 

potential use of VNS and vagal maneuvers in COVID-19 patients and later, if successful, to find the best alternative for 

each particular patient.   
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