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ABSTRACT

We report two individuals who successfully recovered from COVID-19-induced ARDS after being treated with
transcutaneous auricular vagus nerve stimulation (taVNS). In the first case, taVNS was started after eleven
hospital days of continual deterioration despite mechanical ventilation along with supportive therapy of steroids,
antibiotics, and immunoglobulins. On the twelfth day of hospitalization, taVNS was begun four times daily,
resulting in sudden improvement in oxygenation. There was a concomitant reduction of c-reactive protein from
109.6 ug/mlL to 10 ug/mL. After nine days of taVNS therapy, the patient's improved respiratory function improved
enough that she was able to be extubated. No additional treatments had been added or changed during this time.
After twenty-seven days of hospitalization, the patient was discharged to home without supplemental oxygen. The
second case involves taVNS therapy in the home setting. After nineteen days of progressive deterioration, the
patient's oxygen saturation declined to 90% on room air before taVNS treatment was instituted. After tens days of
taVNS treatment three times daily, his oxygen saturation had climbed to 97%, and by day 25 of VNS therapy, the
patient felt he was fully recovered.

taVNS is capable of improving regulation of the inflammatory response in other clinical conditions such as
autoimmune disorders in humans and septic shock in animal models. We suggest that transcutaneous auricular
vagus nerve stimulation is potent enough to improve the clinical course of COVID-19 associated ARDS because of
its potential to minimize the clinical deterioration associated with the immunological surge known as the cytokine
storm. taVNS is a safe and potentially efficacious treatment for COVID-19 ARDS.
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Abbreviations

ARDS: Acute Respiratory Distress Syndrome; CAP: Cholinergic
Anti-inflammatory Pathway; CRS: Cytokine Release Syndrome;
CRP: C-Reactive Protein; IL: Interleukin; TNF: Tumor Necrosis
Factor; VNS: Vagus Nerve Stimulation.

Introduction
As the severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) pandemic continues and thousands of individuals die daily
from COVID-19 worldwide, a more effective therapeutic option
is essential. A dramatic cytokine storm characterizes infection
with SARS-CoV-2 in some patients with COVID-19 [1]. Often
referred to as Cytokine Release Syndrome (CRS), this storm is due
to the release of high levels of pro-inflammatory cytokines such as
interleukin (IL)-1 B, IL-6, tumor necrosis factor (TNF), chemokines
by respiratory epithelial, dendritic cells, and macrophages. The
surge of pro-inflammatory cytokines has the potential to contribute
to the multitude of pathological changes seen in severe COVID-19
patients (Figure 1).
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Figure 1: Potential negative impact of cytokine release syndrome.

Several drug therapies are being studied to target the surge
of inflammatory cytokine with attention towards non-drug
therapeutic strategies targeting inflammatory and immunological
processes that may be useful for reducing COVID-19-induced
complications and improving patient outcomes (Figure 2) [9,10].

* Tocilizumab
¢ Interleukin (IL)-6 inhibitors
* Corticosteroids

* Programmed cell death protein (PD)-1/PD-L1
checkpoint inhibition

* Cytokine-adsorption devices

* Intravenous immunoglobulin

Figure 2: Drugs used to suppress cytokines in COVID-19.

We hypothesize that CRS can be lessened with a subsequent
improvement in the patient's clinical outcome by activating the
vagal-driven cholinergic anti-inflammatory pathway (CAP).
Boezaart et al. published a case report of two individuals with
COVID-19 who experienced significant reductions in IL-6 and
CRP levels using 60 minutes of taVNS per day. Both individuals
had COVID-19 pneumonia and were essentially free of respiratory
symptoms by the end of the treatment course (16 and 18 days)
with taVNS [11]. Additionally, Staats et al. reported on the clinical
improvement in two individuals with SARS-CoV-2 respiratory
symptoms [12].

We conducted an uncontrolled trial of taVNS in which hospitalized
COVID-19 patients requiring supplemental oxygenation were
treated with taVNS four times daily. The treatments with taVNS
were well tolerated, and when compared to other hospitalized
COVID-19 cohorts, the use of taVNS was associated with
decreased mechanical ventilation requirements and low mortality
rates [13].

First described by Borovikova and Tracey, the CAP controls
cytokine release via afferent vagal signaling into the dorsal vagal
complex (DVC) [14,15]. The DVC is responsible for receiving and
processing that vagal afferent signaling [14-16]. After the impulse
is analyzed by the DVC, efferent impulses via sympathetic (spinal

cord) and parasympatheitic (vagus nerve) pathways result in the
release of acetylcholine (ACh) secretion at the site of injury that
terminates the release of pro-inflammatory cytokines.

Individuals may have suppressed vagus nerve functionality
partially reflected in low heart rate variability (HRV). Depressed
vagal tone leads to functional impairment of CAP, resulting in
excessive cytokine distribution (cytokine storm) followed by tissue
injury, pulmonary dysfunction, ARDS, and immune suppression.
Suppressed HRV has been associated with the severity of
COVID-19. Hospitalized patients whose HRV parameters did
not improve required more time to clear the virus and recover
clinically [17].

The CAP is a neural reflex capable of decreasing the release
of pro-inflammatory cytokines and is modulated by the vagus
nerve. Electric neuromodulation of the vagus nerve inhibits
TNF synthesis during endotoxemia, ischemia/reperfusion injury,
hemorrhagic shock, septic peritonitis, and other excessive cytokine
disorder modulation during endotoxemia ischemia/reperfusion
injury, hemorrhagic shock, septic peritonitis, and other excessive
cytokine disorders [18].

Vagus nerve stimulation (VNS) can play an essential role in
managing patients with SARS-CoV-2 infection [18]. The vagus
nerve widely innervates multiple organs, especially the lungs and
gastrointestinal tract. When the electrical stimulation is applied
transcutaneously at the ear (taVNS), afferent fibers are stimulated,
thereby activating the central autonomic network and resulting in
activation of the efferent fibers of both the right and left vagus
nerves as well as sympathetic fibers within the spinal cord and
potential activation of the HPA axis [19]. The cumulative effect of
taVNS is the improvement of the inflammatory modulation [18].
taVNS therapy is uncomplicated, safe, inexpensive, and treatment
might suppress the CRS enough to improve the clinical course in
COVID-19 patients requiring hospitalization (Figure 3).
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Figure 3: Potential beneficial effect of vagus nerve stimulation in
COVID-19 patients. (Modified from Bonaz) [24].

We present two case reports of individuals whose clinical
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deterioration was reversed with the use of taVNS. The first case
is a woman hospitalized with COVID-19 pneumonia and ARDS
whose clinical condition had deteriorated to the extent that the
managing physician told the patient's family that she had "zero
chance of survival." The second case is a gentleman who refused
to be taken to the hospital although his respiratory function from
SARS-CoV-2 infection was rapidly deteriorating.

Case Report #1

The patient is a 66-year-old Caucasian woman living in Bulgaria.
She received her first AstraZeneca vaccinations against SARS-
CoV-2 on February 25th. But within one week, she began having
symptoms of dry cough, fever, shortness of breath, faintness,
fatigue, bedridden, abdominal pain, diffuse muscle and joint pain.
On March 7th, she was taken to the emergency room. Her blood
pressure was 90/60, pulse rate was 110, spO, was 80%, and her chest
x-ray showed bilateral pulmonary infiltrates. She was hospitalized
with a presumptive diagnosis of COVID-19 pneumonia. The
following day she tested positive for SARS-CoV-2 (PCR).

The patient's daughter was familiar with publications discussing
the potential benefit of taVNS in COVID-19 [13,19-21] and had
access to a taVNS device (Nemechek Technologies LLC) used
at home on her son with autism as part of an anti-inflammatory
treatment regimen [22]. After discussion with her mother's
managing physician, the physician agreed to start her on a course
of taVNS therapy four times daily which the physician himself
would administer. The following is an outline of her clinical course
before and after the initiation of taVNS. Data was compiled from
the hospital discharge report, family testimony, and photographs
of the bedside vital sign monitoring and mechanical ventilator
display screens.

Respiratory Function Deteriorates Before the Use of Vagus
Nerve Stimulation

The patient's condition continued to deteriorate, and within two
more days, she was placed on mechanical ventilation. Despite
aggressive medical therapy, her respiratory function declined even
further over the following ten days.

By hospital day 12, she required high concentrations of inspired
oxygen (FiO, = 89%) along with high ventilator pressures (PEEP
= 5 mmHg) to keep her oxygen saturation level (Sa0,) at 92%.
(Figure 4). Further increases in the intensity of mechanical
ventilation would start to damage her lungs further and only
worsen her condition. Because of her steady deterioration despite
aggressive medical treatment that her managing physician
informed her family that the patient, their mother, had "zero
chance of survival".

Clinical and Laboratory Improvements after Starting Vagus
Nerve Stimulation

On the 12 day of hospitalization, transcutaneous auricular taVNS
(10 Hz, 800 uS with voltage below perceptive threshold) was

begun for 5 minutes, four times per day, and was administered by
a physician overseeing her care in the critical care unit.

Hosp Day MechVent ? SpO2 FiO2 PEEP Ppeak
1 N 8o Room Air
3 N 75 Mask O2
12 Y 92 8g 5 38
15 Y 94 66 3 35
20 Extubated 92 57 o 25

Day 1 —Admission to hospital

Day 12— taVNS therapy started

Day 20 — Removed from ventilator

Day 28 - Discharged home from hospital without oxygen (not shown)

Figure 4: Case #1 - Oxygenation and mechanical ventilation indices.

Within 24 hours of initiating taVNS, the patient's c-reactive
protein (CRP) dramatically declined from 109.6 pg/mL to 10.1 pg/
mL. After three days of taVNS, the patients' SpO, had increased
from 92% to 94%, while fiO, levels declined from 89 to 66%,
and PEEP declined from 5 to 3 mmHg. Lung compliance steadily
improved, with Ppeak values declining from a high of 38 mmHg
down to 25 mmHg at the time of extubation (Image 1). Her chest
x-ray findings were improving as well (Figure 5). After eight days
of taVNS therapy, she was extubated and placed on a high-flow
oxygen mask.

Hospital Day 20
Vent Day 16, VNS Day g

Hospital Day 12
Vent Day 9, VNS Day 1

Image 1: Improvements in Respiratory Function with taVNS.

Hospital Day 1 - Homogeneous spotted shadings covering almost entirely the
right thoracic half and in the left thoracic half pericardially - consistent with
inflammatory-infiltrative process

Hospital Day 3 - Homogeneous spotted shadings covering almost entirely the
right thoracic half and in the left thoracic half pericardially — consistent with
inflammatory-infiltrative process

Hospital Day 15 - The inflammatory process described on 7/03/2021 are in stages
of partial resorption.

Hospital Discharge Day - The inflammatory infiltrates had resolved completely.

Figure 5: Chest radiograph findings.
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At the time of discharge (hospital day 28), the patient was afebrile,
her laboratory markers for inflammation had normalized, and her
chest x-ray showed resolution of her pulmonary infiltrates (Figure
5). She was discharged home on oral antibiotics but without the
requirement of home oxygen.

CRP improves with Initiation of taVNS

The patient's C-reactive protein (CRP) level was highly elevated
during the first ten days of her hospitalization. After the first day
of treatment with taVNS, the patient's CRP level dramatically
dropped by 90% (Figure 6).

Hospital Day CRP Level (ug/mL)

(Aa?n?i!silon) =
Day 2 96.6
Day 10 109.6
Day 12

(VNS Tx Starts)
Day 13 10.1

Figure 6: C-Reactive Protein measurements.

Relapse After Discharge from the Hospital

From a respiratory standpoint, the patient felt reasonably well
after being discharged, and taVNS was discontinued ten days
later. According to the family, within 24 hours of stopping taVNS
at home, the patient developed a mild fever. Two days later, her
oxygen saturation had declined to 50% (SpO,). Cefuroxime and
home O, were started, but the taVNS was not for some inexplicable
reason. The patient generally struggled from a respiratory
standpoint and refused to be re-hospitalized. After fourteen days
of not improving with antibiotics and home oxygen, taVNS
therapy was restarted, and within two weeks, her fever subsided,
and her oxygen saturation levels had improved to 93% without
supplemental oxygen.

She is now being maintained on a 5-minute, twice-daily regimen
of taVNS as maintenance for the near future (Image 2).

Image 2: Patient using taVNS.

Method of Transcutaneous Auricular Vagus Nerve Stimulation
The patient received 5 minutes of transcutaneous vagus
nerve stimulation (tVNS) four-time daily with an electronic
neuromodulation device (Nemechek Technologies LLC). The
taVNS device delivers stimulation at 10 Hz, 800uS, biphasic
pulse wave with the voltage supplied at 10v below the perception
threshold over 5-minute intervals.

The electrical stimulation was delivered through a small clip that
makes contact within the concha and the back of the ear (Image
3). The ear and the clip contact points are cleaned with an alcohol
swab before each treatment. After the placement of the clip, the
voltage was slowly increased until the subject can perceive the
current. The voltage was set just below the level of perception by
gradually reducing the current until it was no longer detectable by
the subject.

o)

Image 3: Concha Clip Placement.

Case Report #2

The patient is a 69-year-old Caucasian male (#160, 5'9") from the
United States with a history of myocardial infarction (coronary
bypass at age 65), severe migraine headaches, and gastroesophageal
reflux. He is on a chronic medication regimen of atorvastatin,
amlodipine, famotidine, clopidogrel and propranolol.

The patient began feeling ill with a dry cough, myalgia on Day 1
(August 18th). On day 4 of his illness, the cough and myalgia had
not resolved, and the patient tested positive for SARS-CoV-2 via
rapid antigen testing.

On day 15 of his illness, his coughing began worsening and
was now accompanied by other symptoms such as chills and
generalized weakness. Examination revealed clear breath sounds,
and his vitals were unremarkable (130/70 with a pulse rate of 73
bpm), and oxygen saturation was 97% at rest (Figure 7). By day 17
of his illness, audible wheezing was now present, and the patient was
experiencing significant shortness of breath when ambulating short
distances. He refused to seek any medical care outside of the home.

On day 19 of his illness, his oxygen saturation had declined to
90% while at rest. Breath sounds were greatly diminished. Cough,
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Days Symptomatic VNS Use SpO2 FiO2 Lung Exam
15 N 97 Room Air Clear
17 N Room Air Wheezing
19 Daya 90 Room Air Diminished
21 Day 3 93 Room Air
22 Day 4 94 Room Air Wheezing
28 Day 1o 97 Room Air Clear

Day 1 - lliness begins
Day 19 — taVNS therapy started
Day 28 — Patient feels fully recovered

Figure 7: Case #2 - Oxygenation and mechanical ventilation indices.

fatigue, and shortness of breath continued to worsen. His blood
pressure and heart rate were 130/70 and 70 bpm, respectively.

After again refusing to be taken to the nearby emergency room,
he was willing to try transcutaneous auricular vagus nerve
stimulation (taVNS). His daughter was aware of our study report
from Argentina and had a taVNS device at home for her son with
autism.

He used the taVNS device three times per day, and the stimulation
parameters were 10 Hz, 500 uS, and voltage adjusted to a level just
below the perception threshold. The electrical contact consisted of
a clip with two electrodes that rested over the concha and the back
of the ear.

After starting taVNS, the patient's breath sounds and lung function
steadily improved. Within two days of starting taVNS therapy, his
oxygen saturation had increased from 90% to 93% at rest. The
wheezing in his lungs had resolved, and breath sounds were clear.

By the 4" day of taVNS therapy, the patient's oxygen saturation had
increased further to 94 %, and he felt well enough to go bowling
but was disappointed that his scores were lower than his average.

By the 10% day of taVNS therapy, his oxygen saturation was at
97% at rest, but he still feels exhausted after minimal exertion
but admits to feeling stronger every day. At this point, the taVNS
was reduced to once daily. By the 25" day of cumulative taVNS
therapy, he reported his energy levels being back to normal. No
other medical treatments were used during his illness.

Discussion

While vaccination against SARS-CoV-2 improves hospitalization
and mortality rates in wealthier countries, shortages of SARS-
CoV-2 vaccines and basic medical supplies such as oxygen
contribute to widespread death from COVID-19 [23]. The use of
a vagus nerve stimulator offers a treatment option that, combined
with the best current medical strategies, holds the potential to alter
the clinical course in hospitalized individuals infected with SARS-
CoV-2.

These two case studies demonstrate the rapid ability of taVNS
to improve respiratory function in individuals infected with
SARS-CoV-2 quickly. Both subjects showed severe declines in
oxygenation that quickly reversed within a few days of initiating
taVNS for 5 minutes three to four times per day.

Implementation of taVNS as a treatment option can be instituted
quickly within any hospital or home setting. Technicians can be
trained very quickly, taVNS is safe, the devices are inexpensive, and
can be run off an inexpensive smartphone or tablet. Like a fingertip
pulse oximeter, a single device can be easily decontaminated and
used among multiple patients.

Electrical stimulation of the vagus nerve can modulate the working
point of the inflammatory response in a wide variety of potentially
lethal medical conditions (endotoxemia, ischemia/reperfusion
injury, hemorrhagic shock, septic peritonitis) [18]. A growing
number of publications agree with our position that taVNS can
blunt the surge of inflammatory cytokines found in COVID-19
pneumonia and could favorably alter the course of the illness [11-
13,20,21].

Treatment of patients with taVNS offers them a potentially
beneficial, safe, and inexpensive therapy when faced often with
little to no other options in many resource-limited healthcare
systems.

Conclusion

This case report shows the dramatic potential benefit transcutaneous
auricular vagus nerve stimulation (taVNS) can have on a patient in
respiratory failure from SARS-CoV-2 infection.

The development of non-invasive vagal nerve stimulation (taVNS),
a non-pharmacological adjuvant, may help reduce the burden of
COVID-19 on healthcare systems and deserve to be investigated.
The aim of this paper is to promote further studies assessing non-
invasive VNS as an adjuvant treatment for the management of
COVID-19.
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