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Vagal Stimulation Improves Chronic Pain and Cytokine Levels
Abstract

Periauricular Vagus Nerve Stimulation (pVNS) has been proven safe and effective
in reducing chronic pain and related comorbidities in numerous clinical studies.
This multicenter, interventional study used a non-randomized, interrupted
time-series analysis to test the efficacy of an 8-week treatment protocol using the
Stivax neurostimulator device. Subjects (n=33, 15 F, 18 M, age 40-77) were
recruited at 3 clinic sites in California and Colorado. All subjects had long-term
chronic pain and had failed other treatments. Subjects were treated with the Stivax
device 3 times (2 weeks on, 1 week off). Subjective assessments of pain (Visual
Analog Scale), disability (Oswestry Disability Index), depression (PHQ-9), and
activity (IPAQ-E) were collected at baseline and weekly. Objective blood levels of
pain-related cytokines collected at the end of weeks 2 and 8. Most subjects
reported reduced pain, disability, and depression, with increased activity levels. At
the end of week 8, subjects reported an average reduction in pain by 38.5%
(3 subjects reported no pain), depression by 43.6% (2 subjects reported no
depression), disability by 38.6% (2 subjects reported no disability), and an average
26.1% increase in activity level (5 subjects doubled their activity level). Levels of
the pain-related cytokines IL-1B, IL-2, IL-3, IL-7, IL-10, IL-15, IL-17a, IL-21,
TNF-0, IFN-y, and FLT3-ligand showed improvement at week 8. pVNS is
believed to “reset” central sensitization underlying chronic pain and other central
sensitization syndromes, engaging the body’s pain modulation systems. Our results
indicate that pVNS can clinically significantly improve chronic pain and associated

morbidities without adverse effects.
Introduction

Chronic pain affects more than 20% of adults in the United States, with 8%
suffering from chronic pain that interferes with daily life and work'. Chronic pain
can significantly reduce patient quality of life and have broad psychosocial
effects®. Much of the pathophysiology of chronic pain is different from acute pain
and can be very difficult to treat’. Periauricular Vagus Nerve Stimulation (pVNS)

is a safe and effective minimally invasive treatment to reduce chronic pain and its
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comorbidities*™". Studies of transcutaneous neurostimulation include a broad range of chronic diseases
and pain conditions as well as a large variety of subjective and objective measures of symptoms and
biomarkers. In this study, we tested the effect of pVNS on pain and pain-related comorbidities in a
sample of patients with long-term chronic pain that did not respond to standard therapy. Our results
showed improvement in subjective measures of pain, disability, depression, and activity levels, as well
as improvement in circulating levels of pain-related cytokines. This report focuses on the effect of vagal
stimulation on self-reported measures that affect quality of life and cytokines related to pain and

inflammation.
Methods
Subjects

The study population consisted of 33 subjects, aged 40-77, 15 female and 18 male, recruited across three
clinic sites in California and Colorado, USA. Informed consent was obtained from all subjects. Data
were collected during clinical visits from October 2019 through February 2020. All subjects suffered
from long-term chronic pain that failed to respond to other treatment modalities. Exclusion criteria for
this study were pregnancy, hemophilia, prescription blood thinners, cardiac arrhythmias, pacemakers,
bipolar disorder or similar psychological or psychiatric disability, drug or alcohol abuse within the past
six months, and any ongoing infection or other serious medical issues. The subject dropout rate was
6.1% (2 of 33 subjects). One subject withdrew due to discomfort while sleeping with the device
implanted, while the other withdrew due to transportation difficulties. Data from these subjects is

excluded from analysis.
Study Design

This multicenter, interventional study was modeled on a non-randomized, interrupted time-series
analysis design. During this eight-week treatment protocol, each subject was assessed during their
weekly clinic visits. Subjective assessments and objective clinical measurements were recorded. The
study design called for observing various outcome measures taken each week. The goal of these

measures was to determine the correlation with the treatment intervention.
Clinical Protocol

Subjects were examined during their first visit, and baseline assessments and clinical measurements were
taken. The Stivax neurostimulator device was applied during the first visit. The Stivax neurostimulator
electrodes were percutaneously implanted in the triangular fossa of either the left or right ear. This first
device remained activated on the test subject for two weeks and was then removed. One week after the
removal of the first device, a second device was applied for another two weeks, then removed. One week
after the removal of the second device, the third and final device was applied for the final two-week

activation period. See Figure 1 for a diagram of the experimental design.

Week 1 | 2 3 4 | s 6 7 8 9
Cycle Device 1 ON OFF Device 2 ON OFF Device 3 ON OFF
Blood & Urine ' ' t
Collected

Figure 1. Experimental Design
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Neurostimulation Device

The Stivax device (Biegler GmbH, Austria) is an FDA-approved electro-acupuncture device. The device
consists of two electrodes percutaneously implanted into the skin and retained in place with adhesive and
an electrical stimulator connected via wire. The stimulator is a constant-current signal generator that pro-
duces a square monophasic wave, delivering 200 ps pulses at 1 Hz with an adjustable current of 0.065-
1.12 mA. The device intensity (mA) is manually set based on the subject’s comfort level. The stimulator
is activated continuously during the two weeks it is worn, alternating between 40 minutes on and 20

minutes off of continuous pulses and 20 minutes of no pulses.
Outcome Measures

During each of the nine weekly clinic visits, subjects were given subjective assessments covering four
dimensions of chronic pain: pain levels, disability level, depression, and physical activity level. Blood

and urine samples were collected during the first, third, and final clinic visits.
Subjective Assessments

Weekly assessments consisted of four self-reported measures. Pain levels over the previous week were
assessed using the Visual Analog Scale (ranging from 0-10), including both the lowest (Weekly Low)
and highest (Weekly High) levels of chronic pain. Disability level was assessed using the Oswestry
Disability Index (OWI). Depression was assessed using the Patient Health Questionnaire (PHQ-9).

Physical activity levels were assessed using the International Physical Activity Questionnaire (IPAQ-E).
Objective Assessments

Blood and urine were collected at the first, third, and last visits (Figure 1). Blood serum was tested for
levels of pain-related hormones, neurotransmitters, and endogenous opiate peptides as well as
pain-related cytokines Interleukin 1p (IL-1pB), Interleukin 2 (IL-2), Interleukin 3 (IL-3), Interleukin 7
(IL-7), Interleukin 10 (IL-10), Interleukin 15 (IL-15), Interleukin 17 alpha (IL-17a), Interleukin 21
(IL-21), Tumor Necrosis Factor-alpha (TNF-a), Interferon-gamma (IFN-y), and FMS-like Tyrosine

Kinase Receptor 3 ligand (FLT3-ligand). Urine samples were also collected for toxicology screening.
Statistics

Results are reported as the mean change (A) from baseline levels measured at the initial clinic visit. The
mean A percentages were calculated by averaging A in units after week eight of the treatment program,
thus applying appropriate weighting of incremental changes versus larger deltas in units. The standard
error of the mean (SEM) was calculated by dividing the standard deviation of the sample by the square
root of the sample size (n). The highlights of this study were chosen by ranking the test results by their

mean A percentages and selecting those tests with SEMs of < 3 (lower standard errors).
Results
Subjective Measures

Most subjects reported improvement across all four subjective measures, including lower pain, disability,
and depression, and increased activity levels. Regression analysis showed a steady improvement for all
four subjective measures from baseline to week eight. At week eight, the average reduction in pain was
38.5%, the average reduction in depression was 43.6%, the average reduction in disability was 38.6%,

and the average increase in activity level was 26.1%.
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Figure 2. Weekly Pain Levels
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Pain

Chronic pain levels improved in the majority of subjects (Figure 2). Low Pain, the minimum level of
chronic pain, was reduced by 16.7%-100% in 71.0% of subjects. High Pain, the maximum level of
chronic pain, was reduced by 10.0%-100% in 77.4% of subjects. Average Pain, the average of High Pain
and Low Pain, was reduced by 11.1%-100% in 83.9% of all subjects. Weekly Low Pain was reduced by
44.0%, weekly High Pain levels were reduced by 29.8%, and weekly Average Pain was reduced by
38.5%. Average Pain was reduced by 50%-100% in 36.4% of subjects. While most subjects reported at
least a modest improvement in pain levels, some reported a 100% reduction in pain. Ten subjects
reported zero low-level pain, two subjects reported zero high-level pain, and three subjects had zero

Average Pain at week eight.

Disability

Disability levels were reduced in almost all subjects (Figure 3). The level of disability was reduced by
10.0%-100% in 93.5% of subjects. Disability was reduced by 50%-100% in 36.4% of subjects. The aver-

age disability reduction was 38.6%. The overwhelming majority of subjects reported improved disability,

with two reporting a 100% reduction in disability.
Depression

Most subjects reported a reduction in depression (Figure 4). Reduced depression was reported in 74.2%
of subjects with a range of 10.0%-100% reduction. Depression was reduced by 50%-100% in 48.5% of

subjects. The average reduction in reported depression was 43.6%, five points on the PHQ-9.
Activity
Physical activity increased in more than half of the subjects (Figure 5). Activity levels increased in

56.3% of patients, with an average increase of 26.1%. Activity levels were doubled in five subjects.
Opioid Medication Use

Average opiate/opioid medication use was reduced by 42.9%, with three subjects discontinuing all opioid

medications.
Side-Effects and Dropouts

Only one subject reported an adverse side effect during the study: discomfort during sleep due to the
implanted electrode. This subject was one of two who dropped out of the study (6.1% dropout rate); the
other subject dropped out due to weather-related difficulties traveling to the clinic. Both subjects dropped
out after week four, but both had reported improvement in pain, disability, and depression. One subject

reported an improvement in activity levels, while the other reported a decrease in activity.
Objective Measures

Sixteen pain-related cytokines showed improvement in response to therapy (Figures 6-8). Assessments of
pain-related hormones and other analytes showed high variability between individuals and did not

correlate with the treatment protocol; data are not reported here.

For all reported cytokines except IL-10, reduced levels indicate improvement in inflammation. IL-10
levels increased by an average of 144.5% above baseline at week eight. The decreases seen in all other
average cytokine levels were: IL-1f 21.1%, IL-2 22.5%, IL-3 56.5%, IL-7 29.0%, IL-15 21.2%, IL-17a
21.7%, IL-21 14.2%, TNF-a 11.4%, IFN-y 27.5%, and FLT-3 Ligand 37.8%.

Other Findings
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Figure 4. Patient Health Questionnaire (PHQ-9)
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Most subjects reported a reduction in their need for opiate pain medications, with three subjects
discontinuing opiate pain medications entirely. None of the subjects reported any major negative adverse
events related to the treatment. The subject dropout rate was 6.1% (2 of 33 subjects). One subject
withdrew due to discomfort while sleeping with the device implanted, while the other withdrew due to

transportation difficulties.
Discussion
Chronic Pain Involves Autonomic Dysfunction

The picture painted by researchers to explain the mechanisms and pathways involved in chronic pain is
complex. Chronic pain can be summarized as a dysfunctional interaction between inflammatory and
immune mechanisms, and autonomic dysfunction leading to maladaptive neuroplasticity. Vagus nerve
stimulation has proven to be a valuable tool for treating pain and other pathologies that involve
autonomic dysfunction, including heart disease and metabolic syndrome'*'*. The vagus nerve is a
desirable target for therapeutic intervention. Cervical and auricular branches of the vagus nerve are ecasy
to non-invasively access, allowing external, transcutaneous electrical stimulation of both afferent and
efferent nerve fibers. Additionally, the vagus nerve is involved in multiple bodily mechanisms and

influences the hippocampal-pituitary-adrenal (HPA) axis, brain-gut axis, and other pathways™"*.

Pathophysiology of Chronic Pain

The underlying mechanisms of chronic pain have slowly been elucidated over the past few decades,
revealing the important roles of inflammation, immune function, autonomic dysfunction, and central

s 12,142
sensitization (CS)>'>'*%.

Inflammation, Immunity, and Pain

Research has also shown a complex interplay between inflammation and the immune system in pain,

including syndromes with chronic pain'®'7?***?%3  Elevated levels of pro-inflammatory

13,36-38 9,39

cytokines'**'**** hormones , and altered neurotransmitter levels™” are associated with a wide

range of chronic pain conditions®®% ! 1217.18.25.26.2831.344042 " Phege cytokines and other peptides can

serve as both biomarkers of inflammation and chronic pain'®!®2331:3440

as well as therapeutic
targets®**>*_ Neuroinflammation is one important aspect of chronic pain conditions associated with
depression, a significant comorbidity of these conditions*. Neuroinflammation also influences
maladaptive neuroplasticity, rewiring the brain to be more sensitive to pain®'®, due in part to a shift in the

function of GABA-ergic neurons from inhibitory to excitatory activity'***.

Central Sensitization

Central sensitization is a relatively new unifying concept to describe the pathological “amplification” of

otherwise non-noxious stimuli'®*’

in chronic pain and disorders such as fibromyalgia, myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS), and others™'*?***. The sympathetic nervous
system plays an important role in modulating the communication between peripheral sensory nerves and
the central nervous system and has proven to be a good target for therapy to address conditions with
chronic pain***®. The vagus nerve (cranial nerve 10) is the primary parasympathetic innervation of the
body, affecting everything from heart rate to gastrointestinal motility. Auricular branches of the vagus
nerve travel through the outer ear, making it a useful location to “access” the vagus non-invasively.
Transcutaneous vagal nerve stimulation is known to induce the release of neurotransmitters and

9,48

endogenous opioid peptides, such as endorphins®*, and improve inflammatory cytokine levels* in

patients with chronic inflammation.
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The results of this study demonstrate that pVNS can decrease chronic pain, disability, and depression
while improving pain-related limited activity in persons with chronic pain that has not responded
satisfactorily to other treatments. Additionally, pVNS can lower elevated pro-inflammatory cytokines
and raise levels of the anti-inflammatory cytokine IL-10. This adds further credence to other studies that
have shown similar types of symptomatic and physiological improvement in study populations with

various chronic conditions* &8 10:4548-51

Notably, patients in this study showed symptomatic
improvement within a relatively short time frame of eight weeks, with several subjects reporting
complete remission of pain, disability, or depression at the end of the study. Symptomatic improvement
was seen in the majority of subjects after only one week of neurostimulation. For pain-related cytokines,
results were mixed at the end of week two, with some showing improvement and others worsening.
However, at the end of week eight, there was a clear improvement in the average levels of pain-related

cytokines.

While lacking statistical significance, this study's improvement in subjective and objective pain-related
measures was clinically significant. A definitive majority of subjects saw at least modest improvement in
one or more measured domains, with several reporting a 100% reduction in pain, depression, or
disability. These results are encouraging, especially for a minimally invasive treatment with no adverse
events reported in any subjects aside from one subject who quit the study due to ear discomfort from the

implanted electrodes during sleep.
Improved Cytokine Levels and Symptom Severity

A correlation between improved symptoms and decreased biomarkers of inflammation is expected, given
what is known about the effects of cytokines in the body. Only two blood samples were collected from
subjects during treatment. While this minimizes the risk of adverse events, it may limit the analysis of
potentially illuminating alterations to the cytokine profile throughout treatment. However, a much larger
sample size would be needed to detect statistically significant changes in pain-related biomarkers since
cytokine levels and subjective assessments showed high variability within the study population. The

results of this study both support and are supported by the results seen by numerous other researchers*>*

10,49

Clinical Significance

The most important outcome of this study is the impact of symptomatic improvement on the quality of
life. With only 33 subjects in the study, two patients experienced complete remission of their chronic
pain and 10 patients in total experienced reduced low-level pain to zero throughout the study. All
subjects experienced at least a low level of chronic pain at baseline, meaning they had no pain-free days
in the week prior to treatment. Such improvement is remarkable and potentially life-changing, especially
in individuals who have suffered from chronic pain for years without finding relief. The reduction in
opioid medication use is also important. There was an average 42% reduction in opioid use, with three
subjects discontinuing opioid pain medication entirely. Any reduction in chronic opioid use is potentially
significant on both an individual and societal level, given the high potential for dependence, abuse, and
hyperalgesia, as well as their dubious effectiveness for treating chronic pain®*~’. Wider use of pVNS
therapy can potentially improve the lives of people with chronic pain and other conditions ranging from
metabolic syndrome to inflammatory arthritis, as well as unusual and difficult-to-treat conditions like
fibromyalgia and ME/CFS.
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Study Limitations

The primary limitation of this study is the small sample size (n=33). For all reported measures,
variability within the sample group was high, resulting in a high standard error. Given the small sample
size and high SEM, it is unclear how well the study population represents a broader population with
chronic pain. However, the exclusion criteria for this study were intentionally somewhat broad to
diminish any confounding effects from serious medical conditions which can potentially affect the
subjective and objective measures used. Many complex medical conditions are associated with chronic

pain, but they can have vastly different overall pathologies.

Further studies with larger population samples are needed to achieve statistical significance with these
measures. Additionally, longer term surveillance of patient outcomes may prove useful to reveal how
long these symptomatic and physiologic changes persist after treatment. A larger sample could also
facilitate the analysis of multiple factors that may influence treatment response, such as age, sex, site of
pain, and underlying injuries or illnesses. A large-scale study with a large number of participants with
various central sensitivity syndromes (including fibromyalgia, ME/CFS, and other conditions) could
prove to be highly effective at uncovering how pVNS specifically affects central sensitivity as it relates

to chronic pain.
Summary

Non-invasive Periauricular vagus nerve stimulation using a Stivax or similar device can be an effective
treatment for chronic pain, even in difficult-to-treat patients. pVNS is safe, effective, and cost-effective
compared to long-term pharmacotherapy or surgical interventions for chronic pain. It carries much less
risk of adverse side effects than those therapies. pVNS should be considered as an early intervention for

chronic pain in eligible patients to treat not only pain but also underlying autonomic dysfunction.
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