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Presentation Notes
Good morning, my name is Lizzie and my topic is vagus nerve stimulation. In this presentation I will cover some anatomy and physiology of the vagus nerve, the technological principles of vagus nerve stimulation and its main clinical applications, as well as some future goals and challenges in the field. 
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• 10th paired cranial nerve
• Longest cranial nerve
• Originates from medulla oblongata
• Extends through neck, thorax, and 

abdomen
• Branches: Auricular, cardiac, pulmonary, 

and abdominal
• Afferent Fibers (80%): Sensory input to 

the brain
• Efferent Fibers (20%): Motor output to 

organs
• Functions:

• Modulates heart rate
• Controls gastrointestinal peristalsis
• Regulates bronchoconstriction
• Influences mood and immune responses

The Vagus Nerve
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The vagus nerve is the 10th of the 12 paired cranial nerves and is a critical component of the parasympathetic nervous system. It consists of two nerves—left and right—each containing approximately 100,000 fibers. While their anatomical pathways differ, as they innervate distinct regions on their respective sides, their functions are largely similar so they are often discussed together. As the longest cranial nerve, the vagus originates from the medulla oblongata, and traverses the neck, thorax, and abdomen, innervating various organs. Approximately 80% of its fibers are afferent, transmitting sensory information to the brain, while 20% are efferent, conveying motor commands to target organs. This extensive network allows the vagus nerve to modulate vital functions such as modulating the heart rate, controlling digestive processes, such as the wave-like muscle contractions that move food through the digestive tract, which is otherwise known as gastrointestinal peristalsis. The vagus nerve regulates bronchoconstriction by controlling the contraction of smooth muscles in the airways. This mechanism helps prevent harmful substances, such as irritants or pathogens, from reaching deeper parts of the lungs. It also plays an important role in mood regulation through the gut-brain axis, where gut microbiota influence the production of neurotransmitters like serotonin and GABA, which are communicated to the brain via vagal signaling. On top of this, the vagus nerve governs immune responses through the cholinergic anti-inflammatory pathway, reducing the production of cytokines—signaling proteins released by immune cells that mediate and regulate inflammation and immune responses.



• 1880s: Carotid massage noted to 
suppress seizures

• 1930s-1940s: Animal studies 
demonstrated anticonvulsant effects of 
vagal stimulation

• 1980s: Development of implantable VNS 
devices

• 1997: FDA approval for refractory 
epilepsy

• 2005: FDA approval for treatment-
resistant depression

• Current Research:
• Investigating applications in Alzheimer's 

disease, obesity, and chronic pain

History of Vagus Nerve 
Stimulation (VNS)

Va
gu

s 
N

er
ve

 S
tim

ul
at

io
n

El
iz

av
et

a 
Sh

eg
ur

ov
a

4

Presenter Notes
Presentation Notes
The therapeutic potential of vagus nerve stimulation (VNS) has been recognised since the late 19th century, beginning with observations that a manual compression of the carotid artery in the neck—could suppress seizures by stimulating the vagus nerve. Early animal studies in the mid-20th century further demonstrated that electrical stimulation of the vagus nerve influenced brain activity and reduced seizures in experimental models, including cats, monkeys, and dogs. By the 1980s, these findings led to the development of implantable VNS devices, which the FDA approved in 1997 for refractory epilepsy and later in 2005 for treatment-resistant depression. Interestingly, there is a theory that VNS might help explain the cognitive and emotional benefits associated with activities like deep breathing or yoga. It is thought that these activities may activate the vagus nerve through their effects on cardio-respiratory mechanisms, promoting relaxation and emotional well-being. While small studies suggest potential benefits of VNS for conditions like bipolar disorder, anxiety, Alzheimer’s disease, chronic pain, and obesity, these uses remain experimental and have not yet received FDA approval.




• Neural Pathways:

• Neurochemical Effects:
• Increased release of neurotransmitters: serotonin, 

norepinephrine, and GABA
• Anti-inflammatory Actions:

• Activation of the cholinergic anti-inflammatory 
pathway

• Reduction of pro-inflammatory cytokines

Mechanisms of Vagus 
Nerve Stimulation
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Vagus nerve stimulation works by delivering controlled electrical impulses to the vagus nerve, primarily targeting its afferent fibers. These impulses propagate up to the nucleus tractus solitarius in the brainstem, which receives and responds to stimuli from the respiratory, cardiovascular, and gastrointestinal systems and consequently affects higher brain regions such as the amygdala, hypothalamus, and various cortical areas. 

This neural modulation enhances the release of key neurotransmitters—including serotonin, norepinephrine, and GABA—thereby exerting antidepressant and anticonvulsant effects. Additionally, as already mentioned, VNS activates the cholinergic anti-inflammatory pathway, which leads to a reduction in pro-inflammatory cytokines, which is beneficial in treating inflammatory conditions.



• Seizures persisting despite treatment
• Affects ~30% of epilepsy patients.
• Causes:

• Structural brain abnormalities
• Genetic predispositions
• Infections

• Consequences:
• Increased risk of injury, cognitive decline, and sudden unexpected death
• Social and psychological challenges due to uncontrolled seizures

• VNS:
• Modulates brain regions involved in seizure generation (thalamus and cortex)
• Reduces seizure frequency by ≥50% in half of treated patients
• Enhances quality of life

Refractory Epilepsy
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Refractory epilepsy, also known as drug-resistant epilepsy, occurs when seizures persist despite appropriate trials of two or more antiepileptic medications at optimal doses. Seizures, in this context, are episodes of uncontrolled and abnormal electrical activity in the brain, which disrupt normal neuronal communication and can lead to changes in behavior, sensations, movements, or consciousness. 
This condition affects roughly 30% of all epilepsy patients and is often associated with structural brain abnormalities (e.g., tumors, stroke, trauma) or genetic factors. It carries significant risks, including cognitive decline and SUDEP. Vagus nerve stimulation (VNS) provides a non-pharmacological intervention that can significantly reduce seizure frequency and severity by delivering electrical impulses to the vagus nerve, which modulates brain activity through its connections to areas involved in seizure generation, such as the thalamus, limbic system, and cortex. This therapy helps stabilize neuronal excitability by enhancing inhibitory neurotransmitters like GABA, reducing excitatory signals like glutamate, and potentially decreasing neuroinflammation. Additionally, VNS improves recovery during the period directly after a seizure by regulating autonomic functions, leading to better mood, shorter recovery times, and an overall improved quality of life for many patients with drug-resistant epilepsy.



• Major depressive disorder that does not respond to 
treatment

• Affects ~10-20% of individuals with depression
• Symptoms:

• Persistent sadness, anhedonia (loss of pleasure), 
fatigue, concentration difficulties, and suicidal ideation

• Pathophysiology:
• Dysregulated neurotransmitter systems (e.g., serotonin, 

norepinephrine)
• Impaired neuroplasticity and hypothalamic-pituitary-

adrenal (HPA) axis dysfunction
• VNS :

• Improves neurotransmitter activity and neuroplasticity.
• Sustains remission in  ~27-30% of patients over long-

term follow-up
• Often combined with standard treatments like 

antidepressants or psychotherapy

Treatment-Resistant 
Depression
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Treatment-resistant depression (TRD) is a severe form of major depressive disorder that remains unresponsive to at least two adequate trials of antidepressant medications, affecting approximately 10–20% of individuals with depression. It is characterized by persistent and debilitating symptoms, including loss of pleasure (anhedonia), feelings of hopelessness, impaired cognitive function, and suicidal thoughts. TRD is associated with dysregulated neurotransmitter systems, such as serotonin and norepinephrine imbalances, impaired neuroplasticity, and dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis, which contributes to an inability to adapt to stress. Vagus nerve stimulation (VNS) offers a promising non-pharmacological intervention by modulating these key neurotransmitter systems, promoting neuroplasticity, and potentially rebalancing HPA axis activity, providing a viable treatment option for patients who have exhausted conventional therapies.



• Procedure:
• Surgical implantation of a pulse generator in the 

left chest
• Lead wires connect to electrodes wrapped around 

the left cervical vagus nerve.
• Advantages:

• Minimised cardiac side effects
• Clinical Applications:

• Approved for refractory epilepsy and treatment-
resistant depression

• Emerging evidence for use in chronic heart failure 
and inflammatory diseases.

Left Cervical Vagus Nerve 
Stimulation
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Left cervical vagus nerve stimulation involves the surgical implantation of a pulse generator in the left chest, with leads connecting to electrodes that encircle the left cervical vagus nerve. The preference for left-sided stimulation stems from safety considerations; stimulating the right vagus nerve can significantly affect cardiac function due to its predominant innervation of the sinoatrial node, potentially leading to bradycardia. Clinically, left-sided VNS is approved for treating refractory epilepsy and treatment-resistant depression. Emerging studies also suggest its potential benefits in managing chronic heart failure and certain inflammatory diseases.



• Device:
• Pulse Generator: Surgically implanted battery-

operated device placed subcutaneously in the left 
chest wall

• Lead Wires: Connect the generator to electrodes 
wrapped around the left cervical vagus nerve.

• Programmer: A handheld device used by 
clinicians to adjust stimulation parameters.

• Stimulation Parameters:
• Frequency: 20-30 Hz.
• Pulse Width: 250-500 microseconds.
• Current Intensity: Adjustable from 0.25 to 3.5 mA.
• Duty Cycle: Customizable on/off periods.

• FDA-Approved Indications:
• Refractory epilepsy (1997).
• Treatment-resistant depression (2005).

• Efficacy:
• Long-term seizure reduction in 40-50% of patients 

with epilepsy.
• Sustained symptom improvement in depression 

over 5 years.

LivaNova
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The LivaNova VNS Therapy® System is an implantable device designed to deliver precise electrical stimulation to the left cervical vagus nerve. Comprising a pulse generator, lead wires, and a programmer, it offers customizable parameters to tailor therapy to each patient's needs. FDA-approved for refractory epilepsy and treatment-resistant depression, this system has demonstrated long-term efficacy in improving patient outcomes.

The device has several side effects that vary from patient to patient and include voice alteration, shortness of breath, coughing, neck pain and nausea. These tend to occur during the stimulation and decrease over time. Being an invasive device, it of course comes with a risk of infection, especially during the surgical procedure. There are also some risks of possible device malfunction, potential nerve damage (for example if excessive stimulation occurs) and there is always a chance that the patient may not respond to this kind of treatment, although this remains small.
�




• Considerations:
• Can induce bradycardia and cardiac arrhythmias
• Animal studies have shown greater cardiac effects with right-sided 

stimulation
• Clinical Applications:

• Generally avoided due to potential cardiac risks
• Some investigational uses in controlled settings

Right Cervical Vagus
Nerve Stimulation
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Stimulation of the right cervical vagus nerve is generally avoided in clinical practice due to its substantial influence on cardiac function. The right vagus nerve predominantly innervates the sinoatrial node, and its stimulation can lead to bradycardia (low heartrate <60bpm) and other cardiac arrhythmias (irregular heart beat). Animal studies have demonstrated more pronounced cardiac effects with right-sided stimulation compared to the left. Consequently, right-sided VNS is typically reserved for investigational purposes under strict monitoring conditions.



• Procedure:
• Non-invasive stimulation through skin
• Targets auricular branch (ear) or cervical branch (neck) of the vagus nerve

• Advantages:
• Non-invasive, avoiding surgical risks
• Accessible for a broader range of patients

• Limitations:
• Lower efficacy compared to implantable VNS for severe cases.
• Inconsistent stimulation parameters and protocols across studies.

Transcutaneous Vagus
Nerve Stimulation
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Transcutaneous vagus nerve stimulation, represents a non-invasive alternative to traditional implantable devices. It primarily targets the auricular branch of the vagus nerve through the external ear or the cervical branch through the neck. The advantages of tVNS are significant—it eliminates surgical risks and is accessible to patients who may not qualify for invasive procedures. Some existing devices are approved for cluster headaches and migraines, while others are used for epilepsy and depression. However, its efficacy in severe conditions does not yet match that of implantable devices, and the lack of standardized protocols presents an ongoing challenge.



• Portable, handheld device designed for 
non-invasive vagus nerve stimulation.

• Composed of two flat stimulation 
surfaces that deliver electrical pulses

• FDA-approved for acute and preventive 
treatment of cluster headaches and 
migraines.

• Targets the vagus nerve in the neck 
region

gammaCore
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Nurosym
• Wearable device delivering transcutaneous 

auricular vagus nerve stimulation 
• Targets the tragus of the ear via a small 

electrode
• Treatment of anxiety, stress, inflammation, 

and mood disorders
• Adjustable intensity for patient comfort
• Sessions are typically conducted several 

times daily for cumulative effects

$295 $750

Presenter Notes
Presentation Notes
GAMMACORE
gammaCore is a handheld device that delivers non-invasive stimulation to the cervical vagus nerve. FDA-approved for cluster headaches and migraines, it provides an accessible, user-friendly option for managing these conditions. It has a non-invasive design and patients can adjust the intensity for comfort, with sessions lasting 90 seconds making it ideal for at-home use.However, as already mentioned, such device may not match the efficacy of implantable devices for severe conditions


NUROSYM
Nurosym is a wearable device designed to stimulate the auricular branch of the vagus nerve through the tragus. It is used for conditions like anxiety, stress, and inflammation with several sessions per day for cumulative effects. Its lightweigh, discrete design and portability make it a convenient choice for managing chronic conditions.
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Pulsetto Neuvana's Xen
• Wearable neckband device delivering 

bilateral transcutaneous vagus nerve 
stimulation

• Uses dual electrodes to stimulate 
both vagus nerves

• Treatment of stress, anxiety, and 
sleep disturbances

• App integration for personalised use

• Earbud-based system for auricular 
vagus nerve stimulation

• Stimulates the cymba concha of the left 
ear

• Provides relaxation, stress relief, and 
overall wellness

• App integration
• Synchronises stimulation with music for a 

calming experience

$269 $449

Presenter Notes
Presentation Notes

PULSETTO
Pulsetto is a wearable neckband device designed for bilateral transcutaneous stimulation of the vagus nerve. It addresses stress, anxiety, and sleep issues, offering Bluetooth-enabled controls and customizable programs to enhance user experience.

NEUVANA

Neuvana’s Xen is a unique device that combines auricular vagus nerve stimulation with auditory relaxation. Using earbuds to target the left ear’s cymba concha, it synchronizes with music for a stress-relieving experience. This innovative approach bridges wellness and technology helping patients with stress relief and overall wellness.





• Implantable VNS – Common Side Effects:
• Hoarseness, coughing, dyspnea, neck pain

• Rare Complications:
• Wound infections, lead migrations, vocal cord paralysis

• tVNS – Common Side Effects:
• Mild skin irritation, tingling, and discomfort

• Rare Complications:
• None reported due to its non-invasive nature

• Safety Measures:
• Patients with implantable devices should avoid full-body MRI and diathermy
• Device programming can mitigate side effects by adjusting parameters.

Safety and Side Effects
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Vagus nerve stimulation, whether implantable or transcutaneous, is generally well-tolerated. For implantable devices, the most common side effects include hoarseness (changes in pitch or quality of voice), coughing, and dyspnea (shortness of breath), often related to stimulation of nearby structures. Rare but notable complications, such as wound infections or lead migrations, are managed surgically if necessary. Non-invasive tVNS, on the other hand, carries minimal risk, with only mild skin irritation or tingling reported. To ensure safety, patients with implantable VNS must avoid full-body MRI and certain types of therapeutic diathermy, which is a procedure where heat is electrically induced to the body as a form of physical therapy, as these can interfere with the device. Adjusting device parameters can effectively manage most side effects.



• Epilepsy:
• 50% responder rate (≥50% seizure reduction) in drug-resistant cases
• Paediatric efficacy demonstrated with good safety profiles

• Depression:
• 30% remission rate in treatment-resistant depression (5-year studies)
• Enhanced when combined with standard care or psychotropic medication

• Emerging Conditions:
• Rheumatoid Arthritis:

 Modulates TNF-alpha levels, reducing joint inflammation
• Alzheimer’s Disease:

 Early trials show improved memory and reduced beta-amyloid plaques

Clinical Efficacy
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The efficacy of vagus nerve stimulation is well-supported by clinical data. In epilepsy, studies consistently report that 50% of patients achieve at least a 50% reduction in seizure frequency, with similar outcomes observed in paediatry. For treatment-resistant depression, long-term studies have shown remission rates of around 30%, especially when combined with standard care. Emerging research into rheumatoid arthritis suggests that VNS modulates inflammatory cytokines, reducing joint inflammation and pain. Early trials in Alzheimer’s disease also indicate potential benefits, including improved memory retention and reduced beta-amyloid plaque deposition.



• Closed-Loop Systems:
• Real-time monitoring and adjustment of stimulation parameters

• Miniaturized Devices:
• Injectables for minimally invasive applications

• Expanded Indications
• Stroke recovery: Promotes neuroplasticity and motor function improvement
• Obesity management: Modulates appetite-regulating pathways
• PTSD and anxiety disorders: Ongoing trials

• Challenges:
• Addressing patient variability in response
• Reducing costs and improving accessibility

Future Directions
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The future of vagus nerve stimulation lies in both technological and clinical advancements. Closed-loop systems, which adjust stimulation parameters based on real-time feedback, are poised to enhance therapeutic precision. Miniaturized devices, including injectables, represent the next frontier in patient comfort and accessibility. Clinical research is expanding into new indications, such as stroke recovery, where VNS appears to promote neuroplasticity, and obesity management, where it influences appetite-regulating pathways. However, challenges remain, particularly in addressing variability in patient responses and ensuring cost-effective, widespread adoption.
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