










iVNS: Implanted Vagus Nerve Stimulation



nVNS: Noninvasive Vagus Nerve Stimulation

Courtesy of electroCore, LLC.
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CN X: the great wandering protector

Silberstein et al. Headache 2015
Yuan et al. Headache 2016

• Longest cranial nerve (CN X)

• Innervates structures of head, neck, thorax, and abdomen

• 80% afferent, 20% efferent

• Involved in autonomic, cardiovascular, respiratory, 
gastrointestinal, immune, and endocrine systems

• Primarily regulates involuntary (autonomic) functions: 
• Heart rate
• Blood pressure
• Respiration 
• Digestion and peristalsis



Vagal Nerve Stimulation
• Non-invasive
• Inhibits cortical spreading depressions

• Suppresses the increase in inflammatory cytokines

• Metered dose device
• FDA approved for cluster and migraine HA

Headache. 2016;56(8):1317-1332.



Potential Indications for VNS
• Anxiety – George M, et al. Brain Stimulation.2008(1);112-21.
• Asthma – Hoffman/Emala Staats
• Alzheimer’s disease – Sjogren, et al. J Clin Psychiatry, 63:11 Nov. 2002
• Fibromyalgia – Lange, et al. Pain Medicine.2011;12:1406-13.
• Stroke – Mravec, Auton Neurosci.2010 Dec 8;158(1-2):8-12.
• Acute, Rehabilitation

• Obesity – Pardo, et al. Int J Obesity (Lond). 2007 Nov;31(11):1756-59.
• Diabetes Hypertension
• Irritable bowel syndrome
• Rheumatoid arthritis
• Liver disease ( NAFLD NASH) 



• July 10, 2020
• FDA approves nVNS for emergency use authorization 
• COVID-19 related dyspnea and reduced respiratory flow
• Hypothesis: nVNS may suppress the “cytokine storm”



Potential Targets for PNS and PNFS
Disease/Pain State Nerve Target

Occipital neuralgia post-gang C2 fibers, occipital

Headache and facial pain supra/infra orbital, temporo-auricular, trigeminal divisions, vagus

Upper extremity axillary, suprascapular, median, ulnar, radial

Axial spine dorsal cutaneous (C/T/L), medial branch

Chest intercostal

Sacral/pelvic cluneal, lateral branch, pudendal

Groin ilioinguinal, ilihypogastric, genitofemoral

Lower extremity lateral femoral cutaneous, common peroneal, genicular, femoral, sciatic, saphenous, 
infrapatellar saphenous, tibial 



PNS: Coding and Billing

•PNS lead: 64555
•PNS IPG: 64590
•Programming: 95971/95972
•Fluorography: 77002/77003
•Ultrasound: 76942



Summary
§25.3 million (11%) adults in U.S. experience daily chronic pain
§~$600 billion/year health expenditure
§Opioid epidemic
§Aging population
§ Improved PNS technology
§Cost effective compared to SCS
§Low risk, minimally invasive
§Level 1 evidence
§Favorable reimbursement

A Controlled Trial to Improve Care for Seriously Ill Hospitalized Patients.
http://jama.ama-assn.org/cgi/content/abstract/274/20/1591

http://jama.ama-assn.org/cgi/content/abstract/274/20/1591
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