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Balance is the key to success..

Source: Research Gate
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Meningeal branch to dura mater (sensory)
Auricular branch (sensory) from external 
auditory meatus, tympanic membrane

Pharyngeal branches to pharyngeal plexus (motor)
Cervical cardiac branches (visceral afferent parasympathetic) 

Tracheal (sensory)
Superior laryngeal N (Mixed) - Internal (sensory) and External 

(motor) branches
 Right recurrent laryngeal nerve (mixed)

Left recurrent laryngeal nerve (mixed)
 Thoracic cardiac branches

 Pulmonary branches
 Esophageal branches

Esophageal branches
Gastric branches
Hepatic branches

 Celiac branches (from posterior vagal trunk)
Pyloric branch to pyloric antrum nerves of Laterjet ( from anterior vagal trunk)

Renal branches
Intestinal branches to left colic flexure
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Netter’s Neuroscience Atlas



 



 
 

 

Nucleus Location Fibers Innervation Lesion

Nucleus Ambiguus Medulla Somatic Motor Muscles of the soft 
palate, the pharynx, 
and the larynx and 

control speaking and 
swallowing

Dys/Aphonia (RLN)
Dysphagia

Decreased gag
(efferent limb)

Deviation of uvula

Dorsal motor nucleus 
(autonomic parasymp 
preganglionic fibers) 

Medulla Visceral and 
Autonomic Motor

Autonomic innervation 
to the heart, the lungs, 

the GI tract to the 
descending colon

Tachycardia
Arrhythmias 

Delayed gastric 
emptying

Rostral Nucleus 
Solitarius 

Medulla Special sensory fibers 
from Nodose (inferior) 

ganglion

Taste buds in the 
posterior pharynx

(minor role in taste)

Loss of taste

Caudal Nucleus 
Solitarius

Medulla Visceral sensory fibers 
from Nodose (inferior) 

ganglion

General sensation 
from the larynx, the 

pharynx, thoracic and 
the abdominal viscera

Spinal nucleus of CN V Medulla Somatic sensory fibers 
Jugular( Superior) 

ganglion 

General sensation 
from the external 
auditory meatus
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Somatic sensory- General sensation 
from the external auditory meatus, 
tympanic membrane, dura mater of 

posterior cranial fossa

Visceral sensory - sensation from the 
larynx, the pharynx, thoracic and the 

abdominal viscera

Special sensory – minor role in taste 
sensation from the root of the tongue 

and the epiglottis

Vagus Nerve Sensory function



Vagus Nerve Motor Function (somatic)
Muscles of larynx and pharynx responsible for 

phonation and swallowing
Pharynx (pharyngeal branches) except 

Stylopharyngeus (CN IX)
Larynx by Recurrent laryngeal N. and external 

branch of the Superior laryngeal N.
Palatoglossus  of the tongue and majority of the 

muscles of the soft palate (except Tensor Veli 
Palatini)

Striated muscles in the superior two thirds of 
esophagus



Vagus Nerve Parasympathetic Function 
    (visceral motor)

Parasympathetic outflow to the thoracic and abdominal 
viscera
Cardiac branches – parasympathetic innervation to the SA 
node and AV node ( keep HR under control), coronary arteries
Parasympathetic innervation to the smooth muscles and 
glands of the trachea , bronchi
Parasympathetic innervation to the abdominal viscera – 
esophagus, stomach, intestinal tract up to the splenic flexure.
Function of the vagus N. is to stimulate smooth muscle 
contractions and glandular secretions in these organs.
For example – increasing rate of gastric emptying
  Stimulating gastric acid secretions 
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DYSFUNCTION
 
 

 



Location Unilateral/Bilateral Presentation

Pyramidal lesions
Cortical lesions like stroke

Nuclei of X receive bilateral innervation.
Unilateral lesions – asymptomatic
Bilateral lesions of corticobulbar tract – PSA 
dysphagia, dysarthria, emotional lability

Extrapyramidal lesions Movement disorders of larynx include Parkinson’s , 
essential tremors, spasmodic dysphonia

Irregular vocal production- strained voice, tremor 
or pitch variability
Hypokinetic dysarthria
Impaired swallow – drooling.

Medullary lesions both UMN and LMN 
presentation

Post polio syndrome
Syringomyelia
Arnold-Chiari malformation
Motor neuron diseases- ALS, PLS, Progressive 
bulbar palsy, SMA

Laryngeal paralysis
Dysarthria
Dysphagia
Palatal weakness leads to regurgitation of liquids
Hypernasal voice
Tongue fasciculations

Peripheral nerve lesions
Can affect CN IX, X, XI

Vagus passes through CPA, so CPA lesions mainly 
Vestibular Schwannomas 90 percent
Skull base osteomyelitis, tumors, trauma/fracture

SN hearing loss
Disequilibrium
Ipsilateral vocal cord, palate, shoulder weakness
Retropharyngeal lesions may cause tongue 
weakness, Horner’s syndrome

Neuro Muscular Junction lesions Myasthenia Gravis Larynx involvement – hoarseness, vocal fatigue
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   Electrical stimulation of the brain
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Different types of stimulation
Transcranial Magnetic Stimulation

Transcranial Direct Current Stimulation
Deep Brain Stimulation

Cranial Nerve Stimulation

 
 

 



 

Bhattacharya et al. DBSTDCSTMS

VNS



Cranial Nerve Stimulation
 Specialized PNS arising directly from brain

Targeted stimulation of specific neurons
Therapeutic or experimental 

Can be used as a substitute to natural stimulus
Can be used in disorders of sensory impairment
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Cranial Nerve Stimulation
 

 
 

 

1st 
axon

1st order 
neuron

2nd 
axon

2nd 
order 

neuron

3rd 
axon

3rd 
order 

neuron

Cerebral 
cortex

Extracranial site Brainstem Thalamus

1st axon
1st 

order 
neuron

2nd axon
2nd 

order 
neuron

Innervate 
organs, 
smooth 
muscle

Exit 
cranium

Afferent Pathway

Efferent Pathway

Cortex Brainstem



VAGUS NERVE STIMULATION
(VNS)
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Olsen et al. 

Basis for VNS: Vagus nerve connections allow it to modulate the functions of higher brain center 



MECHANISMS (THEORIES)
 
 

 



 

Exercise is the best medicine..
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ADVERSE EFFECTS

 



 

Body fitness is brain fitness..

Ben-Menachem et al.
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HOW TO MITIGATE ADVERSE EFFECTS

 



 

VNS

Selective

Fiber selective

Spatial selective

Anodal block, 
KES, Neural 

titration

Nonselective

Fibers are organized into fascicles
Vary in diameter and conduction 

velocity
A- largest and fastest

C- smallest and slowest
Fascicles – fibers  one type or both 

Bimodal
Also arranged somatotopically 

according to end organ
Anatomic variation between species



 

Things are firing up now.. You will be alright!
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Spring forward to reach new heights..
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Invasive VN Non-invasive VN

Electrode wrapped around L vagus N External devices deliver electrical impulse

Continuous stim over long term Trans cutaneous and trans auricular

Epilepsy, mood, depression, chronic pain, 
migraines, cluster HA, HF, AD, obesity

Stimulate cutaneous nerve

VNS therapy, CardioFit, BioControl Medical GammaCore (nVNS) (HA) and 
NEMOS(tVNS) (resistant epilepsy)

Under supervision of MD/Clinician Patient controls VNS stim intensity

AE- surgery related infection, VC paralysis, 
facial weakness, bradycardia, asystole, 
complete heart block
AE- sim related voice alteration, cough, 
dyspnea, parasthesia, HA, pain

Stim related discomfort, pain, HA, nausea



 

Spring forward to reach new heights..
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Pathophysiology
Indications after stroke

 



 

Exercise is the best medicine..
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            How can we improve recovery ? 

 



 

Patient 
factors

Therapy 
factors

Reactive 
synaptogenesis 
unmasking of 

dormant neural 
pathways



       

 



Takeaway

VNS is a promising approach
VN anatomy need to be further explored

Better selective techniques
More precise approach to mitigate side effects

Effect of anti-inflammatory response on long term use 
Standardized stimulation parameters

Better reproducibility
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Paired Vagal Nerve Stimulation (VNS) for upper extremity motor 
recovery in post-stroke patients

Part II: Patient Selection, Implantation Process, Therapy Course, 
and Outcomes
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Outline

• Pathophysiology of vagal nerve stimulation (VNS)
• Device
• Patient selection
• Implantation process
• Therapy course
• Outcomes
• Protocol - Ochsner Covington 



Patient Selection



Patient Selection

• Chronic ischemic stroke
• Moderate to severe arm impairment
• Not to be used if patient has history of bilateral or left cervical 

vagotomy. 

• In conjunction with Fugl-Meyer Assessment for Upper Extremity 
(FMA-UE)



Fugl-Meyer Assessment (FMA)

• Index to assess the sensorimotor impairment in individuals who have had a stroke
• Proposed in 1975 as a standardized assessment test for post-stroke recovery

• Total of 5 domains: 
1) Motor function (UE maximum score = 66; LE maximum score = 34)
2) Sensory function (maximum score = 24)
3) Balance (maximum score = 14)
4) Joint range of motion (maximum score = 44)
5) Joint pain (maximum score = 44)

• Items scored on a 3-point scale: 
• 0 = cannot perform; 1 = performs partially; 2 = performs fully 
• Maximum Score = 226 points 



Fugl-Meyer Assessment (FMA)

•  Equipment required:
• Tennis ball
• A small spherical shaped container
• A tool to administer reflex tests
• Enough space is needed for a patient to move around freely
• If possible, space should be a quiet, private room with few distractions

• Time to administer = 30 minutes



Fugl-Meyer Assessment Upper Extremity (FMA-UE)

https://www.gu.se/en/neuroscience-physiology/fugl-meyer-assessment



Implantation Process



Implantation Process

• Outpatient procedure by 
Neurosurgery 

• Generator placed under the skin 
of the chest

• Lead is tunneled from generator 
to the neck

• Risks – pain, hoarseness, 
bruising, swelling, coughing, and 
throat irritation



Therapy Course



Therapy Course – In Clinic

• High repetition therapy
• Therapist activates VNS during 

active, task-specific therapy
• Tasks are driven by each 

patient’s functional goals

• 90-minute session 3x per week 
for a minimum of 6 weeks 

• Progress to self-activation



Therapy Course – Out of Clinic

• Patient activates VNS with a 
magnet while doing daily 
activities with their affected arm

• Self-activated session can be 
done up to 8x per day



Outcomes



Outcomes

• Stimulation pulses typically not felt by patients. Settings can be 
adjusted to make Paired VNS more comfortable

• Subjects report improvement as early as 2-3 weeks
• Battery lasts approximately 5 years at typical settings. Battery status 

and settings checked at clinical follow-ups. 



Outcomes

VNS-REHAB Pivotal Study, triple 
blind RCT

• Significant improvements in 
impairment and function 
compared with intensive rehab 
therapy alone

•  Crossover group matched VNS 
group outcomes once VNS was 
enabled

Dawson J, et al. Vagus nerve stimulation paired with rehabilitation for upper limb motor function after ischaemic stroke (VNS-REHAB): a randomised, blinded, pivotal, 
device trial. Lancet, 2021:397(10284), 1545.



Outcomes
Vagus nerve stimulation paired with rehabilitation for upper limb motor 
impairment and function after chronic ischemic stroke: subgroup 
analysis of the randomized, blinded, pivotal, VNS-REHAB device trial. 

• The effects of Paired VNS were consistent across subgroups, including age, 
severity, and time post stroke

Dawson J, et al. Vagus nerve stimulation paired with rehabilitation for upper limb motor impairment and function after chronic ischemic stroke: subgroup analysis of 
the randomized, blinded, pivotal, VNS-REHAB device trial. Neurorehabilitation and Neural Repair, 2023:37(6), 367.



Outcomes
Vagus nerve stimulation enhances stable plasticity and generalization 
of stroke recovery. 

• In preclinical stroke models, VNS combined with rehab enhanced plasticity 
of brain motor connections that was 3-to 6-fold greater than rehab without 
VNS.3

Meyers EC, et al. Vagus nerve stimulation enhances stable plasticity and generalization of stroke recovery. Stroke. 2018;49(3):710.



Outcomes
Francisco GE, et al. Vagus nerve stimulation paired with upper-limb 
rehabilitation after stroke: two- and three-year follow-up from the pilot 
study.

• Improvements were maintained through 3 years 

Francisco GE, et al. Vagus nerve stimulation paired with upper-limb rehabilitation after stroke: two- and three-year follow-up from the pilot study. Arch Phys Med 
Rehabil, 2023:104(8), 1180.



Protocol – Ochsner Covington



Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

St. Tammany Health System Northshore Rehabilitation Hospital Ochsner Health Center - Covington



Outpatient PM&R

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

Taylor A. Colon, DO Taylor Bouche, NP



Outpatient PM&R

Fugl-Meyer Assessment 

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

STHS Outpatient Therapy Mike McNeil, DPT and Staff



Outpatient PM&R

Fugl-Meyer Assessment 

Neurosurgery

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

Benjamin Brown, MD



Outpatient PM&R

Fugl-Meyer Assessment 

Neurosurgery

Surgery

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

St. Tammany Health System



Outpatient PM&R

Fugl-Meyer Assessment 

Neurosurgery

Surgery

Outpatient Therapy

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 

STHS Outpatient Therapy



Outpatient PM&R

Fugl-Meyer Assessment 

Neurosurgery

Surgery

Outpatient Therapy

Home Exercise Program

Acute hospital, Inpatient Rehab, PCP, Neurology, Neurosurgery 
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OBJECTIVES • Brief Introduction the Ochsner 
Rehabilitation Hospital

• Describe the needs and services 
specific to Brain Injury patient 
and neurologic rehabilitation 

• Discuss the specific tools  and 
services we provide for Brain 
Injury Patients  at Ochsner 
Rehabilitation Hospital

• Goals to improve BI rehabilitation 
at  ORH



OCHSNER 
REHABILITATION 
HOSPITAL

• Joint Hospital between Ochsner Health System and Select 
Specialty

• House of the Fourth and Fifth Floors  of the West Campus
• 56 bed units
• Closed/Locked Unit of 8 beds



INPATIENT 
REHABILITATION SERVICES

• 3 hours of therapies (5 days/week)
• Physical  - mobility (wheelchair mobility, gait 

training, assistive devices)
• Occupational  - Activities  of daily living 

(bathing, toileting, dressing, etc.)
• Speech  (cognitive, memory, swallowing, 

communication)



CARF
ACCREDITATION

• COMISSION OF ACCREDITATION OF 
REHABILITATION FACILITIES (CARF)

• December 2021– Ochsner Rehab Hospital 
received CARF site vis it

• Accredited for the Following
• General Rehab
• Stroke Rehabilitation
• Brain Injury Rehabilitation





• STROKE 
• BRAIN INJURY 
• NEUROLOGIC REHABILITATION
• SPINAL CORD INJURY 
• MEDICALLY GENERAL COMPLEX
• ORTHOPEDIC REHABILITATION
• AMPUTEE REHABILITATION



WHAT ARE THE BRAIN INJURY PATIENTS WE 
SEE AT OCHSNER REHABILITATION?

NON-TRAUMATIC  BRAIN INJURY 
(NTBI)

• Aneurysm/AVMs Ruptures
• Brain Tumors 

(Primary/Secondary)
• Encephalopathy 

(Metabolic/Hepatic)
• Hypoxic-Ischemic 

• Cardiac Arrest
• Substance Use

• Meningitis

TRAUMATIC  BRAIN INJURY 
(TBI)

• Falls
• Most commonly elderly

• Motor Vehicle Accidents
• Traumatic SDH/SAH

• Assault



IMPAIRMENTS AND DEFICITS OF MODERATE TO SEVERE BRAIN INJURY PATIENTS



IMPAIRMENTS AND DEFICITS OF MODERATE TO SEVERE BRAIN INJURY PATIENTS

PT/OT/SLP ????



HOW DO WE PROVIDE 
INTERVENTIONS OF 

BEHAVIORAL 
MANAGEMENT OF BRAIN 

INJURY PATIENTS?



TELESITTER/SITTERS

• Patient care technicians to s it 
with patients

• 24-hour vs overnight
• Limited Staff

• Telesitters  (2024)
• AvaSure
• 24 hours  camera with 

technician observing
• Currently have 2 available



ENCLOSURE (VEIL) BEDS

Zip-lined bed with netting 
walls

Allows restless/anxious 
patients  roam in a confined 
space

Considered a restraint



SAFETY COACH 
(DAY ROOM)

• Recreational Activity room
• Allow games and puzzles
• Perform arts  and crafts
• Allow for group activities  

(movies, dining, 
conversations)



HOW DO WE 
COORDINATE THE 
USE OF THESE 
INTERVENTIONS?



BEHAVIORAL 
SCREEN

• Evaluated upon admission

• Liaison performs a behavior screen and 
sends to the nursing and therapy staff

• Admitting physician may place orders  for 
intervention (if available)

• RN and PT/OT/SLP are recommended to 
perform serial assessments (Agitation 
Behavior Scale)



BEHAVIORAL ROUNDS



BEHAVIORAL 
ROUNDS

• Creates  behavior plan for patients  who have 
been have consistently high ABS scores

• Multidisciplinary Rounds
• MD, RN/Nurse Supervisor, 

Pharmacist, Sitter Staff, Safety Coach 
staff

• Assess patterns to the abnormal 
scores

• Recommends tools  interventions
• Evaluated medications 

prescribed/adjustments
• Assess staff evaluations of beneficial 

interactions/aggravating interactions



BEHAVIORAL 
ROUNDS

• Behavior Plan is  communicated to the s taff
• Email
• Nurse Reports
• Documented in the Patient’s  Chart

• Behavior Round team:
• Tracks the patterns  of the ABS scores
• Monitors  the changes in ABS once intervention is  

placed
• Evaluates  the s taff’s  use of the interventions
• Assess  patients’ responses  to the interventions
• Revises/Finalizes  the behavior plan

• Patient remains on behavior rounds until scores  
substantially improve or patient is  discharged from the 
hospital.



BEHAVIORAL ROUNDS



CODE
WHITE



CODE WHITE
(DE-ESCALATION 
DRILLS)

• Highly escalating event
• Restlessness/Wandering
• Combative
• Verbally aggressive

• Agitated Behavior Scale Score > 30

• Code White Team
• Providers  (MD/NPs)
• Nurse Supervisor/RN floor staff
• Therapy Champions





CODE WHITES
(DE-ESCALATION 
DRILLS)

• Debrief Huddle Entered Into the 
Chart

• Physician/Provider Team 
Informed

• Medical Evaluation 
• Behavior Round Team also 

evaluates
• Formulate/Adjust/Track the 

Behavior Plan



WHAT WAYS ARE WE LOOKING 
TO IMPROVE OUR BRAIN INJURY 

SERVICES?



WHAT WAYS ARE WE LOOKING TO 
IMPROVE OUR BRAIN INJURY SERVICES?
• CALL FOR SPECIALISTS

• Neuropsychology
• Neurology
• Psychiatry



QUESTIONS?
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Technology in Neuro Rehabilitation



Disclosures

• We do not have any disclosures



Objectives 
• Define Functional Electrical Stimulation (FES) in relation to treatment of individuals with neurologic impairments​
• Introduce FDA approved clinical devices to provide FES to patients in the rehabilitation setting
• Discuss application of FES for CVA, TBI, SCI and other neurologic diagnoses
• Demonstrate uses of Exoskeleton for neurological rehabilitation
• Describe implementation and use of virtual reality for gait training for neurological impairments
• Discuss use of virtual reality for vestibular pathology



Functional Electrical Stimulation



Neuromuscular Electrical 
Stimulation 
• Device that applies electrical currents 

over muscles and nerves in a manner 
that produces smooth tetanic muscle 
contractions 

• NMES is distinct from exercise in that 
although the muscle is contracting, it is 
not voluntarily contracting

•  NMES is also not a passive modality 
because the muscle is active 

Functional Electrical Stimulation 
• Subtype of NMES
• Stimulation assists functional and purposeful 

movements 

NMES vs. FES1,2



Current Technology 

• Devices to simplify FES 
• Bioness
• Cionic
• FES cycle 

• Advantages
• Bioness/Cionic – no leads/wires
• Shorter time to test candidacy and set-up specific training programs
• Much easier to apply 
• More comfortable to wear
• More reliable  









Cionic Off vs. Cionic On



Acute conditions
• Improved UE function in SCI
• Gait improvements (CP, CVA, MS, SCI)
• Reduction of spasticity (stroke, MS, CP)
• Improved QOL in SCI

Chronic conditions
• Maintenance of musculature 
• Maintenance of bone density 
• Maintenance of ROM
• Prevention of skin breakdown
• Glucose tolerance 
• Cardiovascular function 
• Spasticity 
• CNS myelination 
• Muscle strength 

Benefits of FES3-6



FES to promote neuroplasticity7 



Spinal cord injury



Study design and results

• 25 individuals with chronic SCI
• Control group: FES cycling 
• Experimental group: ROM and stretching

• Outcome assessed 
• CMSS (combined motor-sensory score) in the AIS
• Spasticity 
• Strength 
• muscle, fat and bone measurements 
• QOL (Medical Outcomes Study 36-9tem Short Form Survey)
• FIM

• Results
• Motor function improved in 20/25 FES subjects 
• Motor function improved in 9/20 control subjects 
• Greater improvement in sensation (light touch and pinpick) in FES subjects compare to control 



CVA





• Robotic exoskeleton provides powered hip and 
knee motion enabling user to stand upright and 
walk 

• Has been shown to improve spasticity, truck 
control, pain, and mental health

• Allows user to stand for Activities of Daily Living
• Allows increased participation in life events

Exoskeletons



Walking Trial Stair Negotiation

Exoskeleton



Virtual Reality Treadmill - Gaitbetter

• Virtual Reality platform performed while 
ambulating on treadmill

• Can be used for wide patient population 
including neurological

• Allows for:
•  obstacle negotiation
•  dual tasking
•  motor planning
• decision making
• attention



Virtual Reality Treadmill - Gaitbetter



• Virtual reality can be used to 
create environments that can not 
be replicated in rehab clinic. 

• Can be used for 
desensitization/habituation in 
vestibular therapy

Virtual Reality for Vestibular Disorders 
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