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TranscutaneousVNS

Transcutaneous vagus nerve stimulation

Contents lists available at ScienceDirect

Brain Stimulation

journal homepage: www.brainstimjenl.com

Transcutaneous Vagus Nerve Stimulation (tVNS) for Treatment of CromMark
Drug-Resistant Epilepsy: A Randomized, Double-Blind Clinical Trial

(cMPsEO2)

S. Bauer ***, H. Baier <, C. Baumgartner ¢, K. Bohimann ¢, S. Fauser ', W. Graf %,

B. Hillenbrand ", M. Hirsch ', C. Last’, H. Lerche *, T. Mayer ', A. Schulze-Bonhage ',
B.J. Steinhoft ", Y. Weber ¥, A. Hartlep ™, F. Rosenow **', H.M. Hamer *'

Figure 1 Left side: programmable stimulation device and ear
electrode. Right side: placement of ear electrode in the ear conch.
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A. Auricular (NEMOS device)
B. Cervical (Gammacore device)

52-93% response rate (but that includes-DdRE patients).
Official recs- lack of reliable data.

Indications
Transcutaneous VNS is best for pesbke rehab, headaches.

Surqgical VNS

VNS - palliative continuouslyintermittent electrical stimulation with chesall-implanted pacemakeike

device.

PendingReading

1. Morris, G. L., Gloss, D., Buchhalter, J., Mack, K. J., Nickels, K., & Harden, C. (2013). Evidence
based guideline update: vagus nerve stimulation for the treatment of epilepsy: report of the
Guideline Development Subcommittee of the American Academy afdiey. Neurology,

81(16), 14531459

2. J.WhelessA. GienappP.Ryvlin. Vagus nerve stimulation (VNS) update. Epilepsy

Behav,88(2018), pp2-10.

3. P.Ryvlin, E.L. So,C.M. Gordon,D.C. Hesdorffer M.R. Sperling,O Devinsky,et al. Longterm
surveillance of SUDEP in drugesistant epilepsy patients treated with VNS therapy.

Epilepsia59 (2018), pp562572
4. Brodie MJ. Curr Neurol Neurosci 2016.
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LivaNova discovered incident that resulted in a disruption to portions of their IT systerasthorized
party obtained certain personal information: name, contact information (e.g., phone number, email and
postal address), date of birth, medical infolora(e.g., treatment, condition, diagnosis, prescription,
physician, medical record number and device serial number), and health insurance information.

MoBIA MEDICAL , INC (former MICROTRANSPONDERINC.)

§ Vivistim

CHINA

1 Chinese companBeijing Pins Medical Co., Ltdalso manufactures VNS systems that have Bluetooth
connectivity and patients havemoteto communicate with their device; nggtapproved in Europe
or USA

IEtEmETESE/RAE

BEIJING PINS MEDICAL CO,, LTD.

INDICATION S

1) focal-onsetepilepsy (even with amamically defined single focifDA approval(1997) adijunctive
therapy for reducing the frequency of seizures in patiertyears with partial-onset seizures

refractory to antiepileptic medicatioas
*children added by FDA in 2017

I some insurances may deny if not for "partial epileg$gD-10 codes(G40.211 / G40.219 /
G40.011/ G40.019/ G40.111 / G40.)119

i VNS is not FDA approved for generalized epilefisyt LivaNova does nointendto spend
money to convince FDA because insurances approve it as off label use)

i Medicare / CMS National Coverage Determination (NCD) 160.18 for VNS states: "Effective
for services performed on or after July 1, 1999, VNS is reasonable and necessary for patien
with medically refractory partial onseseizures foiwvhomsurgery is not recommended for
whom surgery has failet

i reports of implantation in 1 yeatd patient (word of caution as child grows, the lead may
start pulling on vagus nervecases of bradycardia that resolved after lead replacement)


https://www.vivistim.com/
https://www.pinsmedical.com/en/

2) mounting evidence suggests effectiveneggeimeralizedepilepsy ¥NS isone of preferred treatments
for LennoxGastaut syndrome
N.B. on labelis only forpartial epilepsy! 6ff labelcan use fogeneralizedepilepsyi
VNS works very well!!!)

i VNS has been claimed to effectively contatbnic seizuresas an aktrnative to corpus
callosotomy fetaanalysis of 31 studies involving 533 children showed ¢habsotomywas
more effective than VNS at a cost of greater adverse events, including twice as many
reoperations and a 14% rate of symptomatic disconnection syndrome

1 stimulation of either vagus nerve is effective, ledit nerve is always chosdtheoretically less likely
to cause cardiac effects), usud#ft cervical vagus nerve

1 if left nerveis unavailablge.g. left vocal cord paralysis, hx of infectipt)ere are case reports of
implantation on theight side without side effects

I dog studies stimulation of the right vagus nerve caused more cardiac slowing then the lef
Rutecki P. Anatomical, physiological, and theoretical basis for the antiepileptic effect of vagus nerv
stimulation. Epilepsia 1990;31:$&

N.B. VNS can be combined with RNBBS.

VNS, RNS, and DBS are all palliative and comparable in efficacy, both in pivotal trials and over
longerterm trials VNS isoftena first choice as it is extracranial.

DEPRESSION

FDA approved2007)VNS as djunctive longterm treatment of chronicrecurrent depression in patients
> 18 years with anajor depressive episodet adequately relieved Y4 antidepressant treatments
N.B. improvement in mood may ke hugeadditional benefifor epilepsy patients!
I depression prevalence isiB¥% of patients with epilepsymber is higher imncontrolled
epilepsy.
I antidepressive effect is independent of seizure benefit.

Symmetry (model 8103) (LivaNova) technical details see below

REHABILITATION AFTER | SCHAEMIC STROKE

Read articles

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

2. Francisco GE, et al. Vagus nerve stimulation paired with dipperrehabilitation after stroke:
two- and threeyear followup from the pilot study. Arch Phys Med Rehabil, 2023:104(8), 1180.

3. 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, VNSREHAB device trial. Neurorehabilitation and Neuralp@i, 2023:37(6),

367.

4. Meyers EC, et al. Vagus nerve stimulation enhances stable plasticity and generalization of strok

recovery. Stroke. 2018;49(3):710.



Vivistim® Paired VNSE System (MicroTransponder In Mobia Medical, Ing is intended to be used
during rehabilitation therapy to improve motor function in chronic ischemic stroke patients with modera
to severe arm impairment.

Vivistim technical detail$ see below

FDA approval 2022 to stimulate vagus nerve during rehabilitation therapy in order to reduce upper

extremity motor deficits and improve motor functiorchronic ischemic strokepatients with moderate

to severe arm impairment.

1 no medications are approved for chronic stna@avery, thus, rehabilitation is considered the current
state of the art treatment for motor deficit due to ischemic stroke.

1T FDA statement: fAPeople with moderate to seve
showedstatistically significantandclinically meaningful improvements in motor impairment and
function that wa-3 times greaterwith VNS compared to rehabilitation alone (active Control group
using the best currently available treatment option of intensesgeiific physical therapy
[rehabilitation]). Improvements in motor outcomes after VNS were also reflected in quality of i
measures. In summary, VNS coiméd with rehabilitation improved outcomes across multiple
domains of impairment, function and participation in individuals with moderate to severe arm
weakness after chronic stroke. The FDA believes that the Vivistim® System has demonstrated a
reasonablassurance of effectiveness for use in treating patients with moderate to severe upper liml
deficits after ischemic stroke. 0
AThe data in this application support the re
device when used in accordance with the indications for use. The provided preclinical testing for th
device was acceptable. Based on the clinical studytsegus reasonable to expect that with Paired
VNSE patients will on average achieve better results than with rehabilitation alone, with a significa
portion of patients achieving clinically meaningful results in important areas including function,
qualty of life, and deficit reduction. The Vivistim® System is associated with a low rate of serious
adverse events. While neaerious adverse events were more frequent, the majority of these events
resolved, were reported at similar rates as the Contropgemd were reported at lower frequencies
than similar VNS therapies. Compliance with device usage was high, suggesting that patients rega
therapy as beneficial despite the minor discomforts and needdbniin rehabilitation visits. The
therapeutieffect appears to be durable out to at least 12 months. Given the lack of available therar
and morbidity associated with stroke, firebable benefits of Vivistim® System outweigh the
probable risks 0

RHEUMATOID ARTHRITIS

inflammatory reflex, in which vagus nerve signaling modulates cytokine production, is
dysregulated in RA.

In 2025, FDA approve& et Poi nt Medi cal 6s i mpl antabl e Set P
treatment of adults with moderati@severe rheumatoid arthritis who have had an inadequate response t
biologic or targeted synthetic DMARDSs.

RESET-RA - VNSfor rheumatoid arthritis: apivotal RCT
Tesser, J.R.P et &llagus nervenediated neuroimmune modulation for rheumatoid arthritis: a
pivotal randomized controlled triaNat Med32, 369 378 (2026)

1 doubleblind, randomized, shaiwontrolled trial.
1 242 patients with RA and inadequate response/intolerance to biological/targeted
synthetic diseasmodifying antirheumatic drugs.
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f randomized to active or sham stlabehul at i
stimulation with results reported to 12 months.
1 primary end point was-Bionth American College of Rheumatology 20% (ACR20)

response:
ACR20 rate ~ Active Simulation
3 months 35.2% 242%P = 0.
6 months 50.0%
12 months (alcompleters) 52.8%

INVESTIGATIONAL

HEART FAILURE

- Autonomic Regulation Therapy (ART) delivered through VNS. ART is being studied in a clinical trial
calledANTHEM-HFrEF.

LivaNova

CONTRAINDICATIONS

Absence of vagus neryRistory of cervical vagotomy.

Absence of epilepsidepression

Not surgical candidate

Vocal cord paralysis relative contraindication directing to use vagus nerve on the opposite (right)
side.

Distorted neck anatomy (history of infection, radiotherapy, radical neck disséctiga}ive
contraindication directing to use vagus nerve on the opposite (right) side.

NS

o

Additional precautions are necessarypregnancy, chronic pulmonary diseases such as asthma an COPI
obstructive sleep apnea (OSAgrdiac bradyarrhythmiaactive peptic ulcer disease, and insulin
dependent diabetes mellitus

1 patient withOSA - use nighitime lower stim paramete(with Sentiva).

MECHANISM OF ACTION



1 20-40% of vagus fibers arefferenti causeside effects
nucleus ambiguu¥ skeletal laryngeahusculature, tadycardia or heart block
dorsal nucleus of the vagis Gl side effects and anorexia

1 VNS worksvia GABAergic mechanism

CARDIOPROTECTION

1 VNS stimulationreducesl-wave alternangia antradrenergic effects, improved baroreflex sensitivity,
antrinflammatory / antiapoptosis effects.

Epi | e gddyncréased risk of lethal cardiac arrhythmias!

SEIZURES

 80% of vagal fibers arefferentY synapse mainly onto threicleus of the solitary tradt locus
coeruleusanddorsal raph¢Y § CNS nor a d r moregnephiings artti@piteptic)
Locus coeruleus key central antconvulsive target of VNS
VNS likely works througtthalamus
1 project to many structures in brain (incl. hippocampus, amygdala, thalamus).
0 changes are seen in thalamic bloamhfithat correlate with efficacy.
0 decline in interictal spikes can be seen on serial EEGs with chronic VNS
1 SPECT showsarmalization of GABA receptor density in patients with good response to 1 year of
VNS stimulation
1 in numerous animal studiegNS had botranticonvulsiveandproconvulsiveeffects
0 it seems that, as muman studiedpcal seizure might be influenced in 30% of cases, and that
in cases ofjeneralizedepilepsy,VNS can show improvement or at the oppositeefiect and
sometime worsening.
d animal experiments cannot so far answer the following questmes efficacy improve after
chronic stimulatiof

Pathways affected by VNS

Cingulafg. gyrus m

[

WL Thalerws

N

Orbitofrontal
corlex

Hypothalamus
Amygdala

Raphe nuclei

Locus coeruleus

Vagus nerve © v
Muclaus tractus solitarius
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VNS Therapy

‘. ,’ @ A \p\~-

Neurotransmitter Cerebral Changes
Expression Blood Flow in EEG
Alters neurotransmitter Increases cerebral Desynchronizes ictal
expression and release blood flow in both the EEG patterns?

(norepinephrine, GABA, thalamus and cortex®
serotonin, aspartate)?#
> Thalamus
> Norepinephrine > Cortex
> GABA
> Serotonin

> Aspartate

ANTICONVULSIVE EFFECT

2. Koo B. J ClinNeurophysiol. 2001; 43441.3. Roosevelt et al. Brain Res. 2006; 1232.4. BenMenachem et al. Epilepsy
Res. 1995;22P27.5. Vonck et al. Seizure. 2008.05.001.

VNS and fMRI- predict response to VNS based on cortltalamicconnectivity(article by George
Ibrahim from Sick Kids)

STROKE REHAB

VNS-driven activation of cholinergic, noradrenergic, and serotonergic neurons, combined with intense,
taskspecific movement training, reorganized motor cortex (neuroplasticity) and reinforced connectivity
spared motor circuits in animal data (Engineteal, 2019).

NEW PARADIGMS

Microburst VNS therapy

- high frequency bursts of electrical stimulation, called microbursts
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Animal study - rCBF
Martlé Vet al. Regional brain perfusion changes during standard and microburst vagus nerve
stimulation in dogsEpilepsy Res. 2014 May;108(4):6:22.

VNS Therapy System was i-8AECTawad pertbrmedraftet sham, sBaedard |
and microburst VNS in a randomized, cras®r study. Nineteen volumes of interest (VOIs) were semi
quantitatively analysed and perfusion indices (Pls) werilzdked. Furthermore, a rostcaudal gradient
(R-C), an asymmetry index (Al) and a cortisaibcortical index (G&Co) were determined. The SPECT
results after standard and microburst VNS were compared pairwise with sham stimulation.

RESULTS:

Acute standard VNS did not cause significant rCBF alterations. Acute microburst VNS caused a
significant hypoperfusion in the left frontal lobe (P=0.023) and in the right parietal lobe (P=0.035). Both
stimulation paradigms did not cause changes-@, Rl nor CaSCo.

CONCLUSIONS:

Microburst VNS is more potent than standard VNS to modulate the rCBF in the dog. Our results promc
further research towards the antiepileptic effect of microburst VNS in dogs and humans.

Animal study - transmitter
Martlé Vet al. The effect of vagus nerve stimulation on CSF monoamines aRd theeizure
threshold in dogsBrain Stimul. 2015 Jafreb;8(1):1-6.

OBJECTIVE:
We aimed to investigate the effect of two rapid cycling VNS paradigms on CSF monoamine levels and
seizure threshold in the canine pentylenetetrazole (PTZ) model.



METHODS:

Eight Beagle dogs, implanted with a VNS Therapy(®) System, participated in sogrsstudy. Levels
of serotonin (5HT), norepinephrine (NE) and dopamine (DA) were quantified in the CSFlafvér 1
sham, standard and microburst VNS with a washperiodof 1 month. One week after the CSF

experiment, the PTZ seizure threshold was determined after the same stimulation paradigm. As a posi

control, the PTZ seizure threshold was determined after a single oral dose of phenobarbital.

RESULTS:

Rapid cycling standard and microburst VNS caused a significant increase of NE levels in the CSF

(P=0.03 and P=0.02 respectively). No significant changes in 5HT or DA levels were detected. Rapid

cycling standard and microburst VNS did not cause sigmfichanges in the PTZ seizure threshold

compared to sham.
CONCLUSIONS:

VNS induces an increase of NE in the canine brain, which supports previous findings indicating that VI
influences the locus coeruledde (LC/NE) system. Importantly, this study demonstrates that this increas:

in NE is measurable in the CSF. One hour ofSvéid not affect seizure threshold in the canine PTZ
model. Therefore, the role of NE in the antiepileptic effect of VNS in dogs remains to be elucidated.

Animal study 1 heart rate

Martlé V et al.Evaluation of heart rate variability in dogs during standard and microburst vagus
nerve stimiation: a pilot studyVet J. 2014 Dec;202(3):653.

The present study investigated heart rate var
sham, standard or microburst lsftled VNS in a crossover design. No significant differences were found

between the stimulation paradigms for any ofdheliac parameters. Shaerm leftsided VNS,
including a novel bursting pattern (microburst VNS), had no statistically significant effect on HRV in

ambulatory healthy dogs.

Humans - Feasibility Study

ClinicalTrials.gov Identifier: NCT03446664
Principal Investigator: Selim Benbadis, MD University of South Florida Health

Contact: Amy Keith 281-2287495 Amy.keith@livanova.com
Contact: Jeffrey Way 281-2287394 Jeffrey.way@livanova.com

EstimatedEnrollment :
Intervention Model:
Intervention Model Description:

Masking:

Primary Purpose:

Actual Study Start Date
EstimatedPrimary Completion Date
EstimatedStudy Completion Date

Primary Outcome Measures

40 participants

Single Group Assignment

Two cohorts of subjects with refractory epilepsy; (1) subject:
with primary generalized tonic-clonic seizures and (2) subjec
with partial onset seizures including complex partial seizures
with or without secondary generalization.

None (Open Label)

Treatment

February 27, 2018

April 2021

June 2021

Efficacy Primary Endpoint: Percent change from baseline in seizure frequency [Fraree: Up to 12

months study visjt


mailto:Amy.keith%40livanova.com?subject=NCT03446664,%20LNN001,%20Microburst%20Vagus%20Nerve%20Stimulator%20(VNS)%20Therapy%20Feasibility%20Study
mailto:Jeffrey.way%40livanova.com?subject=NCT03446664,%20LNN001,%20Microburst%20Vagus%20Nerve%20Stimulator%20(VNS)%20Therapy%20Feasibility%20Study

the change in the seizure frequency per month compared to baseline will be evaluated for each subjec
follow-up visits month 6 and 12.

Safety Primary Endpoint: Occurrence of stimulation related Adverse Events [Thnmzene:Up to 12

months study visit]

Assess stimulation/device related adverse events at folfowsits month 6 and 12.

Secondary Outcome Measures
Change from baseline seizure frequencyper month based on seizure diary provided by the sponsor
[ Time Frame:Up to 12 months study visjt

Change from baseline Beizure severity] Time Frame:Up to 12 months study visjt- as measured by
the Seizure Severity Questionnaire (SSQ) scale (Cramer, 2002).

Change from baseline guality of life [ Time Frame:Up to 12 months study vidjit- as measured by the
QOLIE-31-P for adults 18 years and older (Cramer et al.; 1998) and QADHAS8 for adolescents 12 to
17 years (Cramer et al.; 1999).

Change from baseline antiepileptic drug (AED) load [ Time Frame:Up to 12 months study vigjit
Estimated as the sum of the prescribed daily dose (PDD)/defined daily dose (DDD) ratios for each AEI
included in the treatment regimen (Deckers et al., 1997), where DDD (WHO ATC/DDD index)
corresponds to the assumed average therapeutic daily dose ofuseliugr its main indication.

Suicidality as measured by the Columbia Suicide Severity Rating Sce&#SKS) [Time Frame:Up to
12 months study visjt

All adverse eventd Time Frame:Up to 12 months visit

Eligibility Criteria

Ages Eligible for Study: 12 Years and older(Child, Adult, Older Adult
Sexes Eligible for Study: All

Accepts Healthy Volunteers No

Inclusion Criteria:

1. Clinical diagnosis of medically refractory epilepsy with primary generalized-tdomic seizures
(limited to 20 subjects) or partial onset seizures including complex partial seizures with or withol
secondary generalization (limited to 20 subjects).

Must be on adjunctive antiepileptic medications.

Willing and capable to undergo multiple evaluations with functional magnetic resonance imagint
(fMRI), electroencephalogram (EEG) and electrocardiogram (ECG).

4. 4 (A) For subjects with partial onset seizu
based on seizure diary during the 3 month baseline period and no-$eseurderval greater than

30 days during those 3 months.

4(B) For subjects with PGTCs: Have at | eas"
period. Note: Each seizure within a cluster may be counted as separate seizures.

12 years of age or older.

Subject is a male or ngoregnant female adequately protected from conception. Females of
childbearing potential must use an acceptable method of birth control.

7. Provide written informed conseassent/Health Insurance Portability and Accountability Act

(HIPAA) authorization and seleported measures with minimal assistance as determined by the

investigator.

w N

o O



Exclusion Criteria:
1. Currently using, or are expected to use, shate diathermy, microwave diathermy, or

therapeutic ultrasound diathermy.

A VNS Therapy System implant would (in the investigator's judgment) pose an unacceptable

surgical or medical risk for the subject.

A planned procedure that is contraindicated for VNS therapy.

History of implantation of the VNSherapy System.

Currently receiving treatment from antive implantable medical device

Presence ofontraindications to MRper the MRI subject screening record.

Known clinically meaningfutardiovascular arrhythmiagirrently being managed by devices or

treatments that interfere with normal intrinsic heart rate responses (e.g., pacemaker dependenc

implantable defibrillator, beta adrenergic blocker medications).

8. History ofchronotropic incompetendeommonly seen in subjects with sustained bradycardia
[heart rate < 50 bpm]).

9. Cognitive or psychiatric deficthat in the investigator's judgment would interfere with the
subject's ability to accurately complete study assessments.

10. History of status epilepticus within 1 yeaf study enrollment.

11.Dependent on alcohol or narcotic driagsdefined by DSM IVIR within the past 2 years, based
on history. Tests for drug or alcohol use will not be administered.

12.Currently being treated with prescribed medication that contaimsabis or cannabis related
substance.

13. Any history ofpsychogenic nowepileptic seizures

14.Currently participating in another clinical study without LivaNova written approval.

N
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Only dual-pin lead ismodel 300i no longer manufactured

Leadcharacteristicsnsulationi silicone; resistance (pito-electrode) 120 to 250 Ohm; conductor
materiali platinum iridium.

Lead

302 303 304
Model
Insulation Silicone Silicone Silicone
Length* 43 cm 43 cm 43 cm
) 180 to 250 ohms, 180 to 250 ohms, pin = 120 to 180 ohms, pin
Resistance )
pin to electrode to electrode to electrode
Conductor ) . ) . : .
Platinum Iridium Platinum Iridium Platinum Iridium

Material

Each lead is available in two sizes (2a0d 3.0mm electrode inner diameter) to ensapéimal electrode
fit on different size nerves.

The leads lifespan is undetermindxy manufacturerA lead would require replacement if a |deatture
were suspected, accompanied by increased symptoms (e.g., seizure frequency).



List price for 304 8,068 USD (2020 March¥,744.75 USD (June 2024)

Model 302 and 304 Lead
A
B D
c
B E
S
F
G
H
Model 303 Lead
A
B
D
:'1[:,,[11 ! / . : I
C o
—_— ’)ﬁ-«}__?. 4

VNS THERAPY (MODEL 30
PERENNIADURA (MODEL 303)
PERENNIAFLEX (MODEL 304

A Connector Pin

B Lead Connector

C Model/Serial Number Tag
D Lead Body

E Electrode Bifurcation

F Anchor Tether

G Electrode (+) (White Suture)

H Electrode (-) (Green Suture)

A Connector Pin

B Lead Connector

C Model/Serial Number Tag

D Lead Body

E Anchor Tether

F Electrode (+) (White Suture)

G Electrode (-) (Green Suture)



Conformance to Standards

American National Standards Institutes (ANSI) & Association for
the Advancement of Medical Instrumentation (AAMI) NSI5:
Implantable peripheral nerve stimulators

EN 45502-1, Active implantable medical devices - Part |: General
requirements for safety, marking and information to be provided

by the manufacturer

Lead Connector
Diameter:
Material:

Connector Pin
Diameter:
Material:

Connector Ring
Diameter:
Material:

Lead Body
Diameter:
Insulation:
Conductor coil
construction:
Conductor material:
Overall length:
Lead resistance:

3.2 mm (.127 in)
Silicone*

1.27 mm (.05in)
300 series stainless steel

2.67 mm (.105 in)
300 series stainless steel

2 mm (.08 in)
Silicone*

Helical, quadfilar

MP-35N alloy

43 cm (17 in)

120 to 180 Ohms (connector
pin/ring to electrode)

HARDWARE (COMPONENT COMPATIBILITY

Lead

303

Brochure

MoDEL 3000

104’

Demipulse

102! 102R 103!
Pulse™  Pulse Demipulse
Duo™ Duo
.
= o
L L
= L

Electrodes and Anchor Tether
Helical material: Silicone elastomer*®

Conductor material: Platinum/Iridium Alloy
Separation: 8 mm (.31 in) center to center
Suture material: Polyester

Inner Diameter of Helix

Model 304-20: 2 mm (.08 in) inner diameter
Model 304-30: 3 mm (.12 in) inner diameter
Tie-Downs

Dimensions: 5.7 mm x 7.7 mm (.22 in x .30 in)
Material: Radiopaque silicone*
Connector Assembly

One (1) lead connector

Connector Retention Strength

With VNS Therapy Pulse
Generator: >I0N
Generator Compatibility

Model 102 Pulse Generator
Model 103 DemiPulse Generator

*Latex is not included in any component of the VNS Therapy System.

105
AspireHC

LEADST VIVISTIM (MOBIA MEDICAL, INC )

i available in 2and 3millimeter cuff sizes to accommodate variations in anatomy.


http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/MicroTransponder%20-%20Vivistim
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SHES ||

MODEL G111 i/

Brochure>>

MoDEL 1001

i provides stimulation at
0 amplitudes 00.0-3.5 mA(in 0.1 mA steps)
0 frequencied, 2, 5, 10, 15, 20, 25, 3tz


http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/MicroTransponder%20-%20Vivistim
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E23 (L9)

0 pulse widthsl0-1 000 € s
0 stimulationdurations 0.5 seconds to 60 seconds {&@dond steps)

1 stimulation is startedhen the magnetic field is present for at least 10 ms + 1 ms; stimulation starts ¢
ms = 25 ms after 10 ms used to detect the magnet.

Pulse : :,, AspiveHC° .~ SenTiva®
First Patient FDA Approval M102™ " M10S M1000
Implanted with for Drug-Resistant
VNS Technology Epilepsy FDA Approval
Y S - for Difficult-to- (1

' R e T ied ! . T D : ' '
5 21,000 .‘;‘:‘p'.’."n'.‘.r- SR : i— 65,000 fmpianiea i 125,000 fpinies
Pati Pati : Pati _.47 000 hanents : patene | S€NTiva Duo™
1,200 impianted — :—- 11,000 impianted E 37, 000 implanted ol — 100,000 implanted  M1000-D*
: 88,000 impisnics
AspireSR‘ FDA Approval

M106 for Pediatrics (24 years)
Expanded MRI Access

Demipulse

@ Mi04
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VAGAL NERVE STIMULATOR

E23 (L9)

NS
Pulse™

* Launched:
2002

. 30
generation

* Increased
comfort

« Faster

programming

VNS
Pulse Duo™

* Launched:
2003

* Same value
with VNS Pulse
for dual pin
leads

VNS
Demipulse®/
Demipulse
Duo®

* Launched: 2009
+ 4™ generation

« Enhanced
generator

+ Programing
diagnostics

* Smallest &
lightest generator

VNS
AspireHC®

* Launched: 2011
* Higher capacity
battery

+ Extended
performance for high
stimulation settings

Currently available models are in two footprint sizes:

smalleri 103, 1000
largeri 105, 106

VNS
AspireSR”

« Launched: 2014

* Introducing Seizure
Responsive VNS
Therapy

+ Detect and Respond
Mode

« Detects rapid heart
rate rise

* Delivers automatic
stimulation

SenTiva®

* Launched: 2018

+ SenTiva® is the smallest
and lightest responsive
therapy for treatment of
drug-resistant epilepsy

Introducing new featyres:

* Guided Programming

+ Scheduled Programming

« Events & Trends

« Day/Night Programming

* Low Heart Rate Detection

* Prone Position Detection



\\/uﬂ'un’s Notes VAGAL NERVE STIMULATOR E23 0)
Generator Model 102 102R 103 104 105
Lead Compatibility = Single Pin Dual Pin = Single Pin Dual Pin = Single Pin
Available Since 2002 2003 2007 2007 2011
Thickness*® f mm 7 mm 7 mm 7 mm 7 mm
Volume* 14 cc 16 cc dcc 10 cc 14 cc
Weight* 259 27 g 16 g 18 g 259

1 hermetically sealed titanium case with polyurethane header and stabeleltsad connector blocks

BATTERY CAPACITY

103 104 1000- 1 Ah
102,105 106- 1.7 Ah

=a =4 =9

seltdischargaeduces the capacity by < 1% per year.
batterylasts for 10,000 hours of stimulation.
battery performs equally at 100% and at (i34 it is not always true clinically sometimes when

battery is < 10% patients start having worsening seiZuseexplained phenomenon that has no

basis)urther see >>

1 no harm leaving dead battery 4will not leak


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/Ancilliary/E23.%2520VNS%2520battery%2520output%2520explanation.pdf

\\/mun's Nores VAGAL NERVE STIMULATOR E23 1)

LEGACY (NON -AVAILABLE)

Model 100 Model 101
July 1997 January 2000

Source of picturetivaNova>>

PULSE (MODEL 102


https://livanova.com/en-US/
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Source of pictureLivaNova>>

PuULSE DuO (MODEL 102R) - DUAL PIN


https://livanova.com/en-US/
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Source of picturetivaNova>>

AsPIRE HC (MODEL 105)


https://livanova.com/en-US/
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Honzjou' |exaz

Source of picturetivaNova>>

LEGACY (STILL AVAILABLE )

(limited for existing VNS battery replacements)
List pricei 27,090 USD (2020 March)

DEMIPULSE (MODEL 103)

»

Source of picturetivaNova>>


https://livanova.com/en-US/
https://livanova.com/en-US/
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DEMIPULSE Duo (MODEL 104)- DUAL PIN

List pricei 27,090 USD (2020 March)

<M &

Source of picturetivaNova>>

HEART RATE SENSING (AutoStim)

about AutoStini see belows>

ASPIRE SR (MODEL 106)

List pricei 31,557 USD (2020 March26,094.75 USD (June 2024)



https://livanova.com/en-US/
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- MODEL 106

Cyberonics, Inc.
~ Houston, Texas

Source of pictureLivaNova>>

SENTIVA (MODEL 1000)
List pricei 35,271 USD (2020 March29,358.75 USD (June 2024)
Read &' page of brochure!lli>

December 20, 2019The FDA announced a recall of the LivaNova VNS Therapy SenTiva Generator du
to an unintended reset error that causes the system to stop delivering VNS therapy.
https://www.fda.gov/medicadevices/medicatlevicerecalls/livanovarecallsvnstherapysentiva
generatoiduereseterror

2020/03/03.ivaNovaupdate
1 reset occurred in 0.5% of devices and only within first 60 dagsabling therapy all outputs
spontaneouslyeset to 0 mA
1 currently, all new devices are screened and no longer haverdtilem after firmware update
( liivaNova is currently distributing Model 1000 devices that have passed a LivaNova internal
error screen. The error screen is intended to detect devices susceptifilgénded device
disablemerit .)

Patients can check their Sentiva device status by entering SN (serial number):
https://www.vnssentivareset.com
9 concerned patients also can use magnet regularly to see if device is working.



https://livanova.com/en-US/
../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/LivaNova/LivaNova%20-%20SenTiva.pdf
https://www.fda.gov/medical-devices/medical-device-recalls/livanova-recalls-vns-therapy-sentiva-generator-due-reset-error
https://www.fda.gov/medical-devices/medical-device-recalls/livanova-recalls-vns-therapy-sentiva-generator-due-reset-error
https://www.vnssentivareset.com/
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Source of pictureLivaNova>>

1 new features

1. Low Heart Rate detection*

2. Prone Positiondetection*

3. Guided Programming + Scheduled Programming Titrationschedule- can be programmed
during one office visit and delivered while the patiergs their life (e.g. increase stim current
every 2 weeks at the specific time of the day until therapeutic target is reached).

4. Day & Night Programming - two independent sets of parameters can be customized and

del i vered based on each patientds needs.
5. Events & Trends - quickly view data at followup visits on events that may be associated with
seizures.

*does nothing therapeuticalfgloes not trigger stim); activated only if device
Athinkso it was amagaeta AutoStimwpradfff ent s
bradycardia or prone positianay be risk factors for SUDBPSentiva VNS acts as
ASUDEP monitord

SENTIVA Duo (MODEL 1000-D) i DUAL PIN

- for cases with legacy dugin leads still in place
List pricei 29,358.75 USD (June 2024)


https://livanova.com/en-US/

\\/nﬂ‘nn’s NorEes VAGAL NERVE STIMULATOR

E23 @9)

Source of picturetivaNova>>

DEPRESSION

SYMMETRY (MODEL 8103)

- specifically designed for depression
1 footprint same as 103, 1000.
i does not detect heart rate.

Source of picturetivaNova>>

List price fortunneler (#402)1 506 USD (2020 March)


https://livanova.com/en-US/
https://livanova.com/en-US/
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Source of pictureLivaNova>>

List price foraccessory kit (#502) 721 USD (2020 March)
1 has asparescrewdriver (one screw driver comes in the package with IPG) and @00 test
resistor.

Source of pictureLivaNova>>

PREOPERATIVE WORK -UP

NEW IMPLANTATION

1 confirm a wellestablished diagnosis of pharmacoresistant epilepsyiew thebrain MRI , ideally
conducted on a 3 Tesla scanner with an epilepsy protocol, and carefully exansice pheEG
report.

1 inquire about history abbstructive sleep apneas well as theioccupation and hobbies that may

require a clear voice

assessistory ofanyprior neck surgeriesand inquire abouheart problems

auscultation focarotid bruits

E


https://livanova.com/en-US/
https://livanova.com/en-US/

\

1 ECG 1 look for AV node or bundle branch block$igh risk of cardiac side effects during VNS
stimulation.

1 ensure effective patient counseling regarding the anticipated side effects of VNS, as outlined below

BATTERY REPLACEMENTS

1 if not sure if VNS has efficacy, turn down output to 1.0 mA and watch seizure response (better
strategy than letting VNS to expire and then waétdhbility issue if patient goes into status).

1. OK -normal operating range and no special attention is required
75-100%
50-75%
25-50%
11-25%

2. Intensified Follow-up Indicator (IFl) - battery has depleted to a level where more frequent clinical
monitoring is recommended

5-11% (model 105, 106) or83% (model 103, 104)

3. Near End of Service (N EOSpenerator should be replaced as soon as possibleattery still
maintains 3.3 V.

4. End of Service (EOS) generator is no longer supplying stimulation and immediate replacement is
recommended.

I battery startgradual drop in voltagandgenerator will eventually lose the ability to

communicate with thelinician programme(pre-operative impedance check wilbt be
possiblg.

HOW TO HANDLE DEPLETING BATTERY - RECOMMENDATIONS FOR NEUROSURGEON
1 see patient in clinisvhen battery is IFI.

1 educate patient
- ideally, battery replacement should occur at NEOS stage.

- every surgery has risks (incl. the risk of infectieading to VNSexplantation).
- too early battery replacement:

1) unnecessarilgxposes to surgical risks
2) increases number of surgerie;m pati ent ds | i feti me
battery depletion@&n occur between office visisecommend patients perform adaily magnet

activation to check stimulation(if stimulation is not felt, instruct the patient to consult with the
physicianto perform diagnostics testing).

9 calculate time to NEGS

A. LivaNova engineers can calculaBs C (battery life calculated) 1 you need to provide current
interrogation data:
a) call 8668828804

b) email clinicaltechnicalservices@livanova.com




B. Surgeon can useble to calculate intervalsfrom IFI to NEOS; e.g. for model 106

1 schedule battery replacement surgeegr predicted NEOS time (any troubles of calaudgtime to
NEOSI schedule frequent visits with either you or referring neurologist).

1 use this waiting time teeview MRIs and EEGE it is not uncommon to encounter patients with VNS
and lesional MRI:
a) VNS was placed inappropriately [previous provider did not recognize curable etiology of epileps
or modern surgery was not availgble
b) patient refused resective surgery in the past whereas modern approaches [LITT, RNS, DBS] ca
more appealing to the patient today due to minimally invasive approach.

1 avoid inertiawhen the original VNS was implanted bt efficacy was ever observed / documented
however, subsequent replacements are.done #fb

1 surgeon has to personally interrogate system preoperatively for impedance and battery level, also t
make sure the implanted lead and IP@dels are known preoperativelyas the older electrode
designs (two pin) will require legacy IPG models for compatibility. If information is missing and IPG
battery is completely depleted, perforrra§y to identify the system.
- ensure that themformed consent includasNS lead revision if indicated

LEAD REVISION / BROKEN LEAD

Impedances
7 eithertoo high(> 10,000 Ohmpr too low (esp. < 600 Ohm)

1 look for historic impedance$ sudden changes (esp. significant decrease in impedamcsirongly
suggestive.

Clinical features

9 increase irseizures

1 patient perception of feeling erratic, limited, stomulation

1 shortcircuit condition- painful feeling in the neck (that stops after turning VNS off).

Diagnosis

1 X-ray: lead discontinuities can sometimes be identified-oayxof theVNS system

1 ECG1 if patient is not receiving therapy (e.g. due to high impedances), it needs totbe acaew
system implantatiorlook for AV node or bundle branch blocgseop.

1 experimental skin electrodeson the neck + either evoked potential monitoring equipment or an
oscilloscope can be used to analyze the stimulus waveform for verification of an electrical
discontinuity; differentiated waveform with narrowed pulses or no waveform at all can confirm a
discontinuity:


http://www.neurosurgeryresident.net/E.%20Epilepsy%20and%20Seizures/Ancilliary/E27.%2520Battery%2520Longevity%2520Tables%2520106.pdf

A Intact Lead

B One Broken Lead Wire

T

C Two Broken Lead Wires or No Output

A B C
Surgery
T no need to explant entire old |l ead (to jeopa
due to the presence of VNS system (i.e. still no MRI in exclusionizese ¥

1 start with low output stimulation postop (as with new system).
1 transienthoarsenesmay happen due to vagus manipulation.

EXPLANTATION OF ENTIRE SYSTEM

71 if VNS has no efficacy, VNS is still left in situnew IPGs in the future may offer new stimulation
protocols.

1 if patient insists on explantatige.g. claim no efficacy or needs MRI in exclusion zoa@h stim off
for > 3 months to make sure VNS is indeed not helping.

1 remove as much of the lead as possible if explanting a system (ideally, should be < 2 cm remaining
allow MRI in exclusion zoné ); transect lead here:

re ~1cm

% ~1cm
-

SURGICAL TECHNIQUE 1T NEW VNS IMPLANTATION

GENERAL SCHEMA
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VNS Therapy Lead

/VNS Therapy
’ Pulse Generator
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Tie-Downs
Vagus Nerve

Lead
Helical Electrodes

Anchor Tether

Source of pictureLivanova >>

ANATOMY



https://livanova.com/en-US/
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Pharayngeal
Branch of
Vagus Nerve

Left Vagus

\\ Nerve
\ \

Superior Cervical Cardiac
Branch of Vagus Nerve

Superior Laryngeal Nerve
Communicating
Branch of Vagus
Nerve to Carotid
Sinus Branch of
Glossopharyngeal
Nerve

Inferior Cervical Cardiac
Branch of Vagus Nerve

Lead Electrode Location

Right Recurrent
Laryngeal Nerve

Thoracic Cardiac Branch
of Vagus Nerve

Left Recurrent
Laryngeal Nerve

Source of picturekivanova >>

1 nerve usually lies in posterior groove between carotid artery and internal jugular vein

POSITION

91 head is rested on a gel donut / towls. Holloway)



https://livanova.com/en-US/
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T
T

T

Dr. Holloway places saline bag under neck to pastvicalviscera anteriorly.
headrotation

a) straight Dr. Hollowayi asany rotation distorts anatomy!!!)

b) rotate head to the righiDr. Tye) T moves chin away from surgical access but internal
jugular veintends to overlap vagus nerve

arm position depends wheiRG is going to be placed:

a) arms tucked at the sidedor classical IPG implantations just below clavicle.

b) right arm tucked at the side while left arm abducted on the arr{Drestyefor female
patientsf planning IPG incision lateral to breasir. CollinsplaceslPDs alonganterior
axillary fold).

c) inthe case of a twiddler patient, consider implanti?f@in the back.

INCISION

T
T
T

at | evel of <cri cot heyACDHodowerd nebkanatonsallowsi gsaltd or C
avoid cardiac nerves)

3-4 cm length of incision should be centered where carotid pulse is palpable, generally, with some

overlap over medial edge of sternocleidomastoid muscle.

inject local anesthetic with epinephrine edrlgllows hemostatic actiaio begin while sterile draping

the patien{minimize electrosurgical use to occasional bipolar cautery use during dissection; should
not need to use monopolar Bovie cautarall)

DISSECTION

= =4

after reaching platysma, may cut it transversely (parallel to skin incision) using scissors or may spli
platysma along fibers (perpendicular to skin incisi@n. Colling).

Dr. Collinsretracts omohyoid inferiorly using vessel loop.

dissecthas for2-level ACDFOT down to spine along medial edge of carotid; then didatatally

along anterior surface of carotid until finding groove between carotid and 1J (do not dissect beneath
SCM and do not exposeildd is fragile + does not need to be exposed at all!)

Dr. Collinsleaves some adventitiadges of carotid sheatbip carotid andJ (to engage retractor

blades).

NERVE EXPOSURE

M

using delicate surgical instruments, for exantpézald tissue forcepaght-angle dissectoiand
Metzenbaum scissorsxposeleft vagus nerve halivay between clavicle and mastoid procgssdow
wheresuperior and inferior cervical cardiac branckeparate from vagus nervetimulation of either
of these two branches may cause bradycardia and/or ayystole

themain vagus nervgunkis the largest nervia the areaandtypically resides in the posterior groove
between the carotid artery and the internal jugular;vein

one may encounter a thin flat nerguperior root of ansa cervicalisituated anteriorly between 1J
and carotid):
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Hypoglossal nerve -

Inferior root of ansa cervicalis

Superior root of ansa cervicalis

N.B. based on 50 cadaver study for vagus syntopy, in 68% of ¢aseagus is situated
anterior to common carotid (on theght, in 64% of cases vaguspssteriorto CCA);
comparing both sides, there was symmetnin this syntopy. No influence of ethnic or
anthropometric characteristics was observed

sometimes, as small nervezagus cardiac brandhmaybe identified medial to the main vagus trunk.
be careful to never crush the nerve in the for@egs/ manipulate the nerve using epineurium.
dissect nerve circumferentially.
expose3 cm of vagus nervefacilitates placement déadhelices on nerve.
N.B. ensure perfect hemostasiase Gelfoam with thrombin (do not use electrocautery on
or near nerve!)
stretching nerve or allowing it to dry may result in temporary swelinganstrictionY vocal cord
dysfunction.
Dr. Collinsskeletonizes nerve thorouglilyremoves all epineuriuno minimize impedances (to
conserve VNS batteJy he aims towards < 1500 ohm; risklisturbing vasa nervorum and inducing
later fibrosis.
whenirrigating surgical wound with the exposed vagesve donot use a cold solutionit may cause
cardiac effects.

IPG POCKET IN THE CHEST WALL

this step takes only-2 minutes, so it is advisable to postpone it until the vagus nerve is fully exposec
classically, IPG is implanted just below the clavicle.

traditionally, the IPG is implanted a subcutaneous pockast below the claviclén the left upper

chest. Try to place the generator at rib 4 or above, so the patient can have the maximum flexibility 1
MRI postoperatively

to determine the exact IPG location, palpate anterior chest wall tis§nelsvhere there is enough
tissue bulk to cover IPG (to maximize cosmesis, to minimize risk of skin dehiscence).



skin incision can be perpendicular to clavicle or parallel to clavicle; in either case, ensure that incisi
is two-fingerbreadths away from clavicle and tfwogerbreadths away from deltopectoral groove.
deepen subcutaneous dissection until pectoralis fascia is reached. Then continue dissection (incluc
atraumatic blunt finger dissection along tissue plane) parallel and above the fascia in the direction ¢
planned IPG pocket; may also create a shoueifiap on the opposite directiorto allow skin
mobilization for tensiofless closure.

to avoid IPGcommunication difficultiesthe pocket depth should not be deeper than 1 inch beneath
the skin similarly, it is not recommended to implant the IPG below muscle

LEAD TUNNELING

E N |

may do this step before wrapping lead contacts around héegs risk of lead dislodgement during
tunneling.
place bullettip endon Tunnelerand tunnel subcutaneously.
never routdeadthrough muscle; ever suturdeadto muscle.
after bullet tip has passed from one incision to other, unscrew bullet and withdraw shaft from sleeve
leaving sleevexd¢ended through both incisions.
useprotective plastic sheath
0 insertleadconnector(s) inside end of sleevanatk incision (if still using a lega@ualpin
lead second connector will form slight compression fit betweenl&esiconnector tubing and
sleeve inside
0 pull sleeve, along witkeadconnector(s)towardschest incision until lead connector(s)
completely exit(sghest incision

Single-Pin



o0 Dr. Collinsprefer using two protective plastic sleevese inside another: tunnel the large
sleeve and then pull the smaller sleeve (with VNS lead inside) throughstmethod protects
the lead from pulling trauma, plus, when placing lead, no need to fighteadhmemory and
torque.

WRAPPING L EAD

1 chooseappropriately sizetead(2.0 or 3.0 mm electrode inner diametesjhould fit snugly without
constrictingnerve;2.0 mmleadshould accommodate most nerves.
0 itis not possible to prediethat sizdead will be needed.
0 open lead from its package only when ready to implantdg.@ot exposedad to dust or other
similar particulates, because its silicone insulatian attract particulate matter).
0 do not soakdad in saline or similagolution before implanting #may cause insulated
portions of connector pin to swell and become difficult to insert into Pulse Generator.
1 use softrubber vessel loopdo gentlylift thenerve, if necessary.
Dr. Collinsinstead of vessel loop places small cottonoid underneath nerve.
In my experience, best is to place 1.0x0.5 inch piecgleifiin sponge (Gelfoam) soaked in
thrombin solutiori very soft, moist, and hemostgtitsmall piece of sponge gets caught
by instrument or gets trapped between the electrode and nerve, it is easy to pull it out an
is fast absorbable
two helical electrodes amahehelicalanchor tether are coiled around nerve
remembeii negative electroden(th green suture embeddedhialical material) goes cranial and
positive electrodéwith white suturepoes caudal:

E

NEGATIVE ELECTRODE

POSITIVE ELECTRODE

ANCHOR TETHER

N.B. if contacts are applied upside dgMNS will stimulate efferent fibers may causeliarrhea

1 there is no preferred order how to place heliceggher start with negative electrode first or start with
anchor first (authordés preferred way).
1 with forceps, gently pull each end of helical, using attached sutures to spread helical
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\ Helical
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\\ A A _— Suture
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1 starting with opened helical spread directly above and parallel to exposed nerve, turn helical clockw
at a 45 degree angle to nerve

q

9 using finetipped forceps, holding the suture ends, manipulate each end of helix to wrap around the
nerve; usually it requires a coordinated effort of three or four hands:



Distal to Head

Distal to Head

Proximal to Head

X

N
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Dr. Collinsusesblunt nerve hookto wrap (procedure can be done by one persostetches
helicalso metal contact sits on nerve; releases stretbelgmalrecoils and grasps nerve; then
nerve hook goes under nerve, hooks and pools one side of pigtail; repeat on the other side of
pigtail:

Nerve



1 form strainrelief bend (lay it inside carotid sheatland strain relief loop to provide adequate slac
allow for neck movement.
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Proximal to Head

Vagus Nerve Suture

Lead Body Electrode [Green Suture (-)]

Electrode [White Suture (+)]

Anchor Tether (Green Suture)

Tie-Downs

Strain Relief Bend 3em
(1.18in.)
min.

Distal to Head



Proximal To Head

Sternocleidomastoid
Muscle

Neck Incision

Tie-Down

Clavicle

Dr. Collinsnever placetie-downtabs under the skifrisk of erosion!) he places tabs at least under
platysma.

PULSE GENERATORS

1 do not use electrosurgical equipment after Pulse Generator has been introdueghb tield-
exposure to this equipment may damage Pulse Generator.
1 Pulse Generator is implanted just below clavicle in subcutarpmket in the left upper chest along
axillary border.
1 placeextra coiledeadto side of Pulse Generator, not behind it
Do not placdeadslackunder Pulse Generatpbecause doing so could result in insulation
failure and system malfunction.
1 back outsetscrew(sand insert lead:
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- Receptacle Hole Clear

-

_ Setscrew Visible
~ (Manually back out)

L

1 note for dual pin leads (now obsoletegversal of lead polarity has been associated with increased
chance of bradycardia in animal studies.

— Suture Hole - Always suture to fascia

N\ N Insert fully

\@iﬁﬁi‘m-

Prior to Insertion Fully Inserted

End of connector pin should be visible in cavity

Be sure end of connector ring is
inside of Lead receptacle

i A E:::::ﬂj

i tighten setscrew; force parameters:



0 after setscrew is engaged using the torque limiting wrench, the force requieadoteel_ead
from IPG shall be > 10 N.
0 with setscrews retracted, the forcarteertor withdrawt he Lead from t he
1 itis ok toimplant battery upside down

TESTING

1 if patient has experiencedystolgesevere bradycardia (heart rate < 40 bpon)clinically significant
change in heart ratluring System Diagnostickeédtes) at time of initial device implantation, patient
should be placed on cardiac monitor during initiation of stimulation

models 100102R the test will stimulate at mA for 14 seconds

models 103106, the test takes approximately secondsl mA output currentat 20 Hz,
500usec)will be usedwhen the device is set to 0 n{@hich is the case for new IPGSs)
otherwiseg it will usethe programmed output currgfetg.0.75 mA for 5 seconds if
programmed at 0.75 m#ith ON time for 5 second®r 2.5 mA for30 seconds if
programmed at 2.5 m@ith ON time for 30 secongis

model 1000 the test usesie programmed output curreior approximately} seconds

Normal Mode System Diagnostics Behavior

Output Current [ p102/102R M103-106 M1000
Gimh 1 mA, 500 psec for approximately
14 seconds )
1 mA, 500 psec for - One brief pulse at 0.25 mA, 130 usec,
approximately One brief pulse at 0.25 mA, 130 pisec, | ¢5(lowed by delivery of programmed
SOA 14 seconds followed by delivery of programmed |, ,t5ut for approximately 4 seconds.

output for the duration of the
programmed ON time.

N.B. have screw readly i if patient goes into severe bradycardia, may quickly disconnect lead (a

stimul ator goes into testing cycle and won
1 two types of tests (interrogation)

System Diagnosticsif it fails leadi mpedance @ HI GHsénerator Diagnadtiss )

(testperformed with test resistor that is included in Pulse Generator paclagisg accessory kit

#502 - this test will verify that Pulse Generator is functioning properly, independézdaf

N.B. IPG does not need to be in a podkémpedances are checked betwésad
contacts (vs. in DBS, impedances are also checked between a contact and IPG c:
iso called Amonopol ar configurationo)



Setscrew Plugs (2)

Resistor Assembly

T when i mpl ant i-make sOre ifte@s@s heaot taPIG has to be in a pocktet test this)
select the lowest sensitivity level that correctly detects heart rate.
1 sensitivity can be selected by averaging twav&e amplitude measurements:

Average Amplitude (mV)
Heartbeat | (across different postures)
Detection
Minimum Maximum
5 0.40 0.50
4 0.51 0.70
3 0.71 0.85
2 0.86 1.25
1 1.26 -

N.B. other stimulators (e.g. DBS) may interfere with proper heart rate detection.

INTRAOPERATIVE PROGRAMMING

see below

CLOSURE

71 al wounds & copiously irrigated witkliluted povidoneodine (Betadineyolutionand filled with 1
gram of vancomycin powder
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1 securelPG by placingbraided nonabsorbab$eiture(e.g.2-0 silk) through suture holand attaching it

to underlying pectoralifascia (not to muscle).
N.B. battery has only one hole for anchoring!

1 deepinterruptedabsorbable (e.@-0 Vicryl) stitches ee placed t@approximate the bulk of soft tissue
(adipose tissue in the chest, platysma muscle in the neck).

1 skinedges are suturedth interrupted inverteddeep dermal) stitches usitignnerabsorbable
sutures (e.g3-0 or 4-0 Vicryl).

1 if there is an increased risk of skin dehiscence, place additional simple running absorbable
monofilament suture (e.g-@GMonocryl) on epidermis for extra reinforcement.

1 skin adhesivde.g. Dermabond) is appliednce this had completely) dried, a sterileressinge.g.
Tegadernis applied

POSTOPERATIVELY

1 old school wasiotto program Pulse Generator to stimulation treatmeratfteast 14 dayafter initial
implantation now westart stim at lowest setting8.25 mA)in OR.

1 rarely,neck bracecan be used for first week to help ensure properdeailization. In contrary, most
experts encourage rangémotion neck exercises to minimize bowstring scar formation along the
lead.

PATIENT INSTRUCTIONS

1 postoperativelypbservationin a hospital for a few hours after surgery is recommended, mainly for
watch of neck hematoma that could compromise the airway.

0 make sure the patient has no vocal cord dysfunction but also educate that intermittent voice
hoarseness is expected if VNS stimulation is turned on before discharge to home.

1 Bathing: after discharge, patients are allowed to take a shower anytime, but prolonged soaking the
incision is not allowed for 6 weeks.

1 Dressing patients are instructed to remove the dressirgydatys after surgery, noting that the skin
glue will stay on and flake off on its own in a few weeks.

1 inrare cases, a neck brace can be used for the first week to help ensure proper lead stabilization.
However, in contrast, most experts encourage geantige-of-motion neck exercisegor 6 weeks to
minimize bowstring scar formation along the lead.

1 patientshould beemindedthat VNS will not result inseizurecessationthus,they shoulccontinue to
practice seizure precautions and continue their antiseizure medications
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Source of picture: Viktoras Palys, MD >>
skin glue will stay on and will flake off on its own in a few weeks.
Regimen for 6 weeks perform gentle neck range of motion exercises.
If, at any time, you notice signs of infection (worsening pain, redness, swelling, drainage), please cont:
the surgeonbés office ASAP.

MRI T LIVANOVA SYSTEMS

Full instructions>>

Checkvnstherapy.com/healthcapzofessionals/mii really easy to use website to find recommendations
for your device!

1 compatible with 1.53.0 T MRI (DBSis also approved for.8T; RNSapprovedor 1.5T).

GRouUP A -103,105,106,1000IMPLANTED HIGHER THAN 4™ RIB (ARMPIT LEVEL )
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../Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/LivaNova/Livanova%20-%20MRI%20with%20VNS%20Therapy.pdf
https://vnstherapy.com/healthcare-professionals/mri
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No special MRI equipment/coils
required

Note: The scan iso-center must be
outside the exclusion zone

T Patients with implants in other locations
must follow Group B scan conditions

Performing MRI with abody
coil is safe when the specified
conditions are followed

GROUP A

Permissable Scan Area

MRI Exclusion Zone

Cc7

L3
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MR Conditional Yes

Static Magnet Strength 15Tor 3T
Scanner Type Horizontal field, cylindrical closed-bore 1.5T or 3T scanner

Operating Mode Normal Operating Mode

Exclusion Zone Body coil: C7-L3  Transmit-receive head or extremity coil: C7-T8

Max Spatial Gradient <3000 Gauss/cm
Max Slew Rate 200 T/m/s

Transmit: Body coil or Transmit-receive head or extremity coils

RF Coil Receive: No Restrictions

Max SAR Transmit head coil: 3.2 W/kg  Transmit body coil: 2.0 W/kg

Stimulation OFF Sensing OFF*
System Programming *for select models with AutoStim mode
Optional device features OFF (Model 1000 only)

Transmit head or extremity coil: No restrictions

Exposure Time Transmit body coil: < 15 minutes of active scan time within a 30 minute window

Transmit head or extremity coil: none

Additional Restrictions Transmit body coil: Circularized Polarized mode only

1 OKto useransmitbody coil (15 min scan, 15 min break timajd3T MRI.
1 if the patient requires MRI o 7-T8 area using a head/extremity aailC7-L3 area using a body coill,
surgical removal of the VNS is required.

GROUP B 102,104,also Group A implanted below &' rib
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GROUP B
Requires local transmit-

receive coil MRI Exclusion Zone
Avallability may vary

Cc7

T8
Permissable scans include head,

knee, ankle, and wrist

Performing MRI with alocal
transmit/receive coil is safe
when the specified conditions
are followed
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MR Conditional Yes

Static Magnet Strength 1.5T or 3T
Scanner Type Horizontal field, cylindrical closed-bore 1.5T or 3T scanner
Operating Mode Normal Operating Mode
Exclusion Zone C7-18
Max Spatial Gradient <3000 Gauss/cm

Max Slew Rate 200 T/m/s

Transmit-receive head or extremity coils

Transmit-receive head coil: 3.2 W/kg

Stimulation OFF Sensing OFF*
System Programming *for select models with AutoStim mode
Optional device features OFF (Model 1000 only)

Transmit-receive head or extremity coil:
No restrictions

Exposure Time

Additional Restrictions None

surgical removal of the VNS is required if MRI usingansmit RF body cois needed.

notall head RF coils are transmit and receive type; many are receive only; use of any local receive
with the body coil in RF transmit mode presents the same RF heating hazards as the body coil alor
with no local coils.

E |

CuT /BROKEN LEAD
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Suspected Lead Break

L
Lead only

(0] < 2 ¢cm remaining*
Lead only
>2 c¢m remaining

]
-

=
‘x’ =

=
1 =

Exclusion Zone

MR Conditional

Static Magnet

Strength 15T or 3T

1.5T or 3T

Operating Mode Normal Operating Mode Normal Operating Mode
Max S|:.latia| <3000 Gauss/cm <3000 Gauss/cm
Gradient
Max Slew Rate 200 T/m/s 200 T/m/s

Transmit: Body or transmit-
receive head or extremity coils
Receive: No Restrictions

Transmit-Receive head or
extremity coils only

RF Coil

Transmit/receive head coil: Transmit head coil: 3.2 W/kg
3.2 W/kg Transmit body coil: 2.0 W/kg

*Equivalent to clipping the lead at the anchor tether

T safe Il ength of | ead s eanbeassassed by taking amay.The lehgth.ot . |
2 cm can be approximated by visualizing the distance between the positive and negative electrode
cm). By design, there is approximately 1 cm between the positive electrode and the anchor tether,
which is also likely remaining. Surgeons are instructed to remove as much of the lead as possible i
explanting a system.
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1 length of lead sgment remaining (.0 2 : MRh)sing thebody coil or MRI of the head or
extremities with @ead coil or localextremity) coil (respectively) is allowed if the lead is transected

here:

~1cm

~1cm

if the lead is transected > 2 conly a transmit/receivecad MRIor transmit/ receivexiremity MRI
is recommendeduyll body MRIis not allowed.

Warning: If it appears that > 2 cm of lead remains, then the patient cannot have an MRI with the body
coil, but can still have an MRI using a extremity transmit/receive or head transmit/receive coil.
Abandoned lead wires present increased risk of thempalito patients during MRI procedures based on

their length and their exposure to RF.



DEVICE PREPARATION FOR MRI ScAN

1. Perform an interrogation and record the information in the patient record (this information is used
to restore the device settings after the MRI or in the rare case of a reset):

2. Program the parameter settings as follofW8\NS needs to beirned offby programmer, not by
magnet):

Normal Output Current: 0 mA

Magnet Current: 0 mA

Model 106 and 1000 only:
Detection AOFFO
AutoStim Output Current: 0 mA
Turn off any other optional device features (Model 1000 only).

N.B. practical advicé only need to turn magnet to O n{all other parameters can be left unchanged)

3. Verify that placement of VNS iscated between C7T8.
Caution: MRI with a VNS implanted outside 8 has not been evaluated!

ELECTROSURGERY

If patient with implanted VNS is undergoing another surgei@kitto use monopolar coagulator (Bovie)
if far from VNS. Place grounding pad to avoid VNS system being in between grounding pad and
monopolar coagulator use site

Confirm that the IPG functions as programmed after electrosurgery

DIATHERMY

Do not use shortwave diathermy, microwave diathermy, or therapeutic ultrasound diathermy on patien
implanted with a VNS system. Diagnostic ultrasound is not included in this contraindication.

THERAPEUTIC RADIATION , NUCLEAR IMAGING

Therapeutic radiation and nuclear 1 maging may
information on radiation effects is available.

CARDIAC DEFIBRILLATION

The IPG may affect the operation of cardiac pacemakers and implantable defibrillators. Possible effect
include sensing problems and inappropriate IPG responses.



External defibrillation may damage the IPG. Attempt to minimize current flowing through the IPG and
Lead system bpositioning defibrillation paddles as far from the IPG as possinié usinghe lowest
clinically appropriate energy output (waconds).

Confirm IPG function after any internal or external defibrillation.

PROGRAMMING 1T STROKE REHAB

MicroTransponder
1 stroke rehabilitation therapists gmovided with daptopwith the Stroke Application & Programming
Software (SAPSandequipped with a wirelegsansmitter to communicate with IP& distances of up
tolm
IPG is programmed by the therapist.
duringrehabilitation thetherapistactivates VNS by using remote contnolouse click, or a
momentary magnet swipe over the IRGp called Vivistim Paired VNS therapy.In-clinic
rehabilitation therapy typically lasts 6 weeks, a few times per week.
1 vagus nerve stimulation typically occurs for about 90 minutes in a session (while epilepsy VNS
therapy typically stimulates 24 hours a day).

1 VNS for stroke usefairly low output current@.5-1.0mA),30Hz,and pul se Wwiowt h (
chances of side effectstimulation does not repeat until the therapist initiates it again (usually every *
to 10 secondwith typical in-clinic VNS session being 90 to 120 minytes

eg.target0 . 8 mMA at 100 e€s for 0.5 second on

3 days/week for 6 weeks in M3t-03 study
stimulation duty cycles greater than 50% are inhibited.
when in Magnet Mode, stimulation is initiated for a programmed duration (typically 30 minutes, with
0.5 second of stimulation every 10 seconds) with a magnet swipe over the IPG.

= =4
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VNS stimulation waveform and parametdf&he figureis copyrighted by LivaNova and is used with
permission
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Vivistim system laptop andirelesstransmitter:
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Vivistim Paired VNE therapy in use during rehabilitation session:
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Magnet: Depending on the therapy session seatiuping rehab exercises or daily activitipgatients or

family members can swipe the external magnet to pair the vagus stimulation with intentional movemen
This activates the IPG to deliver stimulation figpically 30 minutesPatient may also secutige magnet

over the IPQo stop stimulation if they suspect a system malfunction or significant side gffelctsg

the magnet over the IP& least for 30 secondsops any stimulation for as long as it @dover the IPG.

Of note, he magnet may damage televisions, computer disks, credit cards, and other items affected by
strong magnetic fields.

Vivistim Paired VNE therapyself-activationmagnetwith a pull force rated at 4.5 kg

Currently,strokepatients lack tools to directly communicate with their implanted VNS device.
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PROGRAMMING 1 EPILEPSY

With each IPG implantation, the patient gets two identical VNS Therapy magnets (#220), each providir
a minimum of 50 gauss at 1 inch:

Watch-Style Pager-Style
(wristband) (belt clip)

Source of picturetivaNova>>

PROGRAMMER (LIVANOVA)

1 the treating health care professional gets from LivaNova company a clinician programmeer with
wireless wand
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()

QNSTherapy'

o &
*VNSTherapy

7 future models should haBluetooth technology- device access to the patiemt the personal cell
phoneandremote data access the health provider

A Stimulation Time
B Ramp Up (2 sec.)

C OnTime

D Ramp Down (2 sec.)

E Output Current

F 1/Signal Frequency
G Pulse Width
H Off Time

STRENGTHT DURATION TIME CONSTANT (CHRONAXIE

- as thedurationof stimulus increases, tlstrengthof the current required to activate a single fiber
decreases.

Strengthduration relationship of the vagus nerve modeled by the Lapicque equation using experimente
collected nerve fiber recordings in canine

L. Lapicque. Definition experimentale de I'excitabilite. Soc Bi@l(1909), pp280-283

C.D. Smith,L.A. Geddes).D. Bourland,K.S.Foster,W.E.Schoenlein. The chronaxie and

propagation velocity of canine cervical vagus nerve fibergvn. Cardiovasc Eng: Int

J,1(2) (2001), pp.77-84
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Lower Target
— Upper Target
w— PV, 250 microseconds
- v o e VNS Mnimum Dose (Helmers 2012)

VNS Output Current (mA)

0 S0 100 150 200 250 300 350 400 ‘ l450‘ .SOO
VNS Pulse Width (microseconcs)
- model represents uppencglower bounds around 1.68%A.
- minimum dose of VNS needed to activate afferent vagal fibers in the absence of glial scarring is

derived from computational modeling

S.L.Helmerset al. Application of a computational model of vagus nerve stimulation. Acta Neurol
Scand126(5) (Nov 2012), pp336-343

CANONICAL BIOPHYSICAL LAWS

Dosing a VNS system can be simplified functionally to a-$i&p process:
1) activate the nerve witburrentandpulse width( t h e 0 vautput qureefit and pulse width
work in concert to activate neural tissues
2y modul ate central nuclei -thartemporial 6meds
modulation depends on tkenal frequencyndduty cycle

INTRAOPERATIVE

(e.g. in ORor PACUright after VNS implantation
1. Interrogate generator
2. PerformSystem Diagnosticgsystem stimulates at 1 m# set output curreritwatch for heart
rate change)
3. Program i normal mode
output current 0.25 mA
frequency20 Hz
pulse width250 nsec
on time 30 seconds, off time 5 minutes
4. Program i magnetmode current0.25 mAhigherthan output250 msec pulse width for 30
seconds
5. Program i AutoStim mode
Verify Heartbeat Detectiofcheck isdevice detecteHR andpulse oxmetry HR match)
heart rate threshold 50%
current0.125 mAhigher thamormaloutput
stim time 30 secs
6. AlwaysInterrogate generator again as last step in session to verify settings
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N.B. only increaseurrentfrom factory 0 mA to 0.28.5 mA; for the rest mayleave factory defaults.

MAGNET M ODE

1 patient(or caregiverran use magnet (e.g. in bracelet) to giddittonal boost stimulation PRN
(program0.25 mAhigher than regular modeith 250-500 msec pulse width fol03 seconds).
*default is 60 secs but in studies seizures stop within 10 seconds, thus, 30 seconc
is plenty
1 if seizures are successfully aborted with magnet, increase regular mode current to the one that ma
uses.
1 if magnet is held over device for3>seconds, device isrued off and stays off as long as magnet is
held on(sometimes patients make shirt pocket to hold magnet to keep magnet on and VNS off
marathon runners so VNS does not interfere with breathing; singersoice does not change).

AUTOSTIM T TACHYCARDIA DETECTION

82% of patients have ictal tachycardia (if epilepsy involves autonomic centers; cf. frontal lobe epilepsy
usually has no tachycardia)andidates for AutoStim.

AutoStim - detects and responds to heart rate
increases thahay be associated with seizures
(closedloop system)

N.B. justsensing heart ramonsumes approx. 20% (2 years) of battery Tifehoose carefully!

AutoStim monitorghe last5 minsof heart rateto have baseline rate.
AutoStim triggers itheart rateincreases from baseline tinreshold overl0 secondgvs. during
physical exercises, heart rate increases slower).
1 why not to use just AutoStim and avoid chronic stimulation (thus saving battery):

- longterm benefits (seizure control, depression treatment) depend on chronic stimulation.

- vagus nerve is not used to receive stimul a:
1 heart rate detection may not work due to presence of electrical artifacts from other stimulators (e.g.
DBS).

T
T

Ictal tachycardia

1 trueictal tachycardiaX 100 bpm with at least 55% increase or 35 bpm increase from basline
observed in 16947% of seizures;twen using a more | iberal thre
up to 66% of seizures could be detected but at the cost of 7 false detections per hour

Programming
1 Threshold for AutoStim: set initial heart rate threshold 50%etting range is from 20% to 70%. 20%

is most sensitive. 70% is least sensitive)
1 Heartbeat Detection (Sensitivityy angi ng from 1 to 5, with Al1l0
being the most sensitive setting.
N.B. model 106 is only capable of detecting heart beats in the rangé®BBpm
(vs. model 1000 28-180 bpm)
1 program0.125 mAhigher thamormalmode(i.e.in the middle between chronic stim and magnet
mode)for 30* seconds.



*Iin studies seizures stop within 10 seconds, thus, 30 seconds is pbduny resets heart
rate calculator sooner (vs. if stim was for 60 secs).
1 to have AutoStimenabled off periods have to be > 0.8 min

Studies

The multicenter European Cardiac Based Seizure Detection Trial (E-36) - tested a heart rédte

triggered VNS device in 30 patients with frequent seizures aneeatablished drugesistant epilepsy

that was not amenable to epilepsy surgery. They were also chosen on the basis of frequent tachycardi
feature that the deviceas designed to detect.

BRADYCARDIA DETECTION T i S U D EMARITOR O

1 enabled only for 7.5 mins after magnet swipe or AutoStim (i.e. VNS monitors if patient goes into
bradycardia during or after seiztir&UDEP risk).

| MPEDANCE

1 normal impedances are20034000Q
d highleadimpedance s defined as O 5300 Ohms, howev
will stop delivering therapy (all depends on settings; if impedance > 10 kOhm, likely there is
very little therapy being delivered).
d lowleadimpedance s defined as O 600 Ohms.

Relationship of delivered output current (mA) to lead impedance for 1000 usec pulse with output curre
from O to 3.5 mA:
Relationship of Delivered Output Current to Lead Impedance
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Lead Impedance (kOhms)

1 if battery is dead
0 preop: cannot test impedancé@sut starting with model 103, battery retains charge for lead
testing).
0 intraop: VNS does not have exterraftensiorieads to test impeshce if battery is dead; thus,
need to connect new battery intraop.




Caveat: if usingrew 104or 10R and found thatiual pin lead is brokerwill need
to replace to the new single pin leddvpNovadoes not manufacture new dymh
leads for replacement]pu will need new singkpin battery [LivaNova does not

manufacture dugbin-to-single pin adaptors] = yowasted new 104r 10R
battery!!!

Clinic - Programming Phasel
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1 if patient has postoperative voice hoarseness, do not turn stimulation on until hogsares

temporaryyesolves.

1 gradually increase autput current stepwisegvery 2 weeks, up to 2.5 mA* (as long as patient is

seeing improvement; when plateaus, go one step back and start phase II).
*can be donevery 15 minsn clinic if patient tolerateside effects
**1.5 mA should activate all axons so no real need to go beyond that (all further
efficacy depends on duty cyclelit there are patiesithat benefit from 3.5 mA.

1 if VNS is implanted for emergency cases (patient in status), current may be ramped up quickly.

OuTPUT CURRENT

1 based orni ivtarget currentis 1.625A at 250 esec

0 increasing output curremrt1.625mA will not further improve seizureontrolin patients that
have already demonstrated response to VNS

0 increasing output currert1.625mA is unlikely to convert a neresponder into a responder,

0 children tend to need higher mA thaalults.

PuLse WIDTH

1 250 mseec all axons get excite(default is 500 msec but that increases side effects, e.g. sleep apnea

and drains battery).

1 there is little functional reason to utilize pulsewiddd 50 e€sec for <clinical

considerations

1 ifitis clinically necessary to use other pulse widths thanc280e ¢, one shoul d co

decreasing output current consistent with the vagal strehgttion relationship

FREQUENCY

1 assumingall VNS fibers are activatedherapeutic combination of output current and pulse idtle

= =4

final doseparameter is Signal Frequency.

ascending nuclei €NS are responsible for decoding this message and may change their activity
according to temporal and rate components

animal studies indicated low frequencies 24 30 Hz) have a stronger anticonvulsive effect
migration toward20 Hz from the original manufacturer setting of B@ occurred in response to
anecdotal reports of improved mood effects aH2PQwithout inpact to anticonvulsive effect

(LivaNova changedactory setting from 3®1z to 20Hz with the introduction of the most recenilse
generatoy.


https://www.sciencedirect.com/topics/medicine-and-dentistry/pulse-generator
https://www.sciencedirect.com/topics/medicine-and-dentistry/pulse-generator

Best VNS dose

Fahoum, F. et alVNS parameters for clinical responiseEpilepsy. Brain stimulatior\;/olume 15,
Issue 3Mayi June 2022, Pages 848P1

1 retrospective analysisf 1178 subjects frortwelve LivaNovasponsored clinical studies.
N.B. studies included interventional and observational designs, different fafjow
durations, targeted patients of slightly different demographic profiles, and the methods fo
data collection weraot uniform across all studiespne of these studies were
prospectively designéd

Study
ID

E-03

E-04

E-05

E-06

E-40

E-100

E-101

E-103

E-104

E-JPN

TOTAL

Manuscript(s)

Ben-Menachem
etal. Epilepsia
1994;

Ramsay etal.

Epilepsia 1994

Labar etal.
Neurology 1999

Handforth etal.
Neurology 1998;
DiGiorgio etal.
Epilepsia 2000

Boon etal.
Seizure 2015

Fisher etal.
Neuromodulation
2015

Ryvlin etal.
Epilepsia 2014

Kawai etal. Epi
Disord 2017

Sample 218
Size years of
age,n
(%)
57 57
(100.0%)
124 80
(64.5%)
94 81
(86.2%)
62 0
31 31
(100.0%)
20 20
(100.0%)
63 62
(98.4%)
54 54
(100.0%)
118 95
(80.5%)
171 89
(52.0%)
384 234
(60.9%)
1178 803
(68.2%)

<4 24-
years 18years
of of age,
age, n(%)
n (%)
0 0
1 4
(0.8%) (34.7%)
0 13
(13.8%)
1 61
(1.6%) (98.4%)
0 0
0 0
0 1(1.6%)
0 0
0 23
(19.5%)
0 82
(48.0%)
25 125
(6.5%) (32.6%)
27 348

(23%) (29.5%)

Generalized Focal
epilepsy, (%)

epilepsy,
n(%)

27 (21.8%)

1(3.2%)

144 (37.5%)

172 (14.6%)

n(%)

57
(100.0%)

96
(77.4%)

94
(100.0%)

38
(61.3%)

29
(93.5%)

20
(100.0%)

63
(100.0%)

51
(94.4%)

93
(78.8%)

100
(58.5%)

237
(61.7%)

878
(74.5%)

Unknown

1(0.8%)

24(38.7%)

1(32%)

3(5.6%)

25 (212%)

71 (41.5%)

3(0.8%)

128
(10.9%)

1 patientstitrated near 1.4..75 mAexperienced greater seizure frequereyjuction than those

titrated above or below.it

VNS response may be maximized near 11625
[1.61 mA*], 30sec ON, 3 min OFFL7.1%*]



*pased on study model
1 study did not find that any of the pulse widths or signal frequencies had a significant impact on
response.

VNS titrated to settings near theodetselected dose of 1.625mAr{y pulse widthY response rate
was calculated at 12 montheaimplant

RESPONDER MEDIAN SEIZURE TOTAL ADVERSE EVENT
N RATE REDUCTION ADVERSE RATE PER
EVENTS SUBJECT
OUTPUT 44 36% 34.46% 37 0.84
CURRENT<1MA
OUTPUT CURRENT 392 47% 43.27% 84 0.21
1.5-1.75MA
OUTPUT 32 41% 32.76% 17 0.53
CURRENTz2.5MA

0 presence of a peak probability of response impliessthiaents programmed to higher VNS
intensities may not experience further improvements in effjGg some patients may not
respond to VNS at any intensity

Generalized Linear Mixed Model (GLMM) to identify relationships between both VNS parameters
and demographic f eat?iD% eeductiondn seidures). Thisasla popwatepeb n s

outcome, indicating that some patients will require VNS interssabove or below this value.

Population level mean and standard deviatior|
outcomes predicted by the GLM{drobability of
response at 12 months for a patient who is 26 ye:
old with epilepsy duration of 15 years and duty cy
set at 10.%0):

Mean Predicted Probabilities of Response

50%

40%

30%

Probability of Response

20%

10%

1 2 3

Output Current

GLMM predicted outcome for several patients
for a random sample diypotheticab0 patients
with specific demographic parametéis each
curve the probability is maximized at 1.61A of
output current

Individualized Predicted Probabilities of Response

100%

75%

50%

Probability of Response

25%

0%

Output Current




Outcomes of patients after 12 monthsvho wereinitially titrated* to the target intensity of VNS
(1.5mAi 1.75mA) and who wergesponders at 12 montfrs= 186 subjects
*but may have increased or decreased their VNS dose at follow up visits after 12 mon;

N (unique Visits after 12 Responder Median Seizure Frequency
months) Rate Reduction

Output Current 7 71% 100.00%

<1.5mA

Output Current 1.5- 209 87% 86.13%

1.75mA

OUTPUT CURRENT 98 80% 75.72%

>1.75SMA

0 analysis suggests that patients with initial response to VNS are highly likely to retain their
clinical response over time and maintain clinically significant reductions in seizure frequency

0 analysis demonstratephateau effect whereby patientstrated to output currents higher than
the proposed target output current did not achieve greater likelihood of response or greater
reductions in seizure frequency

0 identical analysis for target duty cycle obtained similar results whdresr increases in duty
cycle did not confer additional higher response rates or reductions in seizure frequency

There was no indication in this lostigrm follow up that increasing output current
resulted in higher likelihood of response or further improvements in seizure frequency
Therefore, we conclude that use of output currents well beyond the target population
level settings of 1.62MA at250c sec i s unl i k edspondéerimtoa o nv e
responder, and unlikely to offer superior levels of response in patients that have already
demonstrated response to VNS

Clinic - Programming Phasell
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0 duty cycle should be increased only if patients do not resparitatiutyin favor of battery
savings
0 patients who do not respond at the introductory duty cycle of 10% should have their duty cyc
increased.
increasingduty cycleevery 3 months
side effects do not get wordaring phase 1.
based orni ivtargetduty cycleis 17.8%is associated with the highest
probability of response



\

f Arapi d <highetdutyayae (definition varies from OAFi méd.8rin to a combination of
ON-Time=7s and OFFTime = 0.2 0.3min) in case standard cycling is foundd@ not effective in a
patient;safe and potentially more effectithan the standard cycling in pediatric patients

Duty CYCLE

- stimulation (on time) as a percent of the whole time.
1 no studies on how many hrs/day are needed to achieve neuromodulatory effect (based on animal
studies, 100% [i.e. continuous stim] would be the best but depletes battery fast).

OFF Time (min)
0.2 03 0.5 0.8 1.1 1.8 3 5 10
ON
Time Duty Cycles* (% ON Time)
(sec)

7 58 44 30 20 15 10 6 4 2
14 69 56 41 29 23 15 9 6 3
21 76 64 49 36 29 19 12 8 4
30 81 71 57 44 35 25 16 10 5
60 89 82 71 59 51 38 27 18 10

duty cycles in gray are not recommended as they represent parameter combinations with ON > OFF ti

N.B. high frequencies and duty cyclesed in combination have been previously reportethtoage
neural tissue in anima¥ L i v acAubionsaagainst programmingty cycles > 50%gven at lower

frequencies, in favor of safety.
D.R.Merrill, M. Bikson,J.G. Jefferys. Electrical stimulation of excitable tissue: design of efficacious
and safe protocols. Neurosci Methods,41(2) (Feb 15 2005), ppl71-198

SIDE EFFECTS

VNS does not carry the CNS side effeassociated with oral ASMs!
0 VNS usually leads to improvement of behavioral problems and has mood stabilizing effects
0 acute psychosis and depresdmave been described in relationship to VNS.
0 effects on memory are variablgome authors report improvement in woedognition
memory, others have foungbcline in figural memorduring VNS.
0 central pain suppression has been reported with.VNS

1) hoarsenes®r change in voicg30-50%)

2) cough paresthesia, pain, dyspnea, or headache

3) sleep apnedin adults, esp. if 500 msec pulse width is used).
Significant risk of denovo or aggravatingleep breathing disordersup to 57% of
patients!

4) asystolgreports of occurring > 1 year after VNS surgery)



\

5) swallow studies in 8 children with VN@Ed not show any evidence of aspirationly one patient had
laryngeal penetration of barium caused by VNS, but no aspiration wgs seen

6) increased droolingas a side effect of VNS has been reported in patients with LeGastaut
syndrome.

Generator data communication produces an ECG artifact:

A B C

A Generator Off B Programming C Generator On

COMPLICATIONS

1 surgical bechematomdin the neck can cause airway compromisgjain reason patients are kept for
observation for several hours posiom extremis, may require bedside neck exploration.

1 infection(3-8%); when identified early, antibiotic therapy should be initiated with the hopes of
preventing device removal. Often howeuge entire systemeed to beexplanteduntil the infection
is cleared. Once clearedNS syetmcan be remplantedwith consideration to use antibiotic

impregnated absorbable pouch for IPG pocket.
Smyth M, Tubbs S, Bebin E, et al. Complications of chronic vagus nerve stimulation for epilepsy in
children. J. Neurosurg 2003;99:508.
Patel N, Edwards M. Vagal nerve stimulator pocket infections. Ped Inf Dis J 2004;23:681
Ortler M, Luef G, Kofler A et al. Deep wound infections after vagus nerve stimulator implantation:
treatment without removal of the device. Epilepsia 2001;42:333
Murphy J, Hornig G, Schallert G et al. Adverse events in children receiving intermittent left vagal
nerve stimulation. Pediatr Neurol 1998;19142

1 there are no long terside effects of chronic stimulation (reported change in axon diameter but no
physiologic effects); howeveexcessive stimulation has resultedizgenerative nerve damaige
laboratory animals, esp. when ON time exceeds OFF(tintg cycle > 509 which can be produced
by continuous or frequent magnet activation (> 8 hours).

I EMG of the cricothyroid and thyroarytenoid muscles indicatesdbgéneration of the
recurrent laryngeal nenaecurs in 60% of patients after prolonged repetitive stimulation.
Shaffer MJ, Jackson CE, Szabo CA, Simpson CB. Vagal nerve stimulation: clinical and
electrophysiological effects on vocal fold function. Ann Otol Rhinol Laryngol 2005;114(1iFt4):7

1 damage to surrounding structures leadingaoal cord paralysijsior ner 0 s, lower fadat o me

muscle paresidikely due to incisions too high in the neck).

cardiac arrest

hardware failure lead fracture, generator malfuncti@7% of 74 patients with a minimum follow up

of 1 year)

E

Smyth M, Tubbs S, Bebin E, et al. Complications of chronic vagus nerve stimulation for epilepsy in
children. J. Neurosurg 2003;99:508.



DRUG INTERACTIONS

1 best results when combined witlv2A modulator{LEVETIRACETAM, BRIVARACETAM), slow Na
channel inhibitor{ESLICARBAZEPINE).

VNS combined with.AMOTRIGINE can inducenania (esp. pt with hx of psych, esp. bipolar).
GABAergics (VALPROATE andGABAPENTIN) can worsersleep apnea do not combine with VNS,
esp. in obese.

= =4

OUTCOMES AND STUDIES T DEPRESSION

1-year response rate -J3% (vs. 10% with best neviNS therapies)

from an FDAmandatedegistry @aronson 795 patientsvith TRD and5-year followup): VNS plus
treatment as usuwus. treatments usual had higher cumulative response rates (68% vsatit?o)
remission rates (43% vs 26%)

= =4

Observational registry study
Scott T. Aaronson et al. A¥ear Observational Study of Patients With Treatriegistant
Depression Treated With Vagus Nerve Stimulation or Treatment as Usual: Comparison of Respon:
Remission, and Suicidality. Am J Psyehblished Online:31 Mar 2017

5-year, prospective, opdabel, nonrandomized, observational registry study
61 U.S. sites, 795 patients.
inclusion- treatmentresistant depression
a) major depressive episode (unipolar or bipolar depressioom f at | eas't
duration
b) O depressive episodem¢luding the current episode)
+failedO dépres®n treatments (including ECT).
exclusion- history of psychosis aiapid-cycling bipolar disorder.
primary efficacy measureresponse ratee e ¢ r e a59% in baselin® Montgomewsberg
Depression Rating Scale (MADRS) score at any postbasadiheluring the Syear study.
secondary efficacy measwreemission.
results- VNS graup had better clinical outcomes:
0 b5-year cumulative response r&®e.6%(vs. 40.9%).
0 cumulative firsttime remitter#3.3%(vs. 25.7%).
0 subanalysi®f history of response to ECT
A positive response to ECB-year cumulative response rate 71.3% 56.9%).
A no response to ECT59.6%(vs. 34.1%).
1 conclusions adjunctive VNS has enhanced antidepressant effects compared with treatment as usu

E N |
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Pending read

‘ :
George MS, Rush AJ, et al. A One-Year Comparison of Vagus Nerve Stimulation with
;;esatmem as Usual for Treatment-Resistant Depression. Biol Psychialry 2005;58:364-
#Sackeim HA, Brannan SK, et al. Burabhility of antidepressant resbonee to vagus nerve
- stimulation (VNS). Int J Neuropesychoapharmacol, 2007;Feb 9:1-10


https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.2017.16010034

OUTCOMES AND STUDIES T STROKE REHAB

VNS-REHAB (MT-St-03)
1 primary outcome measuveas the Upper Extremity Fuglleyer Assessment (FMAE), a stroke
specific measure that assesses motor impairment (Gladstone et al., 2002).
i FMA-UE is the most widely used and validated measure in upper limb stroke recovery
studies.
i V4 (baseline) to V5 (Day 1 postweeks inclinic therapy).
1 primary and all 3 secondary endpoint analyses were statistically significant:





































