Vagal Nerve Stimulator\{YNS)

Last updatedSeptember 5, 2017
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- palliative continuouslyintermittent electrical stimulation with chestplanted pacemakdike device.
1 FDA approved in 1997

Used sources
Cyberonics VNS

INDICATION S

1) partial -onsetepilepsy in adults (even with aoanically defined single foci}rDA approval
fladjunctive therapy for reducing the frequency of seizures in patients > 12 years with-pased|
seizures refractory to antiepileptic medications

2) mounting evidence suggexffectiveness igeneralizedepilepsy ¥NS istreatment of choice for
LennoxGastaut syndron)e

3) FDA approvedas ajunctive longterm treatment of chronicrecurrent depression in patient48
years with anajor depressive episodet adequately relieveay O4 antidepressant treatments

N.B. improvement in mood may be an additional berfefitepilepsy patients!

1 stimulation of either vagus nerve is effective, lefit nerve is always chosdless likely to cause
cardiac effects), usuallgft cervical vagus nerve



http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/00.%20Catalogs,%20Brochures,%20Manuals/Cyberonics/Cyberonics%20-%20VNS.pdf

\

1 side effect hoarsenessgoughduring stimulation.

MECHANISM OF ACTION

- unknown
1 vast majority of vagal fibers are afferergroject to many structures in brain (incl. hippocampus,
amygdala, thalamus).
0 changes are seen in thalamic bloalthat 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

Pathways affected by VNS
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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

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

POSITION

on gel donut towels QOr. Holloway)
Dr. Hollowayplaces saline bag under neck to push viscera anteriorly.
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1 head
a) straight Or. Holloway- any rotation distorts anatomy!!!)
b) rotate head to the rigibr. Tye) T 1J tends to overlap vagus nerve.
1 arm position depends where generator is going to be placed:
a) arms tucked at the sides
b) right arm tucked at the side while lefraabducted on the arm rg8tr. Tyefor female
patients places generator on the side of the chest laténaast,Dr. Collinsplaces
generator at anterior axillary fold).

INCISION
T at | evel of cri cot heyACDFRodowerd nebkrallowsegod] td aveid cardiac C
nerves )
DISSECTION

1 dissectias for3-level ACDFOT down to spine along medial edge of carotid; then dissect along
anterior surface of carotid until finding groove between carotid and IJ (do not disseatrh8CM
and do not expose 1J1J is fragile + does not need to be exposed at all!) Collinssplits platysma
along fibersand retracts omohyoid inferiorly using vessel loop.

1 Dr. Collinsleaves some adventitiadges of carotid sheatb carotid andJ (to engage retractor
blades).

1 usingright-angle dissector & Metexposeleft vagus nerve halivay between clavicle and mastoid
procesgbelow wheresuperior and inferior cervical cardiac branceeparate from vagus nerve
stimulation of either of thestwo branches may cause bradycardia and/or asystole

NB. main vagus nerve is the largest of threenérffjes s ual | 'y on top of
n e r Vvteirdflat nerve)

1 expose3 cm of vagus nervefacilitates placement dfelices on nerve.

 stretchingnerve or allowing it to dry may result in temporary swellfhg anstrictionY vocal cord
dysfunction.

1 Dr. Collinsskeletonizes nerve thoroughlyemoves all epineuriuno minimize impedances (to save
battery)i he aims towards < 1500 ohm.

LEAD TUNNELING

1 do before wrapping lead around nerve.
Dr. Collinsuses two plastic sheath®ne inside anothérpulls lead through clear large plastic
tunnel (protects lead).
Dr. Collinstunnels plastic straw but not the lead it§esio when placing lead, no need ight
with lead memory and torque
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 fram sleev
leaving sleevexd¢ended through both incisions.
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Single-Pin

insertleadconnector(s) inside end of sleevenatk incision (6r duatpin lead second connector will
form slight compression fit between fitedconnector tubing and sleeve ingide

pull sleeve, along witkeadconnector(s), from chest incision end until lead connector(s) completely
exit(s)chest incision
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WRAPPING L EAD

1 chooseappropriately sizetead(2.0 or 3.0 mm electrode inner diameteshould fit snugly without
constrictingnerve;2.0 mmleadshould accommodate most nerves.
0 itis not possible to predigthat sizdead will be needed.
0 do not exposedad to dust or other similar particulates, because its silicone insudation
attract particulate matter.
0 do not soakdad in shne or similarsolution before implanting #may cause insulated
portions of connector pin to swell and become difficult to insert into Pulse Generator.
1 use softrubber vessel loopgo lift nerve, if necessary.
Dr. Collinsinstead of vessel loop placesall cottonoid underneath nerve.

1 helical electrodes and anchor tether are coiled around nerve, beginning with electrode that is farthe
from leadbifurcation (with green suture embeddedhalical material); alternativelyelices can be
placed by puttig anchor tether on first (distal to head), next placing electrode ¢ttosad
bifurcation (with white suture), and then placing electrode farthestl&adbifurcation (with green
suture).

1 with forceps, gently pull each end of helical, using attachédas to spread helical



N

N

\ Suture

/_\-
/-_

.'“.
== '\. A Y,

Y y
Nerve i A A \/
‘\ _) \.‘-\_/Jl \.‘-\_,‘,n'

Helical/ /

%.

1 starting with opened helical spread directly above and parallel to exposed nerve, turn helical clockw
at a 45 degree angle to nerve

If_
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SN Metal Ribbon
N

Dr. Collinsusesblunt nerve hookio wrap(procedure can be done by one perkorstretches
pigtail so metal contact sits on nerve; releases stretch so pigtail recoils and grasps nerve; then

nerve hook goes under nerve, hooks and poolsioeeof pigtail; repeat on the other side of
pigtail:
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Merve

Distal to Head

Distal to Head
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Proximal to Head
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Nerve

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

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 places tabs under the skig;places tabs at least under platysma.

PULSE GENERATOR

T
T

T

if patient is a twiddler, may consider implanting battery in the back.

do not use electrosurgical equipment after Pulse Generator has been introciieskts theld-

exposure to this equipmentay damage Pulse Generator.

Pulse Generator is implanted just below clavicle in subcutanemket in the left upper chest along

axillary border.

placeextra coiledeadto side of Pulse Generator, not behind it
Do not placdeadslackunder Pulse Generat, because doing so could result in insulation
failure and system malfunction.

back out setscrew(sand insert lead.



- Receptacle Hole Clear

-

_ Setscrew Visible
~ (Manually back out)

L

1 reversal of lead polarity has been associated with increased chance of bradycardia in animal studie

— Suture Hole - Always suture to fascia

N Insert fully

\_-@:i?i"“:ﬂi‘\_‘—w-

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

| S

1 if patient has experiencedystole severe bradycardia (heart rate < 40 hpon)linically significant
change in heart raguring System Diagnosticke@dtes) at time of initial device implantation, patient
should be placed on cardiac monitor during initiation of stimulation



N.B. have screw readly i if patient goes into severe bradycardia, may quickly disconnect
|l ead (as stimulator goes iIinto testing c°
1 two types of tests (interrogation)
System Diagnosticsif it fails (eadi mp e d an c ® r i H IL @K Ss@ngrator Diagnostics
(testperformed with test resistor that is included in Pulse Generator packathiggtest will
verify that Pulse Generator is functioning properly, independdetadf

Setscrew Plugs (2)

Resistor Assembly

1 secure Pulse Generator by placing sutareugh suture holand attaching it to fascia (not to muscle).

ASPIRE SR (MODEL 106)

- Heart RatéTriggered Vagus Stimulator

1 based o he multicenter European Cardiac Based Seizure Detection Trial (E-36) - tested a heart
ratd triggered VNS device in 3patients with frequent seizures and westablished drugesistant
epilepsy that was not amenable to epilepsy surgery. They were also chosen on the basis of frequel
tachycardia, the feature that the device was designed to detect.

1 tested intraoperativelyp make sure it senses heart rate.

INTRAOPERATIVE PROGR AMMING

1 setoutput current 0.28.5mA, leave factory defaultsignal frequency 20 Hz, pulse width 250
microseconds, on time 30 seconds, and off time 5 minutes.

POSTOPERATIVELY

1 do not program Puls@&enerator to ON gperiodic stimulation treatment fat least 14 dayafter
initial or replacement implantation
1 neck brace can be used for first week to help ensure gdegmistabilization.



MRI

1 VNS is only compatible with MRI of head or lower extremities (not#etk / chest / abdomgn
1 VNS needs to beirned offby programmer (not by magnet)

ELECTROSURGERY

OK to use Bovie if far from VNS.

PROGRAMMING

1 currentis increased gradually (up ta52mA); if VNS is implanted for emergency cases (patient in
status), current may be ramped up quickly.

1 oni 30 secondff i 3 minutes

1 pulse width250 msec.

1 batterylasts for 10,000 hours of stimulation.

Right after VNS implantation (e.g. in OR)i only increasecurrentfrom factory 0 mA to 0.28.5 mA;
for the resi leave factory defaults.

Magnet Modei patient can use magnet (e.g. in bracelet) to gidgtianal boost stimulation PRN (e.g.

0.25 mA higher than regular mode with 500 msec pulse widtB0@econds).

1 if seizures are successfully aborted with magnet, increase regular mode current to the one that ma
uses.

71 if magnet is held over device for > 65 seconds, device is tuned off and stays off as long as magnet
held on

Cannot test impedancpseop if battery is dead.
Normal impedances are < 2000.

COMPLICATIONS

1) hoarseness or change in voice-689%)
2) infection (34%)
3) cough, paresthesia, pain, dyspnea, or headache

OUTCOMES

1 because of its lower risk for neurologic injurWNS is standard byvhich all other more invasive
therapies must be judged

M longt erm sti mul at i ceater (ather than fesser effecs, Y&IS Yiasigproved efficacy

over time!!

50% rediction in seizure frequency in 89of patientsafter 2 years of therapy

25% d patientswith longterm f/Juhave no benefit

up to8% patientbecomeseizure free

E



Example of consult
AVNS t her apy 0% chanceaf ab0% reduction in seizures and low risks of

complications, but they do include infection (3 - 4%), hoarseness (up to 50%)

neck hematoma, cardiac arrhythmia, even coma and death. It would not cure the

epilepsy , thus, VNS is not indicated if the patientos
seizures and start driving . During appointment approximately 2 weeks after the

surge ry, the device will be activated but further programming will be done by

epileptologist . 0

VNS therapy Patient Qutconkegistry (5554 patients) + systematieview of the literature (2869

patients across 78 studies)
Engl ot et al. fARates and Predictors of Seizu
I ntractabl e Epi ISepember0lsVelunte d%Issuede BAF 353

Duration responder ratei VNS seizure freedom(Engel Ia) T VNS
registry% (review%) registry% (review%)

0-4 mo 49% (40%) 5.1%(2.6%)

24-48 mo 63% (60.1%) 8.2%(8%)

1 on multivariate analysis, seizure freedom was predictegbbyof epilepsy onset >12 yegodds ratio
[OR], 1.89; 95% confidence interval [Cl], 1-2858), and predominantlyeneralized seizure type
(OR, 1.36; 95% CI, 1.01.82), while overall response to VNS was predicteddyesional epilepsy
(OR, 1.38; 95% ClI, 1.06.81).

Seizure freedonresponse to treatment, and median seizure reduction from the VNS therapy registry.
Across all patients together (A), a progressive increase in seizure freedom was observed after device
implantation, paralleling increases in the rate of responsetotherdfpd e f i ned as pati e
seizure frequency reduction) and the median reduction of seizure frequency. When comparing patient:
with partial seizures (B) vs generalized seizures (C) as the predominant seizure type, seizure freedom
significanttymoe e | i kely in patients with generalized
4 to 12 months of follovup, although this difference was not significant at 12 to 24 months or 24 to 48
months (P > .5). Responder rate and median seizure i@dda not differ significantly between patients
with primarily partial vs generalized seizur e
3277, and 3182, and 1194 patients at each fellpwyeriod, respectively.


http://journals.lww.com/neurosurgery/toc/2016/09000

Seizure freedom rates lage of epilepsy onset and implantation. A, patients who achieve seizure freedo
had significantly later onset of epilepsy than those with persistent seizures at 0 to 4 (P < .001, Wilcoxo
sum rank test) 4 to 12 (P < .001), 12 to 24 (P < .001), and 24(8®<4805) months. B, no significant
difference in age of implantation was observed between patients with or without seizure freedom (P >
each time point, Wilcoxon sum rank test). C, patients who achieved seizure freedom showed shorter
onsetto-implant intervals than those with persistent seizures, but this difference was not significant (P
range0.00 . 26 at each time point, W lcoxon sum ran
including 4666, 3277, and 3182, and 1194 patients at eactvfofigperiod, respectively.












