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BACKGROUND: Vagal nerve stimulation (VNS) is an approved treatment for epilepsy
and depression. Wrapping the helical electrodes around the nerve can prove technically
challenging. However, a quick and efficientmethod to slightly elevate the nerve can highly
facilitate this part of the procedure.
OBJECTIVE: To provide useful surgical tips to facilitate the procedure.
METHODS: Based on experience ofmore than 150 adult cases formainly epilepsy (primary
lead implant), the authors share their surgical technique to provide the experienced
surgeons or newcomers to the field of VNS with some useful tips. All patients signed
informed consent according to the local ethics committee guidelines.
RESULTS: The article consists of a detailed step-by-step description of the whole
procedure illustrated through high-resolution colored photographs of the surgical field.
Special reference is made to the usefulness of polyvinyl alcohol (PVA) sponge cubes to
elevate the nerve instead of the commonly used silicon vessel loops.
CONCLUSION: The use of surgical microscope and PVA sponge cubes to elevate the nerve
constitute key points to make VNS an easy surgery.

KEYWORDS: Vagal nerve stimulation, Step-by-step, Technique, Wrapping, Operative
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V agal nerve stimulation (VNS) is well
established for pharmacoresistant
epilepsy.1 Significant reduction in seizure

frequency has been reported in randomized
controlled trials, multiple open-label studies,
and systematic reviews.2-4 Quality of life has
been also shown to be dramatically improved5-7
with associated positive impacts on mood,
vigilance, and cognitive function.8-10 In July
2005, VNS was approved for chronic and
recurrent depression.19,20 Recent attempts to
use VNS for headaches,21,22 Crohn disease or
disorders of consciousness18 have also provided
promising insights.23
Mechanisms of action of VNS have yet to be

fully understood. There is evidence that part of
the antidepressant and antiepileptic effects are

ABBREVIATIONS: PVA, polyvinyl alcohol; SCM,
sternocleidomastoid muscle; VNS, Vagal nerve
stimulation

mediated by the locus coeruleus and noradren-
ergic system.16,17 With hypersynchrony repre-
senting a cardinal feature of epileptic seizures,
the desynchronizing effect of VNS has been
postulated as a possible upstream mechanism of
action of VNS.11-13 It has been demonstrated
that epileptic patients that respond to VNS tend
to display reduced interictal and ictal cortical
synchronicity both on scalp EEG14 and on direct
intracerebral recordings.15
A comprehensive review of the literature with

respect to the surgical technique yields relatively
few articles, and published high-resolution
photographs of the surgical field are lacking
(Table 1).22,25,27,28,30,31,34-40,42-47 Most existing
literature focuses on replacement, revision, and
removal of the lead or Implantable Pulse
Generators, but few articles or book chapters
thoroughly describe the surgical procedure.27,28
Herein, the authors based on their cohort of
more than 150 cases for epilepsy describe the
whole procedure step-by-step (Table 2 provides
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TABLE2. DemographicDataandMainPostoperativeComplications
of the Cohort

Mean age in years (min-max) 37.4 (18.6-72.7)

Number of patients 155
Sex ratio M (%)/F (%) 76 (49%)/79 (51%)
VNS indication
(Epilepsy/Depression)

150/5

Postoperative dysphonia
(number/percentage)

3 (1.9%)

Wound infection 1 (0.6%)
Deep infection 0 (0%)
Cervical hematoma 2 (1.2%) one immediate, one

delayed (6 d postop)

the demographic data of the cohort along withmain postoperative
complications). Particular attention is paid to some key points
such as the use of polyvinyl alcohol (PVA) sponge cubes, inserted
below the nerve at both ends, as a new alternative method to facil-
itate the wrapping step. The optional use of the operative micro-
scope will also be discussed. For illustration, photographs of the
surgical field and a video of the key steps are provided. Local ethics
committee gave approval for the study.

METHODS

Installation
The patient is positioned, as for a classical cervical anterior discectomy,

in dorsal decubitus with slight head hyperextension.

Incisions
Two lines are marked with a sterile skin marker after rigorous

antiseptic preparation. One is located at the middle cervical region
starting from the midline to the anterior border of the sternocleido-
mastoid muscle (SCM) along Langer skin lines29 for the approach to the
left vagus nerve and the other incision is made in the subclavicular area.
Some surgeons resort to a single transverse incision.28 As several authors,
we favor making 2 separate incisions. In our opinion, a single incision
is not advisable on several grounds (large incision and subsequent scar,
limited latitude as to where the generator is inserted, potential technical
difficulties in anchoring the stimulator).

Subclavicular Pocket
The first step consists of preparing the pocket in which to lodge the

stimulator. The model (model 102 or 106) requires a tailored dissected
pocket size. A quick dissection readily leads to the aponeurosis of the
great pectoral muscle. In very thin patients, we recommend going below
the aponeurosis or even below the muscle as reported by Baumam et
al.30 Then, we dissect cranially and medially towards the middle cervical
region and above the clavicle to create a track to facilitate the tunneling
step of the electrode later in the procedure.

Vagus Nerve Dissection
After skin incision, the platysmamuscle is longitudinally divided, then

the superficial cervical fascia is opened. By passing anterior and deep to

FIGURE 1. Intraoperative photograph at the beginning of the dissection
showing the posterior position of the nerve (X) between the common carotid
artery, medially, and the internal jugular vein, laterally.

SCM, the carotid sheath can be identified and opened. One of the key
notions is that the vagus nerve in most cases is located posteriorly within
the carotid sheath, which then must be widely opened and dissected.
The vagus nerve is then located in a deep and posterior position between
the common carotid artery medially and internal jugular laterally
(Figure 1).

During the approach to the vagus nerve, some technical difficulties
may be encountered even by the experienced neurosurgeon. Care must
be taken not to take an unusually anteriorly situated vagal nerve in
the retractor before having seen it. In some patients, the approach
to the carotid sheath can be complicated by the presence of large
venous branches of the jugular vein. In most cases, it is possible to
pass below or above those veins or dissect them so that they can be
more easily retracted. In some instances, they need to be ligated or
coagulated and divided. The surgeon should not be prevented from
having enough space to work around the nerve. Big lymph nodes or
omohyoid muscle may sometimes need to be resected or divided in
order to provide enough room. The wrapping step may be rendered
more difficult by insufficient dissection of the structures surrounding the
nerve.

The ansa cervicalis of the 12th cranial nerve may be mistaken for
the vagus nerve because of its course along the axis of both the carotid
artery and internal jugular, but it is always superficial to the carotid
sheath.

Once correctly identified, the surgeon must endeavor to completely
free the nerve from any surrounding connective tissue over a minimal

490 | VOLUME 18 | NUMBER 5 | MAY 2020 www.operativeneurosurgery-online.com
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FIGURE 2. Intraoperative photographs showing the careful
dissection of the vagal nerve with gentle microsurgical handling.

length of 4 cm (Figure 2). Failure to do so may result in remaining
bridges of connective tissue and adhesions, with the risk of rendering
the wrapping step more difficult. However, an overly extensive dissection
may lead to compromise of the vascular supply of the nerve and could
cause postoperative dysphonia.

Microsurgical tools and a gentle microsurgical technique should be
employed. Manipulation of the nerve carries the risk of significant
damage. It is possible to pinch the epineurium (Figure 2). Bipolar coagu-
lation or suction should be avoided in the close vicinity of the nerve. In
our experience, the use of the optical magnification for this step proves
helpful.

Tunneling of the Electrode
We suggest that this step be done before wrapping the electrode

around the nerve. Performing this step after wrapping of the electrode
may involve unwanted traction upon the nerve during the process of
tunneling. Indeed, the tunneling step implies the use of some force to
penetrate subcutaneous soft tissue and fascia, which may be transmitted
to the nerve and even pull out a previously properly wrapped electrode.

Wrapping of the Electrode
The wrapping step is often regarded as the most challenging. The

nerve must have been sufficiently freed from its environment. We advise
starting with the anchor tether and then continuing with the 2 helical

VIDEO. Step-by-step operative technique.

electrodes. For this step, several advantages can be achieved by optical
magnification. One of the key notions is first to properly position the
retractors in order to obtain sufficient room to work around the nerve.
Another crucial point is the need for the nerve to be elevated in order
to easily work below and above it as needed. To do so, some surgeons
use silicone vessel loops.31 Instead, we prefer to insert small cubes of
PVA hemostatic sponge, such as Merocel nasal dressing (Medtronic Inc,
Minneapolis, Minnesota) below both ends of the nerve (Figure 3).

Once the nerve has been dissected over a length of at least 4 cm, the
retractors are positioned and the operative microscope is focused on the
surgical field. The electrode should not be stuck below a retractor and
not have been tunneled too high up in relation to the plane of the nerve.
This might result in upward traction on the nerve given the intrinsic
rigidity of the lead (PerenniaFLEX R© Model 304, Livanova Inc). A small
piece of PVA sponge cube (4 by 4 mm) is inserted below both ends of the
nerve with microsurgical forceps (Video). Then the sponges are humid-
ified with a few drops of Rifadin-tinted sterile isotonic fluid (rifampicin,
Sanofi Aventis France). After humidification the sponge pieces will swell
up and gently lift up the nerve. The purpose of using 2 sponges located
below both ends of the nerve is to elevate the nerve in the middle and
by doing so provide room to manipulate the lead coils easily around the
nerve. The surgeon must pass alternatively above and below the nerve
with a little traction to be exerted on the small green and white threads.
In our experience, it is best to take the threads quite proximally from
the plastic part to unfold and stretch them efficiently. Once the anchor
tether has been placed, it should be able to slide easily along the nerve.
In order to be at ease, a gentle traction upon the lead exerted at the level
of the subclavicular pocket will allow the anchor tether to slide distally
so that the first helical electrode appears in the middle of the field where
the nerve is best elevated. Nothing in the field will be an obstacle to the
manipulation of the coils. If required, the same maneuvercan be repeated
for the second helical electrode. The wrapping procedure takes about 3
to 4 min. The cubes must be removed as soon as all coils are properly
positioned around the nerve. At the end, a picture showing the proper
positioning is taken and kept in the patient’s medical records (Figure 4).

Security Loop
A so-called security loop, also known as strain-relief bend, should be

made. This is critical to prevent the risk of pulling out the electrode
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FIGURE 3. Photograph showing the preparation of small PVA sponges cubes fromMerocel nasal dressing (upper left),
inflation of cubes after irrigation with a few drops of Rifadin saline (middle and lower left), and the intraoperative
positioning of the cubes below both ends of the nerve to elevate it (right).

when connecting the electrode at the level of the subclavicular pocket
(Figure 5).

Securing the Electrode to the SCM
One additional step, recommended by Livanova (Cyberonics Co Ltd,

Houston, Texas), is to secure the lead to the SCM with the help of 2
additional white silicone pieces.

Stimulator Insertion, Connection, and Impedance
Testing

The lead pin must be completely inserted before screwing to secure
the connection. Then we advise anchoring the stimulator to the muscu-
loaponeurotic tissue with the help of a single nonresorbable suture.
Impedance testing should then be performed. The anesthesiologist
should be warned of the possible occurrence of bradycardia, reported
incidence of which is between 0.1% and 2.7%.32,33 In the event of brady-
cardia, this does not preclude VNS implantation, but warrants caution
when switching on the stimulator, which should be done with cardiac

monitoring, using specific VNS parameters (small amplitude and pulse
width).

Any contraction of cervical muscles during impedance testing is
indicative of a problem. For responsive VNS devices, the check of heart
rate detection is performed in order to verify that the device reliably
detects heart rate (compare with OR monitor) before closure.26

Closure
The hemostasis should be meticulously checked. Uncontrolled

bleeding may lead to a life-threatening obstructive cervical hematoma.
For the prevention of hardware infection, we recommend washing the
operative field several times with sterile isotonic fluid or Rifadin-diluted
saline. The closure is classically made depending on operator’s preference.

DISCUSSION

Significant progress has beenmade in widening the spectrum of
VNS indications in the field of nonpharmacological modulation
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FIGURE 4. Intraoperative photographs after completion of the
wrapping step, showing the proper positioning of the anchor tether
and the 2 helical electrodes.

of brain activity. In experienced hands, VNS is a fairly quick
and easy procedure to perform. However, wrapping the electrode
around the nerve is often regarded as the most tedious or
challenging step. The suggestions described here may be helpful
not only for newcomers, but also for more advanced neurosur-
geons. We emphasize 2 points of particular importance: the use
of the operative microscope and ourmethod of elevating the nerve
with PVA sponge cubes.

Surgical Microscope
The use of the operating microscope is not mandatory to

perform VNS surgery but, in our view, it is valuable for at least
three main reasons. Firstly, it increases the comfort of the surgeon
(anatomical structures are better seen and identified with magni-
fication), and the wrapping step becomes significantly easier.
Secondly, all personnel in the room can see what is occurring,
and in a university hospital setting, teaching is facilitated. Thirdly,
it is mandatory for us in case of removal or replacement of the
electrode because of the fibrosis that surrounds the nerve in the

carotid sheath. It may be argued that the microscope is time-
consuming, but in our experience, the surgeon’s comfort should
be prioritized, and the time consumed by bringing themicroscope
is largely inferior to the amount of time gained by the consequent
rapidity of the wrapping step.

Elevating the Nerve with PVA Sponge Cubes
As previously mentioned, many neurosurgeons regard

wrapping as challenging or tedious. We think that, in reality,
it can become very easy to perform by simply adhering to
some basic rules. First of all, dissection of the nerve should be
performed completely and over a sufficient distance to be at
ease. Even if the manufacturer states > 3 cm, it is not erroneous
to dissect the nerve slightly more. We suggest freeing the nerve
over a distance of around 4 cm (as shown in Figure 3E) for ease
of surgical approach. A second crucial point to work readily
around the nerve is to elevate it efficiently. Many surgeons use
vessel loops to lift the nerve up from the tissue bed instead of
PVA sponge cubes. Their use carries the risk of exerting excessive
traction upon the nerve with potential subsequent dysphonia. It
is not easy with this method to measure out the force of traction
that will be tolerated. Our method has the advantage of gently
elevating the nerve without any risk of excessive traction (the
elevation of the nerve occurring passively during the swelling
process of the PVA sponge cubes). Moreover, the recourse to
vessel loops requires additional hands or forceps to hold them in
the surgical field. With PVA sponge cubes, once in place, there
is nothing other than the nerve and the lead with the coils and
anchor tether as shown in video. This saves time, involves less
manipulation, and takes up limited space in the operative field.
Some surgeons consider that vessel loops also prove useful during
the preparatory action of freeing the nerve from surrounding
connective tissue and that it is, therefore, logical to use them for
elevation for the next step. We tend to favor freeing the nerve
with gentle microdissection technique following the approach
of the nerve. Another advantage of PVA sponge cubes is that
their swelling after humidification creates a smooth, progressive
elevation of the nerve that proves sufficient to place the coils. It is
atraumatic and will not exert too much traction upon both ends
of the nerve. The cubes, serving as cushions, are quick to position
and provide up to 10 to 15 mm of elevation. Additionally, they
are not expensive. PVA sponges have been used for years mainly
for hemostasis of nasal bleeding and, to our knowledge, without
report of any biocompatibility issues. We have not encountered
any complication specifically related to PVA sponge cubes.
Because of theoretical risk of complications (increased infection
risks or foreign body granulomatous reaction) that might occur
if the PVA sponges are left in place, specific attention should be
paid not to leaving them in situ. Taking a final picture at the end
of the wrapping step after the removal of both PVA sponges is
thus advisable.
Based on our experience, we are inclined to think that our

technical contribution does translate into optimized clinical
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FIGURE 5. Final intraoperative photograph showing the security loop before closure. All Intraoperative Photographs were taken by OPMI R© PENTERO R©

900 from Zeiss Operating Microscope (Carl Zeiss Surgicals Inc, Jena, Germany).

results (particularly less dysphonia). Our rate of postoperative
dysphonia was found to be as low as 1.93% in the last 155
patients, which tends to compare favorably with the data reported
in the literature (lower limit of range). Indeed, in series of more
than 100 patients, the rate of dysphonia appears variable but was
around 3.8% (1.4% and 5.6%).48-50 In our opinion, it is indeed
very unlikely that using surgical microscope and PVA sponge
cubes prove more harmful to the nerve than other technical
alternatives.

CONCLUSION

VNS is a possible option in epilepsy surgery. The development
of responsive VNS devices offering the automatic triggering of
stimulation upon detection of ictal tachycardia will renew interest
in the technique. The technical suggestions provided here will
hopefully be helpful to newcomers and provide a detailed surgical
guide. By adhering to the main principles and suggestions that are
described in this article, VNS implantation can remain an easy
and uncomplicated procedure.
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