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Lateral Third Infraclavicular Implantation
of the Vagal Nerve Stimulation Generator
Through Axillary Incision

Objective : This report describes the clinical study of the surgical method of lateral third infraclavicular
implantation of vagal nerve stimulation (VNS) generator through the axillary wrinkle incision.

Methods : In a retrospective study, the data for 20 patients with medically intractable epilepsy treated by
this approach were examined. The mean age was 31.4 years (range : 14-50), and the mean follow-up
period was 12.15 manths (range : 4-21 months). The male to female ratio was 2.3 : 1. The subcutaneous
pocket for the generator was located in the lateral third infraclavicular area through the axillary wrinkle.
Our method was a modification of the standard VNS generator implantation in the mid-infraclavicular
pocket through anterior axillary incision.

Results : There were the excellent or good cosmetic satisfaction in 95% of the cases and fair in 5%. The
generator was located outside the lung field in 15%, periphery of the lung field in 45%, and crossed over
the lung field in 40%. Discomfort from shoulder motion occurred transiently in 35% of cases. Other
complications were minimal.

Conclusion : These results demonstrate that the lateral third infraclavicular apporach will offers cosmetic
benefits and reduction of obscuration of the lung field without serious complications. Thus, this technique
provides an attractive alternative among the surgical techniques for the vagal nerve stimulation.
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INTRODUCTION

Vagal nerve stimulation (VNS) has become a popular procedure after FDA approved for
the treatment of medically intractable seizure*®. VNS generator is typically implanted in
the subcutaneous pocket of the left mid-infraclavicular region through the anterior axillary
incision'”. However, this procedure has been associated with several problems, such as
unsatisfactory cosmetic results due to visible scar and superficial protrusion of generator,
migration of the generator and obscuration of the lung field by the generator. We report an
alternative generator implantation method that could reduce the described drawbacks.

MATERIALS AND METHODS

From 2001 to 2006, 21 patients underwent VNS operation performed by one operator
for medically intractable epilepsy. One patient had the VNS generator implanted at the left
mid-infraclavicular subcutaneous pocket through anterior axillary incision, and the other
20 patients had this operation through the left lateral third infraclavicular subcutaneous
pocket through an incision along the natural axillary wrinkle line. To clarify the usefulness
of this procedure, we have studied these series retrospectively, and evaluated several items,
including postoperative cosmetic satisfaction, the obscuration of the lung field by follow-
up chest X-ray, complications related to the procedure (infection, hematoma formation,
discomfort of shoulder motion, other neurological deficit, migration of generator, lead
fracture), and other stimulation induced symptoms such as coughing, hoarseness, vocal
cord paralysis, chest pain, bradycardia, asystole, and dysphagia.

The surgical procedure

The basic procedure is the same as the standard method" except that the authors used
normal axillary wrinkle line instead of anterior axillary incision and the generator was placed
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Fig. 1. Implantation of vagal nerve stimulation generator. A : middie third infraclavicular implantation through anterior axillary line. B : lateral third

infraclavicular implantation through natural axillary wrinkle.

Table 1. Characteristics of 20 patients

No. Sex Age Operation date FU (M)
1 M 14 2005. 09. 08 16
2 M 16 2006.03.16 10
3 M 17 2006.09.12 4
4 F 18 2005. 09. 22 16
5 M 20 2006. 07. 31 6
6 F 20 2006.07. 10 6
7 M 23 2006.08. 18 5
8 M 25 2005. 04. 21 21
9 M 27 2006.09. 19 4

10 M 29 2005. 06. 28 19

11 M 34 2005. 08. 25 17

12 F 34 2006. 08. 29 17

13 M 35 2006. 03. 27 10

14 M 43 2005. 06. 03 19

15 F 44 2006. 08. 24 5

16 F 44 2006.07. 27 6

17 F 47 2005. 05. 30 20

18 M 49 2005.11.28 14

19 M 49 2005.07.15 18

20 M 50 2006.03. 13 10

* abbrevigtion, No : number, FU : follow up, M : month

more to the lateral and upward of the subcutaneous pocket
(Fig. 1). The average operation time was 50 minutes.

Cosmetic satisfaction

All patients were asked about their cosmetic satisfaction,
especially invisibe scar and superficial protruding of generator
at 1 and 2 months after surgery. Their responses were divided
into 4 categories : excellent ; very satisfied, good ; relatively
satisfied, fair ; relatively unsatisfied, poor ; very unsatisfied.

Migration of generator and chest obscuration
The migration of the generator was estimated by a follow-
up chest x-ray.
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The chest obscuration was evaluated by 4 grades : grade
1 ; out of lung field, grade 2 ; cross over lung field, grade 3 ;
periphery of lung field, grade 4 ; near the hilum.

Other complications related to the procedure and
stimulation induced symptoms

The authors investigated the occurrence of hematoma
formation, infection and the discomfort during the shoulder
motion. And other stimulation induced symptoms such
as coughing, hoarseness, vocal cord paralysis, chest pain,
bradycardia, asystole, and dysphagia were also investigated.

RESULTS

In the 20 cases of VNS generator implantation through
the left lateral third infraclvicular subcutaneous pocket
through axillary incision, male to female ratio was 2.33 to
1 (14:6), the mean age was 31.4 years (range : 14-50), and
the average follow up period was 12.15 months (range : 4-
21 months) (Table 1).

Cosmetic satisfaction

In the postoperative cosmetic satisfaction, the results
showed: exellent, 5 cases (25%), good, 11 cases (55%),
fair, 4 cases (20%) at a 1 month follow-up. At a 2 month
follow-up, results showed : exellent, 7 cases (35%), good,
12 (60%), fair, 1 (5%) (Table 2). In one fair case, superficial
protrusion of the lead at the cervical area was identified as
being a cause by the technical error of anchoring to the
cervical muscle layer. However, 95% of the patients were
satisfied with our method after 2 month follow-up.

Migration of generator and chest obscuration
Generator migration from the initial anchoring site of
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lung field. D : near the hilum of the lung field.

Fig. 2. The locations of generator in postoperative evaluation of chest x-rays. A : out of the lung field. B : cross over the lung field. C : periphery of the

complications related to procedure
were not noticed. Mild discomfort
during shoulder motion was identified
early in the postoperative period (7
cases, 35%) but it subsided within 1
month (Table 3).

DISCUSSION

Authors have sought an alternative
technique to provide better results of
VNS generator implantation for
cosmetic satisfaction, and to reduce

t

Fig. 3. Postoperative incision site

Table 2. Postoperative cosmetic satisfaction

Result 1 month 2 month
exellent 5 (25%) 7 (35%)
good 11 (55%) 12 (60%)
fair 4 (20%) 1 (5%)

poor - -

* exellent : very salisfied, good : relatively safisfied, fair : relatively unsatisfied,
poor . very unsatisfied

Table 3. Assessment of Complications

Assessment Number

Stimulation induced symptom 0/20 { 0%)
Procedure related complication 0/20 ( 0%)
Migration of generator 3/20 (15%)

more than 2cm was identified in 3 cases but the distance
was less than 4cm. The results of chest obscuration are as
follows : 1) out of lung field ; 3 (15%), 2) cross over lung
field ;11 (55%), 3) periphery of lung field ; 6 (30%), 4)
near the hilum ; 0 (0%) (Fig. 2).

Other complications
Stimulation induced symptoms and complications
related to procedure Stimulation induced symptoms and

(at a 2 month follow up). A : adduction state. B : abduction state.
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the obscuration of the lung field in
chest studies. An alternative method
was sought, as the first case, which operated in the same
way as the standard method, revealed several problems.
These included a postoperative wound scar that was of
cosmetically ill appearance, especially in young woman,
and the generator obscuring hilar area of the lung, which
is the prevalent area where the lung lesions in chest x-rays
occur. Other methods of VNS generator implantation
were introduced such as subpectoral implantation”, and
interscapular placement” of VNS generator. Subpectoral
implantation has the advantages where the migration of
generator is less and generator appeas less bulky. Interscapular
implantation can reduce the wound breakdown related to
the wound tampering by the patient especially in children
and developmentally disabled adults. Bu, these procedures
cause relatively large scar formations and the obscuration
of the lung field. In this regard, we designed a modified
method which could create better cosmetic results, reduce
the obscuration of the lung field in chest evaluations, without
causing other complications.

An incision is made at the axillary fossa along the natural
wrinkle line and the generator is implanted at the lateral
third infraclavicular subcutaneous pocket. The axillary wrinkle

incision can make a less obvious postoperative wound scar,



and the lateral third infraclavicualr subcutaneous pocket
has relatively thick soft tissue, which could reduce the
superficial protruding of the generator (Fig, 3). This location
also caused less obscuration of the lung field. However, there
is the possibility of discomfort during the shoulder motion
and peripheral nerve dysfunction because its location is in
the vicinity of the shoulder joint. Seven patients felt discomfort
during the shoulder motion in the early postoperative
period, but it disappeared as patients became adapted.
Other complications related to the procedure (hematoma
formation, infection®*'?, lead fracture'”) were also worrying
possibilities because the subcutaneous soft tissue is thicker
here, but were not noticed in our cases.

The migration of the generator more than 2 cm occurred
in 3 cases, but were not severe. We consider this result was
acceptable because the conditions of taking chest x-rays
might not be the same. This problem was improved by
anchoring the generator to the subcutaneous infraclavicular
pocket properly and by dissecting the subcutaneous pocket
to small dimension, as needed.

Despite the very lateral position of the generator, it sometimes
obscured the lung field in chest x-rays. Even though the
generator obscured the lung field, the locations were not
near the hilum where many lung lesions occurred, rather
were located near the periphery of the lung field. We suggest
that it could be better to anchor the generator to the lateral
side and upward towards to the infraclavicular pocket as
much as possible. Stimulation induced symptoms such as
cough, hoarseness™'?, bradycardia®, asystole, vocal cord
paralysis” were also not found in this study.

CONCLUSION

The authors recommend vagal nerve stimulation generator
implantation at the lateral third infraclavicular subcutaneous
pocket through the axillary incision because of its safety,
better cosmetic advantage and less obscuration of the lung
field in chest evaluations. This technique provides an attractive
alternative among the surgjcal techniques for the vagal nerve
stimulation.
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COMMENTARY

This article provides that cosmetic result as well as functional
outcome are important in surgery for VNS. The authors used
the incision of the normal axillary fold for the pocket for
VNS generator to avoid the exposure of the scar. However
we have to bear in mind the presence of the subcutaneous
tssue of axillary region with abundant venous and lymphatic
structures. Dissection of this region should be careful not
to injure these structures.

Sometimes, it makes patient discomfort in setting the VNS
parameter with wander, in spite of invisible scar. Patients
should raise their arm to set the parameters, and the electrical
communication between IPG and wander may be interrupted
due to thick soft tissue in this region.

It is good try to provide cosmetic satisfaction, I hope that
authors deal with clinical outcome in next article.
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