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Abstract

Background

Vagus nerve stimulation is increasingly applied to treat epilepsy, psychiatric conditions and

potentially chronic heart failure. After implanting vagus nerve electrodes to the cervical

vagus nerve, side effects such as voice alterations and dyspnea or missing therapeutic ef-

fects are observed at different frequencies. Cervical vagus nerve branching might partly be

responsible for these effects. However, vagus nerve branching has not yet been described

in the context of vagus nerve stimulation.

Materials and Methods

Branching of the cervical vagus nerve was investigated macroscopically in 35 body donors

(66 cervical sides) in the carotid sheath. After X-ray imaging for determining the vertebral

levels of cervical vagus nerve branching, samples were removed to confirm histologically

the nerve and to calculate cervical vagus nerve diameters and cross-sections.

Results

Cervical vagus nerve branching was observed in 29% of all cases (26% unilaterally, 3% bilat-

erally) and proven histologically in all cases. Right-sided branching (22%) was more common

than left-sided branching (12%) and occurred on the level of the fourth and fifth vertebra on

the left and on the level of the second to fifth vertebra on the right side. Vagus nerves without

branching were significantly larger than vagus nerves with branches, concerning their diame-

ters (4.79 mm vs. 3.78 mm) and cross-sections (7.24 mm2 vs. 5.28 mm2).

Discussion

Cervical vagus nerve branching is considerably more frequent than described previously.

The side-dependent differences of vagus nerve branching may be linked to the asymmetric
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effects of the vagus nerve. Cervical vagus nerve branching should be taken into account

when identifying main trunk of the vagus nerve for implanting electrodes to minimize poten-

tial side effects or lacking therapeutic benefits of vagus nerve stimulation.

Introduction
Vagus nerve stimulation (VNS) is becoming an increasingly popular therapy for patients with re-
fractory epilepsy [1–8] and psychiatric conditions such as depression [9,10]. Chronic heart fail-
ure became another field of application [11,12]. For the treatment using VNS, an electrode is
placed around the cervical vagus nerve (CVN). The electrodes are either positioned on the left
side, e.g. for the therapy of epilepsy, or on the right side, e.g. to treat cardiac dysfunction. The im-
plantation procedure itself appears to be fairly easy on basis of published data on the CVN. It is
assumed to run lateral and parallel to the common carotid artery and with branching only in a
very small number of cases [13–15]. Against this widely accepted postulate, we experienced CVN
branching as a common phenomenon when dissecting this anatomical region in body donors.

Though CVN branching has not yet been described as a source of error during the implan-
tation of VNS electrodes, it is obvious that electrode placement at a different site than the main
trunk of the CVN might explain some of the side effects or insufficient therapeutic effect of
VNS. Undesirable side effects such as voice alterations, dyspnea [6,9,16], vocal cord palsy [16],
neck and throat pain and coughing have been described in 17% of the patients treated with
VNS [6]. Beyond that, the symptom improvement related to VNS is inconsistent. A majority of
the patients with VNS results in major improvements and sometimes complete recovery from
the symptoms, but VNS fails completely in approximately 25% of all cases [5]. These findings
might also be related to structural anomalies of the CVN [17].

Previously, the CVN has mostly been described in an anatomical context but not in a surgi-
cal one. Published anatomical data consider the CVN and its branches to be structures of risk
rather than a target of surgical intervention [17–19]. Furthermore, anatomical and physiologi-
cal findings in animals can hardly be transferred to human patients that undergo VNS, since
the human CVN anatomy has been described to be divergent from feline [20], canine [21] and
rabbit CVN [22,23] concerning its histological composition.

Taking the issues of a potential CVN branching and the lack of anatomical data of humans
into account, we aimed at investigating the prevalence of CVN branching. We therefore ac-
cessed the CVN in the carotid sheath of post-mortem body donors in the same manner and to
the same extent of the surgical exposure as done with patients that undergo surgical electrode
implantation for VNS. We traced these branches back, but only within the carotid sheath. Sur-
prisingly, CVN branching was found in almost one third of the donors.

Materials and Methods

CVN preparation
The course of the CVN in the region of the carotid triangle was dissected in 35 human donors
(21 females, 14 males), on the left side in 3 cases, on the right side in one case and bilaterally in
31 cases, accounting for 66 CVN in total (Table 1). The mean age of the donors was 87.23 ± 6.72
years (range 69 to 103 years). Institutional approval was obtained. While alive all body donors
gave their informed and written consent to the donation of their bodies for teaching and research
purposes. Being part of the body donor program regulated by the Saxonian Death and Funeral
Act of 1994 (third section, paragraph 18 item 8), institutional approval for the use of the post-
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Table 1. Baseline characteristics such as donors’ age and gender are given and the extent to which the vagus nerve could be visualized in
vertebral segments.

Number Age Gender Preparation from level to level Branching (level)

[years] Left right left right

1 97 ♂ C5 cr—C6 cd 1.5 C5 cr—C7 cd 2.5

2 80 ♀ C5 cr—C6 cd 1.5 C5 cr—C7 cr 2.0

3 91 ♀ C3 cd—C6 cd 3.0 C4 cd—C6 co 1.8

4 89 ♀ C4 co—Th1 cr 2.8 C5 cd—Th1 co 2.8

5 84 ♂ C6 cr—Th1 cr 2.0 C3 cr—C5 cd 2.5 C3 cd

6 76 ♂ C5 cd—C7 cd 2.0 C4 co—C6 cd 2.3

7 90 ♀ C3 co—C7 co 4.0 C2 cr—C6 cr 4.0 C4 cd C2 cd

8 83 ♂ C4 cd—C6 cr 1.5 C3 cd—C5 cd 2.0

9 84 ♀ C3 cr—C7 cr 4.0 C3 cd—C7 cd 4.0

10 91 ♀ C5 co—Th1 co 3.0 C5 cd—Th1 cd 3.0

11 87 ♀ C6 cd—Th1 cd 2.0 C4 cd—C6 cd 2.0

12 87 ♂ C3 cd—C5 cd 2.0 C4 cr—C6 cd 2.5 C4 co

13 87 ♀ C4 cd—C7 cr 2.5 C5 cr—C6 co 1.3 C5 co

14 69 ♂ C5 cd—C7 cd 2.0 C5 co—C7 co 2.0

15 86 ♀ C4 co—C5 cd 1.3

16 91 ♀ C5 cd—C7 cd 2.0

17 80 ♂ C3 cd—C5 cd 2.0

18 97 ♀ C4 cr—C5 cr 1.0

19 90 ♀ C5 co—C7 co 2.0 C4 co—C6 cr 1.8

20 81 ♀ C3 co—C6 cd 3.3 C4 cr—C7 cd 2.5 C5 cr

21 94 ♂ C3 co—C5 cd 2.3 C4 cr—C6 co 2.3 C5 cr

22 73 ♀ C5 cr—Th1 cr 2.0 C5 co—Th1 co 3.0 C5 co

23 86 ♀ C3 cd—C6 co 2.8 C3 cr—C5 cd 1.5

24 90 ♀ C4 co—C5 cd 1.3 C4 cr—C6 cd 2.5 C4 cd

25 86 ♂ C5 co—Th1 cr 2.8 C4 co—C6 cd 2.3

26 88 ♂ C6 cr—C7 cd 1.5 C5 cd—C7 cd 2.0

27 89 ♀ C5 cr—C7 cd 2.5 C5 co—C7 cd 2.3 C5 co

28 87 ♂ C4 cr—C7 co 3.3 C4 co—C7 cd 3.3

29 92 ♂ C5 cr—C6 cr 1.0 C4 cd—C6 co 1.8

30 90 ♂ C5 cd—C7 co 1.8 C4 co—C6 cr 1.8

31 94 ♀ C4 cr—C6 co 2.3 C3 co—C5 co 2.0

32 81 ♀ C4 cd—C6 cd 2.0 C5 cr—C7 cr 2.0

33 103 ♀ C1 cd—C4 cd 3.0 C2 cr—C4 cd 2.5

34 90 ♂ C4 cd—C7 cd 3.0 C6 cr—Th1 co 2.3 C5 cr

35 90 ♀ C3 cr—C5 cr 2.0 C3 co—C5 co 2.0

Range C1—Th1 1.0–4.0 C2—Th1 1.3–4.0 C4—C5 C2—C5

Mean 2.3 2.3

Summary 87.23 ♀/♂ 34 32 4 7

± 6.72 21/14

Also, the height of vagus nerve branching is documented. C = cervical spine, Th = thoracic spine, cd = caudal base plate, co = center of the vertebral

corpus, cr = cranial base plate.

doi:10.1371/journal.pone.0118006.t001
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mortem tissues of human body donors was obtained from the Institute of Anatomy, University
of Leipzig. The authors declare that all experiments have been conducted according to the princi-
ples of the Declaration of Helsinki. Anatomical fixation and conservation of the body donors was
accomplished with ethanol-glycerin according to our house protocol [24,25].

A similar surgical exposure was performed as done when implanting VNS electrodes in pa-
tients to treat chronic heart failure or epilepsy [26]. Following a careful incision of the skin, the
platysma was transected sharply along the medial border of the sternal head of the sternoclei-
domastoid muscle. The incision was oriented in an oblique manner, which is different from the
exposure described by Spuck and coworkers [26]. The incision started on the level of the laryn-
geal prominence and was extended caudally towards the superior belly of the omohyoideus
muscle. Cranially, the incision was extended until the posterior belly of the digastric muscle
was reached. The superficial layers of the cervical fascia were bluntly dissected with scissors
[27]. The exposed site was held open by a spreader. Care was taken not to transect the nerves
of the ansa cervicalis [28]. If necessary, the anterior jugular vein was partly removed. Following
this, the carotid sheath was opened ventrally until the internal or common carotid artery was
visualized, followed by the internal jugular vein. Identification and preparation of the CVN
was done at the full length of the surgical exposure in the carotid triangle. Potential CVN
branches were traced back macroscopically in the carotid sheath.

X-ray, casting and histology samples
Metal needles were used to mark the most cranial and caudal part that was visible of the CVN
and CVN branches before X-rays were taken from the cervical region in the anterior-posterior
and lateral projection (Ziehm Vision RFD, Ziehm Imaging GmbH, Nuremberg, Germany).
The position of the metal needles was either attributed to the cranial or caudal baseplate, or to
the corpus of the respective vertebra. Distances between two baseplates were defined as 0.5 ver-
tebral segments and distances between a baseplate and the corpus as 0.25 vertebral segments.

Two tissue samples were obtained from each CVN and the respective branches. The first pair
of tissue samples was used for determining the nerve’s cross-sections after casting with polyvinyl
siloxane (HS-A silicon; Henry Schein Inc., Melville, NY, USA), according to [29]. The casts of the
CVN were scanned at 1200 dpi before calculating their largest diameter (d) the cross-sectional
area (c) with Datinf Measure software (Datinf GmbH, Tübingen, Germany). The other tissue
samples were immediately dehydrated in ascending ethanol series and then embedded with paraf-
fin. Serial sections of 15 μmwere stained with hematoxylin-eosin (HE). Three investigators (NH,
JG, UP) scanned for the presence of nerve fibers. To this end, at least three slices with ten ran-
domly selected fields were investigated under 100-fold magnification from each specimen [30].

Statistical analysis
SPSS version 20.0 (Armonk, NY, USA) was used for statistical evaluation. Normal distribution
was determined with the Kolmogorow-Smirnow test. The chi-squared test was applied to de-
termine gender- or side-related differences in the occurrence of CVN branching. Comparison
of the CVN diameters and cross-sectional areas was accomplished with the Student’s t-test. P-
values of 0.05 or less were considered as statistically significant.

Results

CVN branching
Branching of the CVN in the carotid sheath was observed in 29% of the donors (10/35), in 26%
(9/35) unilaterally and in 3% (1/35) bilaterally (Fig. 1; Table 1). Left-sided branching of the
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Fig 1. Images taken during dissection of the cervical vagus nerve (CVN) in the carotid sheath. Fig. 1a shows a left-sided CVN without branching and
Fig. 1c-d CVN with branches on the left side (1b) or on the right side (1c,d). Arrows indicate the branches. C = (common or internal) carotid artery, J = internal
jugular vein, O = superior venter of the omohyoideus muscle; cd = caudal, cr = cranial, m = medial, l = lateral; scale bar = 15 mm (a,b), 12 mm (c,d).

doi:10.1371/journal.pone.0118006.g001
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CVN was less common than branching on the right side with 12% (4/34 on the left) and 22%
(7/32 on the right), respectively. These branches extended to the inferior larynx and to the
upper mediastinum. Histological analysis confirmed nerve fibers in 100% of the CVN samples
(66/66) and in 100% of the CVN branches (11/11; Fig. 2).

CVN and branch diameters and cross-sections
The mean values of the diameters and cross-sectional areas of the left CVN (d = 4.65 mm;
c = 7.04 mm2) did not vary significantly from the right ones (d = 4.59 mm; c = 6.74 mm2;
Table 2). Also, the mean diameters and cross-sectional areas did not vary significantly between
females (d = 4.43 mm; c = 6.31 mm2) and males (d = 4.90 mm; c = 7.74 mm2). However, signif-
icantly larger diameters (d = 4.79 mm vs. d = 3.78 mm; p = 0.015) and cross-sectional areas
(c = 7.24 mm2 vs. c = 5.28 mm2; p = 0.045) were found when comparing the CVN without to
those CVN with branches.

Extent of the surgical exposure and cervical levels of CVN branches
The maximum extent of CVN exposure in the carotid sheath ranged from 1.0 to 4.0 cervical
vertebra levels on the left side (mean 2.3 levels) and from 1.3 to 4.0 levels on the right side
(mean 2.3 levels), indicated by the X-rays (Fig. 3; Table 1). Branching on the left-sided CVN
was mostly observed between the fourth and fifth cervical vertebra and between the second and
fifth cervical vertebra on the right side (Table 1).

Discussion

Are CVN branches possibly at risk of being stimulated during vagus
nerve stimulation?
We show that CVN branching in the carotid sheath is considerably more frequent than de-
scribed previously. CVN branches were found in 29% of the body donors (Fig. 1; Table 1). The
vagus nerve is a complex and functionally most relevant cranial nerve concerning nerve stimu-
lation. Meanwhile the relevance of the CVN has changed from a structure at risk to a stimula-
tion target site in VNS. Existing studies mostly describe the CVN in an anatomical context
[13–15,31,32], not in a surgical one. The vagus nerve and its branches such as the recurrent or
inferior laryngeal nerve were also identified as structures of risk in other surgical procedures
such as thyroidectomy [17–19].

The vagus nerve has been described to run lateral [13–15] or ventrolateral [33] and parallel
to the carotid arteries, following the aortic arch on the left and the subclavian artery on the
right side, with the internal jugular vein lying lateral or posterior to it [28,34]. The vagus nerve
supplies branches to the facial [35], the glossopharyngeal [36], the accessory [37] and the hypo-
glossal nerve [38] in some cases before entering the carotid sheath. Also, connections to the
cervical sympathetic trunk have been described [39–41] for the vagus nerve after entering the
thorax and for the recurrent laryngeal nerve [42,43]. However, CVN branching in the carotid
sheath has previously been shown to be an extremely rare variation [14,32], associated with
embryonic vascular abnormalities such as a lusory artery [3,44]. These studies identified the
CVN branches as the non-recurrent laryngeal nerve, with a prevalence ranging from 0.3% to
1% [3,45]. In contrast, we showed unilateral CVN branching in 26% and bilateral branching in
3% of all cases (Table 1). HE histology proves that the suspected branches consist of nerve fi-
bers in all cases (Fig. 2). CVN branching occurs more often on the right than on the left side,
confirming the findings of Coady and coworkers [3]. The side-dependent differences in CVN
branching may be linked to the asymmetric effects of the vagus nerve [46], with the left one
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Fig 2. Hematoxylin-eosin stained histology samples obtained from the vagus nerve (2a) and from a vagus nerve branch (2b) for evaluating the
existence of nerve fibers. A = arterial branch from the inferior thyroid artery, E = epineurium; scale bar = 500 μm.

doi:10.1371/journal.pone.0118006.g002
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mainly connected to the atrioventricular node and the right one to the sinuatrial node [47].
Side-dependent differences in sympathetic and parasympathetic and the effector organs were
however not the aim of this study.

Table 2. Statistical comparison of vagus nerve diameters and cross-sections (mean value ± standard deviation).

Vagus nerve left right p-value

diameter [mm] 4.65 ± 1.26 4.59 ± 1.30 0.840

cross-sectional area [mm2] 7.04 ± 3.36 6.74 ± 2.46 0.678

female male

diameter [mm] 4.43 ± 1.12 4.90 ± 1.43 0.136

cross-sectional area [mm2] 6.31 ± 2.57 7.74 ± 3.27 0.051

no branching branching

diameter [mm] 4.79 ± 1.30 3.78 ± 0.68 0.015

cross-sectional area [mm2] 7.24 ± 3.04 5.28 ± 1.60 0.045

doi:10.1371/journal.pone.0118006.t002

Fig 3. X-rays obtained from the cervical spine of a 69 year-oldmale in the anterior-posterior (3a) and in the lateral projection (3b).Metal needles
indicate the most cranial and caudal part of the vagus nerve that could be visualized with the surgical approach to the carotid triangle. d = dorsal, l = left, r = right,
v = ventral; scale bar = 10mm.

doi:10.1371/journal.pone.0118006.g003
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There are no gender- or side-related differences in the diameters or cross-sections of the
CVN (Table 1), as it is the case for the recurrent laryngeal nerve [48]. However, significantly
larger diameters and cross-sections are found for the CVN without cervical branching than for
the CVN with branching, indicating that there is a functional separation of CVN that comes
with the branching. CVN branches might erroneously be attributed to the main trunk of the
CVN or mistakenly become transected with serious consequences for the patient, e.g. in case of
a non-recurrent laryngeal nerve. Another interesting finding is the arterial branch originating
from the inferior thyroid artery, supplying the main trunk of the vagus nerve. This branch is
seen in a majority of the cases in gross dissection (unpublished results) and in the histology
samples (Fig. 2), confirming the findings of Fernando and coworkers [49]. Loss of blood supply
to the CVN from this artery, e.g. after thyroidectomy, is hypothesized to cause disorders of
motor speech [49].

From our findings in macroscopic dissection, we identify a small nerve diameter or cross-
section as a risk when implanting the electrode at the wrong site. Furthermore, the suspicion of
CVN branching could be verified by means of X-ray intraoperatively. We show that branching
is found on the level of the forth and fifth cervical vertebra on the left side and on the level of
the second to fifth cervical vertebra on the right side (Fig. 1; Table 1). These findings may help
minimize the risk of stimulating CVN branches as the wrong stimulation sites.

Are CVN branches a possible explanation for the side effects or the
missing therapeutic efficiency of VNS?
VNS has been shown to successfully attenuate or stop seizures [7,8], to decrease hospitalization
time [4], unexpected death related to epilepsy [50] and to improve the quality of life in epilepsy
patients [47]. The seizure-reducing effects seem to be related to the afferent projections of the
vagus nerve to the thalamus, limbic system [9,10,51,52], the solitary tract and the locus coeru-
lus [53]. Large reviews on VNS in epilepsy show that the mean seizure reduction rates range
from 45% [5] to more than 50% [2]. Complete remission rates are observed in 6% and 27% of
the patients [3,6]. However, approximately 25% have no therapeutic benefit from VNS [5].
These observations might be related to the anatomy of the CVN in the carotid sheath and to
the branching patterns to the effect that stimulation of CVN branches results in insufficient
therapeutic effect. Surgery-related side effects such as voice alterations, dyspnea [6,9], vocal
cord palsy [16], coughing, neck and throat pain [6] are found in 17% of the patients that under-
go VNS [16,54]. Some of these complications may probably be attributed to branches of the
vagus nerve, especially the superior and to the (non-) recurrent inferior laryngeal nerve. How-
ever, the left-sided vagus nerve is the most common stimulation site to treat epilepsy or psychi-
atric conditions such as depression [9,10]. Here, branching was found in 12% of the cases. In
the right vagus nerve as a potential stimulation site to treat cardiac dysfunction [11,12],
branching was observed in 22% of the donors. VNS on the right side alters atrial and ventricu-
lar function [11,12], but the mechanisms of action remain hypothetical. Recently, Seki and co-
workers demonstrated that the human vagus nerve also contains sympathetic fibers with
individual distribution patterns of catecholaminergic fibers [55]. The findings of Seki et al. [55]
underline that the vagus nerve not only represents the parasympathetic part of the autonomic
nervous system, but also includes sympathetic parts from a physiological point of view [56].
Furthermore, the occurrence of sympathetic fibers in the vagus nerve [55], published case re-
ports on a Horner syndrome following VNS implantation [57,58] and our findings on CVN
branching support the hypothesis that “no normal vagus nerve morphology and topography
exists” [17]. As a consequence, VNS might be less safe than previously reported, with CVN
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branching as one of the potential causes for the side effects or the missing therapeutic efficiency
of VNS [59].

Limitations
This study is based on the anatomical findings in a limited number of cases with the surgical
exposure expanded to the carotid sheath only. Since the donors were used for the student dis-
section course after we finished our study, we were not able to follow the branches distally,
which is a major shortcoming of the given study. However, this approach is quite similar to the
surgical one where the exposure for VNS is limited to the least necessary extent [17]. Here,
vagus nerve branches are not traced back in the sense of “no-touch structures” to minimize the
risk of injury. Nevertheless, we could demonstrate CVN branches in the carotid sheath macro-
scopically and provide histological proof that these branches consisted of nerve fibers. More-
over, the quality of the histological sections was limited by the ethanol-glycerin fixation
technique, resulting in shrinkage of the samples. Another question that arises from our prepa-
ration is the exact anatomical location of the vagus nerve in the carotid sheath and potential
connections to the sympathetic trunk of the neck [60], which should be addressed in future
studies on the CVN.

Summary and Outlook
The surgeon’s view of the vagus nerve has changed from a structure potential at risk in head
and neck surgery to a target of nerve simulation. Beyond the established therapy of epilepsy
and chronic heart failure, VNS is now applied to treat psychiatric conditions [9,10], headache
[61–63] and even bronchial asthma [64]. Further targets of VNS are also related to inflamma-
tory disorders, based on the cholinergic anti-inflammatory pathway [65,66]. An important
safety issue is branching of the CVN in the carotid sheath, which may be related to the side ef-
fects or the missing therapeutic efficiency of VNS. To this end, preoperative ultrasonography
may potentially help identify the vagus nerve position and branching [67]. Intra-operative neu-
romonitoring may further allow differentiating the main trunk of the CVN from potential
branches, as frequently done in surgery of the thyroid gland [60].

Acknowledgments
The authors express their gratitude to the body donors for donating their corpses for our teach-
ing and research projects after their passing. The authors also thank their families for support-
ing their valuable decision. Christine Auste made the pictures and Robert Möbius helped with
the statistics. Gustav Ferdinand Preller proofread the paper as a native speaker.

Author Contributions
Conceived and designed the experiments: NH JG JM UP SS DW. Performed the experiments:
NH JG CF UP DW. Analyzed the data: NH JG CF CK UP SS BNT DW. Contributed reagents/
materials/analysis tools: CF CK JM DWNH. Wrote the paper: NH JG CF CK JM UP DW.

References
1. Alexopoulos AV, Kotagal P, Loddenkemper T, Hammel J, BingamanWE (2006) Long-term results with

vagus nerve stimulation in children with pharmacoresistant epilepsy. Seizure 15: 491–503. PMID:
16859931

2. Chambers A, Bowen JM (2013) Electrical stimulation for drug-resistant epilepsy: an evidence-based
analysis. Ont Health Technol Assess Ser 13: 1–37. PMID: 24379898

Vagus Nerve Branching

PLOS ONE | DOI:10.1371/journal.pone.0118006 February 13, 2015 10 / 13

http://www.ncbi.nlm.nih.gov/pubmed/16859931
http://www.ncbi.nlm.nih.gov/pubmed/24379898


3. Coady MA, Adler F, Davila JJ, Gahtan V (2000) Nonrecurrent laryngeal nerve during carotid artery sur-
gery: case report and literature review. J Vasc Surg 32: 192–196. PMID: 10876223

4. Elliott RE, Rodgers SD, Bassani L, Morsi A, Geller EB, et al. (2011) Vagus nerve stimulation for children
with treatment-resistant epilepsy: a consecutive series of 141 cases. J Neurosurg Pediatr 7: 491–500.
doi: 10.3171/2011.2.PEDS10505 PMID: 21529189

5. Englot DJ, Chang EF, Auguste KI (2011) Vagus nerve stimulation for epilepsy: a meta-analysis of effi-
cacy and predictors of response. Journal of neurosurgery 115: 1248–1255. doi: 10.3171/2011.7.
JNS11977 PMID: 21838505

6. Milby AH, Halpern CH, Baltuch GH (2009) Vagus nerve stimulation in the treatment of refractory epilep-
sy. Neurotherapeutics 6: 228–237. doi: 10.1016/j.nurt.2009.01.010 PMID: 19332314

7. Rutecki P (1990) Anatomical, physiological, and theoretical basis for the antiepileptic effect of vagus
nerve stimulation. Epilepsia 31 Suppl 2: S1–6. PMID: 2226361

8. Tanganelli P, Ferrero S, Colotto P, Regesta G (2002) Vagus nerve stimulation for treatment of medical-
ly intractable seizures. Evaluation of long-term outcome. Clin Neurol Neurosurg 105: 9–13. PMID:
12445916

9. George MS, Sackeim HA, Rush AJ, Marangell LB, Nahas Z, et al. (2000) Vagus nerve stimulation: a
new tool for brain research and therapy. Biol Psychiatry 47: 287–295. PMID: 10686263

10. Gerson R, Murray E, Price B, Frankel M, Douglass LM, et al. (2011) Mania following vagus nerve stimu-
lation: a case report and review of the literature. Epilepsy Behav 20: 138–140. doi: 10.1016/j.yebeh.
2010.11.005 PMID: 21167787

11. Sabbah HN (2011) Electrical vagus nerve stimulation for the treatment of chronic heart failure. Cleve
Clin J Med 78 Suppl 1: S24–29. doi: 10.3949/ccjm.78.s1.04 PMID: 21972326

12. Schwartz PJ (2011) Vagal stimulation for heart failure. Curr Opin Cardiol 26: 51–54. doi: 10.1097/
HCO.0b013e3283413961 PMID: 21099680

13. Berthoud HR, Neuhuber WL (2000) Functional and chemical anatomy of the afferent vagal system.
Auton Neurosci 85: 1–17. PMID: 11189015

14. Wachsmuth W, Lang J, Lanz Tv, Jensen H-P, Schröder F (1985) Übergeordnete Systeme; Lang J, edi-
tor. Berlin [u.a.]: Springer. XXII, 720 pp.

15. Rauber A, Leonhardt H (1987) Anatomie des Menschen: Lehrbuch u. Atlas 3 Nervensystem, Sinnesor-
gane. Stuttgart [u.a.]: Thieme. XII, 678 pp.

16. Kahlow H, Olivecrona M (2013) Complications of vagal nerve stimulation for drug-resistant epilepsy: a
single center longitudinal study of 143 patients. Seizure 22: 827–833. doi: 10.1016/j.seizure.2013.06.
011 PMID: 23867218

17. Weiand G, Mangold G (2004) [Variations in the course of the inferior laryngeal nerve. Surgical anatomy,
classification, diagnosis]. Chirurg 75: 187–195. PMID: 14991182

18. Schweizer V, Dorfl J (1997) The anatomy of the inferior laryngeal nerve. Clin Otolaryngol Allied Sci 22:
362–369. PMID: 9298614

19. Shindo ML, Wu JC, Park EE (2005) Surgical anatomy of the recurrent laryngeal nerve revisited. Otolar-
yngol Head Neck Surg 133: 514–519. PMID: 16213921

20. Daly MD, Evans DH (1953) Functional and histological changes in the vagus nerve of the cat after de-
generative section at various levels. J Physiol 120: 579–595. PMID: 13070229

21. Onkka P, MaskounW, Rhee KS, Hellyer J, Patel J, et al. (2013) Sympathetic nerve fibers and ganglia
in canine cervical vagus nerves: localization and quantitation. Heart Rhythm 10: 585–591. doi: 10.
1016/j.hrthm.2012.12.015 PMID: 23246597

22. Evans DH, Murray JG (1954) Histological and functional studies on the fibre composition of the vagus
nerve of the rabbit. J Anat 88: 320–337. PMID: 13192020

23. Yoshida Y, Tanaka Y, Saito T, Shimazaki T, Hirano M (1992) Peripheral nervous system in the larynx.
An anatomical study of the motor, sensory and autonomic nerve fibers. Folia Phoniatr (Basel): 194–
219.

24. Hammer N, Loffler S, Feja C, Bechmann I, Steinke H (2011) Substitution of formaldehyde in cross anat-
omy is possible. J Natl Cancer Inst 103: 610–611. doi: 10.1093/jnci/djr035 PMID: 21321300

25. Hammer N, Loffler S, Feja C, SandrockM, Schmidt W, et al. (2012) Ethanol-glycerin fixation with thymol
conservation: a potential alternative to formaldehyde and phenol embalming. Anat Sci Educ 5: 225–
233. doi: 10.1002/ase.1270 PMID: 22434588

26. Spuck SN, Sperner J, Tronnier V (2007) Implantation und Komplikation der Vagusnervstimulation.
Journal für Neurologie, Neurochirurgie und Psychiatrie 8: 16–20. doi: 10.1371/journal.pone.0116716
PMID: 25636135

Vagus Nerve Branching

PLOS ONE | DOI:10.1371/journal.pone.0118006 February 13, 2015 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/10876223
http://dx.doi.org/10.3171/2011.2.PEDS10505
http://www.ncbi.nlm.nih.gov/pubmed/21529189
http://dx.doi.org/10.3171/2011.7.JNS11977
http://dx.doi.org/10.3171/2011.7.JNS11977
http://www.ncbi.nlm.nih.gov/pubmed/21838505
http://dx.doi.org/10.1016/j.nurt.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19332314
http://www.ncbi.nlm.nih.gov/pubmed/2226361
http://www.ncbi.nlm.nih.gov/pubmed/12445916
http://www.ncbi.nlm.nih.gov/pubmed/10686263
http://dx.doi.org/10.1016/j.yebeh.2010.11.005
http://dx.doi.org/10.1016/j.yebeh.2010.11.005
http://www.ncbi.nlm.nih.gov/pubmed/21167787
http://dx.doi.org/10.3949/ccjm.78.s1.04
http://www.ncbi.nlm.nih.gov/pubmed/21972326
http://dx.doi.org/10.1097/HCO.0b013e3283413961
http://dx.doi.org/10.1097/HCO.0b013e3283413961
http://www.ncbi.nlm.nih.gov/pubmed/21099680
http://www.ncbi.nlm.nih.gov/pubmed/11189015
http://dx.doi.org/10.1016/j.seizure.2013.06.011
http://dx.doi.org/10.1016/j.seizure.2013.06.011
http://www.ncbi.nlm.nih.gov/pubmed/23867218
http://www.ncbi.nlm.nih.gov/pubmed/14991182
http://www.ncbi.nlm.nih.gov/pubmed/9298614
http://www.ncbi.nlm.nih.gov/pubmed/16213921
http://www.ncbi.nlm.nih.gov/pubmed/13070229
http://dx.doi.org/10.1016/j.hrthm.2012.12.015
http://dx.doi.org/10.1016/j.hrthm.2012.12.015
http://www.ncbi.nlm.nih.gov/pubmed/23246597
http://www.ncbi.nlm.nih.gov/pubmed/13192020
http://dx.doi.org/10.1093/jnci/djr035
http://www.ncbi.nlm.nih.gov/pubmed/21321300
http://dx.doi.org/10.1002/ase.1270
http://www.ncbi.nlm.nih.gov/pubmed/22434588
http://dx.doi.org/10.1371/journal.pone.0116716
http://www.ncbi.nlm.nih.gov/pubmed/25636135


27. Bliss RD, Gauger PG, Delbridge LW (2000) Surgeon's approach to the thyroid gland: surgical anatomy
and the importance of technique. World J Surg 24: 891–897. PMID: 10865032

28. Hafferl A, Thiel W (1969) Lehrbuch der topographischen Anatomie mit den Pariser und Jenaer Nomina
anatomica. Berlin [u.a.]: Springer. XVI, 971 pp.

29. Hammer N, Lingslebe U, Aust G, Milani TL, Hadrich C, et al. (2012) Ultimate stress and age-dependent
deformation characteristics of the iliotibial tract. J Mech Behav BiomedMater 16: 81–86. doi: 10.1016/j.
jmbbm.2012.04.025 PMID: 23178479

30. Bos I, Zagorski M, Boos C, Kruger S (2008) Histopathologic diagnosis of infectious loosening of joint
prostheses. Pathologe 29: 280–286. doi: 10.1007/s00292-008-1057-4 PMID: 18820923

31. Mei N, Condamin M, Boyer A (1980) The composition of the vagus nerve of the cat. Cell Tissue Res
209: 423–431. PMID: 7407841

32. Spalteholz W, His W (1909) Eingeweide, Gehirn, Nerven, Sinnesorgane. Leipzig: Hirzel. PMID:
19314179

33. Miyake N, Hayashi S, Kawase T, Cho BH, Murakami G, et al. (2010) Fetal anatomy of the human carot-
id sheath and structures in and around it. Anat Rec (Hoboken) 293: 438–445. doi: 10.1002/ar.21089
PMID: 20169562

34. Waldeyer A, Mayet A (1967) Kopf und Hals, Augen, Ohr, Gehirn, Arm, Brust. Berlin [u.a.]: de Gruyter.
XV, 602 pp.

35. Diamond M,Wartmann CT, Tubbs RS, Shoja MM, Cohen-Gadol AA, et al. (2011) Peripheral facial
nerve communications and their clinical implications. Clin Anat 24: 10–18. doi: 10.1002/ca.21072
PMID: 20941708

36. Arakawa T, Terashima T, Banneheka S, Tokita K, FukazawaM, et al. (2008) Nerve communication be-
tween the glossopharyngeal nerve, external carotid plexus and the superficial cervical ansa: human au-
topsy case. Anat Sci Int 83: 112–119. doi: 10.1111/j.1447-073X.2007.00183.x PMID: 18507621

37. Fick W (1925) Beitrag zur Kenntnis der Vagus-Sympathikus-Verbindung unterhalb der Schädelbasis. Z
Mikrosk Anat Forsch 2: 429–459.

38. Jo A (1971) Rare anastomosis of the vagus nerve. Anat Anz 129: 180–182. PMID: 5125197

39. Asconape JJ, Moore DD, Zipes DP, Hartman LM, Duffell WH Jr (1999) Bradycardia and asystole with
the use of vagus nerve stimulation for the treatment of epilepsy: a rare complication of intraoperative
device testing. Epilepsia 40: 1452–1454. PMID: 10528943

40. Lang J, Nachbaur S, Fischer K, Vogel E (1987) [The superior laryngeal nerve and the superior laryn-
geal artery]. Acta Anat (Basel) 130: 309–318. PMID: 3434183

41. Zenker W, Akert K, Benninghoff A, Fleischhauer K, Goerttler K (1985) Nervensystem, Haut und Sinne-
sorgane. München [u.a.]: Urban & Schwarzenberg. XVI, 622 pp.

42. Cernea CR, Hojaij FC, De Carlucci D Jr, Gotoda R, Plopper C, et al. (2009) Recurrent laryngeal nerve:
a plexus rather than a nerve? Arch Otolaryngol Head Neck Surg 135: 1098–1102. doi: 10.1001/
archoto.2009.151 PMID: 19917921

43. Janes RD, Brandys JC, Hopkins DA, Johnstone DE, Murphy DA, et al. (1986) Anatomy of human ex-
trinsic cardiac nerves and ganglia. Am J Cardiol 57: 299–309. PMID: 3946219

44. Kobayashi M, Yuta A, Okamoto K, Majima Y (2007) Non-recurrent inferior laryngeal nerve with multiple
arterial abnormalities. Acta Otolaryngol 127: 332–336. PMID: 17364374

45. Geraci G, Lo Nigro C, Sciuto A, Arone E, Modica G, et al. (2011) Non-recurrent laryngeal nerve coexist-
ing with ipsilateral recurrent nerve: personal experience and literature review. Il G Chir 32: 251–254.
PMID: 21619776

46. Ardesch JJ, Buschman HP, van der Burgh PH, Wagener-Schimmel LJ, van der Aa HE, et al. (2007)
Cardiac responses of vagus nerve stimulation: intraoperative bradycardia and subsequent chronic
stimulation. Clin Neurol Neurosurg 109: 849–852. PMID: 17825483

47. Crumrine PK (2000) Vagal nerve stimulation in children. Semin Pediatr Neurol 7: 216–223. PMID:
11023179

48. Lang J, Fischer K, Nachbaur S, Meuer HW (1986) [Course and branches of the recurrent laryngeal
nerve, inferior thyroid artery and inferior laryngeal artery]. Gegenbaurs Morphol Jahrb 132: 617–643.
PMID: 3803858

49. Fernando DA, Lord RS (1994) The blood supply of vagus nerve in the human: its implication in carotid
endarterectomy, thyroidectomy and carotid arch aneurectomy. Ann Anat 176: 333–337. PMID:
8085656

50. Labar D, Dean A (2002) Neurostimulation therapy for epilepsy. Curr Neurol Neurosci Rep 2: 357–364.
PMID: 12044255

Vagus Nerve Branching

PLOS ONE | DOI:10.1371/journal.pone.0118006 February 13, 2015 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/10865032
http://dx.doi.org/10.1016/j.jmbbm.2012.04.025
http://dx.doi.org/10.1016/j.jmbbm.2012.04.025
http://www.ncbi.nlm.nih.gov/pubmed/23178479
http://dx.doi.org/10.1007/s00292-008-1057-4
http://www.ncbi.nlm.nih.gov/pubmed/18820923
http://www.ncbi.nlm.nih.gov/pubmed/7407841
http://www.ncbi.nlm.nih.gov/pubmed/19314179
http://dx.doi.org/10.1002/ar.21089
http://www.ncbi.nlm.nih.gov/pubmed/20169562
http://dx.doi.org/10.1002/ca.21072
http://www.ncbi.nlm.nih.gov/pubmed/20941708
http://dx.doi.org/10.1111/j.1447-073X.2007.00183.x
http://www.ncbi.nlm.nih.gov/pubmed/18507621
http://www.ncbi.nlm.nih.gov/pubmed/5125197
http://www.ncbi.nlm.nih.gov/pubmed/10528943
http://www.ncbi.nlm.nih.gov/pubmed/3434183
http://dx.doi.org/10.1001/archoto.2009.151
http://dx.doi.org/10.1001/archoto.2009.151
http://www.ncbi.nlm.nih.gov/pubmed/19917921
http://www.ncbi.nlm.nih.gov/pubmed/3946219
http://www.ncbi.nlm.nih.gov/pubmed/17364374
http://www.ncbi.nlm.nih.gov/pubmed/21619776
http://www.ncbi.nlm.nih.gov/pubmed/17825483
http://www.ncbi.nlm.nih.gov/pubmed/11023179
http://www.ncbi.nlm.nih.gov/pubmed/3803858
http://www.ncbi.nlm.nih.gov/pubmed/8085656
http://www.ncbi.nlm.nih.gov/pubmed/12044255


51. Chae JH, Nahas Z, Lomarev M, Denslow S, Lorberbaum JP, et al. (2003) A review of functional neuro-
imaging studies of vagus nerve stimulation (VNS). J Psychiatr Res 37: 443–455. PMID: 14563375

52. Vonck K, Van Laere K, Dedeurwaerdere S, Caemaert J, De Reuck J, et al. (2001) The mechanism of
action of vagus nerve stimulation for refractory epilepsy: the current status. J Clin Neurophysiol 18:
394–401. PMID: 11709643

53. Fornai F, Ruffoli R, Giorgi FS, Paparelli A (2011) The role of locus coeruleus in the antiepileptic activity
induced by vagus nerve stimulation. Eur J Neurosci 33: 2169–2178. doi: 10.1111/j.1460-9568.2011.
07707.x PMID: 21535457

54. WaseemH, Raffa SJ, Benbadis SR, Vale FL (2014) Lead revision surgery for vagus nerve stimulation
in epilepsy: outcomes and efficacy. Epilepsy Behav 31: 110–113. doi: 10.1016/j.yebeh.2013.12.002
PMID: 24389021

55. Seki A, Green HR, Lee TD, Hong L, Tan J, et al. (2014) Sympathetic nerve fibers in human cervical and
thoracic vagus nerves. Heart Rhythm 11: 1411–1417. doi: 10.1016/j.hrthm.2014.04.032 PMID:
24768897

56. Stöhr P (1927) Beobachtungen und Bemerkungen über den Aufbau des sympathischen Grenz-
stranges. Z Zellforsch Mikrosk Anat 5: 117–149.

57. KimW, Clancy RR, Liu GT (2001) Horner syndrome associated with implantation of a vagus nerve stim-
ulator. Am J Ophthalmol 131: 383–384. PMID: 11239877

58. Qiabi M, Bouthillier A, Carmant L, Nguyen DK (2011) Vagus nerve stimulation for epilepsy: the notre-
dame hospital experience. Can J Neurol Sci 38: 902–908. PMID: 22030430

59. Larson TC 3rd, Aulino JM, Laine FJ (2002) Imaging of the glossopharyngeal, vagus, and accessory
nerves. Semin Ultrasound CTMR 23: 238–255. PMID: 12168999

60. Dionigi G, Chiang FY, Rausei S, Wu CW, Boni L, et al. (2010) Surgical anatomy and neurophysiology
of the vagus nerve (VN) for standardised intraoperative neuromonitoring (IONM) of the inferior laryn-
geal nerve (ILN) during thyroidectomy. Langenbecks Arch Surg 395: 893–899. doi: 10.1007/s00423-
010-0693-3 PMID: 20652584

61. Jenkins B, Tepper SJ (2011) Neurostimulation for primary headache disorders, part 1: pathophysiology
and anatomy, history of neuromodulation in headache treatment, and review of peripheral neuromodu-
lation in primary headaches. Headache 51: 1254–1266. doi: 10.1111/j.1526-4610.2011.01966.x
PMID: 21815889

62. Jenkins B, Tepper SJ (2011) Neurostimulation for primary headache disorders: Part 2, review of central
neurostimulators for primary headache, overall therapeutic efficacy, safety, cost, patient selection, and
future research in headache neuromodulation. Headache 51: 1408–1418. doi: 10.1111/j.1526-4610.
2011.01967.x PMID: 21812772

63. Martelletti P, Jensen RH, Antal A, Arcioni R, Brighina F, et al. (2013) Neuromodulation of chronic head-
aches: position statement from the European Headache Federation. J Headache Pain 14: 86. doi: 10.
1186/1129-2377-14-86 PMID: 24144382

64. Miner JR, Lewis LM, Mosnaim GS, Varon J, Theodoro D, et al. (2012) Feasibility of percutaneous
vagus nerve stimulation for the treatment of acute asthma exacerbations. Acad Emerg Med 19: 421–
429. doi: 10.1111/j.1553-2712.2012.01329.x PMID: 22506946

65. Bonaz B, Picq C, Sinniger V, Mayol JF, Clarencon D (2013) Vagus nerve stimulation: from epilepsy to
the cholinergic anti-inflammatory pathway. Neurogastroenterol Motil 25: 208–221. doi: 10.1111/nmo.
12076 PMID: 23360102

66. Howland RH (2014) Vagus Nerve Stimulation. Curr Behav Neurosci Rep 1: 64–73. PMID: 24834378

67. Yetisir F, Salman AE, Ciftci B, Teber A, Kilic M (2012) Efficacy of ultrasonography in identification of
non-recurrent laryngeal nerve. Int J Surg 10: 506–509. doi: 10.1016/j.ijsu.2012.07.006 PMID:
22858799

Vagus Nerve Branching

PLOS ONE | DOI:10.1371/journal.pone.0118006 February 13, 2015 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/14563375
http://www.ncbi.nlm.nih.gov/pubmed/11709643
http://dx.doi.org/10.1111/j.1460-9568.2011.07707.x
http://dx.doi.org/10.1111/j.1460-9568.2011.07707.x
http://www.ncbi.nlm.nih.gov/pubmed/21535457
http://dx.doi.org/10.1016/j.yebeh.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24389021
http://dx.doi.org/10.1016/j.hrthm.2014.04.032
http://www.ncbi.nlm.nih.gov/pubmed/24768897
http://www.ncbi.nlm.nih.gov/pubmed/11239877
http://www.ncbi.nlm.nih.gov/pubmed/22030430
http://www.ncbi.nlm.nih.gov/pubmed/12168999
http://dx.doi.org/10.1007/s00423-010-0693-3
http://dx.doi.org/10.1007/s00423-010-0693-3
http://www.ncbi.nlm.nih.gov/pubmed/20652584
http://dx.doi.org/10.1111/j.1526-4610.2011.01966.x
http://www.ncbi.nlm.nih.gov/pubmed/21815889
http://dx.doi.org/10.1111/j.1526-4610.2011.01967.x
http://dx.doi.org/10.1111/j.1526-4610.2011.01967.x
http://www.ncbi.nlm.nih.gov/pubmed/21812772
http://dx.doi.org/10.1186/1129-2377-14-86
http://dx.doi.org/10.1186/1129-2377-14-86
http://www.ncbi.nlm.nih.gov/pubmed/24144382
http://dx.doi.org/10.1111/j.1553-2712.2012.01329.x
http://www.ncbi.nlm.nih.gov/pubmed/22506946
http://dx.doi.org/10.1111/nmo.12076
http://dx.doi.org/10.1111/nmo.12076
http://www.ncbi.nlm.nih.gov/pubmed/23360102
http://www.ncbi.nlm.nih.gov/pubmed/24834378
http://dx.doi.org/10.1016/j.ijsu.2012.07.006
http://www.ncbi.nlm.nih.gov/pubmed/22858799


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


