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Abstract

Background: Electrical auricular vagus nerve stimulation (taVNS) is an emerging ther-

apy. Stimuli are transported to brainstemnuclei, whereby itsmultiple projections reach

to many subcortical and cortical areas, thus allowing the neuromodulation of several

systemic physiological processes.We aim to define the best auricular target for taVNS

through vagus somatosensory evoked potential (VSEP) elicited stimulating different

auricular areas with different electrode sizes.

Methods: Twenty-six subjects were enrolled. Three stimulation areas were studied:

simultaneous cymba and cavum (CC), cymba (C) and earlobe (L); and two electrode

sizes: extra-large (X) and small (S). We studied the effect of five combinations (CCX,

CCS, CS, LX and LS) on VSEPt’s latency and amplitude, and sensory and pain threshold

(Pt) using a lineal mixed model regression analysis. We used CS combination, used in a

commercial device, as referencemodel.

Results:ValidVSEPwere obtained forCCX, CCS andCSbut not in LX and LS. BothCCS

and CCX tests showed significant amplitude increases. The same effect was observed

in CCX using CCS as reference. Significant increases in Pt were found for CCX and LX.

The same effect was observed in CCX using LX as reference.

Conclusion: The results suggest that CC and C areas are active targets for taVNS but

not for earlobe, as anatomical data support. Considering that amplitude reflects the

synchronized electrical activity generated, we conclude themost effective topography

is the simultaneous stimulation of cymba and concha. The use of X-sized electrodes

increases the amplitudes andmakes the stimulationmore comfortable.

KEYWORDS

auricular branch of vagus nerve (ABVN), evoked potential, nucleus of solitary tract, transcuta-
neous vagus nerve stimulation, vagus sensory evoked potential (VSEP)

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. Brain and Behavior published byWiley Periodicals LLC

Brain Behav. 2021;11:e2343. wileyonlinelibrary.com/journal/brb3 1 of 9

https://doi.org/10.1002/brb3.2343

https://orcid.org/0000-0002-2496-4598
mailto:pedro.bermejo.v@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.2343


2 of 9 DEGURTUBAY ET AL.

1 INTRODUCTION

The vagus nerve (VN) is the longest cranial nerve and is involved in the

regulation ofmultiple systems (H. Yuan&Silberstein, 2016). Therefore,

due to this influenceonmultiple systemsand its important role inmain-

taining homeostasis, stimulating this nerve tomodulate the function of

related organs has long drawn the attention of investigators (T.-F. Yuan

et al., 2016).

As a slow-acting therapy, cervical vagus nerve stimulation (VNS) has

been approved by the US Food and Drug Administration for managing

treatment refractory epilepsy in 1997 and for chronic treatment-

resistant depression in 2005 (H. Yuan & Silberstein, 2016). However,

surgical risks, technical challenges and potential side effects have

limited the application of VNS (Fitzgerald, 2013; Ventureyra, 2000).

To overcome such barriers of applying invasive VNS (iVNS), some

noninvasive transcutaneous vagus nerve stimulation (tVNS) methods

have been developed, superficially stimulating the VN at the neck or at

the outer ear.

The rationale of tVNS on the ear is based on anatomical studies

demonstrating that certain parts of the ear area have afferent VN

distribution (Henry, 2002; Peuker & Filler, 2002; Trevizol et al., 2015),

and electrical stimulation of these areas may produce activity changes

in the VN pathway in the brain stem and central structures (Shiozawa

et al., 2014), producing a modulation effect similar to iVNS (Carreno

& Frazer, 2016; Hein et al., 2013; P.-J. Rong et al., 2012). The auricular

branch of the vagus nerve (ABVN) spans from the main bundle of the

VN and innervates the external ear (Berthoud & Neuhuber, 2000;

Dabiri et al., 2020), although its afferent projections are still not well

understood. It is known that the cymba conchae of the external ear is

innervated exclusively by this branch, but other regions of the external

ear receive important afferent innervation by ABVN solely (Peuker

& Filler, 2002) or shared with other nerves such as the tragus, the

posterior and inferior walls of the ear canal (Fay, 1927; Tekdemir

et al., 1998) and the cavity of the conchae (Berthoud & Neuhuber,

2000). So, using ABVN as target of noninvasive brain stimulation is

known as transcutaneous auricular vagus nerve stimulation (taVNS).

taVNS has been used to treat disorders, such as epilepsy (P. Rong

et al., 2014; Stefan et al., 2012), prediabetes (Huang et al., 2014),

depression (H. Yuan & Silberstein, 2016), chronic tinnitus (Shim et al.,

2015), migraine (Silberstein et al., 2016), rehabilitation after ischemic

stroke (Baig et al., 2019), ventricular arrhythmias (Nasi-Er et al., 2019),

respiratory symptoms associated to COVID-19 (Staats et al., 2020)

as well as to boost associative memory (Jacobs et al., 2015) what has

been proposed to help patients with Alzheimer’s disease and other

dementia types (Cai et al., 2019; Kaczmarczyk et al., 2017).

Those clinical effects depend on various parameters of the taVNS

such as the electrode position, stimulus duration, interstimulus interval

and the stimulus intensity (Hagen et al., 2014). However, currently dif-

ferent stimulation targets and parameters are used, which make it dif-

ficult to evaluate and compare the potential therapeutic applications.

Investigators have recently focused the discussion on which

anatomical target is most biologically active. The vagally innervated

region of the ear is usually selected to stimulate according to sparse

and limitedhumanauricle dissectionanatomical studies (Bermejoet al.,

2017; Oken, 1997) that point the cymba conchae and cavum, as well

as the external auditory channel as the highest density areas of ABVN

projections. According to these findings, the wider commercialized

medical taVNS device (NEMOS; Cerbomed, Germany) stimulates over

cymba conchae. On the other hand, due to the controversy on the

best anatomical location for stimulation and whether the stimula-

tion effects of taVNS are due to the recruitment of ABVN or other

nerves, different targets have been proposed (Kaniusas, Tittgemeyer,

Panetsos, Gines, Papa, Kiss, Podesser, Cassara, Tanghe, Samoudi, Tar-

naud, Joseph,Marozas, Lukosevicius, Ištuk, Šarolić, et al., 2019) such as

cymba conchae or cavum (Ay et al., 2015; Suk et al., 2018), the tragus

(Badran et al., 2018), the external auditory channel or some of its spe-

cific parts (Skraus et al., 2013).

Fallgatter et al. (2003) developed anoninvasivemethod for themea-

surement of vagus nerve function by evoked potentials (EP) recorded

after electrical stimulation of ABVN. Cutaneous stimuli are trans-

ported via the auricular nerve to the jugular ganglion and from there

with the vagus nerve into themedulla oblongata and to the nuclei trac-

tus solitarii (NTS). This nuclear region of the vagus nerve has multi-

ple projections to many subcortical and cortical brain regions, which

explain the long-distance physiological modulation of vagus stimula-

tion. The postsynaptic brainstem activity from the VN nuclei can be

recorded at the scalp as far field potential (Fallgatter et al., 2003; Polak

et al., 2009; Usami et al., 2013) called vagus somatosensory evoked

potential (VSEP) and is only elicited when stimulating within the inner-

vation area of the ABVN, while no evoked potential will be recorded

stimulating at other sites. The characteristics of this VSEP have been

described in normal population (Fallgatter et al., 2003; Lewine et al.,

2019; Polak et al., 2009) as well as pathological conditions (Polak et al.,

2017, 2013, 2011, 2007, 2014). On the other hand, VSEP obtained by

taVNS are like those seenwith invasive VNS (Nonis et al., 2017).

The amplitude of an evoked potential mainly reflects the amount of

electric potentials generated along the stimulated neural pathway as a

representation of the amount of stimulated neural fibers. So, the aim of

our study was to define the best auricular target for taVNS comparing

the characteristics of VSEP elicitedwhen stimulating over three differ-

ent auricular sites with two electrode sizes and to define the optimal

combination that evokes higher amplitude VSEP. As secondary objec-

tive, we wanted to find optimal stimulation intensity ranges, sufficient

and acceptable to generate VSEP but not reaching to be painful, that

could be used for prolonged in time taVNS clinical studies.

2 MATERIALS AND METHODS

A total of 26 healthy volunteers participated in the present study,

approved by the ethics committee of our centre. Written informed

consent was obtained from all participants. The exclusion criteria were

(1) intake of any medication, (2) history of neurosurgical treatment,

(3) ear lesions or infections, (4) allergy to Ag/AgCl, (5) pregnancy

or breastfeeding, (6) history of neuropathy (including autonomic or

diabetic neuropathy) and (7) history of traumatic brain injury.
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F IGURE 1 Stimulated areas: Topography and electrode size combination. Topography: CC cymba and cavum, C cymba, L lobe. Electrode size: X
extralarge, S small

After careful preparation of the skin with Nuprep abrasive paste,

two Ag/AgCl (Ambu Neuroline 726 20 M/10) electrodes were fixed

to the scalp with Ten 20 conductive paste in F3 and C3 positions of

the international 10–20 system. A third electrode was placed in top of

the left shoulder and used as ground. Electrode impedance was always

below < 2kΩ and checked before and after the stimulating period of

every test.

To obtain the stimulation electrodes, we removed the external PVC

surface and the solid gel adhesive from commercial Ambu Neuroline

715 electrodes. These electrodes are flexible in nature and reasonably

guarantee an adequate fitting with the normal skin tissue irregular-

ities of ear surface. Then, we obtained a 5.2 × 10.4 mm (54 mm2)

Ag/AgCL electrode that we call extra-large electrode (X). To obtain the

small electrode (S), we cut and reduced the surface of X electrode to

2.3×2.3mm (5.3mm2). The size of S electrodewas chosen to be similar

to the stimulation surface used by the NEMOS-Cerbomed device, one

of the most widely used commercial taVNS systems (Burger et al.,

2018; Frangos et al., 2015).

We selected three different stimulation topographies, all of them in

the left ear: cymba and cavum (CC) with cathode in cymba and anode

in cavum conchae, cymba (C) with cathode and anode with 3mm inter-

electrode distance; and lobe (L) with both electrodes over the ear lobe.

We cleaned the ear with alcohol, dried it and used Collodion SLE-UK

medical adhesive to attach stimulating electrodes over these areas. So,

from the combination of three topographies and two electrode sizes,

we conducted five different experimental paradigms called tests to our

volunteers in a single afternoon session: CCX, CCS, CS, LX and LS. CX

test was not done because there was not enough space to attach X size

electrode over the cymba (Figure 1).

Electrical brain activity was recorded and data were processed

with a commercial EMG and evoked potential system (Synergy Viasys

HealthCare) and software V.15.0).

We used the same electrical stimulation parameters for the five

tests, with electrical 500 μs square impulses of alternating polarity and

1Hz frequency.At thebeginningof each test, the sensory threshold (St)

wasmeasuredwith aprogressive increaseof stimulation intensity from

0 mA to that at which the subject began to perceive the stimuli. Then,

we alsomeasured the pain threshold (Pt), the lowest intensity at which

stimuli were perceived as painful. To avoid stimulation of other nerve

fibers or artefact responses, we never stimulated over 5mA.

For each subject, the first test was always CS, and the remaining

tests were randomly assigned. After measuring St and Pt in CS condi-

tion, we calculated the stimulus intensity value that we used to elicit

the VSEP increasing by 2.5 the St value.We fixed this intensity also for

the remaining test regardless their specific St value. Then, we asked

volunteers to relax themselves and to close their eyes and we began

the test.

VSEPwere recordedover theF3-C3bipolar derivation (Hagenet al.,

2014). To avoid contaminated responses and consider a VSEP as valid,

at least 50 consecutive artifact free signals must be averaged with the

automatic artifact rejection system at ±30 μV. When we obtained at

least two stable and consistent valid VSEP, we continued to the next

test. The parameters of the VSEP manually measured for every condi-

tionwere latency to theVSEPonset, onset to peak amplitude and dura-

tion. Theexperimenters evaluating the studyoutcomeswereblinded to

the order of the stimulation parameters.

We proceeded to investigate the effect of different topography and

size combination on latency, amplitude, sensory threshold and pain

threshold, using a lineal mixedmodel regression analysis with topogra-

phy and size as fixed effects and individuals as random intercept. The

intercept is the mean for the reference group (CS combination). We

choose a sample size that allows to process it as normally distributed

(Oken, 1997). All data were preprocessed and statistically analyzed

using the R software package Ime4.

3 RESULTS

3.1 Timing of the procedure

The timing of the procedure for any test was as follow: 5 min

to prepare skin, reduce and measure impedances, fix stimulating
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F IGURE 2 Evoked potentials at electrode position C3-F3 for a single subject. Stimulation intensity 2.2mA. Amplitude P1-N1 values at five
different topography and electrode size combinations: CCX 2.45 μV; CCS 1.45 μV; CS 0.65 μV; LX and LS not measurable

electrodes, and let the adhesive dry. Then, 2 min to calculate thresh-

olds (applying intermittent stimulation), followed by 4 to 8 min of

electric stimulation (stimulation period). It was administered in several

series of continuous stimulation (1 min 15 sec) separated by rest

periods (15 sec) until two valid VSEPwere obtained. Rest periodswere

used to decide if obtainedVSEPwas acceptedor rejected. Finally, 2min

were used to remove stimulating electrodes and clean the skin. Then,

the procedure started again for the following test.With this procedure,

the mean time consumption for a test was of around 15 min (range

13–17). The time between the stimulation periods of two different

tests was 9 min, and the time for the complete session was 1 h and

15–25min.

3.2 Descriptive data

Weobtained valid VSEP in 25 individuals (12 women, 13men) from 22

to 59 years old. A male subject did not reach enough relaxation to get

an acceptable baseline to obtain VSEP and was rejected. No adverse

effectswere observed in the study. Evoked responses drawing for a sin-

gle subject are shown in Figure 2. In the CS test, all subjects showed a

clear VSEP, with mean group latency 2.79 ± 0.28 ms and mean group

amplitude 0.61 ± 0.13 μV. Mean group St was 0.41 ± 0.13 mA y mean

group Pt was 3.94 ± 0.40 mA with no subject reaching to 5 mA. The

mean stimulation intensity used to obtainVSEPwas 2.4mA. In theCCS

test, all subjects showed a clear VSEP with mean group latency 2.78 ±

0.26ms andmean group amplitude 1.21± 0.13 μV.Mean group St was

0.39± 0.10mA andmean group Ptwas 3.89± 0.36mAwith no subject

reaching to 5 mA. In the LS test, no VSEP was obtained for any sub-

ject of the group. Mean group St was 0.46 ± 0.12 mA, and mean group

Pt was 3.78 ± 0.43 mA with no subject reaching to 5 mA. In the CCX

test, all subjects showed a clear VSEP with mean group latency 2.77

± 0.28 ms and mean group amplitude 2.39 ± 0.38 μV. Mean group St

was 0.66 ± 0.14 mA and mean group Pt was 4.8 ± 0.49 mA. During

the measurement of Pt, 20 individuals reached to 5 mA without com-

plaining about pain or discomfort. In the LX test, no VSEPwas obtained

for any subject of the group. Mean group St was 0.64 ± 0.19 mA and

mean group Pt was 4.47 ± 0.51 mA. During the measurement of Pt,

seven individuals reached to 5 mA without complaining about pain or

F IGURE 3 Latency (lat) and amplitude (a) values for topography
and electrode size combination on CS, CCS, LS, CCX, LX test. Mean
values are represented as a horizontal lines, with standard deviation
(box), range (vertical line) and outliers (point)

discomfort. Mean group data values are shown in Figure 3 for latency

and amplitudes, Figure 4 for St and Figure 5 for Pt.

3.3 Comparisons of latencies

No statistical differences were found between the latencies of our ref-

erence test (CS) and CCS (p= .303) or CCX (p= .094) tests (Table 1a).

3.4 Comparisons of amplitudes

When analyzing the amplitudes of the VSEP and using CS combination

as reference values for them, we found significant (p < .001) increases

1.79 (CI 95% 1.66-1.92) in CCX test and significant (p < .001) higher

amplitudes 0.61 (CI 95%0.48–0.74) in CCS combination. This last com-

parison avoids the influence of electrode size (Table 1a).
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F IGURE 4 Sensory threshold group values for CS, CCS, LS, CCX
and LX topography and electrode size combinations: Mean group
value is represented as a horizontal line, with standard deviation (box),
range (vertical line) and outliers (point)

F IGURE 5 Pain threshold (Pt) group values. Stimulating with S
electrode, in all conditions all subjects fixed the pain threshold in
values under 5mA. Otherwise, stimulating with X electrode 20 subject
in CCX test and 7 in CC test reached to our previously fixed as
maximum stimulation intensity of 5mAwith no pain sensation at all

To avoid the influence of topography, we reanalyzed and using CCS

data as reference we compared CCX test amplitudes (Table 1b). We

found significant increases (p < .001) in the amplitudes 1.18 (CI 95%

1.05–1.31) for this last test (Table 1b).

3.5 Comparisons of sensory threshold

Compared to the CS combination, the sensory threshold for CCS did

not produce any significant differences (p = .567). The slightly higher

mean threshold values obtained for remaining tests were significant

for LS (p= .045), CCX (p< .001) and LX (p< .001) as shown in Table 1a.

3.6 Comparisons of pain threshold

Compared to theCS combination, the pain threshold for the tests using

S size electrodes were not significant (p = .597 for CCS and p = .068

for LS). However, the increases of Pt registered for CCX 0.86 (CI 95%

0.70–1.03) and for LX 0.54 (CI 95% 0.37–0.70) resulted both signifi-

cantly higher (p< .001) as shown in Table 1a.

Comparing with LX test, we found that the Pt increases in CCX

test 0.33 (CI 95% 0.16–0.49) were significant (p < .001) as shown in

Table 1c.

4 DISCUSSION

To the best of our knowledge, this is the first study comparing the clas-

sical cymba conchae stimulation and the cavum and cymba conchae

simultaneous stimulation. Our findings reveal that stimulation over

C and CC topographies in healthy adults produces clear and repro-

ducible evoked potential with latency and morphology close to those

described previously as VSEP (Fallgatter et al., 2003) which reflects far

field potentials of postsynaptic brainstem activity from the VN nuclei

that can be elicited on electrical stimulation of the ABVN (Fallgat-

ter et al., 2003; Polak et al., 2009). In contrast, these evoked poten-

tials are not registered when we stimulate over the earlobe. This sug-

gests that stimulating over C and CC topographies activates vagus

pathway but it is not activated when stimulating over the earlobe.

Assuming that the amplitude of an EP reflects the amount of synchro-

nized electrical activity generated as a consequence of the stimula-

tion, as we systematically obtained significant higher responses on CC

topography, being independent of which electrode size has been used

to stimulate, we could conclude that the stimulation of the ABVN is

also higher. This suggests that cavum is a likely biologically active tar-

get, able to stimulate the ABVN and to enhance the classically used

cymba conchae stimulation. On the other hand, our finding points that

the earlobe is not an active target, at least with respect to ABVN

stimulation.

Anatomical data support the use of these two locations, cymba and

cavum conchae, for taVNS. Cymba conchae has clearly a large number

of VN fiber endings with 100% of ABVN nerve supply (Peuker & Filler,

2002), and its stimulation has demonstrated to produce significant

activation of the classical central vagal nerve projections, for exam-

ple, widespread activity in the ipsilateral NTS, bilateral spinal trigem-

inal nucleus, dorsal raphe, locus coeruleus, contralateral parabrachial

area, amygdala and nucleus accumbens (Badran et al., 2017; Fran-

gos et al., 2015; Yakunina et al., 2017). Some medical devices (e.g.,

NEMOS, Cerbomed GmbH) have been commercialized to stimulate

this area and treat different neurological and psychiatric disorders. On

the other hand, an important VN innervation of cavum conchae and

external auditory channel has been recently described by our group

(Bermejo et al., 2017) with a variable percentage of myelinated nerve

fibers, therefore able to be activated by transcutaneous stimulation.

These results are supported by other previous anatomical data (Ellrich,

2019; Safi et al., 2016) that demonstrate the existence and quantity of
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thick-myelinated afferent nerve fibers of the left auricular branch of

the VN that carries a variable percentage of thick-myelinated afferent

nerve fibers counted in the left thoracic VN in humans. So, that is why

cavum has already been considered as a potential target to be used in

taVNS therapies. Suk et al. (2018) suggested that isolated stimulation

of cavumwasmore effective than cymba stimulation for the treatment

of tinnitus. Ay et al. (2015) proposed the stimulation of this structure as

a target for the protection of ischemic stroke in rats.

Most of these cavumandcymbaconchae stimuli aredrivenbyABVN

(He et al., 2013), forming the so-called auriculo-vagal pathway (Gins-

berg & Eicher, 2000), but other nerves involved in the afferent inner-

vation of the auricular area drive afferent signals of different nature to

NTS. In fact, with regard to the anatomical perspective, the cavum is

innervated by both the ABVN and the greater auricular nerve (GAN)

with 45% and 55% nerve supply, respectively (Peuker & Filler, 2002).

Simultaneous stimulation over cymba and cavum regions of the ear

increases the amount of activated ABVN fibers than cymba conchae

stimulation alone, but makes it difficult to link the results to a specific

neural pathway because of the dual innervation of cavum. Pragmati-

cally, the objective during atVNS is to depolarize the NTS as first step

to activate the VN pathway in the brain stem and central structures

to obtain modulatory effects. The NTS and associated tract receive

afferents via the facial, glossopharyngeal and vagus nerves. GAN is the

superficial branch of the cervical plexus from the C2 and C3 spinal

nerves and is divided into anterior and posterior branches. GAN does

not project fibers directly overNTS, but theposterior branch communi-

cates with ABVN and the posterior auricular branch of the facial nerve

(Ginsberg & Eicher, 2000). As registered evoked potential reflects the

postsynaptic brainstem activity originated in NTS, we cannot discard

some influence of the stimulated GAN fiber of cavum on the VSEP

results, but we believe that is unlikely. Such an indirect long neu-

ral pathway would arrive later than direct afferents to NTS, produc-

ing a temporal dispersion of the VSEP and consequently a reduction

in its amplitude. On the other hand, the ear lobule, which has been

frequently used as a sham stimulation site in many taVNS studies, is

innervated by GAN alone and does not generate VSEP at all. So, the

anatomical distribution supports our results of obtaining an objective

and measurable VSEP response when stimulating over C or CC areas,

as a result of well synchronized postsynaptic potentials from jugular

ganglion andNTS, but not over the earlobe.

Therefore, although the effectiveness of the NTS stimulation might

vary in relation to the nerve stimulated, it seems evident that the

stimulation of different auricular areas can activate NTS or other

brainstem structures. Thus, the term auricular stimulation or

neuromodulation could be more correct than the term taVNS

(Mercante et al., 2018). This way, the global effects of auricular

transcutaneous nerve stimulation results in activation of cerebral

centers other than NTS, and presumably all together elaborates the

response to the stimulation. Additionally, various communications of

different nerve branches around the external acoustic meatus and

the auricle before reaching the central nervous system have been

described (Kiyokawa et al., 2014)what contributes to an individualized

and specific response. According to previous data, a new approach to

taVNS considers the concomitant stimulation of auricular (Kaniusas,

Tittgemeyer, Panetsos, Gines, Papa, Kiss, Podesser, Cassara, Tanghe,

Samoudi, Tarnaud, Joseph, Marozas, Lukosevicius, Ištuk, Šarolić, et al.,

2019; Usami et al., 2013; Yakunina et al., 2017) or even extra-auricular

(Deuchars et al., 2018) nerves in addition to the VN.

With respect to stimulating electrode size and for a given stimu-

lation strength of St x2.5 mA, our experiment showed greater VSEP

amplitudes when using X size electrodes compared to smaller ones,

being independent of which topography has been stimulated, sug-

gesting a better recruitment of ABVN fibers close to the stimulation

area.

Moreover, the tests that used X size electrodes systematically

showed higher Pt over the same topographic targets, allowing the dis-

tribution of the electrical charge over a greater surface, and decreas-

ing the intensity of the charge. Using greater electrodes over con-

firmed topographic targets allows to improve the stimulationefficiency

to reach adequate therapeutic effects with lower intensities, specially

avoiding the over-stimulation, and at the same time being more com-

fortable for the subject. This evidence is extremely important because

therapeutically taVNS is usually applied in several daily sessions lasting

from minutes to hours (Kaniusas, Tittgemeyer, Panetsos, Gines, Papa,

Kiss, Podesser, Cassara, Tanghe, Samoudi, Tarnaud, Joseph, Marozas,

Lukosevicius, Ištuk, Lechner, et al., 2019). The adverse effects due to

stimulation parameters are mainly associated with the use of inten-

sities over 10 mA and frequencies over 50 Hz, that have to be

avoided (Hagen et al., 2014; Kaniusas, Kampusch, Tittgemeyer, Panet-

sos, Gines, Papa, Kiss, Podesser, Cassara, Tanghe, Samoudi, Tarnaud,

Joseph, Marozas, Lukosevicius, Ištuk, Šarolić, et al., 2019; Kaniusas,

Kampusch, Tittgemeyer, Panetsos, Gines, Papa, Kiss, Podesser, Cas-

sara, Tanghe, Samoudi, Tarnaud, Joseph, Marozas, Lukosevicius, Ištuk,

Lechner, et al., 2019).

To sum up, we can conclude that from the tested combinations, we

have identified two easily optimizable parameters for taVNS devices

that elicit higher VSEP. On the one hand, performing a simultaneous

stimulation over cymba and cavum regions of the ear would produce

better response than cymba conchae stimulation alone. On the other

hand, the use of X-sized electrodes improves vagus pathway activa-

tion andmakesmore comfortable the perception of the electrical stim-

uli. Both hypothetically could be related with a more intense clinical

response and should be addressed in clinical trials.
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