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A B S T R A C T

Background: Various brain stimulation techniques are in use to treat epilepsy. These methods usually
require surgical implantation procedures. Transcutaneous vagus nerve stimulation (tVNS) is a non-
invasive technique to stimulate the left auricular branch of the vagus nerve at the ear conch.
Objective: We performed a randomized, double-blind controlled trial (cMPsE02) to assess efficacy and
safety of tVNS vs. control stimulation in patients with drug-resistant epilepsy.
Methods: Primary objective was to demonstrate superiority of add-on therapy with tVNS (stimulation
frequency 25 Hz, n = 39) versus active control (1 Hz, n = 37) in reducing seizure frequency over 20 weeks.
Secondary objectives comprised reduction in seizure frequency from baseline to end of treatment, sub-
group analyses and safety evaluation.
Results: Treatment adherence was 84% in the 1 Hz group and 88% in the 25 Hz group, respectively. Stim-
ulation intensity significantly differed between the 1 Hz group (1.02 ± 0.83 mA) and the 25 Hz group
(0.50 ± 0.47 mA; p = 0.006). Mean seizure reduction per 28 days at end of treatment was –2.9% in the
1 Hz group and 23.4% in the 25 Hz group (p = 0.146). In contrast to controls, we found a significant re-
duction in seizure frequency in patients of the 25 Hz group who completed the full treatment period
(20 weeks; n = 26, 34.2%, p = 0.034). Responder rates (25%, 50%) were similar in both groups. Subgroup
analyses for seizure type and baseline seizure frequency revealed no significant differences. Adverse events
were usually mild or moderate and comprised headache, ear pain, application site erythema, vertigo,
fatigue, and nausea. Four serious adverse events were reported including one sudden unexplained death
in epilepsy patients (SUDEP) in the 1 Hz group which was assessed as not treatment-related.
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Conclusions: tVNS had a high treatment adherence and was well tolerated. Superiority of 25 Hz tVNS
over 1 Hz tVNS could not be proven in this relatively small study, which might be attributed to the higher
stimulation intensity in the control group. Efficacy data revealed results that justify further trials with
larger patient numbers and longer observation periods.

© 2016 Elsevier Inc. All rights reserved.

Introduction

Epilepsy is a chronic neurological disorder characterized by re-
curring, unprovoked seizures, and affects about 50 million people
worldwide [1]. About 1/3 of the patients do not become seizure free
despite anticonvulsant drug treatment [2]. A minority of these pa-
tients can be cured by resective epilepsy surgery. For the remaining
patients, various brain stimulation therapies are available, among
which invasive vagus nerve stimulation (iVNS) is most frequently
used. It requires implantation of a stimulator and an electrode which
connects to the left vagal nerve. Long-term iVNS decreased seizure
frequency during initial treatment by 24.5% to 28% [3,4]. Seizure re-
duction increased over time up to 45% in several studies [5].

Transcutaneous vagus nerve stimulation (tVNS) is a newly de-
veloped method which intends to overcome the disadvantage of
surgical implantation of the stimulation device [6]. The auricular
branch of the vagus nerve (ABVN) supplies the cymba conchae [7].
The ABVN can be stimulated using an external device with a bipolar
electrode attached to the skin of the left ear conch (Fig. 1). Pilot
studies showed responder rates and mean seizure reduction of up
to 55% [8,9].

We performed a randomized, double-blind controlled trial
(cMPsE02) to assess efficacy and safety of 20 weeks of tVNS in pa-
tients with drug-resistant epilepsy. The primary objective of this
study was to demonstrate superiority of add-on therapy with “high-
level” tVNS (stimulation frequency 25 Hz) versus active control (“low-
level” tVNS, 1 Hz) in reducing seizure frequency.

Methods

Patients

Patients between 18 and 65 years of age were eligible for this
study if they suffered from epilepsy with focal and/or generalized
seizures, had ≥3 seizures per month and not more than 21 consec-
utive seizure-free days. Seizure frequency was assessed
retrospectively prior to screening and prospectively during the base-

line period. Patients had to be on a stable regimen of ≤3 antiepileptic
drugs (AEDs) for at least 5 weeks prior to study enrollment. This
AED regimen had to be maintained throughout the study.

Patients with more than one episode of status epilepticus within
6 months prior to study enrollment, current or prior treatment with
invasive VNS or deep brain stimulation, prior ablative epilepsy
surgery, history of non-epileptic seizures, major psychiatric disor-
ders, deteriorating neurological or medical conditions and/or relevant
cardiac diseases were excluded.

Approval by all responsible ethic committees was obtained before
patient enrollment. All participants provided written informed
consent before entering the study. This clinical study was de-
signed, implemented and reported in accordance with ISO 14155,
with applicable local laws and regulations, and with the ethical prin-
ciples laid down in the Declaration of Helsinki and described in the
ICH-GCP guidelines. The study had been registered in the German
Clinical Trials Register (ID: DRKS00003689).

Study design and treatment

This was a randomized, two-arm, parallel group, prospective,
double-blind, actively controlled study conducted at 9 sites in
Germany and 1 site in Austria between 2012 and 2014. The study
period per patient was 28 weeks.

Following an 8-week baseline period during which seizure rate
was documented in a patient diary, patients were randomized in
a 1:1 ratio to treatment with either high level t-VNS (active treat-
ment, 25 Hz stimulation frequency, 250 μs pulse width, 30 s on/
30 s off) or low level (active control, 1 Hz stimulation frequency,
250 μs pulse width, 30 s on/30 s off) t-VNS device for 4 hours daily
for a period of 20 weeks. Two baseline visits (weeks 0 and 4) and
7 treatment visits (weeks 8, 9, 12, 16, 20, 24, 28) were performed.

Since tVNS causes a tingling sensation in the skin area touched
by the electrode contacts, an active control was necessary to ensure
blinding. Patients in the 25 Hz group received 180,000 stimuli per
day, whereas patients in the 1 Hz group received 7200 stimuli per
day. Compared to frequently used settings of iVNS (30 s “on” time,
5 min “off” time, stimulation frequency 30 Hz, resulting in about
235,000 stimuli per day), the 7200 stimuli per day in the 1 Hz group
were considered subtherapeutic and therefore used as active control.
Stimulation was performed using the CE certified t-VNS device
NEMOS® (cerbomed GmbH, Erlangen, Germany).

Initially, the range between the patient’s individual perception
threshold and pain threshold was determined. The device was to
be used with intensity above the patient’s perception threshold, but
below the pain threshold. The intensity level was appropriate if stim-
ulation was felt as a tingling sensation. When the patient’s perception
changed during the study, intensity could be adjusted as neces-
sary to maintain the correct sensation.

During the 8 weeks baseline period, medical data including
seizure frequency and quality of life were recorded. The patients’
current anticonvulsive drug treatment was not changed during the
study. At the beginning of the 20 weeks treatment period, pa-
tients were randomized to low level or high level stimulation and
started tVNS over a period of four hours per day divided into periods
of at least one hour. The stimulation device recorded intensity and

Figure 1. tVNS device NEMOS®. Left side: programmable stimulation device and ear
electrode. Right side: placement of ear electrode in the ear conch.
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daily percentage of target duration achieved. Seizure frequency was
prospectively recorded in patient diaries. Adverse events were re-
ported by patients. Vital signs, physical examination, and ECG were
recorded at several time points.

Several additional measures were obtained during treatment
visits:

Seizure severity was assessed by the Liverpool Seizure Severity
Scale (LSSS), a validated questionnaire consisting of 20 questions,
a maximum total score of 80, and with higher scores indicating more
severe seizure symptoms [10].

Quality of Life in Epilepsy–31-P (QoLIE-31-P) is a standardized
questionnaire to assess the patient’s health-dependent quality of
life [11]. The total score describes the location of raw values to the
maximum possible value (i.e. the best value) in percent and ranges
from 0 to 100, with higher scores representing better quality of
life.

The Montgomery–Åsberg Depression Rating Scale (MADRS) [12]
assesses the severity of the patient’s depressive symptoms using a
series of 10 questions. The maximum total score is 60; higher scores
indicate a more severe depression.

The Clinical Global Impression rating scales for severity (CGI-S)
and improvement (CGI-I) are subjective measures of symptom se-
verity of mental illnesses and of treatment response based on the
investigator’s opinion.

Study outcomes

Primary efficacy variable was the relative change in mean seizure
frequency from baseline to the end of treatment compared between
treatment groups. Secondary efficacy variables comprised reduc-
tion in seizure-frequency from baseline to the end of treatment
(within-group analysis), responder analyses, and changes in LSSS,
QoLIE-31-P, MADRS, CSSRS and CGI.

Compliance was defined as [total duration of stimulation] × 100%/
[supposed duration of stimulation].

Safety was primarily assessed by analysis of serious and non-
serious treatment-emergent adverse events (TEAEs). A TEAE is an
adverse (AE) event that emerges during treatment, having been
absent pretreatment, or worsens relative to the pretreatment state.
Relation of AEs to treatment was judged by the respective investi-
gator. Further safety measurements included vital signs, physical
examination, and 12-lead electrocardiogram (ECG) variables.

Statistical analysis

All summary statistics are presented by treatment group (1 Hz
vs. 25 Hz). For comparisons, unless otherwise specified, all statis-
tical tests were carried out using 2-tailed tests at a 5% level of
significance.

Efficacy was assessed in all randomized patients (intention to
treat, ITT). For patients with missing seizure-frequency per 28 days
at end of the treatment period the last available seizure frequency
per 28 days was used (last-observation-carried-forward method).

Primary analysis was performed comparing treatments with
respect to the primary efficacy variable (relative change of seizure-
frequency per 28 days over the treatment period) in an analysis of
covariance (ANCOVA) model with treatment as factor and base-
line seizure frequency per 28 days as covariate. Treatment differences
in least square (LS-) means and the corresponding 95% confidence
intervals (CIs) were calculated from ANCOVA. In addition, LS-
means for the change within each treatment group and the
corresponding 95% CIs were computed. To compare seizure fre-
quencies in both treatment groups, sensitivity analyses using different
assumptions on the distribution of the primary endpoint were carried

out. Subgroup analyses investigated the relevance of several base-
line factors for the primary statistical model.

Secondary variables were analyzed as follows: Mean reduction
in seizure-frequency per 28 days from baseline (absolute and rel-
ative changes from baseline) to the treatment phase within each
treatment group was assessed using ANCOVA as for the primary ef-
ficacy variable and t-test for paired measure. For responder analysis
(relative change in seizure-frequency per 28 days from baseline >25%,
>50%, or 100%), the two treatment groups were compared using a
logistic regression model that included treatment as factor and the
log-transformed baseline seizure-frequency per 28 days as covariate.
Estimates of the treatment odds ratio together with its 95% confi-
dence interval (Wald method) were derived from these models. Other
secondary variables (mean change from baseline in LSSS, QoLIE-
31-P, MADRS, and CGI scores) were analyzed using ANCOVA with
treatment as factor and baseline value as covariate.

Safety was assessed in all patients who had at least one stimu-
lation session. Treatment emergent adverse events, vital signs,
physical examination, and ECG results were analyzed using de-
scriptive statistics.

Differences in average stimulation intensity and duration were
assessed with the two-tailed Student’s t-test.

Results

Seventy-six patients were randomized to the high-level (n = 37)
or low-level (n = 39) stimulation group. The study was completed
by 58 patients (76 %); 8 patients of the 1 Hz group and 10 patients
of the 25 Hz group prematurely discontinued the study. Patient dis-
position and reasons for study discontinuation are shown in Fig. 2.
Demographic and baseline data were comparable between both
groups (Table 1).

Baseline seizure frequency was 50.4 ± 101.7 seizures in the 1 Hz
group and 62.1 ± 147.6 in the 25 Hz group.

Treatment compliance was on a similar high level in both groups
(Table 2).

The average duration of tVNS was 219 ± 34 minutes per day in
the 1 Hz group and 227 ± 30 min in the 25 Hz group. The differ-
ence in stimulation duration was not statistically significant (p = 0.35).
However, we found a significant difference in the average stimula-
tion intensity between the 1 Hz group (1.02 ± 0.83 mA) and the 25 Hz
group (0.50 ± 0.47 mA; p = 0.006).

Efficacy

Unadjusted mean seizure reduction per 28 days at end of treat-
ment as compared to baseline was −2.9% (SD: 94.4) in the 1 Hz group
and 23.4% (SD: 47.2) in the 25 Hz group. The LS-mean for relative
change from baseline to end of treatment was −2.4% (95% CI: [−26.4%;
21.5%], p = 0.842) in the 1 Hz treatment group and 22.9% (95% CI:
[−1.7%; 47.5%], p = 0.067) in the 25 Hz group. In the 25 Hz group, we
found a significant reduction in seizure frequency in those pa-
tients who completed the full treatment period of 20 weeks (n = 26,
34.2%, p = 0.034). Mean seizure reduction for each visit is shown in
Fig. 3.

The LS-mean for the difference between the two groups (25 Hz
- 1 Hz) in seizure frequency at end of treatment was 25.3% (95% CI:
[−9.0%; 59.7%], p = 0.146).

Individual treatment responses are shown in Fig. 4.
Average absolute changes in seizure frequency per 28 days were

nearly 1 seizure per 28 days in the 1 Hz group (p = 0.386) and 2 sei-
zures per 28 days in the 25 Hz group (p = 0.068). In those patients
who completed the entire 20 weeks of stimulation, improvement
was on average 1.2 seizure per 28 days in the 1 Hz group (p = 0.342)
and 3 seizures per 28 days in the 25 Hz group (p = 0.031).
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Responder rates (25%, 50%) were on a similar level in both groups.
Complete seizure freedom during at lest the last 28 days of the study
appeared in 3 out of 39 patients in the 1 Hz group and in 1 out of
37 patients in the 25 Hz group (Fig. 5).

Baseline LSSS values (mean ± SD) were 37.1 ± 5.0 points in the
1 Hz group and 36.9 ± 4.7 points in the 25 Hz group, respectively.
The scores increased by 0.83 (1 Hz, p = 0.194) and 1.56 (25 Hz,
p = 0.017) during treatment. The difference between both groups
was not significant.

Baseline QoLIE-31-P scores (mean ± SD) were 57.5 ± 13.0 in the
1 Hz group and 56.2 ± 14.3 in the 25 Hz group, respectively. The
scores increased by 4.65 (1 Hz, p = 0.01) and 2.68 (25 Hz, p = 0.077)
during treatment. The difference between both groups was not
significant.

Baseline MADRS scores (mean ± SD) were 7.3 ± 5.6 in the 1 Hz
group and 7.8 ± 6.2 in the 25 Hz group, respectively. The scores de-
clined by 0.93 points (1 Hz, p = 0.112) and 1.14 (25 Hz, p = 0.059)

Visit 2 (Screening)

(n = 87)

Randomized

Visit 3 

(n=76)

11 screening failures 
(not randomized)

Screening 

Period 

Treatment 

Period

Randomized
(n=37)

Randomized
(n=39)

Treated
(n=37)

Treated
(n=39)

Completed
(n=27)

Completed
(n=31)

1Hz 25 Hz

Discontinued (n=8):

• Other (5)
• No compliance with study 

requirements (1)
• Withdrawal of consent (1)
• Death (1)

Discontinued (n= 10):
• Other (4)
• No compliance with study 

requirements (3)
• Withdrawal of consent (1)
• Condition described in in-

or exclusion criteria (1)
• Further participation puts 

patient at risk (1)

1Hz 25 Hz

Figure 2. Patient disposition and reasons for study discontinuation.

Table 1
Patient characteristics at baseline (full analysis set).

1 Hz 25 Hz Total

n 39 37 76
Age [years] Mean 37.5 40.1 38.8

SD 12.2 12.7 12.5
Gender Female 25 20 45

Male 14 17 31
Seizure type Partial 26 28 54

Primarily generalized 13 9 22
Epilepsy duration [years] Mean 24.2 23 23.6

SD 13.8 15.4 14.5
Current AED Patients on any AED 26 25 51

LEV 9 17 26
LTG 11 10 21
OXC 8 6 14
LCM 6 5 11
PER 5 3 8
CLB 4 3 7
LZP 3 3 6
ZNS 3 3 6
PHT 2 2 4
TPM 2 2 4
Other 11 6 17

SD = standard deviation, AED = antiepileptic drug, LEV = levetiracetam,
LTG = lamotrigine, OXC = oxcarbazepine, LCM = lacosamide, PER = perampanel,
CLB = clobazam, LZP = lorazepam, ZNS = zonisamide, PHT = phenytoin,
TPM = topiramate.

Table 2
Treatment compliance.

Compliance [%] 1 Hz 25 Hz

Mean 84 88.2
SD 22.1 19.3
Median 93.3 96.7

Treatment compliance was defined as [total duration of stimulation] × 100/
[supposed duration of stimulation].
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during treatment. The difference between both groups was not
significant.

The CGI-I showed improvement in about half of the patients in
both groups while about 10% experienced a worsening in this pa-
rameter (Fig. 6).

Subgroup analyses were performed for gender, seizure type (focal
vs. generalized), baseline seizure frequency (<30 vs. ≥30 per 28 days)
and concurrent treatment with drugs other than AEDs (yes vs. no).
No significant differences in treatment efficacy between these sub-
groups were found.

Safety

During the treatment period, 33/39 (84.6%) patients from the 1 Hz
group experienced 183 treatment emergent adverse events (TEAEs)
and 32/37 (86.5%) patients from the 25 Hz group experienced 191
TEAEs. The most frequent TEAEs are summarized in Table 3.

In the 1 Hz group, 29 AEs in 15 (38.5%) patients were classified
as treatment related. In the 25 Hz group, 74 AEs in 22 (59.5%) pa-
tients were classified as treatment related. The most frequent related
TEAEs were headache (1 Hz: 5.1%; 25 Hz: 18.9%), ear pain (1 Hz: 5.1%;
25 Hz: 16.2%), application site erythema (1 Hz: 2.6%; 25 Hz: 8.3%),
vertigo (1 Hz: 2.6%; 25 Hz: 8.1%), fatigue (1 Hz: 5.1%; 25 Hz: 2.7%),
and nausea (1 Hz: 2.6%; 25 Hz: 5.4%).

In the 1 Hz group, 38.5% of TEAEs were rated as “mild” by the
patient, 38.5% were rated as “moderate”, 7.7% were rated as “severe”.
In the 25 Hz group, 40.5% of TEAEs were “mild”, 29.7% were “mod-
erate”, and 16.2% were “severe”.

Four TEAEs (palpitations, seizure worsening, syncope and ery-
thema of the left ear) in 4 patients in the 1 Hz group and 5 TEAEs
(vestibular neuronitis, suspected basal cell carcinoma, and com-
bined occurrence of headache, exhaustion and nausea) in 3 patients
in the 25 Hz group led to treatment discontinuation.

In each group, 2 serious adverse events (SAEs) were reported.
Three of the 4 SAEs (1 in the 1 Hz group and the 2 in the 25 Hz group)
were classified as possibly or probably treatment related: palpita-
tions (n = 1, 1 Hz group), vestibular neuronitis (n = 1, 25 Hz group),
and suspected basal cell carcinoma (n = 1, 25 Hz group; the sus-
pected diagnosis was not confirmed by histology). One female patient
(age 51) experienced a sudden unexplained death in epilepsy
(SUDEP) 86 days after the first stimulation with the t-VNS device
at 1 Hz stimulation frequency. The event was rated as having no re-
lation to the t-VNS device by the investigator and by the sponsor.

The number of patients reporting at least one AE and the number
of AE regardless of relationship were comparable in both treat-

ment groups. More patients in the 25 Hz group reported at least one
related AE and the number of related AEs was considerably higher
compared to the 1 Hz group.

No relevant changes in vital signs or ECG parameters were noted
at any visit during the study. No abnormal findings with respect to
vital signs were reported as adverse events either.

Discussion

The null hypothesis (no difference between seizure frequencies
in both treatment groups) could not be rejected. Hence, superior-
ity of 25 Hz tVNS over 1 Hz tVNS could not be proven in this study.
The considerable seizure reduction rate of 23.4% within the 25 Hz
group (as compared to an increase in seizure frequency of 2.9% in
the control group) did not reach significance due to the very high
variability in seizure frequencies in both groups.

However, seizure frequency decreased significantly by 34% in
those patients who completed the intended 20 weeks of 25 Hz tVNS
treatment. Higher patient numbers are required to confirm or refute
efficacy with higher power in an intention to treat group.

In an animal model of pentylenetetrazole-induced seizures, tVNS
appeared to be equally effective against EEG seizure activity as iVNS
[13]. In initial randomized double-blinded studies, VNS was asso-
ciated with 24.5%–28% reduction in total seizure frequency while
the actively controlled group (low stimulation) experienced a 6.1%–
15% reduction [3,4]. These efficacy data are comparable with the
results of the current tVNS study. It is well known that seizure control
increases over longer VNS periods. Therefore, further studies should
focus on a comparison between iVNS and tVNS and should include
long-term follow-up.

The 25 Hz tVNS was associated with a slight significant in-
crease in seizure severity as measured by LSSS (+4%). This increase
was too small to be considered clinically relevant. Interestingly,
quality of life increased in both groups between baseline and end
of study, but this increase was statistically significant only in the
control group. The lower increase in the 25 Hz group might be as-
sociated with a higher rate of side effects and the higher portion
of patients in this group that were rated with a worsened
CGI.

Treatment compliance was high. In the 25 Hz group, 88% of the
intended stimulation time was met. Drop-out rates (21% in the 1 Hz
group, 27% in the 25 Hz group) were higher than in invasive VNS
studies (2% [3];). For patients, it might be easier to discontinue treat-
ment with a non-invasive device than with an implanted device that
cannot easily be removed.

-30

-20

-10

0

10

20

30

40

50

1 4 8 12 16 20 EoT

week of treatment

re
la

ti
v
e
 r

e
d

u
c
ti

o
n

 i
n

s
e
iz

u
re

 f
re

q
u

e
n

c
y
 [

%
]

1 Hz

25 Hz

*

Figure 3. Mean relative reduction in seizure frequency at each study visit as compared to baseline seizure frequency. LS-means, *p < 0.05. Error bars: SEM.
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Overall, tVNS treatment was well tolerated in both groups. The
most frequent treatment emergent adverse events were common
medical conditions without obvious relation to tVNS treatment
(headache, nasopharyngitis, dizziness, vertigo, nausea, fatigue, di-
arrhea) or mild side effects probably caused by the device (ear pain,
application site erythema). Quality and quantity of TEAEs are com-
parable to those found in other tVNS studies [14,15]. Compared to
earlier iVNS studies [3,4], tVNS less frequently caused “common”
AEs such as pharyngitis (20–27% vs. 25–35%) or nausea (8% vs. 15–
20%). In iVNS, voice alteration and coughing occur in up to 66%, while
we did not observe these side effects. Headache, on the other hand,
was reported more frequently in our study (up to 36%) than in iVNS
trials (up to 24%).

Three out of the four SAEs that occurred in this study were
rated as possibly or probably treatment related. Palpitations
(n = 1, 1 Hz group) have been reported in an earlier tVNS study
but appeared unlikely to be caused by the device [15]. Cardiac
arrhythmias during VNS might appear due to the parasympa-
thetic innervation of the heart by the vagus nerve. Although
no relevant ECG alterations were observed in either treatment
group, further studies should continue to turn attention on
arrhythmias.

Vestibular neuronitis appeared in one patient of the 25 Hz group
17 days after therapy onset and led to treatment discontinuation.
This AE hast not been reported earlier; relationship with treat-
ment is unclear.

Figure 4. Individual treatment response for patients in 1 Hz (a) and 25 Hz (b) group.
Seizure reduction in % is represented by positive numbers on the y axis (upward bars), seizure increase by negative numbers (downward bars).
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A suspected basal cell carcinoma (n = 1, 25 Hz group) was not
confirmed by histology.

One patient in the 1 Hz group died from SUDEP during the study.
For our study population, a SUDEP rate of 5 per 1000 person years
can be taken into account (1.1 to 9.3 per 1000 person years in pa-
tients with chronic refractory epilepsy and epilepsy surgery
candidates [16]). Considering the 40 cumulative patient years in our
study, probability for occurrence of 1 or more SUDEP was about 18%.

Besides the fact that the SUDEP occurred in the control group, no
relation to tVNS treatment was assumed by the attending physician.

The most relevant limitation of this study is the fact that stim-
ulation intensity was significantly higher in the 1 Hz group as
compared to the 25 Hz group which may have reduced the differ-
ence in treatment efficacy between both groups. Applying constant
stimulation intensity in both groups would have interfered with
blinding. However, aligning stimulation intensities to some extent

2,7%

27,0%

48,6%

7,7%

25,6%

48,7%
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80%

100% Reduction ≥ 50 % Reduction ≥ 25 % Reduction

1 Hz (N=39)

25 Hz (N=37)

Figure 5. Responder rates.

Figure 6. Clinical global impression (CGI) at end of treatment.

Table 3
Most frequent adverse events (AEs).

AE name 1 Hz (n = 39) 25 Hz (n = 37)

Events n Patients n Patients % Events n Patients n Patients %

Headache 24 14 35.9 30 12 32.4
Nasopharyngitis 12 8 20.5 13 10 27.0
Ear pain 5 3 7.7 8 6 16.2
Dizziness 2 2 5.1 11 5 13.5
Vertigo 6 3 7.7 7 4 10.8
Nausea 7 3 7.7 8 3 8.1
Fatigue 5 5 12.8 2 1 2.7
Diarrhoea 5 3 7.7 2 2 5.4
Application site erythema 1 1 2.6 3 3 8.1
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will be necessary in further studies to avoid too powerful stimu-
lation in the control group.

Adverse events have been reported “subjectively” by patients.
A structured questionnaire may help avoiding bias in further trials.

About 1/3 of the patients were not on any anticonvulsant med-
ication when included in our study. Although pharmacoresistance
had been proven in all patients earlier during their medical history,
this is an unusual high rate and may limit generalizability of the
results.

Another limitation (like of most trials for epilepsy treatment) is
the restricted accuracy of seizure quantification by the use of seizure
diaries [17]. Such inaccuracies might not change intraindividually
between baseline and treatment period and, therefore, might have
no influence on differences in seizure frequencies. Nevertheless,
further studies should quantify seizure frequencies by video EEG
monitoring as described in a tVNS pilot study [9].

Conclusions

Transcutaneous vagus nerve stimulation is a well tolerated pro-
cedure with high treatment compliance rates in patients with drug-
resistant epilepsy. Although superiority of 25 Hz tVNS over 1 Hz tVNS
could not be proven in this study, efficacy data revealed results that
justify further trials with larger patient numbers. Since treatment
effect appeared to set in after 20 weeks of treatment, longer ob-
servation periods are desirable in upcoming studies. Future trials
should focus on comparison of tVNS and iVNS and should prefer-
ably include some period of video EEG monitoring for objective
quantification of treatment results.
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