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Abstract

Objective: To compare the long-term effects of transcutaneous vagus nerve stimulation
(tVNS) and invasive vagus nerve stimulation (iVNS) on seizure frequency and tolerability
in patients with drug-resistant epilepsies.

Methods: A retrospective cohort study was conducted to compare the efficacy of iVNS
vs. tVNS in patients with drug-resistant epilepsy. Treatment response was defined as
a>50% reduction in seizure frequency. Antiseizure medications (ASM) were continued
and changed if deemed clinically necessary. Data were collected during outpatient
visits or by telephone interview using a standardized questionnaire. The questionnaire
covered various aspects, including seizure frequency, tolerability, adverse effects,
mood, and quality of life.

Results: In total, 75 patients treated with VNS and ASM were included. In the VNS
cohort, 18 patients (mean age 40.7 + 15.49 years) were treated with tVNS and

57 patients (mean age 31.6+ 11.15 years) used iVNS. The final analysis included

47 patients (53% male, 47% female) who had a follow-up period of 5 years for tVNS
and 15 years for iVNS. In the tVNS treatment group the response rate was 30%, while
in iVNS users the response rate was 32%. Kaplan—-Meier analysis for iVNS and tVNS
users revealed comparable effects over a 5-year period, with no statistically significant
differences observed in response rates. Under both tVNS and iVNS devices, few and
mild adverse effects were reported, and significant improvements in the quality of
life were detected. No difference was observed in terms of their impact on mood or
concentration.

Conclusion: Both tVNS and iVNS were found to be a viable and well-tolerated add-on
treatment for patients with drug-resistant epilepsy. Both stimulation methods were
well tolerated and seemed to be comparably effective in the treatment of epilepsies.
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Table 1 General demographics

| Implanted (N=57) (%) | Transcutaneous (N=18) (%) | x?(df) p
Sex
Female 31(54.4) 8 (44.4) 2.08(2) 0.354
Male 26 (45.6) 10 (55.6) - -
Age at epilepsy onset
<18years | 48(85.7) 9(50) 20.99(2) | 0.000%*
> 18 years 8(14.3) 9 (50) - -
Epilepsy type®
Generalized | 8(14.3) 2(11.1) 0.359(2) | 0.836
Focal 48 (85.7)? 16 (88.9) - -
“Three persons with unknown age of epilepsy onset
® One person with unknown epilepsy
*p < 0.05,*p <001

Introduction

For patients with drug-resistant epilepsy
who are not eligible for epilepsy surgery,
neuromodulation is a viable treatment op-
tion. Besides invasive treatments such as
invasive vagus nerve stimulation (iVNS),
deep brain stimulation, and responsive
neurostimulation (available in the United
States), transcutaneous vagus nerve stim-
ulation (tVNS) was approved for the treat-
ment of drug-resistant epilepsy in the early
1990s [1-7]. Moreover, tVNS has been ap-
proved and implemented as a treatment
option in Europe since 2010 [8, 9]. Sev-
eral studies have demonstrated the ef-
fectiveness and tolerability of iVNS ther-
apy for both focal and generalized epilep-
sies [10-13]. Other studies on iVNS have
reported a progressive improvement in
seizure control over time [7]. Long-term
observations have indicated a mean de-
crease in seizure frequency of approxi-
mately 40-50%, while short-term reduc-
tions have been noted at around 20-30%
[14].

The rates of patients with at least a 50%
reductionin seizure frequency (termed “re-
sponders”) ranged from 24.5% to 46.6%
[7, 15]. Additionally, after 2 years of treat-
ment, responder rates of approximately
50-60% were observed, with a tendency
for responder rates to increase over time.
However, complete seizure control was
rare [16-18]. In a multicenter study, a re-
sponse rate of 59% was reported, with 9%
of patients experiencing seizure freedom
[19].

Similar therapeutic effects have been
reported for tVNS therapy. Previous stud-
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ies have described a reduction in seizures
over time with the use of tVNS [20-22].
Adouble-blind randomized controlled trial
demonstrated a significant reduction in
seizure frequency in patients in the stim-
ulation group who completed the full 20-
week treatment period [23]. Another study
found a 54% response rate at 24 weeks
[24].

Both tVNS and iVNS are recommended
as adjunctive therapies in conjunction
with antiseizure medications (ASMs; [25,
27-30]). Patient satisfaction with VNS
therapy tends to be high, and adherence
to the treatment regimen is generally
favorable [17, 311.

Recent investigations have demon-
strated notable improvements in quality
of life associated with VNS treatment [23,
32-34], which did not seem to be solely
dependent on reductions in seizure fre-
quency [22, 34, 35]. Furthermore, several
studies have reported that VNS therapy
can enhance mood, cognitive function,
and affective states [22, 26, 32, 35-38].
Some of these beneficial effects have even
been observed independently of seizure
control [33, 39].

Regarding safety and tolerability, VNS
is generally regarded as a safe and well-tol-
erated treatment option [17]. There have
been rare reports of complications arising
from surgical procedures for VNS implan-
tation in early studies [40]. However, tVNS,
being a noninvasive method, offers the po-
tential to broaden the spectrum of users
and to enhance the safety and tolerability
profile of VNS therapy [7, 14]. Adverse
effects associated with iVNS stimulation,
such as cough, hoarseness, voice changes,

and paresthesia, typically diminish over
time [40] but they do not occur during
tVNS. Notably, unlike treatment with ASMs,
VNS therapy is not linked to systemic or
negative cognitive side effects [15, 40].
Furthermore, there is no evidence of ter-
atogenicity associated with VNS therapy
[15]. So far, there are no studies compar-
ing the efficacy and tolerability of iVNS
and tVNS in clinical practice. We therefore
investigated the long-term effects of tVNS
and iVNS.

Patients and methods

Data were retrospectively collected from
patients admitted to the Epilepsy Center
of Hessen, Germany, who underwent any
form of VNS treatment from January 1,
2002 to March 1, 2017. Ethics committee
approval was obtained, and since it was
a retrospective study, informed consent
was waived. The study adhered closely to
the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE)
guidelines.

Detailed information on various aspects
of the study participants’ medical history
was extracted from electronic patient
records. This included data on epilepsy
syndrome, seizure frequency, the type of
stimulation received (invasive or transcu-
taneous), initiation and discontinuation of
treatment, concurrent ASM usage, device
settings (standard or rapid cycling), and
any reported adverse effects. Data were
collected on various time points, including
baseline (before starting VNS treatment),
1-3 months post-treatment initiation, and
then around 3 years, 5 years, and 10 years
after treatment initiation.

Since the introduction of tVNS occurred
atalaterstagethaniVNS, the maximum ob-
servation period for tVNS in our study was
limited to 5 years. Patients receiving tVNS
were equipped with a Nemos® stimulator
(tVNS-Technologies, Erlangen, Germany).
During tVNS stimulation, an ear electrode
was placed on the left tragus where the
auricular branch of the vagus nerve is sit-
uated. The stimulation frequency was set
to 25Hz with an on-time of 30s and an
off-time of 30s for 4 h/day.

The initial stimulation intensity was de-
termined by the threshold method as the
mean mA value between the correspond-



Table 2 Treatment-related demographics

Stimulation type iVNS (N=57) tVNS (N=18) T (df) p

Age at VNS implementation (years) 31.6(x11.2) 40.7 (£15.5) -2.32(22.8) 0.03*
Epilepsy duration to VNS treatment implementation (years) 10.1 (+8.0) 17.9(x£12.5) -2.49(21.71) 0.021*
Epilepsy duration total (years) 18.9 (£11.8) 225(x13.1) -0.811(72) 0.42
Treatment duration (months) 110.7 (£56.3) 473 (+£52.9) 4.22(73) 0.000**

*p<0.05,*p<0.01

iVNS invasive vagus nerve stimulation, tVNS transcutaneous vagus nerve stimulation

Table 3  Average seizure frequency per month

Total M; SD (n) iVNS M; SD; (n) tVNS M; SD; (n)
Pre-implementation 143+11.1 (44) 15.0+£10.9 (34) 11.7+£12.1(10)
3 months post 12.8+11.3 (40) 14.6+11.4(30) 7.5£9.5(10)
2 years post 145+11.7 (27) 15.6+12.0 (24) 6.0+2.0(3)
5 years post 15.7+£12.0(27) 16.4+12.2 (25) 6.8+3.2(2)
10 years post 16.0+£12.6 (13) 16.0+£12.6 (13) n.a.

nerve stimulation, n. a. not available

M mean, SD standard deviation, iVNS invasive vagus nerve stimulation, tVNS transcutaneous vagus

ing perception and pain thresholds. Pa-
tients could individually adjust the stimu-
lation intensity, but were instructed to use
an intensity that resulted in a perceptible
stimulation, i.e., a slight tingling sensation
when turned on. Records of individual re-
adjustments were not available. Patients
on iVNS used a VNS Therapy Deimplus 103
Device (Lianova, Houston, TX, USA).

A subset of patients were classified as
adherent. Adherent patients were defined
as those who either received iVNS or tVNS
therapy continuously forup to 10 or 5 con-
secutive years, respectively, or were still
undergoing VNS treatment at the time of
analysis.

Seizure frequency, response rates, con-
comitant ASM usage, and adverse events
were considered as outcome variables and
were evaluated at each respective time
point.

Repeated-measure ANOVAs were per-
formed for each variable and treatment.
The epilepsy was classified either as focal,
generalized, or unknown.

Responders were defined as patients
with at least a 50% reduction in seizure
frequency.

Quality of life was rated on a ten-point
rating scale from 0 (“none”) to 10 (“full”).
Patients were asked to rate the items mood,
attention, and impairments in daily life as
either better, worse, or unchanged since
introduction of the VNS. ltems were ana-
lyzed by means of chi-square tests. Analy-

ses were conducted using SPSS 24.0 (IBM,
Chicago, IL, USA).

Results

Demographic characteristics

A total of 75 patients who received VNS
treatment during the observation period
were identified, of whom 47 patients
(62.7%; 37iVNS and 10tVNS) were ad-
herent. Reasons for exclusion from the
sample of adherent patients were the
discontinuation of VNS therapy due to
discharged batteries of implanted devices,
lack of seizure control, and loss to follow-
up due to missed follow-up appointments,
death, or moving.

The distribution of male and female pa-
tients was balanced: all patients = 39 male
(52%) and 36 female (48%) patients; ad-
herent patients=53% male, 47% female;
iVNS users=56% male, 54% female; tVNS
users: 40% male, 60% female. There was
no significant correlation between sex and
stimulation method (x*=0.89, df=1, p=
0.346). However, there was a significant
difference in the number of prescriptions
and application between the iVNS (76%)
and tVNS (24%) groups as well as a sig-
nificant difference in treatment duration
for both devices, due to the fact that
the iVNS device had been approved for
the treatment of drug-resistant epilepsies
more than 10 years before tVNS.

The majority of patients presented with
focal (77.3%) rather than with generalized
epilepsies (21.3%). Patients with iVNS were
both younger and had shorter disease du-
ration.

In patients with iVNS, 83% were set
to standard cycling and 17% to rapid cy-
cling. Rapid cycling was not performed
in the tVNS group. For the analysis of
seizure frequencies, responder rates, and
medication, only data from adherent users
were analyzed. The entire VNS sample was
considered for the analysis of mood, at-
tention, quality of life, and adverse events.
Detailed demographic characteristics are
presented in @ Tables 1and 2.

Seizure frequencies and responder
rates

In the subgroup of adherent iVNS patients
(n=34), 23 (67.7%) reported a decrease
in seizure frequency at least at one point
of measurement. A total of 11 (32.4%)
of these patients showed a permanent
decrease in seizure frequency with more
than 50% reduction of seizures and could
therefore be considered to be responders;
two patients were seizure free after 5
and 10 years, respectively. Nine patients
(26.5%) had unchanged seizure frequen-
cies. Median seizure frequencies did not
change over time.

Inthe subgroup of adherent tVNS users,
five (50%) showed a sustained reduction
in seizure frequency. The responder rate
was 30%. Three (30%) patients had no
changein seizure frequency and two (20%)
became seizure free, one at 2 years and
one at 5 years. There was a trend toward
a decrease in median seizure frequency
over time compared to baseline (48.7% at
2 years, 61.5% at 5 years, not significant;
@ Table 3; @Fig. 1).

Comparison of iVNS and tVNS users
by Kaplan-Meier analysis revealed no
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Fig. 1 A Average seizure frequency per month. iVNS invasive vagus nerve stimulation, tVNS transcu-
taneous vagus nerve stimulation
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Fig. 2 A Kaplan-Meier plot for patients remaining in treatment on iVNS and tVNS with a seizure fre-
quency reduction of > 50%. VNS invasive vagus nerve stimulation, tVNS transcutaneous vagus nerve
stimulation

significant interaction for responder
rates (Tarone-Ware: x*=0.415; p=0.52;

There was a significant difference between
the groups (Tarone-Ware: x>=8.69; p=

B Fig. 2).

The same approach was applied when
investigating responder rates in iVNS
(n=23), tVNS (n=10), and ASM (n=
19) combined by Kaplan-Meier analysis.

4 (linical Epileptology

0.013), with mean estimates of M=38.10
(SE=9.96) in tVNS, M=55.23 (SE=3.38)
in iVNS, and M=58.00 (SE=2.31) in ASM
groups. However, this analysis should be

only regarded as explorative due to small
and unequal sample sizes.

With regard to the seizure profile, there
was no difference in the change in seizure
frequency over time between focal and
generalized epilepsies (B Fig. 3).

In the subset of adherent iVNS patients,
stimulation settings were availablefor31 of
34 patients. Of these, 90.3% received stan-
dard cycling and 9.7% received rapid cy-
cling. A higher median seizure frequency
was observed in the rapid cycling group
(B Table 4).

This may be because the switch to rapid
cycling was usually made in patients who
had failed treatment with standard param-
eters. There was no significant difference
in seizure control between rapid cycling
and standard cycling.

Antiseizure medication

Medication information was available for
10 adherent tVNS users and 29 adherent
iVNS users. On average the iVNS patients
were treated with 2.83 ASMs preopera-
tively, and the tVNS users had an average
of 2.80 ASMs before starting VNS treat-
ment. Initially there was a slight trend
toward a reduction in ASMs in both sam-
ples but no significant change was seen
over time. However, some individual pa-
tients were able to reduce their medication
(@ Table 5 and B Fig. 4).

Adverse events

Adverse event information was available
for 33 patients treated withiVNS and 12 pa-
tients treated with tVNS. Adverse events
were observed in 85% of invasively stim-
ulated and 42% of transcutaneously stim-
ulated patients. There was no statistically
significant difference in the number of
adverse events between iVNS and tVNS
(mivns = 0.74, Myns= 0.67, p=0.80). On av-
erage, both types of stimulation were asso-
ciated with one adverse event per person
and were well tolerable. The most com-
mon adverse event with invasive stimu-
lation was hoarseness (55%), followed by
cough (18%) and dysphagia (18%), but
none of those was rated as severe. Nonin-
vasive stimulation was commonly associ-
ated with local problems at the stimulation
site such as paresthesia (25%) and local
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discomfort or pain (25%); for details please
refer to @ Table 6.

Mood and attention

Data on mood were available for 35iVNS
patients and 12tVNS patients. Overall,
20% of the invasively stimulated patients
and 25% of the transcutaneously stimu-
lated patients reported an improvement
in mood and activity (x*=0.86, df=1, p=
0.35).

Information on the ability to concen-
trate was available for 29 iVNS patients and
12tVNS patients, with improvement noted
in 17.2% (iVNS) and 16.7% (tVNS) of the
patients (x>=0.002, df=1, p=0.97). The
remaining patients had no change.

Quality of life and treatment
satisfaction

Patients reported a significant increase in
quality of life after iVNS treatment when
asked to rate their quality of life before and
after treatmentona 10-point scale (N= 25,
Mpre=4.81+1.945; Mpost=6.67 + 1.913;
T=-3.341, p=0.001), indicating a mod-
erate treatment effect (r=-0.85, Cohen’s
d repeated = 0.649, Cl=0.092-1.207).
Regarding tVNS, patients also reported
a significant improvement in quality of life

after initiation of tVNS treatment (N=11,
Mpre=5.1, £1.044; Mpost=6.9+1.758;
T=-2.679, p=0.036), resulting in a large
treatment effect (r=-0.54, Cohen’s d re-
peated=0.982, C|=0.098-1.867).

A one-way repeated ANOVA to com-
pare the effect of the two types of vagus
nerve stimulation on patients’ quality of
life before and after implantation showed
no difference. In terms of treatment satis-
faction, 59.5% of the 37 patients on iVNS
reported they would choose iVNS again,
and only 11.4% reported treatment limi-
tations in their daily activities. Of nine pa-
tients on tVNS, 44.4% would have chosen
tVNS again, 16.7% reported limitations in
daily life. There was no significant inter-
action for the propensity to choose vagus
nerve stimulation according to the type
of stimulator (x>=0.664, df=1, p=0.415)
or for limitation in activities of daily living
(x*=0.22, df=1, p=0.639).

Discussion

This study evaluated the long-term effi-
cacy, tolerability, and quality of life of VNS
therapy inclinical practice using both types
of stimulator. Overthe 10-yearobservation
period, 32% of patients treated with iVNS
had a sustained reduction in seizures and
were identified as responders. For tVNS

users, 50% reported a permanent seizure
reduction at 5 years, with a responder rate
of 30%.

Responder rates

Our results with tVNS are consistent with
those of a recent randomized double-blind
study showing a 27% responder rate [20,
23]. A pilot study found a gradual increase
in responder rates over time from 28.57%
to 53.85% [24].

A few studies described similar respon-
der rates of 24.5-46.6% for iVNS treatment
[17,41,42], but other studies found signif-
icantly higher responder rates of around
44.4-64.4% [16, 18, 19, 43].

Almost all of these previous studies of
iVNS and tVNS described a reduction in
seizure frequency over time, which could
only be verified in our tVNS cohort.

This slight difference may be due to the
limitations of systematic seizure frequency
recording in our retrospective study de-
sign, as well as our severely affected pa-
tient population. In addition, due to our
small sample size, patients with increas-
ing seizure frequency had a greaterimpact
on our results. This could also explain the
findings of the survival analysis including
tVNS, iVNS, and ASM patients combined,
empbhasizing the need for further large-
scale investigations.

Seizure freedom was achieved in only
a minority of patients treated with iVNS
(5.9%), which is consistent with previous
findings of approximately 6-9% [18, 19,
43].

By contrast, the seizure freedom rate
in the tVNS cohort was relatively high
(20%), but this may be due to the small
sample size or concomitantly introduced
ASM. Other studies have reported seizure
freedom rates as low as 2.7% [23].

In line with previous studies, our results
confirm the efficacy of VNS therapy in the
treatment of refractory epilepsy.

Predictors of VNS efficacy

No significant predictors of seizure fre-
quency reduction were identified in the
present study. Inline with previous studies
[8, 36, 43], we found no difference in treat-
ment response with regard to the epilepsy
type or seizure semiology, whereas a re-
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Table 4 Seizure frequenc

per month in standard and rapid cycling mode

Standard cycling, M (SD) Rapid cycling, M (SD)

Pre-implementation 14.6 (10.9) 13.5(6.1)
0-3 months post 13.7(11.2) 21.8(8.8)
2 years post 15.2(12.2) 17.7(11.2)
5 years post 14.2(12.2) 23.8(11.3)
10 years post 14.5(12.2) 21.2(153)
M mean, SD standard deviation
Table 5 Average number of concomitant ASMs in total sample

iVNS M; SD; (n) tVNS M; SD; (n) TAU M; SD; (n)
Pre-implementation 2.89+0.78 (45) 2.56+0.98 (18) 1.80+0.80 (56)

3 months post 2.60+0.81 (40) 2.44+0.51(16) 1.89+0.79 (55)
2 years post 2.71+£0.94 (34) 2.83+£0.41(6) 2.06+0.77 (50)
5 years post 2.72+0.85(36) 2.50+0.71(2) 2.27+0.92(51)
10 years post 2.65+1.19(23) 2.24+0.75(38)

nerve stimulation

M mean, SD standard deviation, iVNS invasive vagus nerve stimulation, tVNS transcutaneous vagus

Table 6 Reported adverse events of iVNS and tVNS treatment

iVNS (n=33) tVNS (n=12)

Hoarseness 18 (54.5%) 0
Paresthesia 2(6.1%) 3(25%)
Pain 1(3.0%) 3(25%)
Erythema 0 2(16.7%)
Feeling of pressure 0 2(16.7%)
Skin lesions 0 2(16.7%)
Nausea 1(3.0%) 0
Changes in hearing 1(3.0%) 0
Toothache 1(3.0%) 0
Weight change 1(3.0%) 0
Cardiac problems 1(3.0%) 0
Dyspnea 3(9.1%) 0
Dysphagia 6 (18.2%) 0

Cough 6(18.2%) 0
Frequent infections 1(3.0%) 0

VNS invasive vagus nerve stimulation, tVNS transcutaneous vagus nerve stimulation,

cent systematic review and examination of
patients from the VNS Therapy Patient Out-
come Registry on predictors of seizure free-
dom suggested that treatment response is
more frequent in patients with generalized
seizures [15].

It should be noted that the number of
patients with generalized epilepsy in the
present study was low, which may influ-
ence the results, but in conjunction with
the controversial findings of previous stud-
ies, the type of epilepsy does not seem to
have a major influence on seizure control.

Regarding stimulation settings, there
was no improvement in seizure control

6  Clinical Epileptology

with rapid cycling compared to standard
cycling, which is consistent with other
studies [24, 25, 36, 44, 45]. The disad-
vantage of higher battery consumption in
rapid cycling suggests that the decision
to switch to rapid cycling should be made
on a case-by-case basis.

In our study, concomitant ASMs were
changed and adjusted. Consistent with
other studies [26, 44], the number of ASMs
remained almost stable with a tendency to
increase after 5 and 10 years of treatment.
Although some previous studies have re-
ported a similar treatment response with-
out a change in medication [6, 43, 46],

a synergistic effect of VNS and medical
treatment can be assumed.

Tolerability and quality of life

Adverse effects reported by our patients
were consistent with previous studies [20,
36,47]. Onaverage, patients reported only
a single side effect, indicating that all VNS
therapies are well tolerated.

Patients reported a significantimprove-
ment in quality of life after VNS treatment.
Positive effects on mood and concentra-
tion were also reported. These results are
in line with recent studies [20, 28, 30,
36]. Some authors suggest that the im-
provementin well-beingis independent of
seizure control [17,29, 37]. Ourresults sup-
port this assumption, as significantly more
patients (59.5%) would choose VNS ther-
apy again than benefited from it in terms
of seizure frequency reduction (32%).

Invasive versus transcutaneous VNS

Our second aim was to compare invasive
and transcutaneous stimulation.

No differences were found between
iVNS and tVNS users in terms of response
rates, quality of life, and effects on mood
and concentration. The profile of ad-
verse effects was different, but few events
occurred with either type of stimulator.
A high percentage of patients in both
cohorts would choose VNS therapy again.
It can be concluded that invasive and
transcutaneous VNS seem equally effec-
tive, safe, and well tolerated. Our results
should, however, be interpreted with cau-
tion as the sample of the tVNS group was
small.

The marked differences, with iVNS pa-
tients being both younger and having
a shorter duration of epilepsy, potentially
limit the comparability between iVNS and
tVNS; however, they may reflect a clinical
reality in which VNS is more often pre-
scribed to drug-resistant epilepsy patients
who lack the cognitive resources or ma-
turity to implement and adhere to tVNS
treatment.

Limitations

The limitations are mainly due to our retro-
spective study design, which made com-
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plete data collection difficult and resulted
in a high heterogeneity of the patient pop-
ulation. However, it is worth noting that
the present study is highly reflective of clin-
ical reality, in which there was no artificial
adjustment of ASMs, stimulation settings,
or other influencing components.

Another limiting factor was our rela-
tively small sample size, especially the tVNS
group and at later follow-up time points,
which may have led to a potential selection
bias. In addition, in many cases we had
to rely on retrospective information from
patients, family members, or caregivers.
Therefore, inaccuracies in reporting must
be taken into account.

We did not use standardized scales of
quality of life, well-being, and mood, as
these would have been too complex to
assess retrospectively by telephone inter-
view; however, our results are in line with
current literature.

Conclusion

In drug-resistant epilepsy, vagus nerve
stimulation (VNS) is a reasonable and safe
adjunctive therapy for both focal onset
and generalized seizures. Approximately
one third of patients achieve a 50% or
greater reduction in seizure frequency, but
seizure freedom is rare. In comparison,
transcutaneous VNS (tVNS) and invasive
VNS (iVNS) seemed almost equally effec-
tive. The choice between tVNS and iVNS
depends mainly on patient comorbidities
and compliance, while improved quality

of life is to be expected with both tVNS
and iVNS. Predictors of outcome are still
uncertain, and therefore further trials with
more statistical power are needed to ad-
dress this question.
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Clinical Epileptology

Langzeitwirkungen der invasiven und transkutanen
Vagusnervstimulation bei Patienten mit Epilepsie: eine retrospektive
Kohortenstudie

Ziel: Vergleich der Wirksamkeit und Vertraglichkeit der transkutanen Vagusnervsti-
mulation (tVNS) und der invasiven Vagusnervstimulation (iVNS) bei Patienten mit
therapierefraktédren Epilepsien.

Methoden: Retrospektive Kohortenstudie zum Vergleich der Wirksamkeit der zusatz-
lichen Therapie mit iVNS und tVNS bei Patienten mit therapierefraktdren Epilepsien.
Als Therapieansprechen wurde eine Verminderung der Anfallshaufigkeit um > 50%
definiert. Die Gabe von Antiepileptika (ASM) wurde fortgesetzt und, falls es klinisch
erforderlich erschien, verdndert. Die Daten wurden im Rahmen der Ambulanzbesuche
oder per Telefoninterview anhand eines standardisierten Fragebogens erhoben.

Es wurden neben Anfallsfrequenz auch Daten zu verschiedenen Aspekten wie
Vertrédglichkeit, unerwiinschten Wirkungen, Stimmung und Lebensqualitat erfragt.
Ergebnisse: Insgesamt wurden Daten von 75 Patienten, die mit VNS und ASM
behandelt wurden, ausgewertet. Innerhalb der VNS-Kohorte wurden 18 Patienten
mit tVNS und 57 Patienten mit iVNS behandelt. Die endgiiltige Analyse umfasste

47 Patienten (53 % mannlich) mit einer Nachbeobachtungszeit von 5 Jahren fiir die
tVNS und 15 Jahren fiir die iVNS. In der tVNS-Behandlungsgruppe lag die Ansprechrate
bei 30%, in der iVNS-Gruppe bei 32 %. Eine Kaplan-Meier-Analyse lber einen Zeitraum
von 5 Jahren ergab vergleichbare Effekte fiir iVNS- und fiir tVNS-Anwender, es
wurde keine signifikanten Unterschiede bei den Ansprechraten zwischen den beiden
Behandlungsmodalitdten tVNS und iVNS festgestellt. In beiden Gruppen traten nur
wenige, leichtgradige unerwiinschte Wirkungen auf, in beiden Gruppen wurde eine
erhebliche Verbesserung der Lebensqualitat festgestellt. Es fand sich kein Unterschied
in Bezug auf die Effekte auf Stimmung oder Konzentration.

Schlussfolgerungen: Sowohl die tVNS als auch die iVNS zeigten sich als wirksame
und gut vertragliche Therapie von therapierefraktaren Epilepsien. Beide Stimulations-
methoden erwiesen sich als vergleichbar wirksam, wurden gut vertragen und waren
sicher, beide scheinen eine gute zusétzliche Behandlungsoption fiir Patienten mit
therapierefraktdren Epilepsien darzustellen.

Schliisselworter
VNS - tVNS - Ohr - Epilepsie - Neuromodulation

2

w

. Wasade VS, SchultzL, Mohanarangan Ket al (2015) 30. HufRL, Mamelak A, Kneedy-Cayem K (2005) Vagus
Long-term seizure and psychosocial outcomes of nerve stimulation therapy: 2-year prospective
vagus nerve stimulation for intractable epilepsy. open-label study of 40 subjects with refractory
Epilepsy Behav 53:31-36. https://doi.org/10. epilepsy and low 1Q who are living in long-term

1016/j.yebeh.2015.09.031 care facilities. Epilepsy Behav 6(3):417-423.
26. Elliott RE, Morsi A, Tanweer O et al (2011) Efficacy https://doi.org/10.1016/j.yebeh.2005.01.009
of vagus nerve stimulation over time: Review of 31. Klinkenberg S, Majoie HIM, van der Heijden MMAA

65 consecutive patients with treatment-resistant
epilepsy treated with VNS 10 years. Epilepsy Behav
20(3):478-483. https://doi.org/10.1016/j.yebeh.
2010.12.042

. Amar AP (2007) Vagus nerve stimulation for the 3
treatment of intractable epilepsy. Expert Rev

etal (2012) Vagus nerve stimulation has a positive
effectonmoodin patients withrefractory epilepsy.
Clin Neurol Neurosurg 114(4):336-340. https://
doi.org/10.1016/j.clineuro.2011.11.016

. WinterY, Ellwardt E, Civelek A (2023) Kognitive Be-
gleiteffekte neurostimulativer Therapieverfahren.
Neurother 7(12):1763-1773. https://doi.org/10. Clin Epileptol 36(1):32-36. https://doi.org/10.
1586/14737175.7.12.1763 1007/510309-023-00565-5

. McLachlanRS, Sadler M, Pillay N et al (2003) Quality 33. Rong P, Liu J, Wang L et al (2016) Effect of
of life after vagus nerve stimulation for intractable transcutaneous auricular vagus nerve stimulation
epilepsy: Is seizure control the only contributing on major depressive disorder: A nonrandomized
factor? EurNeurol 50(1):16-19. https://doi.org/10. controlled pilotstudy. J Affect Disord 195:172-179.
1159/000070853 https://doi.org/10.1016/j.jad.2016.02.031

. Harden CL, Pulver MC, Ravdin LD et al (2000) A 34. Jacobs HIL, Riphagen JM, Razat CM et al (2015)
Pilot Study of Mood in Epilepsy Patients Treated Transcutaneous vagus nerve stimulation boosts
with Vagus Nerve Stimulation. Epilepsy Behav associative memoryin olderindividuals. Neurobiol
1(2):93-99. https://doi.org/10.1006/ebeh.2000. Aging 36(5):1860-1867. https://doi.org/10.1016/
0046 j.neurobiolaging.2015.02.023

2

~N
N

2

[o5]

2

©
~


https://doi.org/10.1111/ene.12629
https://doi.org/10.1111/ene.12629
https://doi.org/10.3889/oamjms.2017.056
https://doi.org/10.3889/oamjms.2017.056
https://doi.org/10.1007/s13760-016-0616-3
https://doi.org/10.1007/s13760-016-0616-3
https://doi.org/10.1016/j.seizure.2008.10.012
https://doi.org/10.1016/j.seizure.2008.10.012
https://doi.org/10.1212/WNL.53.8.1731
https://doi.org/10.1212/WNL.53.8.1731
https://doi.org/10.1227/NEU.0000000000001165
https://doi.org/10.1227/NEU.0000000000001165
https://doi.org/10.1016/j.ejpn.2007.01.008
https://doi.org/10.1016/j.ejpn.2007.01.008
https://doi.org/10.1016/j.yebeh.2014.08.005
https://doi.org/10.1016/j.yebeh.2014.08.005
https://doi.org/10.1111/j.1528-1167.2012.03492.x
https://doi.org/10.1111/j.1528-1167.2012.03492.x
https://doi.org/10.1016/j.brs.2015.11.003
https://doi.org/10.1016/j.brs.2015.11.003
https://doi.org/10.1016/j.yebeh.2013.02.001
https://doi.org/10.1016/j.yebeh.2013.02.001
https://doi.org/10.1111/ner.12775
https://doi.org/10.1111/ner.12775
https://doi.org/10.1111/epi.12611
https://doi.org/10.1111/epi.12611
https://doi.org/10.1016/j.seizure.2006.06.002
https://doi.org/10.1016/j.seizure.2006.06.002
https://doi.org/10.1016/j.yebeh.2015.09.031
https://doi.org/10.1016/j.yebeh.2015.09.031
https://doi.org/10.1016/j.yebeh.2010.12.042
https://doi.org/10.1016/j.yebeh.2010.12.042
https://doi.org/10.1586/14737175.7.12.1763
https://doi.org/10.1586/14737175.7.12.1763
https://doi.org/10.1159/000070853
https://doi.org/10.1159/000070853
https://doi.org/10.1006/ebeh.2000.0046
https://doi.org/10.1006/ebeh.2000.0046
https://doi.org/10.1016/j.yebeh.2005.01.009
https://doi.org/10.1016/j.clineuro.2011.11.016
https://doi.org/10.1016/j.clineuro.2011.11.016
https://doi.org/10.1007/s10309-023-00565-5
https://doi.org/10.1007/s10309-023-00565-5
https://doi.org/10.1016/j.jad.2016.02.031
https://doi.org/10.1016/j.neurobiolaging.2015.02.023
https://doi.org/10.1016/j.neurobiolaging.2015.02.023

35.

36.

3

~

38.

39.

40.

4

ury

42.

43.

44,

45.

46.

47.

Sackeim HA, Keilp JG, Rush AJ et al (2001) The
effects of vagus nerve stimulation on cognitive
performance in patients with treatment-resistant
depression. Neuropsychiatry Neuropsychol Behav
Neurol 14(1):53-62

Scherrmann J, Hoppe C, Kral T et al (2001) Vagus
nerve stimulation: Clinical experience in a large
patientseries. JClin Neurophysiol 18(5):408-414

. Elger G, Hoppe C, Falkai P et al (2000) Vagus

nerve stimulation is associated with mood
improvements in epilepsy patients. Epilepsy Res
42(2-3):203-210

Ben-Menachem E (2001) Vagus nerve stimulation,
side effects, and long-term safety. J Clin
Neurophysiol 18(5):415-418

Farmer AD, Strzelczyk A, Finisguerra A et al
(2020) International Consensus Based Review
and Recommendations for Minimum Reporting
Standards in Research on Transcutaneous Vagus
Nerve Stimulation (Version 2020). Front Hum
Neurosci 14:568051. https://doi.org/10.3389/
fnhum.2020.568051

Ben-Menachem E, Manon-Espaillat R, Ristanovic R
etal (1994) Vagus Nerve Stimulation for Treatment
of Partial Seizures: 1. A Controlled Study of Effect
on Seizures. Epilepsia 35(3):616-626. https://doi.
0rg/10.1111/j.1528-1157.1994.tb02482.x

. - (1995) A randomized controlled trial of chronic

vagus nerve stimulation for treatment of medically
intractable seizures. The Vagus Nerve Stimulation
Study Group. Neurology 45(2):224-230

Elliott RE, Morsi A, Kalhorn SP et al (2011) Vagus
nerve stimulation in 436 consecutive patients
with treatment-resistant epilepsy: Long-term
outcomes and predictors of response. Epilepsy
Behav 20(1):57-63. https://doi.org/10.1016/j.
yebeh.2010.10.017

Garcia-Navarrete E, Torres CV, Gallego | et al (2013)
Long-term results of vagal nerve stimulation
for adults with medication-resistant epilepsy
who have been on unchanged antiepileptic
medication. Seizure 22(1):9-13. https://doi.org/
10.1016/j.seizure.2012.09.008

Galbarriatu L, Pomposo |, Aurrecoechea J et al
(2015) Vagus nerve stimulation therapy for
treatment-resistantepilepsy: A 15-yearexperience
at a single institution. Clin Neurol Neurosurg
137:89-93. https://doi.org/10.1016/j.clineuro.
2015.06.023

Morris GL, Gloss D, Buchhalter J et al (2013)
Evidence-based guideline update: Vagus nerve
stimulation for the treatment of epilepsy: report
of the Guideline Development Subcommittee of
the American Academy of Neurology. Neurology
81(16):1453-1459. https://doi.org/10.1212/WNL.
0b013e3182a393d1

Garcia-Pallero MA, Garcia-Navarrete E, Torres CV
etal (2017) Effectiveness of vagal nerve stimulation
in medication-resistant epilepsy. Comparison
between patients with and without medication
changes. Acta Neurochir (wien) 159(1):131-136.
https://doi.org/10.1007/s00701-016-3027-6
Carius A, Wintermantel A (2013) Vagusnervs-
timulationstherapie bei Epilepsiepatienten:
Langzeitoutcome und Nebenwirkungen: eine
retrospektive Analyse (Vagus nerve stimulation
therapy in epilepsy patients: long-term outcome
and adverse effects: a retrospective analysis).
Nervenarzt 84(12):1473-1485. https://doi.org/10.
1007/s00115-013-3923-4

Publisher’s Note. Springer Nature remains neutral
with regard to jurisdictional claims in published
maps and institutional affiliations.

Clinical Epileptology 9


https://doi.org/10.3389/fnhum.2020.568051
https://doi.org/10.3389/fnhum.2020.568051
https://doi.org/10.1111/j.1528-1157.1994.tb02482.x
https://doi.org/10.1111/j.1528-1157.1994.tb02482.x
https://doi.org/10.1016/j.yebeh.2010.10.017
https://doi.org/10.1016/j.yebeh.2010.10.017
https://doi.org/10.1016/j.seizure.2012.09.008
https://doi.org/10.1016/j.seizure.2012.09.008
https://doi.org/10.1016/j.clineuro.2015.06.023
https://doi.org/10.1016/j.clineuro.2015.06.023
https://doi.org/10.1212/WNL.0b013e3182a393d1
https://doi.org/10.1212/WNL.0b013e3182a393d1
https://doi.org/10.1007/s00701-016-3027-6
https://doi.org/10.1007/s00115-013-3923-4
https://doi.org/10.1007/s00115-013-3923-4

	Long-term effects of invasive and transcutaneous vagus nerve stimulation in patients with epilepsy: a retrospective cohort study
	Abstract
	Zusammenfassung
	Introduction
	Patients and methods
	Results
	Demographic characteristics
	Seizure frequencies and responder rates
	Antiseizure medication
	Adverse events
	Mood and attention
	Quality of life and treatment satisfaction

	Discussion
	Responder rates
	Predictors of VNS efficacy
	Tolerability and quality of life
	Invasive versus transcutaneous VNS
	Limitations

	Conclusion
	References


