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Abstract
This study explored the efficacy and safety of transcutaneous auricular vagus nerve stimulation (ta-VNS) in patients with 
epilepsy. A total of 150 patients were randomly divided into active stimulation group and control group. At baseline and 4, 
12, and 20 weeks of stimulation, demographic information, seizure frequency, and adverse events were recorded; at 20 weeks, 
the patients underwent assessment of quality of life, Hamilton Anxiety and Depression scale, MINI suicide scale, and MoCA 
scale. Seizure frequency was determined according to the patient’s seizure diary. Seizure frequency reduction > 50% was 
considered effective. During our study, the antiepileptic drugs were maintained at a constant level in all subjects. At 20 weeks, 
the responder rate was significantly higher in active group than in control group. The relative reduction of seizure frequency 
in the active group was significantly higher than that in the control group at 20 weeks. Additionally, no significant differ-
ences were shown in QOL, HAMA, HAMD, MINI, and MoCA score at 20 weeks. The main adverse events were pain, sleep 
disturbance, flu-like symptoms, and local skin discomfort. No severe adverse events were reported in active and control 
group. There were no significant differences in adverse events and severe adverse events between the two groups. The present 
study showed that ta-VNS is an effective and safe therapy for epilepsy. Furthermore, the benefit in QOL, mood, and cognitive 
state of ta-VNS needs further validation in the future study although no significant improvement was shown in this study.

Keywords Transcutaneous auricular vagus nerve stimulation · Neuromodulation · Drug-resistant epilepsy · Treatment

Introduction

Epilepsy is a common chronic disease of central nervous 
system, which is featured by recurrent unprovoked seizures, 
affecting about 50 million people worldwide according to 
the report by the World Health Organization (WHO) [1, 2]. 
However, approximately one third of the patients are not able 
to achieve seizure freedom despite appropriate medications 
and advent of new anti-seizure medications (ASMs), which 
is known as drug-resistant epilepsy [3]. For these patients, 
alternative treatment options include resective neurosurgery 
and neuromodulation such as deep brain stimulation and 
vagus nerve stimulation (VNS) [4]. Among all neuromodu-
lation treatments, invasive vagus nerve stimulation (i-VNS) 
is most frequently used, which requires a stimulator and an 
electrode to be implanted and connected to the vagus nerve. 
In previous clinical trials, invasive stimulation of the cervi-
cal branch of the vagus nerve has been recognized to be 
effective with a responder rate of about 40–60% [5, 6].
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However, the many side effects associated with i-VNS can-
not be ignored. First, the implantation of the stimulator and 
electrode is an invasive surgery procedure which requires gen-
eral anesthesia, bringing operation- and anesthesia-associated 
risk to the patients [7, 8]. Second, i-VNS could result in vari-
ous surgically and technically induced postoperative complica-
tions, such as hoarseness, cough, pain, deep wound infections, 
cardiac arrhythmia, and device fracture or malfunction [9, 10]. 
Thus, there is a medical demand for an alternative VNS device 
which is more selective and noninvasive to the patients with 
a lower risk.

Transcutaneous auricular vagus nerve stimulation (ta-
VNS) is a newly developed treatment which could overcome 
the drawbacks of i-VNS [11]. The auricular branch of the 
vagus nerve, which supplies the cymba conchae, could be 
stimulated using an external device with a bipolar electrode 
attached to the skin of the left ear conch [12]. Pilot stud-
ies of ta-VNS on epilepsy suggested responder rate (seizure 
reduction ≥ 50%) and mean seizure reduction could reach up 
to 53.85% and 54.21% respectively [13, 14]. In subsequent 
studies, Bauer et al. suggested a responder rates (seizure 
reduction ≥ 50%) of 27.0% and 25.6% in high-frequency and 
low-frequency stimulation groups respectively [15]; some 
other studies showed the mean seizure frequency reduction 
by ta-VNS treatment could reach to about 40% [15–17].

The present study was a randomized, double-blinded, 
controlled trial investigating the efficacy and safety of ta-
VNS as a treatment option for epilepsy. The main objec-
tive of this study was to demonstrate superiority of add-on 
therapy with 20 weeks of ta-VNS (active stimulation) versus 
control in reducing seizure frequency and to investigate the 
influence of ta-VNS on the quality of life, mood, and cogni-
tive status.

Materials and Method

Patients

The patients in the present study were enrolled from March 
2019 to February 2021 at 4 centers (Capital Medical Uni-
versity affiliated Beijing Tiantan Hospital, Nanjing Medical 
University affiliated Brain Hospital, Tianjin Medical Uni-
versity General Hospital, and The First Affiliated Hospital 
of Zhengzhou University). The study period per patient was 
28 weeks. The whole study was designed, implemented, and 
reported following ISO 14155, with applicable local laws 
and regulations, and with the ethical principles laid down in 
the Declaration of Helsinki and described in the ICH-GCP 
guidelines. Approvals from all responsible ethic committees 
were obtained (Aug. 8, 2017, QX 2017–005-02), prior to the 
initiation of this study.

All patients or their guardians provided written informed 
consent. The inclusion criteria were as follows: (1) age 
18–65 years old (including 18 and 65 years old); (2) the 
patients met the ILAE definition of epilepsy [18], taking 
2 or more types of ASMs over 2 years with ineffective sei-
zure control (the average seizure frequency in recent 1 year 
was ≥ 4 times per month, and ≥ 1 time every month), and 
deemed not suitable for surgery or unwilling to take the risk 
of surgery; (3) the dose of the applied antiepileptic drugs 
(ASMs) did not change 4 weeks before the baseline period 
and throughout the period of the study. The exclusion crite-
ria included (1) status epilepticus occurred in recent 1 year; 
(2) progressive brain diseases; (3) serious somatic diseases 
such as heart, liver, and kidney diseases (ECG indicates 
severe myocardial ischemia or arrhythmia; one of ALT, 
AST, BUN, and Cr in blood biochemistry test is ≥ 2 times 
of the normal level) or serious neuropsychiatric diseases; 
(4) history of alcohol addiction or drug abuse; (5) females 
who are pregnant or planning pregnancy; (6) equipped with 
cardiac pacemaker, vagus nerve stimulator, or metal implant; 
and (7) patients with peptic ulcer.

Study Design and Treatment

A total of 150 patients were enrolled in this study. The num-
ber of patients was determined by a power analysis. During  
an 8-week baseline period, an interview was used to record 
general patient information including age, gender, duration 
of epilepsy, type of epilepsy, family history, the number and 
dosage of ASMs, interictal EEG, and MRI. Baseline seizure 
frequency was documented in a patient diary. Following the 
8-week baseline period, the patients were randomized into 2 
groups (100 patients in active stimulation group and 50 patients 
in control group). The questionnaires investigating the patient’s 
quality of life (QOL), mood, and cognitive state at baseline 
included QOLIE-31, Hamilton Anxiety Scale (HAMA), 
Hamilton Depression Scale (HAMD), Mini-International 
Neuropsychiatric Interview (MINI) suicide risk scale, and  
Montreal Cognitive Assessment (MoCA) (Figs. 1 and 2).

At the beginning of the 20-week treatment period, 
patients were randomized to two group: the active group 
(n = 100) received active stimulation with 25-Hz stimulation 
frequency, 250-µs pulse width, and 30-s on/30-s off, over 
a period of 2 h per day divided into 4 periods of 30 min; 
the stimulation was maintained at a stable level that max-
imum tolerated intensity of pain was felt by the patients. 
The control group (n = 50) received apparent same period 
of treatment but the stimulation frequency was 1 Hz and 
the intensity was maintained at a stable level that minimum  
perceptible tingling was felt which made the patients believe 
they were receiving active stimulation while they were actu-
ally not. Stimulation was performed using the NIFDC cer-
tified t-VNS device TVNS-100 (Xinzhile, Jiangxi, China)  
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(Fig.  3). The patients’ current ASM treatment was not 
changed during the study. Three treatment visits (weeks 4, 
12, 20) were performed. Seizure frequency was prospec-
tively recorded in patient diaries. Adverse events during the 

treatment were reported by patients. Vital signs, physical 
examination, electrocardiogram (ECG), and assessment of 
QOL, mood, and cognitive state were performed at the above 
time points.

Fig. 1  A schematic representa-
tion of the study design and 
timeline of events

Fig. 2  Flow chart of the grouping of patients with epilepsy and ta-VNS data collection
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Study Outcomes

Primary efficacy variable was the responder rate at 
20 weeks of treatment, which is defined as percentage of 
patients who achieved ≥ 50% reduction in mean seizure 
frequency from baseline to the end of treatment. Second-
ary efficacy variables comprised reduction in seizure 
frequency from baseline to each treatment visit (4, 12, 
20 weeks) and changes in QOLIE-31, HAMA, HAMD, 
MINI suicide risk scale, and MoCA. Safety was primar-
ily assessed by analysis of non-severe and severe adverse 
events (AEs) and device-related AEs which emerged dur-
ing treatment and reported by patients. Additional safety 
measurements included vital signs, physical examination, 
and 12-lead ECG.

Statistical Analysis

All summary statistics are presented by groups (active 
vs. control). The quantitative indicators will calculate 
the mean and standard deviation. The counting data are 
statistically described by frequency (composition ratio). 
Differences between categorical variables were com-
pared using a chi-square test or Fisher’s exact test with 
Yates’ correction if any cell number was less than five 
or close to zero. Differences between the nonnormally 
distributed continuous variables were compared using 
the nonparametric Mann–Whitney U test, while the nor-
mally distributed continuous variables were compared 
using an independent two-sample t-test. Differences 
between baseline and 20 weeks for continuous variables 
were compared using the paired t-test. For comparisons, 
unless otherwise specified, all statistical assessments 
were two-sided, and a P value of 0.05 was considered 
significant. Statistical analyses were performed with the 
SPSS software for Windows, version 20.0 (SPSS Inc., 
Chicago, IL, USA).

Results

During the study period, 100 patients in the active group 
and 50 patients in the control group underwent the study. 
In the active group, 12 patients were lost to follow-up and 7 
were excluded due to adverse events or other reasons; in the 
control group, 8 were lost to follow-up and 2 were excluded 
due to adverse events or other reasons. One hundred twenty-
one patients finished the 20-week treatment. One hundred 
twelve of these patients (76 in the active group and 36 in the 
control group) completed the QOL, mood, and cognition 
assessment at 20 weeks and were finally included in the 
final analysis (Fig. 1).

Patient demographics are shown in Table 1. There were 
no significant differences in age, gender, nationality, height, 
weight, and BMI between active and control groups. For 
medical history and baseline assessment, no significant 
differences were shown in years of epilepsy, seizure fre-
quency, quality of life (QOL), mood and cognition assess-
ment (QOLIE-31, HAMA, HAMD, MINI, MoCA scores), 
vital signs, and neurological examinations between the two 
groups (Table 1). Baseline medications of patients in the two 
groups are also shown in Table 1. The ASM regimen was 
maintained throughout the study.

Efficacy

Comparison of the responder rate at 4, 12, and 20 weeks 
between the active and control groups is shown in Fig. 4, 
The responder rate was significantly higher in active group 
(44.74%) than in control group (16.67%) at 20  weeks 
(P < 0.05). There were no significant differences in the 
responder rate at 4 weeks (22.67% vs 25.00%) and 12 weeks 
(28.95% vs 30.56%) between the two groups. Figure 5 
shows the comparison of seizure frequency between active 
and control groups at each time point. No significant dif-
ferences were shown between the two groups (active vs 

Fig. 3  Baseline medications 
of patients in active (left) and 
control (right) groups. Ta-VNS 
device TVNS-100®. Left, pro-
grammable stimulation device 
and ear electrode; middle, 
placement of ear electrode in 
the ear conch; right, the double 
stimulation points of the ear 
electrode in the ear conch
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control) at baseline (4.01 ± 4.43 vs 7.29 ± 11.40, P = 0.104), 
4 weeks (3.70 ± 4.79 vs 7.16 ± 13.33, P = 0.139), 12 weeks 
(3.29 ± 4.56 vs 7.07 ± 13.72, P = 0.115), and 20  weeks 
(3.08 ± 4.62 vs 6.05 ± 11.07, P = 0.130) all time points.

Baseline seizure frequency (mean ± SD) was 4.01 ± 4.43 
in the active group and 7.29 ± 11.40 in the control group, 
respectively. At the end of treatment (20 weeks), mean sei-
zure frequency (n/month) declined by 0.93 (P = 0.207) in 

the active group and 1.24 (P = 0.641) in the control group 
compared to the baseline. The percentage of seizure reduc-
tion in the active group (30.75% ± 54.32%) was significantly 
higher than that in the control group (15.66% ± 44.92%) at 
20 weeks (P < 0.05) (Fig. 6A and Table 2). The propor-
tions of different levels of seizure frequency reduction in 
active and control group at 4, 12, and 20 weeks are shown 
in Fig. 6B. There was significant difference between the 

Table 1  Baseline characteristics 
of the active and control groups

Characteristics Active Control P value

Demographic information
  Age (years) 33.25 ± 11.32 34.02 ± 10.78 0.675
  Male, sex, n (%) 43 (56.5%) 19 (52.8%) 0.699
  Nationality 1.000
    Han 76 36
    Others 0 0
  Height (cm) 168.60 ± 8.49 168.30 ± 8.45 0.847
  Weight (kg) 64.26 ± 13.83 69.62 ± 13.24 0.024
  BMI (kg/m2) 22.60 ± 4.12 24.07 ± 5.01 0.103

History
  Years with EP 15.05 ± 10.21 16.53 ± 10.68 0.442
  Frequency of Sz 9.91 ± 12.38 15.10 ± 29.16 0.238
  QOL rating scale 164.64 ± 23.44 170.53 ± 32.02 0.079
  HAMA score 13.71 ± 11.52 11.91 ± 10.23 0.476
  HAMD score 9.76 ± 9.08 7.37 ± 5.63 0.296
  MINI score for suicide risk 2.30 ± 6.24 3.53 ± 7.52 0.542
  MoCA score 20.62 ± 7.04 21.08 ± 6.17 0.412

Vital signs
  Temperature (℃) 36.46 ± 0.20 36.48 ± 0.21 0.582
  Heart rate (n/min) 74.13 ± 10.99 75.02 ± 9.82 0.643
  Respiratory rate (n/min) 18.53 ± 1.86 18.72 ± 2.23 0.787
  Systolic pressure (mmHg) 118.83 ± 8.51 120.00 ± 9.71 0.473
  Diastolic pressure (mmHg) 75.72 ± 7.98 75.65 ± 6.83 0.705

Neurological examination, normal, n (%)
  Cranial nerve 76 (100%) 36 (100%) 1.000
  Motor 74 (97.4%) 36 (100%) 0.751
  Sensory 76 (100%) 36 (100%) 1.000
  Reflex 76 (100%) 36 (100%) 1.000
  Autonomic 76 (100%) 36 (100%) 1.000
  Meningeal irritation 76 (100%) 36 (100%) 1.000
  Others 76 (100%) 36 (100%) 1.000

Baseline medications, %
  Valproic acid 18.3% 14.1% N/A
  Carbamazepine 9.1% 18.8% N/A
  Oxcarbazepine 17.1% 15.3% N/A
  Levetiracetam 14.3% 11.8% N/A
  Lamotrigine 13.7% 15.3% N/A
  Phenobarbital 5.1% 3.5% N/A
  Topiramate 14.3% 11.8% N/A
  Clonazepam 5.1% 4.7% N/A
  Others 2.9% 4.7% N/A
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two groups at 20 weeks (P < 0.05). No significant differ-
ences were shown at 4 weeks (P = 0.412) and 12 weeks 
(P = 0.401) between the two groups.

Figure 7 shows the comparison of QOLIE-31, HAMA, 
HAMD, MINI, and MoCA scores (mean ± SD) at base-
line and 20 weeks in active and control groups. The scores 
at baseline and 20 weeks as well as changes in scores are 
displayed in Table 4. The differences of score changes in 
QOLIE-31, HAMA, HAMD, MINI, and MoCA between 
baseline and 20 weeks were not significant (Table 3).

Safety

Adverse events (AE) during the treatment period were 
recorded to evaluate the safety of ta-VNS. During the 

treatment period, 10 patients (11.36%) from the active group 
experienced 13 AEs and 9 patients (19.57%) from the con-
trol group experienced 15 AEs. None of them were rated as 
severe AEs. No significant differences were shown between 
the two groups (P = 0.204) (Table 4). The most frequent 
AEs included headache, insomnia, and flu-like symptoms 
(mild fever, fatigue, runny nose, sore throat). Specifically, 2 
patients from the active group experienced 2 device-related 
AEs such as ear erythema while 1 patient from the control 
group experienced 1 device-related AE. No severe device-
related AEs were reported in either group. No significant 
differences were shown between the two groups (Table 2). 
Only 1 patient in the active group reported sinus bradycar-
dia suggested by ECG at 12 weeks without obvious dis-
comfort, which might be considered due to parasympathetic 

Fig. 4  Comparison of the 
responder rate at 4, 12, and 
20 weeks between the active 
and control groups. The 
responder rate was significantly 
higher in active group than 
in control group at 20 weeks 
(P < 0.05). f, frequency

Fig. 5  The comparison of sei-
zure frequency between active 
and control groups at baseline 
and 4, 12, and 20 weeks: there 
were no significant differences 
between the two groups at all 
time points
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activation by stimulation procedure. This patient’s heart rate 
returned to normal range at 20 weeks, the final visit of the 
study. No relevant changes in vital signs were noted at any 
visit during the study. No abnormal findings with respect to 
vital signs were reported as adverse events either.

Discussion

The present study was a randomized, double-blind controlled 
trial of ta-VNS for the treatment of epilepsy, which exam-
ined the effect and safety for 20 weeks of stimulation. The 
result of the study suggested significant higher responder 
rate along with no significant increase in adverse events in 
patients receiving ta-VNS treatment.

In the present study, the responder rate was 44.74% in the 
active stimulation group at 20 weeks of treatment, which was 
significantly higher than that in the control group (16.67%). 
Seizure frequency decreased significantly by 30.75% on 
average in the active stimulation group who completed the 

intended 20 weeks of ta-VNS treatment, which was also 
significantly higher than that in the control group. In the 
early double-blinded, controlled i-VNS studies, total sei-
zure frequency reduction could reach to 24.5–28.0%, which 
was significantly higher than the actively controlled group 
(6.1–15.0%) [6, 19]. As a noninvasive VNS treatment, the 
efficacy of ta-VNS has been investigated in previous work. 
In an animal study, ta-VNS was found to be equally effective 
as i-VNS in pentylenetetrazole-induced seizure model [20]. 
Furtherly, a number of clinical trials of ta-VNS for treatment 
of epilepsy have been published previously [13, 15, 16, 21, 
22]. Rong et al. found that ta-VNS could effectively reduce 
seizure frequency and severity in patients with drug-resistant 
epilepsy [22]. Aihua et al. found that the monthly seizure 
frequency was lower in the treatment group than in the con-
trol group after 12-month treatment, and this reduction in 
seizure frequency was associated with baseline seizure fre-
quency and duration of epilepsy [16]. Bauer et al. suggested 
no significant differences between high-frequency (25 Hz) 
and low-frequency (1 Hz) stimulation groups in responder 

Fig. 6  A Mean relative reduction in seizure frequency at each time 
point as compared to baseline seizure frequency: a significant relative 
reduction in seizure frequency was shown in the active group com-

pared to the control group. B The level of seizure frequency reduc-
tion in active and control group at 4, 12, and 20 weeks (A): there was 
significant difference between the two groups at 20 weeks (P < 0.05)

Table 2  Comparison of seizure 
frequency and relative reduction 
in seizure frequency between 
active and control groups

Time point Seizure frequency (n/month) Relative reduction in seizure frequency (%)

Active Control P value Active Control P value

Baseline 4.01 ± 4.43 7.29 ± 11.40 0.104 N/A N/A N/A
4 weeks 3.70 ± 4.79 7.16 ± 13.33 0.139 0.86 ± 106.15 6.66 ± 76.72 0.897
12 weeks 3.29 ± 4.56 7.07 ± 13.72 0.115 19.84 ± 53.56 18.56 ± 49.65 0.663
20 weeks 3.08 ± 4.62 6.05 ± 11.07 0.130 30.75 ± 54.32 15.66 ± 44.92 0.038
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rate (seizure reduction ≥ 50%, 27.0% vs 25.6%). However, 
they found a significant reduction in seizure frequency in 
patients of the 25 Hz group who completed the 20-week 
treatment period in contrast to 1 Hz group [15]. In the pre-
sent study, we used the same stimulation parameters and 
study period as the high-frequency group in Bauer’s study 
for the active stimulation group and achieved a responder 
rate (seizure reduction ≥ 50%) of 44.74%. This discrepancy 
in responder rate might be due to the differences in study 
population, baseline seizure frequency, and duration of epi-
lepsy between the two studies. Based on the above results, 
the anti-seizure effect of high-frequency ta-VNS treatment 

could be furtherly proven in this study [22]. Further stud-
ies should be performed focusing on comparison between 
i-VNS and ta-VNS and between different stimulation para-
digms of ta-VNS, which should include longer follow-up 
period.

According to the data from 3 treatment visits, we found 
that the efficacy of ta-VNS appeared to increase with treat-
ment time and seizure frequency reduction finally reached to 
30.75% in the active group at the end of 20-week treatment, 
while the control group did not show such typical trend. 
This increase in anti-seizure effect over time was compara-
ble to previous studies of ta-VNS [12, 15, 16]. In a previous 

Fig. 7  The QOL, mood, and cognition assessment at baseline and 20 weeks in active and control groups: A QOLIE-31 score, B HAMA score, C 
HAMD score, D MINI score, E MoCA score. No significant differences were shown between the two groups

Table 3  Comparison of QOL, HAMA, HAMD, MINI, and MoCA scores at baseline and 20 weeks in active and control groups

Items Baseline 20 weeks Change in scores

Active Control P value Active Control P value Active Control P value

QOLIE-31 164.64 ± 23.44 170.53 ± 32.02 0.079 167.39 ± 28.44 181.16 ± 25.19 0.077 1.85 ± 27.53 10.57 ± 29.64 0.361
HAMA 13.71 ± 11.52 11.91 ± 10.23 0.476 13.94 ± 13.15 10.22 ± 8.03 0.370 0.35 ± 11.54 −2.11 ± 7.90 0.486
HAMD 9.76 ± 9.08 7.37 ± 5.63 0.296 9.22 ± 8.87 6.84 ± 5.87 0.225 −0.33 ± 7.32 −0.92 ± 3.97 0.419
MINI 2.30 ± 6.24 3.53 ± 7.52 0.542 1.14 ± 3.24 1.95 ± 5.93 0.478 −0.61 ± 5.26 −2.00 ± 6.66 0.318
MoCA 20.62 ± 7.04 21.80 ± 6.17 0.412 21.44 ± 6.65 22.97 ± 6.31 0.181 0.96 ± 2.92 1.19 ± 2.85 0.477



878 H. Yang et al.

1 3

study with a longer treatment period, seizure frequency 
was decreased in the treatment group by about 40% after 
12-month treatment while increased by 0.85% in the control 
group [16]. This might suggest patients could get more anti-
seizure benefits from long-period ta-VNS treatment. Nev-
ertheless, whether long-period ta-VNS is associated with 
more adverse effects and whether this treatment could be 
well tolerated still needed to be investigated in future studies. 
Furthermore, the 20-week seizure frequency reduction in our 
study and 12-month seizure frequency reduction in Aihua’s 
study were both lower than that in Bauer’s study at 20 weeks 
[15, 16]. However, our study and Aihua’s study used patients 
with relatively lower baseline seizure frequency which was 
previously found to be associated with efficacy. Thus, this 
might account for the lower effect in seizure reduction.

In previous studies, patients receiving ta-VNS treatment 
and experiencing seizure frequency reduction showed sig-
nificantly increased QOL scores compared with baseline 
[15, 16, 22]. However, whether the improvement of QOL is 
correlated with seizure reduction is controversial. In some 
studies, it was found that the increase in QOL scores had no 
correlation with reduction in seizure frequency. Aihua et al. 
showed that a number of patients under ta-VNS experienced 
improvement in QOL despite no significant seizure reduc-
tion [16]. These suggested the beneficial effect of ta-VNS 
on QOL might be independent of its antiepileptic effect. 
In addition, several studies found that the improvement in 
QOL of epileptic patients was mainly correlated with seizure 
freedom rather than just a reduction in seizure frequency 
[23]. However, in our study, patients in the active stimula-
tion group did not show significant improvement in QOL 
despite significant seizure reduction. This might be due to 
relatively low seizure frequency and high QOL scores at 
baseline. Therefore, the effect of ta-VNS on QOL in treat-
ing epilepsy should be furtherly investigated in the future.

The beneficial effect of VNS on mood disorders such 
as anxiety and depression has been demonstrated in previ-
ous animal studies [24, 25] and clinical trials [26–28]. VNS 
mainly stimulates the afferent fibers which are anatomically 
and functionally connected with the target regions such as 
limbic system to achieve improvement in mood. In its mode 
of action, VNS could modulate the concentrations of neu-
rotransmitters such as serotonin, norepinephrine, glutamate 

and GABA, and their metabolites while leading to functional 
changes in CNS, which makes VNS produce similar effects 
as most anti-anxiety and anti-depression agents [29]. Spe-
cifically, several studies showed that ta-VNS could improve 
anxiety/depression conditions in addition to its antiepilep-
tic effect [15, 16, 26], and ta-VNS has been approved in 
Europe for the treatment of epilepsy and depression [30]. 
However, this effect mostly took a relatively long period 
up to 12–24 months to become significant. In our study, no 
significant improvement was shown in neither anxiety nor 
depression scores in patients receiving ta-VNS. One possible 
reason was the limited sample size and follow-up period and 
the other was the relatively mild level of mood disorders 
(low HAMA and HAMD scores).

The evidence of beneficial effects of VNS on cognitive 
functions is relatively limited and mainly from animal stud-
ies [31–33]. Although a small number of clinical studies 
reported improvement in cognitive functions by VNS [34, 
35], the cognition improving effect of ta-VNS as an antiepi-
leptic treatment still need to be investigated in future stud-
ies. In addition, the tool for cognitive function evaluation in 
this study was MoCA, which was usually used for demen-
tia screening and might not be completely suitable for the 
cognition assessment of epileptic patients. This could be a 
possible limitation of this study.

Generally, ta-VNS treatment was well tolerated in this 
study. The most frequent AEs included headache, insomnia, 
flu-like symptoms, and ear erythema. The quantity and qual-
ity of AEs were comparable to what was found in previous 
studies [12, 15, 16]. Only 1 patient in the active stimula-
tion group reported asymptomatic mild sinus bradycardia 
by ECG. This cardiac arrhythmias during ta-VNS treat-
ment might be due to the parasympathetic innervation of 
the heart by the stimulation of vagus nerve and appeared to 
be transient in this study, which was not considered adverse 
event affecting the outcomes. However, cardiac abnormal-
ity related to ta-VNS should be paid more attention in the 
future studies. In addition, Ta-VNS appeared to cause less 
AEs such as nausea, pharyngitis, and hoarseness, which 
were regarded as common AEs of i-VNS related to invasive 
implantation procedure [19, 36]. The advantages of ta-VNS 
as a noninvasive treatment over i-VNS are needed to be fur-
therly investigated.

Table 4  Comparison of adverse 
events (AE) between active and 
control groups

Item Active Control P value

N of events Cases Percentage N of events Cases Percentage

AE 11 8 10.53% 12 7 19.44% 0.204
Severe AE 0 0 0% 0 0 0%
AE related to device 2 2 2.63% 1 1 2.77% 0.994
Severe AE related to device 0 0 0 0 0 0
Total 13 10 13.16% 13 8 22.22% 0.229
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There are some limitations of our study. Firstly, the sam-
ple size in our study was not large enough to perform sub-
group analysis stratified by etiology, ASM type, or level of 
seizure frequency, all of which might affect the efficacy of 
ta-VNS. The relatively high dropout rate (25.3%) might also 
challenge the statistical analysis, mainly resulting from loss 
to follow-up, especially for patients who lived in remote 
areas and had difficulties in finishing the whole study. Thus, 
studies with larger sample size and necessary subgroup anal-
ysis should be furtherly performed. Secondly, for efficacy 
analysis, our study mainly focused on seizure frequency, and 
there was no comparison of seizure severity between groups. 
More comprehensive assessment of epilepsy condition is 
needed in future studies. Thirdly, analysis of ictal and inter-
ictal EEGs was lacking in our study due to incomplete EEG 
data from the follow-up. In addition, another limitation of 
this study, which is similar to most clinical studies of epi-
lepsy, is the possible inaccuracy of seizure frequency caused 
by the use of seizure diaries. Although such inaccuracy is 
relatively constant intraindividually throughout the study 
period and bring little influence on the difference analysis, 
future studies should use more accurate methods such as 
video EEG in quantifying seizure events.

Conclusions

In view of the significant higher responder rate along with 
no significant increase in adverse events, the present study 
showed that ta-VNS is an effective and safe therapy for epi-
lepsy. Furthermore, the benefit in QOL, mood, and cognitive 
state of ta-VNS needs further validation in the future study 
although no significant improvement was shown in this 
study. We believe that ta-VNS may be a promising noninva-
sive treatment options for patients with epilepsy, especially 
for those resistant to ASMs.
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