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Abstract  
We tried the cervical electrical stimulation similar to vagus nerve stimulation (VNS) by using surface electrodes 

for 5 patients suffering from intractable epilepsy. The cervical stimulation was performed once or twice every 

day at home and the stimulation electrodes were attached on the skin above common carotid artery in the left 

neck. Various types of improvement of epileptic symptoms were acquired in each patient after start of stimula-

tion. We confirmed that seizure frequency decreased at least in 4 cases during observation period over 6months 

in the present study. Stimulation with surface electrode is easy and not invasive and we did not encounter any 

side effects. In conclusion, the cervical electrical stimulation we used to treat intractable epilepsy is safer and 

easier than the embedding type VNS and cumulative effect might be obtained.  

 

1 Introduction  
There are some patients with intractable epilepsy, 

which is resistant to combination of anti–epileptic 

drugs for several years.  Vagus nerve stimulation 

(VNS) with electrode implantation is one of the 

treatment methods for such patients. It is unknown 

what type of epilepsy is a good candidate of seizure 

reduction. The embedding type VNS, however, is be-

ing used to treat intractable epilepsy in the world. 

There are some surgical approaches with craniotomy 

to treat intractable epilepsy. The embedding type VNS 

is less invasive than such surgical approaches. Though 

VNS is a second choice treatment it can be used for 

the patients who reject craniotomy or those who show 

no improvement after other invasive treatments. 

The embedding type VNS has low invasion but im-

plantation of stimulation device is necessary. Stimula-

tion with surface electrode is, of course, easy and not 

invasive. Vagus nerve may be stimulated by even sur-

face electrodes at the cervical area. 

To treat intractable epilepsy we tried electrical 

stimulation to the left neck with surface electrodes 

instead of direct stimulation of vagus nerve. 

 

2 Methods 
We tried left cervical electrical stimulation like VNS 

by surface electrodes for 5 male patients suffering 

from epilepsy which was resistant to some anti-

epileptic drugs for more than 1 year. Their mean age 

was 48.8 (24-62) years old. The reason of epilepsy 

was traumatic brain injury in two patients (case 1&4), 

post-operation of gliocytoma (left frontal lobe) in two 

(case 2&3), and the last one had suffered from prima-

ry temporal lobe epilepsy (case 5). All of them had no 

operation history for epilepsy treatment. 

 In the neck, vagus nerve runs outside of common 

carotid artery (CCA). They are wrapped up together 

by common connective tissue. Then we attached a 

pair of stimulation electrodes (LINTEC Co. Ltd, Ja-

pan) on the skin just above CCA at the left side of the 

neck. Electrode dimension is 14cm
2
 (2cm×7cm) and 

electrode separation is 1cm (Fig.1). 

 

 
Fig.1Location of the electrodes. 

    

We used a portable low frequency electrical stimula-

tor (LINTEC Co. Ltd, Japan) for cervical stimulation. 

Cyclic stimulation pattern with 10 sec stimulation and 

5 sec rest for 15 min was used. Bipolar rectangular 

pulses with 0.2 msec duration were applied to the sub-

jects. The stimulation frequency was 3 Hz and the 

stimulation intensity was set at the level which could 

elicit muscle contraction of sternocleidomastoideus 

under pain threshold. Stimulation was performed for 

15minitues, once or twice a day. After explanation 

about how to use the stimulator to a patient and his 

family, the cervical stimulation was continuously per-

formed by themselves at home. 

To evaluate the epileptic attack we requested the pa-

tients and their families to record occurrence, time of 

onset, duration and symptoms of epilepsy precisely. 

We investigated same parameters of seizure on the 

medical record during 5 months before start of stimu-

lation. We calculated decrease rate of seizure fre-

quency based on the average times of seizure occur-

rence during 5 months before start of stimulation. We 

compared the seizure frequency after start of electrical 

stimulation with the average of that for 5 months be-



fore the stimulation. We also calculated mean duration 

(sec.) of a seizure. Observation period of the cervical 

stimulation was from 7 months as minimum to 16 

months as maximum. 

 

3 Results  
 Mean decrease rate of seizure frequency in each pa-

tient except case 5 was as follows: 23.0% during 10 

months in case 1,13% during 7 month in case 2 ,74% 

during 9 months in case 3 and 37.5% during 16 

months in case 4. In case 5, seizure frequency rather 

increased to 154% during 7 months. However, in the 

last 3months during observation period the increase of 

frequency was 121%. Furthermore, his records before 

start of stimulation were not correctly written.  

The average of decrease rate of seizure frequency in 

all cases during 6 months in which observation was 

completed in all cases was 16.2% in former 3 months, 

33.4% in latter 3 months and 24.9% in total of 6 

months (Fig.2). 

 

 
Fig.2 The average of decrease rate of seizure fre-

quency from 1st to 3rd month, from 4th to 6th month 

      

Change of mean seizure duration between before and 

6 months after stimulation in each patient was as fol-

lows: from 118.0sec to 122.5sec in case 1, from 

203.5sec to 186.9sec in case 2, from 11.7 sec to 19.3 

sec in case 3 and from 90sec to 72.8sec in case 

5(Fig.3). In case 4, we could not read about the sei-

zure duration in detail from the records. 

 

 
Fig.3 The mean seizure duration before start of stimu-

lation, from 1st to 3rd month, from 4th to 6th month 

and from 1st to 6th month 

 

Improvements of epileptic symptoms after the cervi-

cal stimulation were expressed by the patients them-

selves or their family. In case 1, his family reported 

that his poriomania accompanying the seizure disap-

peared within 7 months after the stimulation. Urinary 

incontinence disappeared within 8 months and general 

convulsion also disappeared within 10 months. At the 

end of observation period only transient loss of con-

sciousness was seen. In case 2, interval between sei-

zures extended at the 6th month and difficulty of ar-

ticulation and numbness after seizure diminished at 

the 7th month in the observation period. In case 3, 

seizure frequency did not increase in spite of reducing 

quantity of the anti-epileptic drugs at the 5th month. 

In case 4, worsening of general condition after the 

seizure disappeared. In case 5, an extra-stimulation in 

early morning every day was added at the 5th month 

because he often experienced some seizures immedi-

ately after rising up. His seizure frequency in the 

morning has decreased ever since. 

 

4 Discussion 
We tried the cervical electrical stimulation similar to 

VNS by surface electrodes for 5 patients suffering 

from intractable epilepsy. We confirmed that seizure 

frequency decreased at least in 4 cases. Though the 

average of decrease rate of seizure frequency in 5 

cases was 16.2% in 3 months after start of stimulation, 

it reached 33.4% in average during 3months from the 

4th to 6th month. DeGiorgio
1)

 described that seizure 

reduction by the embedding type VNS was 34% in 3 

months of treatment periods and it reached 45% in 1 

year. Ardesch
2)

 also reported that seizure reduction 

was 14% in a year by the same way. The results in the 

present study suggest that electrical stimulation to the 

left neck with surface electrodes is effective as well as 

the embedding type VNS for treating intractable epi-

lepsy. It was reported that the embedding type VNS 

produced cumulative effect for frequency reduction of 

seizure along a long term treatment. Such a cumula-

tive effect might be obtained in the cervical stimula-

tion used in the present study.    

It was reported the side effects with the embedding 

type VNS found after implantation of the electrode in 

1 year were hoarseness, sore throat, and cough.
3)

 In 

the present study we did not encounter any side ef-

fects during observation period of the treatment with 

surface electrodes. In this point of view the cervical 

electrical stimulation we used to treat intractable epi-

lepsy is safe and easier than the embedding type VNS.  
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