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Abstract
Background: Epilepsy affect 1% of the population and up to one third of patients have drug-resistant epilepsy. In addition, side effect 

and toxicity of antiepileptic drugs (AEDs) may diminish the effectiveness of the treatment. It’s in this scenario that the utility of vagus nerve 
stimulation (VNS) is gaining more and more importance in case(s) of drug-resistant epilepsy.

Case Description: We report a clinical case of a woman treated with the implantation of a VNS therapy system. We also describe a 
late post-operative complication due to the rupture of an electrode that required re-intervention.

Conclusion: Vagus nerve stimulation therapy is an effective treatment in both children and adult in case of focal and generalized 
epilepsy. Its advantages are not only in seizure frequency reduction, but also in improving quality of life. Adverse effects are benign and 
predictable supporting the role of VNS therapy to treat drug-resistant epilepsy.
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Introduction
Epilepsy affect 1% of the worldwide population. Antiepileptic drugs 

(AEDs) are the first option of treatment, but approximately one third of 
patients have seizure that do not respond to pharmacologic therapy [1,2].

This is defined as a “failure of adequate trials of two (or more) 
tolerated, appropriately chosen and appropriately used antiepileptic 
drugs regimens to achieve freedom free seizure” [3].

For drug resistant epilepsy people, the first choice of treatment is 
the resective surgery of the epileptic focus, when this is not possible or 
refused by the patients themselves other options are ketogenic diet, deep 
brain stimulation (DBS) and vagus nerve stimulation (VNS) Therapy [4].

VNS therapy™is composed of a pulse generator, surgically implanted 
under the left clavicle (or in the axilla for a more aesthetic result) 
connected to a lead wire with two helicoidal stimulating electrode 
wrapped around the left vagus nerve [5].

At this level action potentials are generated on the vagus nerve that 
propagate mostly afferently. Recently, has been speculated that those 
action potentials activate the vagal afferent network with an anti-ictal 
and anti-epileptogenic effect in patients with drug resistant epilepsy 
(DRE). Indeed, VNS Therapy ™is indicated as adjunctive therapy for 
the treatment of focal and generalized seizure in DRE in EU since 1994 
(Physician’s Manual) [6].

Case Description
We report the case of a 46-years-old female patient with seizures 

onset at the age of 14. The first seizure was characterized by a strange 
taste followed by confusion lasted for a few hours. She was admitted to 
the pediatric ward, but no AEDs had been administrated and she had been 
dismissed after 48 hours. The second episode happened one year after. 
Since 1991 to 1995 5 seizure attacks were characterized by sialorrhea, 
activation of swallowing reflex, tachycardia and “break of contents”. 
Initially, Phenobarbital has been the first choice of treatment and after 
the first generalized seizures, she started a treatment with Vigabatrin 2 
g/die and phenobarbital 300 mg/die. She kept suffering of partial and 
generalized seizures every 2 or 3 years. Thus, she received a polytherapy 
with a combination of Valproic acid, Levetiracetam, and Lamotrigine, with 
non-significant benefits in terms of seizure control at long term. In 2010 
she suffered from ovarian cancer treated with surgery and chemotherapy. 
Two attacks of generalized seizure were reported during chemotherapy. 
In 2015 she also had a car accident with a following seizure attack while 
driving [7].

During the last neurological examination (March 2021), she reported 
that seizures occur twice every 15 days, described as breathing difficulties 
followed by confusion, speaking impairment and resolution after few 
minutes with heat sensation and residual aphasia and paraphasia. 
(Therapy Gardemale, Tolep, Zonisamide, Nubriveo) [8].

In this case surgery was not suitable because the electroencephalogram 
(EEG) did not show any epileptogenic foci. Furthermore, the magnetic 
resonance (MR) didn’t show any structural lesion possibly responsible 
for seizures [9].

After being evaluated by our neuro modulation team, composed by 
neurosurgeon, neurologist and neuropsychologist, the implantation of a 
VNS Therapy system™ was considered suitable for this patient and the 
operation was performed on 31 May 2021 [10].

Two months after the surgical implantation of the generator, lead and 
electrodes, she suffered from shorter and a smaller number of seizure 
and passed through a short seizure-free period. Stimulation parameters: 
1,75 mA, 20Hz. Suddenly, three months after the implant, she experienced 
seizures with greater intensity and duration as compared to the pre-
implantation period. Moreover, she referred an accidental fall with 
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possible direct trauma to the VNS generator [11]. Indeed, an increase of 
the impedance was found after checking the system. She underwent a 
neck CT scan that showed a displacement and a probable rupture of the 
helicoidal stimulating electrode around the vagus nerve. On 6th December 
2021 the patient underwent revision surgery with repositioning of the 
stimulating electrode and on the follow up she went back to a seizure-
free state with the same stimulation parameters of the first implantation. 
The patient is still under poly pharmacological therapy, but drugs are 
progressively decreasing [12].

Discussion
The mechanism of action of VNS is still not well understood. 

Locus coeruleus and raphe nuclei, respectively the main center of 
norepinephrine and serotonin production, seem to play an important 
role due to the connection with the nucleus tractus solitaries [13]. 
Positron emission tomography shows thalamic involvement and 
functional MRI altered metabolism in the orbitofrontal cortex, temporal 
poles, insula and hypothalamus [14]. Finally VNS-responder patients 
have less synchronization on recordings with scalp and invasive 
electroencephalography [15].

Up until now, there have been few randomized control studies on 
VNS efficacy. Four trials [16-19], compared high versus low stimulation 
paradigm and the meta-analysis of these studies [20], found that patients 
treated with high stimulation paradigm more easily achieved at least 50% 
reduction of seizure frequencies. One trial includes three modalities of 
stimulation and found similar proportion of at least 50% reduction of 
seizure frequencies in the three groups [21].

Selection of candidates is of utmost importance. In the United State, 
VNS therapy is indicated for adult and children over 4 year of age with 
refractory partial-onset seizure. In Europe there is no age limitation 
and seizure can be partial or generalized [22]. Age, sex, type of seizure, 
frequency of seizure and etiology do not predict response to VNS 

therapy [23]. In general, VNS should be proposed in those patients with: 
1- drug- resistant epilepsy; 2- adequate trials of at least two tolerated, 
appropriately chosen and appropriately used antiepileptic drugs; 3- 
exclusion of non-epileptic events; and 4- not indication for epilepsy 
surgery. Surgery, when feasible, should be preferred due to its superiority 
in achieving a seizure-free state [24]. Contraindications are very few: VNS 
cannot be performed in patients with prior bilateral or left vagotomy. 
Safety of VNS is not yet established in patients with cardiac arrhythmias, 
vasovagal syncope and respiratory problem. In the past, the need of 
regular brain MRI was considered a relative contraindication, but modern 
VNS systems have overcome this problem.

In our case indication was appropriate because seizures considerably 
improved after the implantation of VNS system, return as they were 
before after the displacement of the stimulating electrode and improved 
again after the revision surgery. Moreover, the patient was studied with 
EEG and MRI which do not show any epileptogenic foci or structural 
lesion possibly responsible for seizure [Figure 1].

Indication of surgery also has to go through a neuropsychological 
evaluation. Our patient was absolutely aware of her condition showing 
no behavioral problem. She had a regular work and was completely 
independent in her daily life. Only mood was found slightly depressed.

The first test administered was the Montreal Cognitive Assessment 
(MoCA) test. This test showed normal results in all the item: attention, 
short, long and working memory, language, constructional praxia and 
executive function. Mood was analyzed using the Minnesota Multiphasic 
Personality Inventory-2 Restructured Form (MMPI-2-RF) and (BDI) that 
demonstrated slight depression, basically for feelings of inadequacy, and 
anger. A mild anxiety was found with the Hamilton Anxiety Scale (HAM-A). 
Severe insomnia and awakening problems with the Epworth Sleepiness 
Scale. As already told; these features did not represent a contraindication 
to VNS surgery [Table 1].

 

Figure 1 SentTiva Generator by LivaNova: device, wireless wand and tablet
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One month after VNS implantation, all the tests were administered 
to the patient finding reduction of anxiety and better sleep especially 
because of the absence of premature awakening. Follow-up at 3 and 6 
months confirmed this good outcome. In this particular case, we also 
wanted to highlight the fact that, after the displacement of the stimulating 
electrode, seizures came back as before VNS implantation and improved 
again after revision surgery, demonstrating the proper indication of VNS 
surgery.

Conclusion
VNS surgery is an important option in the treatment of patients with 

drug-resistant epilepsy. Advantages are not only associated with better 
seizure control, but also with the improvement of the quality of life. 
Patients’ selection with an extensive evaluation by a neuro modulation 
team of utmost importance in order to give the patient the best treatment 
option.

Compliance With Ethical Standard
All authors declare no conflict of interest.

All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical standards.

Informed consent was obtained from all individual participants 
included in the study. No founding was received for this research.

Table 1: Table shows different Epileptic Drugs and their common side effects during the treatment of Epilepsy.
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