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INTRODUCTION

The research explores innovative ways to optimize vagus nerve stimulation (VNS) therapy
in drug-resistant epilepsy, with a focus on developing IRES and 5-SENSE scores for patient
stratification and monitoring treatment effectiveness. The IRES score, validated in this
study, provides a detailed assessment of the therapeutic response, integrating the reduction
of the frequency, intensity and duration of seizures, along with the improvement of quality
of life. The results demonstrated that higher IRES score values are correlated with significant
clinical improvements, making this tool an essential guide for longitudinal patient

monitoring.

In addition, the 5-SENSE score, originally used for SEEG guidance, was adapted to predict
response to VNS, based on variables such as the presence of structural lesions, bilateral EEG
activity, and locator semiology. Patients with low scores showed a significant reduction in
seizure frequency, while those with high scores benefited less from therapy, suggesting the

usefulness of this score in selecting candidates for VNS or alternative interventions.

The analysis of the differences between the types of seizures showed a higher efficiency of
the VNS in the case of major seizures, such as tonic-clonic seizures, compared to minor
seizures, emphasizing the importance of personalizing the treatment according to their
semiology. The integration of IRES and 5-SENSE scores contributes to more accurate
patient selection and optimization of interventions, making VNS a first-choice therapeutic

solution for drug-resistant epilepsy and paving the way for personalized medicine.
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I. GENERAL PART

1. Fundamentals of drug-resistant epilepsy — from diagnosis to treatment

Epilepsy is a chronic neurological disorder that affects more than 70 million people
worldwide. Despite the availability of more than 20 antiepileptic drugs (AEDSs) for the
symptomatic treatment of epileptic seizures, approximately one third of patients with

epilepsy have seizures refractory to pharmacotherapy [1].

Patients with drug-resistant epilepsy face significant challenges, including an
increased risk of premature death, injury, and psychosocial problems, requiring the
development of more effective therapies. Understanding the mechanisms of epilepsy and
developing experimental models are essential for progress in this field. Recent efforts have
led to the identification of promising new therapies, including etiology-specific drugs and
multi-target therapeutic approaches [2].

Non-pharmacological treatment options include vagus nerve stimulation (VNS),
deep brain stimulation, and cortical stimulation, which offer valuable alternatives for

improving epileptic seizure control [3].

In particular, VNS, involving the application of electrical impulses to the vagus nerve
through an implantable device, has demonstrated benefits in reducing the frequency and

intensity of seizures in patients with drug-refractory epilepsy [4].

Epilepsy surgery may also provide long-term seizure freedom in selected cases of

drug-resistant focal epilepsy [2,5].

Evaluating patients in tertiary epilepsy centers is crucial for discussing their eligibility
for these innovative therapies. In addition to seizure control, it is important to address the
psychological impact and social integration through comprehensive care, in order to improve

the quality of life of patients with drug-resistant epilepsy [6].

1.1 Definitions and concepts

Treatment-resistant epilepsy (ERT) is defined as the consecutive failure of two correctly
administered antiepileptic drugs, regardless of their type, according to clinical observations

and standards [7][8]. Despite technological advances and new drugs, 20-30% of patients
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remain refractory to treatment [9]. The ILAE definition ("Kwan et al., 2010") considers a
patient to be drug-refractory if, after 2 years, he does not maintain seizure freedom following
the use of two tolerated and appropriate drug regimens [10]. Other definitions, such as that
of "Camfield and Camfield" [11], emphasize the persistence of frequent seizures despite
multiple treatments. A Canadian study identified first-drug response failure as a risk factor
for ERT [10][12].

1.1.1 Evaluation of patients with drug-refractory epilepsy

The evaluation of patients with drug-resistant epilepsy involves a multidisciplinary
approach, including detailed anamnesis, clinical examination, structural and functional
imaging investigations, video-EEG monitoring and neuropsychological tests. These steps
are essential for locating the epileptogenic area and for determining eligibility for surgery
[13].

1.1.2 Anamnesis and clinical examination

The anamnesis should include details about the history of seizures, their types and frequency,
triggers, response to treatments, and the medical history of the patient and family [14-18].
The clinical examination should assess neurological, cognitive, and psychosocial functions,
using tools such as MMSE and MoCA for cognitive dysfunction and QOLIE-31 for quality
of life [14][19-22].

Documenting paroxysmal episodes through seizure diaries and video recordings is essential
for their classification and evaluation. The impact on social and professional functioning,
the ability to lead and the needs for psychosocial support complete the assessment process
[14][23][24]

1.1.3 EEG and Video-EEG

A 2022 study by Zorgor et al. demonstrated the superiority of video-EEG over routine EEG,
with a detection rate of 52% for epileptiform discharges, compared to 21% via simple EEG
(p < 0.001) [25]. Video-EEG is more effective in identifying focal and generalized
epileptiform discharges, especially during sleep, supporting its status as the gold standard in
diagnosing epilepsy [25,26]. Its use prevents inadequate management of patients and is

indicated for the differential diagnosis of seizures, classification of electroclinical
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syndromes, presurgical evaluation and quantification of seizures [27]. The National Center
for Pre-surgical Evaluation of Epilepsy, founded by Dr. loana Mindruta, introduced this

technology in Romania.

1.1.4 Current imaging explorations
Classical computed tomography (CT) and MRI are used for structural diagnosis, but many

pathological substrates remain undetectable [28]. Advanced technologies such as PET-CT,
SPECT, and magnetoencephalography (MEG) provide accurate localization of
epileptogenic foci in difficult cases [29-30]. PET, using tracers such as 18F-FDG or TSPO,
explores brain metabolism and neuroinflammation [31-34]. SPECT highlights cerebral
blood flow during seizures, using radiotracers such as Tc-99m [35,36-37]. MEG detects
magnetic fields associated with neural activity with a higher temporal resolution [38].

1.1.5 Invazive diagnostic method
Intracranial electrodes, such as depth (stereo-EEG) or subdural electrodes, are essential in

the evaluation of epileptogenic areas in patients with intractable focal epilepsy [39-41]. They
allow the precise delimitation of epileptogenic areas and the mapping of brain functions by
electrical stimulation [42-43]. The placement is performed under general anesthesia, and the
data obtained are correlated with clinical signs and imaging. Functional mapping identifies
eloquent areas of the brain, which are essential for planning interventions. Cortical
stimulation and CCEP studies reveal pathological connectivity and optimization of surgical
strategies [44-45]

1.2 5-SENSE score

The 5-SENSE score is a valuable tool developed for predicting the focality of the seizure
onset area in patients investigated by stereoelectroencephalography (SEEG), based on five
predictive variables: focal lesion on MRI, absence of bilateral discharge on scalp EEG,
neuropsychological lateralization deficits, strongly localizing semiology and regional ictal
onset on EEG [46]. With validated sensitivity and specificity, this free tool, accessible online
at https://lab-frauscher.github.io/Sense_calc/, supports patient selection for invasive
explorations, reducing unnecessary investigations and excessive use of surgical resources
[46-47].
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The therapeutic arsenal of drug-resistant epilepsy (EFR) involves pharmacological and

non-pharmacological strategies:

Pharmacological management through polytherapy with antiepileptic drugs

(AEDs), adapted to each patient [48].

o Epilepsy surgery may provide seizure freedom for patients with drug-resistant focal
epilepsy [49,50].

o Stimulation therapies (VNS, DBS, RNS) complement the options for complex
cases [51-52].

e The ketogenic diet is effective, especially in children, requiring medication

adjustments to avoid interactions [53-54].

Comprehensive management of EFR goes beyond crisis management, including
multidisciplinary support (neurologists, psychiatrists, psychologists, dietitians) to address
the impact of the disease on patients' quality of life [55]. Contemporary and innovative
strategies require a personalized approach to optimize patient outcomes and condition [56-
59].

2 Neurostimulator models and their indications

Vagus nerve stimulation (VNS) therapy has evolved significantly over the decades, with
each generation of devices bringing improvements and expanding therapeutic indications.
The first model, NCP M100 (1997), was approved by the FDA for the treatment of drug-
refractory epilepsy and introduced programmed stimulation parameters and a battery life
[60-62]. Subsequent models, such as the PulseTM M102 and AspireHC® M105, maintained
the indications for epilepsy and introduced improvements such as longer battery life and
more effective stimulation [63-65]. The SenTiva® M1000 expanded applications for

epilepsy and depression, including in pediatrics [60].

2.1. Indications of VNS in drug-resistant epilepsy

Indications for VNS in refractory epilepsy include forms of epilepsy with multiple foci,
cryptogenic generalized epilepsy, and treatment-refractory idiopathic epilepsies. The
therapy is also used for patients who do not benefit from successful epilepsy surgery and for

those who cannot undergo surgery for health reasons [66-72].
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2.2 Surgical technique

The implantation of the vagus nerve stimulator involves several essential steps: positioning
the patient, making incisions, dissecting the vagus nerve and placing the electrodes. The
procedure is performed with great care to avoid nerve damage and to ensure proper

functioning of the device [73-75].

2.2.1 Peri and post-operative complications of VNS

Studies on complications associated with VNS implantation indicate risks such as infections,
vocal cord paralysis, and device failure, but these events are relatively rare and can be treated

with corrective surgery [75-77].

2.3 Other methods of vagal stimulation

Right cervical VNS and transcutaneous stimulation (t-VNS) are non-invasive approaches
used for treatments such as migraines and headaches. These methods are effective and safe,

and are also applicable in the treatment of epilepsy and depression [78-80].

2.4 Future prospects of VNS

The future of VNS is promising, with the expansion of clinical applications in various
conditions and the use of closed-loop technologies that allow the personalization of
treatment according to the patient's physiological responses. Future research is also aimed at
validating VNS in treatments for treatment-resistant depression, as seen in the RECOVER
trial [81,82].
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II. SPECIAL PART

3. Working hypothesis and objectives of the study

General objectives

Determination of the effectiveness of VNS according to the types of seizures
Identification of differences in the therapeutic response to major seizures (generalized tonic-
clonic, focal with bilateralization) and minor seizures (focal without alteration of

consciousness, absent seizures), in order to personalize the treatment.

Validation of the 5-SENSE score as a pre-therapeutic predictor. Use of the 5-SENSE
score as a predictive tool for patient selection, analyzing its correlation with reducing the

frequency, duration, intensity of seizures and improving quality of life.

Longitudinal assessment of treatment response. Monitoring of changes in response to
treatment by VNS at 6, 12 and 18 months post-implantation assessed by the cumulative IRES

Score.

Analysis of clinical, paraclinical and imaging factors. Identification of the role of clinical
variables (onset of epilepsy, frequency of seizures, type of seizures, history of treatments,
neuropsychiatric status), paraclinical (video-EEG) and imaging variables (structural lesions

on CT, MRI or PET-CT), in influencing the therapeutic response.
Secondary objectives

Characterization of the response according to the 5-SENSE score. Comparative analysis
of the results obtained in patients with low (0-1 points), moderate (2—3 points) and high (4—
5 points) focicity.

Determination of predictive factors of suboptimal response. Evaluation of clinical and
imaging characteristics of patients who do not achieve a >50% reduction in seizure

frequency, in order to optimize therapeutic protocols.
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Impact of structural lesions on response. Analysis of the influence of lesions observed on

structural imaging on treatment effectiveness.

Analysis of response parameters and variables such as:

Introduction

Determination of age, sex and onset of epilepsy as predictive factors for
treatment effectiveness.

The frequency of annual seizures before and after stimulation.

Classification of crises according to ILAE-2017 (types of major and minor
crises).

The number of antiepileptic drugs administered.

Average monthly number of seizures before and after stimulation.

The presence of post-operative complications and side effects following
stimulation.

Stimulation current parameters (OC-current, mA, magnet use, wavelength).
Etiology of epilepsy and associated genetic abnormalities.

The circadian preponderance of seizures.

Improvement of post-ictal status.

Evaluation of psychomotor development in relation to the response to VNS.

4. General research methodology

This retrospective study looks at the effectiveness of vagus nerve stimulation (VNS) in the

treatment of drug-resistant epilepsy. The primary goal is to assess clinical response through

5-SENSE and IRES scores before and after device implantation, focusing on optimal patient

selection and improvement of therapeutic outcomes. The methodology integrates clinical,

imaging, electrophysiological data and predictive analysis.
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Study design

The study is retrospective, descriptive and exploratory, based on data from patients with
treatment-resistant epilepsy, treated at the Epileptology Center of the Bucharest University
Emergency Hospital. The implantation of the Aspire SR 106 device took place between 2021
and 2024. Preoperative evaluations included imaging (MRI, CT, PET-CT),
electroencephalographic monitoring and clinical scores to establish the typology of epilepsy
and the location of epileptogenic lesions. The postoperative evaluation was performed using
the IRES score, which reflects the frequency, duration and intensity of seizures, but also the

improvement of quality of life.

Study population

The study included 76 patients (59.2% women and 40.8% men), with an average age of 36

years, diagnosed with treatment-resistant epilepsy.

Preoperative evaluation

Patient selection was carried out based on detailed assessments, including medical imaging
(MRI, CT, PET-CT) and electrophysiological analysis (EEG), to identify epileptogenic
areas. Classification of seizure types according to ILAE-2017 standards and calculation of

the 5-SENSE score were essential for stratifying patients according to epilepsy focality.

Adjusting VNS Parameters and Monitoring

The Aspire SR 106 was initially set to a current of 0.25 mA, frequency of 30 Hz and pulse
duration of 500 us. The adjustments were made bi-weekly, based on the clinical response of

the patients.

Postoperative evaluation

The postoperative evaluation was performed using the IRES score, which analyzes the
reduction in the frequency and intensity of seizures, their duration and the improvement of
quality of life. The total score ranges from 0 to 8, indicating a lack of response or a significant

improvement in the patient's condition.

Statistical analysis
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Statistical tests were used to analyse differences between patient groups, such as Kruskal-
Wallis and ANOVA tests, logistic regression and machine learning techniques. These
methods allowed the identification of factors influencing the response to VNS and their

correlation with the patient's characteristics.

Ethical aspects

The study complies with international medical research standards, and patients provided
informed consent. The data used has been anonymized, according to the General Data

Protection Regulation (GDPR), and has been used exclusively for research purposes.

Limitations and prospects

The retrospective study imposes limitations related to data variability and incomplete
information, but offers insights for improving the efficiency of VNS through more accurate
patient selection. Additional, prospective studies with a larger number of patients and a

longer follow-up period are needed to validate these results.

5. 5-SENSE Score

5.1. Introduction

The 5-SENSE score represents a significant advance in the management of epilepsy,
providing a more accurate stratification of patients eligible for SEEG and having real
potential in the selection of candidates for vagal stimulation therapy (VNS). It uses a refined
method for analyzing the focus of the onset of seizures, filling in the gaps where non-invasive
assessments do not provide clarity. The score is based on five fundamental predictive
variables: focal lesions on MRI, absence of independent bilateral waves on EEG, localized
neurological deficit, localizing semiology, and regional ictal onset detected by video-EEG.
These variables are essential for assessing the focus and stratifying patients for appropriate
therapeutic interventions. Recent studies also highlight the effectiveness of machine learning
techniques in predicting seizures and optimizing VNS therapy. Also, technological
innovations allow the development of non-invasive systems for initiating VNS stimulation,

highlighting the importance of accurate crisis prediction and appropriate patient selection.
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5.2. Working hypothesis

The main hypothesis is that the 5-SENSE score, through its predictive variables (focal
lesions, absence of independent bilateral EEG waves, localizing semiology, regional ictal
onset, and neurological deficits), can predict the efficacy of vagus nerve stimulation (VNS).
Thus, it could become possible to select patients for VNS without resorting to invasive
SEEG, the invasive procedure being reserved only for cases where the benefits outweigh the
risks. Validating the 5-SENSE score for this purpose could improve treatment

personalization and optimize clinical safety and resources.

5.3. Methodologies

The retrospective study evaluated 76 patients with drug-resistant epilepsy, treated between
2021 and 2024 at the Bucharest University Emergency Hospital. The main goal was to
correlate the 5-SENSE score with the reduction in seizure frequency after VNS. Patients
were evaluated preoperatively by advanced imaging and video EEG, and the semiology of
seizures was documented according to ILAE-2017 guidelines. After VNS therapy, the results
were tracked to assess the effectiveness of the treatment. The 5-SENSE score was used to
classify patients into three groups of focus: low (0-1 points), moderate (2-3 points), and high
(4-5 points). The reduction in seizure frequency was assessed based on the percentage
change in monthly seizure frequency. The Kruskal-Wallis test and the t-pair tests were used

for statistical analysis.

5.4. Results

Most of the patients were in the group with low focus, with a significant reduction in seizures
(50.69%). The group with moderate focus had a reduction of 34.71%, and the group with
high focus recorded an increase in the frequency of seizures by 72.98%. These results
emphasize an inverse relationship between focicity and the effectiveness of VNS therapy.
Statistical tests showed significant differences between the low and high focus groups. The
5-SENSE score demonstrated the ability to stratify patients and guide their selection for VNS
therapy or for further investigation through SEEG, promoting a personalized approach in the

treatment of drug-resistant epilepsy.
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5.5. Discussions

High-intensity stimulation via VNS appears to be more effective in reducing the frequency
of epileptic seizures, even in focal lesions, compared to low-intensity stimulation. The
analysis showed a hazard ratio (RR) of 1.73 for a 50% or greater reduction in seizure
frequency (95% confidence interval: 1.13-2.64), providing evidence of moderate certainty
[83].

The results of VNS therapy in structural versus non-structural epilepsies showed that
generalized seizures had the most significant response to this form of treatment. Among
patients with a history of status epilepticus (SE) prior to VNS implantation, 67% had no

recurrence of ES after treatment [84].

Post-surgical outcomes in epilepsy varied by histopathology, highlighting significant
differences in success rates. Tumors associated with epilepsy, vascular malformations and
hippocampal sclerosis showed the best results in terms of seizure control two years after
surgery. The percentage of patients who remained without debilitating seizures was 77.5%
for low-grade tumors, 74.0% for vascular malformations, and 71.5% for hippocampal

sclerosis [85].

The perspective on epilepsy language and surgery shows that current advanced surgical
techniques, such as stereotactic laser ablation and radiofrequency ablation, play a crucial
role in both the effective treatment of epilepsy and the understanding of language networks.
These modern methods allow for highly precise intervention on focal lesions, contributing
not only to seizure control, but also to exploring the relationship between brain regions

involved in language and epileptiform activity [86].

A 2021 study by Zhu et al. showed a higher average reduction in seizure frequency in follow-
up intervals for patients undergoing deep brain stimulation of the anterior nucleus of the
thalamus (ANT-DBS), compared to those treated with vagus nerve stimulation (VNS). These
results suggest that ANT-DBS may be more effective in certain cases, paving the way for
the integration of patient-specific clinical features in the personalization of treatment

strategies [87].

Advanced imaging techniques and personalized modeling have made it possible to map

epileptogenic networks, providing crucial support in surgical planning. These methods not
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only allow for more precise localization of epileptogenic areas, but also have the potential

to significantly improve treatment outcomes in patients with drug-resistant epilepsy [88].

5.6 Conclusions

The 5-SENSE score allows for more precise identification of patients for whom VNS may
be less effective due to an extremely marked focality of the seizure onset area, redirecting

them to more appropriate therapeutic strategies.

Our study not only validated the use of the 5-SENSE score beyond its original, SEEG-
dedicated context, but also stimulated a rethinking of how diagnostic tools can be integrated
to improve decision-making in epilepsy management. This underscores the potential of the
5-SENSE score to become a central tool in personalizing vagal stimulation treatments,
optimizing clinical outcomes, SEEG complications, and surgical procedures, thereby

improving patients' quality of life.

At the same time, the explanation for the significant heterogeneity of treatment responses
observed in the high-focus group has not yet been fully elucidated. These preliminary results
suggest that the 5-SENSE score should be used with caution and with particular finesse for
prognostic purposes. They draw attention to the fact that the treatment of epilepsy must be

individualized for each case.

Future studies will need to investigate the reasons for this heterogeneity in more detail in
order to refine the predictive value of the 5-SENSE score and tailor treatments accordingly.
Thus, it will be possible to develop increasingly personalized approaches in standard
treatments. Extensive investigations, such as those involving the 5-SENSE score, will

become essential in identifying the best treatment modality for each individual patient.

This direction will help optimize standard care and lead to a better quality of life for patients
with drug-resistant epilepsy. Personalizing treatment will not only improve clinical

outcomes, but will also provide an approach tailored to patients' individual needs.
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6. IRES SCORE

6.1. Introduction

Advances in technology have improved treatments for drug-resistant epilepsy, and vagus
nerve stimulation (VNS) therapy has become a viable therapeutic option [89,90]. Post-
implantation outcomes of VNS devices vary, highlighting the need for robust monitoring
methodologies, including seizure reduction and quality of life improvement [91-94]. Studies
have shown that VNS can lead to significant long-term improvements, but the effectiveness
of this therapy depends on factors such as lesional etiology and age at implantation[90,95].
The therapy can also induce changes in heart rhythm, suggesting their use for treatment
monitoring[91,96]. The variability of VNS results reflects the complexity of drug-refractory
epilepsy and the benefits of neurostimulation[97,98]. VNS not only reduces seizures, but
also improves quality of life[93,99-103], and genetic analysis becomes essential for
personalization of treatment[96,103,104-107].

6.2. Working hypothesis

The paper investigates the effectiveness of VNS in the treatment of drug-resistant epilepsy
using a new assessment tool, the Stimulation Response Index (IRES). The hypothesis is that
the IRES score reflects the therapeutic response through clinical, imaging,
electrophysiological, genetic, neuropsychiatric and demographic parameters. The response
to VNS varies significantly depending on seizure characteristics, age, sex, etiology of
epilepsy, and other factors. The general objectives are to evaluate the effectiveness of VNS
based on the IRES score and to explore the pre-operative factors influencing the response to
treatment. Secondary objectives include assessing response dynamics and correlating the

IRES score with other stratification measures, such as the 5-SENSE score.

6.3. Methodologies

The study, conducted between January 2021 and May 2024 at the Bucharest University
Emergency Hospital, included 76 patients with drug-resistant epilepsy, treated with VNS
(ASPIRE SR 106 device). The IRES score was used to assess response to treatment,

including four components: reducing the duration, intensity and frequency of seizures, and

24



improving quality of life. Evaluations took place at 6, 12 and 18 months post-implantation.
The parameters of the device have been adjusted to optimize the therapeutic response. The
IRES score was interpreted on a scale from 0 to 8, indicating the variability of the response
to treatment, from minimal to significant. IRES scores between 0 and 2 reflect a minimal
response, between 3 and 6 suggest moderate improvements, and above 6 indicate a

significant response.

6.4. Results

A total of 76 patients with drug-resistant epilepsy who underwent VNS implantation
at the Bucharest University Emergency Hospital were followed retrospectively over a period
of 18 months (January 2021-May 2024) by interpreting the IRES score (Table 6.1.) Patient
characteristics, clinical data, epilepsy classifications and follow-up information are

presented in.

Table 6.1. Evaluation of IRES score after vagal stimulation.

Component 0 Points 1 Point 2 Points
Decrease in the duration of crises 0-25% improvement 25-50% improvement >50% improvement
Decrease in the intensity of crises 0-25% improvement 25-50% improvement >50% improvement

No changes in your
. . Observed
daily routine . ) o
) . Feels a little better improvement Significant
No improvements in o ] ]
. . ] . . Slight improvement decreases in depressive
Improving quality of life quality of life (sleep, ) )
. in carrying out symptoms and an overall
depressive symptoms, ) o ) ]
daily activities improvement in mood and

functional capacity, ) )
o functionality.
cognitive improvement)

Decrease in the frequency of seizures 0-25% improvement 25-50% improvement >50% improvement
Total IRES: 0-2 points 3-6 points >6 points
Interpret: Minimal or no response Partial answer Significant or complete response

The study included patients with a median age of 36 years, most of whom had the onset of
epilepsy at 10 years of age. The most common EEG abnormalities were multifocal (52.6%),
and most patients had no lesions on brain imaging. The crises were predominantly
bilateralized (46.1%) and mixed (26.3%). VNS therapy had a favorable response for 65.8%
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of patients, with a significant decrease in seizure frequency (from 19.29 to 8.79 per month).

Most patients used 3-5 medications, and magnet seizure capture was reported in 18.4%.

The IRES score increased over the course of the study, reaching mean values of 1.88 at 6
months, 3.25 at 12 months, and 3.83 at 18 months. At 6 months, most patients had scores
between 0 and 2, and 34.21% had scores between 3 and 6. At 12 months, 67.11% of patients
had scores between 3 and 6, and at 18 months, 60.53% had similar scores, and 13.16% had

scores between 7 and 8, indicating a significant or complete response Figure 6.1.

12 months 18 months

o8 1 2 3 4 SSEEENON 1 2 3 4 5 6 W 0 1 2 3 4 5 6 7 8

IRES SCORE IRES SCORE IRES SCORE
==@==Number of patients ==@==Number of patients ==@==Number of patients
==@==Percentage ==@==Percentage ==@==Percentage

A B C

Figure 6.1 Distribution of IRES scores after VNS therapy: A. at 6 months, B. at 12

months, C. at 18 months.

The t- and p-values are the results of statistical tests used to compare average IRES
scores between two time points. A negative t-value indicates that the mean IRES score at the
later time is higher than at the previous time, reflecting an improvement in therapeutic

response over time (Table 6.2.)
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Table 6.2. Mean IRES scores at 6, 12, and 18 months for each age group and sex, along with

corresponding t- and p-values, indicate the significance of changes over time in response to VNS therapy.

Category IRES 6 IRES 12 IRES 18 6-12 6-12 12-18 Months  12-18 Months
Months Months Months  Months T-  Months T-Value P-Value
Mean Mean Mean Value P-Value
19-29 2.08 3.33 3.92 -5.23945 <0.05 -4.98573 <0.05
30-40 1.80 3.17 3.83 -7.69827 <0.05 -4.99831 <0.05
>40 1.93 3.32 3.82 -7.43701 <0.05 -4.52522 <0.05
Sex F 1.88 3.18 3.70 -9.00464 <0.05 -5.87516 <0.05
Sex M 1.90 3.35 4.03 -7.21193 <0.05 -4.7678 <0.05

By analyzing the frequency distribution of the IRES components, varying degrees of
effectiveness over time for each score variable can be highlighted. The components of the
system include SDC (Decreased Seizure Duration), SIC (Decreased Seizure Intensity), LCI
(Increased Quality of Life), and SFC (Decreased Seizure Frequency). This assessment
highlights the contribution of each component to the overall performance of the system,
shedding light on changes and impact trends over different time frames Figure 6.2.

Time Points
60 EmE S5 months
w12 months
mmm 18 months

Frequency (%)

Mo response Partial improvement Significant response
Response Category

Figure 6.2. Distribution of response categories for CFS (Decreased Seizure Frequency)

over time, at intervals of 6, 12 and 18 months.

At 6 months, most patients (63.2%) had no response to therapy, 32.9% had partial
improvements, and 3.9% showed a significant response. At 12 months, the proportion of
those without response decreased to 32.9%, and the categories of partial improvement and
significant response increased to 42.1% and 25%, respectively. At 18 months, 46.1% of

patients had a significant response, while the no-response category decreased to 31.6%.
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In terms of decreasing the duration of seizures, 55.3% of patients had no response at 6

months, and 6.6% had a significant response. At 12 months, the significant response

increased to 21.1%, and at 18 months it reached 30.3%. For improving quality of life, most

patients had a partial improvement at 6 months (71.1%), and the percentage of those with a

significant response increased to 35.5% at 18 months. In terms of decreasing the intensity of

crises, 77.6% had no response at 6 months, and the significant response increased to 9.2%

at 18 months.

A decrease in unresponsive cases and an increase in partially improving cases are observed

over time, with a reduced number of patients with significant or complete response Figure
6.3.
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Figure 6.3. Complete perspective on the four components of the IRES (SFC - Decrease in

the Frequency of Seizures, SDC - Decrease in the Duration of Seizures, ICV -

Improvement of Quality of Life and SIC - Decrease in the Intensity of Seizures).
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At first, most cases were unresponsive, but this proportion decreased over time, and cases
with partial improvement and significant response gradually increased. IRES scores, which
measure treatment effectiveness, were statistically analyzed at 6, 12, and 18 months, and
their distribution was normal, validating the use of statistical tests to compare treatment
effectiveness.

The results showed that the presence of lesions on imaging had a significant impact on IRES
scores, with higher values in their absence. Magnet use was also associated with lower IRES
scores, and patients with favorable clinical responses had significantly better scores. The
presence of genetic abnormalities was correlated with lower scores, and post-hoc analysis

identified significant differences between groups.

Tests for variables such as seizure classification and circadian seizure prevalence showed
significant differences, especially at 12 and 18 months. The frequency of seizures before
treatment showed significant differences over time. Significant variations were also

observed between groups based on the 5-SENSE score and the onset of epilepsy.

Comparisons of the number of pre- and post-VNS seizures showed significant changes after
treatment, with a reduction in symptoms and increased efficacy, confirmed by statistical tests

appropriate for non-normal data.

The results of the correlation tests between IRES scores and numerical variables prior

to VNS treatment are shown in Table 6.3.

Table 6.3. Correlation of IRES score with numerical variables

IRES - 6 luni IRES - 12 luni IRES - 18 luni
% decrease in crises  0.773 (0.000)** 0.747 (0.000) 0.789 (0.000)
Average number of -0.267 (0.020)* -0.219 (0.057) -0.207 (0.073)

monthly seizures
before stimulation
Days off without 0.462 (0.000)* 0.388 (0.001) 0.360 (0.001)

seizures before VNS

* Spearman's Correlation test. Correlation coefficient (P value)

** Pearson's Correlation test
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The results of the statistical analysis show a significant positive correlation between IRES
scores and the reduction of epileptic seizures at 6, 12 and 18 months (p=0.000, correlations
of 0.773, 0.747 and 0.789). The tests also indicated a moderate negative correlation at 6
months between the average monthly number of seizures before stimulation and IRES scores
(-0.267, p=0.020), suggesting that a higher IRES score is associated with fewer seizures,

although at 12 and 18 months this correlation is no longer statistically significant.

Significant positive correlations between the number of seizure-free days before stimulation
and IRES scores were observed at all time intervals, indicating that longer seizure-free
periods are associated with higher scores. Multinomial logistic regression was used to assess
the impact of predictive factors on outcomes, and the analysis showed statistical significance
in all cases, with the Nagelkerke value R? indicating that predictors explain much of the
variation in IRES scores (53.7% at 6 months, 71.1% at 12 months, and 81.8% at 18 months).

Among the significant predictors identified in the logistic regression models, the mean
number of seizures and the number of seizure-free days before stimulation had a major
influence on treatment response, both in the short and long term. At 12 months, a significant
impact was also observed for etiology and genetic abnormalities, and at 18 months, the age

of onset of epilepsy had a major effect on treatment effectiveness.

The model was also used to classify patients into three groups based on response to
treatment: those who do not benefit significantly from treatment, those with moderate
improvement, and those with substantial therapeutic benefits. Factors such as age, gender,
etiology of epilepsy, the presence of genetic abnormalities and other clinical and
demographic variables were included in the logistic regression, and their analysis allowed

the personalization of treatment and the optimization of patient care.

The model was refined in three stages to optimize the accuracy of the predictions,
eliminating features that did not have a significant impact on the results at 6, 12 and 18
months. Following the adjustments, a robust model was obtained, which allowed the
identification of key factors influencing treatment success and contributed to improving the

management of epilepsy patients treated with vagal stimulation (VNS).

Table 6.4 presents the assessment metrics for the classification model used to predict

IRES scores at three distinct time points: 6 months, 12 months and 18 months.
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Table 6.4. Evaluation of the performance of classification models

Accuracy Sensibility Specificitate P-value*
6 luni IRES, Model 0.75 [0.75, 0.75] [0.9,0.5] <0.001
(1)
12 luni IRES, Model 0.875 [0.667, 1] [1.0, 0.833] <0.001
)
18 luni IRES, Model 0.75 [0.667, 0.875, [1.0,0.833, <0.001
3) 0.5] 0.75]

* P-value calculat utilizand test one-sample multinomial.

At 6 months, the model demonstrated 75% accuracy, meaning that three-quarters of
the predictions were correct. This performance suggests that, from the early stages, the

model is able to identify patients who benefit from treatment or not.

After one year, the model's accuracy increased significantly to 87.5%, highlighting the
improvement in predictions with data accumulation and longer follow-up time. This increase
reflects a better understanding of predictive factors and how they influence treatment

effectiveness over time.

At 18 months, accuracy returned to 75%, indicating long-term pattern consistency.
Although the 12-month performance has not been maintained, the model continues to be

robust and provide relevant predictions.

6.5. Discussions

The effectiveness of VNS therapy has been increasingly explored lately, with
numerous studies reporting various methods of monitoring patients and the results obtained
in the management of drug-resistant epilepsy [89-107]. Although the use of a personalized
score, such as IRES, provides a nuanced approach in assessing the progress of patients after
VNS therapy, the literature indicates a variety of metrics and methodologies available for

evaluating the effectiveness of VNS therapy within diverse populations.
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6.6. Conclusions

The IRES score represents a solid platform for assessing long-term NSV therapy outcomes,
with strong correlations between the score components (SFC, SDC, SIC, ICV) and the
overall score, demonstrating its ability to detect the subtle effects of therapy on seizure
control and quality of life. The study highlights the increased effectiveness of VNS in the
management of drug-resistant epilepsy, with significant improvements in IRES scores at 6,
12 and 18 months, as well as a reduction in the frequency of major seizures and an increase
in seizure-free intervals. The main predictors of a positive response to VNS are the circadian
preponderance of seizures, the frequency of annual seizures before treatment, and seizure-

free days before treatment.

7. Evaluation of the effectiveness of vagus nerve stimulation in relation to
"minor’ and ""major"* epileptic seizures

7.1. Introduce

The response to vagal stimulation (VNS) in drug-resistant epilepsy varies significantly
between different seizure types. Studies show that VNS has a greater impact on major
seizures, such as tonic-clonic seizures, compared to minor seizures, such as auras or focal
seizures without impaired consciousness [108-110]. There is also evidence that VNS can
improve cognitive and behavioral functions, even in minor seizures [111-114]. The
effectiveness of the treatment depends on the therapeutic parameters, which must be adjusted
for each individual patient [115, 116].

7.2. Working hypothesis

It is assumed that VNS therapy is more effective in major seizures than in minor seizures,
and that patients who have both types of seizures will experience a more variable therapeutic

response. Thus, a personalized approach to treatment is necessary to optimize results.

Main objectives
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o To assess differences in clinical response to VNS between patients with major and
mMINor Crises.

o Investigation of the effectiveness of VNS in patients with both types of seizures.

o To determine the overall effectiveness of VNS in reducing crises, depending on their

type.
Secondary objectives

o Analysis of the influence of seizure severity on therapeutic response.

e Investigate the interaction between major and minor seizures and the impact on the
effectiveness of therapy.

o Exploring differences in the effects of VNS in the first 12 months of treatment.

7.3. Methodologies

The retrospective study included 76 patients with drug-resistant epilepsy treated with VNS
in the Bucharest University Emergency Hospital between 2021 and 2024. Patients were
classified according to the type of seizures into 'minor' and 'major’ to assess the different
response to VNS. The therapy was adjusted at two-week intervals and the analysis was
performed after 12 months of treatment. Reducing crises by more than 50% was considered

a favorable response.

7.4. Results

In the cohort studied, 51.32% of patients had major seizures, 21.05% minor seizures, and

27.63% had both types of seizures. The response to VNS therapy was:

o 25% of patients with minor seizures got a favorable response, while 75% did not.
e 82.05% of patients with major crises had a favorable response.

o 38.10% of patients with combined seizures responded favorably, and 61.90% did not.

The Chi-square test showed a significant difference between seizure types and response to
VNS (Chi-square = 19.82, p = 0.00005). In the case of major seizures, the Chi-square value
was 7.37 (p = 0.0066), indicating a significant association with a favorable response to
treatment. Minor seizures had a Chi-squared value of 17.20 (p = 0.000034), signifying a

strong association between them and unfavorable responses Figure 7.1.

33



Major Seizures Only Minor Seizures Only Both Major and Minor Seizures

Unfavorable
Favorable
Favorable
61.9%
Unfavorable
75.0%
Unfavorable

Figure 7.1. Distribution of clinical responses to VNS therapy according to the type of

seizure. A favorable response is defined as a reduction in seizure frequency by more than
50% after 12 months of VNS therapy, while an unfavorable response refers to a reduction

of less than 50% over the same period.

7.5. Discussion

The results support that VNS is more effective in treating major seizures compared to minor
seizures, which is consistent with previous studies [108, 110, 111]. Also, patients with
combined seizures have a mixed therapeutic response, and personalized therapy adjustments
are essential to achieve favorable outcomes [112, 113]. In conclusion, VNS therapy can
provide significant benefits, but careful and personalized monitoring of treatment is

necessary for patients with mixed seizures.

7.6. Conclusions

The results of the study showed that VNS therapy is highly effective in treating major
seizures, such as focal seizures that become bilateral tonic-clonic or generalized motor
seizures, with a response rate of 82.05%. This indicates that VNS counteracts the serious
effects of drug-resistant epilepsy. On the other hand, patients with less intense seizures, such
as focal conscious or non-motor seizures (absences), had a more modest response, with only
25% achieving favorable results. Patients who have both types of seizures have shown mixed

responses, requiring an individualized approach for appropriate treatment management.
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These differences underscore the importance of personalized adjustment of VNS therapy, as

the interaction of major and minor seizures can influence overall effectiveness.

8. General conclusions and personal contributions

This doctoral research explores in depth VNS therapy in drug-resistant epilepsy, with a focus
on three major directions: integration of the 5-SENSE score for patient stratification,
development of the IRES score for longitudinal monitoring of therapeutic response, and
differentiated analysis of seizure types (major and minor). The study contributes
significantly to the refinement of selection criteria and to the optimization of treatment,
promoting a personalized approach in epileptology.

The 5-SENSE score is an essential methodological innovation, being adapted from SEEG
procedures for stratifying patients according to the focality of epileptogenic areas and
response to VNS. Based on five predictive factors — structural injury (MRI), bilateral EEG
activity, neurological signs of laterality, localizing semiology and ictal EEG onset — the 5-
SENSE score allows the characterization of patients before treatment. The analyses showed
that patients with low scores (0-1 points) experienced an average reduction of 50.69% in
seizure frequency and a favorable response rate of 86.67%, while patients with high scores
(4-5 points) experienced increases in seizure frequency (72.98%). These results (p < 0.001)
validate the 5-SENSE score as an essential tool for patient selection and guidance for
alternative interventions, such as surgical resection.

The IRES score (stimulation response index) was created to assess the longitudinal
effectiveness of VNS, quantifying the reduction in the frequency, intensity and duration of
seizures, along with the improvement in quality of life. It was calculated at 6, 12 and 18
months, highlighting a significant increase in scores for patients with favorable responses
(1.93 at 6 months vs. 5.14 at 18 months). Preoperative factors, such as seizure-free interval
before VNS, were associated with higher scores, highlighting the importance of pre-
treatment control of epileptic activity. The IRES score not only monitors therapeutic
progress, but also identifies patients who can benefit the most from VNS. The analysis of
the response to VNS according to the types of seizures highlighted the higher efficacy of the
therapy in the case of major seizures (generalized tonic-clonic and focal with
bilateralization), with a favorable response rate of 82.05%. Patients with minor seizures
(absences, focal conscious seizures) had a more modest response rate (25%), and those with

mixed seizures had additional complexity (favorable response 38.10%). These results (Chi-
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square = 19.82, p < 0.001) support the need to adjust the stimulation parameters according
to the semiology of the seizures in order to optimize the treatment.

This doctoral work fundamentally contributes to the personalization of VNS therapy, setting
new standards for patient selection, progress monitoring and adjustment of therapeutic

interventions in drug-resistant epilepsy.
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