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Background: Drug-resistant epilepsy remains a major therapeutic challenge, especially in preventing
the progression of focal seizures to bilateral tonic-clonic seizures (BTCS). Previous studies
demonstrated that exogenous rhythmic stimulation at 1.13 Hz synchronized with wrist tapping
enhances prefrontal cortex activity in epilepsy patients. Methods: We conducted a randomized
controlled study involving 60 adult patients with drug-resistant structural focal epilepsy (SFE).
Participants were assigned to either an intervention group (n = 30), using the EpiTapp™ smartphone
application during aura and/or focal onset of BTCS in out-of-hospital settings, or a control group (n
= 30) receiving standard care. The study lasted six months. Primary outcomes were BTCS frequency
and quality of life measured by the QOLIE-31 scale. Results: Use of EpiTapp™ significantly reduced
BTCS frequency by interrupting seizure progression at the focal onset stage. Additionally, 22.6% of
patients in the intervention group reported improved quality of life after six months. Conclusions:
Exogenous rhythmic stimulation via the EpiTapp™ application is a promising non-invasive
intervention for preventing seizure generalization in patients with drug-resistant structural focal
epilepsy. Larger-scale studies are warranted to confirm these findings.

Keywords: epilepsy; exogenous rhythmic stimulation; drug-resistant focal epilepsy; EpiTapp®
application; quality of life; non-pharmacological treatment; wrist tapping; epileptic seizure
prevention

1. Introduction

Epilepsy is a disabling group of central nervous system disorders that are not always fully
controllable and often accompany patients throughout their lives. Therefore, improving the quality
of life for patients with epilepsy remains a priority. Epileptologists worldwide strive to alleviate the
condition of these patients and help them adapt to living with the disease [1, 2]. Consequently, the
search for new, accessible, and non-invasive treatment methods remains highly relevant and
important [3-6]. It is well established that epileptogenesis involves an imbalance between two
systems: epileptic and antiepileptic. The brain’s antiepileptic system has been extensively studied
and described in the works of Professor V. A. Karlov [7-9]. One key component of this system is the
prefrontal cortex. In numerous animal experiments involving the formation of an epileptogenic focus,
stimulation of the prefrontal cortex slowed epileptogenesis, whereas its removal accelerated
epileptogenesis and increased the risk of death during status epilepticus onset [10]. This brain region
also contains the so-called “metronome,” which is responsible for the perception and tracking of
internal time [11-14]. It is known that the individual minute serves as a widely accepted marker of
the functional state of the central nervous system [15], reflecting its adaptive mechanisms and
responding sensitively to pathological changes, with well-defined normative ranges. In our previous
studies of the individual minute in healthy adults and epilepsy patients, we observed that patients
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with epilepsy exhibit a distortion in the perception of internal time. Specifically, their individual
minute is shortened to 49.77 seconds (compared to the normative 55-65 seconds), and their wrist
tapping reproduces this internal rhythm at an accelerated rate of 2.54 Hz, compared to the normal
1.13 Hz observed in healthy adults [16-18]. It can be hypothesized that these changes result from
disruption of the prefrontal cortex “metronome” due to decreased activity in the context of drug-
resistant epilepsy. The alterations in internal time perception we observed led to the formulation of
a scientific hypothesis: that exogenous rhythmic stimulation can modulate the brain’s bioelectrical
activity to interrupt epileptic seizures at the focal onset stage. Coherence analysis of EEG is a well-
established neurophysiological method to objectively assess activation in different brain regions.
Bowyer S. M. [19] summarized data on using coherence to measure and quantify synchronous brain
oscillations in various pathological conditions, including epilepsy, Alzheimer’'s disease,
schizophrenia, panic attacks, and autism spectrum disorders. An increase in coherence within a brain
region reliably indicates increased activity, whereas a decrease suggests reduced activity. Studies
have also reported a significant increase in interhemispheric coherence in the prefrontal cortex in
patients with drug-induced epilepsy remission. Conversely, decreased coherence in this area has
been observed in patients with uncontrolled seizures [20-22]. Guided by these findings, we
previously investigated the effect of exogenous rhythmic stimulation, delivered via hand tapping at
1.13 Hz (the normal frequency for healthy adults) using the EpiTapp® application, on brain
bioelectrical activity through EEG coherence analysis. Our prior study included 111 participants —51
healthy volunteers and 60 epilepsy patients. We observed a statistically significant increase in
interhemispheric coherence in the frontal and prefrontal regions in epilepsy patients following
exogenous phonostimulation via hand tapping. This suggests activation of these areas and,
consequently, a strengthening of the brain’s antiepileptic system [23]. Epileptogenesis is known to
involve the formation of a pathological dominant—a sharply increased excitatory focus in the central
nervous system that can establish a pathological network [24]. The mechanism underlying the
effective impact of exogenous rhythmic stimulation on brain bioelectrical activity can be explained
by the replacement of the pathological dominant of the epileptic system with a new, stronger
physiological dominant. Similar principles underpin various therapeutic methods such as music
therapy, art therapy, aromatherapy, and acupuncture; however, the efficacy of these approaches is
often subjective and lacks robust scientific evidence [25-30]. We propose that weakening the
pathological dominant can be achieved by applying exogenous rhythmic stimulation at the “correct”
healthy frequency, reproduced via hand tapping. A literature review revealed a broad range of
applications for tempo-rhythm methods in the diagnosis and treatment of diverse diseases [31].
According to Coppola et al., structured auditory stimuli provide non-invasive excitatory cortical
stimulation, which can reduce epileptiform activity [32]. Of particular interest are studies
investigating the anticonvulsant effects observed in epilepsy patients exposed to the music of W. A.
Mozart, specifically Sonata K.448. A portion of this sonata is played at an Andante tempo ranging
from 76 to 108 beats per minute, corresponding approximately to 1-2 Hz. Notably, altering the tempo
abolishes the therapeutic effect [33-35]. A randomized study involving both children and adult
epilepsy patients demonstrated that 85% of participants responded positively to Mozart’s music, with
an average reduction in epileptiform activity of 31% during listening and 24% post-listening [36, 37].
These findings collectively suggest a beneficial influence of tempo and rhythm on the brain’s
bioelectrical activity.

The present study focuses on the clinical application of a novel noninvasive approach utilizing
exogenous rhythmic stimulation through wrist tapping at the onset of a focal epileptic seizure. The
stimulation frequency replicates the average individual rhythm of a healthy adult, recorded in the
individual minute mode, and is set at 1.13 Hz. The primary aim of this method is to interrupt bilateral
epileptic seizures at the focal onset stage.

2. Materials and Methods
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We have developed a novel approach based on the possibility of modulating the structure and
frequency of epileptic seizures using the proprietary “Method of Influencing the Individual Rhythm
through Exogenous Rhythmic Stimulation” [Russian Federation Patent No. 2015111025, dated
October 20, 2017]. This method is implemented via the EpiTapp® application for Android-based
mobile devices. From our perspective, the ability of patients to promptly use the application at the
earliest signs of an impending epileptic seizure is critically important. This study presents an analysis
of the clinical evaluation of exogenous rhythmic stimulation, delivered synchronously through wrist
tapping at a frequency of 1.13 Hz using the EpiTapp® application. The total observation period was
six months. A total of 60 participants were randomized into two groups: the main group included 30
patients with drug-resistant structural focal epilepsy (SFE). In addition to their regular antiepileptic
therapy, patients in this subgroup regularly used the EpiTapp® method as an urgent self-care tool at
the onset of seizure prodromes. The median age in this group was 33.5 years [interquartile range:
29.0; 40.0] (Table 1).

Table 1. General characteristics of patients in the main group with drug-resistant structural focal epilepsy (n =

30).
Group parameters Me [Pa2s; Prs]
Age of patients, years 33,5[30,0; 40,0]
Duration of epilepsy, years 7,51[6,0;9,0]
Average age of epilepsy onset, years 35 [29,0; 40,0]
Number of BTCS’, per month 31[2;4]

"BTCS - bilateral tonic-clonic seizures.

Additionally, 30 patients with pharmacoresistant structural focal epilepsy (SFE) comprised the
control group. These patients did not use the EpiTapp® application but continued their previously
prescribed antiepileptic therapy. The median age in this group was 39.5 years [interquartile range:
31.0; 49.0] (Table 2).

Table 2. General characteristics of patients in the control group with drug-resistant structural focal epilepsy (n

=30).
Group parameters Me [Pa2s; Prs]
Age of patients, years 39,5 [31,0; 49,0]
Duration of epilepsy, years 6 [5,0; 8,5]
Average age of epilepsy onset, years 31,5 [27,0; 40,0]
Number of BTCS’, per month 412; 6]

"BTCS - bilateral tonic-clonic seizures.

Inclusion criteria for study participants (patients with structural focal epilepsy) were: diagnosis
of drug-resistant structural focal epilepsy; age between 21 and 60 years; signed informed consent;
both male and female patients. Exclusion criteria included: refusal to participate; presence of acute
or chronic neurological, psychiatric, or endocrinological disorders at the time of the study; non-
epileptic seizures; seizure frequency fewer than 2 bilateral tonic-clonic seizures (BTCS) per month;
seizures occurring exclusively during sleep; subtherapeutic or toxic levels of antiepileptic drugs
(AEDs) in the blood; age below 21 or above 60 years; severe cognitive impairment (Frontal
Assessment Battery (FAB) score <12; Mini-Mental State Examination (MMSE) score <20); and
presence of anxiety or depression at the time of the study (Hospital Anxiety and Depression Scale
(HADS) score >11 on the anxiety subscale or >7 on the depression subscale). The groups were
comparable in terms of gender (p > 0.05), age (p > 0.05), underlying pathology (p > 0.05), localization
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of the structural lesion in the dominant (left) hemisphere (p > 0.05), and average monthly frequency
of BTCS (p > 0.05).

The study was conducted in two stages (visits), as illustrated in Figure 1.
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Figure 1. Study design.

2.1. Description of the EpiTapp® Application Based on the Principle of Exogenous Rhythmic Stimulation.

During the clinical trial phase at Visit 1, patients with drug-resistant structural focal epilepsy
were trained by their treating physicians to use the EpiTapp® application as a first-line emergency
self-help tool for seizure precursors (aura) and/or focal epileptic seizures with or without partial
impairment of awareness (Figure 2).

f

Figure 2. Outpatient use of the EpiTapp® application. (a) The patient develops a focal onset of a bilateral tonic-
clonic seizure. (b, c) In typical cases, bilateral transformation into a generalized tonic-clonic seizure occurs. (d)
The patient launches the EpiTapp® application on a mobile device. (e) The patient synchronizes wrist tapping
with an exogenous rhythm of 1.13 Hz provided by the application. (f) Seizure generalization is prevented, and
the patient returns to normal activity.

The epileptic seizure was interrupted at the focal onset stage by the patient synchronizing wrist
taps on the screen of a mobile device in time with an exogenous rhythm set at 1.13 Hz—the average
rhythm of a healthy individual—using the EpiTapp® application. Anticipating seizure
generalization, the patient initiated the application by tapping its icon on the touchscreen of a
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smartphone, tablet, or laptop, a feature designed for ease of use, particularly for working patients (
Figure 3). Upon activation, the EpiTapp® application launched automatically.

Figure 3. Demonstration of patient use of the EpiTapp® application.

Statistical Analysis: Descriptive statistics for categorical variables are presented as absolute
values, percentages, and their standard errors. The null hypothesis was tested using the chi-square
test. Data distribution was assessed by the Shapiro-Wilk test. For comparison of parametric data
(normally distributed variables) between groups, Student’s t-test and Fisher’s test were used. Non-
parametric paired data are presented as medians with interquartile ranges (Me [Q1; Q3]) and
compared using the Wilcoxon signed-rank test. Confidence intervals (95% CI) were calculated to
characterize expected variation. Statistical analyses were performed using STATISTICA v.7.0
(StatSoft, USA) and SPSS 22.0 software. All analyses and interpretations were conducted in
accordance with current international standards for reporting statistical results in scientific
publications.

3. RESULTS

3.1. Analysis of Seizure Diaries to Determine Monthly Frequency of Bilateral Tonic-Clonic Seizures in the
Main and Control Groups.

During the 6-month observation period, the main group of patients with structural focal epilepsy
(SFE) demonstrated a significant reduction in the monthly number of bilateral tonic-clonic seizures
(BTCS). At study inclusion (Visit 1), the total number of BTCS across the group was 82 per month,
which decreased to 5 seizures per month after 6 months of using the EpiTapp® application (Visit 2).
The median monthly number of BTCS after 6 months was 0 [0; 1], compared to 2 [2; 3] before
application use, with this difference reaching statistical significance (p < 0.05). A detailed analysis of
seizure diary data at Visits 1 and 2 for the main subgroup is presented in Table 3.

Table 3. Analysis of seizure observation diaries in patients of the main group at Visit 1 and Visit 2.

Type of epileptic seizures Me [P25; Prs] *P
BTCS (visit 1) 2[2;3] 0.000003
BTCS (visit 2) 0[0;1] ’

* — according to the Wilcoxon test.

In a comparative analysis of seizure observation diaries from patients in the control subgroup
(Table 4), no statistically significant difference was observed in the mean number of bilateral tonic-
clonic seizures (BTCS) between Visit 1 and Visit 2, during which patients received only antiepileptic
drug therapy. The average number of BTCS was 3.83+2.66 at Visit 1 and 3.93+2.92 at Visit 2 (p >
0.05). The total number of BTCS per month in the control group was 86 at Visit 1 and 88 at Visit 2,
also showing no statistically significant change (p > 0.05).
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Table 4. Analysis of seizure observation diaries in patients of the control group at Visit 1 and Visit 2.

Type of epileptic seizures Me [P2s5; Prs] *p
BTCS (visit 1) 3[2; 6] 0.62
BTCS (visit 2) 3[1; 6] ’

* — according to the Wilcoxon test.

3.2. Quality of Life Outcomes in the Main and Control Groups over a 6-Month Observation Period

Patient-reported outcomes confirmed the safety of the method: individuals with structural focal
epilepsy (SFE) who regularly used the EpiTapp® application rated its safety at 100%.

3.2.1. QOLIE-31 Questionnaire Results in the Main Group

According to the QOLIE-31 questionnaire (Figure 4), regular use of the EpiTapp® application
over the 6-month observation period resulted in a 22.6% improvement in overall quality of life among
patients with epilepsy. The most significant improvements (p < 0.001) were observed in domains
related to social and emotional well-being, reduction in anxiety about potential seizure recurrence,
and patients’ subjective assessment of quality of life with epilepsy.

Concern about possible harm from drugs 79.3%
Decreased emotional well-being 72.4%
Social problems associated with epilepsy 89.7%
Worry about having a recurrence of an epileptic 82.6%
seizure
Low self-esteem 75.9%
Decreased quality of life 69.0%
visit 1 M visit 2

Figure 4. Subjective assessment of quality of life in patients of the main group using the QOLIE-31 scale at Visit
1 and Visit 2.

Overall, the observed positive dynamics in quality of life among patients with epilepsy, as
measured by the QOLIE-31 scale, suggest the potential effectiveness of the EpiTapp® application in
patients with drug-resistant structural focal epilepsy (SFE).

3.2.2. QOLIE-31 Questionnaire Results in the Control Group

In contrast, patients in the control group demonstrated negative dynamics on the QOLIE-31
scale over the 6-month observation period (Figure 5), indicating a decline in perceived quality of life
in the absence of additional non-pharmacological intervention.
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Concern about possible harm from
drugs

Decreased emotional well-being

Social problems associated with
epilepsy

Worry about having a recurrence of an
epileptic seizure

Low self-esteem

Decreased quality of life

visit 1 M visit 2

Figure 5. Subjective assessment of quality of life in patients of the control group using the QOLIE-31 scale at
Visit 1 and Visit 2.

The low quality-of-life scores reported by patients with drug-resistant structural focal epilepsy
are, unsurprisingly, primarily linked to persistent anxiety and fear associated with the anticipation
of another potentially traumatic seizure, as well as the perceived inability to prevent it. In this context,
the use of a non-pharmacological neuromodulatory approach—reproducible exogenous rhythmic
stimulation delivered through the EpiTapp® mobile application—emerges as a reliable and
accessible tool for urgent self-help in patients with treatment-resistant epilepsy.

4. Discussion

Thus, this study aimed to evaluate the efficacy and safety of a novel approach in epileptology —
exogenous rhythmic phonostimulation with rhythm reproduction via wrist tapping—to interrupt
epileptic seizures at the stage of focal onset. The stimulation frequency used in our intervention (1.13
Hz) was based on normative values derived from prior research, corresponding to the individual
rhythm of healthy adults. The high efficacy in preventing bilateral tonic-clonic seizures, along with
the 100% safety profile observed in the study group, suggests a strong potential for broader clinical
application. We also consider it a promising area for further research, particularly in optimizing
stimulation parameters for different epilepsy subtypes. A key prerequisite for successful use of
exogenous rhythmic stimulation is the presence of a focal seizure onset lasting at least 10 seconds,
during which the patient’s awareness remains fully preserved. This is essential for timely activation
of the application and execution of synchronized wrist tapping. Accordingly, contraindications for
this method include generalized seizures without a focal onset, focal seizures with impaired
awareness, and phonosensitivity. The method may also be unsuitable for patients with clinically
significant anxiety disorders or psychogenic non-epileptic seizures, as these conditions were part of
the exclusion criteria in our study. Limitations of the current research include the relatively small
sample size and the absence of EEG monitoring during application use. However, future studies are
planned to address these limitations.

5. Conclusions

Therefore, we consider the continued investigation of exogenous rhythmic stimulation in other
forms of epilepsy, accompanied by simultaneous EEG monitoring, to be a promising and clinically
significant research direction.
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Abbreviations

The following abbreviations are used in this manuscript:

SFE Structural focal epilepsy
BTCS Bilateral tonic-clonic seizures
QOLIE-31  Quality of Life in Epilepsy- 31
AEDs Antiepileptic Drugs

HADS The Hospital Anxiety and Depression Scale
MMSE The Mini-Mental State Examination
FAB Fullerton Advanced Balance scale
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