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ABSTRACT 

Being refractory is a significant challenge for one third of patients with epilepsy, and 
there is a need for new treatments. Non-periodic Stimulation (NPS) has shown promise 
in animal models, but it involves invasive technology. Consequently, non-invasive non-
periodic Acoustic Non-periodic Stimulation (ANPS) has been developed based on 
NPS, with the hope that it could offer anticonvulsant effects. However, it is essential to 
ensure the safety of ANPS, particularly in individuals with refractory epilepsy, before it 
can be used in a specific application. To this end, this study aimed to assess the safety 
of ANPS in patients with refractory epilepsy (n=14; 8 women; 18-49 years old) using 
Electroencephalographic (EEG) recording and side effect evaluations over a period of 
five days. A questionnaire was administered immediately following the ANPS exposure 
and 30 days later. The study also aimed to investigate whether ANPS could trigger 
electrographic seizure events by counting epileptiform interictal spikes and sharp 
waves before and after ANPS. Additionally, the effects of ANPS on overall EEG signal 
properties and synchronicity were studied by calculating entropy and Phase Lock 
Value (PLV). Results indicate that ANPS did not trigger seizures or side effects after 
acute exposure or 30 days later. Rather, an improvement in quality of life and a 
reduction of interictal peaks and sharp waves in the EEG were observed, indicating 
possible anticonvulsant effects of ANPS. ANPS also increased EEG signal entropy 
and induced changes in brain synchrony, as evidenced by increased PLV values in 
some neural networks and decreased PLV values in others. Overall, these findings 
suggest that ANPS is well-tolerated and safe in patients with refractory epilepsy and 
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may have anticonvulsant properties. Further investigation of its effects on 
neurophysiology and refractory epilepsy is warranted. 

Keywords: Acoustic Stimulation, EEG, Non-Periodic Stimulation, Refractory Epilepsy. 

1. INTRODUCTION 

Epilepsy is a chronic neurological disorder characterized by recurrent, spontaneous 

episodes of aberrant synchronicity of neural activity affecting approximately 60 in every 

100,000 people (FIEST et al., 2017), corresponding to about 5 million patients 

worldwide. Among these patients, one third (KWAN et al., 2000; LEE et al., 2012) (1.6 

million individuals) is considered refractory, that is, non-responsive to any 

pharmacological treatment. This condition severely compromises activities of daily 

living, leisure, and work in epileptic patients (MURRAY, 1993; BORGES et al., 2000; 

LITT et al., 2001). 

Given that a significant number of people continue to experience seizures despite 

taking medication, there is a strong demand for new methods and concepts to control 

refractory epilepsy beyond the molecular level (LARIVIÈRE et al., 2021). It is time to 

shift from solely administering pharmacological agonists, antagonists, release 

enhancers, or blockers targeting single receptors or neurotransmitter systems towards 

interfering with the circuital and network levels (SCHMIDT et al., 2021; PEGG et al., 

2021; SHIH et al., 2021). This would recruit not only glutamatergic or GABAergic 

neurons, but also networks with both (and other) neurotransmitters and cell types (e.g., 

glia, GRIGOROVSKY et al., 2020) that are orchestrated to take brain functional 

couplings to a different working state, far from the epileptic strong attractors 

(IASEMIDIS, 1996). These concepts are based on the complexity of neuronal 

networks, the interchangeability between temporally connected hubs, information 

distribution, and local recruitments (GARCIA-CAIRASCO, 2009a; GARCIA-

CAIRASCO, 2009b). Stimulating the nervous system with different physical protocols, 

such as electrical pulses of current or voltage, magnetic fields, or even by optical 

means, is one way to modulate circuital recruitment (for a review, see LEWIS et al., 

2016). Among the myriad of methods, non-periodic stimulation (NPS) is a form of 

electrical stimulation that has been developed in experimental models to specifically 
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interfere with the synchronicity of neural circuits (COTA et al., 2019). In animal models, 

NPS applied to the basolateral amygdala has been shown to be anticonvulsant against 

acute (COTA et al., 2009, MEDEIROS et al., 2012; OLIVEIRA et al., 2019) and chronic 

(OLIVEIRA et al., 2014) seizures. Recently, an independent group has demonstrated 

that a similar approach also impairs epileptogenesis in a kindling animal model 

(SANTOS-VALENCIA et al., 2019). The mechanism of action of NPS is by 

desynchronizing or impairing aberrant levels of synchronization directly in the temporal 

lobe epileptogenic circuitry (MESQUITA et al., 2011) or indirectly via nucleus 

accumbens (OLIVEIRA et al., 2019). While promising, NPS faces a significant 

drawback deriving from the fact that it is invasive and electrodes must be surgically 

implanted into the brain parenchyma, which hampers general clinical application to 

epilepsy patients. 

In this study, we introduce Acoustic Non-periodic Stimulation (ANPS), a new form of 

stereo sound that may represent a non-invasive neurostimulation approach based on 

the same rationale used to develop NPS. ANPS is a stereo soundtrack with a 400 Hz 

baseband that is interrupted by very short and slightly faster events called "pulses". It 

is evident that ANPS was developed for anticonvulsant and antiepileptic purposes. 

However, the first step is to test the safety of ANPS with refractory epileptic patients, 

and this is the objective of the present work. In line with this, we also intend to analyze 

the Electroencephalographic (EEG) of epileptic patients before and after hearing 

ANPS. Our hypothesis is that the application of ANPS is safe for patients with drug-

refractory epilepsy, with no negative impact on the quality of life, no induction of 

seizures, and no increase in the number of EEG interictal spikes and sharp waves 

(SSW). We also believe that ANPS would increase the entropy of the EEG signals and 

change brain synchronicity. 

2. METHODS 

2.1 ACOUSTIC NON-PERIODIC STIMULATION 

ANPS has been developed (patent pending process BR 10 2019 009701 9). The ANPS 

was constructed as follows: first, a 60000 points x axis was created in the Octave 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/health/alternative-therapeutic
https://www.nucleodoconhecimento.com.br


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

https://www.nucleodoconhecimento.com.br 

101 
RC: 146300 
Disponível em: https://www.nucleodoconhecimento.com.br/health/alternative-therapeutic 

software. This corresponds to 60 epochs of 1000 points each, that is, 60 s of 1 second 

epoch (divided in 1000 ms). Based on this x axis, a 400 Hz sinusoid was constructed. 

Four aleatory points (called “pulse locations”) were chosen every second (that is, every 

1000 points of the x axis). This implies that ANPS is a 4Hz stimulation (four pulses 

every second). In each pulse location, 5 points (corresponding to 5 ms) of the signal 

were substituted for the same number of points of another sinusoid, a 420 Hz with a 

20% increase in amplitude compared to the initial 400 Hz one. The soundtrack was 

later exported to the Audacity 2.0 software (open source, multiplatform audio editor) 

and recorded in wav format to be reproduced on acoustic stimulus reproduction 

devices (cellphones, computers) without interruption. The acoustic stimulus has the 

same baseband in both ears, but the pulse locations are different in the acoustic 

stimulus emitted for the right and left ear. This strategy was also based on the NPS, 

as it has maximum effectiveness when applied bilaterally and asynchronously 

(OLIVEIRA et al., 2018). To use this method, it is necessary to use headphones. 

2.2 PARTICIPANTS 

Refractory PWE (n = 14, 08 women, 35.4 +- 8.1 years) were randomly recruited at the 

neurology sector of a hospital in Pernambuco State, Brazil. Patients had generalized 

absence seizures (57.1%), generalized motor seizures (14.3%), or focal aware motor 

seizures (28.6%). 85% of them were polymedicated. All procedures were approved by 

the Ethics Committee (approval number 2.419.085). The informed consent was read 

and signed by patients. The criteria for refractory epilepsy were defined according to 

the ILAE classification (KWAN et al., 2010). 

2.3 QUESTIONNAIRE OF ADVERSE EFFECTS 

When dealing with a new treatment, it is also important to verify the occurrence of side 

effects after acute and chronic exposure. Patients were asked to attend to the 

Neurology Sector of the Clinical Hospital of the Federal University of Pernambuco for 

5 consecutive days (from 9 to 11 a.m.). All patients were asked to answer socio-

demographic assessment questionnaires (semi-structured interviews).  They listened 

to the ANPS for 30 min once a day in the hospital. After each hearing section, they 
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were asked to answer a questionnaire to evaluate adverse effects. This consisted of 

questions in which patients reported how they were feeling, regarding headache, 

dizziness, nausea, disorientation, mood swings, seizures, or "others", where they could 

describe different ones. Answers included 0 (no symptoms), 1 (for mild symptoms), 2 

(for moderate symptoms) or 3 (strong symptoms). Thirty days later, patients were 

asked to return to the hospital for another evaluation of possible adverse effects. 

2.4 EEG RECORDING 

Patients were instructed to be sleep-deprived the night before and to sleep for 65 

minutes in the hospital, with simultaneous EEG recording. This is a standard protocol 

used routinely in the Neurology Section and aims to increase neuronal excitability for 

the diagnosis of epilepsy (KOTAGAL; YARDI, 2008). The purpose was to check if 

ANPS itself could evoke ictal and interictal epileptic events. The amount of SSW events 

was quantified in the EEG by two independent observers. 

The Neuron-SPECTRUM-4 EP digital EEG recorder (Neurosoft) was used for the 

acquisition of data, at a sampling rate of 500 Hz and bandpass filtered from 0.5 to 35 

Hz (40 dB suppressing and 110 dB common mode rejection ratio). Twenty-one leads 

were used, 2 for linked auricular reference and 19 recording channels positioned 

according to the 10-20 system. Impedance was checked (lower than 5 KΩ was 

accepted). Removal of artifacts was done with visual inspection and Independent 

Component Analysis (ICA) function of the acquisition software (URIGÜEN; GARCIA-

ZAPIRAIN, 2008). 

Patients sleep deprived were asked to lie down with their eyes closed in a quiet and 

shadowed room with a controlled temperature (24 ºC) and the EEG recording started. 

For ANPS reproduction, all subjects were using headphones. The sleep onset followed 

international guidelines and the experimenter waited until characteristic changes in the 

EEG indicative of sleep phase 1, decrease in beta and increase in alpha, was clearly 

seen and persisted for 5 min (WOLPERT, 1969; HORI. et al., 1968). The initial 20 

minutes were called "before acoustic stimulation" (BS) or baseline and no sound was 

applied. Then, the ANPS started, and there was a ramp increase in the stimulation 
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intensity to reach half the maximum volume of earphones (50-60 dB, a safe range 

(WHO, 2015) in five minutes. This ensured that all patients could perceive the presence 

of acoustic stimulation, avoiding very intense stimulation. This procedure did not awake 

the patients. Then, another 20 minutes of EEG recording were performed 

simultaneously with the application of ANPS (stimulation period, S). After the end of 

the ANPS stimulation, this period was called "after stimulation" (AS, 20 min). Only 

patients who remained in the NREM sleep phase were included in the study. This was 

verified by visual inspection of the EEG. 

2.5 ANALYSIS OF ICTAL AND INTERICTAL EVENTS ON EEG 

Epileptic discharges were quantified in BS and AS periods by visual inspection. This 

was conducted by two blind and independent observers who were previously trained 

by an experienced clinical neurologist for the correct identification of EEG spikes. The 

classic format of epileptiform activities was adopted, in which spikes and sharp waves 

are collectively referred as a single event, called SSW (GOTMAN; GLOOR, 1976). 

Statistical analysis was performed by comparing the number of SSW between BS and 

AS. The number of SSW events during BS and AS were normalized to the total value 

of each patient following the equation ((BS-AS) / BS) * 100, to make possible the 

comparison of this variable. The normality of the data was verified with the Shapiro-

Wilk and Kolmogorov-Smirnov tests. The percentage of SSW events in BS and AS 

periods was compared using paired t test. 

2.6 ENTROPY CALCULATION 

One approach to verify if ANPS could change brain electrical activity is the calculation 

of the entropy of EEG signals. It is well known that many events (COSTA, et al., 2005), 

including epileptic ones (ARUNKUMAR et al., 2016; MATEOS et al., 2014), generally 

change EEG entropy. The entropy of EEG was measured to check if ANPS could 

increase the aleatory firing of cortical neurons. Since ANPS is an acoustic stimulation 

with random pulses, there is a possibility that it may change the neuronal firing pattern 

of the acoustic pathway in a bottom-up passage. 
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Shannon entropy H(X) was calculated as previously described (PHUNG et al., 2014) 

in all 19 EEG channels using: 

 

Where X are the EEG values (finite discrete variables), X={x1, x2,…xm}, xi∈ R, c is a 

positive constant, and p(xi) is the probability of xi∈ X satisfying (PHUNG et al., 2014): 

 

The algorithm used was implemented by Malik (2021). Two minutes of EEG recording 

in the BS and AS periods from all PWE included in the analysis were divided into 120 

epochs of 10s each. From these, 30 epochs were randomly chosen for the calculation 

of entropy. Normality of data was checked with Shapiro-Wilk and Kolmogorov-Smirnov 

tests. A paired Student's T test was applied to compare entropy values in BS compared 

to AS periods. 

2.7 PHASE LOCK VALUE (PLV) 

The PLV was used to test if ANPS could change the brain synchronicity of EEG 

recordings. It is well-known that epileptic phenomena are related to an alteration of 

brain synchronization of electrical activity. The PLV quantifies phase synchrony in 

scalp local field potential signals of large-scale networks in frequency-specific ranges 

(LACHAUX et al., 1999). The mathematical algorithm used was created by Namburi 

(2021), based on Lachaux et al., (1999). EEG data was first filtered using an FIR (finite 

impulse response). Afterward, a Hilbert transform was performed to quantify the rising 

and falling of EEG data, and to compute the instantaneous phase (φ), a value between 

–π and π. The difference between two phase time courses (Δφ) locking between two 
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electrodes of interest was calculated. For every PWE included in this analysis, two 

electrodes with high SSW spike incidence were chosen. As the PLV algorithm used 

works with two electrodes for analysis, it was necessary to find some criteria for 

electrode selection. So, those electrode pairs with the higher SSW spike incidence 

seemed to us the most appropriate since they probably are showing the most 

pronounced epileptic phenomenon of the brain. As described (LACHAUX et al., 1999), 

the PLV at a time t is defined as 

 

where (t, n) is the phase difference 1(t, n) -2 (t, n), and n is the number of trials for each 

pair of electrodes. 

All statistical analyzes were performed with free statistical programs (SÁNCHEZ-

VILLENA, 2019) A probability value of p <0.05 was considered significant. 

3. RESULTS 

3.1 ANALYSIS OF THE ADVERSE EFFECTS OF ANPS IN ADULTS 

ANPS was well tolerated by all 14 patients and did not cause seizures or any side 

effects, either after acute exposure or 30 days later. 40% of patients described 

themselves as relaxed after hearing ANPS, and 30% described an asleep feeling. 

Most patients also stated that there were no adverse effects such as headache, 

dizziness, nausea, disorientation, mood swings, or seizures. One described nausea, 

that appeared two days after the start of the acoustic stimulation. 
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3.2 ANALYSIS OF ICTAL AND INTERICTAL EVENTS ON EEG 

No ictal EEG events were induced by the ANPS stimulation. From the initial group of 

PWE who underwent the whole intervention (n=14), only four (n=04, 02 women, 33+-

5 years) of the patients had SSW clearly detectable in the EEG, and those were 

included in this analysis. All had fronto-temporal focal epilepsy. The AS period was 

marked by a robust decrease in the average number of EEG SSW when compared to 

the BS period (Table 1). The average reduction of the SSW number in all patients was 

62.4% (Table 1). The average proportion of SSW events in the AS period was 27% for 

observer 1 and 25% for observer 2, and this reduction was statistically significant for 

both (p= 0.003 and p=0.005 respectively, paired t-test, one-tailed distribution) (Table 

1). 

Table 1. Acue effect of ANPS on SSW in 04 patients with refractory epilepsy 

OBSERVER 1 

  SSW BS SSWAS SSW TOT PROP BS PROP AS TOT 

Patient 1 443 133 576 0.769097 0.230903 1 

Patient 2 932 216 1148 0.811847 0.188153 1 

Patient 3 43 21 64 0.671875 0.328125 1 

Patient 4 95 46 141 0.673759 0.326241 1 

Average percentages       0.73 0.27* (p=0.0035) 

OBSERVER 2 

  SSW BS SSW AS SSW TOT PROP BS PROP AS TOT 

Patient 1 345 101 446 0.773543 0.226457 1 

Patient 2 725 111 836 0.867225 0.132775 1 

Patient 3 34 15 49 0.693878 0.306122 1 

Patient 4 71 35 106 0.669811 0.330189 1 

Average 

Percentages 

      0.75 0.25* p=(0.0055) 

Source: Authors, 2023. SSW: Spikes and Sharp Waves; BS: Before Sound; AS: After Sound; TOT: total; 
PROP: propotion; *: p<0.05, Paired t test, one tailed distribution. Data represents the number of SSW 
before and after sound (BS and AS, respectively). *: p<0.05, Paired t test, one tailed distribution. 
Normality was checked by the Shapiro-Wilk test. 
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3.3 ENTROPY AND PLV ANALYSIS 

ANPS induced a statistically significant increase in the entropy of EEG signals. The 

entropy estimation of the BS period was 2.65 ± 0.33 J/K, while the AS was 4.87 ± 0.55 

J/K (p=0.008, paired student t-test) (Fig 1A  

Figure 1 Entropy and PLV analysis. 1. A. Entropy. The ANPS induced an increase in entropy values of 

EEG recordings after ANPS *: p<0.05, paired t-test. 1.B.PLV analysis.  PLV of the EEG of a 

representative patient before and after ANPS stimulation 

Source: Authors, 2023. This figure shows the calculated PLV values in the ordinate, plotted against 

the time points in the abscissa (x). All analyses were conducted with 1s of EEG recording. As the 

frequency sample of Experiment 2 was 500 Hz, analyzed epochs had 500 points in the abscissa. In 

some neuronal networks, there was an increase in PLV during the AS period compared to BS 

(bottom). But in other frequency ranges (and neuronal networks as well), sometimes the opposite was 
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also seen, an increase in the AS period synchronization compared to BS. In both curves, AS is 

different from BS (p=0.0001, Wilcoxon signed rank test). The non-normal property of data was 

confirmed by Shapiro-Wilk and Kolmogorov-Smirnoff tests. 

In the analysis of the PLV, the four patients who presented SSW in the EEG were 

selected. The electrodes selected were those with the highest incidence of SSW. Table 

2 contains the PLV results of EEG recordings. AS was seen both with increased or 

decreased PLV values compared to BS depending on the network analyzed, even in 

the same person (Fig. 1.B). These results were significantly different (p<0.0001, 

Wilcoxon signed rank test, two-talied). The PLV analysis showed that some networks 

had an increase in synchronization, while others a decrease. The effect of sound was 

not the same in all studied networks. 

Table 2. PLV calculation of EEG recordings from patients before (BS) and after (AS) the ANPS. 
Experiment 2 

atient Delta theta Alpha beta gamma EEG 
chanel 

  RH LH RH LH RH LH RH LH RH 

Patient 1 ↑AS ↑AS ↑AS ↑AS ↓AS ↑AS ↓AS ↑AS RH F4 C4 

Patient 2 ↓AS ↓AS ↓AS ↓AS ↑AS ↑AS ↑AS ↑AS LH F7 T3 

Patient 3 ↑AS ↑AS NS ↑AS ↓AS ↑AS ↓AS ↑AS LH F3 e Fz 

Patinet 4 ↓AS ↑AS NS ↑AS ↑AS ↑AS NS ↑AS LH T3 T5 

Source: Authors, 2023. BS: before stimulation; AS after stimulation The down arrows indicate that the 
PLV of the two evaluated EEG channels had a statistically significant decrease compared to the BS 
period. Up arrows indicate that the AS period had a statistically significant increase in PLV value when 
compared to the BS period for the two analyzed channels. P was considered significant if < 0.05. RH: 
right hemisphere; LH: left hemisphere; F4-C4: neuronal network dyad analyzed involving electrodes F4 
and C4; F7 T3: dyad F7 and T3; F3 Fz: dyad F3 and Fz; T3 T5: dyad T3 and T5. Mann-Whitney paired 
test (all data had non-normal behavior, according to Shapiro-Walk analysis of normality) 

4. DISCUSSION  

The present work is a preliminary pilot study whose main objective was to verify the 

safety of ANPS for epileptic patients. The results confirmed our hypothesis that ANPS 

would be safe and change brain oscillatory activity and synchronization. Our intention 

was to bring translational results to the field of Clinical Neurology in Epilepsy - focusing 

especially on refractory patients - using rigorously planned and executed protocols 
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developed initially in animal models of epilepsy. This is the first study describing the 

effect of ANPS in refractory patients with epilepsy. 

The clinical protocol occurred with no major difficulties and proved to be feasible. No 

ictal EEG events or behavioral seizures were induced by ANPS in any of the patients 

in the present study. ANPS did not induce or increase SSW EEG events, which was 

verified by two trained and independent observers (Table 1). On the contrary, there 

was a decrease in the number of SSW events. In this experiment, SSW quantification 

was performed to rule out possible ictal events and ANPS proconvulsant activity. 

However, this experiment resulted in a sustained decrease in SSW. Although this is 

not a solid criterion for establishing an anticonvulsant effect in humans (PILLAIAND, 

2006), it has been associated with an improvement in epilepsy in some circumstances 

(PILLAIAND, 2006; STALEY et al., 2011; LEE et al., 2012). In the present study, it can 

be guaranteed that all patients remained in non-REM phases due to the short duration 

(65 min) and visual inspection of the EEG. It is known that the number of SSW events 

increases as non-REM sleep progresses and decreases only in REM sleep. Further 

experiments are needed to understand SSW events, the type of epilepsy, and ANPS 

effect. Even if ANPS by itself cannot induce a sustained anticonvulsant effect, it is still 

interesting to see whether it could have a synergistic (add-on) effect with other 

anticonvulsant approaches such as cannabidiol (KAUR et al., 2021; ALVES et al., 

2020). 

The results of entropy and PLV (Fig. 1 A and B, respectively) clearly confirm our 

hypothesis that ANPS alters brain function, oscillatory activity, and synchronization. 

ANPS can increase the entropy of EEG signals. Zones of epilepticus are known to 

have decreased entropy (ARUNKUMAR et al., 2016), and this has been used as an 

electrophysiological marker of epileptic brain tissue eligible for surgical resection 

(VILA-VIDAL et al., 2020). Thus, the increase in entropy observed in the present work 

may mean that ANPS is driving the brain away from the epileptic functioning mode. In 

addition, ANPS alters brain synchronicity (see Table 2). As PLV provides a 

mathematical quantification of phase lock and synchrony, ANPS does not act in the 

same way in all neural networks. In fact, there is an increase in the synchronization of 

some networks and frequency bands and a decrease in others (Table 2). As stated by 
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Cota et al., (2016), it seems reasonable that an anticonvulsant effect obtained by 

manipulating the circuit network could simultaneously induce an increase in 

synchronization in some networks and a decrease in others. In the present work, this 

can be clearly seen in PLV measurements. Consequently, an anticonvulsant effect 

would be more complex than simply making desync ubiquitous across all networks. 

Rather, it would be related to a reestablishment of a natural and healthy oscillatory 

profile, synchronized or not, depending on the functionality of the network and the state 

of the brain. Under anticonvulsant treatment, brain connectivity would change between 

many dynamic states of physiological coupling, thus avoiding the recruitment of 

frequent strong attractors for the recruitment of epileptic phenomena. Despite the 

statistical significance obtained (Table 2), it is not clear so far whether there might be 

a pattern of PLV changes in relation to specific types of epilepsy (e.g., focal or 

generalized), and further experiments are needed to establish this with certainty. 

Currently, it is not possible to establish the neural mechanisms underlying the effects 

of ANPS in the brain. As a form of bottom-up stimulation, ANPS likely influenced the 

cerebral cortex. In this case, as an acoustic stimulus, it may have started in the primary 

auditory cortex in the temporal lobe and progressed to other cortical areas. We believe 

that ANPS may have interfered with the synchronization of brainstem nuclei in the 

ascending auditory neuronal pathways. Neuronal networks located in brainstem nuclei 

involved in the localization of acoustic sources (for example, superior olivary complex, 

medial nucleus of the trapezoidal body, among others) could have entered a new 

functional coupling. This may, in turn, have caused cortical changes in SSW 

synchronization and suppression. This reasoning is in line with the correlated 

pathological phenomena of reflex seizures caused by sensory stimulation observed in 

susceptible humans (WOLF, 2017) and in different rodent species (GARCIA-

CAIRASCO et al., 2017). Although humans are much more susceptible to visual stimuli 

and rodents to acoustic stimuli, they all seem to share mechanisms related to the 

dysfunctional synchronization of neural oscillation generated in preexisting functional 

anatomical networks (PARRA et al., 2003; SZÜCS et al., 2019), including those 

involving midbrain-hindbrain connections (MORAES et al., 2005). Therefore, 

exogenous desynchronizing stimuli delivered to seizure-prone sensory networks may 
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produce anticonvulsant effects. Recently, it has been hypothesized that the 

anticonvulsant property of NPS is because its temporal structure – intervals between 

pulses distributed as a unit-exponent power law – mimics the natural input that most 

easily causes physiological neural recruitment (COTA et al., 2019). By analogy, once 

temporally structured in the same way, ANPS can be a natural input source that 

competes with aberrant oscillations for the recruitment of susceptible circuits while 

inducing physiological neural activity. In a similar context, it is intriguing to know that a 

paradoxical effect of acoustically associated cortical and limbic hyperactivity is the 

phenomenon of tinnitus, a phantom auditory phenomenon (LAUER et al., 2018). In 

fact, in this case, the lack of auditory information usually associated with lesions in the 

periphery (e.g., ototoxicity and acoustic trauma) recruits cortical and limbic areas as a 

compensatory mechanism. On the other hand, an example of this type of interaction 

can be seen in a study that tests the possibility of interrupting the adverse effects of 

tinnitus on the daily activities of patients with the application of neurofeedback at alpha-

delta frequencies (GÜNTENSPERGER et al., 2019). 

Despite centuries of experience with pharmacological treatments for epilepsy, there 

are many advantages of non-pharmacological neuromodulation techniques. A classic 

example is vagus nerve stimulation. Drugs act at the molecular and cellular levels, 

while neuromodulation techniques directly influence the network circuitry, recruiting the 

molecular and cellular levels from within. This suggests fewer side effects, such as 

those that impact school learning and systemic organs. 

Further studies with a larger number of patients, different types of epilepsy, and the 

use of high-density EEG with source analysis are needed to understand the effects of 

ANPS on brain physiology. 

5. CONCLUSION 

Present results demonstrate that ANPS is safe and well tolerated by refractory epileptic 

patients and can change brain synchronization and oscillatory activity. Further studies 

with a greater number of patients and different types of epilepsy are needed to 

understand the effects of ANPS on brain physiology. 
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