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weaknesses of the VEP model against its eventual application in the 
healthcare industry, contrasted with doctors, specialists and also 
with the creators of the model. Furthermore, regarding tech-
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to follow in medium and long term, which will be subject to 
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G lobally, neurotechnologies face the continuous challenge of being differentiated to 
the rhythm of a constant technical transformation and its adaptation to needs of the 

human being, on a precise and demanding context by the healthcare industry. Likewise, 
an avalanche of constant information is translated into new data that requires with impetus 
the opportunity to provide an increasingly personalized medicine for the patient. From this 
perspective, challenges are being made to understand the extent to which innovations 
that have emerged around the human brain and the diseases that afflict it are responding 
effectively. 


This continuous technological redefinition has deserved to address the intrinsic problem 
to be solved in relation to diagnoses in refractory epilepsy, starting from different critical 
angles of specialization in medicine and engineering, mainly. However, for technologies 
with a relevant degree of maturity for their introduction to the market, the roles to be 
played by both exploitation and commercialization characterize a particular framework of 
action that is mostly undetermined by the obstacles described throughout this report; and 
whose singular intention is precisely to consider them in technology transfer plans. In this 
sense, the present study analyzes the evolution of VEP from its conception and its current 
level of development, considering the potential user and the industry it favors, nuanced 
by an opinion matrix by some leading doctors and researchers inside and outside its 
creator team. 


To this end, this research has been organized into four parts. The first part addresses the 
existence of VEP that emerge as a powerful virtual tool to improve the diagnosis of 
refractory epilepsy, as a necessary phase to understand its usefulness to those who are 
outside it and adapted mostly to a market angle, without undermining to attribute the 
medical conceptualization that concerns it. This addresses not only the context of epilepsy 
disorder in the current era but also the opinions of experts in the field, which ultimately 
contribute to its technical effectiveness, as well as promising and future related studies. 
The second part aims to define the achievements of VEP both in the international medical 
community and patient diagnoses, in addition to new derivative studies such as BVEP that 
highlight its attributes; allowing us to analyze why it is competitive in the global context 
against other similar technologies. To achieve a more complete and integrated vision of 
this innovation, the obstacles to be faced and good practices are described through its 
drivers, as well as a SWOT analysis in order to facilitate its commercial and non-
commercial exploitation through a start-up


All this leads us to the third part of the report in which the structure of the roadmap is 
constructed as part of its strategic planning, identifying possible medium and long term 
applications through related studies in neuroscience and which promptly require 
applications such as VEP to improve their approaches, or what has been defined in this 
study as possible strategic aspects of innovation, mentioned below: Optogenetics, deep 
brain stimulation or DBS, neural tissue engineering or NTE, smart wearable technology for 
seizure prediction and personalized recording of EEG brain waves, as well as the 
application for the diagnosis of other neurodegenerative diseases such Alzheimer’s. Each 
aspect is concisely described in this study to justify the contribution of the VEP mechanism 
in these areas. The last and fourth part, regarding the exploitation of the technology, 
some guidelines and recommendations are suggested.
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PART I. CURRENT POSITION OF THE VEP
The Virtual Epileptic Patient, or VEP, is a non-invasive technique, 
through which the formations of the brain are reconstructed in a 
three-dimensional scheme, applying a modeling in which neural 
groups are reflected in nodes. Using an application called Epileptor 
(Jirsa et al., 2016), with downloaded variables and slow processes to 
combine the connectomes of the patient’s brain and their 
reconstructed white matters, this model is composed by five variables 
that work in three times states -from the fastest to the slowest-. These 
replicate discharge models, for example, in a crisis corresponds to the 
fastest discharge, while in slower processes there is a variation in 
energy concentrations and tissue oxygenation; through mathematical 
equations and reflecting the possible changes between variables that 
affect the spread of the seizures. 


Through this high-dimensional modeling, clinical hypotheses can be 
established about the anomalies identified mainly by the Magnetic 
Resonance Imaging (MRI) and Diffusion Magnetic Resonance Imaging 
(dMRI) to the network, demonstrating the evolution of the areas 
that trigger epilepsy, identifying possible Epileptic Zones (EZ), as 
well as Propagation Zones (PZ) in the absence of epilepsy. Specific 
data is also collected for each patient in preoperative stages, 
evaluating the possible medical history: Neurological and 
neuropsychological exams, Electroencephalograms (EEG), Video-EEG, 
Positron Emission Tomography (PET), Stereoelectroencephalography 
(SEEG), Magnetoencephalography (MEG), Ictal ESPECT; therefore, 
based on the hypothesis, the specialists can set parameters (Ibíd. 
2016). Then, they make an evaluation of the model obtained through 
the simulation adjusted to the mathematical analyses and with 
customizable data for each patient according to the clinical 
observations, allowing to map affected or seizures-free areas. 


However, there are conditions that can be missed by the magnetic 
resonance. Although it is undoubtedly useful for certain pathologies, 
there may be some exceptions, for example, when there might be no 
visible lesions on the MRI . In this sense, constitutes an opportunity 1

for the application of the VEP model, because it recreates at a macro 
level the brain connections based on non-invasive models from 
empirical patient data, as indicated by the creators, they allow the 

  25% of surgical patients with focal epilepsy reflect non-injury MRIs. Jeha et al., 2007 mentioned by Jirsa et 1

al., 2016. 

9

Part I | Current Position of the VEP

The VEP  
A multimodal tool that 
provides significant 
prediction tailored to 
each patient’s brain 
parameters. 

Three key ideas 
about the VEP: 
- Custom neural network 
model. 
- Exploration and 
prediction of 
epileptogenic zones.  
- Greater accuracy with 
high-performance 
software.

The key concepts to be 
considered are 
highlighted, summarizing 
most of the information 
presented.

Also, complementary 
ideas are included to 
enrich the context. 



construction and testing of medical hypotheses inherent in web-based 
mechanism.


Therefore, highlighting the functionality of VEP, brain modelling relies 
on two basics concepts related to large-scale brain networks (Jirsa et 
al., 2014): On the one hand, the structural connectivity understood as 
the set of connections in the different brain areas; and on the other 
hand, the functional connectivity, which comprises the set of 
relationships that are established between two areas of the brain and 
according to the metrics that the specialist determines for the model. 
In this sense, one of the various challenges faced by neuroscience 
-including VEP- has been to try to simulate brain states in the face of 
non-stationary dynamics or non-stationary time series that are 
unpredictable; however, they comment that by covering a macro 
connectivity it allows reducing the imperfections of the simulation. In 
relation to the BVEP the functional connectivity is the most accurate to 
defining parameters for diseases such as epilepsy and Alzheimer, 
according to the experts. 


In this sense, the effectiveness of the simulations has led to ask 
neuroscientists to refine and question the metrics that are 
applicable to these models. Biomarkers have been applied for more 
than five years to VEP with high statistical significance (Ibíd.), allowing 
a more accurate prediction, despite the fact to be more accurately at 
a group level rather than individually -for each patient-, precisely 
because on the basis of what has been said before about the intrinsic 
difficulty of non-stationary brain states. 


Currently, at a conference promoted by HBP, the expert explains that 
in order to evaluate the patient’s behavior is necessary to address 
the large-scale brain networks, while the functional aspect tends 
to be explained at the micro-circuit level, in other words, more 
specific for possible surgical interventions. Therefore, the expert 
explains that the next challenge lies on the electrophysiological 
evaluations, whose variability oscillates, naturally, according to each 
area within the same brain structure, which can generate 
interpretations of pathological and non-physiological conditions or 
vice versa, adding also that the definition and prediction of the 
metrics will fall on the experience of the clinician at a more specific 
level and consistent with previous analysis. Nevertheless, this has not 
been an obstacle to reflect the evolution of the areas involved in the 
epileptogenic seizures known as the PZ and EZ.
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Structural and 
anatomic  
connectivity: 
Set of all existing 
connections between 
brain areas.  
Functional 
connectivity: 
Set of relationships 
between two areas, 
depending of the chosen 
metrics.

Biomarkers 
Biological substances, 
characteristics or images 
that provide an indication 
of the biological state of 
an organism. (NIH, 2001)



To date, specialists continue to obtain the most accurate and reliable 
data taken from the preoperative stages, including medical history, 
neurological and neuropsychological examinations, as well as the 
above-mentioned diagnostic imaging results; with this, more 
personalized biomarkers are defined and tested, in order to make 
predictions that favor patients’ interventions both at the surgical level 
and in their subsequent therapies. One of the solutions that its creator 
team has been working on, is the application of Hamiltonian Monte 
Carlo model, recently published in another scientific article: The 
Bayesian Virtual Epileptic Patient (BVEP).


This mechanism achieves greater accuracy in the parameters, which 
would translate into more reliable predictions, and also reflect the 
evolution of the disorder being a way to validation for the clinician, 
based on the TheVirtualBrain. For this purpose (Hashemi et al., 2020) 
applied conditional probability models within the machine learning 
field, particularly the Hamiltonian Monte Carlo algorithm, which has 
allowed a greater approximation given the dimensions and metrics 
considered, they point out (Ibíd., 2020): “This class of sampling 
algorithms provides efficient convergence and exploration of 
parameter space even in very high-dimensional spaces that may 
exhibit strong correlations”, argue that the probabilistic 
programming languages on which they rely -STAN y PyMC3- allow 
to reduce the randomness of correlated parameters, resulting in 
two aspects: NUTS y ADVI. 


Therefore, throughout their study, the experts explain how to apply 
the BVEP and obtain a viable validation mechanism for the clinician, 
arguing that “based on existing but limited statistics the range of 
error is comparable to a clinical expert team, approximately 80% of 
success rate”, optimistic results to be an evaluation that is also 
complemented by the experience of medical specialists. 


On the other hand, in order to provide continuity to the clinical trial in 
this last phase of validation, the Fenix infrastructure has provided IT 
services through the project ICEI , considering that the simulations 2

have to be tested periodically. However, the trial is led by the EPINOV 

 Integrated by five European supercomputing centers: BSC (Spain), CEA (France), CINECA (Italy), CSCS 2

(Switzerland) and JSC (Germany). More at: https://fenix-ri.eu/about-fenix
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BVEP 
A framework that 
combines probabilistic 
programming languages 
and the personalized 
brain network modeling 
to reflect the evolution 
of the seizures. 

 
80% 
The success rate of 
BVEP, comparable to a 
clinical expert team.
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and partners  for surgical interventions of those patients with 3

refractory epilepsy, distributed in 13 hospitals over a period of 4 years, 
which would ultimately allow the results of the model to be validated. 
In the case of hospitals, clinics, research centers and other institutions 
in the EU that require the use of the VEP and BVEP, no additional IT 
resources are needed to run the simulations, according to the 
creator team, workstation is suitable for clinical treatment. For 
those countries outside the EU that may have limited IT resources or 
neuroimaging evaluations, they can also contact the UPM Innovation 
Team to help refer these requests to the experts of the VEP. 


 

	 	 	 EPILEPSY AND THE VEP 


The etymology of the word Epilepsy comes from the Greek epilepsia, 
epilépsis., and the verb epilambanin, to take, because it is sudden . It 4

is a disorder that affects 1% of the world population (Schmidth and 
Shorvon, 2016), which manifests not only seizures but physical and 
psychological consequences that impact the life of the affected 
person, altering their personality, self-esteem, neurological deficits, 
intellectual impairment and other neurological conditions that also 
accompany seizures. 


With impressive progress at the scientific and medical level, significant 
therapeutic improvements and approaches to the dynamics of this 
condition have been achieved, with increasingly advanced 
technologies for diagnosis and treatment. However, the emergence of 
new neurological health conditions and disorders has, according to 
the authors, eclipsed part of the investigations related to the disease, 
recognizing that beyond the enormous amounts of money invested 
over the last few decades to find progress on it, the most impressive 
improvements have been the changes that society has made in favor 
of solidarity with those affected, reducing the stigma that existed 
around this condition and opening doors to integrate them socially. 


 Assistance Publique - Hôpitaux de Marseille (AP-HM), the French National Centre for Scientific Research 3

(CNRS), the Institut national de la santé et de la recherche médicale (INSERM), l’Université d’Aix-Marseille and 
les Hospices Civils de Lyon (HCL) .
 In antiquity it had several meanings, as morbus caducus, morbus sacer, morbus comitialis. Bicheteau et al., 4

1856.
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Jacksonian seizures 
The term was used in 1870 
by the French neurologist 
Jean Martin Charcot, 
describing seizures as a 
symptom involving an 
occasional, an excessive and 
disorderly discharge of the 
nerve tissue on muscles. 
This theory made it 
possible to redefine the 
concept of discharges in 
the cortex, which until then 
was considered inexcitable, 
and three years later 
defined their nature in the 
grey matter. (Med Hist 
Supp., 2007)



Although medications can decrease the seizures, the disorder can 
continue progress along with the side effects of treatments that 
also affect the quality of life of patients. Surgical interventions can 
slow down the attacks by showing a partial improvement, but they 
can lead to new consequences or risks that the patients may present 
after overcoming the surgery; nevertheless, the number of seizures 
and deterioration of the patient’s life is such that, in certain cases 
these interventions are preferable according to specialists, especially 
for those urgent cases related to refractory epilepsy.


With a much more critical view, other experts (Page et al., 2018) also 
analyse some advances on current procedures, stating that an 
understanding of the urgency of timely diagnosis for patients with 
epilepsy has been achieved, but no significant progress has been 
made in more than 30 years. They argue that, although numerous 
technological applications have been developed to improve 
treatments, many of them fail to be integrated due to the 
workload that it implies for the specialists and do not comply with 
the purpose for which they were created; suggesting that the 
effectiveness of interventions supported by these applications should 
also be accompanied by changes in the current diagnostics.


Undoubtedly, the creation of the electroencephalogram EEG in the 
19th century and its application in human brain studies marked a 
major advance in the history of medicine and research on the 
disorder. In this regard (Panteliadis et al., 2017), explain that reflected 
changes in brain waves could be studied, conceptualizing their 
typology and differentiating them initially in: Generalized tonic-clonic 
seizures , minor epilepsy (currently called absence seizures) and focal 5

seizures . Nevertheless, the EEG as diagnostic test has certain 6

limitations and in some cases does not reflect the neuronal electrical 
discharges, to define what might or might not be an epileptic seizure , 7

because the disorder shows and unknown area between a seizure and 
a non-convulsive state epileptic (Goselink et al., 2019). When a seizure 
is not evident as it usually is, what they call interictal anomalies , can 8

 They are severe seizures derived from others of primary or secondary type, accompanied by a high rate of 5

morbidity and mortality. Hammond, 2016
 Absence seizures, although less severe, usually present generalized discharges in the EEG with an 6

approximate duration of 10 s, and may occur tens or hundreds of times a day (Brigo et al., 2018). In contrast, 
focal seizures are generally evident in motor cortical regions. Reif et al., 2016
 Defined as “a transient occurrence of signs and/or symptoms due to abnormal excessive or synchronous 7

neuronal activity in the brain”. Fisher et al., 2005
 Refers to the time interval between two episodes of acute or ictal. Clínica Universidad de Navarra, 20208
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Approximately 20 
different types of 
drugs have been used 
to inhibit seizures since 
the first medication was 
applied in treatment and 
at least half have been 
discontinued in the last 
20 years. (Page et al., 
2018)

Hans Berger, the 
creator of the EEG, 
makes the first record 
of brain activity 
evaluating an absence 
seizure. (Brigo et al., 
2018)
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also be classified as one -depending on the manifestation- can occur 
when there are no symptoms or without a significant alteration in the 
EEG of the interictal state. This analysis could verify one of the virtues 
of the VEP explained in later sections. 


Consequently, the specialists also determine that there is an element 
that distinguishes the disorders of epilepsy such as paroxysmal 
depolarization shift (PDS), as a manifestation of the cells leading to a 
hyper-excitable state. The normal activity of the cell is altered by very 
abrupt and repetitive electrical movements that are reflected in 
violent contractions of the muscles, as well as the alteration of 
sensitivity, consciousness and the mind. Indicating that these 
triggering processes limit the inhibitory processes of the brain and 
activate other neuronal networks at the same time, producing a 
propagation effect. Although experiments have been carried out 
through microscopes on different sections of the brain and on some 
animals, the conditions under which they start or end remain 
unknown. 


Therefore, identifying the cause that triggers the epilepsy disorder is 
still complex for experts, because the manifestation of the seizures 
usually integrates multifactorial processes and also depends on 
genetic elements or activated by various alterations - severe brain 
injuries, tumours, sleep deprivation, alcohol, stress, among others -; 
hence it is not usual to attribute it to a single cause. The definition of 
epilepsy according to the Spanish Federation of Epilepsy (FEDE) 
states: "Epilepsy is a disorder resulting from the abnormal 
functioning of a group of neurons (nerve cells) that occurs 
sporadically in a particular area of the brain. It manifests itself in 
the form of recurrent seizures which may or may not be 
convulsive, as in the case of epileptic absences”.


In this regard, according to Vakharia et al., 2018, surgery is 
recommended for urgent cases involving refractory epilepsy. In a 
study published by Wieve et al., 2001, mentioned by Vakharia et al., 
2018, of a group of 80 patients who volunteered to participate in the 
study, almost half were randomly referred for drug treatment while the 
rest underwent surgery. The result published in the original article by 
Wieve et al., 2001, shows that the latter group of patients (36) 
maintained a better post-operative quality of life compared to those 
who were treated with medicines (40). Of the 36 patients, 4 had 
adverse effects as a result of these interventions: One presented a 
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Paroxysmal 
depolarization 
shift (PDS): 
Term in medicine that 
denotes this exaltation 
of certain neurons fo 
the epileptic focus, the 
cause being the 
predominance of 
excitatory 
neurotransmission left 
over by the inhibitor. 
(Laso, 2020)

Causes of epilepsy are 
grouped into 5 areas: 
genetic, structural, 
metabolic, 
immune-related, or 
infection. (Wirrell, 
2020)
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mild bilateral thalamic infarction, in another patient the wound 
became infected, in the other two there was a deficiency in verbal 
memory, affecting their job for one year. They also point out (Ibid.) 
that 55% of these patients who underwent surgery, presented 
asymptomatic defects in relation to the upper visual field. 


Additionally, in a survey of 20 epilepsy surveillance units in Europe, it 
was explained that approximately 26.7 patients with refractory focal 
epilepsy are operated every year per center  (Markoula et al., 2020). 9

Likewise, it is not to be ignored the percentage of patients who 
demand to be re-admitted because of post-surgical sequelae, 
readmission which involves not only a new risk for the patient but 
also the investment of considerable resources by the health 
system. In other countries as the United States , for example, in a 10

study of 10 indexes of surgical admissions, it is determined that about 
11% of patients were re-admitted within 30 days (Kwon et al., 2019) 
mostly due to the recurrence of epileptic seizures, which also implies a 
significant annual cost to the Centers for Medicare and Medicaid 
Services (CMS) . 
11

Added to this perspective, the average time it takes to finally do a 
surgery on patients with refractory epilepsy in that country is 20 years 
(Engel et al., 2012) suggesting a significant impairment in the 
cognitive and physical capacity of those affected during those years. 
Although the study was published 8 years ago, none of the patients in 
the medical control group showed a complete absence of seizures in 
the following two years, nor did the surgical group (11 de 15); while 
the sequelae attributable to this group -memory impairment, 
transitory neurological deficit by MRIs, in some cases- was also not 
highly determinant given the size of the sample. 


However, in Europe, a new study (Lamberink et al., 2020) that 
evaluates to 9.147 patients of 37 centers after 5 years from the 
surgery, a correlation was found for the first time between seizures in 
the long term, the consequences of the drugs, age and duration; so, 
among some conclusions, the percentage of patients free of 
disabling seizures decreased by 72% the first year to 66% after 5 

57 surveys were sent to EMUs in different parts of Europe, of which 20 centers completed the questionnaire. 9

Markoula, 2020
3 million people suffer from epilepsy in the United States, representing 1.2% of the population. Zack and 10

Kobau, 2017
17.4 billion dollars a year, penalizing those hospitals with high readmission rates. Kwon et al., 201911
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In the European 
Region, almost 
200.000 patients might 
benefit from surgical 
treatment of epilepsy. 
(WHO, 2011)

Prognostic factors 
for outcomes of 
epilepsy surgery: 
Histopathological 
diagnosis, age at surgery 
and duration of epilepsy. 
(Lamberink et al., 2020)
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years from the surgery, related to the variables mentioned above. 
This new perspective suggests a sightly optimistic evolution of the 
results of the interventions in Europe, given the suspicion of the 
appearance of post-surgical sequelae both immediately after the 
intervention and in subsequent years. For example, in another similar 
study (Baud et al., 2018) in which two groups of patients were 
compared after 15 years of surgery in 16 centers in Europe, in 
addition to noticing an average increase from 31 to 50 operations 
every two years, the improvement in seizures went from 66.7% to 
70.9%, respectively. This panorama suggests persisting in the 
perfection of the interventions, considering the impact on these 
patients dealing with epileptic seizures on a daily basis, the 
psychological, labor and social repercussions inherent to the 
condition; and a cohesive effort from the medical sector. 


On the other hand, the percentage of drug-resistant patients differs 
between studies, it is estimated that 30% of epilepsy patients are 
drug-resistant and require surgical treatment. In this context, Dr. 
Antonio Gil-Nagel, Neurologist, an expert in epilepsy from the 
Hospital Ruber International in Madrid, explains that, if two drugs do 
not control seizures, it is recommended to consider surgery, according 
to the International League Against Epilepsy (ILAE). He indicates that 
neurologists sometimes do not consider surgery as an option and 
invites to redefine these perceptions by searching and analyzing the 
origins of these assumptions, referring to studies such as Schiller and 
Najjar (2008), authors that evaluate the probability that an epilepsy 
can be controlled with different medications.


The expert explains how the first drug administered controls the 
seizures up to 61.8%, however, for those patients who were not able 
to control them with the first drug, they try a second one reaching a 
control of up to 41.7%. From these response groups or, in other 
words, from those patients who were not able to control the seizures 
with one or two drugs, 3-6 different are given with a control of up to 
16.6%; while for the fourth group that did not achieve crisis control 
with any of the above drugs, up to a 7-8 or ninth treatment can be 
given. Therefore, the doctor suggests reconsidering or evaluating 
a possible surgery for those groups of patients who do not 
respond adequately to the first groups. 


These details are significant as they give an idea of the degree of 
affectation involved in surgical interventions, the relevance it acquires 

16

Drug-resistant 
epilepsy (DRE):  
30% of patients. (WHO, 
2019)
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as advances in neurology progress and the need to create instruments 
or technologies that improve the accuracy of these operations. 
Despite the difficult perception in choosing -both for the doctor and 
the patient- an intervention, recovery to lead a normal life seems to 
be the answer to this type of refractory focal epilepsy .
12

It should be noted that one of the variants of the epilepsy disorder 
and another concern of specialists, is the Nonconvulsive Status 
Epilepticus (NCSE) . Its diagnosis is difficult for doctors (Gómez et 13

al., 2012), is a condition that increases with age, there are no 
differences between genders, and even affect between 2 and 20 
cases per 100,000 inhabitants each year and accounts for between 5% 
and 49% of all epileptic states. When It comes to generalized NCSE, 
there is also an alteration in the patient's level of consciousness. In a 
conference shared by the Colombian Neurological Institute, Dr. 
Castaño (2014) offers an interesting insight about this condition, 
explaining that the region of the brain that triggers the muscle 
contractions is very small and the epileptic focus may be in another 
region in the brain. The symptoms can be very disguised, like 
sweating or discomfort in other areas of the body, different from the 
typical symptoms of crisis; that may indeed imply one. The doctor 
points out that it should be considered at the same time: Changes in 
consciousness behavior (low Glascow scale ), history of seizures, and 14

EEG variations; in a given time range, which according to official 
sources is 30 minutes, although this time is under discussion. When it 
is of a generalized type, it is possible to evidence the type of 
alteration of the level of consciousness that the specialists identify 
through the GCS.


Despite advances and sophistication of neuroimaging techniques, 
it may happen that the EEG do not show an episode of NCSE at 
the time, without implying that the patient is not suffering from it. 
For this purpose, preventive monitoring is conducted that can vary 
from 12 to 48 hours depending on the GCS (Castaño, 2014), 
mentioned that in other study conducted on 570 patients with altered 

 A randomized trial of surgery for frontal lobe epilepsy showed 64% seizure freedom, and a later study of 12

surgery also showed 85% seizure freedom. Vakharia et al., 2018. 
 The clinical classification of the subtypes are the NCSE with coma and without coma, the latter can be 13

generalized -typical absence status, atypical absence status, myoclonic absence status- and focal -without 
impairment of consciousness-, aphasic status, with impaired consciousness, unknown whether focal or 
generalized and autonomic SE. Baykan, 2016.

 The Glasgow Coma Scale (GCS) is a scale used in neurology to identify a person's degree of consciousness, 14

using three parameters: verbal, ocular and motor response. Elsevier, 2017.

17

Nonconvulsive 
Status Epilepticus 
(NCSE):  
A State of continuous 
seizure activity for at 
least 30 minutes, with 
cognitive or behavioral 
changes. (Sutter et al., 
2012)
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consciousness, revealed that 10% of the patients were diagnosed with 
a NCSE, concluding that patients who are not in a coma should have 
their EEG monitored between 12 and 24 hours and those who show 
more severe symptoms between 24 and 48 hours and identify the 
crisis . Also, other specialists suggests that they can detect the 15

etiology with other neuroimaging tests (Baykan, 2016). 


This analysis could confirm one of the virtues of the VEP software. 
Precisely, if for an EEG it is complex to evidence a crisis, if there is no 
order of continuous monitoring for the patient, the software takes part 
of these results and could lead to limited simulations. This concern 
was consulted with the scientists who created the model, and they 
argue that it is indeed a limitation of the EEG, however, the VEP is 
supported by other diagnostic evaluations, points Jirsa: “Given that 
EEG is currently the best explorations available, it even underlines the 
utility of VEP, which combines EEG, but also MRI, SEEG, fMRI”.


	 	 	 INTRODUCTION TO MARKET ANALYSIS


More than 50 million people worldwide suffer from epilepsy and 5 
million new cases are registered annually (WHO, 2019). Only in 
Europe, 6 million people are diagnosed, resulting in 400 thousand 
new cases every year, that is, one every minute (Baulac et al., 2015). In 
addition, they explain that, coupled with high rates of misdiagnosis, 
the quality of health services differs markedly between EU countries, 
with a considerable cost over GDP of 0.2% annual . The following 16

studies also helps to explain, for example, the significant differences 
found between hospital admissions for epilepsy in some EU countries 
between 2008 and 2017, as shown in the illustration below:


 Detection of electrographic seizures with continuous EEG monitoring in critically ill patients. Claassen et al., 15

2004.
 20 billion euros per year. Baulac et al. (2015).16

18

6 million people are 
diagnosed with epilepsy 
in Europe, 400.000 
new cases each year: 1 
every minute. 
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	 	              Data: Eurostat (2020). 


Additionally, the difference in the quality of health services 
between the different countries of the EU favors the displacement 
and migration of those affected and their families, in the search 
for better diagnoses and results. This international demand requires 
robustness of the health system, as well as social commitment to 
reach those patients who for various reasons do not follow a 
treatment, whose represent the 30% of those affected in the 
European region according to studies (Baulac et al., 2015). Another 
interesting study (Zelano et al., 2019), determines the characteristics 
of health care, personnel and resources for the diagnosis of the 
disease, taken from a survey initially conducted in 2003 of European 
countries called the European Epilepsy Services Inventory (EESI), in 
other words, they updated the study by noticing significant 
differences in these segments between different European countries 
and others considered by the International League Against Epilepsy 
(ILAE). According to the answers obtained by the countries, they were 
grouped into four regions (Western, Southern, Eastern and Central 
Europe ).
17

 Countries that responded to the survey by region: Western (France, Germany, Belgium, Austria, Denmark, 17

Sweden, Finland, UK, Ireland) -Spain, Netherlands did not provide data specifically for this study-. Eastern 
(Romania, Croatia, Lithuania, Latvia, Estonia). Southern (Italy, Greece, Cyprus, Portugal, Malta). Central (Czech 
Republic, Slovenia, Poland, Hungary).
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Regional density of multidisciplinary epilepsy teams without (A) and with (B) surgical programs in the 
responding European Union (EU) countries. Zelano et al., 2018. 


These contributions are relevant to the VEP model, as they also 
provide a clearer idea of the number of specialists who could make 
use of the tool and their population ratio, as well as the disease trends 
in certain countries in the region, and can be introduced with more 
defined priority levels. The survey indicates that the average number 
of epilepsy related specialists in the EU per million inhabitants is: 
Neurologists (79), neurosurgeons (15), neurophysiologists (6), 
pediatricians (173), pediatric neurologists (6), psychiatrists (146), 
pediatrics psychiatrists (17), general practitioners (679), internists (312) 
and geriatricians (19). The figure shows which countries have 
multidisciplinary programs in epilepsy surgery, those countries with 
more intense colour have team programmes in epilepsy surgery 
(Western Europe), the remaining regions have at least one country 
without a programme.


The authors comment that a team with epilepsy surgery programmes 
would correspond to 9 million inhabitants for all ILAE chapters . 18

Although there has been a general increase in the number of 
epilepsy-related specialists since 2003, the programmes of epilepsy 
surgery teams per population are not enough, so it can be considered 
to introduce VEP with higher priority in those Southern, Central and 
Eastern European countries with less equipment per inhabitant and 
make the surgical procedure more accesible for these patients. 


120 National Chapters, are the associate members of the organization at the global level, it tends to be one 18

chapter per country. ILAE (2020). 

20
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Regarding the risk of death associated with the disease, studies such 
as (Thurman et al., 2016) mentioned by Beghi (2020), explain that the 
standardized mortality ratios  are high for those patients under 19

50 years of age with structural/metabolic epilepsy who do not 
respond to treatment. Deaths are mainly related to sudden epilepsy 
death (SUDEP), epilepticus status (SE), fall death and suicide; 
addressing the analysis of these rates in both high-income countries 
(HIC) and lower middle-income countries (LMICs). In this segment, 
Beghi (2020) points out the comparison of ratios in two studies 
(Thurman et al., 2016; Levira et al., 2017), explaining that the results 
of standardized mortality ratio (SMR) as far as premature death is 
concerned, it ranges from 1.6 to 3.0 for HICs; while for LMIC the index 
is 19.8 respectively. In a similar study for 2013, the average annual 
death rate from epilepsy as a primary cause for the Latin America 
region was 5.87 (ratio of 1.04 per 100,000 inhabitants) . 
20

As for the LMIC countries, medical care in epilepsy -as in other brain 
diseases- faces important challenges due to the limited technical, 
economic and human resources needed to cover the care of the 
affected population. On the one hand, the high cost of access to 
private medicine in inflationary economies or in countries in conflict, 
coupled with the lack of hospitals specializing in epilepsy and/or with 
the technical equipment available and, on the other hand, by the 
availability of resources on the part of these patients that can assume 
the medical tests and certain surgical operations, leading to partial 
diagnoses and treatments. Another determining factor is the cost to 
centers in these countries of acquiring medical technologies and 
qualified personnel, including the lack of epilepsy programmes that 
can reach more disadvantaged populations, as well as the lack of 
support for health personnel to access technical knowledge and 
specific skills that undoubtedly require the investment of resources.


Considering that 80% of people with epilepsy reside in LMICs , 21

there is critical concern about the increasing trend in these countries 
of neurological disorders and the non lack of specialized centers, 
resources and doctors working under minimal conditions. Here WHO 
(2017, pp. 35) states: “Neurological disorders are six times higher in 
low-and middle-income countries compared to high-income 

 The SMR or SIR determine the number of observed deaths and the number of expected deaths by age and 19

gender, for example of a general population. Kelsey, 2017.
 PAHO, 2013. 20

 WHO, 2019.21

21

Standardized 
mortality ratio 
(SMR) and 
standardized 
incidence ratio 
(SIR) are used to 
compare rates of 
certain diseases with a 
reference sample
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countries, largely due to epilepsy (14 times higher)”, they also reflect 
the marked differences in the number of specialists related to the 
disorder per 100,000 inhabitants such as neurologists, neurosurgeons 
and pediatric neurologists; the average indicated by the WHO for the 
114 countries in the study (3.1), Europe (9), Western Pacific (3.7), 
South East Asia (0.3) and Africa (0.1). The differences with respect to 
the average in the study are more drastic: 0.2 per 100,000 inhabitants 
in LMIC and 1.24 per 100,000 inhabitants in HIC, reflecting a 
disturbing lack of adult and child neurosurgeons mainly in African 
and South East Asian countries. 


In other regions such as Latin America, the treatment picture for 
epilepsy disorder suggests no less concern. In a report published by 
PAHO (2013), there were around 94 surgical services in 16 of the 25 
countries surveyed in the study, and in addition, although 84% of the 
countries in the region claimed to have specialized diagnostic teams 
such as the EEG, 88% CAT  and 76% MRI; are diagnostic tests which, 22

for economic reasons, availability and geographical location (mostly in 
the capitals), are limited to the number of people affected. The 
average per specialist in Latin America according to the study is 1.18 
neurologists and 0.78 neurosurgeons per 100,000 inhabitants, with a 
conservative increase in the number of specialists compared to the 
previous 2017 study (0.43).


It is clear that if one third of the centers specialized in epilepsy 
surgery are located in the capital cities of Latin America (36%), the 
VEP model can be introduced there. For example, of the 94 
epilepsy surgery centers in the countries studied, they were mostly 
concentrated in South America with 76 centers, it was also estimated 
that about 258 patients were surgically intervened annually, mostly in 
that geographical area. There is another factor to consider and that is, 
as the VEP depends on diagnostic evaluation studies such as the 
SEEG for a more accurate diagnosis, there are low-income countries 
that do not have this equipment -even some do not have access to 
medicines because they are not available or are expensive-. 


It may be a possible limitation to distribute the VEP software if the 
introduction of the parameters in the model for a better diagnosis 
requires this evaluation, at least in the first years of technological 
development. However, if partnerships with specialists agencies with 

 Computed Tomography (CT or CAT) as a noninvasive diagnostic imaging procedure with X-rays, for the 22

identification of lesions or diseases, with data on brain tissue and structure. Johns Hopkins Medicine, 2020. 

22

Image: Unsplash,/@hush52.

5 million people are 
diagnosed with epilepsy 
in Latin America, 
and more than half do 
not receive treatment. 
(OPS, 2018)
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active programmes to support these regions are assessed, the tool 
could be more accessible. Other studies (Watila et al., 2019) explain 
that in regions such as Latin America and Asia epilepsy surgeries have 
progressed, as well as an increasing trend in their execution in 
countries such as India, China and Brazil; although they are still 
concentrated in large cities with the exception of sub-Saharan African 
countries . 
23

	 	 	 INTERNATIONAL PATENT APPLICATION


Another element in this area involves a strategy of protection through 
an international patent application, its applicants are: L’Aix-Marseille 
Université (AMU), Centre National de la Recherche Scientifique 
(CNRS), Institut National de la Santé et de la Recherche Médicale 
(INSERM) and the Assistance Publique – Hôpitaux de Marseille 
(AP-HM) . The patent for the VEP was applied for at the World 24

Intellectual Property Organization (WIPO) with a filing date of July 
2016. It is described as a method to modulate epileptogenicity in a 
patient’s brain, under the following international classification A61B 
5/0476, A61B 5/00 y G06F 19/00, respectively.


In general terms, the WIPO classification (2020) suggests eight large 
thematic groups ordered in alphabetical order: The first group relates 
to human needs (letter A), followed by a numerical format (61 in this 
case for being related to the medical aspect), and within this value, a 
subgroup (B) related specifically to “Diagnostics, Surgery, 
Identification”. Number 5 is related to measurement for diagnostic 
purposes and 04 as a subclass, on bioelectrical signals of the human 
body and its parts; while for the group G06F and G06N comprises 
“Electrical Digital Data Processing” and G06N “Computer systems 
based on specific computational models”, in this sense the search has 
been based on “IC: A61B5/04 AND AB: EPILEPTIC”. Under this 
classification and following the advanced search criteria 
recommended by the WIPO portal some 259 related patents were 
detected from 2011 to 2020, as shown in the following images:


 In countries such as Congo, there are no surgical treatments for epilepsy, due to the absence of medical and 23

research staff. Ntsambi et al., 2015. 
 Application dated July 18, 2016. Patentscope (2020), see reference: PCT/IB2016/001164.24
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The International 
Patent 
Classification (IPC) 
within the Strasbourg 
Agreement of 1971, 
allows uniform 
framework and search 
tool for patent 
documents. 

In Asia, nearly 23 
million people 
suffer from 
epilepsy, 65% of 
whom live without up-
to-date treatment, due 
to an insufficient 
numbers of specialised 
doctors. (Trinka et al., 
2018)
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Patents applications related to the VEP, major countries. Data from WIPO (2020)


Patents applications related to the VEP, (2011-2020). Data from WIPO (2020) 

According to the Spanish Patent and Trademark Office, OEPM (2016), 
the Patent Cooperation Treaty (PCT) includes applications for 
protection of a single invention in the states associated with the 
Treaty, which they call “international application” and are kept in the 
chart since many of them are also related to the VEP. Most of its 
applicants are located in the United States, companies such as 
Neuropace, Flint Hills Scientific, Cyberonics, Brain Sentinel and 
Medtronic; as well as recognized research institutes such as the MIT 
and the University of Pennsylvania. 


In China, other related patents were applied by Hangzhou Dianzi 
University, Beihang University, Beijing University, Peking University, as 
well as institutes such as Harbin and Shenzhen University, specialized 
in these fields. The European Patent Office also includes the company 
Brain Sentinel, which is in this segment since one of its strategies was 
to acquire a Danish company called Italcare AS, including their 
intellectual property, providing a practical example of the M&A 
strategies that healthcare companies are taking to enter new markets 
and can be considered for future model VEP opportunities.


24

The Patent 
Cooperation 
Treaty (PCT) 
administered by the 
WIPO, as an 
international system 
that encompasses acts 
and procedures, 
however, each 
designated State is the 
one that finally grants 
or denies the 
application. (OEPM, 
2016)
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OUTSTANDING TECHNOLOGIES 
RELATED TO THE VEP MODEL

In the United States, DARPA programs, Systems-Based 
Neurotechnology for Emerging Therapies o SUBNETS and 
Nonsurgical Neural Interfaces, have conducted experiments within 
national regulatory standards with patients suffering from epilepsy or 
Parkinson’s, with implanted electrodes that record brain activity and 
emit signals to certain areas of the brain or “microstimulations”, 
correcting moods and symptoms (Sanchez and Miranda, 2019) explain  
that  they are obtaining positive results in the recovery of memories by 
stimulating areas of the hippocampus, with a project called REMIND, 
in conjunction with the University of Pennsylvania. 


The limitations are diverse, but starting from the fact that they are 
invasive, expensive technologies and are currently aimed at people 
with greater urgency in this field, comment that it left them with a 
concern about how to apply these benefits or make these advances 
more accessible to defense personnel. For this purpose, that have 
designed a remarkable neural interface called N3, which works in a 
non-invasive way, with the opportunity to maneuver through a 
portable neural device that can read and write signals from the brain. 


Therefore, they continue to work on non-invasive experiments 
through the stimulation of peripheral nerves that act at a 
neurochemical level by stimulating the neuronal connections and 
making learning more efficient. It is clear that neuroscience still has 
the great challenge of being able to provide these long-term 
solutions in a less invasive and accessible way for all types of public, 
since part of the challenges, they argue, has to do with overcoming 
the physical limitations that slow down the receptivity of signals such 
as bones and skin, as well as employing algorithms that define neural 
electrical signals. Other ambitious projects are also developing brain-
machine interfaces with chips that can be implanted in the brain 
with wireless technology unlike other types of electrodes, and 
consists in three main components: Ultra-fine polymer probes, a 
neurosurgical robot and custom high-density electronics (Musk, 2019).


It is increasingly common to find initiatives from technology centers 
and medical companies worldwide and companies marketing devices 
related to the brain-machine interface, at a non-invasive level, those 

25
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DARPA stablished in 
1958 originally as 
Advanced Research 
Projects Agency (ARPA), 
after the launch of the 
USSR’ satellite Sputnik. 
(DARPA, 2020) 

Brain Machine 
Interface (BMI)  
means that allow the 
communication 
between brain tissue to 
machines, currently with 
bidirectional scheme: 
‘write-in’ signals to the 
brain and ‘readout’ 
signals. (Andersen et al., 
2004)
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that are placed on the head and allow the record of biological 
signals, to improve attention, directing the brain towards states of 
relaxation with alpha waves, increasing proactivity across 
frequencies, and assessing dynamics within games, marketing, health 
and work performance, while others developments have the 
impressive potential to rebuild images observed or imagined 
previously by the user, using the EEG-based BCIs systems (Rashkov et 
al., 2019) the latter are also part of a Russian company that already 
markets such brain-controlled devices, as well as the design of 
human-looking robots. Universities globally are also taking a step 
forward in the development of this type of technology such as drones 
controlled by brain waves (University of Florida, 2015). 


Additionally, other studies related to technology applied to the 
patient with epilepsy (Sinha et al., 2017) in the United States, explain 
the methodology for predicting the result of surgical interventions in 
patients with focal epilepsy through computer models. In this case 
they created a prediction model based on the patient’s data 
specifically of the epileptogenic cerebral cortex, identifying the matrix 
of neuronal connectivity coming from the electroencephalograms and 
applying them to their simulation, which they explain has the same 
particularity of switching from a “bi-stable” state to a model in which 
seizures manifest themselves. In this way, they test in the model a 
possible resection of these areas, reflecting improvements in the 
results of the simulation, being able to verify them with the real 
situation of the patient, finding an approximation with 81.3% 
accuracy. It is relevant that also with the method they can evaluate 
alternatives in terms of resection of areas and results, they can even 
evaluate the consequences of eliminating areas of the brain to reduce 
seizures and compare more effective interventions. 


On the other hand, from another perspective related to neuroimaging 
companies, there are projects initiatives that join the field of artificial 
intelligence, data storage and cloud imaging, as well as the 
processing of this information using MRI images and clinical 
evaluation of the patient (Puch, S., 2018; Prčkovska et al., 2018), 
through medical image processing algorithms, the use of the cloud 
and a collaborative platform contribute to improving the diagnosis of 
neurodegenerative diseases. They respond to segmented solutions 
and an agile marketing strategy, based on the needs of the 
pharmaceutical sector with a customized user interface and report 
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As it is known in 
neuroscience, there are 
five types of brain 
waves. Gamma 
(concentration), beta 
(active, busy mind), 
alpha (passive, 
reflective attention), 
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sleepiness), and delta 
(during sleep). (Abhang 
et al., 2016)

Part I | Outstanding Technologies Related to the VEP Model 



visibility; as well as other solutions to hospitals and research 
institutions for virtual assessments through their models. 


Other similar technologies have been developed as devices or 
wearables for the prediction of epileptic seizures and being marketed 
for over a thousand euros, for example, during sleep (Arends et al., 
2018), although with certain limitations in terms of inaccuracy in some 
of their equipment (Ryvlin et al., 2020) due to false crisis warnings or 
lower sensitivity, being effective for a certain group of affected 
people; so it is urgent to continue the development of machine 
learning for these technologies. 


Also, the University of Sydney supported by Microsoft (Low, 2019) 
is developing these devices with greater precision, with the clear goal 
of alerting when a crisis is going to be evident and the patient can 
receive preventive care. Therefore, these devices or wearables can be 
an alternative development for the VEP and, although it does not 
imply being  a patentable discovery, it is a possibility to move some of 
its functionalities over new devices. For example, those patients who 
are authorized to drive, even if they are granted permission after one 
year of absence of crisis, without loss of consciousness and with 
medical authorization, can serve as potential protection; as well as 
children or older adults who may warn about these seizures and are in 
places where they may suffer severe falls and impacts. 





27

Video: The Human Brain Project. Source: Fortiss
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https://www.youtube.com/watch?v=TwWFM21MF9I


PART II. TOWARDS A FULLY EXPLOITABLE VEP
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In this second part we look at the current context of the VEP, with a 
path that starts from its competitive advantage through a SWOT 
matrix contrasted with the opinions of medical specialists in epilepsy, 
to the influential factors that allow or hinder the development of this 
technology in the market and to facilitate commercial and non-
commercial exploitation through a start-up. 


DRIVERS RELATED TO THE VEP AND THE 
HEALTHCARE INDUSTRY


Drivers are influential elements, those factors with sufficient capacity 
to exert force towards the success or failure of the VEP model in the 
industry so, in fact, they have a global scope. According to the direct 
or indirect influence they may have on the technology, they are 
grouped into three levels for the present study: The first level is 
closely linked to the model, starting from the ideal structure to bring 
the tool in practice to the market and the technical or operational 
aspects. Second level drivers have an intermediate influence, they 
include internal and external mechanisms of technology, while third 
level drivers are related to external macro factors, which determine 
both the introduction of VEP model and market success as its life 
cycle; as shown below:


 
LEVEL I DRIVERS


 

The following is a detailed description of the drivers involved in VEP 
model, mainly from a technological and organizational point of view: 


In relation to the organizational driver, the creation of a spin-off is 
initially proposed in France, with the intention of replicating the 
model in other countries. In this context, Storey and Tether (1998) 
mentioned by Hidalgo, León and Pavón (2013) explain: “New 
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technology-based companies NTBC are those whose activity requires 
the generation or intensive use of technologies, some of them not 
fully mature, for the generation of new products, processes or 
services” (pp. 471). This implies that given the nature of the 
innovations that are generated by research groups, the need arises to 
create organizations capable of promoting cutting-edge technologies 
or with an important technical level, with the capacity to generate 
useful solutions, they face the challenge of successfully reaching the 
market without a defined legal framework. For the case study, an 
institutional-type spin-off  and it is originated from the public sector 25

with financial and intangible assets support from the Human Brain 
Project (HBP). As a support strategy, a project has been launched 
called Improving EPilepsy surgery management and progNOsis 
using Virtual epileptic patient software (EPINOV), with 
participation distributed among the HBP, AMU, CNRS and AP-HM.


A second category which classifies spin-offs according to Tubke (2005) 
starts from the motivation in their creation, if they are promoted from 
the parent company or, on the contrary, as an initiative of the 
entrepreneurs. If it is promoted by the research team, it is called an 
Entrepreneurial Type Spin-Off -a case can arise in which the parent 
company does not agree with the creation of a legal figure and does 
not provide any type of support, or a conflict of interest arises-, while 
if it is initially promoted by the parent company, it would be a 
Restructuring Driven Spin-Off. For the purposes of the study and in 
accordance with the meetings conceived during this phase of the 
project, it is understood that the initiative comes from the creator 
team to materialize the innovations derived from VEP, so besides 
being an Institutional, it is an Entrepreneur type. In relation to the 
case study, the subcategory is related to the nature of Research 
Based Spin-Off, in order to transfer the results of a research and 
experimentation process to a market structure. This classification can 
be seen in a simplified way in the following illustration inspired by 
Tubke, highlighting in blue what characterizes current VEP software:


 Six types of institutional spin-off exist, those promoted by the public sector. The typology varies according 25

to their founders (if they are employees of the university or civil servants), the ownership of the technology 
license (university or public institute), it may or may not include a student as one of its founders, if it starts its 
activity in a technology park or incubator, companies in which the public body has held a stake in the capital, 
as well as those companies promoted by public institutions to offer a service through one of their units. 
Hidalgo, León and Pavón (2013).
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EPINOV 
Composed of high-
performance computing 
cluster,  TVB, Meg, MRI 
systems, epileptic 
patient unit expert in 
SEEG, and ECRIN-
certified data 
management center. 
(Dassault Systèmes, 
2020)



In regard to the strategy of technology exploitation (Hidalgo, León 
and Pavón, 2013) suggests two basic options that can be adopted: A 
Dissemination Policy and an Industrial Property based Protection 
Policy. On the VEP model a direct exploitation of technology has 
taken place, i.e. a strategy of protection through industrial and 
intellectual property has been established: the patent application is 
submitted at an international level and various specialised articles on 
the software are also published. 


Another reflection considered by the authors in this aspect is that 
when it comes to process technologies and not products that are 
useful to end users, the option of incorporating technology into an 
organisation's products can be considered. In this sense, it is 
understood that VEP software will be used mainly by medical 
specialists, radiologists and engineers. Therefore, some evaluations 
were carried out together with the research team on the possibility of 
the software to be moved to other areas and applications. It can be 
considered to distribute the software through licenses and to put 
freemium more specific functionalities, like the VirtualBrainCloud 
or access to more complex data. 


In relation to technical drivers, the VEP depends of several elements 
among which the pre-surgical evaluations mainly of the fMRI, SEEG, 
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Basic structure of the VEP Spin-Off.

The 
VirtualBrainCloud 
As a cloud-based 
platform for biomedical 
research and clinical 
decision-making. 
(VirtualBrainCloud, 
2020)

https://virtualbraincloud-2020.eu/tvb-cloud-main.html
https://virtualbraincloud-2020.eu/tvb-cloud-main.html


EEG and the patient's clinical history in order to establish the most 
accurate approximations per individual. Computer equipment or 
information technology (IT) systems by health centers which process 
and manage large amounts of data based on medical services and 
examinations, in this case as a means for the VEP to also store the 
information and be available to medical staff. The platform on which it 
operates is TheVirtualBrain , for running simulations on the dynamics 26

of the brain's neural networks over different periods of time through 
analytical tools with time series and functions, mainly. However, it 
should be considered, the software is still undergoing clinical 
evaluation and expects to receive the first official results in 2022 
and to be formally completed in 2024 with almost 400 
participants .
27

As regards data storage, a structure on which the model also 
depends, it is managed through its own database in which the 
fundamental values of the project are assigned, while the most 
complete data is stored in a software of the HDF Group with the 
capacity to store large and unlimited amounts of data, as well as 
being able to exchange projects between users who use the VEP. 
However, as it is planned to use the tool in health centers, patient 
data will be transferred to third parties to optimise diagnoses, 
obviously maintaining control and policies on data processing, 
providing them with records to authorise their transfer and ensuring 
that they are used for diagnostic and treatment purposes . 
28

Nevertheless, HBP has created the infrastructure “Federated Exascale 
Network for data Integration and eXchange” (FENIX) providing cloud 
computing services, large-scale storage -this infrastructure was 
created by a project called -Interactive Computing e-Infrastructure o 
ICEI- composed of a consortium of five supercomputing centers in 
Europe as BSC (Spain), CEA (France), CINECA (Italy), CSCS 
(Switzerland) y FZJ/JSC (Germany); so all outputs will probably be 
derived to this new infrastructure. 


 Jirsa et al., 2016. 26

 NIMH, 2018.27

 The General Data Protection Regulation is maintained throughout the EU, with national bodies responsible 28

for its enforcement. European Commission, 2020.
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C

Biobanks  
Have the power to build 
patient data 
repositories, digitizing 
personalized and 
identical avatars of each 
patient, allowing AI to 
perform simulations and 
progression of diseases.  
(ESR, 2019)






 
 

LEVEL II DRIVERS


In this section we will analyse the drivers of the VEP in the strategic, 
educational, collaborative and ethical fields: 

In the strategic area, applying part of Lichtenthaler's (2010) 
contributions to the VEP, it is possible to start from a market analysis 
related to work, that is, evaluating different markets in which one can 
enter, whose visibility is generated from the dynamics of collaboration 
and alliances with other organizations, which can bring technology 
closer to other business areas. Therefore, by executing a strategy of 
licensing the use of the VEP, an important step of technology transfer 
is being opened up in commercial terms together with an openness of 
vision in the health field, immersing itself in the challenge of being 
applied to improve the diagnosis of other neurodegenerative diseases 
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such as Alzheimer's, expanding the market target. To complement the 
characteristic elements of the market, the following table shows a 
strategic picture of the software, inspired by the analysis of the 
structure suggested by the MIT (2013): 
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LEAD CUSTOMERS

- Hospitals. 

- Clinics.

- Epilepsy research centers. 

- Universities and medical training centers. 

- Distributors of medical equipment. 

- Manufacturer of neurofeedback equipment. 

- Diagnostic imaging system companies. 

- Neurosurgical planning software companies.

MARKET 
CHARACTERISTICS

- Growing trend in digital diagnostic services.

- Highly qualified and expensive personnel. 

- High standards in surgical procedures. 

- Demanding in clinical data protection.

- Increased need for surgical procedures.

PARTNERS/
PARTICIPANTS

- Human Brain Project (HBP).

- Aix-Marseille University (AMU). 

- Centre National de la Recherche Scientifique (CNRS). 

- General Hospital Marseille (AP-HM).

INDUSTRY MEDICAL VISUALISATION

FINAL USER
Neurologists. Neurosurgeons, Radiologists, Engineers, Medical students, 
Patients.

APPLICATION
- Neurosurgical planning for epilepsy 

- Diagnosis.
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BENEFITS

- Reduction of the time in surgical intervention. 

- Precise and personalised brain model. 

- EZ and PZ simulator.

- Personalised medicine. 

- Allows the establishment of precise hypotheses based on the EZ and PZ. 

- It contributes to the precision of surgical operations. 

- It allows to reflect certain congenital malformations found in the EEG. 

- Non-invasive. 

- Flexible in its application, it allows to adapt to specific needs and parameters.

MARKET SIZE

(APPROXIMATE 

CENTERS)

- Surgical centers and hospitals with epilepsy surgical units, in numerical order 
(see references below*):


America: 289.

Latin America (84): Argentina (13), Bolivia (1), Brazil (25), Chile (6), Colombia    
(4), Costa Rica (1), Cuba (1), Dominican Republic (1), Ecuador (2), El Salvador (2), 
Guatemala (2), Honduras (1), Peru (1), Uruguay (1), Venezuela (23). 

North America (205): Canada (3), Mexico (10), United States (192).


Asia: 168. 
China (32), HK (3), India (39 for the year 2017 and an estimated by 60 by 2020), 
Indonesia (1), Japan (43), Korea (17), Malaysia (1), Nepal (1), Philippines (4), 
Taiwan (3), Thailand (3).



  


    Segmentation for the VEP.


35

*America: PAHO, 2013. Venezuela had high figures in epilepsy surgical centers for the last updated report. Nevertheless, given the 
crisis of the last few years, its health system is at minimum operating levels, with a lack of most of the medicines and supplies 
necessary for the treatment and intervention of neurodegenerative diseases. Asia: Rathore and Radhakrishnan, 2017; Trinka et al., 
2019. Europe: Jedrzejczak et al., 2013; Schijns et al., 2015; Alceepilepsia., 2016; García de Sola., 2015; Neligan, 2013; European 
Reference Network- EpiCare (2020) with information by country to be updated. Africa: Kissani et al., 2013; Khiari et al., 2009; ILAE, 
2020; WHO, 2002; Maiga, 2016; Callixte et al., 2013; WHO, 2019. There is no single report with overall figures for Africa, so the 
consultation is done by country and according to official reports, which are still to be updated. Oceania: Shih et al., 2018; 
Healthpoint, 2019.

DIRECT COMPETITOR - None identified so far.

RELATIONSHIP/
DEPENDENCE OF 
TECHNOLOGICAL 

TRENDS

- Virtual brain simulators, computer models.

- Software to predict results of possible surgical interventions in patients.

- Software for surgical planning in epilepsy.

- Wireless electrical impulse recording devices with EEG technology.

- Implanted electrodes and microstimulations or Deep Brain Stimulation (DBS) 
techniques.

- Image processing algorithms.

- Technological devices in graphene for early crisis prediction (soon to be 
introduced in the international market).

PLATFORM
- Epileptor. 

- TheVirtualBrain. 

- Windows, Mac, Linux.

Europe: 100.

Austria (4), Belgium (4), Bulgaria (1), Czechia (4), Denmark (1), Estonia (1), 
Finland (2), France (13), Germany (9), Greece (1), Hungary (3), Italy (2), Ireland (1), 
Lithuania (1), Netherlands (2), Norway (2), Poland (3), Portugal (6), Romania (1), 
Spain (10), Sweden (6), United Kingdom (23).

(Iceland, Malta, Latvia, Slovakia, Slovenia without surgical programmes in 
epilepsy, require international collaboration). 

              

Africa: ≥ 18

Burkina Faso (1), Cameroon (2), Egypt (1), Kenya (2), Morocco (4), Niger (1), 
South Africa (3), Tanzania (1), Tunisia (1), Uganda (1), Zimbabwe (1).


Oceania: ≥ 6 
Australia (4), New Zealand (2).
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In this context, some of the factors to be considered in the 
segmentation of the market related to VEP can be simplified. 
Different potential customers were identified, on the one hand, 
those who will make use of the technology -End Users- (medical 
specialists, engineers, radiologists, medical students) and on the other 
hand, those who would pay for it -Lead Customers- (Hospitals, clinics, 
epilepsy research centers, etc). Each one requires marketing strategies 
tailored to their needs, naturally for the case of End Users their needs 
will differ in terms of location, professional experience, learning 
methodology, requirement in their diagnoses, to mention a few 
aspects. 


For the Lead Customers, the need is determined mostly in handling a 
vanguard technology, new knowledge and introduction of specialized 
equipment in surgical interventions, besides a differentiation in their 
professional services. In the case of centers specialized in medical 
technologies related to epilepsy, universities, congresses and 
symposia in this area, through quality training with certifications for 
the professionals. Equally important, the characteristics of the market 
in which the VEP will be developed follow a trend in developing 
intangible assets as far as the health sector is concerned. Certainly, 
they vary within the structures of the health organizations and start 
from professional licenses, certificates of need or CONs , relations 29

with patients, patent registration, agreements of different nature 
regarding services, suppliers, among others (Jelonek and Chluski, 
2014). 


However, with regard to the context of the neurological sector 
specifically for the treatment of epilepsy, those related to licensing 
agreements for the use of software packages and equipment are 
involved, as they are the Information Technologies (IT) that operate 
within their organizational structures, for example, the system for 
recording patient data, image results and additional medical 
examinations. Therefore, the advance of digital platforms constitutes 
a competitive structure of health organizations, allowing the 
improvement of diagnostic services and the commitment of qualified 
personnel. In other words, the VEP model offers a novel alternative 
as an intangible asset and a new skill for qualified human capital, 

 In the United States, a Certificate of Need (CON) must be requested for certain technologies and products 29

in the healthcare field. It is also a regulatory mechanism that can restrict the entry of various competitors into 
certain healthcare environments. National Conference of State Legislatures (2020). 
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End Users 
those who will use the 
technology 
Lead Customers 
those who would pay 
for it

VEP opportunity: 
There is an ongoing 
discussion about the 
future of the 
radiologist’s 
profession given the 
advent of machine 
learning in AI, which 
requires these 
specialists to obtain 
skills that interact with 
these new 
developments (Hardy,  
et al, 2020). 



in addition to being a technological tool that adds value to the 
services offered by the medical sector. 


With regard to the exact size of the entire market, it is complex to 
determine in this study, since the long-term interest is to move it to a 
global scope, an approach has been made with epilepsy surgical 
centers as part of the main market. However, there is research and 
certain data related to epilepsy - data that is very dispersed and 
possibly limited because it is related to the field of health and, 
therefore, the privacy of patients - that helps to have a rough idea by 
geographical area, which is why, identifying the End Users and Lead 
Customers, an an approximate idea of its size can be obtained. 


For example, it is clear that there is a growing trend in epilepsy 
surgery especially in Latin America and Asia, and in general, there 
is an increase in neurodegenerative diseases related to the elderly, 
also accentuated in Europe. It is imperative to collaborate with the 
LMICs that have the highest concentration of people with epilepsy (i.e 
80% of those affected) even with the disjunctive of presenting fewer 
medical personnel  and appropriate facilities for the interventions, 
unlike the more advanced countries.  


As for the number of centers specialized in epilepsy surgery beyond 
Europe and for possible insertion of the VEP, for example, in India, 
only two are operational in major cities, taking 50% of the 420 
surgeries per year (Watila et al., 2019). However, in another study 
(Rathore and Radhakrishnan, 2017) 39 epilepsy surgery centers were 
identified, confirming the theory of Watila et al. (2019), the two 
centers that have taken more operations to the year are in New Delhi 
and Kerala, nevertheless, it is necessary to delimit that they have more 
time of being founded (1995 and 1997 respectively), they also foresee 
that by this year 2020 they will amount to about 60 surgical centers. 
As for the United States, the following were recorded in 2012, about 
170 epilepsy centers, including also hospital neurology services, 
being some 221,000 Americans who come to these centers at least 
once a year (part of the one million refractory epilepsy patients in the 
country, (Gumnit et al., 2012) in conjunction with the National 
Association of Epilepsy Centers or NAEC. By the 2019, the NAEC 
(2019) already had some 192 level 4 epilepsy centers, 54 level 2 
centers and were considering granting accreditation for 10 new 
centers. 
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Although mental 
illnesses are not 
considered to be the 
main cause of the death  
in other adults, there is 
still an increase in the 
mortality due to them 
and a decrease in the 
rest of the illnesses 
considered to be the 
main ones: of the 
circulatory system, 
cancer and respiratory 
illnesses (Abellán and 
Ayala, 2017).

Image: Neurology 
Department in India. Fortis 
(2019). 



In Spain there is no recent data on the number of operating centers 
for epilepsy surgery. Notwithstanding, 14 were recognized nationally 
and five CSUR programs were created in 2010, as specialized units in 
hospitals of different provinces in the country (García de Sola, 2015) 
-currently 8 CSUR centers are recognized in refractory epilepsy-. In 
Italy, 2 centers specialized in surgery are located in Milan and Pozzilli, 
although LICE recognizes about 50 centers of diagnosis and 
treatment. According to the investigations it was possible to count 
also centers specialized in epilepsy: France (13), Portugal (6), 
Switzerland (4), Denmark (1), Netherlands (1), Norway (2), Sweden 
(6), Finland (2), UK (23), Belgium (4). 


Another aspect to consider within the strategic driver is the creation 
of innovation support structures in different regions, which provide 
physical, human and technological resources in EBRAINS, called 
Facility Hubs. With this they seek to encourage collaboration and 
international competitiveness, in specific physical points that promote 
the dynamics of networking in different regions of Europe. For the 
VEP, would be an opportunity as a meeting point between 
researchers and technicians to improve the learning of the tool.


In the present study it is recommended to establish in the Facility 
Hubs defined objectives related with each region and in line with the 
expectations of the HBP, considering local aspects of market 
introduction, different needs of end users and lead customers already 
defined above clear financial projections and expectations if 
applicable, and organizational aspects that can be measured to be 
improved in the long term, such as KPIs (understood as those 
variables that help us verify whether or not the objectives have been 
achieved, for example, number of users using the VEP, interactions 
within the software, technical assistance, etc). Another suggestion is to 
maintain and make more flexible the integration within the teams that 
are developed in the Hubs, understanding the multiple disciplines 
and enhancing the skills that can be developed for the benefit of the 
project. 


On the other hand, educational driver will determine the diffusion of 
the tool in the market through courses and certifications, as well as 
the exchange of new knowledge between medical platforms for 
the improvement of diagnostics. The courses can be given from the 
health centers themselves or through the organization of the VEP and 
its specialists, to facilitate these international certifications. 
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“In some EBRAINS 
Facility Hubs there will 
be highly specialized 
equipment and in other 
cases, users could 
remotely access to 
facilities and work from 
anywhere”. (León, 2020)

https://sos-ch-dk-2.exo.io/public-website-production/filer_public/2d/22/2d22897e-053e-4b7a-9493-309bf9d960ae/innovation_team_newsletter-oct2020wp8d.pdf


Partnerships with other organizations in the field of epilepsy can 
facilitate participation in medical conferences and symposia on a 
regular basis, maintaining updates in the industry and in turn as a 
strategy for talent acquisition and an alternative income stream. 


The collaborative environment driver has an important weight in the 
software and its long term positioning in the industry. On the part of 
hospitals and specialized centers, allowing the tool to be adopted 
and the medical staff to perceive it as an opportunity to improve 
their diagnoses and strengthen their professional brand. In 
addition, create spaces for exchange of opinions regarding the use of 
the VEP for specific cases of patients, whose dynamics can serve as an 
example for other specialists in the sector and generate more precise 
data, useful for improve the software. 


Equally, to encourage relationships with organizations which brings 
together professionals related to epilepsy worldwide, such as the well-
known International League Against Epilepsy (ILAE), epilepsy 
associations, epilepsy and neurology societies, which concentrate 
their efforts on bringing together knowledge and specialists in the 
field, aimed at social programs and patient care, in addition to serving 
as a means of information on the disorder and procedures through 
conferences. They are organizations that are committed to new 
advances and show a warm welcome to initiatives that can help them 
fight the disease, evidently they have a network of contacts and an 
organizational structure that would allow them to position the VEP as 
a diagnostic tool in different regions on an international level. 
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Video: VEP Tutorial. Source: INCF 
VEP opportunity: 
Personal branding 
for Physicians, would 
make it possible to 
strengthen the range of 
services offered.
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https://www.youtube.com/watch?v=LYU1plFcxVI


A further reflection is that, if efforts and resources are organized in the 
LMICs to develop specialized surgical centers with the help of 
international organizations, not only would more people with this 
disorder benefit from not moving to receive better health care and 
surgery, but it also increases the international of the VEP. As 
regards the ethical driver, such as those referring to NeuroRights in 
the field of neurotechnologies (Yuste et al., 2017); most of the medical 
technological innovations -including the issuance of their respective 
diagnoses by specialists, evaluations, prescriptions, patient care, etc.- 
are inevitably related to the ethical aspect, without this constituting 
any novelty. In the very long term, given a scenario in which AI is 
further developed through deep learning in diagnostics and surgical 
interventions autonomously, in a fully autonomous manner for 
example, a dilemma arises as to who is responsible for the diagnosis 
when it is not favorable to the patient, constituting a “black box” as 
explained by specialists in the sector (de Souza, 2019).

 

However, beyond addressing the philosophical perspective inherent 
in their root cause, ethical factors show the raison d’être of the VEP, 
those who encourage him to collaborate in the field of 
neurodegenerative diseases, concern of the human being throughout 
his existence. Undoubtedly, the development of medical technologies 
including the VEP or any other, naturally they must be aligned with 
social needs and concerns, including those related to the treatments 
of patients. Those related to the protection of sensitive data and 
exclusively for the improvement of diagnostics, as well as avoiding 
control over third parties in the doctor-patient relationship in trials, 
this last aspect is more susceptible on the pharmaceutical market than 
on the software market. 


 
LEVEL III DRIVERS
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Neurorights  
Originated by Columbia 
University  in 2019 and 
directed by Dr. Rafael 
Yuste, created to 
protect our minds and 
our society. This 
neurorights rest on 5 
basic pillars. 
(Neurorights Initiative, 
2019). 

https://neurorights-initiative.site.drupaldisttest.cc.columbia.edu/sites/default/files/content/The%20Five%20Ethical%20NeuroRights%20updated%20pdf_0.pdf
https://neurorights-initiative.site.drupaldisttest.cc.columbia.edu/sites/default/files/content/The%20Five%20Ethical%20NeuroRights%20updated%20pdf_0.pdf


In this section are considered social, legal, economics, health and 
political drivers about the VEP: 


In relation to legal driver, implies mainly the scenario where the VEP 
will be developed, including laws and regulations of the countries or 
locations where it will be used. This study has been approached from 
a basic general framework to a more specific one: The first follows a 
basic pattern, for example, concerning patients’ rights in Europe , 30

that fundamentally respect the patients’s right to privacy and access to 
their clinical records, confidentiality, as well as protection against any 
interference of interests by a third party in doctor-patient relationship 
for the development of studies. 


In this sense, the VEP create a virtual simulation process from the 
clinical analyses previously performed by the clinic staff, as a non-
invasive procedure and in absence of risk for the patient, without 
implying a conflict of interest. Also laws in relation to epilepsy, those 
that defend the rights of those affected, mitigating the stigma and 
limitation on certain activities, although not directly related to certain 
activities, although not directly related to the VEP, are definitely part 
of this basic legal framework and should not go unnoticed. In the 
clinical trials, for example, there is a legal frame to be considered, as it 
is performed in France .
31

It may also be considered the European Medicines Agency (EMA) in 
conjuction with the European Network for Health Technology 
Assessment (EUnethta), as entities aimed at the supervision of 
medicines, procedures and technologies developed within the 
healthcare field. At any stage of development of a project in the 
medical sector, guidance can be requested, given that there are two 
routes in its scope, centrally or nationally, the first involves a single 
request facilitating its introduction in one or more countries members 
of the EU. It is true that the EMA is mostly directed to pharmaceutical 
sector, however, works with the EUnethta to unify and make the 
process of evaluating medical technologies more accessible. They 
also provide a qualification opinion for diagnostic programs and 
models, validating the hypotheses and tests executed in these 
projects, issuing reports in which claims to agree with the models and 
the approaches reached. 


 Declaration on the Promotion of Patients Rights in Europe in 1994. WHO, 2011. 30

 Regulation (EU) Nº 536/2014 of the European Parliament and of the Council of April 2014. EMA, 2020.31
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EMA does not have 
the authority to allow 
the marketing of 
products and services in 
the health field, but the 
European Commission. 
However, its reports 
and ratings are 
considered by it. (EMA, 
2020)

Part II | Level III Drivers



In fact, there is an evaluation process in medical technologies known 
as Health Technology Assessment (HTA), although it is not 
mandatory and does not follow a strictly standardized procedure, it is 
applied and adapted by organizations and entities responsible for 
introducing new techniques or drugs into the industry, because in 
words of European Commission (2020): “Measures the added value of 
a new health technology compared to existing ones. Examples of 
health technologies include medicinal products, medical equipment, 
diagnostic and treatment methods, rehabilitation, and prevention 
methods” . 
32

Therefore, the EUnetha is an European organization responsible for 
guaranteeing -among other aspects- that the HTA process for new 
medical technologies guarantees objective, useful and fair information 
for patients, medical staff, as well as for the partners of the 
responsible organization . In the case of establishing a Spin-Off 33

independent of EBRAINS AISBL, probably this organization could be a 
path to evaluate the technology, at the same time adhering to the 
government and integrating a network of accredited institutions in 
different parts of the EU. 


Also has been identified another organization known as European 
Clinical Research Infrastructure Network (ECRIN) , and it is 34

confirmed that EPINOV has a certification in data storage issued by 
them . This organization offers multiple services to this type of 35

projects, ranging from accompaniment at the start of clinical trials with 
free advice, validation of procedures, to the management of patient 
data. In long term, in case of establishing a Spin-Off, considering that 
personal data are registered through the VEP, probably the 
management and storage process of these once the clinical trial is 
over, either by the IT system of hospitals or medical centers where the 
studies are carried out, and on the other hand, with respect to the 
software, it could be by ECRIN or FENIX, if maintained as a support 
structure for data storage -information to be confirmed-. 


 Health technology assessment. European Commission (2020). 32

 EUnetHA (2020). 33

 ECRIN, 2020. 34

 Dassault Systèmes, 2020; ECRIN, 2020.  35
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Health Technology 
Assessment (HTA), 
Is defined for the first 
time in 1976 by the 
Office of Technology 
Assessment (OTA) 
-when it existed in the 
United States- was the 
entity responsible for its 
application and 
recognition in the 
industry, especially in 
the health field, later the 
technique was 
transferred to Europe. 
(Banta, 2003).

Part II | Level III Drivers



Another compliance factor as far as data is concerned is the current 
General Data Protection Law (GDPR)  in Europe, as an important 36

regulatory tool to consider. In Spain, for example, public organizations 
and companies that manage sensitive data are obliged to designate a 
figure as Data Protection Officer, who is responsible for compliance 
with the specifications of Law . In the United States, for example, 37

the equivalent is HIPAA created precisely due to the rise of 
technologies in this sector in favor of the protection of people’s 
information, in the case that if this tool is to be introduced in that 
country. 


Within this legal framework there are also those related to patents, 
such as the PCT , the patent laws and utility models published in 38

each country. Similarly, other regulatory instruments concerning the 
introduction of the technology in different geographical areas are 
added, for example, in the United States, some requirements may 
vary by state, as Certificates of Needs (CON)  that, although are not 39

directly related to software, are related to possible barriers to the 
introduction and operation of neuroimaging technologies in their 
healthcare centers-such as MRI or CT scanners. For the introduction of 
the VEP, in a general sense, the regulations are mainly related to the 
U.S. Food and Drug Administration (FDA) , in addition to complying 40

with strict regulations by other agencies such as the Federal 
Communication Commission (FCC), the Federal Trade Commission 
(FTC), the Health Insurance Portability and Accountability Act 
(HIPAA) . In Europe, there is the rating report issued by the EMA, 41

already explained, which is considered by the European Commission. 


For example, based on the concern of whether the VEP software is or 
not a medical device for legal purposes in the United States (for being 
a software) and in order to understand in a basic form the regulations 
that regulate this technology and how it could be introduced, the 
definition offered by International Medical Device Regulators 
Forum (IMDRF, pp. 6): “Software intended to be used for one or more 
medical purposes that perform these purposes without being part of a 
hardware medical device”.


 General Data Protection Regulation (GDPR). Official Journal of the European Union, 2016.36

 Ley Orgánica de Protección de Datos de Carácter Personal, 2017.37

 Patent Cooperation Treaty. OEPM, 2018.38

 American Health Planning Association (AHPA), 2016. 39

 Recognized Consensus Standards. U.S Food & Drug Administration, 2020. 40

 U.S Department of Heatlh & Human Services. HHS, 2013. 41
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Health Insurance 
Portability and 
Accountability Act of 
1996, requested at the 
United States 
Department of Health 
and Human Services. 
(HHS, 2013)

Software as a Medical 
Device for diagnostic 
purposes, without being 
part of a hardware 
medical device. 
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In this sense, the IMDRF is an organization composed of regulatory 
institutions in different parts of the world, precisely because it tries to 
consolidate within a single framework regulatory aspects inherent to 
new medical technologies. Thus, the VEP could be related to the 
Software as a Medical Device (SaMD) , concept also considered on 42

the EU regulatory framework for medical devices , thereby, the 43

VEP would be introduced as a device, for being a computer program 
for the purpose of diagnosis, prevention, monitoring and prognosis of 
epilepsy -Annex VIII, Chapter III, Classification of Software in 
Regulation (EU) 2017/745-, also of class I ; so in the United States it 44

would not be directly regulated by the FD&C Act., in accordance with 
the FDA (2020) . 
45

As briefly described, this regulatory frame could have a discouraging 
effect on both the creators of new medical technologies and the end 
users, for one side, delays entry into competitive markets either by 
the time it takes to comply with the proposed processes and 
standards, in other cases, the lack of homogenization of international 
standards has led to organizations such as the IMDRF to propose 
certain regulations in a global and standardized form , while on the 46

other side, is kept waiting for users who could obviously improve their 
diagnoses (at least for technologies that accomplish their goal); so it 
could lead to other concerns such as how long it would take to 
expand the benefits of new medical technologies to LMIC, what is the 
spillover effect of these medical device regulations between the LMIC 
and HIC, and which regulations need to be more flexible for a 
scientific and technological entrepreneurial environment that is 
constantly growing and changing.


Finally, the third level of the legal aspect concerns certifications and 
standards related to the software, as the ISO 13485 used in the 
devices of the medical industry, as well as certifications that accredit 
the handling of VEP. Regarding the certifications, it issues ECRIN, one 
of which the EPINOV already has, as explained above, is part of the 

 U.S. FDA, 2020.42

 Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017. 43

 I. e., it implies a lower risk for the patient, according to the three risk classification groups. MDR, 2017. 44

 Additionally, they request a report called Premarket notification or 510(k). Carey, 2020. 45

 In March of this year, a document was issued that harmonizes aspects related to cybersecurity, recognizing it 46

as a global concern. Among other aspects, they want to channel the different regulations of these devices into 
a common framework, protect patient data so they can have a more accurate diagnosis, objective, errors free 
and difficult to access by unauthorized persons. IMDRF, 2020. 

44

Part II | Level III Drivers

ISO 13485 
Is an international 
certification for 
companies involved with 
the installation, design, 
production and service 
of medical devices.  
ISO, 2020.

Image: U.S Food & Drugs 
Administration.



129 current standards or requirements regarding data management 
and storage in Europe (Ohman et al., 2017). It could also start to be 
more relevant the certification ISO 14971:2019 in relation to 
cybersecurity in medical systems, addressed in more detail in the 
Principles and Practices for Medical Device Cybersecurity . 
47

Regarding the economic driver, first of all, studies explain that 
(Wiebe et al., 1995; Malmgren et al., 1996 and Schiltz et al., 2016; 
mentioned by Watila et al., 2019) in assessing the costs of surgical 
interventions, they either involve a significant investment of money for 
the patient to afford, but in terms of cost they may be more 
effective than pharmacological treatment over time - given their 
cost/time ratio according to the study-.  However, deciding whether or 
not to resort to surgery is naturally an element considered with 
prudence by the specialists. 


In second place, the VEP is developed in the countries of Europe 
initially, has costs associated with the experts involved in the creation 
of the project, which has been taken over by the European Union. 
Also, as a diagnostic tool requires specific knowledge and experience 
of neurosurgeon, neurologists, radiologists and engineers for its 
application. Therefore, the long-term marketing price must consider 
both the investment of the intangible asset that makes it possible to 
virtually reflect the dynamics of the seizures, and the fees of the 
professionals who will use the tool, the physical facilities, etc. So far, 
the price of the software has not been published, and according to 
the self-evaluation of the research team, the technology is in the stage 
7 of TLR Assessment or in the test phase before its launch to the 
market. 


It is true that the creation of new technologies do -as far as possible- a 
democratization of accessibility in the long term, in other words, that 
its use is available to as many people as possible and its cost is 
decreased over time. The medical industry is no an exception, 
however, requires huge amounts of money for the initial development 
and testing phases, commonly involving other companies, 
foundations, and governments, as well as the team of scientists, 
physicians, and other experts, who will eventually analyze the imaging 
tests and praxis. Therefore, the economic driver related to the 
introduction of a medical technology in the market also moves 
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Technology 
Readiness Level 
(TRL)  
Is a measure created by 
NASA that evaluates 
the degree of maturity 
of a particular 
technology, between 1 
and 9 levels. It has been 
applied since its origin 
in the 70's on several 
innovation projects. 
NASA (2012).
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according to the investment willingness of institutions and 
governments, not only to bring it to the market, but to make it 
accessible in the LMIC. 


This area is also influenced by the political driver, or the willingness of 
governments in all parts of the world to maintain active epilepsy 
programs, to promote education regarding the disease, to value and 
finance technological and entrepreneurial initiatives. In relation to 
social and political driver, the first alludes to the intrinsic mission of 
VEP as it has been explained throughout the research, it facilitates an 
advance in the diagnostics, also achieving the participation of doctors 
and scientists from different parts of the world. Another social aspect 
is to differentiate the continuous needs of the human being, which 
can lead to apply the methodology to segments that have not been 
explored or to be able to move to new applications. The health 
aspect has to do with the willingness of institutions to recognize this 
assessment tool and its usefulness, which in the end will enhance and 
personalize the services offered to patients.  
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As a complement to the driver evaluation, a SWOT 
analysis applied to the software VEP is presented, 
identifying the strengths of the tool and being able 
to fit them into possible market opportunities, with 
greater determination on possible weaknesses and 
points of improvement, coupled with present 
threats and possible factors that may arise to the 
detriment of the application and development of 
the tool. 


For the software have been found so far eight 
elements that starting from the demand of the 
health sector towards a personalized medicine, 

addressing the needs of each patient coupled with 
the growing trend in the industry to offer digital 
solutions or intangible assets. The model allows the 

introduction of specific parameters as explained previously and 
provide the most precise diagnostics for each epilepsy patient. On 
the other hand, it is considered that it has the possibility of shortening 
the time in the surgical interventions, precisely by identifying with 
greater accuracy the EZ and PZ. Another opportunity that can be 
considered as part of the implementation, it is about the training 
methodology of the VEP and as another marketing strategy, through 
training courses, workshops, specialized forums, professional 
certifications, virtual discussions, webinars; all this with the idea of 
concentrating partners and professionals of the sector or related that, 
in a multidisciplinary space, can share opinions, knowledge and 
experiences, necessary scenarios to expand the benefits of the tool 
and its approach to potential customers.


On the other hand, according to the VEP creator team, is beginning 
to be tested on Alzheimer's patients, developing that long-term 
possibility of extending to other neurodegenerative diseases and 
evidently to other market segments. Likewise, the model could 
contribute to the pharmacological industry in the long term to 
evidence reactions and changes at the neuronal level, constituting an 
opportunity towards an industry in constant growth. In reference to 
the fifth point in the opportunities matrix, regarding its possibility of 
serving as a support for other preoperative stereotactic evaluations, 
such as existing neurosurgical planning softwares, it can be stated that 
the VEP is is a model that contributes to decision making by expert 
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Image: Fabrice Bartolomei and Viktor Jirsa. Human 
Brain Project (2019)

Latest studies on 
Alzheimer’s 
disease with machine 
learning show significant 
predictions in healthy 
individuals, the mean 
time to diagnosis was 
7.59 years. (Eyigoz et al., 
2020)



personnel by identifying epileptogenic areas with a certain possibility 
of resection. 


Another aspect valued by physicians, according to 
opinions considered in the interviews, was precisely 
having this noble possibility of inserting 
themselves in less privileged social sectors. Being 
an open source model for now, extended to other 
count r ies where bet ter assessments and 
personalized treatments are required, as mentioned 
in previous segments, 80% of epilepsy patients live 
in low- and middle-income countries, where access 
to treatment is extremely difficult. The VEP could 
also be inserted as a pre-surgical assessment in low 
resource countries, improving the quality of life of 
these people regardless of where they are.


Also, an important long-term assessment is that, as 
new data are entered into the model from hundreds 

of patients, there is a possibility that the VEP take those studies in the 
interest of simulating the EZ and PZ for new patients, without going 
through invasive pre-testing, because the model collects all the 
information from these evaluations, storing a record for the future to 
further develop and optimise the tool, both in the reconstruction of 
the virtual brain and in the parameters that allow the simulations. 
According to the Innovation UPM Team, this would require much 
improvement in decision making procedures with Artificial 
Intelligence (AI).


Among the strengths, as shown in the next figure, it can be shown 
that with the support of The Virtual Brain a precise and personalized 
model of the brain is reconstructed, with cutting-edge software to 
detail the morphology. It is underlined the benefit of obtaining the 
final model of the software for a patient within 24 and 48 hours, as 
neuroscientist Viktor Jirsa argues, part of the creator team. 
Contrasting to the fact that, as Dr. Bryan Strange, Director of the 
Laboratory of Cognitive and Computational Neuroscience CTB-UPM, 
the decision to evaluate a surgical intervention can take years, 
however, reconstructing the model takes a relatively short time 
and can contribute to making the best medical decisions. Another 
strength of the software lies in its ability to project the evolution of the 
disease, which was another of the concerns that were raised as an 
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The rise of AI 
applied with precision 
to Neurodevelopmental 
disorders (NDDs) such 
as autism spectrum 
disorder, epileptic 
encephalopathy, ADHD, 
and rare genetic 
disorders. (Uddin et al., 
2019)

Image: Fabrice Bartolomei and Viktor Jirsa. Human 
Brain Project (2019)
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attribution of the model, in other words, disease progression means 
parameter progression, as Jirsa points out.


Regarding the Threats, it is probably true that this type of simulation 
does not so far show a direct competitor in Europe, however, other 
countries also have the possibility of creating solutions that can be in 
line with the VEP, to offer software related to simulations. In addition, 
inconsistent strategic planning coupled with the difficulties of 
introducing new technology into the health field could undermine in 
the long term at least the intentions to make the model a cost-
effective instrument, especially since data protection requirements 
and controls are emerging in this industry, certifications that support 
quality standards, for example, and naturally their procurement 
processes differ in different countries. 


 
In this context, Hidalgo, León y Pavón (2013, pp. 472) point out: “New technology-based 
companies emerging from other pre-existing companies (corporative spin-offs) have a 
failure rate of around one third that of other types of new companies”, in this sense, they 
claim that in Europe technology-based companies have presented challenges in their 
positioning over time, by maintaining a relatively minor experience curve compared to 
countries like the United States for example, whose technological industry has evidenced 
the development of important clusters, such as in Silicon Valley, which have helped to 
consolidate their technology-based companies. However, the authors emphasize the 
activities in conjunction with scientific-technology parks, to promote these new 
companies, which could be applied to the VEP. 


In relation to the Weaknesses, naturally the model needs the 
introduction of parameters that are mostly obtained from 
previous medical evaluations and diagnosis of the patient, in 
other words, it maintains some dependence on other 
diagnoses in order to achieve correct accuracy, tests that 
usually involve a high cost. There is the long-term possibility as 
explained in the Opportunities quadrant, that it can simulate the 
EZ and PZ as more simulations are performed and data is entered 
into the model that serves as a reference for future testing and 
reduces the need for further testing. It is necessary, according to 
the creator team, for cases where MRIs do not show clear results 
due to lesions in the brain, the engineer must manually enter the 
parameters in the model, so if there are not enough exact 
metrics or the correct ones are not applied, it will evidently have 
a negative impact on the predictions, according to the creator 
team.
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C

University Spin-
Offs tend to explore 
different possibilities of 
application in the market 
given their short 
experience, through 
direct marketing or 
licensing; while 
Corporative Spin-
Offs, generally founded 
by experienced 
managers focused on a 
potential market niche 
given a technology 
solution. (Clarysse et al, 
2010).
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A technological roadmap allows to link information and processes 
under a scheme that supports business strategies and innovation 
planning. In this sense, a framework is created in which, through 
multiple layers, the stages and evolution of key aspects related to 
the business are reflected, as well as the connection of these 
elements within a range of time. Commonly, these elements are 
integrated by strategies, innovation and operations (SIO) with 
different time frames (short, medium and long term), whose processes 
are manifested in different layers, products modifications, service 
improvements or technology strategies reflected in the roadmap 
(Phaal et al, 2009). The roadmapping methodology can be applied at 
any level in the business arena, and enables the linking of business 
and technological objectives. 


The roadmaps constitute a strategic planning tool in the technological 
field, integrating in a dynamic form the different levels in which an 
innovation is developed, identifying similar products and its 
weaknesses (Lichtenthaler, 2010). Until ten years ago, the process of 
acquiring licenses was ignored in the open innovation processes (Ibíd. 
pp. 430): “Technology exploitation in open innovation processes has 
received insufficient attention. Despite the major impact of research 
into open innovation, our understanding of technology exploitation in 
this context is limited”; in addition, the large firms with active 
licenses have a greater advantage over the rest, by including them 
as part of their exploitation strategy tighter with the fact that most of 
them are involved in the acquisition of external technologies. 

 

For the creation of the roadmap for this technology, the different 
relationships between the developed software with its main features, 
its applications and the most influential drivers in a period of time of 
10 years, have been considered. In addition, for this planning 
method, the VEP approaches analyzed in this study, as well as those 
of the experts who created the model and the opinions of external 
experts are considered. Initially, it is reflected in the following table 
and taking as reference Velasco, Jing and Labra (2016) the macro-
trends and others applicable to the industry in which the VEP will be 
introduced, as part of the international competitive scenario.
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1987 
Year in which 
Motorola integrates 
crucial elements of its 
products into a strategic 
plan for the future,  
anticipating their 
business managers on 
new functionalities, 
market trends and ways 
to create and combine 
their products; through 
a roadmap (Willyard 
and McClees, 1987), 
philosophy that is 
preserved and 
appreciated today. 
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Therefore, once the problem that the VEP software seeks to solve is 
understood, its nature, organized the macro-trends inherent to its 
market, evaluated its drivers, understanding its limitations, model 
functionalities, as well as considering the opinions about the needs of 
those who would possible use the tool and a market segmentation, 
this study identified and developed possible future applications, 
integrations and improvements; these can be considered in 
forthcoming studies in the area of technological exploitation and the 
medical sector. 


The main factors that experts consider for any technological roadmap 
are essentially based on the project’s vision and mission, objectives, 
deadlines and strategic areas. Secondly, the features and solutions it 
offers or the need it covers, the level of deployment, the market 
segmentation; in other words, the factors that have been evaluated 
throughout the research. With all this analysis we have identified the 
roadmap components and integrated the most relevant drivers and 
excluding those elements that have a lower degree of influence. To 
organize all the approaches of the present research in the 
technological roadmap, a table has been created showing the 
strategic areas of the VEP, along with other columns explaining its 
positioning, while the degree of influence is arranged in descending 
order: 
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Construction of technological roadmap variables for the VEP.



With the variables evaluated, we proceeded to organize and detail 
precisely the elements that compose the roadmap, finally reflected in 
the previous table. Considering the contributions of specialized 
authors in roadmapping as Phaal et al. (2009) and more recently 
Lombardo et al. (2017), it was possible to address some of the 
concerns raised at the time of creating the tool. The common 
drawbacks arise from the fact that the product does not get sufficient 
support either financially or in terms of marketing; secondly, the 
emergence of doubts regarding the product in terms of its 
characteristics and dates within the roadmap; and thirdly, cases where, 
for example, the ideas do not suggest alignment with the vision. 


In the course of this research, the necessary depth of understanding 
of the problem has been reached, the VEP model, the market and 
future possible applications. However, this should be considered as an 
assessment that will be subject to change both for the complexity 
of the model and for the diagnoses of the disease itself. The table 
consolidates all the variables considered, also identifying the problem 
or necessity to be solved, the resources and human capital necessary 
to execute them, the degree of development or stage of the 
strategies and finally the level of priority. 


Aligned with this perspective, setting priorities within each one of 
the activities is another challenge that have been analysed, because 
as the authors suggests, numerous good ideas can be brought to light 
and executed, but the primary focus is to implement them with the 
level of urgency they deserve and in a timely manner so the marketing 
and commercial departments can follow through with plans without 
losing opportunities due to delays. Finally, identify for each of these 
elements, the reason that they have been considered as part of the 
roadmap, which need is expected to be covered and the level of 
priority defined so that different teams within the project can perform 
their duties in accordance with the future vision and the most 
important objective of the model. The programme online SharpCloud 
is used to reflect the evaluated elements in a dynamic way. 


The main challenge within the VEP roadmap structure is to understand 
and be aware of what the needs are and how to adapt to the new 
diagnostics technologies (both Lead and End customers), and much 
of that effort has to be aligned with the scientists and engineers 
working on improving the tool together with the marketing and 
commercial departments, which are going to channel these needs 
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C

The technology  
strategy aligned with 
its specific goals and key 
results -or measurable 
progress- OKRs. 
(Lombardo et al., 2017)

C

Did you know? 
NASA’s 15 technology 
roadmaps follow a 20-
year timeframe, focusing 
on R&D activities.  
(NASA, 2020)



into the markets, in other words, one of the roadmap’s strategies is to 
achieve a technology that considers first of all the problem to be 
addressed and the needs of those who will make use of it, introducing 
the improvements in the software according to this continuous 
evaluation of perspectives, contrary to users being the ones who 
may be adapting to the tool throughout its life cycle. 


Another important output of this research is shown in the last row of 
the table, which reflects possible applications of VEP and fusions, 
some already explained in the study as they are: 1) *Smart wearable 
technology for seizure predictions, 2) *Smart wearable technology for 
tracking EEG brain waves, 3) *Identify brain areas to locate DBS 
System, 4) *Support advances in Optogenetics, 5) *Support advances 
in Neural tissue engineering (NTE), 6) in Migralepsy* and 7) in 
Alzheimer’s disease*. 


62

Preliminary version of the VEP roadmap using Sharpcloud

Part III |  Roadmap, Studies and Targets Found for the VEP



Therefore, an important aspect of the roadmap is that in addition to 
being a planning mechanism, it is also considered a communication 
tool with the experts who will make use of the model, because 
they are the ones who can bring valuable ideas and characteristics 
based on their own experience, considering their medical routine and 
their patients, even in the case of companies related to health sector 
technologies. The next challenge was identifying the exact dates and 
duration of all its elements, so they are displayed under the 
consideration that they represent times subject to change, although 
with the intention of being as approximate as possible.


Together with this perspective, the ideal in this planning mechanism is 
to avoid falling into the trap of promising objectives that are not 
fulfilled or low reliability, for this reason it has been evaluated at a 
deeper and more realistic level on the technology and the market, as 
well as validating it with experts in the area who can consider its future 
possibilities and technological improvements, for this reason a 
technological  roadmap will be periodically updated.  48

 

STUDIES AND TARGETS FOUND FOR THE VEP


OPTOGENETICS


Optogenetics is a technique that relies on the manipulation of specific 
neuronal groups through microbial light emission genes called opsins. 
To be more precise, (Deisseroth, 2011) define optogenetics as “the 
combination of genetic and optical methods to achieve gain or loss of 
function of well-defined events in specific cells or living tissue”. In this 
regard, Choy et al. (2016) explain that, although optogenetics is a 
recent field of study, promising approaches have been developed 
identifying the functionality of specific cells in the propagation and 
origin of epileptogenic seizures. 


As it is a recent area of study, it is still being tested on some 
mammals, before being definitively transferred to humans, precisely 

 Roadmap Disclaimer: The information reflected in this roadmap integrates the activities and plans on which 48

the project is working and the current results of this research. It is shared with an academic purpose and does 
not represent a binding commitment, so any element is subject to change as a result of technological 
advances, new features developed, events or circumstances that affect the software, etc.
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Image: Optogenetics. 
(Nature, 2010)

Roadmap as a 
communication tool 
between responsible 
departments, users and 
potential customers. 

https://www.nature.com/news/2010/100505/pdf/465026a.pdf


because it is a minimally invasive technique so far -compared to the 
known surgical interventions in epilepsy-. Therefore, the technique 
has the capacity to be permanent and not require other interventions 
or medicines, except for the light emissions themselves (Wykes et al. 
2016). In this sense, certain opsins have the ability to excite or inhibit 
the activity of certain groups of cells, through a process of 
depolarization of the membrane (Nagel et al. 2003; Deisseroth, 2011) 
indicate that the opsin in charge of emitting positive ion charges is 
channelshodopsin 2 (ChR2) , as wel l as other opsins - 
bacteriorhodopsin, halorhodopsin- which also have the ability to 
activate or deactivate neurons depending on their intensity and color.


In this sense, other studies (Stroh et al., 2018), explain that the 
mechanism of light is supported fundamentally in implanting an 
optical fiber in the region to study, depending on the desired 
response is applied one of another opsin -the blue light activates the 
excitatory opsins, while the inhibitory respond to the yellow and 
green- to then have a greater definition of the group of neurons to be 
evaluated. In other words, given the recent rise of optogenetics in the 
field of neurology, several studies indicate that it is crucial to 
precisely identify the group of neurons to be treated, which will 
allow continuity in the techniques of modulation of cell groups: “After 
careful selection of light and opsin targeting strategies, proof of 
principle experiments need to be performed to test the viability, 
reliability, and selectivity of the opsin targeting strategy” (Gerlai, 
2018, 550). These demands enhance the mechanism of VEP to 
support optogenetic specialists in the more precise identification of 
neural groups.


DEEP BRAIN STIMULATION OR DBS


In regard to Deep Brain Stimulation or DBS studies (Klinger and 
Mittal, 2018) explain that it is an intervention for those cases of 
refractory epilepsy in which a resection of the epileptogenic cortex is 
not desired. To this end, they point out that areas such as the nucleus, 
the hippocampus, the subthalamic nucleus and the cerebellum are 
stimulated with a specific device; with certain electrical stimulations 
that inhibit neuronal activity in these areas. These stimulations are 
mainly carried out towards the anterior nucleus of the thalamus (ANT), 
the centromedial nucleus of the thalamus (CMT), the hippocampus, 
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C

In 2017, scientists of 
the HBP presented 
the dual RNA/protein 
to modify the activity of 
certain dendritic spines 
-a variant of SA- 
Channelrhodopsin- that 
could increase the 
number hippocampal 
synapses, named 
SynActive.  (Gobbo 
et al, 2017)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5696361/


the cerebellum, the subthalamic nucleus (STN), as shown in the image 
of their study:


The illustration shows a patient with disabling seizures with temporal 
lobe epilepsy, 80% of which originated on the right side. Right antero-
medial temporal resection was performed (left image). However, after 
six months the seizures return, the RNS system is implanted for the 
stimulations, located under the scalp after a craniotomy and 
connected to two electrodes of intracranial depth. The procedure is 
not free of sequelae, it can produce long term pain in the area where 
the system is implanted, paresthesia, infection, dizziness, etc. The 
authors point out that new technologies such as infrared spectroscopy 
and intraoperative MRI can increase the precision of device 
placement. After the analysis, the application of the VEP model could 
be evaluated to identify the most effective areas of the brain and 
implement the DBS system, extending its scope of action. 
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Common targets for DBS in the treatment of epilepsy. Picture courtesy of Klinger and Mittal (2018). 


Patient with DBS intervention. Picture courtesy of Klinger and Mittal (2018). 


C

In 1953 a case became 
known in neuroscience 
of M.H., a patient with 
drug-resistant epilepsy. 
A bilateral mesial 
temporal lobe resection 
was performed and, 
although the seizures 
diminished, he 
presented anterograde 
amnesia which did not 
allow him to keep new 
memories, so his 
experiences were novel 
every day. (Dossani et 
al., 2015)



To further support the assessment, another recent 
and timely study published by Treu et al., 2020, 
explores new possibilities of DBS on no less 
important neurological disorders such as 
Parkinson's or depression, they point out: “In 
early clinical studies which led to FDA- and CE-
approval for indications like Parkinson’s Disease, 
Dystonia or Essential Tremor, the exact electrode 
placements were not investigated (Deuschl et al., 
2006; Kupsch et al., 2006b; Schuepbach et al., 
2013) (…) Still, a multitude of studies have shown 
that DBS electrodes need to be accurately 
placed to maximize clinical improvements (e.g. 
Dembek et al., 2019a; Horn, 2019; Horn et al., 
2019a)”. Among other interesting analyses, they 
emphasize that the process of locating the 
electrodes through software that allows the 
exchange of results between specialized centers 
is not new, however, they say that the dynamics 
could help predict results of behaviors that can 
be measured and comparable. 


NEURAL TISSUE ENGINEERING OR NTE


Interesting studies promote the formation of affected tissues in brain 
level, given the complex structure and the functioning of the central 
nervous system (CNS) that hampers the response of the traditional 
method of transplants (Papadimitriou et al., 2020). It is understood 
that the cellular regeneration of the CNS unlike the peripheral nervous 
system (PNS), tends to manifest a slower process of recovery after 
physical or chemical damage (Goh et al., 2009; Modo, 2019; Janowski 
et al., 2015), being tissue engineering a promising alternative 
cellular scaffolds that are biocompatible and serve as temporary 
support for tissue regeneration, since naturally the component is 
replaced by an extracellular matrix (Niri et al., 2019).


The usual methodology for the creation of materials related to neural 
tissue engineering starts from solvent casting for the manufacture of 
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Image: “Target report” showing the distance from 
contact centers to the subthalamic nucleus voxel centers, 
by Treu et al., 2020. For each contact, the optimal 
outcomes are shown in light red. 

Image: Hydrogel systems in 
NTE. Madhusudanan et al., 

2019

https://www.sciencedirect.com/science/article/pii/S1053811920305048


porous synthetic biodegradable polymers, phase separation to 
construct 3D scaffolds, self-assembly with nanofibers and their 
different applications, freeze-drying of porous scaffolds, gas foaming, 
hydrogels combined with bioprinting methods and designing bioinks 
for brain regeneration, as well as others methods related with molding 
and texturing (Papadimitriou et al., 2020). 


Although the techniques are in the experimental phase, recent studies 
explain the rol of hydrogel systems with potential for cell 
regeneration,  also applied in therapies such as the distribution of 
drugs, small molecules and extracellular proteins for neural 
regeneration (Madhusudanan et al., 2020). Its degradation can be 
manipulated through the density, weight and combination of the 
components described above for the manufacture of the fabric. 


Therefore, they explain that this component has been 
shown to have greater accessibility in the administration 
of drugs given the limitation of Blood-Brain Barrier 
(BBB) for the treatment in neurological disorders, 
functioning with highest effectivity in neurological 
disorders, working most effectively in nervous systems 
tumors, strokes, Parkinson’s, Alzheimer's and seizures 
(Caicco et al., 2013; Adak et al., 2017 and Hsiao et al., 
2012; mentioned by Madhusudanan et al., 2020, Niri et 
al., 2019). 


In this sense, the VEP model could support as a 
diagnostic test -together with existing diagnostic 
imaging tests- the development of new experimental 

studies in NTE in the field of refractory epilepsy, confirming more 
precisely the areas where the affected tissue should be treated, either 
by the application of hydrogel drug therapies considering the BBB 
(Wang et al., 2016) and immune response, as well as in post-surgical 
therapies, in which this biodegradable system, combined with other 
specific chemical compounds, is being studied in diseases such as 
cancer, forming a gel in the wound and eradicating remaining tumor 
cells (Askari et al., 2020). Also the role of TVB as a virtual structure 
could be evaluated to reflect the evolution in the response with these 
NTE treatments.
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There are three ways 
for drug delivery 
with hydrogel: 
implantable hydrogels, 
injectable hydrogels, and 
sprayable hydrogels. 
(Askari et al., 2020)
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Image: Structured Hydrogels in CNS models and 
therapy (George et al., 2019). 
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For the VEP Business Leaders
Part IV |  Recommendations and Suggested Guidelines for the VEP Exploitation

Define a clear framework of technological exploitation, as well as defined objectives 
and metrics which are desired to achieve -KPIs and OKRs-. Accompany it with a solid 
business plan in case of establishing a Spin-Off and appreciable marketing strategies 
that help distribute and maintain the model in continuous evolution to the speed of 
technological changes and the needs of the Final and Lead Customers.

As a result of the market evaluation, we consider it possible to distribute the 
software with higher priority in the countries of the South, Central and Eastern 
Europe, with less multidisciplinary epilepsy surgery programs per inhabitant. It 
would also reduce the number of displacements of affected people between EU 
regions to have access to better diagnostics and technologies. 

Knowing that 80% of people with epilepsy reside in LMIC countries, in addition to 
having a standardized ratio of higher mortality in contrast to HIC, present greater 
vulnerability given the lack of medicines and advanced treatments, resulting in 
limited diagnosis and control in the evolution and long -term epileptic seizures, we 
would recommend distributing the software with a substantial discount for these 
countries- in case of choosing a freemium modality instead of open source- and in 
parallel establish partnerships with internationally recognized organizations in the 
field of epilepsy for the training of the software, present in these countries and with 
links to other medical specialists.

Within this segment, if more than a third of the specialized epilepsy and surgery 
centers are located in the capitals of the Latin America, we consider it is possible to 
begin to distribute in them and to train the technique. In the poorest countries, its 
usefulness lies in the fact that the introduction of the parameters in the VEP -can be 
adjusted only to the MRI -for those centers that do not have more advanced 
equipment as seen in the study-, at least in the first years of technological 
development.

In terms of pricing strategy, it could be applied the freemium modality for some 
additional VEP virtues. In case of choosing this modality, it could be considered to 
select an amount in exchange for validating the model, monthly cloud data storage, 
data access and more complex specific models, as well as the online consultation fully 
available with experts in the area in case of concerns to validate the results of the 
parameters of the patients in the model. 

1. In terms of Business Management and Strategy:
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In the field of technological exploitation, in addition to applications already found 
towards other neurodegenerative diseases such as Alzheimer’s, we find possible a link 
to other surgical techniques, such as the location of Deep Brain Stimulation or DBS 
devices in the brain, already briefly explained in the study, as well as collaborating 
with other areas and companies not too far away in their proceeding, as Neural Tissue 
Engineering or NTE, optogenetics, migralepsy; all these studies with exciting advances 
in recent years.

It is considerable to improve the user interface of the tool in the long term, adding 
other useful functionalities such as reporting of VEP results for doctors and that it also 
has the possibility of receiving feedback from specialists who teach the model, as well 
as an even more attractive design and user interface. It could also include 
applications in virtual and augmented reality to teach the technique and make the 
simulations. 

With regard to the strategy on knowledge dissemination, organize continuous 
training courses and workshops under internationally valid certifications on the VEP 
addressed to neurologists, psychiatrists, radiologists, neurosurgeons, engineers and 
other staff who are motivated to specialize in the disorder of epilepsy, encouraging 
the importance of technologies for the treatment of these neurodegenerative 
diseases and a future highly personalized medicine.

Participate in seminars related to neurotechnologies and neurodegenerative diseases 
beyond the HBP organization, that encourage the sharing of knowledge, the 
updating of possible concerns of lead and final users, as well as the promotion of new 
discussion environments. Given the rise and rapid development of AI in 
neuroimaging techniques, technicians and professionals with this specialized 
knowledge are required to increase their competitiveness in the sector. 

Likewise, move some VEP functionalities to brain-computer interface technologies, 
seizure prediction and tracking EEG brain wearables, that can generate new data as a 
consequence of the recording of the brain activity and make use of these for a greater 
personalization and precision of the neuronal electrical activity in a continuous and 
prolonged way in these patients.

Considering the valuable input received by the experts, is recommended try to 
transfer from now on the virtues to the pharmaceutical sector in order to virtually test 
the effectiveness of treatments at the brain level in the near future. In addition to 
recent advances in deep learning for NDDs, continue the development and validation 
of these approaches for the BVEP. 

2. In terms of Technical Development:
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For the government & the 
public sector 
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Funding support programs for medical and specialist staff in the field of epilepsy in 
the EU for new studies that improve long-term diagnoses, generating a positive 
impact for the patient to avoid movement to other regions with greater availability 
and medical care, while increasing the possibilities of using the model and getting 
more accurate personalized data. As well as improve if possible, services or programs 
accessible to the most disadvantaged countries in the updating of neuroimaging 
evaluation equipment, allowing the training of new specialists.

Strengthen the support to these technology-based companies for the training of 
software, considering the importance of new technologies in the field of 
neuroimaging and motivate the specialists in the acquisition of these competitive 
advantages.  

Make a special effort to further harmonize norms and laws in the field of new 
technologies for the health sector, promoting simplified processes and standards of 
assistance and management, considering the speed in which solutions are developed 
at an international level.
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COMPANY TYPE REASON FOR INCLUSION MAIN PRODUCT OR 
SERVICE COUNTRY

EPIMINDER
HEALTHCARE 
COMPANY

Ultra long-term EEG monitoring of 
seizure activity in patients with 
epilepsy.

Epilepsy implantable device AUSTRALIA

SEER MEDICAL
HEALTHCARE 
COMPANY

Home-based diagnostic testing for 
epilepsy.

Medical technology for 
patient monitoring AUSTRALIA

EUROPEAN SOCIETY OF 
RADIOLOGY

ASSOCIATION OF 
HEALTH 
PROFESSIONALS

An apolitical, non-profit 
organisation dedicated to 
strengthening and unifying 
European radiology, works closely 
with national radiological societies 
across Europe (would help 
disseminate the courses).

Educational resources, events, 
international alliances AUSTRIA

SYNERGIA MEDICAL HEALTHCARE 
COMPANY

Optoelectronics for neural 
stimulation therapies. Neurostimulator BELGIUM

SYNDESI THERAPEUTICS HEALTHCARE 
COMPANY

Molecules which act through a 
novel mechanism to modulate 
synaptic transmission, for AD and 
pro-cognitive effects in epilepsy.

Anti-epileptic SV2A 
modulators BELGIUM

IMAGILYS ENTERPRISE IMAGING Brain Simulation Software, Brain 
imaging techniques. Imaging Services BELGIUM

EPIHUNTER HEALTHCARE 
COMPANY Seizure monitoring. Epilepsy Wireless Device BELGIUM

BYTEFLIES HEALTHCARE 
COMPANY SENSSOR DOT, seizure monitoring. Epilepsy Wireless Device BELGIUM (+USA)

ICOMETRIX HEALTHCARE 
COMPANY

Medical Imaging AI for NDDs 
including epilepsy, radiology 
Imaging with AI.

Imaging Services BELGIUM (+USA)

7D SURGICAL ENTERPRISE IMAGING Computer Assisted Surgery. Neurosurgery Technology CANADA

CYPRUS INSTITUTE OF 
NEUROLOGY & GENETICS RESEARCH INSTITUTE

Private research and academic 
center/ Specialized center for 
diagnosis and treatment of 
epileptic disorders.

Educational and research 
projects in epilepsy CYPRUS

CENTER FOR APPLIED 
NEUROSCIENCE- 

UNIVERSITY OF CYPRUS
RESEARCH INSTITUTE

Researches in epilepsy, traumatic 
brain injury, healthy and 
pathological ageing exhibiting 
neuropsychological deficits.

Educational and research 
projects in epilepsy CYPRUS

RONNA RESEARCH INSTITUTE Robotic Neuronavigation System Neurosurgery Technology CROATIA

EPIREC EPILEPSY RESEARCH 
CENTRE

Works with international 
consortiums of leading 
epileptology workplaces, and also 
with the faculty of electrical 
engineering of CTU university.

Educational and research 
projects in epilepsy CZECH REPUBLIC

EPIREC EPILEPSY RESEARCH 
CENTRE

Works with international 
consortiums of leading 
epileptology workplaces, and also 
with the faculty of electrical 
engineering of CTU university.

Educational and research 
projects in epilepsy CZECH REPUBLIC

ISARG EPILEPSY RESEARCH 
CENTRE

Focused on EEG signal analysis of 
epileptic patients.

Educational and research 
projects in epilepsy CZECH REPUBLIC

NATIONAL INSTITUTE OF 
MENTAL HEALTH, NIMH

PSYCHIATRIC 
RESEARCH CENTRE

Focused on EEG signal analysis of 
epileptic patients.

Educational and research 
projects in epilepsy CZECH REPUBLIC

Appendix |  Potential VEP lead customers/collaborators

http://epirec.cz
http://sami.fel.cvut.cz/Isarg/index.html
https://www.nudz.cz/en/
https://epiminder.com
https://www.seermedical.com
https://www.myesr.org
https://www.synergia-medical.com
https://www.syndesitherapeutics.com
https://www.imagilys.com
https://www.epihunter.com/professionals
https://www.byteflies.com
https://icometrix.com/services/icobrain-ep
https://7dsurgical.com/cranial-navigation/
https://www.cing.ac.cy/en/about-us/clinical-sciences/neurological_centres
https://www.cancyprus.org/labs/
http://www.ronna-eu.fsb.hr/index.php?option=com_content&view=article&id=1&Itemid=110&lang=en
http://epirec.cz
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COMPANY TYPE REASON FOR INCLUSION MAIN PRODUCT OR 
SERVICE COUNTRY

STAPRO HEALTHCARE 
COMPANY

Supplier of information systems 
and healthcare technologies.

Software and other services 
for hospitals CZECH REPUBLIC

DEYMED HEALTHCARE 
COMPANY EEG systems Software and other services 

for hospitals CZECH REPUBLIC

UNEEG MEDICAL HEALTHCARE 
COMPANY Diabetes, Epilepsy, EAR-EEG. Epilepsy implantable device DENMARK

NEUROLABS HEALTHCARE 
COMPANY

Nelli workflow and platform, AI and 
human expertise, without EEG. Epilepsy Wireless Device FINLAND

EUROBIOIMAGING ENTERPRISE IMAGING

Offers open access to imaging 
technologies, training and data 
services in biological and 
biomedical imaging and AI.

Imaging Services FINLAND

INCEPTO MEDICAL ENTERPRISE IMAGING
Platform for radiologists to 
collaboratively establish diagnosis 
around imaging findings.

Educational resources, events, 
international alliances FRANCE

DIGITAL MEDIA 
TECHNOLOGY IDMT RESEARCH INSTITUTE

AI-based sensor system for the 
automatic detection of epileptic 
seizures in daily life.

Epilepsy Wireless Device GERMANY

BRAINLAB ENTERPRISE IMAGING Computer Assisted Surgery and 
neosurgery products. Neurosurgery Technology GERMANY (+16)

COMPUMEDICS ENTERPRISE IMAGING Sleep diagnostics, neurology 
diagnostics (including epilepsy).

Medical technology for 
patient monitoring GERMANY (+4)

INOMED ENTERPRISE IMAGING Computer Assisted Surgery and 
neosurgery equipment. Neurosurgery Technology GERMANY (+5)

NEUROLOGICAL INSTITUTE 
OF ATHENS RESEARCH INSTITUTE

Researches in epilepsy, traumatic 
brain injury, healthy and 
pathological ageing exhibiting 
neuropsychological deficits.

Educational and research 
projects in epilepsy GREECE

FORTH RESEARCH INSTITUTE
Institute of computer science, 
experience in implementing 
national and European projects.

Educational and research 
projects, ICT technologies for 
medicine. 

GREECE

TERRABLUE XT HEALTHCARE 
COMPANY ML/AI-based software for epilepsy. Epilepsy Wireless Device INDIA

ORTHOKEY COMPUTER AIDED 
SURGERY Computer Assisted Surgery. Neurosurgery Technology ITALY

WISE HEALTHCARE 
COMPANY

Medical device for epilepsy 
surgeries. Neurosurgery Technology ITALY

MRSLAB- POLITECNICO 
MILANO RESEARCH INSTITUTE

Intelligent planners for 
neurosurgical keyhole 
interventions, Pre-operative 
planning.

Neurosurgery Technology ITALY

TEMA SINERGIE ENTERPRISE IMAGING

Intelligent planners for 
neurosurgical keyhole 
interventions, Pre-operative 
planning.

Neurosurgery Technology ITALY

EDEN2020 (ENHANCED 
DELIVERY ECOSYSTEM FOR 

NEUROSURGERY)
ENTERPRISE IMAGING

Delivering an integrated 
technology platform for minimally 
invasive neurosurgery.

Neurosurgery Technology ITALY(+3)

NIGHTWATCH HEALTHCARE 
COMPANY

Clinically proven system for 
detecting dangerous epileptic 
seizures during sleep

Epilepsy Wireless Device NETHERLANDS

NORDIC NEURO LAB HEALTHCARE 
COMPANY

fMRI Software, clinical and research 
post-processing, academy. Imaging Services NORWAY

SOCIEDADE PORTUGUESA 
DE NEUROPEDIATRÍA

ASSOCIATION OF 
HEALTH 
PROFESSIONALS

Directory of hospitals and epilepsy 
centers

Educational and research 
projects in epilepsy PORTUGAL

Appendix |  Potential VEP lead customers/collaborators

https://www.nightwatchepilepsy.com
https://nordicneurolab.com
https://neuropediatria.pt/index.php/pt/onde-estamos/ilhas
https://www.ics.forth.gr/cbml/
https://www.teblux.com/tjay.html
http://www.orthokey.com/index.php/services/surgical-support
https://www.wiseneuro.com/neuro
http://nearlab.polimi.it/medical/
https://www.temasinergie.com/product/pinnacle3-auto-planning/
https://www.eden2020.eu
http://www.stapro.eu
https://deymed.com/truscan-eeg
https://www.uneeg.com/en/eeg-research
https://neuroeventlabs.com/company
https://www.eurobioimaging.eu
https://incepto-medical.com
https://www.idmt.fraunhofer.de/en/institute/projects-products/projects/mond.html
https://www.brainlab.com
https://www.compumedics.com.au/en/contact-us/
https://www.en.inomed.com
https://nioa.gr/en/institute
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COMPANY TYPE REASON FOR INCLUSION MAIN PRODUCT OR 
SERVICE COUNTRY

FIDMAG, RESEARCH 
FOUNDATION RESEARCH INSTITUTE Training and research in 

neuroimaging techniques. Imaging Services SPAIN

BARCELONA BETA BRAIN 
RESEARCH CENTER RESEARCH INSTITUTE Neuroimaging Platform. Imaging Services SPAIN

QUBIOTECH HEALTH 
INTELLIGENCE ENTERPRISE IMAGING

Software for advanced processing 
and quantification of medical 
images.

Software and other services 
for hospitals SPAIN

INTELIMED IBERICA HEALTHCARE 
COMPANY

Software and hardware for EEG, BCI, 
functional neuroimaging 
distribuitors in Spain

Software and other services 
for hospitals SPAIN

QMENTA ENTERPRISE IMAGING

Tools for diagnostics, monitoring 
and decision support for clinicians 
in Alzheimer’s, Multiple Sclerosis, 
Parkinson’s, brain oncology, stroke, 
and neuropsychiatric diseases.

Imaging Services SPAIN (+1)

MEDIMSIGHT ENTERPRISE IMAGING AI in neurology and marketplace. Imaging Services SPAIN

SECTRA ENTERPRISE IMAGING
Find and synchronize points of 
interest in CT, MR and nuclear 
medicine images.

Imaging Services SWEDEN (+15 
COUNTRIES)

PROXIMIE AR MEDICAL PLATFORM
Empowering clinicians to share 
their skills in real-time with AR 
(Could be applied for the VEP).

Surgery Technology UK (+2)

APOLLO EEG HEALTHCARE 
COMPANY

EEG for long term monitoring, 
epilepsy, wearable ambulatory EEG 
equipment solution.

Epilepsy Wireless Device USA

ARTERYS ENTERPRISE IMAGING Marketplace for AI technologies.
Imaging Biometrics 
algorithms for brain tumors, 
cardio, lung, chest.

USA

CEFALY HEALTHCARE 
COMPANY Device for migraine. Neurostimulator USA

IMAGING BIOMETRICS/  IQ-
AI LIMITED

HEALTHCARE 
COMPANY

Brain imaging software, tumor 
analysis Imaging Services USA

EMPATICA HEALTHCARE 
COMPANY

Clinically proven system for 
detecting epileptic seizures. Epilepsy Wireless Device USA (+3 

COUNTRIES)

MINDTECSTORE- NEORYTHM HEALTHCARE 
COMPANY

Neurofeedback headband for 
controlling pain, stress, sleep 
quality and mental fitness.

Neurostimulator USA (+3 
COUNTRIES)

MONTERIS COMPUTER AIDED 
SURGERY

Minimally Invasive Robotic Laser 
Thermotherapy, surgical tool and 
software used in brain surgery.

Neurosurgery Technology USA (+1)

NEUROPACE HEALTHCARE 
COMPANY

RNS system for epilepsy, diagnostic 
testing to identify the location of  
seizures

Epilepsy implantable device USA

SOMNOMEDICS HEALTHCARE 
COMPANY

24-hour long-term EEG 32 and 
epilepsy screening.

Medical technology for 
patient monitoring USA

SOTERIXMEDICAL ENTERPRISE IMAGING
Brain Simulation Software, brain 
targeting and individual subject 
customization.

Neurosurgery Technology USA

VIREPA (VIRTUAL EPILEPSY 
ACADEMY) FROM ILAE

ASSOCIATION OF 
HEALTH 
PROFESSIONALS

Organisation for the dissemination 
of epilepsy knowledge, resources, 
specialists and online training 
(would help disseminate the 
courses).

Educational resources, events, 
international alliances USA (+120)

Appendix |  Potential VEP lead customers/collaborators

https://cursoneuroimagen.com/es/informacio-tecnica/
https://www.barcelonabeta.org/en
https://www.qubiotech.com/en/
http://www.intelimed.es/contacto.html
https://www.qmenta.com
https://www.medimsight.com
https://medical.sectra.com
https://proximie.com
https://www.cadwell.com/apollo-eeg/
https://arterys.com
https://www.cefaly.com
https://www.imagingbiometrics.com
https://www.empatica.com
https://www.mindtecstore.com/Neorhythm-Omnipemf
https://www.monteris.com
https://www.neuropace.com/contact-us/
https://somnomedics.de/enus/support/
https://soterixmedical.com/research/software
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