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Abstract: 

The past decade has seen a large jump in both research for epileptic seizure prevention and the number of available commercial EEG devices. This review consists of papers reported in the last decade and presents information about the use of Electroencephalography (EEG) for the use of the detection and prevention of epileptic seizures. Discussions on the on the usefulness and marketability of the techniques are enumerated.
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I. Introduction

The prediction and prevention of epileptic events using biosensors is an ever-evolving field of study. This literary review will contain many techniques of prediction of epileptic seizures, the prevention of these seizures, and the commercialization of these methods.
All of the methods of prediction in this review involve Electroencephalograms (EEGs) to observe the electrical patters of brain waves.  These prediction methods analyze sections of the EEGs, looking for patterns that are associated with epileptic events [1]. The techniques discussed in this paper include Support Vector Machines (SVMs), Artificial Neural Networks (ANNs), and Fuzzy Logic. Researchers have fine tuned and honed these techniques to be even more accurate.  Prediction, however, is just the first step to controlling epilepsy.

Prevention methods are the other half of the equation in managing epilepsy. While the most common way to prevent an epileptic seizure is through medication, many patients (20%) do not respond to these medications [2]. This shows that there is a need for alternative prevention methods, as well as a pharmaceutical solution. Methods discussed include medication, surgery, Vagus Nerve Stimulation (VNS), electrical pulses to the brain, and other biosensors.
The market for devices that use these methods of prediction and prevention is wide open, though there are many consumer products that are currently in circulation. Included in the review are devices that use the previously mentioned techniques of prediction and prevention.
A.  Background 

Epilepsy is defined as a disorder of the brain characterized by an ever-present predisposition to generate abnormal neuron activity in the brain [3]. The abnormal neuron activity then induces an epileptic seizure in the victim. When a person experiences two or more unprovoked seizures, they are considered epileptic [4]. This disorder includes many diseases that affect the brain in this way. Usually, the cause for epilepsy in an individual cannot be found [5]. The most common trigger for an epileptic seizure is missed medication, but other causes may include emotional stressors, external stimuli such as flashing lights, and even excessive use or withdrawal from alcohol or drugs [6]. Epilepsy affects 0.5% to 1% of the population, and about 2.5 million people in the U.S are diagnosed with this disease [7] .  Most epilepsy cases are controlled with pharmaceuticals or diet.  In some cases, surgery may be used to control epileptic seizures [8].  

EEG is a method of recording the electrical activity of the brain along the scalp [9]. This electrical activity is produced by the firing of neurons in the brain. The first EEG was performed on a dog in 1912 by Vladimir Vladimirovich Pravdich-Neminsky, after studies of electrical activity of the brain by Richard Caton and Adolf Beck [10]. Shortly after the discovery of a unique spike waveform attributed to epileptic seizures, the first EEG laboratory opened at Massachusetts General Hospital [10].  EEG’s main application is the prediction of seizures and to distinguish epileptic seizures.  Other uses include the diagnosis of strokes, tumors, and other focal brain disorders.  However, with the emergence of such technologies as CT scans and MRIs, EEG has become obsolete in detecting these diseases.
II. Techniques

A. Prediction Methods:

1. Support Vector Machines


Yuan describes both the Support Vector Machines (SVMs) and the Probabilistic Neural Networks (PNN) methods for seizure detection[11]. Each of these techniques is proven to have the capability of being one hundred percent accurate, given at least ten contact points. SVMs are a technique that uses a mathematical model for that person and determines if future events will occur. This method allows for the machine to constantly learn and improve on itself. Yuan describes the SVMs method as a “representation of the examples as points in space, mapped so that the examples of the separate categories is as wide as possible”[12]. This method is particularly useful because it is rather simple to implement and can utilize standard optimization software. However, the complexity of the problem is based on the shear number of samples. As the sample size increases, the program requires special-purpose optimizers tuned to the specific problem at hand. Yuan uses Cao’s method to compute the embedding dimension of Si(I=1,2,…,16). The amount of sample points, i, can range from 8 to 16. Raising the number, i, raises the accuracy of the system[11].  

2. Artifical Neural Networks (ANNs)

Artifical Neural Networks have been used in a number of papers in the past. Bao details the three feature criteria used to characterize the EEG data [13]. These criteria are Power Spectral Features, Fractal Dimensions and Hjorth Parameters. The Power Spectral Feature is used to show the energy distribution in the frequency domain. 
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Figure 1. Typical FFT results of 3 EEG segments (Raw data in μV) [14].

The FFT shows the large spikes for Ictal activity, but also shows the normal higher activity in The Fractal Dimensions are used to describe the ANNs’ fractal property. The Hjorth Parameters are used to model the chaotic behavior of the network. Combined these criteria are used to create a dynamic model of the subject’s brain. The next step is the creation of a PNN. The Bao method takes the input vector and calculates its distance to the weight vector. This is used to calculate the Radial Basis layer of the PNN. The result, a, is the dot product of the distance vector and the bias vector represented by the equation 

ai = radbas(||Wi – p || .x bi)

This output of the Radial Basis layer is used for the Competitive layer, which classifies the signal. The classification is done with functions in the MATLABTM Neural Network Toolbox. The classification is done across all 22 EEG channels and the overall classification is done by taking all 22 diagnoses and using a majority vote to decide if the person is epileptic or not. 


Zandi looked to define a transition signal between Interictal and Ictal signals called Pre-Ictal [15]. It was found that there was a correlation between the time intervals between positive zero crossings in the signal and an oncoming seizure.  This relationship is also seen (sometimes more clearly) in the first and second derivatives of the EEG signal. The Probability Density Function is also a variable of interest in all of this. “Epileptic seizures can be interpreted as manifestations of the brain transitions from chaos to order” [16]. Thus, as the Pre-Ictal period begins, entropy decreases, and hits its lowest point during the epileptic event. A decision boundary is defined based on the goal entropy value and positive threshold.
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Where h(X) is the entropy level and p(x) is the probability density function.
 Some error checking must be done to avoid false positive readings. One such method, is the choice to only recognize goal values which are less than the mean value plus one standard deviation. Also, measuring several channels and requiring positive readings for a predetermined amount of them can avoid further false positives.  True predictions increased with the addition of more sensors despite the sensors being located at other areas of the brain then the seizure event. “14 out of 16 seizures (87.5%) were predicted with an average prediction time of 25 min. and a false prediction rate of 0.28/hr”[17].


Modeling the amount of chaos in an EEG signal is a method used by a number of researchers [18-19]. Unlike Zandi, however, they look to the Lyapunov exponent for guidance in predicting an oncoming seizure event [19]. The lack of chaos corresponds to an oncoming or current epileptic epoch. The Lyapunov exponent is normally positive and decreases with this drop in chaos.  The following is Bezobrazova and Golovko’s five steps to finding the Lyapunov’s highest exponent [20]. 

1. From the training set a point [x(t), x(t + τ),…,x(t + (D – 2) τ)], that lies nearby the attractor is chosen and its trajectory x(t + (D – 1) τ), x(t + Dτ) ,… is computed by using the multistep prediction.

2. In the reconstructed phase space we take the nearby point 

[x(t), x(t + τ),…,x(t + (D – 2) τ) + d​​0], where d0 ≈ 10-8 is selected and its behavior x’(t + (D – 1) τ), x’(t + Dτ)… is predicted using the neural network.

3. Define ln(d1) = ln| x’(t + (D – 2 + i) τ) - x(t + (D – 2 + i) τ)| , where i = 1,2,…, and mark the points for which ln(di) < 0

4. Plot the diagram ln(di) versus iτ.

5. Build the regression line for the marked points and compute it’s slope, which is equal to the Lyapunov’s highest exponent.

The idea is that an arbitrary point is made the initial baseline attractor.  Then taking adjacent points in the attractor, a path for that attractor can be found. The slope of this path will correspond to the highest exponent. Bezobrazova and Golovko go on to describe three ANNs that can be used to compute the Lyapunov exponent. 
3. Fuzzy Logic

Fuzzy Set Theory is another technique to help predict epileptic events through the use of EEGs.  This fuzzy logic is a method to deal with noisy data and to make decisions based on such data.  One of the biggest obstacles in using EEG signals is that it requires a time-consuming visual inspection of the recordings taken by a skilled EEG technician [21].  Harikumar et al. optimized this theory and applied it to EEGs in order to help optimize and move toward automating this observation process [21].
Fuzzy systems use linguistic rules to describe systems [21].  These systems are more suitable for complex systems where it is very difficult to describe the system mathematically.  The basic structure of a fuzzy technique consists of the following:

i.   A fuzzifier, which converts crisp values (real time values) into fuzzy values.

ii.  An interference engine, that applies a fuzzy reasoning mechanism to obtain a fuzzy output

iii. a defuzzifier, which translates this new output into crisp values

iv. A knowledge base which contains both an ensemble of fuzzy rules known as rule base and an ensemble of membership functions know as database

These rules enable a system where instead of the traditional Aristotelian two valued logic system (Off/On, 0/1, LOW/HIGH, etc.) there is a range of states between 0 and 1 governed by membership functions.   These rules divide signals into fuzzy sets, such as ‘very low’, ‘low’, ‘medium’, ‘high’, ‘very high’[21].   


Table 1: Results of Classifiers with and without optimization. Results are an average of all six patients [21].



	Details
	Fuzzy Logic Classifier
	Classifier after Optimization

	Risk Level Classification rate (%)
	50
	80

	Weighted Delay (s)
	4
	2.8

	False Alarm rate/set
	0.2
	0.1

	Quality value
	6.25
	11.9


The quality value, Qv is defined as:[image: image4.png]<
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 where C is a scaling constant, Rfc is the number of false alarms per set, Tdly is the average delay of classification in seconds, Pdct is the percentage of perfect classification, and Pmsd is the percentage of perfect risk level missed.   As shown by the previous table, this method, even with the optimizations done by Harikumar et al. is not perfect.  The largest flaw in this method is that if one channel of the EEG has a high risk level, the entire group will be pushed up to that risk level [21].  This has an adverse affect on the accuracy of the method. 

Sukanesh et al. introduces a new method of prediction that improves on previous analyses of EEG waves [22].  This method uses the theory of fuzzy measures previously mentioned in conjunction with “a hierarchical structure that allows for the construction of decision functions” [22].  The main strength of this method is that the addition of the hierarchical structure allows for complex decision making in the process to be broken down into a collection of simpler decisions [22].  This allows a more understandable solution.

After the fuzzy output of the system is observed, these values are then put into hierarchial decision trees (HDT).  These decision trees are used because they can “approximate global complex decision regions by the union of simple local decision regions at various levels of the trees” [22].  This increases the efficiency of the test when compared to single stage classifiers by removing unnecessary computations [22].  
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Figure 2: Optimization of Epilepsy Risk Levels through HTD (Max-min) Method [22]
This HDT uses the Max-min method.  The rectangular boxes indicate weighted average aggregations and the circles indicate a decision of MAX or MIN.  V1 is the root of the tree.

The performance of this technique and other fuzzy techniques are given in the following table.

	Methods
	Perfect Classification
	Missed Classification
	False Alarm
	Performance Index

	Fuzzy Logic
	50
	20
	10
	40

	hier &h max-min
	95.42
	3.33
	1.25
	95.2

	Hier & h min-max
	95.63
	4.16
	0.208
	95.43

	Max &hmax-min
	96.84
	0.416
	2.17
	96.77

	Max& hmin-max
	97.5
	0.416
	2.08
	97.44


Table 2: Performance Index of Fuzzy Logic with Hierarchical Aggregation [22].

This shows that the new methods of Max &hmax-min, and MAX& hmin-max are superior to their predecessors.  Most notable, the new methods have a much lower rate of missed classifications.

B. Prevention Methods

Preventing epilepsy seizures is probably one of the biggest mysteries in the medical field to date. Although there are some cures, there are still hundreds of thousands of people that struggle with seizures generated from epilepsy. Through research, this paper will be investigating current and new strategies that researchers are trying in order to help us understand epilepsy and what those struggling with the disease can do to prevent seizures from occurring. 

The most common way to prevent seizures is through medications prescribed by doctors. Unfortunately, not all patients will be helped by current medications. Another alternative to prevent seizures is through surgery. This entails surgery of the brain and also is not one hundred percent effective. This leads us to find another way to help those still struggling with the disease. Through the use of biosensors combined with electrical measurements, scientists are hopeful that this method will give us another way to prevent seizures.

Medications for epilepsy are referred to as anticonvulsants or antiepileptic drugs (AEDs) [23]. Most people with epilepsy will benefit from treatment with one or more AEDs. These medications will reduce the severity and frequency in more than eighty percent of the people who take them. Depending on the medication, some of them work better for some types of epilepsy than do others. The patient’s physician will recommend an AED based on the type of epilepsy, severity and frequency of the seizures, response to previous medications, patient’s age, and risk of side effects from the medication. 

Since medication is the most common method for preventing seizures, there are very many different types of medications doctors recommend. Depending on the patients age, sex, medical background etc, different medications will be prescribed for each patient [24]. The most common prescribed medication is Tegretol or Carbatrol (carbamazepine). This is the first choice for partial, generalized tonic-clonic and mixed seizures. The side effects include fatigue, vision changes, nausea, dizziness and rash. To list a few, other medications include Zarontin (ethosuximide), Felbatol, Gabitril, Keppra, Topamax, Dilantin, Depakene, Valium and Klonopin. Each of these medications carry their own side effects. Side effects that can result from the use of these medications include sleepiness, speech problems, memory problems, weight loss, abdominal discomfort, depression and drooling. The risk of side effects increases if more than one antiepileptic drug is used at the same time. For example, some antiepileptic drugs can cause birth control pills to be less effective at preventing pregnancy.
If medications do not stop the seizures, surgery is always an option. However, it is not one hundred percent effective. A person that I used to hang out with a lot as a kid has epilepsy, and he had surgery to try and rid himself of the seizures. The surgery didn’t get rid of the disease and it didn’t stop the seizures from happening. Now he resorts to taking medications but still he has no permanent control of his seizures. Along with surgery and medications, taking strides in improving what you do on a daily basis will also lead to slowing seizures down and may help prevent them [25]. For example, paying attention to one’s diet is known to help with preventing seizures. A low carbohydrate, high-fat diet known as the ketogenic diet may be prescribed to help treat children with epilepsy. Something else to do is to get plenty of sleep each night and set a regular sleep schedule. Another example is to avoid bright, flashing lights and other visual stimuli. Playing video games and watching TV is not a good idea, along with avoiding drugs and alcohol. Finally, taking all medications prescribed by your doctor can also help to control them. All of these suggestions on what to do and what to avoid are known to help patients avoid seizures.
Another natural way to prevent someone from having an epileptic seizure is to have the person smell something right before their seizure starts [26]. If an individual is known to have a smelling sensation, a seizure might be prevented by sniffing a strong odor such as garlic or roses. A question may arise if there is a way to actually “stop” a seizure mid-track? The answer is yes there is. If an individual is having a seizure, rubbing the muscles that are twitching during the attack may halt the seizure.
The introduction of biosensors into the medical field is a breakthrough in technology. There are so many possibilities and so many options that such a little electronic device gives people struggling with medical issues. This is true with the individuals that cannot get rid of their epileptic seizures through the use of medications, surgery and involving changes to their everyday life. The first biosensor that is used to help prevent epilepsy is called the Vagus Nerve Stimulation (VNS) [27]. The “pacemaker for the brain” is designed to prevent seizures by sending regular, mild pulses of electrical energy to the brain via the Vagus Nerve. These pulses are supplied by a device something like a pacemaker.
The Vagus Nerve is part of the autonomic nervous system, which controls functions of the body that are not under voluntary control. It passes through the neck and travels between the chest and abdomen and the lower part of the brain. In order to attach this device to the Vagus Nerve, the biosensor is placed under the skin on the chest. From here a wire runs from the chest to the Vagus Nerve in the neck. Although it may seem like a risky procedure, the brain is not involved with the surgery at all. 

To prevent seizures, the VNS is designed to send regular, mild pulses of electrical energy to the brain [27]. The neurologist programs the strength and timing of the impulses depending on the needs of each individual patient. In order to program the device, the neurologist can use a laptop computer without ever having to enter the patient’s body. The way this device works is that it is programmed to go on for a certain period of time and then goes off for another period of time. For example, the device will run continuously for thirty seconds of stimulation and then will not stimulate for the next five minutes. After the five minutes it will stimulate again for another thirty seconds before another five minutes of no stimulation, and so forth and so on. Settings, also called stimulation parameters, set by the neurologist include stimulation amplitude of one to three milliamps, a stimulation frequency of thirty hertz, and a pulse width of five hundred microseconds. Changing these settings will allow the doctor to control more of the patient’s seizures and can also relieve side effects. For instance, in one case it was found that changing the pulse width eliminated pain that some patients were experiencing.
The main idea of having the device programmed in this manner is to estimate a small window time frame that the patient’s body will have a seizure [27]. The neurologist is guessing that during those thirty seconds of stimulation is when a seizure attack will likely occur. The five minutes of no stimulation corresponds to the off time the neurologist thinks there will be no attack and, therefore, the device won’t need to be stimulated. If an individual does have an epileptic attack during the thirty seconds of stimulation, the VNS will prevent the attack from occurring. If the attack occurs outside of the thirty second of stimulation when the device is not stimulating, there are a couple of things that can happen. Either the person will have a seizure, or they can hold a special magnet near the device which will cause the device to become active outside of the programmed interval. This is helpful for people who have auras before having an attack because they will have an idea of when their next attack will occur and can use the special magnet accordingly. In either case, if the magnet doesn’t fully prevent the seizure, it will help improve seizure control when the attack does occur.
Much time has been spent on reading reviews from people who have had the VNS device implanted. There are a lot of different things being said from individuals who are struggling with having seizures and can’t get medications or surgery to rid them of oncoming attacks [28]. “This has helped me a lot. I had it done 8 years ago and I have not had a seizure…” says one review [28]. Other reviews say that it has helped a lot but has only reduced the effects of their attack and has made the seizures mild. A lot of reviews say that there are side effects with the device such as hoarse voice or trouble talking. In a couple of rare cases, the device didn’t work at all. Another very common approach is to have the device implanted along with still taking medications. This seems to be a very good way to prevent seizures in a few people. Even though electronic technology using biosensors may not help prevent seizures in everyone or only making seizures milder, the Vagus Nerve Stimulation device is a breakthrough. It is another alternative that was introduced in the medical field to help prevent seizure attacks in people when medication and surgical procedures have failed.

Purdue University researchers recently developed miniature devices that are designed to be implanted in the brain to prevent epileptic seizures [29]. The tiny transmitter and battery is implanted below the scalp and is three times the width of a human hair. It detects the signs of an epileptic seizure before it occurs. In order to do this, we must realize that when an epileptic seizure occurs, “a particular part of the brain starts firing in a way that is abnormal,” Assistant Professor of Biomedical Engineering Pedro Irazoqui says. “Being able to record signals from several parts of the brain at the same time enables you to predict when a seizure is about to start, and then you can take steps to prevent it.” Data will be picked up by an external receiver not implanted under the scalp. The most important part of the research is to create a device that will transmit large amounts of data at a low power. This transmitter uses about nine milliwatts, which is one-third the power used by other implantable transmitters of similar nature. This transmitter also transmits ten times more data. One other big advantage is that the transmitter has the capability to collect data specifically related to epileptic seizures from one thousand channels or locations in the brain. The more channels, the more parts of the brain researchers can look at simultaneously. Finally, the electrodes that will get the data are inserted in the brain through holes made in the skull and are connected directly to the transmitter by the use of wires.
Using this process, researchers are creating a neuroprosthesis that dispenses a neurotransmitter called GABA that calms the brain once a seizure is detected [29]. It is designed to prevent what is called an epileptic focal seizure. An epileptic focal seizure starts in a certain area of the brain and can quickly spread through the rest of the brain. The developed electrode is coated with engineered neurons and once they are stimulated, will release the neurotransmitter to inhibit the seizure. These neurons are living tissue stimulated with a microchip. The research shows that by using an engineered cell to release a neurotransmitter, a drug pump will automatically refill itself and will impact the part of the brain where the living electrode is implanted, also known as the epileptic focus. Irazoqui states, “Once you find out where the focal area is, if you know the seizure is about to start you can suppress the seizure” [29].

More research is being done with the use of animal models of epilepsy. Researchers are in the process of testing their recently developed molecular imaging biosensor, used in combination with electrical measurements [30]. They are hoping they can identify whether excess amounts of the excitatory neurotransmitter glutamate build up in brain tissue has a direct relationship with epileptic seizures. These seizures involve excessive excitability of neurons, and while the researchers are trying to determine if the excitatory neurotransmitter glutamate is likely involved, they do not know how glutamate triggers seizures. The researchers have a hypothesis that large levels of glutamate are produced by a dysfunctional glutamate-glutamine shuttle. Normally, by the use of this shuttle, glutamate is released by neurons to be recycled by a supportive tissue that nourishes neurons called glia. Glia takes glutamate and breaks it down into glutamine and releases it to neurons. It is then converts back to glutamate. Researchers believe that this process is altered in epilepsy, where excessive glutamate builds up and triggers seizures.

The biosensor being developed is a biological sensor that can be used with molecular imaging technique FRET to detect levels of glutamate and levels resulting from the shuttle process [30]. FRET stands for fluorescence resonance energy transfer. The plan is to further develop the FRET biosensor and combine FRET biosensor imaging with measures of electrical signals from the glutamate-using neurons in tissue from the animals with epilepsy. From here they will determine whether they can gain evidence of alterations in the glutamate-glutamine shuttle.


The method being used for this research is to incubate brain slices in purified bacterially-produced glutamate biosensor that allows protein to filter through the tissue and lead to a stable fluorescent signal with retention of a glutamate sensitive FRET response [30]. With the biosensor staying in extracellular space and keeping its sensitivity, researchers will be able to detect submicromolar concentrations of glutamate released from cells. With this they will sample a two-dimensional region in the slice that they are interested in, roughly at about fifty hertz. This gives resolution of glutamate dynamics in the tens of milliseconds range. Combining imaging with electrophysiology and pharmacology in a slice model of epilepsy, researchers can determine how glutamate release is altered in this setting. The significance of this research for the shuttle process is that if the technology is reasonable and shows that seizures do occur from an imbalance in the glutamate-glutamine shuttle, then researchers will have identified a potential new therapeutic way to control epileptic seizures.

New theories to prevent epileptic seizures using electrical pulses are being performed on rats. One such study is supported by the Canadian Institutes of Health Research (CIHR) and The Natural Sciences and Engineering Council of Canada (NSERC) [31]. In this study, electrical stimuli are applied to the neurons and in the Mossy Fibers of the rat and early results show that this technique can prevent the upcoming electrical event. Successful suppression of these events is achieved using an extra cellular field stimulating electrode. 


The devices and research explained to prevent epilepsy are the practical and most common ways used in epilepsy prevention to date. Although there aren’t a lot of simple and easy ways to prevent epilepsy, there is a lot of research being done with the use of biosensors and electrodes. Medications and surgery are the most obvious ways to prevent epileptic seizures in patients. However, with those struggling with seizures when medications and surgery don’t work, the most viable way for preventing them using biosensors is the Vagus Nerve Stimulation.


Although there have been a lot of mixed reviews about the VNS device, it is still the best known way that has shown solid results of seizure prevention. Some patients have said it doesn’t work at all. Some have said there are side effects with having the device implanted. However, most have said that they have noticed a significant difference with their seizures if they even have seizures anymore. This is a huge breakthrough with technology. A simple surgical procedure to implant the device, without even having the brain involved, and most patients won’t ever have a seizure again. Even those that have had seizures since having the device implanted say that the seizures are milder. With that being said, the research that is being done using biosensors in the labs and on rats show that in the next five to ten years there could be an even better device than the VNS to prevent seizures. But because the new research is still only being developed and in the early stages, the VNS is by far the most powerful biosensor in the field that has shown results and has proven the best choice for those not affected by medications or surgery.

C. Seizure Detection and Prevention: Commercialization and Products
With at least 50 million people worldwide affected with epilepsy, nearly a quarter of those have no effective form of conventional treatment [32]. When surgery, medication or lifestyle changes do not prevent or decrease the consistency or intensity of the epileptic events, products that detect or prevent seizures are a last option.  In an effort to prevent injuries or fatalities incurred from seizures, there have been a variety of products aimed at sensing and alerting seizures before they occur or as are happening.  Usually detection and alerting products are external and sense movement or sounds often associated with epileptic seizures.  There are also other products which try to prevent seizure events altogether.  Besides medicines, prevention devices are usually internal to the body typically provide electrical stimulus to nerves in the body to regulate seizures. There are ways of treating epilepsy with these types of products, but many are not  yet commercialized.

In order for these seizure preventing products to be commercialized, they must be effective enough for a self sufficient person to treat themselves if a seizure event occurs, yet still be portable and practical enough to be portable.  These requirements can be categorized  as power consumption and device longevity, and computing speed [33]. Internal products that are implanted into the body, such as VNS (Vagus Nerve Stimulation), or Activa (another internal product that is designed to treat Tremors) have design requirements to be low power.  Most of the internal devices have a battery power range from anywhere between five years and a few weeks.  The products that do require frequent power source replacement are not ideal for a person who is up and about all the time [33].  Constant surgeries pose risks to infection, as well as a likely monetary burden. The type of devices that would require constant replacement of power sources generally has complex computational algorithms that pull a lot of current from the battery.  A higher clock speed allows for quick processing of complex algorithms, but again, draws a lot of power to process these real time signals.  Some design options that are available to help commercialize implantable devices that require excessive amounts of energy are implementing rechargeable batteries.  Within the past couple years there has been an increased technological need more efficient batteries. Perhaps the new generation of super efficient rechargeable batteries will allow the high powered internal seizure detection devices to  expand the target market.
Most prevention products are in vivo, which are surgically implanted to limit and prevent seizures.  A further breakdown of devices reveals there are two types, closed loop and open loop products.  Closed loop in a sense of feedback that is responsive when abnormal electrical activity starts.  Open loop products would constantly be working at eliminating seizures without any knowledge of the state of a person. One particular open loop product is the previously described Vagus Nerve Stimulation (VNS), created by Cyberonics, Inc. It was the first FDA approved device designed to reduce seizures in patients with epilepsy.  Data from the VNS device has shown that seizures have been reduced by 30-40% after installed connecting to the vagus nerve.  10% of patients are also rendered seizure free with the help of VNS [32]. This functions as a brain pacemaker of sorts to stimulate the nerve system enough to prevent seizures.  There have been complications with the process as with any surgery that implants devices into the body.  There have been cases of bradyarrhythmias, which is the slowing down of the heart.   It has been effective for some, completely removing any epileptic seizures, but in a few nightmare cases, the 1-3mA of current that the device outputs to the vagus nerve has stopped the heart of one particular patient for 30 seconds every 3-5 minutes. Another internal product that is used in treating Parkinson's disease has recently been used in epilepsy as well.  The device, Kinetra, is similar to VNS, where a implantable pulse generator is placed under each clavicle.  They provide intermittent stimulus to the anterior nucleus of the thalamus, located in the brain [32].  This research is currently in process and results are not yet available.

Closed loop devices are not as common as open loop, since the equipment must also have the ability to sense seizures as they are happening and then respond to prevent or limit the seizure.  One new device is called the Responsive Neurostimulator  System (RNS).  It records intracranial EEGs , which are processed through an algorithm to determine if a seizure is taking place.  It then attempts to counteract with focal electrical stimulus [32].  There is a currently a lack of closed loop product available due to the difficult nature to predict seizure that might only be a result of a few seconds of abnormal electrical activity right before a seizure happens.  Closed loop devices will become much more popular in the future once there is more research and more accurate algorithms at distinguishing seizures.  These seizure intervention devices will start to become more preventative, rather than just detective in nature.
One of the most vulnerable times for an epileptic seizure to take place is while sleeping.  Emfit is one product that helps detects seizure while in bed.  It works by sensing movement typical of a seizure by placing a sensor type pad underneath the sleeping epileptic person.   It is made up of a sensor, control unit, and a transmitter that is able to set off audible alarms, or alert caregivers. The device is able to distinguish between normal sleeping movements and convulsions associated with seizures. A feature also allows the user to specify how long before an alarm is triggered [34].  The batteries in the particular product last about 5 years.  The combination of battery life, applications of use and its effectiveness make sensor pads like Emfit a very common solution to seizure detection while sleeping.

There is a research device that is not yet on the market, but shows promising applications in at least detecting seizures.  This is called the electrodermal  activity sensor (EDA). These sensors actually detect changes in skin conductance with two electrodes, has been associated with epileptic events [35]. Since this device is not yet marketed, and solely for research purposes at the moment, there has not been much of a development into the portability of the EDA sensor.  The battery power only lasts about 40 hours, but is rechargeable, though a micro USB cable.  As opposed to devices implanted into the body where it is an involved process to replace the power supplies, 40 hours is not entirely that bad.  It is similar to many phones, which people have to recharge every couple of days.  SHIMMER is a product that is similar to the EDA, in a sense that it is wearable, but it designed for a more mobile wearer performing daily activities.  Equipped with wireless kinematic sensors that detect every slight movement, it can pick up minor convulsions when a seizure occurs.  The wireless sensors were interfaced into a Nokia N810 to network the data.  It is able to detect seizures, but does not have any direct deterrence or alarm.  The Nokia device and Mercury platform however allow for a wide variety of add-ons for SHIMMER [36].
With the continual development of epilepsy sensors, other applications with those products will also come into fruition.   Possible future uses of these prevention and detection products could include epilepsy diagnosis, stroke detection, diagnosis of Parkinson's Disease and other brain disorders, hands free computer controls, fitness measurements, cardiac diagnosis, and even blood glucose  control. With more research done in the field of epilepsy sensing, there are many other applications and fields that will benefit.
III. Conclusion
The products produced to predict and prevent epilepsy from this research are still developing. Though they are showing decent results from the application of the aforementioned techniques of prediction and prevention, they will continue to innovate in new ways. Research of prevention is still in its infant stages when compared to the breadth of knowledge on prediction techniques, but it is growing at a steady pace. Medicine, surgery, VNS, electrical pulse treatment, and other biosensor based methods will continue to evolve with the advent of new prediction techniques. Increasing knowledge in prediction will trigger more forays into the field of preventing these epileptic seizures. Methods of prevention involving ANNs, SVMs, and Fuzzy Logic will continue to be developed, refined, and automated.  All of these factors combined will eventually change epilepsy into a more manageable and possibly a curable disease.
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