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Review Article

Epilepsy is a devastating multi-causal chronic 
disease characterized by recurring, unprovoked 
seizures, affecting about 1-2 % of the population 
worldwide. Despite the discovery of new molecules 
and antiepileptic drug (AED) therapies over the 
years, about 1/3 of epileptic patients do not become 
seizure free and become resistant to AED treatment. In 
patients with drug resistance, non-drug therapies play 
a vital role. In this review, an overview of epilepsy 
and available non-drug therapies, such as surgery, 
radiosurgery, dietary treatment and devices has given. 
It neither covers diagnostic devices related to magnetic 
resonance imaging (MRI), electroencephalographic 
(EEG) or positron emission tomography scans, 
chemical delivery vehicles for drugs, gene therapy, nor 
is the review comprehensive.

The surgical treatment of epilepsy has seen much 
progress in past 15 y. Surgery in the treatment and 
management of refractory focal epilepsy is established, 
but it is much less frequently used in status epilepticus 
(SE) and other seizure types like atypical, typical and 
myoclonic. Rapid advances in surgical technology 
and neuroimaging are the driving forces behind these 
changes. Parallel understanding of developments in 
epilepsy neurobiology bring us to a time when many 
novel surgical treatments will be either in pre-clinical/

clinical trial or soon to begin application to human 
epilepsy[1-3]. 

Diet therapy was reported centuries ago, Hippocrates 
first noted that fasting treated seizures[4]. Hundred 
years ago, Guelpa and Marie rediscovered and reported 
the benefit of fasting on seizure control[5]. The use of 
ketogenic diet (KD) in the treatment of seizures was 
first reported by Wilder[6]. In this first report on use 
of a KD, ≥50 % of patients at the Mayo Clinic had 
significant seizure control. By the end of 1930s, 
development of new AEDs detracted interest away from 
the KD. Once again during 1970s, a modification of 
this classical diet was introduced using medium chain 
triglycerides (MCT) as an alternative fat source[7,8].  
Later Kossoff et al.[9] and Pfeifer and Thiele[10] 
developed modified Atkins diet (MAD) and low 
glycemic index treatment (LGIT), respectively. 

The use of devices, brain stimulation and microbeam-
based therapies has gained much attention recently. 
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Even though some of the devices like Vagus Nerve 
Stimulator (VNS, Cyberonics, Inc., Houston, 
TX, USA.), Responsive Neurostimulator (RNS®, 
NeuroPace, Inc., Mountain View, CA, USA) are 
successful, but still significant development and 
controlled preclinical and clinical trials are required 
to establish it in standard clinical treatment protocols. 
Therefore, broad range of strategies to stop seizures and 
need for newer therapies in epilepsy remains high[11].

Epidemiology:

The prevalence of active epilepsy is 9-10 per 1000 
persons in low income countries and 5-8 per 1000 
persons in high income countries[12,13], where even 
higher rates have been reported in rural areas[14]. 
Difference in the prevalence rates is dependent on 
various risk factors and it also differs from one 
country to other. This might be attributed to the living 
conditions, inadequate prenatal care, antinatal care and 
various infections[15]. This was proved from a meta-
analysis[16], showing that annual incidence is 82 per 
100 000 persons with an interquartile range (IQR) of 
28-240 in low-income and middle-income countries 
and 45 per 100 000 persons with an IQR of 30-67 in 
high-income countries. Even though many AEDs have 
been developed but still drug-resistant epilepsy and 
its associated increased risk of death and debilitating 
psychosocial consequences are still on.

Pathophysiology:

A seizure results from transient abnormal 
synchronisation of neurons in the brain that disturbs 
normal patterns of neuronal communication and results 
in waxing and waning of electrical discharges in the 
EEG (electrographic seizure). During this process, 
a sudden imbalance occurs between the excitatory 
and inhibitory forces with in the network of cortical 
neurons. Based on the level of disruption and site of 
seizure origin, signs and symptoms will be varied 
largely[17-19]. 

The neuronal network in the brain is highly 
interconnected and it allows for coordination of different 
tasks and behaviours. Any disturbance in the regular 
neuronal electrical impulses leads to seizures and its 
related comorbidities such as learning disabilities, 
depression and autistic features. Advancement of 
technology in imaging, neurophysiology and video 
recording have improved our ability to identify the 
proper reason behind the seizures and also identify 
exact epileptic foci in the brain, to establish whether 
seizures are focal or generalised from the start, and to 

define their propagation patterns[20,21]. Based on these 
developments in the field, site specific drug targeting 
can be achieved by identifying the exact location 
of the neurons involved in the initiation, spread, or 
termination of seizures. 

At present several animal models are available to 
study the potential therapeutic agents for the epilepsy 
treatment and to identify the multiple causes leading 
to epilepsy[22]. Emergence of highly advanced 
technologies in imaging and electrophysiology can 
unravel the neuronal activity and its alteration during 
and after the epilepsy in brain[23-25]. 

Non-drug therapies to treat epilepsy:

Brain surgery is preferred in patients where drug 
treatment is not effective in reducing seizures and it 
helps in improving the patient condition. It is considered 
when the obvious cause for epilepsy is in brain, such as 
scar tissue. The seizure type and part of the brain where 
it begins determines whether surgery is needed.

The first and most common form of epileptic surgery 
is resection surgery, where the seizure causing area in 
the brain will be identified and surgically removed. 
The next considered surgery is hemispherectomy, 
where the connection between two hemispheres will 
be disconnected surgically. It is considered mostly in 
children, where the hemisphere is poorly functional 
and involves in initiation of seizures. Other form of 
surgeries includes occipital and parietal lobectomy, 
where the structural abnormalities in the lobes of the 
brain like an abnormal tumour, scar tissue or lesions 
will be identified and removed surgically.

Temporal lobectomy is the most common and successful 
type of surgery, which involves removal of a portion 
of temporal lobe of the brain. Frontal lobectomy is the 
removal of a part of frontal lobe but it has less success 
rate when compared with temporal lobectomy. Most 
patients need to continue seizure medication even after 
surgery but they may need to take less. 

The other less common types of surgeries include 
corpus callosotomy and multiple subpial transections. 
Corpus callosotomy surgery involves disconnection of 
large fibre bundles connecting two sides of the brain, the 
corpus callosum. Multiple subpial transections surgery 
is done in patients with localized epileptogenic areas, 
which are impossible to remove safely. In such cases, 
transections will be made in cerebral cortex to interrupt 
and disconnect the seizures generating area with the 
neighbouring parts of the brain without affecting the 
functions performed by those areas in brain[26-33].
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Thermal ablation:

Thermal ablation is a minimally invasive type of laser 
surgery treatment and its potential has been recognised 
for decades[34-37]. Through a small nick scalp incision 
in skull a laser fibre will be guided towards the seizure 
source, entire procedure can be viewed by MRI. This 
helps to target seizure focal point with pinpoint accuracy. 
In this process, laser destroys the small well defined 
seizure focal point in brain tissue without damaging 
the surrounding tissue. On contrary, typical standard 
surgeries need a large cranial opening with extensive 
scalp incision more deeply and long treatment time 
leading to high risk of bleeding and infection. The laser 
ablation system was approved by FDA in 2010. In this 
new technology, treatment and recovery time is very 

fast, with very low chances of bleeding and infection. 
Preliminary findings were found to be positive in 
controlling seizures with effectiveness lasting from 
few months to at least one year without any seizure 
recurrence. Majority of the patients can be discharged 
on the following day of operation in this method, which 
is not possible in standard epileptic operations[38].

Devices:

Devices are developed not to cure seizures but they may 
control the symptoms and provides a new hope and 
options in drug resistant epilepsy. Seizure medication 
helps over 60 % of population with seizures but most of 
the people suffer from seizures even after medication. 
In such cases, alerting devices are much more helpful 
(Table 1)[39-63]. 

Device System References
Devices for brain stimulation

Intracranial systems
DBS Implant device 39
RNS Implant device 40

Extracranial systems
Focal cooling and uncaging Implant device 41
RTM Stimulation Implant device 42
TDC Stimulation Implant device 43
TNS Implant device 44
VNS Implant device 45

Devices for epileptic alerts
Accelerometer Wearable device 46

BrainGateTM Neural Interface System Sensor implant device 47
Epdetect Mobile-phone-based device 48
Epilert Mobile-phone-based device 49
Medpage ST-2 Wearable device 50

NeuroPort System Software-based multichannel sensor device 51
SmartWatch Alert Watch-based device 52
SeizAlert Wearable device 53

Devices for surgery
Cyber knife - 54
Functional MRI - 55
Gamma knife - 56
High-resolution brain SPECT - 57
Magnetoencephalography - 58
NIRS - 59
SIGFRIED - 60
Tractography and diffusion tensor imaging - 41

Miscellaneous devices for overall epilepsy care
Protective Headwear’s Wearable 61
Rehabilicare Cortical stimulators and mapping systems 62
Safety Place Mat® Working mats 63

TABLE 1: DEVICES AND THEIR APPLICATIONS FOR MANAGEMENT OF EPILEPSY 

DBS- Deep brain stimulation; RNS- responsive neurostimulation; RTM- repetitive transcranial magnetic stimulation; TDC- transcranial direct 
current stimulation; TNS- trigeminal nerve stimulation; VNS- vagus nerve stimulation; NIRS- near-infrared spectroscopy); SIGFRIED- signal 
modelling for real-time identification and event detection
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Seizure alerting devices play an important role in 
detecting seizures, alerting family members and care 
givers thus helps in controlling the seizure behaviour. 
These devices are designed to alert but not to prevent 
seizures and its consequences. Most of the devices 
are triggered depending on the repeated shaking 
movements as in tonic-clonic seizures and they are 
proved ineffective in some form of seizures like absent, 
focal where big movements in the body are absent. 
Currently three types of alerting devices are available 
in the market namely camera, mattress and watch 
devices. These devices also have their own limitations 
like inability to detect some type of seizures, not 
practical in people living alone and it do not alert other 
conditions like change in heart rate and breathing 
problems. For their success, they have to be proved 
scientifically and clinically in large number of patients 
for different type of seizures[11,64].

Investigational stage devices:

External trigeminal nerve stimulation (TNS) is an 
emerging and promising neuro-modulating non-
invasive therapy for epilepsy. When compared with 
current therapies, it has its own unique advantages like 
lower potential of risk because there is no risk of placing 
electrode in the brain or risk of invasive devices; it can 
be delivered externally, bilaterally at reasonable costs. 
The treatment starts with a mild electrical stimulation of 
trigeminal nerve branches to modify the targeted brain 
regions activity. At present Neurosigma (Los Angeles, 
CA, USA) has the exclusive licensee for developing 
and manufacturing two embodiments of TNS (fig. 1): 
TNS with subcutaneous electrodes and implantable 
pulse generator (sTNS™) and external electrodes and 
an external pulse generator (eTNS™). Trigeminal nerve 
plays an important role in conveying the information 
to vagus nerve, locus coeruleus, cerebral cortex that is 
known to play a vital role in initiation and inhibition 
of seizures. It also helps in controlling the attention, 
mood and decision making ability of the patient 
by sending signals to the anterior cingulate cortex. 
Trigeminal nerve and its related structures stimulation 
have shown promising results in inhibiting seizures in 
animal models. At UCLA and USC, in 2011, a dual 
centre, randomised, active-controlled, double blind 
study on humans was studied. Currently phase-III 
is under planning stages[11,65]. Phase II, randomized, 
double-blind, active-control trial has shown positive 
results in patients. Subjects were randomised to 
control (eTNS, 2 Hz) and active treatment (eTNS,  
120 Hz). Response rate was found to be ≥50 % in active 

treatment group and reduction in seizure frequency 
was also seen. During an 18 w acute treatment period, 
responder’s rate is 17.8 % by 6 w and 40.5 % by 18 w. 
Statistically at all times during these studies, treatment 
group showed a significant improvement compared 
with the control group proving TNS as a useful device 
and potential predictor of outcome for other forms of 
neurostimulation[64,65].

Approved therapeutic devices:

During 1950s, Penfield and Jasper demonstrated the 
ability of electrical stimulation to suppress epileptiform 
discharges on direct cortical stimulation in humans[66]. 
Nerve stimulation is done by a special device called 
vagus nerve stimulation (fig. 1), which also referred 
as “pacemaker for the brain”. It was approved for 
use in Europe in 1994 and by US FDA in 1997. It is 
an “open loop” device, meaning that there will not 
be any direct feedback to modulate therapy. This 
device is designed to control or prevent the seizures 
by sending mild electrical stimulations to the seizure 
causing areas of the brain via vagus nerve and controls 
the involuntary functions under it, such as heart rate 
thus helps in reducing the length and frequency of 
the seizures. These devices are ideal in patients not 
willing or not suitable for brain surgery and it is also 
considered in drug resistant epileptic patients. Vagus 
nerve stimulation was proved successful in reducing 
the seizures up to 30-40 and 10 % or fewer patients are 
rendered seizure-free. This device is round, flat, about a 
coin size. The surgical procedure includes implantation 

BA
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b

Fig. 1: Investigational stage device and approved therapeutic 
device
A) External trigeminal nerve stimulator, B) vagus nerve stimulator 
a) electrodes are wrapped around the left vagus nerve in the neck 
b) the pulse generator is implanted under the left clavicle. 
Panel A image was adapted and modified from NeuroSigma, 
Inc. Los Angeles, CA, USA. Panel B image was adapted and 
modified from Cyberonics, Inc., Houston, TX, USA
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of the device under the upper chest skin and connecting 
its electrodes other end around the vagus nerve in the 
neck. Then the surgeon programmes the timing and 
strength of the impulses of the stimulator to a suitable 
level based on patient condition and need. Usually 
the stimulator will be set to give stimulations for  
30 s in every 5 min during day and night. The 
stimulator device works on battery, which lasts for 
6-10 y depending on the stimulation settings. With 
the patient under anaesthesia, the procedure takes  
50-90 min and patient can be discharged later the same 
day depending on the patient condition. This device 
is not a substitute for seizure medications, patient can 
continue the medication while using this, however if it 
works, then the number or dose of medications can be 
reduced[11,64]. 

A European long-term, retrospective, open label, multi-
centre study was conducted in 347 children with drug-
resistant epilepsy (aged 6 mo to 17.9 y at the time of 
implant) for 24 mo. Data of change in seizure frequency 
of the predominant seizure type was collected, assessed 
and interpreted following VNS device implantation 
from baseline to 6, 12 and 24 mo. The results collected 
from baseline to 6, 12 and 24 mo showed 32.5, 37.6 and 
43.8 % of patients respectively, had ≥50 % reduction 
in baseline seizure frequency of the predominant 
seizure type. The results demonstrated that vagus nerve 
stimulation therapy is a success as adjunct therapy in 
children with focal, genetic, structural epilepsies and 
predominantly generalised seizures caused by Lennox-
Gastaut syndrome or Dravet syndrome and it was well 
tolerated over a 2 y follow-up period[67].

Responsive neurostimulation (RNS) is the first 
generation “closed loop” device (fig. 2). It will be 
implanted in skull with a strategy to directly stimulate 
subdural strips or electrodes on top or implanted 
in the brain near seizure foci to control or stop the 
seizures. In patients not responding to antiepileptic 
medication and patients with seizure foci in the brain 
which cannot be removed, in such cases, implanting 
this device is preferred. Once the device is set to 
particular EEG depending on the patients individual 
EEG and response, then this implant helps in detecting, 
collecting and recording the brain’s EEG. Whenever 
the implant identifies a seizure, it sends an electrical 
signal to control or disrupt the seizure activity. It is 
not an alternate to antiepileptic medication or cure for 
epilepsy but it helps in controlling or improving the 
patient condition. Depending on the patient response 
further modification in the therapy can be done for 

better results. A large multicentre trial was completed 
recently using RNS® system in a total 191 patients. After 
one month of implantation, patients were randomized 
(1:1) to either stimulation (treatment) or no-stimulation 
(sham) groups. Safety and efficacy were assessed during 
a blinded period (12 w) and open label period (84 w) 
during which all subjects received stimulation. By the 
end of 1 y, 44 % of patients achieved 50 % of reduction 
in seizure frequency; by 2 y it was 53 and 55 %, 
respectively. Overall, 9 patients have shown some side 
effects (one subdural hematoma, two intraparenchymal 
hemorrhages, three epidural hematomas and three 
seizure-related traumatic subdural hematomas)[11,64,68].

Other methods:

The first therapeutic brain stimulation efforts were 
made by Delgado et al. (1952) and Heath (1963) in 
the field of psychiatry[69,70]. In 1979, a New York-based 
neurosurgeon, Irving Cooper carried out the first deep 
brain thalamic electrical stimulation for the treatment 
of epilepsy. The studies have shown positive results 
qualitatively by having an improvement in patient’s 
condition due to reduced seizure frequency. Recently 
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Fig. 2: Approved therapeutic devices
A. Responsive neurostimulation (RNS®), (1) RNS 
neurostimulator (2) depth lead (3) cortical strip lead. B: 
The Medtronic Kinetra® device used in the stimulation of 
the anterior nucleus of the thalamus in epilepsy (SANTE) 
trial, (1) chest implanted pulse generator-implanted beneath 
the clavicle-one for each electrode (2) bilaterally implanted 
microelectrodes. C: Transcranial magnetic stimulation device, 
(1) TMS Coil (2) pulsed magnetic field (3) induced electric field 
(4) skull. D: Transcutaneous vagus nerve stimulation (tVNS, 
NEMOS®) device, (1) programmable stimulation device (2) ear 
electrode. Panel A image was adapted from NeuroPace, Inc. 
California, CA, USA and modified. Panel B image was adapted 
from Medtronic, Inc. Minneapolis, MN, USA and modified. 
Panel C image was adapted from eNeura, Inc. Baltimore, MD, 
USA and modified. Panel D image was adapted from NEMOS, 
Staffordshire, Newcastle, UK and modified
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Fisher and co-workers, performed stimulation of anterior 
nuclei (AN) of the thalamus with an open-loop device 
in a double blind, placebo controlled, randomised, 
multicentre trial called SANTE (Medtronic Kinetra® 
device, Minneapolis, MN, USA; fig. 2), studies. These 
studies have given promising results in controlling 
seizures and its frequency. In general, implantable pulse 
generators are separate; one under each clavicle but 
the device tested in SANTE contains two implantable 
pulse generators embedded in one device. Based on 
animal model results, AN was selected as a target for 
this trial. Stereotaxically the device was placed under 
clavicle and its two pulse generators for both the 
electrodes were placed one on each anterior thalamic 
nuclei. The device stimulates AN intermittently rather 
than continuously for producing effective results. It has 
shown favourable response in patients not benefitted 
from surgeries and medication. Complications with 
stimulation are occasional but more stimulated patients 
showed some symptoms like superficial infection, 
memory impairment, suicidal tendency, depression 
but on overall, they are within expected ranges further 
causing no harm. A total of 110 patients with bilateral 
convulsive seizure with tonic and/or clonic components 
and refractory partial seizures were randomized. For 3 
mo of blinded phase, stimulation was given to only half 
(1:1) of the subjects, after 3 mo unblinded stimulation 
was followed. By 2 y, 54 % have ≥50 % reduction in 
seizure frequency increasing to 69 % by 5 y with 16 % 
of subjects completely free from seizures for at least 6 
mo. By the end of study, 5 subjects died but none were 
symptomatic. As a result of the SANTE trial, Canada 
and European Union has approved anterior thalamic 
stimulation for the treatment of focal and evolving into 
a bilateral convulsive seizure with tonic and/or clonic 
components. Similar open-loop studies in humans 
on many other targets like subthalamic nucleus, 
centromedian nucleus are still in early stages and yet to 
be progressed for large scale trials[11,64,71].

Transcranial magnetic stimulation (TMS) is another 
method for brain stimulation with some benefits like 
focal treatment, non-invasive and considered as less 
painful, safe and direct. To date, however, only case 
reports and preliminary clinical trial data are available, 
some of them have showed disappointing results[72-75]. 
In this method, magnetic field induced brain currents 
were introduced with the help of magnetic stimulator 
coil from a safe distance to stimulate focally and 
deeply in the brain tissues (fig. 2). Based on the 
characteristics and advantages, figure-of-eight coils are 

widely used and preferred. The determinant factor for 
a successful TMS targeting depends on positioning of 
the magnetic stimulating coil over the seizure causing 
foci. Other factors of stimulation parameters like 
intensity, frequency, duration of exposure also affects 
the effectiveness of treatment. TMS device should 
be carefully used in patients on medication, pump or 
implants and untested stimulation parameters like heart 
diseases, brain lesions, pregnancy and seizure history 
should also be considered[11,38,64].

Transcutaneous vagus nerve stimulation (tVNS;  
fig. 2) is a non-invasive brain stimulation technique 
used to treat epilepsy by stimulating the left auricular 
branch of the vagus nerve at the ear conch. It is a 
newly developed tVNS (NEMOS®) device certified 
by CE (Cerbomed GmbH, Erlangen, Germany). It is 
an external device with a bipolar electrode attached to 
the skin of the left ear conch. To assess efficacy and 
safety of tVNS, a randomized, double-blind controlled 
trial (cMPsE02) was performed in patients with drug-
resistant epilepsy over a period of 20 w. 

The study was to demonstrate and evaluate the safety, 
reduction in seizure frequency, sub-group analyses and 
superiority of add-on therapy with tVNS (stimulation 
frequency 25 Hz, n=39) versus active control (1 Hz, 
n=37) in reducing seizure frequency from baseline to 
end of treatment. By the end of the treatment, mean 
seizure reduction was 2.9 % in the 1 Hz group and 
23.4 % in the 25 Hz group with mild adverse effects. 
Superiority of 25 Hz tVNS over 1 Hz tVNS could not 
be proven in this study but efficacy data revealed results 
that justify further trials with larger patient numbers 
with longer observation periods[76]. 

Radiosurgery:

Radiosurgery is a promising alternative to respective 
surgery and drug resistant epilepsy. Even though it is 
a promising alternative but it has its own limitations. 
Modern radiosurgical clinical devices such as 
CyberKnife® and Gamma Knife® are successful up 
to some extent but often the safety of the normal 
tissues surrounding the lesion is at risk due to the 
radiosensitivity[77,78]. In such case, radiation dose has 
to be limited and should be delivered to the target area 
safely[79,80]. Third generation synchrotrons generates 
low energy photons (KeV) with an advantage of 
insignificant beam divergence, adequate dosing rate 
and spectrum of energy which helps in allowing the 
deposition of extremely steep lateral dose fall-off[81]. 
The precision with the synchrotron x-ray radiosurgery 
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in animal experimental models of epilepsy helps in 
achieving better results, which is not possible with 
conventional mega voltage radiological devices used 
in clinics.

The microscopic range spatial fractionation of ionizing 
radiation was first used and reported in fifties but this 
is a failure due to inability of microbeam radiation 
to reach in deep brain tissues[82-85]. In murine brains, 
microplanar synchrotron of 50-150 KeV generated 
microbeams were investigated and it was found to 
produce sharply defined precise microbeam edges in 
the targeted tissues with high dose rate[86,87].

A novel use of microbeams was introduced recently 
by using a goniometer. In interlaced microbeam 
radiotherapy (IntMRT), brain will be rotated around 
a centre of rotation using goniometer by interlacing 
microbeams to deliver and deposit a high homogenous 
radiation dose precisely into distinct regions of brain, 
with no extensions on surrounding tissues; this is called 
IntMRT[88]. This irradiation allows a 200 times greater 
lateral dose fall-off than conventional radiotherapy. 
IntMRT was proved clinically significant and attractive 
in all pathologies that require submillimetric precision 
of targeting with neighbouring tissues preservation with 
confined inactivation, disconnection and/or destruction 
of small brain regions, even if close to vital or eloquent 
structures. At present more research and studies are 
continuing to apply IntMRT in mice and rat models 
of epilepsy and also in non-human primate models 
of epilepsy as proof of concept of its practicability in 
human epileptic patients. Present research on IntMRT 
is still active and promising enough for a realistic 
clinical transfer in the years to come[87]. 

Diet therapy:

The KD is an alternative therapy to medications. 
Diet is strictly prescribed with high fat and low 
carbohydrates+proteins (3:1 or 4:1) ratio by weight, for 
a longer period of time. KD is also not suitable in some 
cases due to its restriction in metabolic diseases. In 
both the instances, diet will be supervised and modified 
continuously under the supervision of nutritionist and 
physician[89,90] based on the patients response towards 
the treatment[91]. 

But in many cases it was proved to be efficient than 
newer medication with more cost effectiveness. In 
almost all patients diet therapy has shown promising 
improvements in aggression and hyperactivity. 
Therefore it became a preferred treatment in patients 
with drug-resistant epilepsy and where surgery is 

not possible or where surgery cannot be performed 
due to various problems like affordability, facilities 
unavailability[92-96]. 

A number of possible mechanisms of action have been 
proposed to explain the KDs anticonvulsant actions. 
These hypothetical mechanisms are as follows: the 
caloric restriction hypothesis, the ketone hypothesis, 
the amino acid hypothesis, the brain lipids hypothesis, 
the metabolic hypotheses, noradrenaline hypothesis 
and the pH hypothesis[97-100].

In uncontrolled open-label prospective studies, children 
with intractable epilepsy when treated with KD,  
7-15 % became seizure-free, 25-40 % has 90 % seizure 
reduction and 55 % have ≥50 % seizure reduction. KD 
was a success with favourable side effects profile in 
children but it’s been little studied in adults and major 
reason appears to be unpalatable diet[101]. In a study, 
over 15 adults were treated and evaluated for 12 mo 
with KD and MCT (n=2, n=11) or both (n=2, started on 
MCT and changed to KD because of gastro intestinal 
side effects). Ten of fifteen subjects stopped treatment 
due to lack of efficacy. Among 5 completers, 3 had  
<50 % and 2 had 50-90 % seizure reduction. In all 
studies and treatments, early stages of therapy should 
be monitored carefully due to associated adverse effects 
like weight loss, acidosis, drowsiness, gastro intestinal 
disturbances, nutritional deficiencies, increased prone 
to infections, pancreatitis and renal calculi. Based 
on the results after 4-6 mo of therapy, continuation 
or termination of treatment was considered on the 
suggestions of nutritionist and physician. In case of 
positive responders, treatment is continued up to 2-3 y 
and after gradually decreased[102].

Atkins diet is a modified traditional KD. Even though 
it has similarities with KD, it differs in many factors 
like no restriction on proteins, calories, fluids and only 
carbohydrates count. In this type of diet plan, patient 
can have food freely inside and outside the home and 
it can be started anywhere, anytime outside hospital. 
MAD is the modification of traditional Atkins diet 
with carbohydrate intake of 10-20 g/d along with good 
amount of fat intake[103]. Diet consists of approximately 
1:1 (fat:(carbohydrate+protein)) weight ratio. It is 
highly efficient in both children and adults as it is 
less complex and more palatable compared to KD. Its 
efficacy in children with refractory epilepsy is similar 
to KD. 

An observational, prospective, open-label study was 
conducted on the efficacy of the MAD in the very rare 
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North Sea Progressive Myoclonus Epilepsy patients 
(aged 7-20 y). All the 4 patients enrolled (all are with 
known c.430G>T (p.Gly144Trp) mutation), were 
evaluated for the efficacy of the MAD for several 
clinical parameters at baseline and after 3 mo on the 
diet. By the end of the study, one patient has showed 
sustained improvement during long-term follow-up, 
where quality of life remained broadly unchanged in 
other three patients so they did not continue the diet. 
Nonetheless from the results it was confirmed that the 
MAD might be considered as a possible treatment in 
this devastating disorder.

Even an interventional, uncontrolled study was 
conducted in a Tertiary Care Pediatric Hospital in 
New Delhi from November 2012 to March 2014. 
Total 31 children were enrolled in the study, among 
them 21 children continued the treatment for 3 mo  
(8 children discontinued due to their refusal to eat and 
unsatisfactory seizure control) and 13 children up to  
6 mo. The median age of the children enrolled was  
18 mo (range 9-30 mo) at the start of the diet. From the 
results it was concluded that >50 % seizure reduction 
was observed in 17 (54.8 %) children at 3 mo and  
9 (29 %) children at 6 mo[104].

In another prospective, open-label, uncontrolled study, 
30 adults were evaluated for 6 mo, followed by open-
ended extension. 53 % of subjects stopped treatment 
before 6 mo due to lack of efficacy and restrictiveness. 
Other subjects continued diet and completed 6 mo 
study. Among them, 33 % subjects achieved >50 % 
reduction in seizures, 13 >75 % seizure reduction and  
3 % became seizure free. In all studies, neurologist must 
be involved before starting the diet plan. Supervision 
of dietician and physician is not that important to 
start a traditional Atkins diet but it is compulsory to 
consult and start the MAD under the supervision of 
them. Periodically, diet plan should be tracked and 
changes in height, weight, calorie intake and problems 
associated should be noted. Blood and urine should be 
monitored every 3 mo and monitoring of urine ketones 
frequently once or twice in a week is needed. Diet 
associated side effects are seen in some cases like loss 
of weight, increase in cholesterol, resultant ketosis. 
If the diet is not working out after 3-4 mo, then the 
diet plan should be stopped. If the diet gives positive 
results and patient becomes seizure free for 2-3 y, then 
the diet can be terminated successfully[90,91]. In 2005, 
LGIT was developed as an alternate to KD[10]. It can 
be considered when a KD centre is not available, if 
there is an extended wait time for KD initiation or KD 

is not tolerated. In a study of 11 subjects, 8 subjects 
achieved >50 % reduction in seizure frequency and 
4 of these became completely seizure free. LGIT is 
a flexible therapy monitors daily total carbohydrate 
consumption and focuses on carbohydrates with low 
glycemic index. LGIT can be initiated as an outpatient, 
followed by dietician suggestions, monitoring person’s 
growth history and current diet intake. For further 
lowering glycemic index, carbohydrate diet can be 
consumed together with protein and fats. Patients 
should be monitored every 3 mo for blood tests, height 
and weight. Based on the studies reported, LGIT can be 
considered and recommended as a possible alternative 
to the classic KD. If seizure freedom is achieved, based 
on patient condition and physician suggestions the diet 
can be ended[105].

Software:

Software is a platform for identifying, alerting, 
analysing, evaluating and comparing data obtained 
from patient. Software works by analysing user-
defined seizure events over a given time period and 
all the events will be logged in a database for creating 
customizable reports and graphs of aggregate seizure 
data. Software tools ranging from emergency mobile 
phone alerts to high-tech seizure pattern analysis tools 
are presently available (Table 2). 

Diet-based therapy offers a safe, alternative, effective, 
proven cost effective treatment for patients. KD is 
extremely successful in number of one randomised 

Software Development stage
EpiTrax In market
eemagine EEG In market
Epivista In market
Epilexia In market
iPlan® Net In market
IdentEventTM In market
Leonardo Brainmap In market
Neuroport Software System In market
NeuroScore In market
NeuroGuide Deluxe
QEEG 2.5.5 In market
Net Station 4.3 In market
NNAAF Under research
PEAT In market
RecogniZ’e In market
SPM 8 In market
TWin® In market

TABLE 2: SOFTWARE TO SUPPORT EPILEPSY 
CARE, THEIR DEVELOPMENT STAGES

NNAAF- Neural network models with adaptive activation function; 
PEAT- photosensitive epilepsy analysis tool; SPM- statistical 
parametric mapping
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trials and observational studies. An increasing research 
and literature on newer therapies like AD and LGIT 
indicates that these newer therapies also have a key 
role in seizure treatment. At present, many diet options 
and variations are available to make the diets more 
palatable and easier to administer with the help of a 
nutritionist and a neurologist. Future research and 
randomised controlled studies will help to define the 
timing of implementation, utility and their routine use 
in the range of treatments available for children and 
adults.

Devices are successful up to some extent only, fewer 
patients are benefitted and others are still going for other 
options like radiosurgeries. These surgical methods 
are useful in patients with focal initiated seizures and 
acting as a most reliable and accurate alternate when 
compared with others but this treatment is restricted 
and it is dependent on various conditions of patients. 
So it cannot be implied in large number of patients. 
Even though present available devices and surgeries 
are serving in various groups of patients successfully 
but they are not handy and flourished in all epileptic 
types. To outreach it into much more patients, extensive 
research is required in all drug and non-drug therapies. 

In some cases, patients are looking for alternative form 
of therapies. Advances in neuroimaging, stimulation 
technology and radiosurgery development have 
expanded the pool of options for patients suffering 
from SE. Through multiscale, multi-disciplinary 
research and collaboration, implantable devices hold 
promising and exciting possibilities for epilepsy 
network diagnosis, mapping and improving epilepsy 
therapy. Emergence of different devices and targets 
of stimulation is a rapidly evolving field and will 
play a key role in management of SE. VNS played an 
important role for many years in the management of 
seizures. In well-designed clinical trials, RNS® and 
thalamic stimulation therapies have shown tolerability, 
with good efficacy. These therapies are slightly 
superior but the potential for serious complications 
is much higher to that of VNS. External TNS therapy 
seems to be promising and also a potential predictor 
of outcome. Other modalities of neurostimulations like 
TMS and tVNS are in advanced stages of investigation. 
Neurostimulation is a rapidly expanding field with 
the need of much more research and it is a promising 
field of hope for epilepsy patients. All the results are 
encouraging and need further intensive research and 
investigations to make solid evidence-based decisions. 

The next wave of therapies to develop will likely apply 
advances in neurobiology and treatment of SE.
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