Diagnosis of Epilepsy
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Epilepsy is one of the most common neurological disorders, characterized by recurrent seizures, resulting from
abnormally synchronized episodic neuronal discharges.
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| 1. Introduction

Epilepsy is a common neurological disorder, characterized by the tendency of recurrent seizures, which may take a
variety of forms and result in abnormally synchronized neuronal discharges. Seizure types depend on the specific brain
circuit being affected. Epilepsy affects 0.5-1% of the population, corresponding approximately to 70 million people
worldwide. It may be genetic in origin (idiopathic) or may develop after brain damage, such as trauma, stroke, infection,
tumor growth, or other structural or metabolic causes RIZIEIA4IE]

Epilepsy treatment is highly demanded since the continuous abnormal neuronal discharges and subsequent recurrent
seizures may cause damage to various brain regions, leading to the development of several neurological or other
disorders, such as neurodegeneration, motor impairment, abnormal hormone release (such as ACTH, prolactin, FSH,
TSH, etc.), psychosis, etc. 8. Hence, prompt, and proper diagnosis of epilepsy is essential for effective treatment.
Traditional diagnostic methods include electroencephalography (EEG), structural and functional neuroimaging (CT scan,
MRI, PET, SPECT, etc.), and blood tests for the detection of the abnormal electrical activity of the brain or the potential
identification of specific serum biomarkers. Although these methods are very helpful in detecting abnormal electrical
discharges in the brain or identifying potential causes of epilepsy, they might lead to false positive or false negative results
[, Epilepsy can be difficult to be diagnosed, even for experienced clinicians. Upon clinical suspicion, the gold standard
diagnostic method of epilepsy is EEG, which can detect abnormal electrical discharges in the brain. However, these
abnormalities may or may not be associated with epilepsy. Some other conditions, such as infections, CNS medications
(psychotic drugs such as antidepressants, antipsychotic, antiparkinsonian, etc.) as well as trauma and excessive stress
can affect the results of EEG. Additionally, non-epileptic seizures (NES) due to psychological and physiological
paroxysmal events, such as epileptic manifestations, can considerably complicate diagnosis [&l.

The detection of serum biomarkers is not a reliable strategy since they may be associated with other non-epileptic medical
conditions, raising concerns about their specificity. For instance, the levels of antidiuretic hormone, which is a biomarker of
hypothalamic activity, may be reduced or elevated in response to drugs or alcohol and may increase in response to
emotional and physical exercise or pain €. Hence, this hypothalamic hormone cannot be used as a specific serum
biomarker. In addition, prolactin which is secreted from the hypothalamus and is sometimes used as a biomarker of
epilepsy can be often related to other conditions, such as milk production, breast development, and pituitary tumors £.

| 2. Diagnostic Techniques

Epilepsy in children remains poorly diagnosed and contributes to school dropout, mental retardation, and poor quality of
life. The current diagnostic pattern mostly relies on the conventional EEG recording. Antiepileptics provide satisfactory
control only in up to 60% of patients with epilepsy, with the rest remaining refractory. In these refractory epileptic cases,
surgical removal of lesions remains a putative approach for satisfactory seizure control. For ablation surgery, the success
depends on the extent of effective demarcation of the epileptic lesion area. In these cases, the use of advanced
diagnostic techniques or a combination of other diagnostic tools, such as CT, MRI, PET/SPECT, MEG, MRS, etc., is
required. Different diagnostic tools for epilepsy have been illustrated in Figure 1 and discussed herein.
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Figure 1. Current methods and techniques available for the diagnosis of epilepsy. The main diagnosis of epilepsy relies
majorly in the physical examination followed by EEG analysis. However, the identification of the epileptic locus might be
ambiguous with these methods. Therefore, the use of more elaborative techniques, such as CT, MRI/HRMRI,
PET/SPECT, MRS, and MEG, is recommended for demarcation of the epileptic foci.

| 3. Biomarkers Associated with Diagnosis of Epileptogenesis

The identification of reliable biomarkers is the most practical solution for developing an economically feasible diagnostic
technique 194 1t will provide a suitable screening tool that can identify potential subjects most likely to develop epilepsy
due to genetic and structural deformities and help in its reduction at an early stage 12, The FDA-NIH Joint Leadership
Council, in 2015, Developed the Biomarkers, Endpoints, and other Tools (BEST, 2016) for better understanding and use of
biomarker terminology. According to BEST, “A biomarker is a characteristic that is measured as an indicator of normal
biologic processes, pathogenic processes, or responses to an exposure or intervention, including therapeutic
interventions. Biomarkers may have molecular, histologic, radiographic, and physiologic characteristics.” The BEST
biomarkers are divided into six categories: (a) risk or susceptibility biomarkers, (b) diagnostic biomarkers, (c) monitoring
biomarkers, (d) prognostic biomarkers, (e) predictive biomarkers, and (f) safety biomarkers.

Biomarkers in epilepsy can be broadly divided into two types, i.e., “prognostic” (indicates epilepsy after a brain insult) and
“diagnostic” (indicates ongoing epileptogenesis at that time). These biomarkers can serve various objectives, including (a)
the use of risk biomarkers for the identification of a given epilepsy syndrome, e.g., genetic biomarkers, (b) prognostic
biomarkers to predict the likelihood of accruing epilepsy, e.g., at a 2-year timepoint after traumatic brain injury (TBI), and
(c) diagnostic biomarkers to identify ongoing epileptogenesis, even without the precise timing that the earlier brain insult
occurred 191,

3.1. miRNAs as Biomarkers of Epileptogenesis

miRNAs (micro RNAs) are a special kind of RNA, controlling the post-translational gene expressions of various genes.
About 60% of all gene expressions are directly controlled by miRNAs 231, A single miRNA can affect the expression of
several genes in a single pathway or a single gene in multiple pathways 141, As an example, genetic deletion of miR-128
in mice resulted in the upregulation of more than a thousand mRNA transcripts, amongst which 154 were its predicted
targets (19, The effect of miIRNAs in humans with epilepsy was first studied in 2010, reporting the upregulation of miR-146
expression in patients with TLE and hippocampal sclerosis [,

Early functional studies have revealed that miRNAs are linked to seizure development, neuroinflammation, and changes
in neuronal microstructure. For example, miR-134, which regulates LIM domain kinase 1, plays a vital role in altering the
number and volume of dendritic spines on excitatory neurons 128 On the other hand, miR-146a, miR-221, and mir-222
control immune response through the targeting of IL-1p and cell adhesion molecules 1819120 miRNAs can also control
cell differentiation, proliferation, and migration, which play a critical role in the epileptogenic pathway 24,

There is emerging evidence that miRNAs can serve as potential biomarkers of brain injuries, including epilepsy. A pool of
brain-expressed micro RNAs may leak into the extracellular fluid from controlled exoplasm release or damage or even



disruption of the BBB, allowing their passage into the blood. These miRNAs form a stable complex with blood proteins or
get encapsulated in extracellular vesicles, remaining in the circulation for some time after their release [22. Thus, a
molecular biomarker of epilepsy is of great importance since it may enable diagnosis, assessing the risk of developing
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Figure 2. Role of microRNAs in diagnosis and personalized medicine in epilepsy. microRNAs (miRs) have been
recognized as important tools for assessing the diagnosis of epileptic foci in patients. Changes in the expression levels of
various circulatory/tissue specific miRs may differentiate epileptic phenomena such as epileptogenesis or drug
responsive/drug-resistant epilepsy. Further, expression of a specific RNA may be altered using nucleic acid-based
approaches (miR mimics, anti-miR, short hairpin RNA, small interfering RNA, aptamers, antisense oligonucleotide) for
pursuing personalized medicine approaches to patients with epilepsy.

Early animal studies suggested that a specific miRNA profile exists for different types of brain injuries, including epilepsy.
A study has identified a set of circulating miRNAs, which includes the upregulated expression of miR-146 (a miRNA
already linked with epileptogenesis) in blood 23, In another study, a set of upregulated miRNAs’ expression was identified
in the serum, which was observed to induce neuroinflammation, the dysregulation of protein synthesis, and
neurodegeneration in epilepsy 24, In that same study, two more miRNAs, miR-15a-5p and miR-194-5p, were identified to
be downregulated in serum 24, A set of downregulated miRNAs, including miR-301a-3p, miR-194p, miR-301a-3p, miR-
30b-5p, and miR-4446-3p, were also detected in a different study serving as biomarkers of drug-resistant epilepsy 23,
Additionally, miR-323a-5p was found upregulated in serum as well as in the cerebral cortex of focal cortical dysplasia and
drug-resistant epilepsy patients 2. For temporal lobe epilepsy and mTLE-HS, several studies have identified a wide

range of circulating miRNAs to be dysregulated, which can serve as a potential biomarker for epileptogenesis [281271(28](29]
[30]

The evidence of miRNAs as a potential biomarker of epilepsy is largely preclinical, and clinical evidence with significant
results is still missing. miRNAs have great potential to be served as a potential biomarker, but more research is required
to solidify their application in real life.

3.2. Genetic Biomarkers

A few genetic biomarkers have been identified that indicate an increased risk of structural epileptogenesis. Two markers
associated with post-stroke epilepsy are mutations in CD-40-1C/T or Rs671 genes 1],

3.3. Molecular Analysis

Two biomarkers have been identified in epileptogenesis diagnosis. Increased plasma levels of high-mobility group box 1
protein have been reported after unilateral hippocampal electrical stimulation-induced status epilepticus 2. A 1.5-fold
increase in cortisol levels in a 3 cm scalp hair sample was reported in a 6-12-year-old child with benign childhood
epilepsy syndromes when the sample was analyzed within 24 h of the first seizure B3, Generally, under normal
physiological conditions, cortisol accumulation in hair takes several weeks [B4B5I36] Therefore, these studies suggest
increased hair cortisol levels and dysfunction of the hypothalamic—pituitary—adrenal axis is a potent indicator of
epileptogenesis.



3.4. Molecular Profiling after Surgery

It had been reported that there is a relative reduction in ZNF852, CDCP2, PRRT1, FLJ41170, and 7RNA probes in
patients who become seizure-free, after lobectomy for interactable TLE patients B4, An amplified hippocampal

myoinositol/total creatine ratio is a potential diagnostic biomarker for epileptogenesis in the case of lithium—pilocarpine-

induced status epilepticus [28. Another potential biomarker of diagnosis of status epilepticus is upregulation of miR-451a

or miR-21p, or downregulation of miR-19b in the CSF 28, The SE unit involved patients with focal SE, nonconvulsive SE,

and generalized tonic-clonic SE, although, after TBI or stroke, the diagnosis of nonconvulsive SE becomes difficult [28].

Risk biomarkers, including a CD1 background or carrying an APP/PS1 mutation, indicate a greater susceptibility towards

epilepsy BA4Y These groups need better surveillance and care.
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