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Abstract

Recent Findings Evidences suggest the pathophysiological role of GABA, glutamate, inflammatory cascade, hypoxia, etc.
in the development of status epilepticus (SE). But the exact understanding of SE seizure is still unknown.

Purpose of Review SE is a lethal neurological disorder that is associated with elevated rates of mortality and morbidity. SE
is demarcated by recurring seizures caused by a failure of mechanisms responsible for the termination of seizures or from
the initiation of mechanisms, which lead to abnormally, persistent seizures after time point (t1). Long-term consequences are
spotted in this condition after time point (t2), together with the death of neurons, neuronal injury, and alteration of neuronal
networks, depending on the type and duration of seizures. Clinically first-line treatment with benzodiazepines is given for
seizure inhibition. But in severe cases, these drugs are not efficient for treatment. The unavailability of viable medications to
halt the onset and progression of the condition could be due to a lack of understanding of the pathophysiological mechanism.
Due to the complexity of the brain, it is very difficult to understand exact pathways; thorough understanding of pathophysiol-
ogy would be beneficial in designing new drug regimen for patients.

Summary This review paper emphasizes on pathophysiology, etiology, diagnostic parameters, and drugs used in the seces-
sion of seizures promptly, which would be helpful for the development of effective therapeutics.

Keywords Status epilepticus - GABA - Seizures - Neurological disorders - Glutamate receptors - Antiepileptic drugs

Abbreviations AMPA  a-Amino-3-hydroxy-5-methyl-4-
SE Status epilepticus isoxazolepropionic acid
CSE Convulsive SE NKCC Na-K-ClI cotransporter
ESE Established SE CNS Central nervous system
RSE Refractory SE AEDs  Aantiepileptic drugs
FSE Focal SE CT Computed tomography
SRSE  Super RSE cEEG  Continuous electroencephalogram
GCSE  Generalized CSE NCSE Non-CSE
GABA  Gamma-aminobutyric acid IVAD  Implantable ventricular assist device
NMDA N-methyl-D-aspartate qEEG  Quantitative EEG

NRSE Non-RSE

ICU Intensive care unit
This article is part of the Topical Collection on MRI Magnetic resonance imaging
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follows: SE is known to be tenacious or recurring seizures
caused by a failure of mechanisms responsible for the ter-
mination of seizures or from the initiation of mechanisms,
which lead to abnormally prolonged seizures (after first time
point which is considered t1). Long-term consequences
are seen in this condition (after second time point which
is considered t2), including the death of neurons, neuronal
injury, and alteration of neuronal networks, depending on
the type and duration of seizures [1]. In the case of CSE
(tonic-clonic), both time points (t1 at 5 min and t2 at 30 min)
are based on animal experiments and clinical research. The
occurrences of SE in the elderly population and the neo-
nates are frequently observed. SE annually covers approxi-
mately 200,000 cases in the USA and affects almost every
age group [2]. The time varies for a different state of seizure
as in the case of CSE (5 min), FSE (10 min), and absent SE,
predominantly recognized as NCSE (10-15 min) [3]. CSE
has disastrous results as it permanently causes damage to
neurons after 30 min of its commencement. In the case of
bilateral tonic-clonic seizures, 5 min of continuous seizure
activity constitutes status, and prolonged impacts of disorder
commence at 30 min of status [4]. If seizure activity contin-
ues after giving first-line treatment with benzodiazepines,
it comes under ESE, which can be treated using second-
line medications. The type of SE that lasts after first-line
and second-line drugs, demarcated as RSE and SRSE, is a
seizure activity that continues despite anesthetic therapy or
the repetition of seizure activity with the secession of anes-
thetic therapy [5, 6]. The prevalence of SE in the population
has been reported, and the data ranges from nearly 5 to 40
per 100,000 obtained from various studies done in popu-
lation throughout the US, Asian, and European countries
through a current meta-analysis reporting incidence of 12.6
per 100,000 annually. There is no vital distinction in the
incidence of SE in males and females, yet the incidence in
aged persons is 27.1 per 100,000 annually that is around four
times that of non-geriatric adults. The patients who survive
from SE have allied mental and neurological deficits, and
significantly it is a risk factor in those without epilepsy, as
they have chances of progression of epilepsy for a prolonged
duration [7, 8]. The prevalence of SE is more in the popula-
tion having structural brain damage, and the patients already
having epilepsy have chances of triggering epilepsy with the
withdrawal of certain drugs. The SRSE and RSE are highly
severe, importunate forms of SE; besides, the percentage of
RSE in SE cases is 29 to 43%; correspondingly the percent-
age of SRSE in cases of SE is 12 to 26% [9-11]. In both
developed and developing nations, there is certainly not any
distinction in the incidence of SE.

Etiology of Status Epilepticus

Status epilepticus is a highly vigorous and deadly neu-
rological entity, and its pathophysiology is still not
very clear. SE is generally an advent of epilepsy that is
already present in patients, and significant causative fac-
tors include chronic epilepsy in patients with low blood
concentrations of AEDs (34%), a multitude of cerebral
attacks such as remote symptomatic causes (24%), injury
to the brain (22%) [12], anoxia or hypoxia (10%), meta-
bolic disorders (10%), and due to withdrawal of alcohol or
because of drug withdrawal (10%) (Fig. 1). Some drugs are
reported in the study that can cause SE, and there may be
chances of SE occurrence from certain drugs, which are
responsible for the excitation of the CNS. For instance,
glutamate agonists or those having a property of reducing
inhibition such as GABA antagonists are seen in clinical
practice. SE can also be caused by AEDs, psychotropic
medications. An example of an AED responsible for caus-
ing SE is the drug levetiracetam-induced SE, which is
mainly associated with high or rapidly intensifying doses,
with possible causation. Several antibiotics can induce
SE; also, 50% of the reports having cases of neurotoxicity
involve seizures, which are associated with cephalospor-
ins, beta-lactams, isoniazid, quinolones, and theophylline
[13, 14].

Pathophysiology of Status Epilepticus

In normal conditions, the possibility of seizure occurrence
is less, as long as neuronal stability is maintained and
inhibits synchronous discharges of neurons that instigate
a seizure. Various significant mechanisms that occur typi-
cally as a part of the regular synaptic information trans-
fer permit only a single action potential to pass in a time
interval from one neuron to the next neuron. If certain
circumstances disrupt the stability of a healthy brain, it
leads to incitement of seizure activity; for instance, abnor-
mal levels of ions as in the case of hyponatremia result in
a loss of the standard electrochemical gradients across cell
membranes required for maintaining the stability of the
brain. Withdrawal of certain drugs like benzodiazepines
and barbiturates bring about sensitization of inhibitory
GABA-A receptors so that neuronal activity that is gener-
ally considered innocuous can trigger the seizure activity.
A thorough understanding of the actions of the GABA and
NMDA receptors provides improvements in pharmaco-
logic methods for the management of SE. Variations in the
location and subunit composition of these neurotransmitter
receptors occur in SE, which is clear from the pathophysi-
ology of SE, and by these variations, self-enduring seizure
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Fig. 1 Etiology of status epi-
lepticus
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activity is promoted. As SE persists, the efficiency of drugs
that are used for the treatment of the initial phases of SE
eventually decreases. Phasic inhibitory currents are gener-
ated in response to the vesicular release of GABA through
synaptic GABA-A receptors. There is a wide distribution
of these receptors in the brain, and benzodiazepines target
these receptors and get internalized in the course of SE
decreasing inhibition [15, 16]. Excitation increases during
SE due to the accretion of glutamate receptors (mainly
NMDA) in the synaptic membrane [17]. In comparison to
the extensive expression of synaptic GABAA receptors,
extrasynaptic GABAA receptors only exist in limited parts
of the brain like the hippocampus, thalamus, amygdala,
cerebellum, and hypothalamus. Non-desensitizing tonic
inhibitory currents are produced in retort to extracellular
GABA by the activation of these receptors. However, ben-
zodiazepines do not target these receptors; besides, they
are assumed to denote a favorable, novel medicinal target.
The binding properties of GABA, in addition to glutamate
receptors, are regulated by the subunit composition of
these receptors [18]. During the development of the brain,
as a retort to seizures, there may be changes in the com-
position of these receptors. In the immature brain or the
undeveloped brain exposed to continuous seizure activity,
the composition of AMPA, NMDA, and GABAA recep-
tors (increased ratio of non-al/al in GABAA receptors,
GluN2B/GluN2A in NMDA receptors, and GluA1/GluA2
in AMPA receptors) leads to further excitability besides
promoting self-sustaining seizures [19-22]. Furthermore,
in the immature brain GABAergic neurotransmission is
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excitatory in nature stated that overexpression of the chlo-
rine NKCCI1 transporter helps in promoting aggregation
of chlorine intracellularly [23]. Altogether, the immature
brain becomes vulnerable to seizures and is susceptible
to the progression of abnormal neuronal networks in the
course of cortical formation and synaptogenesis due to the
enhanced excitability of neurons [24, 25]. The mechanisms
of epileptogenesis are affected by a disturbance in the
blood-brain barrier [26]. The invasion of cells and mol-
ecules, such as leukocytes and albumin, perhaps happens
due to severe neurological attacks or by extended epileptic
activity, or by a compromise of the blood-brain barrier.
Astrocytes activated by albumin, together with the induc-
tion of calcium signaling [27], enhance the generation of
the pro-convulsant cytokine IL-1p [28]. The excitability
of astrocytes, increased by the subsequent uptake of albu-
min, has been proposed as a novel mechanism of epilep-
togenesis and is related to TGF B-signaling [29]. Attacking
cells such as leukocytes and other cells present in the brain
(for instance, activated microglia and astrocytes, neurons,
endothelial cells of the blood-brain barrier, and blood-
borne macrophages) have the capability of synthesizing
and releasing substances that have inflammatory proper-
ties. This property results in an inflammatory cascade,
which can reduce the threshold for seizures in response
to several factors such as infections, autoimmune dis-
eases, and seizures [30]. These inflammatory substances
are responsible for actuating neuromodulators, generating
seizures, epileptogenesis, and resistance caused by drugs
[31, 32]. An additional reason for AED resistance is an
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altered expression of specific transport proteins or drug-
metabolizing enzymes in the blood-brain barrier [33, 34].
A blood-brain barrier that does not function properly can
boost or lessen the distribution of the AED into the brain.
The changes in the composition and location of specific
neurotransmitter receptors, neuroinflammation, and the
blood-brain barrier are considered the targets of immense
potential for new-fangled drugs used in epilepsy, along
with processes responsible for pharmacy resistance to cur-
rent drugs used in the treatment [35].

Diagnostic Parameters of SE

Finding out the etiology is an integral part of the SE treat-
ment, and the most challenging aspect is the management
of SE. In maximum cases, there is a known etiology of SE,
and the most common causes are intracranial lesions, infec-
tions, and previous seizures. Diagnosis of SE can be done
by various parameters like head CT scan, fingerstick glucose
test, monitoring of vital signs followed by laboratory tests
such as total blood count, and fundamental metabolic panel
by determining levels of AEDs, calcium, and magnesium.
Monitoring of cEEG is mandatory for all patients who are
incapable of returning to a normal phase. Other examining
parameters include brain MRI and comprehensive toxicol-
ogy which includes various symptoms like movement dis-
orders, ischemic attacks, shaking of limbs, infections of the
NSS, psychiatric disorders, sleep disorders, and hypogly-
cemia [36]. When a patient arrives in the hospital, within
minutes, he/she is initially investigated for venous blood,
not only for determining electrolytes but also for the glu-
cose level, liver function tests, AED levels, complete blood
count, and toxicological screens or levels of other drugs.
Then, followed with the head CT as soon as the patient
gets stabilized to observe structural lesion(s), or presence
of intracranial lesions in acute form like hematomas and
hemorrhages that may require emergent intervention. For
patients suffering from fever and abrupt onset of the altered
status of mental health, the lower threshold is required for
performing the lumbar puncture to eliminate the common
infections exclusively for herpes encephalitis. An abrupt
EEG must be contemplated in the prolonged seizure cases
and also an examination for NCSE when a patient takes
longer than expected to get back to the normal stage [37].
SE is detected and subsequently managed using EEG. The
SE diagnosis by EEG criteria includes electrographic sei-
zures on a frequent repetitive basis and repetitive focal or
generalized discharges of epileptiform of more than 3Hz.
Periodic or repetitive discharges of epileptiform lower than
3 Hz may be contemplated as ictal if it is accompanied by
a better clinical response of benzodiazepines with repeated
short treatment. EEG patterns that are deprived of apparent
response fall in the category of an ictal-interictal continuum

and do not have explicit consensus and indications to con-
tinue the treatment [38]. After the initiation of IVAD admin-
istration, the achievement of seizure freedom treatment goals
versus the pattern of the burst suppression also requires the
help of cEEG [39]. In specific examples, EEG reactivity to
the administration of drug-like frontal alpha development
after administering ketamine can be suggested as a feasible
indicator of desired or required results [40]. Software used
for gEEG and advanced EEG integrated with amplitude and
assessment of ratios of burst suppression using the color
density exclusive array can be used to support seizure detec-
tion. When EEG is used on its own, the rate of false-positive
can be average, high approximately being one per hour [41].
SE and seizures can occur due to lesions of structural neu-
roimaging, which in turn can reveal many abnormalities.
Abnormalities in acute form and old lesions in chronic epi-
lepsy are revealed with the help of the CT scan technology,
e.g., easy identification of lesions can be made by cranial
CT scan comprising of vascular malformation, intracranial
hemorrhage, stroke, abscess, brain tumor, or other processes
of infection or even malformation of the brain [42].

Difficulties Associated With Status
Epilepticus

Central Nervous System

The activity of convulsions causes sympathetic stimulation
which leads to an increased flow of blood in the cerebral
region of the brain and an increased level of glucose in the
blood. The primary effects of this activity complete the
requirements of enhanced metabolic neuronal demand, but
if the seizures continue, then these mechanisms which are
compensatory raise to the level of exhaustion, an occurrence
of anaerobic metabolism which results in the damage of
neurons and cerebral hypoxia. Homeostasis safeguarding is
necessary to prevent the injury of neurons and to maximize
the brain’s supply of oxygen and glucose by keeping blood
gases and blood flow in the cerebral region of the brain. This
homeostasis is equally essential in reducing the metabolic
needs of the cerebral region by restriction of hyperthermia
and seizures [43].

Systemic Effects

Systemic effects show a relationship with the massive
release of catecholamines and a hyperactive adrenergic state,
which can result in pulmonary, neuro-cardiogenic, and, in
few cases, renal or musculoskeletal injury [44].
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Drug Therapy for Stage of Disorder

The treatment of SE begins with SE as a prime objective
and aggressively managing an acute symptomatic etiol-
ogy. If the SE is not treated timely and adequately, then
it may turn into SRSE and RSE. In a general way, SE
becomes more severe, depending on the period for which
it is left untreated [45, 46]. A thorough critical SE study,
the study of Veterans Cooperative Affairs, demonstrated
that the treatment of SE becomes ineffective day by day
with an increase in a period of SE. Remarkably, the treat-
ment of a nonconvulsive type of SE is severe, and about
15% of all cases can be controlled by giving AEDs as com-
pared to convulsive type SE, among which, the response to
first AED is seen in around 55% of cases [47]. Likewise,
the rate of mortality of RSE on a short-term basis ranges
from 16 to 39%, which is around three times greater in
comparison to that of NRSE. Presently, the guidelines
for management are not specific for SE related to the age
of the patient, the reason being that the pathophysiology
of SE and the effects of a drug on receptors of neurons
are the same in adults, children, and infants. However,
neonates might be excluded, e.g., follow the consecutive
i.v. administration of the benzodiazepines intended for
brisk SE control; conventional AEDs directed at forms of
early resistance (Fig. 2) and long-term coverage; and gen-
eral anesthetic drugs for SRSE, immunoglobulin. Drugs
according to the stage of epilepsy and some other drugs
exclusively used in the treatment of SE (Fig. 3) are as
follows: Lacosamide, employed as a medication for the

Disease

etiology
Epilepsy
severit

4

cure of focal epilepsies, has been existent in the European
Union since the year 2008. Bioequivalence studies con-
ducted in healthy adults with a report of epilepsy demon-
strated better tolerability of the solution given by the i.v.
route of administration. Lacosamide showed a good effi-
ciency on animal models of SE [48]. Another drug is par-
aldehyde with established anticonvulsant characteristics in
both animal and human models. Its mechanism is not yet
explicitly recognized, but its cardiovascular tolerability is
deemed to be harmless. The rectal route of administration
is a replacement of the conventional IM injection that is
pain-free and unsolicited with the sterile abscess hazard
[49]. Lidocaine is a drug of the local anesthetic category
that acts by inhibiting ionic currents throughout membrane
depolarization with the help of voltage-gated sodium chan-
nels. It is exciting to know that while not being explicitly
approved for the management of this particular condition,
i.v. lidocaine is extensively used for the treatment of CSE
in Japan [50]. Carbamazepine is a drug that possesses
ILAE level A facts for the treatment of focal epilepsy in
adults. This drug has poor solubility in water, which is a
primary obstruction in the preparation of its parenteral
dosage form. The testing of i.v. carbamazepine in animal
models as well as in humans has shown quick commence-
ment of anticonvulsant action and absence of side effects
on the respiratory or cardiovascular system. Novel formu-
lations, with better pharmacokinetic profiles, have been
developed for the i.v. route. Nevertheless, their applica-
tion in clinical practice needs to be further evaluated [51].
Chlormethiazole (clomethiazole) is a drug derived from
a thiazole that acts by boosting the activity of GABA,
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Fig. 2 Factors responsible for drug resistance in seizures
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Fig.3 Drugs used in treatment of status epilepticus

followed by an increase in inhibitory neurotransmissions.
However, no data is available for controlled studies, as
there were not any of the latter conducted for estimat-
ing its tolerability and its efficacy in SE. To date, there
are a limited number of reports available of patients with
SE, mostly children, getting therapeutic benefit from drug
i.v. chlormethiazole [52], and numerous side effects have
been reported related to the use of this drug comprising
of respiratory depression and thrombophlebitis (Table 1).

Table 1 Drugs used in status epilepticus

el

receptor

receptorKCNQ Ca*?

Na*
Na*(Ca?*)

Excitatory synapse

Newer Therapies for the Treatment of Status
Epilepticus

A type of steroid synthesized inside the brain through
glia, having neurological effects, is neurosteroid; neuroac-
tive is another type possessing a neurological activity and
is synthesized in the area outside the CNS by conversion
of the gonadal, placental, or adrenal steroids. Neuroac-
tive steroids derived from progesterone, testosterone, or

Drugs Route of administration Stage of SE Reference

Benzodiazepines, lorazepam, midazolam, diazepam, clonazepam iv., IM 1 [53-55]

Phenytoin/fosphenytoin, valproic acid, levetiracetam, phenobarbital iv.,, IM 11 [56-58]

Midazolam, propofol, thiopental, pentobarbital, isoflurane, etomidate Continuous i.v. infusion, inha-  III [59-64]
lation i.v.

Ketamine, magnesium, topiramate i.v, infusion, enteral v [65-67]
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deoxycorticosterone can cross the blood-brain barrier and
alter the structure and function of the brain [68]. Neuro-
steroids and neuroactive steroids are essential for the differ-
ences—depending on the sex of patients—in the structure,
function, and development of the brain. In adults, the meta-
bolic levels, neuronal receptors, and networks affected by
levels of neurosteroids or neuroactive steroids differ accord-
ing to the gender of the patient. These properties can explain
gender-based differences seen in epilepsy regarding preva-
lence, etiology, progress, and response to the treatment. For
instance, men are generally more susceptible to seizures,
whereas women have more fluctuations in susceptibility to
seizures because of fluctuations in hormones; they have a
higher susceptibility to some syndromes of epilepsy that are
very much complex and generally intractable [69-72]. Neu-
rosteroids like tetrahydro deoxycorticosterone, androstane
diol, and allopregnanolone show interaction with GABA ,
receptors, where they can directly stimulate the receptors in
high concentrations and behave as potent definite allosteric
agonists in low concentrations. Depending upon the loca-
tion, GABA , receptors are of two types, synaptic and the
extrasynaptic receptors of GABA ,, as previously explained
in the section of pathophysiology. Neurosteroids act on both
the receptors but show a higher affinity for extrasynaptic
GABA 4 receptors [73, 74]. Neurosteroids can opt for ther-
apeutic action intended for SE, providing the targeting of
those extrasynaptic receptors of GABA , that are not sub-
jected to inhibition throughout the SE, as synaptic GABA ,
receptors [33].

GABA, Receptors

Allopregnanolone is studied for its potential therapeutic
efficacy in SE treatment. A lot of preclinical studies done
on the SE animal models show beneficial results associated
with the usage of different types of neuroactive steroids like
Allopregnanolone and others [75, 76]. Different types of
clinical studies conducted on humans also show promising
results. Broomall et al., in 2014, reported the use of allo-
pregnanolone for the first time in two pediatric patients suf-
fering from SRSE. From the study, it was found that both
the patients responded to allopregnanolone after the futile
use of various drugs having antiepileptic action [77]. Like-
wise, Vaitkevicius et al. demonstrated the use of allopregna-
nolone effectively in two adult patients of SRSE [78]. Some
other neuroactive steroids similar to allopregnanolone, like
ganaxolone, are also tested for refractory catamenial epi-
lepsy, focal seizures in RSE, neonatal seizures, or infantile
spasms [79-81]. Drugs that target the NMDA receptors by
causing functional changes in their glutamate receptor, like
ketamine and other drugs, show involvement in SE patho-
physiology. Hence, in the SE treatment, the antagonists of
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NMDA receptors can be a better approach theoretically
[82, 83]. Currently, the only NMDA receptor antagonist is
ketamine, which is intravenously administered and com-
monly available in most nations. Currently, immunotherapy
of epilepsy depends on immunosuppressants (monoclonal
antibodies, plasmapheresis, immunoglobulins, adrenocorti-
cotropic hormone, and corticotropic steroid hormones) and
has been used in a particular set of conditions, some types
of epilepsy like Lennox-Gastaut, autoimmune conditions or
severe encephalitis, and infantile spasms [84]. The modern,
novel approaches are being emphasized on the targeting
of principal pro-inflammatory mediators that show their
involvement in the inflammation of neurons associated with
epilepsy with great potential.

Prognosis

Different types of studies have been conducted, which are
overall focused on SE prognostic factors, but there is minus-
cule availability of data regarding SRSE or RSE. However,
there is an admixture of comparatively improved SE diagno-
sis, poor SRSE prognosis, and stroke-induced RSE accom-
panied by high mortality and poor prognosis [85]. Based on
another study, brain tumors and post anoxic encephalopa-
thy were autonomously accompanied by a high death rate
[86]. The recent epilepsy history was a result of deprived
outcomes in a single study, not in other studies [87]. The
high mortality rate resulted when the SE occurred with the
onset of low consciousness levels (stupor or coma), and also,
the NCSE and GCSE individually resulted in the death of
patients. The period of RSE and coma for more than 10 days
also results in a negative outcome [88]. However, there are
specific reports in which patients survived, even those suf-
fering from severe, persistent SE. The discharges of periodic
epileptiform are highly accompanied by the RSE that can
be seen in EEG findings. Oppositely, isoelectric EEG and
burst suppression unavailability are allied with excellent
outcomes, which may be due to less burden on the medi-
cations of anesthesia and reduced duration of the state of
coma and hospitalization in this line [89]. Low levels of
albumin, in the beginning, are autonomously allied to RSE
and associated with death according to a study [90]. Reduc-
tion or withdrawal of AEDs is likely not going to result in
RSE [91].

Patent and Clinical Trials for Status
Epilepticus

Patent data plays a vital role as a fundamental information
platform in the detection of developments in technological
growth [92]. Patent data for status epilepticus is included in
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Table 2. Clinical trials are investigational studies conducted
on humans for discovering the therapeutic agent or for deter-
mining any adverse reaction [103]; therefore, the therapeutic
agents on which clinical trials are conducted are discussed
in Table 3.

Conclusion and Future Prospects

Status epilepticus is a lethal disorder affecting the brain and
a state of medical emergency that is associated with electri-
cal discharges of cortical neurons. It requires prompt treat-
ment and diagnosis for management; hence, the pathophysi-
ological aspects are covered to fully understand the disease
and associated complications. EEG is a useful technique
used for detecting different characteristics of SE and for the
monitoring of the patient in ICU. SE is a critical condition,
and its stages, the RSE and the SRSE, are more severe, mak-
ing their management all the more challenging. Patients and

Table 2 Recent patents on status epilepticus

clinicians would conjointly have the benefit of a wide-rang-
ing meta-analysis of extrapolative factors as at this point;
disparate studies demonstrate varied results. Correspond-
ingly, investigations devoted to management and outcome
of the investigations in populations comprising primarily of
elderly conceived females and those who are suffering from
neurodegenerative disorders are also deficient. In the future,
studies must be conducted to tackle these issues effectively.
Continual advancements in fundamental research can influ-
ence the treatment of SE in emergencies and seizures. It is
clear from the pathophysiology of SE that prompt cessation
of SE can have a positive effect on patients. Shortly, there
should be the development of new delivery systems of the
prevailing drugs to terminate seizure activity, and this will
lead to a change in strategies of treatment. New drugs will
be available, those having neuroprotective action, that will
help in preventing injury to neurons, although they may not
be of aid in seizure termination, for instance, the availability
of NMDA antagonists. Advancement in EEG will enable

Patent no. Title Date of publication Assignee Reference

US10695325B2 Compounds and methods for treating an epileptic disor- ~ 2020-06-30 University of California [93]
der

US20190269752A1 Methods for the Prevention or Treatment of Epilepsy 2019-09-05 Duke University [94]

US20190298716A1 Aripiprazole Dosing Strategy 2019-10-03 Alkermes Pharma Ireland Ltd. [95]

US20190336758A1 Prevention of reflux induced laryngospasm 2019-11-07 Purdue Research Foundation  [96]

US20190380979A1 Compositions and methods for treating respiratory 2019-12-31 Zogenix International Ltd. [97]
depression with fenfluramine

US20200102559A1 Methods for controlling seizures by manipulating the 2020-04-02 Uriah Bekenstein [98]
levels of microRNA-211 (miR-211) in the brain

US20200206508A1 Contingent cardio-protection for epilepsy patients 2020-07-02 Flint Hills Scientific LLC [99]

US20200215078A1 Mitigation of epileptic seizures by combination therapy ~ 2020-07-09 University of California [100]
using benzodiazepines and neurosteroids

WO02020082065A1 9(11)-unsaturated neuroactive steroids and their methods 2020-04-23 Sage Therapeutics, Inc. [101]
of use

WO02020132504A1 3.alpha.-hydroxy-17.beta.-amide neuroactive steroids and 2020-06-25 Sage Therapeutics, Inc. [102]
compositions thereof

Table 3 Clinical trials for status epilepticus

Treatment Condition Reported result Trial number  Reference

Rectal diazepam trainer, rescue medica- Status epilepticus Recruiting NCT03562351 [104]

tion administration
Anti-seizure medication Nonconvulsive status epilepticus, subclinical seizure, Completed NCT03138876 [105]
altered mental status, nonepileptic seizures, encepha-
lopathy
Benzodiazepines, barbiturates, propofol Refractory epilepsy Recruiting NCTO03115489 [106]
Fosphenytoin (FOS), levetiracetam Benzodiazepine refractory status epilepticus Completed NCTO01960075 [107]
(LEV), and valproic acid (VPA)
SAGE-547 Status epilepticus Completed NCT02052739 [108]
SAGE-547, placebo Status epilepticus Completed NCT02477618 [109]
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to detection of subtle SE, and this may impact treatment in
emergency conditions.
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