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status epilepticus TIA Transient ischemic attack

ACNS American Clinical Neurophysiology mMSCNC Modified Salzburg consensus criteria for
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PRIS  Propofol infusion syndrome TMS Transcranial magnetic stimulation
SRSE  Super-refractory Status Epilepticus RSE Refractory Status Epilepticus
ECT Electroconvulsive therapy CEIC Comiteé d’Etica d’investigacié Clinica
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1. ABSTRACT

Status epilepticus (SE) is a neurological emergency associated with high mortality and numerous sequelae,
requiring early identification and intervention. Despite epileptic seizures usually cease with benzodiazepines
or other antiepileptic drugs, when cases exhibit refractoriness, the management becomes more challenging.
Within the realm of refractoriness, we encounter refractory and super-refractory status epilepticus (RSE and
SRSE respectively). RSE is defined when the seizure persists despite treatment with benzodiazepines and at
least one antiepileptic drug. SRSE is characterized by the persistence of seizures after 24 hours of sedation.
The therapeutic strategies available to treat SRSE are currently limited. Electroconvulsive therapy (ECT) has
been recommended as a nonpharmacological option for treatment after other alternatives are unsuccessful.
However, only case series have been published on their use in ceasing SRSE, which provides scarce evidence
on their effectiveness and safety. Given the limited therapeutic options and considering the outcomes
observed in published cases, it becomes apparent that assessing the efficacy of ECT to treat SRSE could be
crucial in the future not only for the early control of the SE but also for the reduction of mortality and
associated sequelae.

The main goal of our study is to analyze the efficacy of ECT in terminating super-refractory status epilepticus
and to compare it based on the sedation protocol employed. We propose two sedation options: one involving
interruption several hours before the ECT session, resuming once the session is completed, and another
where sedation is progressively reduced as the patient undergoes ECT sessions, without abrupt interruption
at any point. Our secondary objectives include analyzing and comparing the time required to achieve the
termination of SE, assessing the degree of seizure control if termination is not achieved and evaluating the
adverse effects and neurological sequelae of ECT with both sedation protocols.

For these purposes, we have designed a multicenter randomized clinical trial in which 408 patients will be
consecutively and non-probabilistically recruited. The participants must be adults with SRSE scheduled to
undergo ECT, with a one-year follow-up capability and without pre-existing cognitive impairment or memory
loss. They will be randomized 1:1 into two intervention groups, with each group receiving ECT under either
one of the mentioned sedation protocols. We will analyze clinical and electroencephalographic changes after
each ECT session. In the favorable scenario of achieving the termination of SRSE, follow-up visits will be
conducted to identify the presence or absence of long-term neurological sequelae and compare them

according to the received sedation protocol

Keywords: super-refractory status epilepticus, epilepsy, electro-convulsive therapy, sedation management of status

epilepticus, neurological sequelae.
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2. INTRODUCTION

2.1 STATUS EPILEPTICUS

While a seizure is defined as a transient occurrence of signs and/or symptoms due to abnormal excessive
and synchronous neuronal activity in the brain, status epilepticus (SE) is a condition resulting from the
failure of the mechanisms responsible for seizure termination and/or from the initiation of mechanisms
which lead to abnormally and prolonged seizures. As accurated as these definitions might seem, defining
the point from which a seizure becomes a status epilepticus has always been a subject of conflict through
the years (1).

It wasn’t until 2015 when the International League Against Epilepsy (ILAE) proposed a new conceptual

definition of status epilepticus. This definition stablished two operational dimensions (t1 and t2) to guide

emergency management and treatment of prolonged seizures (1-3):

- tl1: time from which the seizure control mechanisms are considered to have failed, so from this point
onward, a patient experiencing a seizure is considered to be in status epilepticus and therefore the
time when emergency treatment of SE should be started.

- t2: time from which it is considered that epileptiform activity may have long-term consequences,
including alteration of neural networks, neuronal damage, and even death.

2.1.1 CLINICAL CLASSIFICATION OF STATUS EPILEPTICUS

We can classify SE based on its semiology, using the presence or absence of prominent motor symptoms

as the main differentiating axis.

l Classification of SE I
l SE with prominent motor phenomena | SE without prominent motor phenomena, nonconvulsive SE |
Tonic-clonic SE, convulsive SE " Myoclonic || Focal motor || Tonic | Hyperkinetic |
Generalized Focal onset Unknown With With- Repeated Epilepsia Adversive Oculo- Ictal
convulsive evolving to whether coma out focal motor partialis status clonic paresis, B
bilateral focal or coma || (Jacksonian) | continua focal Flgure 1 N 2015
convulsive SE | generalized inhibitory
. classification of
| SE without prominent motor phenomena, nonconvulsive SE |
AN status epilepticus by
: > the ILAE (1,4)
Nonconvulsive SE without coma
Generalized Focal Unknown whether

focal or generalized

Typical Atypical Myoclonic Without impairment of consciousness Aphasic || With impaired
absence b b i
status status status

Autonomic

Aura continua, with autonomic, sensory,
visual, olfactory, gustatory, emotional/
psychic/experiential, or auditory symptoms
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The operational dimensions t1 and t2, and therefore the emergency management, will be different
depending on the type of status we are facing. That’s why it is crucial to identify and classify status

properly on an early stage. Table1 (1)

Table |. Operational dimensions with t; indicating the time that emergency treatment of SE should be started and t»
indicating the time at which long-term consequences may be expected

Operational dimension 2

Operational dimension | Time (tp), when a seizure may

Time (t;), whenaseizure is likely to cause long term consequences

be prolonged leading to continuous (including neuronal injury, neuronal death, alteration
Type of SE seizure activity of neuronal networks and functional deficits)
Tonic—clonic SE 5 min 30 min
Focal SE with impaired 10 min >60 min

consciousness

Absence status epilepticus 10-15 min* Unknown

“Evidence for the time frame is currently limited and future data may lead to modifications.

SE can also be classified based on the clinical response to therapeutic management (3) (2):

- Early Status Epilepticus: seizure that fulfills status epilepticus operational criteria t1.

- Stablished Status Epilepticus: SE that continues despite treatment with benzodiazepine.

- Refractory Status Epilepticus: SE that continues despite treatment with one benzodiazepine and at
least one antiseizure medication administered in the right dose and well indicated.

- Super-refractory Status Epilepticus (SRSE): SE continues despite treatment with anesthetics >24
hours.

This classification can be found fully detailed when explaining the management of status epilepticus, but

since it is mentioned on earlier parts of this project, | thought it could be useful to briefly explain it.

2.1.2 EPIDEMIOLOGY

The epidemiology data of SE has always been difficult to analyze due to the heterogenicity that existed
in it’s definition. It wasn’t until 2015, when ILAE stablished the actual status definition and classification,
that the epidemiological studies could start to be performed with a common understanding.

In Europe in 2015, the incidence of all types of status epilepticus in adults was 36.1 per 100.000 per year
and 12.1 per 100.000 per year for nonconvulsive status epilepticus. The incidence of refractory status
epilepticus was 7.2 per 100.000 adults per year while the incidence of super-refractory status epilepticus
was 1.2 per 100.000 per year (5). All studies found a prominent increase with age on the incidence of

status epilepticus in adults (2,5).
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neuronal networks and nervous system but also it is strongly related to it’s etiology. Anoxic damage and
increasing age are some of the main factors associated with higher mortality whereas alcohol
intoxication and antiepileptic drugs (AED) withdrawal are associated with lower mortality rates (6). In
previous reviews of epidemiology on status epilepticus, mortality range in-hospital was found to be
between 5.0% and 24.4% in stablished SE and between 4.6% and 39% on 30 days long status (7). One-
year mortality rates were found to be 17-27% in refractory status epilepticus and 26-46% in super-

refractory status epilepticus (8,9).

2.1.3 PATHOPHYSIOLOGY

Seizures represent the effect of abnormal synchronous discharges of progressively larger groups of
connected neurons that lead to clinical manifestations. Although the inciting events of a seizure are yet
to be found, it is known that it’'s maintenance it is due an imbalance between an excess excitation and a
decreased inhibition. Therefore, any etiology that disrupts the electrochemical gradient stability on
neuronal membranes can cause a seizure. When discussing seizures pathophysiology, it is important to
understand that glutamate is the main excitatory neurotransmitter and acts via N-methyl-D-aspartate
(NMDA) subtype receptor and that gamma-aminobutyric acid (GABA) is the most common inhibitory
neurotransmitter and acts via GABAa receptor (10).

It is clear that some endogenous seizure-terminating process must exist or every seizure would persist.
However, even though several theories exist, the mechanisms that lead to these processes are yet to be
known and, therefore, so does the exact pathophysiology of status epilepticus. In previous experimental
models (11), a less potent response to GABA receptor agonists such as diazepam was found when
administered later in the course of seizures than when given earlier. This suggests that, although many
other processes are certainly involved in the development of SE, a change in number or sensitivity of
GABA\ receptors is very likely one of the main ones (11,12). Other factors such as the increasing in
excitatory glutamate receptors, the alternations in excitatory and inhibitory neuropeptides (such as
substance P and neuropeptide Y respectively) and other genetic and epigenetic changes are believed to
play a part in the failure of these suppressing mechanisms (6,10,13). Although basic mechanisms of
prolonged seizures are very similar, it is important to clarify that each type of SE has its own

particularities. For example, the neuronal population involved in absence SE is the thalamocortical, and

10
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where the hippocampal formation neuronal population is involved, the excitation and synchronization
depends mainly on glutamate receptors such ass NMDA (14)

Neurologic injury in status epilepticus is mainly due to the excessive abnormal neuronal discharges that
lead to excitotoxic mechanisms. When glutamate binds to the NMDA receptor under severely
depolarized conditions of status epilepticus, the activity of this receptor is not properly regulated and it
allows calcium and other ions to flow into the neuron. This flow of ions feeds back on itself, leading to a
higher flow of ions into the cell and to the accumulation of high amounts of calcium, among others,

which results in neuronal necrosis and delayed cell death (10).

2.1.4 ETIOLOGY
Status epilepticus can be caused by a large group of etiologies (full list of etiologies that may cause SE can

be found in Annex 1). This is why ILAE also classified SE using etiology as a main classificatory axis (1,2):

- Known or symptomatic SE: prolonged seizure caused by a known disorder which can be structural,
metabolic, inflammatory, toxic, infectious or genetic. Known SE can be classified as it follows:

o Acute: SE occurring within 7 days of an acute disease (stroke, encephalitis, metabolic
disorders, intoxication, drugs, etc) or 4 weeks of a head trauma.

o Remote: SE in an individual with prior (>7 days) neurological disease (stroke, encephalitis,
metabolic disorders, etc), prior (>4weeks) head trauma or other prior systemic disease in
absence of acute insult.

o Progressive: SE related to progressive diseases (brain tumor, dementias, neurodegenerative
diseases, etc)

o Acute onremote: SE occurringin anindividual with a previous brain disease due to an acute
insult or trigger

o SE in defined electro-clinical syndromes or previous epilepsy with an acute trigger

- Unknown or cryptogenic SE: SE occurring in patients with no history of seizures and absence of any

other neurological diseases.

11
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Studies show that cerebrovascular diseases, metabolic diseases, hypoxia, alcohol related, tumors and
infections seem to be the most common causes of SE. However, in patients that were already being
treated with AED, the most common cause of SE is the AED withdrawal or noncompliance (2,7,15).
2.1.5 MANAGEMENT OF STATUS EPILEPTICUS
When the seizing patient arrives to the emergency department, it is crucial to perform an exhaustive

clinical history and physical examination as it follows:

Table 2 - EMERGENCY INITIAL DIAGNOSTIC MANAGEMENT OF SE (2,16,17)

When performing the clinical history of a prolonged seizing patient it is vital to
identify the circumstances surrounding the event and to obtain information from

witnesses, bystanders and emergency medical technicians (EMTs). Important

DETAILED information includes when was the patient last seen well, if the seizure was
CLINICAL witnessed by someone, if the patient has any history of trauma, neurosurgery,
HISTORY ischemic diseases or any other disease or condition that could possibly be an

etiology of status epilepticus, if the patient has history of psychiatric diseases, if
the patient has any comorbidity, which medication is taking the patient in case

they’re taking any (specially concerning AED), alcohol and drug consumption or if

12
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had, if the current seizure has had any difference from the previous ones.

In the clinical history it is also important to identify the circumstances surrounding
the event such as what was the patient doing when the seizure started, if they have
had any prodromal symptoms (behavior changes, mental instability, drowsiness,
feeling of fear or hypersalivation to name some), how has the seizure started and

how it progressed and the symptoms exhibited during the seizure.

The physical examination of the seizing patient should include checking and vital
signs (not only to manage and maintain them to ensure the patient's survival, but
also because at times they can provide guidance towards the etiology of the
seizure), a general inspection of skin and possible dysmorphias, an oral
examination (if the patient’s clinical presentation allows it) to check for lateral
PHYSICAL
tongue bites, cardiovascular examination, pupil status, identify the specifics of the
EXAMINATION
motor activity (if there is some), identify eye deviation (if there is some) and to
perform neurological examination (as exhaustive as possible taking in
consideration the patient’s clinical presentation).

Since seizures are often associated with injury, the patient should also be

evaluated for both soft-tissue and skeletal trauma.

While conducting a detailed medical history and physical examination, it is crucial to continuously
monitor and stabilize the patient in case the epileptic seizure persists, leading to an onset of status
epilepticus. In a status epilepticus scenario, it will be crucial to adhere to the “time is brain” principle,
especially in SE with prominent motor activity. In a SE, symptomatic treatments with AED must be
applied rapidly and, if needed, escalated toward anesthetics to prevent long-term consequences after

12 time point (2,18,19).

A proposed algorithm for the management of status epilepticus, which includes measures for

monitoring, stabilization, and therapeutics, is detailed in (Figure 3).

13
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EARLY STATUS
EPILEPTICUS

SEIZURE IN THE
EMERGENCY
DEPARTMENT

- Seizure that fulfills status
epilepticus operational criteria t1
- Repetition of two tonic-clonic
seizures without regaining
consciousness between them
- Repetition of two or more non
convulsive seizures with an interictal
period of less than 30 minutes.

Detailed clinical
history and physical
examination

Parenteral bolus of BZD
1. IM midazolam or IV diazepam
if none of the tWO  options is
avaliable, choose from (2)
2. IV phenobarbital, IV lorazepam,
rectal diazepam or intranasal
midazolam

+

—

STABILIZATION MESURES

Facultat de Medicina
ABCDE
- Protect airway

- Monitor vital signs

- Assess oxygenation, maintain airway patency, give oxygen
via nasal cannula/mask, consider intubation if needed and
suction secretions.

- Initiate ECG monitoring
- Remove objects near the patient and ensure their safety
- Attempt IV access and collect electrolytes, hematology,
liver and kidney function tests, toxicology screen and AED

levels (if appropiate)

)
TERMINATION

OF THE SEIZURE [¢— Non epileptic activity

—

EEG (to rule out
electrical seizures)

[

Epileptic activity

T
STABLISHED

STATUS <

Does seizure
continue?

EPILEPTICUS

L

v

The management of AEDs and sedation will depend on the type of status

CONVULSIVE
STATUS

Less aggressive, individually tailored treatment with benzodiazepines (BZD) or
antiepileptic drugs (AED) recommended for the management of non-convulsive
seizures (such as lacosamide or levetiracetam)

!

if there is refractoriness for >60 minutes, if there are systemic complications, or
if there is a decrease in the level of consciousness

NON-CONVULSIVE
STATUS

- Collect and monitorize finger blood glucose
- Initiate intravenous fluid therapy
After the patient is stabilized or the status has
concluded, individually conduct the relevant
diagnostic tests to investigate the cause of the
status epilepticus

between

2nd dose of BZD

1rst IV AED (phenytoin, valproic acid or
levetiracetam)

Does seizure

Y

<30 min

EEG
monitoring

coma) such as propofol or midazolam +

Intravenous anesthetics (induction of
continue AED

| +

INTENSIVE
CARE

REFRACTORY
STATUS
EPILEPTICUS

L

continue? No

Add 2nd IV AED (choose from phenytoin,
valproic acid or levetiracetam based on
whichever has not been used previously)

EEG (to rule out
electrical
seizures)

Does seizure
continue?

No

SUPER-REFRACTORY
STATUS EPILEPTICUS

If epileptic crisis
persists >24h

Increase the dose of benzodiazepines and/or antiepileptic drugs (AEDs) and consider using other avaliable therapies to treat SRSE
such as ketamine, phenobarbital, thiopental, corticosteroids or electroconvulsive therapy (ECT).

More information on these therapies can be found in Table 5

Figure 3: Algorithm for the management of status epilepticus (2,3,16,18,19)

Choosing an antiepileptic drug is a decision that should be made on an individualized basis. As explained

in Annex 2, each drug has specific advantages and disadvantages which can justify choosing one AED

over another one. In addition to the nature of the drugs, it is also important to consider the patient

profile that needs to be treated. As observed in Annex 3, certain patient groups will require special

considerations (2).

14
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possible on an individualized basis to study the status etiology.

Table 3 - DIAGNOSTIC TESTS CARRIED ON WHEN STUDYING SE (2,16,17)

Laboratory studies in SE should include serum glucose levels, electrolytes, urea,
nitrogen, creatinine, magnesium, calcium, complete blood count, pregnancy tests
LABORATORY | (in woman of childbearing age), AED levels (if taken), liver function tests, alcohol

STUDIES levels and drug-of-abuse screening. Nevertheless, the determination of other
analytical parameters could be justified if there is a high clinical suspicion
supporting it.

Cardiac monitorization, in addition to allowing the assessment of cardiac activity,
ECG
can also sometimes prove insight into the seizure’s etiology.

Neuroimaging is generally indicated in patients with a first-time nonfebrile seizure.
Computed tomography (CT) changes acute management of patients with a new
seizure in up to 17% of cases, this is why it is often carried on in the acute
emergency management of the seizing patient. On the other hand, magnetic
NEUROIMAGING | resonance imaging (MRI), although it is generally preferred by neurologists in
evaluating first-time seizure for its high sensitivity on identifying small lesions, has
not yet been evaluated in acute seizure management. Nevertheless, MRI will
eventually be performed either during the acute management if deemed

appropriate or later on for etiological diagnosis.

LUMBAR Lumbar puncture should be considered in patients with persistent altered mental

PUNCTURE status, fever or severe headache.

Even though EEG’s sensitivity varies depending on the timing and the location of

the seizure focus, EEG is usually the definitive test for diagnosing and monitoring

ELECTROENCE- | a seizure disorder, especially the non-convulsive ones.

PHALOGRAPHY | Since some observational studies found electrical activity in 25% of patients whose
(EEG) seizure was treated and thought to have terminated (20), literature suggest that,

despite the technical and logistical difficulties, bedside EEG should be considered

in the assessment of SE.

15
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During the initial management of status epilepticus, emergency physicians should also be able to

distinguish whether the patient is having a seizure or is experiencing a condition that could mimic it

(16,21). Some of the main conditions that should be considered in the differential diagnosis when facing

a seizure, and the main clinical differences between them are:

Table 4 - DIFFERENTIAL DIAGNOSIS OF A SEIZURE (21,22). TIA stands for transient ischemic attack.

Seizure Syncope Pseudo-crisis TIA Migraine
Eyes Open Open Closed Open Open
Sphincter
Yes Yes/No Yes/No No No
Relaxation
Loss of
Yes Yes Yes/No No No
consciousness
Yes/No
Tongue bite Lateral No No No
Tip of the tongue
Involuntary
Yes Yes Yes No No
movements
Duration Few minutes Seconds Minutes Minutes Minutes
Postictal period Yes No No No No

Although clinical presentation and physical examination can guide you in the differential diagnosis, the
primary tool to differentiate a true seizure from other conditions will be the EEG (2,17,21).

2.1.6 AVALIABLE THERAPIES TO TREAT SUPER-REFRACTORY STATUS EPILEPTICUS

The aims of treatment in super-refractory status epilepticus are to control seizures mainly to prevent
initial excitotoxicity (even though it should be recognized that after 24 hours of continuous or recurring
seizures the excitotoxic processes causing cerebral damage are very likely already to have been
initiated), to provide neuroprotection (an attempt to block the progression over time of the secondary
processes triggered by initial excitotoxicity), to avoid/treat systemic complications of prolonged
unconsciousness and of prolonged anesthesia and to treat its underlying cause (23).

Status epilepticus is usually treated with a range of therapeutic interventions that are tailored

individually and often applied in an additive and stepwise manner (18,19,23). The therapeutic tools

16
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employed or that could potentially be employed in the management of super-refractory SE (and the

known mechanisms of action and primary adverse effects of some of them) are as follows:

Table 5 - AVALIABLE THERAPIES TO TREAT SUPER-REFRACTORY STATUS EPILEPTICUS (2,19,23)

ANAESTHETIC DRUGS

TREATMENT

GENERALITIES

MECHANISM OF ACTION

ADVERSE EFFECTS

Barbiturate anesthesia is the

traditional anesthetic therapy

Enhancing GABA(A) receptor

Hypotension,

activity cardiorespiratory depression,
for SE. Their tendency to rapid
Decreasing core | tendency to develop
THIOPENTAL AND redistribute and to accumulate
temperature pharmacological tolerance and
PENTOBARBITAL tends to result in long half-life
Neuroprotective effects dependance, pancreatic
in anesthesia (they require long
Theoretical neuroprotective | dysfunction and  hepatic
recovery time). Strong anti-
effect dysfunction
epileptic action.
Strong tendency for rapid and
Midazolam is the only
acute tolerance and
benzodiazepine  that has
dependance to develop
pharmacokinetic properties | Enhancing GABA(A) receptor
MIDAZOLAM Hepatic and renal impairment
suitable for prolonged infusion | activity.
Cardiorespiratory depression
without accumulation. Strong
(less marked than
anti-epileptic action.
barbiturates)
Hypotension and
Versatile anesthetic with a very
cardiorespiratory depression
rapid onset and recovery. It's
(at a lower rate than
high responsiveness allows a | Enhancing GABA(A) receptor
PROPOFOL barbiturates and midazolam),
great control of the level of | activity.
Propofol infusion syndrome
anesthesia. It has no serious
(PRIS) and drug induced
drug-drug interactions.
involuntary movements.
Anesthetic frequently
postulated as an alternative for
Drug induced hypertensions
status epilepticus for its
Antagonism action at the | and risk of neurotoxic effects
KETAMINE sympathomimetic action (this

implies the absence of
cardiodepressive or

hypotensive properties)

NMDA receptor

(which needs to be further

studied)
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While in super-refractory status epilepticus, antiepileptic drugs may not seem to play as

Bernat Buil Ripoll

prominent a role as anesthesia, their administration is crucial during the status to provide
adequate antiepileptic coverage upon sedation withdrawal.

Further studies need to be performed on the role AED play in super-refractory status epilepticus
and on the most appropriate or most effective anti-epileptic regimen. These studies are
challenging to conduct due to patients in super-refractory status epilepticus often being treated
with multiple medications, given the tendency of status epilepticus to spontaneously resolve and
due to the delayed manifestation of both effects and adverse reactions.

The most common adverse effects of antiepileptic drugs can be found in Annex 4.

The infusion of magnesium sulfate has shown significant utility in controlling seizures of specific
etiologies such as eclampsia, hypomagnesemia, and acute intermittent porphyria. Studies have
proposed that its potential mechanism of action may involve the blockade of the NMDA receptor
; however, this hypothesis has not been conclusively demonstrated. It is common, due to a lack
of research and evidence, to administer magnesium in super-refractory status epilepticus as it is

considered safe and significant adverse effects have not been observed.

Intravenous pyridoxine treatment forms the cornerstone for the resolution of super-refractory
status epilepticus attributed to congenital pyridoxine metabolism disorders. Nevertheless, cases
of super-refractory status epilepticus responsive to pyridoxine have been observed in patients
without a diagnosis of congenital metabolic errors. Hence, despite the efficacy being notable in a
limited number of cases, pyridoxine is routinely administered in super-refractory status,

particularly in young patients.

Currently, corticosteroids and other forms of immunotherapy (such as immunoglobulins or
plasma exchange) are not only employed in the treatment of immunologically mediated status
epilepticus (for obvious reasons) but in cryptogenic cases as well. The use of these therapies in
status epilepticus of uncertain etiology is motivated, on one hand, by the suspicion that
cryptogenic cases are likely to have an immunological basis, possibly involving yet to be
discovered autoantibodies. On the other hand, there is a suspicion that the persistence of status
epilepticus may be attributed to inflammatory processes that occur in conjunction with sustained

epileptic activity.

A ketogenic diet which leads to a consistent ketosis has shown to have both an anti-epileptic
activity and an anti-inflammatory activity. However, even though ketogenic diet is a tool used in
some cases (specially in severe childhood encephalopathies) conclusive experimental evidence
on it’s use in super-refractory status epilepticus is yet to be found.

The ketogenic diet exhibits certain adverse effects that merit attention. These include metabolic

acidosis, hypoglycemia, gastrointestinal effects (nausea, vomiting, and constipation),
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hyperlipidemia, hyponatremia, and weight loss. Monitoring is required while being in ketogenic
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diet for urinary and plasma ketones, electrolytes, glycemia, lipid profile, and hepatic function.

Unlike other therapeutic options, the ketogenic diet presents numerous contraindications that

restrict its usage. The primary contraindications include acute pancreatitis, severe metabolic

acidosis, pregnancy, adynamic ileus, liver failure, kidney failure, disorders of fat metabolism,

primary carnitine deficiency, carnitine palmitoyltransferase deficiency, carnitine translocase

deficiency, porphyrias and pyruvate kinase deficiency. When initiating a ketogenic diet, it is

important to consider potential interactions with other medications. This diet may interact with

the following (66):

- Propofol: increases the risk of propofol infusion syndrome.

- Carbonic anhydrase inhibitors: increase the risk of metabolic acidosis.

- Corticosteroids: increase insulin resistance and stimulate gluconeogenesis, thereby
hindering ketosis.

- Propylene glycol: stimulate lactic acidosis, thereby hindering ketosis.

Hypothermia reduces metabolic rate, oxygen utilization, ATP consumption, glutaminergic drive,
mitochondrial dysfunction, calcium overload, free radical production and oxidative stress,
permeability of the blood-brain barrier and pro-inflammatory reactions. These mechanisms seem
to be capable of reducing the damage caused by continuous epileptic activity. There are several
studies that have tested the anti-epileptic action of hypothermia, and several show evidence of
its efficacy. However, and since super-refractory status epilepticus’ management is very complex
and multifactorial, there is a lack of evidence to assert to what extent hypothermia can resolve
super-refractory status. It is important to point out that even mild hypothermia has its own risks
such as acid-base and electrolyte disturbances, disseminated intravascular coagulation,
coagulation disorders, thrombosis, infections, cardiac arrhythmia, bowel ischemia and paralytic

ileus.

Urgent neurosurgery has been employed as a last-line therapy in situations where there is
radiological or electroencephalographic evidence of a focal lesion. However, in status epilepticus
there are often widespread epileptogenic areas and, therefore, the outcome after emergency
surgery is usually poor.

Surgical procedures employed will depend on the type of lesion identified, with the most common
being the focal resection of areas of cortical developmental malformation. The optimal timing for
the implementation of surgical techniques is not entirely clear. Evidence suggests considering it
in selected cases with status epilepticus lasting two weeks or more, although in some instances,

interventions have been carried out earlier
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ELECTRICAL AND MAGNETIC STIMULATION THERAPIES

TRANSCRANIAL
MAGNETIC
STIMULATION (TMS)

Transcranial magnetic stimulation uses a magnetic field to induce electric currents in specific
areas of the brain. These electric currents are believed to be useful on stopping the epileptogenic
activity just as they are on treating depression, obsessive-compulsive disorder and certain types
of migraines. Due to its infrequent use in super-refractory status epilepticus, and given that its
mechanism of action is contrary to that of anesthesia and antiepileptic drugs, it is doubtful that it

will be incorporated in the future as a therapy with significant outcomes

VAGAL NERVE
STIMULATION

Despite the mechanism of action not being fully understood, it is known that vagus nerve
stimulation modulates neuronal activity. In the treatment of status epilepticus, the implantation
of a vagus nerve stimulation device has shown effectiveness in some cases. However, due to the
complex multifactorial management of status epilepticus, involving simultaneous administration
of multiple therapies, there is insufficient evidence regarding the efficacy of vagus nerve

stimulation in terminating the status

DEEP BRAIN
STIMULATION

Deep Brain Stimulation (DBS) is a technique involving the implantation of electrodes in specific
areas of the brain, which are connected to a pulse generator device typically subcutaneously
implanted in the chest area. This cerebral stimulation allows for the modulation of neuronal
activity in the stimulated regions and is occasionally used to treat neurological and psychiatric
disorders such as Parkinson's disease, essential tremor, dystonia, treatment-resistant depression
and some cases of obsessive-compulsive disorder. Further research is needed regarding its use in
controlling super-refractory status epilepticus, as there are currently only publications regarding

its efficacy in seizure control

ELECTROCONVULSIVE
THERAPY (ECT)

Electroconvulsive therapy is the most extensively studied form of brain stimulation in the
management of status epilepticus. Its antiepileptic effect, although not yet well-defined, is
believed to be attributed to an increase in presynaptic GABA release that occurs following the
tonic-clonic seizure or generalized epileptiform discharge induced by electroconvulsive therapy.
Further information on ECT (including more detail on its mechanism of action and adverse effects)

can be found in Section 3 of the introduction of this document.

CEREBROSPINAL
FLUID DRAINAGE

There is a single recently published study regarding the use of cerebrospinal fluid drainage in the
management of super-refractory status epilepticus. A highly favorable response was observed in
this study, and it is suspected that it may be attributed to the removal of inflammatory
substances, to an autonomic reflex caused by the drop of pressure or to the changes in
intracerebral pressure, properly. It is postulated that this treatment tool could be combined with
the intrathecal administration of highly effective antiepileptic agents, but further research on

cerebrospinal fluid drainage is still required to draw definitive conclusions as proposed
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2.1.7 PROGNOSTIC

Morbidity-mortality and complication rates of SE are somewhat challenging to determine due to the
range of definitions that status epilepticus has had over the years. The extensive range of etiologies and
therapeutic options also complicates drawing conclusions about the prognosis and sequelae of this. This
is why obtaining prognostic tools is somewhat challenging within status epilepticus, as the prognosis
tends to be individualized for each patient (24-26).

Several prognostic factors have been pointed to predict the outcome of status epilepticus. Of the
prognostic factors proposed as predictors, the ones that are believed to be the most accurate are age,

etiology, seizure duration and response to treatment (9,24-27).

Table 6 — MAIN PROGNOSTIC FACTORS OF SE (8,9,26,27)

Excluding neonatal period, status epilepticus prognosis and mortality mostly
AGE
worsens with age.

Etiology is considered to be the main determining prognostic factor. Patients with
cerebral anoxia and acute symptomatic etiology (such as SE due to CNS infection)
ETIOLOGY have a worse prognosis and a higher mortality rate. On the other hand, patients with
SE due to noncompliance to treatment of changes of AED therapy have a better

prognosis and a lower mortality rate.

Seizure duration is associated with an increased mortality and worse prognosis but

SEIZURE there is still no consensus in this finding since continuous EEG is not always available
DURATION in order to monitorize seizure ending and duration in sedated and non-convulsive
patients.

One-year mortality rates are steamed to be 17-27% in refractory status epilepticus
RESPONSE TO | and 26-46% in super-refractory status epilepticus. Refractoriness to treatment has
TREATMENT | been associated to a worse prognosis, that’s why refractory and super-refractory

status epilepticus show a higher mortality and worse prognosis.

In the past years, new scores to predict the outcome of SE have emerged. The Status Epilepticus Severity
Score (STESS) is a clinical score which predicts in-hospital mortality of patients with status epilepticus

based on age, consciousness, history of previous seizures and the worst seizure type the patient’s had.
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Although this score is a good short term prognosis predictor, it’s effectiveness in long term prognosis it
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is yet to be confirmed. In addition, STESS seems to have a low predictive value for status epilepticus with
good outcome (9,28).

Epidemiology based mortality score in SE (EMSE) is a newer clinical score which also predicts in-hospital
mortality of patients with status epilepticus based on age, etiology, comorbidities and EEG pattern. This
score, although it needs further validation, has shown to be a better outcome predictor and to be valid

and extrapolatable to a broader range of geographical and epidemiological realities than STESS (9,29).

The scores templates for both STESS and EMSE can be found in Annex 5.

The most common complications in patients during status epilepticus are arterial hypotension,
pneumonia, arrhythmias, systemic and pulmonary hypertension, hypoxia, respiratory depression,
hyperkaliemia, rhabdomyolysis, infections, liver failure, renal failure, ileus and gastrointestinal
disturbance, metabolic acidosis and pulmonary edema. These complications are not just related to the
seizures themselves but also with the pharmacologic treatment and the prolonged stay in the ICU. This
is why statuses that remain under sedation for a longer period (refractory and super-refractory SE) will
be at a higher risk of complications (30).

Continuous epileptic activity may also lead to neurological sequelae. Secondary epilepsy in patients who
didn’t suffer from it (which may occur in 22-41% of established SE and in 87.5% of refractory SE),
cognitive and/or functional deficits (which may occur in 21-61% of established SE and in 67% of super-
refractory SE), behavioral problems and focal neurologic deficits are among the potential neurological
consequences that a patient may experience after status epilepticus. It is important to specify that the
risk of experiencing these sequelae largely depends on the etiology of the status, and that the risk

increases with the refractoriness of the status (1,2,31-34).

2.2 ELECTROENCEPHALOGRAM (EEG)

Electroencephalography is a cheap, painless and non-invasive functional exploration technique of the
CNS which represents cerebral spontaneous electrical activity generated by the brain in real time. The
origin of this electrical activity lies in the pyramidal cells of the cerebral cortex, but the entirety of

electrical activity will depend not only on the integrity of these cells but also on the state of subcortical
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structures such as the diencephalon, brainstem and the connections between the cortex and all these
structures (35,36).
To perform it, electrodes are set up on the scalp according to the international 10-20 system (Annexe 6)
to capture and analyze the frequency, characteristics, spatial distribution and state of cerebral electrical
activity (35—37). The electrodes are combined in such a way that two different setups can be obtained:
- Monopolar or referential montage: records the electric voltage difference between one electrode
placed in an active cerebral area and the reference electrode (which is placed in a neutral area such
as the earlobe) or the average of all or some of the active electrodes (36).
- Bipolar montage: records the voltage difference between two electrodes placed in cerebral active
areas (36).
EEG is currently indicated for evaluating clinical conditions such as epilepsy, alterations in the level of
consciousness, impairment of higher cognitive functions, assessment of cerebral maturation in
newborns and preterm infants and certification of brain death. In the field of epilepsy, EEG provides
relevant information for the diagnosis, classification, and ongoing monitoring of patients with epileptic
seizures. It is important to note that up to 50% of patients may have a normal EEG in the interictal period,
and in some cases (especially with focal seizures), it can also be normal during the crisis itself. Therefore,
to subject the patient to specific stimulations during the EEG that lower the epileptogenic threshold,
such as hyperventilation, sleep deprivation, sleep or intermittent photic stimulation (IPS) can be useful
to induce epileptic activity while performing the test, and in this way, to be able to analyze it using the
EEG (35,36).
2.2.1 EEG in a super-refractory SE context
In the context of a super-refractory SE it is crucial to acknowledge that the patient will be sedated. The
primary challenge in managing a patient with a prolonged epileptic crisis who has been sedated is to
ascertain whether or not the patient is experiencing the seizure 24 hours after sedation and, therefore,
if the patient is indeed experiencing a super-refractory SE (35,36,38). Determining whether a patient
with refracto ry status epilepticus is in an epileptic crisis or not after 24 hours of sedation will depend on
the clinical scenario in which we find ourselves. This scenario may include:
- Patient who, after 24 hours of sedation, continues to exhibit a clinical seizure with prominent

motor phenomena: if EEG demonstrates epileptic activity corresponding to the clinical
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manifestation, the patient will still be experiencing an epileptic crisis and, therefore, will be in a
super-refractory status epilepticus situation (2—4,35,38).

- Patient who, after 24 hours of sedation, doesn’t exhibit a clinical seizure with prominent motor
phenomena (this includes patients who initially were in a non-convulsive SE and patients who were
in a convulsive status epilepticus but sedation stopped them from manifesting predominant motor
phenomena): since the persistence of an epileptic crisis is necessary to categorize a patient as having
super-refractory status epilepticus and a visible motor activity signs are not present, the mere
presence of epileptic activity in an EEG 24 hours post sedation is insufficient to determine whether
the patient is still experiencing status epilepticus or not. To distinguish between a clinical crisis and
residual epileptic activity, an augmented evaluation of the electroencephalographic tracing must be
carried on. Such evaluation shall be undertaken in accordance with the American Clinical

Neurophysiology Society’s (ACNS) modified Salzburg consensus criteria for non-convulsive SE

(mSCNS) (Table 5) (2,35,38—40). If these criteria are fulfilled, the EEG findings will be deemed

indicative of an epileptic crisis, thus signifying that the patient is in a super-refractory SE.

Table 7 — mSCNC (38-40)

MODIFIED SALZBURG CONSENSUS CRITERIA FOR NON-CONVULSIVE STATUS EPILEPTICUS (mSCNC)

A. Patients without known epileptic encephalopathy who fulfill at least one of the following
criteria:
1. Epileptiform discharges (repetitive focal or generalized spikes, polyspikes, sharp
waves, spike-and-waves or sharp-slow -wave complexes) >2.5 Hz
2. If epileptiform discharges are <2.5 Hz or, in case there are no epileptiform discharges,
there is a continuous rhythmic delta-theta activity >0.5Hz, one of the following should
be fulfilled:
a) Typical spatiotemporal evolution: one of the following must be fulfilled:
- Incrementing onset (increase in voltage with changes in frequency)

- Decrementing termination (in voltage or frequency)
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- Evolution in pattern (change in frequency >1Hz and change in
location).
| EEG: typical ictal spatiotemporal evolution |
Incrementing onset: | I Evolution in pattern: I | Decrementing termination I

Figure 4 - TYPICAL ICTAL
SPATIOTEMPORAL
EVOLUTION (38)
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b) Subtle clinical ictal phenomenon (facial twitching, gaze deviation, nystagmus,
limb myoclonus, etc) during the EEG pattern mentioned above
¢) EEG and clinical improvement after IV AED are applied
B. Patients with known epileptic encephalopathy, in addition to the criteria above, have to fulfill
one of the following:
1. Increase in prominence or frequency when compared to baseline with observable
change in clinical state.

2. Improvement of clinical and EEG features with IV AEDs

2.3 ELECTROCONVULSIVE THERAPY (ECT)

ECT is a well-known treatment used frequently in several psychiatric disorders. It consists of applying
electrical stimulation to the brain under mild anesthesia, with specific frequency and intensity
parameters and with a predetermined electrode montage with the intention of inducing a controlled
generalized tonic-clonic seizure. ECT still faces some social resistance and continues to be linked to a
perceived form of punishment for psychiatric patients. This perception couldn't be further from the
truth, as ECT represents a safe and effective therapeutic tool for psychiatric disorders that are refractory

to medical treatment and psychotherapy (41-44).
2.3.1 HISTORY OF ELECTROCONVULSIVE THERAPY

Although the practice of inducing convulsions to treat mental illness began in the 16" century,

electroconvulsive therapy itself is no longer than 80 years old. It was first performed in 1938 by the
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Italian psychiatrist Ugo Cer