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ABSTRACT

BACKGROUND: Inflammatory Status Epilepticus (ISE) is a neurological
emergency, posing diagnostic and therapeutic challenges, particularly in the
pediatric population. We aimed to analyze the clinical features and therapeutic
approaches to pediatric ISE across multiple Italian centers. Moreover, we correlated
these variables with the disease outcome in terms of SE duration and hospital
Length of Stay (LOS).

METHODS: Children aged 1 month to 18 years old diagnosed with ISE were
included. Data were retrospectively collected through a structured clinical sheet.
Statistical analyses were conducted using either the unpaired Student’s t-test for
normally distributed data or the Mann-Whitney test for non-normally distributed
data. Fisher's exact test was used for comparisons between categorical variables.
Significance was set at p-value < 0.05.

RESULTS: 41 episodes of pediatric ISE were revised. The cohort included 30
patients (15 males) with a mean age of 8.12+3.97 years at ISE onset. ISE episodes
lasting less than 30 minutes and more than 30 days accounted for 16.28% of the
cases each. An average of 4.5 treatments per episode was reported, midazolam and
diazepam being the most frequently used medications. Etiology-driven treatments
(EDTs) accounted for 12.8% of all interventions. Patients receiving EDTs had
significantly longer SE durations as compared to those conventionally treated
(»<0.0001), though there was no significant difference in LOS. Patients with
incomplete diagnostic workups had shorter LOS than those who underwent
comprehensive evaluations (p = 0.022).

CONCLUSIONS: Our findings highlight the complexity of managing pediatric
ISE. While EDTs show to be crucial in refractory cases, they are often delayed.
Timely diagnostic and therapeutic approaches may reduce hospital stays without

compromising care.



1. INTRODUCTION

1.1 Definition of Status Epilepticus

Status Epilepticus (SE) is one of the most common neurological emergencies in the
pediatric population and can cause permanent neurological damage if not
adequately addressed. Even when properly treated, survivors of SE often present
with long-term sequelae, including cognitive and neurodevelopmental impairment,
epilepsy, and recurrent SE. [

Over the years, the definition of SE has evolved significantly as the understanding
of this condition improved; early definitions referred to SE as prolonged seizures
but did not provide precise time references. [2! As the understanding of this condition
grew over time, the duration of seizures became of pivotal importance in defining
SE, although never reaching a universal consensus on the time frame in object, as
this could space from 30 to 5 minutes. [ 4]

In 2015 the Commission on Classification and Terminology and the Commission
on Epidemiology of the International League Against Epilepsy (ILAE) have
charged a Task Force to revise concepts, definition, and classification of SE. The
proposed definition of SE states as follows: “Status epilepticus is a condition
resulting either from the failure of the mechanisms responsible for seizure
termination or from the initiation of mechanisms, which lead to abnormally,
prolonged seizures (after time point t1). It is a condition, which can have long-term
consequences (after time point t2), including neuronal death, neuronal injury, and
alteration of neuronal networks, depending on the type and duration of seizures.”
(51 This definition is conceptual, encompassing two key operational aspects: the first
is the duration of the seizure and the time point (t1) after which the seizure is
considered "continuous seizure activity." The second time point (t2) marks the
duration of the ongoing seizure, beyond which there is a risk of long-term effects.
For convulsive (tonic-clonic) SE, both t1 (5 minutes) and t2 (30 minutes) are
derived from animal studies and clinical research. While the evidence is incomplete
and shows significant variability, these time points represent the best current
estimates. Similar data for other forms of SE are not yet available, but as research

progresses, time points for specific types of SE can be established based on



scientific evidence and integrated into the definition, while keeping the fundamental
concepts intact. Figure 1 provides the two operational dimensions proposed by

Trinka and al. for different types of SE. I°]

Operational dimension 2
Operational dimension | Time (t3), when a seizure may

Time (t1), when a seizure 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 1015 min® Unknown
“Evidence for the time frame is currently limited and future data may lead to modifications.

Figure 1. Operational dimensions with t1 indicating the time that emergency treatment of SE should be

started and t2 indicating the time at which long-term consequences may be expected !

1.2 Epidemiology
Affecting approximately 17 to 23 per 100 000 children in the United States and

Europe, SE constitutes one on the most frequent life-threatening emergencies. The
short-term mortality ranges from 3% to 9%, and the long-term mortality rate is 7%.
(1]

In earlier studies the overall mortality in children admitted to pediatric intensive
care unit (PICU) was reported to be up to 17%, [¢ - although recent studies with
prospective measurement in children estimate mortality at 3%. In fact, according to
these studies, SE appears to be more common, have a different range of causes, and
a lower risk of death in pediatric population compared to adults. ]

Pediatric population exhibits distinct epidemiological features, including a
relatively higher recurrence rate of SE, more frequent triggers like infections or
remote symptomatic causes, and an increased likelihood of SE occurring in children
without a previous epilepsy diagnosis. 1?12

The onset of epilepsy is described to be more common in the first 2  years of life
rather than later in childhood. 13- 14

[15]

In over 75% of cases, SE can represent the child's first seizure, ' ">' yet these children

have only a 30% risk of later being diagnosed with epilepsy. !/
To assess whether mortality and morbidity are directly related to SE or rather to the

underlying cause of the seizures remains a challenging task. ¢



1.3 Classification

In 2015 Trinka and al. proposed a new diagnostic classification system for SE which
relies
on 4 axes: 1) semiology, 2) etiology, 3) electroencephalography (EEG) correlates
and 4) age. !
Axis 1 (semiology) refers to the clinical presentation of SE which can be
categorized according to two main criteria: the presence or absence of prominent
motor symptoms and the degree of impaired consciousness presented. The two main
categories resulting from this partition are:

- SE with prominent motor symptoms, which encompasses Convulsive SE

(CSE), Myoclonic SE, Focal motor SE, Tonic status and Hyperkinetic SE
- SE without prominent motor symptoms, or Nonconvulsive SE (NCSE),
which includes NCSE with coma and NCSE without coma

Whereas the clinical manifestation of CSE appear overt, with the term convulsive
designating “episodes of excessive abnormal muscle contractions, usually
bilateral, which may be sustained, or interrupted”, 171 defining NCSE can be more
controversial.
The prevalent definition refers to NCSE as continuous EEG seizure activity for at
least 30 minutes without visible convulsive movement. [!3 1°1 Whenever stupor or
confusion is observed, if otherwise unexplained, a diagnosis of NCSE should be
considered. (2%
Defining diagnostic criteria for NCSE can be controversial. 222
Since NCSE can be outlined as ‘“diminished level of consciousness or other
neurologic deficit associated with epileptiform EEG of typical discrete seizures or
continuous discharges” ?’ it is apparent that the use of EEG is of paramount
importance in the diagnosis. The response to antiepileptic drugs (AEDs) can also
be included in the diagnostic criteria, though always keeping in mind that many

NCSEs show to be refractory to AEDs both on EEG and on clinical presentation. 2]

Axis 2 (etiology) divides the causes of SE into two different categories:
- known or symptomatic: SE caused by a known disorder, which can be

structural, metabolic, inflammatory, infectious, toxic, or genetic. According



to its timing of onset, the subdivisions acute, remote, and progressive can
be applied.
- Unknown or cryptogenic: SE of unknown cause, to assume that it is

“presumably” symptomatic or genetic would be inappropriate. [*]

Axis 3 (EEG correlates) assigns the following terminology to EEG patterns in SE:

- Location: generalized (including bilateral synchronous patterns),
lateralized, bilateral independent, multifocal.

- Name of the pattern: Periodic discharges, rhythmic delta activity or spike-
and-wave/sharp-and-wave plus subtypes.

- Morphology: sharpness, number of phases (e.g., triphasic morphology),
absolute and relative amplitude, polarity.

- Time-related features: prevalence, frequency, duration, daily pattern
duration and index, onset (sudden vs. gradual), and dynamics (evolving,
fluctuating, or static).

- Modulation: stimulus-induced vs. spontaneous.

- Effect of intervention (medication) on EEG.

This review of terminology was proposed according to large descriptive series and

23-27

consensus panels, | Iconsidered that none of the ictal EEG patterns of any type

of SE is specific.
Axis 4 (age) provides five different age groups for SE stratification:

- Neonatal (0 to 30 days)

- Infancy (1 month to 2 years)

- Childhood (>2 tol2 years)

- Adolescence and adulthood (> 12 to 59 years)
- Elderly (= 60 years)

Ideally, in this proposed classification, each patient should be categorized according
to every axis, however it is acknowledged that this may not always be feasible;
although the approximate age of the patient and the semiology may be immediately
assessable at initial presentation, the etiology could be less apparent in early work-

up and EEG recordings will not always be available. )



Based on its response to treatment, or rather on the lack thereof, SE can be further
classified in Refractory SE (RSE) and Super Refractory SE (SRSE), where the
former refers to a seizure activity that persists after administration of a first-line
benzodiazepine (BZD) and a second line antiseizure medication (ASM), ?8/and the
latter occurs when continuous or intermittent seizures persist after at least 24 hours

following the administration of general anesthesia or recur after its withdrawal. [?]

Both RSE and SRSE are neurological emergencies with limited treatment options.
Encountered mainly in PICU settings, the causes for pediatric RSE and SRSE in
literature vary, especially according to age groups and geographic location. In a
study involving 151 refractory convulsive SE (RCSE) episodes, the most common
etiology was acute symptomatic (28.5%) in neonates and infants; prolonged febrile
convulsions (33.8%) in children 1-5 years; and remote symptomatic etiologies in
40% of patients between 5 and 10 years old, and in 36.8% patients between 10 and
16 years old. ¥

In RSE and particularly in SRSE, the mechanisms that typically halt seizures
become ineffective, and additional pathophysiological processes arise, contributing
to the persistence of SE. On a cellular level, SE enhances the internalization of
synaptic y-aminobutyric acid type A (GABA-A) receptors, while the function of
extra-synaptic receptors remains intact. This synaptic “receptor trafficking” results
in an overall decrease in the inhibitory effects of GABA, playing a significant role
in the development of pharmacoresistance. *!! Furthermore, an increased presence
of glutamatergic receptors on the neuronal surface may contribute to the
continuation of seizures due to altered ion concentrations, such as chloride, within
the cellular environment. The ongoing seizures and the development of SRSE might

also be attributed to enhanced sensitivity to NMDA-mediated neuronal stimulation,

[32] [33]

mitochondrial dysfunction, blood-brain barrier disruption, and

neuroinflammation (including pro-inflammatory cytokines and autoantibodies

[34

targeting neural components). 34! These factors collectively lead to excitotoxicity,

351 which directly causes neuronal injury, cell death, and ultimately poor clinical

outcomes. Additionally, prior research underscores the importance of the time



36, 37 with delayed or

between seizure onset and the initiation of treatment,
insufficient intervention leading to seizures becoming self-sustaining and resistant

to the intrinsic mechanisms naturally involved in seizure termination. %]

In recent years the definitions of New Onset RSE (NORSE) and Febrile Infection
Related Epilepsy Syndrome (FIRES) have become increasingly noteworthy,
particularly in the pediatric population.

NORSE is a clinical condition in which individuals without a history of epilepsy or
any significant preexisting neurological disorder develop RSE with no apparent
acute cause or active structural, toxic, or metabolic triggers. 3]

FIRES consists of a specific subcategory of NORSE that typically occurs in
previously healthy, school-aged children. [*-*!1 These cases are often preceded by a
febrile illness, with fever appearing between two weeks and 24 hours before the
onset of SE, at which the patient may or may not present with fever. [**]

Although NORSE and FIRES are relatively rare epilepsy syndromes in the general
population, they are frequently observed in the SRSE population. Therefore, when
the initial diagnostic evaluation yields negative results, these epilepsy syndromes

should be included in the differential diagnosis. [*°!

1.4 Management of SE

As it appears to be true for many critical conditions, it’s well established that, in the
management of SE, “time is brain”. The temporal evolution of irreversible neuronal
damage caused by epileptic seizures has been widely studied in animal models. As
the duration of SE increases, it results in a progressively greater number of necrotic
neurons and neuropil edema, along with an increasing number of brain regions with
neuronal damage. (%

It is now widely accepted that early recognition of SE and the prompt initiation of
treatment significantly improve clinical outcomes. Therefore, it becomes crucial to
note the start time of the seizure to accurately monitor its duration and the timing
of medication administration. [’}

Effective treatment of SE is presently challenged by several factors, such as
caregivers and pre-hospital healthcare providers administering insufficient doses of

rescue medications, as well as the inadequate and poorly timed implementation of



established and shared treatment protocols once patients arrive at the emergency

department.

[44, 45]

One of the most recent studies proposes a treatment protocol for children presenting

with prolonged convulsive seizures and SE divided into three phases.

46]

PHASE 1 refers to stabilization and pre-hospital treatment, when general
measures should be applied, such as: evaluating the level of consciousness,
starting to measure the duration of the seizure episode, initiating pre-
hospital treatment and calling emergency services, assessing and stabilizing
vital functions following the ABC sequence of Basic Life Support (Airway,
Breathing, Circulation).
The ideal medication in this early phase should: 1) have a rapid and
sustained action, 2) be easy to administer, 3) ensure an acceptable safety
profile with limited adverse events 4) be socially acceptable, easy to store,
transport, and use. In general, benzodiazepines are the preferred treatment
at this stage (4" and they can be repeated a second time after about 5 minutes
if the seizure persists. In the absence of intravenous access, buccal
midazolam and rectal diazepam are the first-line treatments for prolonged
seizures and convulsive SE during phase 1. 48]
PHASE II regards intra-hospital treatment at first and second level, that are
summarized in the following stages, based on the main published algorithms
for this condition: 434
- STABILIZATION (0-5 minutes): Initial phase where general
supportive measures are applied.
- FIRST-LINE TREATMENT (5-20 minutes): Administration of
benzodiazepines.
- SECOND-LINE TREATMENT (20-40 minutes): Lack of response
to benzodiazepines indicates the administration of ASMs belonging
to different pharmacological classes.

- THIRD-LINE TREATMENT (40—60 minutes): Refractoriness to at

least two adequately dosed second-line ASMs leads to admission to
the PICU for treatment with anesthetic drugs

10



In addition to their use in pre-hospital settings, benzodiazepines have also
demonstrated efficacy in the Emergency Department in 40-80% of cases.
48] The intravenous route should be preferred if venous access is available.
However, no more than two doses of intravenous benzodiazepines should
be administered (including any pre-hospital dose), as the effectiveness of a
third dose would be limited and would increase the risk of respiratory
depression. If the seizure persists for more than 5 minutes after the last
administration, the use of a second antiseizure medication (ASM) not
belonging to the benzodiazepine class is indicated. Phenytoin and
phenobarbital have specific indications and are included in most protocols.
81 However, in recent years, other drugs such as levetiracetam, valproic
acid, lacosamide, and brivaracetam have become available, albeit off-label.
[43]

If seizures persist 5 minutes after administration of the first second-line
drug, a second-line drug with a different mechanism of action should be
given, with attention to potential pharmacological interactions (e.g.,
phenytoin and valproic acid compete for the same protein binding sites). If
seizures continue beyond this point, further treatments should be avoided as
they are ineffective in over 85% of cases and may delay appropriate

intensive care management.

PHASE 111 involves intensive care management and third-level treatment.
In this phase, continuous EEG monitoring is mandatory both for diagnostic
purposes (identification of NCSE) and for treatment monitoring with
continuous infusion of anesthetic medications. The medications most
utilized for both children and adults at this stage are midazolam, thiopental,
and ketamine. Propofol is not recommended for pediatric patients due to the
risk of potentially fatal propofol infusion syndrome (characterized by
rhabdomyolysis, acidosis, and cardiac arrhythmia). Additional
pharmacological options include topiramate, isoflurane, lidocaine, valproic

acid, high-dose phenobarbital, lacosamide, perampanel, zonisamide, and

11



brivaracetam. Adjunct therapies such as a ketogenic diet, hypothermia, and

vagus nerve stimulation may also be considered. (6]

1.5 Neuroinflammation and SE

Recent studies have shown that neuroinflammation and status epilepticus are
closely intertwined, with neuroinflammation both contributing to the onset and

progression of SE and being a consequence of SE.

1.5.1 Neuroinflammatory mechanisms involved in SE

Two key factors should be considered when discussing the potential role of
neuroimmunological mechanisms in SE: whether the epileptic activity itself
triggers these mechanisms in the brain regions involved in the seizure network; and
whether a pre-existing neuroimmunological condition contributes to the onset of

SE and/or exacerbates its outcomes. P

This mutual relationship involves various molecular and cellular mechanisms that
influence seizure activity and brain damage.

Several factors enhance the role of systemic and brain inflammation as a contributor
to SE: firstly, the release of pro-inflammatory cytokines, such as IL-1p3, TNF-a, and
IL-6, in the brain, which can lower the seizure threshold by altering neuronal
excitability, making neurons more susceptible to hyperexcitability and seizures;
secondly, microglial activation increases the release pro-inflammatory mediators
and reactive oxygen species (ROS), which exacerbate neuronal hyperactivity and
increase the likelihood of prolonged seizures, such as SE; lastly, astrocyte
dysfunction may impair glutamate clearance, leading to excitotoxicity and
promoting seizures.

On the other hand, evidence in both pre-clinical and clinical studies shows that SE
can also act as a trigger of neuroinflammation: SE, in fact, induces significant
neuronal injury, which releases molecules such as HMGB1 (High Mobility Group
Box 1), which act as Damage-Associated Molecular Patterns DAMPs. These
molecules activate immune receptors, like Toll-like receptors (TLRs), further
promoting the neuroinflammatory response; other mechanisms involve disruption

of the Blood-Brain Barrier (BBB) disruption caused by prolonged seizures,

12



allowing peripheral immune cells to infiltrate the brain, thus exacerbating
neuroinflammation; ultimately, oxidative stress and excitotoxicity, induced by SE,
lead to the activation of resident glial cells (microglia and astrocytes), which further
release inflammatory cytokines, perpetuating the cycle of inflammation and
neuronal damage.

The relationship between neuroinflammation and status epilepticus is cyclical and
mutually reinforcing. Understanding this interplay is crucial for developing
therapeutic strategies aimed at both controlling seizures and mitigating

neuroinflammation to prevent long-term damage.

1.5.2 Current SE treatments and their effects on neuroinflammation
The American Epilepsy Society (AES) guidelines, published in 2016, recommend
initiating the management of convulsive status epilepticus within the first 5 minutes
with an early stabilization phase. °!l This phase includes basic seizure first aid using
the "ABC" approach, followed by administering benzodiazepines. 5% 33!

e Benzodiazepines (BDZs) were shown to exert anti-inflammatory effects by

binding to microglial cells in early studies, dating back to 1996.°* Based on
this, midazolam and diazepam may reduce the synthesis and release of
proinflammatory and neurotoxic molecules produced by activated microglia
and may inhibit microglial activation and proliferation. °>! Furthermore,
diazepam appears to induce cellular inactivation, characterized by reduced
transcription factor activity, lowered chemotactic potential, inhibition of

Ca2+-mediated signaling, and decreased cytokine production. [°¢]

If seizures persist beyond 20 minutes, second-line therapy is recommended. With
limited evidence to support any one approach, treatment choices are often
influenced by local availability, cost, and patient-specific considerations. Options
include intravenous (IV) phenytoin or fosphenytoin, valproic acid, or levetiracetam.
57V If these therapies are unavailable, IV phenobarbital may be considered. [°%

e Phenytoin has been shown to inhibit the mTOR pathway, decreasing levels

of proinflammatory cytokines such as IL-1p, IL-6, and TNF-qa. 1]

13



Valproic acid (VPA) provides antioxidant benefits by reducing lipid

peroxidation and oxidative DNA damage, as well as anti-inflammatory
effects that lessen myeloperoxidase activity and microglial activation.
Additionally, VPA reduces brain inflammation and degeneration through
NF-xB pathway modulation and inhibits lipopolysaccharide-induced TNF-
a and IL-6 production. [60-63]

Recent findings suggest levetiracetam has neuroprotective properties
through anti-inflammatory effects. It suppresses the expression of
proinflammatory molecules like TNF-a, IL-6, and IL-1B and reduces

mononuclear phagocyte-mediated phagocytosis. 046!

A third line of treatment should be considered when seizures persist for 40 minutes,

as status epilepticus becomes refractory. Options include repeating second-line

therapy or using an anesthetic agent. '’ Common anesthetics used in this context

include midazolam, widely used due to its rapid onset and short duration of action,

short-acting barbiturates (e.g., pentobarbital/thiopentone), and propofol.

Recent studies suggest that midazolam may inhibit inflammation by
regulating the RhoA/ROCK2 pathway, enhancing blood-brain barrier
integrity against lipopolysaccharides (LPS). Additionally, midazolam may
inhibit IL-1B-induced STAT3 phosphorylation and IL-6 release by reducing
reactive oxygen species (ROS) production. (6870

Preclinical research suggests that propofol may reduce the activation and
secretion of proinflammatory cytokines. ! 7 Lu and colleagues recently
validated that propofol’s benefits are mediated by the JAKI/STAT3

pathway, showing anti-neuroinflammatory effects through inhibition of

proinflammatory mediators from microglial cells. [*]

As around one-third of patients continue seizing despite these treatment lines,

leading to refractory status epilepticus and potentially super-refractory cases,

further treatment options should be considered. 74

Ketamine has recently emerged as a promising alternative, offering

favorable hemodynamic effects and a unique mechanism compared to

29

conventional anesthetics. >’ Its high lipid solubility allows for rapid central

14



nervous system (CNS) uptake and onset of action. ! Additionally, in the
later stages of status epilepticus, the number of functional GABA-A
receptors declines while NMDA receptor upregulation enhances ketamine's

[76]  Ketamine has also been shown to reduce

effectiveness.
neuroinflammation by decreasing microglia and active macrophages in the

cerebral cortex and by lowering TNF-a production. 77 781

There’s growing interest in the potential role of Ketamine in earlier lines of
treatment for pediatric SE, due to its well-established safety profile in this
population ("'l and to the limited number of major drawbacks linked to its use in

different emergency settings. [112-115]

In a recent review, Buratti and colleagues proposed ketamine as a valid option for
advanced second-line treatment in SE. [1'%1 In our experience at IRCCS G. Gaslini
ketamine is already listed in the protocol for SE treatment as second-line ASM, after

Levetiracetam, since 2019.

1.5.3 Etiology-driven treatments (EDTs)

When the autoimmune etiology of RSE or SRSE is confirmed or strongly suspected
(based on clinical history and evolution, the presence of autoantibodies, oligoclonal
bands in the cerebrospinal fluid, or typical MRI findings) coordinated care among
specialists is of the essence to define further strategies, including the prompt

initiation of immunomodulatory therapy. "]

A range of immunomodulatory treatments, including corticosteroids, Intravenous
immunoglobulin (IVIg), and plasmapheresis, have been proposed in recent years.
Their use is supported by research on immunologic processes (antibodies against
neural receptors like voltage-gated potassium channels and NMDA receptors) and
inflammatory mechanisms (stimulation of pathways such as the interleukin-1
receptor/toll-like receptor pathway), which may play a role in the underlying

pathophysiology. (8- 811

Given its potential role in epilepsy pathophysiology, targeting the proconvulsant

effect of inflammatory cytokines presents an innovative therapeutic option for drug-

15



resistant epilepsies, RSE and SRSE. This approach allows direct intervention on the

disease mechanisms rather than just symptomatic relief. (%!

Various pharmacological studies on pathways involving IL-1B/IL-1R1,
HMGBI1/TLR4, COX-2/prostaglandins, and the complement system have shown
how they contribute to the onset and recurrence of SE, making them viable targets

for disease-modifying treatments. (#3-%7]

e [L-1P Blockade: the 2022 international guidelines for managing new-onset

refractory status epilepticus endorse using the human recombinant IL-1
receptor antagonist Anakinra for refractory SE. %8 As aforementioned, IL-
1B, released by glial cells, promotes neuroinflammation and increases
neuronal excitability, contributing to seizure resistance. Recent studies
suggest Anakinra’s therapeutic potential in controlling seizure recurrence in
inflammatory refractory epilepsy, positioning it as a suitable option for SE
of unknown cause in its early stages. (8"
Additionally, inhibiting the IL-1B converting enzyme (ICE)/caspase-1,
which blocks pro-IL-1B conversion to its proconvulsant form, is a promising
strategy for drug-resistant epilepsies.”!) Pralnacasan and Belnacasan,
inhibitors of ICE/caspase-1, are in phase III trials, with preliminary results
showing significant seizure duration reduction in animal studies. %> !
Another trial with the selective ICE inhibitor VX765 showed promising
response rates in seizure reduction. 4

e HMGBI-TLR4 Axis: inhibiting the HMGB1 and TLR4 pathways

represents another promising anticonvulsant strategy. > °6! Resveratrol, a
natural phenol, has demonstrated anti-inflammatory and neuroprotective
effects by suppressing TLR-induced NF-kB and INF-B expression. 71 It
also reduces microglial activation and COX stimulation, both associated
with epileptogenesis, and exerts antioxidant effects against seizure-induced
[98-100]

oxidative stress.

* ATP-P2X7R Signaling: The ATP-gated purinergic P2X7 receptor (P2X7R)

on microglial cells is activated by ATP release during seizures, stimulating
the NLRP3 inflammasome and leading to inflammatory molecule release.

(101, 1021 Decreased P2X7R expression in SE patients suggests that P2X7R

16



antagonists could aid in treating refractory SE. Astaxanthin, a carotenoid,
has shown neuroprotective effects in SE by inhibiting P2X7R activation,
lowering inflammatory cytokine gene expression, and providing antioxidant

support. [103: 104

e IL-6 Blockade: IL-6, an inflammatory cytokine critical in sustaining
inflammation, is elevated in serum and cerebrospinal fluid (CSF) in patients
with refractory epilepsy. ['%% 1% Tocilizumab, an 1L-6 receptor blocker, has
shown efficacy in small studies for NORSE and FIRES. A 2018 study found
that Tocilizumab resolved SE in six of seven patients after one or two doses

without recurrence, with similar positive outcomes in pediatric cases. [~

109]

Further innovative treatments proposed in recent years include Ketogenic Diet (KD)
and Cannabidiol (CBD). KD, characterized by low carbohydrate and high fat
intake, sustains ketosis resembling a fasting metabolic state. While its anti-
inflammatory properties are still under study, KD appears to impact
neurotransmitter levels, increasing GABA activity and the epileptic threshold
through multiple pathways. KD also promotes neuroprotective effects, reducing
free radicals and altering gut microbiota diversity, potentially influencing seizure
susceptibility. CBD has shown promise in reducing seizure frequency and duration,
providing anti-inflammatory and neuroprotective effects. CBD is thought to work
by downregulating ROS, TLR4-NF«B, and IFN-B-JAK-STAT pathways. Reports
indicate CBD’s efficacy in reducing seizures in FIRES and super-refractory SE,
suggesting its potential role in SE treatment, although further studies are required

to understand the exact mechanisms of action. !9

1.5.4 Establishing inflammatory etiology of SE

There 1is currently no universally agreed-upon standard for diagnosing
Inflammatory SE (ISE). The key features usually identified in ISE involve:
prolonged seizure duration and treatment resistance to first and second-line AEDs,
evidence of elevated inflammatory cytokines, chemokines, and other immune
markers in serum and cerebrospinal fluid (CSF), a correlation to immune or

infectious conditions or to systemic inflammatory responses, the causal role of
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neuroinflammation in maintaining seizure activity and, lastly, the need for anti-

inflammatory or immunomodulatory therapy.

ISE frequently presents as refractory SE, often unresponsive to standard AEDs, with
elevated inflammatory markers in serum or CSF, suggesting a systemic or CNS
inflammatory response and imaging findings on MRI that support the presence of

inflammatory processes.

In a 2015 cohort study, Spatola et al. retrospectively analyzed 570 SE episodes
occurring in 484 adult patients, of which 33 (6%) were attributable to an
inflammatory etiology, furtherly divided into two subsets: infectious and
autoimmune. This study outlined how patients with ISE appear to be younger
compared to those with non-inflammatory SE, while also observing that ISE was
significantly more refractory to initial antiepileptic treatment; additionally,
functional prognosis was significantly different between autoimmune and
infectious SE, the latter being more frequently associated with new handicap at

discharge. (']

Among the causes of ISE, acute encephalitis plays a significant role. It consists of
a severe neurological condition characterized by rapidly progressing
encephalopathy, typically developing in less than six weeks due to inflammation
within the brain. [''®) The estimated incidence of encephalitis in high-income
countries is around 5-10 cases per 100,000 people annually, affecting individuals
across all age groups and imposing a substantial impact on patients, families, and

society. (19 120]

Although encephalitis has traditionally been attributed to infectious causes, and
diagnostic criteria have been established based on this assumption, [1211123] 4
growing number of non-infectious cases, primarily autoimmune in nature, have

been recognized over the past decade.

A Position Paper published by Graus et al. in 2016 proposes the following
diagnostic criteria for possible autoimmune encephalitis, according to which

diagnosis can be made when all three of the following criteria have been met:
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o Subacute onset (rapid progression of less than 3 months) of working
memory deficits (short-term memory loss), altered mental status, or
psychiatric symptoms

o At least one of the following:

* New focal CNS findings

= Seizures not explained by a previously known seizure
disorder

= CSF pleocytosis (WBC count of more than 5 cells per mm3)

= MRI features suggestive of encephalitis

o Reasonable exclusion of alternative causes

These criteria intentionally do not rely on antibody testing and response to
immunotherapy, as it appears difficult, if not unrealistic, for many centers to access
antibody testing in the early diagnostic work-up and response to immunotherapy is

not assessable at the time of symptom onset or early clinical evaluation. 124

When available, specific autoantibody positivity can facilitate treatment strategy in

an otherwise challenging clinical presentation.

The antigens most frequently targeted by autoantibodies and the typical age of

presentation of the consistent forms of encephalitis are shown in Table 1. ['?!

Intracellular, Intracellular, synaptic
Cell surface or synaptic receptor
onconeural antigen antigen
Hu, CRMPS, Ri, ) ) NMDAR, AMPAR, GABA(B)R,
Antigens GAD, amphiphysin
Yo, Ma2 LGI1, Caspr2, GlyR
Predominantly older All ages, some syndromes
Age oo Usually adults . .
individuals predominate in children

Table 1. Intracellular and surface antigens commonly involved in autoimmune encephalitis

In a recent study involving a 12-year single-center immunocompetent cohort of
patients at IRCCS G. Gaslini, anti-NMDAR encephalitis was found to be the most
frequent etiology for autoimmune encephalitis, reinforcing how a timely diagnostic
classification in definite, probable, or possible autoimmune encephalitis can help

the clinician in a successful therapeutic approach. [12¢]
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2. AIMS OF THE STUDY

Despite increasing awareness in inflammation-related epilepsy, studies on ISE are
still limited, especially in the pediatric population. As primary outcome we aimed
to describe the clinical features and the diagnostic and therapeutic approach in
pediatric patients presenting with ISE. Secondarily, we correlated the
aforementioned variables with disease outcomes in terms of hospital Length of Stay

(LOS) and ISE duration.

3. PATIENTS AND METHODS

3.1 Study design and population

This was a retrospective, observational, multicentric, cohort study. Children aged 1
month to 18 years old who experienced at least one SE of defined inflammatory
etiology were included. Patients aged > 18 years old, and patients presenting with

SE of other etiologies were excluded.

3.2 Data collection

The demographic, clinical, diagnostic and treatment data of each ISE episode
occurred between October 2009 and July 2021 were retrospectively retrieved by the
referring clinicians through a structured clinical sheet. Patients were recruited
through a collaboration among Italian pediatric epilepsy centers as part of a
multicenter study group known as the “IPSE Group” (Italian Pediatric Status
Epilepticus Group), which includes specialists from various fields (Neurologists,
Pediatric Neurologists, Child Neuropsychiatrists, Intensivists, and Pediatric
Emergency Medicine Physicians). The group was formed in June 2022, building on
a collaborative effort that began in 2014, with the development of a non-profit study
on the treatment of SE in children. To date, this preliminary work has resulted in
the collection of over a thousand SE events in pediatric patients, stored in a
dedicated database.
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The following variables were initially collected for each individual episode of ISE:
the patient’s gender and age at the time of the clinical condition under study,
duration of SE, type of seizures, need for ICU admission, type of treatment,
treatment efficacy, and outcome in terms of LOS and overall survival. Additional
data on laboratory findings, neuroimaging results, treatment details, particularly
regarding EDTSs, were also retrieved through subsequent clinical case reviews.

Treatment efficacy was defined by EEG activity, namely: (1) the appearance of a
burst-suppression pattern and/or (2) the appearance of diffuse 3 activity and/or (3)
the appearance of slow activity without diffuse or lateralized, continuous or

subcontinuous, and periodic epileptiform abnormalities.

Data were analyzed by calculating frequencies and percentages for categorical
variables and using mean and standard deviation (SD) for normally distributed
continuous variables or median for non-normally distributed variables. We
provided a descriptive analysis of the demographic and clinical characteristics of

the study subjects and the treatments administered.

For comparisons between groups, we used unpaired Student’s t-test for normally
distributed data and the Mann-Whitney test for non-normally distributed data.
Fisher's exact test was used for comparisons between categorical variables.
Descriptive and statistical analysis were conducted using software GraphPad Prism
8.3.0 (San Diego, California, USA).

The threshold for statistical significance was set at 2-tailored p-value of < 0.05.
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4. RESULTS

4.1 Demographic and clinical features of the cohort

A total of 41 ISE episodes were provided by 10 Italian centers: G. Salesi Pediatric
Hospital in Ancona, S. Orsola-Malpighi University Hospital in Bologna, Anna
Meyer University Hospital in Firenze, IRCCS Gaslini in Genova, Buzzi Hospital in
Milano, Padova University Hospital, IRCCS Bambino Gesu Pediatric Hospital in
Rome (OPBGQG), Agostino Gemelli University Hospital Foundation in Roma, Regina
Margherita Children’s Hospital in Torino, and the Integrated University Hospital of

Verona.
m Ancona m Bologna Padova m Roma OPBG B Roma Gemelli
mTorino mVerona H Firenze H Gaslini-Genova W Milano, Buzzi

Figure 2. Number of ISE provided by each center (41 total)

Analysis of the geographical distribution of the population showed that 47% of the
episodes were recruited in North-East Italy, 36% in Central Italy, and 17% in North-

West Italy, lacking representation of data from Southern and Insular Italy. [Figure

3/
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Figure 3. Geographical distribution of ISE provided

The total number of patients was 30, with balanced gender ratio (15 males and 15
females). The mean + SD age of patients at the onset of SE was 8.12 years + 3.97,
with a minimum age of 1.25 years and a maximum age of 16.71 years, with slightly
older mean age at onset for the female subgroup (9.18 years) as compared to the

male population (7.06 years).

Mean age at SE onset (years)
FEMALE ‘ 9.18
MALE ‘ 7.06
TOTAL ‘ 8.12

Table 2. Mean age for each sex group and total population

4.2 ISE characterization

The durations of the episodes were categorized into 10 specific time intervals. The
most common duration was represented by less than 30 minutes and more than 30
days, each accounting for 16.28% of the cases. Other notable durations included
60-90 minutes and 120 minutes to 24 hours, comprising 11.63% and 13.95% of the
cases. Durations between 30-60 minutes and 90-120 minutes represented about
6.98% of the total cases. Interestingly, there were no cases lasting between 24 to 48

hours. Durations of 2-7 days, 8-14 days, and 15-30 days accounted for 9.30% of the
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total cases. This distribution indicates a significant variation in ISE duration, with

notable peaks at both the shortest and longest ends of the spectrum.

<30'
7
>30 days 6 30-60'
5
4
3
15-30 days 2 60-90'
1
0
8-14 days 90-120'
2-7 days 120'-24 hrs
24-48 hrs

Figure 4. Distribution of ISE duration

Seizures semeiology varied among the group, with 27% (11/41) of the population
presenting with focal-onset motor seizures, while 44% (18/41) showed focal to
bilateral tonic-clonic SE. Twenty-four percent (10/41) patients had primarily
generalized tonic-clonic SE, and 5% (2/41) had myoclonic SE.

TOTAL 41
Focal-onset motor seizures 11
Focal to bilateral tonic-clonic SE 18
Primarily generalized tonic-clonic SE 10
Myoclonic SE 2

Table 3. Seizure types

Non-Refractory SE and Refractory SE showed to be the most frequent, each
accounting for 39% (16/41) of the total SE episodes; Super Refractory SE
accounted for 22% (9/41) of the SE episodes.
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10%
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Non refractory SE RSE

Figure 5. SE stratification based on treatment response

4.3 Diagnostic approach

SRSE

Lumbar puncture was performed in 23/41 (56%) of SE episodes.

Brain MRI was performed in 27/41(66%) cases, showing pathological findings in
15 out of 27(55%) episodes.

CSF and/or serum antibodies were tested in 18/41 (44%) episodes, resulting in

antibody positivity in 17% (3/18) cases. Specifically, anti-NMDAR antibodies were

found in 2 cases and anti-GluR3 antibodies were found in 1 case.

Serum and/or CSF biomarkers profile was investigated in 6/41(15%) cases mostly

in 3 centers (Padova, Bologna and Roma Gemelli), showing suggestive findings

each time. [Table 4]

CSF SERUM

I IL-6, IL-8 I IL-8
T _ .

IL-8, Neopterin n/a
F . . .

Neopterin, Biopterin n/a
I Neopterin, Biopterin n/a
! -~

=9 | IL1a, IL1b
" IL-1a, IL-1b

n/a

Table 4. inflammatory biomarkers profile results in CSF and serum
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4.4 Therapeutic approach

4.4.1Treatment analysis

A total of 26 different medications were administered in various combinations and
orders, with a total of 226 administrations. Treatment strategies were divided in
first, second and third line, in accordance to evidence-based guidelines proposed by

Glauser et al. 81 EDTs were considered as a separate line of treatment. [Table 5]

On average, 4.5 orders of treatment were used per episode, with a minimum of 1

and a maximum of 20.

In the first line approach, midazolam (bolus) represented the most used treatment,
with a total of 29 administrations, all within the first three orders of treatment. The
second most used first line medication was diazepam (20 times) always within the
fourth choice. Less commonly used BDZs were lorazepam and clobazam, used 2

times and 1 time, within the 8" choice.

Second line approach was mainly represented by phenytoin, used 21 times,
followed by phenobarbital, levetiracetam and, less frequently, lacosamide, valproic

acid, and carbamazepine.

The four most used medications in third line approach were midazolam continuous
infusion (c.1.), thiopental, propofol and ketamine; less frequent treatments consisted
in sevoflurane, lidocaine, vagus nerve stimulation, topiramate, cannabidiol,

ketogenic diet and perampanel.
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Table 5. Number of times each treatment was used in order of administration
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In total EDTs were administered 29 times out of 226 (12.8%). They were more
frequently used from the third intervention onwards, on average as ninth choice.
Specifically, intravenous immunoglobulin (IVIg) was used 11/226 (4.8%),
intravenous (IV) steroids 10/226 (4.4%), anakinra 4/226 (1.7%), plasmapheresis
3/226 (1.3%). In only one case, at IRCCS G. Gaslini, a combined
immunomodulatory treatment was administered, consisting of IVIg, MethylPDN,

bortezomib and rituximab.

Single-center analysis of specific EDTs administered is provided in Figure 6.

14
12
10
8
6
4
2
0
Oo(\'b ¥ & o@ Q<b® &Q}“ R o ,\o(\{o 5 22 (\o@ @01’0
NS Q70\ Q® %O o o\ QE© & Nex o
& > & &
3y & 6\§\ Q\\\
& Ic%
IVIg
IV steroids
Anakinra

Plasmapheresis
Combined Immunotherapy (IVIg + MethylPDN + Bortezomib + Rituximab)

SE provided by each center

Figure 6. EDT administered related to the number of SE provided by each center

EDTs were used more frequently in absolute terms at S. Orsola-Malpighi University
Hospital in Bologna (8 times), although, when compared to the number of SE
episodes provided by each center, OPBG in Rome, Anna Meyer University Hospital
in Firenze and Integrated University Hospital of Verona were the centers who most
administered EDTs [Figure 7]. The earliest etiological interventions were recorded
in Bologna and Verona. Specifically, in these hospitals, IV steroids and IVIG

respectively, were used as the third-choice medication.
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Figure 7. Percentage of times each center used EDT compared to the number of SE provided

4.4.2 Efficacy analysis

In terms of efficacy, midazolam (bolus) and diazepam were the most successful

medications, being effective 6 and 5 times out of 41 (14.6% and 12.2%). The

maximum number of drugs used per episode was 20. About 95% of the episodes

were resolved within the 10™ medication, only 2 cases required more than 10

treatments.

ORDER OF ADMINISTRATION

EFFECTIVE TREATMENT

Total

Midazolam [bolus)

Diazepam

1st line

Lorazepam

Clobazam

15t] 2nd[ 3rd] 4th[ 5th] 6th] 7th] 8th[9th[10th] 11th] 12th[ 13th] 14th] 15th[ 16th | 17th [ 18th] 19th] 20th
7 4

4 1
1

Phenytoin

Phenobarbital

2nd line

Levetiracetam

Vg

IV steroids

EDT

IVIg + MetilPDN + Bortezomib + Rituximab

Anakinra and ketogenic diet

Plasmapheresis

Midazolam c.i.

Thiopental

Propofol

Ketamine

3rd line

Sevoflurane

Cannabidiol

Lidocaine

Vagus Nerve Stimulation+Cannabidiol+Phenobarbital

._.
e

e et el LR R Ll et e e R ] L R L L I =

Total

41
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Table 6. Effective treatment and order of administration

Although midazolam (bolus) and diazepam showed as the most effective treatments

in absolute terms, when comparing with their frequency of use, the relative efficacy

lowered to 20% and 25%, respectively.

Less frequent treatments, namely clobazam, sevoflurane, lidocaine, vagus nerve

stimulation and combined immunotherapy (IVIg + MethylPDN + Bortezomib +

Rituximab) were effective every time they were chosen.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

E E E £

Diazepa
Lorazepa
Clobaza
Phenytoi
Phenobarbita

Midazolam (bolus

T E

Levetiraceta

()

Lacosamid

d
e

Valproic Ac

o » ©

m Effective M Ineffective

w QO .

—

VI

IV Steroid
c.i

Carbamazepin
Anakinr

Plasmapheres

Midazolam (

IVIg+MetilPDN+Bortezomib+Rituxima

Figure 8. Efficacy/Inefficacy ratio for each treatment

Thiopenta

Propofo

Ketamin

Sevofluran

Lidocain

5 9 0O 0 < O

Vagus Nerve Stimulatio

Topiramat
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Cannabidio

—

Ketogenic Die

As for EDTs, effective in 6 cases out of the 29 times they were used (20.7%).

Particularly:
« IVIg 2/11 (18%)

* [V steroids 1/10 (10%)

* Anakinra 1/4 (25%)

* Plasmapheresis 1/3 (33%)
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* Combined immunotherapy (IVIg + MethylPDN + Bortezomib + Rituximab) 1/1
(100%)

Combined Immunotherapy (IVIg +
MethylPDN + Bortezomib + Rituximab)

Plasmapheresis

Anakinra

IV steroids

IVIG

tI_L|_|L|_||_I_I

0 2 4 6 8 10 12

D Frequency ofuse MEfficacy

Figure 9. Relative effectiveness of specific EDTs
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4.5 Final Diagnosis and outcome

Final diagnosis provided by each center was mostly represented by FIRES (46.3%),
followed by Probable Seronegative Autoimmune Encephalitis (21.9%),
Seronegative Limbic Encephalitis (17.1%), Autoimmune Encephalitis Anti-
NMDAR-+ (4.9%), Autoimmune Encephalitis Anti-GluR3+ and Acute Progressive
Encephalitis of likely infectious-inflammatory origin accounting for 2.4% cases

each. In 4.9% of the cases final diagnosis was not reached.

N\

19

FIRES
Seronegative limbic encephalitis
Probable seronegative autoimmune encephalitis
Autoimmune encephalitis anti-NMDAR +
= Autoimmune encephalitis anti-GluR3 +
Acute progressive encephalitis of likely infectious-inflammatory origin

m undefined diagnosis

Figure 10. Final diagnosis of each ISE

ICU admission was required in most of the cases (39/41, 95%), mainly due to poor
seizure control.

Mean hospital Length of Stay (LOS) was 59 days, with a minimum of 11 days and
a maximum of 182 days.

Outcome in terms of overall survival was favorable for most of the cohort, with

only 1/41 cases resulting in exitus.
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4.6 Statistical Analysis

For statistical analysis we subdivided the population into two major groups. [Table
7]
Group 1: patients who received incomplete diagnostic work-up, meaning that at
least one diagnostic procedure among MRI, lumbar puncture and auto-antibody
testing was not performed.
Group 2: patients who received thorough testing. MRI, lumbar puncture and auto-
antibody testing were all performed.
These groups were analyzed based on the duration of SE (<24 hours vs >24 hours):
e Group 1 (n=17): Of these patients, 13 (76%) experienced SE lasting <24
hours, while 4 (24%) had SE lasting more than 24 hours.
e Group 2 (n = 11): Of these patients, 5 (45%) had SE duration <24 hours,
and 6 (54%) had SE lasting more than 24 hours.
The overall p-value for group comparison was 0.125, suggesting no significant
difference between Group 1 and Group 2 for SE duration.
In contrast, when the two groups were analyzed based on hospital Length of Stay
(LOS), average LOS for Group 1 was 43.29 days with a SD 0f 29.40, while Group
2 had an average LOS of 73.64 days with a SD of 43.48.
The p-value for the comparison of LOS between the two groups was 0.022,
indicating a statistically significant difference in LOS between Group 1 and Group
2 (p <0.05).

Group 1 Group 2

n=17) (n=11) p-value
SE duration o 13 (76%) 5 (45%) 015
Sk 4 (24%) 6 (54%) '
Lenght of Stay (LOS)
Days 43.29+£29.40  73.64+£43.48 0.022*

Table 7. Comparison of SE duration and LOS between group 1 and group 2

Similarly, we analyzed SE duration and LOS comparing the group of patients who
received EDTs (EDT+) and the group of patients who only received traditional
treatments (EDT-).
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e EDT+ Group (n=13): Of these patients, 1/13 (8%) had SE duration <24
hours while 12/13 (92%) had SE lasting more than 24 hours.

e EDT- Group (n=27): In contrast, 22/27 (81%) of these patients had SE
duration <24 hours while 5/27 (19%) had SE lasting more than 24 hours.

The p-value for the comparison of SE duration between the two groups was <0.0001
indicating a statistically significant difference in SE duration between patients who

received EDTs and patients who did not (p < 0.05).

Conversely, when analyzed based on LOS, the p-value for group comparison was
0.026, suggesting no significant difference between EDT+ and EDT - patients for
LOS. [Table 8]

s N -value
(n=13) (n=27) p
SE duration
<24h 1 (8%) 22 (81%) .
>24h 12 (92%) 5 (19%) <0.0001
Lenght of stay (LOS)
Days  85.77+54.43  47.00 =35.07 0.026

Table 8. Comparison of SE duration and LOS between patients who received EDTs and patients who
received traditional ASMs treatment
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DISCUSSION

This multicenter retrospective study analyzed 41 pediatric episodes of ISE across
10 Italian centers, yielding valuable insights into the demographic, clinical, and
therapeutic profiles of ISE in children. Our findings highlight notable patterns in
SE characteristics, variations in duration, treatment approaches, and outcomes,

contributing to the understanding of SE within an inflammatory context in children.

Geographical and Demographic Distribution

The study’s cohort comprised a balanced gender distribution of 30 pediatric patients
with a mean age at SE onset of 8.12 years, slightly older for females (9.18 years) as
compared to males (7.06 years). The geographical distribution of episodes showed
an overwhelming predominance in North-East and Central Italy, with an
underrepresentation from Southern and Insular regions, potentially affecting the
generalizability of the findings to the broader Italian pediatric population. The age
and gender balance are consistent with existing literature on pediatric SE, ['>" but
the regional bias underscores the need for future studies to include more diverse

populations to capture regional variability in ISE.

Variability in SE Duration

The durations of SE episodes exhibited significant variation, with peaks at both
short (<30 minutes) and extended (>30 days) ends of the spectrum. Notably,
episodes lasted between 60—90 minutes and 120 minutes—24 hours in 11.63% and
13.95% of cases, but there were no cases lasting 24-48 hours. This distribution
could suggest distinct ISE profiles in pediatric patients, with episodes either
responding to initial treatments quickly or requiring extended, intensive
management. This bimodal duration distribution aligns with previous findings on

SE variability in pediatric populations, [!2]

although further research is needed to
understand the factors contributing to these extremes and how they correlate with

underlying inflammation.

Seizures Semeiology and SE Refractoriness
Focal-to-bilateral tonic-clonic SE was the most common semiology, followed by

focal-onset motor and generalized tonic-clonic SE. The frequency of focal-to-
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bilateral tonic-clonic SE (44%) is consistent with prior research on ISE, where focal
onset is often prevalent. [!*] Refractory and non-refractory SE were equally
represented (39% each), with 22% of episodes progressing to SRSE. The high
incidence of RSE and SRSE may reflect the challenges of managing ISE, especially
in the presence of autoimmune and other neuroinflammatory conditions, where
seizure control can be difficult. The findings suggest a potential need for rapid

escalation to aggressive management strategies to prevent progression to SRSE.

Diagnostic Workup and Etiological Findings

Diagnostic procedures varied across cases, with lumbar punctures and CSF/serum
antibody testing performed in 56% and 44% episodes. Only a minority (17%) of
antibody tests were positive, identifying anti-NMDAR and anti-GluR3 antibodies,
consistent with known markers in pediatric autoimmune encephalitis. Serum and/or
CSF inflammatory markers profile, investigated in a limited subset, revealed
inflammatory patterns, though data limitations hinder broader conclusions. Brain
MRI, conducted in 66% of the cases, showed pathological findings 55% cases,
indicating the relevance of neuroimaging in ISE. The variability in diagnostic
workup could explain differences in treatment outcomes and underscores the
importance of a comprehensive approach, including MRI, lumbar puncture, and

antibody testing, for accurate diagnosis and treatment planning in ISE.

Therapeutic Approaches and Efficacy

Treatment patterns varied widely, with a total of 26 medications administered as
first, second, and third-line strategies. Reflecting adherence to guidelines,
treatments also included targeted anti-inflammatory interventions. Midazolam
(bolus) and diazepam were the most frequently used first-line treatments, showing
only moderate efficacy (20% and 25% relative effectiveness) consistent with the
high RSE and SRSE prevalence in our cohort. Etiology-driven treatments (EDTs),
such as IVIg, steroids, plasmapheresis and anakinra, were administered in 29
episodes, with a moderate efficacy rate of 20.7%. The different success rates of
medications highlight the complexity of managing ISE and the need for

individualized treatment plans, particularly as episodes become refractory.
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Outcomes: SE Duration and Hospital Length of Stay

A significant finding was the impact of diagnostic completeness on hospital LOS.
Patients with incomplete diagnostic workup (Group 1) had a significantly shorter
LOS than those who underwent thorough diagnostic evaluations (Group 2). This
suggests that comprehensive diagnostic workup is usually delayed and only
resorted to when other approaches fail. Larger studies are needed to assess whether
thorough initial diagnostic workup may facilitate targeted treatment, potentially
reducing hospitalization.

Our analysis also indicated that the use of EDTs correlated with longer SE
durations. Specifically, patients who received EDTs had a significantly higher
proportion of SE episodes lasting over 24 hours, in contrast to patients managed
with standard anti-seizure treatments. This likely reflects the more severe,
refractory nature of SE cases that prompted the use of EDT. The prolonged duration
in these cases underscores the challenges of managing SE when traditional

treatments prove ineffective and inflammation persists.

Interestingly, the extended SE durations associated with EDT did not translate to
significantly longer LOS as compared to patients who received only traditional SE
treatments. This could suggest that while EDTs are typically reserved for prolonged
SE episodes, they may facilitate stabilization and discharge once implemented,
mitigating the overall impact on hospitalization time. These findings highlight the
potential utility of EDTs in achieving seizure control, albeit at later stages in
refractory cases, and call attention to the need for timely consideration of EDT in

severe ISE.

Limitations

This study had several limitations. We faced challenges related to data collection
due to the retrospective multicentric nature of the study. As previously stated, data
were provided by referring clinicians through a structured clinical sheet, therefore
we did not have direct access to clinical charts.

Selection bias also may have played a significant role, as we could only analyze
data from the centers participating in IPSE Study Group, mainly located in North-

central Italy, hence not fully representing the broader national patient population.
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Furthermore, because the etiologic definition and workup were not standardized,
we cannot formally exclude that some patients with inflammatory etiologies were

left unrecognized.

Clinical Implications and Future Directions

This study offers important clinical insights. First, the observed difference in LOS
between patients with complete and incomplete diagnostic workups raises questions
about the impact of timeliness comprehensive diagnostics on hospital resources and
patient experience. Streamlined protocols, prioritizing rapid initial testing for likely
ISE markers, may offer a more efficient approach, ensuring that necessary
evaluations are conducted without unduly prolonging hospital stays, ultimately

improving patients’ outcome.

Second, the association between EDT and prolonged SE underscores the need for a
structured approach to escalation in SE management, especially when inflammatory
or autoimmune etiologies are suspected. Future studies should explore the timing
of EDT introduction and its impact on SE duration and patient outcomes, as early
intervention with targeted therapies may offer benefits in controlling SE sooner,

potentially reducing both SE duration and overall hospital stay.
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CONCLUSIONS

This study provides valuable insights into the characteristics, management, and
outcomes of pediatric ISE, highlighting the balance between diagnostic
thoroughness and hospital efficiency, as well as the role of etiology-driven
treatments in managing refractory cases. These findings underscore the importance
of optimizing diagnostic and therapeutic strategies to improve outcomes in pediatric
ISE, with further research needed to refine approaches that could minimize SE
duration and hospitalization time. Continued collaboration across centers will be
essential in advancing these goals and enhancing patient care in this challenging

condition.
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