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New-onset refractory status epilepticus (NORSE) is “a clinical presentation, not
a specific diagnosis, in a patient without active epilepsy or other preexisting
relevant neurological disorder, with new onset of refractory status epilepticus
without a clear acute or active structural, toxic, or metabolic cause.” Febrile
infection related epilepsy syndrome (FIRES) is "a subcategory of NORSE that
requires a prior febrile infection, with fever starting between 2 weeks and 24 h
before the onset of refractory status epilepticus, with or without fever at the
onset of status epilepticus.” These apply to all ages. Extensive testing of blood
and CSF for infectious, rheumatologic, and metabolic conditions, neuroimaging,
EEG, autoimmune/paraneoplastic antibody evaluations, malignancy screen,
genetic testing, and CSF metagenomics may reveal the etiology in some patients,
while a significant proportion of patients’ disease remains unexplained, known
as NORSE of unknown etiology or cryptogenic NORSE. Seizures are refractory
and usually super-refractory (i.e., persist despite 24h of anesthesia), requiring
a prolonged intensive care unit stay, often (but not always) with fair to poor
outcomes. Management of seizures in the initial 24—48h should be like any case
of refractory status epilepticus. However, based on the published consensus
recommendations, the first-line immunotherapy should begin within 72h
using steroids, intravenous immunoglobulins, or plasmapheresis. If there is no
improvement, the ketogenic diet and second-line immunotherapy should start
within seven days. Rituximab is recommended as the second-line treatment if
there is a strong suggestion or proof of an antibody-mediated disease, while
anakinra or tocilizumab are recommended for cryptogenic cases. Intensive motor
and cognitive rehab are usually necessary after a prolonged hospital stay. Many
patients will have pharmacoresistant epilepsy at discharge, and some may need
continued immunologic treatments and an epilepsy surgery evaluation. Extensive
research is in progress now via multinational consortia relating to the specific
type(s) of inflammation involved, whether age and prior febrile illness affect this,
and whether measuring and following serum and/or CSF cytokines can help
determine the best treatment.

new-onset refractory status epilepticus, febrile infection related epilepsy syndrome,
anakinra, tocilizumab, rituximab, super-refractory status epilepticus,
neuroinflammation, autoimmune encephalitis
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Introduction

Status epilepticus (SE) is a neurologic emergency. A third of
patients fail to respond to benzodiazepines and one other anti-seizure
medication (ASM) and are, therefore, by definition (failing two
ASMs), classified as having refractory status epilepticus (RSE) (1, 2).
Attempts at seizure control are accompanied by simultaneous
evaluation for the underlying etiology, the targeted treatment of which
is essential to stop the seizures. In a significant minority of patients,
an extensive diagnostic workup fails to reveal the cause of SE. This
group represents two-thirds of de novo refractory status epilepticus (3).

A multinational panel of experts defined new-onset refractory
status epilepticus (NORSE) as “a clinical presentation, not a specific
diagnosis, in a patient without active epilepsy or other preexisting
relevant neurological disorder, with new onset of refractory status
epilepticus without a clear acute or active structural, toxic, or metabolic
cause. This includes patients with viral or autoimmune causes. If no
cause is found after extensive evaluation, this is considered ‘cryptogenic
NORSE?” Febrile infection-related epilepsy syndrome (FIRES) is “a
subcategory of NORSE that requires a prior febrile infection, with
fever starting between 2 weeks and 24 h before the onset of RSE, with
or without fever at the onset of SE. This applies to all ages. There may
or may not be fever at the onset of SE (4)” Patients with FIRES account
for the majority (~90%) of pediatric NORSE (5). The rarity of NORSE
and the varied etiologies (when one is identified) have challenged
impactful research in understanding the therapeutics. Numerous case
reports, series, and reviews have been published (6), but there have
been no randomized controlled trials to guide management.

A 2017 survey of neurointensivists showed that two-thirds of
responding institutions did not have a protocol for evaluating and
managing NORSE, a quarter of respondents would not perform
autoimmune work-up, and a third would never use Intravenous
immunoglobulins (IVIG) (7). In the absence of direct evidence guiding
management and the variability in management practices shown in this
survey, standardization of terminology was felt to be an important first
step, followed by consensus recommendations for clinical management.
Standardized terminology was proposed for NORSE and FIRES at the
first International NORSE/FIRES Symposium in 2017 in Salzburg,
Austria, conducted before the 6th Colloquium on Status Epilepticus
and Acute Seizures, resulting in the definitions above (4). A recent
Delphi study attempts to guide management; this was conducted to
map the existing literature and multinational, multidisciplinary expert
opinion to a list of consensus recommendations for treating NORSE/
FIRES in all age groups (8). After a literature review, 48 experts rated
the recommendation statements regarding diagnosis, treatment, and
research directions on a scale of 1 (strong disagreement) to 9 (strong
agreement). The consensus was reached (the statement was appropriate)
if it received a median score of >7, whereas inappropriate if the median
score was three or less. The analysis of evidence was mapped to the
results of each statement included in the Delphi study. However, the
evidence supporting most recommendations is limited; thus, these are
intended to be considerations rather than strict guidelines.

Methods

Relevant articles from the annotated reference list of over 130
articles on NORSE/FIRES maintained by the NORSE institute were
chosen for a detailed review (6). This list was last updated in July 2022
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with input from the authors and other members of the NORSE
Institute. In addition, Pubmed and Google Scholar searches were
performed using the search terms “NORSE,” “FIRES,” “new-onset
refractory status epilepticus,” “febrile infection-related epilepsy

» «

syndrome,” “refractory status epilepticus,” and “super-refractory status
epilepticus” to generate the updated articles for review, including
those published after July 2022. Permission was obtained to use the
tables listing diagnostic evaluation on the NORSE institute website,
and these were revised based on the updated article review. A
flowchart was created to show an algorithmic approach to evaluating
and managing NORSE/FIRES based on the information obtained

from the review of the articles.

Diagnostic approach

Acute management of adults with NORSE/FIRES should
be primarily directed by neurointensivists when available and in
consultation with a multidisciplinary team, including epilepsy,
rheumatology, and immunology, at a center with the capability for
continuous EEG monitoring (cEEG) and ideally at a tertiary care
center with expertise in RSE, including NORSE (8, 9). By the time
NORSE is suspected, the initial evaluation, including blood counts,
chemistry, liver/renal function parameters, electrolytes, toxicology
screen, CNS imaging, and preliminary CSF analysis, have been done
and have failed to determine a cause for the RSE. There have been a
few papers published suggesting a timed approach to the evaluation
and management of NORSE/FIRES (9, 10). In Figure 1, we incorporate
the suggestions from these papers to the most recent consensus
recommendations obtained via the Delphi methodology and a
literature review to create a comprehensive algorithm to guide the
diagnosis and management of NORSE/FIRES (8, 9).

Blood/CSF investigations

Table 1 section 1 lists the tests to consider in the initial evaluation of
blood/serum/CSE. Section 3 of Table 1 shows the additional blood/
serum tests to consider if, on history, any high-risk features are
suspected, such as an immunocompromised state or geographic,
seasonal, or occupational exposure. Additional testing may be necessary
for specific possible zoonotic exposures (shown in section 4 of Table 1)
or exposure to drugs and toxins (section 5). This aligns with the expert
consensus to obtain a comprehensive infectious evaluation in all
patients, including cultures and viral and bacterial serology relevant to
the geographic region and season (sections 1-3) (8, 9). In addition to the
above, the expert consensus recommends obtaining the following tests
in all or most patients in the initial 48h (8): Comprehensive
rheumatologic evaluation (section 9), evaluation for inborn errors of
metabolism in young children (section 10), autoimmune and onconeural
antibody panel (section 9), and extra blood and CSF samples for storage
for future analysis (e.g., cytokine and genetic analyses) (section 11).

Additional CSF testing

CSF cytokines may serve as markers of disease progression and
may help choose treatment (8, 9, 27). A strong suggestion towards the
involvement of innate immunity in the pathogenesis of FIRES was
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FIGURE 1

Flow diagram for evaluation and management of NORSE/FIRES. NORSE, new onset refractory status epilepticus; FIRES, febrile infection-related
epilepsy syndrome; SE, status epilepticus; RSE, refractory status epilepticus; GAD, gadolinium; MRV, magnetic resonance venogram; MRA, magnetic
resonance angiography; CEEG, continuous EEG; USG, ultrasonography; PET, positron emission tomography; HSV, herpes simplex virus; VNS, vagus

nerve stimulator I:l Diagnostic consideration. I:I Diagnostic procedure. I:I Treatment. I:l Outcome assessment. I:l Management

timeline.

Post-acute
epilepsy

If refractory epilepsy,
evaluate for epilepsy
surgery eval/VNS

Re-instate same Rx if
seizures

shown in a prospective case-control study of FIRES in children that
showed a selective upregulation of proinflammatory cytokines (IL-6)
and chemokines (IL-8/CXCL-10) in FIRES when compared against
the control groups of inflammatory and non-inflammatory CNS
disorders (11). In contrast, most T-cell-associated cytokines (IL-2,
IL-17A, etc.) and homoeostatic chemokines (CCL21, CXCL12, etc.)
remained unchanged or were downregulated.

Another study showed Th1-associated cytokines and chemokines
to be elevated in FIRES compared to a broader network of cytokine
and chemokine elevation in encephalitis (28).

In a single patient, elevated CSF proinflammatory cytokines (IL-8
and IL-6) before treatment normalized after anakinra when seizure
control was obtained as well (29). Although CSF and serum levels of
endogenous IL-1R antagonist are elevated in FIRES, a functional
deficiency likely fails to block the IL-1R signaling as reported in the
CSF of this single patient. Anakinra treatment can overcome this
deficiency as post-treatment CSF showed a robust suppression of
IL-1R signaling in response to IL1f (12). Other studies have shown
seizure termination after administering IL-1 antagonists (such as
anakinra) and IL-6 blockers, such as tocilizumab (13), in patients with
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NORSE. Thus, although no randomized trials or other definitive
studies have been performed, CSF cytokine assay should be considered
in all patients to help assess and characterize neuroinflammation,
follow disease severity and progression, and guide the selection of
targeted immunotherapies (section 11, Table 1).

Metagenomic next-generation sequencing is a comprehensive
evaluation of microbial and host genetic material (DNA/RNA) in the
CSF that aims to identify the presence of any non-human genetic
material (i.e., infectious agents). This has largely been used in research,
mostly related to encephalitis, and is now available for clinical use (14).
Whenever possible, extra CSF should be stored for future autoimmune
antibody testing, cytokine assay, and metagenomic analysis.

Imaging

MRI brain with gadolinium should be performed in all patients
without contraindications within 48 h of presentation (8). Additional
testing with MR or CT venogram/angiography should be performed
if there is a suspicion of vascular malformations, cerebral venous
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TABLE 1 List of heterogeneous etiologies of NORSE/FIRES and the diagnostic tests to consider (4, 8, 9, 11-26).

Section 1: Initial metabolic/infectious work up
Blood:

« CBC, BMP, LFT, BUN, Electrolytes (Ca, Mg, Phos), ESR, CRP, bacterial and fungal cultures

Serum:

o RPR-VDRL, HIV-1/2 immunoassay with confirmatory viral load if appropriate, PPD placement, IgG and IgM testing for Chlamydia pneumoniae, Bartonella henselae,
Mycoplasma pneumonia, Coxiella burnetii, Shigella species, and Chlamydia psittaci

« Anti-neuronal surface antibody panel and onconeural antibodies (see below)

« Cytokines (see below)

Nares:

« Respiratory viral DFA panel
Section 2: CSF studies

« Cell count and differential count, protein, glucose, lactate and pyruvate (ratio lactate/pyruvate). Bacterial and fungal stains and cultures.
« PCR for HSV1, HSV2, VZV, EBV, HIV, C. pneumoniae, B. henselae, C.burnetti, C psittaci, Shigella species, VDRL, M Tb PCR.

« Immunoelectrophoresis/electrofocusing and cytology

« Anti-neuronal surface antibody panel and onconeural antibodies (see below)

« Cytokines (see below)

« Store CSF for metagenomic next-generation sequencing

Section 3: Focused testing for high-risk features

ded

Recom in imy ompromised patients:

o Serologic: IgG Cryptococcus species, IgM and IgG Histoplasma capsulatum, 1gG Toxoplasma gondii

o Sputum: M Tb Gene Xpert (molecular test for tuberculosis)

« CSF: Eosinophils, silver stain for CNS fungi, PCR for JC virus, CMV, EBV, HHV6, EEE, Enterovirus, Influenza A/B, HIV, WNV, Parvovirus. Listeria Ab, Measles (Rubeola),
Toxoplasma IgG

« Stool: Adenovirus PCR, Enterovirus PCR

Recommended if geographic/seasonal/occupational risk of exposure:

o Serum: buffy coat and peripheral smear (for parasitic infections such as malaria, babesiosis, toxoplasmosis etc.), Lyme EIA with IgM and IgG reflex, Acanthamoeba spp.,
Balamuthia mandrillaris, Baylisascaris procyonis

o Serum and CSF: samples to CDC DVBID Arbovirus Diagnostic Laboratory, CSF and serum Rickettsial disease panel, Flavivirus panel, Bunyavirus panel

« Other optional: see attached table for further geographical/zoonotic risk factors

Section 4: Additional zoonotic/geographic exposure considerations

Ingestion:

« Unpasteurized milk: Tick-borne virus, C. burnetii

« Star fruit: caramboxin, oxalic acid

Geographical factors:

(residence, recent travel)

o Africa: West Nile virus

o Australia: Murray Valley Encephalitis virus, Japanese Encephalitis virus, Hendra virus, Eastern Equine virus, Western Equine virus, Venezuelian Equine virus

« Central and South America: Saint-Louis virus, Rickettsia spp. West Nile virus, Tick-borne virus, Ehrlichia chaffeensis/ Anaplasma phagocytophilum

« Europe: Japanese virus West Nile virus

« India, Nepal: Tick-borne virus

« Middle East, Russia, Southeast Asia, China, Pacific Rim: Japanese virus, Tick-borne virus, Nipah virus

Seasonal factors:

« Late summer/early fall or winter: arboviruses, enteroviruses, influenza virus

Animal exposure:

o Cats—B. henselae, T. gondii

o Horses—Eastern Equine virus, Western Equine virus, Venezuelian Equine virus, Hendra virus

« Raccoons—Baylisascaris procyonis

« Rodents—Bartonella Quintana, Eastern Equine virus, Western Equine virus, Tick-borne virus, Powassan virus, LaCrosse virus

o Sheep and goats—C. Burnetii

« Swine—Japanese virus, Nipah virus

Insect exposure, including travel to infested area:

« Mosquitoes: EEE, WEE, Venezuelan Equine virus, Saint-Louis virus, Murray Valley virus, Japanese virus, West Nile virus, La Crosse virus Tick-borne virus, Powassan virus,
Rickettsia spp.

o Ticks: E. Chaffeensis/A. Phagocytophilum

(Continued)
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TABLE 1 (Continued)

Section 5: Status epilepticus caused by drugs, toxins, or related to medical intervention

Drugs:

« Antibiotics: cephalosporins, carbapenems, quinolones isoniazid, mefloquine, chloroquine

« Antidepressants/antipsychotics: bupropion, tricyclic antidepressants especially amoxapine, selective serotonin reuptake inhibitors, venlafaxine, lithium

o Chemotherapy: platinum-based agents cytarabine, gemcitabine irinotecan interferon-alpha, interleukin-2

« Humanized monoclonal antibodies: bevacizumab, ipilimumab, rituximab, infliximab

« Tyrosine kinase inhibitors: imatinib, pazopanib, sorafenib, sunitinib, GMCSE, ifosfamide

« Immunosuppressive and immunomodulatory drugs: cyclosporine, tacrolimus, sirolimus, intravenous immune globulins, anti-TNF-alpha (etanercept), anti-lymphocyte
globulin, high-dose steroids, immune checkpoint inhibitors, CAR-T cell related encephalopathy syndrome (CRES) with Chimeric Antigen Related-T cell therapy

o Other medications: lindane, permethrin, flumazenil, 4-aminopyridine (dalfampridine), sulfasalazine, theophylline, anti-histamines, opiates (morphine, tramadol)

Complementary and alternative medicines:

« Borage oil, neem oil

Environmental toxins:

o Lead, aluminum star fruit (oxalic acid, caramboxin), organophosphates, organochlorines and pyrethroids

Biotoxins:

« Scorpion toxin, anatoxin, ciguatoxin, domoic acid and cyanide

Substances:

« Benzodiazepines, amphetamines, cocaine, fentanyl, alcohol, ecstasy, heavy metals, synthetic cannabinoids, bath salts, LSD, heroin, PCP, marijuana

Consider:

« Extended opiate and overdose panel

Section 6: Neurologic exam

« Acute lower motor neuron syndrome: Japanese Encephalitis virus, West Nile virus, Tick-borne virus, Enterovirus (serotype 71, coxsackie)

« Acute parkinsonism: Japanese virus, Saint-Louis virus, West Nile virus, Nipah virus, T. Gondii

« Prominent oro-lingual dyskinesias, catatonia, neuropsychiatric and autonomic dysfunction: anti-NMDA receptor encephalitis

« Facio-brachial dystonic seizures, piloerection, paroxysmal dizzy spells and hyponatremia: anti-LGI-1 encephalitis

« Stiff person syndrome, hyperekplexia: anti-GAD 65

« Mood changes and movement disorder: anti-mGLU-R

« Sensory neuronopathy/autonomic dysfunction: ANNA-1/anti-Hu

« Stiff person syndrome, progressive encephalomyelitis with rigidity and myoclonus, transverse myelitis: anti-amphiphysin antibody, anti-glycine
« Ataxia—Epstein-Barr virus, mitochondrial disorder

Section 7: EEG findings

o Extreme delta brush: anti-NMDA receptor encephalitis

« Frontal-central slow wave contralateral to tonic-dystonic seizures: anti-LGI1 encephalitis

« Extreme spindles: M. pneumoniae

« Parieto-occipital epileptiform discharges and seizures: mitochondrial disorder including POLG1, PRES
Section 8: MRI findings

« Prominent mesial temporal lobe involvement: paraneoplastic and autoimmune limbic encephalitis, anti-VGKC complex encephalitis (e.g., anti-LGI-1, anti-CASPR2)

« Basal ganglia: Saint-Louis encephalitis virus, La Crosse virus, Murray Valley virus, acute necrotizing encephalopathy of childhood (RANBP2 mutation)

« Posterior reversible encephalopathy syndrome (PRES) images: symmetrical cortical and subcortical hyperintense signals on T2 and FLAIR-weighted images in the parieto-
occipital lobes of both hemispheres

o Stroke-like images: POLG1, MELAS

Section 9: Auto-immune/paraneoplastic

Serum and CSF paraneoplastic and autoimmune epilepsy antibody panel:

« Antibodies to LGI-1, CASPR2, Ma2/Ta, DPPX, GAD65, NMDA, AMPA, GABA-B, GABA-A, glycine receptor, anti-Tr, amphiphysin, CV-2/CRMP-5, Neurexin-3alpha,
adenylate kinase, anti-neuronal nuclear antibody types 1/2/3 (Hu, Yo and Ri), Purkinje cell cytoplasmic antibody types 1,2, GFAP-alpha, anti-SOX1, N-type calcium channel
ADb, PQ-type calcium channel

Other serologies:

o ANA, ANCA, anti-thyroid antibodies, anti-TG anti-dsDNA, ESR, CRP, ENA, SPEP, IFE, antibodies to Jo-1, Ro, La, Scl-70, RA factor, ACE, anti-endomysium antibodies, cold
and warm agglutinins

« Optional: consider storing extra frozen CSF and serum for possible further autoimmune testing in a research lab

Neoplastic:

o CT chest/abdomen/pelvis, scrotal ultrasound, mammogram, pelvic MRI, CSF cytology and flow cytometry

« Optional: bone marrow biopsy; whole body PET-CT; cancer serum markers.

(Continued)
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Section 10: Metabolic/genetic

Metabolic:

See section 1

« Ammonia, porphyria screen (spot urine), plasma and CSF lactate and pyruvate

« Consider: Vitamin B1 level, B12 level, pyridoxine, folate, CPK, troponin; tests for mitochondrial disorder (lactate, pyruvate, MR spectroscopy, muscle biopsy), tests for MAS/

HLH (serum triglycerides and sIL2-r)

Genetic:

« Screens for MERRE, MELAS, POLG1 and VLCFA screen. Consider ceruloplasmin and 24-h urine copper

« Consider whole exome or whole genome sequencing (also look for gene polymorphisms in IL1B, IL6, IL10, TNFA, ILIRN, SCN1A and SCN2A), mitochondrial genome

sequencing, CGH array and genetics consult

Section 11: Cytokine assay

« Cytokine assay for quantitative measure of-IL-1f, IL-1Ra, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-17A, CCL2/MCP-1, CCL3/MIP-1a, granulocyte colony stimulating factor

(G-CSF), vascular endothelial growth factor (VEGF) and tumor necrosis factor-o (TNF-a), interferon gamma IFN-g

« Consider repeating the analyses during SE course

sinus thrombosis, reversible cerebral vasoconstriction syndrome,
CNS vasculitis, etc. Prominent mesial temporal lobe involvement
may be seen in autoimmune and paraneoplastic limbic encephalitis,
such as anti-VGKC complex encephalitis (15). Prominent basal
ganglia involvement may be seen in viral encephalitides such as
La-Crosse virus encephalitis (see section 8, Table 1 for others), but
can also occur with anti-LGI-1 encephalitis, acute necrotizing
encephalopathy of childhood (related to mutations in RANBP2),
and other conditions (16-18). Stroke-like images may be seen in
POLGI-related CNS disease and other mitochondrial disorders such
as MELAS. All of those conditions (and many others) can present
as NORSE.

Repeat MRI later during the hospitalization and in outpatient
follow-up should be considered in all patients. This helps monitor
disease evolution for any new MRI changes, which may help
indicate the etiology and/or aid in prognostication. A higher
proportion of patients will show abnormalities on follow-up
imaging than the initial imaging, as shown in a retrospective FIRES
study where the follow-up brain MRIs were abnormal in 87% of
studies; in contrast, initial MRI showed abnormalities in 38% of
patients (30). Repeat MRI also helps in assessing long-term changes
due to the underlying disease or as a result of prolonged seizures.
Progressive brain atrophy was seen in all 19 patients with super-
refractory status epilepticus in a prospective study, where the degree
of atrophy correlated with the SE duration but did not correlate with
functional outcomes (31). Repeat MRI may help in assessing disease
prognosis as well. Higher grades of periventricular white matter
changes, leptomeningeal enhancement on the initial MRI, and
hippocampal atrophy on later MRIs predicted poor functional
outcomes in one large series, as did extra-temporal lesion extension,
including the claustrum (31-33). A 13-patient series of NORSE
with limbic encephalitis from Korea observed that on follow-up
imaging, 10/13 had extra-temporal lesion extension, most
commonly to the claustrum (32). This was seen in all patients in
another 31-patient series from Italy, about ten days after SE onset
(often not present on the first scan), in the form of T2/FLAIR
hyperintensity in bilateral claustra (34). While this sign was initially
thought to be a part of the imaging changes related to prolonged
ictal activity due to its observation in unusually severe cases of
refractory status epilepticus, further studies are needed to clarify
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this. The two studies described here have shown a higher prevalence
than any previous series. All patients in the study from Korea and
50% of those in the study from Italy had evidence of limbic
encephalitis; autoimmunity has been proposed as a likely
mechanism and a reason for the high prevalence of claustrum
involvement in these studies. In our experience, the claustrum sign
appears to be much less common in North America, but this
warrants further investigation, regardless.

(MRS)  should
be considered in cases where inborn errors of metabolism

Magnetic  resonance  spectroscopy
(including mitochondrial disease) are suspected. Malignancy
screening (CT of the chest, pelvis, and abdomen) should
be performed in most or all patients with cryptogenic NORSE/
FIRES, especially in adults. If negative, this should be followed by
a testicular/ovarian ultrasound. Malignancy screening should
include whole-body positron emission tomography (PET) when
other testing remains negative, especially (but not only) in older

adults (Figure 1) (8, 9).

Continuous EEG

Continuous EEG monitoring is necessary for the diagnosis of
non-convulsive seizures and for monitoring treatment effects with
various medications. Certain EEG findings may point to the etiology,
such as extreme delta brush in autoimmune encephalitides,
particularly anti-NMDA receptor encephalitis (35), extreme spindles
in Mycoplasma pneumoniae related infections (36), and parieto-
occipital location of seizures and discharges in mitochondrial diseases
(37). Tonic-dystonic seizures preceded by a contralateral frontal-
central slow wave (~580 ms and amplitude ~71 uV) on EEG are seen
in anti-LGI-1 encephalitis (19, 20).

Genetic testing

The multinational expert panel agreed that genetic testing,
including mitochondrial gene testing and neuroinflammation
panel (38), should be considered early in young children and
should be considered at some point in most patients with
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cryptogenic NORSE/FIRES. This may be followed by whole exome
sequencing (8, 9), as several rare genetic and mitochondrial
disorders can cause status epilepticus. Mitochondrial disorders
associated with mutations of the genes encoding the presynaptic
dynamin 1-like protein (DNMI1L) and the catalytic subunit of
mitochondrial DNA polymerase gamma (POLG1) have been seen
in NORSE (39-44). Mutations of genes encoding neuronal
channels such as SCN1A, SCN2A, and SCN10A have also been
associated with NORSE (45-47). However, despite phenotypic
similarities with certain genetic epilepsies, extensive genetic
evaluation for candidate genes PCDHI9, SCNIA, and POLG
mutations was unrevealing in a cohort of pediatric FIRES patients
(48). Another study of exome sequencing in 50 individuals (29
patient-parent trios and 23 single probands) with pediatric FIRES
showed no pathogenic variants in genes associated with epilepsy
or neurodevelopmental disorders; HLA sequencing in 29 patients
did not show any allelic associations when compared against 529
population controls (49).

Brain biopsy

Brain biopsy should be considered when a targetable lesion is
identified by neuroimaging (and is not likely to be secondary to
seizure activity) and avoided if there is no targetable lesion (8, 9).
Neuropathology has been reported only rarely; when diagnostic,
the findings have shown herpes simplex encephalitis, candida
encephalitis, acute disseminated encephalitis vasculitis, necrotizing
vasculopathy, and lymphocytic infiltration related to anti-GAD
antibody disease (50, 51).

Only 15/197 (7.6%) patients were reported to have undergone a
brain biopsy in a recent systematic review of NORSE/FIRES. In a
series of 22 children with FIRES, only a third had a brain biopsy, and
these revealed non-specific findings (52). In the absence of radiological
lesions to target, the diagnostic yield of a brain biopsy was thought to
be low by the expert panel. When brain biopsy is performed,
metagenomic next-generation sequencing should be considered on
the tissue for infectious disease evaluation, including for rare,
unsuspected organisms.

Treatment approach

Attempts at controlling status epilepticus should run parallel with
disease modification efforts of the presumed disease, even when the
etiology is unknown. Acute treatment of seizures should be similar to
treatment of RSE in any situation. However, in patients without a clear
explanation for SE in the first day or two, one should strongly consider
first-line immunotherapy in the form of steroids, IVIG, or
plasmapheresis; the consensus recommendations are to start these
within the first 72 h of the onset of RSE (8, 9).

Seizure suppression
Anti-seizure medications

The initial management of status epilepticus should be guided
by local/institutional guidelines or published guidelines (53, 54).
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For convulsive status epilepticus, benzodiazepines are the first-
line treatment. Levetiracetam, valproate, and fosphenytoin were
equally efficacious as the second-line ASM for convulsive status
epilepticus in the ESETT trial (55). If there is a concern for
mitochondrial disorders, valproate should be avoided. Other
ASMs available in an intravenous form for rapid administration,
which are often appropriate for early use, include lacosamide,
phenobarbital, and brivaracetam. If the parenteral medications fail
to control the seizures, enteral medications can also be tried (via
a nasogastric tube). Continuous EEG monitoring is required to
manage these patients, even those beginning as convulsive SE, as
the seizures virtually always become nonconvulsive. The
medications that do not show efficacy should be discontinued to
avoid the accumulation of ASM burden with the potential side
effects from the polypharmacy. There is no data to suggest what
specific anti-seizure medications or a combination might
be effective in this setting. However, published expert consensus
suggests treating seizures in patients with NORSE/FIRES the same
as with other causes (8).

Anesthetics

Anesthetic drug use should be similar to treatment of RSE in
other conditions during the initial 48h of NORSE/FIRES management
(8,9). Current data do not support using one anesthetic agent over any
other. The commonly used anesthetics are midazolam, propofol,
pentobarbital, thiopental, and ketamine. High-risk patients should
be monitored to avoid and treat propofol infusion syndrome (56).
Propofol, pentobarbital, and thiopental should be used with caution
in mitochondrial disorders due to possible association with hepatic
dysfunction (42). Limited data have shown favorable hemodynamics
with ketamine, or at least less hypotension than with other anesthetics
(57). Pentobarbital or thiopental is usually considered after other
anesthetics fail, as they are associated with hypotension, electrolyte
abnormalities, infections, and ileus.

The neurocritical care society guideline for evaluating and
managing status epilepticus discusses the dosing considerations for
the above-described anesthetic agents (58). There are no high-
quality data to support the intensity and duration of anesthetic
agents. The titration of the anesthetic agent is guided by continuous
EEG, with the goal being the suppression of seizures or a
background pattern of burst suppression. Titration to suppression-
burst was associated with a lower frequency of seizure recurrence
than titration to suppression of seizures; however, it was also
associated with a significantly higher frequency of hypotension in
a meta-analysis (59) Neither the choice of the anesthetic agent nor
the titration goal was associated with differences in the overall
outcome. The guidelines recommend seizure control for 24-48h
before a gradual taper of the anesthetics with ASMs in place for
maintenance; recurrence of seizures post—anesthetic wean warrants
resumption of anesthesia, likely at a higher dose (58). While the
usual goal is to suppress most or all seizures, if aiming for
suppression burst, experts recommend an interburst interval of 10s
and to wean anesthetic over 6-12h. A recent retrospective study of
propofol used for RSE showed that a shorter trial at higher doses
might be more effective and safer than the recommended
therapeutic coma duration (60). In this study, the duration of an
initial therapeutic coma longer than 35h was associated with a
higher risk of seizure recurrence following the anesthetic wean.
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These findings align with a previous retrospective study of
midazolam in RSE that showed lower mortality for a higher dose of
midazolam (2.9 mg/kg/h) than a lower dose (0.4mg/kg/h) (61).
However, earlier retrospective studies have found therapeutic coma
to be associated with poor outcomes, but the confounding effect of
the refractoriness of SE (that required anesthetic use) could explain
the poor outcomes. Therapeutic coma in the setting of focal status
epilepticus, especially with fully or partially maintained awareness,
has been argued against due to similar concerns shown in another
study that looked at outcomes in generalized vs. focal status
epilepticus (62). Expert recommendations favor managing focal
status epilepticus without significant impairment of consciousness
without anesthetics (63).

Ketogenic diet

The expert panel recommends starting the ketogenic diet in the
first week of hospitalization in children still in RSE. It should
be considered in all prolonged and severe cases, including in adults, if
not already given in the first week. If enteral administration is not
possible, parenteral administration should be considered (if expertise
is available for guidance) (8, 9). The ketogenic diet was shown to
effectively control seizures within a few days of ketonuria in a pediatric
FIRES series (64, 65) and was the only therapeutic agent that possibly
shortened the acute phase in a retrospective study of 77 children with
NORSE (66). Retrospective studies of refractory and super-refractory
status epilepticus in adults and children have shown the ketogenic diet
to be effective with only mild side effects (67, 68). The feasibility of a
ketogenic diet in adults with RSE in the intensive care setting has been
shown in some reports; however, the institutional expertise may vary
even at tertiary care centers (69, 70).

Disease modification

Steroids are the first-line immunologic agent and should be started
within 72h of admission, preferably earlier if the initial etiologic
workup is complete. Methylprednisolone 20-30 mg/kg per day (max
1 gm) should be given for 3-5days intravenously. Intravenous
immunoglobulins can be an alternative to steroids (see Figure 1 for
doses) or can be administered simultaneously with steroids (9). The
response to first-line immunotherapy is often incomplete. Once
infections are excluded, second-line immunologic treatment should
start within seven days of the onset of RSE, but it has the potential to
improve outcomes even if administered after several weeks. Rituximab
is recommended if an antibody-mediated disease is suspected or
confirmed. In cryptogenic NORSE, IL-1R antagonists or IL-6
antagonists should be used, at least based on the current (limited) state
of knowledge (8, 9). There is not high-quality data supporting second-
line immunotherapy use other than anecdotal experience.
Additionally, the results from case reports and series should
be interpreted cautiously due to the confounders of publication bias
and a natural disease course. The expert panel recommendation is
based on experience with these agents in other neuroinflammatory
disorders and risk-benefit assessment. The evidence does not support
using a specific agent for second-line immunotherapy.

Anakinra is a recombinant interleukin-1 receptor antagonist
rheumatoid arthritis, Still's disease, and

used to treat
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cryopyrin-associated periodic syndromes. Multiple case reports have
shown the benefit of anakinra in NORSE/FIRES patients that fail
first-line and second-line immunotherapy (71-73). A retrospective
study of 25 children treated with anakinra for FIRES showed
association of treatment with shorter duration of mechanical
ventilation, ICU and hospital length of stay. One treatment
discontinuation was noted due to infection (74). Anakinra has also
been used in other CNS inflammatory disorders. Four out of twelve
adult
autoinflammatory disorders (including primary progressive multiple
sclerosis, ADEM, autoimmune encephalitis, NORSE) etc. showed
good outcomes following treatment, and none had any serious

patients receiving anakinra for various cerebral

adverse events (75, 76). Tocilizumab is a humanized monoclonal
antibody against the IL-6 receptor, which has been used in
rheumatoid arthritis, giant cell vasculitis, and cytokine release
syndrome. In a 7-patient series of NORSE, treatment with
tocilizumab was effective for 6/7 patients that failed conventional
immunotherapy, including rituximab (13). One was attributed to
NMDA antibodies, but the rest were cryptogenic. All patients had a
prolonged course ranging from 16-75 days and failed multiple drugs
and three anesthetic agents. Adverse events included severe
infections in 2 and leukopenia in 3. Outcomes were not significantly
different from other series, but the authors argue that this series was
likely biased by including prolonged and severe cases; earlier
administration of tocilizumab may have the potential for better
outcomes. In cryptogenic cases of NORSE, failure of benefit with
anakinra does not preclude a trial of tocilizumab, and vice-versa
(77, 78).

In a series of the chronic phase of FIRES, anakinra was effective
in 3/5 patients with a significant reduction in seizure burden without
additional serious adverse effects. One patient had to be switched to
tocilizumab due to inefficacy. This was studied against a control group
that included nine patients, and only one had mild improvement in
seizure frequency in a 6-month follow-up period (78-80).
Randomized controlled studies are necessary to shed further light on
the efficacy of disease-modifying treatment but are challenged by the
rarity of this condition.

Other treatments: neuromodulation/
cannabidiol/hypothermia/intrathecal
steroids

Non-invasive and invasive neuromodulation methods are feasible
as a treatment option for super-refractory status epilepticus, including
NORSE. Transcranial magnetic stimulation, electroconvulsive therapy,
vagus nerve stimulation, and deep brain stimulation have all been
sporadically used to manage super-refractory status epilepticus with
variable benefits (80).

Similarly, there are isolated case reports of positive results
with responsive neurostimulation with and without focal brain
resection for super-refractory status epilepticus and NORSE/
FIRES (81, 82). Current evidence does not support cannabidiol or
hypothermia as a first or second-line treatment (8, 9). Functional
outcomes were no different between the hypothermia and control
groups in a randomized control trial for convulsive SE (83, 84). It
has been reported to be effective in a few cases, but the level of
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evidence is likely inadequate to justify the risks at the current time
(85, 86). Lastly, intrathecal steroids have been used: In a study of
six children with FIRES, a shorter time from disease onset to
treatment with intrathecal dexamethasone correlated with a
shorter ICU stay and mechanical ventilation with no serious
adverse events (87). Intrathecal steroids have the potential to
shorten the acute stage of the disease, but further studies
are needed.

Palliative care

NORSE is a heterogeneous condition whose etiology remains
unidentified in many patients leaving the prognosis uncertain.
Physicians should keep open communication with family regarding
prognosis and the uncertainty involved. The palliative care team can
effectively facilitate these conversations with the family and many
other aspects of care and should be involved early. It is important to
recognize that consulting palliative care does not mean that aggressive
treatment is being abandoned; i.e., palliative care is not equivalent to
hospice care. Due to the involvement of multiple specialists over a long
period of time, identifying a lead physician that integrates all the data
to present to the family is desirable (88, 89).

Discharge planning

Most patients will benefit from intensive motor and cognitive
rehabilitation before a home disposition. Many will need ongoing
immunologic treatments and multiple anti-seizure medications
(ASMs) to manage pharmacoresistant epilepsy. Some patients (those
with cryptogenic NORSE) will benefit from an ongoing evaluation
with repeat imaging, including brain MRI and consideration of repeat
imaging for malignancy screen. In those with poor seizure control,
surgical evaluation for epilepsy surgery should be considered
(Figure 1).

Outcomes/chronic disease

Mortality during the acute phase is seen in 13%-30% of adults and
children (40, 90). Of the survivors, about two-thirds develop epilepsy
(higher in pediatric series and lower in adults), with about half being
drug resistant (40, 91). Poor functional outcomes are seen in about
two-thirds of survivors. Studies of children with FIRES have shown
that functional outcomes improve in most patients over time, with
good outcomes (though usually not return to baseline) seen in
two-thirds of the survivors at the last follow-up. A good outcome has
been reported despite a prolonged therapeutic coma lasting for several
months during the acute hospitalization (92).

Most patients need anti-seizure medications at discharge. If no
clinical seizures are seen for three months following discharge,
medication taper can be attempted with the goal of discontinuation.
Prolonged EEG (24-72h), usually performed in the outpatient
setting (ambulatory EEG), can guide medication taper. For patients
with continued drug-resistant epilepsy, immunotherapy (rituximab/
anakinra/tocilizumab) should be continued at discharge, with a
re-assessment of the need at three months. Patients who continue
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to have seizures despite use of ASMs, with or without
immunotherapy, should be evaluated for epilepsy surgery,
including neuromodulation.

Conclusion

NORSE, including its subtype of FIRES, is a rare and often
devastating condition that presents with refractory and often super-
refractory status epilepticus. The etiology is heterogeneous, with no
definite one found in the majority of cases, but inflammation with
activation of innate immunity is likely an important component of the
pathophysiology in many cases, especially the cryptogenic ones. Early
treatment with first-line immunotherapy and timely introduction of the
ketogenic diet and IL-1R/IL-6 antagonists should be considered in most
super-refractory patients. The current evidence to support these
treatments is limited, but several multinational research efforts are
ongoing to help elucidate the pathogenesis and to study treatment
options systematically. One such collaboration resulted in the creation
of the NORSE Institute and an active biobank that is collecting and
analyzing samples from patients with NORSE/FIRES around the world.!
The same website provides frequently-updated resources for clinicians,
researchers, patients and families.

Author contributions

ZS conceptualized the manuscript framework, did a literature
review, drafted the manuscript, created the figure, and edited the
tables. LH edited and revised the manuscript and contributed to the
figure and tables. All authors contributed to the article and approved
the submitted version.

Conflict of interest

ZS is a member of the medical and scientific advisory board of the
NORSE institute. LH has received consultation fees for advising from
Accure, Aquestive, Ceribell, Eisai, Marinus, Medtronic, Neurelis,
Neuropace, and UCB; royalties from Wolters-Kluwer for authoring
chapters for UpToDate-Neurology and from Wiley for coauthoring the
book Atlas of EEG in Critical Care by Hirsch and Brenner; and honoraria
for speaking from Neuropace, Natus, and UCB. He serves as the co-chair
of the medical and scientific advisory board of the NORSE institute.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

1 https://www.norseinstitute.org/

frontiersin.org


https://doi.org/10.3389/fneur.2023.1150496
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.norseinstitute.org/

Sheikh and Hirsch

References

1. Delaj L, Novy J, Ryvlin P, Marchi NA, Rossetti AO. Refractory and super-refractory
status epilepticus in adults: a 9-year cohort study. Acta Neurol Scand. (2017) 135:92-9.
doi: 10.1111/ane.12605

2. Mayer SA, Claassen ], Lokin ], Mendelsohn E Dennis LJ, Fitzsimmons BE
Refractory status epilepticus: frequency, risk factors, and impact on outcome. Arch
Neurol. (2002) 59:205-10. doi: 10.1001/archneur.59.2.205

3. Jayalakshmi S, Ruikar D, Vooturi S, Alladi S, Sahu S, Kaul S, et al. Determinants and
predictors of outcome in super refractory status epilepticus—a developing country
perspective. Epilepsy Res. (2014) 108:1609-17. doi: 10.1016/j.eplepsyres.2014.08.010

4. Gaspard N, Hirsch L], Sculier C, Loddenkemper T, van Baalen A, Lancrenon J, et al.
New-onset refractory status epilepticus (NORSE) and febrile infection-related epilepsy
syndrome (FIRES): state of the art and perspectives. Epilepsia. (2018) 59:745-52. doi:
10.1111/epi.14022

5. WuJ,Lan X, Yan L, Hu Y, Hong S, Jiang L, et al. A retrospective study of 92 children
with new-onset refractory status epilepticus. Epilepsy Behav. (2021) 125:108413. doi:
10.1016/j.yebeh.2021.108413

6. Sheikh ZB CJ, van Baalen A, Gaspard N, Hirsch LJ. The NORSE/FIRES Annotated
Reference List. (2022) https://www.norseinstitute.org/references (accessed Dec 2022).

7. Cabrera Kang CM, Gaspard N, LaRoche SM, Foreman B. Survey of the diagnostic
and therapeutic approach to new-onset refractory status epilepticus. Seizure. (2017)
46:24-30. doi: 10.1016/j.seizure.2017.02.003

8. Wickstrom R, Taraschenko O, Dilena R, Payne ET, Specchio N, Nabbout R, et al.
International consensus recommendations for management of new onset refractory
status epilepticus including febrile infection-related epilepsy syndrome: statements and
supporting evidence. Epilepsia. (2022) 63:2840-64. doi: 10.1111/epi.17397

9. Wickstrom R, Taraschenko O, Dilena R, Payne ET, Specchio N, Nabbout R, et al.
International consensus recommendations for management of new onset refractory
status epilepticus (NORSE) including febrile infection-related epilepsy syndrome
(FIRES): summary and clinical tools. Epilepsia. (2022) 63:2827-39. doi: 10.1111/
epi.17391

10. Sculier C, Gaspard N. New onset refractory status epilepticus (NORSE). Seizure.
(2019) 68:72-8. doi: 10.1016/j.seizure.2018.09.018

11. Sakuma H, Tanuma N, Kuki I, Takahashi Y, Shiomi M, Hayashi M. Intrathecal
overproduction of proinflammatory cytokines and chemokines in febrile infection-
related refractory status epilepticus. ] Neurol Neurosurg Psychiatry. (2015) 86:820-2. doi:
10.1136/jnnp-2014-309388

12. Clarkson BDS, LaFrance-Corey RG, Kahoud RJ, Farias-Moeller R, Payne ET, Howe
CL. Functional deficiency in endogenous interleukin-1 receptor antagonist in patients
with febrile infection-related epilepsy syndrome. Ann Neurol. (2019) 85:526-37. doi:
10.1002/ana.25439

13.Jun JS, Lee ST, Kim R, Chu K, Lee SK. Tocilizumab treatment for new onset
refractory status epilepticus. Ann Neurol. (2018) 84:940-5. doi: 10.1002/ana.25374

14. Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. (2019) 20:341-55. doi:
10.1038/s41576-019-0113-7

15. Heine J, Pruss H, Bartsch T, Ploner CJ, Paul E, Finke C. Imaging of autoimmune
encephalitis—relevance for clinical practice and hippocampal function. Neuroscience.
(2015) 309:68-83. doi: 10.1016/j.neuroscience.2015.05.037

16. McJunkin JE, Khan RR, Tsai TE California-La Crosse encephalitis. Infect Dis Clin
N Am. (1998) 12:83-93. doi: 10.1016/S0891-5520(05)70410-4

17. Flanagan EP, Kotsenas AL, Britton JW, McKeon A, Watson RE, Klein CJ, et al.
Basal ganglia T1 hyperintensity in LGI1-autoantibody faciobrachial dystonic seizures.
Neurol  Neuroimmunol — Neuroinflamm.  (2015)  2:el61.  doi:  10.1212/
NXI.0000000000000161

18. Levine JM, Ahsan N, Ho E, Santoro JD. Genetic acute necrotizing encephalopathy
associated with RANBP2: clinical and therapeutic implications in pediatrics. Mult Scler
Relat Disord. (2020) 43:102194. doi: 10.1016/j.msard.2020.102194

19. Baudin P, Whitmarsh S, Cousyn L, Roussel D, Lecas S, Lehongre K, et al. Kv1.1
channels inhibition in the rat motor cortex recapitulates seizures associated with anti-
LGI1 encephalitis. Prog Neurobiol. (2022) 213:102262. doi: 10.1016/j.
pneurobio.2022.102262

20. Navarro V, Kas A, Apartis E, Chami L, Rogemond V, Levy P, et al. Motor cortex
and hippocampus are the two main cortical targets in LGI1-antibody encephalitis. Brain.
(2016) 139:1079-93. doi: 10.1093/brain/aww012

21. Gofton TE, Gaspard N, Hocker SE, Loddenkemper T, Hirsch L]. New onset
refractory status epilepticus research: what is on the horizon? Neurology. (2019)
92:802-10. doi: 10.1212/WNL.0000000000007322

22. Neelapu SS. Managing the toxicities of CAR T-cell therapy. Hematol Oncol. (2019)
37:48-52. doi: 10.1002/hon.2595

23. Husari KS, Dubey D. Autoimmune epilepsy. Neurotherapeutics. (2019) 16:685-702.
doi: 10.1007/s13311-019-00750-3

24. Cock HR. Drug-induced status epilepticus. Epilepsy Behav. (2015) 49:76-82. doi:
10.1016/j.yebeh.2015.04.034

Frontiers in Neurology

10

10.3389/fneur.2023.1150496

25. Lowenstein DH, Walker M, Waterhouse E. Status epilepticus in the setting of acute
encephalitis. Epilepsy Curr. (2014) 14:43-9. doi: 10.5698/1535-7511-14.52.43

26. Urban H, Willems LM, Ronellenfitsch MW, Rosenow F, Steinbach JP, Strzelczyk
A. Increased occurrence of status epilepticus in patients with brain metastases and
checkpoint inhibition. Oncoimmunology. (2020) 9:1851517. doi:
10.1080/2162402X.2020.1851517

27.Tan TH, Perucca P, O’Brien TJ, Kwan P, Monif M. Inflammation, ictogenesis, and
epileptogenesis: an exploration through human disease. Epilepsia. (2021) 62:303-24. doi:
10.1111/epi.16788

28. Kothur K, Bandodkar S, Wienholt L, Chu S, Pope A, Gill D, et al. Etiology is the
key determinant of neuroinflammation in epilepsy: elevation of cerebrospinal fluid
cytokines and chemokines in febrile infection-related epilepsy syndrome and febrile
status epilepticus. Epilepsia. (2019) 60:1678-88. doi: 10.1111/epi.16275

29. Kenney-Jung DL, Vezzani A, Kahoud RJ, LaFrance-Corey RG, Ho ML, Muskardin
TW, et al. Febrile infection-related epilepsy syndrome treated with anakinra. Ann
Neurol. (2016) 80:939-45. doi: 10.1002/ana.24806

30. Lee HE, Chi CS. Febrile infection-related epilepsy syndrome (FIRES): therapeutic
complications, long-term neurological and neuroimaging follow-up. Seizure. (2018)
56:53-9. doi: 10.1016/j.seizure.2018.02.003

31. Hocker S, Nagarajan E, Rabinstein AA, Hanson D, Britton JW. Progressive brain
atrophy in super-refractory status epilepticus. JAMA Neurol. (2016) 73:1201-7. doi:
10.1001/jamaneurol.2016.1572

32. Choi JY, Kim EJ, Moon SY, Kim TJ, Huh K. Prognostic significance of subsequent
extra-temporal involvement in cryptogenic new onset refractory status epilepticus
(NORSE) initially diagnosed with limbic encephalitis. Epilepsy Res. (2019) 158:106215.
doi: 10.1016/j.eplepsyres.2019.106215

33.Kim HJ, Lee S-A, Kim H-W, Kim S]J, Jeon S-B, Koo YS. The timelines of MRI
findings related to outcomes in adult patients with new-onset refractory status
epilepticus. Epilepsia. (2020) 61:1735-48. doi: 10.1111/epi.16620

34. Meletti S, Giovannini G, d'Orsi G, Toran L, Monti G, Guha R, et al. New-onset
refractory status epilepticus with claustrum damage: definition of the clinical and
neuroimaging features. Front Neurol. (2017) 8:111. doi: 10.3389/fneur.2017.00111

35. Schmitt SE, Pargeon K, Frechette ES, Hirsch L], Dalmau J, Friedman D. Extreme
delta brush: a unique EEG pattern in adults with anti-NMDA receptor encephalitis.
Neurology. (2012) 79:1094-100. doi: 10.1212/WNL.0b013e3182698cd8

36. Heatwole CR, Berg MJ, Henry JC, Hallman JL. Extreme spindles: a distinctive EEG
pattern in Mycoplasma pneumoniae encephalitis. Neurology. (2005) 64:1096-7. doi:
10.1212/01.WNL.0000154467.17312.7B

37. Fine AL, Liebo G, Gavrilova RH, Britton JW. Seizure semiology, EEG, and imaging
findings in epilepsy secondary to mitochondrial disease. Front Neurol. (2021) 12:779052.
doi: 10.3389/fneur.2021.779052

38. McCreary D, Omoyinmi E, Hong Y, Mulhern C, Papadopoulou C, Casimir M,
et al. Development and validation of a targeted next-generation sequencing gene panel
for children with neuroinflammation. JAMA Netw Open. (2019) 2:¢1914274. doi:
10.1001/jamanetworkopen.2019.14274

39. Tan RY, Neligan A, Shorvon SD. The uncommon causes of status epilepticus: a
systematic review. Epilepsy Res. (2010) 91:111-22. doi: 10.1016/j.eplepsyres.2010.07.015

40. Husari KS, Labiner K, Huang R, Said RR. New-onset refractory status epilepticus
in children: etiologies, treatments, and outcomes. Pediatr Crit Care Med. (2020)
21:59-66. doi: 10.1097/PCC.0000000000002108

41. Morrison HD, Morgan C, Urankar K, Wylde J, O’'Beirne M, Krolikowski K, et al.
New-onset refractory status epilepticus (NORSE) in a 23-year-old female: answer. ] Clin
Neurosci. (2020) 82:271-2. doi: 10.1016/.jocn.2020.08.028

42. Ryan CS, Fine AL, Cohen AL, Schiltz BM, Renaud DL, Wirrell EC, et al. De novo
DNMIL variant in a teenager with progressive paroxysmal dystonia and lethal super-
refractory myoclonic status epilepticus. J Child Neurol. (2018) 33:651-8. doi:
10.1177/0883073818778203

43. von Spiczak S, Helbig KL, Shinde DN, Huether R, Pendziwiat M, Lourenco C, et al.
DNMI1 encephalopathy: a new disease of vesicle fission. Neurology. (2017) 89:385-94.
doi: 10.1212/WNL.0000000000004152

44. Visser NA, Braun KP, Leijten FS, van Nieuwenhuizen O, Wokke JH, van den Bergh
WM. Magnesium treatment for patients with refractory status epilepticus due to
POLGI1-mutations. ] Neurol. (2011) 258:218-22. doi: 10.1007/s00415-010-5721-2

45. Jafarpour S, Hodgeman RM, De Marchi CC, de Lima MTA, Kapur K, Tasker RC,
et al. New-onset status epilepticus in pediatric patients: causes, characteristics, and
outcomes. Pediatr Neurol. (2018) 80:61-9. doi: 10.1016/j.pediatrneurol.2017.11.016

46. Kobayashi K, Ouchida M, Okumura A, Maegaki Y, Nishiyama I, Matsui H, et al.
Genetic seizure susceptibility underlying acute encephalopathies in childhood. Epilepsy
Res. (2010) 91:143-52. doi: 10.1016/j.eplepsyres.2010.07.005

47. Kobayashi K, Ohzono H, Shinohara M, Saitoh M, Ohmori I, Ohtsuka Y, et al.
Acute encephalopathy with a novel point mutation in the SCN2A gene. Epilepsy Res.
(2012) 102:109-12. doi: 10.1016/j.eplepsyres.2012.04.016

frontiersin.org


https://doi.org/10.3389/fneur.2023.1150496
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/ane.12605
https://doi.org/10.1001/archneur.59.2.205
https://doi.org/10.1016/j.eplepsyres.2014.08.010
https://doi.org/10.1111/epi.14022
https://doi.org/10.1016/j.yebeh.2021.108413
https://www.norseinstitute.org/references
https://doi.org/10.1016/j.seizure.2017.02.003
https://doi.org/10.1111/epi.17397
https://doi.org/10.1111/epi.17391
https://doi.org/10.1111/epi.17391
https://doi.org/10.1016/j.seizure.2018.09.018
https://doi.org/10.1136/jnnp-2014-309388
https://doi.org/10.1002/ana.25439
https://doi.org/10.1002/ana.25374
https://doi.org/10.1038/s41576-019-0113-7
https://doi.org/10.1016/j.neuroscience.2015.05.037
https://doi.org/10.1016/S0891-5520(05)70410-4
https://doi.org/10.1212/NXI.0000000000000161
https://doi.org/10.1212/NXI.0000000000000161
https://doi.org/10.1016/j.msard.2020.102194
https://doi.org/10.1016/j.pneurobio.2022.102262
https://doi.org/10.1016/j.pneurobio.2022.102262
https://doi.org/10.1093/brain/aww012
https://doi.org/10.1212/WNL.0000000000007322
https://doi.org/10.1002/hon.2595
https://doi.org/10.1007/s13311-019-00750-3
https://doi.org/10.1016/j.yebeh.2015.04.034
https://doi.org/10.5698/1535-7511-14.s2.43
https://doi.org/10.1080/2162402X.2020.1851517
https://doi.org/10.1111/epi.16788
https://doi.org/10.1111/epi.16275
https://doi.org/10.1002/ana.24806
https://doi.org/10.1016/j.seizure.2018.02.003
https://doi.org/10.1001/jamaneurol.2016.1572
https://doi.org/10.1016/j.eplepsyres.2019.106215
https://doi.org/10.1111/epi.16620
https://doi.org/10.3389/fneur.2017.00111
https://doi.org/10.1212/WNL.0b013e3182698cd8
https://doi.org/10.1212/01.WNL.0000154467.17312.7B
https://doi.org/10.3389/fneur.2021.779052
https://doi.org/10.1001/jamanetworkopen.2019.14274
https://doi.org/10.1016/j.eplepsyres.2010.07.015
https://doi.org/10.1097/PCC.0000000000002108
https://doi.org/10.1016/j.jocn.2020.08.028
https://doi.org/10.1177/0883073818778203
https://doi.org/10.1212/WNL.0000000000004152
https://doi.org/10.1007/s00415-010-5721-2
https://doi.org/10.1016/j.pediatrneurol.2017.11.016
https://doi.org/10.1016/j.eplepsyres.2010.07.005
https://doi.org/10.1016/j.eplepsyres.2012.04.016

Sheikh and Hirsch

48. Appenzeller S, Helbig I, Stephani U, Hausler M, Kluger G, Bungeroth M, et al.
Febrile infection-related epilepsy syndrome (FIRES) is not caused by SCN1A, POLG,
PCDHI9 mutations or rare copy number variations. Dev Med Child Neurol. (2012)
54:1144-8. doi: 10.1111/j.1469-8749.2012.04435.x

49. Helbig I, Barcia G, Pendziwiat M, Ganesan S, Mueller SH, Helbig KL, et al. Whole-
exome and HLA sequencing in febrile infection-related epilepsy syndrome. Ann Clin
Transl Neurol. (2020) 7:1429-35. doi: 10.1002/acn3.51062

50. Suchdev K, Kupsky WJ, Mittal S, Shah AK. Histopathology of new-onset refractory
status epilepticus (NORSE) in adults. Seizure. (2021) 93:95-101. doi: 10.1016/j.
seizure.2021.09.018

51. Matthews E, Alkhachroum A, Massad N, Letchinger R, Doyle K, Claassen J, et al.
New-onset super-refractory status epilepticus: a case series of 26 patients. Neurology.
(2020) 95:€2280-5. doi: 10.1212/WNL.0000000000010787

52.van Baalen A, Hausler M, Boor R, Rohr A, Sperner J, Kurlemann G, et al. Febrile
infection-related epilepsy syndrome (FIRES): a nonencephalitic encephalopathy in
childhood. Epilepsia. (2010) 51:1323-8. doi: 10.1111/j.1528-1167.2010.02535.x

53.Trinka E, Leitinger M. Management of Status Epilepticus, refractory status
Epilepticus, and super-refractory status epilepticus. Continuum. (2022) 28:559-602. doi:
10.1212/CON.0000000000001103

54. Bravo P, Vaddiparti A, Hirsch L]. Pharmacotherapy for nonconvulsive seizures and
nonconvulsive status epilepticus. Drugs. (2021) 81:749-70. doi: 10.1007/
$40265-021-01502-4

55.Kapur J, Elm J, Chamberlain JM, Barsan W, Cloyd ], Lowenstein D, et al.
Randomized trial of three anticonvulsant medications for status epilepticus. N Engl J
Med. (2019) 381:2103-13. doi: 10.1056/NEJMo0a1905795

56. Kam PC, Cardone D. Propofol infusion syndrome. Anaesthesia. (2007) 62:690-701.
doi: 10.1111/§.1365-2044.2007.05055.x

57. Alkhachroum A, Der-Nigoghossian CA, Mathews E, Massad N, Letchinger R,
Doyle K, et al. Ketamine to treat super-refractory status epilepticus. Neurology. (2020)
95:€2286-94. doi: 10.1212/WNL.0000000000010611

58. Brophy GM, Bell R, Claassen ], Alldredge B, Bleck TP, Glauser T, et al. Guidelines
for the evaluation and management of status epilepticus. Neurocrit Care. (2012) 17:3-23.
doi: 10.1007/s12028-012-9695-z

59. Claassen J, Hirsch L], Emerson RG, Mayer SA. Treatment of refractory status
epilepticus with pentobarbital, propofol, or midazolam: a systematic review. Epilepsia.
(2002) 43:146-53. doi: 10.1046/j.1528-1157.2002.28501.x

60. Muhlhofer WG, Layfield S, Lowenstein D, Lin CP, Johnson RD, Saini S, et al.
Duration of therapeutic coma and outcome of refractory status epilepticus. Epilepsia.
(2019) 60:921-34. doi: 10.1111/epi.14706

61. Fernandez A, Lantigua H, Lesch C, Shao B, Foreman B, Schmidt JM, et al. High-
dose midazolam infusion for refractory status epilepticus. Neurology. (2014) 82:359-65.
doi: 10.1212/WNL.0000000000000054

62. Marchi NA, Novy J, Faouzi M, Stahli C, Burnand B, Rossetti AO. Status epilepticus:
impact of therapeutic coma on outcome. Crit Care Med. (2015) 43:1003-9. doi: 10.1097/
CCM.0000000000000881

63. Rossetti AO, Lowenstein DH. Management of refractory status epilepticus in
adults: still more questions than answers. Lancet Neurol. (2011) 10:922-30. doi: 10.1016/
S1474-4422(11)70187-9

64. Singh RK, Joshi SM, Potter DM, Leber SM, Carlson MD, Shellhaas RA. Cognitive
outcomes in febrile infection-related epilepsy syndrome treated with the ketogenic diet.
Pediatrics. (2014) 134:e1431-5. doi: 10.1542/peds.2013-3106

65. Nabbout R, Mazzuca M, Hubert P, Peudennier S, Allaire C, Flurin V, et al. Efficacy
of ketogenic diet in severe refractory status epilepticus initiating fever induced refractory
epileptic encephalopathy in school age children (FIRES). Epilepsia. (2010) 51:2033-7.
doi: 10.1111/§.1528-1167.2010.02703.x

66. Kramer U, Chi CS, Lin KL, Specchio N, Sahin M, Olson H, et al. Febrile
infection-related epilepsy syndrome (FIRES): pathogenesis, treatment, and outcome:
a multicenter study on 77 children. Epilepsia. (2011) 52:1956-65. doi:
10.1111/j.1528-1167.2011.03250.x

67. Dozieres-Puyravel B, Hohn S, Auvin S. Considering safety and patient tolerance
in the use of ketogenic diet in the management of refractory and super-refractory status
epilepticus: a systematic review. Expert Rev Neurother. (2021) 21:1303-8. doi:
10.1080/14737175.2021.1956905

68. Schoeler NE, Simpson Z, Zhou R, Pujar S, Eltze C, Cross JH. Dietary management
of children with super-refractory status epilepticus: a systematic review and experience
in a single UK tertiary centre. Front Neurol. (2021) 12:643105. doi: 10.3389/
fneur.2021.643105

69. Thakur KT, Probasco JC, Hocker SE, Roehl K, Henry B, Kossoff EH, et al.
Ketogenic diet for adults in super-refractory status epilepticus. Neurology. (2014)
82:665-70. doi: 10.1212/WNL.0000000000000151

70.Katz JB, Owusu K, Nussbaum I, Beekman R, DeFilippo NA, Gilmore EJ, et al.
Pearls and pitfalls of introducing ketogenic diet in adult status epilepticus: a

Frontiers in Neurology

11

10.3389/fneur.2023.1150496

practical guide for the intensivist. J Clin Med. (2021) 10:881. doi: 10.3390/
jem10040881

71. Yang JH, Nataraj S, Sattar S. Successful treatment of pediatric FIRES with anakinra.
Pediatr Neurol. (2021) 114:60-1. doi: 10.1016/j.pediatrneurol.2020.10.009

72. Palacios-Mendoza M, Gomez A, Prieto ], Barrios JC, Orera M, Massot-Tarrus A.
Response to anakinra in new-onset refractory status epilepticus: a clinical case. Seizure.
(2022) 94:92-4. doi: 10.1016/j.seizure.2021.11.014

73. Westbrook C, Subramaniam T, Seagren RM, Tarula E, Co D, Furstenberg-Knauff
M, et al. Febrile infection-related epilepsy syndrome treated successfully with anakinra
in a 21-year-old woman. WM]J. (2019) 118:135-9.

74. Lai YC, Muscal E, Wells E, Shukla N, Eschbach K, Hyeong Lee K, et al. Anakinra
usage in febrile infection related epilepsy syndrome: an international cohort. Ann Clin
Transl Neurol. (2020) 7:2467-74. doi: 10.1002/acn3.51229

75.Jang Y, Lee WJ, Lee HS, Chu K, Lee SK, Lee ST. Anakinra treatment for refractory
cerebral autoinflammatory responses. Ann Clin Transl Neurol. (2022) 9:91-7. doi:
10.1002/acn3.51500

76.Jang Y, Woo KA, Lee ST, Park SH, Chu K, Lee SK. Cerebral autoinflammatory
disease treated with anakinra. Ann Clin Transl Neurol. (2018) 5:1428-33. doi: 10.1002/
acn3.656

77.Stredny CM, Case S, Sansevere AJ, Son M, Henderson L, Gorman MP.
Interleukin-6 blockade with tocilizumab in anakinra-refractory febrile infection-related
epilepsy syndrome (FIRES). Child Neurol Open. (2020) 7:2329048X20979253. doi:
10.1177/2329048X20979253

78. Aledo-Serrano A, Hariramani R, Gonzalez-Martinez A, Alvarez-Troncoso J,
Toledano R, Bayat A, et al. Anakinra and tocilizumab in the chronic phase of febrile
infection-related epilepsy syndrome (FIRES): effectiveness and safety from a case-series.
Seizure. (2022) 100:51-5. doi: 10.1016/j.seizure.2022.06.012

79.Dilena R, Mauri E, Aronica E, Bernasconi P, Bana C, Cappelletti C, et al.
Therapeutic effect of anakinra in the relapsing chronic phase of febrile infection-related
epilepsy syndrome. Epilepsia Open. (2019) 4:344-50. doi: 10.1002/epi4.12317

80. Stavropoulos I, Pak HL, Valentin A. Neuromodulation in super-refractory status
epilepticus. ] Clin  Neurophysiol. ~ (2021)  38:494-502. doi:  10.1097/
‘WNP.0000000000000710

81. Mamaril-Davis ], Vessell M, Ball T, Palade A, Shafer C, Aguilar-Salinas P, et al.
Combined responsive neurostimulation and focal resection for super refractory status
epilepticus: a systematic review and illustrative case report. World Neurosurg. (2022)
167:195-204.¢7. doi: 10.1016/j.wneu.2022.07.141

82. Theroux L, Shah Y, Cukier Y, Rodgers S, Karkare S, Bonda D, et al. Improved
seizure burden and cognitive performance in a child treated with responsive
neurostimulation (RNS) following febrile infection related epilepsy syndrome (FIRES).
Epileptic Disord. (2020) 22:811-6. doi: 10.1684/epd.2020.1224

83.Legriel S, Pico F, Tran-Dinh YR, Lemiale V, Bedos JP, Resche-Rigon M, et al.
Neuroprotective effect of therapeutic hypothermia versus standard care alone after
convulsive status epilepticus: protocol of the multicentre randomised controlled
trial HYBERNATUS. Ann Intensive Care. (2016) 6:54. doi: 10.1186/
$13613-016-0159-z

84. Legriel S, Lemiale V, Schenck M, Chelly ], Laurent V, Daviaud F, et al. Hypothermia
for neuroprotection in convulsive status epilepticus. N Engl ] Med. (2016) 375:2457-67.
doi: 10.1056/NEJMoal608193

85. Corry JJ, Dhar R, Murphy T, Diringer MN. Hypothermia for refractory status
epilepticus. Neurocrit Care. (2008) 9:189-97. doi: 10.1007/s12028-008-9092-9

86. Elting JW, Naalt J, Fock JM. Mild hypothermia for refractory focal status
epilepticus in an infant with hemimegalencephaly. Eur J Paediatr Neurol. (2010)
14:452-5. doi: 10.1016/j.ejpn.2009.12.001

87. Horino A, Kuki I, Inoue T, Nukui M, Okazaki S, Kawawaki H, et al. Intrathecal
dexamethasone therapy for febrile infection-related epilepsy syndrome. Ann Clin Transl
Neurol. (2021) 8:645-55. doi: 10.1002/acn3.51308

88. Gofton TE, Wong N, Hirsch L], Hocker SE. Communication challenges: a spotlight
on new-onset refractory status epilepticus. Mayo Clin Proc. (2019) 94:857-63. doi:
10.1016/j.mayocp.2018.12.004

89. Wong NW. The role of hope, compassion, and uncertainty in physicians’ reluctance
to initiate palliative care. AMA ] Ethics. (2018) 20:E782-6. doi: 10.1001/
amajethics.2018.782

90. Gugger JJ, Husari K, Probasco JC, Cervenka MC. New-onset refractory status
epilepticus: a retrospective cohort study. Seizure. (2020) 74:41-8. doi: 10.1016/j.
seizure.2019.12.002

91.Lam SK, Lu WY, Weng WC, Fan PC, Lee WT. The short-term and long-term
outcome of febrile infection-related epilepsy syndrome in children. Epilepsy Behav.
(2019) 95:117-23. doi: 10.1016/j.yebeh.2019.02.033

92. Kilbride RD, Reynolds AS, Szaflarski JP, Hirsch LJ. Clinical outcomes following
prolonged refractory status epilepticus (PRSE). Neurocrit Care. (2013) 18:374-85. doi:
10.1007/s12028-013-9823-4

frontiersin.org


https://doi.org/10.3389/fneur.2023.1150496
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/j.1469-8749.2012.04435.x
https://doi.org/10.1002/acn3.51062
https://doi.org/10.1016/j.seizure.2021.09.018
https://doi.org/10.1016/j.seizure.2021.09.018
https://doi.org/10.1212/WNL.0000000000010787
https://doi.org/10.1111/j.1528-1167.2010.02535.x
https://doi.org/10.1212/CON.0000000000001103
https://doi.org/10.1007/s40265-021-01502-4
https://doi.org/10.1007/s40265-021-01502-4
https://doi.org/10.1056/NEJMoa1905795
https://doi.org/10.1111/j.1365-2044.2007.05055.x
https://doi.org/10.1212/WNL.0000000000010611
https://doi.org/10.1007/s12028-012-9695-z
https://doi.org/10.1046/j.1528-1157.2002.28501.x
https://doi.org/10.1111/epi.14706
https://doi.org/10.1212/WNL.0000000000000054
https://doi.org/10.1097/CCM.0000000000000881
https://doi.org/10.1097/CCM.0000000000000881
https://doi.org/10.1016/S1474-4422(11)70187-9
https://doi.org/10.1016/S1474-4422(11)70187-9
https://doi.org/10.1542/peds.2013-3106
https://doi.org/10.1111/j.1528-1167.2010.02703.x
https://doi.org/10.1111/j.1528-1167.2011.03250.x
https://doi.org/10.1080/14737175.2021.1956905
https://doi.org/10.3389/fneur.2021.643105
https://doi.org/10.3389/fneur.2021.643105
https://doi.org/10.1212/WNL.0000000000000151
https://doi.org/10.3390/jcm10040881
https://doi.org/10.3390/jcm10040881
https://doi.org/10.1016/j.pediatrneurol.2020.10.009
https://doi.org/10.1016/j.seizure.2021.11.014
https://doi.org/10.1002/acn3.51229
https://doi.org/10.1002/acn3.51500
https://doi.org/10.1002/acn3.656
https://doi.org/10.1002/acn3.656
https://doi.org/10.1177/2329048X20979253
https://doi.org/10.1016/j.seizure.2022.06.012
https://doi.org/10.1002/epi4.12317
https://doi.org/10.1097/WNP.0000000000000710
https://doi.org/10.1097/WNP.0000000000000710
https://doi.org/10.1016/j.wneu.2022.07.141
https://doi.org/10.1684/epd.2020.1224
https://doi.org/10.1186/s13613-016-0159-z
https://doi.org/10.1186/s13613-016-0159-z
https://doi.org/10.1056/NEJMoa1608193
https://doi.org/10.1007/s12028-008-9092-9
https://doi.org/10.1016/j.ejpn.2009.12.001
https://doi.org/10.1002/acn3.51308
https://doi.org/10.1016/j.mayocp.2018.12.004
https://doi.org/10.1001/amajethics.2018.782
https://doi.org/10.1001/amajethics.2018.782
https://doi.org/10.1016/j.seizure.2019.12.002
https://doi.org/10.1016/j.seizure.2019.12.002
https://doi.org/10.1016/j.yebeh.2019.02.033
https://doi.org/10.1007/s12028-013-9823-4

	A practical approach to in-hospital management of new-onset refractory status epilepticus/febrile infection related epilepsy syndrome
	Introduction
	Methods
	Diagnostic approach
	Blood/CSF investigations
	Additional CSF testing
	Imaging
	Continuous EEG
	Genetic testing
	Brain biopsy

	Treatment approach
	Seizure suppression
	Anti-seizure medications
	Anesthetics
	Ketogenic diet
	Disease modification
	Other treatments: neuromodulation/cannabidiol/hypothermia/intrathecal steroids
	Palliative care
	Discharge planning
	Outcomes/chronic disease

	Conclusion
	Author contributions
	Conflict of interest
	Publisher’s note

	References

