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Outline

• Define the concepts and stages of Status Epilepticus 

• Appraise the clinical evidence of systemic complication and 
brain damage after prolonged seizures and status epilepticus 

• Review evidence of the management of Status Epilepticus 

• Discuss the approach and management of the Ictal-Interictal 
Continuum patterns
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Definition of Status Epilepticus

Time (t2), when a seizure may cause long-term 
consequences

Time (t1), when a seizure is likely to be prolonged leading 
to continuous seizure activity

Type of SE

30 minutes5 minutesTonic-clonic SE

>60 minutes10 minutesFocal SE with impaired 
consciousness

Unknown10-15 minutesaAbsence SE

Results from either the failure of the 
mechanisms responsible for seizure 
termination or from the initiation of 
mechanisms that lead to abnormally
prolonged seizures (after time point t1)

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

Status 
Epilepticus 

Emergency treatment of SE 
should be started Long consequences may be expected

Trinka et al. Epilepsia 2015 
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Stages of Status Epilepticus 
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Stages of Status Epilepticus 

Established SE
SE epilepticus that persists after 
treatment with benzodiazepine

Trinka et al. Seizures 2017 
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Stages of Status Epilepticus 

Refractory SE: 
SE that persists despite the administration of at 

least two parenteral drugs that have been properly 
selected and dosed, including a benzodiazepine. 

No specific seizure duration required

Trinka et al. Seizures 2017 
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Stages of Status Epilepticus 

Super-refractory SE: 
SE that persists for at least 24 hours after the start of anesthesia and other medications and these 
have not been discontinued and appropriately medicated, or if the seizures recur after withdrawal 

of anesthesia, for which reintroduction of anesthesia is required

"Anesthesia" includes commonly used agents such as Midazolam, Propofol, Pentobarbital, Thiopental, 
Ketamine, and others, provided they are used at anesthetic doses.

Trinka et al. Seizures 2017 
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SE subtype is characterized by the presence or absence of 
motor symptoms and/or impaired consciousness.

Rubinoos continuum 2024



• Generalized tonic-clonic movements of
the extremities3

• Localized tonic-clonic movements of the 
extremities4-6

• Oroalimentary automatisms (eg, lip smacking, 
repeated swallowing or chewing)4-6

• Abnormal eye movements (eg, rapid eye 
movements, gaze deviation, hippus)4-8

• Limb paralysis5

Altered mental status is a major symptom of nonconvulsive SE

Nonmotor symptoms 
(eg, nonconvulsive status epilepticus)1,2 Motor symptoms

• Altered mental status (82%)

– Confusion (49%)

– Coma (22%)

– Lethargy (21%)

• Speech disturbance (15%)

• Myoclonus (13%)

• Unusual behavior (11%)

• Anxiety, agitation, and delirium (8%)

• Extrapyramidal signs (7%)

• Hallucinations (6%)

Altered mental 
status is a central 
clinical feature
of NCSE
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Non convulsive seizures: Prevalence in critically ill adults w/ primary 
neuro diagnosis
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Courtesy of Dr. Lawrence  Hirsch, MD
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Nonconvulsive Status Epilepticus

Defined as electrographic seizures that last longer than 10 minutes or 
present for at least 20% of any 60-minute period of recording. 

The 10-minute cutoff matches the definition of focal status epilepticus with impaired consciousness by the International 
League Against Epilepsy.

The 20% cutoff, lowered from the previous 50%, is based on expert consensus and on one study in critically ill children 
in whom the risk of neurological decline was significantly greater when the maximum hourly seizure burden was 
>20%.

Hirsch et al. 2021 J Clin Neurophys



• Admit in the ICU: 
• Urgent EEG and treatment of the underlying 

pathology 

• Hypertension: treatment with anti-hypertensive 
medication (PRES)

• Hypotension: Fluid challenge, vasopressors, 
invasive monitoring of blood pressure

• Echocardiogram to look for stress 
cardiomyopathy 

• Urgent oxygenation therapy and intubation 

• Cardio-pulmonary resuscitation (slow infusion 
of ASM with cardiac effects)  

Acute systemic complication of Status Epilepticus

Systemic complications

• Altered mental Status: 
• Post Ictal State to coma, Underlying pathology, 

NCSE 

• Hemodynamic instability: 
• First stage: Hypertension, tachycardia, 

arrhythmias, stress cardiomyopathy
• Second stage: 

• Hypoxemia: 
• Apnea, trismus, soft palate hypotonia, aspiration 

pneumonia, respiratory muscle, neurogenic 
pulmonary edema.    

• Cardiac Arrest  (1.1%)  
• Asystole (hypoxemia), bradycardia and 

conduction disorders, ventricular fibrillation 

Treatment

Benghanem et al. Curr Opin Crit Care 2024 



14Hirsch and Gaspard  Continuum. 2013



15Rubinos Clio, in press. Continuum. 2024

~43%
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Preclinical and clinical studies show that SE leads to widespread 
neuronal
- Decreased neuronal density in the hippocampi 

- Focal atrophy in several brain regions:  hippocampi, subcortical white 
matter,  basal ganglia, corpus callosum cerebellum 

- Increased Neuron-Specific enolase 

Coronal sections of T1-weighted magnetic resonance images at onset of (left) 
and 6 weeks after (middle) a prolonged episode of status epilepticus in a 19-
year-old man. Note overall brain and hippocampal atrophy (arrows, middle). 
Fluid-attenuated inversion recovery (FLAIR) imaging 6 weeks after a 
prolonged episode of status epilepticus reveals evidence of the development 
of mesial temporal sclerosis (arrow, right). Images are not concordant 
because they were obtained at different facilities.

Slovitter and Damiano 1981, Meldrum et al 1973, DeGiorgio et al 1992, Manno Mayo clnic Proc 2003, Hocker JAMA 
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Management of Status Epilepticus 

The goal of immediate treatment is seizures control!

Time is brain 

Preclinical and clinical studies show that SE leads to widespread 
neuronal damage and cell death due to excessive neuronal firing.

- Decreased neuronal density in the hippocampi 

- Increased Neuron-Specific enolase 

Slovitter and Damiano 1981, Meldrum et al 1973, DeGiorgio et al 1992, Manno Mayo 
clnic Proc 2003, Hocker JAMA 

Manno. Mayo Clin Proc 2003 
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Multiple factors may influence outcomes in SE 

Systemic 
Complications

Adverse effects of 
treatments

EEG Characteristics

Duration of status 
epilepticus

EEG patterns

Treatment Characteristics

Treatment delay
Use of continuous IV 

anesthesia 

Presenting 
Characteristics 

Etiology
Age (≥ or <65 years)

Prior seizures or 
epilepsy

High comorbidity index
Impaired consciousness
Seizure type (eg, GCSE

or NCSE)

Treatment and course Cessation

How can we help? 
MODIFIABLE factors: Time to treatment and duration of SE

Outcome Predictors

Status epilepticus onset



Clio Rubinos.
Continuum 2024 
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Importance of Early Treatment of Seizure Emergencies

Four controlled, double-blind clinical studies of initial treatment of status epilepticus have been published:

Lorazepam vs Diazepam = no differencePhenytoin vs. Lorazepam vs. Diazepam & Phenytoin vs. Phenobarbital = 
Lorazepam superior to Phenytoin

Diazepam vs. Lorazepam = both effective in pre-hospital treatment



21Silbergleit et al. NEJM 2012
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Randomized, double-blind, phase III, adaptive trial design 
Children and adults with BDZ-resistant SE (N=384) 

IV LEV vs. IV fPHT vs IV VPA

• Prespecified stopping rule for futility of finding one drug to be 
superior or inferior

• A planned interim analysis led to the trial being stopped
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Randomized, nonblinded, multicenter, noninferiority trial  
Adults with NCSz on EEG (N=74) 

IV LCM vs. IV fPHT

• Seizures were controlled in 19 of 30 (63.3%) subjects in the 
LCM arm and 16 of 32 (50%) subjects in the fPHT arm.

• LCM was noninferior to fPHT
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• 37 patients aged 22 to 85 years (21 woman) with various types 
of SE

• Number of drugs prior to BRV ranged from 1 to 8. Time from SE 
onset to BRV ranged from 0.5 hour to 105 days

• Initial BRV dose ranged from 50 to 400 mg 

• Success rate varied from 27% to 100% 

• The time from BRV administration to SE cessation ranged from 
15 minutes to 94 hours

• No serious adverse effects were reported

Unanswered questions:

• Optimal bolus dose and rate not explored 
 safety in high dose/high rate

• EEG response not well determined, 
spectrum of efficacy is unknown

 RCT is needed

1: Brigo, Lattanzi, Nardone and Trinka CNS Drugs. 2019; 33(8):771-781
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BRV enters the brain faster than levetiracetam (LEV) following oral 
administration

Audiogenic mice: single oral doses of BRV and LEV (0.82 mg/kg BRV and 6.5 mg/kg LEV) 

The more rapid brain-blood-barrier penetration of BRV may into a more rapid anti-seizure effect compared with LEV 

Nicolas JM, et al. Epilepsy Curr 2014;14 (Suppl.S1):224, Abstract No: 2.156. 
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Therapeutic Principles– 2

Rubinos Clio.  Continuum 2024
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Therapeutic Principles– 2

Rubinos Clio.  Continuum 2024
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Therapeutic Principles– 2  (cont’)

Rubinos Clio.  Continuum 2024
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Therapeutic Principles– 2  additional ASMS

Rubinos Clio.  Continuum 2024
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Therapeutic Principles– 2  additional ASMS cont’

Rubinos Clio.  Continuum 2024
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The Process of Management of Status Epilepticus

Trinka and Leitinger Continuum 2022 Apr 1;28(2):559-602
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Anaesthetics used in refractory SE: Overview

KETMDZPROBARB

NMDA

DA, NA, 5HTAA, 
Substance P

GABAAGABAA (NMDA?, 
Ca)

GABAA (NMDA, 
Ca)

Mechanisms

1.5 – 2 mg/kg0.1-0.3 mg/kg1-2 mg/kgTHP 2-7mg/kg 
PTB 5-15 mg/kg

Loading dose

1 – 10 mg/kg/h0.05-2 mg/kg/h2-5(12) mg/kg/hTHP 0.5-5 
mg/kg/h

PTB 0.5-5 
mg/kg/h

Maintenance

2.5 – 3 h0.5-50h2hTHP 36h, PTB 
22h

Elimination t1/2

Respiratory 
stimulation, 

metabolic acidosis

Increase dose 
with time

PRIS: check 
lactate, add BDZ

Long wash-outDisadvantages
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Management of Refractory Status Epilepticus

cIV MIDAZOLAM

• Initial loading dose 0.2 mg/kg over 5 minutes

• Repeat 0.2 boluses every 5 - 10 minutes until seizures stop

• Maximum loading dose 2 mg/kg

• Maintenance dose 0.1- 2 mg/kg/hr (NCS Guidelines)

• Doses up to 2.9 mg/kg/hr have been reported as safe and effective

• Taper: start when seizure free for 24 to 48 hours, taper under cEEG control for 4 to 24 hours
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Management of Refractory Status Epilepticus

cIV PROPOFOL
• Initial loading dose 1-2 mg/kg IV over 3-5 min

• Repeat 1-2 mg/kg boluses every 3-5 min until seizures stop

• Maximum loading dose 10 mg/kg

• Maintenance dose 30–200 mcg/kg/min

• It is formulated in a 10% fat emulsion containing 1.1 kcal/mL:

• Monitor triglycerides and dietary caloric intake

• Propofol infusion syndrome: Bradycardia, acidosis, cardiovascular collapse, 
rhabdomyolysis, renal failure, and hepatomegaly:

• Monitor kidney and liver function, triglycerides, CK, bicarbonate in blood
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Management of Refractory Status Epilepticus

cIV PENTOBARBITAL

 Loading dose 1 - 2 mg/kg
 Maximum dose 5 mg/kg

 Maintenance dose 1 – 5 mg/kg/hr

 Prolonged coma (half-life 15-60 hours)

 Hypotension usually requires pressor
 Caution can cause: paralytic ileus, immunosuppression, 

hemodynamic instability, intestinal perforation, hypokalemia, and 
hypothermia.
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Which one is the best? 

- Propofol is an option but its safety profile needs to be considered as it can cause propofol infusion 
syndrome: 

- Propofol Infusion Syndrome: metabolic acidosis, rhabdomyolysis, cardiac arrest); use 
caution when using high doses (> 80 mcg/kg/min) for long durations (>48 hours)

- Midazolam may cause less hypotension as it does not contain the solvent propylene glycol and may be 
preferred in selected clinical situations. 

- Tachyphylaxis and delayed awakening due to long-term duration in ICU

- Pentobarbital may have a higher rate of successfully controlling RSE acutely than midazolam, but may 
have more adverse effects:

- Hypotension, hypokalemia, immune suppression, paralytic ileus, cardiotoxicity, hepatic dysfunction 
and propylene glycol toxicity 



37Claassen et al Epilepsia 2002

Anesthetic drugs in status epilepticus: which one is the best?



38Claassen et al Epilepsia 2002
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Retrospective, international, multicenter study, n=387 

Aim to determine whether Propofol and midazolam were 
equally effective in controlling RSE in the ICU

A good functional outcome define as mRS score 0-2 at hospital 
discharge 

• Comparable outcomes, including efficacy and complications 
between the two anesthetic agents. 

• Patients initially managed with propofol were more likely to 
require the addition of second anesthetic infusion than those 
started with midazolam

EEG-guided therapy has been associated with 
shorter duration or anesthetic exposure 



40

Management of Refractory Status Epilepticus

KETAMINE

• Loading dose: 1 - 1.5 mg/kg q 3-5 min until seizures stop

• Maximum loading dose of 5 mg/kg

• Maintenance dose: 1 – 10 mg/kg/hr

• High doses can cause metabolic acidosis, tachycardia and bradycardia, and 
hypersalivation.
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• Retrospective study, N = 68

• Mean dose of midazolam 1.0 ± 0.8 mg/kg/h when 
ketamine was started

• Ketamine was started a mean of 0.4 (0.1–1.0) days after 
starting midazolam
• Mean ketamine infusion dose was 2.2 ± 1.8 mg/kg/h

• Within 24 hours of starting ketamine:
• 81% of patients had a 50% decrease 

in seizure burden
• 63% of patients had complete seizure 

cessation



42Alkhachroum et al. Neurology 2020
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Anesthetics treatment goal 

Treatment Goal: Seizure suppression?

• No data to support the superiority of burst suppression over seizure suppression

• Burst suppression has a lower incidence of sporadic crises

• Some experts allow for breakthrough seizures. 

• The duration of the seizure freedom is ambiguous and not well defined, typically 
between 24 and 48 hours.

Claassen et al. Epilepsia 2002 
Muhlhofer et al. Epilepsia 2019
Das et al. Seizure 2019
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Examine the association of duration of therapeutic 
coma (TC) with seizure recurrence, morbidity, and 
mortality in refractory status epilepticus (RSE). Define 
an optimal window for TC that provides sustained 
seizure control and minimizes complications.



Clio Rubinos.
Continuum 2024 
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• Typically presents as super-refractory status epilepticus (SRSE), but this is not required for the diagnosis of 
NORSE

• Subgroup: Cryptogenic after extensive workup; referred to as “cryptogenic NORSE’ or “NORES  of 
unknown etiology”

• NORSE does not include RSE with fully retained consciousness such as epilepsia partialis continua 

• Includes viral infections and autoimmune síndromes – these may present as NORSE 

• Allows remote brain injuries or resolved epilepsy (sz-free 10y, off ASMs 5y) 

• Requiring imaging, CSF análisis, toxicology and blood tests as recommended for evaluation of SE in other 
guidelines) 

A clinical presentation, not a specific diagnosis, in a patient
without active epilepsy of other preexisting relevant
neurological disorder, with new onset of refractory status
epilepticus without a clear acute or active structural, toxic or
metabolic cause.
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FIRES: Febrile infection-related epilepsy syndrome

• A subcategory of NORSE that requires a prior febrile infection, with fever starting 
between 2 weeks and 24 hrs prior to onset of refractory status epilepticus

• Has to be refractory SE 

• No age cutoff: can be infant, child or adult 

• Can be with or without fever at the time of onset of SE (About 50$ have fever in prior 
literature) 

• Excludes most cases of “prolonged febrile convulsions” (also known as febrile status 
epilepticus), as fever in those cases is usually acute onset (few hours or less, or 
discovered after the seizure) 

• If fever is present for > 24 hrs, perhaps this is an overlapping scenario with NORSE 
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A practical approach to the management of NORSE/FIRES

Zubeda, and Hirsch. Front Neurol 2023 
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Anti-CD20 antibody, 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.

Zubeda, and Hirsch. Front Neurol 2023 
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Other Treatment 

Rubinos Clio.  Continuum 2024
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Other Treatment  (cont)  

Rubinos Clio.  Continuum 2024
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Other Treatment  (cont’) 

Rubinos Clio.  Continuum 2024
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Conclusions

• Currently available ASMs (BDZs) used for SE, allow also earlier seizure 
interruption, and prevention of recurrence

• Time is brain: earlier interruption is more often successful than later one

• Pharmacologic properties of the ASM determine the speed of brain entry and 
clinical efficacy

• Future:  Combination with reliable seizure prediction tools

• Guidelines based on expert opinion suggest 24 – 48 hrs of sedation, but 
anecdotal evidence supports that shorter therapy, at higher infusion rates, 
might be as effective and safer 

• EEG-guided therapy has been associated with a shorter duration of 
anesthetic exposure 



Questions?

Email: crubinos@unc.edu

@Rubinorth




