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Status Epilepticus: Research Opportunities

 Why is the apparent incidence of status epilepticus increasing so
rapidly?

 Why do NH Black Americans bear a disproportionate burden of SE?

* What receptors and ion channels can be targeted with FDA approved
drugs for clinical trials?

* What is the pathophysiology of refractory status epilepticus?
* What are the alternatives to prolonged anesthesia?
* How do we treat non convulsive status epilepticus?



Disparities in Status
Epilepticus

The 2010-2019 Nationwide Inpatient Sample data to
identify hospitalizations with SE using ICD-9-CM/ICD-10-
CM codes.

There were 486,861 SE hospitalizations from 2010-2019,
primarily at urban teaching hospitals (71.3%).

SE prevalence was calculated and stratified by
demographics.

Logistic regression was used to assess factors associated
with EEG monitoring, intubation, tracheostomy,
gastrostomy and mortality

Gabriela B Tantillo
Sepulveda, M.D.,
M.P.H. Baylor College
of Medicine



SE Hospitalizations

Annual Average Percentage Change

Overall - AAPC:10.2(9.0-11.4)*
NH-White - AAPC:10.3(9.0-11.6)*
NH-Black - AAPC:9.2(8.4-10.1)*
Hispanic - AAPC:11.0(9.6-12.5)*
NH-Others - AAPC:9.4(6.8-12.2)*

1996 Richmond Study of 43% White 57% Non White population
But among those who had SE 80% were Non White

Betjeman et al. PMID: 25915004
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Time Line

Proposed Algorithm for Convulsive Status Epilepticus

From "Treatment of Convulsive Status Epilepticus in Children and Adults,” Epilepsy Currents 16.1 - Jan/Feb 2016

Interventions for emergency department, in-patient setting,

or prehospital setting with trained paramedics

0-5 Minutes
Stabilization
Phase

1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam)
2. Time seizure from its onset, manitor vital signs
3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance
needed
4. Initiate ECG monitoring
5. Collect finger stick blood glucose. If glucose < 60 mg!dl then
Adults: 100 mg thiamine IV then 50 ml D50W
Children = 2 years: 2 ml/kg D25W IV Chlldren < 2 years: 4 mifkg D12.5W IV
6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant
drug levels

Diagnosis

Does Seizure
Continue?

-

5-20 Minutes
Initial Therapy
Phase

\_

A benzediazepine is the initial therapy of choice (Level A):
Choose one of the following 3 equivalent first line options with dosing and freguency:

+ Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose,
Level A) OR

If patient at baseline,
then symptomatic
medical care

+ Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose
once, Level A) OR

+ Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose
ance, Level A)

If none of the 3 options above are available, choose one of the following:

+ Intravenous phenobarbital (15 mg/kg/dose, single dose, Level A) OR

+ Rectal diazepam {0.2-0.5 mg/kg, max: 20 mg/dose, single dose, Level B) OR

+ Intranasal midazolam (Level B), buccal midazolam (Level B)

~

Benzodiazepines
60-70% p

Does Seizure
Continue?

f

20-40 Minutes
Second Therapy
Phase

If patient at baseline,
then symptomatic
medical care

There is no evidence based preferred second therapy of choice (Level U):
Choose one of the following second line options and give as a single dose
+ Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose,
Level U) OR

« Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose,
Level B) OR
« Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose, Level U)
If none of the options above are available, choose one of the following (if not given
already)
+ Intravenous phenobarbital (15 mg/kg, single dose, Level B)

Anti-seizure medications
45-48%

Does Seizure

CAanEimea=

— T e v

Minutes
Third Therapy
Phase

~AME
s EPILEPSY

> SOCIETY

If patient at baseline,
then symptomatic
medical care

There is no clear evidence to guide therapy in this phase (Level U):
Choices include: repeat second line therapy or anesthetic doses of either thiopental,
midazolam, pentobarbital, or propofol (all with continuous EEG monitoring)

establish a protocel for all pali
Approaches not covered in this u.fganlhmfgwa‘e#rne may be appropriate.

2016 © Epilepsy Currents

Disclaimer: This clinical algorithmdguideline is designed to assist clinicians by providing an analytic framework for evaluating and treating

us, It is not infended fo estabiish o community standord of care, reploce a clinician’s medical judgment, or
m/guideling will not fit or work with all patients,

Anesthetics/ Immune therapy /diet
Efficacy?




Seizures <« —  Selective reduction of - Seizures

GABAergic transmission )
Benzodiazepines

A

Propofol Anti-seizure
Midazolam medications
Pentobarbital

™ NEW ENGLAND JOURNALof MEDICINE

Trial of Three Anticonvulsant Medications for Status Epilepticus

MULTICENTER, RANDOMIZED, DOUBLE-BLIND TRIAL

Levetiracetam  Fosphenytoin Valproate

oy e da)

3384

60 mglkg 20 mglkg 40 wkg
Children and adults with " < (phen\ytmn Piglents) < ;
benzodiazepine-refractory ~ ™~ N/ i~

status epilepticus

Absence of clinically

evident seizures and 470/0 450/0 460/0

improved responsiveness (68/145) (53/118) (56/121)
at 60 min

No significant difference in rates of seizure cessation or in safety ‘

J. Kapuretal. 10.1056/NEJMoal905795 Copyright © 2019 Massachusetts Medical Society



The doom loop of status epilepticus

Seizures
1&
! |
Enhanced AMPA Enhanced NMDA . GABAergic
transmission receptor activation synaptic transmission

l

Neuronal loss and long
term plasticity



NMDA antagonist Ketamine blocks the doom loop
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Starting ketamine for neuroprotection earlier than its current use as an
anesthetic/antiepileptic drug late in refractory status epilepticus
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Fujikawa: Epilepsia, Volume: 60, Issue: 3, Pages: 373-380, First published: 19 February 2019, DOI: (10.1111/epi.14676)



NMDA receptors play central role in SE
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KESETT

Ketamine add-on therapy for
established status epilepticus
trial (KESETT), a proposed
phase Il randomized, double-
blind clinical trial to test
whether ketamine (1 or 3
mg/Kg) added to the standard
therapy, levetiracetam (LEV 60
mg/Kg), is more effective than
LEV alone in treating status
epilepticus after
benzodiazepines have failed.




The doom loop of status epilepticus
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Enhanced Excitatory transmission
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Time Line

Proposed Algorithm for Convulsive Status Epilepticus

From "Treatment of Convulsive Status Epilepticus in Children and Adults,” Epilepsy Currents 16.1 - Jan/Feb 2016

Interventions for emergency department, in-patient setting,

or prehospital setting with trained paramedics

0-5 Minutes
Stabilization
Phase

1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam)
2. Time seizure from its onset, manitor vital signs
3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance
needed
4. Initiate ECG monitoring
5. Collect finger stick blood glucose. If glucose < 60 mg!dl then
Adults: 100 mg thiamine IV then 50 ml D50W
Children = 2 years: 2 ml/kg D25W IV Chlldren < 2 years: 4 mifkg D12.5W IV
6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant
drug levels

Diagnosis

Does Seizure
Continue?

-

5-20 Minutes
Initial Therapy
Phase

\_

A benzediazepine is the initial therapy of choice (Level A):
Choose one of the following 3 equivalent first line options with dosing and freguency:

+ Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose,
Level A) OR

If patient at baseline,
then symptomatic
medical care

+ Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose
once, Level A) OR

+ Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose
ance, Level A)

If none of the 3 options above are available, choose one of the following:

+ Intravenous phenobarbital (15 mg/kg/dose, single dose, Level A) OR

+ Rectal diazepam {0.2-0.5 mg/kg, max: 20 mg/dose, single dose, Level B) OR

+ Intranasal midazolam (Level B), buccal midazolam (Level B)

~

Benzodiazepines
60-70% p

Does Seizure
Continue?

f

20-40 Minutes
Second Therapy
Phase

If patient at baseline,
then symptomatic
medical care

There is no evidence based preferred second therapy of choice (Level U):
Choose one of the following second line options and give as a single dose
+ Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose,
Level U) OR

« Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose,
Level B) OR
« Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose, Level U)
If none of the options above are available, choose one of the following (if not given
already)
+ Intravenous phenobarbital (15 mg/kg, single dose, Level B)

Anti-seizure medications
45-48%

Does Seizure

CAanEimea=
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Minutes
Third Therapy
Phase

~AME
s EPILEPSY

> SOCIETY

If patient at baseline,
then symptomatic
medical care

There is no clear evidence to guide therapy in this phase (Level U):
Choices include: repeat second line therapy or anesthetic doses of either thiopental,
midazolam, pentobarbital, or propofol (all with continuous EEG monitoring)

establish a protocel for all pali
Approaches not covered in this u.fganlhmfgwa‘e#rne may be appropriate.

2016 © Epilepsy Currents

Disclaimer: This clinical algorithmdguideline is designed to assist clinicians by providing an analytic framework for evaluating and treating

us, It is not infended fo estabiish o community standord of care, reploce a clinician’s medical judgment, or
m/guideling will not fit or work with all patients,
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Efficacy?




Causes of refractory SE

e Acute brain injury rather than as a consequence g
 Stroke/SAH/Lobar hemorrhage &TBI
e Hypoxic injury to the brain.
* Inflammation

elling

n
SSSSS

* New-onset refractory status epilepticus (NORSE) is defined as a
condition, not a specific diagnosis, with new onset of refractory
status epilepticus without a clear acute or active structural,
toxic or metabolic cause in a patient without active epilepsy.

Novy J, et al.Refractory status epilepticus: a prospective observational study. Epilepsia. 2010






Non-convulsive status epilepticus




Risk of prolonged anesthesia

* The risk of prolonged anesthesia is well known, but has only
recently come under scrutiny, calling into question the current
practice of using anesthesia for prolonged periods in some patients
with SRSE.

* prolonged immobility,
anesthetic use,
Immunosuppression,
exposure to an intensive care unit environment

* Homeostatic plasticity



Non convulsive status epilepticus

* When does nhon convulsive status epilepticus begin?
* Are benzodiazepines the initial treatment?
* Do we use anti seizure medications and or anesthetics?

* What is the EEG goals (seizure cessation, burst suppression, complete
suppression)?

* |sthere is a role of immunotherapy in NORSE/FIRES (i.e.; IVIG, plasma
exchange, steroids, rituximab)

* Role of ketogenic diet
e What are the mechanisms ?
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