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Research Program (CCRP) within the Office of Biodefense Research (OBRS) at the National Institute of
Allergy and Infectious Diseases (NIAID/NIH).

« The views expressed are solely those of the authors and do not necessarily represent the official views
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Welfare Act of 1966 (P.L. 89-544), as amended
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Background

* Nerve agent poisoning causes seizure activity as a result of
excess acetylcholine, which builds up after inhibition of the
enzyme acetylcholinesterase

« Unless quickly stopped pharmacologically, these seizures rapidly
progress to status epilepticus

« Survivors of severe nerve agent exposure will require
hospitalization

« A definitive plan for rapid and aggressive treatment is the
best way to prevent long-term neurological consequences
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Rodent Model Goals

« Combine pre_hospita| nerve stage1: | |[Stage1 - Early Status Epilepticus

First 30 Treat with benzodiazepines - for instance IV lorazepam, buccal
agent countermeasures with  [minutes | Lmidaolom, I or rectal diazepam
clinical guidelines for | l
treatment of SE 30120 | | Teest with V antiepheptic druge - for instance, phenytoin,
minutes phenobarbital or valproate
 Provide responsive | l
pharmacological and stase3: | [srage - Rtractary st ptepts
supportive care minutes | | or tiopenta pentabarbta
- Evaluate long-term behavior ! 1
and pathology as surrogate |tz | | swerreactory saus pepricussatus epieptcus which s
measures for quality of life 24 hours or more

Shorvon & Ferlisi, Brain 2011
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Methodology

« Male Sprague Dawley rats

* Pre-implanted with jugular vein
catheter for IV access

« Bilateral cortical EEG electrodes
with cerebellar ground

« Surgery ~1 week before exposure
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Methodology

« Open field test
« Elevated plus maze
« 1 X 5 min trials

« Assessed 3 days post-
surgery
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Methodology

* Pre-hospital treatments
delivered IM, model CHEMM
guidelines

« Atropine
« 2-PAM
- Midazolam
« 2 controls: Field and ICU
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Methodology

Exposure and Prehospital Treatment

Field Controls Return

' pym—= — to home
. ropine sulfate
) 4 . Atropine cage
sleg Somin 1 min methyl nitrate o 2R
midazolam
All Others

ICU Pharmacological and Supportive Care

[ First-Line Treatment I Second-Line Treatment I Third-Line Treatment ]
KET or PRO|KET or PRO
Bolus until Continuous
termination infusion
N
If SE terminated, observed for 24 hr and If seizures returned, removed
only moved to next step if seizures returned from study due to SRSE

Morgan, et al., Frontiers in Neuroscience 2021
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Methodology

« Pulse oximetry, blood pressure, J
temperature, blood chemistry -

- IV pharmacological care is -
responsive, randomly pre-assigned l

« Supportive oxygen and heat as
indicated, additional fluids and
atropine

Baseline
Bohavior Mmdl EXPOSUe
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Methodology

« Return to home cage after 24 hours
(controls) or definitive resolution of ‘
SE vV —-—
« Super-refractory SE = early end & _
point | o

« Daily weighing and scoring for 10
days post-exposure
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Methodology

« Second set of behavioral tests
performed 9 days after exposure

« Perfusion 11 days post-exposure

 H&E scoring by pathologist in
vulnerable brain regions

EEAE
Behavior
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Standard Treatment Protocol Outcomes

Total # of Initial SE Fisher’s Lasting SE Fisher’s Fisher’s
rats Control p value Control p value p value

Field Control 3(11%) 1 (4%) 9 (32%)

Control .999 .999 .739
ICU Control 16 2 (13%) 1(6%) 4 (25%)
Midazolam 69 7 (10%) 0 (0%) 62 (90%)

.536 .999 767
Lorazepam 63 4 (6%) 0 (0%) 58 (92%)
Phenobarbital 77 43 (56%) 15 (19%) 48 (62%)
.036* .001** .154
Valproate 43 15 (35%) 0 (0%) 33 (77%)
Propofol 31 31 (100%) 0 (0%) 11 (35%)
.999 .999 .288

Ketamine 35 35 (100%) 1 (3%) 8 (23%)
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Standard Treatment Protocol Outcomes

A Field Control

Baseline

by }

B Sz Term with PHB

Al
SE |

b4 t
C Super Refractory SE with KET 16 hr

Al

bAd } |_ o .
Morgan, et al., Frontiers in Neuroscience 2021
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Standard Treatment Protocol Outcomes

A Field Control

by }

B Sz Term with PHB

H

$ 4 {

Baseline

s A L i TPy e " ol by
et W L i Y

C Super Refractory SE with KET
T

J—r

b4 } I_

SE
1 A

16 hr

Morgan, et al., Frontiers in Neuroscience 2021
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Standard Treatment Protocol Outcomes

A Field Control

Baseline
b A
B *S*z Term with PHB SE
,‘._____.mmmm' o
o \ Sz Term
C Super Refractory SE with KET vwmwhwmmw ~

2l
Sz Reonset
| ‘\.h‘ ' .
L
b44 } |_ —— ‘
Morgan, et al., Frontiers in Neuroscience 2021
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Summary & Discussion

* Nerve agent-induced SE progresses to SRSE in rats
* How do we formalize the model?

 What is the model good for?

* Not all second-line treatments are equal in this model

* When does etiology matter?
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