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Neligan et al, JAMA Neurology 2019
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• Implementation science
• Measurement & accountability

• Dissemination
• Health care system redesign 

• Outcomes and comparative 
effectiveness research

• Health services research



Continuum of status epilepticus care

Adapted from CDC
Paul Coverdell National Acute Stroke Program



Clinical case

4-year-old boy with no history of epilepsy is brought to the hospital by 
ambulance after having a generalized convulsion at home in the setting 
of a febrile viral illness. En route, he has a GCS of 8 and is given IV fluids 
and oxygen. In the ED, he has gaze deviation and dyskinetic movements 
of his face and you are paged to admit him to the ICU.

What is the likelihood of status epilepticus being detected in the 
prehospital setting?



Prehospital 
misdiagnosis of 
status epilepticus

Semmlack et al, Neurology, 2017

150 adult patients brought in by EMS
and diagnosed with SE in the ED
• 26 convulsive SE
• 124 NCSE

Calculated proportion of SE missed in 
prehospital setting
• SE missed 55.3% (83/150) 
• SE missed more frequently in NCSE 

• NCSE missed in 63.7% (79/124) 
• CSE missed in 15.4% (4/26) 



Evidence that prehospital status epilepticus 
detection impacts outcomes

Semmlack et al, Neurology, 2017

Missed NCSE 
(n = 79)

Correctly suspected 
NCSE (n = 45) 

P 
value

No recovery to 
baseline (among 
survivors)

38 (of 70 
survivors; 54.3%) 

10 (of 39 survivors; 
25.6%) 0.004

In-hospital death 9 (11.4%) 6 (13.3%) 0.779 

Death within 30 days 10 (12.7%) 7 (15.6%) 0.787 

Prediction of missed out-of-hospital NCSE



Clinical case

4-year-old boy with no history of epilepsy is brought to the hospital by 
ambulance after having a generalized convulsion at home in the setting 
of a febrile viral illness. En route, he has a GCS of 8 and is given IV fluids 
and oxygen. In the ED, he has gaze deviation and dyskinetic movements 
of his face and you are paged to admit him to the ICU.

What is the likelihood of status epilepticus being detected in the 
prehospital setting? Less than 40% among those with NCSE



Clinical case

4-year-old boy with no history of epilepsy is brought to the hospital by 
ambulance after having a generalized convulsion at home in the setting 
of a febrile viral illness. En route, he has a GCS of 8 and is given IV fluids 
and oxygen. In the ED, he has gaze deviation and dyskinetic movements 
of his face and you are paged to admit him to the ICU.

How and when was he treated with first-line treatment?



Minutes matter for status epilepticus control
IV Lorazepam IM Midazolam

Status epilepticus treated

Time outcomes

Time to medication 
administration

Time from medication 
administration to seizure 

termination

Total time to seizure 
termination

Silbergleit et al, RAMPART, NEJM 2012

4.8 minutes 1.2 minutes

1.6 minutes 3.3 minutes

4.5 minutes6.4 minutes

63.4% 73.4%



Delays in treatment for out-of-hospital RSE

Time to first 
benzodiazepine

Sanchez Fernandez et al, Neurology, 2018
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ab
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20 minutes 
(IQR 8–55) 

Time to first non-
benzodiazepine ASM

80 minutes 
(IQR 45–165)

Time to first infusion

164 minutes 
(IQR 97.5–641)



Prehospital status epilepticus treatment is not 
consistent with national guidelines

All Intramuscular Intranasal Intravenous Othera

Midazolam
<5mg 3289 (42.9%) 648 (8.5%) 559 (7.3%) 2061 (26.9%) 21 (0.3%)

5mg 3809 (49.7%) 1677 (21.9%) 788 (10.3%) 1331 (17.4%) 13 (0.2%)
>5 and <10mg 22 (0.3%) 6 (0.1%) 3 (0.0%) 13 (0.2%) 0 (0.0%)

10mg 541 (7.1%) 310 (4.0%) 154 (2.0%) 72 (1.0%) 5 (0.1%)
Total 7,665 2,641 1,504 3,481 39

Lorazepam
<2mg 331 (26.2%) 40 (3.2%) 18 (1.4%) 268 (21.2%) 5 (0.4%)

2mg 890 (70.4%) 188 (14.9%) 47 (3.7%) 640 (50.6%) 15 (1.2%)
>2 and <4mg 2 (0.2%) 1 (0.1%) 0 (0.0%) 1 (0.1%) 0 (0.0%)

4mg 35 (2.8%) 13 (1.0%) 2 (0.2%) 18 (1.4%) 2 (0.2%)
Total 1,264 245 69 928 22

Diazepam
<6mg 207 (84.5%) 18 (7.4%) 25 (10.2%) 162 (66.1%) 2 (0.8%)

>6mg and <10mg 38 (15.5%) 2 (0.8%) 2 (0.8%) 29 (11.8%) 5 (2.0%)
Total 245 20 27 191 7

Guterman, Burke, Sporer, JAMA 2021



Clinical case

4-year-old boy with no history of epilepsy is brought to the hospital by 
ambulance after having a generalized convulsion at home in the setting 
of a febrile viral illness. En route, he has a GCS of 8 and is given IV fluids 
and oxygen. In the ED, he has gaze deviation and dyskinetic movements 
of his face and you are paged to admit him to the ICU.

• Delayed diagnosis
• Delayed treatment
• Underdosed medication



Inequitable access to high quality care

Fantaneanu et al, Seizure, 2016

74
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DOCUMENTED 
HISTORY OF 

EPILEPSY

REGULAR 
AMBULATORY 

CARE

2 ED VISITS > 2 ED VISITS

Black (n = 102) White (n = 266)

Suen et al, accepted awaiting publication



Where are we going?



New era in early interventions for status epilepticus 
and other neurologic emergencies



Conclusions

EMS is a critical partner in 
delivering high-quality 
status epilepticus care

Guidelines ≠

Vast majority of patients do 
not receive evidence-based 

care with clear gaps in 
diagnosis and treatment

We need improved systems 
to ensure equitable access 

to high quality care for 
status epilepticus and other 

neurologic emergencies



Status Epilepticus after
Benzodiazepines: Seizures and 
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Thanks. 

Elan.Guterman@ucsf.edu
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