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• Trousseau, 1867: “In the status 
epilepticus, when the convulsive 
condition is almost continuous, 
something special takes place 
which requires an explanation.”



Status epilepticus: ILAE task force 20151

• SE is a condition resulting either from the failure of the mechanisms 
responsible for seizure termination or from the initiation of 
mechanisms which lead to abnormally prolonged seizures (after time 
point t1). 

• It is a condition that 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
Type of SE Operational 

dimension 1 Time 
(t1), when a seizure 

is likely to be 
prolonged leading to 
continuous seizure 

activity

Operational 
dimension 2 Time 

(t2), when a seizure 
may cause long term 

consequences 
(including neuronal 

injury, neuronal 
death, alteration of 
neuronal networks 

and functional 
deficits)

Tonic–clonic SE 5 min 30 min

Focal SE with 
impaired 
consciousness

10 min >60 min

Absence status 
epilepticus

10–15 mina Unknown

https://onlinelibrary.wiley.com/doi/full/10.1111/epi.13121#epi13121-note-0001_27


Status Epilepticus



Status Epilepticus: epidemiology2

Leitinger, et al. Epidemiology of status epilepticus in adults: A population‐based 
study on incidence, causes, and outcomes. Epilepsia Volume 60, Issue1 January 
2019 

• 221 patients with a median age of 69 years (range 20‐99 years). The 
age‐ and sex‐adjusted incidence of a first episode of SE was 36.1 per 
100 000 adults per year, respectively. (95% confidence interval [CI] 26.2‐48.5), 12.1 (95% CI 
6.8‐20.0), and 24.0 (95% CI 16.0‐34.5; including CSE 15.8 [95% CI 9.4‐24.8]) 

• This first population‐based study using the ILAE 2015 definition and 
classification of SE found an increase of incidence of 10% compared 
to previous definitions. 

• Incidence of super refractory status epilepticus was 8 (3.6 %).



Super Refractory Status Epilepticus

• SRSE is usually associated with a mortality rate of over 30%, and with 
over 50% of patients dying or in a vegetative state in cases of “new 
onset refractory status epilepticus.3

• under 1/4 of all SRSE (and NORSE) patients reported so far have had a 
good outcome; most survivors had significant residual impairment.3

• Good outcome after RSE and SRSE has been reported in several cases. 
Some patients return to their baseline conditions even after months 
in coma.4

• Younger age, absence of structural brain lesions, or multiple medical 
comorbidities are associated with better outcome.4,5

*NORSE=New Onset Refractory Status Epilepticus



SRSE: treatment

• Aims: seizure cessation and avoidance of systemic complications
• cIV anesthetics‐‐propofol, midazolam, pentobarbital, ketamine
• Poly AED regimens
• Immunosuppression 
• VNS implantation
• Ketogenic diet
• ECT
• Neurosteroid
• RNS implantation
• Surgery



SurgeryReference N Age (y) Etiology EEG MRI PET SPECT Surgery Pathology Outcome

Molyneux
, 1998

1 19 Focal cortical dysplasia Left central seizures Norrmal N/A N/A MST on left precentral and 
postcetral gyri with ECOG 

Focal cortical dysplasia RSE stopped, no recurrence 
of EPC, wheelchair bound on 
9 months

Ma, 2001 1 22 U Right frontal seizures, 
bilateral PED, right frontal 
PLED 

Left parasagittal frontal 
cortex increased FLAIR 
intensity without contrast 
enhancement 

N/A Right frontal, parietal and 
posterior temporal increased 
ictal perfusion

Right frontal resection + MST 
with ECOG on day 40

Astrogliosis Occasional  brief seizures, 
left hemiparesis

1 25 Generalized epilepsy Generalized fast activity for 
1‐2 seconds every 30 
seconds

Prior corpus callosotomy N/A N/A CC on day 42 N/A Seizure free, recovered to 
baseline functions

1 31 Focal epilepsy Diffuse attenuation for 1‐2 
seconds

Right frontal T2 
hyperintensity

SPECT‐

N/A Right frontal, superior 
temporal lobes and globus 
pallidus increased ictal 
perfusion

Anterior 2/3 CC on day 23, 

then right frontal resection 
at 17th month

Gliosis Seizure free

Costello, 
2006

1 36 U Frequent and organized left 
frontal sharp and slow waves

Left midfrontal thickening of 
cortical mantle 

Focal left frontal ictal 
hypermetabolism

N/A Left middle frontal gyrus 
resection + MST with ECOG 
on day 51

inconclusive Seizure free,  cognitive 
impairment first then 
independent in activities of 
daily living at 16 months 

Ng, 2007 1 48 Astrocytoma Right frontal continuous 
seizure activity 

Previous right frontal biopsy 
with edema and contrast 
enhancement 

N/A N/A Grid placement on day 4, 
Tumor resection + MST on 
day 10

Astrocytoma with anaplastic 
transformation

Seizure free without residual 
deficit

Weimer, 
2008

1 45 Limbic encephalitis Right temporal ictal activity T2 hyperintensities: pons, 
cerebral white matter and 
right temporal lobe

N/A N/A Right  temporal lobectomy 
on day 11

Encephalitis Seizure free, intact mental 
status, died at 6th months of 
metastatic lung cancer

Nahab, 

2008

1 57 Limbic encephalitis Left fronto‐centralseizures MRI: T2 hyperintensity in the 
left fronto‐parietal region

N/A N/A Left frontal resection on day 
22

Chronic inflammation of 
leptomeninges, perivascular 
spaces of cortex and white 
matter blood vessels

Seizures resolved, patient 
remained comatose and died 
on day 54

Weimer, 
2012

1 43 U Right frontal seizures MRI left temporal arachnoid 
cyst

N/A N/A R frontal resection + MST U Seizure free

Atkinson, 
2012

1 20 CNS vasculitis Right frontal seizures MRI‐ increased T2 signal in 
right temporal, left insula, 
bilateral frontal lobes

N/A Right lateral frontal resection 
with ECOG at week 8

Small vessel vasculitis in 
cortex and leptomeninged

Rare  simple partial motor 
seizures, mild left 
hemiparesis, no cognitive 
impairment

Winkler, 
2013

5 U U U U N/A N/A U U 1 Engel class I, 1, Engel class 
II, 2 Engel class III, 1 Engel 
class IV. 

Oderiz,  
2015

1 21 Left hemispheric 
polymicrogyria

Frequent left frontal 
paroxysmal fast activity

Left hemispheric 
polymicrogyria, restricted 
diffusion in left frontal lobe

N/A N/A Left functional 
heispherectomy on day 20

Focal cortical dysplasia type 
IIA

Only 2 seizures, right 
hemiparesis

1 18 Parry Romberg Syndrome, 
focal epilepsy

Right frontotemporal 
epileptiform discharges and 
seizures

Right parietal and occipital 
T2 hyperintensity

N/A N/A Right hemispherectomy on 
day 39

Reactive gliosis Seizure free with moderate 
left hemiparesis



Meta‐analysis of case series of surgically 
treated SRSE
• N=17 total cases
• GOS of 10 available
• 2 with good outcome (GOS 5)
• Moderate disability 1 (GOS 4)
• Severe disability 5 (GOS 3)
• Dead 2 (GOS 1)

• Engel outcome
• Class I: 11
• Class II: 3
• Class III: 3
• Class IV: 1



Surgical SRSE: case presentation 

• MG, a 23 y/o RH woman with onset of epilepsy age 2
• Seizures characterized by a brief stare, loss of train of conversation.  

Exact number unknown due to subtle clinical manifestation and Pt 
lack of awareness of events

• Estimated by family to be 1 q 2‐3 days.  
• Rare convulsions with last occurring in setting of missed medication 

(refill problem) in 2/18
• Regimen of LCM, 200 mg BID, Onfi, 20 mg BID, LVT, 1500 mg BID, ZNA, 

200 mg BID and VNS



Surgical SRSE: case presentation 

• Video eeg monitoring performed in 2015, performed off AEDs
• Seizure semiology of left version with evolution to a bilateral tonic clonic

seizures. electrographically generalized and right lateralized.  
• Family deferred any further presurgical evaluation at that time
• Eventually consented to VNS placement 10/2017
• Etiology of neuronal migrational disorder (findings of subependymal 

nodules, cortical tubers) 
• Genetic testing for TS negative 
• Transgenomic 08/10/2015 negative for deleterious mutations of TSC 1 and 

TSC 2 (reported to identify 85% of TS)
• Ambry genetics 4/15/2019 gene sequence deletion/duplication analyses of 

TSC 1 and TSC 2 (reported to identify 95% of TS)



Surgical SRSE: MRI



Surgical SRSE: case presentation 
• Pt travelled to Disneyland in Los Angeles
• Long day, late on evening medications, no missed doses
• Developed convulsive status overnight 10/04/2018
• Brought to Kaiser Anaheim and placed in coma with propofol, versed 

and pentobarbital x 36 days
• Family offered hospice
• Transferred via life flight 11/09/18 to UHS
• Attempted 2x to lift coma induced with KET + pento
• Empiric trial of plasmapheresis for presumed antibody mediated 

status epilepticus



Surgical SRSE: EEG



Surgical SRSE: hospital course

• Development of liver dysfunction
• Ileus with concern for bowel necrosis
• Pneumonia
• Sepsis 
• Continued treatment with KET and pentobarbital
• Poly AED therapy (PHT, fycompa, LVT, LCM, onfi, ZNA)



Surgical SRSE: SPECT





Surgical SRSE: pre resection ECoG



Surgical SRSE: pre resection ECoG



Surgical SRSE: pre resection ECoG



Surgical SRSE: 1st post resection ECoG
s/p right frontal lobectomy, 2 cm margin anterior to motor cortex



Surgical SRSE: 2nd post resection ECoG
s/p 3.5 cm removal of right temporal pole



Surgical SRSE: 6 month post op MRI



Surgical SRSE: clinical outcome

• Gradual recovery of medical complications as cIV medications tapered off
• Transferred to rehab with trach and G tube
• Initial SNF placement with incorrect medication dosing with missed 

medications leading to two break through seizures in January, 2019 
development of UTI and pneumonia

• Family cared for Pt at home
• Trach removed 2/2019 and G tube removed 6/2019
• No further seizures and Pt tapered off PHB and PHT
• Returned to baseline
• GOS 5 at 9 months and Engel class I



Surgical SRSE: pathology

• Pathology from surgery returned with findings of FCD type 1b from 
frontal lobe and FCD type 2b from temporal lobe.  

• Both specimens reported to have features seen in cortical tubers so 
suspicion for TSC remained high.

• Repeated testing
• Ambry genetics 4/15/2019 gene sequence deletion/duplication 

analyses of TSC 1 and TSC 2 (reported to identify 95% of TS)



Surgical SRSE: UHS experience

Case/age Etiology EEG MRI SPECT Surgery Path outcome

WH/23 Hx of epilepsy, 
s/p RTLE, EPC

Sz from right 
CP and R post 
temporal

Findings of 
prior RTL

Increased flow 
to RT lobe 
around prior 
resection

Hemi‐
spherectomy

CD and RE GOS 3
Engel III

EH/48 Hx of epilepsy, 
s/p RTLE, s/p 
RO lobectomy

NCSE from left 
FT, R PDs

Post op 
changes, 
volume loss in 
R hippo, 
dilated R vent, 
atrophy of left 
cerebellum

“interictal 
study with 
decreased flow 
in post surg 
regions, 
decreased 
activity in RTL”

LITT then 
Hemi‐
spherectomy

CD GOS 3
Engel III

RR/37 RMCA infarct, 
hx of post 
stroke epilepsy

RF RDA Prior RMCA 
infarct

Hemi‐
spherectomy

RE GOS 2
Engel I



SRSE: proposed guideline

• Diagnosis after 24 hours of cIV treatment
• Trial of weaning after 48 hours of burst suppression x 2
• During first wean, assess for NIAM syndrome
• Empiric immunotherapy during 2nd trial
• Early consideration of surgical intervention 
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