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Updates in technology &
treatment modalities

« SE guidelines review
* Diagnostic technology
- quantitative EEG analysis
- automatic seizure detection
 Emerging treatment modalities
- therapeutic hypothermia
- neurostimulation: VNS ,DBS, TMS,RNS
- electroconvulsive treatment
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of the ILAE Task Force on Classification of Status
Epilepticus
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“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,
which 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.”




Operational dimensions

 T1 — prolonged seizure
T2 —risk of damage

T1 T2
Tonic-clonic 3 30
Focal 10 > 60
Absence 10-15 unknown




Treatment guidelines

* NICE 2011
 AES 2016

 Thai 2016

» Others

- Similar approach
—> Different intervention time and drug dose



Stages of SE

Stage 1: Stage 1 - Early Status Epilepticus
First 30 Treat with benzodiazepines - for instance IV lorazepam, buccal
minutes midazolam, IV or rectal diazepam

l !

Stage 2: Stage 2 - Established Status Epilepticus
30-120 Treat with IV antiepileptic drugs — for instance, phenytoin,
minutes phenobarbital or valproate

| I

Stage 3: Stage 3 - Refractory Status Epilepticus
>1.2° Treat with general anaesthesia — for instance, propofol, midazolam,
minutes or thiopental/pentobarbital

l !

After 24 Super-refractory Status Epilepticus: Status epilepticus which has
hours continued or recurred despite therapy with general anaesthesia for
24 hours or more

The treatment of super-refractory status epilepticus: a critical review of available therapies and a clinical
treatment protocol. Brain. 2011;134(10):2802-2818



Time
0 mins
(1ststep)

5 mins
(2ndstep)

15 mins
(3rdstep)

25 mins
(4thstep)

45 mins
(5thstep)

Seizure starts N | C E

Check ABC, high flow O, if available
Check blood glucose

Midazolam 0.5 mg/kg buccally

or

Lorazepam 0.1 mg/kg if intravenous access established

Lorazepam 0.1 mg/kg intravenously

Phenytoin 20 mg/kg by intravenous infusion over 20 mins
or (if on regular phenytoin)

Phenobarbital 20 mg/kg intravenously over 5 mins

Rapid sequence induction of anaesthesia using thiopental
sodium 4 mg/kg intravenously

Confirm clinically that it is an
epileptic seizure

Midazolam may be given by
parents, carers or ambulance
crew in non-hospital setting

This step should be in hospital
Call for senior help

Start to prepare phenytoin for
4th step

Re-confirm it is an epileptic
seizure

Paraldehyde 0.8 ml/kg of
mixture may be given after start
of phenytoin infusion as
directed by senior staff

Inform intensive care unit
and/or senior anaesthetist

Transfer to paediatric intensive
care unit



AES

Time Line Interventions for emergency department, in-patient setting, or prehospital setting with trained paramedics
1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam)
2. Time seizure from its onset, monitor vital signs
0-5 min 3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance needed
Stabilization 4. Initiate ECG monitoring
phase 5. Collect finger stick blood glucose. If glucose < 60 mg/dl then
Adults: 100 mg thiamine IV then 50 ml DSOW IV
Children 2 2 years: 2 ml/kg D25W IV Children < 2 years: 4 ml/kg D12.5W
6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant drug levels
Yes Does Seizure No
continue?
A A A
A benzodiazepine is the initial therapy of choice (Level A): If patient at baseline,
Choose one of the following 3 equivalent first line options with dosing and frequency: then symptomatic
5-30 min Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose, Level A) OR medical care
Initial therapy Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose once, Level A) OR
phase Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose once, 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)
s
continue?
A 4 A 4
There is no evidence based preferred second therapy of choice (Level U): If patient at baseline,
Choose one of the following second line options and give as a single dose then symptomatic
20-40 min Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose , Level U) OR medical care
Second therapy Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose, Level B) OR
phase 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, max dose, Level B)
Does seizure No
contmue" 1
40-60 min There is no clear evidence to guide therapy in this phase (Level U): If patient at baseline,
Third therapy Choices include: repeat second lin ic doses of either thiopental, midazolam, then symptomatic
phase pentobarbital, or propofoda!! with continuous EEG monitoringi:> medical care

Evidence-Based Guideline: Treatment of Convulsive Status Epilepticus in Children and Adults: Report of the Guideline Committee of the American Epilepsy
Society. Epilepsy Currents, Vol. 16, No. 1 2016 pp. 48-61
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Why gEEG ?

« cEEG -24 h at 15 s/page = 5760 pages
* Monitoring SRSE can last several days
- Problem




gEEG analysis

» parameters calculated for a brief epoch of
EEG data

* Then plotted versus time

» |ess reviewer’s burden
» Easy pattern recognition for on-site doctors
- Allow preliminary interpretation



Time-domain analysis

- how EEG amplitude varies over time
 Amplitude-integrated EEG (aEEG)

* Envelope Trend Analysis

* Burst suppression ratio (BSR)



Frequency-domain analysis

-ourier analysis (or spectral analysis)

Power (amplitude squared (%) of the
~ourier series)

Compressed Spectral Array
Power Ratios

Asymmetry Index (power in a given
frequency band in the right VS left)

Rhythmic Spectrogram
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gEEG & Sz detection

» Change in amplitude/ frequency/ rhythmicity

« Sensitivity 41-89%
» False positive rate 5-39
» Accuracy affected by many variables

—> Better used as a screening to selectively
review raw EEG

Swisher C. (2017) QEEG in Seizure Detection. In: Husain A.,
Sinha S. (eds) Continuous EEG Monitoring. Springer, Cham
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automated seizure detection

 Raw EEG processed by various algorithms
« Sensitivity 33-93%

 Commercial software ( persyst 12)
> Sensitivity 76%, false positive rate 0.9/h

» Accuracy affected by many variables

Swisher C. (2017) QEEG in Seizure Detection. In: Husain A.,
Sinha S. (eds) Continuous EEG Monitoring. Springer, Cham



gEEG example

* 11 years old girl
* Intractable epilepsy

* on LVT, TPM, Clobazam
* Phenytoin allergy

* tonic Sz 1-2 /week
» today - Sz increased to 20-30/d
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case

« weaning Midazolam after 48 h
- Sz recur

- AED added - still failed weaning
- Superrefractory SE

» Parenteral Ketogenic induction
- Off Midazolam & VPA infusion



super-refractory SE

status epilepticus that

e continues or recurs 24 h or more after the
onset of anaesthetic therapy

* recurs on the reduction/withdrawal of
anaesthesia



General anaesthesia (including consideration of ketamine), antiepileptic
drugs and full ITU support; and investigate urgently to identify cause

! !

| No cause identified Cause identified

;

Treat cause if possible

| Give IV magnesium (& IV pyridoxine in children)

| |

Consider steroids +/- IVIg +/- PEX I I Consider neurosurgery in lesional SE I

|

Consider hypothermia I

!

I Consider ketogenic diet

!

| Consider ECT, CSF drainage and other therapies, see text

The treatment of super-refractory status epilepticus: a critical review of available therapies and a clinical
treatment protocol. Brain. 2011;134(10):2802-2818



SRSE

Any AED you can get
Anesthetics( continuous infusion/ inhaled)
ImmunoRXx: Steroid/IVIG/Plasmapharesis
Mg

Ketogenic diet: enteral & parenteral
surgery
erapeutic hypothermia
Neurostimulation: VNS/DBS/RNS/]




RSE/SRSE &
Therapeutic hypothermia

* Anecdotal evidence from small case series

« systematic review- 62.5% Sz cessation
(n=40)

« HYBERNATUS

- multicentre,open-label RCT(n=270)

- No significant difference in Glasgow outcome
score at 90 days (43% VS 49%)

- Zeiler FA, Zeiler KJ, Teitelbaum J, Gillman LM, West M. Can J Neurol Sci 2015;42:221-9.
- Legriel S, Lemiale V, Schenck M, Chelly J, Laurent V, Daviaud F, et al. N Engl J Med 2016;375:2457-67.



RSE/SRSE & VNS

Anecdotal evidence from small case series

systematic review 2015 (n=28) /6% Sz
cessation in generalized

26% Sz cessation In focal
systematic review 2019
/4% Sz cessation (n=38)

- Zeller FA, Zeiler KJ, Teitelbaum J, Gillman LM, West M.. Epilepsy Res 2015;112:100-13.
- Dibdl e-Adjei, Trinka E et al. Brain Stimulation 2019; 1101-1110



RSE/SRSE & DBS/ TMS/ RNS

« DBS - afew case reports of RSE cessation
from ATN, centromedian DBS

« TMS - systematic review (n=21)
- 23.8% partial and 47.6% complete response

- 73.3% recurrence

* RNS - 1 case report — adult with FCD, SRSE
ceased in 15d

- E. Trinka, F. Brigo . Epilepsy & Behavior 2019; 101:1-6
- ErmnstL, etal JClin Neurophysiol 2019;36:242-5.
- Zeiler F, et al. Epilepsy Res Treat 2015:678074.



RSE/SRSE & ECT

* Anecdotal evidence from case reports and
small case series

» systematic review (n=19)
- 21.0% partial response
- 36.8 % complete response

- E. Trinka, F. Brigo . Epilepsy & Behavior 2019; 101:1-6
- Zeiler Faet al. Seizure 2016;35:23-32.



Take-home

gEEG — save time & allow quick response, but
should be confirmed by raw EEG

Automated seizure detection — sensitivity
affected by many factors

TH — no supporting evidence from recent RCT

VNS/RNS/DBS/ECT — anecdotal evidence
from systemic reviews of low level studies



Thank you

for your attention



