
Closed Loop and monitoring Systems 
in the treatment of epilepsy
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Afferent : measuring biosignals



Lancet 2001 

The history of anticipation ; EEG based



- Continuous EEG
- Online EEG analysis
- Warning device

Lancet Neurology 2013



Warning  time
14 minutes
6  minutes 
29 minutes



Seizure rates : patient reported versus intracranial analysis



Other biosignals

• Heart rate

• Respiration rate

• Movement

• Sweating

• …

Combination of signals!



Epilepsy and Behaviour 2013

Peri-ictal heart frequency 



Significant changes in temporal and frontal lobe seizures , not in generalized seizures 

Epilepsy and Behaviour 2013



ECG derived respiratory frequency

Epilepsy Research , 2013



Respiratory ictal changes in temporal lobe seizures versus absence seizures

Temporal lobe seizures

Absence seizures



Accelerometers

Epilepsy and Behaviour 2013



Movement detection performance
Sensitivity of 100%
Positive predictive value  92%

Automatic video detection

Output signal

Time (s) 



The Hub

 Communicates with Sensor via BLE (Bluetooth Low Energy)

 Records seizures based on Movement or HR Change confirmed by caretaker

 Logs Manual seizure entered by caretaker

 Communicates with Mobile App via in Home Wi-Fi network

 Seizure reports downloadable to supplied USB Stick

 Sensitivity settings customizable for heart rate change and movement

“Proguardian” system : alert system

Sensor connects to patch and 

analyzes changes in heart 

rate and motion associated 

with epilepsy during periods of  

sleep.



Community faster than academia

• Many (expensive) devices on the market

Who is responsible ?

Who owns the information?

• No rigourous research

• False alarms accepted by parents

• False negatives ?



Upublished, A Van de Vel









Efferent side 

• alarming

• Brain stimulation

• (Rescue) medication



Scheduled specific stimulation

Electrical stimulation of the anterior nucleus of the 
thalamus

Fisher et al. Epilepsia 2010
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Responsive  specific stimulation





Provides “standard” VNS Therapy stimulation 

+  

Automated magnet mode stimulation upon seizure 

detection (heart frequency changes)

AspireSR™

31

Responsive  specific stimulation

Non EEG based



Clinical Observations: Stimulation-Associated Desynchronization

FP1-F7

F7-T3

T5-O1

T3-T5

FP2-F8

F8-T4

T4-T6
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T6-O2

F3-C3

C3-P3

P3-O1

FP2-F4

F4-C4

C4-P4

P4-O2

Focal Seizure (not stimulated in this view) 

Typical seizure progression (without VNS Therapy Automatic Stimulation) for this patient

1 sec timescale



Clinical Observations: Stimulation-Associated Desynchronization

VNS Therapy Automatic Stimulation

FP1-F7

F7-T3

T5-O1

T3-T5

FP2-F8

F8-T4

T4-T6

FP1-F3

T6-O2

F3-C3

C3-P3

P3-O1

FP2-F4

F4-C4

C4-P4

P4-O2

Focal Seizure (during sleep)

Stimulation-Associated 
Desynchronization

(+3s after Automatic Stimulation)

1 sec timescale

Automatic Stimulation Latency = 6s
SDA = 6, Output Current: 0.75mA



AspireSR E36 Data: Key Results

0

20

40

60

80

100

Historical
Control

Unstimulated
Control

(>=20% HR
Change)

Terminated

M
e

d
ia

n
 D

u
ra

ti
o

n
 (

se
c.

)

N=60 N=7 N=6

EMU :

– 52% of seizures (45/86) had heart 
rate changes ≥20% (above lowest 
SDA threshold)

– Efficacy: 

• ~60% of stimulated focal 
seizures ended during 
AutoStim

• 69% reduction in median CPS 
duration vs. historical

• Severity significantly lower 
(NHS3) at EMU discharge



Vonck and Boon, 2015

Closed Loop Systems : responsive devices



The near future



Gene therapy

-Halorhodopsin transfection of pyramidal cells or 
GABA hippocampal cells

- Optic light stimulation inhibits excitability  





Inhibitory opsin HR in excitatory pyramidal cells



Excitatory opsin ChR2 in inhibitory GABA interneurons



Excitatory opsin ChR2 in inhibitory GABA interneurons



Closed loop 
optogenetic control 
of the thalamus 
in a model 
of a cortical lesion

Paz JT et al, Nature Neurosc, 2013


