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Drug – resistant epilepsy  and 

not a good candidate for 

resective surgery

VNS approved 

ILAE Consensus 
Statement

The failure of two 
appropriately chosen and 
tolerated AEDs (whether 
as monotherapies or in 
combination) to control 

seizures when used for an 
adequate period of time1



Vagus Nerve Stimulation



Duty Cycles (% On Time)

OFF TIME Minutes

ON TIME 
Seconds 0.2 0.3 0.5 0.8 1.1 1.8 3 5 10

7 58 44 30 20 15 10 6 4 2

14 69 56 41 29 23 15 9 6 3

21 76 64 49 36 29 19 12 8 4

30 81 71 57 44 35 25 16 10 5

60 89 82 71 59 51 38 27 18 10

Duty cycle (%)   = 
On Time (sec) + Off Time (sec)

On Time (sec) + 4 seconds
X 100

Note: On Time should not exceed Off Time
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VNS Therapy Physician’s Manual. Cyberonics, Inc. Houston, TX



issues

• Indication : which epilepsies ?

• Timing of VNS in disease course ?

• Optimal parameters ? 

• Only focal (non surgery) or also generalized?

• Predictors of outcome ?

• Long term studies : no control for AEDs changes 

• Younger children ?

• Control groups ?



6 EUSym12-11-1002-EEA

VNS Therapy evaluated in five clinical trials

• E01-E05 evaluated the safety, tolerability, and efficacy of VNS Therapy

– 454 patients received VNS Therapy, with 440 available for assessment of long-
term (3-year) treatment 

– AED changes were allowed in the extension phase

Study Design Seizure type N Time frame

E01/E02 Pilot, single blind Partial 14 1988-1990

E03 Randomized, 
double blind, 
active control

Partial 114 1990-1992

E04 Compassionate use All 124 1991-1995

E05 Randomized, 
double blind, 
active control

Partial 199 1995-1996

Morris GL, et al. Neurology 1999;53:1731-5. 



7 EUSym12-11-1002-EEA

Patients in the VNS Therapy trials had severe, 
refractory epilepsy

Patient characteristics n=452

Mean age (years) 30.8

Mean duration of epilepsy (years) 20.7

Mean # of seizures per day (baseline) 1.73

Mean # of AEDs (at time of enrollment) 2.09

Morris GL, et al. Neurology 1999;53:1731-5. 



8 EUSym12-11-1002-EEA

Reductions in seizure frequency with VNS 
improve over time, are sustained long-term

Morris GL, et al. Neurology 1999;53:1731-5. 
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J Neurosurg Pediatrics, 2011







5 months study period

No significant differences seizure frequency

Seizure severity



VNS Therapy : The E-102 study 

Epilepsia. 2014 Oct;55(10):1576-84 



• Primary
– Seizure frequency change from baseline to one year

• Secondary
• Seizure frequency change of all seizure types
• Evaluate seizure severity
• Evaluate Quality of Life
• Determine device settings 
• Determine other anti-epileptic treatments and the change 

during follow up
• Determine adverse events

E- 102 Study : European VNS Multicentre Study

STUDY CRITERIA



INCLUSION & EXCLUSION CRITERIA

INCLUSION CRITERIA

• Documented diagnosis of refractory epilepsy

• Age at implantation : < 18 years old

• 3 month pre-implantation data available

• Minimum documented follow up : 1 year

• Ethical committee approval and informed consent

EXCLUSION CRITERIA

• No other investigative medication or treatment after 
implantation

• Brain surgery within the first year after implantation

E- 102 Study : European VNS Multicentre Study



Gender

- Male 199 (57,3 %)

- Female 146 (42,1 %)

345

Age at implantation

- Median 10,7 y (0,4 – 23,2 y)

- < 6 y 47 (13,5 %)

6 – 10 91 (26,2 %)

10-12 57 (16,4 %)

12-18 152 (43,8 %)

Age at epilepsy onset

- Median 1,5 y (0,1 – 14 y)

Study population demographics

E- 102 Study : European VNS Multicentre Study



PREDOMINANT SEIZURE TYPE

partial onset +/- secondary generalization 41,2%

myoclonic seizures 4,6%

atonic seizures 4,6%

tonic-clonic seizures 26,5%

typical absence seizures 1,7%

atypical absence seizures 3,2%

myoclonic absence seizures 1,7%

myoclonic astatic seizures 0,6%

epileptic / infantile spasms 1,4%

other seizure types 12,7%

E- 102 Study : European VNS Multicentre Study

Baseline Disease Characteristics



Orosz, I et al. Epilepsia 2014  doi: 10.1111/epi.12762

Changes in frequency 
of predominant seizure type
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E- 102 Study : European VNS Multicentre Study

Seizure Reduction

How poor are they that have not patience! William Shakespeare 



Orosz, I et al. Epilepsia 2014  doi: 10.1111/epi.12762

Changes in frequency of predominant seizure type;
Patients with no changes in AEDs from baseline  

N= 172 (49.6%)

"Seizure Free" 
(no report of seizures of any types)

"Responders" 
(≥50% to 100% seizure reduction)

25% to 49% seizure reduction0
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E- 102 Study : European VNS Multicentre Study

Seizure Reduction



Orosz, I et al. Epilepsia 2014  doi: 10.1111/epi.12762
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ITT population: Reduction in severity  

E- 102 Study : European VNS Multicentre Study
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E- 102 Study : European VNS Multicentre Study

Quality of Life 



0

50

100

150

200

250

300

350

400

6 months 12 months 24 months

responders

nonresponders

N= 125, 132, 
and 83 at 6, 12 
and 24 months

N= 153, 186, 
and 108 at 6, 12 
and 24 months

M
ea

n
 c

h
ar

ge
 p

er
 D

ay
 (

m
C

o
u

lo
m

b
s/

d
ay

) 

Orosz, I et al. Epilepsia 2014  doi: 10.1111/epi.12762

E- 102 Study : European VNS Multicentre Study

ITT population:  Total charge delivered per day to responders  versus non-responders 

𝑄𝑇𝑜𝑡𝑎𝑙 =
𝑇𝑝𝑒𝑟𝑖𝑜𝑑 𝐼/1000 𝑃𝑊/10

6 𝑓 𝑡𝑂𝑁 + 4

𝑡𝑂𝑁 + (𝑡𝑂𝐹𝐹 ∗ 60)



• Under 12 years: n = 193

– < 6years : n= 46

– 6-12 years : n= 147

• 12-18 years: n= 154

• Mean age at onset epilepsy : 
– <12 years     : 1.9 years  (median 1.1)

– 12-18 years  : 3.7 years (median 2.0)

E- 102 Study : European VNS Multicentre Study

Age at implantation



No differences between 2 groups in :

 Frequency intellectual disability

Behavioral problems

Verbal communication

Predominant seizure type

Epilepsy syndrome

Etiology

E- 102 Study : European VNS Multicentre Study

Age at implantation



E- 102 Study : European VNS Multicentre Study

Age at implantation

< 12 years 12-18 years

N=193 n=153

Responders 1 year 43 % 30,7 % p=0.019

Seizure free 7.8 % 2.6 %

N= 124 N=84

Responders 2 year 50% 34,5 % p=0.024

Seizure free 11,3 % 3,6 %



Lennox Gastaut Non Lennox Gastaut

n = 146 200

1 YEAR

Responders 32,9 % (25-40) 41 % (34,2 – 47,8)

Seizure free 4,7 % 6 %

n=121 n=87

2 YEARS

Responders 39,1% (28,8 – 49,3) 47,1 % (38,6 – 56,4)

Seizure free 6,9 % 9,1 %

No age differences at implantation
Only 13 % in LGS group : “idiopathic”

E- 102 Study : European VNS Multicentre Study

Lennox Gastaut



Non –TSC TSC

n = 324 22

1 YEAR

Responders 36,4 % (31,2-41,7) 54,5 % (33-75)

Seizure free 5,6 % 4,5 %

n = 190 18

2 YEARS

Responders 41,6 % (34-48) 66,7 % (44,9-88,4)

Seizure free 8,4 % 5,6 %

E- 102 Study : European VNS Multicentre Study

Tuberous Sclerosis



Dravet syndrome

n= 20

1 YEAR

Responders % 25 % (6,0-44,0)

Seizure free 0 %

n= 13

2 YEARS

Responders % 38,5 % (12-64)

Seizure free 0 %

E- 102 Study : European VNS Multicentre Study

Dravet Syndrome



Generalised Tonic Clonic Other seizure types

n = 92 254

1 YEAR

Responders 21,7% (13,3-30,2) 43,3 % (37,2-49,4)

Seizure free 2,2 % 6,7 %

2 YEARS N=58 N=150

Responders 29,3 % (17,6 – 41,0) 49,3 % (41,6 – 57,7)

Seizure free 5,2 % 9,2 %

E- 102 Study : European VNS Multicentre Study

GTC and other seizure types



Englot D et al, J Neurosurg 115: 1249-1255, 2011



PuLsE STUDY
Ryvlin P et al. Epilepsia 55(6):893-900, 2014

Study : 

The Long-Term Effect of Vagus Nerve Stimulation of Quality of 
Life in Patients with Pharmacoresistant Epilepsy: The PuLsE (Open 

Prospective Randomized Long-Term Effectiveness) Trial

Objective : 

The purpose of this study was to evaluate whether VNS Therapy 
as an adjunct to best medical practice (VNS+BMP) is superior to 
BMP alone in improving long-term health-related QOL



Median Percent Change in Total Seizure 
Frequency From Baseline
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Ryvlin P et al. Epilepsia 55(6):893-900, 2014



Epilepsy and Behavior, 2014





Neurology, 2013



Non-significant primary end points



Epilepsy and Behaviour 2015



Wei Sun et al, Epilepsia 2012





A 60-s tracing shows a representative KA-triggered seizure terminating with a 0.75 Hz rTMS train. 
Typical spikes of a KA seizure (left) were readily recognised by the TMS operator. Once a seizure was detected, rTMS

(arrow) was initiated, and continued until spikes were no longer evident between the prominent rTMS artifact (centre).
After rTMS the EEG returned to baseline (right) 

Rotenberg Brain Topogr 2010

Acute seizure treated with rTMS in rat



Seizure 2013



Thordstein and Constantinescu, Epilepsy and Behav, 2012



Vagus nerve stimulation

• Indication : more than surgery screening failures

(more than focal epilepsies)

• Early implantation : better efficacy ?

• Classic efficacy comparable to any other treatment 
modality in drug resistant epilepsy 

• Other outcome measures needed in studies on 
drug resistant epilepsy : severity of seizures, QoL


