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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 time!




Vagus Nerve Stimulation
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Duty Cycles (% On Time)

On Time (sec) + 4 seconds

Duty cycle (%) = _ . X 100
On Time (sec) + Off Time (sec)
OFF TIME Minutes
ON TIME

Seconds 02 03 05 08 1.1 18 ' 3 | 5 | 10
7 44 130 20 15 |10 6 4 | 2
14 41 1 29 | 23 115 | 9 | 6 | 3 ,‘
21 49 36 129 119 | 12 | 8 | 4 ,‘
|
30 157 44 35 |25 16 10 5
60 38 |27 18 | 10

Note: On Time should not exceed Off Time

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 ?



VNS Therapy evaluated in five clinical trials

EO1-EOS5 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

Design Seizure type \ Time frame
EO1/EO2 | Pilot, single blind Partial 14 1988-1990
EO3 Randomized, Partial 114 | 1990-1992
double blind,
active control
EO4 Compassionate use All 124 | 1991-1995
EO5 Randomized, Partial 199 | 1995-1996
double blind,
active control

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

EUSym12-11-1002-EEA



Patients in the VNS Therapy trials had severe,
refractory epilepsy

Patient characteristics

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.



Reductions in seizure frequency with VNS
improve over time, are sustained long-term
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Vagus nerve stimulation for children with treatment-resistant
epilepsy: a consecutive series of 141 cases

Clinical article

RoBERT E. ELLIOTT, M.D.,! SHAUN D. RODGERS, M.D.,! LUiGi Bassani, M.D.,!
AMR Morsi, M.D.,! Eric B. GELLER, M..D.,> CHap CARLSON, M.D.,?
ORRIN DEVINSKY, M.D.,!*4 AND WERNER K. DoyLE, M.D.!

Departments of 'Neurosurgery, “Neurology, and *Psychiatry, New York University Langone Medical Center,

New York, NewYork; and *Department of Neurology, Saint Barnabas Medical Center, Livingston, New Jersey

J Neurosurg Pediatrics, 2011

Variable Value*

sex

F 75(53.2)

M 66 (46.8)
age at seizure onset (yrs)

mean 28+36

range birth-16 yrs
duration of epilepsy prior to VNS

mean (yrs) 84+44

range
age at VNS insertion (yrs)
mean
range
ptage
<12 yrst
=12 yrs
seizure frequency (no. per wk)
median
range
no. of AEDs
mean
range
no. of AEDs failed
mean
range
prior failed intracranial epilepsy surgery
no. of seizure types
mean
range
developmental delay

7 days—-17.9 yrs

111+47
1.3-18

10
0.1-2000

26+09
1-7

55+2.9
2-15
30 (21.3)

2211
1-6
112 (79.4)




No. of Median Sz

Variable Pts  Reduction (%) p Valuet
epilepsy classification
focal 5 86.2 0.042
MFPE 55 50.0 <0.001
MFPE/SGE 18 720 <0.001
SGE 4 62.5 <0.001
IGE 19 66.7 0.003
epilepsy etiology
neuronal migration disorder 14 50.0 0.001
CP/static encephalopathy 15 68.9 0.016
LGS " 51.0 0.008
infection 13 45.0 0.012
TSC 8 75.0 0.018
genetic/metabolic syndrome 14 66.7 0.003
unknown 54 65.0 <0.001
EEG findings
focal 5 86.2 0.042
multifocal 62 54 6 <0.001
diffuse 61 64.8 <0.001
multifocal & diffuse 13 68 0.002

* CP = cerebral palsy; Sz = seizure.
T Analyzed via paired-samples Wilson signed-rank test.



DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Vagus nerve stimulation in children with intractable epilepsy:
a randomized controlled trial

SYLVIA KLINKENBERG' | MARLIEN W AALBERS'? | JOHAN S H VLES'2 | ERWIN M J CORNIPS?® |
KIM RIJKERS® | LOES LEENEN® | FONS G H KESSELS* | ALBERT P ALDENKAMP'% | MARIAN MAJOIE®

1 Department of Neurology, Maastricht University Medical Center, Maastricht; 2 School for Mental Health & Neuroscience, Maastricht; 3 Department of Neurosurgery,

Maastricht University Medical Center, Maastricht; 4 Department of Clinical Epidemiology and Medical Technology Assessment, Maastricht University Medical Center, Maastricht;

5 Epilepsy Center Kempenhaeghe, Heeze, the Netherlands.

Correspondence to Drs Sylvia Klinkenberg at Department of Neurology, Maastricht University Medical Center, PB 5800, 6202 AZ Maastricht, the Netherlands. E-mail: s.klinkenberg@mumc.nl

High-output Low-output
stimulation stimulation
Number of participants 21(11/10) 20(12/8)

(male/female)
Mean age at implantation, y:mo
(range)
Mean age at onset, y:mo (range)
Median age at onset, y:mo (range)
Mean interval onset-implantation,
y:mo (range)
Median seizure frequency
at baseline (seizures/day)
ILAE classification
Localization related
Symptomatic
Cryptogenic
Generalized
Idiopathic
Symptomatic
Mean total exposure of AEDs

10:11 (3:10-17:8)

2:10 (0-12y)
1:2 (0-12y)
7:8 (2-16y)

2.1 (0.1-53.7)

19 (90%)
15 (71%)
4 (19%)

2 (10%)

0

2 (10%)
7.0 (5-10)

11:6 (4:2-17:2)

1:8 (0-5y)
1:2 (0-5y)
9:5 (3-15y)

0.9 (0.1-31.7)

16 (80%)
10 (50%)
6 (30%)

4 (20%)

2 (10%)

2 (10%)
7.3 (4-14)

ILAE, International League Against Epilepsy; AEDs, antiepileptic drugs.
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VNS Therapy : The E-102 study

Vagus nerve stimulation for drug-resistant epilepsy: A

European long-term study up to 24 months in 347 children

*lren Orosz, YDavid McCormick, {Nelia Zamponi, §Sophia Varadkar, §{Martha Feucht,
#Dominique Parain, **Roger Griens, t{Louis Vallée, {iPaul Boon, §§Christopher Rittey,
Y9YAmaraK. Jayewardene, §9YMark Bunker, ###Alexis Arzimanoglou, and ***Lieven Lagae

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




E- 102 Study : European VNS Multicentre Study

STUDY CRITERIA

* Primary
— Seizure frequency change from baseline to one year

 Secondary
e Seizure frequency change of all seizure types
* Evaluate seizure severity
e 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

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

Study population demographics

/ Gender

Age at implantation

- Male

- Female

- Median
-<by
6—-10
10-12
12-18
Age at epilepsy onset

K - Median

199
146
345

10,7y
47
91
57
152

o

(57,3 %)
(42,1 %)

(0,4—23,2y)
(13,5 %)
(26,2 %)
(16,4 %)
(43,8 %)

(0,1-14 y)/




E- 102 Study : European VNS Multicentre Study

Baseline Disease Characteristics

PREDOMINANT SEIZURE TYPE

/partial onset +/- secondary generalization

myoclonic seizures

atonic seizures

tonic-clonic seizures

typical absence seizures
atypical absence seizures
myoclonic absence seizures
myoclonic astatic seizures
epileptic / infantile spasms

kother seizure types

41,2% \

4,6%
4,6%
26,5%
1,7%
3,2%
1,7%
0,6%
1,4%

12,7% /




E- 102 Study : European VNS Multicentre Study

Seizure Reduction

50 - Changes in frequency
of predominant seizure type

40 -
35.6%

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

M "Responders"
(250% to 100% seizure reduction)

M 25% to 49 seizure reduction

6 months (n=295) 12 months (n=346) 24 months (n=208)

How poor are they that have not patience! William Shakespeare

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

18



E- 102 Study : European VNS Multicentre Study

Seizure Reduction

Changes in frequency of predominant seizure type;

Patients with no changes in AEDs from baseline

N= 172 (49.6%)
60 1
54.2

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

M "Responders"
(250% to 100% seizure reduction)

B 25% to 49% seizure reduction

6 months (n=140) 12 months (n=171) 24 months (n=83)

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

19



E- 102 Study : European VNS Multicentre Study

ITT population: Reduction in severity

60 -
50 - 47.7%
40
30
20 . )
B Patients with decrease
in duration of seizures
10 B Patients with decrease
in ictal severity
0 Patients with decrease

6 months (n=284) 12 months (n=338) 24 months (n=195) in postictal severity

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



E- 102 Study : European VNS Multicentre Study

Quality of Life

Responder : much better or better than before VNS

80

72,4
69,8
70 -
65,5
60 -
" 50,9
ah) 50 -
T
g °\° 41,4 43,1
o 40 - -
8 g 345 Em1YR
(' . 29,1 - 2YR
20 -
10 - -
0 T T T 1
Alertness Concentration Memory Mood Verbal Development of

Communication Life Skills



E- 102 Study : European VNS Multicentre Study

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

400 -
= 350 -
§ 300 - M responders
o
2 250 - N= 125, 132,
2 and 83 at 6, 12
% 200 - and 24 months
[a)
()
o 150 -
5 100 nonresponders
5 N= 153, 186,
s N and 108 at 6, 12

50 and 24 months
0

6 months 12 months 24 months

Tperioa(1/1000)(Py, /10°) f (ton + 4)>

Crotal = < ton + (torr * 60)

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



E- 102 Study : European VNS Multicentre Study

Age at implantation

g

Under 12 years: n=193
—< byears :n=46
—6-12 years : n=147

12-18 years: n= 154

Mean age at onset epilepsy :

— <12 years :1.9years (median1.1)
— 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

-

Responders 1 year
Seizure free

Responders 2 year

KSeizure free

<12 vyears 12-18 years \

N=193 n=153
43 % 30,7 % p=0.019
7.8 % 2.6 %

N= 124 N=84
50% 34,5 % p=0.024

11,3 % 3,6 % /




E- 102 Study : European VNS Multicentre Study

Lennox Gastaut

_ Lennox Gastaut Non Lennox Gastaut

n =

1 YEAR

Responders

Seizure free

2 YEARS
Responders

Seizure free

146 200
32,9 % (25-40) 41 % (34,2 — 47,8)
4,7 % 6 %

n=121 n=87

39,1% (28,8 — 49,3) 47,1 % (38,6 — 56,4)
6,9 % 9,1%

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



E- 102 Study : European VNS Multicentre Study

Tuberous Sclerosis

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

Dravet Syndrome

| Dravetsyndrome

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

GTC and other seizure types

_ Generalised Tonic Clonic | Other seizure types

n=
1 YEAR
Responders

Seizure free

2 YEARS
Responders

Seizure free

92

21,7% (13,3-30,2)

2,2 %

N=58
29,3 % (17,6 —41,0)

52 %

254

43,3 % (37,2-49,4)

6,7 %

N=150
49,3 % (41,6 — 57,7)

9,2 %



TABLE 2: Seizure outcomes reported by Engel class

Engel Class, % Seizure Decrease

Parameter 1, 100% I, >90% lll, 50%-90% IV, <50% Total*
no. of patients (%) 121 (4.6) 200 (7.6) 1012 (38.4) 1301 (49.4) 2634
1001 100
*
n v
< 50 = 80 |
- 3 * |
N # N |
%] —— ; Hi
60+ | 60+
L= | % =2 e |
% @ Il |
© 40 s 40
D n ]
- 20 - 20+
S
= L
partial  gen. other/mixed 05 S v N S D 2 S
: ¢ N o
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Englot D et al, J Neurosurg 115: 1249-1255, 2011



PuLst 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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= @l-= BMP only
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A controlled trial of transcutaneous vagus nerve stimulation for the

treatment of pharmacoresistant epilepsy

Liu Aihua, Song Lu, Li Liping, Wang Xiuru, Lin Hua, Wang Yuping *

The Department of Neurology, Xuanwu Hospital, Capital Medical University, No. 45, Changchun Street, Xicheng District, Beijing 100053, China

Treatment group

Control group —‘:

Treatment group Control group P-value
(n = 26) (n = 21)

Age (years)' 34.5(26.5,41.3) 29.0(245,42.0) 0.668
16-30% 12 (46.2) 11 (524) 0.862
31-45 8 (30.8) 5(23.8)

46-60 6(23.1) 5(23.8)

Duration of epilepsy (years)? 19.7 £ 11.1 17.6 £ 9.6 0.496
<10? 5(19.2) 5(19.0) 0.943
11-20 11 (42.3) 10 (47.6)

21-30 6(23.1) 5(23.8)
=31 4(154) 2(95)

Epilepsy type?® 0.741
Simple partial seizure 17 (65.4) 15(71.4)

Complex partial seizure 3(11.5) 3(14.3)
Generalized seizures 6(23.1) 3(14.3)

MRI? 0.805
Normal 17 (654) 13 (61.9)

Abnormal 9 (34.6) 8(38.1)

EEG* 0.528
Normal 10 (38.5) 10 (47.6)

Abnormal 16 (61.5) 11 (52.4)

The number of AEDs! 3.0 (2.0,3.0) 3.0(2.0,3.0) 0.981

Seizure frequency’ 6.0 (4.8,25.0) 7.0(4.0,11.5) 0.829

Stimulation intensity (mA)’ 6.0 (5.0,6.3) 6.0 (5.0,6.5) 0.918

SAS scores® 433 + 85 381+ 70 0.031"

SDS scores? 492 £ 73 48.1 £ 7.2 0.581

LSSS scores’ 139 £ 39 148 + 44 0.471

QOLIE-31 scores® 1092 £ 118 1114 + 104 0.492

Epilepsy and Behavior, 2014
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Multiple linear regression analysis of t-VNS efficacy.

Coefficient (95% CI) P-value

Age (years) —0.45 (—1.45,0.55) 0.372
Duration of epilepsy (years) 1.36 (0.21, 2.52) 0.022* _
Seizure type

Simple partial seizure Ref.

Complex partial seizure —17.61 (—52.69, 17.48) 0.316

Generalized seizures 12.35 (—15.65, 41.35) 0.377
MRI

Normal Ref.

Abnormal 8.11 (—16.99, 33.21) 0517
EEG

Normal Ref.

Abnormal —2.20 (—26.71, 22.32) 0.857
The number of AEDs 6.60 (—12.70, 25.90) 0.493

Seizure frequency 1.41 (0.46, 2.36) 0.005" _

Stimulation intensity (mA) —3.78 (—12.77,5.22) 0.400




Randomized controlled trial of trigeminal nerve stimulation for
drug-resistant epilepsy
Christopher M. DeGiorgio. Jason Soss, Ian A. Cook. et al.

Treatment Active control

Mo. 25 25
Age, y, mean (range) 33.1 (20-58) 34.2 (19-52)
M/F 9/16 14/11
Seizure frequency, median (SD) 8.7 (56.2) 4.8 (20.8)
Duration of epilepsy, y (SD) 21.5(9.7) 23.7(121)
Beck Depression Inventory, mean (SD)* 16.7 (9.6) 12.0 (10)

UCLA, % 56 52

USC, % 44 48

Neurology, 2013



Randomized controlled trial of trigeminal nerve stimulation for
drug-resistant epilepsy
Christopher M. DeGiorgio. Jason Soss, Ian A. Cook. et al.
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A prospective long-term study of external trigeminal nerve stimulation @Cmmm
for drug-resistant epilepsy

Jason Soss ?, Christi Heck °, Diana Murray ?, Daniela Markovic ¢, Sandra Oviedo , Guadalupe Corrale-Leyva ®,
Steven Gordon °, Colin Kealey ¢, Christopher DeGiorgio ““*

* Olive View/UCLA Medical Center, UCLA Department of Neurology, USA
© USC Department of Neurology, USA

¢ NeuroSigma, Inc., USA

9 UCLA Department of Biomathematics, USA

50% Responder Rate During Long-Term Follow-Up

40.5%
36.8% 36.8%

B Treatment

25.0% 25.0%

OControl

15.6%

End of Double-Blind 6 Months 12 Months

Epilepsy and Behaviour 2015



Low-frequency repetitive transcranial magnetic
stimulation for the treatment of refractory partial epilepsy:
A controlled clinical study

i rTMS :
, Baseline * treatmentg Post-treatment follow-up '
) 'r - ¢
. iGrouwpl | .
i 90% rMT
Eﬂutllmi iFnlImv-ué Fnllan:
i iGrowp2 : i A
i EEG | 20% rMT | Eec | ! EEG |
-""':'-'” i scLgo!
-4 -3 2 -l 0 I 2 1o
t Week
Randomization

Wei Sun et al, Epilepsia 2012



Seizures
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Acute seizure treated with rTMS in rat
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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




Transcranial magnetic stimulation for refractory focal status

epilepticus in the intensive care unit

Anli Liu®®, Trudy Pal§“ . Susan Herman®
Alexander Rotenberg

ey
c
g_ Attempted
@ Pentobarbital Pentobarbital
Z started Wean
=
N
@
wy

B

€ Alvaro Pascual-Leone ¢

AEDS further w===Number of Scizures

increased

1

w=Background Frequency (Hz)

TMS
Successful
Pentobarbital Wean

!

R ————

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 271 2B

29 30 31 32 33 M

Day of ICU Stay

Seizure 2013



360

300 +

240

$RsREs
§EER5ERR

5 10

vvvvvvvvvvvvvvvv

15 20 25 30

vvvvvvvv

35
Day
Iventilatof
Imwushm i1 24 mph I

I:cpo'ol 172 2 42 mgh ]

vl (lacosamice Jevotiracatam
prosts 400 mg 2000 mg

1930 —

1850 19 topiramsate 200 g

fosphenytoin 107 £ 14

[bﬂmneno 16 = 2mg

Thordstein and Constantinescu, Epilepsy and Behav, 2012

il

19A8] Ayanoeay I 1 Aynupuos 933 jo saibag @

angeyenb 1d3 »



Vagus nerve stimulation

* |Indication : more than surgery screening failures
(more than focal epilepsies)
e Early implantation : better efficacy ?

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

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



