DBS in Epilepsy
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DBS is indicated fopoorly localized or multiple regions of seizure origin
N.B. there are epilepsies that do NOT involve thalamus!

HISTORY

1 Hunter and Jasper showed that seizures could be induced by electrical stimulation of the thalan
Hunter J, Jasper HH. Effects of thalamic stimulation in unanaesthetised anthmalsirest
reaction and petit mdlike seizures, activation patterns and generalizedvulsions. Electroen
Clin Neuro 1949;1(3):30624.

1 Monnier and colleagueshowed that medial thalamic stimulation could desynchronize ECoG.
Monnier M, Kalberer M, Krupp P. Functional antagonism between diffuse retianir
intralaminary recruiting projections in the medial thalamus. Exp Neurol 1968);:271 89.

HARDWARE - PULSE GENERATORS (IPG)
Medtronic St. Jude Boston Sci

Rechargeable yes - yes

Only Medtronic has FDA approval for epilepsy.

StimlocE  (Medtronic, Minneapolis/MN)
SureTele (Bosbn Scientific, Marlborough/MA)
Guardiare (Abbott Laboratories, Chicago/IL)
SensighE (Medtronic, Minneapolis/MN)

BOSTON SCIENTIFIC

1 model using four leads with 3mA 90PW and 143Hz that is cycling on for 1 sec and off for 5secs
would give the patient 2.5 years of battery life.

VERCISE

1 rechargeable IPG15 year warranty.
0 charging time for movement patients is around 30 mins per week; with 4 leads charging
could be > 1 hour per week (less with cycling).
1 independent amplifiers can stimulate several contacts independently and simultaneously
1 Vercise Genus R32 has four channels!!!

INTREPID study
- Boston Sci DBS for STN

ST. JUDE
1 nonrechargeable IPG
MEDTRONIC

BATTERY CAPACITY

ERI = elective replacement indicated (needs replacemen8iwéeks)

1 if old battery was completely depleted, when turning new battery on, may need lower voltages (.
patient might have been ramping up voltages to compensate for dying battery).

1 Activa RC life has been extended to 15 years.
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Predictable Replacement Planning

vy Battery Life Curves

Activa PC patients receive warning more than

o3V 3 months before
End of Service (EQS).T

2:6V (ER))

100% BarteryLif
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Pocket Adaptor for Deep Brain Stimulation

2.8 mm

IPG models without Sensing Technology

KINETRA (MODEL 7428

Old (discontinued) versiohold leads need adaptor for Activa PC.

ACTIVA ® PC (MODEL 37601)

- multi-programdual-port neurostimulatar

(PC = primary cell) FDA Approval Date Apr 2009
List price(Activa® PC)i 17,000 USD (2019 October)

Lot No.: N7 1 6528

Use By: 2021-04-17

Height 2.6in (65 mm)
Width 1.9in (49 mm)
Thickness 0.6in (15 mm)
Volume 39 cc

Battery type

”Non-RechargeabIe

Expected Battery Iife”Depends on settings and use,

IRARST LA RRR S Y KL

Maximum Electrodes||8

0 - 10.5 V (voltage mode)
0 - 25.5 mA (current mode)

2 - 250 Hz (voltage mode)
30 - 250 Hz (current mode)

60 - 450 pysec

4

16 (up to 4 per group)

b — W,J Amplitude
5 Madfronie Rate
ACTIVA® PC : Pulse Width
il Groups
Programs
Implant Depth

<4cm

AcCTIVA ® RC (MODEL 37612)

- multi-program rechargeable neurostimulator
RC = rechargeable cell

FDA Approval Date Mar 2009

Expected Battery lifaipgraded td.5 years
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Height 2.1in (54 mm)

Width 2.1in (54 mm)
Thickness 0.4in (9 mm)
Volume 22 cc

Battery type Rechargeable

Expected Battery life||9 years

Al

LK R

Maximum Electrodes|(8

.-

R—— 0-10.5V (voltage mode)
P 0 - 25.5 mA (current mode)
— 2 - 250 Hz (voltage mode)
30 - 250 Hz (current mode)
Pulse Width 60 - 450 psec
\ Groups 4
Programs 16 (up to 4 per group)

Hlmplant Depth <lcm

SOLETRA (MODEL 7426

- multi-programsingle-port neurostimulatgrold (discontinued) version.

ACTIVA ® SC(MODELS 37602,37603)

- multi-programsingle-port (SC = single channateurostimulatar
FDA Approval Date Jan 2011

Height 2.2in(55 mm)
Width 2.4in (60 mm)
Thickness 0.4in (11 mm)
Volume 28 cc (Model 37602)

27 cc (Model 37603)

Battery type Non-Rechargeable

Expected Battery life| Depends on settings and use

Maximum Electrodes||4

0-10.5V (voltage mode)

« | [Ampli
mplitude 0 - 25.5 mA (current mode)

2 - 250 Hz (voltage mode)

Rate 30 - 250 Hz (current mode)
Pulse Width 60 - 450 psec

Groups 4

Programs 8 (up to 2 per group)
Implant Depth <4cm

IPG models with Sensing Technology ClosedLoop s. Adaptive DBS 4DBS)

Activa PC+Si no longer available
RC+ S i Oliypomerfulddt complex, limited availability

T ASO st and§implantrstripsetectrede vigburhole over motor cortex.
1 Adaptive DBS &éDBS (vs. continuous cDBS) saves battery but also gives better outcomes.

202502-24 FDA approvedrainSense Adapti ve deep brain stimula
disease.

IPG models with Sensing Technology

1 sensing only (adaptive capabilities not yet released)

PERCEPT RC (MODEL B35300)

Rechargeable
Smaller than PC:

e

|

Medtionie MEedcttionie

Pereept™ RC

Percept PC | B35300
B35200

PeErcePT PC (B3520Q
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SMALLER!| THAN
ACTIVA™ PC DEVICE

SLEEK,
THINNER' THAN 1 CURVED
ACTIVA™ PC DEVICE | /~  DESIGN

f BrainSensg technology- capturslocal field potentials (LFP)using the implanted DBS lead
simultaneously while delivering therapeutic stimulatien

N.B. right subclavicular position gives less cardiac artefacts (cf. left position)
full-body 3T MRI eligibility (1.5T with Activa PQ.
> 15% longer battery life than Activa R€mart battery technology provides réiate prediction
of remaining battery lifebased on usage history).
1 20% smaller than Activa PC.

= =4

SENSIGHT™ CONNECTOR PLUGKIT .
B31061 Each Connector Plug Kit includes:

* Two connector plugs
Connector Plug works with
SenSight™ Extension as well
as Activa™ RC/PC and
Percept™ PC Devices

Note the change in model
number from B31060 to
B31061, but thereis no
change to the plug itself

HARDWARE - PATIENT REMOTE
MEDTRONIC

! same as for movement disorders butthdsu e b u t t ointispr8ggammable @.g. logging
the event, restarting stim cycle).

HARDWARE T LEADS

Manufacturer Model # Contacts | Contact Spacing | Omnidirectional/
Segmented
Medtronic 3389 4 2 O
3387 4 3 O
3391 4 7 O
Boston Scientific| Vercise 8 2 O
Vercise Cartesia 8 2 S
Abbott/St. Jude | Active Tip 61466149 4 2 O
Medical Active Tip 61426145 4 3 0]
Infinity Directional 6172 | 8 2 S
Infinity Directional 6173 | 8 2 S
PINS Medical L301 4 2 @]
L302 4 3 O
L303 4 6 O
PRINCIPLES
1 if no intraop testing (e.g. for epilepsy), Useat t ar g;e tiol Oc ammmm ualbao v e 0 ¢ ¢
DBS |l ead to deviate (some experts set targ:e

the parenchyma).
1 use longer lead contact spacing 1.5 mm (as opposed to 0.5 mm) only if need to pierce two targe
(e.g. ANT-MD or CM-pulvinar).

CONTACT NUMBERING

from tip and up (O, 1, 2, 3); numbering is continued on the other side (e.g., 8, 9, 10, 11).

1 if electrodes arbilateral, lowest numbers (0, 1, 2, 3) are assigned to left side.

1 why first contacti;m a me d T lie€nas@ original lead designs had a tiny loop at the tip that also
served as the most distal contact:

MEDTRONIC

1.5 mm between contactgcontact 1.5 mm length) for big targets [pulvinar] or several targets [CM
+ pulvinar)

3387(used in SANTE trial)
B33015(segmented, sensing)

0.5 mm between contactécontact 1.5 mm length)
3389
B33005(segmented, sensing)
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\*;;’J;»;m;}z:in Nortes DBSIN EPILEPSY E27 (6)

N.B. with lead 3389 B33005 the distance between the centers of first and last contact
is6 mmi when planing trajectory and target, plan thahm segment to incorporate

into ANT (if want all contacts be in ANTarget must b&.5* mm deep in ANT)
*AlphaOmega DBS lead holding device and ruler are set to exclude the distal plastic
lead tip

3389
M
6 mm
0,5mm {
i
3389 3387
Height of ANT:
3,8-3,9mm
L 10,5mm
0.5mm { 1,5mm {
} 1,5mm } 1,5mm

Two contacts can be clearly  One contact can be clearly
implanted within ANT implanted within ANT

Lead 3387/ planto place contact (3 or 2) inside ANT

3389,3387

1.27 mmdiameter quadripolar DBS electron®dek with four platinum iridium cylindrical surfaces

Model | Contact length | Electrode spacing Uses Comments
(edge to edge)
3389 1.5 mm 0.5 mm All targets FDA approved 1999
3387 1.5mm 1.5mm VIM FDA approved 2002
not used practically
Model Number 3389
Lead
Length (cm) 40
Diameter (mm) 1.27
Electrode
Number 4
Shape Cylindrical
Length (mm) 1.5
Individual Surface Area (mm?) 6.0
Inter-Electrode Spacing: Edge to
0.5
Edge (mm)
Array Length (mm) 7.5
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Model Number 3387
Lead
Length (cm) 40
Diameter (mm) 1.27 u
Electrode }I
/
Number 4 ,-!
Shape Cylindrical 4 /
Length (mm) 1.5
Individual Surface Area (mm?2) 6.0
Inter-Electrode Spacing: Edge to
Edge (mm) 13
Array Length (mm) 10.5

FDA approved in 2021.
lead tip is 1 mm from bottom of distal (0) contact.
33 cm and 42 cm lengths.
lead diameteslightly larger than old leadsl.36 mnt i inner diameter of cannula must be at least
1.57 mm.
i aim to place contacts 1 and 2 at taiiggteatest programming and sensing flexibility.
*old leads (3389, 3387)1.27 mm

= —a - A

SENSIGHT™ DIRECTIONAL LEAD NASA Engineered Coating on Each
KEY DESIGN FEATURES Conductor

Forincreased wire insulation and to

Stylet improve sensing capabilities
Designed for

one handed
removal

Grip Zone
Engineered to
withstand bending
stresses

1-3-3-1 Segmented Electrode Array
For directional stimulation

B33015
1.5mm Spacing 4,
i

/
/
7

Fromtip to the proximal end of the most proximal contact 8.5 mm(B33005)or 11.5mm
(B33015)but for surgical target, subtract 1. mm as measurement rulers take this into #iceolimhm
tip is excluded when measuring DBS lead on ruler for DBS lead holder):

B33005 lead whenplanningtrajectory,plan7.5 mmsegment to straddle the stimulation target.
B33015 lead: when planning trajectorplan10.5 mmsegment to straddle the stimulation target.

SENSIGHT™ LEAD
DESIGN

1-3-3-1 electrode design

= Electrode levels 0 and 3 are full
rings

Orientation Markers
= Electrode levels 1 and 2 are split

into 3 isolated electrodes to
enable directional stimulation

Orientation markers

‘ (1 i &3), &3 ; ‘ (1 !
= 2 inverted and independently

- = “’ | ‘
isolated triangles || Segmented Contacts | |

" Produce two distinguishably
visible artifacts on Fluoroscopy 1] | | |
and X-Ray to guide directional
programming post-operatively
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SENSIGHT™ SURGICAL WORKFLOW
LEAD PLACEMENT

Stylet T
» Ensure stylet is fully seated in the lead before
attaching depth stop
= Best to do thisright out of the packaging, as it
may move during shipping
Left/Right lead markers
* No recommended convention, clinician
preference
Alignment of segments
= Can be entered into the clinician programmer
post operatively
Setscrew Fixation Ring
Left/Right Non-Active)
Lead Marker /(
Extension m)

TR ... 8320256VaL . AN - o e o . v

T

Stylet + Handle can be removed with one
hand once the SenSight™ Burr Hole
Device clipis closed

Proximal End

'_*

LEAD CAP

Single Setscrew
Connects to the lead via the Setscrew
Fixation Ring

Boot-Less Connection

Electrical isolation is provided by 2
wiper seals built into the SenSight™

_4-—__-——_—_-__‘

T — T —— e — = —
- g o - - "_'_ = =

et = = F= = = ——}

Lead Cap
Elongated Exit

Increased stability
Suture Groove

Sutures aren't necessary for function,
but these are available to help identify
leads if marked leads aren’'t used

ORIENTATION MARKERS

1 best to imagd month postop (brain settles); but can be done intraop:
o either fluoro or Garm (MRI does not show markers)
0 remove stylet

1 use magnification:

Move the patient’s head
closer the tube

Tube = Small Light

1 avoid overlap with frame, eye sockets:
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i n

SENSIGHT™ LEAD
ORIENTATION MARKER

Consider using the
edge enhancement”
feature to highlight
the triangular
orientation markers

n

Special Key Assignments for the MVS Keyboard

*Medtronic data on file

1 proximal marker aligns with 1a and 2a segments
1 distal markemligns with 1b and 2b segments

Electrode Segments

Tablet Display
(Surgeon's perspective)

Anterior

a
Medial Lateral
) c

Posterior

<

$ ¢ . §
e J

Proximal Marker Distal Marker No Marker

Segment “a" Segment “b" Segment “c”

Proximal Marker Distal Marker No Marker
Segment “a” Segment “b" Segment “c”

AP view is the best (no lead overlap):
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DBSIN EPILEPSY

45°
Clockwise

00
(Anterior)
:

RN

Lateral view:

| MPEDANCES

1 due to smaller segmental contacts, normal impedances have higher upper limit:
monopolar: 3568000 Ohm

bipolar 35010000 Ohm

BURHOLE COVER

- only for SenSight leads (for old leads need to use Stimloc)

)l

improved visual contragtcap is clear plastic, ring is white plastic (line up triangles when applying
cap).

N.B. if outer table skull bone is drilled aid allow hardware countersink (e.g. for occipital entry sites),

makes sure tdrill off deep bone shelf* around before placingdang(otherwise drill will damage
plastic and will prevent clip fixation).

*otherwise, there will be clip collision!

NS
BURRHO
:' D
Drofilehela y y &
ower than lega =
D - - N — -
Designed to be p ed L s § D
orie on and / S \\
- R
olge . . D \ A
proveme ead S
D b o) e S
gles available N
o™

Cruciate Screwdriver ﬂ

tip that reduces slipping

s 7 |
Screwdriver tip is made A

5 Cruciate Driver
out of stainless steel

” Tip and screw

P
%
N
y

e w ]

Screw tip is self tapping
and self drilling

Stainless Steel Shaft

5mm
Screw threaded length 4mm

is 4 mm, and total
lengthis 5mm

<
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SENSIGHT™ BURR HOLE DEVICE
SUPPORT CLIP Holder Posts

*Holder Posts- Provide flexibility
for lead exits and keeps lead
perpendicular to either jaw.

= Elongated jaws- Enhanced lead
retention

=Ribbed jaw surface- Helps
prevent rotation

*Moveable jaw snap feature to
avoid accidental unlocking

*Moveable jaw rests on base ring

. . . ; : Enhanced jaw snap
Elongated jaws and ribbed
to avoid accidentally being pushed e rgerec) enhanced ead fastiire
retention and help prevent
underneath. s
Closure
Notch

TESTING CABLES

SENSIGHT™ TEST CABLES CABLES SenSight Lead

B31040 AND B31050 SenSight Lead T ey Ny |estCable
j _L v s

* Visualization Window

*Allows you to see that lead/extension Visualization Window
is fully inserted /

*Usable with or without stylet SenSight Extension .

*Single handed application . : 0

* pinching/push button actuation SenSight Extension

*Bipolar and Monopolar stimulation Test Cable
*Reference contact available on both
lead and extension cables ———
sLonger Lead Test Cable 4
*241 cm which is 33 cm longer than the . .
. Reference Contact Clamping Spring
TwistLock cable Connection for Pinching / push
actuation

attaching monopolar
ground cable

SENSIGHT™ SURGICAL WORKFLOW
TESTING THE LEAD

Lead Testing

= |ead Testing Cable has a blue connector box
= |ead Testing in Voltage mode only with ENS
= Monopolar available
= J-clip on connector
= Attachalligator clip to a grounding location, eg, a surgical
instrument, or the insertion cannula. Do not attach the alligator
clip to the lead as it may damage the lead
= Secure lead testing cable
= Connectivity test
= Impedance differences
= New Normal Impedances
MONOPOLAR
BIPOLAR
= |f impedances are over 40K, twisting cable connector to get
better contact may help (breaks though oxide layer)

CONNECTIVITY TEST

EXTENSIONS

71 tunneler (passer) is inserted from cranium towards thioesxthen to pull extension hubs up
(towards cranium).

37086

1 wires made ofteel(vs. DBS electrode leadsplatinum) i tolerate mechanical stresses better.

Device Name Stretch-Coil® DBS Extension
Length (cm) 40, 40, 95 :'
Distal End Compatibility 3387, 3389, or 3391 DBS lead ¥ 4
Distal End Set Screws 4
= : :
Proximal End INS Compatibility ‘;‘;:;: RC, Activa PC, or Activa SC

SENSIGHT EXTENSIONS

1 allow 15% length stretch.

SENSIGHT™ EXTENSION = )
KEY DESIGN CHANGES NASA Engineered Coating

on Each Conductor Single setscrew
For increased insulation and

Grip Zone ; :
to improve sensing \

Engineered to
withstand bending
stresses

Rl N

. == 7
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SENSIGHT™ EXTENSION
MECHANICAL FEATURES

B — TR TR W WSy

= Extension Body Diameter

® approximately 26.7% smaller than the legacy Medtronic extensions 37085 & 37086
(excluding the extension connector end)

=*Length
= comes in three lengths 40cm, 60cm, and 95cm
= Extensibility

® has a 64% reduction in the force required to elongate it, when compared to the Model
37085 and 37086 Extensions.

SENSIGHT™ EXTENSION
DESIGN FEATURES

Bootless Connection Left/Right Extension Marker

Radiopaque - v
Marker Visible on = SSMiNisuss Unmarked Extension

Fluoroscopy -mnnnx /

R ——— P— - ..{Q‘ _____ - u :-u ’
Suture Grooves
P SenSight™
A — extension to INS

et | B R connection

White 5 in.-oz torque wrench
used for connections to
Percept™PCINS

NOTE: The blue 4 in.-oz wrench
should still be used for
connection to Activa™ Devices

SENSIGHT™ EXTENSION TUNNELERKIT
B31030

Each tunneling tool kit includes: The SenSight™ Extension Tunneler Kit has
specifically designed dual & single extension

carriers for the SenSight™ Extensions.
It is not compatible with Legacy Extensions

e One Tunneling rod with handle
e Three Tips (Single, Dual and Wedge)

e Two Carriers (single and dual)

Dual Carrier

—_—— =
Tunneling Rod

: ‘\\ with handle -

Single Carrier

ABBOTT / ST. JUDE

FDA approved for PD on 1/28/2020.

current steering technologydirectional stimulation.

two leads both 40cm long.

same spacing as the Medtronic 3387 and 3389:
6172 (8 Channel Directional Lead) has tf3t1 design with each contact separated by 0.5 mm.
6173 (8 Channel Directional Lead) has tf3t1 design with each contact separated by 1.5 mm.

E
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1 to current data directional leads have only theoretical advantage.

T directional |l ead can save mal positions O 3

BOSTON SCIENTIFIC

1 2x8 Lead Contact Extension combiriéd/O DBS lead extensions intoINGLE 1.3 mm cable
mi ni mizes the material tunneled along the 1
1 lay flat low profile header desigit o0 mi ni mi ze hardware protrus:

DBS ELECTRODE LEAD CANNULAS

ALPHA OMEGA

1 single use only.
9 above target distance optioflsnm, 10 mm
I cannula dimensions

o lengthl1 92 mm (182 mm for cannulas A10 mm alt
0 outer diameter 1.81 mmi each cannula slot on the bengun also has a diameter of 1.8 mir
o inner diameter 1.6 mmto include thicker Medtronic SenSight* DBS leadider cannulas
were 1.4 mm)
*SenSight DBS leaas1.36 mmdiameter (Medtronic recommends inner
diameter of cannula at least 1.57 mRNS depth leatias1.27 mmdiameter
1 stylet length 203 [mm]outer diameter 1.3 [mm]

o

CannQOmm Above Target

cannula x1 @ /;leHQ
Stainless Steel Guide Tube (o) ega

(cannula) and Stylet, 0 mm

e D0 roscience Tec!
above target www.al;:?l::mega-;n:fg;
STR-S19221-00 —
69083 e

B _ 8 2025-03-26 (rvyy-w-op: ID 1. 6am

Cann@dman MAbove Target o:

cannula x1
Stainless Steel Guide Tube @ WM
(cannula) and Stylet, 10 mm o ega

above tafget ~—Defining Neuroscience Technology
STR-S08221-00 w_ww.alphaomega-eng.com
T ——
5894 Length | 82mm
Q i) OD 1. 81mm
2024-01-25(yyyy-MM-DD) D 1. 6mm

PROGRAMMING, NEUROBIOLOGY

9 DBS activates both inhibitory and excitatory pathways; net result depends on target nuclei.

Percept™ Percept™ Activa™ Activa™
Dascriotion PC PC PC/RC PC/RC
P +SenSight™ | +1x4Lead | + SenSight™ | +1x4 Lead
Lead Lead
Segment Mode Enable and disable directional \/ \/
(Monopolar Only) lead segments
. Adjust the amplitude of a single
OptiStim™ electrode without impacting the
Control amplitude of other electrodes in the V V

configuration

Create a unique field shape, including
ShapelLock™ relatively dissimilar amplitude \/ \/
Control contributions from various electrodes,
then grow and shrink that shape

. Program multiple rates within a
Multiple Rates groliporiead \/ \/
cc/cv Amplitude Mode: Constant Current - ¢
Capabilities (CC) or Constant Voltage (CV) cc cc cv Either

9 thalamc involvement in seizure networksean Talairach and JeasFr an- oi s Banc a
monographreported that rhythmic discharges in the centromedian (CM) and anterior (ANT)
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thalamic nuclei either preceded or paralleled cortical ictal onsets in a significant subset of patien
|l eading them to propose a O0synchrkosabseguemly 6 f
thalamic DBS emerged as a mechanism to disrupt seizure organization

BRAIN SENSE

3 sensing configurations possible:

1 ™ =
Sensing Setup - Electrode Configuration Bralnsense setu p-

Tap Save Sensing or Thresholds to update electrodes for both therapy and sensing

@ LemtANT

= BrainSense™ LFPs are differentials —
calculation requires 2 sensing contacts for
data collection with at least 1 of these
contacts situated in grey matter

CwICT .
CIOISICEE
Ci®IoICEs

= Sensing contacts must surround stimulation
contact(s)

= 3 Programming options to choose from

1 epilepsy signature LFP peaks are typically located12 81z range (Percept PC can records only
in 5 Hz wide bandj look for those recorded (upon patient triggered events) and also during
programming session.

1 turn LFP detection right after battery implantation (POD @jll obtain baseline LFP peaks while
still off stim

STIMULATION

Differences from DBS for movement disorders
1) intermittent (vs. continuous) stimulatiém cy ¢l i ng o
2) monopolar (referential) modei contact is programmed to be a cathaweggtively charged
electrode) and case as anbildo cause depolarization black
*patients may feel tingling at battery s{té: switch tobipolar mode)

Movement disordersturn stim on and sedinical effect Impossible with epilepsly solutions:
a) SEEG stim is an opportunity, however, may nggecial EMU hardware anidng hours of
stim to modulate excitabilityso SEEG stim may not be enoyghus, SEEG is not very
precise surgery and SEEG lead may not be in a perfect locitifege negative stim results).
b) Adjusting DBS settings while doing real time scalp EEG.

Mayo Clinictries bothhigh andlow frequencystim for every DBS patientthey both work by
different mechanisms (high frequency suppresses cortex, low frequency stimulates).

Several contacts on target:
a) turn on the most centered one
b) turn on all contacts that are on target

Parameter Typical Starting Value

5V

Amplitude *In clinical practice clinicians may start at a lower amplitude and titrate up
slower as they access patient response and tolerability.

Pulse Width 90 pus
Rate 145 Hz

Unipolar Mode: Single electrode or two adjacent electrodes
Electrode negative, case positive
Configuration (all patients in the SANTE clinical trial were in unipolar mode)

Cycle of Cycling mode ON:
Therapy 1 minute on, 5 minutes off

SoftStart™Stop | programmed to 8 seconds

Phase I(start 23 weeks postof) increasing output
Amplitude T start at0.5 mA (old way- 1.5-2.0 V) andincrease g1 weeks by 0.5 mA0.5 V) (or
even longer intervals analogy with adjusting AEDg)p to 4 mA(4.5-5.0 V, up to 9.0 V)most
patientsneed2-3 mA.
- gradual amplitude increase helps to minimize occurrence of psychiatric side effects.
- keep symmetrical between sides.
- corresponds to-Z mA (some experts recommend cursbased programming to mitigate
impedance effects that maybe very asymmetric).
Pulse width90 msec (this is invariable*)
Frequency 145 Hz (this is invariable*)
*hardware allowgo change it but in studies it did not make any difference
Duty cycle 1 min on, 5 mins off.
Monopolar
- typically not the deepest contact
- usually most centrally located contact
- do not use contacts witbhw impedance$ electrical current will shunt into CSF (not into
parenchyma).
- contactsn thalamus bubutside ANT cannot stimulateMY as white matter capsule creates
barrier.
- alternativel wide bipolar stim (anode most distal).
N.B. bipolar stimulation is used to limit current spread into surrounding structures.

Phase 1li changing cycling
Decreasing off time from 5 to 3 min.

N.B. directional stim is available only in monopolar mode.

Directional stim is most useful to salvage surgical imperfections (e.g. to steer current away from sid
effects).

TARGET SELECTION
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\\/nu(m’ﬁ Notes DBSIN EPILEPSY E27 (15
Role of thalamic SEEG see p. E13 >>

This target selection isased on a general understandinthafamic connectivity but doesnot take
into account potentiahdividual differencesin thalamic connectivityrelated to the underlying cause
of that person's epilepsy or because of epileppgyen network reorganization

Region ANT CM Pulvinar MD
Frontal + +
motor cortex + (esp.anterior
and inferolateral
fiparvocellulaf
subregion of CM)
mesialanterior +
cingulate +
Insula +
Temporal, +
lateral
Temporal, +++ (anterior + (esp. medial
mesial hippocampus) pulvinari to
posterior
hippocampus)
Limbic system +++ +
(Papez circuit)
Occipital, + (esp. lateral
parietal pulvinar)
Basal ganglia +
Multilobar + (esp. dorsal
CM)

'posterior quadrant epilepsythere are no studies which thalamic target is best,
but (based on connectivity) LATERAL pulvinar is the best

Seizure type ANT STN CM
GTC +(?)

Generalized +
Myoclonic + (also substantia

nigra pars reticulatal
zona incerta)

LGS, LGSlike +

with drop attacks

N.B. for combined seizure types, implant > 1 thalamic targets

9 for unilateral epilepsiegideally, verify with SEEG) implant ANT and CM on the same side.
9 if early thalamic involvementis demonstrated by SEEG, then choB$ES (otherwise, us®BS
or RNS with cortical lead for detectiofisic or t i cot hal ami cd strateg:

Gy frontales

G. prae-
centralis

G post-

centralis

Gy
temporale

G
parietales

MNI coordinates
ANT R:5,-5,12 | L:-5,-6, 12 CMT R:10,-19,3 | L:-10,-20, 3

MNI coordinates

Piper et al. BRAIN 2022

MULTIPLE TARGETS

9 start stimulating onaucleus(vs combined hard to tease out the effe¢tprs. Cukiert, Gross

Multisite thalamic stim makes sense!
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Feasibility: Targeting 2 nuclei with one lead (8 contacts) + 22 channel PG (BSCI) >
up to 4 targets bilaterally

Multl targetmg DBS for Ep|lepsy Early Lessuns

Surg|cal challenges . -

— F’roprletary lmaglng protocols e lnd|cat|ons for transm|t receive conls
dlffer e ot ey -

e T get DB o.mépllepsy"}ls feasnblé and only adds 25 more
:-j:w;electrodes and ome iﬂme (o} a'_ ase """""""" _B_U_ s '-;

__.f:fff.'f.’.;iéff,'How far do you take one target before start g the second'7 T
-+ Do you switch to 2" target or add it to the 157 ——-
e Al target is ‘more “expenmental" how do you learn about it if the first one is
on?
« How to disambiguate effect of time vs. adding second target?

Multi-nodal, Multi-circuit Neuromodulation

Significance 1+1=+2
[. DBS - ANT, CM, etc., is GOOD...

2. RNSis GOOD...

= ~70% of 50% reduction
o |0-20% seizure freedom

Aims/Ubjectives
[ Will multi-nodal (same circuit) neurastimulation improve results?
NOT SURE

9 Will multi-gircuit neurostimulation improve results? NIT SURE
« | patients w/ multiple circuits implicated

Pulvinar + CM:

Read:

J NS Published July 14
Multitarget deep brain stimulation for epilepsy

Andrew |, Yang, MD, MS,! Falcal Isbalne, PhD,! Abdulrahman Alwakl, MD,? and
Robert E, Gross, MD, PhD'2

Centromedian thalamic nucleus with or with

E Xp g ,' I' Eﬂﬂg deep brain stimulation e out anterior thalamic nucleus |

b it pilepsy in children and adults: A retrospective

‘ Juan Luls Aleala- Zcml eno *, Nichol,
. 'E Chl'dren 8 adUItS pereibepe Ui ies¥ el bl olas M. Gmgx Elaine C. Wirrell ", Mnu Stead ©,

an Gompel ¢, Brlnn Nils Lundstrom
* |4 generalized + focal sz '
* 2 multifocal sz

* Implanted with Seizure: 84 (2021) 101-107

* 1l'b/1 CM + ANT DBS
* 5 CMDBS alone

* Results:

* No difference in seizure frequency
reduction or responder rate

+ CM + ANT: E0%, 63%
« CMonly: 56%, 60%

THALAMIC ATLASES

BURNING ATLAS STRUCTURES INTO PATIENT SCANS8sing LeaeDBS + FSL:

THOMAS (THALAMUS OPTIMIZED MULTI ATLAS SEGMENTATION

Jason H St al. Thalamus Optimized Multi Atlas Segmentation (THOMAS): fast, fully
automated segmentation of thalamic nuclei from structural.MBUroimage . 2019 Jul
1:194:272282. doi: 10.1016/j.neuroimage.

|
i segments thalamus into 12 nuclei
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https://www.brainmodulationlab.org/cmburn
https://github.com/thalamicseg/thomas_new

\

1 THOMAS was rigorously evaluated on 7T MRI datccuracy was very high, with uniformly
high Dice indices: at least 0.85 for large nuclei like the pulvinar and mediodorsal nuclei and at le
0.7 even for small structures such as the habenular, centromedian, and lateral and medial genic
nuclei. Voume similarity indices ranged from 0.82 for the smaller nuclei to 0.97 for the larger
nuclei.

1 THOMAS works well for distorted anatomies (such as LGS).

1 segmentation technique basedvdrite-matter-nulled MP-RAGE (WMn MP -RAGE) imaging

White-matternulled MRRAGE sequence parameters

1.5T (GE) 3T (GE) 3T (Siemens) 7T (GE)
TR/TS (ms) 10.4/3000 10/4500 10/4000 10/6000
TI (ms) 350 500 500 680
Flip (deg) 10 9 7 4
Matrix 224x224x124 180x180x200 256x256x160 | 180x180x200
Slice thickness (mm 1.2 1 1.1 1
Parallel imaging None None 2x1 1.5x1.5
Scan time (min) 7.5 10 5.5
Coill 8-channel GE 8-channel GE 24-channel Nove 32-channel Nove

TourdiasT et al.Visualization of intrathalamic nuclei with optimized whiteatternulled
MPRAGE at 7TNeuroimage34, 534 545. 10.1016/j.neuroimage.2013.08.069

Morel atlas described bgarciaGarciaet al.(2016)
Garcia-Garcia D, Guridi J, Toledo JB, Alegre M, Obeso JA, RodrigDeaz MC. Stimulation
sites in the subthalamic nucleus and clini
approach for active contact localization. J Neurosurg 2016; 125: 1088

ALLEN BRAIN ATLAS

https://community.brain  -map.org/t/allen -human-reference -atlas-3d-2020-new/405

ANTERIOR NUCLEI OF THALAMUS (ANT)

Pending read
Mottonen T, Katisko J, Haapasalo J et al. Defining the anterior nucleus of the thalamus (ANT) as a

deep brain stimulation target in refractory epilepsy: delineation using 3 T MRI and intraoperative
microelectrode recording. Neuroimage Clin . 2015;7:829

V. Salanova. Deep brain stimulation for epilepsy. Epilepsy BE8&{2018), pp21-24

Bouwens van der Vlis TAM, Schijns O, Schaper F, et al. Deep brain stimulation of the anterior
nucleusof the thalamus for drugesistant epilepsy. Neurosurg Rev. 2018.

Cukiert, Lehtimaki et al. Deep brain stimulation targeting for refractory epilepsy. Epilepsia 2017
M.C.H. Li, M.J. Cook. Deep brain stimulation for druigsistant epilepsy. Epileps2017), ppl1-18

Lehtim&ki K, Mottonen T, Jarventausta K, Katiskol ahtinenl, Haapasalo J, et al: Outcome based
definition of theanterior thalamic deep brain stimulation target in refractpilepsy. Brain Stimul
9:269 275, 2016

Krishna V, King NK, Sammartino F, et al. Anterior Nucleus Deep Brain Stimulation for Refractory
Epilepsy: Insights Into Patterns of Seizure Control and Efficacious Target. Neurosurgery.
2016;78(6):80811.

Kamali A, Zhang CC, Riascos RF, Tandon N, Bonafduiégia EE, Patel R, et al: Diffusion tensor
tractography ofhe mammillothalamic tract in the human brain using a btial resolution DTI
technique. Sci Rep 8:5229, 2018
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(onlinelibrary.wiley.com) DOI: 10.1111/ner.12468

Imaging of Anterior Nucleus of Thalamus Using
1.5T MRI for Deep Brain Stimulation Targeting
in Refractory Epilepsy

Elena Jiltsova, MD*; Timo Mottonen, MD'; Markus Fahlstrom, MSc*;

Joonas Haapasalo, MD, PhD*; Timo Tahtinen, MD?; Jukka Peltola, MD, PhD;
Juha Ohman, MD, PhD"; EIna-Marie Larsson, MD, PhD%;

Tommi Kiekara. MD. PhDS%:; Kai Lehtimaki. MD. PhD**

HISTORY

1 proposed by Upton and colleagues for suppression of epileptiform discharges within the limbic
system; in 1987, they reported significant seizure control in 4 of 6 patients.
Upton AR, Cooper IS, Springman M, et al. Suppression of seizures and psychosis of limbic
system origin by chronic stimulation of anterior nucleus of the thalamus. Int J Neurol 1985;19
20:223 30.

ANATOMY

Central nodef Papez circuit(close anatomical connectivity between the ANT aresial limbic
structures desirable target for MTLE)
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DBSIN EPILEPSY E27 (L8)

DBS

v Y
A r d ‘
Prefrontal ¢ ﬁolon:?:glgulole Cingulate gyrus .

cortex »,

)
[ thalamic §
\nucleus //

“~——Fornix
(column)

Mammillary n
Hippocampu

Frontotemporal/ limbic epilepsiesmay respond best (as opposed to paiveimpital epilepsies)

vs. CM nucleu$ whole cortex; pulvinar visual cortex
Irving Cooper reasoned that due to its location in Papez circuit, ANT could serve as a key location t
disrupt limbic seizures.

1 dimensions 4 x 10 x 5.5 mm
1 located at théloor of the lateral ventricle
1 surrounded by plexus choroideus, thalamostriatal agid,internal cerebral vein:

1 locatedat the anteriosuperiormedial aspect of the thalamus and cauotgs its anterodorsal
border.

1 partially envelopedigolated from the rest of thalamus) a myelinrich sheath belonging to the

mammillothalamic tract (MTT)and theinternal medullary lamina

subnucleiall have distinct patterns of connectiyitgnterodorsalanteroventral, and anteromedial.

projectsto superior frontal and temporal lobe structures commonly involved in seizures

inputsfrom the subiculum, mammillary bodies via mammillothalamictfracd retrosplenial

cortex

1 MTT joins ANT at its inferior border slightly anterior to the midpoint of ANT in the anterior
posterior axigthis junction is close to the border between anterior principal and anteromedial
subnucleus according to the Schaltenbr&xdhren atlas).

= = =
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