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- Combined (thalamotomy and stimulation) stereotactic
surgery of the VIM thalamic nucleus for bilateral
Parkinson disease: Benabid AL, Pollak P, Louveau A, Henry
S, de Rougemont J: Appl Neurophysiol, 1987, 50:344-346.

- Stimulation of subthalamic nucleusalleviatestremor in
Parkinson’ s disease: Krack P, Pollak P, Limousin P, Benazzouz
A, Benabid AL: Lancet. 1997 Dec 6;350(9092) : 1675.

- Chronic stimulation of subthalamic nucleus improves
levodopa—induced dyskinesias in Parkinson’s disease:
Krack P, Limousin P, Benabid AL, Pollak P. : Lancet. 1997
Dec 6;350(9092) :1676.

- Electrical stimulation of the subthalamic nucleus in
advanced Parkinson’ s disease: Limousin P, Krack P, Pollak
P, Benazzouz A, Ardouin C, Hoffmann D, Benabid AL: N Engl
J Med. 1998 Oct 15;339(16):1105-1111.
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Can Physics and Serendipity benefit
to Clinical Neurosciences?

Alim Louis Benabid, MD, PhD

T Aksyonova , G Charvet, T Costecalde, S Cokungkor, V Auboiroux, M
Foerster, L Sekar, F Sauter, N Torres, C Mestais, S Chabardes.

The Edmond J Safra Research Center
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From
Deep brain HF stimulation
(Treatment of Symptoms)
1.

0
Infra-Red Therapy
(Neuroprotection)

Alim L. Benabid, MD, PhD

CEA Clinatec Edmond J Safra Biomedical Research Center
Grenoble France
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I. Parkinson's Disease
and Deep Brain Stimulation

Discovery of the Effects of High
Frequency Stimulation and
Establishment of a New Therapy
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Parkinson's disease

Parkinson's Disease is the emblematic Example
Neurodegenerative Disease

Q “ — ~ Dopamine

Normal PD

b 4
‘ Parkinsonian Symptoms Triad k v{'m

Akinesia, Rigidity

Tremor
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Can we Treat the Symptoms?

Therapeutic Options
Medications

HO

NHo ) Dopemine Effect / Triad
Levodopa - But: Dyskinesias

HO

Neurosurgery
‘ R

' ..~
\Qgr
[ & °% _ Effect / Tremor
Gon. 4 - ’! But: Complications
L. a3 What else ?
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Discovery
Serendipity

1987: During thalamotomy for Essential Tremor
Intraop Stimulation of VIM ‘ O
Thalamus stops Tremor @ f >100Hz

Arrest

185 Hz

Paradoxal Effect : ‘ Adaptable
HFS mimics Lesion 7, T Reversible
Too good to be true?
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Would DBS@HF be the Solution?

From Clinical Observation, How to set-up a
Surgical Method ?

LUCK: Device 4 Available,3387
WORK: ‘ V43

L
'L'l‘v | e

WgRK: Concept Confirmation:
LF:
Excites "Inhibits"

LUCK: Lack of IRB in 1987

HF:
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Surgical Procedures

. D-4: Stereotactic Radiology for Targeting:
o V°/General Anesthesia. MRI (T1. T2)/Local Anesthesia.

V° Iodine Contrast, Xrays
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Fine Tuning a Neurosurgical Procedure

Precise Determination of Coordinates

-‘1 a2 /ﬂ 1 -Microrecording :

. & s SN

-Microstimulation :
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Duality of Frequency HFS vs LFS

1987 1992

Thalc\mus VIM Pallidum: GPi
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STN HFS has Long Term Effects

Follow-Up OFF Drug Long Term (1,3,5 yrs)
| Krack et al, New Eng J Med, 2003

1 Iy
1 L

0.73  1112°AP
211 mm
0.84  1/8°HT

2015: 22 year experience in >380 bilateral STN cases [>]
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Extension to Other Indications :
Dystonia

HFS-GPi

HFS-STN

Bomin Sun, Shanghai.

G6pi + STN

6 Cases, Unpublished Grenoble
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Other Indications:

Psychosurgery: Heavy Past of Lobotomy:1970
Moratorium

Recurrence of the Problem with HFS:2000:

DBS @ HF: Inocuity, but risk of malpractice -
Obsessive Compulsive Disorders, Eating Disorders e
(Anorexia Mentosa, Obesity). Epilepsy, \Freeman & Watts

PPN for Walking Disorders? DBS of VMH

m PPN for Sleep Disorders? DBS of
VMH

LFS (10-25Hz) s alertness
HFS (80Hz) m==) non REM sleep
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The Mechanism is not Unique

Retrograde Activation,
Jamming?

\‘; 4
Synapses ‘;*

Sl
v\n‘y \, ‘ “‘ %o,

Gell

37 Ne

Inhibition

Quest for a Unified Theory of High Frequency Effects
______________________________________________________________________]
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II. Can we Treat the Disease?

DBS has demonstrated symptomatic
effects contemporary to Stimulation

The degenerative process has

continued, the disease has progressed

Current therapies have no curative
potential.
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II. Near InfraRed Therapy

Where does it come from?

Interactions of Light with Matter:
Reports of beneficial effects of exposure
to Light, depending on the Wavelength,
(Color), ie. Energy as E=h.v which
activates Photoacceptors.

X—14
(H—14) ZZICEDLZo0FIE, EeWE EOMAMERIZET MR, WEKGFMED LR
BOAWBRIERIZONWTORET L, ZOEHIZ, Y hrbhc AF T H—BREDIZE
KOTEMEALICHE SV THE SN TWET, ZOW%IZ. 75 A Tllbo-Yay - I b
7 =R & O I IEEI O FIThivE L,

Photomodulation of SNc by NIR
External Illumination NIR 670nm in Mice

Behavioural results
Saline

Number of TH* cells in SNc

50mg/kg MPTP
t

MPTP-NIr

i
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Preclinical Program Endoventricular NIR

Laser Source

Optical Fiber

Battery ©

Primates

Diffusor
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Preclinical Program: Neuroprotection

Behavior
60

Clinical Score

1234567 8910111213141516171819 2232425262728293(
Histology F Darlot Annals Neurol. 2015
Nissl / SNc¢ TH Terminals/ Striatum
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Clinical Trial:
Neuroprotective Ev-NIRT in PD

Breaking News
Protocol submitted: June 2016
= Ethics Committee: OK: 10112019
Q 2 Cases 15032021 and 15092021

Neuroprotective? Curative??
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Symptom Appearance = 60-70% DA neurons already lost

Remaining neurons continuing loss at about 10%/ yr

Try to protect or save the 30-40% neurons
Control

PD
S P S
11C PE21 DAT

100 \

EVNIR “Curing"?

, Time (yr)

S. Thobois, CERMEP Lyon
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CLINATEC CEA University Hospital Grenoble
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CLINATEC CEA Hopital Universitaire de Grenoble
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BREOWIE . LAy - ayBa—F 2 —Tx—RA

III. Compensation of Spinal Cord
Injury Deficits

A Fortunate Circumstance

To execute a movement or
just to think of it evoke
similar Brain Activities
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Structure of the Wimagine® Implant

ASIC CINESIC32
amplification and
igitalisation of ECoG
signals

WIMAGINE®
Implant
D,

Electrodes
Matrix

Antennas

2 Antennas
wireless tele-poweried

Easy Insertion Monobloc (Surgeon's Proof, 50mm)
Non Invasive (64 ECoG non penetrative epidural contacts)
Wireless (data emission, power supply)
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What about a Tetraplegic Patient
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