07/11/2024

DEEP BRAIN
STIMULATION IN

PARKINSON'S -
DISEASE =, _

Maria Ruiz Izquierdo

N
\A‘i

REFERENCES

Guyton book page 711

https://link.springer.com/article/10.1007/s00702-017-1751-6
https://jamanetwork.com/journals/jamaneurology/fullarticle/802237
https://www.sciencedirect.com/science/article/pii/S1878747924000345
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2021.708481/full
https://www.nature.com/articles/s41582-020-00426-z#ref-CR38
https://www.michaeljfox.org/news/currently-available-deep-brain-stimulation-devices
https://pmc.ncbi.nim.nih.gov/articles/PMC7502302/
https://link.springer.com/article/10.1186/s12984-017-0295-1
https://www.nature.com/articles/s41582-020-00426-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6397644/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6440024/
https://www.nature.com/articles/s41582-018-0128-2



07/11/2024

PARKINSON'S DISEASE

Normal Control

—| Patient (Parkinson) l—

Parkinson’s Disease
Rigidity

Postural
instability

Bradykinesia



TREATMENT APPROACHES:
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PARKINSON'S DISEASE

PARKINSON'S DISEASE

PARKINSON'S DISEASE
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L-DOPA: dopamine

L-DEPRENYL: monoamine oxidase

FETAL CELLS: dopamine-secreting cells
DESTROY FEEDBACK CIRCUITRY: surgical lesions
DEEP BRAIN STIMULATION
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DBS SYSTEM

- Platinum iridium wires
- Nickel alloy connectors
- Polyurethane sheath

- Insulated wire

- Active component
- Electric signal

SURGICAL PROCEDURE AND PATIENT SELECTION

Parkinson's Disease targets:

- Ventral intermediate nucleus (Vim):
contralateral tremor

- Subthalamic nucleus (STN): motor symptoms
and dyskinesias—>better antiakinetic effect,
reduction of medication and less stimulation
energy

- Globus Pallidus (Gpi): motor symptoms and
dyskinesias

Targeting techniques:

- MRI

- Ventriculography

- Microelectrode recording
- Intraoperative stimulation
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SURGICAL PROCEDURE AND PATIENT SELECTION

Parkinson's Disease targets:

- Ventral intermediate nucleus
- Subthalamic nucleus

- Globus Pallidus

Targeting techniques:

- MRI

- Ventriculography

- Microelectrode recording
- Intraoperative stimulation

SURGICAL PROCEDURE AND PATIENT SELECTION

electrode

IMPLANTATION
- Lead: local anaesthesia+ neurological assesment
- IPG: general anaesthesia, subclavicular area

PATIENT SELECTION

- Individual Risk-Benefit evaluation

- Advanced PD

- Young age

- Non-Levodopa-responsive motor symptoms
- No cognitive impairment

- Psychiatric disease

- Dementia

© Mayfield Clinic.
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FACTORS
« Stimulation
parameters:

amplitude, voltage,
frequency and

pulse

+ Time

e Target cells: not
homogeneous
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DBS MECHANISM

Disrupt aberrant oscillatory activities

Suppression of

i Modulation

pathgel?aglcm of synaptic

oscillations plasticity
<

Restoration of
striatal brain-
derived
neutrophic factor

D =
] !
' n 3
- :f;‘rw“" ore)
|‘ N "o ﬁ
= p

DBS MECHANISM
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Oscillation frequency (Hz)

EFFECTS
* lonic level: reorganization
of charges

+ Cellular level: action
potentials propagation

DBS MECHANISM

A NORMAL B PARKINSON'S DISEASE C sTn-DBS
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© Excitatory > Balancedeffect =~ —> Decreased effect 111 Dopaminergic loss
© inhibitory == Increased effect  —>1 Blocked effect

DBS MECHANISM

« Beta oscillations: bradykinesia and
rigidity

» High synchronization in basal
ganglia, thalamus and motor regions

«  >Selective filter
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LIMITATIONS
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MARKET

No. of channels. 2 2 2 2 12
Size (mm) 56x50%13 67x50%14 71x50x11 51x46x11 72x50%12

Freq. range (Hz) 2-240 2-240 2-255 2-255 2-255

T

No. of channels. 2

Size (mm) 52%45x11 85x49%15 54x54x9 55%60x11 68%51x12

Freq. range (Hz) 2-255 2-250 2-250 2-250
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TOTAL COST OF THE PROCEDURE: 30000$
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Adaptive neuromodulation:
feedback mechanism
Optimization of electrode
placement: High field MR,
difusion imaging and
consecutive tractography

Stimulation methods: current vs

voltage and waveform
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IMPROVEMENTS
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CONCLUSION

a Current DBS systems

Electrode
= Single or bilateral electrodes
* Continuous stimulation

Extension cables

Implantable pulse \
generator \
« Lithium battery in \
titanium housing
= Adjusted with physician |
programmer \
* 3-5-year battery life

Brain State

&

Brain State

Stimulation On in open-loop DBS

N

b Future DBS systems

Implantable pulse

generator

* Smaller, cranialized

* Connected to Wi-Fi

* Longer battery life

* Rechargeable or
energy-harvesting

Electrodes

* Multiple leads,
capable of sensing
and stimulating

« Closed-loop/adaptive

No extension cables



THANK YOU FOR YOUR
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