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Movement disorders?

* Ancient greek: dyskinesia

e Dyskinesia:
* Too much movement: hyperkinesia
* Too few movement: hypokinesia



Movement Disorders Phenomenology

Hypokinetic Hyperkinetic
' & ’\I ]

.’

“Parkinsonism”



Too few movement: hypokinesia

e parkinsonism

Typical appearance of Parkinson’s disease

Stooped posture

Masked facial
expression

Rigidity
Forward tilt
of trunk

Flexed elbows

& wrists Reduced arm

swinging
A
99,

Slightly flexed
hips & knees

Trembling of
extremities

/
Shuffling, short-
stepped gait



Too much movement: hyperkinesia

* ataxia
* dystonia
* tremor

* chorea
* ballism

* athetosis
* Myoclonus
* (Tics)
* (Stereotipies)
* (Functional mov disorders)




List of Mov Dis Phenomenologies

hypo k| netic pa rk| nsonism Akinesia +/- rigidity or rest tremor

gummm—

Literally “without order”: loss of full control of bodily movements, which
become clumsy and irregular due to decreased coordination

During action ataxia

—

period of time in the same form and on multiple occasions,

=)
O dyston ia sustained muscle contractions, frequently causing twisting and repetitive
- -'C; movements or abnormal postures
“~ (©
o o . I -
"E s — tremor Rhythmic oscillation around an axis/joint
= T brief, abrupt, irregular, unpredictable (random), non-stereotyped
O 8 Chorea (ballism, athetosis) ’ RERTEEE Sl EnR ’ yp
> 0O S movements
[ 5 Q . o
f= — Myoclon us Sudden, .brlef, .sho.cl.(-.llke involuntary movement caused by muscular
f contraction or inhibition
8_ Myorhythmia (rhythmic Repetitive, semirhythmic, jerky or oscillatory, slow frequency (1-4 Hz)
> myoclonus) rapid movement, at rest and very mildly modulated by actions
— :
>~ -
T = Tics Spontaneous, repetitive, involuntary movements, stereotyped, motor or
S -9 vocal, simple or complex, preceded by a sensation or urge
C
S (S} .. _ i . .
= E — Stereotlples a non-goal-directed movement pattern that is repeated continuously for a
> B
: cmm
-

abnormal movements incongruent with a known neurologic cause

Functional Mov Dis




BEHAVIOUR

1 Range of action made by organisms

71 Response of the organism to various stimuli

Internal world
-Homeostasis
-Emotion

| Mesial anterior\ Movement h A Movement : | >
. . areas = planning ~ Motor cortex muscle ]
Stimuli -anterior cingulate | -pre-motor oMl contraction Action
1 -cortico-spinal
areas Y, Yy, -reticulo-spinal/ \

External world
-Visual

-Auditory
-Somatosensory




0.8

o7

0.8

o5

0.4

o3

oz

o.1

Q




BEHAVIOUR

. . -Appropriate selection of
1 Range of action made by organisms berk)\gvigural fragments

. . . (out of the pool of learned
1 Response of the organism to vcrlov@sﬂhw% standard behaviours) :

“‘which movement to make ?”

Internal world
-Homeostasis
-Emotion
-Reward
-Thoughts

Mesial anterior\ ; [ Movement : |
areas = [l\)/llg;]/ﬁir:gnt Motor cortex muscle ]
i i S M1 contraction
Stimuli -anterior cingulatel | -pre-motor - >-C0rtico-spinal Action
-pre-SMA . .
P y, areas / \_ -reticulo-spinal/ \_

Cerebellum
\5 Detailed timing and coordination

of the different body parts

Basal Ganglia

External world
-Visual

-Auditory
-Somatosensory




BASAL GANGLIA

Globus pallichus T

(lateral part)
Subthalamic

nucleus

Clobus pallicus

Substantia
nigra




The cortico-BG-thalamo-cortical loop

Cerebral cortex

+ N
+
(~Striatum
GPe &a GPi J'r/_ inhibi'r>s Thalamus

Basal ganglia

Motor and non-
motor behaviour



movement loop (behavioral fragment loop)

N

CORTEX

Direct pathway | D1

\

Indirect pathway D2

Hyperdirect pathway
(no dopamine impact)

Striatum

Thalamus

to ue

NST

Courtesy Dr Matthieu Robitaille - Québec



The car metaphor

Hyperdirect &
indirect pathways
are

Direct pathway
IS




Dopamine : favors movement

A s
o 1. hyperdirect

o No action of Dopamine

1 2. direct

0 Dopamine favors the direct pathway, hence favors
movement

1 3. indirect

00 Dopamine inhibits the indirect pathway, hence favors
movement




MPG: Motor pattern generators

Introduction to the concept of “Motor pattern generators” |

/a)néams Lo C1.
Example of a learned motor

pattern %U" C”é?* A@/-;X
Writing using muscles from : /Zgz.ré,,;@_', e Cly1.
A) The hand, s,
B) The forearm, /\'"yé 3*4@6 -
C) The arm/shoulder ]D P
C(/‘é/(‘&ﬂ'-’o/{l&d(—@b‘c

Marsden 1982



Selection of a MPG
B

1 Concept of “Multiple parallel-processing sensory, cognitive and affective systems”

Internal world
-Homeostasis

-Emotion
-Reward
N £
Movement : .
Motor cortex M1 muscle Action
contraction
4
7 A\

External world
-Visual
-Auditory
-Somatosensory

0 Simultaneously seek access to limited attentional and motor ressources : there is only one

single common effector : an action !
o1 | Need for selection of a MPG ! This is the role of the basal ganglia !!!




20

Parallel, functionaly segregated BG-thalamo-cortical loops

Motor circuit Associative circuit Limbic circuit

Rodriguez-Oroz MC et al. Lancet Neurol 2009; 8: 1128-39



Missing slides

From «(conscious) goal-directed movements to the creation of habits!

Automatism

Limbic then cognitive then sensori-motor

Interaction of the different parallel loops
Via dopamine signaling

To create the habit



What have | told you ¢

Behaviour is the range of actions made in response to various stimuli in a precise
context
direct and indirect pathways
Direct : promoting movement
Indirect : suppressing undesired motor programs
Dopamine : modulation of the direct and indirect pathways
There are many different parallel, functionaly segregated, BG-thalamo-cortical
loops
Limbic
Associative
Motor
These parallel and functionaly segregated loops interact with each others



Conclusion : roles of the BG

The basal ganglia are responsible for the automatic execution of
learned motor, cognitive and emotional plans

The BG assist the (pre-frontal) cortex in selecting the most
appropriate behavioural output (motor, executive, emotional) in a particular
context

The “stop” component of their function being as important as the “go”
component: suppression of unwanted motor /behavioral plans




* Hypokinesia

Today’s * Parkinsonism
Learning *Parkinson’s disease
ObJeCtIVGS * Atypical parkinsonisms

* Secondary parkinsonisms
* Zebras...




* Parkinson’s disease
Learn| Ng * The syndrome

Objectives * Epidemiology
* Etiology

* Pathophysiology

* Substantia nigra compacta - neuronal loss
* Clinical signs & symptoms
* Treatment

* Dopamine & other drugs

* Motor fluctuations

* Advanced therapies
* Deep brain stimulation (DBS) = stimulation
cérébrale profonde

* Non-motor symptoms

oy
A




Parkinsonism

e Association of bradykinesia and
* Rigidity and/or
* Rest tremor
* +/- Postural instability

* Parkinsonism = parkinsonian syndrome
* A syndrome is a set of symptoms and signs

e Syndromes have a DDx (differential diagnosis)




Parkinsonism (PKism) : the “5-2-100 rule”

* DDx: Differential diagnosis 2 thirds of the cases
* Parkinson’s disease (PD) /

 atypical parkinsonisms
* Multiple System Atrophy MSA
* Progressive Supranuclear Palsy PSP
e Corticobasal Degeneration CBD
* Lewy Body Dementia LBD

= Five (main) degenerative
parkinsonisms

—

* Two main secondary parkinsonisms
* Drug-induced (neuroleptics)
* Vascular parkinsonism

e Zebras... (more than 100, including genetic degenerative & genetic metabolic causes, or
secondary...)

* Alot of rare diseases, not primarily classified among the parkinsonisms,
may present with parkinsonism, among other symptoms, e.g.:
* Huntington, Wilson, Brain Iron accumulations, familial brain calcifications,

some genetic ataxias, metabolic diseases (Niemann-Pick type C), Normal
pressure Hydrocephalus, toxic causes, infextious causes




Atypical Parkinsonian Syndromes
= “Parkinson-plus”

* Less likely to be levodopa responsive
* Progress faster, more severe, worse prognosis
Additional clinical features

Multiple System Atrophy

* Dysautonomia, Ataxia and PKism

* Progressive Supranuclear Palsy
* Supranuclear gaze palsy, falls, axial PKism signs

Corticobasal Degeneration
* Apraxia, dystonia, unilateral PKism, cortical sensory signs

 Dementia with Lewy Bodies
* Dementia +/- cognitive fluctuations, or PKism, or hallucinations



Parkinsonism

Stooped neck early
Autonomic failure
-Hypotension
ncontinence
mpotence

Ataxia

Pyramidal involvement
Rather poor med response




Video MSA

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024



MSA: colored /discolored hands and feets:
dysautonomia

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024

32



Brain imaging in MSA

* Parkinson’s disease : fairly
normal

* Atypical parkinsonisms :

abnormal MSA: MSA: pontine
atrophy and putaminal
T2-hypointensity

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024 33



Progressive supranuclear Palsy

Wide open eyes

Neck rigidity

Poor Up & Down gaze

Falls within a year of Dx
Early pharyngeal dysfunction
Dementia early

Very poor med response




Video PSP

FOG upon turning

e

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024

35



Vidéeo PSP : square wave jerks, supranuclear gaze palsy
(that gets bnetter after Oculo-cephalic reflex)

Macro square wave jerks

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024



Brain imaging in PSP

e Parkinson’s disease : fairly PSP: midbrain atrophy = colibri sign

normal

* Atypical parkinsonisms :
abnormal

FIGURE 5 | Magnetic resonance imaging of a patient clinically-diagnosed with progressive supranuclear palsy. The left image is a sagittal T1-weighted sequence
showing the “hummingbird” sign (smaller box), while the right image is an axial T1-weighted sequence showing the “morning glory” sign (arrows); both features are
seen in progressive supranuclear palsy. The pons (p) and midbrain (m) areas are also shown (larger box), and their ratios have been used to calculate an index to assist
in the diagnosis (128). Figure adapted from Saeed et al. (10), under the Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024 37



Vidéo CBD : major dystonia and parkinsonism (unilateral
at first), ideomotor apraxia

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024



Panel 1§Secondary parkinsonism

Infectious

Encephalitis lethargica and other viral infections (eg, AIDS,
PML)

Prion disease

Neurosyphilis

Toxoplasmosis

Toxic

Carbon monoxide
Cyanide

Carbon disulphide
MPTP

Manganese
Solvents

Drug induced
Dopamine-receptor blockers
Classic neuroleptics (eg, phenothiazines, butyrophenones)

metoclopramide

Atypical antipsychotics (eg, risperidone, olanzapine)
Dopamine-depleting drugs (eg, tetrabenazine)
Other drugs (eg, valproic acid, calcium channel blockers)

http://neurology.thelancet.com Vol 5 January 2006

Anti-vomiting drugs :

Brain tumours
Supratentorial and brainstem tumours
Arteriovenous malformations

Cranial trauma

Striatal variant of dementia pugilistica
Chronic subdural haematoma
Mid-brain trauma

Vascular lesions

Metabolic

Hypoxia

Hypoparathyroidism

Familial basal ganglia calcification
Extrapontine myelinolysis
Chronic liver failure

Wilson’s disease

Miscellaneous

Huntington'’s disease

SCA mutations

FTDP-17

Neuroacanthocytosis
Dentatorubropallidal-luysian atrophy
Normal pressure hydrocephalus
Haemiatrophy-hemiparkinson syndrome
Psychogenic



Neuroleptic-Induced
Movement Disorders

Oculogyric Crisis Parkinsonism

Tardive dystonia




Parkinson Disease — Motor Symptoms

* Bradykinesia, plus

Typical appearance of Parkinson’s disease

7 * Rest tremor,
Stooped posture /,’, | and/ or

7} ersdon * Rigid hypertonia
Forward tilt L. .

ok o * Hypomimia (masked facies)

Flexed&ewggg . .

\\Eﬁgg?ﬁgafm * Micrographia

) » Stooped posture

* Diminished arm swing

e Gait difficulty including

Slightly flexed freezing of gait
hips & knees

R * Hypophonia (early),
extremities /,I/ dysarthrla (|ate)

Shuffling, short- .
i * Balance isssues & falls



Parkinson’s Disease (PD) - Epidemiology

* Second most common neurodegenerative disease (after
Alzheimer’s disease)

* More common in men than women

* Worldwide incidence estimates
* 5to >35 new cases per 100,000 individuals per year

e Rare before 50 years of age
* But exists !!! We follow a dozen of young-onset PD patients in our clinic
* Young-onset PD: almost always genetic PD

* Incidence increases 5-10 fold from the 6t to 9th decades

* Global prevalence 0.3% for all ages
* But >3% in those >80 years of age

Vanessa Fleury

Parkinson’'s disease

0-39 0

40-49 17
50-59 50
6069 138
70-79 275
8089 268
=90 G

All ages 812



Descriptive epidemiology of parkinsonism in the Canton of Geneva,
Switzerland

Vanessa Fleury %", Pauline Brindel °, Nicolas Nicastro ¢, Pierre R. Burkhard * ¢
2000 -

1800 - - ol
1600
1400
1200

1000

-m-Women

800 ——All

600

400

Prevalence (per 100 000)

200

0

0-39 40-49 50-59 60-69 70-79 80-89 >90
Age (years)

Fig. 2. Age- and sex-specific prevalence per 10° of Parkinson's disease.



PD in Geneva

0.17%

Vanessa Fleury

Study penod: From01.01.2003 to 31122012
Population on the 31,12 2012: 470512
Prevalence date: 01.01.2013

Case finding

| Hospital medical records

| FPrivate neurologists |

| Homes for the elderiy

| 2312 palients with suspected parkinsonism |

Parkinsonism
M=1235

Degenerativa parkinsonism
M=1000 (81% of parkinsonism }

Crude Prev=213/1051C95%(200/105227/10%)

l

Mon degenarative parkinsonism
MN=235 (19% of parkinsonism}
Crude Prev=50/10% I295%(43/10%56/10%

1077 patients excluded (830 decmased, 81 had left the canton at the prevalence date, 56
p———> diagnosis made after the prevalence date, 34 coding emors, or 66 didn't meet criteria for
parkinsonism after medical file review)

PD
N=812 (81%)
Prev 173/105
(IC95% 161-185)

PSP
M=39(3.9%)
Prav 87105

MSA
N=19 (1.9%)
Praw 4/105

CBS
N=14 (1.4%)
Prev 3/10%

Mon-PD Dementia with Drug-induced
parkinsonism N=102 (43.4%)
M=116 of whom 80 DLB Prev 22105

(9%, 16 AD (1.6%), 4 FTD
(0.4%), 6 others

VP
MW=87
[37%)

Prav
18109

NPH
N=12 (5.1%)
Prey 3/108

Prev25/10% (12/107for DLB)

Psychiatric disease
related/functional parkinsonism
N=8 (3.8%)

Prev 1.3/10%

Prav 0.6/105 for FP only

Miscellansous:

M=25(10.6%)
10 rare causes of secondary
parkinsonism (1 CJD, 1 Fahr, 1
Gaucher, 1 Wilson, 3 cirhosis-related
parkinsonism, 1 renal-insufficiency, 1
FXTAS, 1 neurnacanthocytosis), 2
parkinsonism related to
rheumatological disease, 13
parkinsonism of unknown ongin with
no degeneratve or secondary causes
found,




Etiologies in PD

e Multifactorial

e Mysterious

* Genetics:

* Family history increases risk
* 15% have a family history

* 5-10% of cases are - EPIGENETICS?
monogenetic \

* >10% are monogenetic if
'young-onset’ (<45 years)

Lill. Molecular and Cellular Probes 30 (2016)



Pathophysiology of PD
Substantia nigra







Control

PD = Neurodegenerative
Disease

* Neuronal loss in the substantia nigra
Pars compacta (dopamine production)

* a-synuclein aggregation forms Lewy
bodies and lewy neurites

e Extra-nigral brain areas become affected ,

over time '

Introduction to
non-motor
symptoms

Braak stage | and stage I Braak stage Ill and stage IV Braak stage V and stage VI

| o Cortical Lewy body

>

Severity of pathology ® Lewy body in the substantia nigra

Figure 2 | The main diagnostic neuropathologies for Parkinson disease. a | Parkinson
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Rate of SN neuron (dopamine neuron) loss
with aging vs in PD
00 %

Narmal Aging

Parkinson

Threshold for
symptoms

development

0 10 20 30 40 50 60 70 80 90 100



Nigro-striatal pathway (dopamine!)

From Substantia nigra ...To Striatum

compacta...

tuberoinfundibular tract



Nigro-striatal denervation ?
Can we see it ?

* DaT-scan = Dopamine Transporter ascan = 1231-FP-CIT SPECT

F N\

normal denervation
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MOTOR SYMPTOMS







What does the Patient notice?

remaor

Unilateral muscle ache
Loss of dexterity

Fatigue
Iipation
nse of smell

cons
Loss of se

Asked 1
Small

e

Wit

neat
ng

Excessive sallivation
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Change in writing



What does the MD need for Dx?

Slowness
and one of:

Tremor atrest / Rigidity

Typically starts on one side



Parkinson OFF-med (= no dopamine)

B




Parkinson’s Disease Treatment

/ ' /E{
11




Treatment : only symptomatic !
(in 2025 at least...)

PE‘““‘N “LOSENGE” = pain killer

SYMPTOM ReLIEE



Future: disease-modifying treatment

Immunotherapy

a- Synuclein-targeting therapies

BIIBO54 (SPARK)

RO7046015/PRX002
(PASADENA)
BAN0805

Affitope PDO1A

Lu AF82422

ABBV 0805
MEDI341
NPT200-11

binds to a-synuclein residues 1-10, with 800-fold higher affinity for aggregated over
monomeric a-synuclein; inhibits a-synuclein spreading in cell-based assays

Monoclonal antibody derived from the murine
monoclonal antibody 9E4 that targets both soluble

and insoluble forms of a -synuclein

Antibody targeting protofibrils
of a-synuclein
a -synuclein-targeting vaccine

human IgG1 monoclonal antibody that inhibits a synuclein protein

humanized monoclonal antibody targeting a -synuclein
high-affinity monoclonal antibody to monomeric and aggregated a-synuclein
orally bioavailable small molecule that binds to a -synuclein

EXPERT
OPINION Expert Opinion on Investigational Drugs

——
- ISSN: (Print) (Online) Journal

Therapeutic strategies for Parkinson’s disease:
promising agents in early clinical development

Margherita Fabbri, Santiago Perez-Lloret & Olivier Rascol

Phase |, recruiting
Phase Il, active not
yet recruiting
Phase |, completed
2019

Phase Il, not yet
recruiting
Phase |, completed
2016

Phase |, Recruiting

Phase |, completed
2016
Phase |, completed
2017

Phase |, recruiting
(Japan)

Phase |, recruiting

Phase |, recruiting

Phase |, completed
2016

It is still too early to predict what the role of immunotherapies centered on a-synuclein will be in the future, as
questions regarding efficacy and long-term safety are still open, but at the moment this approach is among the most
promising ones (Fabbri et al., 2020)




Parkinson disease:
medical treatment )

&

Levodopa is turned into
dopamine in the brain

Dopamine binds to
dopamine receptors



EVDDOPA



Levodopa Response




But it’s not so easy...
Parkinson’s disease : 3 states

* OFF-state :
e = parkinsonian

* ON-state:
* = normal (thanks to the drug giving extra dopamine)

* Super-ON-state :
 after a few years into the disease
* involuntary hyperkinetic movements : levodopa-induced dyskinesia



Disease progression

grey-blue: therapeutic window

Early stage Mid stage Advanced stage
honeymoon start of fluctuations “ON-OFF”
Alternating OFF-phases and
SUPEI' ON hyperkinetic phases

DYSKINESIES

ﬂf

OFF m

e

Levodopa intake



" DYSKINESIA >J \




Tremor vs dvskinesic

Motor fluctuations

y—g

Video editing: Christian Luscher; video footage: Julien Bally



Parkinson ON-med with dyskinesia




Vidéo levodopa-induced chorea

L




Treatment for PD Motor Fluctuations

* Increase the number of daily doses & reduce the unitary dose
* “fraction the levodopa intake” !

* Advanced therapies
* Continuous drug delivery ( o

—_—
)
|

* Apomorphine pump
* Duodopa pump

e Surgical treatment




Advanced therapies !

e Continuous dopaminergic treatment e Deep Brain Stimulation
Duodopa® Level A
Level A
Ve
VP
N\ b
“\ //"

Apomorphine
Level A
- |




DBS = deep brain stimulation

Prof. Pierre Pollak —DBS pioneer in Grenoble in 1987 Profs A.L. Benabid et P. Pollak, Grenoble
Photo Sept 2020 — Ecublens VD



What happens in PD? — lack of dopamine
1. No stimulation of direct pathway
2. Noinhibition of indirect pathway

3. STN is overactive
4. Net result: no movement

Direxway D1

Indirect pathway D2 f

Hyperdirect pathway
(no dopamine impact)

<
CORTEX
Striatum
-
GPe GPi Thalamus
) tonique
\ T
%,
\ 5
>

\

\—

Courtesy Dr Matthieu Robitaille — Québec
Modified by JB



Deep brain stimulation (DBS)

Z —_
| C°“°"i})~Lead
| N Y .
ll’ \ ‘ ‘ | : \
‘A Ventral

Globus pallidus

» | Thalamus lateral
‘ nucleus Dutaren
v é 3 /(striatum)

( — externus
L -
S, Globus pallidus
ﬁ \ internus

\
|

\
\

Q | o <

Subthalamic
nucleus \

Substantia nigra

compacta Pulse ’ N
Substantia nigra generator
reticulata

Okun MS. N Engl J Med 2012; 367 :1529-38







Placing the stereotactic frame

Into the operative room inati ' ' Prof.

Jocelyne
Bloch

J Stimulation 4| | Placing the final electrode
1 clinical testin 1

E s@@ms@ D




Micro-electrode recording

REGULAR NEURON

STN




DBS system in place




Surface de contact

A DBS programming

Stimulation contacts
€] €]

3 3 3 {[=]) 3

Qes.. + TN CA ' 2 2 ([=h2 2

& DEMO: WALKING (GROUP A) | John Smith sunsoron. () 4 1 {[=]y1 1 1
{(=])0 0

SAMSUNG

X 410000533 A

0 0

© LeftSTN - Program 1 -

HOME Lead

. Voltage (2.5 - 3.5 V)

4 Amplitude
My Batte i (volts)
y Battery | ! Intensity of the
\ 4 stimulation

il %2

Pulse width (60us)

My Therapy 2 Pulse Width (microseconds)
duration of each stimulation

PR

PATIENT LIMITS

Frequency (130 Hz)

835200

Rate (Hertz) Number of pulses per second




Brain recordings




A

SENSE CHANNELS

Brain recordings

0TO 2
0TO 1

1TO 2

LFP Magnitude (uVp)

1TO3

2703

¥ REFRESH
I* BRAINSENSE SURVEY LFP Frequency (Hz)

Marked synchronous activity in the beta range = beta peak

Streaming
ﬂ

R i Sal LFP band power
tw|L__”H_,»”H!Um J .HJL_;M |"ﬂ‘-mLJ e )z P

e e e .

mA  stimulation amplitud:

time (whole recording)




Post-processing
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PD patient Post STN-DBS
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Prodromal Early-stage Mid-stage Late-stage

Parkinson disease Parkinson disease Parkinson disease Parkinson disease
Onset ( Diagnosis \ Institutionalization Death
A of motor | of Parkinson i ;

symptoms disease

_and gait disorder

Dysphagia

deformities

Orthostatic
“hypotension
Urinary
- symptoms

REM
sleep
behaviour
_disorder

. daytime
(Cons-tipation) sleepiness

“Mild cognitive
impairment

Degree of disability

Psychotic symptoms
(visual hallucinations)

Motor symptoms
D Non-motor symptoms

1

>
Time (years)

Figure 5 | Clinical symptoms associated with Parkinson disease throughout all stages of Parkinson disease. Progressive disability from
progression. Diagnosis of Parkinson disease occurs with the onset of motor ~ Parkinson disease is driven by the combination of these non-motor



Prodromal Early-stage Mid-stage Late-stage

Parkinson disease Parkinson disease Parkinson disease Parkinson disease
Onset Diagnosis Institutionalization Death
A of motor of Parkinson i ;

symptoms disease

‘and gait disorder

( Bradykinesia

"~ Axial
deformities

Orthostatic
“hypotension
rary erfrts
symptom
Psychotic symptoms
(visual hallucinations) J

\

REM Excessive

sleep , daytime
behaviour (Constipation) sleepiness
disorder | -

“Mild cognitive
impairment

Degree of disability

Motor symptoms
(] Non-motor symptoms

1

>
Time (years)

Figure 5 | Clinical symptoms associated with Parkinson disease throughout all stages of Parkinson disease. Progressive disability from
progression. Diagnosis of Parkinson disease occurs with the onset of motor ~ Parkinson disease is driven by the combination of these non-motor



Non-motor & motor fluctuations

Dyskinetic*, easy*, sensation and e
pleasure seeking®?, creative®?, ké
socializing®?, talkative®?, joking®?,
teasing®?, self-confident**4,
euphoric®, self-satisfied®,
hyperactive*2, messy?, myopic of the
future®?, disinhibited®®, maniac*?

motor*
emotion®

cognition® Usual « normal » behaviour

Z Akinetic*, rigid*, feeling dull**2,
tired*, slow*?, apathetic*?,
indifferent®, withdrawn®,
vulnerable®, lacking self-
confidence**2, anxious®®, having »
panic attacks®®, craving for |-
dopa®, dysphoric®®, sad”®,
suicidal®®

Courtesy Prof. Krack
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Thank you for your attention |




Tremblement - stimUtation allumée

Tremblements et parkinsonismes - Cours B3.4 — 15 mars 2024 122



	Diapositive 1
	Diapositive 2
	Diapositive 3 Movement disorders?
	Diapositive 4 Movement Disorders Phenomenology
	Diapositive 5 Too few movement: hypokinesia 
	Diapositive 6 Too much movement: hyperkinesia
	Diapositive 7 List of Mov Dis Phenomenologies
	Diapositive 8 BEHAVIOUR
	Diapositive 9
	Diapositive 10 BEHAVIOUR
	Diapositive 11
	Diapositive 12
	Diapositive 14
	Diapositive 16
	Diapositive 17 Dopamine : favors movement
	Diapositive 18 MPG: Motor pattern generators
	Diapositive 19 Selection of a MPG
	Diapositive 20
	Diapositive 21 Missing slides
	Diapositive 22 What have I told you ?
	Diapositive 23 Conclusion : roles of the BG
	Diapositive 25 Today’s Learning Objectives
	Diapositive 26 Learning Objectives
	Diapositive 27 Parkinsonism
	Diapositive 28 Parkinsonism (PKism) : the “5-2-100 rule”
	Diapositive 29 Atypical Parkinsonian Syndromes  = “Parkinson-plus”
	Diapositive 30 Multiple System Atrophy
	Diapositive 31 Vidéo MSA
	Diapositive 32 MSA: colored /discolored hands and feets: dysautonomia
	Diapositive 33 Brain imaging in MSA
	Diapositive 34 Progressive Supranuclear Palsy
	Diapositive 35 Vidéo PSP
	Diapositive 36
	Diapositive 37 Brain imaging in PSP
	Diapositive 38 Vidéo CBD : major dystonia and parkinsonism (unilateral at first), ideomotor apraxia
	Diapositive 39
	Diapositive 40 Neuroleptic-Induced Movement Disorders
	Diapositive 41 Parkinson Disease – Motor Symptoms
	Diapositive 42 Parkinson’s Disease (PD) - Epidemiology
	Diapositive 43
	Diapositive 44 PD in Geneva                                                0.17%
	Diapositive 45 Etiologies in PD
	Diapositive 46 Pathophysiology of PD Substantia nigra
	Diapositive 47
	Diapositive 48 PD = Neurodegenerative Disease
	Diapositive 49
	Diapositive 50
	Diapositive 51 Nigro-striatal pathway (dopamine!) 
	Diapositive 52 Nigro-striatal denervation ? Can we see it ?
	Diapositive 53
	Diapositive 54
	Diapositive 55
	Diapositive 56
	Diapositive 57
	Diapositive 58
	Diapositive 73 Parkinson OFF-med (= no dopamine)
	Diapositive 74 Parkinson’s Disease Treatment
	Diapositive 75 Treatment : only symptomatic !  (in 2025 at least…)
	Diapositive 76 Future: disease-modifying treatment
	Diapositive 82
	Diapositive 87
	Diapositive 88 Levodopa Response
	Diapositive 89 But it’s not so easy… Parkinson’s disease : 3 states 
	Diapositive 90 Disease progression grey-blue: therapeutic window
	Diapositive 91
	Diapositive 92 Tremor vs dyskinesia
	Diapositive 93 Parkinson ON-med with dyskinesia
	Diapositive 94 Vidéo levodopa-induced chorea
	Diapositive 95 Treatment for PD Motor Fluctuations 
	Diapositive 96 Advanced therapies !
	Diapositive 97 DBS = deep brain stimulation
	Diapositive 98
	Diapositive 100
	Diapositive 101
	Diapositive 102 Placing the stereotactic frame
	Diapositive 103 Micro-electrode recording
	Diapositive 104
	Diapositive 105
	Diapositive 106 Brain recordings
	Diapositive 107 Streaming 
	Diapositive 108 Post-processing
	Diapositive 109  PD patient Post STN-DBS
	Diapositive 110
	Diapositive 111
	Diapositive 112
	Diapositive 113
	Diapositive 115
	Diapositive 116
	Diapositive 117 Non-motor & motor fluctuations
	Diapositive 118
	Diapositive 119
	Diapositive 120
	Diapositive 121
	Diapositive 122

