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What is Parkinson’s?
The traditional view !

• Parkinson’s disease is one of the most common neurodegenerative diseases

• First described by James Parkinson in 1817 in An Essay on the Shaking Palsy

• The main pathological feature is the degeneration of neuromelanin-containing 
neurones in the pars compacta of the substantia nigra; resulting in depleted 
levels of dopamine within the brain 

Images taken from Fast Facts: Parkinson’s Disease Third Edition 2010; 
K Ray Chaudhuri, C G Clough, K D Sethi 
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NORMALPARKINSON’S DISEASE



Prevalence and the ageing 
population 

 Prevalence of Parkinson’s disease is approximately 200 
per 100,000 people

 120,000 – 130,000 diagnosed cases in the UK alone

 1 in 50 people over the age of 80 years are diagnosed 
with Parkinson’s disease 

 Males are 1.5 times more likely than females to develop 
the condition 

 10% below the age of 40



Prevalence of Parkinson’s disease 
with advancing age

NICE. Parkinson’s disease:
diagnosis and management in primary and secondary care, national cost impact report. June 2006 
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The Concept of Parkinson’s has changed

• Parkinson’s is more than a motor disorder

• Dopamine is not the only neurochemical involved

• Non motor symptoms are present in 99% of people 
with Parkinson’s and occur before motor symptoms 
start

• NMS are the main determimant of Qol of PwP and 
carer

• Holistic care and assessment are the key to modern 
treatment but sadly still neglected



NMS Phenomenology
Where are we ?

Parkinson’s disease (PD), one of the most frequent

neurodegenerative disorders, is no longer considered a
complex motor disorder characterized by extrapyramidal
symptoms, but a progressive multisystem or—more
correctly—multiorgan disease with variegated neurological
and nonmotor deficiencies.

K Jellinger . Mov Disord 2012



Since 1961 treatment focus has been and continues  to be “DOPAMINE” based
Ldopa/Dopamine agonists
Other DRT (Stem cells, Transplants)

YET





Non-motor symptoms of PD cause morbidity, mortality and 
quadruples cost of care of advanced Parkinson’s and are 

common across  all stages of PD

Non-motor 

symptoms

Neuropsychiatric 

disorders 
e.g. psychosis, depression, 

anxiety, apathy and dementiaAutonomic 

dysfunction

Gastrointestinal 

disorders

Fatigue, Sexual 

dysfunction 

Urinary 

disorders

Sleep 

disorders 

Sensory disorders
pain, RLS, olfaction

vision

Chaudhuri et al. Lancet Neurology 

2006;5:235-245

Drug induced
e. g. Hallucinations, ICD

DAWS, Hyper and hypo DA 

states



Progression of neurodegeneration and NMS

Non Motor Parkinsonism

Hyposmia

Depressión

RBD

Constipatión

AD

EDS

Motor

Parkinsonism

Dementia

Apathy

NMS stages 4

HY stage 4/5



Hyposmia

Bowel (constipation)

Autonomic dysfunction

RBD/EDS

Depression

Pain/Col Vision

Hyposmia: Haehner et al. PRD 2009 
Dresden mice model.  (Rotenone) Pan Montojo et al.  2010



One of 2011 top cited papers in Mov Disord

Premio “Gonzalo Rodríguez Lafora” 2012 

Prize



* Mann-Whitney test. Benajmini-Hochberg adjustment, p < 0.026

N=411



NMS

No holistic assessment tools till 2006 
!!



FIRST MULTIDISCIPLINARY PARKINSON’S DISEASE (PD) NON-MOTOR     

SYMPTOM (NMS) MEETING FOR DEVISING  A NON MOTOR SCALE FOR 

ASSESSMENT OF PD  (Supported by Parkinson’s UK, MDS, Industry)

PENNYHILL PARK, 

SURREY, UK

5,6 FEB 2004



The first validated sleep scale for PD: PDSS
(Chaudhuri et al 2002/2011)
Now used worldwide
Translated to 32 languages

The first validated NMS questionnaire NMSQuest
Empowering patients across the world to declare NMS to HCP
Worldwide use
Chaudhuri et al 2006

The first validated NMS scale (NMSS)
Worldwide use for clinical trials and epidemiology
Chaudhuri et al 2007/2009





Now used worldwide

Translated to 14 languages

Recommended by

MDS

Parkinson’s UK

DH UK

EPDA



NMSS: a grade rating scale

• The first comprehensive 
grade rating scale for PD
– Addresses 9 domains and 30 

questions

– Complementary to NMSQuest

– To be administered by 
healthcare professional

– Good clinimetrics in two 
international studies and 
validated in over 600 
patients1,2

– Sensitive to change in clinical 
trials

1. Chaudhuri KR et al. The metric properties of a novel non-motor symptoms scale for Parkinson's disease: Results from an international 
pilot study. Mov Disord 2007;22:1901–11; 2. Martinez-Martin P et al. International study on the psychometric attributes of the non-motor 
symptoms scale in Parkinson disease. Neurology 2009;10;73:1584–91.



Highly significantly more non-motor 
symptoms present in PD

p=0.0000

±5.5 (SD) ±4.5 (SD)

Chaudhuri et al, 2006
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PDNMG
International
2007

PDNMG
International
2010

PRIAMO
Italian
2009



Martinez-Martin et al. 2007



Frequency of NMS increased along with the disease severity

The Priamo Study: A Multicenter Assessment of Nonmotor Symptoms and 

Their Impact on Quality of Life in Parkinson’s Disease

P. Barone et al.

Mov Disord 2009; 24: 1641-1649 



Chaudhuri KR et al. Parkinsonism Relat Disord 2011;

23









Gender related differences in burden of Non-motor symptoms in 
Parkinson’s disease

Pablo Martinez-Martin1*; Cristian Falup Pecurariu2; Per Odin3; Jacobus J. van 
Hilten4; Angelo Antonini5; Jose M. Rojo-Abuin6; Vanderci Borges,7 Claudia 

Trenkwalder8; Dag Aarsland9; David J. Brooks10; K Ray Chaudhuri11. 
J Neurol 2012;259:1639-1647 N = 951

Number of NMSS 

domains affected Total 

sample
Men Women

0 0.53 0.84 -

1 2.10 2.18 1.97

2 4.31 3.87 5.07

3 8.94 8.91 9.01

4 12.93 11.93 14.65

5 16.40 16.47 16.06

6 17.56 17.48 17.75

7 16.82 17.98 14.93

8 14.09 13.11 15.77

9 6.31 7.23 4.79

Fatigue, feelings of nervousness, feelings of sadness, constipation, restless legs, 

and pain were more common and severe in women. 

On the contrary, daytime sleepiness, dribbling saliva, interest in sex, 

and problems having sex were more prevalent and severe in men.







Detection of NMS is useless if we do not recognize the problem



* Calculated on the number of positive NMS 

The non declaration of non motor

symptoms of Parkinson’s disease to

health care professionals. An

international study using the non

motor symptoms questionnaire

K Ray Chaudhuri, C Prieto-Jurcynska, Y Naidu,

T Mitra, B Frades- Payo, S Tluk, A Ruessmann,

P Odin, G Macphee, F Stocchi, W Ondo, K

Sethi, AHV Schapira, P Martinez- Martin

• Mean of total NMS = 10.9 ± 5.6

• Mean of undeclared NMS = 4.6 ± 4.1

42.8% of the positive symptoms 



Table 3: Potentially treatable NMS of PD undeclared to health care 
professionals across several European centres.

NMS % Undeclared Potentially Treatable
--------------------------------------------------------------------------------------------------------------
Dribbling saliva 45.5  BTx, Atrovent , oral atropine, swallow 

timer 
Vomiting 42.1 Domperidone
ConstipatioN 46.1 Macrogol
Hallucinations 41.5 Drug modifications/neroleptic
Anxiety 39.6 Anxiolytics
EDS 52.4 Modafinil, sleep hygiene, caffeine
RBD 44.1 Clonazepam, melatonin
Insomnia 43.9 Hypnotics, nighttime CDD
--------------------------------------------------------------------------------------------------------------

None of these symptoms were treated prior to NMSQuest use
even in major PD centres

Chaudhuri KR et al. Mov Disord 2010;25(6):704–9.



NMSQ score 5/30 NMSQ score 19/30, untreated,  HY 2





NM Endophenotypes
Chaudhuri et al. PLOS One. 2013

• Park Cognitive

• Park Depression/Anxiety

• Park Sleep

• Park Pain

• Park Fatigue

• Park Autonomic



Brainstem 
phenotype

EDS

RBD

Autonomic/
GIT/GUT

Insomnia

Park Sleep

Park Autonomic

Limbic 
phenotype

Park Depression
Anxiety

Park Fatigue

Park Pain

Central
Fatigue

Central
Pain

Anxiety
Anx-Depression

Cortical
phenotype

Park Pain

Park 
Cognitive

Apathy

Amnestic
MCI

Dementia

Major Depression



Fatigue an independent NMS of PD

Fatigue in PD can occur

• Independent of Depression

• Independent of Excessive 
daytime sleepiness

• Independent of DA intake



Neurology 2008;71:481-485

Elldopa study: 37% fatigue in untreated non depressed PD



Fatigue Vs Sleep  

• The word “tired” is used interchangeably with sleepiness.

• Symptoms of fatigue and sleep dysfunction overlap 
sufficiently to potentially confound studies of fatigue

• Several studies suggest that fatigue is an independent 
symptom in PD, unrelated to the degree of sleepiness or to 
nocturnal sleep disturbance.

• Distinct clinical phenotypes:

• EDS: Older age, male > Female, cognitive issues, unrelated to 
depression

• Fatigue: No link with age, gender, cognitive issues, and ? 
increased with depression





11C-DASB binding in PD

PD with fatigue

PFS-16 = 15

Healthy 

volunteer

R

PD without fatigue

PFS-16 = 2

0 9



The Lancet, Volume 355, Issue 9212, 1333 – 1334, 

2000 

Sleep attacks and Parkinson's disease treatment

JJ Ferreira, M Galitzky , JL Montastruc , O Rascol

– Brief Communications

• Falling asleep at the wheel: Motor 
vehicle mishaps in persons taking 
pramipexole and ropinirole

S. Frucht, J. D. Rogers P. E. Greene, M. F. Gordon, S. Fahn,. Neurology 1999 

The authors report a new  side effect of the dopamine agonists pramipexole and 
ropinirole: sudden irresistible attacks of sleep. Eight PD patients taking 
pramipexole and one taking ropinirole fell asleep while driving, causing 
accidents. Five experienced no warning before falling asleep. The attacks 
ceased when the drugs were stopped. Neurologists who prescribe these drugs 
and patients who take them should be aware of this possible side effect.

http://www.thelancet.com/journals/lancet/issue/vol355no9212/PIIS0140-6736(00)X0187-0
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=JJ+Ferreira
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=M+Galitzky
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=JL+Montastruc
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=O+Rascol


Brainstem 
phenotype

EDS

RBD

Autonomic/
GIT/GUT

Insomnia

Park Sleep

Park Autonomic



Sleep regulatory centres dysfunction 
in Parkinson’s disease patients 
with excessive daytime sleepiness. 
An in vivo PET study
Nicola Pavese1, Vinod Metta2, Benjamin S Simpson1, Tytus A Murphy1, 
A Ramlackhansingh1, K Ray Chaudhuri2, and David J Brooks1

1 Centre for Neuroscience, Faculty of Medicine, Hammersmith Hospital, Imperial College, London, UK; 
2 Kings College and Lewisham Hospitals, Kings College, London, UK



11C-DASB – Rostral Raphe  

Control PD without excessive

daytime somnolence 

ESS < 10 

PD with excessive

daytime somnolence 

ESS >10

0 9



11C-DASB PET  

p<0.001
p< 0.016 

Caudate

Thalamus

Insula

Caudal 

raphe
Rostral raphe

Statistical parametric maps



Treatment of EDS in PD
Therapy of EDS in Parkinson’s disease
• Stimulants (methylphenidate/ amphetamines): 

effective, but side effects; no studies on PD yet
• Caffeine: clinically useful

– Espresso coffee (n-of-one trial). Ferreira et al 2012

• Modafinil: better tolerated
• CDD: ? Rotigotine patch
• Buproprion (indirect dopaminergic agonist): 

proven only in non-human primate model, no data on PD
Currently researched:
• Tiprolisant (selective inverse histamine H3 receptor agonist)
• Sodium oxybate (nocturnal): improves subjective night-time and daytime 

sleep problems and daytime fatigue in PD
• A2a receptor anatgonists
AAN recommendation:
• Modafinil:

subjective improvement of EDS, not in objective tests

B. Knie, T. Mitra, K. Logishetty,, K. Ray Chaudhuri. CNS Drugs 2011;25(3):1-10.





Limbic 
phenotype

Park Depression
Anxiety

Park Fatigue

Park Pain

Central
Fatigue

Central
Pain

Anxiety
Anx-Depression

Park Pain

Major Depression

Depression and pain often co-exist in PD





Measuring pain in Parkinson’s

K Ray Chaudhuri

S Pal

P Martinez-Martin

How the research will help people with Parkinson’s
Measuring pain in Parkinson’s is the first step towards understanding what causes it. 

And a reliable scale will play a vital role in measuring 

the effectiveness of new treatments as they are tested in clinical trials.



Park and Rel Disord 2011;  oi:10.1016/j. parkreldis. 2011 pp 1-7







• International Multicentre, double-blind, randomised,
placebo controlled study

• Primary: To demonstrate superiority of Oxycodone/Naloxone Prolonged 
Release tablets compared to placebo with respect to analgesic efficacy in 
subjects with chronic severe pain associated with Parkinson’s disease

• Secondary: Assessment of impact upon other motor and non-motor
symptoms of PD

• 210 subjects, 16 week double-blind phase, 4 week open label treatment
phase

• C-S classification for pain

102 patients currently recruited

55



Unexplored and under-reported NMS

• Fatigue

• Pain

• EDS

• Dribbling Saliva

• Sexual disturbances
– Loss of libido

– Hypersexuality

• Visual disturbances

• Apathy

• Autonomic  problems



Now used worldwide

Translated to 14 languages

Recommended by

MDS

Parkinson’s UK

DH UK

EPDA



Suggested discrete clinical pattern of diplopia in Parkinson’s
(Sauerbier et al. 2013)

Type 1
Fleeting transient diplopia described often as “word’s
jumping during reading”

Type 2
A relatively constant pattern of diplopia often related 
to convergence dysfunction

Type 3
Diplopia linked to motor response fluctuations (on-off 
and dyskinesia)

Type 4
Diplopia linked to visual hallucinations (perceptory
diplopia)

Type 5 Drug induced diplopia





Motor Parkinson’s

HY UPDRS

Non Motor Symptoms

Cognitive

Sleep

ICD/ DAWS

Others, GIT, 
Urinary

General  Morbidity

Hypertension

CVD Peptic Ulcer Disease

DM

The Multi-Morbid PD

Sensory



The Modern Concept of Assessing 
people with Parkinson’s in Clinic

• Analysis and assessment based on motor assessment alone is 
inadequate and old fashioned

• Assessment must take into account NMS, direct and indirect 
and comorbidity

• Staging can be done by validated motor systems (HY stage)  
and the new NMSB system

• NM Endophentoypes 
– Emerging Biomarkers 

• PET/SPECT 

• Neuropeptides ?

• Endophenotype specific treatment packages
• Quality of life

• Addressing NMS that are often ignored



Unilateral

Bilateral

Instability & falls

Motor complications

& dyskinesias


