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In 1817 James Parkinson wrote ‘An essay on the shaking palsy’. He describes six male 

patients, some of them only observed in the street, with progressive tremor and difficulty 

walking which disable these patients as the disease progresses. The shaking palsy 

(paralysis agitans) is defined by “involuntary tremolous motion, with lessened muscle 

power, in parts not in action and even when supported; with a propensity to bend the 

trunk forward and to pass from a walking to a running pace: senses and intellects being 

uninjured”. In this definition the disease is mainly described as a syndrome of motor 

impairment. In the end of the 19-th century it is Charcot who suggest to name this 

condition Parkinson’s disease (PD).(1) It is not until recently that PD is recognized to be a 

disease with motor but also non-motor features.(2)

Parkinson’s disease is the second most prevalent neurodegenerative disease after 

Alzheimer’s disease (3,4) and will only be an increasing burden in the near future.(5) 

The prevalence of PD in industrialized countries is estimated at 0.3% in the general 

population. In a pooled estimate for the European population the prevalence is 1.6% 

for all people aged older then 65 years.(6) There is an increase with age to 3.5% in the 

oldest age groups. In a recent population based study on the prevalence of movement 

disorders, parkinsonism occurred in 7% of all people aged between 50 and 89, with PD 

being the most frequent (4.5%).(7) The reported incidence rates for PD are between 8.5 

and 19 per 100.000 per year.(8,9) The most recent incidence rate for PD assessed in the 

Rotterdam study (study population > 55 years) in a population over 55 years of age was 

a cumulative incidence rate of 4.9 per 1000 person years followed; with an increase with 

age from 0.3 per 1000 person years in the 55-65 age group to 4.3 per 1000 person years 

for those aged >85.(10)

Although parkinsonism is a disease of the elderly, 3-5% of all patients with parkinsonism 

have an onset before the age of 40. This early-onset parkinsonism is further subdivided 

into juvenile parkinsonism (onset age before 21 years) and young onset Parkinson’s 

disease (YOPD) (onset age between 21 and 40 years.(11) Juvenile parkinsonism is very 

rare and in almost all cases familial. Most patients have atypical features and pathology. 

YOPD resembles more closely typical PD.

Parkinsonism describes a syndrome characterized by tremor, rigidity, and bradykinesia 

of which PD is the most frequent. PD is nowadays defined as a clinical condition of 

progressive parkinsonism of undetermined course without features suggestive of an 

alternative diagnosis, responding to dopaminergic treatment, and associated with 

depletion of brain stem neurons and with Lewy body inclusions in some of the remaining 

nerve cells.(12) The above definition is a combination of clinical features, response to 

treatment and ultimately pathological confirmation.

For clinical practice there are several diagnostic criteria for the diagnosis of PD.(13,14) The 

most commonly used are the UK Parkinson’s disease society brain bank clinical diagnostic 
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criteria (Table 1).(13,15) The inclusion criteria are slowness of initiation of voluntary 

movement with progressive reduction in speed and amplitude of repetitive actions 

(bradykinesia) and at least one of the following; tremor, rigidity, or postural instability not 

caused by primary visual, vestibular, cerebellar, or proprioceptive dysfunction. Furthermore 

there is a list of signs and symptoms, the so called red flags, which make PD very unlikely. 

In the end three or more additional supportive criteria, of which an excellent reponse to 

levodopa is the most important, are needed to make a definite diagnosis of PD. More 

recently published criteria (14) slightly differ from the UK brain bank criteria, but use the 

same systematic approach to the diagnosis (Table 2). In the Gelb criteria it is only possible 

to make a diagnosis of possible or probable PD during life as a definite diagnosis of PD 

requires histopathological confirmation obtained by autopsy.

As noticed previously, an important development in the recent years is the recognition 

of non-motor symptoms as part of the disease. The non-motor symptoms consist of 

neuropsychiatric symptoms (e.g. depression, anxiety, psychosis, cognitive impairment/

dementia, obsessive behaviour), sleep disorders (e.g. REM-sleep behavioural disorders, 

excessive daytime sleepiness), autonomic disturbances (e.g. bladder disturbances, 

sweating, orthostasis, sexual dysfunction, gastrointestinal dysfunction) and sensory 

symptoms (olfactory dysfunction, pain). These non-motor symptoms have a greater 

impact then the motor symptoms not only in terms of patients functioning and quality of 

Table 1. United Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria.(15)

Inclusion criteria Exclusion criteria Supportive criteria 
(Three or more required for diagnosis 
of definite PD)

l Bradykinesia

And at least one of the following:

l Rigidity
l Rest tremor 4-6HZ
l Postural instability not caused 

by primary visual, vestibular, 
cerebellar or proprioceptive 
dysfunction

l History of repeated strokes 
with stepwise progression of 
parkinsonian features

l History of repeated head injury
l History of definite encephalitis
l Oculogyric crisis
l Neuroleptic treatment at onset of 

symptoms
l More than one affected relative
l Sustained remission
l Strictly unilateral features after 3 yr
l Supranuclear gaze palsy
l Cerebellar signs
l Early severe autonomic involvement
l Early severe dementia
l Babinski sign
l Presence of tumour or 

hydrocephalus on CT-scan
l Negative response to large doses 

of levodopa (if malabsorption is 
excluded)

l MPTP exposure

l Unilateral onset
l Rest tremor present
l Progressive disorder
l Persistent asymmetry affecting 

side of onset most
l Excellent response (70-100%) to 

levodopa
l Severe levodopa induced chorea
l Levodopa response for 5 yr or 

more
l Clinical course of 10 yr or more

C H A P T E R   1
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life, but also with regard to institutionalization rates and health economics.(2) Non-motor 

symptoms can be seen in all stages of the disease, but correlate with disease duration 

and increasing age. Treatment and co-morbid condition may attribute to severity and 

impact of the non-motor symptoms.

The differential diagnosis of PD includes a long list of different diseases of which essential 

tremor, drug-induced parkinsonism, vascular parkinsonism, and dementia with Lewy 

bodies are the most prevalent.(7) Other classic forms of parkinsonism are progressive 

supranuclear palsy, multiple system atrophy, and corticobasal degeneration. The prognosis 

Table 2. Diagnostic criteria of PD according to Gelb.(14)

Grouping of clinical features 
according to diagnostic uitility

Proposed diagnostic criteria 
for PD

Proposed criteria for 
histopathologic confirmation 
of PD

Group A features; characteristic 
for PD
l Resting tremor
l Bradykinesia
l Rigidity
l Asymmetric onset

Group B features; suggestive for 
other diagnosis
l Features unusual early in the 

course of the disease
Prominent postural instability in 
the first 3 yr
Freezing phenomena in the 
first 3 yr
Hallucinations unrelated to 
medications in the first 3 yr
Dementia preceding motor 
symptoms in the first year

l Supranuclear gaze palsy (other 
than restriction of upward gaze) 
or slowing of vertical saccades

l Severe, symptomatic 
dysautonomia unrelated to 
medications

l Documentation of a condition 
known to produce parkinsonism 
and plausibly connected to the 
patients symptoms (figure 1)

Criteria for POSSIBLE PD
l At least 2 of the 4 features in 

group A are present; at least 
one of these is tremor or 
bradykinesia

AND
l Either none of the features in 

group B is present or symptoms 
have been present for less 
then three yr, and none of the 
features in group B is present 
to date

AND
l Either substantial and sustained 

response to levodopa or a 
dopamine agonist has been 
documented or patient has 
not had an adequate trial of 
levodopa or dopamine agonist

Criteria for PROBABLE PD
l At least 3 of the 4 features in 

group A are present

AND
l None of the features in group B 

is present 

AND
l Substantial and sustained 

response to levodopa or a 
dopamine agonist has been 
documented 

Criteria for DEFINITE PD
l All criteria of POSSIBLE PD are 

met

AND
l Histopathologic confirmation 

of the diagnosis is obtained at 
autopsy

l Substantial nerve cell depletion 
with accompanying gliosis in the 
substantia nigra

l At least 1 Lewy body in the 
substantia nigra or in the locus 
ceruleus

l No pathologic evidence for 
other disease that produce 
parkinsonism
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and the response to levodopa of the latter are worse compared to PD.(15) Furthermore, 

there is a long list of other causes of secondary parkinsonism, which can be recognized 

based on history, signs, symptoms and ancillary testing (Figure 1). The underlying cause 

predicts the reaction to treatment and the prognosis.(12,16)

Neuropathologically, PD is characterized by significant loss of dopaminergic neurons 

in the substantia nigra pars compacta.(17) The post-mortem diagnosis is based on the 

evidence of specific inclusion bodies, which develop as spindle- or thread like Lewy neuritis 

in cellular processes, and in the form of globular Lewy bodies in neuronal perikarya. 

A major component of this Lewy neuritis and Lewy bodies is an aggregated form of 

normally pre-synaptic protein a-synuclein.(18) For staging purposes the Braak-criteria are 

used nowadays. These criteria suggest progression of the lesions in the brain with a 

caudo-rostral gradient, in which the degree of involvement is less important than the 

anatomical distribution of the lesions (Table 3).(18)

The causes and aetiology of PD in sporadic cases are still largely unknown. For most of 

the factors evidence is still inconclusive and, thus far, older age and smoking habits are 

the only risk factors that have consistently been found across studies.(8) There are several 

genes directly causing forms of PD (Table 4). All known monogenic forms combined 

explain about 20% of early-onset parkinsonism and less then 3% of late onset PD at 

best.(19) These percentages are higher when there is a typical family history (autosomal 

recessive or dominant) and when the age at onset is younger.(11) All real sporadic cases 

Figure 1  
DIFFERENTIAL DIAGNOSIS of PARKINSONISM  

Idiopathic Parkinson’s disease 
 

Parkinson plus syndromes  Secondary parkinsonism  

Progressive Supranuclear Plasy  
Multiple System Atrophy  
Cortical Basal Degeneration  
Lewy Body Dementia  
 
Vascular Parkinsonism  

Infectious  
Encephalitis lethargica, 
neurosyphylis, toxoplasmosis  
Toxic  
Carbon monoxide, cyanide, MPTP, 
manganese  
Drug-induced  
Neuroleptics (classical and atypical), 
tetrabenazine, valproic acid, calcium 
channel blockers  
Metabolic  
Hypoxia, extrapontine myelinolysis, 
Wilson’s disease, chronic liver failure, 
hypoparathyroidism  
Miscellaneous  
Huntington’s disease, SCA-2 and 
SCA-3, FTDP -17, DRPLA, Normal 
pressure hydrocephalus, 
neuroacanthocytosis, psychogenic  
 
Vascular Parkinsonism  

MPTP= 1 -methyl-4-pnenyl-4-propionoxypiperidine; SCA= spinocerebellar 
ataxia; FTDP -17= frontal temporal dementia and parkinsonism linked to 
chromosome 17; DRPLA= dentatorubropallidal- luysian atrophy 
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Table 3. Braak stages, anatomical correlates and the clinical impact.

Braak Stage Anatomical 
structures

Functional 
pathway involved

Clinical Features Clinical practice

Stage 1
Medulla oblongata

Lesions in the dorsal 
IX/X motor nucleus 
and/or intermediate 
reticular zone

Olfactory bulb and 
anterior alfactory 
dysfunction

Para-sympathic 
nervous system

Autonomic 
dysfunction
Constipation

Olfactory 
dysfunction

Pre-clinical

Stage 2
Medulla oblongata 
and pontine 
tegmentum

Caudal raphe nucleus

Pedunculopontine 
nuleus

Coeruleus-
subcoeruleus complex

Serotoninergic

Cholinergic

Noradrenergic

Tremor
Depression
Sleep disorders 
(RBD)

Early cognitive 
dysfunction?
Sleep disorders 
(RBD)
Gait/balance/
speech; but 
atypical for early 
parkinsonism

Depression
Sleep disorders 
(RBD)

Pre-clinical / clinical

Stage 3
Midbrain

Pars compacta 
substantia nigra

Dopaminergic Classical motor 
features of PD: 
rigidity, bradykinesia, 
tremor

Clinical diagnosis 
PD

Stage 4
Basal 
prosencephalon and 
mesocortex

Cortical involvement 
confined to temporal 
mesocortex and 
allocortex

Magnocellular nuclei 
of the basal forebrain 
(nucleus basalis van 
Meynert)

Cholinergic Cognitive 
dysfunction
Hallucinations

Clinical diagnosis 
PD

Stage 5
Neocortex

High order sensory 
association areas of 
the neocortex and 
prefrontal neocortex

Depression
Hallucinations
Cognitve impairment 
Dementia

Clinical advanced 
PD

Stage 6
Neocortex

First order sensory 
association areas of 
the neocortex and 
premotor areas, 
sometimes changes in 
primary sensory and 
primary motor areas

Depression
Hallucinations
Cognitve impairment 
Dementia

Clinical advanced 
PD

IX= glossopharyngeal nerve; X= vagal nerve; RBD= REM-sleep behavioral disorders; PD= Parkinson’s disease
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of PD are nowadays thought to result from interactions between environmental and 

genetic factors. Although rare the genes causing monogenetic PD are important because 

the associated molecular pathways give insight into the pathogenesis and serve as a 

model for idiopathic PD.

Treatment of motor symptoms of PD consists of several features, e.g. slowing disease 

progression, providing symptomatic relieve of motor and non-motor symptoms, and 

treating / preventing motor fluctuations and dyskinesias. The mainstay and most potent 

therapy still is levodopa, but also dopamine agonists have an important role. Later in the 

course of the disease modifying the pharmacokinetics/dynamics of levodopa by means 

of catechol-O-methyltransferase (COMT) and monoamine oxidase B (MAO-B) inhibitors 

becomes more important. Furthermore continuous dopaminergic stimulation by levodopa 

infusion directly in the small intestine (duodopa) or apomorphine subcutaneous are 

available for the treatment of advanced PD. Finally surgical options must be considered, 

Table 4. Genetics of PD.

Locus Chromosome Inheritance 
pattern

Clinical features; PA Gene Protein Protein function

Park 1 4q21 AD Similar to IPD; younger onset and more rapid progression;
PA like IPD

Alpha-synuclein Alpha-synuclein Component of Lewy bodies; function still not understood

Park 2 6q25.2-q27 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA without Lewy bodies

Parkin Ubiquetin ligase Component of ubiquetin-proteasome system

Park 3 2p13 AD Similar to IPD; PA like IPD ? ? ?

Park 4 4p16 AD Similar to PARK 1; more aggressive, with dementia and 
dysautonomia; PA like IPD but with vacuoles in neurons of 
hippocampus

Triplification of Alpha 
synuclein gene

Alpha-synuclein Component of Lewy bodies; function still not understood

Park 5 4p14 AD Similar to IPD; PA unknown UHCL-1 UHCL-1 Component of ubiquetin-proteasome system

Park 6 1p35-1p36 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA unknown 

PINK-1 PINK-1 Protection against mitochondrial dysfunction

Park 7 1p36 AR Young onset parkinsonism, l-dopa reactive, frequent with 
dystonia, slow progression, when treated often dyskinesias;
PA unknown

DJ-1 DJ-1 Debate:reactions to oxidative stress or reaction to 
proteotoxic stress or function in mitochondrion

Park 8 12p11.2-q13.1 AD Similar to IPD; even detactable in real SPORADIC cases!!!;
PA highly variable with alpha synuclein and tau pathology

LRRK2 Dardarin (Bask for 
tremor)

?

Park 9 1p36 AR Kufor-Rakeb syndrome; early onset nigro-striatal-pallidal-
pyramidal neurodegenerative disorder with clinical features 
including PD; PA  unknown

? ? ?

Park 10 1p32 ? Similar to IPD; PA unknown ? ? ?

Park 11 2q36-37 ? Similar to IPD; PA unknown ? ? ?

Park 12 Xq X-bound ? ? ? ?

Park 13 ? ? Similar to IPD; PA unknown Omi/HTRA2 Omi/HTRA2 ?

IPD= Idiopathic Parkinson’s Disease ;PINK-1= PTEN (=phosphatase and tensin homologue deleted on 
chromosome 10) Induced Kinase;DJ-1= ;LRRK2=Leucine-Rich Repeat Kinase 2;PA=pathologic anatomy; 
AD=autosomal dominant; AR=autosomal recessive.
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although there is a tendency to use this option more early in the disease.(20) The treatment 

of non-motor symptoms is tailored to the specific symptoms and the list of potential 

therapies is comprehensive. For example when there are fluctuations in attention and 

hallucinations in PD patients with cognitive impairment, treatment with cholinesterase-

inhibitors must be considered. Therapy for depression includes psychosocial support, 

behavioural therapy, psychotherapy, drug therapy and electroconvulsive therapy. 

Orthostatic hypotension can be treated with a combination of compression stockings, 

oral intake of salt and fludrocortison.(21)

The prognosis for the individual patient is difficult to predict. The median survival since 

diagnosis ranges from 9.1 years (95% CI 7.4-10.9) (22) in a population based cohort 

to 12.2 years (95% CI 10.3-14.0) in a hospital based cohort.(23) Most epidemiological 

studies suggest that PD reduces life expectancy with reported mortality hazard ratios 

between 1.5 and 2.7.(8) Furthermore about 25-40% of the patients with PD develop 
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dementia. The relative risk of dementia of people with PD compared to healthy people 

ranged from 1.7-5.9.(8) This thesis will describe the prognosis of PD regarding motor 

impairment, disability, and health related quality of life.

To conclude, nowadays it is clear that PD is a multi-system disorder with much more 

signs and symptoms then the classical motor features tremor, bradykinesia, rigidity, and 

postural instability. Recognition of the complexity of PD is essential for good care of 

patients with PD, which needs a multidisciplinary approach.

C H A P T E R   1
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