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Myth 1: “PD only affects older 
people”

[18,19], although the reasons for this were unclear.
The results of the review of the mean age at inception in research

articles are displayed in Table 1. Details of these articles, including
exclusions, are provided in supplementary appendix 3. The mean of the
reported mean ages at inception was 60.8 (SD 5.6) and the median
mean age at inception was 60.4 (interquartile range 57.7–63.7). The
median age at inception in the excluded studies was lower (50.9).

4. Discussion

We have demonstrated that the mean age of motor onset and di-
agnosis of PD are about 70 in population-based incidence studies but
this may be an underestimate, given the much higher incidences found
in the older-age screening studies. There is clear heterogeneity in both
age at inception and in incidence rates, with increasing heterogeneity in
incidence rates with increasing age. We also found that the average
mean age of inception in research studies in PD was about 60, de-
monstrating that research participants are generally unrepresentative of
the population age distribution of PD. These results raise four questions
with important implications.

Firstly, why does heterogeneity increase with increasing age? One
likely explanation for this is variability in case ascertainment in the
elderly who will often be frail or have co-morbidities. Such individuals
are less likely to be referred to a specialist with suspected PD [9] and
data from other diseases suggest that age-related factors may lead to
delayed presentations [20,21]. Older people may accept more symp-
toms or higher disability before presenting to primary care providers
and/or seeking onward referral to specialists. Furthermore, symptoms
and signs of PD may be misinterpreted as normal ageing because many
symptoms are non-specific and mild parkinsonian-like signs are
common in the elderly [22,23]. Therefore older people with PD may be
more difficult to identify in epidemiological studies than younger
people and require more intensive case finding strategies to identify
them.

Another possible explanation of greater heterogeneity in the elderly
is increased difficulty achieving accurate diagnosis in the elderly. Our
personal experience is that formal diagnostic criteria are less useful in

the elderly because exclusions from the UK PD Society Brain Bank
criteria [24] such as a Babinski sign or early severe autonomic in-
volvement are more common in this age group and the supportive
criterion of excellent treatment response is less frequent, although we
are unaware of published objective data to confirm this. In any case,
different thresholds for diagnosis of PD in the elderly across different
studies may contribute heterogeneity. These sources of heterogeneity
are more likely to lead to underdiagnosing than over-diagnosing PD in
the elderly and may cause under-estimation of the age at inception in
PD.

Secondly, why are incidence rates in whole-population studies
lower than in studies which screened small elderly populations? Each
screening-based study in older adults was small and estimated in-
cidence rates with wide confidence intervals. Yet the lower limits of
confidence for the stratum-specific incidence rates in these studies are
still higher than the upper limits in the whole population studies. It is
possible that these studies used inadequate methods to screen out pre-
existing cases at the initial population screens. But given that many of
those diagnosed with PD in these studies were reviewed by a neurolo-
gist, it seems unlikely that many previously-diagnosed cases would
have been included in incidence rates. Non-participation in the
screening phase of these studies (18–32%) may have introduced bias,
but even if none of those had PD, the incidence rates would still be
higher than in many whole-population studies. As previously discussed,
difficulties with diagnostic accuracy may be relevant (i.e. overdiagnosis
of PD due to over-interpretation of mild signs in the elderly) but there
were broadly-consistent incidence rates across these studies and some
of the studies used formal diagnostic criteria. Overdiagnosis in the el-
derly could be minimised by follow-up to see whether they progress like
PD, by more post-mortem confirmation and by the use of FP-CIT SPECT
imaging.

Nevertheless, it seems unlikely that such methodological con-
siderations explain such a dramatic difference in incidence rates be-
tween the study types. We therefore suggest that a large proportion of
PD may remain undiagnosed in the elderly without screening, perhaps
being mistaken for normal ageing in some cases, or perhaps because
more die from co-morbid disease before the parkinsonism becomes

Fig. 1. Random-effects meta-analysis of mean age at either onset or diagnosis in 17 studies of the incidence of Parkinson's disease.
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Fig. 1. Genetic architecture of Parkinson’s disease. Continuum of
variants of different effect strengths and allele frequencies. The size
of the bubbles roughly corresponds to population allele frequencies.
Colors symbolize modes of inheritance: dominant (blue), recessive
(yellow), risk loci (green). Modified from [35] and [36].

course. Each of these situations has to be considered
separately to fully assess the usefulness of genetic test-
ing in PD.

GENETIC ARCHITECTURE OF PD

A minority of patients with the typical clinical pic-
ture of PD have a positive family history compatible

with a Mendelian (autosomal dominant or autosomal
recessive) inheritance.

Autosomal dominant forms of mendelian PD

The exchange of a single basepair in the !-synuclein
(SNCA) gene leading to an alteration of the amino-acid
sequence (A53T) of the endoded protein was the first
disease-causing PD mutation found in a large family
of Italian origin (Contursi kindred) with an autosomal
dominant pattern of inheritance [3]. Later, a few addi-
tional missense mutations were recognized [4, 5], but
the results of large screening studies of several thou-
sands of patients suggest that the overall frequency of
SNCA-mutations is below 0.1% [6, 7]. Since 2003 [8],
duplications and triplications of the SNCA gene are
also recognized as a rare cause of autosomal-dominant
PD (called PARK4, because the disease-locus in the
first triplication family was erroneously mapped to a
different part of chromosome 4).

A more common form of monogenic PD with dom-
inant inheritance is caused by mutations in the gene
for leucine-rich repeat kinase 2 (LRRK2) [9, 10]. The
pathogenicity of several rare point mutations is sup-
ported by co-segregation in large families (p.R1441C,
p.R1441G, p.R1441H, p.Y1699C, p.I2020T), but a
specific and much more common variant, p.G2019S,
also occurs in 2 to 7% of sporadic Caucasian PD
patients, and, due to a founder effect, even in up

Table 1
Monogenic forms of Parkinson’s disease

Gene Chromosomal position Clinical characteristics

Autosomal-dominant PD

PARK1 SNCA 4q21 • Different point mutations
• Parkinsonism and dementia
• Onset early (A53T) to late (A30P) depending on mutation

PARK4 SNCA 4q21 • duplication or triplication of the wild-type gene
• parkinsonism and dementia
• onset early (triplication) to late (duplication)

PARK8 LRRK2 12q12 • point mutations
• similar to sporadic PD, mostly late onset

PARK17 VPS35 16q11 • similar to sporadic PD

Autosomal-recessive PD

PARK2 Parkin 6q25 • nonsense and missense mutations, deletions, duplications
• dystonia and dyskinesias common, slow progression

PARK6 PINK1 1p35 • similar to parkin-associated PD
PARK7 DJ-1 1p36 • similar to parkin-associated PD

Complex syndromes with parkinsonism

PARK9 ATP13A2 1p36 • Parkinsonism, pyramidal syndrome, dementia
PARK14 PLA2G6 22q13.1 • dystonia-parkinsonism, pyramidal syndrome, dementia
PARK15 FBXO7 22q12 • parkinsonism, pyramidal syndrome, dementia
n.a. DNAJC6 1p31.3 • parkinsonism, pyramidal syndrome, cognitive impairment, seizures
n.a. SYNJ1 21q22.11 • parkinsonism, cognitive impairment, seizures

Genetics of PD



YOPD look different clinically

24 patients with homozygous
Parkin mutations

• Mean age of onset = 24 years
• 41% dystonia and 23% poor

balance at onset
• 92% with tremor (frequently

lower limbs)
• Prominent freezing, falls,

autonomic and behavioural
disturbances

Khan et al, Brain 2003

Patient with homozygous Parkin mutations



Motor complications84 N .  QUINN ET AL. 
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FIG, 2. Contrast between relation of prevalence of dyskinesias and fluctuations to duration of levo- 
dopa treatment, and lack of relation to duration of disease prior to commencement of therapy. A 
(dyskinesias) and C (fluctuations) illustrate the data in Tables 6 and 7 in the form of bar histograms. 
Cumulative percentages of cases with dyskinesias or fluctuations are plotted at various treatment 
intervals. B and D are scattergrams which illustrate, for each patient, latency from start of levodopa 
treatment to the development of dyskinesias or fluctuations (abscissa), and the delay between disease 
onset and the start of levodopa treatment (ordinate). 

Juvenile parkinsonism (group 2) 

Family history 

All 4 patients in this group had at least 1 relative with parkinsonism (Table 8). 
All 7 relatives affected by parkinsonism were of first degree, and in all the condi- 
tion had begun before the age of 40 (this was not seen in any of the affected 
relatives of group 1 subjects). 

One group 2 patient also had one relative with tremor (father), while another 
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treatment to the development of dyskinesias or fluctuations (abscissa), and the delay between disease 
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Juvenile parkinsonism (group 2) 

Family history 

All 4 patients in this group had at least 1 relative with parkinsonism (Table 8). 
All 7 relatives affected by parkinsonism were of first degree, and in all the condi- 
tion had begun before the age of 40 (this was not seen in any of the affected 
relatives of group 1 subjects). 

One group 2 patient also had one relative with tremor (father), while another 
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Dyskinesias Motor fluctuations



YOPD support groups



Mutation-specific therapies

Ambroxol
• Phase IIa ongoing
• 20 GBA-positive patients
• Available over the counter (anti-

mucolytic)
• Shown in cell culture and

animal models to increase
glucocerebrosidase activity and
reduce alpha-synuclein
aggregation

DNL201 (LRRK2 inhibitor)
• Phase Ib ongoing
• LRRK2 mutation carriers
• Phase 1 dose escalation study

achieved adequate LRRK2
inhibition at doses that were
safe and well tolerated



Myth 2: “PD presents with movement 
symptoms”

Breen et al, Brain 2017



RBD as early marker of Parkinson’s

with an overall phenoconversion rate of 6.25% per year. The
risk of phenoconversion on Kaplan-Meier analysis was
10.6% after 2 years, 17.9% after 3 years, 31.3% after 5
years, 51.4% after 8 years, 60.2% after 10 years, and
73.5% after 12 years. With regards to disease classifications,
199 (56.5%) developed parkinsonism as the first disease
manifestation [of whom 16 (4.5%) were diagnosed with
probable MSA], and 153 (43.5%) developed dementia first.

Predictors of outcome

Kaplan-Meier analysis of selected predictors is illustrated
on Fig. 2. On Cox proportional hazards analysis, adjusting
for age, sex, and centre, numerous measures significantly
predicted outcome (Table 2 and Figs 2–4). These included:
(i) quantitative motor testing (HR = 3.16); (ii) standardized
motor examination [HR = 3.03 overall, higher for MDS-
UPDRS (3.77) than UPDRS-III (2.75)]; (iii) olfaction
(HR = 2.62). Predictive value also improved when exclud-
ing MSA patients (HR = 2.91); (iv) MCI, with better pre-
diction using neuropsychological examination (HR = 2.37)
than with office-based testing (HR = 1.91); (v) erectile dys-
function (HR = 2.13); (vi) motor symptoms: HR = 2.11,
with better prediction for the MDS-UPDRS-II (HR = 4.75)
than the 1987 UPDRS-II (HR = 1.29); (vii) DAT-SPECT
(HR = 1.98); (viii) neuropsychological testing (regardless
of cognitive complaint) (HR = 1.89); (ix) colour vision
(HR = 1.69); (x) constipation (HR = 1.67); (xi) REM sleep
without atonia (HR = 1.54, on combined analysis only);
(xii) brief office-based cognitive tests (regardless of cogni-
tive complaint) (MMSE/MoCA combined HR = 1.55); and
(xiii) age (HR = 1.54 for above versus below mean).

In addition, systolic blood pressure drop at a cut-off of
10 mm (HR = 1.55) predicted outcome on unadjusted ana-
lysis, but not after adjusting for age, sex, and centre
(HR = 1.37) (using a cut-off of 20 mm, the unadjusted

HR was 1.37 (0.88–2.15) and adjusted HR was 1.20
(0.74–1.91). The MDS prodromal criteria (which combines
numerous variables) predicted outcome with the highest
hazard ratio (HR = 5.37).

By contrast, we saw no significant predictive differences
according to sex, insomnia symptoms, daytime somnolence,
restless legs syndrome, apnoea, urinary dysfunction, ortho-
static symptoms, depression, anxiety, or substantia nigra
ultrasound.

Secondary and sensitivity analyses

Among the 336 patients diagnosed with Lewy Body disease
(i.e. excluding MSA), there were relatively few differences
between patients who converted to dementia first versus
parkinsonism first (Table 3). Age and sex were similar.
All motor measures were similar except for quantitative
motor testing, which was more likely to be abnormal in
those developing dementia first (82.4%) than parkinsonism
first (47.2%). Olfaction was similar in both groups, as were
all sleep symptoms and polysomnographic variables.
Autonomic symptoms were similar, as was orthostatic
blood pressure drop, depression or anxiety. Although
power was limited, we also saw no differences in propor-
tion of patients with abnormal DAT-SPECT or substantia
nigra ultrasound. The only variables that differed strongly
(all P5 0.001) were those that tested cognition, including
office based cognitive testing, neuropsychological examin-
ation, and colour vision testing which predicted only de-
mentia [note that colour vision predominantly tests
visuoperceptual cognition in Parkinson’s disease (Bertrand
et al., 2012)].

Excluding results from centres that already published
data on these predictors did not substantially affect the
hazard ratio. For example, the hazard ratio of UPDRS
excluding Montreal (Postuma et al., 2012) was 3.04,
versus 3.03 for entire group. The hazard ratio of olfaction
excluding both Montreal (Postuma et al., 2011) and
Innsbruck (Mahlknecht et al., 2015) was 2.53, versus 2.62.

Sample size calculations

Based on the time-to-event analysis, we estimated that 366
patients per arm would need to be recruited into a 2-year
trial to have 80% power to find a 50% reduction in disease
phenoconversion (i.e. 65 phenoconversion events; Table 4).
Adjusting the study duration altered sample sizes roughly
proportionally to the proportion in duration (e.g. 4-year
trial = 192 per group, 1-year trial = 709 per group). Testing
different effectiveness assumptions, a drug providing 80%
reduction in phenoconversion would require 84 patients
per group (12 phenoconversion events) while a 30% reduc-
tion would require 959 (190 phenoconversion events).

The most powerful single selection procedure (abnormal
quantitative motor testing) reduced sample size to 166–197
patients; however, only 34% of the iRBD population had
abnormal testing and so would be included in such a study.

Figure 1 Kaplan-Meier plot of disease-free survival (i.e.

free of parkinsonism or dementia) among patients with

iRBD.

750 | BRAIN 2019: 142; 744–759 R. B. Postuma et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article-abstract/142/3/744/5353011 by N

H
S Education for Scotland_U

sage user on 18 M
arch 2019

At 12 years, three-quarters of
patients had converted to
parkinsonism (PD = 52%, MSA =
4.5%) or dementia (DLB = 43.5%)

Postuma et al, Brain 2019



Myth 3: “There is no value in MR 
brain imaging”



Rationale for MRI
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Kagi et al9). DAT imaging cannot effectively differentiate 
between Parkinson’s disease, progressive supranuclear 
palsy, multiple system atrophy, and corticobasal degenera-
tion, so it should never be a substitute for careful clinical 
assessment. Given the exposure to radiation that is required 
and problems with interpretation, it should be requested 
only by a specialist.

Magnetic resonance imaging
When clinical features are not typical for Parkinson’s dis-
ease (young patients with acute or stepwise progression of 
symptoms, for example), structural brain imaging should 
be considered to rule out other conditions. Magnetic reso-
nance imaging (MRI) is preferable to computed tomography 
because of superior resolution and diagnostic sensitivity 
(especially in the posterior fossa), unless there are contrain-
dications such as severe claustrophobia or metal in the brain 
or eye. Our case study patient has no atypical parkinsonian 
features, so MRI is unnecessary.

Structural MRI is generally unremarkable in patients with 
Parkinson’s disease. In vascular parkinsonism (which typi-
cally presents in the lower body without tremor), MRI shows 
ischaemic lesions in the white matter. In elderly patients, 
however, it can be difficult to know if these lesions are suf-
ficient to account for their parkinsonism. Space occupying 
lesions, normal pressure hydrocephalus, and lesions of the 
basal ganglia can also cause parkinsonism with characteris-
tic MRI appearances.

MRI can be helpful in identifying other specific neuro-
degenerative syndromes. Although not pathognomonic, 
atrophy of the midbrain tegmentum is seen in virtually all 
patients with progressive supranuclear palsy (the “hum-
mingbird sign” on sagittal MRI or “Mickey Mouse” midbrain 
on axial slices; fig 2).10 Putaminal abnormalities are more 
common in multiple system atrophy and progressive supra-
nuclear palsy than in Parkinson’s disease,11 but they may 
be detected only by an experienced neuroradiologist (or not 
at all) and rarely change clinical management. In corticoba-
sal degeneration, MRI shows asymmetric cortical atrophy 
in clinically affected areas, especially frontal and parietal 
association cortex.

Outcome
The patient reported no improvement in symptoms after 
stopping prochlorperazine for three months. He was seen 
by a different neurologist in the follow-up clinic, and a DAT 
scan showed reduced uptake bilaterally (worse on the right 
side). He was diagnosed with idiopathic Parkinson’s dis-
ease and started taking ropinirole, and his motor symptoms 
improved considerably.

Research imaging modalities
Research into neuroimaging in Parkinson’s disease may lead 
to facilitation of early accurate diagnosis, prediction of com-
plications such as dementia, a better understanding of the 
pathophysiology of the condition, and analysis of the mecha-
nisms of cognitive and motor phenotypes in the disease. 

Functional MRI 
Patients with early Parkinson’s disease typically have diffi-
culty in planning, organising, and regulating goal directed 

Fig 1 | DAT scans in 
patients with drug induced 
parkinsonism (top) and 
Parkinson’s disease 
(bottom). Radiotracer uptake 
is reduced bilaterally in the 
patient with Parkinson’s 
disease (worse on the right 
side)

Fig 2 | Magnetic resonance brain scans in patient with 
progressive supranuclear palsy, showing characteristic 
“hummingbird sign” and “Mickey Mouse” midbrain Breen et al, BMJ 2011
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Myth 4: “DaT scan has replaced 
clinical acumen anyway”



Limitations

Qualitative report (‘equivocal scan’)

Does not distinguish idiopathic PD from atypical parkinsonian syndromes

False negatives in very early disease (especially tremor-dominant cases)

Some medications interfere with ligand binding
• Increased binding: Most anticholinergics, adrenergic drugs
• Reduced binding: Certain opiates (fentanyl), sertraline, benztropine,

modafinil, cocaine, amphetamines
• ?Cigarette smoking



When can a DAT scan useful?

Drug-induced parkinsonism vs. degenerative parkinsonism

Essential or dystonic tremor with prominent rest tremor (or other soft
neurological signs)

Functional overlay ++

?Poor response to levodopa

?Very early parkinsonism (especially as we enter an era of DMT trials)



Myth 5: “Levodopa only works for 5 
years”

Youdim et al, Nat Rev Neurisci 2006



ELLDOPA study

Parkinson Study Group, NEJM 2004

All levodopa dosages led to improved
motor function after washout period

13% vs. 16% vs. 18% vs. 30% reported
OFF symptoms at the end of the study

Greater reduction in DAT binding in
levodopa-treated patients



Era of levodopa-sparing strategies

PDMED, Lancet 2014
Cilia et al, Brain 2014

Several large randomised trials (including PD MED) reported reduction in
dyskinesias with early dopamine agonist use, however follow-up studies
have shown onset of dyskinesias at the same time/severity once levodopa
added

Move away from dopamine agonists, particularly given their side effects
(daytime sleepiness, impulse control behaviours, cognitive)



Myth 6: “All dyskinesias are caused 
by too much medication”

Metman et al, Neurology 2017



Diphasic dyskinesias



Myth 7: “Sinemet 10/100 is a lower 
dose than Sinemet 25/100”

“sine” (without) “eme” (vomit)

The 2nd number is the levodopa
dosage

The 1st number is the carbidopa
dosage (which prevents peripheral
breakdown of levodopa)

No difference between Madopar and
Sinemet

No difference (apart from cost) in
generic or branded



Myth 8: “Levodopa should be taken 
with food”

Levodopa competes with large, neutral
amino acids for absorption into
bloodstream and brain

Food delays gastric emptying and
causes degradation of levodopa in the
stomach (“delayed ONs” or “dose
failures”)

Some patients have additional
gastroparesis (autonomic neuropathy)

Take away from meals if possible 
(30 minutes before or 60 minutes after)



Myth 9: “MAO-B inhibitors can never 
be prescribed with SSRIs”

Theoretical risk of serotonin syndrome

• Clonus (limbs or ocular)
• Increased tone or reflexes
• Tremor or myoclonus
• Agitation
• Excessive sweating
• Hyperthermia



Selectivity of MAO inhibition
MAO exists in two isoforms: MAO-A (mainly in body) and MAO-B (mainly
in brain)

• MAO-A inhibition reduces the metabolism of both serotonin and
noradrenaline, whereas MAO-B does not

• MAO-B prevents the extracellular breakdown of dopamine in the brain,
and does not interfere with above (unless high doses are used)

• Selegiline and rasagiline at PD doses are selective MAO-B inhibitors

12 reported cases of serotonin
syndrome in total (5 from MEDLINE
search, 2 submitted to FDA, 4 from
survey of PSG investigators

Aboukharr et al, Can J Hosp Pharm 2018 



Myth 10: “Taking MAO-B inhibitor
increases the risk of cheese reaction”

Taking some MAO-I along with foods high in tyramine (aged cheese, red
wine, herring) carries a risk of uncontrolled hypertension

Selegiline 10mg daily and Rasagiline 1mg daily are extremely unlikely to
cause this



Other things about Selegiline

Patients taking selegiline may test positive for amphetamines on toxicology
screening

Amphetamine-like metabolites are probably the cause of agitation, insomnia
and hallucinations in susceptible individuals (hence avoid at night)

Rasagiline dose not have the same amphetamine-like by-products



Myth 11: “Rasagiline slows disease 
progression”

Attenuation of Disease progression with Azilect™ Given Once Daily (ADAGIO)
• Initial 18 month prospective, double-blind, delayed-start study
• Primary analysis reported a benefit of early-start with Rasagiline 1mg but not 2mg
• 2 years after trial completion, a 3-year follow-up study was initiated (1mg and 2mg

pooled)

Rascol et al, MDJ 2016



Myth 12: “There is nothing else that 
patients can do to influence their disease”



Potential benefits of exercise

Ramaswamy et al, Practical Neurol 2018



Types of exercise

Nordic walking and UPDRS

Argentine tango and balance

Resistance training and muscle 
strength



Types of exercise

Dance and UPDRS

Tai Chi and balance



Creating an exercise regimen

www.edinburghparkinsons.org



Myth 13: “There are no effective 
treatments for gait freezing”

Try altering levodopa dose

Nonnekes et al, Lancet Neurol 2015

Physiotherapy
• External cues (marching,

humming, singing, (stepping over
imaginary line, laser projector)

• Internal cues and motor imagery
• Change in balance requirements
• Treating anxiety
• Different walking styles

Occupation therapy
• Home adjustment

• Amantadine
• Methylphenidate



What about spinal cord stimulation?

Spinal Cord Stimulation Therapy for Gait Dysfunction in Advanced
Parkinson’s Disease Patients

Olivia Samotus, MSc,1,2 Andrew Parrent,1,2 and Mandar Jog, MD1,2*

1London Health Sciences Centre – Lawson Health Research Institute, Department of Clinical Neurological Sciences, London, Ontario, Canada
2University of Western Ontario, Schulich School of Medicine and Dentistry, London, Ontario, Canada

ABSTRACT: Background: Benefits of dopaminergic
therapy and deep brain stimulation are limited and unpre-
dictable for axial symptoms in Parkinson’s disease. Dor-
sal spinal cord stimulation may be a new therapeutic
approach. The objective of this study was to investigate
the therapeutic effect of spinal cord stimulation on gait
including freezing of gait in advanced PD patients.
Methods: Five male PD participants with significant
gait disturbances and freezing of gait underwent mid-
thoracic spinal cord stimulation. Spinal cord stimulation
combinations (200-500 ls/30-130 Hz) at suprathreshold
intensity were tested over a 1- to 4-month period, and
the effects of spinal cord stimulation were studied 6
months after spinal cord stimulation surgery. Protoki-
netics Walkway measured gait parameters. Z scores
per gait variable established each participant’s best spi-
nal cord stimulation setting. Timed and automated
freezing-of-gait detection using foot pressures were
analyzed. Freezing of Gait Questionnaire (FOG-Q),
UPDRS motor items, and activities-specific balance
confidence scale were completed at each study visit.
Results: Spinal cord stimulation setting combinations
of 300-400 ls/30-130 Hz provided gait improvements.

Although on-medication/on-stimulation at 6 months,
mean step length, stride velocity, and sit-to-stand
improved by 38.8%, 42.3%, and 50.3%, respectively,
mean UPDRS, Freezing of Gait Questionnaire, and
activities-specific balance confidence scale scores
improved by 33.5%, 26.8%, and 71.4%, respectively.
The mean number of freezing-of-gait episodes reduced
significantly from 16 presurgery to 0 at 6 months while
patients were on levodopa and off stimulation.
Conclusions: By using objective measures to detect
dynamic gait characteristics, the therapeutic potential
of spinal cord stimulation was optimized to each partici-
pant’s characteristics. This pilot study demonstrated the
safety and significant therapeutic outcome of spinal
cord stimulation in advanced PD patients, and thus a
larger and longer clinical study will be conducted to
replicate these results. VC 2018 International Parkinson
and Movement Disorder Society

Key Words: Parkinson’s disease; gait dysfunction;
kinematics; neuromodulation; spinal cord stimulation

In patients living with Parkinson’s disease (PD) for
an average of 10-15 years, axial motor symptoms,
such as gait dysfunction, freezing of gait (FOG), and

postural instability, are common late phenomena and
induce significant disability.1-3 Axial symptoms are
largely resistant to dopamine replacement therapy.1,3

Benefits of deep brain stimulation (DBS) targeting the
subthalamic nucleus (STN) or globus pallidus interna
(GPi) for axial symptoms is limited and unpredictable,
and this intervention is only available to a fraction of
patients.3-10 DBS of the pedunculopontine nucleus for
axial symptoms is still experimental, as outcomes are
variable.5,11,12 A novel therapeutic intervention is a
significant unmet need for alleviating axial disability
in advanced PD patients.

Progress in the therapeutic use of dorsal spinal cord
stimulation (SCS) has produced significant motor and
gait improvements in 5 nonhuman primate models of
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What about spinal cord stimulation?
Open-label, exploratory, non–randomised pilot
study
• 5 male PD patients, broad inclusion criteria (all

had falls and FOG)
• Implantation of two electrodes in medial

epidural space at T8-10 spinal segments
• No adverse events related to surgery
• 6 months of dorsal spinal cord stimulation (11

frequency and pulse width combinations tested
in blinded fashion)

• Best stimulation setting chosen by gait analysis
(no defining trends)

• All patients improved in terms of UPDRS and
step length

• Improvements also seen in activities-specific
balance confidence scale (ABC), but not FOG-
Q or PDQ-8



What about spinal cord stimulation?
in Figure 3. There were no defining trends within or
between subjects when correlating changes in pulse
width/frequency to gait outcome measures (eg, increas-
ing frequency from 30 to 60 Hz demonstrated both
increases and decreases in mean z scores). The SCS
electrode configuration for each participant’s best SCS
setting is illustrated in Appendix e-3. Supplemental
Video 1a,b displays the footfalls of participants 1 and
2 from preoperative and postoperative testing of each

participant’s best and worst setting collected using
PKMAS.

Improvements in spatiotemporal parameters were
achieved, while participants remained on-medications,
between 1 and 4 months (each participant tested on
his or her best setting based on mean z scores), and at
6 months with the SCS device turned on to each par-
ticipant’s best setting for 1 hour before testing com-
pared with preoperative measurements (Fig. 4a). An

FIG. 4. Participants improved in overall gait following 6 months of SCS intervention. (a) Mean spatiotemporal gait measures of step length (blue),
stride velocity (red), swing % phase (green), single support % phase (purple), and double support % phase (light blue) with standard deviations of
all participants; (b) mean asymmetry and (c) mean variability, represented by percentage of gait measures: step length (blue), step time (red), stride
velocity (green), and swing % phase (purple) with standard deviations of all participants; (d) mean number of FOG episodes and duration per epi-
sode; and (e) mean duration of sit-to-stand with standard deviations of all participants illustrated. 1LD/1SCS, on-mediation/on-stimulation, 1-4 m,
1 to 4 months after SCS; device set to each participant’s best setting; 6m, 6 months after SCS. Asterisks represent statistical significance compared
with preoperative (pre).
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Myth 14: “DBS is always the last 
resort”

EARLYSTIM TRIAL

Effect of bilateral STN-DBS in PD with
early motor fluctuations (within 3
years)

Compared with Best Medical Therapy

PDQ-39 (QoL) as the primary outcome
measure

Schuepach et al, NEJM 2013



EARLYSTIM Results

• 25% improvement in PDQ-39 in DBS group
• 26% and 53% improvement in UPDRS-III in

medication ‘ON’ and ‘OFF’ states
• Improvement in UPDRS-IV by 61%



Myth 15: “DBS should be given for 
symptoms that do not respond to levodopa”

Kleiner-Fisman et al, MDJ 2006



Myth 16: “Never give antipsychotics 
in PD”

If needed, favour second generation (atypical) antipsychotic such as
quetiapine



Pimavanserin (Nuplazid™) for PD 
psychosis

Cummins et al, Lancet 2014

Randomised, placebo-controlled phase 3 study of pimavanserin 40mg once daily
vs. placebo
• Selective serotonin 5HT-2A inverse agonist
• 199 patients studied over 6 weeks (2-week run-in period with psychotherapy)
• 52 centres in US and Canada
• Inclusion: Aged >40, psychotic symptoms for >1 month (delusions and/or

hallucinations), MMSE >20, stable drug dosages

37% vs. 14% improvement

Improved caregiver burden
and sleep



Myth 17: “There are never going to 
be any new PD therapies”

Alpha-synuclein vaccines (passive)

BIIB054 (Biogen/Neurimmune)
Phase 2 (SPARK) ongoing, multicentre

Prasinezumab (PRX002) (Prothena/Roche)
Phase 2 (PASADENA) ongoing, multicentre

MEDI1341 (Astrazeneca/Takeda)
Phase 2 (PASADENA) ongoing, Dallas

Alpha-synuclein vaccines (active)

AFFITOPE® PD01A (Affiris)
Phase 1 ongoing

Anti-synuclein compounds

NPT200-11/ UCB0599 (Neuropore/UCB)
Phase 1b ongoing

NPT088 (Proclara)
On hold, testing in AD first



Drug repurposing – Exenatide

• GLP-1 receptor agonist (synthetic version of exendin-4)
• Discovered in the saliva of the Gila monster
• Used since 2005 to treat diabetes, causes insulin to be released
• Animal studies indicate that the drug may be neuroprotective

Aviles et al, JCI 2013



Drug repurposing – Exenatide
Randomised, placebo-controlled, phase 2 study of exenatide 2mg vs. placebo
• Weekly subcutaneous injections over 48 weeks, followed by 12 week washout
• PD patients with fluctuations
• Single centre (UCL)
• On dopaminergic medications with wearing off symptoms

Articles
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outcomes were differences between exenatide and placebo 
in each subsection of the MDS-UPDRS in the on-
medication state and the Mattis Dementia Rating Scale at 
weeks 48 and 60. Additional secondary measures included 
frequency of adverse events, changes in vital signs, weight, 
and clinical laboratory values. Exploratory outcomes 
included between-group differences in dopamine trans-
porter availability as measured by DaTscan,13 timed motor 
tests in both off-medication and on-medication states, LED, 
3-day Hauser diary of Parkinson’s disease state, and scores 
on the Unified Dyskinesia Rating Scale, Montgomery and 
Asberg Depression Rating Scale, Non-Motor Symptoms 
Severity Scale, Parkinson’s Disease Questionnaire 39, and 
EuroQol Five Dimensions Questionnaire.

Statistical analysis
All study analyses were done according to a predefined 
statistical analysis plan. To analyse the effect of treatment 
allocation on the primary outcome, we used a regression 
analysis of covariance (ANCOVA) approach to adjust for 
stratification factors (Hoehn and Yahr stage) and baseline 
raw MDS-UPDRS part 3 values. On the basis of previously 
collected pilot data9 and with a two-sided 5% significance 
level, we estimated that a sample size of 60 patients would 
be required to detect a difference of 5·8 MDS-UPDRS 
points between the two groups. These calculations were 
based on a common SD of 13, 90% power, and an overall 
type 1 error rate of 5%. Additionally, we assumed a 
correlation of 0·85 between baseline and follow-up MDS-
UPDRS measurements. All efficacy analyses were based 
on a modified intention-to-treat principle, which included 
all patients who completed any post-randomisation 
follow-up assessments.

Differences in continuous motor and non-motor 
outcome measures in the on-medication state were 
estimated with the same regression approach, which was 
adjusted for stratification factors, baseline scores, and 

any change from baseline in LED to account for the 
possible confounding effect of changes in Parkinson’s 
disease medications during the trial. Comparison of 
gastrointestinal adverse events between treatment 
groups was done with χ² tests. We used Pearson’s 
correlation to investigate a possible relation between 
noted treatment effects and potential confounding 
factors, such as weight loss and change in LED. A post-
hoc exploratory analysis of the primary outcome 
additionally adjusted for change from baseline in LED 
was also subsequently done to address the possibility that 
differential increases in LED could have confounded 
motor assessments even in the off-medication state.

We used statistical parametric mapping to quantitatively 
analyse DaTscan data. Baseline and delayed images for 
each participant were smoothed and coregistered before 
spatial normalisation into Montreal Neurological Institute 
space via a DaTscan template. We used a fully flexible 
model after image scaling to assess between-group 
differences in loss of DaTscan uptake between baseline 
and 60-week scans by ANCOVA, adjusting for baseline 
differences in DaTscan signal, Hoehn and Yahr stage, and 
change in LED at 60 weeks. Further analysis was also 
done to assess the differences in the changes between the 
two allocations. The resulting statistical parametric maps 
were masked to restrict differences to bilateral caudate 
and putamen regions at a height threshold of p less than 
0·01, uncorrected for multiple comparisons, and an 
extent threshold of ten voxels.

We did a planned interim analysis after 60 participants 
completed 24 weeks’ follow-up. The change in MDS-
UPDRS part 3 score between baseline and 24 weeks was 
compared between groups and analysed by the trial 
statistician at UCL’s Comprehensive Clinical Trials Unit, 
who ensured that the trial team remained blinded to 
treatment allocations. The results of the interim analysis 
were communicated to the independent data-monitoring 
committee only, and recommendations to continue the 

Exenatide (n=31) Placebo (n=29)

Age, years 61·6 (8·2) 57·8 (8·0)

Sex

Female 9 (29%) 7 (24%)

Male 22 (71%) 22 (76%)

Age at diagnosis, years 55·9 (7·9) 52·2 (7·7)

Duration of diagnosis at baseline, 
years

6·4 (3·3) 6·4 (3·3)

Hoehn and Yahr stage

1·0–2·0 29 (94%) 29 (100%)

2·5 2 (6%) 0 (0%)

MDS-UPDRS part 3 off medication 32·8 (9·7) 27·1 (10·3)

Levodopa equivalent dose, mg 773·9 (260·9) 825·7 (215·0)

Data are mean (SD) or n (%). This table excludes two patients who were recruited 
but did not complete any follow-up visits. MDS-UPDRS=Movement Disorders 
Society Unified Parkinson’s Disease Rating Scale.

Table 1: Patient characteristics at baseline

Figure 2: MDS-UPDRS part 3 scores (A) and changes in MDS-UPDRS part 3 scores (B), by study visit 
Data are means for the off-medication state. Error bars represent standard error of the mean
MDS-UPDRS=Movement Disorders Society Unified Parkinson’s Disease Rating Scale.
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Exenatide Placebo

Athuda et al, Lancet 2014

UPDRS-part 3 OFF score
worsened by 2.1 points in
placebo vs. improved by
1.0 in exenatide group

No difference in ON
UPDRS scores

Side effects: Weight loss
(2.6kg), injection site
reactions, 1 patient
discontinued due to
amylasaemia


