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Man on his Nature (1938) 
An act which may seem simple even to 
banality is the directing of the gaze. Yet its 
factors engage the roof-brain far and wide … 

 
 

 

 

Outline 
 
▪ Parkinson’s disease (PD) 

▪ Surgical PD (deep brain stimulation) 

▪ Progressive Supranuclear Pasly (PSP) 
 Cerebellar Ataxia 
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How do we look at a visual 

scene? 
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▪ 

 

 
▪ 

 

 
▪ 

History of Parkinson’s Disease 
▪ Descriptions date back to 1817 

Used to be known paralysis 
agitans – the “shaking palsy” 

The 19th  century neurologist 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
With permission from the Bodleian libraries 

Jean-Martin Charcot began calling 
it “Parkinson’s disease” 

100 years later doctors realised 
that patients were losing brain 
cells 

In 1960 it was discovered that 
levels of the brain chemical 
dopamine were much lower in PD 
patients than in healthy controls. 

 
 

NeuroMetrology Lab 
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NeuroMetrology Lab 

▪ Slowing of movements 

▪ Tremor 

▪ Stiffness/rigidity of 
limbs 

▪ Instability 

▪ Loss of facial expression 

▪ Progressive and disabling 
symptoms including 

Motor symptoms of Parkinson’s 

 
 
 

 

What causes PD? 
 
▪ Death of nerve cells in an area 

of the brain called the 
substantia nigra 

▪ In a few people due to faulty 
genes 

▪ In a few more there is an 
identifiable environmental 
factor e.g. Chemical exposure 

▪ But in most cases the cause is 
unknown 
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NeuroMetrology Lab 

▪ Constipation 

▪ Urinary problems 

▪ Depression 

▪ Anxiety 

▪ Cognitive problems 

▪ Loss of sense of smell 

▪ Sleep disturbance 

Non motor symptoms of Parkinson’s 

Idiopathic Parkinson’s Disease 
 
▪ Fixation disrupted by square wave 

jerks (horizontal small saccadic 
intrusions) 

 
▪ Hypometria of horizontal saccades 

 
▪ Impaired smooth pursuit 

▪ Preserved vestibulo-ocular reflex 

▪ Slower in advanced disease ..... but 
can we detect changes at the very 
early stages of PD? 

Video courtesy from the Neurology of Eye 
Movements Leigh and Zee 
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The saccadometer 

▪ Micro-miniaturised 
head-mounted infrared 
oculometer 

▪ Non-invasive 

▪ Accurately measures 
hundreds of saccades in 
minutes 

▪ Self – calibrating to 
establish correct gain 

▪ No need to restrain head 
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Evoked saccades - step task 

 
 
 
 
 

target 

 
eye 
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NeuroMetrology Lab 

▪ Electrical stimulation of specific deep brain areas can 
relieve symptoms 

Deep brain stimulation 
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Left figure: Adapted by 
permission from Macmillan 
Publishers Ltd, Nature Reviews 
Neuroscience, Kringelbach et al. 
“Translational principles of deep 
brain stimulation”, 8:8(623-635). 
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Video courtesy from BBC 2018 

Saccadometry in DBS 

▪ 10 PD patients from a multidisciplinary movement 
disorder clinic 

▪ 3 female, 7 male 

▪ Bilateral STN DBS 

▪ Saccadometry performed: 

1. Pre-implantation 

2. Within 24 hrs post-implantation 

3. 3 weeks later prior to switch-on 

4. 3 weeks later after switch-on 
 
 
 

Antoniades et al (2013) PLoS One 
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Antoniades et al (2013) PLoS One 

** p < 0.01 
NS Not significant 

p < 0.05 * 
** 

NS 

* 

Changes in Median Latency 

Changes in Median Latency 

▪ Qualitative difference between oculomotor effects of 
lead insertion (temporary ‘lesion’) and stimulation 

▪ Mechanism of DBS uncertain – this demonstrates it is 
not simply producing a blockade as many had 
previously thought 

 
 
 
 
 
 
 

Antoniades et al (2013) PLoS One 
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OFF stimulation post-op STN DBS 

ON stimulation post-op STN DBS 
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Eye movement consortium 
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NeuroMetrology Lab 

Neuro 

 
 
 

 

Parkinson’s treatments address basic motor problems – tremor, stiffness, slowness – but not more 

complex motor problems where “higher” brain circuits have to instruct the lower level circuits what to do. 
The problem 

Thal 
amu 

s 
VL 

Gpi/SNr 

Motor or 

Oculomotor 
STN  loop  

Body or eye 

movements 

Prefrontal loop 
Inhibition 

Initiation STN 

Working memory 

FEF/M 

1 Striatum 
DLPFC 

DLPFC 
Motor 

Metrology Lab 

antisaccade errors 

▪ Both STN DBS and GPi 
DBS reduce prosaccade 
latency 

▪ Only GPi DBS reduces 



23 

 

 

 
 
 

 

Hypothesis 

▪ Striatal damping 

▪ Reduction in random 
firing (=noise) 

▪ Increase in SNR 

 
 
 
 

Progressive Supranuclear Palsy 
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Progressive Supranuclear Palsy 

Steele, J. C. Richardson, J. C. Olszewski, J. 1964 Archives of Neurology 
 

Progressive Supranuclear Palsy. a Heterogeneous Degeneration Involving the 
Brain Stem, Basal Ganglia and Cerebellum with Vertical Gaze and 
Pseudobulbar Palsy, Nuchal Dystonia and Dementia 

 

 

CAUSES: 
• Still largely unknown 

 

• Underlying pathology identified 
✓ Accumulation of abnormal tau in parts of the brain that 

control movement, cognition and behaviour 
 

• Tau – microtubule associated protein involved in Alzheimer’s (AD), 
Frontotemporal Dementia (FTD), Dementia with Lewis Bodies 
(DLB), PSP, Corticobasal degeneration (CBD) and other 
tauopathies. 

Progressive Supranuclear Palsy 

 
• About 5 – 7 per 100,000 

• Mean age of onset is around 65 years old 

• Prominent falling (often backwards) 

• Involuntary eyelid closure 

• Difficulty looking up and down (eventually left /right) 

– Can experience double vision, difficulty reading 

• Eye discomfort, blurred vision and lid apraxia 
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Progressive Supranuclear Palsy 

• Vertical and eventually horizontal saccades are 
hypometric early in the disease and at the end 
become very slow 

• Square wave jerks (horizontal small saccadic 
intrusions that aren’t nystagmus) 

 
 
 
 
 
 

Video courtesy from the Neurology of Eye 
Movements Leigh and Zee 
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Is Limited vertical gaze purely due to PSP? Ageing? 

 
• Is paralysis of downgaze diagnostic for PSP? 
• Upward range of voluntary movement becomes 

progressively limited in elderly individuals due to 
orbital factors 

• PSP patients may show limited voluntary up-or 
downgaze 

• Impaired voluntary downgaze overcome with 
head rotation is suggestive of PSP 

• But slow vertical saccades are more reliable for 
diagnosis of PSP 

 
 

Thank you to Prof John Leigh 
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3D view of saccadic parameters 
 

Control 
PD 
PSP 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Antoniades et al (2007) Biomarkers inMedicine 1(4):487-490 

Cerebellar ataxia 
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Thank you 
NeuroMetrology Group 

@Neurometrology 
chrystalina.antoniades@ndcn.ox.ac.uk 
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