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Abstract 

Purpose 

Ophthalmic findings, including abnormalities of the optic nerve and retina, are common features of 

a number of neurodegenerative disorders. These ophthalmic abnormalities have emerged as 

potential biomarkers of disease progression in several neurodegenerative conditions.  In addition, 

anterior visual system changes have clinical relevance because they can be a significant cause of 

disability.  

Optical coherence tomography (OCT) allows for rapid, non-invasive imaging and quantitative 

analysis of the optic nerve and retina. Over the past 15 years, OCT has been widely used to 

investigate axonal and neuronal degeneration in the eye, and the relationship with disease severity 

in multiple sclerosis, neuromyelitis optica Alzheimer’s disease and Parkinson’s disease. OCT is now 

frequently utilised in observational studies, clinical practice and therapeutic trials of potential 

neuroprotective agents.  

The objectives of the studies outlined in this research thesis were twofold: Firstly, to investigate the 

morphology of the optic nerve head and retina, using OCT, in patients with neurodegenerative 

disorders, and to determine the relationship between OCT measurements and disease duration and 

severity.  

Methods 

Subjects with neurodegenerative disorders including muscular dystrophies, Huntington’s disease, 

Parkinson’s disease, motor neuron disease, ataxias and hereditary spastic paraplegia were recruited. 

All participants underwent a complete neuro-ophthalmic assessment including retinal photography 

and OCT examination of the peripapillary retinal nerve fibre layer (RNFL) and macula. 

Ophthalmic findings were compared with those from a healthy control group. Additionally, 

neurological assessment was undertaken in order to be able to assess the relationship between 

OCT findings and disease severity.  

Results 

OCT examination was performed in patients with a diverse range of neurodegenerative disorders. 

There was preferential thinning of the temporal RNFL in the Huntington’s disease and cerebellar 

ataxia neuropathy vestibular areflexia syndrome (CANVAS) cohorts. Global RNFL thickness was 

reduced in the Friedreich’s ataxia and hereditary spastic paraplegia (HSP) groups. In the myotonic 

dystrophy type 1 (DM1), Parkinson’s disease, motor neuron disease and facioscapulohumeral 
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muscular dystrophy (FSHD) groups, there was no significant difference in RNFL thickness 

between patients and controls.  

Macular thickness was greater in the myotonic dystrophy type 1 group compared with controls. 

This was due to a high prevalence of epiretinal membrane, detected with OCT examination. 

Macular volume was significantly reduced in the Freidreich’s ataxia patient group. There was no 

significant difference in macular thickness or volume between patients and controls in the 

Parkinson’s disease, motor neuron disease, Huntington’s disease, CANVAS, FSHD or HSP 

groups.  

In the Huntington’s disease group there was a significant correlation between disease duration and 

both temporal RNFL thickness and macular volume, and a significant relationship between motor 

assessment scores and macular volume. There was no significant relationship between symptom 

duration, measures of disability and/or cognitive function and OCT findings in the DM1, 

Parkinson’s disease, motor neuron disease, CANVAS, HSP, Friedreich’s ataxia or FSHD groups.  

Conclusions 

OCT measurements may be potential biomarkers of disease progression in Huntington’s disease 

patients. The preferential thinning of the temporal RNFL in Huntington’s disease may be due to 

mitochondrial dysfunction. In addition, OCT assessment has a role in the clinical assessment of 

patients with myotonic dystrophy, in the detection and monitoring of patients with epiretinal 

membranes.  

Larger, longitudinal studies are required in order to determine the relationship between ophthalmic 

and neurological findings in neurodegenerative disorders, and to further investigate the utility of 

OCT measurements as potential biomarkers of disease progression in these conditions.  
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1.1 Introduction 
In order to appreciate the optic nerve and retina in neurodegenerative disorders, an understanding 

of the normal anatomical variations, and the physiology of the structures of the visual pathway, is 

essential. The anterior afferent visual pathway is comprised of the retinal ganglion cells and their 

axons, the optic nerve, optic chiasm, optic tract and the lateral geniculate nucleus.  

Until relatively recently the examination of the retina and optic nerve was limited to subjective 

stereoscopic assessment using biomicrosopy, and retinal photographs. The advent of ophthalmic 

imaging has allowed the practitioner to objectively investigate the ocular structures, and structure-

function relationships, in more detail. This chapter will provide an overview of the relevant 

anatomy and physiology of the retina, optic nerve and structures of the anterior visual pathway. 

The primary focus of this chapter will be the anatomy of the retina and optic nerve head, although 

the basic features of the other anterior visual pathway structures will be outlined for completeness. 

1.2 The retina 
The retina is a thin, transparent structure, arranged in ten layers that can be histologically identified 

(Figure 1.1). A brief description of the structure and function of each of these layers is given below. 

The neural retina consists of six types of neurons (photoreceptors, horizontal cells, bipolar cells, 

amacrine cells, interplexiform cells and ganglion cells) in close contact with glial cells (Müller cells, 

astrocytes and microglia).1, 2 

A unique feature of the human retina is the existence of a foveal region at the posterior pole of the 

eye. The centre of the fovea is avascular and is termed the foveal pit, or foveola, and measures 

approximately 350 µm in diameter.3 The macula includes the fovea and parafoveal region, and it is 

this area that serves essential visual tasks including the perception of colour and the size and shape 

of objects.3 The optic disc is located approximately 3 -4 mm nasal to the fovea. The retina extends 

anteriorly, and the anterior margin of the neural retina is termed the ora serrata.4 

In recent years, non-invasive visualisation of retinal structure has been made possible by optical 

coherence tomography (OCT). The microstructure of the layers of the retina as visualised on OCT 

images correlates well with the known retinal morphology.5 OCT as an examination technique is 

evaluated in more detail in Chapter 3. With high-resolution OCT devices, now in widespread use in 

both clinical and research settings, the individual retinal layers can be examined. The retinal layers 

appear as either relatively hyper- or hypo- reflective bands (Figure 1.2) depending on the differences 
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in back-scattering of incident light between tissue structures.5 The appearance of each of the retinal 

layers on OCT scans is outlined in the in the sections below.  

 

 

Figure 1.1: The layers of the retina 

The cellular processes of the Müller cells form the inner (internal) and outer (external) limiting 
membranes. From Clinical Anatomy of the Eye (1998).4 Reproduced with permission from Wiley 
and Sons, Inc.  
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Figure 1.2: The layers of the retina as visualised with spectral-domain optical coherence 
tomography.  

Abbreviations: RPE retinal pigment epithelium; PRL photoreceptor layer; ELM external limiting 
membrane; ONL outer nuclear layer; OPL outer plexiform layer; INL inner nuclear layer; IPL 
inner plexiform layer; GCL ganglion cell layer; NFL nerve fibre layer; ILM internal limiting 
membrane 
 
 

1.2.1 Retinal pigment epithelium  

The retinal pigment epithelium (RPE) is the outermost layer of the retina, located between the 

neural retina and the choroid. It is a single layer of cuboidal, pigmented epithelial cells. The cells are 

arranged in a regular hexagonal pattern overlying Bruch’s membrane (a prelaminar elastic 

membrane measuring 1–4 µm).1, 5, 6 Each cell measures approximately 10–14 µm in diameter.6  The 

RPE is crucial to the survival and function of the neural retina. RPE cells act as supportive cells for 

the photoreceptors and essential functions include the removal and phagocytosis of photoreceptor 

outer segments, and Vitamin A storage and metabolism.1, 7 Melanin in the RPE absorbs scattered 

light and scavenges free radicals.1, 8 On OCT scans, the RPE is the outermost highly reflective 

band.9 Bruch’s membrane is not visible as an independent structure on OCT scans. 5 

1.2.2 Photoreceptor layer 

Light passing through the retina is captured by the photoreceptors, the most distal cells of the 

neural retina. 2 There are two main photoreceptor types: cones and rods. There are approximately 

five million cone photoreceptors, responsible for vision in bright illumination and the resolution of 
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fine detail.1, 3, 4 There are approximately 92 million rods, responsible for vision in dim light.1 The 

outer segment of the photoreceptors contains the photosensitive pigment. In rods, this pigment is 

rhodopsin. There are three different cone opsins, each sensitive to a different region of the visible 

light spectrum: Red (long wavelength) cones have peak absorption at 588 nm, green (medium 

wavelength) at 531 nm and blue (short wavelength) at 420 nm.1 The central foveal region contains 

only red and green cones. Blue cones are not found at the foveola, but have a high density just 

outside this region. Rod density is greatest at about 4.5 mm from the foveolar.1 The 

neurotransmitter glutamate is used by all photoreceptors.1 Photoreceptors consist of a cell body 

(located in the outer nuclear layer) and an inner and outer segment. Photoreceptor structures can 

be visualised on OCT images as the second and third of the four highly reflective bands of the 

outer retinal layers.9 These bands were previously thought to be the inner/outer segment junction 

and the outer segment tips. However, more recently it has been found that the second and third 

bands are likely the ellipsoid section of the photoreceptors and the contact cylinder of the cones.9, 10  

1.2.3 External limiting membrane  

The external (outer) limiting membrane (ELM) is not a physical membrane, rather it is formed by 

the alignment of structures between the photoreceptor inner segments and Müller cells.5, 11 The 

ELM, as visible on OCT, is a marker of the photoreceptor layer (PRL) integrity 12 and can be 

visualised on spectral-domain OCT images, as the faintest of the four hyper-reflective outer retinal 

bands (Figure 1.2).9  

1.2.4 Outer nuclear layer 

The outer nuclear layer (ONL) consists of the cell bodies of the rods and cones.4 The ONL is 

thickest in the foveal region (approximately 67.5 µm with spectral-domain OCT),13 where 

photoreceptor density is greatest. Here, it contains approximately ten rows of cone nuclei. The 

thickness of this layer decreases towards the peripheral retina.1 On OCT scans, the ONL is hypo-

reflective and accounts for a significant portion of the retinal thickness at the foveal pit.13  

1.2.5 Outer plexiform layer 

In the outer plexiform layer (OPL), the long, cylindrical, unmyelinated axons of cone and rod 

photoreceptors (Henle’s fibres) terminate in the rod spherules and cone pedicles and form 

synapses with the horizontal and bipolar cells.1, 3, 14 OCT retinal layer analysis has shown that the 

OPL is relatively hyper-reflective and approximately 21 µm thick in the foveal region,13 with the 

thickness reducing towards the periphery.    
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1.2.6 Inner nuclear layer 

The inner nuclear layer (INL) consists of the horizontal, bipolar, amacrine and interplexiform cell 

nuclei, as well as Müller glial cells.1, 4 The horizontal cells provide inhibitory feedback to the 

photoreceptors, and inhibitory feed-forward to the bipolar cells.1 Bipolar cells pass photoreceptor 

signals to either ganglion cells or amacrine cells. The bipolar cells connect exclusively to either rods 

or cones and each bipolar cell is in contact with multiple photoreceptors.1, 2 There are many types 

of amacrine cells, classified according to their receptive field size. The exact role of amacrine cells 

has not been established, although it is thought that they are involved with retinal processing, 

including high acuity vision.1, 2, 4 Interplexiform cells send processes to the inner and outer 

plexiform layers and carry feedback signals between these layers.1 Müller cells are the predominant 

type of glial cell in the retina and extend the entire thickness of the neural retina; the nuclei are 

located in the INL.2, 4 The fine processes of the Müller cells cover the surfaces of the neuron cell 

bodies in the nuclear layers of the retina.1 In addition to providing structural support to retinal 

neurons, the Müller cells regulate the extracellular environment.1 The INL is approximately 43 µm 

thick when measured with spectral-domain OCT, and is hypo-reflective between the two relatively 

hyper-reflective plexiform layers.13  

1.2.7 Inner plexiform layer 

Amacrine and bipolar cell processes synapse with ganglion cell dendrites in the inner plexiform 

layer (IPL).3 In the plexiform layers, the dendritic processes of neurons are covered by Müller cells, 

providing chemical and electrical insulation.1 On OCT the IPL measures approximately 30 µm and 

is a relatively strong backscattering layer, appearing as a hyper-reflective band on high definition 

scans.13  

1.2.8 Ganglion cell layer 

The function of the ganglion cells is to collect the visual information that has been processed in the 

retina, and send it to the brain.1 The ganglion cell layer (GCL) is thickest in the macular region 

(although there are no ganglion cells in the foveal pit), where it measures approximately 60 µm, and 

there are between eight and ten rows of ganglion cell nuclei.1, 13 Further from the fovea, the GCL is 

typically only a single row of cells.1 Ganglion cell dendrites are located in the inner plexiform layer. 

On OCT, the GCL is a weakly backscattering layer and appears as a hypo-reflective region.5  
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1.2.9 Retinal nerve fibre layer 

The retinal nerve fibre layer is composed of the non-mylelinated axons of the ganglion cells.4 The 

ganglion cell axons form bundles, which are covered by the processes of Müller or astrocyte glial 

cells.1 When the axons reach the inner surface of the retina, they make a 90 degree turn, before 

converging at the optic disc in a radial pattern.1, 4  However, the nerve fibres from the foveal region, 

and the area of the retina that lies between the fovea and the optic disc, approach the disc in a 

straight line. This collection of nerve fibres is called the papillomacular bundle.1 RNFL thickness is 

variable; thickness increases towards the optic nerve head (the peripapillary RNFL). The 

peripapillary RNFL is thickest adjacent to the inferior margin of the disc, followed by the superior, 

nasal and temporal (corresponding to the papillomacular bundle) regions.1 The RNFL can be 

observed clinically, as white-ish striations in the retina, using direct or indirect ophthalmoscopy, 

and is most visible when using a red-free light. More recently, the examination of the RNFL using 

various ophthalmic imaging techniques, including OCT, has become mainstream. The RNFL is a 

highly back-scattering layer and is visible as a hyper-reflective band on OCT images.5 There is a 

negative correlation between age and RNFL thickness.15  

1.2.10 Internal limiting membrane 

The internal (inner) limiting membrane (ILM) is a thin (approximately 10 µm), transparent 

structure, and is the innermost of the retinal layers.16 The membrane is formed by the basement 

membrane of the Müller glial cells. The ILM contributes to the biomechanical strength of the 

retina.17  

1.2.11 Retinal vascular supply  

The retina receives its blood supply from two sources: the choroidal capillaries and the branches of 

the central retinal artery.4 The outer layers of the retina, including the RPE, photoreceptors and 

ONL, are supplied by the capillaries located in the choroid.18 The most anterior part of the choroid 

(from the equator) is supplied by the long posterior ciliary arteries. The short posterior ciliary 

arteries supply the posterior choroid.4 Choroidal capillaries are arranged as lobules in a honey-comb 

pattern.18 

The inner retinal layers are supplied by the branches of the central retinal artery. The central retinal 

artery is the first branch of the ophthalmic artery. It enters the optic nerve posterior to the eye, and 

pierces the lamina cribrosa to enter the eye itself. The artery then divides into four branches 

(superior-nasal, superior-temporal, inferior-nasal and inferior-temporal), with each artery supplying 

a quadrant of the retina.4 These vessels are located in the RNFL, close to the ILM. Capillary 
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branches of these main vessels can extend further inwards to the INL.4 The central retinal vein is 

responsible for the venous drainage of the inner retina.4 Blood vessels in the retina are covered by 

Müller cells.1  

1.3 The optic nerve head 
The intraocular portion of the optic nerve is termed the optic nerve head. The optic nerve head 

extends from the surface of the optic disc to the posterior scleral surface, and measures 

approximately 1–1.5 mm in length. It consists of three regions: the nerve fibre layer (and inner 

limiting membrane), the prelaminar region, and the lamina cribrosa.19 The prelaminar region 

contains the capillaries, connective tissue, and unmyelinated axons of retinal ganglion cells arranged 

into bundles. These bundles are surrounded by astrocyte glial cells.19 The lamina cribrosa is 

composed of dense collagenous sheets of scleral tissue and glial cells. It contains sieve-like 

openings, though which pass the central retinal vessels and nerve fibres.19 

1.3.1 Vascular supply to the optic nerve head  

The vascular supply to the optic nerve head is complex, and comes from the central retinal vessels, 

the short posterior ciliary arteries, the choroid and the pia mater. The RNFL and peripapillary 

region are supplied by the branches of the central retinal artery.18 The short posterior ciliary arteries 

(which form the arterial anastomotic circle of Zinn-Haller) supply the prelaminar region. There is 

debate about the role of choroidal blood supply in this region, although it is thought that 

approximately 10% of prelaminar vessels originate in the choroid.20 The laminar region is also 

supplied by the short posterior ciliary arteries and the circle of Zinn-Haller, with a possible small 

contribution from the choroidal vessels.20, 21 The retrolaminar region of the optic nerve head is 

supplied by branches of the short posterior ciliary arteries, and the pial blood vessels of the 

peripheral optic nerve.21 Venous drainage of the optic nerve is mainly through the central retinal 

vein.19 

1.3.2 Normal variations in optic nerve head appearance  

There is a large degree of variation in the normal optic nerve head appearance between individuals 

(Figure 1.3). In addition, there can be significant asymmetry between the two eyes of the same 

individual.22 Several factors, particularly age, ethnicity and refractive error, can influence the 

appearance of the optic nerve head.23, 24 The size of the optic disc varies with the size of the scleral 

canal, and the angle at which the optic nerve exits the eye. Small (1.1–1.3 mm in diameter) and 

large (1.8–2.0 mm) optic discs are reasonably common, although microdiscs (less than 1 mm in 

diameter) and macrodiscs (greater than 2 mm in diameter) are rarely seen.24 The optic disc is 
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generally oval in shape, and the vertical axis is slightly longer than the horizontal. The optic cup is 

the central excavation of the optic disc and the cup size correlates with the size of the optic disc 

(the larger the optic disc, the larger the cup). The cup is slightly oval in shape, with the horizontal 

axis longer than the vertical. An individual with a larger optic disc may have physiological vertical 

elongation of the optic cup, whereas an increase in the vertical cup to disc ratio is more likely to be 

pathological if the optic nerve head is small.25, 26 It has been shown that within a refractive error 

range of – 5 to + 5 dioptres, the size of the disc is independent of the degree of ametropia, 

although the disc size is larger in individuals with marked myopia, and smaller in those with high 

hyperopia.27 Caucasians tend to have smaller optic discs, and disc area is greatest in African 

individuals. Asian and Hispanic populations have optic disc sizes in the intermediate range.28  

1.3.3 The neuro-retinal rim  

The neuro-retinal rim is the portion of the optic nerve head found between the scleral ring, and the 

rim of the optic cup. The neuro-retinal rim is composed of the unmeylinated axons of 

approximately 1.2 million retinal ganglion cell axons, as they begin their posterior course. Each 

axon has a diameter of about 0.5–1 µm.4, 29 The arrangement of the retinal nerve fibres at the 

neuro-retinal rim corresponds to the distribution of the fibres in the retina: this is known as 

retinotopic mapping, which is maintained throughout the visual pathway. There is a strong 

correlation between the number of axons and the size of the neuro-retinal rim.1 There is significant 

variability between normal individuals; the area of the neuro-retinal rim tends to be larger in eyes 

with a large optic nerve head.28, 30 The width of the rim is greatest in the inferior sector of the optic 

disc, followed by the superior, nasal and temporal sectors (Figure 1.3).27, 30  
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Right Eye    Left Eye 

 

 

 

Figure 1.3: Variations in normal optic nerve head appearance. 

A) Normal optic nerve head with minimal excavation of the optic cup. B) Normal optic nerve head 
with a larger cup to disc ratio, and healthy neuroretinal rim. Note the larger optic disc size when 
compared with the image in A. The neuroretinal rim obeys the ‘ISNT’ rule. The rim is widest 
inferiorly (I), followed by the superior (S), nasal (N) and temporal (T) regions. C) Normal optic 
nerve head with peripapillary atrophy temporally (arrows) 
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1.4 Optic nerve 
The optic nerve is a white matter tract of the central nervous system.1 The nerve can be divided 

into four parts: the optic nerve head (described above), intraorbital nerve, intracanalicular nerve 

and intracranial nerve.31 The intraorbital portion of the optic nerve begins after the lamina cribrosa, 

where the retinal nerve fibres are myelinated by oligodendrocytes.4 The nerve diameter increases 

dramatically (to 3–4 mm) due to the acquisition of myelin sheaths and the presence of 

oligodendrocytes.4 The intraorbital nerve is approximately 30–40 mm long, and follows a mildly 

tortuous course (to allow for the movement of the globe) to the orbital canal.1, 31 The central retinal 

artery pierces the intraorbital optic nerve 8–15 mm behind the globe.31 The optic canal is 

approximately 5–12 mm in length, and is located in the lesser wing of the sphenoid bone.1, 4 The 

intraorbital and incanalicular nerve is surrounded by the meningeal layers (dura, arachnoid and pia 

mater).32 Prior to reaching the optic chiasm, the intracranial portion of the optic nerve is 

approximately 10 mm long.31 The retinotopic mapping of nerve fibres is partially lost in the 

intraorbital, intracanalicular and intracranial portions of the optic nerve, before becoming more 

ordered again as the nerve fibres reach the chiasm.1  

1.5 Optic chiasm 
Axons that arise from the nasal retinal ganglion cells (carrying information from the temporal 

visual field of each eye) decussate at the optic chiasm before entering the optic tract on the 

opposite side (Figure 1.4). This crossing of the nerve fibres is essential for binocular vision.4 The 

chiasm is approximately 12 mm wide, and has an antero-posterior width of 8 mm.4 The inferior 

nasal fibres are located more anteriorly, and the superior nasal fibres cross at the posterior part of 

the chiasm.4 The optic chiasm is in close proximity to the pituitary gland (situated below the 

chiasm), although there are variations in the anatomical relationship.33 

1.6 Optic tract 
The optic tracts contain visual information from the contralateral visual fields: the ipsilateral 

temporal nerve fibres and the contralateral crossed nasal fibres. Most of the nerve fibres in the 

optic tract terminate in the lateral geniculate nucleus (LGN), although approximately 10% are 

destined for the superior colliculus and the pretectal nucleus.1, 4 

1.7 Lateral geniculate nucleus  
The LGN is a laminar structure, divided into six layers: layers 1, 4 and 6 receive information from 

the retinal ganglion cells of the contralateral nasal retina (temporal visual field); layers 2, 3 and 5 
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receive visual input from the cells of the ipsilateral temporal retina (nasal visual field). 

Approximately 90% of retinal ganglion cell axons project to the LGN.1 It is generally accepted that 

the main role of the LGN is to regulate the flow and strength of the visual signals that are then sent 

to the visual cortex.1 
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Figure 1.4: The main structures of the visual pathway.  

The visual fields are represented at the top of the image. The right eye is on the right side of the 
image, and the left eye on the left. The temporal visual field corresponds to the nasal retina, and the 
nasal visual field corresponds to the temporal retina. Axons originating from the nasal retina cross 
at the optic chiasm.  
 
Modified from Colour Atlas and Textbook of Human Anatomy, page 355 (5th edition)34  
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2.1 Introduction  
Axonal and neuronal degeneration are important features of neurodegenerative conditions that 

affect the anterior visual pathway.35 Because retinal nerve fibre layer (RNFL) axons are 

unmyelinated, it is the ideal structure with which to study the processes of neurodegeneration, 

neuroprotection, and even neurorepair. The potential role of optical coherence tomography (OCT) 

measurements as biomarkers of disease progression in neurodegenerative diseases is currently 

being widely investigated. This technology is frequently used in observational studies, clinical 

practice and therapeutic trials.35 This chapter will review the results of OCT studies in multiple 

sclerosis, neuromyelitis optica (NMO), Alzheimer’s disease (AD) and Parkinson’s disease (PD). A 

more detailed description of OCT as an evaluation technique is given in Chapter 3.  

2.2 Biomarkers 
A biomarker is a characteristic that is able to be measured objectively, and be used to evaluate a 

normal biological process, a pathological process, or a response to a therapeutic intervention.36 

Many tests that are routinely used in clinical practice (for example, HbA1c measurement in diabetes 

mellitus and CD-4 in patients with human immunodeficiency virus infection) can act as biomarkers 

and have been identified through an understanding of biological or physiological mechanisms.36, 37 

In recent years, imaging biomarkers, including OCT, have gained considerable attention.38, 39  

Biomarkers can have important applications in the detection and monitoring of disease status and 

when well established are useful as surrogate endpoints in clinical trials.40 These surrogate 

biomarkers must be easy (and preferably non-invasive) to measure, and must be supported by 

clinical and epidemiological studies. In addition, there must be a pathophysiological explanation for 

the use of the surrogate biomarker.36  

2.3 Multiple sclerosis  
Multiple sclerosis is an inflammatory autoimmune neurodegenerative disorder that affects the brain 

and spinal cord, targeting both grey and white matter.41 It is a prominent cause of neurological 

disability in younger adults.39 The hallmark features of the condition are episodes of demyelination 

occurring in different parts of the central nervous system (CNS) white matter (‘disseminated in 

space’) at different times (‘disseminated in time’) with resultant axonal degeneration, neuronal loss 

and gliosis, which may lead to permanent functional impairment.39, 42, 43  

For research purposes the diagnosis of multiple sclerosis is based on the revised McDonald 

Criteria.43 Four subgroups of multiple sclerosis are currently recognised.44  
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• Clinically isolated syndrome – first clinical presentation showing characteristics of 

demyelination but does not fulfil ‘dissemination in time’ criteria.   

• Relapsing remitting multiple sclerosis (RRMS) – conversion of clinically isolated syndrome 

to clinically active multiple sclerosis. The patient may experience full recovery from 

relapses, or there may be a residual deficit following partial recovery. 

• Primary progressive multiple sclerosis (PPMS) - the disease is progressive from its onset, 

and there is accumulation of disability. 

• Secondary progressive multiple sclerosis (SPMS) – there is progressive accumulation of 

disability, which follows an initial relapsing course. 

Vision loss is an important cause of reduced quality of life in multiple sclerosis. It is well 

established that the anterior visual pathway is affected; post mortem examinations show optic nerve 

lesions in 94–99% of patients with multiple sclerosis.45 46 Demyelination of the optic nerve leads to 

retrograde degeneration of the nerve fibres, with subsequent RNFL and ganglion cell layer 

atrophy.47 For at least 15–20% of individuals affected by the disease, optic neuritis is the initial 

presentation of the disease.48 Up to 80% of multiple sclerosis patients will develop visual 

impairment of some kind during the course of the disease.49 Optic neuritis is immune-mediated 

inflammation of the optic nerve. Both central and peripheral vision can be affected, and the 

severity of vision loss is highly variable, ranging from mild to devastating.50 Recovery can take 

weeks to months. Most multiple sclerosis patients with optic neuritis experience good functional 

visual recovery; residual deficits are due to axonal loss, demyelination and the redistribution of ion 

channels.51  

OCT assessment is routinely used in visual pathway evaluation in multiple sclerosis patients with 

optic neuritis.50 Generally, RNFL loss is detected on OCT about three months after the acute 

episode of optic neuritis. The early reduction in RNFL thickness that is caused by axonal 

degeneration is difficult to distinguish from the resolution of axonal swelling, a common feature of 

optic neuritis.51  

Multiple sclerosis is the neurological disorder that has been the most extensively studied with OCT. 

This chapter will present an overview of the findings to date. There will be sections on RNFL and 

macular changes, and the correlations between OCT findings and measures of disease progression. 

These studies are summarised in Table 2.1.   
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2.3.1 Retinal nerve fibre layer loss in multiple sclerosis 

In 1999 Parisi et al 52 were the first to examine a cohort of multiple sclerosis patients using OCT, 

and investigate the structure-function relationships. They examined a small group of 14 multiple 

sclerosis patients with a history of optic neuritis (at least 12 months after their most recent episode) 

with time-domain OCT. Average RNFL thickness was significantly reduced in these  patients when 

compared with control eyes (of healthy patients with no history of optic neuritis)  (59.8 ± 10.8 µm 

vs. 111.1 ± 11.4 µm, p <0.01). The average RNFL thickness of the contralateral eye (unaffected by 

optic neuritis) of multiple sclerosis patients was also significantly reduced compared with controls 

(82.7 ± 10.7 µm vs. 111.1 ± 11.4 µm, p <0.01). There was a significant correlation between average 

RNFL thickness and pattern electroretinogram latencies, however there was no correlation 

between RNFL values and other electrophysiological results.  

Since the publication of this report, RNFL thinning in multiple sclerosis has been well established 

in a number of studies, using both time-domain and spectral-domain OCT.53 The most predictable 

finding is thinning of the RNFL in the temporal quadrant.54-56  

Multiple sclerosis eyes with a history of optic neuritis demonstrate the greatest reduction in RNFL 

thickness, however, more subtle RNFL thinning in the eyes of patients with multiple sclerosis but 

no history of optic neuritis has been demonstrated in several studies.49, 51, 53 This suggests that there 

is chronic axonal loss even in the absence of acute optic neuritis.49 Both the eyes of multiple 

sclerosis patients with no history of optic neuritis, and the unaffected fellow eye of multiple 

sclerosis patients with previous unilateral optic neuritis have a significant reduction of RNFL 

thickness compared with healthy control eyes.53  

In multiple sclerosis patient cohorts, RNFL thinning has been shown to correlate with measures of 

optic nerve function including automated perimetry results,57 visual acuity (VA), 51, 58, 59 contrast 

sensitivity,49 visual evoked potentials,48 and colour vision.49, 59-61 Although there is a correlation 

between mean deviation on automated visual field testing, and average RNFL thickness, it is 

important to note that perimetry measures entire visual pathway function, and RNFL thickness is a 

measure of the integrity of the retinal ganglion cell axons, so in some cases the patient may have 

normal RNFL thickness, and abnormal visual field results.57  

Longitudinal RNFL loss has been studied by Garcia-Martin et al.62 They observed that the average 

RNFL thickness of multiple sclerosis patients (who did not have a recognised acute optic neuritis 

episode during follow-up) decreased by approximately 5 µm over a period of two years, and this 

reduction was statistically significantly greater than that measured in the healthy control group, who 
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had a mean reduction of approximately 3 µm over the same period of time. However, because the 

axial resolution of the spectral domain OCT model used in this study is 5 µm,63 it is not possible to 

make solid conclusions regarding the progression rates of multiple sclerosis patients and controls, 

when the difference in average RNFL thickness reduction between the two groups was only 2 µm. 

Another report found no significant reduction in RNFL thickness (over a follow-up period of 411-

895 days) in either multiple sclerosis patients or controls,64 utilising time domain OCT (with axial 

resolution of 8–10 µm)63. 

2.3.2 Macular thickness and volume in multiple sclerosis   

Multiple sclerosis patients with a history of optic neuritis have reduced macular volume in the 

affected eyes.53 Patients with no previous episodes of optic neuritis have also been found to have 

reduced average macular thickness when compared with healthy controls,65 although macular 

thinning is less extensive in these patients.53 With the advent of manual and, more recently, 

automated macular layer segmentation techniques, it has become possible to investigate the 

thickness of individual layers of the retina (in the macular region), in addition to the peripapillary 

retinal nerve fibre layer. Thinning of all retinal layers except for the inner limiting membrane has 

been found in a large cohort of multiple sclerosis patients,66 with thinning of the macular RNFL, 

ganglion cell layer plus inner plexiform layer (GCL+IPL) and outer nuclear layer plus 

photoreceptor layer (ONL+PR) most frequently reported.58, 61, 67 Subclinical thinning of the macular 

layers has also been found in multiple sclerosis patient eyes with no history of optic neuritis; with a 

reduction in the thickness of the macular RNFL and the GCL+IPL layers.61  

2.3.3 Optical coherence tomography and brain volume  

The relationship between RNFL thickness and brain atrophy in multiple sclerosis has also been 

investigated. Gordon-Lipkin et al  68 found that there was a significant correlation between average 

minimum RNFL thickness and both brain parenchymal fraction (an expression of whole brain 

atrophy) and cerebrospinal fluid volume, although there was no correlation between OCT 

measures and white or grey matter volume. Another study, by Dorr et al, 69 found that when 

controlling for age, there was a significant (moderate) correlation between both minimum RNFL 

thickness and total macular volume, and brain parenchymal fraction.  

Saidha et al 67 found a significant correlation between both peripapillary RNFL measurements and 

GCL+IPL thickness, and cortical grey matter volume and there was a significant inverse 

correlation between inner nuclear layer thickness and normal-appearing white matter volume in the 

multiple sclerosis group. Zimmerman et al 70 found that in eyes without previous episodes of acute 
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optic neuritis, there was a significant correlation between RNFL and ganglion cell layer thickness, 

and the normalised brain volume, normalised white and grey matter volumes.  

Saidha et al  71 conducted longitudinal follow up of 107 multiple sclerosis patients over a period of 

four years, and found a correlation between GCL+IPL atrophy and brain atrophy measures in 

both progressive (PPMS and SPMS) and RRMS groups. The correlation was stronger in the 

progressive multiple sclerosis group. Additionally, there was a stronger correlation between macular 

OCT measures and brain atrophy when patients with a previous history of optic neuritis were 

excluded.  

These studies show that OCT measures may be a reliable marker of a progressive 

neurodegenerative process present in multiple sclerosis. However, there is a caveat in that both 

Zimmerman et al 70 and Saidha et al 71 found that, in eyes with a history of optic neuritis, the 

relationship between retinal thickness and brain atrophy was not significant. This suggests that 

optic nerve axonal loss, as a result of optic neuritis, disrupts the relationship between the optic 

nerve and progressive brain neuronal loss.70 

2.3.4 Optical coherence tomography in multiple sclerosis sub-types 

Many of the reports detailing OCT findings in MS include all patients with a definite diagnosis of 

multiple sclerosis in the same category for analysis. Pulicken et al 53 used time domain OCT to 

examine RNFL thickness and macular volume in 135 patients with RRMS, 12 with PPMS, and 16 

with SPMS. Although RNFL thickness and macular volume were lower than in controls in all 

patients with multiple sclerosis, the loss was greater in patients with progressive disease sub-types 

than those with RRMS. The progressive groups were much smaller than the RRMS patient group, 

and when the groups were adjusted for age and duration of the disease (SPMS patients had the 

longest disease duration) there was a trend towards reduced RNFL thickness, but the difference 

between the disease course subgroups was no longer significant. This finding was supported by the 

results of a smaller study by Siepman et al 72, who found that, after adjusting for  age and disease 

duration, there was no difference in RNFL thickness between PPMS (29 patients) and relapsing 

onset multiple sclerosis (RRMS (26 patients), SPMS (10 patients)). A further study by Saidha et al,73 

examining 96 patients with RRMS, 20 with SPMS and 16 PPMS, utilised spectral-domain OCT and 

found that the average RNFL thickness and macular GCL+IPL thickness were significantly lower 

in the SPMS patients than in those with the RRMS or PPMS subtypes, even after adjusting for age, 

sex and disease duration.  
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The relationships between specific brain structure volumes and OCT measures in the multiple 

sclerosis sub-groups have been investigated.67 There was a significant association between 

peripapillary RNFL thickness and GCL+IPL thickness with brainstem and cerebellar white matter 

volumes in RRMS. In SPMS, outer nuclear layer thickness correlated with cortical grey matter 

volume. Outer nuclear layer thickness was significantly associated with brainstem volume in PPMS.  

2.3.5 Microcystic macular oedema in multiple sclerosis  

Microcystic macular oedema has been found on OCT in approximately 5-10% of patients with 

multiple sclerosis.74 OCT images show small cysts which predominate in the inner nuclear layer at 

the macula (Figure 2.1).74, 75  The presence of microcystic changes has been found to predict 

recurrence of optic neuritis, and is correlated with increasing disease severity, as measured with the 

expanded disability status scale (EDSS), and poorer VA.75, 76  The inner nuclear layer has been 

found to be significantly thicker in patients with these microcysts, and the thickening of the inner 

nuclear layer corresponds with thinning of the RNFL and GCL+IPL layers of the macula.77  

The microcysts may be bilateral but more commonly only occur in one eye.76 Similar microcystic 

changes have also been documented in patients with NMO,78 glaucomatous optic atrophy, 

dominant optic atrophy, Leber’s hereditary optic neuropathy, trauma and hydrocephalus.79-81 The 

cause of these cysts has not been fully elucidated. It was initially suggested that the finding in 

multiple sclerosis may be due to inflammation of the inner nuclear layer, and activation of 

microglia, resulting in breakdown of the blood-retina barrier.82 However, due to the lack of leakage 

on fluorescein angiography and similar changes being observed in non-inflammatory conditions 

this seems unlikely.80 Fingolimod, an immune-modulating agent, used in the treatment of RRMS, is 

associated with the development of cystic macular oedema in a small percentage (0.5%) of 

patients.83 However, in the studies described above, patients on fingolimod therapy were not 

included in analysis.  
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Figure 2.1: Microcysts present in the inner nuclear layer of a patient with multiple sclerosis 

From Gelfand et al (2012)75 (used with permission)  
 

2.3.6 Optical coherence tomography as a biomarker in multiple 

sclerosis 

EDSS scores and relapse rate have been used as standard clinical outcome measures in multiple 

sclerosis studies.84 In 2006, OCT was suggested as a potential biomarker of neuronal loss in 

multiple sclerosis.49 Over the intervening years, a number of OCT devices, measuring protocols 

and retinal segmentation analyses have been used to study retinal layer atrophy in multiple sclerosis. 

The general consensus is that OCT is a promising tool to evaluate progression in multiple sclerosis 

patients.39 

As discussed earlier, thinning of the peripapillary RNFL layer and macular layers has been 

demonstrated in both cross-sectional and longitudinal studies of multiple sclerosis patients, even in 

eyes with no history of optic neuritis.39, 62, 85  

A number of studies have evaluated the relationship between peripapillary and macular OCT 

findings and disability or brain atrophy. OCT has been shown to correlate with global disability and 

brain atrophy, and can provide a structural correlate to visual function testing.  
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OCT is non-invasive and highly reproducible, and has been proposed as a potential surrogate 

marker for measuring the efficacy of neuro-protective agents in multiple sclerosis therapeutic 

trials.39, 86 However, it has been suggested that because neuro-axonal loss does not currently dictate 

multiple sclerosis therapeutic treatments, regular OCT measurement in multiple sclerosis patients is 

unnecessary.87 When treatments for the neuro-degenerative aspects of the disease are available this 

may change.  

This is illustrated by a recent treatment trial aimed at neuroprotection and neurorepair: OCT 

measurements were used in a small (nine participants) randomised controlled trial of autologous 

mesenchymal stem cells in multiple sclerosis patients.88 There were no significant differences in 

RNFL thickness or macular volume between placebo and treatment groups at the 6-month and 1-

year reviews. Because both the treatment (five participants) and placebo groups (4 participants) 

were so small, a large difference between groups would have been necessary in order to reach 

statistical significance.  

Additionally, OCT is being used as a primary outcome measure in the amiloride clinical trial in 

optic neuritis. This trial is a prospective, randomised, double-blind, placebo-controlled trial of 

amiloride, a potential neuro-protective agent in multiple sclerosis.89 There are no results available 

for this study at the current time.  
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Table 2.1: Optical coherence tomography studies in multiple sclerosis  

Reference No. of 
participants 
(eyes) 

OCT 
Equipment  

Other 
Investigations 

Main Findings  

Parisi et al 52 
1999 

MSON 14(14),  
MSCE 14 (14), 
HC 14 (14)  

Humphrey 
OCT  

pERG, VEP  Significant reduction in average and temporal RNFL 
thickness in MSON group compared with controls. 
MSCE average RNFL thickness significantly reduced 
compared with controls. Significant correlation 
between average and temporal RNFL thickness with 
pERG P50 latency, and P50 and N95 amplitude  

Fisher et al 49 
2006  

MS 90 (180),  
HC 36 (72) 

Zeiss OCT-3 EDSS, MSFC, 
low contrast 
VA, contrast 
sensitivity  

Average RNFL thickness significantly reduced in MS 
compared with controls. MSON RNFL thickness lower 
than MS non ON. MS non ON RNFL thickness 
reduced compared with controls. No difference in 
RNFL thickness between MS non ON and MSCE. 
Significant correlation between average RNFL 
thickness and EDSS and MSFC scores (lower RNFL 
thickness with worsening disability).  

Cheng et al 57 
2007 

MSON 36(36) 
MSCE 21(21) 

Zeiss Stratus 
OCT 3000 

SAP RNFL thickness was significantly lower in MSON than 
MSCE. Significant relationship between RNFL 
thickness and SAP in MSON, but not in MSCE group 

Gordon-
Lipkin et al 68 
2007 

MS 40 (40) 
HC 15 (15)  

Zeiss OCT-3 MRI, EDSS RNFL thickness associated with brain parenchymal 
fraction (measure of brain atrophy) and 
cerebrospinal fluid volume in multiple sclerosis 
patients 

Pulicken et al 
53 2007 

RRMS 135 
(270), PPMS 
12 (24), SPMS 
16 (32) 

Zeiss OCT-3 Low contrast VA No significant difference in RNFL thickness across 
disease subtypes after controlling for age and 
disease duration. RNFL thickness reduced in MSON 
and MSCE eyes, and MS nonON patients compared 
with controls. Decreased macular volume in MSON 
patients compared with controls. Correlation 
between RNFL thickness and high- and low-contrast 
VA 

Siepman et al 
72 2010 

Relapsing 
onset (RRMS 
and  SPMS) 36 
(72), PPMS 29 
(58) 

Zeiss Stratus 
OCT 

SAP, EDSS No significant difference between RNFL thickness 
values for multiple sclerosis sub-groups. Significant 
correlation between RNFL thickness and EDSS for 
eyes with no previous episodes of optic neuritis. 
Significant correlation between average RNFL and 
SAP results 

Dorr et al 69 
2011 

RRMS 104 
(208) 

Zeiss Stratus 
OCT  

MRI Significant correlation between RNFL thickness and 
total macular volume, and brain parenchymal 
fraction  

Garcia 
Martin et al 
62  2011 

MS 166 (166), 
HC 120 (120) 

Zeiss Cirrus 
OCT  

EDSS, VEP  MS patients had mean 5.32 µm reduction in average 
RNFL thickness over two year follow-up, compared 
to 2.81 µm in controls (statistically significant). All 
RNFL quadrants thinner in all quadrants in MS 
compared with controls. No correlation between 
RNFL loss over two year follow-up and EDSS change  

Saidha et al 
73 2011 

RRMS 96 
SPMS 20 
PPMS 16 HC 
78  

Zeiss Cirrus 
OCT 

EDSS Average RNFL and macular thickness reduced in 
RRMS and SPMS compared to controls. Significant 
reduction in GCIP in all MS groups compared to 
controls. GCIP thickness was significantly lower in 
eyes with history of acute ON. No correlation 
between RNFL or GCIP thickness and EDSS 

Herrero et al 
85 2012 

MS 94 (188) 
HC 50 (100)  

Zeiss Cirrus 
OCT 

VEP, EDSS Mean annual average RNFL thickness loss of 3.67 µm 
and annual macular volume loss of 0.18 mm3 in MS 
group. No significant correlation between loss of 
RNFL thickness and changes in EDSS or VEP. In 
control group, mean annual RNFL thickness loss -
0.15 µm, and macular volume loss -0.005 mm3.  
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This table outlines the main findings of the initial multiple sclerosis OCT study, subsequent larger 
studies, and those that have investigated the relationship between OCT measurements and either 
visual function or disability. Spectral domain OCT equipment is shown in bold and underlined. 
Abbreviations: EDSS Expanded disability status scale; GCIP ganglion cell layer plus inner 
plexiform layer; GCL ganglion cell layer; HC healthy control; MRI magnetic resonance imaging; 
ILM Internal limiting membrane; INL  inner nuclear layer; IPL  inner plexiform layer; MS multiple 
sclerosis; MSCE unaffected contralateral eye of multiple sclerosis patient with a history of optic 
neuritis; MSFC multiple sclerosis functional composite; MS non ON multiple sclerosis patients with 
no history of optic neuritis; MSON multiple sclerosis with a history of optic neuritis; ONL+PR 
outer nuclear layer plus photoreceptor layer; pERG pattern electroretinogram; PPMS primary 
progressive multiple sclerosis; RRMS relapsing remitting multiple sclerosis; SAP standard 
automated perimetry; SPMS secondary progressive multiple sclerosis; VA visual acuity; VEP 
visual-evoked potential     
 

Seigo et al 58 
2012 

MS 52 (52) 
HC 30 (30) 

Zeiss Cirrus 
OCT 

Low- and high- 
contrast VA 

MS patients had thinner macular RNFL, GCIP and 
ONL+PR compared with controls. Macular RNFL 
thickness significantly correlated with high-and low-
contrast VA in MS patients. GCIP reduction in MS 
correlated with high contrast VA.  

Villoslada et 
al 60 2012  

MS 213 (426) 
HC 52 (104) 

Zeiss Stratus 
OCT  
Heidelberg 
Spectralis 
OCT  

Colour vision 
testing, high- 
and low- 
contrast VA 

Strong correlation between average and temporal 
RNFL thickness and colour discrimination in MS 
patients. Stronger correlation with spectral domain 
OCT measurements. Correlation between high- and 
low-contrast VA and RNFL thickness  

Klistorner et 
al 54 2013 

MSCE 22 (22) 
MS non ON 
23 (23) 
HC 25 (25)  

Heidelberg 
Spectralis 
OCT  

Multifocal VEP Reduction in average and temporal RNFL thickness in 
MS eyes with no history of optic neuritis. No 
significant difference in RNFL thickness or VEP 
latency between MSCE and MS non ON eyes. 
Significant negative correlation between RNFL 
thickness (average and temporal) and VEP latency 
after adjusting for disease duration and age.   

Saidha et al 
67 2013 

RRMS 58 
(114) 
SPMS 18 (33) 
PPMS 8 (14) 
HC 24 (48) 

Zeiss Cirrus 
OCT 

MRI  RNFL and GCIP thickness in MS eyes without a 
history of optic neuritis correlated with cortical grey 
matter and caudate volumes after adjusting for 
intracranial volume. RNFL thickness and GCIP 
thickness reduced in MS eyes with history of optic 
neuritis compared to those with no previous optic 
neuritis.   

Zimmerman 
et al 70 2013 

RRMS 63 
(123) 

Zeiss Cirrus 
OCT 

MRI In eyes with no history of optic neuritis, correlation 
between macular volume, GCL and RNFL thickness 
and normalised MRI measures (brain volume, white 
matter and grey matter volume). In eyes with history 
of optic neuritis, correlations between OCT and brain 
measures were weaker.  

Garcia-
Martin et al 
66 2014 

RRMS 204 
(204) 
HC 138 (138) 

Heidelberg 
Spectralis 
OCT  

EDSS All retinal layers except ILM thinner in MS patients 
compared with controls, with most significant 
reduction in the inner retinal layers. In RRMS with a 
history of optic neuritis, GCL, IPL and INL significantly 
thinner than those with no history of optic neuritis. 
Significant inverse correlation between RNFL and 
GCL and EDSS scores.  

Saidha et al 
71 2015 

RRMS 71 
SPMS 24 
PPMS 12 

Zeiss Cirrus 
OCT  

MRI  Correlation between atrophy of GCIP and brain 
atrophy over four year follow-up period. Stronger 
correlation in progressive (SPMS plus PPMS) group 
than in RRMS group.  
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2.4 Neuromyelitis optica 
NMO, also known as Devic’s disease, is a severe, immune-mediated demyelinating disorder of the 

CNS, primarily affecting the spinal cord and optic nerve.90-93 NMO is a rare disease, although in 

some Asian and African populations the condition is more prevalent than multiple sclerosis.94, 95 

Women are more commonly affected, with a female to male ratio of up to 9–10:1.90  It is 

characterised by optic neuritis and acute myelitis, involving the spinal cord over multiple levels, 

accompanied by severe swelling of the cord.92, 94  According to the revised international consensus 

diagnostic criteria for NMO by Wingerchuk et al,91 definite NMO requires at least one core criteria 

(optic neuritis, acute myelitis, unexplained hiccoughs/nausea/vomiting (area postrema syndrome), 

symptomatic narcolepsy, acute brainstem syndrome or symptomatic cerebral syndrome) to be 

present. In addition, a positive test for aquaporin-4 (AQP4)-immunoglobulin G (IgG) antibodies is 

required, and alternative diagnoses (particularly multiple sclerosis) must be excluded. Patients are 

considered to have an NMO spectrum disorder if AQP4-IgG tests are negative and they have at 

least two core clinical criteria (one of which must be optic neuritis, acute myelitis or area postrema 

syndrome), and fulfil additional MRI requirements.91 Previously, NMO was considered to be a 

form of multiple sclerosis, although they are now classified as separate entities.96  The 

differentiation between the two conditions has been made more precise by the identification of the 

disease specific AQP4 antibodies.97  

Recovery from inflammatory episodes may be very limited,96 resulting in patients becoming blind, 

paraplegic or quadriplegic.95, 98 The optic neuritis in NMO is often more severe than that observed 

in multiple sclerosis,99 and patients can experience significant, permanent loss of vision after as few 

as two attacks.95  

The use of OCT in patients with NMO has been well-studied, with at least fifteen studies 

published on this topic since 2008. In this section, the findings of these studies with respect to 

RNFL and macular measures, and the potential use of OCT as a biomarker will be discussed. Table 

2.2 outlines the main findings of these reports. 

2.4.1 Retinal nerve fibre layer loss in neuromyelitis optica  

In 2008, the first two studies to investigate RNFL thinning in NMO 99, 100 found significant 

thinning of the peripapillary RNFL in NMO patients. Merle et al 100 were the first to report that 

RNFL thickness values were significantly lower in NMO patients than those with multiple sclerosis 

and optic neuritis, although only the temporal and inferior quadrants were affected. The authors 

also found significant correlations between RNFL thickness and high- and low-contrast VA.100  

26 
  



 
Chapter 2 

It has now been widely reported that RNFL thickness is reduced in NMO patients compared to 

healthy controls and patients with multiple sclerosis, with the superior and inferior quadrants 

preferentially affected.101-105 Using linear regression analysis, Ratchford et al 106 estimated that RNFL 

thickness loss is approximately 24 µm greater in patients with NMO after the first episode of optic 

neuritis, when compared to patients with multiple sclerosis and an episode of optic neuritis. 

However, due to the wide range of RNFL thickness measurements obtained in both conditions, 

differentiating these two diseases based on OCT data alone was not possible.107  

In fact, several subsequent reports have found no significant difference between NMO patients 

and multiple sclerosis patients with a history of optic neuritis.108-110 The reason for the disparity in 

the results is not known, although it could be due to sample size, study population (for example, 

those from tertiary referral centres may have more severe disease),106 and the number of relapses. 

The RNFL progressively thins with increasing optic neuritis episodes,104 with the first episode 

causing the most significant reduction in RNFL thickness.106 

Two early studies examined RNFL thickness in NMO and spectrum disorder patients with no 

history of optic neuritis. Merle et al 100 found that the average RNFL thickness in five NMO patient 

eyes without a history of optic neuritis was significantly reduced when compared with controls. 

Conversely, Ratchford et al 106 found no significant difference in RNFL thickness between NMO (8 

eyes) and spectrum disorder patients (17 eyes) with no history of optic neuritis, and healthy 

controls.  

More recently, a larger group of 28 patients (53 eyes) with longitudinally extensive transverse 

myelitis (an NMO spectrum disorder), and no history of optic neuritis, were examined by Monetiro 

et al.108 These patients were found to exhibit statistically significant but subclinical RNFL loss in all 

quadrants when compared with healthy controls. The results of this study support the finding that, 

as in multiple sclerosis, axonal degeneration, as well as demyelination, is a feature of NMO.111   

2.4.2 Macular changes in neuromyelitis optica 

In addition to examination of the RNFL, a number of reports have investigated macular changes in 

NMO. Ratchford et al 106 were the first to investigate macular morphology, using time-domain 

OCT in 26 NMO patients. They found that total macular volume was reduced in NMO patients 

compared to healthy controls and a large cohort of patients with RRMS and a history of optic 

neuritis. It has been suggested that the macular thinning is the result of atrophy of the retinal 

ganglion cells and their axons, which account for approximately 35% of retinal thickness at the 

macula, as part of the disease process.13, 106, 108 
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However, macular thickness values reported by Monteiro et al 108 (51 NMO eyes and 45 multiple 

sclerosis eyes) and Fernandes et al 112 (46 NMO eyes and 41 multiple sclerosis eyes), both using 

spectral-domain OCT, were not significantly different between NMO and multiple sclerosis 

patients with a history of optic neuritis. This was despite a significant reduction in peripapillary 

RNFL thickness in NMO compared with multiple sclerosis.108 The authors believed that the 

discrepancy between macular and peripapillary RNFL thinning in these conditions could be 

ascribed to the retinal damage in other retinal layers (in addition to the retinal ganglion cell layer) in 

multiple sclerosis.113 

Three studies have found thinning of the GCL+IPL in NMO patient groups.103, 110, 112 Syc et al 103 

noted that the layer was thinner in NMO than in controls and multiple sclerosis patients both with 

and without a history of optic neuritis, whereas there was no difference between values in NMO 

and multiple sclerosis patients with a history of optic neuritis in the study by Fernandes et al.112 

More recently, spectral-domain OCT and automated segmentation techniques have allowed for the 

more in-depth analysis of how the retinal layers are affected in NMO. Similarly to multiple 

sclerosis, two studies have reported microcystic macular changes in the inner nuclear layer, 

affecting up to 33% of NMO eyes with a history of optic neuritis.78, 114 Eyes with no history of 

optic neuritis did not have evidence of microcystic macular oedema on OCT examination.  Eyes 

with microcystic macular changes were found to have reduced RNFL thickness, reduced macular 

thickness and poorer high- and low-contrast VA.78 There was no association between the presence 

of microcystic changes and EDSS scores.78 However, because the number of eyes with microcystic 

macular oedema was very small (five eyes), it is not possible to make strong inferences regarding 

the relationship between microcystic changes and disease severity.  

There are several issues to consider in the interpretation of RNFL and macular OCT studies in 

NMO: 

• As OCT technology has evolved, more recent studies have included spectral - domain 

equipment.78, 103, 108-110, 112, 114, 115 It is therefore not possible to directly compare the results of 

these studies to those of earlier reports that utilised time-domain technology.99-102, 105, 106  

• Due to variations in equipment, different macular and RNFL testing protocols have been 

utilised in analysis.  

• Some studies recruited only patients with confirmed definite NMO,100, 112, 116 whereas others 

included patients with NMO spectrum disorders (either as a separate group or combined 

with the definite NMO patients),78, 99, 102, 103, 105, 106, 108, 109, 114 Additionally, as the consensus 
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criteria have changed during the course of these studies, some patients previously 

considered to have a NMO spectrum disorder, may be reclassified as definite NMO, as a 

history of optic neuritis is no longer required for diagnosis.91  

• In several reports, both patients with and without a history of optic neuritis 103, 105, 109, 114, 115 

were included in statistical analysis, whereas others included only those with a medical 

history of optic neuritis.78, 101, 102, 106, 108, 110, 112, 116 

• Many of the studies investigated included both a healthy control group and a multiple 

sclerosis cohort for comparison. In most of these, the sub-type of multiple sclerosis was 

not specified. However, three studies included only multiple sclerosis patients with the 

relapsing-remitting subtype.106, 109, 115 

2.4.3 Optical coherence tomography and disability in neuromyelitis 

optica 

Several studies have investigated the relationship between OCT findings and disability (as measured 

with the EDSS) in NMO patients. Merle et al 100 found that, unsurprisingly, RNFL thickness 

significantly correlated with the visual component EDSS scale in 15 NMO patients. However, 

there was not a significant relationship between RNFL thickness and overall disability. De Seze et al 
99 examined 29 patients with NMO and found a significant correlation between RNFL thickness 

and the EDSS score, even when the visual component of the EDSS scale was excluded from 

analysis. Most recently, Lange et al 109 found there was no significant correlation between EDSS 

scores and RNFL thickness in 25 patients with NMO, although there was a significant relationship 

between decreasing RNFL thickness and increasing disease duration.  

As there are limited results to support a strong relationship between OCT findings and disease 

severity in NMO, and the total number of patients examined is small, OCT measurements cannot 

yet be used as a surrogate biomarker in therapeutic trials for this condition. In order to establish 

the natural history of RNFL thinning in NMO, well-designed, large, longitudinal studies need to be 

carried out, and the patients need to be stratified according to the presence or absence of optic 

neuritis, and the number of optic neuritis episodes. Additionally, the relationship between OCT 

findings and overall disability, disease duration and MRI changes need to be further investigated. 

Currently, OCT is a very useful clinical tool that can be used in the ophthalmological management 

of NMO patients with optic neuritis.  
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Table 2.2: Optical coherence tomography studies in neuromyelitis optica.  

Reference No. of 
participants 
(eyes) 

OCT Equipment  Other 
Investigations 

Main Findings 

de Seze et 
al  99 2008 

NMO 26 (52), 
HC 15 (30) 

Zeiss OCT3 Visual field 
analysis, EDSS 

RNFL significantly thinner in all quadrants in 
NMO group. Correlation between OCT and VF 
results and EDSS. 

Merle et al 
100 2008  

NMO 15 (30), 
MS with ON 15 
(30), HC 23 (46) 

Zeiss Stratus OCT Spatial and 
temporal contrast 
sensitivity, EDSS 

Overall, temporal and inferior RNFL thickness 
significantly reduced in NMO compared to MS. 
All RNFL values, temporal and spatial contrast 
sensitivity reduced in NMO compared to 
controls. RNFL thickness correlated with visual 
EDSS in NMO group. 

Green et al 
101 2009  

NMO 16 (32), 
MS (20) 

Zeiss Stratus OCT Retinal 
photographs 

RNFL thinning more diffuse and severe in NMO, 
although relative preservation of temporal RNFL. 
Attenuation of arterioles in peripapillary retina 
of NMO patients. 

Naismith 
et al 105 
2009  

NMO 22 (44), 
MS 47 (94) 

Zeiss Stratus OCT Spatial contrast 
sensitivity, EDSS 

Thinner mean RNFL in NMO after optic neuritis. 
Superior and inferior quadrants most severely 
affected. 

Ratchford 
et al 106 
2009  

NMO 26, RRMS 
378, HC 77 

Zeiss Stratus 
OCT3 

Low-contrast VA RNFL significantly thinner in NMO than in 
controls. In NMO patients, RNFL thinner in ON 
eyes than in non-ON eyes. Greater difference 
than in RRMS patients. Reduced total macular 
volume in NMO compared to RRMS and 
controls. No significant difference in RNFL 
thickness between non-ON NMO eyes and 
controls  

Nakamura 
et al 102 
2010  

NMO 18 (35), 
MS 14 (28) 

Zeiss Stratus 
OCT3 

High-dose IV 
methylprednisolon
e in 23 of 28 NMO-
ON eyes and 14 of 
19 MS-ON eyes 

Overall RNFL thinner in patients in NMO-ON 
group than MS-ON, especially superior and 
inferior quadrants. Significant negative 
correlation between the number of ON relapses 
and RNFL thickness in ON. Patients with 
preserved RNFL thickness had better VA and 
earlier treatment with high-dose IV 
methylprednisolone. 

Monteiro 
et al 108 
2012 

NMO 33 (51), 
MS 60 (119), HC 
41 (82) 

Topcon 3D OCT-
1000 

Visual field analysis All RNFL and macular thickness measurements 
significantly reduced in NMO compared to 
controls. MS-ON and NMO-ON did not differ 
significantly in any parameter.  Significant 
correlation between VF mean deviation and 
RNFL thickness in NMO patients. 

Syc et al 
103 2012  

NMO 22, MS 98, 
HC 72 

Zeiss Cirrus HD 
OCT 

Low-contrast VA GCL+IPL, RNFL and macular thickness decreased 
in NMO-ON eyes compared with non-ON eyes. 
All measurements for both NMO groups reduced 
compared to controls and MS patients (both 
with and without ON). High- and low-contrast VA 
reduced in ON eyes. 

Bichuetti 
et al  104 
2013 

NMO 9 (18), 
RRMS 48 (96) 

Heidelberg 
Spectralis OCT   

 EDSS RNFL thickness significantly reduced in NMO 
compared with RRMS. RNFL became thinner 
with increasing number of optic neuritis 
episodes.  

Bouyon et 
al  116 2013  

NMO 30 (60) Zeiss OCT3 Visual field 
analysis, fundus 
photography 

RNFL thickness in all quadrants significantly 
lower at 12-24 month follow-up compared to 
baseline. No significant change in macular 
volume or VA. 
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Spectral domain OCT equipment is shown in bold and underlined.  
Abbreviations: EDSS Expanded disability status scale; GCL+IPL Ganglion cell layer plus inner 
plexiform layer; HC healthy controls; INL inner nuclear layer; INL +OPL Inner nuclear layer plus 
outer plexiform layer;  MMO microcystic macular oedema; MS Multiple sclerosis; NMO 
Neuromyelitis optica; ON optic neuritis; ONL outer nuclear layer; RRMS Relapsing remitting MS; 
VA visual acuity.  
 

 

 

 

 

 

 

 

Sotirchos 
et al 114 
2013  

NMO 39 (59), 
HC 39 (78) 

Zeiss Cirrus HD 
OCT 

Low-contrast VA MMO in 26% of NMO-spectrum eyes. All eyes 
with MMO had history of ON. MMO eyes had 
reduced peripapillary and macular RNFL, 
GCL+IPL, INL+IPL and ONL values compared with 
non-MMO ON eyes. No difference between non-
ON NMO eyes and controls for peripapillary 
RNFL thickness. Macular RNFL, GCL+IPL and ONL 
all significantly thinner in non-ON NMO than 
controls.  

Fernandes 
et al 112 
2013  

NMO 29 (46), 
MS 73 (115), HC 
84 (45) 

Topcon 3D OCT-
1000 

Visual field analysis NMO and MS groups had thinner average 
macular RNFL. No significant difference in 
macular RNFL or RGC+IPL between NMO and 
MS-ON eyes. Peripapillary RNFL significantly 
reduced in NMO eyes compared with MS-ON 
and controls. 

Gelfand et 
al 78 2013  

NMO 20 (38) Heidelberg 
Spectralis OCT 

EDSS, low contrast 
VA 

Microcystic INL pathology identified in 20% of 
NMO patients. RNFL thinner in eyes with 
microcystic changes. Trend towards reduced 
high- and low-contrast VA in subjects with 
microcystic changes. No difference in EDSS 
scores in patients with and without microcysts.  

Lange et al 
109 2013  

NMO spectrum  
25 (50), RRMS 
25 (50), HC 50 
(100) 

Heidelberg 
Spectralis OCT 

EDSS NMO eyes with history of at least one episode of 
ON had reduced RNFL thickness compared to MS 
non-ON and controls. No significant difference 
between NMO and RRMS eyes with history of 
ON. No correlation between RNFL thickness and 
EDSS scores. Reduced RNFL thickness in NMO 
patients with longer disease duration.   

Park et al  
110 2014 

NMO 19 (19), 
MS 15 (15), HC 
24 (24) 

Heidelberg 
Spectralis OCT 

Contrast 
sensitivity, visual 
field analysis 

GCL+IPL layer significantly thinner in NMO 
group. No significant difference in average 
peripapillary RNFL thickness between NMO and 
MS-ON groups (very large standard deviation in 
MS-ON group). 
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2.5 Alzheimer’s disease  
AD is a progressive neurodegenerative disease affecting the brain and is the most common cause 

of dementia in the elderly population.117, 118 The hallmarks of the disease are neurofibrillary tangles 

(tau) and extracellular plaques (amyloid-β) in the brain.117 The vast majority of AD cases are 

sporadic and late-onset, with symptoms beginning after 65 years of age.118 However, approximately 

1–6% of AD cases are early onset, with the first symptoms of the disease appearing between the 

ages of 30 and 60.118 Of these, approximately 13% have an autosomal dominant inheritance 

pattern.119, 120  Three causative genes have been identified: amyloid precursor protein (APP), 

presenilin 1 (PSEN1) and presenilin 2 (PSEN2),120 although these account for a small percentage of 

inherited cases. Because the known inherited forms of AD comprise such a small percentage of the 

total number of affected patients, the studies of ophthalmic manifestations of AD published to 

date have not distinguished inherited and sporadic forms of the disease, so an overview of findings 

in the disease as a whole will be given.  

Visual function symptoms, including loss of best-corrected VA, reduced contrast sensitivity, ocular 

motility abnormalities and colour vision defects are common in AD patients.121 In 1986, Hinton et 

al 122 documented mild to severe axonal degeneration and increased glial proliferation of the optic 

nerve in eight of ten patients examined post mortem.  Loss of retinal nerve fibres in AD has been 

visualised using red-free fundus photography.123 More recently, advances in ocular imaging, 

including scanning laser ophthalmoscopy and, particularly, OCT, have enabled the quantitative 

analysis of optic nerve and retinal morphology changes, and RNFL loss in AD.124-129 Compared 

with age-matched controls, individuals with AD have greater cup to disc ratios, and decreased 

neuro-retinal rim area, correlated with mini-mental state examination scores.130 

There are at least 20 studies investigating RNFL and/or macular changes in AD using OCT. The 

main findings of each study are outlined in Table 2.3.  

2.5.1 Retinal nerve fibre layer loss in Alzheimer’s disease 

Parisi et al 131 were the first to report RNFL findings in a group of 17 patients with AD. Using time-

domain OCT they found that AD patients had significant generalised RNFL thinning compared 

with age-matched healthy controls. Subsequent investigations have found RNFL thinning in AD, 

however, the pattern of RNFL loss varies between studies. The superior and inferior quadrants 

have most frequently been affected 121, 126, 129, 132-135 (when measured with both time-domain and 

spectral domain OCT), but several studies have reported more generalised RNFL thinning with all 

four quadrants affected.136-138 Combining the results of all studies, the overwhelming consensus is 
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that the RNFL is thinned in AD patients. The axonal degeneration that is secondary to brain 

pathology in AD can be detected using OCT imaging devices.134  

However, the reduction in RNFL thickness varies dramatically between studies. In the first OCT 

study in AD, Parisi et al  131 found, using older time-domain technology, that the average RNFL 

thickness was reduced by 40 µm in AD patients, and that individual quadrants had reductions of 

32–48 µm. More recently, in a larger study (75 AD patients and 75 controls) by Polo et al, 135 the 

RNFL was significantly thinner only in the superior and inferior quadrants and the mean difference 

in RNFL thickness was just 5–7 µm, measured with two models of spectral-domain OCT. Average 

RNFL thickness was reduced by 2–3.5 µm. Bambo et al 133 found similar results in the superior and 

inferior quadrants with the same spectral domain OCT models. The explanation for these large 

discrepancies could come from the variations in the equipment used in the examinations (time 

domain versus spectral domain OCT), and also in the sample sizes, patient selection, and the 

disease severity of the patients included in the different studies.  

It is interesting to note that predilection for inferior and superior RNFL thinning is also a feature 

of glaucoma, the most common optic neuropathy.139 Both glaucoma and AD affect magnocellular 

processing of the visual system.140 It has been reported that the incidence of glaucoma is higher in 

patients with AD 141 and that if both AD and glaucoma are present in the same individual, there is 

more rapid progression of optic nerve head damage, and corresponding visual function.142 This 

relationship between glaucoma and AD is not fully understood.140  

2.5.2 Macular changes in Alzheimer’s disease 

Macular thickness and volume in AD, measured using time-domain OCT, was first examined, in a 

group of 14 patients, by Iseri et al 125 in 2006. Total macular volume was significantly reduced in the 

AD patient group.  Retinal thickness was significantly reduced compared with controls in the nasal 

(inner and outer), temporal (outer) and inferior (inner and outer) regions, and at the fovea, with 

retinal thinning of between 11 and 19 µm.  

More recently, studies using both time-domain 136 and spectral domain 134, 135, 138, 143 OCT have 

found reduced macular thickness/volume, although the foveal region tends to be spared.134, 135, 143 

Absolute values of retinal thinning in the macular region have been found to be more consistent 

than RNFL findings. The largest study to date, by Larrosa et al 134 found a significant reduction in 

macular thickness (of 6–20 µm) in 151 AD patients in 8 of the 9 regions (not at the fovea, where 

the mean difference between patients and controls was only 2 µm), using two spectral domain 

OCT models. Marziani et al 143 found that the inner retinal layers (macular RNFL and ganglion cell 
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layer) were preferentially affected, and the thickness of the outer retinal layers did not differ from 

values found in a control group. Histopathological findings show loss of retinal ganglion cells and 

degeneration of the optic nerve in AD,144 and there is evidence to show that the ganglion cells are 

directly involved by the disease process.143  

2.5.3 Optical coherence tomography in mild cognitive impairment  

Mild cognitive impairment (MCI) is thought to be an intermediate stage between normal aging and 

AD, and is a risk factor for developing dementia.145, 146  Patients with MCI have abnormal results on 

memory tests, but do not have dementia.145 This stage is thought to be a suitable time to initiate 

therapeutic intervention, with the aim of preventing progression to AD.145  

A number of studies have specifically investigated RNFL thickness in patients with MCI compared 

with AD patients and healthy controls. Of these, six have found a significant reduction (4–13 µm) 

in RNFL thickness in MCI patients compared with healthy controls,127, 129, 137, 138, 147, 148 with the 

superior and inferior quadrants more likely to be affected. One further study of 41 MCI patients 

found no difference in RNFL thickness between patients and controls.149  

In addition AD patients were found to have reduced RNFL thickness compared with MCI patients 

in three studies,137, 138, 147 although others found no significant difference between the two groups.127, 

129, 148 The variability of these findings may be due to the way the AD patients were grouped. Of 

these studies, only two 127, 147 separated the patients into groups according to AD severity.  

Macular findings in MCI have also been studied, with two reports finding reduced macular 

thickness (up to 25 µm) or volume (0.33 mm3) in the MCI group compared with controls,129, 138, 149 

but no difference between MCI and AD. Cheung et al 149 found a significant reduction in 

GCL+IPL thickness in the MCI group compared with controls, but no difference between AD 

and MCI groups. Another study found no significant reduction in macular thickness in MCI 

patients.137  

These findings show that OCT findings in MCI require further investigation with larger, 

longitudinal studies, but given that the studies to date have found a reduction in peripapillary 

RNFL and macular thickness or volume in MCI patients compared with controls, this is a 

promising avenue of future exploration. Additionally, it would be interesting to investigate whether 

the MCI patients that the go on to develop AD have a greater initial reduction in retinal layer 

thickness compared with MCI patients who do not progress to AD.  
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2.5.4 Optical coherence tomography and disease severity in 

Alzheimer’s disease 

As the RNFL is comprised solely of unmyelinated axons, measurement of this layer may be a 

suitable method for the monitoring of axonal degeneration in AD patients.135 

Two OCT studies have separated AD patients into groups based on severity of dementia.127, 147 In 

2007, Paquet et al 127 found, with time domain OCT, that the average RNFL thickness was 

significantly reduced in both mild and severe AD groups (based on mini-mental state examination 

(MMSE) scores), with a significant difference of nearly 26 µm between severely affected (12 

patients) and controls (15 participants), and 13 µm between mild AD (14 patients) and control 

participants. Using spectral domain OCT in 2015, Liu et al 147 examined 24 mildly affected patients, 

24 moderately affected patients, and 19 severely affected patients, and compared results to healthy 

controls. There was a trend towards decreased RNFL thickness values in the superior and inferior 

quadrants with increasing disease severity. There was a significant difference (of between 9 and 18 

µm in mean and superior RNFL thickness between all AD groups and controls, with the severely 

affected group having the most significant reduction.  

Several authors have investigated the relationship between cognitive function and OCT 

measurements in AD patients. Parisi et al 131 found no correlation between the RNFL findings and 

cognitive testing scores (MMSE, the AD assessment scale and the immediate visual-spatial memory 

test) in a group of 17 AD patients. However, Iseri et al 125 reported a highly significant correlation 

between total macular volume and MMSE scores in a group of 14 patients. Subsequent studies 

found a significant positive correlation between MMSE scores and overall RNFL thickness in 

groups of up to 35 patients.137, 138, 148 Conversely, no correlations between OCT parameters and 

MMSE scores were found in other reports.127, 129, 138 All of these studies have been reasonably small 

(with a maximum of 35 patients). Additionally, it should be pointed out that the MMSE is thought 

to be an insensitive tool for measuring disease progress in AD.150 In contrast to multiple sclerosis, 

there have been no studies investigating the relationship between OCT findings and brain atrophy 

in AD patients, nor are there any published longitudinal OCT studies in this field. Further large, 

longitudinal studies that compare changes in cognitive function with changes in OCT 

measurements are required in order to fully delineate the relationship between OCT findings and 

disease severity in AD. There is not currently a consensus regarding the relationship between OCT 

findings and cognitive impairment, and, as such, OCT measurements are not, at this stage, able to 

be used as a biomarker of disease progression. 
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 Table 2.3: Optical coherence tomography studies in Alzheimer’s disease 

 
 
Reference 

No. of 
Patients/Controls 
(No. of eyes) 

Equipment Other 
Investigations 

Main Findings 

Parisi et al 
131 2001 

AD 17 (17) 
HC 14 (14) 

Humphrey OCT MRI, cognitive 
testing, pERG  

AD had reduced RNFL thickness in all 
quadrants, significant correlation between 
pERG and RNFL thickness. No correlations 
between OCT and psychometric testing  

Iseri et al 125 
2006 

AD 14 (28)  
HC 15 (30) 

Zeiss OCT 
Model 3000 

MMSE, VEP AD RNFL thickness significantly lower in all 
quadrants except temporal. Reduced macular 
volume. Significant correlation between MMSE 
and total macular volume  

Berisha et 
al 126 2007 

Mild AD 9 (18) 
HC 8 (16) 

Zeiss Stratus 
OCT 

MMSE, Laser 
Doppler retinal 
blood flow 
measurements 

Significant reduction in RNFL thickness in 
superior quadrant only of AD group. 
Narrowing of retinal veins in AD. No 
correlation between RNFL thickness and 
retinal blood flow in AD 

Paquet et al 
127 2007 

Mild AD 14 (28) 
Moderate-Severe AD 
12 (24) 
MCI 23 (46)  
HC 15 (30) 

Zeiss Stratus 
OCT 3 

MMSE Mean RNFL thickness significantly reduced 
both AD and MCI groups compared with 
controls. Significant difference between the 
two AD groups but no significant difference 
between MCI and mild AD. No correlation 
between RNFL thickness and MMSE scores 

Lu et al 121   
2010 

Early AD 22 (44) 
HC 22 (44)  

Zeiss Stratus 
OCT 

Fundus 
photography  

AD group had reduction of RNFL thickness in 
inferior and superior quadrants. Enlarged cup 
to disc ratio in AD, RNFL abnormalities on 
fundus photography  

Kesler et al 
129  2011 

AD 30 (52) 
MCI 26 (40) 
HC 24 (38) 

Zeiss Stratus 
OCT3 

MMSE RNFL significantly thinner in AD, particularly 
inferiorly. Significantly reduced average and 
inferior RNFL thickness in MCI compared with 
controls. No correlation between MMSE and 
RNFL thickness  

Moschos et 
al 136 2012 

AD 30 (60) 
HC 30 (60) 

Zeiss OCT 
Model 3000 

mfERG, VEP RNFL thickness reduced in all four quadrants in 
AD. Central macular thickness lower in AD. 
mfERG amplitude reduced in AD.  

Kirbas et al 
132 2013  

Early AD 40 (80) 
HC 40 (80) 

Spectral 
Domain OCT 

 RNFL thickness reduced in AD patients, with 
most significant reduction in superior 
quadrant   

Kromer et 
al 151 2013 

Mild to moderate AD 
22 (42) 
HC 22 (43) 

Heidelberg 
Spectralis OCT 

MMSE, VEP ‘Pathologic’ RNFL thickness in 32 of 42 AD eyes 
(76.2%). No correlation between VEP latency 
and RNFL thickness 

Marziani et 
al 143 2013 

AD 21 (42) 
HC 21 (42)  

Heidelberg 
Spectralis OCT 
and Optovue 
RTVue-100 OCT 

MMSE Macular thickness reduced in all sectors except 
fovea (both instruments) and superior external 
sector (Spectralis). Reduction in thickness of 
inner retinal layers 

Ascaso et al 
137 2014 

AD 18 (36) 
MCI 21 (42) 
HC 41 (82) 

Zeiss Stratus 
OCT3 

MMSE, MRI/CT RNFL thickness in all quadrants and macular 
volume significantly reduced in AD group 
compared with controls and MCI. Reduced 
RNFL thickness in MCI compared with controls. 
No reduction in macular thickness in MCI 
group. Strong association between MMSE 
score and overall RNFL thickness  

Bambo et al 
133 2014 

Mild or moderate AD 
57 (57) 
HC 57 (57)  

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis OCT  

 Average RNFL thickness and superior and 
inferior quadrant RNFL thickness reduced with 
Cirrus in AD patients. Inferior quadrant only 
reduced  with Spectralis 
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OCT names given in bold and underlined are spectral domain instruments. Abbreviations: AD  
Alzheimer’s disease; CT Computerised tomography; GCL+IPL Ganglion cell layer plus inner 
plexiform layer; HC Healthy control, MCI  Mild cognitive impairment; MMSE Mini mental-state 
examination; MoCA Montreal cognitive assessment MRI Magnetic resonance imaging; mfERG 
Multi-focal electroretinogram; pERG Pattern electroretinogram; VEP Visual-evoked potential 
 
 

Larrosa et al 
134 2014 

AD 151 (151) 
HC 61 (61) 

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis OCT 

MMSE, Humphrey 
visual field 
analysis  

Macular thickness in AD significantly reduced 
in all sectors except fovea with both 
instruments. RNFL thickness reduced in 
superior and inferior quadrants with Cirrus, 
and in superior nasal, superior temporal and 
inferior temporal sectors with Spectralis  

Polo et al 
135 2014 

AD 75 (75) 
HC 75 (75) 

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis OCT 

Humphrey visual 
field analysis  

Retinal thickness in AD significantly reduced in 
all sectors except fovea with both instruments. 
RNFL thickness reduced in superior and 
inferior quadrants with both instruments 

Gao et al  
138 2015 

AD 25 (50) 
MCI 26 (52) 
HC 21 (42) 

Zeiss Cirrus HD-
OCT 4000  

MMSE RNFL thickness reduced in all quadrants except 
nasal in AD group compared with controls. 
Reduced average, superior and temporal RNFL 
thickness in MCI compared with controls. 
Reduced average and inferior RNFL thickness 
in AD compared with MCI. Macular volume 
reduced in AD and MCI compared with 
controls. No difference in macular volume 
between AD and MCI. No correlation between 
OCT parameters and MMSE 

Bayhan et 
al 152 2015 

AD 31 (31)  
HC 30 (30) 

Optovue 
RTVue-100 OCT 

MMSE Mean, superior and inferior macular ganglion 
cell complex thickness reduced in AD. No 
significant difference in outer retinal thickness 
between AD and controls. Significant 
correlation between MMSE scores and 
ganglion cell complex thickness in AD.  

Cheung et 
al 149 2015 

AD 100 (100) 
MCI 41 (41) 
HC 123 (123) 

Zeiss Cirrus HD 
OCT  

 GCL+IPL thickness reduced in AD and MCI 
compared with controls in all six macular 
regions. Reduced superior RNFL thickness in 
AD compared with controls.  

Salobrar-
Garcia et al 
153 2015 

Mild AD 23 (23) 
HC 28 (28) 

Topcon Model 
3D OCT-1000 

MMSE Reduced foveal thickness in AD. Reduced 
macular thickness in all four inner macular 
regions and temporal outer region in AD. No 
reduction in peripapillary RNFL thickness in 
AD. 

Liu et al 147 
2015 

Mild AD 24 (24) 
Moderate AD 24 (24) 
Severe AD 19 (19) 
MCI 26 (26) 
HC 39 (29) 

Zeiss Stratus 
OCT-3 

 Most significant reduction in RNFL thickness in 
severe AD group compared with controls. 
Mean and superior RNFL thickness reduced in 
all AD groups and MCI compared with 
controls.  

Oktem et al 
148 2015  

AD 35 (70) 
MCI 35 (70) 
HC 35 (70) 

Zeiss Cirrus HD 
OCT 

MMSE 
MoCA 

RNFL thickness significantly reduced in AD and 
MCI compared with controls. No significant 
difference between MCI and AD groups. 
Significant correlation between RNFL and 
MMSE scores.  
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2.6 Parkinson’s disease  
PD is a common neurodegenerative disorder. It is characterised by loss of dopaminergic neurons, 

predominantly from the basal ganglia of the brain. The hallmark clinical features are tremor, 

rigidity, bradykinesia and postural instability.154 Non-motor symptoms are also frequently reported; 

these include cognitive impairment, hallucinations and behavioural abnormalities.154 It has been 

found that many forms of PD have a genetic component, though environmental factors are also 

thought to play a part.155 Autosomal dominant and autosomal recessive inherited forms of PD have 

both been described 156.  LRRK2 (autosomal dominant) and PRKN (autosomal recessive) gene 

mutations are the most common.156 Further details of PD genetics are complex and beyond the 

scope of this chapter, and will not be discussed here.  

Ophthalmic findings, including reduced VA, loss of contrast sensitivity and colour vision defects 

are prevalent.157-159 Dopamine plays an important role in retinal function as the retina contains 

dopaminergic neurons.160 These neurons modulate ganglion cell receptive fields to provide colour 

vision and spatial contrast sensitivity.161 Abnormalities of the efferent visual system, particularly 

poor saccadic performance, are also frequently reported.162 Spontaneous blink rate is significantly 

reduced, and this is more marked in advanced disease.163 Dry eye is common, and corneal 

sensitivity is reduced in PD.164 Many of the medications used to treat the disease can lead to 

symptoms of dry eye.162 

A growing number of studies have examined RNFL thickness and macular morphology in PD 

patients using OCT. An overview will be given here, as OCT findings in PD will be discussed 

further in Chapter 6.  A summary of the main findings of 27 studies that have investigated OCT 

measurements in patients with PD is given in Table 2.4.   

2.6.1 Retinal nerve fibre layer thickness in Parkinson’s disease 

A number of studies have found reduced RNFL thickness at specific sites in patients with PD. In 

2004, Inzelberg et al 165 were the first to examine RNFL thickness in a small group of 10 PD 

patients using time-domain OCT. They found that average RNFL thickness was reduced by 18 µm, 

there was a 26 µm reduction in the inferior quadrant, and RNFL thickness was reduced by 25 µm 

in the temporal quadrant.  

Since then, a number of studies have confirmed RNFL thinning in PD.161, 166-169 The extent of 

peripapillary RNFL thinning varies greatly between studies. In contrast to the large reduction 

observed in Inzelberg’s original report, Garcia-Martin et al 170 found a much smaller, but still 

statistically significant reduction in a large cohort (129 patients) of PD patients. Average RNFL 
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thickness was reduced by just 2 µm (p = 0.018). There was significant thinning (of 3–8 µm) in the 

inferior-nasal, inferior temporal and superior temporal regions.  

Overall, results of peripapillary RNFL quadrant thickness analysis are highly variable, and, though 

the temporal and inferior quadrants are most often reported to be affected 165, 167, 170-172 this is by no 

means consistent and in fact a number of authors have found no significant difference in 

peripapillary RNFL thickness in any of the quadrants when compared with healthy controls 173-177 

using both time-domain and spectral-domain OCT models.  

2.6.2 Macular changes in Parkinson’s disease  

OCT studies examining macular findings in PD have been similarly variable. Many different OCT 

examination methodologies have been employed; a number of authors measured macular 

thickness/volume in the parafoveal regions,161, 171, 173, 174, 178, 179 others investigated thickness of the 

retinal layers using segmentation techniques,158, 170, 180-183 and some specifically examined foveal 

morphology.184, 185 Macular measurements may be more useful than RNFL measurements in the 

examination of PD patients.186 

Altintas et al 161 were the first to observe macular thinning in PD, and found a significant reduction 

in total macular volume, as well as in the temporal inner and outer, superior inner and outer, nasal 

outer and inferior outer regions in 17 patients.   

More recently, thinning of the individual retinal layers at the macula has been investigated in larger 

PD cohorts. Reduced thickness of the inner retinal layers is the most frequently reported macular 

finding.158, 181, 184, 186, 187 This would be consistent with atrophy of the dopaminergic amacrine cells 

which are found between the inner nuclear layer and the inner plexiform layer.188 As the axons of 

the dopaminergic amacrine cells do not enter the RNFL directly, thinning of the RNFL cannot be 

fully explained by a reduction in retinal dopamine levels.184  

There are two reports of a small but significant reduction in the thickness of the outer retinal layers 

(outer plexiform, outer nuclear and photoreceptor layers).170, 189 Rods and cones in the 

photoreceptor layer receive input from dopaminergic cells;190 however, the authors were unable to 

explain the selective thinning of this layer.  

Over the last few years, the fovea has emerged as a particular region of interest on OCT 

examination in PD. The fovea is of interest as foveal processing is impaired in PD.191Although 

there have been a number of reports that found no significant difference in foveal thickness or 

volume between PD and healthy control groups,161, 172, 173, 192 several groups have, more recently, 
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investigated foveal morphology in more detail using spectral-domain OCT and have found 

significant differences between patients and controls. Spund et al 184 and Adam et al 158 found 

thinning of the inner retinal layers (ganglion cell layer, inner plexiform layer, inner nuclear layer) in 

the parafoveal region (up to 2 mm from the foveal pit). This localised inferior retinal thinning was 

able to discriminate 78% of PD eyes from healthy controls 184. Slotnik et al 193 examined the contour 

gradient at the foveal pit using three dimensional modelling in 72 patients with PD. The authors 

were able to discriminate 65% of PD patients from healthy controls.  

However, several reports have not found a significant difference in macular OCT measurements 

between patients and controls.174, 177, 182 The reason for the differences in findings could be due to 

study size, patient selection (and clinical disease severity) or study methodology. All of these studies 

were reasonably small, with 45 or fewer PD patients in each group. Two of these studies used time 

domain OCT,174, 177 and the third used spectral domain 182 but did not investigate the individual 

retinal layers. A small difference in overall retinal thickness may not be statistically significant, 

although the same absolute difference in the thickness of an individual layer can indicate 

considerable damage.186  

2.6.3 Optical coherence tomography and Parkinson’s disease laterality  

The majority of the OCT studies in PD have either analysed both eyes together, or randomly 

selected one eye for analysis. However, PD is an asymmetric disease, and one side of the body is 

often more affected than the other.183, 194 Because of this asymmetry, both eyes of PD patients 

should be included in analysis but should be separated into eyes ipsilateral and contralateral to the 

most affected side of the body.186   

Cubo et al 178 noted that the foveal thickness, measured with time-domain OCT, was reduced in the 

eye contralateral to the most affected side. However, only nine PD patients were examined, so 

results should be interpreted with caution. La Morgia et al 194 reported a loss of temporal RNFL 

compared with controls on both the contralateral (40 eyes) and ipsilateral (41 eyes) sides. However, 

although the reduction was slightly greater in the contralateral eye, the difference between the two 

sides was not statistically significant. Bayhan et al 183 also investigated OCT measures, using spectral 

domain OCT, on the ipsilateral (20 eyes) and contralateral sides (18 eyes). They found nasal RNFL 

thinning on both sides, although there was no significant difference between the ipsilateral and 

contralateral sides. Additionally, ganglion cell complex thickness was reduced in the superior 

macular region on both sides (again, no significant difference between sides), and in the inferior 

macular region on the ipsilateral side only.  
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As there have only been three reports that have investigated the relationship between the ipsilateral 

and contralateral sides in PD, further studies are required in order to determine whether there are 

significant side-to-side differences.  

2.6.4 Optical coherence tomography and Parkinson’s disease severity   

Altintas et al 161 were the first to investigate the relationship between OCT findings and PD severity, 

using the unified Parkinson’s disease rating scale (UPDRS). The UPDRS scores the motor features 

of PD (tremor, bradykinesia, rigidity and postural changes), cognitive disturbances and tasks of 

daily living, with a higher score indicating more severe disability.161 The authors found a significant 

inverse correlation between the foveal thickness and UPDRS score in a small group of 17 patients, 

although there was no significant difference in foveal thickness between PD patients and controls. 

Bayhan et al 183 found a significant inverse correlation between the inferior macular ganglion cell 

complex measurements and UPDRS (total and motor sub-scores) in a group of 20 PD patients. 

Miri et al 185 examined the ratio of inner parafoveal thickness and inner foveal thickness in a group 

of 23 patients with PD, and found that there was a significant correlation between this ratio and 

the UPDRS motor score. In a large cohort of 153 patients, Satue et al 171 found a significant 

relationship between macular thickness and Hoehn and Yahr scores, another widely used measure 

of motor staging in PD.  

The relationship between OCT findings and cognitive function has also been assessed. Moreno-

Ramos et al 195 found a significant correlation between RNFL thickness and MMSE scores in a 

small group of 10 patients with dementia associated with PD.  

There have been a number of studies (with up to 100 PD patients) that have found no significant 

correlation between RNFL and/or macular OCT findings and either motor disease severity 175, 179, 

181, 189, 194 or cognitive assessment scores.167, 181 The relationship between OCT measurements, 

cognitive assessment and motor disability will be discussed further in Chapter 6.    

There is no clear relationship between OCT measurements and either motor disability or cognitive 

function in PD and the role of OCT as a potential biomarker of disease progression in PD appears 

to be uncertain, particularly given the wide range of results and study methodologies that have been 

employed. Standardised examination protocols in a large cohort of patients examined longitudinally 

over a period of years may help to determine the usefulness of OCT in this condition.  
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Table 2.4: Optical coherence tomography studies in Parkinson’s disease  

Reference  No. of 
Patients/Controls 
(No. of eyes) 

Equipment Other 
Investigations 

Main Findings 

Inzelberg et 
al 165 2004  

PD 10 (10) 
HC 10 (10) 

Not given  PD patients had reduced peripapillary RNFL thickness in 
inferior and temporal quadrants  

Altintas et al  
161 2008 

PD 17 (34)  
HC 11 (22) 

Zeiss 3000 
OCT 

UPDRS before 
morning dose 
of dopamine 
agonist, VEP 

Mean RNFL thickness significantly reduced in PD, 
superior and nasal quadrants significantly thinner than 
controls. Reduced macular volume, fovea not affected. 
Significant inverse correlation between UPDRS and 
foveal thickness 

Hajee et al 187 
2009  

Mild to moderate 
PD 24 (45) 
HC 17 (31) 

Optovue 
RTvue 100 
OCT 

 Thinning of the inferior and superior IRL in PD. No 
difference in ORL between groups. No difference in IRL 
or ORL between right and left eyes of PD patients  

Aaker et al 
173 2010 

PD 9 (18) 
HC 16 (19) 

Heidelberg 
Spectralis 
OCT  

 No difference in RNFL thickness or inner retinal thickness 
between patients and controls. Retinal thickness values 
significantly different between groups in three macular 
regions: PD thicker inferior inner and nasal outer; PD 
thinner superior outer 

Cubo  et al 178 
2010  

PD 9 (18) 
HC 9 (18) 

Zeiss OCT3   Mean foveal thickness reduced in PD, thinner in eye 
contralateral to most affected side of body  

Archibald et 
al 174 2011  

PD 34 (63) 
HC 19 (33) 

Zeiss Stratus 
3000 OCT 

 No significant difference in RNFL or macular thickness 
between groups.  

Moschos et 
al 166 2011  

PD 16 (32) 
HC 20 (40) 

Zeiss Stratus 
3000 OCT  

mfERG Inferior and temporal RNFL thinning in PD group. No 
mean RNFL thickness between groups.  

Albrecht et al 
175 2012 

PD 40 (80) 
HC 35 (70) 

Heidelberg 
Spectralis 
OCT  

UPDRS-III 12 
hours after 
discontinuing 
therapy 

No significant difference in RNFL thickness between 
groups. INL significantly thicker in PD group. No 
correlation between OCT parameters and UPDRS-III 

Garcia-
Martin et al 
167 2012  

PD 75  
HC 75 

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis 
OCT  

MMSE Reduced RNFL thickness in PD with both instruments: 
mean and inferior RNFL thinned with Cirrus; mean, 
superior/temporal and inferior/temporal reduced with 
Spectralis. No correlation between MMSE and RNFL 
thickness  

La Morgia et 
al 194 2012 

PD 43 (8 
inherited) (86) 
HC 86 (86) 

Zeiss Stratus 
OCT  

UPDRS-III, 
Hoehn and 
Yahr scale 

Temporal RNFL reduced in PD (both contralateral and 
ipsilateral to most-affected side, and in inherited cases). 
No mean RNFL difference between groups. No 
correlation between RNFL and neurological assessment  

Shrier et al 
192  2012  

PD 23 (46) 
HC 18 (36) 

Optovue 
RTvue 100  
OCT 

Hoehn and 
Yahr scale 

No difference in foveal thickness between patients and 
controls. Increasing intraocular asymmetry in macular 
volume further from fovea  

Tsironi et al 
176 2012  

PD 24 (24) 
HC 24 (24) 

Zeiss Stratus 
OCT  

MMSE, Hoehn 
and Yahr scale 

No difference in RNFL thickness between groups  

Adam et al 
158 2013  

PD 14 (28) 
HC 14 (28) 

Optovue 
RTvue 100  

Contrast 
sensitivity 

IRL thinning in PD, particularly superiorly. No significant 
correlation between IRL and contrast sensitivity in PD.  

Kirbas et al 
168  2013  

PD 42 (84) 
HC 40 (80) 

Zeiss Cirrus 
OCT  

 Mean RNFL reduced in PD, with selective thinning of 
temporal quadrant  

Moreno-
Ramos et al  
195 2013 

PD (with 
dementia) 10 (10) 
HC 10 (10) 

Topcon 3D 
OCT 1000 

MMSE, Mattis 
Dementia 
Rating Scale  

RNFL thickness reduced in PD dementia group. 
Significant correlation between RNFL thickness and 
cognitive testing scores  

Rohani et al 
169 2013  

PD 27 (54)  
HC 25 (50) 

Topcon 3D 
OCT 1000 

UPDRS-III RNFL thickness reduced in all quadrants in PD. Nasal and 
inferior quadrants thinner in akinetic rigid patients 
compared to tremor dominant PD.  

Satue et al 179 
2013  

PD 100 
HC 100 

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis 
OCT  

Hoehn and 
Yahr scale  

RNFL reduced in PD in inferior quadrant with both OCT 
instruments, and superior/temporal region with 
Spectralis. Macular thickness in PD reduced at fovea with 
both instruments. No significant correlation between 
OCT measures and disease severity 

42 
  



 
Chapter 2 

 
Spectral domain OCT equipment is shown in bold and underlined.  
Abbreviations: GCL Ganglion cell layer; HC Healthy controls; INL Inner nuclear layer; IPL, Inner 
plexiform layer; IRL Inner retinal layers; mfERG Multifocal electroretinogram; MMSE Mini mental 
state examination; MoCA Montreal Cognitive Assessment; ONL Outer nuclear layer; OPL Outer 
plexiform layer; ORL outer retinal layers; PD Parkinson’s Disease; PRL Photoreceptor layer; 
RNFL Retinal nerve fibre layer; UPDRS Unified Parkinson’s Disease Rating Scale; VEP Visual 
evoked potential.  

Satue et al 171 
2013  

PD 153 
HC 242 

Zeiss Cirrus 
OCT and 
Heidelberg 
Spectralis 
OCT 

Hoehn and 
Yahr Scale, 
UPDRS 

Mean RNFL and thickness in superior, inferior and 
temporal quadrants reduced in PD with both 
instruments. With Spectralis, macular thickness reduced 
in PD in all regions except fovea. With Cirrus, macular 
thickness reduced at fovea and outer nasal and inferior 
regions. Correlation between macular thickness with 
Spectralis and Hoehn and Yahr severity scores.  

Spund et al 
184  2013  

PD 30 (50) 
HC 27 (50) 

Optovue 
RTvue 100 
OCT 

 IRL significantly thinner in PD patients 0.5 – 2 mm from 
foveola. No significant difference in total retinal 
thickness between groups.  

Garcia-
Martin et al 
170 2014  

PD 129 (129) 
HC 129 (129) 

Heidelberg 
Spectralis 
OCT 

Hoehn and 
Yahr Scale, 
UPDRS 

Small but significant reduction in average RNFL 
thickness, superior/temporal, inferior/temporal and 
inferior/nasal regions. Small but significant reduction in 
thickness of macular layers (RNFL, GCL, IPL, OPL) in PD 
group. Correlation between GCL and Hoehn and Yahr 
disease severity just significant.  

Garcia-
Martin et al  
172 2014 

PD 60 (111) 
HC 100 (200) 

Heidelberg 
Spectralis 
OCT 

Humphrey 
visual field 
testing  

Retinal thickness reduced in all regions except the fovea 
in PD group. Reduction in mean RNFL and in temporal 
and inferior quadrants 

Lee et al 181  
2014  

PD 56 (56) 
HC 30 (30) 

Opko OTI 
Spectral 
OCT 

MMSE, 
UPDRS, 
Hoehn and 
Yahr scale 

INL thickness reduced in temporal quadrant in PD. 
Macular RNFL thinner in PD patients with visual 
hallucinations. No correlation between OCT measures 
and neurological assessment.  

Sen et al 182 
2014  

PD 35 
HC 11 

Not given UPDRS, 
Hoehn and 
Yahr scale  

RNFL thickness reduced in PD groups (with and without 
levodopa treatment). No significant difference between 
groups. No difference in GCL+IPL thickness between 
patients and controls.  

Bayhan et al 
183  2014  

PD 20 (38)  
HC 30 (30) 
 

Optovue 
RTvue 100 
OCT 

UPDRS, 
Hoehn and 
Yahr 

Significant inverse correlation between UPDRS (total and 
motor) and average and inferior GCL+IPL thickness in the 
eye ipsilateral to the most affected side in PD. Nasal 
RNFL thinning in both ipsilateral and contralateral eyes 
compared with control group. No difference in RNFL or 
macular thickness between ipsilateral and contralateral 
eyes.   

Roth et al 189 
2015  

PD 68 (114) 
HC 32 (64) 

Zeiss Cirrus 
OCT  

UPDRS-III No significant difference in peripapillary RNFL between 
groups. Reduced thickness of ONL+PRL in PD group. No 
other macular layers affected. No correlation between 
OCT measures and UPDRS motor scores.  

Kopal et al 177 
 2015 

PD 52 (34 without 
hallucinations and 
18 with visual 
hallucinations)  
HC 15  

Zeiss Stratus 
OCT  

UPDRS-III, 
MoCA, 
Contrast 
sensitivity 

No significant difference in RNFL thickness, macular 
thickness or macular volume between PD patients with 
and without hallucinations. No significant difference any 
OCT measure between patients and controls.  

Miri et al 185 
2015  

PD 23 (46)  
HC 13 (24) 

Optovue 
RTvue 100 
OCT 

UPDRS-III, 
Hoehn and 
Yahr scale 

Reduced inner parafoveal thickness to inner foveal 
thickness ratio in PD patients. Significant correlation 
between UPDRS motor score and foveal thickness ratio.  

Slotnik et al 
193 

PD 72 
HC 24 

Zeiss Cirrus 
HD OCT 
Optovue 
RTvue OCT 

Contrast 
sensitivity  

Foveal gradient variables were able to distinguish 65% of 
PD patients from controls with the Cirrus OCT, and 57% 
with the RTVue OCT 
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2.7 Conclusions 
The study of OCT findings in neurodegenerative conditions has received considerable attention 

over the past 15years, with the number of studies increasing exponentially in the last 5 years. 

Of the disorders outlined in this chapter, the use of OCT in multiple sclerosis was the first to be 

investigated and has been studied the most comprehensively. OCT studies have confirmed that 

even in patients without a history of inflammatory demyelination of the optic nerve, 

neurodegeneration is an important pathological process in multiple sclerosis. There are currently no 

treatments for neurodegeneration and OCT may play an important role as a surrogate marker in 

trials of novel therapeutic agents as they arise.  

In NMO, although RNFL loss is an almost universal finding, little attention has been paid to the 

correlation between OCT measurements and disease severity and OCT is not able to be used as a 

biomarker in this condition.  

All studies of AD patients have found thinning of the RNFL and macular layers, although the 

relationship between OCT findings and cognitive status is less certain. More recently, the 

investigation of patients with MCI has emerged as an important area of interest, particularly 

because this could be a potential stage of therapeutic intervention in future trials.  

The findings in PD are the most variable, and the utility of OCT as a biomarker of disease 

progression in this condition remains uncertain.  

In order to be considered a viable biomarker of disease progression or a surrogate marker in 

therapeutic trials, altered retinal structure, as measured with OCT, in neurodegenerative disease 

needs to be a repeatable and reliable finding in larger patient cohorts, and the association with 

disease severity needs to be validated. Longitudinal follow-up is preferable. However, because OCT 

technology continues to advance, and it is not possible to compare measurements between models, 

longitudinal follow-up can be difficult.  

Further applications of OCT in other neurodegenerative disorders will be investigated and 

discussed in the experimental studies that comprise the body of this thesis (Chapters 4-12).  
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3.1 Introduction 
All patients and control participants recruited for this study underwent a comprehensive neuro-

ophthalmic examination including retinal photography and optical coherence tomography (OCT) 

assessment. This chapter will outline the ophthalmological assessments used in the studies 

described in this thesis.  

In addition to ophthalmic examination, patients with neurodegenerative disorders underwent 

disease-appropriate neurological assessment. The neurological evaluation techniques are described 

in subsequent chapters as indicated. 

3.2 Visual acuity  
The measurement of visual acuity (VA) is an essential first step of any comprehensive ophthalmic 

examination, and is a useful test for the assessment of visual function.196, 197 It is defined as the 

ability of the eye to discriminate two stimuli separated in space. Normal VA is the ability to detect a 

‘gap’ subtending an angle of one minute (1/60 of a degree) of arc at a testing distance of six 

metres.197 Reduced VA can be the result of a number of factors, including, but not limited to, 

refractive error, media opacities, and pathology of the optic nerve or retina.   

VA testing conditions should be as standardised as is possible. Room lighting was kept low so that 

the letter contrast on the chart was high.197 Each eye was tested separately while the other was 

occluded. The subject’s habitual VA was tested first (either unaided or with distance correction). If 

habitual VA was worse than 6/6, pinhole VA was tested. The pinhole admits only central rays of 

light that do not require refraction. This increases the eye’s depth of focus and decreasing the light 

scatter from opacities of the corneal or crystalline lens.198 

For all studies described in this thesis, the same logMAR (logarithm of the minimum angle of 

resolution) acuity chart was used. The chart was calibrated for a viewing distance of six metres. The 

minimum angle of resolution is the angle subtended by the stroke of a letter; the overall height and 

width of the letter is five times larger than the thickness of the individual strokes. Each line on the 

chart was marked with the Snellen equivalent of the logMAR score (Table 3.1). When VA is 

recorded in the logMAR format, each letter has a value of 0.02. If the patient was not able to read 

the largest letter on the chart, VA was classified as ‘counting fingers’ (CF), ‘hand movements’ 

(HM), ‘perception of light’ (PL) or ‘no perception of light’ (NLP). 
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Table 3.1 Visual acuity conversion table: Snellen visual acuity to LogMAR notation 

 

 

 

 

 

 

 

 

 

 

 

3.3 Colour vision 
Colour vision testing is an important part of the neuro-ophthalmic examination as colour vision 

abnormalities can occur with acquired disorders of the optic nerve and retina.197 In the studies in 

this thesis, colour vision was evaluated using the Ishihara pseudoisochromatic test plates (Figure 

3.1). Each eye was tested separately. If the patient is unable to see the first number (12) on the 

control plate, the vision is too poor to perform the remainder of the test. VA of approximately 

6/60 is required in order for the patient to be able to identify the numbers on the plates. The 

number of correct plates for each eye is recorded as an integer from 1–14 (out of a possible 14). If 

only the control plate is identified, this is recorded as ‘control plate only’. Often the presence of a 

unilateral colour vision defect may allow the practitioner to detect the presence of pathology prior 

to further clinical examination formal and visual field testing.  

 

Snellen LogMAR 

6/60 1.0 

6/48 0.90 

6/38 0.80 

6/30 0.70 

6/24 0.60 

6/19 0.50 

6/15 0.40 

6/12 0.30 

6/9.5 0.20 

6/7.5 0.10 

6/6 0.00 

6/4.8 -0.10 

6/3.8 -0.20 

6/3 -0.30 
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Figure 3.1: Ishihara pseudoisochromatic colour vision testing plate 

The number ‘5’ is shown on an Ishihara pseudoisochromatic plate to test for red-green colour 
vision deficiency 
 

3.4 Refractive error  
All patients and controls had a brief assessment of refractive error. OCT measurements are 

affected by axial length, and thus refractive error.199 A refractive error range of between plus and 

minus five dioptres is often used in OCT studies.200, 201 therefore patients were excluded from these 

studies if their refractive error fell outside these bounds.   

If participants habitually wore spectacles, a vertometer measurement of the spectacles was obtained 

to determine whether the refractive error met requirements for inclusion in the study. If the 

participant did not wear spectacles or did not bring them to their appointment, an objective 

measurement of their refractive error was obtained using static retinoscopy and trial lenses.  

3.5 Pupil assessment  
In the studies outlined in this thesis, pupil testing involved checking for any anisocoria (difference 

in pupil size) in both dim and light illumination conditions, assessment of direct and consensual 

pupil responses in each eye and the swinging flashlight test (Figure 3.2)  to detect the presence of a 

relative afferent pupillary defect. If a relative afferent pupillary defect is observed this indicates the 

presence of unilateral or asymmetric optic nerve (or anterior visual pathway) pathology.202 
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To assess the direct and consensual reflexes, the patient fixated on a distant object in a darkened 

room. A pen-torch was used to illuminate the eye and observe the pupillary reflexes. Care was 

taken to ensure that the angle of illumination was the same for both eyes 197.  

 

 

Figure 3.2: Left relative afferent pupillary defect on the swinging flashlight test.  

This shows a relative pupillary dilation when the light is directed at the affected left eye.  

 

3.6 Visual field examination 
A neuro-ophthalmic examination should include some form of visual field testing. There are many 

visual field examination techniques, including basic confrontation assessment, and more complex 

computerised visual field analysis. Many of the patients examined for this thesis had either motor 
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difficulties or cognitive impairment (or both) which can make reliable formal visual field testing 

difficult or impossible. Because of this, the main purpose of visual field testing in the examination 

of these patients was to check for gross visual field defects that may exclude patients’ results from 

analysis. In some cases, more comprehensive automated threshold testing was undertaken in 

patients where possible, or if indicated based on screening results or other examination findings.  

All patients who were able underwent a 24-2 screening (supra-threshold) or threshold visual field 

examination using the Humphrey Matrix-FDT (Welch Allyn Inc., and Carl Zeiss Meditec AG, 

Dublin, CA, USA) visual field analyser. This test examines the central 24 degrees of the superior, 

inferior and temporal visual field and the central 30 degrees of the nasal visual field. The vast 

majority of neuro-ophthalmic visual field defects either begin in the central visual field (within 30 

degrees of fixation) or are found in the central visual field early in the disease process.203 The 

Matrix analyser uses frequency doubling technology (FDT) to assess the visual field. The stimulus 

is a low spatial frequency sinusoidal grating, which undergoes counterphase flicker at high temporal 

frequencies.204 The is some evidence to suggest that FDT can detect visual field loss at an earlier 

stage than standard (white-on-white) automated perimetry,205 although this evidence is 

controversial and standard automated perimetry is still considered to be the gold standard of visual 

field analysis.206 

The Humphrey Matrix-FDT printout gives the mean deviation (MD) and the pattern standard 

deviation (PSD). The MD is a measure of the participant’s mean deviation (in decibels (dB)) from 

that of an age-matched normative database. The MD can either be a positive or negative number.  

The PSD is adjusted for generalised depression and is more useful for detecting localised visual 

field defects. PSD values are always positive numbers.  As with other types of automated visual 

field testing, patients undergoing FDT visual field testing show a statistically significant learning 

effect. For patients with no previous automated perimetric experience, multiple tests are often 

required in order to obtain useful results.207 Most of the patients examined for the studies described 

in this thesis were undergoing visual field testing for the first time, and for this reason, the results 

should be interpreted with caution.  

In order to interpret visual field defects, it is necessary to understand the underlying relationship 

between the retina and the visual field.  
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• The superior visual field corresponds to the inferior retina (below the fovea) 

• The inferior visual field corresponds to the superior retina (above the fovea) 

• The nasal field corresponds to the temporal retina 

• The temporal visual field corresponds to the nasal retina  

3.7 Slit-lamp examination 
Examination of the anterior structures of the eye was performed using the Haag Streit slit-lamp 

biomicroscope (Haag Streit AG, Koeniz, Switzerland). Slit-lamp biomicroscopy allows for the 

stereoscopic examination of the external and internal ocular structures. The slit-lamp itself consists 

of a microscope and a mounted illumination system. The magnification (6–40 times) and 

illumination can be varied depending on the structure of interest. A variety of examination 

techniques can be employed to assess the anterior ocular structures. A ‘front-to-back’ slit lamp 

examination was performed on all patients. The following structures were observed: 

• Eyelids 

• Palpebral and bulbar conjunctiva 

• Sclera 

• Cornea and pre-corneal tear film 

• Anterior chamber angle 

• Anterior chamber 

• Iris 

• Crystalline lens 

• Vitreous  

3.8 Goldmann tonometry 
Goldmann applanation tonometry is the clinical gold standard of intraocular pressure (IOP) 

assessment.208 A measurement of IOP should be included in any neuro-ophthalmic examination. 

The Goldmann tonometer probe is a biprism measures 3.06 mm in diameter; this was selected so 

that the effects of corneal bending and the pressure exerted by the tears were minimised.197 The 

topical local anaesthetic benoxinate (oxybuprocaine hydrochloride 0.4%, Chauvin Pharmaceuticals, 

Surrey, UK) was used to anaesthetise the cornea and fluorescein dye (Haag Streit fluorescein strips, 

Haag Streit AG, Koeniz, Switzerland) was instilled. The cobalt blue filter on the slit lamp was used 

to illuminate the tonometer probe (Figure 3.3). The initial tonometer scale was set at 10 mmHg, and 

the probe carefully positioned centrally on the patient’s cornea as the patient looked straight ahead; 

51 
  



  
Chapter 3 

two green semicircles were visible. The tonometer control was adjusted until the inner edges of the 

semicircles were aligned (Figure 3.4).  

In a very small number of patients examined in this thesis, Goldmann tonometry was unable to be 

performed successfully due to involuntary patient movement. In these cases, where possible, the 

iCare rebound tonometer (iCare Finland Oy, Vantaa, Finland) was used to measure IOP. This 

tonometer does not require the use of topical anaesthetic and has measurements have been shown 

to be comparable to those of the Goldmann tonometer over a range of IOP values.209, 210 

 

 

Figure 3.3: Goldmann tonometer positioning at slit-lamp, with cobalt blue illumination 
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Figure 3.4: Appearance of Goldmann tonometry mires when the tonometer is correctly 
aligned  

 

3.9 Dilated fundus examination 
All participants’ pupils were dilated with phenylephrine 2.5% (Chauvin Pharmaceuticals, Surrey, 

UK) or tropicamide 1% (Chauvin Pharmaceuticals, Surrey, UK) or both, as appropriate.  Once 

adequate mydriasis was obtained, a thorough stereoscopic examination of the fundus using slit-

lamp indirect ophthalmoscopy and a SuperField ® (Volk Optical, Mentor, USA) non-contact slit 

lamp lens was conducted. The vitreous humour was examined to assess for posterior vitreous 

detachment and vitreous floaters. Particular attention was focused on the assessment of the 

structures of the posterior pole of the eye- the optic nerve head and the macula. The vertical cup to 

disc ratio was measured clinically. Optic nerve head size (small, average or large), and other 

distinctive features including the presence or absence of pigment, peripapillary atrophy, pallor or 

haemorrhages were noted. Additionally, a careful peripheral retinal examination of the superior, 

nasal, inferior and temporal quadrants was undertaken.  

3.10 Digital retinal photography 
The Canon CR-DGi non mydriatic retinal camera (Canon, USA) (Figure 3.5) was used to acquire 

two digital images (central and nasal) for each eye of every patient. The first image was centred on 

the fovea, with the patient gazing straight ahead. A nasal image was captured while the patient 

fixated on a nasal target. This image was used for optimal examination of the optic nerve head. 

Poor quality images were discarded and re-taken.   
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Figure 3.5: Canon CR-DGi non-mydriatic retinal camera (Canon, USA) 

 

3.11 Optical coherence tomography  
As outlined in Chapter 1, the retina is a multi-layered, transparent structure, with clearly defined 

morphological features. High resolution imaging of ocular structures is important and clinically 

relevant for the diagnosis and management of a multitude of ocular diseases affecting the optic 

nerve and retina, including glaucoma, macular oedema and macular degeneration.211  

In the past, the retinal nerve fibre layer (RNFL) was only able to be assessed subjectively by slit-

lamp examination. This technique provides only qualitative data, and results are dependent on the 

clinical experience of the examiner. In addition, it is almost impossible to compare RNFL 

appearance over time utilising this method. Comparisons over time were originally facilitated by the 

advent of colour photos of the optic nerve head, and red-free images of the RNFL.200 Quantitative 

analysis of the optic nerve is essential, as visual field defects and increased cupping of the optic 

nerve head are findings that may only be able to be detected after up to 50% of retinal nerve fibres 

have been lost.212  

OCT was first described by Huang and colleagues 211 in 1991. It is an optical imaging system that 

allows for the rapid and non-invasive cross-sectional imaging, and quantitative analysis, of 

biological systems in vivo, including the posterior structures of the eye (RNFL, macula and optic 

disc).  High-resolution OCT is able to generate tomographic images that are similar to tissue 
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sections, thus permitting the visualisation of retinal morphology previously only possible with 

histopathology.213 

OCT has several features that make it extremely attractive. Resolution with OCT imaging is far 

superior to older technologies, including clinical ultrasound, which has a resolution in ocular tissue 

that is limited to approximately 150 µm.214 In addition, OCT is a non-contact technique and no 

saline immersion is required. The micrometre scale and high axial resolution of the posterior 

segment are particularly useful for the early diagnosis and follow up of diseases of the retina and 

optic nerve head.215 

3.11.1 Principles of optical coherence tomography 

In OCT, an optical signal is transmitted through, and reflected from biological tissue. This signal 

contains time-of-flight (delay) information, which can provide the observer with information about 

the microstructure of the tissue of interest.  The delay information is used to determine the 

longitudinal location of reflection sites. The OCT system performs multiple longitudinal scans at a 

series of lateral locations. This provides a two-dimensional map of reflection sites in the sample. 

This system is analogous to ultrasonic imaging, except that it uses light instead of sound.211  

OCT, as used to investigate the contour and thickness of ocular structures, utilises near infrared 

light (800–1400 nm) generated by a super-luminescent diode, which passes through the pupil to the 

posterior structures of the eye.211 Light emitted from a source is divided by a beam splitter into two 

arms; the reference and sample arms (Figure 3.6). The light that is reflected back from the retina is 

combined with the reference arm at the beam-splitter and guided to a detector. The reflections 

from the sample are compared interferometrically, using a Michelson interferometer, to a reference 

beam that has travelled a known path length. Signal-carrying light that is returning from the eye 

interferes with the reference beam.216 
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Figure 3.6: Schematic of optical coherence tomographer scanner  

From Huang et al (1991)211 (Used with permission) 
 

The strength of the inteferometric signal depends on the optical reflectivity of the retinal 

structures.215 The RNFL is a relatively highly scattering layer compared to the vitreous and adjacent 

retinal structures. The vitreo-retinal interface is demarcated by the contrast between the non-

reflective vitreous and the back-scattering retinal surface. Unlike other ocular imaging systems, 

including ultrasonography, OCT is able to differentiate between backscattered light from different 

retinal layers, allowing for the characterisation of internal retinal structure.215 Below the outer retinal 

layers and choriocapillaris, comparatively weak reflections are observed from the deeper choroid 

and sclera. This is due to signal attenuation after it has passed through the retina.215 The more 

sophisticated spectral-domain OCT models are able to image the choroid in significantly greater 

detail.217 

Interference is detected only when the difference in path-length travelled by the light in the two 

arms is less than the coherence length of the light source.216 Monochromatic light has a broad 

coherence length. If a low-coherence light source is used, the coherence length can be very small.216 

The axial (depth) resolution of OCT imaging is determined only by the coherence length of the 

light-source.211 This is inversely proportional to the spectral bandwidth of the source 216. The lateral 

resolution of the system is the result of the spot-size and focusing optics in the sample arm.216 OCT 

can maintain high depth resolution, even when the aperture is small,211 which works well for 

transpupillary imaging systems. 

OCT images are presented in either black and white, or pseudo-colour, depending on the 

equipment used. Whiter (or brighter) areas represent regions of high reflectivity such as the RNFL 

and plexiform layers. Regions of less optical reflectivity, including the nuclear layers, are shown as 

darker areas.211 
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3.11.2 Time-domain and spectral-domain optical coherence 

tomography 

Time-domain OCT is termed as such because the depth information of the retina is acquired as a 

sequence of samples over time.216  At the time of writing, this OCT technology has been used in a 

significant portion of OCT studies. Under ideal conditions, the third generation time-domain is 

able to quantify RNFL thickness with a resolution of 8–10 µm.199 

More recently, high definition spectral domain (or Fourier domain) OCT has replaced time-domain 

technology. In time-domain OCT the position of the reference mirror is moved. The reference 

mirror is stationary in spectral-domain OCT, and the OCT signal is acquired as function of 

wavenumber (k). This is done either by using a spectrometer as a detector, or by varying the 

wavelength of the light source in time.216 These operations are represented mathematically by 

Fourier transforms, which extract the frequency spectrum of a signal.218 Spectral-domain OCT 

provides increased resolution (up to 5 times higher), and faster imaging speed (in the range of 60 

times faster) than conventional time-domain OCT.219 This means that larger retinal areas scan be 

scanned in high density in shorter periods of time. Reproducibility, an important characteristic of 

any diagnostic test, is improved by better scan resolution.200 

For all studies used in this thesis, spectral domain OCT imaging was utilised. See section 3.11.4 for 

more details.   

3.11.3 Factors affecting optical coherence tomography measurements 

A number of factors influence the quality and accuracy of retinal measurements acquired with 

OCT: 

• Image resolution is affected by eye movement. The degradation of the image is a function 

of the frequency and size of saccadic eye movements, compared with the image acquisition 

time and the transverse resolution of the OCT.215 Newer OCT technology attempts to 

counter this with the use of eye-tracking systems incorporated into the software.220  

• Scans should be well centred: macular scans should be centred at the fovea and accurate 

measurement of the peripapillary RNFL requires the reference to be centred precisely at 

the optic nerve head. Overall RNFL thickness is less likely to be affected by de-centration, 

but individual quadrant thickness values can be significantly affected.221 

• The signal strength of the scan needs to be adequate. Studies vary in their signal strength 

cut-offs depending on the device used to obtain the images. The Heidelberg Spectralis® 

SD OCT (Heidelberg Engineering, Heidelberg, Germany) used in the studies described in 
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this thesis has a signal strength range of zero (poor) to 40 (excellent). A cut-off of 25 is 

commonly used.55, 170, 179  

• Even scans with adequate signal strength may show software segmentation failure, where 

the automatic segmentation of the retinal layers is incorrect. These scans should not be 

used in analysis.55 

• Scans can be acquired effectively over a range of pupil sizes, however if the pupil size is less 

than 3 mm this can affect OCT thickness measurements and scan quality.201 The 

participants examined for the studies outlined in this thesis had their pupils dilated prior to 

OCT assessment. 

• Opacities of the lens generally give rise to lower thickness values, with more advanced lens 

opacities leading to a greater decrease in thickness.201 Significant lens opacity was grounds 

for exclusion from statistical analysis in the studies described in this thesis.  

• Because OCT measurements are affected by axial length and, subsequently, refractive 

error,199 a refractive error range of between plus and minus five dioptres is often used in 

OCT studies.200, 201 Longer eyes and more myopic eyes tend to have thinner RNFL 

thickness values.199 Astigmatic refractive error can also influence image quality and a limit 

of three dioptres of cylindrical correction is sometimes used.134 Patients examined for the 

studies in this thesis with greater than three dioptres of astigmatic refractive error were not 

included in statistical analysis. 

• RNFL values for people of different ethnicities vary modestly, although it has been found 

that all ethnicities examined have 95% confidence limits that overlap.199 

• RNFL thickness declines by approximately 2 µm per decade, with loss of about 5000 axons 

per year.199   

3.11.4 Optical coherence tomography scans utilised for the studies in 

this thesis  

All participants had three macular and peripapillary retinal nerve fibre layer scans taken for each 

eye, acquired using the high resolution spectral domain Heidelberg Spectralis® SD OCT 

(Heidelberg Engineering, Heidelberg, Germany) (Figure 3.7).  

All OCT scans for each participant were performed by the author during a single session for each 

participant. The scan quality was evaluated at the time of examination, and in cases of poor quality 

scans, repeat images were taken. All OCT scans were performed using the high speed mode and 

with the automated real-time (ART) function activated. This function averages images for noise 
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reduction and increases the quality of the overall image. The Enhanced Depth Imaging and Eye 

Tracking systems were both activated for all scans. 

3.11.4.1 Peripapillary retinal nerve fibre layer scan 

The RNFL scan images the RNFL in a 3.4 mm diameter circle centred on the optic nerve head 

(Figure 3.8). The Heidelberg Spectralis® SD-OCT acquires up to 40,000 A-Scans per second. The 

RNFL scan contains 768 A-scans when the high speed mode is utilised. The number of ART 

frames was set at 100 per B-scan for the RNFL scans. This is the default setting for the Spectralis® 

OCT. Care was taken to ensure that the reference circle was well-centred at the optic nerve head. 

In cases of poor centration, repeat images were acquired.  

3.11.4.2 Macular Scan  

For this study, the Macula-Fast scan function was used to assess the retinal thickness and volume in 

the macular region and the RNFL scan function for the retinal nerve fibre layer (RNFL). The 

Macula-Fast scan images a 6 mm diameter circle, centred on the fovea. This area is divided into 

three circles measuring 1, 3 and 6 mm in diameter. The outer two circles are each separated into 

four quadrants, thus dividing the scanned area into nine sections (Figure 3.9). The average thickness 

is given for each section. The number of ART frames was set at 9 per B-Scan for the macular 

scans.  

 

59 
  



  
Chapter 3 

 

Figure 3.7: Patient position at Spectralis® OCT (Heidelberg Engineering, Germany) 
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Figure 3.8: Optical coherence tomography scan of the peripapillary retinal nerve fibre layer  

Retinal nerve fibre layer (RNFL) scan of a healthy control taken using the Heidelberg ® Spectralis 
spectral domain OCT (Heidelberg Engineering, Heidelberg, Germany). The images at the top show 
the infrared photograph of the optic nerve. The scan area is shown by the green circle. The RNFL 
is the hyper-reflective layer that lies between the two red lines on the second image. The RNFL 
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thickness for each eye is plotted on a graph (solid black line) and compared to an age-matched 
normative database. Values within the green area are considered (by the internal Spectralis® 
software) to be ‘within normal limits’. The yellow region denotes the 5th percentile of age-normal 
values, and values within the red region are in the 1st percentile or lower, signifying thinning of the 
RNFL. This patient’s RNFL shows the characteristic ‘double hump’ pattern, with peak thickness 
values in the inferior and superior quadrants. There is good symmetry between the two eyes. OD, 
right eye; OS, left eye. 
 
 

 

Figure 3.9: Macular segmentation  

The macular region is divided into nine zones for analysis: SO superior outer; SI superior inner; TO 
temporal outer; TI temporal inner; IO inferior outer; II inferior inner; NO nasal outer; NI nasal 
inner; F fovea. The average thickness for each region is measured. 
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Chapter 4                                    
Epiretinal Membrane in Myotonic 
Dystrophy Type 1
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4.1 Introduction 
Myotonic Dystrophy Type 1 (DM1) is an autosomal dominant neuromuscular disease caused by an 

expansion of the cytosine-thymine-guanine (CTG) triplet repeat in the 3’ untranslated region of the 

myotonic dystrophy protein kinase gene (DMPK) on chromosome 19q13.3.222 DM1 is the most 

common form of muscular dystrophy in adults, with a prevalence of approximately 1-10 per 

100,000.223 

Individuals with 5-37 CTG repeats are asymptomatic and are not at risk of having offspring 

affected by the disease. Those with a repeat length of 38-49 base pairs are considered to have a 

‘pre-mutation’. These individuals will not be affected, although it is possible for their offspring to 

have higher repeat numbers and consequently exhibit signs of the disease. This increasing CTG 

repeat expansion length is also responsible for the phenomenon of anticipation: more severe 

disease severity and progressively earlier onset in successive generations of the same family.224-226 

Individuals with a repeat length of greater than 50 will be affected, although there is great variation 

in disease severity.226 There is a positive correlation between the length of the CTG repeat and the 

severity of clinical involvement.227, 228 

The CTG repeat expansion in DM1 causes a gain in RNA function; this leads to the mis-splicing of 

various genes which code for proteins expressed in many different organ systems.229-231 Thus, while 

the disease is characterised clinically by myotonia and progressive muscle wasting, DM1 also affects 

the eye, the nervous system, endocrine function, the gastrointestinal system, and the heart.222, 232 

Symptoms of classic DM1 generally develop between the second and fourth decades of life. There 

is marked variation in age of symptom onset and degree of systemic involvement.233 Life 

expectancy is reduced in DM1, due to failure of the respiratory muscles and cardiac conduction 

abnormalities.233-235 

There is a second form of myotonic dystrophy, DM2, caused by a cytosine-cytosine-thymine-

guanine (CCTG) repeat expansion in intron 1 of the zinc finger protein 9 gene.236 The clinical 

presentation of DM2 is very similar to that of DM1, and includes myotonia, facial and skeletal 

muscle weakness, early-onset posterior iridescent cataracts and cardiac conduction defects.236-238  

There is not the severe central nervous system (CNS) involvement as may be seen in individuals 

with DM1,236 in which a range of brain abnormalities have been demonstrated with magnetic 

resonance imaging (MRI).239 A case series detailing the ophthalmic findings in a small group of 

DM2 patients is presented in Chapter 12.  
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4.1.1 Ophthalmic manifestations of myotonic dystrophy type 1 

A diverse range of ocular abnormalities have been documented to occur in DM1 patients. The 

most common is cataract, affecting nearly all patients during the disease course; the characteristic 

cataracts seen in individuals with DM1 are mixed iridescent dust opacities and stellate opacities at 

the posterior pole of the lens.240 These findings, when noted bilaterally, are highly specific for DM1 

and may also be useful in helping to establish a clinical diagnosis. Unilateral iridescent lens opacities 

are reported less frequently in DM1 patients.240 The severity of the cataract does not correlate with 

the severity of the disease in overall.241 

Ocular hypotony is a common finding in DM1.242-247 It has been proposed that the reduced 

intraocular pressure (IOP) may be the result of increased uveoscleral outflow secondary to atrophy 

of the ciliary body and iris sphincter,244, 245, 248 although there has been no recent research in this 

area.   

There have been several reports outlining retinal changes in DM1, however, there have been few 

studies undertaken in the last two decades.  Peripheral retinal pigment clumping has been reported 

to affect up to 50% of DM1 patients.249 Macular pigment changes are noted less frequently. Stellate 

pattern changes at the level of the retinal pigment epithelium have been documented.243 The 

histological pathogenesis of these pigmentary changes is unknown.250   

Ptosis and ocular motility disorders are also frequently reported.251, 252 253-257 

The objectives of this study were to investigate macular and optic nerve morphology in DM1 using 

optical coherence tomography (OCT), and to determine the relationship between ophthalmic 

findings and overall disease severity. As described in Chapters 2 and 3, the use of OCT enables 

rapid, non-invasive cross-sectional imaging and quantitative analysis of the retinal layers.211 

Thinning of the retinal layers has been demonstrated in a number of neurodegenerative disorders 

with CNS involvement.258 

4.2 Methods 

4.2.1 Participants  

All 58 patients with DM1 confirmed by genetic diagnosis seen in the Auckland City Hospital 

neurogenetics clinic were invited by a consultant neurologist to participate in the study. Of the 

patients contacted, 30 chose to take part and met initial inclusion criteria, and 28 controls were also 

included in this observational case-control study. There was no visual disability parameter used in 
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patient selection. Control participants consisted of spouses, unaffected family members and 

caregivers of affected patients, and subjects recruited from the University of Auckland’s Centre for 

Brain Research control participants’ database.   

In order to be able to interpret OCT scans with accuracy, participants were excluded if they had 

more than five dioptres of spherical refractive error or greater than three dioptres of astigmatic 

refractive error, known ocular disease, previous ocular trauma, intraocular pressure greater than 21 

mmHg, narrow anterior chamber angles, history of cataract extraction within the past year, any 

previous retinal surgery, glaucomatous optic neuropathy or a family history of glaucoma. A 

diagnosis of glaucomatous optic neuropathy was based on characteristic optic disc changes, 

including a cup-disc ratio of greater than 0.7, vertical enlargement of the cup, localised loss of rim 

tissue, cup-disc ratio asymmetry of greater than 0.2 and baring of the lamina cribrosa.  

Participants with co-existing neurological disease were excluded. DM1 is associated with type II 

diabetes mellitus;259 participants in both the patient and control groups were excluded if there was 

clinical evidence of diabetic retinopathy. There was no best-corrected visual acuity requirement for 

inclusion. Participants were required to have sufficiently clear ocular media in order for high-quality 

OCT scans to be acquired. 

The study was approved by the Northern-X Ethics Committee (NTX/11/EXP/022) and the 

Auckland District Health Board Research Committee (A+5185). The study followed the tenets of 

the Declaration of Helsinki. All patients and control participants provided written informed 

consent.  

4.2.2 Ophthalmological examination  

All patients and controls underwent a complete neuro-ophthalmic examination, including, 

measurement of best corrected visual acuity, colour vision assessment, pupil testing,  Humphrey 

Matrix (Carl Zeiss Meditec, Oberkochen, Germany) 24-2 screening visual fields, slit lamp 

biomicroscopy, Goldmann tonometry, stereoscopic fundus examination with pupil dilation and 

digital retinal photography (Canon CR-DGi Non-Mydriatic Retinal Camera, Canon, USA). Pupil 

dilation was obtained using 2.5% phenylephrine. In order to reach satisfactory pupil size, one drop 

of 1% tropicamide was added if pupil mydriasis was not adequate with phenylephrine alone.   

All participants had three peripapillary retinal nerve fibre layer (RNFL) and three macular scans of 

each eye taken using the high resolution SD-OCT Heidelberg Spectralis® OCT (Heidelberg 

Engineering, Heidelberg, Germany). OCT scans were performed by one examiner during a single 

session for each participant. At the time of examination scan quality was evaluated; poor quality 
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scans were discarded and repeat images were taken if required. A detailed outline of OCT scan 

acquisition is given in Chapter 3.  

Following an initial review of the retinal photographs and OCT scans, it was observed that a large 

number of DM1 patients had evidence of epiretinal membrane (ERM). A vitreo-retinal specialist 

ophthalmologist, masked to the diagnosis (patient or control) of the participants, reviewed 

photographs and macular scans of both eyes of each participant. The macular findings were 

categorised based on the presence or absence of an ERM. Scans with no evidence of ERM were 

graded 0. If an ERM was present the scan was classified as grade 1 or 2 based on OCT findings. 

The ERM was classified as grade 1 if there was greater than 1 mm of continuous thickening and 

hyper-reflectivity at the vitreo-retinal interface. A grade 1 ERM on OCT is essentially equivalent to 

cellophane macular reflex visualised clinically, the earliest stage of ERM formation.260 If there was 

evidence of folding of the membrane, or pre-macular fibrosis, the ERM was classified as Grade 2.  

A Grade 2 ERM corresponds to the later stage of membrane formation.260 This is a new grading 

system based on OCT findings (Figures 4.1 and 4.2). Posterior vitreous detachment was graded as 

total, partial or absent, based on OCT scan review.  
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Figure 4.1: Epiretinal membrane grading of optical coherence tomography images  

A) 0 = no epiretinal membrane (ERM); B) Grade 1 = ERM of greater than 1 mm of hyper-
reflectivity and thickening at the vitreo-retinal interface (on left hand side of image); C) Grade 2 = 
pre-retinal fibrosis with thickening and folding of the membrane, and distortion of retinal 
architecture.  
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Figure 4.2: Optical coherence tomography infra-red fundus images of epiretinal membrane 
grading  

A) No epiretinal membrane – normal macular appearance B) Grade 1 membrane – cellophane 
macular reflex superior to macula C) Grade 2 membrane – radial folds emanating from the fovea    
 

4.2.3 Neurological examination 

A senior neurology registrar performed the muscular impairment rating scale (MIRS)261 

examination and the six minute walk test  (6MWT)262 on DM1 patients.  

The MIRS has previously been found to be a reliable indicator of muscular impairment in patients 

with DM1.261 The MIRS examination includes the detection of myotonia, jaw wasting, ptosis and 

nasal speech, in addition to bilateral manual muscle testing of 11 muscle groups: neck flexors; six 

proximal muscle groups (shoulder abductors, elbow flexors and extensors, hip flexors, knee flexors 

and extensors) and four distal muscle groups (wrist extensors, digits flexors, and ankle plantar 

flexors and dorsi-flexors).261 The MIRS is a five-point scale, ranging from 1 (no muscular 

impairment) to 5 (severe proximal weakness).263 It provides a measure of muscular impairment in 
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patients with DM1, with excellent intra-observer reliability, and results can be used to monitor 

major stages of DM1 progression.261   

Where possible, ambulant DM1 patients undertook the 6MWT.262 Participants were asked to walk 

as far as possible over the course of six minutes. A standardised walking course was used. No 

walking aids were utilised while testing. Patients were informed that they were allowed to stop if 

they felt breathless or too tired to continue.  The total distance walked by the patient during the six 

minutes was recorded. Results of the 6MWT can assist with the detection of clinical changes in 

DM1 patients.262  

4.2.4 Statistical analysis 

Statistical analysis was performed using SPSS 21.0 for Windows (Chicago, Illinois). DM1 patient 

and control demographics and ophthalmic findings were compared using independent t-tests, 

Fisher’s exact tests and Chi-square as appropriate.  RNFL and macular OCT measures were 

compared between patients and controls using generalised estimating equations. This accounted for 

the association between an individual’s eyes. To allow for the four comparisons within the RNFL 

measures, and the ten macular thickness measures, a Bonferroni correction was applied.  The Chi-

square test was used to compare epiretinal membrane grades between the two groups. The 

Spearman test was used to investigate the correlation between ERM in the worst-affected eye and 

age, IOP, posterior vitreous detachment, MIRS and 6MWT. The Mann-Whitney U test was used to 

compare the ERM grades in DM1 patients with and without a history of cataract extraction. A p 

value of <0.05 was considered significant.  

4.3 Results 
Of the 30 patients with DM1, 19 were female and the mean age was 44.6 ±13.3 years (range 16–

72). The control group was well-matched for age and gender (Table 4.1).  

The mean CTG repeat expansion length was 406 ± 274 repeats (range 74–1225). MIRS scores 

were broken down as follows: 1, one patient; 2, four patients; 3, seven patients; 4, seventeen 

patients; 5, one patient. One DM1 patient was wheel-chair bound; the remaining patients were 

ambulant, either unaided or with assistance. The mean 6WMT distance was 383.8 ± 111.3 m (range 

74–529 m).  

Of the 30 DM1 patients, 2 had type II diabetes mellitus; neither of these patients had evidence of 

diabetic retinopathy on examination. None of the control participants had a diagnosis of diabetes 

mellitus.  
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4.3.1 Ophthalmological findings  

Visual acuity (VA) was poorer in the DM1 patient group, with 60% of patient eyes having VA of 

6/7.5 or worse, compared to 1.8% of control eyes (Table 4.1). As expected, IOP was significantly 

lower in the DM1 group compared with controls (9.1 ± 1.9 mmHg vs. 13.9 ± 2.4 mmHg, p 

<0.0001). Cataract was more prevalent in the patient group, with 58.3% of DM1eyes having 

evidence of lens opacity on slit lamp examination. Characteristic polychromatic opacities were 

observed in 6 of 60 (10%) DM1 eyes, and none of the control eyes. In the DM1 group, 12 of 60 

(20%) eyes had undergone cataract extraction with intraocular lens (IOL) insertion. None of the 

control participants had a history of cataract surgery.  There was no significant difference in cup to 

disc ratio between the two groups. Although the majority of eyes in both the DM1 and control 

groups had no posterior vitreous detachment, the distribution was significantly different between 

groups, with more controls having evidence of either partial or complete posterior vitreous 

detachment on OCT examination (Table 4.1).  
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Table 4.1: Patient demographics and ocular findings 

 DM1 patients 
N = 30 

Controls 
N = 28 

p Value 

Age (years) Mean (SD) 44.6 (13.3) 44.5 (13.8) 0.99 

Female Gender 19/30 (63%) 15/28 (54%) 0.59 

IOP (mmHg) Mean (SD) 9.1 (1.9) 13.9 (2.4) <0.0001* 

Cataract   0.002 

Polychromatic Cataract 6/60 (10%) 0/56 (0%)  

Other Cataract 29/60 (48.3%) 17/56 (30.3%)  

IOL 12/60 (20%) 0/56 (0%) 0.0003* 

Type II Diabetes Mellitus 2/30 (7%) 0/28 (0%) 0.49 

Visual Acuity   <0.0001* 

6/6 or better 24/60 (40%) 55/56 (98.2%)  

6/7.5 – 6/12 31/60 (51.7%) 1/56 (1.8%)  

Worse than 6/12 5/60 (8.3%) 0/56 (0%)  

Posterior vitreous 

detachment 

  0.021* 

None 43/56 (76.8%) 29/56 (51.8%)  

Partial 11/56 (19.6%) 24/56 (42.8%)  

Complete 2/56 (3.6%) 3/56 (8.4%)  

Vertical Cup/Disc Ratio 0.26 (0.12) 0.30 (0.13) 0.18 

 
 
Abbreviations: Myotonic Dystrophy Type I (DM1); Intra-ocular pressure (IOP); Intraocular Lens 
(IOL). Cataract was defined as lens opacity noted at slit-lamp examination. p values marked with * 
are significant. p values marked with  have been calculated from chi square of distribution.  
 
 

4.3.2 Optical coherence tomography findings  

Of the 60 DM1 patient eyes, 5 eyes of 4 patients were excluded from OCT analysis due to the 

presence of coexisting ocular pathology: Dense posterior subcapsular cataract limiting the view of 

the retina (1); large macular scar from a previous choroidal neovascular membrane (1); recent 

penetrating keratoplasty surgery (1); disc drusen, with corresponding visual field loss (2). In 

addition, one eye was excluded from macular analysis due to poor scan quality. In total 55 eyes of 

29 DM1 patients were included in RNFL analysis, and 54 eyes of 29 patients in macular analysis. 56 

eyes of 30 DM1 patients were included in ERM analysis.   
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Of the 56 control participant eyes, 4 eyes of 3 patients were excluded from RNFL and macular 

OCT analysis due to confounding ocular pathology: active posterior vitreous detachment with 

traction at the optic nerve head (2); RNFL haemorrhage (2). A total of 52 eyes of 27 controls were 

included in OCT analysis. Macular scans for all 56 control eyes were analysed for the presence of 

ERM.  

Average macular thickness was significantly greater in the DM1 patient group compared with 

controls (327.3 ±23.6 µm vs. 308.5 ±12.1 µm, p<0.001), with corresponding total macular volumes 

of 9.24 ±0.66 mm3 and 8.72 ±0.33 mm3 respectively (p < 0.001). Macular thickness values were 

higher in the DM1 group in all nine macular regions, including the fovea. This increase in retinal 

thickness reached significance in five of the macular regions (superior outer, nasal outer, inferior 

outer, inferior inner and temporal outer). There was no significant difference in average 

peripapillary RNFL thickness between the two groups (103.3 ± 8.8 µm in DM1 patients vs. 99.3 ± 

8.9 µm in controls, p = 0.1), or RNFL thickness in any of the individual quadrants (Table 4.2).  
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Table 4.2: Optical Coherence Tomography results 

  Myotonic 
Dystrophy Type 1  
Patients (SD) 

Control 
Participants 
(SD) 

p Value 

Total Macular Volume 
(mm3) 

 9.24 (0.66) 8.72 (0.33)  <0.001* 

    

Macular Thickness (µm)     

Average Macular Thickness 327.3 (23.6) 308.5 (12.1) <0.001* 

Superior Outer 320.0 (24.6) 301.3 (12.1) <0.001* 

Superior Inner  365.5 (32.0) 348.1 (15.1) 0.014 

Nasal Outer  335.3 (21.2) 316.8 (13.1) <0.001* 

Nasal Inner   370.3 (29.1) 353.5 (17.2) 0.014 

Inferior Outer  307.1 (19.1) 288.3 (10.7) <0.001* 

Inferior Inner  362.4 (23.6) 345.4 (16.4) 0.0037* 

Temporal Outer 302.7 (24.5) 286.4 (12.3) 0.0035* 

Temporal Inner  351.5 (30.1) 336.5 (16.5) 0.029 

Fovea 303.3 (45.8) 289.9 (25.3) 0.19 

    

 RNFL Thickness (µm)       

Average RNFL 103.3 ( 8.8) 99.3 (8.9) 0.10 

Superior RNFL 118.9 (9.35) 119.1 (12.6) 0.93 

Nasal RNFL  81.0 (13.2) 75.7 (10.6) 0.12 

Inferior RNFL  133.5 (15.4) 130.0 (15.6) 0.44 

Temporal RNFL  79.6 (15.9) 71.8 (13.5) 0.058 

 
Abbreviation: RNFL Retinal nerve fibre layer 
* p values in bold denote significance (p<0.05 with Bonferroni correction for multiple 
comparisons) 
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4.3.3 Epiretinal membrane findings 

The increased macular thickness was found to be caused by the presence of ERM in DM1 eyes 

(Figure 4.3). The masked assessment of these images revealed ERM in 27 of 56 (48.2%) DM1 eyes, 

and 7 of 56 (12.5%) control eyes (p = 0.0001). The distribution of ERM grades was significantly 

different between the two groups (p = 0.0007) (Table 4.3). Of the 30 DM1 patients, 17 (56.7%) had 

an ERM in at least one eye, compared to 6 of 28 (21.4%) controls (p = 0.01).  

ERM did not affect VA in the majority of DM1 patient eyes. However, VA was reduced to 6/9 or 

worse in five, and to 6/18 in one of the grade 2 DM1 patient eyes. This reduction in VA was in the 

absence of significant crystalline lens changes. None of the control patients had a VA measurement 

of worse than 6/7.5.  

Of the 56 DM1 patient eyes included in ERM analysis, 14 (25%) had evidence of retinal pigment 

changes in the macular region (Figure 4.4). There was no correlation between ERM and the 

presence of retinal pigment change. 

 

Table 4.3: Epiretinal membrane results 

  Grade 0 (%) Grade 1 ERM (%) Grade 2 ERM (%)  

Myotonic Dystrophy 
Type 1  
N = 56 eyes 

29 (51.8) 16 (28.6) 11 (19.6) 

Control  
N = 56 eyes 

49 (87.5) 4 (7.1) 3 (5.4) 

 

0 = no epiretinal membrane, Grade 1 = epiretinal membrane of greater than 1 mm of hyper-
reflectivity and thickening at the vitreo-retinal interface. Grade 2 = pre-retinal fibrosis and 
epiretinal membrane thickening.   

p = 0.0007 for the overall distribution in epiretinal membrane grades between myotonic dystrophy 
patients and controls. 
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A)     

B)      

Figure 4.3: Optical coherence tomography sections 

A) Near infra-red reflectance OCT image (left) and cross section through fovea (right) of the 
macula of a healthy control participant with no evidence of epiretinal membrane. Note the smooth, 
undisturbed retinal architecture.  
B) Near infra-red reflectance image and cross-section of the macula from the right eye of a 
myotonic dystrophy type 1 patient with a grade 2 epiretinal membrane. Note the increased retinal 
thickness and disruption of normal retinal morphology, particularly in the inner retinal layers.  
 
Abbreviations: retinal pigment epithelium (RPE); photoreceptor layer (PRL); external limiting 
membrane (ELM); outer nuclear layer (ONL); outer plexiform layer (OPL); inner nuclear layer 
(INL); inner plexiform layer (IPL); ganglion cell layer (GCL); nerve fibre layer (NFL); inner limiting 
membrane (ILM) 
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Figure 4.4: Colour photographs and optical coherence tomography near-infrared 
reflectance images of retinal pigment changes in myotonic dystrophy type 1 

Retinal pigment changes observed in two brothers with DM1 aged 31 (left) and 29 (right). There is 
pigment clumping at the macula in both photographs, more obvious in the left image. The images 
below are the corresponding infrared images taken with the Heidelberg Spectralis® OCT. There is 
hyper-reflectivity in the region of the pigment clumping, with surrounding relative hypo-
reflectivity.  
 
 

4.3.4 Correlation analysis 

There was a significant positive correlation between the grade of ERM in the patients’ worst-

affected eye, and age (Rs = 0.40, p = 0.028). In control participants there was no significant 

relationship between age and ERM grade in the worst-affected eye. There was an apparent negative 

correlation between the grade of ERM in the worst-affected eye and the DM1 patients’ MIRS 

scores (Rs = -0.37, p= 0.044), suggesting that patients with less muscle weakness on clinical testing 

were more likely to be affected by ERM. However, examination of the data showed that this result 
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was a statistical artefact explained by a lack of spread of MIRS data values: more than half of DM1 

patients had a MIRS score of 4. Furthermore, there was no significant correlation between ERM 

grade and 6MWT distance (Rs = 0.09, p = 0.65). There was not a significant relationship between 

the number of CTG repeats and the ERM grade in the worst-affected eye (Rs = -0.16, p = 0.40). 

Of the 12 eyes with a history of cataract extraction and intraocular lens insertion, four had a grade 

2 membrane and two had a grade 1 membrane. However, there was not a significant correlation 

between a history of cataract surgery and the presence of ERM. There was no relationship between 

IOP measurement and the presence or grading of ERM, nor was there a relationship between 

ERM and presence or absence of posterior vitreous detachment. 

4.4 Discussion 
The original hypothesis that RNFL thickness may be reduced in DM1, in keeping with OCT study 

findings in patients with other disorders affecting CNS function, including multiple sclerosis, 

neuromyelitis optica, Alzheimer’s disease and Parkinson’s disease,86, 105, 143, 165 had to be rejected. It 

appears that, although DM1 involves the CNS, the RNFL is spared. However, the results of this 

study show that DM1 patients have almost four times the frequency of ERM than an age and sex 

matched control group, and more than half of the patients with DM1 had either a grade 1 or 2 

ERM in at least one eye. A post-mortem study undertaken in the 1980s found evidence of ERM in 

four of nine eyes of five patients with myotonic dystrophy.264   

It is surprising that such a high frequency of intraocular pathology has been clinically overlooked in 

DM1 patients. It is likely that this has been due to the even more common finding of cataract. The 

cataracts could have obscured the retinal finding in two ways: the anterior segment opacity could 

inhibit the clinical visualisation of the ERM at the posterior pole of the eye; further investigation of 

the reduced VA may not have been undertaken, as the cataract may have been considered to be an 

adequate explanation for the visual loss. The present study avoided this because OCT was utilised 

to study the posterior structures of the eye, and this confirmed the findings of a report that showed 

that OCT is more sensitive for ERM detection than clinical examination alone, especially in the 

presence of cataract.265 The present study also confirmed the other ocular features of DM1 such as 

low IOP and macular pigment changes. 

The finding of high ERM prevalence in DM1 is an important observation as ERM is a treatable 

cause of visual disability, and can lead to a reduction in VA and other visual symptoms including 

metamorphopsia and micropsia.265 In this study ERM was the cause of impaired VA in 11% of 

DM1 patients’ eyes: to 6/9 in five eyes and to 6/18 in one eye. It is likely that the remaining DM1 
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patients with ERM were asymptomatic because of the location of the ERM: the outer macular 

regions were more significantly affected, and VA is only reduced when the membrane involves the 

fovea.266 

The underlying pathophysiology which results in an increase in ERM in DM1 is unclear. In the 

healthy population, a number of ocular abnormalities and systemic conditions are associated with 

ERM formation, including: conditions that cause intraocular inflammation; trauma; intraocular 

surgery (including cataract surgery); retinal vein occlusion; and diabetic retinopathy.266-269 Although 

20% of DM1 patient eyes included in this study had a history of cataract surgery, there was no 

association between cataract surgery and ERM grade. The other listed conditions known to be 

associated with ERM formation were not of particular relevance to this patient group.  

A number of pathological processes have been implicated in idiopathic ERM formation: It has 

been suggested that incomplete posterior vitreous detachment can promote ERM development via 

mechanical traction at the optic nerve head and retinal vessels; and retinal pigment epithelial cells 

can migrate through breaks in the retina, and stimulate ERM formation.270 Neither of these two 

mechanisms was supported by our findings. None of the participants in this study had evidence of 

retinal breaks on dilated retinal examination and there was no association between the presence of 

retinal pigment and ERM. Additionally, there was not a significant relationship between ERM 

grade and the presence or absence of a posterior vitreous detachment. The possibility that low 

intraocular pressure may have contributed to ERM formation was also considered. Although 

average IOP was significantly lower in the DM1 group, there was not a significant correlation 

between IOP and the presence or severity of ERM.  

A further possibility is that retinal glial cell proliferation may result in ERM formation. Foos 270 

found that idiopathic ERMs are composed exclusively of glial cells. However, more recently, 

various other cells, including epithelial cells, fibrocytes, immune cells, and myofibrocytes, have also 

been found in ERMs.271 In one study of the cerebral cortex in DM1 patients, neuronal 

degeneration and glial proliferation was found throughout the cortex.272 Elevated levels of the glial-

specific marker myoinositol have been detected in the temporoparietal and occipital brain regions 

of DM1 patients using magnetic resonance spectroscopy.272 Gliosis, with well-preserved neurons, 

has been found in other brain regions, including the hypothalamus and brainstem, in a post mortem 

study of myotonic dystrophy patients.273 Unfortunately, in the post mortem ERM study mentioned at 

the start of this discussion,264 no histology of the ERM samples was reported. However, it is 

interesting to note that the mean ERM thickness (20µm) was very similar to the mean retinal 

thickness difference between the two groups (18.8 µm) in the present study.  
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The characterisation of CNS involvement in DM1 is on-going.239 Upregulation of Rab3A in the 

CNS of transgenic mice expressing CTG trinucleotide repeat expansions was shown in a study by 

Hernandez-Hernandez et al 230 and Rab3A has been found to be active in the tiger salamander 

retina.274 Although the precise function of the protein is unknown, it is thought to be involved in 

exocytosis.274 The analysis of DM1 ERM samples may help to determine whether Rab3A plays a 

role in ERM development, and will further contribute to the understanding of ERM pathogenesis 

in DM1.  

One possible explanation for the increased ERM prevalence in the DM1 group is that membrane 

formation may be due to premature ageing. Along with cataract,232  ERM tends to be more 

common in the normal elderly population with a prevalence (identified using retinal photography 

and clinical examination) of 1.9% under the age of 60 increasing to 9.3% over the age of 80.268 

Although the DM1patients examined in this study were comparatively young, with a mean age of 

just under 45 years, there was a significant correlation between the ERM grade in the most severely 

affected eye and increasing age. Interestingly, this was not found in the control group, suggesting 

that the effect of age may be magnified in DM1.   

The relationship between ERM and disease severity was also investigated. Although there was a 

positive correlation between ERM grade and age, there was not a significant association between 

ERM in the worst-affected eye, and increasing disability, as measured with the 6MWT and the 

MIRS. ERMs were observed in DM1 patients with mild disease; this implies that the progression of 

muscle weakness is not associated with ERM formation. Ophthalmologic findings are therefore 

unlikely to have a role as potential biomarkers of disease progression in DM1.  

The results of this study provide important information for both patients with DM1 and their 

neurologists. In the past, loss of VA has been attributed to cataract development, or a poor surgical 

outcome in patients who have previously undergone cataract extraction. This study shows that 

ERMs may also contribute to a reduction in VA. DM1 patients with reduced VA can be referred 

for ophthalmological assessment, including OCT. If indicated, surgical peeling of the ERM can be 

performed by a vitreo-retinal surgeon. This surgery has a high success rate, with VA improving by 

at least two lines in 90% of patients in historical (non DM1) series.275, 276 Four eyes of two DM1 

patients examined for this study have now undergone ERM peel surgery. VA in both patients 

improved significantly following the surgery, indicating a successful visual outcome.  

It is suggested that patients with DM1 and reduced VA have OCT testing as part of a routine 

ophthalmological examination. OCT is in wide-spread clinical use, and is a rapid and accurate 
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method for identifying and grading ERM, even in the presence of cataract. The use of OCT is now 

considered to be the gold standard for the diagnosis, management and follow-up of many disorders 

of the retina and vitreo-retinal interface, including ERM.277 It allows for the accurate diagnosis early 

in the course of the disease, and assists clinicians and surgeons in pre-operative planning and 

decision-making. The use of OCT has been shown to be superior to clinical examination alone.277 

4.5 Conclusion  
In this case-control study, there was no evidence of RNFL thinning in DM1. However ERM was 

more prevalent in the DM1 group, and was a cause of reduced VA. OCT is a reliable method for 

the detection and grading of ERM in DM1 patients, even in the presence of cataract. It is suggested 

that OCT examination is implemented as part of the ophthalmological examination of patients 

with reduced VA. Patients with clinically and visually significant ERM can be referred for surgical 

assessment. Larger, longitudinal studies are required in order to determine the natural history of 

ERM in DM1. Analysis of ERM samples from DM1 patients may help to determine the underlying 

pathogenesis of this condition.  
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5.1 Introduction 
Huntington’s disease (HD) is a progressive neurodegenerative condition affecting movement, 

cognitive ability and personality.278 The cause of the disease is an expanded cytosine-adenine-

guanine (CAG) triplet repeat in the 5’ region of the HTT gene on chromosome 4p16.3.279 HD has 

an autosomal dominant pattern of inheritance,280 and the size of the CAG triplet repeat expansion 

tends to increase with successive generations.279 

Age of onset is typically between 35 and 40 years, although there is a juvenile variant, with onset 

before the age of 20, and a late-onset variant with symptoms presenting after the fourth decade of 

life.278, 280 The length of the CAG repeat expansion accounts for approximately 70% of the 

variability in the age of symptom onset, suggesting that other genetic and environmental factors 

may also be involved.281 Individuals who first display symptoms at a younger age are likely to have  

shorter disease duration.278 

The hallmark symptom of HD is choreoathetosis (slow, writhing movements or involuntary, 

purposeless jerky movements). The involuntary movement is most apparent in the upper 

extremities.280 Movement abnormalities are often considered to be the first clinical sign of HD. 

However, psychiatric changes and behavioural abnormalities may pre-date motor symptoms.282 

Previous reports of ocular abnormalities in HD have been primarily concerned with eye movement 

disorders. Eye movements are critically dependent on the co-ordinated function of the brainstem, 

cortex, thalamus and basal ganglia, and all of these structures are affected in HD.283 Eye movement 

abnormalities are an unequivocal finding in clinically manifest HD,284 and are impaired at an early 

stage, frequently before the onset of other symptoms.285, 286 A range of eye movement disorders 

have been noted, predominantly poor saccadic performance, although smooth pursuits, optokinetic 

response and fixation deficits have also been reported.284, 286-289 Changes in the retinal ganglion cells 

and their axons have not been studied in HD. Retinal nerve fibre layer (RNFL) axons are 

unmyelinated, and are the ideal structure to study the processes of neurodegeneration, 

neuroprotection and neurorepair.290 

The objective of this study was to investigate the morphology of the optic nerve and macula in 

patients with HD, using optical coherence tomography (OCT). As outlined in Chapter 3, OCT 

allows for quantitative analysis and rapid, non-invasive imaging of the ocular structures, including 

the retinal layers.211 In the past 15 years, the role of OCT measurement as a potential biomarker of 

disease progression in neurodegenerative disorders has been widely investigated (see Chapter 2). 49, 54, 

68, 86, 88, 100, 109, 125, 135, 161, 179  
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5.2 Methods 

5.2.1 Participants 

A total of 39 Auckland City Hospital patients with a genetic diagnosis of HD were contacted about 

participating in the study and asked a series of questions over the phone; 26 met initial inclusion 

criteria and agreed to participate, 11 declined to participate and two were excluded due to very high 

refractive error (worse than -10 dioptres). The HD patient group was compared with 29 healthy 

controls. The control group for this case-control study consisted of spouses and support persons 

of patients, and individuals recruited from the University of Auckland Centre for Brain Research 

control participants’ database.  

Patients and control participants were excluded if they had more than five dioptres of spherical 

refractive error, or more than three dioptres of cylindrical refractive error, any confounding ocular 

disease (including glaucoma), previous significant ocular trauma, intraocular pressure of greater 

than 22 mmHg, narrow anterior chamber angles, family history of glaucoma, previous retinal 

surgery or history of cataract extraction within the preceding year.  There was no best-corrected 

visual acuity (VA) requirement for inclusion in this study.  

If they wished, the participants received a written report of the findings of the examination, with a 

suggested management plan (if applicable). With permission, the report was sent to the 

participants’ general practitioner, neurologist and/or other healthcare provider.  

The study was approved by the Northern-X Ethics Committee (NTX/11/EXP/022) and the 

Auckland District Health Board Research Committee (A+5185). The study followed the tenets of 

the declaration of Helsinki. Written informed consent was obtained for all participants.  

5.2.2 Ophthalmological examination 

All patients and control participants underwent a thorough neuro-ophthalmic examination in order 

to identify any ocular pathology that could confound the analysis of OCT measurements. This 

examination included history taking, VA, colour vision testing, pupil assessment, Humphrey Matrix 

24-2 screening visual fields (where possible), slit-lamp biomicroscopy, intraocular pressure (IOP) 

measurement, dilated stereoscopic fundus assessment, and digital retinal photography (Canon 

CR-Dgi Non-Mydriatic Retinal Camera, Canon, USA). Best-corrected VA was converted to 

logMAR notation for statistical analysis.  

The Heidelberg Spectralis® (Heidelberg Engineering, Heidelberg, Germany) spectral domain OCT 

was used to obtain three macular scans and three peripapillary retinal nerve fibre layer (RNFL) 
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scans for each eye of all participants. The scans were obtained by one examiner in a single session 

for each participant. Scan quality was evaluated at the time of examination, and repeat scans were 

acquired when necessary. Details of scan type and acquisition are given in Chapter 3.  

5.2.3 Neurological examination 

Genetic testing results, including CAG repeat expansion length, were obtained for all HD patients. 

The CAG repeat expansion size was used to calculate the HD disease burden score ((CAG-35.5) x 

age) for each patient.291, 292 Disease duration was determined following examination of clinical 

records.   

HD patients underwent the unified Huntington’s disease rating scale (UHDRS) – motor 

assessment by a consultant neurologist.293 The UHDRS was developed to allow clinicians to 

comprehensively rate overall HD severity. It includes assessment of motor, cognitive and 

behavioural function in addition to questionnaires designed to evaluate the patient’s needs.293 The 

complete battery of assessments requires considerable time and a multidisciplinary team of 

healthcare professionals.294 The motor section of the UHDRS assesses the motor features of HD, 

with standardized ratings of ocular motor function, chorea, gait, dystonia, dysarthria and postural 

instability.293 The total score increases with more severe motor impairment. Inter-rater reliability is 

excellent.293 On average, total motor score (0-124) tends to worsen by approximately three points 

per year.293, 295 

5.2.4 Statistical analysis 

Statistical analysis was performed using R via R-Studio (www.r-project.org) and GraphPad Prism 6 

(GraphPad Software Inc., La Jolla, California). Both eyes were examined for each HD patient and 

control participant. Analysis confirmed there was no significant difference in the measurements 

from the right and left eyes. Subsequently, all comparisons were performed using data from the 

right eye only. Continuous variables are presented as mean ± standard deviation (SD). Normality 

of distribution was assessed by the Shapiro-Wilk test. The two sample t-test was used to compare 

normally distributed variables. A Bonferroni correction was applied to allow for the multiple 

comparisons within the macular scan and RNFL measures. The chi-square test was used to 

compare differences in categorical variables. Correlation analysis was performed with the Pearson 

or Spearman test as appropriate. A p-value below 0.05 was considered significant. HD patients 

were analysed as a complete group, and also divided into two groups: pre-manifest patients and 

patients with manifest HD.  
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5.3 Results 
Of the 26 patients with HD, 13 were women; the mean age was 52.0 years (range 33–68). The 

control group was matched for age and gender (Table 1). The range of the CAG repeat expansion 

sizes was 38–48 repeats. Disease duration ranged 0–15 years. UHDRS motor scores were available 

for 24 patients. Of these patients, 17 had UHDRS assessment within six months of 

ophthalmological testing and three had neurological assessment within 12 months. In the 

remaining four patients there was up to two years between the UHDRS and ophthalmological 

assessment. The range of UHDRS scores was 2–88. The two patients without UHDRS scores had 

disease duration of zero (pre-manifest) and six years. The range of HD disease burden scores was 

155.0–682.5.  

Included in the HD group were six pre-manifest patients (with disease duration of zero years). The 

age range of the pre-manifest patients was 33–56 years. The CAG repeat expansion range was 40–

42 repeats.  

Confirming the reliability of the neurological assessments, there were significant correlations 

between UHDRS and disease duration (R = 0.84, p = <0.0001) (Figure 5.1), disease burden score 

(R2 = 0.53, p = 0.008) and CAG repeat expansion size (R = 0.46, p = 0.02). 

 

 

Figure 5.1: Scatter-plot showing a very strong positive correlation between UHDRS motor 
scores and disease duration  

R = 0.84, p < 0.0001.  
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5.3.1 Ophthalmological findings 

VA was significantly worse in the HD patient group (0.05 ± 0.09 vs. 0.00 ± 0.05, p = 0.002); 

however, clinically, this reduction accounts for only half a line on the acuity chart (6/6-2 in HD 

patients compared with 6/6 in controls). HD patients had significantly poorer colour vision, with 

50% of patients incorrectly identifying at least one Ishihara test plate. Of these patients, five made 

more than one error, and two failed to identify half of the test plates. There was no significant 

difference in intraocular pressure or cup to disc ratio between the two groups (Table 5.1). 

There was no significant difference in age, VA, IOP, cup-to-disc ratio or colour vision between the 

pre-manifest and manifest HD patients. However, because there were only six patients in the pre-

manifest group, results of comparative analysis should be interpreted with caution.   

 

Table 5.1: Demographic and ophthalmic data for Huntington’s disease patients and 
control participants  

 
 
The Huntington’s disease group has been analysed as a whole, and also separated into two groups: 
patients with manifest disease and pre-manifest patients. p values have been given for comparisons 
between the entire Huntington’s disease group and control participants. * denotes significance   

 All 
Huntington’s 
Disease 
N = 26 (SD) 

Manifest 
Huntington’s 
Disease 
N=20 (SD) 

Pre-manifest 
Huntington’s 
Disease 
N = 6 (SD) 

Healthy Controls  
N = 29 (SD) 

p value 
(All 
Huntington’s 
Disease vs. 
Controls) 

Age 52.04 (10.17) 53.85 (10.13) 46.00 (8.39) 50.69 (10.06) 0.55 

Female 
Gender  

13/26 (50.0%) 9/20 (45.0%) 4/6 (66.7%) 18/29 (62.1%) 0.42 

      

Visual 
Acuity  

0.05 (0.09) 0.06 (0.10) -0.02 (0.03) 0.00 (0.05) 0.002* 

IOP 
(mmHg) 

13.65 (2.38) 13.33 (2.57) 14.50 (2.17) 14.14 (2.22) 0.31 

Cup to 
Disc Ratio  

0.37 (0.16) 0.41 (0.16) 0.30 (0.13) 0.34 (0.13 0.24 

Ishihara 
Colour 
Vision 
(/14) 

12.85 (1.93) 12.55 (2.11) 13.83 (0.41) 13.97 (0.19) 0.003* 
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5.3.2 Optical coherence tomography findings  

Statistical analysis showed there was no significant side-to-side difference in RNFL or macular 

OCT measures. Amongst the 26 HD patient right eyes, four were excluded from macular and 

RNFL analysis due to poor scan quality. The poor quality of the scans was the result of fixation 

instability and/or involuntary movement in patients with advanced disease. Three of the four 

excluded patients had high UHDRS motor scores (57, 64 and 67), and the fourth patient had 

disease duration of 15 years (with a UHDRS score of 46). Of the 29 control eyes, one was excluded 

from statistical analysis because of a co-existing epiretinal membrane at the macula.  

Average peripapillary RNFL thickness was not significantly different between the HD patients and 

controls (Table 5.2). However, the temporal quadrant RNFL thickness was significantly lower in the 

HD group (62.3 ±7.3 µm in HD patients compared with 69.8 ± 10.8 µm in controls, p = 0.005). 

To confirm this, temporal RNFL thickness in the HD patient left eyes was also investigated, and 

the result was similar (60.5 ± 7.6 μm vs. 72.0 ± 15.6 μm, p = 0.001). A sample HD patient RNFL 

scan is shown in Figure 5.2. There were no significant differences in RNFL thickness values 

between manifest and pre-manifest HD patients.  

Macular volume did not differ significantly between HD cases and controls (8.57 ± 0.38 mm3 vs. 

8.62 ± 0.31 mm3, p =0.63), nor was there a significant difference between pre-manifest patients and 

those with manifest disease (8.71 ± 0.45 mm3 vs. 8.51 ± 0.36 mm3, p = 0.28). Additionally, there 

was no significant difference in macular thickness between HD patients and controls in any of the 

nine macular regions. 
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Table 5.2: Huntington’s disease patient and control optical coherence tomography data  

 
The Huntington’s disease group has been analysed as a whole, and also separated into two groups: 
patients with manifest disease and pre-manifest patients. p values have been given for comparisons 
between the entire Huntington’s disease group and control participants. * denotes significance  

 All 
Huntington’s 
Disease 
N = 22 

Manifest 
Huntington’s 
Disease 
N = 16 

Pre-manifest 
Huntington’s 
Disease 
N = 6 

Healthy Controls 
N = 29 

p value 
(All 
Huntington’s 
Disease vs. 
Controls) 

RNFL Thickness 
(µm) 

     

Average RNFL 97.1 (7.3) 97.4 (8.3) 96.3 (6.8) 99.0 (9.1) 0.42 

Superior RNFL 121.4 (11.4) 120.8 (11.9) 123.2 (10.6) 116.8 (13.1) 0.18 

Nasal RNFL 78.3 (15.6) 78.7 (17.3) 77.2 (11.3) 78.6 (12.9) 0.94 

Inferior RNFL 125.9 (16.7) 126.5 (16.7) 124.1 (18.1) 130.3 (18.2) 0.37 

Temporal RNFL  62.3 (7.3) 62.9 (8.2) 60.8 (4.2) 69.8 (10.8) 0.005 * 

      

Total Macular 
Volume (mm³) 

8.57  (0.38) 8.51 (0.36) 8.71 (0.45) 8.62 (0.31) 0.63 

      

Macular 
Thickness (µm) 

     

Superior Outer 296.7 (14.0) 294.7 (12.9) 302.0 (16.5) 297.4 13.0) 0.86 

Superior Inner 340.5 (27.5) 342.9 (16.1) 351.3 (16.07) 344.4 (14.3) 0.55 

Nasal Outer  309.8 (15.4) 307.7 (15.2) 315.2 (16.2) 311.5 (13.6) 0.67 

Nasal Inner 348.1 (16.8) 347.0 (16.6) 351.1 (18.7) 348.1 (13.7) 0.99 

Inferior Outer 280.2 (13.9) 277.9 (12.4) 286.3 (16.9) 285.7 (11.7) 0.14 

Inferior Inner 338.2 (16.8) 336.4 (17.4) 343.1 (15.3) 340.7 (12.8) 0.58 

Temporal Outer  282.2 (13.2) 280.0 (12.0) 288.2 (15.4) 283.5 (11.7) 0.73 

Temporal Inner 332.7 (16.3) 330.4 (16.6) 338.0 (14.4) 333.5 (14.0) 0.85 

Fovea  287.7 (21.8) 288.7 (22.1) 285.1 (24.8) 284.8 (19.6) 0.63 
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Figure 5.2: Optical coherence tomography of retinal nerve fibre layer thickness in a 
Huntington’s disease patient.  

Note that the global retinal nerve fibre layer (RNFL) thickness is within normal limits, but the 
temporal RNFL is borderline thin for the patient’s age. OD right eye, OS left eye.  
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5.3.3 Correlation analysis 

When the entire HD group was included in analysis, there was no significant relationship between 

temporal RNFL values and either UHDRS (R = -0.34, p = 0.13) or disease duration (R = -0.27, p = 

0.23). However, there was a wide spread of temporal RNFL thickness values in the pre-manifest 

group, and when these patients were excluded from statistical analysis, there was a significant 

negative correlation between temporal RNFL thickness and disease duration (R = -0.51, p =0.04) 

(Figure 3). The correlation between temporal RNFL thickness and UHDRS motor scores also 

strengthened when only manifest patients were included in analysis, although the relationship failed 

to reach significance (R = -0.44,  p = 0.11). There was no significant relationship between age and 

OCT values.  

Although there was no significant difference in macular measures between patients and controls, 

there was, a significant negative correlation between macular volume and UHDRS-motor scores (R 

= -0.56, p = 0.01) (Figure 4), and disease duration (R = -0.57, p = 0.006) (Figure 5). When the six 

pre-symptomatic patients were removed from the analysis, the correlations between macular 

volume and disease duration (R= -0.70, p = 0.002), and UHDRS (R= -0.63, p= 0.01) became 

stronger.  

To investigate whether the thinning of the temporal RNFL had an effect on visual function in HD 

patients, the relationship with VA was examined. Although there was a statistically significant 

correlation (p = 0.03), with poorer VA being associated with a thinner temporal RNFL, inspection 

of the data revealed that this was primarily due to the presence of two outlier patients. 

Nevertheless, ophthalmic examination did not show any other cause for reduced VA in these 

patients and it is possible that the diminished VA was due to the thinner temporal RNFL. In 

addition, one of the patients with no OCT measurement had mildly reduced VA (6/9) in the 

absence of ocular disease.  

In the entire HD patient group, there was not a significant correlation between temporal RNFL 

and colour vision scores (Rs = 0.14, p = 0.54). This relationship did not change when pre-manifest 

patients were excluded from analysis. However, analysis was compromised by the fact that OCT 

measurements were not able to be obtained for three of the patients with the lowest colour vision 

scores. It is possible that the reduced cognitive function in these more severely affected HD 

patients contributed to the lower colour vision scores.  
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Figure 5.3: Scatter-plot showing significant negative correlation between temporal retinal 
nerve fibre layer thickness and disease duration  

Pre-manifest Huntington’s disease patients have been excluded from analysis. R= -0.51, p = 0.04 
 
 
 

 
 
Figure 5.4: Scatter-plot showing significant negative correlation between macular volume 
and UHDRS motor score  

All Huntington’s disease patients have been included in analysis. R = -0.56, p = 0.01. 
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Figure 5.5: Scatter-plot showing significant negative correlation between macular volume 
and disease duration  

The six pre-manifest Huntington’s disease patients have disease duration of zero years, and the 
data points are seen on the y axis. There is a wide spread of macular volume values in the pre-
manifest group. R = -0.57, p = 0.006.When the pre-manifest patients were excluded from analysis, 
the correlation between disease duration and macular volume strengthened (R = -0.70, p = 0.002) 
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5.4 Discussion 
This study was the first to identify a reduction in temporal RNFL thickness in HD. In addition, 

macular volume was significantly correlated with UHDRS motor scores and disease duration. 

These findings could be interpreted as evidence that the small retinal ganglion cell axons that 

occupy the temporal optic nerve (the papillo-macular bundle), and their corresponding cell bodies 

in the macula, are preferentially affected by the disease process. 

Mitochondrial dysfunction is an important feature of a number of inherited neurodegenerative 

conditions, including Friedreich’s ataxia (FRDA), hereditary spastic paraplegia (SPG7) and Charcot 

Marie Tooth type 2A.296 Involvement of the optic nerve, particularly the preferential loss of the 

temporal RNFL is a well-recognised feature of many mitochondrial disorders. The temporal nerve 

fibres serve central vision and colour vision.297 For some patients with these conditions, vision loss 

is profound.298 Patients with Leber’s hereditary optic neuropathy, in particular, have reduced 

temporal RNFL thickness, pallor of the temporal neuro-retinal rim and devastating central vision 

loss.299 In FRDA there is generalised RNFL loss, as well as significant temporal RNFL thinning.297 

Some FRDA patients maintain normal central vision, while others can progress to severe central 

vision loss.297  Variable degrees of optic atrophy have also been documented in patients with 

Charcot Marie Tooth type 2A, and those with SPG7 mutations.300, 301 

The loss of temporal retinal ganglion cells and their axons in mitochondrial disorders is thought to 

be due to the disadvantageous energy conditions of the small parvocellular axons.298, 302 

Mitochondrial dysfunction in HD has been demonstrated in biochemical, molecular and imaging 

studies,303, 304 and mitochondrial trafficking is impaired by mutant HTT 305, 306. Mitochondrial 

dysfunction may underpin the loss of the temporal RNFL, reduction in macular volume with 

disease progression, and colour vision defects observed in the HD patients examined for this study. 

Other ophthalmic manifestations of mitochondrial disorders, including pigmentary retinopathy and 

retrochiasmal vision loss 307 have not been documented in HD.  

The results of this study show that most patients with reduced temporal RNFL had normal VA, 

but two patients with the most severe loss of RNFL had decreased VA which could not be 

explained by other factors, so it is possible that in some HD patients temporal RNFL loss may 

have an effect on vision.  

HD is one of a group of disorders (including the common autosomal dominant spinocerebellar 

ataxias (SCAs)) caused by polyglutamine expansions.308 Of these disorders, retinal degeneration has 

only been documented in SCA7. The retina has previously been thought to be spared in HD, 
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although it has not been studied extensively. One group of investigators found retinal dysfunction 

in a group of 19 HD patients, with electophysiological testing.309 In this study the HD patient 

group had raised retinal increment thresholds, indicating dysfunction in the outer plexiform layer.309 

There is one post-mortem report of retinal findings in an HD patient with advanced disease (28 year 

history).310 Histological examination of the retinal did not reveal any abnormalities. Under electron 

microscopic examination, no evidence of the pathological hallmarks of the disease (nuclear 

indentations, intranuclear inclusions or cytoplasmic aggregates) were observed.310  

Severe neuropathology, including retinal dysfunction and progressive disorganisation of the outer 

retinal layers, has been documented in drosophila and mouse models of HD, suggesting that the 

retina may exhibit the same neuronal pathology as the rest of the brain.308, 311-313 In the R6/1 mouse 

model of HD, there is significant retinal dysfunction, caused by loss of key proteins involved in 

cone phototransduction.312 In addition, there is retinal stress, remodelling of rod photoreceptors 

and cell death.312 The retinal phenotype was observed to occur at the same stage of the disease 

process as other neurological defects, including motor dysfunction.312 These animal studies show 

that the retina may provide a useful model system for characterising the mechanisms that lead to 

neuronal pathology in HD.312 In the present study, inspection of OCT images did not reveal 

obvious photoreceptor irregularities. Recently released Heidelberg Spectralis® software, which 

performs automated segmentation of the individual retinal layers may permit a more in-depth 

evaluation of the outer retina in HD.  

Although there was no difference in total macular volume between HD patients and controls, there 

was a significant correlation between macular volume and UHDRS motor scores and disease 

duration, indicating that this measurement could be a possible biomarker of disease progression. In 

addition, when pre-manifest HD patients were excluded from analysis, there was a significant 

relationship between temporal RNFL thickness and disease duration. In recent years there have 

been studies directed at the development of biomarkers in HD with the aim of providing a much-

needed measure of disease progression for use in clinical trials of therapeutic agents.306 In order to 

be able to accurately assess the efficacy of potential disease-modifying therapeutic agents, it is 

necessary to identify biomarkers than can reliably detect subtle disease progression. UHDRS may 

not be sensitive to changes in the early disease stages. It can also be limited by both inter- and 

intra-rater variability, and floor and ceiling effects.306 Magnetic resonance imaging (MRI) 

parameters, including grey- and white- matter atrophy, and whole brain atrophy are also under 

investigation as a potential outcome measures for HD therapeutic trials.314 Brain imaging markers 
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have been found to be more effective than neuropsychiatric assessments and ocular-motor 

measurements in detecting disease-related changes over one to two years.314  

This study has a number of limitations. Firstly, the sample size was small, with 22 HD eyes 

included in OCT analysis. Although it was possible to acquire OCT scans of sufficient quality in 

most patients, OCT examination was more difficult in patients with advanced disease, due to poor 

cognitive ability and increased chorea, potentially limiting the utility of OCT measurements in HD. 

It was not possible to investigate the relationship between RNFL thickness, VA and colour vision 

in more detail as three of the HD patients with the lowest colour vision scores did not have OCT 

measurements, and one patient with reduced VA did not have OCT measurements.  

In addition, due to factors beyond the control of the examiners, two HD patients did not have 

UHDRS motor examinations and could not be included in correlation analysis. A further four 

patients had up to two years between the ophthalmological and neurological assessments. 

However, motor progression tends to be slow, and on average, total motor score worsens by 

approximately three points per year.293, 295 The cross-sectional nature of this study does not allow 

for solid inferences regarding disease progression in HD.  

OCT is a non-invasive, objective, rapid and reproducible investigation. OCT measurement is now 

being extensively investigated as a marker of neural degeneration and neuro-protection in 

therapeutic trials for neurodegenerative disease.86, 315 Large, longitudinal studies are required in 

order to delineate the relationship between retinal abnormalities in HD and the progression and 

severity of the disease.  

5.5 Conclusion 
This chapter outlines the first OCT findings in Huntington’s disease. The temporal RNFL was 

preferentially affected, possibly implicating mitochondrial dysfunction. Temporal RNFL thickness 

was inversely correlated with disease duration. In addition, macular volume measurements were 

significantly inversely correlated with motor disability and disease duration, thus warranting further 

investigation of OCT measurement as a potential biomarker of disease progression in HD.  
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6.1 Introduction 
Parkinson’s disease (PD) is a common neurodegenerative disorder characterised by loss of 

dopaminergic neurons, predominantly in the basal ganglia of the brain.154 The prevalence rises 

dramatically with age. In individuals aged between 40 and 49 years, the worldwide prevalence is 41 

per 100,000. This increases to nearly 2 per 100 in the over 80 age-group.316 In the 50-59 age-group, 

males are more likely to be affected, although in other age brackets the numbers of affected males 

and females do not differ significantly.316 Prevalence estimates for PD vary dramatically between 

studies and ethnicities. 

The hallmark clinical motor features of PD are rigidity, tremor, bradykinesia and postural 

instability.154 However, non-motor involvement in PD is frequently reported and is becoming more 

widely recognised as an important feature of the disease.191 Non-motor involvement includes 

cognitive impairment, hallucinations, behavioural abnormalities, autonomic nervous system 

dysfunction, and visual system abnormalities.154, 191, 317 Both motor and non-motor features of PD 

are often asymmetric, with one side of the body more severely affected than the other.318  

Cognitive decline is an important non-motor feature of PD; approximately 30% of patients will 

develop dementia during the disease course.319 The major risk factors for developing PD dementia 

are increasing age, more severe motor disease and mild cognitive impairment.320 Even in the 

absence of dementia, patients with PD, particularly those with advanced disease, will often have 

some type of cognitive decline.321, 322 

The cause of PD is not yet known, but it is believed to be due to interaction between 

environmental and genetic factors.316 It is now thought that many, if not all, forms of PD have a 

genetic component.155 Autosomal dominant and autosomal recessive inherited forms of PD have 

both been described.156 Several genetic defects have been identified, with LRRK2 (autosomal 

dominant) and PRKN (autosomal recessive) gene mutations occurring most frequently.156  

Ophthalmic findings, including reduced visual acuity, abnormal contrast sensitivity and colour 

vision defects are prevalent in PD.157-159 The underlying cause of the classical motor symptoms of 

PD is the loss of dopaminergic neurons in the central nervous system.154 Similarly, the underlying 

cause of these visual system changes in PD is thought to be due to loss of dopaminergic activity in 

the retina.160 The dopaminergic neurons in the inner nuclear layer play an important role in retinal 

function, including the modulation of ganglion cell receptive fields to provide colour vision and 

spatial contrast sensitivity.160, 161 
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Over the past decade, the use of OCT measurement as a surrogate biomarker of neuro-

degeneration in PD has been widely investigated.323 A number of studies have examined RNFL 

thickness and macular morphology in PD patients with OCT, using both time-domain and 

spectral-domain equipment. Results have been variable; most studies found reduced RNFL or 

macular thickness in PD,161, 165, 171, 179 particularly of the inner retinal layers 158, 181, although some 

studies found no differences in measurements between PD patients and controls.174, 176 The results 

of these studies are outlined in Chapter 2 (Table 2.4).  A wide range of neurological and OCT 

assessment techniques have been used to investigate the relationship between OCT measurements 

and PD severity. However, although a small number of studies found a significant correlation 

between ophthalmic and neurological results,161, 171, 185 most groups have not found a significant 

association.167, 175, 179, 181, 189, 324 There is not currently a consensus regarding the utility of OCT 

measurements as a potential biomarker of disease progression in PD.186 

The aim of this study was to investigate macular and RNFL morphology in PD using OCT, and 

the relationship between OCT findings, disease severity, disease laterality and cognitive function.  

6.2 Methods 

6.2.1 Participants 

A total of 111 Auckland District Health Board patients with a clinically established diagnosis of PD 

were recruited by a consultant neurologist. Of these, 75 were either not interested in participating 

(60), or were unsuitable (15) based on information available in a preliminary screen of clinical 

records or phone interview. Reasons for initial exclusion included a known diagnosis of glaucoma, 

advanced PD that would result in incomplete testing, poorly controlled type II diabetes mellitus, 

previous diagnosis of exudative age-related macular degeneration, high refractive error, and co-

existing neurological disease (Alzheimer’s disease). The remaining 36 participants met initial 

inclusion criteria and agreed to a single examination in the University Room of the Ophthalmology 

Department at Greenlane Clinical Centre.  

Control participants consisted of healthy spouses, partners or caregivers of affected patients, and 

volunteers from the Centre for Brain Research control participants’ database. All patients provided 

informed consent, as previously described. All participants received a written report outlining the 

examination findings and a suggested management plan, if required. With permission, a copy of the 

report was also sent to the participants’ general practitioner, neurologist and/or other healthcare 

provider. The study was approved by the Northern-X Ethics Committee (NTX/11/EXP/022) and 
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the Auckland District Health Board Research Committee (A+5185). The study followed the tenets 

of the declaration of Helsinki.  

6.2.2 Ophthalmological examination 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including history, visual acuity (VA) measurement, colour vision assessment with Ishihara colour 

plates, pupil assessment, Humphrey Matrix 24-2 visual field assessment (screening or threshold as 

appropriate), slit-lamp biomicroscopy, Goldmann tonometry, stereoscopic fundus examination 

with pupil dilation (2.5% phenylephrine, with addition of 1% tropicamide as required) and digital 

retinal photography.  Best-corrected VA was converted to logMAR notation for statistical analysis. 

OCT scans of the peripapillary RNFL and macula were acquired using the Heidelberg Spectralis ® 

(Heidelberg Engineering, Heidelberg, Germany) spectral domain OCT: Three peripapillary RNFL 

and three macular scans were taken for each eye of every participant. Scan quality was evaluated at 

the time of acquisition, and in cases of poor quality scans, repeat images were taken. 

Ophthalmological evaluation techniques and details of OCT scan acquisition are described in detail 

in Chapter 3.  

6.2.3 Neurological examination  

PD patients’ records were obtained, and disease laterality was determined based on clinical 

assessment by a consultant neurologist. Genetic testing was not performed.   

6.2.3.1 Cognitive Examination  

Cognitive assessment of PD patients was undertaken using the Addenbrooke’s cognitive 

examination – revised (ACE-R), a test which is designed to detect early cognitive changes and 

dementia.325 It is brief, taking between 12 and 20 minutes to complete and score in a clinical setting, 

and has high sensitivity and specificity.325, 326 The ACE-R contains five sub-scales: attention and 

orientation (18 points); memory (26 points); fluency (14 points); language (26 points) and visuo-

spatial (16 points).325 A total score of less than 88 out of 100 indicates dementia with sensitivity of 

0.94 and specificity of 0.89.325   

6.2.3.2 Motor assessment  

Disease severity was determined using the modified Hoehn and Yahr (HY) scale: scores range 

from 1 to 5, with increasing integer values indicating higher levels of disability.327 The HY scale is 

widely used and was originally developed as a scale to describe estimates of clinical function in PD. 

It uses a combination of objective signs and functional deficits.327 The scale is used in both clinical 
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trials and in clinical practice. The HY scale is easy and quick to administer and is able to be used by 

novice raters as well as experts.328  

6.2.4 Statistical analysis  

Statistical analysis was performed using R via R-Studio (www.r-project.org), GraphPad Prism 6 

(GraphPad Software Inc., La Jolla, California) and Microsoft Excel® (Microsoft Corporation, 

Redmond, Washington). Both eyes were examined for each patient and control subject. Analysis 

confirmed no significant difference in the measurements from each eye, and all initial comparisons 

were performed using data from the right eye. If data were not available for the right eye, data from 

the left eye were used. Continuous variables are presented as mean ± standard deviation (SD). 

Normality of distribution was assessed by the Shapiro-Wilk test. Comparison of normally 

distributed variables was performed by a two sample t-test. A Bonferroni correction was applied to 

allow for the multiple comparisons within the macular scan and RNFL measures. For PD patients, 

the OCT measurements ipsilateral to the most affected side of the body were compared with the 

contralateral side. For within patient analysis, a paired t-test was used. OCT measurements from 

PD patients with cognitive impairment (ACE-R scores <88) were compared with measurements 

from those with no cognitive impairment on ACE-R examination (total score ≥88). The Wilcoxon 

Rank Sum test was used for non-parametric comparisons. Chi-square test was used to compare 

differences in categorical variables. Correlation analysis was performed with the Pearson test or 

Spearman test as appropriate. A p-value below 0.05 was considered significant. 
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6.3 Results 
Of the 72 PD eyes examined, 8 right eyes and 7 left eyes were excluded from RNFL analysis, and 

11 right eyes and 9 left eyes were excluded from macular thickness and volume analysis due to the 

presence of co-existing ocular pathology. Reasons for exclusion are outlined in Table 6.1. A total of 

five patients were excluded from all analysis. When the OCT scans for the right eye were not 

available, if possible, scans from the left eye were used for analysis. 

In total 31 PD patient eyes (28 right eyes and 3 left eyes) were included in initial comparative 

demographic, ocular and RNFL analysis, and 29 eyes (25 right eyes and 4 left eyes) were included 

in macular analysis. One control participant had a large epiretinal membrane in the right eye. In this 

case the left eye was used for statistical analysis. All 22 controls were included in statistical analysis. 

  

Table 6.1: Reasons for Parkinson’s disease patient exclusion from optical coherence 
tomography analysis  

Reasons for exclusion from retinal nerve fibre layer and/or macular optical coherence tomography 
analysis 

• Glaucomatous optic neuropathy (four eyes of two patients) 

• Ocular hypertension (two eyes of one patient) 

• Dense cataract 

• Macular microaneurysm 

• Central retinal vein occlusion 

• High refractive error (two eyes of two patients) 

• Epiretinal membrane  

• Diabetic retinopathy (two eyes of one patient) 

• Branch retinal artery occlusion 

• Age-related macular degeneration (two eyes of one patient) 

• Excessive involuntary movement 

• Retinal haemorrhage (two eyes of two patients) 

 

 

 

 

 

104 
  



    
   Chapter 6 

6.3.1 Demographic and neurological findings  

Of the 31 PD patients included in analysis, 18 were men. The mean age was 66.4 ± 8.2 years (range 

40–79). PD patients were significantly older than controls (57.8 ± 8.8 years), p = 0.0004 (Table 6.2). 

There were significantly more male participants in the PD group (61.1% vs. 27%, p = 0.016). All 

except two of the patients were taking dopamine agonist medication (carbidopa-levodopa, 

ropinirole, levodopa-benserazide or a combination) at the time of examination. Patients were 

instructed not to change their medication routine prior to the examination. Mean symptom 

duration was 9.1 ± 6.2 years (range 1–30 years). Two patients had type II diabetes mellitus well-

controlled with oral medication and neither patient had evidence of diabetic retinopathy on 

examination.  Based on HY grading, five patients were classified grade 1; one, grade 2; seventeen, 

grade 3; and eight, grade 4. No patients were classified as grade 5 - individuals classified as Grade 5 

are confined to a wheelchair or bedbound unless assisted.327 The mean ACE-R score was 84.5 ± 

9.6 out of a possible 100 (range 54–97). All participants were able to complete the test. ACE-R 

sub-scores are given in Table 6.2. ACE-R scores were less than 88/100 for 16 of the 31 patients. 

Following review of clinical notes, 15 patients had more severe PD signs on the right hand side of 

their body, and 10 were more affected on the left hand side. The remaining six patients had 

symmetrical parkinsonism.   
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Table 6.2: Parkinson’s disease patient and control demographic and neurological findings 

 
 Parkinson's Disease 

Patients ^ (SD), N = 31  

Healthy Controls (SD),       

N = 22 

p Value  

Mean Age (years) 66.4 (8.2) 57.8 (8.8) 0.0006* 

Male Gender  18/31 (58.1%) 6/22 (27.3%) 0.03* 

    

Dopaminergic Therapy 29/31 (93.5%)   

Hoehn and Yahr 2.9 (1.0)   

Symptom Duration (years) 9.1 (6.5)   

ACE-R Total (/100) 84.5 (9.6)   

ACE-R Attention and Orientation 

(/18) 

16.8 (1.6)   

ACE-R Memory (/26) 18.7 (4.3)   

ACE-R  Fluency (/14) 10.4 (2.6)   

ACE-R Language (/26) 24.2 (1.7)   

ACE-R Visuospatial (/16) 14.5 (2.0)   

 
^Parkinson’s disease patients with confounding ocular pathology were excluded from analysis                                              
* Denotes significance. Abbrevation: ACE-R Addenbrooke’s cognitive examination - revised    
   
                                                                                                            

6.3.2 Ophthalmological findings  

Visual acuity (VA) was poorer in the PD group compared with controls (log MAR VA 0.13 ± 0.13 

vs. 0.00 ± 0.05, p = < 0.0001) (Snellen VA equivalents 6/7.5-1 for PD patients and 6/6 for 

controls) (Table 6.3). There was a trend towards a greater mean cup-to-disc ratio in the PD group (p 

= 0.05). Intraocular pressure and colour vision were not significantly different between patients 

and controls. Two PD patients (three eyes) had a history of uncomplicated cataract extraction with 

intraocular lens insertion and were included in statistical analysis. None of the control participants 

had a history of cataract surgery.  
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Table 6.3: Parkinson’s disease patient and control ophthalmic findings 

 
 Parkinson's Disease 

Patients (SD), n = 31  

Healthy Controls (SD),       

n = 22 

p Value  

Visual Acuity (logMAR)                        0.13 (0.13) 0.00 (0.05) <0.0001* 

Intraocular Pressure (mmHg) 15.06 (3.11) 14.64 (2.17) 0.58 

Cup to Disc Ratio  0.44 (0.17) 0.36 (0.10) 0.05 

Colour Vision  13.07 (2.55) 13.91 (0.29) 0.10 

 
All Parkinson’s disease patients were included in statistical analysis. * denotes significance  
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6.3.3 Optical coherence tomography findings  

There was no significant difference in average RNFL thickness between PD patients and controls 

(98.3 ± 10.5 µm vs. 97.7 ± 9.4 µm, p = 0.84). Nor was there any difference in RNFL thickness 

between groups for the four quadrants (Table 6.4). Total macular volume did not differ between 

PD patients and controls (8.54 ± 0.40 mm3 vs. 8.57 ± 0.32 mm3, p =0.82). There was no significant 

difference between the two groups for any of the nine macular regions, including the fovea. 

 

Table 6.4: Parkinson’s disease patient and control optical coherence tomography findings 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Abbreviation: RNFL Retinal nerve fibre layer  
 

 

 

  Parkinson's Disease 
Patients  (SD), N = 31 

 
Healthy Controls  (SD),  
N = 22 
 

p Value  

RNFL thickness (µm)       

Average RNFL 98.3 (10.3) 97.7 (9.4) 0.84 

Superior RNFL 119.7 (16.2) 116.0 (14.7) 0.53 

Nasal RNFL 78.0 (16.8) 75.4 (11.9) 0.82 

Inferior RNFL  126.9 (16.1) 127.4 (19.0) 0.93 

Temporal RNFL 68.3 (10.1) 71.4 (11.0) 0.38 

        

Total Macular Volume (mm³) 8.50 (0.40) 8.57 (0.32) 0.50 

        

Macular Thickness (µm)       

Superior Outer 294.3 (15.7) 296.2 (13.4) 0.67 

Superior Inner 338.8 (15.7) 342.5 (15.0) 0.41 

Nasal Outer 306.9 (16.0) 308.7 (14.0) 0.69 

Nasal Inner 343.0 (16.3) 345.8 (14.0) 0.53 

Inferior Outer 281.1 (16.3) 285.6 (12.0) 0.29 

Inferior Inner 335.6 (16.1) 338.2 (13.2) 0.54 

Temporal Outer 280.4 (13.8) 281.7 (11.3) 0.73 

Temporal Inner 328.1 (14.9) 331.7 (14.4) 0.39 

Fovea 281.0 (23.6) 282.5 (18.8) 0.80 
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6.3.4 Correlation analysis  

As expected, there was a significant positive correlation between duration of symptoms and HY 

grade (Rs = 0.62, p= 0.0002). There was also a significant negative correlation between total ACE-R 

scores and HY grade (Rs = -0.41, p= 0.02), indicating that cognitive function declines with 

increasing motor disability.  

Both average RNFL thickness (R = -0.44, p = 0.02)(Figure 6.1) and total macular volume (R =        

-0.44, p = 0.02) (Figure 6.2) were inversely correlated with age. There was a significant correlation 

between average RNFL thickness and total macular volume (R = 0.63, p = 0.0003). There was no 

significant correlation between OCT measures (average RNFL thickness and total macular volume) 

and measures of cognitive performance (ACE-R) (Figures 6.3 and 6.4) or disease severity (HY grade 

or symptom duration). A summary of correlation analyses is given in Table 6.5.  

Table 6.5: Correlation table for Parkinson’s disease patients 

 
 Age Ace-R* Symptom 

Duration 
Hoehn and 
Yahr* 

Average 
RNFL 

Total 
Macular 
Volume 

Age  -0.33 
(0.07) 

-0.001 
(>0.99) 

0.05 
(0.78) 

-0.44 
(0.02) 

-0.44 
(0.02) 

ACE-R* -0.33 
(0.07) 

 -0.007 
(0.97) 

-0.41 
(0.02) 

-0.06 
(0.76) 

-0.10 
(0.62) 

Symptom 
Duration 

-0.001 
(>0.99) 

-0.007 
(0.97) 

 0.62 
(0.0002) 

-0.10 
(0.58) 

-0.17 
(0.39) 

Hoehn and 
Yahr* 

0.05 
(0.78) 

-0.41 
(0.02) 

0.62 
(0.0002) 

 0.22 
(0.24) 

0.13 
(0.54) 

Average 
RNFL 

-0.44 
(0.02) 

-0.06 
(0.76) 

-0.10 
(0.58) 

0.22 
(0.24) 

 0.63 
(0.0003) 

Total 
Macular 
Volume 

-0.44 
(0.02) 

-0.10 
(0.62) 

-0.17 
(0.39) 

0.13 
(0.54) 

0.63 
(0.0003) 

 

 
*All correlations are Pearson correlations, with the exception of calculations involving ACE-R and 
the Hoehn and Yahr scale, which are given as Spearman correlations. p values are shown in 
parentheses. Numbers in bold denote significance (p < 0.05). Abbreviations: ACE-R: 
Addenbrooke’s cognitive examination revised, RNFL:  Retinal nerve fibre layer 
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Figure 6.1: Scatter-plot showing significant relationship between average retinal nerve fibre 
layer thickness and age 

R = -0.44, p = 0.02 
 

 

Figure 6.2: Scatter-plot showing significant relationship between total macular volume and 
age 

R = -0.44, p = 0.02 
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Figure 6.3: Scatter-plot showing no significant correlation between average retinal nerve 
fibre layer thickness and ACE-R score  

Rs
 = -0.06, p = 0.76 

Abbreviation: ACE-R Addenbrooke’s cognitive examination – revised  
 

 

Figure 6.4: Scatter-plot showing no significant correlation between total macular volume 
and ACE-R score  

Rs = -0.10, p = 0.62 
Abbreviation: ACE-R Addenbrooke’s cognitive examination – revised  
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6.3.5 Optical coherence tomography findings and cognitive function 

In addition to the correlation analysis, which found no association between OCT findings and 

cognitive function, the PD patients were classified into two groups: using the ACE-R cut-off of 

88/100, 16 PD patients had ACE-R scores of <88 (cognitively impaired group), and 15 had a score 

of ≥88 (no cognitive impairment). There was no significant difference in age or symptom duration 

between the two groups. The group with poorer cognitive function also had higher HY scores, 

indicating a higher level of motor disability. As expected, patients with poorer overall ACE-R 

scores (<88) had lower ACE-R sub-section scores for all five categories (Table 6.6).  

There was no significant difference in average RNFL thickness (97.5 ± 11.6 µm vs. 99.1 ± 9.1 µm, 

p = 0.69) or macular volume (8.55 ± 0.44 mm3 vs. 8.44 ± 0.36 mm3, p = 0.49) (Table 6.6) between 

the two groups. In addition, there was no significant difference between PD patients with higher 

and lower ACE-R scores in RNFL thickness in any of the four quadrants, or macular thickness in 

any of the nine regions.  
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Table 6.6: Demographic, neurological and optical coherence tomography findings for 
Parkinson’s disease patients with total ACE-R scores less than 88/100 and greater than or 
equal to 88/100 

 

 
Abbreviations: RNFL retinal nerve fibre layer; ACE-R Addenbrooke’s cognitive examination- 
revised  
* denotes significance 

 Parkinson's Disease ACE-R 
<88/100 
(SD), N= 16 

Parkinson's Disease ACE-
R ≥ 88/100 
 (SD), N=15 

P Value 

Age (years) 68.4 (9.3) 64.2 (6.3) 0.16 
Male Gender 12/16 (75%) 6/15 (40%) 0.048* 

Symptom Duration (years) 9.8 (7.8) 8.5 (4.9) 0.58 

Hoehn and Yahr 3.3 (0.8) 2.5 (1.0) 0.04* 
ACE-R Total (/100) 77.8 (8.7) 91.7 (2.7) <0.0001* 
ACE-R Attention and 
Orientation (/18) 

16.1 (1.9) 17.6 (0.6) 0.007* 

ACE-R Memory (/26) 15.8 (3.9) 21.7 (2.2) <0.0001* 

ACE-R  Fluency (/14) 9.1 (2.7) 11.7 (1.7) 0.004* 

ACE-R Language (/26) 23.3 (1.8) 25.3 (0.8) 0.0005* 
ACE-R Visuospatial (/16) 13.5 (2.3) 15.5 (0.7) 0.004* 
    
RNFL thickness (µm)    

Average RNFL 97.5 (11.6) 99.1 (9.1) 0.69 

Superior RNFL 118.7 (20.7) 120.7 (10.1) 0.74 

Nasal RNFL 79.8 (15.3) 76.1 (18.6) 0.54 

Inferior RNFL  125.0 (16.1) 128.9 (16.3) 0.52 

Temporal RNFL 66.6 (9.5) 70.8 (10.3) 0.24 
     
Total Macular Volume (mm³) 8.55 (0.44) 8.44 (0.36) 0.49 

     
Macular Thickness (µm)    

Superior Outer 297.2 (18.0) 291.3 (13.2) 0.32 

Superior Inner 340.3 (15.6) 337.3 (16.7) 0.62 

Nasal Outer 310.0 (18.0) 303.7 (13.3) 0.29 

Nasal Inner 345.3 (14.3) 340.5 (18.5) 0.43 

Inferior Outer 281.5 (18.6) 280.7 (14.2) 0.90 

Inferior Inner 337.2 (14.5) 333.9 (18.0) 0.59 

Temporal Outer 281.6 (16.6) 279.2 (10.6) 0.65 

Temporal Inner 329.5 (14.0) 326.5 (16.1) 0.61 

Fovea 281.4 (19.2) 280.5 (28.2) 0.92 
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6.3.6 Optical coherence tomography findings and disease laterality  

Of the 31 PD patients included in OCT analysis, 15 patients had more severe parkinsonism on the 

right hand side of the body, 10 patients were more severely affected on the left hand side, and six 

patients had symmetrical disease according to clinical examination by a consultant neurologist. The 

six patients with symmetrical parkinsonism were not included in laterality analysis.  

RNFL measurements for the eye ipsilateral to the most affected side were available for 22 of the 25 

PD patients, and for 23 of the patient eyes contralateral to the most affected body side. Macular 

OCT measurements were able to be used in 19 eyes ipsilateral to the most affected side of the 

body, and 21 eyes on the contralateral side. Within patient paired t-tests showed no significant 

difference between the ipsilateral and contralateral sides for any RNFL or macular OCT 

measurements (Table 6.7).  

When the means of the ipsilateral measurements were compared with those from the contralateral 

eye, there was no significant difference in average RNFL thickness (96.5 ± 11.1 µm vs. 98.2 ± 11.3 

µm, p = 0.62), or total macular volume (8.49 ± 0.48 mm3 vs. 8.44 ± 0.43 mm3, p = 0.72). Nor was 

there a difference in any of the four RNFL quadrants or nine macular regions (Table 6.8). 

  

114 
  



    
   Chapter 6 

Table 6.7: 95% confidence intervals and p values for within patient paired t-test of eye 
ipsilateral to most affected body side and the contralateral eye  

 
 95% Confidence 

Interval 
P Value 

RNFL thickness (µm)   

Average RNFL -1.48–2.86 0.51 

Superior RNFL -4.82–4.33 0.91 

Nasal RNFL -3.66–13.07 0.25 

Inferior RNFL  -1.81– 5.15 0.33 

Temporal RNFL -10.32– 9.94 0.97 

    

Total Macular Volume (mm³) -0.078– 0.075 0.93 

    

Macular Thickness (µm)   

Superior Outer -3.83– 4.16 0.93 

Superior Inner -2.64–3.97 0.67 

Nasal Outer -1.16– 6.89 0.15 

Nasal Inner -2.69–4.33 0.63 

Inferior Outer -19.02–3.45 0.16 

Inferior Inner -4.48–3.93 0.89 

Temporal Outer -4.23–0.78 0.16 

Temporal Inner -2.50–3.13 0.82 

Fovea -3.15–4.87 0.65 
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Table 6.8: Optical coherence tomography findings in patients with asymmetric 
parkinsonism 

 

Measurements from the eye ipsilateral to the most-affected body side are compared with those 
from the eye contralateral to the most-affected body side. Patients with symmetric parkinsonism 
were excluded from this analysis. 
  

 Eye Ipsilateral to Most-
Affected Body Side (SD) 

Eye Contralateral to 
Most-Affected Body Side 
(SD) 

p Value 

RNFL thickness (µm)    

Average RNFL 96.5 (11.1) 98.2 (11.3) 0.62 

Superior RNFL 117.1 (17.4) 119.2 (16.2) 0.68 

Nasal RNFL 76.1 (17.1) 80.7 (18.5) 0.40 

Inferior RNFL  126.2 (18.9) 129.0 (16.7) 0.60 

Temporal RNFL 67.9 (12.00) 65.0 (11.1) 0.42 

     

Total Macular Volume (mm³) 8.49 (0.48) 8.44 (0.43) 0.72 

     

Macular Thickness (µm)    

Superior Outer 294.9 (17.3) 291.0 (17.6) 0.50 

Superior Inner 338.8 (17.5) 335.9 (16.8) 0.60 

Nasal Outer 306.6 (20.1)  307.1 (17.6) 0.93 

Nasal Inner 342.7 (19.1) 341.2 (16.5) 0.79 

Inferior Outer 286.5 (23.5) 279.1 (16.6) 0.25 

Inferior Inner 334.4 (19.0) 332.8 (16.1) 0.79 

Temporal Outer 279.8 (15.6) 276.6 (13.7) 0.49 

Temporal Inner 327.9 (16.4) 325.5 (15.2) 0.64 

Fovea 285.9 (22.9) 280.2 (25.2) 0.46 
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6.4 Discussion 
This study did not find a significant difference in any RNFL or macular OCT measures between 

PD patients and healthy controls.  In addition, there were no significant correlations between OCT 

measurements and either motor disease severity or cognitive function and, similarly, when the 

patients were separated into two groups based on cognitive assessment scores, there was no 

difference in OCT measurements between patients with and without cognitive impairment. Due to 

the asymmetric nature of PD, the two eyes were examined separately: measurements from the eye 

ipsilateral to the side of the body with the most severe motor symptoms were compared to those 

from the contralateral eye.  There was no significant difference in RNFL or macular measures 

between the ipsilateral and contralateral eyes, either when examined as a group mean, or as pairs.  

A number of other studies have investigated RNFL and macular OCT measurements in 

Parkinson’s disease.  In 2004, Inzelberg et al 165 were the first to report RNFL thinning (measured 

with time-domain OCT) in a small group of ten PD patients compared with healthy age-matched 

controls. Average RNFL thickness was reduced by 18 µm, with 26 µm and 25 µm reductions in the 

inferior and temporal quadrants respectively. Over the intervening 11 years, there have been a 

number of studies that have confirmed RNFL and/or macular thinning in PD cohorts.160, 161, 167, 171, 

172, 175, 177, 179, 181, 183, 184, 187, 192, 194, 324, 329-331 However, other reports have found no significant difference in 

RNFL and/or macular thickness using both time-domain and spectral domain OCT.174, 176  

Two other studies have also looked at the relationship between cognitive decline and RNFL and 

macular measurements.181, 195 The first of these, by Moreno-Ramos et al,195 examined OCT 

measurements in patients with dementia associated with PD, Alzheimer’s disease (AD) and Lewy 

bodies, with each group having just 10 patients. Cognitive assessment was performed using the 

mini-mental state examination and the Mattis dementia rating scale, rather than the ACE-R 

assessment utilised in this study. The authors found that patients in all dementia subgroups had 

statistically thinner RNFL values than the controls, although the dementia groups did not differ 

from each other. The level of cognitive function correlated with RNFL thickness measures. 

Macular assessment was not undertaken and PD patients without dementia were not included in 

the analysis.  

Lee et al 181 also investigated the effect of dementia on RNFL thickness. They examined PD 

patients with visual hallucinations with (16 patients) and without (20 patients) a clinical diagnosis of 

dementia, and compared findings to PD patients (25 patients) without visual hallucinations, and 

healthy controls (30 participants). There was no significant difference in RNFL thickness between 

the PD patients with visual hallucinations and dementia, and those without dementia (both with 
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and without visual hallucinations). There was no correlation between retinal layer thickness and 

mini-mental state examination scores.  

The relationship between cognitive decline and OCT measures has also been investigated in 

Alzheimer’s disease. Several reports did not find a significant correlation between mini-mental state 

examination scores and OCT measurements.127, 129, 138 However, two groups did find a significant 

correlation between cognitive function in AD and either average RNFL thickness or macular 

volume.125, 137 In multiple sclerosis studies, it has been shown that there is a correlation between 

RNFL thickness and brain volume 67-69 although this does not appear to be reflected in a 

correlation with cognitive function.  

Three studies have investigated the effect of PD laterality on OCT measurements.178, 183, 194 Cubo et 

al 178 were the first to investigate this in a small group of nine patients using time-domain OCT, this 

and found that the foveal thickness was lower (by 7–17 µm) on the contralateral side (analysis was 

descriptive only, due to the very small sample size). La Morgia et al 194 found that the temporal 

RNFL thickness was reduced in both the ipsilateral (41 eyes) and contralateral (40 eyes) eyes, 

although there was not a significant difference between the two sides. Finally, Bayhan et al 183 

examined RNFL and macular scans in 38 eyes (20 ipsilateral and 18 contralateral) and, though they 

found no significant difference between the two sides, the inner retina and average RNFL 

thickness was reduced in the ipsilateral eye group when compared with the healthy controls while 

the nasal RNFL and superior inner retina was thinner in the contralateral group than controls.  

The findings of the present study support the conclusion of Bayhan et al 183 that there is not a 

difference between ipsilateral and contralateral eyes in PD; . However, Bayhan et al 183 did note a  

difference in some RNFL and macular measures between PD patients and controls, which was not 

observed in the present study. One reason for the difference in macular findings could be because 

retinal segmentation was not undertaken for the current study. Bayhan et al 183 used automated 

retinal segmentation software; when analysing the individual retinal layers, a smaller difference 

between the groups is more likely to have statistical significance than when the entire macular 

thickness is measured. Additionally, Bayhan et al used a different model of spectral-domain OCT 

and it is not possible to directly compare OCT values from different OCT models.  

In the current study there was no significant difference in RNFL thickness between patients and 

controls in any of the four peripapillary quadrants. Although all four quadrants have been found to 

be affected in various studies, selective, subclinical thinning of the temporal RNFL (the 

papillomacular bundle) has been documented by several groups.165, 166, 194 There is an increasing 
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body of evidence implicating mitochondrial dysfunction in a number of neurodegenerative 

disorders, including PD.332 La Morgia et al 194 postulated that this selective papillomacular bundle 

thinning may be due to the mitochondrial dysfunction, namely the complex I defect, present in 

PD.333 

Although no significant differences in OCT measures between patients and controls were found in 

this PD cohort, there was a small but significant reduction in VA, even when patients with co-

existing ophthalmic disease were excluded from statistical analysis. This is in agreement with other 

studies which have found reduced VA in PD groups.160, 191, 329, 334 Impaired visual processing in PD 

is well-established,191 and in addition to reduced VA, impaired colour vision and reduced contrast 

sensitivity have been reported.162, 335 Additionally, the difference in VA between groups could also 

be, at least partially, accounted for by the more advanced age of the PD group, as VA tends to 

decrease with age, even in eyes with no evidence of ocular pathology.336 Contrast sensitivity was not 

specifically investigated in this study and there was no statistically significant difference in colour 

vision between PD patients and controls. However, a number of PD patients did have mildly 

reduced colour vision on Ishihara testing and it is possible that the group as a whole may have had 

reduced colour vision if testing was undertaken with the Farnsworth 100 Hue test, which is able to 

detect more subtle colour vision defects.335  

This study has several limitations. Despite PD being a relatively common neurodegenerative 

disorder, recruitment was difficult, and the total number of participants that underwent ophthalmic 

and neurologic examination was limited. In addition, as PD is a disease that predominantly affects 

the elderly, ophthalmic conditions that are also more prevalent amongst the elderly population, 

including glaucoma, age-related macular degeneration, vascular occlusive disease, epiretinal 

membrane and diabetic retinopathy, were also observed. These confounding ocular conditions 

excluded affected patients from subsequent statistical analysis, further limiting the numbers of 

available participants.  

Another weakness of this study was the age and gender distribution difference between the PD 

patient and control groups. Spouses and accompanying persons of affected patients were given the 

opportunity to participate in this study, although many declined. The Centre for Brain Research 

sent information to their control participants’ database on two occasions. However, it was still 

difficult to recruit sufficient numbers of older control participants. Although it has been previously 

shown that gender does not affect OCT measurements, retinal nerve fibre layer thickness tends to 

decrease over time, with a reduction of approximately 2 µm per decade.199, 337 Interestingly, despite 

the mean age of the PD group (used in OCT analysis) being eight years older than the controls, 
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there was not a statistically significant difference between the two groups in either average RNFL 

thickness or total macular volume.   

It was not possible to recruit PD participants with very severe disease. These patients are often 

bedridden or wheel-chair bound unless assisted.327 The small numbers of patients with more 

advanced disease makes it difficult to thoroughly investigate correlations between ophthalmological 

findings and disease severity.  

As has been mentioned in other chapters, segmentation of the retinal layers was not included in the 

analysis of patient images in this study, as the Heidelberg Spectralis® segmentation software was 

not available at the onset of the study. A number of studies have investigated retinal layer thickness 

in PD, with variable results (outlined in Chapter 2). Thinning of the inner retinal layers is most 

frequently reported.158, 181, 184, 187 

6.5 Conclusion 
There was no evidence of RNFL or macular thinning in our PD patient group, when compared 

with healthy controls. In addition there was no correlation between ophthalmological and 

neurological findings indicating that OCT measurements may be of limited utility as a potential 

biomarker of disease progression in PD. The results of previous OCT studies in PD are highly 

variable, and the methodology used varies greatly between studies making direct comparison of 

results difficult.  If there is a difference between PD patient and control peripapillary and macular 

OCT measurements, it is likely to be small, as a number of reports, including the present study, 

have found no significant difference between the groups.   
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7.1 Introduction 
Motor neuron disease (MND), known as amyotrophic lateral sclerosis (ALS) in the United States 

of America, is a neurodegenerative disorder that affects the upper and lower motor neurons of the 

brainstem and spinal cord, resulting in limb weakness, muscle atrophy, respiratory involvement and 

difficulty with speech and swallowing.338-340 Most cases of MND are sporadic. The cause of MND 

in these individuals is not yet known,341 although a number of  risk factors have been postulated, 

including high levels of physical fitness, previous viral infection, and exposure to electromagnetic 

fields, pesticides and lead.339 

Approximately 5% of MND cases (although this may be underestimated) are inherited in either 

autosomal dominant, autosomal recessive or X-linked patterns.342 343 A number of causative genes 

have been identified, the two most common being a hexanucleatide (GGGGCC) repeat expansion 

on c9orf72, or SOD1 mutations.339, 342, 344 Total prevalence of MND is approximately 2–

11/100,000.345 Onset of the disease is in adulthood: Mean age of onset is 58–63 years for the 

sporadic type, and 40–60 years for inherited MND.339 Life expectancy following diagnosis is two to 

five years, with approximately 50% of patients living for less than 30 months after symptom 

onset.339 Although a number of therapeutic trials have been undertaken, the only current treatment 

for MND is riluzole, which can prolong survival by up to approximately eight months.342, 346, 347 

Mitochondrial dysfunction is now a well-recognised feature of MND and it is thought that the 

impaired mitochondrial function could be important in the rapid neurodegeneration of this 

condition.348 

Although previously considered to be a purely motor disorder, non-motor involvement in MND is 

now well-recognised, with up to 20% of patients having signs of frontotemporal dementia 

(FTD).349, 350 Patients with autosomal dominant MND caused by a mutation in the c9orf72 gene are 

also at high risk of developing FTD.351 FTD results in changes in functional abilities, behaviour and 

language.352 Other non-motor changes in MND include global loss of brain volume and abnormal 

evoked potentials.353, 354 

Visual system changes in MND have not been widely studied. The best-characterised visual system 

defects in MND are ocular motility abnormalities. Defects in saccadic and smooth pursuit eye 

movements, voluntary up-gaze restriction, nystagmus and fixation instability have been reported.355-

359  Eye movement disorders are typically spared until late in the disease process.355, 360 Other neuro-

ophthalmological abnormalities have been reported, including decreased visual acuity (VA), and 

abnormal visual evoked potentials in a small number of MND patients.355, 361 
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The objective of this case-control study was to investigate optic nerve and retinal morphology 

using spectral domain optical coherence tomography (OCT), in MND patients with and without 

cognitive impairment. While two other groups have reported OCT findings in MND, in studies 

that were performed contemporaneously with this study, this is the first study that has looked at 

cognitive function in patients with MND. As discussed in detail in Chapter 2, OCT measurements 

have shown neuro-axonal degeneration, and have been found to be a potential biomarker of 

disease progression in other central nervous system neurodegenerative disorders, including multiple 

sclerosis, neuromyelitis optica, Parkinson’s disease and Alzheimer’s disease.107, 171, 258  

7.2 Methods 

7.2.1 Participants 

A total of 23 Auckland District Health Board patients with a clinical diagnosis of probable or 

definite MND (ALS variant) were contacted by a consultant neurologist and invited to participate 

in this study: 19 agreed to participate and met initial inclusion criteria; two patients declined to 

participate; two patients did not meet inclusion criteria (one had a history of cystoid macular 

oedema following cataract surgery and one had a history of stroke and homonymous hemianopia). 

MND patients with advanced disease were not invited to participate in this study. None of the 

patients included in this study had a genetic diagnosis for MND, or a family history of the disease.   

Control participants consisted of healthy spouses, partners or caregivers of affected patients, and 

volunteers from the Centre for Brain Research control participants’ database. All patients provided 

informed consent. The study was approved by the Northern-X Ethics Committee 

(NTX/11/EXP/022) and the Auckland District Health Board Research Committee (A+5185). 

The study followed the tenets of the declaration of Helsinki.  

7.2.2 Ophthalmological assessment 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including history, VA measurement, colour vision assessment with Ishihara colour plates, pupil 

assessment, Humphrey Matrix 24-2 visual field testing (screening or threshold as appropriate), slit-

lamp biomicroscopy, Goldmann tonometry, stereoscopic fundus examination with pupil dilation 

(2.5% phenylephrine, with addition of 1% tropicamide as required) and digital retinal photography.  

Best-corrected VA was converted to logMAR notation for statistical analysis. OCT scans of the 

peripapillary RNFL and macula were acquired using the Heidelberg Spectralis ® (Heidelberg 

Engineering, Heidelberg, Germany) spectral domain OCT: Three peripapillary RNFL and three 

macular scans were taken for each eye of every participant. Scan quality was evaluated at the time 
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of acquisition, and in cases of poor quality scans, repeat images were taken. Ophthalmological 

evaluation techniques and details of OCT scan acquisition are described in detail in Chapter 3.   

7.2.3 Neurological assessment 

7.2.3.1 Cognitive assessment  

All MND participants underwent a cognitive assessment with the Addenbrooke’s cognitive 

examination – revised (ACE-R).325 The ACE-R has previously been used in the assessment of 

MND patients.326  The ACE-R is a battery of tests designed to be able to detect early cognitive 

impairment and dementia.325 It is brief, taking between 12 and 20 minutes to complete and score in 

a clinical setting, and has high sensitivity and specificity for the detection of cognitive 

impairment.325, 326 The ACE-R contains five sub-scales: attention and orientation (18 points); 

memory (26 points); fluency (14 points); language (26 points) and visuo-spatial (16 points).325  

A total score below 88 (out of a possible 100) suggests cognitive impairment with 94% sensitivity 

and 89% specificity. A cut-off score of less than 88 out of a possible 100 was used to dichotomise 

patients into two groups.   

7.2.3.2 Motor assessment 

The motor disease severity of MND patients was assessed using the amyotrophic lateral sclerosis 

functional rating scale- revised (ALS FRS-R). The ALS FRS – R is the most commonly used 

functional measure in the evaluation of disease progression in MND.362 The patients are asked a 

series of 12 questions, and the option most applicable to their day-to-day life is given as the answer. 

Each question has a minimum value of zero and a maximum of four, giving a total maximum score 

of 48 points. Lower scores indicate higher levels of disability.363 The ALSFRS-R comprises four 

subscales: bulbar function; fine motor function; gross motor function and respiratory function.364 It 

is a well-established scale and is widely used to score the functional status of MND patients in both 

clinical and research settings.364, 365 The results of the ALSFRS-R allow MND patients to be 

grouped into stages of disease severity: mild (37-48 points); moderate (25-36 points); severe (13-24 

points); very severe (0-12 points).365  

Patients were also asked to give the length of symptom duration (in months).  

7.2.4 Statistical analysis  

Statistical analysis was performed using R via R-Studio (www.r-project.org) and GraphPad Prism 6 

(GraphPad Software Inc., La Jolla, California). Both eyes were examined for each patient and 

control subject. Analysis confirmed no significant difference in the measurements from each eye, 
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and subsequent comparisons were performed using data from the right eye only. Continuous 

variables are presented as mean ± standard deviation (SD). Normality of distribution was assessed 

by the Shapiro-Wilk test. Comparison of normally distributed variables was performed by two 

sample t-test. A Bonferroni correction was applied to allow for the multiple comparisons within 

the macular thickness scan and RNFL measures. The Wilcoxon Rank Sum test was used for non-

parametric comparisons. The chi-square test was used to compare differences in categorical 

variables. Correlation analysis was performed with the Pearson test. MND patients were separated 

into two groups: those with an ACE-R score less than 88 and those with a score ≥ 88 for further 

statistical analysis. A p value below 0.05 was considered significant. 

7.3 Results 
Of the 19 MND patients recruited, two patients were excluded from all analyses due to 

confounding ocular pathology; one had bilateral glaucomatous optic neuropathy, and one had 

bilateral swollen optic nerve heads with a pigment epithelial detachment at the macula. 

A total of 17 MND patients were included in analysis; 13 were men (Table 1). The mean age was 

56.6 years (range 45–71). The 22 control participants were matched for age (mean 54.5 years, range 

42–73) but not gender. It has previously been reported that OCT measurements are not affected by 

gender.199 Three of the MND patients were taking riluzole at the time of examination. This 

medication has no known ophthalmic adverse effects. The range of ALS FRS-R scores was 

reasonably narrow (29–45), with a mean score of 39.3 ± 5.3; 13 patients had mild MND (ALS 

FRS-R score of 37–48), and four had moderate MND (ALS FRS-R score of 25–36) 365. Mean 

symptom duration was 32 ± 20 months. All patients were able to complete cognitive assessment. 

The mean ACE-R score (out of a possible 100) was 88.7 ± 5.8 (range 77–96); seven patients had 

scores of <88 and ten had a score of ≥88. Scores for the five ACE-R sub-sections are given in 

Table 7.1. Patients tended to score well in the attention and orientation, language and visuospatial 

sections, and less well in the memory and fluency sections.  

None of the MND patients had diabetes mellitus. One control participant had mild diet- controlled 

type II diabetes, with no evidence of diabetic retinopathy. 
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Table 7.1: Motor neuron disease patient and control participant demographic information 
and neurolog ical findings  

 Motor Neuron Disease 
Patients (SD), N=17 

Healthy Controls  
(SD), N=22 

p Value  

Mean Age (years)  56.6 (6.7) 54.5 (8.4) 0.40 

Male Gender  13/17 (76.5%) 7/22 (31.8%)  0.006* 

    

ACE-R Score (/100) 87.7 (5.8) -  

ACE-R Attention and Orientation 
(/18) 

17.4 (1.1) -  

ACE-R Memory (/26) 20.7 (3.5) -  

ACE-R Fluency (/14) 10.3 (2.2) -  

ACE-R Language (/26) 24.1 (1.4) -  

ACE-R Visuospatial (/16) 15.2 (1.0) -  

ALS FRS-R Score  39.3 (5.3) -  

 
*denotes significance  
Abbreviations: ACE-R Addenbrooke’s cognitive examination- revised; ALS FRS-R Amyotrophic 
lateral sclerosis functional rating scale – revised 
 
 

7.3.1 Ophthalmologic findings  

In total, 17 MND patients and 22 controls were included in ophthalmic analysis. There was no 

significant difference in visual acuity, intraocular pressure, cup-to disc ratio or colour vision 

between the patient and control groups (Table 7.2). None of the patients or controls had significant 

cataract.  Amongst the MND patients, nine were able to undertake threshold automated visual field 

testing. The mean Mean Deviation (MD) was 1.31 ± 2.45 dB and the mean Pattern Standard 

Deviation (PSD) was 2.83 ± 0.41 dB. There was a significant correlation between MD and average 

RNFL thickness (R = 0.71, p = 0.03), and a trend towards a significant relationship between MD 

and total macular volume (R = 0.69, p = 0.06).  
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Table 7.2: Motor neuron disease patient and control participant ocular findings  

 
 Motor Neuron Disease 

Patients (SD), N= 17 
 

Healthy Controls (SD), N = 22 p Value  

Visual Acuity (logMAR) 0.03 (0.07) 0.00 (0.05) 0.13 
Intraocular Pressure 
(mmHg) 

15.7 (3.3) 14.1 (2.2) 0.08 

Cup to Disc Ratio  0.37 (0.12) 0.33 (0.14) 0.33 
Colour Vision (/14)^ 14.00 (0.00) 13.95 (0.21) >0.99 

 
Visual acuity is given in logMAR notation  
^ One patient with a known congenital colour vision defect was excluded from analysis 
 
 

7.3.2 Optical coherence tomography findings  

Statistical analysis confirmed that there were no significant side-to side differences in RNFL or 

macular OCT measures. In addition to the two patients excluded from all ophthalmic analysis 

(including OCT), one patient was excluded from macular analysis due to poor quality OCT scans, 

and the presence of an epiretinal membrane with vitreomacular traction. In total, 17 MND patient 

right eyes were included in RNFL analysis and 16 right eyes were included in macular analysis. Of 

the 22 control right eyes, one was excluded from macular analysis due to the presence of a large 

epiretinal membrane; 22 control right eyes were included in RNFL OCT analysis and 21 right eyes 

were included in macular analysis.  

Average peripapillary RNFL thickness was not significantly different between the MND group and 

healthy controls (96.1 ± 9.9 µm vs. 98.3 ± 9.9 µm, p = 0.51). In addition, there was no significant 

difference in OCT values between MND patients and controls for any of the RNFL quadrants. 

There was no significant difference in total macular volume between MND patients and controls 

(8.56 ± 0.24 mm3 vs. 8.57 ± 0.30 mm3, p= 0.97), and macular thickness did not differ between 

groups in any of the nine macular regions (Table 7.3).  
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Table 7.3: Motor neuron disease patient and control participant optical coherence 
tomography data  

  Motor Neuron Disease 
Patients  (SD), N = 17 

Healthy Controls  
(SD), N = 22 P Value  

        

RNFL thickness (µm)       

Average RNFL 96.1 (9.9) 98.3 (9.9) 0.51 
Superior RNFL 116.9 (13.8) 115.0 (13.5) 0.67 
Nasal RNFL 72.9 (14.1) 77.7 (13.5) 0.28 
Inferior RNFL  124.0 (18.4) 129.1 (18.9) 0.41 
Temporal RNFL 70.6 (8.9) 70.9 (11.0) 0.92 
        
Total Macular Volume (mm³) 8.56  (0.24) 8.57 (0.30) 0.97 
        
Macular Thickness (µm)       
Superior Outer 294.8 (10.3) 297.8 (12.9) 0.72 
Superior Inner 344.5 (7.3) 342.5 (14.6) 0.62 
Nasal Outer 310.1 (11.1) 309.4 (13.0) 0.87 
Nasal Inner 346.9 (8.2) 346.2 (13.5) 0.85 
Inferior Outer 282.5 (10.9) 283.8 (11.3) 0.73 
Inferior Inner 339.9 (8.5) 338.2 (12.3) 0.64 
Temporal Outer 281.0 (9.4) 281.7 (11.2) 0.85 
Temporal Inner 333.6 (7.8) 332.1 (13.9) 0.67 
Fovea 287.4 (19.3) 284.0 (19.5) 0.59 

 

Abbreviation: RNFL retinal nerve fibre layer  
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7.3.3 Correlation analysis 

Interestingly, there were no significant correlations between symptom duration and ACE-R (R = 

0.01, p = 0.98) or ALS FRS-R (R = -0.31, p = 0.22) scores. Nor was there any correlation between 

ACE-R and ALS FRS-R scores (R = -0.13, p =0.59) (Figure 7.1).  

Correlation analysis did not show a significant relationship between average RNFL thickness and 

ALS FRS-R or ACE-R scores (Figures 7.2 and 7.3), or between macular volume and ALS FRS-R or 

ACE-R scores (Figures 7.4 and 7.5).  Additionally, there was not a significant relationship between 

either average RNFL thickness or total macular volume and any of the five ACE-R sub-section 

scores. There was no significant correlation between RNFL or macular OCT measurements and 

age in either the MND or control group.   

 

 

Figure 7.1: Scatter-plot showing no significant relationship between ACE-R and ALS FRS-
R scores       

R= -0.25, p = 0.31 
Abbreviations: ACE-R Addenbrooke’s cognitive examination – revised; ALS FRS-R Amyotrophic 
lateral sclerosis functional rating scale – revised  
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Figure 7.2: Scatterplot showing no significant correlation between average RNFL 
thickness and ALS FRS-R score  

R= -0.14, p= 0.58 
Abbreviations: ALS FRS-R Amyotrophic lateral sclerosis functional rating scale – revised; RNFL 
Retinal nerve fibre layer  
 

 

 

Figure 7.3: Scatterplot showing no significant correlation between average RNFL 
thickness and ACE-R scores 

R = -0.25, p = 0.34  
Abbreviations: ACE-R Addenbrooke’s cognitive examination – revised; RNFL Retinal nerve fibre 
layer   
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Figure 7.4: Scatterplot showing no significant correlation between total macular volume 
and ALS FRS-R scores 

R = -0.14, p= 0.60 
Abbreviation: ALS FRS-R Amyotrophic lateral sclerosis functional rating scale – revised  
 

 

Figure 7.5: Scatterplot showing no significant correlation between total macular volume 
and ACE-R scores 

R = 0.40, p = 0.13  
Abbreviation: ACE-R Addenbrooke’s cognitive examination – revised  
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7.3.4 Optical coherence tomography and cognitive function 

MND patients were separated into two groups based on ACE-R scores, those with an ACE-R 

score of < 88/100 (suggesting cognitive impairment) and those with a score of ≥88/100. There 

was no significant difference in age, symptom duration or ALS FRS-R scores between the two 

groups (Table 7.4). ACE-R scores in the memory, fluency and language sections were significantly 

reduced in the MND group with lower overall ACE-R scores, with the most significant reduction 

(p < 0.0001) in the language section. The scores in the attention and orientation, and visuospatial 

sections did not differ between the two MND groups.  

Average RNFL thickness values did not differ significantly between the two groups, nor was there 

a significant difference in any of the four peripapillary quadrants. There was a trend towards 

reduced macular volume in the MND group with lower ACE-R scores (<88) (p = 0.06). 

Additionally, there was a trend towards reduced macular thickness in the superior outer, superior 

inner and temporal outer regions. However, when the Bonferroni correction for multiple 

comparisons was applied, the difference between groups did not reach significance.   
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Table 4: Demographic, ACE-R, ALS FRS-R and optical coherence tomography data for 
motor neuron disease patients 

  Motor Neuron Disease 
Patients  with ACE-R ≥ 
88 (SD)  
N = 10 

Motor Neuron Disease 
Patients with ACE-R scores 
<88 (SD), N = 7 

p Value  

 Age (years)   56.5 (7.5)  56.9 (5.9)  0.91 

Symptom Duration (months) 31.6 (15.4) 26.0 (24.5) 0.57 

ACE-R Score (Total) 92.0 (2.8) 81.6 (3.9) <0.0001* 

ACE-R Attention and Orientation 
(/18) 

17.7 (0.9) 17.0 (1.4) 0.20 

ACE-R Memory (/26) 22.6 (3.1) 18.0 (2.6) 0.006* 

ACE-R Fluency (/14) 11.4 (2.0) 8.7 (1.4) 0.008* 

ACE-R Language (/26) 25.0 (0.8) 22.7 (1.1) <0.0001* 

ACE-R Visuospatial (/16) 15.4 (1.0) 15.0 (1.0) 0.47 

ALS FRS-R Score 39.3 (5.4) 40.6 (5.6) 0.63 

    

RNFL thickness (µm)       

Average RNFL 94.6 (9.1) 98.3 (11.3) 0.47 

Superior RNFL 115.4 (13.5) 119.0 (15.0) 0.61 

Nasal RNFL 71.6 (12.8) 74.7 (16.8) 0.67 

Inferior RNFL  118.7 (19.4) 131.6 (15.0) 0.16 

Temporal RNFL 72.4 (9.6) 68.0 (8.4) 0.32 

        

Total Macular Volume (mm³) 8.66 (0.22) 8.44 (0.21) 0.06 

        

Macular Thickness (µm)       

Superior Outer 299.0 (10.7) 289.3 (7.0) 0.06 

Superior Inner 347.7 (7.6) 340.4 (4.7) 0.05 

Nasal Outer 313.8 (9.1) 305.3 (12.3) 0.13 

Nasal Inner 349.6 (7.9) 343.5 (7.9) 0.14 

Inferior Outer 286.0 (8.5) 278.0 (12.6) 0.15 

Inferior Inner 341.9 (7.9) 337.4 (9.3) 0.31 

Temporal Outer 284.9 (10.5) 276.0 (4.9) 0.06 

Temporal Inner 335.7 (8.3) 331.0 (6.9) 0.24 

Fovea 284.6 (19.5) 291.0 (20.0) 0.53 

 
* denotes significance      
Abbreviations: ACE-R Addenbrooke’s Cognitive Examination- Revised; ALS FRS-R Amyotrophic 
Lateral Sclerosis Functional Rating Scale – Revised; RNFL retinal nerve fibre layer 
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7.4 Discussion 
There were no significant differences in OCT measures between MND patients and healthy 

controls in this study, nor was there a significant relationship between OCT values and measures of 

cognitive function or motor disability. This is consistent with findings that visual system 

abnormalities are not prominent features of the MND disease process. However, the involvement 

of non-motor areas in MND is now well-established. Cognitive decline, sensory abnormalities on 

electrophysiological testing and loss of grey and white matter volume in non-motor brain areas 

have all been reported.349, 366-368 In multiple sclerosis studies, RNFL thickness has been shown to 

correlate with brain atrophy.68, 69  

There have been two recent studies investigating OCT findings in MND patients.369, 370  The first of 

these studies, by Roth et al ,370 examined a larger group of 76 MND patients, with similar results, 

concluding that OCT does not support involvement of the optic nerve or retina in MND. In 

addition, the authors utilised automated segmentation techniques to analyse the retinal layers 

(ganglion cell layer + inner plexiform layer, inner nuclear layer + outer plexiform layer, and outer 

nuclear layer + photoreceptor layer) and found that there was no difference in these measures 

between patients and controls. The participants examined by Roth et al 370 did not undergo a 

complete ophthalmic examination; patients were excluded based on clinical records and/or 

interview with the examiner.  The authors noted that this, along with the clinical hetereogeneity 

(ranging from possible to definite MND) of their cohort, were limitations of their study and may 

have been a reason for the lack of positive findings.  

The second study, by Ringelstein et al 369 found a small but statistically significant reduction in 

RNFL thickness in a smaller (24 patients) MND group (93.2 ± 10.7 µm in MND patients 

compared with 100.0 ±10.9 µm in controls), suggesting optic nerve axonal degeneration. The 

MND participants all had a diagnosis of at least probable MND, with most having clinically 

definite disease. Macular thickness was also reduced in the MND group, although the percentage of 

the reduction was small (2.6%). The authors of this study also performed segmentation of the 

retinal layers (RNFL, ganglion cell layer + inner plexiform layer, inner nuclear layer, outer 

plexiform layer and outer nuclear layer). Of these layers, the inner nuclear layer was the only one 

that was significantly thinner in the MND group. The authors were unable to explain the selective 

thinning of this retinal layer. There was no correlation between OCT measurements and disease 

severity.   

Neither of the previous two studies had investigated the relationship between cognitive function 

and OCT values in MND patients.  In the present study, there was not a statistically significant 
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relationship between OCT measures and cognitive function.  Additionally, the MND patients were 

analysed as two separate groups, based on ACE-R scores. Aside from the lower ACE-R scores, 

there were no significant differences between these two groups. There was, however, a trend 

towards reduced macular thickness and volume in the MND group with lower ACE-R scores. As 

the number of patients was small, particularly in the group with poorer cognitive testing scores, 

results should be interpreted with caution. These results indicate that further investigation of the 

relationship between cognitive function and OCT findings in MND is warranted. 

Thinning of the RNFL layer and reduced retinal thickness at the macula is a well-documented 

feature in patients with dementia caused by Alzheimer’s disease (see Chapter 2).125, 131, 137 Previous 

studies have also detailed the relationship between cognitive function and OCT measures in 

patients with Alzheimer’s disease, with some finding poorer cognitive function correlated 

significantly with reduced RNFL thickness or lower total macular volume,125, 137 and others finding 

no significant relationship between OCT measures and cognitive function.127, 131, 138, 371 Examination 

of a larger group of MND patients, including a sub-group with more severe cognitive impairment 

may provide evidence to support a correlation between cognitive function and OCT measures of 

the RNFL or macula.  

Mitochondrial dysfunction is an important feature of MND. Altered electron transport, and 

abnormal mitochondrial structure and function have been well-documented.372, 373 As has been 

mentioned in previous chapters, RNFL thinning, particularly in the temporal quadrant, is a 

common feature in disorders with mitochondrial dysfunction, including Leber’s hereditary optic 

neuropathy and Friedreich’s ataxia.297, 299 In the present study, there was no evidence of either 

global or localised temporal RNFL thinning in our patient group.  

This study has several limitations. Firstly, the MND group size was relatively small (particularly 

when the MND group was divided into two groups based on ACE-R scores), and participants were 

examined at only one visit. Due to the rarity of the disease, and the rapid progression, it was 

difficult to recruit a large number of patients for examination, and longitudinal follow-up over a 

number of years would have been problematic. Patients with very severe MND may not have been 

suitable for examination as the motor deterioration would have made some of the assessments 

challenging. The MND patient group had only five patients with moderately severe disease, with 

the remaining 14 having mild MND. The consulting physician did not recruit participants with 

severe disease, and the range of ALS FRS-R scores was narrow (29–45). All patients examined were 

readily able to undergo OCT examination. The concentration of patients in the mildly affected 

group could account for the lack of relationship between disease severity and OCT findings. 
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However, Roth et al 370 had a larger cohort of patients, approximately half of whom were 

moderately to severely affected, and they too failed to find a significant association between OCT 

measures and ALS FRS-R scores.  

Another limitation was that segmentation of the retinal layers was not undertaken. It was not 

possible to perform automated segmentation of the retinal layers as this software was not included 

as part of the Heidelberg Spectralis® OCT used in this study. The two other studies that 

investigated the optic nerve and retina in MND patients using OCT employed automated 

segmentation techniques. Ringelstein et al 369 found subtle thickening of the outer plexiform layer in 

the MND group compared with controls, at the thickest part of the macula, although there was no 

difference in the average thickness of this layer between the two groups.   

7.5 Conclusion 
There was no evidence of anterior visual pathway involvement in the MND patient group 

examined for this study, confirming the findings of the largest MND OCT study to date.370 It 

seems unlikely that OCT will be a useful as a biomarker of motor disease progression, although 

studies that include a wider cross-section of MND patients may help to further elucidate the 

relationship between ophthalmological findings and motor function. The relationship between 

cognitive function and macular OCT measurements should be further investigated in larger studies.  
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8.1 Introduction 
The term hereditary spastic paraplegia (HSP) covers a genetically and clinically diverse group of 

inherited neurodegenerative disorders.374 The hallmark features of HSP are slowly progressive 

weakness and spasticity of the lower limbs.375 Both the degree of disease progression and age of 

onset are highly variable – symptoms can become evident at any age.376 The prevalence of HSP is 

estimated to be between 1.2 and 10 per 100,000.375, 376  

HSP phenotypes are classified as ‘pure’ or ‘complicated’ forms of the condition, based on whether 

symptoms are limited to lower limb spasticity and weakness or additional features are present such 

as ataxia, optic atrophy, peripheral neuropathy, epilepsy or cognitive decline.374-376 Patients with 

pure HSP types tend to have normal or near normal  life expectancy.376 There is currently no 

effective treatment to prevent disease progression in HSP, and therapeutic intervention is directed 

at symptom relief, with adjunctive physiotherapy to maintain mobility and avoid contractures.376 

There are over 50 chromosomal loci (‘Spastic Gait’ genes 1-56, numbered in the order of their 

discovery) associated with HSP.376, 377 The genes can be inherited in an autosomal recessive, 

autosomal dominant, maternal mitochondrial or X-linked manner.376, 377  Patients with a particular 

type of HSP may have either the complicated or pure form of the disease. For example, patients 

with spastic paraplegia type 7 (SPG7) will frequently have complicated HSP with ataxia, although 

pure forms of SPG7 are also observed.376, 378 Additionally, both the pure and complicated forms of 

HSP can occur within the same family.376  

Ophthalmic involvement is an important feature in two HSP types: SPG7 and Kjellin’s 

syndrome.300, 379 SPG7 is one of the most common types of HSP with an autosomal recessive 

inheritance pattern, particularly in patients with British ancestry.380 Optic atrophy, eye movement 

disorders and nystagmus have been documented in patients with SPG7.381 Kjellin’s syndrome is a 

complicated HSP with pigmentary retinopathy, cerebellar signs,early onset of mental impairment 

and greatly reduced life expectancy.382 It can be caused by at least two different gene mutations 

(SPG11 and SPG15), both of which are autosomal recessive.379, 382, 383 

The aim of this study was to investigate optic nerve and retinal morphology in HSP patients, using 

OCT. Patients were also separated into groups based on genetic diagnosis for further analysis.  
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8.2 Methods 

8.2.1 Participants 

A total of 22 Auckland District Health Board patients with a clinical and/or genetic diagnosis of 

HSP were contacted by a consultant neurologist and invited to present for an eye examination at 

Greenlane Clinical Centre. Of these 22 patients, 4 declined to participate; the remaining 18 were 

screened for exclusion criteria over the phone by the author.  

Control participants consisted of healthy spouses, partners or caregivers of affected patients, and 

volunteers from the Centre for Brain Research control participants’ database. All patients provided 

informed consent as described previously. If they wished, the participants received a written report 

of the findings of the examination, with a suggested management plan. With permission, the report 

was sent to the participants’ general practitioner, neurologist and/or other healthcare provider. If 

indicated, the patient was referred to their general practitioner or an ophthalmologist for further 

investigations as appropriate. The study was approved by the Northern-X Ethics Committee 

(NTX/011/EXP/022) and the Auckland District Health Board Research Committee (A+5185). 

The study followed the tenets of the declaration of Helsinki.  

8.2.2 Ophthalmological assessment 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including ocular and brief medical history, visual acuity measurement, colour vision assessment 

with Ishihara colour plates, pupil assessment, Humphrey Matrix 24-2 visual field examination, slit-

lamp biomicroscopy, Goldmann tonometry, stereoscopic fundus examination with pupil dilation 

(2.5% phenylephrine, with addition of 1% tropicamide as required) and digital retinal photography.  

Best-corrected VA was converted to logMAR notation for statistical analysis. OCT scans of the 

peripapillary RNFL and macula were acquired using the Heidelberg Spectralis ® (Heidelberg 

Engineering, Heidelberg, Germany) spectral domain OCT. Three peripapillary RNFL and three 

macular scans were taken for each eye of every participant. Scan quality was evaluated at the time 

of acquisition, and in cases of poor quality scans, repeat images were taken. Ophthalmological 

evaluation techniques and details of OCT scan acquisition are described in detail in Chapter 3.  The 

eye examiner was masked to the genetic diagnoses at the time of examination. 

8.2.3 Neurological assessment  

Patient records of the HSP participants were reviewed in order to determine the phenotype (pure 

or complicated) and the genetic diagnosis (if available). As symptoms of HSP can first appear early 
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in life, the disease duration (based on the first symptoms noted by the patient) was ascertained 

during the history taking section of the examination, and review of clinical records. Due to 

circumstances beyond the control of the examiner, disease severity measures were not available for 

ten patients. However, eight HSP patients were enrolled in a hydrotherapy study. As part of this 

study, the patients underwent a timed up and go test (TUG) and the six minute walk test (6MWT). 

The TUG test is a measure of functional mobility. It is the time taken for the participant to stand 

from sitting in an arm chair, walk three metres at their normal walking pace, turn around and walk 

back to the chair, and then sit down again.384 The reference mean TUG for a healthy male, aged 

between 50 and 59 years, is 5.48 seconds.385  

For the 6MWT, participants were asked to walk as far as possible over the course of six minutes, at 

their normal walking pace.386 A standardised walking course was used. No walking aids were 

utilised while testing. Patients were informed that they were allowed to stop if they felt breathless 

or too tired to continue.  The total distance walked by the patient during the six minutes was 

recorded. The mean 6MWT distance for healthy subjects aged between 42 and 76 years is 571 ± 90 

metres.386. 

8.2.4 Statistical analysis  

Statistical analysis was performed using R via R-Studio (www.r-project.org), GraphPad Prism 6 

(GraphPad Software Inc., La Jolla, California) and Microsoft Excel ® (Microsoft Corporation, 

Redmond, Washington). Both eyes were examined for each patient and control subject. After 

analysis confirmed no significant difference in the measurements from each eye, all subsequent 

comparisons were performed using data from the right eye only unless the right eye was excluded 

due to confounding ocular pathology, in which case data from the left eye (if available) was used 

for analysis. Continuous variables are presented as mean ± standard deviation (SD). Normality of 

distribution was assessed by the Shapiro-Wilk test. Comparison of normally distributed variables 

was performed by two sample t-test. A Bonferroni correction was applied to allow for the multiple 

comparisons within the macular scan and RNFL measures. One way analysis of variance 

(ANOVA) was used to test for differences between means for the HSP patients grouped by 

genotype. Post hoc analysis was performed using Tukey’s test. The Wilcoxon Rank Sum test was 

used for non-parametric comparisons. Chi-square test was used to compare differences in 

categorical variables. Correlation analysis was performed with the Pearson test or Spearman test as 

appropriate. A p value below 0.05 was considered significant. 
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8.3 Results 
A total of 16 HSP patients were included in OCT analysis: 2 of the 18 patients examined were 

excluded following a comprehensive eye examination. One patient had degenerative myopia (with 

significant cataract), and the other had glaucomatous optic neuropathy (there was significant 

enlargement of the vertical cup to disc ratio, with a corresponding visual field defect in both eyes). 

An additional HSP patient right eye was excluded from RNFL and macular analysis due to retinal 

vascular occlusive disease. A further HSP patient right eye was excluded from macular analysis due 

to the presence of an epiretinal membrane at the macula. In these cases, the healthy left eye was 

used in the statistical analysis in place of the right eye. All control participant right eyes were 

included in RNFL and macular analysis.  

Of the 16 HSP patients included in analysis, 10 (62.5%) were men. The mean age of HSP patients 

was 52.5 years (range 32–80). The HSP patients were compared with a group of 29 age- and sex- 

matched controls (Table 1). The mean symptom duration for HSP patients was 16.1 ± 16.2 years 

(range 3–50 years). Disease severity measures were available for six of the patients included in 

analysis. The mean TUG was 8.2 ± 0.5 seconds, and the mean 6MWT distance was 409 ± 67 

metres.  

Patients with HSP were classified as ‘pure’ or ‘complicated’ based on clinical findings; 5 patients 

had the complicated phenotype, and the remaining 11 had the pure HSP phenotype. Of the five 

patients with complicated HSP, three of these patients had SPG7 mutations, and two had unknown 

HSP-causing mutations.   

None of the patients or controls included in OCT analysis had a history of cataract surgery or 

significant cataract at the time of examination. One participant from both the HSP patient and 

control groups had mild type II diabetes mellitus, under good control without medication, and 

neither of these participants had any evidence of diabetic retinopathy on fundus examination.  

VA, IOP and colour vision did not differ significantly between groups (Table 8.1).  The cup to disc 

ratio (as measured clinically on dilated stereoscopic fundus examination) was significantly larger in 

the HSP group. Reliable Humphrey Matrix® 24-2 threshold visual field testing results were 

available for seven patients; the mean deviation was 0.50 ± 1.32 dB, and the pattern standard 

deviation was 3.33 ± 0.76 dB. For the majority of patients, it was the first time they had undertaken 

automated visual field testing, which may have contributed to the poor results.  

Five eyes of five HSP patients had evidence of a RNFL wedge defect on retinal photography 

(Figure 8.1). The superior temporal location was most common, with all five patients having a 
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defect in this area. One patient also had an inferior temporal wedge defect. Fundus appearance did 

not correlate with abnormal RNFL thinning (as categorised by the Spectralis® OCT software) in 

four of the patients. In one patient (SPG7) the wedge defect correlated with mild superior temporal 

RNFL thinning on OCT. This patient was reviewed after one year and there had been no change in 

RNFL thickness. None of the five patients with a wedge defect had evidence of glaucomatous 

optic neuropathy or a corresponding visual field defect.  

 

Table 8.1: Demographic, ocular and neurological findings for hereditary spastic paraplegia 
patients and controls  

 HSP Patients (SD),  
N = 16 

Healthy Controls (SD), 
N = 29 

p Value  

Age (years) 52.5 (13.1) 50.7 (10.1) 0.61 

Male Gender 10/16 (62.5%) 11/29 (37.9%) 0.11 

    

Visual Acuity  0.02 (0.1) 0.00 (0.05) 0.40 

Intraocular Pressure 
(mmHg) 

14.1 (2.7) 14.1 (2.2) 0.99 

Cup to Disc Ratio 0.48 (0.14) 0.34 (0.13) 0.001* 

Colour Vision  13.9 (0.25) 14.0 (0.19) 0.99 

    

Disease Duration (years) 16.1 (16.2)   

Timed Up-And-Go 
(seconds) N = 6 

8.2 (0.5)   

Six Minute Walk (metres)  
N = 6 

409 (67)   

 
* Denotes significance 
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Figure 8.1: Superior-temporal retinal nerve fibre layer wedge defect in a 57 year old male 
with unclassified hereditary spastic paraplegia and a pure phenotype  

The wedge defect is an area of retinal nerve fibre layer dropout (the slightly darker area visible 
between the two white arrows). This wedge defect was not accompanied by any features of 
glaucomatous optic neuropathy or a visual field defect. There is no corresponding thinning of the 
superior-temporal neuroretinal rim. 
  
 

8.3.1 Optical coherence tomography findings  

The mean RNFL thickness was reduced in the HSP patient group (93.2 ± 7.2 µm vs. 99.0 ± 9.2 

µm, p = 0.03). The inferior quadrant RNFL thickness was also lower in patients when compared 

with controls (116.5 ± 17.7 µm vs. 130.3 ± 18.2 µm, p = 0.02) (Table 8.2); however, following the 

use of the Bonferroni correction for multiple comparisons, this quadrant result was not considered 

to be significant. There was no significant difference in the superior, nasal or temporal RNFL 

quadrants. Total macular volume did not differ significantly between the HSP and control groups, 

nor was there a significant difference in any of the nine macular regions. 
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Table 8.2: Optical coherence tomography measurements for hereditary spastic paraplegia 
patients and controls  

 HSP Patients (SD) 
N= 16 

Healthy Controls (SD), 
N = 29 

p Value  

RNFL Thickness (µm)    

Average RNFL 93.2 (7.2) 99.0 (9.2) 0.03* 

Superior RNFL 111.9 (13.9) 116.8 (13.1) 0.24 

Nasal RNFL  78.3 (10.2) 78.6 (12.9) 0.93 

Inferior RNFL 116.5 (17.7) 130.3 (18.2) 0.02 

Temporal RNFL  66.3 (12.4) 69.8 (10.8) 0.34 

    

Total Macular Volume 
(mm³) 

8.62 (0.39) 8.62 (0.32) 0.95 

    

Macular Thickness (µm)    

Superior Outer 300.1 (11.0) 297.4 (13.0) 0.48 

Superior Inner 345.3 (14.3) 344.4 (14.3) 0.84 

Nasal Outer  313.6 (18.8) 311.5 (13.6) 0.96 

Nasal Inner 345.3 (18.5) 348.1 (13.7) 0.57 

Inferior Outer 284.6 (19.6) 285.7 (11.7) 0.82 

Inferior Inner 339.6 (19.7) 340.7 (12.8) 0.83 

Temporal Outer 279.2 (19.2) 283.5 (11.7) 0.78 

Temporal Inner 333.6 (13.0) 333.5 (14.0) 0.98 

Fovea 283.2 (28.4) 284.8 (20.0) 0.84 

 

* denotes significance  
 
 

8.3.2 Correlation analysis  

There was a weak, non-significant negative correlation between age and both average RNFL 

thickness (R = -0.28, p = 0.29) and total macular volume (R = -0.41, p = 0.14) amongst HSP 

patients. There was a significant negative correlation between control age and total macular volume 

(R = -0.39, p = 0.04), although not between age and average RNFL thickness (R = -0.32, p = 0.09). 

There was not a significant between HSP disease duration and either average RNFL thickness (R = 

-0.05, p = 0.86) or total macular volume (R = -0.38, p = 0.16).  

The number of patients included in 6MWT and TUG analysis was small (six HSP patients only). 

Spearman correlation analysis showed no significant relationship between 6MWT distance and 

either average RNFL thickness (Rs = -0.54, p = 0.30) or macular volume (Rs= -0.60, p = 0.35). 
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Similarly, there was not a significant correlation between TUG results and average RNFL thickness 

(Rs = -0.55, p= 0.27) or total macular volume (Rs = 0.10, p = 0.90). Because the numbers included 

in the Spearman analysis are small, the results should be interpreted with caution.  

8.3.3 Results by genotype  

Following a review of genetic testing results, four of the sixteen patients included in analysis had 

confirmed SPG7 mutations, two had SPG4 mutations (the most common cause of autosomal 

dominant HSP)376 and the remaining ten had unknown genetic cause of HSP – SPG7, SPG4 and 

SPG3a had been excluded in all of these patients. As there are more than 50 ‘spastic gait’ genes 

associated with HSP, the exact genetic diagnosis was not known for all patients.  

Included in the HSP group were three pairs or groups of family members: a father and son with 

SPG7 mutations (pseudo-dominant inheritance pattern), a cousin pair, and four members of three 

generation family with unclassified HSP (negative for SPG7, SPG4 and SPG3a mutations).  

The HSP patients were separated into three groups based on genetic diagnosis: those with SPG7 

mutations, the four member family with an autosomal dominant inheritance pattern but unknown 

genetic diagnosis, and those with other SPG mutations. Of the four patients with SPG7 mutations, 

three had a complicated (with ataxia) phenotype. The Autosomal Dominant Family all had the pure 

HSP phenotype. Of the eight patients in the ‘other’ group, two had HSP complicated by ataxia.   

The demographic, ophthalmological and OCT findings for the three groups are given in Table 8.3. 

There was no significant difference in age between the three groups. Although the Autosomal 

Dominant Family had the shortest disease duration, the differences between groups were not 

significant due to the small number of participants in each group. Using one way ANOVA analysis, 

average RNFL thickness did not differ significantly between groups. However, when the individual 

quadrants were examined, there was a difference in superior RNFL thickness between groups (p = 

0.017), although this difference was of borderline statistical significance given the multiple testing. 

Post-hoc group-wise comparison confirmed that the average superior RNFL thickness of the 

Autosomal Dominant Family group was significantly thinner than the ‘Other HSP’ group (p = 

0.02). Of the four members of this family, three had a superior-temporal RNFL wedge defect on 

retinal photography, and this is likely to be the reason for the superior RNFL thinning on OCT. As 

the group sizes used in this analysis are small, these results should be interpreted with caution but it 

is possible that the genetic mutation in this group causes a specific superior RNFL defect.  
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Table 8.3: Demographic, ocular and optical coherence tomography findings for hereditary 
spastic paraplegia patients grouped by genotype  

 SPG7 (SD), 
 N=4 

Autosomal 
Dominant Family 
(SD), 
N=4 

Other SPG 
mutations (SD), 
N=8 

p value 
(one way 
ANOVA) 

Age (years) 63.5 (13.5) 51.8 (9.9) 47.4 (12.2) 0.13 

Disease duration  23.75 (19..3) 5.5 (3.3) 17.5 (17.3) 0.28 

     
Visual Acuity 
(logMAR) 

0.01 (0.11) 0.04 (0.14) -0.02 (0.07) 0.73 

Intraocular Pressure 
(mmHg) 

12.8 (2.6) 14.8 (0.1) 15.1 (3.8) 0.52 

Cup to Disc Ratio 0.55 (0.13) 0.52 (0.19) 0.43 (0.11) 0.31 
     
RNFL thickness (µm)     

Average RNFL  89.7 (0.82) 89.3 (2.8) 97.0 (8.7) 0.11 

Superior  RNFL 106.2 (11.2) 99.8 (5.7) 120.8 (12.4) 0.017 

Nasal RNFL 81.3 (9.8) 80.1 (7.7) 75.8 (12.0) 0.66 

Inferior RNFL  113.8 (14.4) 104.2 (7.4) 124.1 (20.0) 0.18 

Temporal  RNFL 58.1 (7.4) 72.8 (9.5) 67.1 (14.3) 0.25 

     

Total Macular  
Volume (mm3) 

8.56 (0.28) 8.90 (0.36) 8.52 (0.42) 0.27 

     
Macular thickness 
(µm) 

    

Superior Outer  302.7 (13.7) 308.0 (8.6) 294.9 (8.5) 0.12 

Superior Inner 342.6 (8.5) 355.7 (16.6) 341.5 (14.5) 0.26 

Nasal Outer 304.9 (14.8) 329.9 (16.3) 309.8 (18.3) 0.12 

Nasal Inner 335.1 (6.7) 356.0 (21.2) 345 (20.0) 0.30 

Inferior Outer 284.0 (15) 296.8 (10.8) 278.8 (23.6) 0.35 

Inferior Inner 329.0 (4.0) 355.3 (14.1) 337.1 (23.0) 0.15 

Temporal Outer 285.5 (8.8) 
 

285.5 (12.7) 279.3 (12.9) 0.60 

Temporal Inner 333.3 (9.4) 341.3 (14.4) 329.9 (13.6) 0.38 

Fovea  285.5 (6.4) 277.3 (29.6) 285.1 (36.2) 0.90 

 
Abbreviation: RNFL retinal nerve fibre layer 
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8.4 Discussion  
There was a small, but significant reduction in average RNFL thickness in the HSP group when 

compared with controls. There was also a significant reduction in inferior RNFL thickness in the 

HSP group, although this difference was not statistically significant when the multiple comparisons 

were taken into account. Additionally, when the HSP patients were separated into groups based on 

genetic testing results, there was evidence of superior RNFL loss in a four person family with 

genetically unclassified HSP with an autosomal dominant inheritance pattern. The results of this 

study provide evidence to support subclinical atrophy of the RNFL in HSP patients. There were no 

significant differences between patients and controls in any of the macular OCT measures.  

Optic nerve changes, including optic atrophy and optic disc pallor have been documented in 

complicated SPG7 HSP.387 Van Gassen et al 381 found evidence of optic atrophy on clinical 

examination in 3 of 41 (7%) SPG7 patients with complicated phenotypes.  In two of the cases it 

was the presenting symptom and the patients went on to develop severe vision loss.  

There have been two studies of OCT in HSP patients in recent years. The larger of these, a 

multicentre study with 131 HSP participants, included 23 patients with SPG7 mutations.300 Ten of 

these patients, with a disease duration of at least ten years, underwent ophthalmological 

examination; the authors stated that all had evidence of RNFL thinning on OCT, five had optic 

disc pallor on clinical examination and four had decreased visual acuity (between 6/18 and 6/60). 

The average RNFL thickness of these patients was between 70 and 109 µm (the mean global 

RNFL thickness in the current study was 93.2 ± 7.2 µm). The patients with pallor noted on clinical 

examination had average RNFL thickness values of between 70 and 100 µm. Further details of 

regarding predilection for thinning of any particular quadrant were not given. Visual field testing 

was done in four patients, and was normal in three. The patient with abnormal (description not 

given) visual fields had average RNFL thickness of 93 µm.  

The second study, by Wiethoff et al 388 examined the afferent visual system of 28 patients with 

several HSP types (SPG4 (13 patients), SPG5 (1 patient), SPG7 (3 patients) and genetically 

unclassified HSP (11 patients)) in more detail, including OCT assessment. When the HSP group 

was analysed as a whole, there was no significant difference between patients and controls in any of 

the RNFL regions. However, the six patients with complicated HSP (two with SPG7 mutations, 

four with unclassified HSP) had reduced temporal and infero-temporal RNFL thickness compared 

with controls, and the SPG4 group had reduced foveal thickness. Of the three patients with SPG7 

included in this cohort; two had complicated phenotypes and one of these patients had optic 

atrophy (details not given). The two complicated SPG7 patients had reduced global RNFL 
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thickness, and selective RNFL thinning in the temporal quadrant, although because the number of 

SPG7 patients was small, the differences between patients and controls were not significant. 

Patients with pure HSP did not have reduced RNFL thickness in any region. The authors did not 

find a correlation between RNFL thickness and either disease duration or disease severity (assessed 

using the spastic paraplegia rating scale), which was not surprising given that the majority of 

patients in this group had pure HSP.  

The results of the present study support some of the above findings, with a small but significant 

reduction in average RNFL thickness, and a trend towards inferior RNFL thinning in the HSP 

when analysed as a whole. There was, however, no significant difference between patients with 

SPG7 mutations, and patients with other HSP types. Absolute temporal RNFL thickness was lower 

in the SPG7 group (three of the four patients had complicated phenotypes), although the 

difference was not statistically significant, possibly due to the small number of participants in each 

group. There, was, however, no evidence of optic disc pallor or diminished VA on clinical 

examination in any of the patients included in the cohort examined for this study. This difference 

could be due to the small sample sizes, patient selection and study methodologies.  

The Autosomal Dominant Family with genetically unclassified HSP had localised superior RNFL 

thinning, accompanied by superior wedge RNFL defects. This is a novel finding and may be 

associated with a new HSP gene, or if the family is found to have an established HSP gene, then 

further investigation into this finding will be required in other patients with the same genetic cause.  

The underlying pathogenesis of RNFL thinning in HSP is not yet fully understood, although 

mitochondrial defects are thought to play an important role.389 The SPG7 gene encodes the protein 

paraplegin, a mitochondrial metalloprotease.387 Paraplegin is thought to have a crucial role in the 

cleavage of OPA1 protein into its two active subunits, an important step in the mitochondrial 

fusion pathway.390, 391 Further evidence of mitochondrial metabolic pathway involvement in HSP is 

seen in patients with SPG55, caused by mutations in the C12orf65 gene.392  SPG55 is a rare 

autosomal recessive disorder, complicated by bilateral optic atrophy.392 The mitochondrial defect in 

SPG55 is impaired mitochondrial DNA translation.392 As discussed in earlier chapters, optic 

neuropathy is also a common feature of other mitochondrial disorders, particularly Friedreich’s 

Ataxia, Charcot-Marie-Tooth type 2A and Leber’s hereditary optic neuropathy (LHON).297, 299, 393 

There are several possible mitochondrial defects than can contribute to the irreversible process of 

retinal ganglion cell apoptosis in mitochondrial optic neuropathies.394 The overlap between LHON 

and HSP was first described in 1992. Post mortem optic nerve analysis of a 59 year old male with a 
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long history of spastic gait and speech abnormalities showed marked loss of the myelinated nerve 

fibres at the centre of the optic nerve, with relative peripheral sparing.395  

Ocular abnormalities have also been documented in Kjellin’s syndrome, a complicated form of 

HSP. The early onset of mental impairment in these patients can make comprehensive examination 

of the visual system difficult. To date there have been just two small case series and a case report, 

examining a total of 14 patients.379, 396, 397 Progressive retinal pigment changes, of varying degrees of 

severity, are a near universal finding, and the changes generally manifest after the age of 20 years, 

following the onset of paraplegia.379 The retinal lesions have the appearance of flavimaculatus-type 

yellow flecks at the macula, with grey reticular lesions at the macula or in the mid peripheral retina 

and peripheral yellow lesions. OCT examination has shown that the flecks appear as hyper-

reflective areas at the level of the retinal pigment epithelium.396 The retinal changes are 

accompanied by blue-yellow colour vision defects.379, 397 Despite the progressive retinal pigment 

changes, VA remains normal or only minimally reduced.379 The pathogenesis of the retinal changes 

in Kjellin’s syndrome has not been elucidated. There were no patients with Kjellin’s syndrome 

included in this study, however, OCT could potentially be a useful tool in the longitudinal 

ophthalmic evaluation of these patients.  

This study has a number of limitations. Firstly, the number of participants was limited. This was 

primarily due to the rarity of the disease. However, this study is the second largest study to date of 

OCT findings in HSP. In addition to the small number of participants examined, six eyes of four 

patients were excluded due to the presence of confounding ocular pathology, further limiting the 

number of subjects available for statistical analysis. When separating the patients by genotype, the 

number of participants in each group was particularly small, limiting the use of quantitative 

analysis. Because of the small number of participants in each group, a larger absolute difference 

would have been required in order to reach statistical significance, and the results are more likely to 

be due to chance. Additionally, genetic diagnoses were not available for all HSP participants, due to 

the prohibitive cost of undertaking genetic testing for all possible spastic gait mutations.  

OCT analysis in HSP patients is complex for three reasons. Firstly, the disease is relatively rare, 

even when all HSP patients are included in prevalence estimates. Secondly, there are at least 56 

difference genetic mutations that can cause the HSP phenotype, and finding a large number of 

patients with a specific genetic mutation can be very difficult, particularly as some SPG types have 

only been reported in one family.376 Finally, in addition to the vast number of genetic mutations, a 

many of these HSP types can present as either pure or complicated phenotypes, leading to further 

challenges in analysis.376  
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There was a paucity of disease severity information for the HSP participants, and consequently it is 

not possible to make inferences regarding the utility of OCT as a potential biomarker of disease 

progression in this patient group. As a substitute, the relationship between disease duration and 

OCT findings was investigated, and there was not a significant correlation between disease duration 

and either average RNFL thickness or total macular volume in this small cohort.  

Finally, retinal layer segmentation was not included in analysis. The automated retinal layer 

segmentation software was not available for the OCT model used in this study at the time of 

measurement.  

8.5 Conclusion  
There are few reports of OCT findings in HSP cohorts in the literature. This study confirms 

previous findings of subclinical optic atrophy in HSP. Retinal examination looking for a superior 

RNFL wedge defect and accompanying superior RNFL thinning on OCT may be useful in 

identifying patients with the as-yet unknown genetic mutation seen in the Autosomal Dominant 

Family. OCT may be particularly useful in the long term follow-up of these patients. As the studies 

of OCT in HSP to date have included only a small number of participants, larger studies are 

warranted in order to further elucidate OCT findings in HSP, and to investigate the relationship 

between OCT findings and measures of disease severity.  
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9.1 Introduction 
The association of bilateral vestibular failure with cerebellar ataxia was first described in 1991.398, 399 

In 1998, the same authors found that four of seven patients with bilateral vestibular failure and 

cerebellar ataxia had associated peripheral neuropathy.400 The combination of impaired cerebellar 

and vestibular function in four patients was recognised as a clinical entity in 2004; cerebellar ataxia 

with bilateral vestibulopathy (CABV), following the exclusion of spinocerebellar ataxias (SCA) 

1,2,3,6, and 7, and Friedreich’s ataxia (FRDA).401 In 2007, Zingler et al 402 conducted a retrospective 

review of 255 patients with bilateral vestibulopathy: cerebellar signs were present in 25%. Amongst 

the patients with both vestibular and cerebellar abnormalities, 32% had evidence of associated 

peripheral neuropathy. More recently, Szmulewicz et al examined 18 patients with cerebellar ataxia 

and vestibular areflexia, and found that all patients had sensory neuropathy, although the 

neuropathy was not apparent clinically in two patients.403 Cerebellar ataxia, neuropathy and 

vestibular areflexia syndrome (CANVAS) was recognised as a distinct syndrome in 2011.404  

The diagnosis of CANVAS is made clinically.404 The inheritance pattern is thought to be autosomal 

recessive, because of the occurrence of sibling pairs.404 Mean age at symptom onset is 

approximately 55–60 years, although initial symptoms can appear before the age of 20, and after 

age 80.404, 405 The characteristic clinical sign of CANVAS is bilateral impairment of the visually-

enhanced vestibular ocular reflex, which indicates failure of the three compensatory eye movement 

systems: the vestibular-ocular reflex, smooth pursuit, and the optokinetic reflex.404 The CANVAS 

triad includes the aforementioned vestibulopathy, gait ataxia and abnormal sensory perception.404  

The most frequently reported symptom at presentation is difficulty walking.405 Other symptoms 

include oscillopsia, abnormal sensation (dysesthesia) and vertigo.400 Autonomic dysfunction has 

been recognised as an important feature of CANVAS, with light-headedness, cold feet, erectile 

dysfunction and constipation the most frequently reported symptoms.405 Chronic cough has also 

been reported in CANVAS patients.406 Management of CANVAS is directed at fall prevention, 

vestibular rehabilitation and treatment of pain.406 

Descriptions of ophthalmic findings in CANVAS have been limited to eye movement 

abnormalities. In all seven of the patients with bilateral vestibular failure and cerebellar ataxia 

identified by Rinne et al 400, abnormal eye movements were noted, with poor quality smooth 

pursuits and nystagmus. Downbeat nystagmus, worsening on lateral gaze, was also described by 

Wu et al 405. CANVAS patients can also experience oscillopisa, a visual disturbance that causes the 
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sensation of movement of the visual environment and blurring of vision, particularly with head 

movement.400  

Afferent system abnormalities, including optic atrophy and cone-rod dystrophy, are an important 

feature of other ataxias, including Friedreich’s ataxia (FRDA) and a number of the SCAs.296 The 

aim of this study was to characterise the ophthalmic features, including optical coherence 

tomography (OCT) findings, of CANVAS, and to investigate the relationship between OCT 

findings and disease severity.  As discussed in Chapter 2, OCT measurements have been found to be 

a potential biomarker of disease progression in a number of neurological disorders, particularly 

multiple sclerosis.258  

9.2 Methods 

9.2.1 Participants 

Following a review of clinical records, a total of 19 patients with a clinical diagnosis of CANVAS 

were contacted by a consultant neurologist and invited to participate in this study. The patients 

were recruited from Auckland City Hospital, and from the neuromuscular disease registry: Three 

patients declined to participate; 16 patients agreed to participate. As CANVAS has only recently 

been recognised as a distinct clinical entity and the afferent visual system has not previously been 

systematically examined in this condition, no patient selection criteria were used.  

Control participants consisted of healthy spouses, family members or friends of patients with 

known neurodegenerative disorders, and volunteers from the Centre for Brain Research control 

participants’ database. Control participants were excluded if they had more than five dioptres of 

spherical refractive error, or greater than three dioptres of cylindrical refractive error, history of 

ocular trauma, intraocular pressure (IOP) of greater than 22 mmHg, co-existing ocular disease, 

history of cataract extraction within the past year or any previous retinal surgery. There was no 

best-corrected visual acuity requirement for inclusion in this study.  

All participants provided informed consent as described previously. The study was approved by the 

Northern-X Ethics Committee (NTX/11/EXP/022) and the Auckland District Health Board 

Research Committee (A+5185). The study followed the tenets of the declaration of Helsinki.  

9.2.2 Ophthalmological examination 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including ocular and brief medical history, visual acuity (VA) measurement, colour vision 

assessment with Ishihara colour plates, pupil assessment, Humphrey Matrix 24-2 visual field 
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examination, slit-lamp biomicroscopy, Goldmann tonometry, stereoscopic fundus examination 

with pupil dilation (2.5% phenylephrine, with addition of 1% tropicamide as required) and digital 

retinal photography. Vertical cup to disc ratio was measured clinically. Best-corrected VA was 

converted to logMAR notation for statistical analysis. OCT scans of the peripapillary RNFL and 

macula were acquired using the Heidelberg Spectralis ® (Heidelberg Engineering, Heidelberg, 

Germany) spectral domain OCT: Three peripapillary RNFL and three macular scans were taken for 

each eye of every participant. Scan quality was evaluated at the time of acquisition, and in cases of 

poor quality scans, repeat images were taken. Ophthalmological evaluation techniques and details 

of OCT scan acquisition are described in detail in Chapter 3.   

9.2.3 Neurological examination 

Patients with CANVAS were assessed by a consultant neurologist or senior neurology registrar 

using the scale for the assessment and rating of ataxia (SARA). This scale ranges from zero (no 

impairment) to 40 (severe ataxia). It is the result of eight quantitative measures of gait, stance, 

sitting, limb kinetic functions and speech disturbance.407 The SARA was originally developed to 

assess the dominantly inherited SCAs but has also been used in the assessment of CANVAS 

patients.405 Patients were also questioned regarding symptom duration.   

9.2.4 Statistical analysis  

Statistical analysis was performed using GraphPad Prism 6 (GraphPad Software Inc., La Jolla, 

California) and Microsoft Excel ® (Microsoft Corporation, Redmond, Washington). Both eyes 

were examined for each patient and control subject. After analysis confirmed no significant 

difference in the measurements from each eye, all subsequent comparisons were performed using 

data from the right eye only. Continuous variables are presented as mean ± standard deviation 

(SD). Normality of distribution was assessed by the Shapiro-Wilk test. Comparison of normally 

distributed variables was performed by two sample t-test. The Mann Whitney test was used for 

non-parametric comparisons. The Chi-square test was used to compare differences in categorical 

variables. Correlation analysis was performed with the Pearson test or Spearman test as 

appropriate. A p-value below 0.05 was considered significant. A Bonferroni correction was applied 

to allow for the multiple comparisons within the macular scan and RNFL measures. 

9.3 Results 
Of the 16 CANVAS patients examined, five (31.3%) were men. The mean age was 65.4 years 

(range 49–81). The controls were matched for age and gender (Table 9.1). None of the patients or 

controls had diabetes mellitus, a co-existing neurological condition or a history of stroke.  
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9.3.1 Neurological findings 

The mean age at symptom onset was 53.2 ± 8.4 years (range 37–71 years) and mean symptom 

duration was 12.1 ± 7.3 years (range 3–25 years). Four of the CANVAS participants were New 

Zealand Māori, one was of Cook Island descent, and the remaining eleven were Caucasian. A total 

of 15 age- and sex-matched controls were included in analysis (Table 9.1). SARA scores were 

available for all 16 CANVAS patients. The mean score was 12.8 (out of a possible 40), and the 

scores ranged from 6.0–30.0. The SARA examination was performed on the same day as the 

ophthalmic examination in 11 patients. For the remaining five patients, there was an interval of up 

to ten months between ophthalmological and neurological examination. There is no data regarding 

the rate of annual change in SARA scores for CANVAS patients. Chronic cough was a symptom 

for nine of the patients, and in three patients, the onset of the cough preceded reported gait 

changes.  

Nystagmus was observed in all patients. The nystagmus was most evident while undertaking OCT 

examinations, as small eye movements can be easily observed on the screen. Downbeat nystagmus 

was seen in 14 participants, and the remaining two had large amplitude horizontal nystagmus. In all 

cases, nystagmus was exacerbated by lateral gaze. Three patients were aware of oscillopsia, and 

mentioned this unprompted. 

9.3.2 Ophthalmological findings 

A total of 14 CANVAS patients were included in ophthalmic statistical analysis. One CANVAS 

patient had a known diagnosis of primary open angle glaucoma, and was taking ocular 

antihypertensive medication at the time of examination. The patient had a large (0.8) cup to disc 

ratio with inferior notching of the neuroretinal rim, inferior-temporal RNFL thinning and a 

corresponding superior visual field defect in the right eye. The second patient had evidence of 

glaucomatous optic neuropathy on examination, with a large (0.8) cup to disc ratio, inferior-

temporal notching of the neuroretinal rim and a superior nasal step visual field defect in the left 

eye; OCT examination was not possible in this patient due to large amplitude downbeat nystagmus. 

These two patients were excluded from statistical analysis.   

Visual acuity was reduced in the CANVAS group. Mean logMAR VA was 0.17 ± 0.15, compared 

to 0.00 ± 0.04 in controls, p = 0.0002. VA was reduced to 0.3 (6/12) or worse in three right eyes. 

In one participant, this was, at least partially, due to the presence of soft drusen at the fovea. 

Significant media opacities were not observed in any of the CANVAS or control participants, 

however, trace to mild lens changes were found in 11 right eyes of CANVAS patients and 11 
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control right eyes. These cataractous changes did not affect OCT or retinal photo image quality. 

One CANVAS patient had a history of uncomplicated bilateral cataract extraction and intraocular 

lens insertion.  

The mean IOP did not differ significantly between groups (Table 9.1). Narrow anterior chamber 

angles were noted in both eyes of four CANVAS patients; two had previously had prophylactic 

YAG laser peripheral iridotomies, one was referred for treatment (no visible trabecular meshwork 

on gonioscopy), and one was placed under regular optometric review as the angles were considered 

to be borderline (trabecular meshwork visible in three quadrants). Glaucomatous optic neuropathy 

was not evident in any of the patients with narrow angles. As only a small number of patients were 

able to be recruited for this study, and the optic nerves appeared healthy, these patients were 

included in statistical analysis. One patient with narrow anterior chamber angles had moderately 

high hyperopic refractive error in the right eye (+4.50 DS). The other patients with narrow angles 

had no significant refractive error.  

Participants performed poorly on automated visual field testing; four patients underwent 

automated threshold testing (with a mean Mean Deviation (MD) of -8.2 ± 4.2 dB); six had 

automated visual field screening and four were unable to do any automated visual field testing and 

visual fields were assessed with confrontation techniques.  

The cup to disc ratio was significantly larger in the CANVAS group (0.51 ± 0.16 vs. 0.37 ± 0.11, p 

= 0.01). Colour vision did not differ significantly between groups. Drusen were observed at the 

macula in four CANVAS patients (aged range 49–76). The drusen noted in three of these patients 

were very small and discrete (figure 9.1). In the fourth patient, the drusen were larger and soft. Early 

pigment mottling at the macula was noted in two CANVAS patients. In the control group, two 

participants had small, hard drusen at the macula, and one had subtle pigment mottling.  
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Table 9.1: Demographic, ocular and neurological findings for CANVAS patients and 
controls 

 CANVAS Patients 
(SD), N = 16 

Healthy Controls (SD), 
N = 15 

p Value  

Age (years) 65.4 (8.6) 62.1 (6.9) 0.24 

Male Gender  5/16 (31.3%) 6/15 (40%) 0.26 

  
N = 14 

  

Visual Acuity  0.17 (0.15) 0.00 (0.04) 0.0002* 

Intraocular Pressure 
(mmHg) 

15.4 (3.2) 15.1 (2.0) 0.77 

Cup to Disc Ratio 0.51 (0.16) 0.37 (0.11) 0.01* 

Colour Vision (/14) 14.0 (0.0) 13.9 (0.35) 0.49 

    

SARA Score  12.8 (6.1)   

Symptom Duration 
(years) 

13.4 (8.5)   

Age at Symptom Onset  
(years) 

51.9 (9.0)   

 
* denotes significance (p <0.05).  
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Figure 9.1: Small, hard drusen and pigment changes at the macula in a 49 year old female 
with CANVAS 

 

9.3.3 Optical coherence tomography findings  

OCT scans were attempted for all CANVAS participants. Due to marked nystagmus, RNFL scans 

of sufficient quality were acquired for only ten patients and macular scans for nine patients.  Of 

these, one patient (as mentioned above) was excluded from OCT analysis due to glaucomatous 

optic neuropathy (OCT scans were not able to be obtained for the other patient with glaucomatous 

optic neuropathy). A total of nine CANVAS patients were included in RNFL OCT analysis, and 

eight in macular analysis.  

The mean age of patients included in OCT analysis was 66.6 ± 10.0 years (range 49–81). All 15 

control participants were included in OCT statistical analysis. Control participants were matched 

for age and gender. 

 There was no significant difference in average RNFL thickness between the CANVAS patients 

and controls (92.8 ± 7.2 µm vs. 96.6 ±8.5 µm, p = 0.27), nor was there a significant difference in 

the superior, nasal or inferior quadrants (table 9.2). There was, however, a significant reduction in 

temporal RNFL thickness in the CANVAS group when compared with control participants (58.8 
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± 6.1 µm vs. 71.7 ±11.6 µm, p = 0.005). A sample OCT scan showing RNFL thinning in a 

CANVAS patient is shown in Figure 9.2.  

There was a trend towards increased total macular volume in the CANVAS patient group (8.73 ± 

0.27 mm3 vs. 8.49 ± 0.30 mm3, p = 0.07). In addition, there was a trend towards greater macular 

thickness in three of the nine macular regions; superior outer, nasal outer and temporal outer. 

However, when the Bonferroni correction for multiple comparisons was applied, the difference 

was not significant.  

 

Table 9.2: Optical coherence tomography measurements for CANVAS patients and 
controls.                

 CANVAS Patients 
(SD), N=9 

Healthy Controls (SD), 
N=15 

p Value  

Age (years) 66.6 (10.0) 62.1 (6.9) 0.22 

Male Gender  3/9 (33.3%) 6/15 (40%) 0.11 

    
RNFL Thickness (µm)    

Average RNFL 92.8 (7.2) 96.6 (8.5) 0.27 

Superior RNFL 111.9 (12.7) 117.1 (14.5) 0.38 

Nasal RNFL  77.4 (12.3) 73.2 (12.5) 0.42 

Inferior RNFL 123.3 (12.8) 124.0 (17.1) 0.91 

Temporal RNFL  58.8 (6.1) 71.7 (11.6) 0.005* 

    

Total Macular Volume 
(mm³) 

8.73 (0.27) 8.49 (0.30) 0.07 

    

Macular Thickness (µm)    

Superior Outer 303.6 (9.8) 292.2 (11.9) 0.03 

Superior Inner 345.0 (8.8) 339.1 (13.5) 0.27 

Nasal Outer  319.5 (10.8) 304.1 (12.3) 0.007 

Nasal Inner 350.5 (10.2) 342.0 (12.8) 0.12 

Inferior Outer 287.0 (12.5) 283.8 (12.1) 0.56 

Inferior Inner 340.3 (9.4) 336.5 (12.5) 0.46 

Temporal Outer 288.5 (10.6) 279.5 (10.3) 0.06 

Temporal Inner 330.9 (7.8) 330.4 (13.3) 0.91 

Fovea 285.0 (15.2) 285.7 (22.1) 0.94 

 
* denotes significance (when Bonferroni correction for multiple comparisons applied) 

159 
  



    
Chapter 9 

 

Figure 9.2: Optical coherence tomography scan showing a thin temporal retinal nerve fibre 
layer in a 49 year old female patient with CANVAS 

There is preferential thinning of the temporal retinal nerve fibre layer. Thickness in the other three 
quadrants is ‘within normal limits’ (as assigned by the age-normative Heidelberg Spectralis® 
database).  
 
 

9.3.4 Correlation analysis  

In the CANVAS group, there was a weak, non-significant negative correlation between age and 

average RNFL thickness (R= -0.40, p = 0.28). There was no correlation between age and total 

macular volume for CANVAS patients (R = 0.02, p = 0.97). In the control group, there was a 

weak, non-significant negative correlation between age and both average RNFL thickness (R=        

-0.34, p = 0.20), and total macular volume (R= -0.39, p = 0.16). As the temporal RNFL thickness 

was reduced in the CANVAS group, the relationship between VA and the thickness in this 

quadrant was investigated. There was no significant correlation between temporal RNFL thickness 

and best corrected VA (R = -0.18, p = 0.65).  

There was no significant relationship between SARA scores and either CANVAS patient age at 

examination (R = 0.34, p = 0.24), or the age at symptom onset (R = 0.10, p = 0.72). The 

relationship between SARA scores and OCT measures was also investigated. There was not a 

significant relationship between SARA scores and average RNFL thickness (R = -0.27, p=0.48) or 

temporal RNFL thickness (R = 0.05, p = 0.91). Nor was there a significant relationship between 
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SARA scores and total macular volume (R = 0.17, p = 0.69). Additionally, there was not a 

significant correlation between symptom duration and average RNFL thickness (R = 0.28, p = 

0.46) or total macular volume (R = 0.08, p = 0.86).  

9.4 Discussion  
This is the first report to document ophthalmological findings, in addition to eye movement 

abnormalities, in a cohort of CANVAS patients.  

The temporal RNFL was significantly thinner in the CANVAS group (a reduction of 18% 

compared with controls). OCT thickness values in the other RNFL quadrants or the nine macular 

regions did not differ significantly between CANVAS patients and controls.  

As has been discussed in previous chapters, temporal RNFL thinning is a feature of disorders with 

known mitochondrial dysfunction, particularly Leber’s hereditary optic neuropathy (LHON).299 

Mitochondrial dysfunction has not been reported in CANVAS. However, mitochondrial 

dysfunction is a feature of other ataxias, including Friedreich’s ataxia (FRDA) and autosomal 

recessive spastic ataxia of Charlevoix-Saguenay (ARSACS).408-410 In LHON, the temporal RNFL 

thinning is dramatic and, as the temporal RNFL constitutes the papillomacular bundle, this 

reduction in thickness is the cause of the devastating loss of VA suffered by these patients.299 Most 

patients with FRDA have subclinical thinning of the temporal RNFL (a reduction in temporal 

RNFL thickness of 14 – 24% compared with controls), and this is accompanied by well-preserved 

VA.297 However, some FRDA patients may present with significantly reduced VA and optic 

atrophy, particularly later in the disease course.297  

There was a trend towards increased total macular volume, and retinal thickness in three macular 

regions. However, because of the small number of participants that were included in statistical 

analysis, it is important to interpret the results with caution. There was no clinical basis for an 

increase in retinal thickness in the CANVAS group. Increased macular volume has not been 

documented in other neurodegenerative disorders. However, thickening of the peripapillary RNFL 

is a feature of ARSACS, another autosomal recessive cerebellar ataxia.411-413 The RNFL thickening 

in ARSACS is thought to be due to increased nerve fibre density.411 However, because there was no 

peripapillary RNFL thickening (rather, there was sectoral temporal RNFL thinning), increased 

macular nerve fibre density is unlikely to be responsible for thickening of the macula in CANVAS.  

There was no significant relationship between the SARA scores or symptom duration, and OCT 

measurements. This indicates that OCT may have a limited role in monitoring CANVAS disease 
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progression. However, the number of patients included in analysis was small, and further 

investigation may be warranted. OCT measurements have been found to correlate with ataxia 

severity in FRDA.297, 414  

In addition to thinning of the temporal RNFL, other ophthalmic features were noted in the 

CANVAS patient group. The results of the present study confirm the almost universal finding of 

nystagmus in CANVAS patients. As found in the present study, downbeat nystagmus, is the most 

frequently reported nystagmus pattern noted in CANVAS patients.404 Wu et al 405 observed 

nystagmus in 24 of 26 patients examined: downbeat nystagmus was present in 15 patients, 

horizontal nystagmus was noted in seven, and two patients had both downbeat and horizontal 

nystagmus. The nystagmus is a sign of cerebellar dysfunction.404, 415 Patients with downbeat 

nystagmus may present with oscillopsia.415 In addition to the oscillopsia, patients often report 

reduced vision.415 VA was reduced in this CANVAS cohort. Although mild lens opacities were 

observed, the most likely explanation for the reduction in VA is the presence of nystagmus. VA 

was poorer in patients with nystagmus that was obvious in primary gaze.  

The cup to disc ratio was significantly greater in the CANVAS group, even when the two patients 

(12.5%) with glaucomatous optic neuropathy were excluded from statistical analysis. In addition, 

there were four (25%) with narrow anterior chamber angles and healthy optic nerves. Narrowing of 

the anterior chamber angle is a risk factor for the development of primary angle closure 

glaucoma.416 The combined worldwide prevalence of primary open angle glaucoma and primary 

angle closure glaucoma is estimated at 3.54% of the population aged between 40 and 80 years.417 

The prevalence of glaucomatous optic neuropathy and narrow anterior chamber angles was high in 

this small CANVAS cohort. However, because of the small number of patients, it is not possible to 

draw solid conclusions from this data.  

All CANVAS patients had IOP readings of less than 22 mmHg, and were in the normal IOP range. 

Glaucoma, particularly normal tension glaucoma, has been associated with autonomic nervous 

system dysfunction.418 Autonomic nervous system dysfunction, and associated abnormal peripheral 

microcirculation, can lead to vascular insufficiency at the optic nerve head.418, 419 Patients with 

autonomic dysfunction may be more likely to have deeper, more central visual field defects 418. 

Autonomic dysfunction has been documented in a CANVAS cohort, with all patients reporting at 

least one associated symptom.405  No glaucomatous visual field defects were noted in the CANVAS 

patients included in statistical analysis in the present study, although as a group, these patients 

performed poorly on automated visual field testing. Due to the high proportion of CANVAS 

patients with either glaucoma or narrow anterior chamber angles, it may be prudent for all patients 
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with the condition to undergo regular examinations to check for glaucoma. Further, larger studies 

are required to corroborate this finding. There is no known association between glaucoma and the 

cerebellar ataxias, although there have been case reports of patients with glaucoma and ataxia, 

particularly in children.420, 421 There has been a case report of two siblings with autosomal recessive 

cerebellar ataxia and advanced glaucoma.422  

Macular drusen were noted in four CANVAS patients and two control participants. Small drusen 

are extremely common, even in patients under the age of 50 years.423 It is therefore likely that this 

finding represents a normal, age-related change. Retinal changes are a feature of one cerebellar 

ataxia, SCA7; granular macular pigment changes can be observed in this condition.424, 425 However, 

the cause of the retinal changes in SCA7 is an underlying cone-rod dystrophy, which is 

accompanied by visual loss, macular atrophy and blue-yellow colour vision defects.425 There was no 

macular atrophy in the CANVAS patient group. Additionally, there were no colour vision defects 

noted on Ishihara testing, however the Ishihara pseudoisochromatic plates only screen for red-

green colour vision defects.426  

The primary limitation of this study was the small size of the CANVAS cohort, particularly the 

reduced number of participants included in OCT analysis. Because of the limited number of 

patients with a CANVAS diagnosis in New Zealand, it was possible to include only a small number 

of participants in this study. There are no current prevalence estimates for CANVAS.  In New 

Zealand, there have been at least 26 cases of CANVAS diagnosed in the past three years. The 

population of New Zealand is approximately 4.5 million. With 26 known cases, this gives a 

minimum prevalence estimate of at least 0.57/100,000. It is, however, likely that CANVAS is 

underdiagnosed, as patients presenting with ataxia may not have their vestibular function 

examined.405 It has been estimated that 20% of patients with bilateral vestibular failure have 

CANVAS, although a diagnosis may not be made if the ataxia and neuropathy are not specifically 

investigated.405, 427 

In addition, OCT analysis was not possible in 6 of 16 (37.5%) CANVAS patients, due to the 

presence of either downbeat or horizontal nystagmus in primary gaze. Because such a large 

percentage of CANVAS patients were unable to undergo OCT assessment, this may limit the utility 

of OCT measurements in future CANVAS cohort studies, though eye tracking software advances 

incorporated into newer generation OCT devices may help to overcome this hurdle.  
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9.5 Conclusion 
This study outlines the ophthalmic features of CANVAS, particularly nystagmus, temporal retinal 

nerve fibre layer thinning and the possibility of increased prevalence of glaucoma and glaucoma 

risk factors. The sample size was small due to the relative rarity and novelty of the disease. A large, 

multi-centre, longitudinal study is required to determine the natural history and progression of the 

ophthalmic abnormalities in CANVAS patients, and whether there is any relationship between 

these changes and measures of disease severity.  
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10.1 Introduction 
Facioscapulohumeral muscular dystrophy (FSHD) is the second most common muscular 

dystrophy in adults,428 with a prevalence of approximately 1/20,000.429  The disease is characterised 

by slowly progressive weakness of the muscles of the face, shoulder and upper arms, with 

symptoms typically presenting in the first or second decades of life430, 431 The lower extremities can 

also become involved, and over 20% of individuals with FSHD will eventually require the use of a 

wheel-chair.432 Extra-muscular manifestations of FSHD, including sensorineural hearing loss and 

retinal vascular changes, are common, although rarely symptomatic.433, 434 Typically, the extra-ocular 

muscles are spared.435 Currently there are no approved therapeutic treatments for FSHD, although 

improved shoulder function has been documented following scapular fixation surgery.434  

Two clinically indistinguishable genetic variants of FSHD have been identified: FSHD1 and 

FSHD2.436 Approximately 95% of FSHD patients have FSHD1, inherited in an autosomal 

dominant pattern.435 FSHD1 is caused by the deletion of tandem D4Z4 repeats 431 and the genetic 

defect is located on chromosome 4q35.430, 437 Healthy individuals have greater than ten repeats, 

whereas FSHD1 patients have one to ten repeats.434 Larger deletions are associated with earlier age 

of symptom onset and more severe disease.438, 439 In the remaining 5% of patients with clinical 

features of FSHD, there is no observable D4Z4 deletion, and these patients are considered to have 

FSHD2, which has a more complex digenic inheritance pattern.436, 440 Approximately two-thirds of 

patients with FSHD2 have been found to have SMCHD1 mutations on chromosome 18.440 Both 

FSHD1 and FSHD2 patients have reduced methylation in the D4Z4 region of chromosome 

4q35.434 

A number of ophthalmic changes in FSHD have been reported. Lagophthalmos (incomplete lid 

closure) is caused by weakness of facial muscles.441 Bilateral retinal changes including asymptomatic 

retinal vessel telangiectasia, retinal exudation and detachment have been documented in patients 

with FSHD.442-444 Clinically, the more severe retinal changes in some patients with FSHD appear to 

be the same as the retinal changes observed in young boys with Coats’ Disease, although the signs 

in FSHD are bilateral rather than unilateral.445 The macular oedema that can be observed in this 

condition is well visualised with optical coherence tomography (OCT) and is responsive to 

treatment with anti-vascular endothelial growth factor agents such as bevacizumab.446 In addition, 

one study found a small but significant decrease in IOP in patients with FSHD, accompanied by 

reduced central corneal thickness.447  
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The aim of this study was to investigate optic nerve and retinal morphology in FSHD, using 

spectral-domain OCT.  

10.2 Methods 

10.2.1 Participants 

Following a review of clinical records, a total of 30 Auckland District Health Board neurogenetics 

clinic patients and Neuromuscular Disease Registry patients with a clinical and/or genetic diagnosis 

of FSHD were approached by a consultant neurologist and invited to participate in this study. Of 

these 30 patients, 17 met initial inclusion criteria and agreed to undergo ophthalmic examination. 

The remainder were either not interested (or able) to participate (12 patients) or did not meet 

inclusion criteria (one patient had bilateral keratoconus with a history of penetrating keratoplasty 

and graft rejection). Due to the known retinal involvement in FSHD, patients with a documented 

history of retinal disorders were not specifically excluded from this study. Patient records were 

reviewed for genetic testing results.  

Control participants consisted of healthy spouses, partners or caregivers of affected patients, and 

volunteers from the Centre for Brain Research control participants’ database. All participants 

provided informed consent as described previously. The study was approved by the Northern-X 

Ethics Committee (NTX/11/EXP/022) and the Auckland District Health Board Research 

Committee (A+5185). The study followed the tenets of the declaration of Helsinki.  

10.2.2 Ophthalmological assessment 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including ocular and brief medical history (including symptom duration and year of diagnosis), 

visual acuity (VA) measurement, colour vision assessment with Ishihara colour plates, pupil 

assessment, Humphrey Matrix 24-2 visual field examination, slit-lamp biomicroscopy, Goldmann 

tonometry, stereoscopic fundus examination with pupil dilation (2.5% phenylephrine, with addition 

of 1% tropicamide if required) and digital retinal photography. Best-corrected VA was converted to 

logMAR notation for statistical analysis. OCT scans of the peripapillary retinal nerve fibre layer 

(RNFL) and macula were acquired using the Heidelberg Spectralis ® (Heidelberg Engineering, 

Heidelberg, Germany) spectral domain OCT. Three peripapillary RNFL and three macular scans 

were taken for each eye of every participant. Scan quality was evaluated at the time of acquisition, 

and in cases of poor quality scans, repeat images were taken. Ophthalmological evaluation 

techniques and details of OCT scan acquisition are described in detail in Chapter 3.   
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10.2.3 Statistical analysis  

Statistical analysis was performed using GraphPad Prism 6 (GraphPad Software Inc., La Jolla, 

California) and Microsoft Excel® (Microsoft Corporation, Redmond, Washington). Both eyes were 

examined for each patient and control subject. Analysis confirmed no significant difference in the 

measurements from each eye, and subsequent comparisons were performed using data from the 

right eye only. If the right eye was excluded due to confounding ocular pathology, poor scan quality 

or high refractive error, data from the left eye were used in analysis. Continuous variables are 

presented as mean ± standard deviation (SD). Normality of distribution was assessed by the 

Shapiro-Wilk test. Comparison of normally distributed variables was performed by two sample t-

test. A Bonferroni correction was applied to allow for the multiple comparisons within the macular 

thickness and RNFL measures. The Mann-Whitney test was used for non-parametric comparisons. 

Chi-square test was used to compare differences in categorical variables. Correlation analysis was 

performed with the Pearson test or Spearman test as appropriate. A p-value below 0.05 was 

considered significant. 

10.3 Results 
Of the 17 FSHD participants recruited, 1 patient with myelodysplasia was excluded from all 

analysis due to the presence of multiple large retinal haemorrhages. Included in statistical analysis 

were 16 patients, with a mean age of 51.9 years (range 23–81 years); there were 5 females and 11 

males. Results of these 16 FSHD patients were compared with 22 age- and sex- matched controls 

(Table 10.1). Genetic testing results were available for 14 patients, all of whom had a positive 

genetic test for FSHD1; for nine of these 14 patients, information regarding D4Z4 deletion size 

was not available. The remaining two patients were phenotypically positive and waiting on genetic 

testing results for FSHD2. Mean symptom duration was 19 years (range 0–40 years). One patient 

was pre-symptomatic but had a positive genetic result, and her affected father was also examined as 

part of the study. One FHSD patient had type II diabetes, well-controlled with oral medications. 

No evidence of diabetic retinopathy was found in this patient. None of the control participants 

were diabetic.  

10.3.1 Ophthalmological findings 

There was no significant difference in VA, intraocular pressure (IOP), cup-to-disc ratio or colour 

vision between the patient and control groups (Table 10.1).  One FHSD patient had significant 

cataract in the right eye (6/12+1), and in this case, data from the left eye was used in statistical 

analysis. Visual field testing revealed no gross defects in the FSHD patients. The mean Mean 

Deviation was -0.73 ± 2.37 dB and the mean Pattern Standard Deviation was 2.82 ± 0.59 dB. 
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Visual field testing results were interpreted with caution, as this was the first automated visual field 

test for all patients. Lagophthalmos, with corneal exposure staining of varying degrees of severity, 

was documented in 12 of 16 (75%) of patients. Peripheral retinal telangiectasia, including dot 

haemorrhages, was observed in the right eye of one patient. This was accompanied by a 

cobblestone-type peripheral retinal degeneration. The telangiectatic changes were not observed in 

the fellow eye. This patient was referred for further ophthalmological assessment and underwent 

peripheral retinal laser treatment. Tiny yellow flecks were noted in the foveal region of nine eyes of 

five patients (age range 45–65 years) (Figure 10.1). VA was normal in all patients and the flecks were 

not visible on OCT examination.  

 

Table 10.1: Facioscapulohumeral muscular dystrophy patient and control demographic 
information and ocular findings 

 FSHD Patients (SD), 

N=16 

Healthy Controls  

(SD), N=22 

p Value  

Mean Age (years)  51.9 (16.7) 50.8 (13.9) 0.83 

Male Gender  11/16 (68.8%) 10/22 (45.5%) 0.15 

    

Symptom Duration (years) 19.0 (12.4)   

    

Visual Acuity (logMAR) 0.02 (0.08) -0.02 (0.05) 0.11 

Intraocular Pressure (mmHg) 14.0 (3.6) 13.9 (2.4) 0.93 

Cup to Disc Ratio  0.40 (0.14) 0.34 (0.13) 0.18 

Colour Vision (/14) 13.8 (0.5) 13.9 (0.4) 0.99 

Visual Field Mean Deviation (dB) -0.73 (2.37)   

Visual Field Pattern Standard 
Deviation (dB) 

2.82 (0.59)   
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Figure 10.1: Yellow flecks at macula 

Retinal photograph of the right macula of a 65 year old female with FSHD. Yellow flecks are 
indicated by the black lines 
 
 

10.3.2 Optical coherence tomography findings  

Statistical analysis confirmed there was no significant side-to-side difference in OCT 

measurements. Adequate scan quality was obtained for all participants. A total of 16 eyes of 16 

FSHD patients were included in RNFL analysis, and 15 eyes were included in macular analysis. The 

presence of a large epiretinal membrane in both eyes excluded one FSHD patient from macular 

thickness and volume analysis. No control right eyes were excluded from statistical analysis. 

Average peripapillary RNFL thickness was not significantly different between FSHD patients and 

controls. In addition, there was no significant difference in OCT values between the two groups 

for any of the RNFL quadrant or macular region measurements (Table 10.2). 
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Table 10.2: Facioscapulohumeral muscular dystrophy patient and control optical coherence 
tomography data 

  FSHD Patients (SD), 
N=16 

Healthy Controls  
(SD), N=22 p Value  

        

RNFL thickness (µm)      

Average RNFL 94.9 (9.5) 97.2 (9.2) 0.45 
Superior RNFL 118.2 (16.8) 117.7 (13.5) 0.91 
Nasal RNFL 73.1 (10.8) 75.7 (14.0) 0.54 
Inferior RNFL  119.8 (17.3) 125.8 (15.6) 0.27 
Temporal RNFL 68.1 (7.8) 68.8 (11.9) 0.84 
        
Total Macular Volume (mm³) 8.71 (0.45) 8.61 (0.36) 0.46 
        
Macular Thickness (µm)       
Superior Outer 298.5 (14.0) 297.4 (14.9) 0.83 
Superior Inner 348.4 (19.7) 345.3 (16.3) 0.60 
Nasal Outer 313.5 (21.2) 311.2 (15.1) 0.69 
Nasal Inner 351.0 (25.9) 349.7 (15.8) 0.83 
Inferior Outer 289.8 (16.5) 283.8 (11.7) 0.21 
Inferior Inner 343.8 (20.8) 340.5 (13.6) 0.56 
Temporal Outer 288.9 (13.9) 282.6 (13.1) 0.17 
Temporal Inner 337.8 (19.5) 334.4 (15.6) 0.56 
Fovea 285.9 (22.5) 288.0 (19.7) 0.76 

 
Abbreviation: RNFL retinal nerve fibre layer  
 

10.3.3 Correlation Analysis 

Correlation analysis did not show a significant relationship between age and either average RNFL 

thickness (R = -0.21, p = 0.43) or total macular volume (R = -0.28, p = 0.31). There was not a 

significant correlation between symptom duration and average RNFL thickness (R = -0.21, p = 

0.43) or total macular volume (R = 0.01, p = 0.97), nor was there a significant relationship between 

VF indices (mean deviation or pattern standard deviation) and OCT measures.   
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10.4 Discussion 
This is the first study to report OCT findings in a group of patients with FSHD. There were no 

significant differences in RNFL or macular OCT measurements between patients and healthy 

controls. As OCT examination is largely confined to the posterior pole of the eye, these negative 

results are not entirely surprising; the most commonly reported pathological retinal feature 

previously described in FSHD is the presence of vascular abnormalities which are almost always 

located in the peripheral retina.443 One patient included in this study was found to have just such a 

peripheral retinal vascular abnormality with retinal haemorrhages and vessel telangiectasia, and was 

asymptomatic, which is generally the case.443  

This finding of just 1 patient with peripheral retinal vascular abnormality out of 16 patients (6.3%) 

is consistent with the results of a previous study which assessed the retina using clinical 

examination alone and found peripheral retinal vasculopathy in 3 of 42 (7.1%) patients.448 

However, a recent review of retinal vascular changes in FSHD found that the prevalence of retinal 

abnormalities may be as high as 75% of individuals and the prevalence of Coat’s-like severe retinal 

exudation 0.6 – 2%.449  

The markedly different retinal vascular abnormality prevalence values are likely to be due to wide 

margins of error in small samples and differences in the retinal examination techniques employed: 

retinal vessel changes were more prevalent in those groups who had undergone fundus fluorescein 

angiography,433, 443 and less likely to be observed on clinical examination alone.448 In the largest 

study of retinal changes in FSHD, undertaken by Fitzsimons et al in 1987 443, the authors found 

retinal abnormalities in 56 of 75 (75%) patients on fundus fluorescein angiography. Retinal changes 

consisted of vascular telangiectasia, leakage and the presence of microaneurysms. Padburg et al 433 

found mild to moderate retinal vasculopathy in 18 of 37 fundus fluorescein angiograms. They did 

not find an association between the severity of ocular findings and the overall disease severity.  

Exudative retinal changes were not found in any of the patient eyes examined for the present study. 

Interestingly, FSHD1 patients with reported exudative retinal changes have almost all been female, 

and the size of the D4Z4 deletion tends to be significantly larger than the median reported deletion 

size.449 In one case bilateral Coat’s-like changes led to the diagnosis of FSHD in an otherwise 

asymptomatic female patient.450There have been no documented cases of Coat’s-like changes in 

individuals with FSHD2. In extreme cases, the FSHD patients may develop neovascular glaucoma 

that requires enucleation of the affected eye.451, 452  
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It has been postulated that the retinal vascular changes found in FSHD may be caused by a 

mutation of one of the components of the Wnt signalling system that is found on the cell 

membranes of the retinal epithelium.445 Wnt signalling is also crucial to myogenesis and skeletal 

muscle regeneration 445. The peripheral retinal vascular changes seen in FSHD are morphologically 

similar to those found in the retinal hypovascular disorders, including Norrie disease, osteoporosis 

pseudoglioma syndrome and the familial exudative vitreoretinopathies.445  

The majority of patients with FSHD maintain normal intellectual function.453 Central nervous 

system (CNS) defects, including learning disability and epilepsy are most frequently reported in the 

patients with early onset disease and large deletions.453 None of the patients included in this study 

had disease onset in early childhood, and a review of clinical records did not yield evidence of 

intellectual impairment for any of the participants. As has been previously outlined, RNFL and 

macular thinning is a frequently reported feature of neurodegenerative disorders with CNS 

involvement, including Alzheimer’s disease, multiple sclerosis, Parkinson’s disease and 

neuromyelitis optica.323 It cannot be ruled out that, had this study included patients with CNS 

dysfunction, there may have been similar OCT findings; however, this remains conjecture which 

would require further study in a group of affected patients.  

Mitochondrial dysfunction has been documented in FSHD. An important component of the 

mitochondrial inner membrane, ANT1, is encoded at 4q35.454 In addition, enzymes related to 

mitochondrial metabolism and oxidative stress are altered in all FSHD muscles, including those 

that are not clinically affected.454, 455 As has been mentioned in previous chapters, RNFL thinning, 

particularly in the temporal quadrant, is a common feature in neurodegenerative disorders with 

mitochondrial dysfunction, including Leber’s hereditary optic neuropathy (LHON) and Friedreich’s 

ataxia.297, 299 There was no evidence of either global or localised temporal RNFL thinning in this 

FSHD patient group. There is one report of three related females with both D4Z4 deletions and 

LHON caused by a G11778A mutation.456 Although the hallmark sign of LHON is selective 

degeneration of the RNFL, other findings, including non-specific myopathy and peripheral 

neuropathy are more common in LHON individuals than healthy controls.457  

In the present study, five FSHD patients had tiny yellow retinal flecks in the foveal region. This 

finding has not previously been described in FSHD patients. There was no associated reduction in 

VA. Because this finding is novel, a retinal specialist was consulted; their opinion was that these 

flecks are likely to be tiny punctate hard drusen. Even in patients under the age of 55 years old, 

small drusen are extremely common. A large study of 444 patients identified small drusen of at 

least 31.5 µm in size in 45.9% of eyes in Caucasian subjects aged between 18 and 54.423 It is unclear 
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from these few observations in FSHD patients whether this is a new observation or part of the 

age-normal variation, and further investigation is required.  

In addition to the aforementioned retinal changes, lagophthalmos, accompanied by corneal 

exposure fluorescein staining, was noted in 75% of FSHD participant eyes. Lagophthalmos has 

been previously reported in FSHD, and symptomatic treatment is important.458 However, there is a 

paucity of literature on this topic. This finding was discussed with all patients in whom it was 

present and the use of topical ocular lubricants was recommended. Sansone et al 441 investigated the 

use of gold weights to correct lagophthalmos in a patient with FSHD and noted the resolution of 

exposure keratitis.  

The IOP did not differ from controls. In a previous study of 60 eyes of 30 FSHD patients, the 

reduction in IOP compared with controls was small (1.3 mmHg),447 and was accompanied by 

reduced central corneal thickness. Corneal thickness was not measured for the present study.  

This study has limitations. The number of patients recruited for participation was limited, primarily 

due to the small total number of patients with a known clinical or genetic diagnosis of FSHD. 

However, there was a high response rate, and more than half of the available participants agreed to 

participate in the study, indicating that the results are likely to be representative of the overall 

population. Because the primary aim of this study was to investigate optic nerve and retinal 

morphology using OCT, the peripheral retina was not extensively investigated with either fundus 

fluorescein angiography or wide-field digital retinal imaging. As has been previously described, the 

subtle peripheral retinal changes in FSHD can be extremely difficult to observe on clinical 

examination alone,443 so more detailed investigation of the peripheral retina may yield more 

significant findings. A recent review recommended a baseline dilated fundus examination for all 

FSHD patients, with annual screening for those patients with the largest D4Z4 deletions.434 This 

type of clinical examination will not detect subtle retinal changes, although it is unlikely that 

patients with these subtle changes will have clinically significant retinal pathology. Individuals with 

more extensive retinal involvement will be identified and can then be referred for further treatment 

as required. The use of OCT in the ophthalmological examination of patients with FSHD may be 

best reserved for patients who have severe peripheral retinal vascular changes resulting in 

exudation and macular oedema. OCT  can detect the presence of macular oedema and can be 

utilised in monitoring the response to treatment with anti-vascular endothelial growth factor 

agents.446  
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10.5 Conclusion  
This is the first study to report OCT findings in patients with FSHD. There was no significant 

difference in RNFL or macular measurements between FSHD patients and controls. OCT may be 

of limited utility in the routine examination of patients with this condition. Previous research has 

shown that retinal changes in FSHD are more likely to be observed in the peripheral retinal 

regions. A thorough clinical examination, wide-field imaging of the peripheral retina, and fundus 

fluorescein angiography when indicated, may be more likely to detect peripheral retinal vascular 

changes which may progress to more advanced, sight-threatening, retinal disease. OCT may have a 

role in monitoring responses to treatment in these cases. 
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11.1 Introduction  
Friedreich’s ataxia (FRDA) is an autosomal recessive neurodegenerative disorder that affects the 

central and peripheral nervous systems. It is caused by a guanine-adenine-adenine (GAA) triplet 

repeat expansion in the frataxin gene (FXN) on chromosome 9q13-q21.1.459 FRDA is the most 

common inherited ataxia with recessive transmission, with a prevalence of approximately 

1/30,000–1/50,000 in Western Europe.459, 460 Healthy individuals have a GAA repeat length of 

between 6 and 36 triplets.461, 462 FRDA patients have between 90 and 1300 GAA repeats.461 Around 

94-98% of FRDA patients have GAA repeats on both FXN alleles. The amount of frataxin is 

predominantly driven by the GAA repeat length on the smallest allele.463 A small percentage of 

FRDA patients are compound heterozygotes, with a point mutation on one allele and a GAA 

repeat expansion on the other.459, 463 

The hallmark sign of FRDA is progressive limb and gait ataxia. Patients with this condition may 

have a diverse range of symptoms and signs, including absence of lower-limb tendon reflexes, 

speech difficulties (dysarthria), scoliosis, cardiomyopathy, diabetes mellitus and optic atrophy.459, 460, 

463 Patients are usually symptomatic before the age of 25 years and most are wheel-chair bound by 

the time they reach their late twenties.459, 460 There is an inverse relationship between the length of 

the smaller GAA repeat expansion and the age at disease onset.463 Optic atrophy is more frequently 

observed in compound heterozygote FRDA patients.461 Currently there is no consensus regarding 

FRDA treatment. However, therapeutic trials of antioxidants and iron chelating agents are being 

undertaken.464  

Ocular motor abnormalities are common in FRDA and affect fixation stability, saccadic 

performance and the vestibular-ocular reflex.465 Until relatively recently, eye movement disorders 

were the best-characterised sign of damage to the visual system in FRDA patients.465-468 However, 

afferent visual pathway abnormalities, including optic neuropathy, have been described in up to 

two thirds of affected individuals.297, 469 Earlier studies of the afferent visual system in FRDA were 

primarily descriptive in nature, reporting optic disc pallor noted on clinical examination.469 With 

advances in ocular imaging techniques, particularly optical coherence tomography (OCT), 

quantitative analysis of the posterior structures of the eye, including the retina and optic nerve is 

possible.  

The frataxin gene plays an important role in mitochondrial iron transport.410 Frataxin mutations 

lead to intra-mitochondrial iron accumulation, eventually becoming toxic, leading to mitochondrial 
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damage and cell death.389, 462 Inherited disorders with associated mitochondrial dysfunction 

frequently manifest with involvement of the optic nerve.389  

The aim of this study was to characterise optic nerve and retinal involvement in FRDA using OCT, 

and to investigate the relationship between ophthalmic findings, disease duration and genetic 

testing results.   

11.2 Methods 

11.2.1 Participants 

Following a review of records, a total of nine Auckland District Health Board patients with a 

genetic diagnosis of FRDA were identified, contacted by a consultant neurologist and invited to 

present for examination; seven patients agreed to participate. Control participants consisted of 

healthy spouses, partners or caregivers of affected patients, and volunteers from the Centre for 

Brain Research control participants’ database.  

FRDA patients and controls were excluded if they had more than five dioptres of spherical 

refractive error, or greater than three dioptres of cylindrical refractive error, history of ocular 

trauma, intraocular pressure (IOP) of greater than 22 mmHg, co-existing ocular disease, family 

history of glaucoma, history of cataract extraction within the past year or any previous retinal 

surgery. There was no best-corrected visual acuity requirement for inclusion in this study.  

All patients provided informed consent as described previously. The study was approved by the 

Northern-X Ethics Committee (NTX/11/EXP/022) and the Auckland District Health Board 

Research Committee (A+5185). The study followed the tenets of the declaration of Helsinki.  

11.2.2 Ophthalmological assessment 

All patients and control participants underwent a complete neuro-ophthalmic examination, 

including ocular and brief medical history, visual acuity (VA) measurement, colour vision 

assessment with Ishihara colour plates, pupil assessment, Humphrey Matrix 24-2 visual field 

examination, slit-lamp biomicroscopy, Goldmann tonometry, stereoscopic fundus examination 

with pupil dilation (2.5% phenylephrine, with addition of 1% tropicamide as required) and digital 

retinal photography. Best-corrected VA was converted to logMAR notation for statistical analysis. 

OCT scans of the peripapillary retinal nerve fibre layer (RNFL) and macula were acquired using the 

Heidelberg Spectralis ® (Heidelberg Engineering, Heidelberg, Germany) spectral domain OCT: 

Three peripapillary RNFL and three macular scans were taken for each eye of every participant. 

Scan quality was evaluated at the time of acquisition, and in cases of poor quality scans, repeat 
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images were taken. Ophthalmological evaluation techniques and details of OCT scan acquisition 

are described in detail in Chapter 3.   

11.2.3 Neurological assessment  

For FRDA patients, information regarding disease duration, age of symptom onset and genetic 

testing results were acquired.  

Patients with FRDA were assessed by a consultant neurologist using the scale for the assessment 

and rating of ataxia (SARA). This scale ranges from zero (no impairment) to 40 (severe ataxia). It is 

the result of eight quantitative measures of gait, stance, sitting, limb kinetic functions and speech 

disturbance.407 The SARA was originally developed to assess the dominantly inherited 

spinocerebellar ataxias but has also been shown to be reliable and practical method for assessing 

FRDA.470 The mean change in SARA scores in FRDA patients is 1.4 points per year.471  

11.2.4 Statistical analysis  

Statistical analysis was performed using GraphPad Prism GraphPad Prism 6 (GraphPad Software 

Inc., La Jolla, California) and Microsoft Excel ® (Microsoft Corporation, Redmond, Washington). 

Both eyes were examined for each patient and control subject. After analysis confirmed no 

significant difference in the measurements from each eye, all subsequent comparisons were 

performed using data from the right eye only. Continuous variables are presented as mean ± 

standard deviation (SD). Normality of distribution was assessed by the Shapiro-Wilk test. 

Comparison of normally distributed variables was performed by two sample t-test. The Mann 

Whitney test was used for non-parametric comparisons. The Chi-square test was used to compare 

differences in categorical variables. Correlation analysis was performed with the Pearson test or 

Spearman test as appropriate. The shorter GAA repeat allele was used for correlation analysis. A p-

value below 0.05 was considered significant. A Bonferroni correction was applied to allow for the 

multiple comparisons within the macular scan and RNFL measures. 

11.3 Results 
All seven FRDA patients were included in statistical analysis. The mean age was 43.4 ± 12.1 years 

(range 25–62), and three (42.9%) were men. Two of the male patients were siblings. The results 

were compared with 15 healthy age- and sex- matched controls (Table 11.1). Of the seven patients, 

three were ambulant with assistance, and four were wheel-chair bound.  None of the FDRA 

patients were involved in FRDA therapeutic trials.  
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The mean symptom duration was 19.9 ± 9.7 years (range 3–32 years), and the mean age at 

symptom onset was 23.6 ± 12.1 years (range 3–42 years). Six of the FRDA patients had expansions 

on both FXN alleles. The mean shortest GAA triplet repeat count for these patients was 285 ± 

329 (range 90–940). The remaining FRDA patient was a compound heterozygote, with a 389 G>T 

point mutation inherited from the mother, and an expanded GAA repeat expansion (1051 repeats) 

from the father. This patient had the highest number of GAA repeats on a single allele.  

The mean SARA score was 17.6 ± 7.7. SARA scores were available for all seven patients; four 

patients had SARA assessments within six months of the ophthalmic examination, two within one 

year, and, due to circumstances beyond the control of the examiners, one patient had an interval of 

three years between neurological and ophthalmic assessment.  

None of the FRDA patients reported symptomatic visual impairment. LogMAR VA was 

significantly reduced in the FRDA group compared with control participants (0.09 ± 0.15 vs. 0.00 

± 0.07, p =  0.04). (Snellen VA equivalents 6/7.5 and 6/6 respectively). FRDA patients’ VA ranged 

from 0.00 (6/6) to 0.42 (6/15-1), with all except one patient having VA of 0.10 or better. The 

reduction in VA in the FRDA group was primarily due to the presence of this outlier. The patient 

with the worst VA had the longest disease duration and youngest age at disease onset. 

 IOP, colour vision and cup to disc ratio did not differ significantly between patients and controls 

(Table 11.1). One FRDA patient had evidence of subtle infero-nasal disc pallor in the left eye.   

Automated threshold visual field testing was possible in five FRDA patients, and screening (as 

described in Chapter 3) was undertaken in the two remaining patients. Amongst the patients with 

threshold testing results, the mean Mean Deviation (MD) was -7.07 ± 7.66 dB (range -20.67– -2.09 

dB), and the mean Pattern Standard Deviation (PSD) was 2.94 ± 1.39 dB (range 1.77–5.33 dB). 

One participant (age 25) had normal threshold visual fields. Three participants had a mild 

generalised reduction in sensitivity, with scattered points of markedly reduced sensitivity. The 

remaining patient who was able to be fully assessed had significant generalised sensitivity reduction, 

with a more marked inferior-temporal defect. There was no corresponding optic nerve pathology. 

This patient had the longest disease duration and earliest age of onset.  
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Table 11.1: Demographic, ocular and neurological findings for Friedreich’s ataxia patients 
and healthy controls 

 FRDA Patients (SD),  
N = 7 

Healthy Controls (SD),  
N = 15 

p Value  

Age (years) 43.4 (12.1) 43.8 (11.0) 0.94 

Male Gender 3/7 (42.9%) 9/15 (60%) 0.45 

    

Visual Acuity  0.09 (0.15) 0.00 (0.07) 0.04* 

Intraocular Pressure 
(mmHg) 

12.0 (1.9) 13.3 (2.06) 0.16 

Cup to Disc Ratio 0.42 (0.17) 0.33 (0.12) 0.19 

Colour Vision  14.0 (0.0) 14.0 (0.0) >0.99 

    

Visual Field Mean Deviation 
(dB) 

-7.07 (7.66)   

Visual Field Pattern 
Standard Deviation (dB) 

2.94 (1.39)   

    

Symptom Duration (years) 19.9 (9.7)   

Age at Symptom onset 
(years) 

23.6 (12.1)   

SARA score 17.6 (7.7)   

GAA repeats (longest allele) 450 (357)   

GAA repeats (shortest 
allele)  

285 (329)   

 
The compound heterozygote patient was excluded from GAA repeat calculations. * denotes 
significance (p <0.05). Abbreviations: GAA guanine-adenine-adenine; SARA scale for the 
assessment and rating of ataxia.  
 
 

11.3.1 Optical Coherence Tomography Findings 

OCT scans of the peripapillary RNFL and macular were successfully acquired for all FRDA and 

control participants. None of the patients or controls were excluded from analysis, as there was no 

evidence of confounding ocular pathology, and all met initial inclusion criteria.   

The average RNFL thickness was significantly reduced in the FRDA group compared with 

controls (80.8 ± 6.2 µm vs. 100.5 ± 9.5, p = <0.0001). A sample patient RNFL scan is shown in 

(Figure 11.1). Additionally, the RNFL thickness was significantly lower in three quadrants: superior, 

nasal and inferior (Table 11.2). There was no significant difference in temporal RNFL thickness 

between the two groups. Temporal thickness was ‘borderline’ (in the fifth percentile or lower) in 
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one patient, the compound heterozygote. The distribution of RNFL thickness values is shown in 

Figure 11.2.  

Total macular volume was also significantly lower in the FRDA group than in controls (8.34 ± 0.27 

mm3 vs. 8.65 ± 0.35 mm3, p = 0.046). FRDA patients’ macular thickness values were consistently 

lower in all macular regions (Table 11.2) but these were not statistically significant when the 

Bonferroni correction for multiple comparisons was applied. 

 

Table 11.2: Optical coherence tomography measurements for Friedreich’s ataxia patients 
and controls 

 Friedreich’s Ataxia 
Patients (SD)  
N= 7 

Healthy Controls 
(SD), 
N = 15 

p Value 

RNFL Thickness (µm)    

Average RNFL 80.8 (6.2) 100.5 (9.5) <0.0001* 

Superior RNFL 94.1 (10.3) 119.5 (12.8) 0.0002* 

Nasal RNFL  54.9 (12.7) 84.0 (12.1) <0.0001* 

Inferior RNFL 103.2 (5.5) 131.5 (14.7) <0.0001* 

Temporal RNFL  70.2 (10.3) 66.3 (10.7) 0.43 

    

Total Macular Volume 
(mm³) 

8.34 (0.27) 8.65 (0.35) 0.046* 

    

Macular Thickness (µm)    

Superior Outer 287.3 (11.3) 298.3 (13.9) 0.08 

Superior Inner 339.1 (12.2) 346.9 (13.8) 0.22 

Nasal Outer  299.7 (12.5) 314.5 (15.3) 0.04 

Nasal Inner 341.8 (9.5) 351.4 (13.0) 0.10 

Inferior Outer 271.8 (8.7) 285.0 (13.1) 0.03 

Inferior Inner 332.8 (13.2) 343.6 (12.4) 0.07 

Temporal Outer 274.4 (11.4) 283.6 (12.1) 0.11 

Temporal Inner 328.6 (16.3) 336.1 (13.2) 0.26 

Fovea 281.4 (13.7) 291.1 (18.0) 0.22 

 

* denotes significance. Abbreviation: RNFL retinal nerve fibre layer 
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Figure 11.1: Optical coherence tomography scan of a 39 year old female with Friedreich’s 
ataxia.  

The scan shows reduced average retinal nerve fibre layer thickness in both eyes, with preferential 
thinning in the superior and nasal quadrants. The upper two graphs represent (black line) the 
patient’s results for her right and left eyes relative to the normal range for age-matched healthy eyes 
in green, borderline values in yellow and values outside normal limits in red. The central graph 
allows comparison of the RNFL thickness between the eyes. The four segmented circles on each 
side represent the superior, inferior, nasal and temporal quadrants. The RNFL thickness (in µm) is 
given for each quadrant. The scan classification as ‘Outside Normal Limits’ has been applied by the 
internal Heidelberg Spectralis® software. Abbreviations: OD right eye; OS left eye. 
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Figure 11.2: Box-and-whisker plot showing the distribution of retinal nerve fibre layer 
thickness in Friedreich’s ataxia patients and controls.  

Values are given for average retinal nerve fibre layer thickness, and the thickness in the four 
quadrants. Each box shows the median, upper and lower quartiles, and extreme values.  
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11.3.2 Correlation analysis  

There was no significant correlation between age and RNFL thickness in the FRDA group (R= 

0.23, p = 0.63) or the control participants (R=-0.16, p= 0.58), nor was there a significant correlation 

between age and total macular volume in the FRDA group (R= 0.47, p = 0.29) or control 

participants (R=-0.43, p= 0.11).  

The relationship between OCT measures and neurological assessment was investigated. For 

average RNFL thickness, there was no correlation with disease duration (R=0.09, p=0.84), GAA 

repeat length (R = 0.31, p = 0.56) or SARA scores (R = 0.10, p = 0.83). Likewise, there was no 

correlation between macular volume and disease duration (R=0.10, p=0.83), GAA repeat length (R 

= -0.07, p = 0.90) or SARA scores (R = -0.01, p = 0.98). Additionally, there was no significant 

correlation between foveal thickness and SARA scores (R = -0.49, p = 0.27), GAA repeat length (R 

= -0.43, p = 0.39) or disease duration (R = -0.62, p = 0.14).  

There was, however, a significant correlation between VA and SARA scores (R = 0.89, p = 0.008), 

GAA repeat length (R= 0.98, p = 0.0005), and visual field MD (R = -0.99, p= 0.003). However, 

examination of the data confirms that this relationship was primarily due to the aforementioned 

outlier with a high GAA repeat count and SARA score, and poor VA and VF (Figure 11.3). The 

compound heterozygote patient was excluded from this analysis.  

There was a significant positive correlation between the shortest GAA repeat and SARA scores (R 

= 0.96, p = 0.003). There was a trend towards a significant negative relationship between the 

shortest GAA repeat count and age at disease onset (R = -0.79, p = 0.06).  

As all correlation analysis was done with a very small number of data points, the analysis should be 

interpreted with caution. 
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Figure 11.3: Scatter-plot showing a significant relationship between visual acuity and SARA 
scores 

R = 0.89, p = 0.008 
 
The relationship was significant primarily due to the presence of the outlier with poor visual acuity 
and a high SARA score, indicating increased disability.  
 

11.4 Discussion  
The findings of this study confirm involvement of the peripapillary RNFL in FRDA, with 

significantly reduced average RNFL thickness, and thinning in the superior, nasal and inferior 

quadrants. The temporal quadrant was unaffected. Additionally, in the seven FRDA patients 

examined, the total macular volume was reduced compared with controls. Although the macular 

thickness was lower in the FRDA group in each of the nine macular regions, the differences were 

not statistically significant. As no retinal layer segmentation was utilised in this study, it is not 

possible to determine whether the reduction in macular volume was solely due to loss of retinal 

ganglion cells and their axons. The results of this study support some of the findings of previous 

reports of OCT measurements in FRDA.  

In the last seven years, there have been four studies, evaluating a total of 116 patients, investigating 

optic nerve structure and function in FRDA using OCT.297, 414, 472, 473 In 2009, Fortuna et al 297 were 

the first to examine the peripapillary RNFL in 26 patients with FRDA. The appearance of the optic 

disc was highly variable clinically, ranging from normal in appearance to diffuse disc pallor. Three 

patients had symptomatic reduced vision. RNFL thickness was reduced globally, and in all four 

quadrants, when compared with controls. Noval et al 472 noted localised or diffuse optic pallor in 3 
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of 23 patients, and one patient had symptomatic visual loss. FRDA patient OCT values were 

compared to normative age-matched data included in the OCT software: 73% of the 33 eyes with 

OCT scans were in the fifth percentile or lower for average RNFL thickness.  

The largest of these studies, undertaken by Seyer et al 414 in 2013, evaluated RNFL thickness in 57 

FRDA patients, in addition to measuring high- and low-contrast VA in 507 affected individuals.  

VA was well preserved in almost all patients, with average visual acuity measured to be 6/6 (0.0 

Log MAR). Although the FRDA patients were not compared with a control group, more than half 

of the FRDA patient eyes were below the fifth percentile when compared with the normative 

database, and the superior quadrant was most severely affected.  

Most recently, Dag et al 473 evaluated a small group of 10 FRDA patients, and compared findings to 

an age-matched control group. Previous studies had utilised time-domain OCT, and this was the 

first to examine RNFL thickness in FRDA patients using spectral domain technology. The results 

were similar to those reported previously; Diffuse or sectoral disc pallor was noted in three of ten 

patients, although VA was well preserved. The RNFL thickness was significantly reduced in the 

FRDA group in all quadrants. The cup to disc ratio was also significantly higher in the FRDA 

group when compared with controls.  

Macular thickness in FRDA has been examined in three previous studies.414, 472, 473 Of these, Dag et 

al 473 were the only authors to compare FRDA results to those of a control group. Foveal thickness 

was significantly reduced in FRDA patients, and the ganglion cell complex was thinner in both the 

superior and inferior macular regions. Seyer et al 414 noted that 20% of measured eyes had macular 

volume values below the first percentile of the normative database, and Noval et al 472 found that 

macular thickness was within normal limits in all FRDA patients they examined.  

FRDA is one of a large group of neurological disorders in which mitochondrial dysfunction plays a 

critical role in disease pathogenesis 389 and in these diseases optic nerve involvement is frequently 

observed. Mitochondrial optic neuropathies, including Leber’s hereditary optic neuropathy 

(LHON) and dominant optic atrophy, often lead to loss of visual acuity, colour vision deficits, and 

preferential thinning of the temporal RNFL (the papillomacular bundle).333, 474, 475 While LHON-like 

acute/sub-acute vision loss has been documented,297 the optic neuropathy observed in the vast 

majority of FRDA patients differs from that of the other mitochondrial optic neuropathies, as 

there is not selective involvement of the temporal retinal nerve fibre layer.389   

The selective involvement of the papillomacular bundle in mitochondrial optic neuropathies has 

been attributed to the relative vulnerability of the small, unmyelinated temporal retinal nerve fibres, 
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which have fewer available mitochondria for energy production.476 In LHON and dominant optic 

atrophy, a combination of oxidative stress, energy failure and predisposition to apoptosis is thought 

to be the pathological basis for the loss of retinal ganglion cells and their axons.477 Because the 

pattern of loss is different in FRDA, this indicates that other mechanisms may be responsible. It 

has been suggested that abnormal FXN expression, which leads to decreased levels of intra-

cytoplasmic iron may increase the sensitivity of retinal ganglion cells to oxidative damage.478 

However, the underlying cause of the pattern of RNFL loss in FRDA is not yet fully understood.  

VA in FRDA is usually well preserved, and although optic neuropathy is frequently reported, in 

most cases it is sub-clinical in nature.297 VA was well-preserved in all except the most severely 

affected patient. Interestingly, this patient did not have evidence of optic atrophy either clinically or 

on OCT examination. Colour vision was not affected in the FRDA group. 

Fortuna et al 297 concluded that visual loss tends to occur later in the FRDA disease course, and that 

the degenerative process is slowly progressive. Only one patient examined in the current study had 

FRDA symptoms before the age of ten. This patient also had the poorest VA and VF results, 

although well-preserved RNFL thickness values and no optic disc pallor. Fortuna et al 297 raised the 

possibility that the posterior visual system is involved in Friedreich’s ataxia; they examined the 

optic radiations of 13 FRDA patients using diffusion-weighted magnetic resonance imaging and 

found increased apparent diffusion co-efficients (a measure of tissue integrity) in the FRDA group. 

They also found a significant correlation between optic radiation findings and disease severity, 

GAA repeat expansion size and age of disease onset, although there was no relationship with 

RNFL thickness. This suggests that the involvement of the optic nerve and the more posterior 

visual pathway may be independent of each other,297 and the patient in the present study with poor 

VA but without signs of optic neuropathy may be a further example of this.  

Amongst the patients examined for the current study, there was no significant correlation between 

OCT measures and disease duration, SARA scores or genetic testing results. There was a strong 

correlation between GAA repeat length and VA, although these relationships were largely 

influenced by the presence of an outlier. Larger studies have found that RNFL thickness correlates 

inversely with increasing ataxia,297, 414, 472, 473 disease duration,297, 414 GAA repeat expansion size,414 

contrast sensitivity,414, 472 and VA.414, 473 Foveal thickness correlated with disease duration in one 

study.473 In another, macular measurements did not correlate well with disease severity or disease 

duration.414 The results of these studies have shown that OCT measurements, particularly RNFL 

thickness, may be a useful biomarker of disease progression in FRDA. However, there have been 

no large or longitudinal studies evaluating this relationship in more detail.  
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The present study included one compound heterozygote FRDA patient with a large GAA repeat 

expansion on one allele and a point mutation on the other. This patient had normal VA, VF and 

colour vision. Interestingly, this patient had the largest cup to disc ratio of any of the FRDA 

patients examined, and although global RNFL thickness was within normal limits, there was 

borderline thinning of the temporal RNFL, and the patient had the thinnest temporal RNFL value 

of the group. The compound heterozygote patient was also the youngest patient included in the 

study, with the shortest disease duration. Fortuna et al 297 reported on two compound heterozygotes 

(the patients had different point mutations to the patient included in the present study) in their 

comprehensive study of the visual system in FRDA and noted that two of the three patients with 

symptomatic vision loss were compound heterozygotes. The ophthalmologic features of these 

patients were similar to those observed in LHON, including rapid onset, severely reduced VA, 

central VF involvement and dramatic RNFL loss. Cossee et al 462 found that optic disc pallor was 

more common in compound heterozygotes (7/21 patients) compared with homozygous patients 

(7/140 patients), and was most likely to occur in patients with larger GAA repeat expansions.  

This study has a number of limitations, particularly the small number of FRDA participants 

examined. Although FRDA is the most common form of inherited ataxia, it is still a comparatively 

rare disorder, and the number of patients known to the Auckland City Hospital neurogenetics 

clinic is low. For some patients, there was a large interval (of up to three years) between 

ophthalmological and neurological testing. However, given the lack of relationship between OCT 

values and SARA scores, and the small annual change in SARA scores, it is unlikely there would 

have been a significant correlation even if the ophthalmologic and neurologic assessments had 

been undertaken consecutively. In any case, because the number of patients is small, it would not 

have been possible to make strong inferences regarding the relationship between ataxia severity and 

ophthalmologic values.   

The patients examined in this study tended to have a smaller number of GAA repeats, shorter 

disease duration and more advanced age than previous studies,297, 472, 473 indicating that the patients 

represented a milder cross-section of the FRDA spectrum. Despite this, there was still a highly 

statistically significant reduction in RNFL thickness and a significantly lower total macular volume 

in the FRDA group.  

11.5 Conclusion 
OCT is a useful test in patients with neurodegenerative disorders, including FRDA, particularly as 

functional tests such as automated visual field testing can be difficult. Because the optic nerve is a 
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vulnerable site in mitochondrial disease, OCT has an important role to play in identifying the loss 

of retinal ganglion cells and their axons, and also a potential part in monitoring progression of the 

disease. Previous studies have found that OCT examination may be a useful biomarker of disease 

progression. Posterior visual pathway abnormalities may also contribute to vision loss in FRDA, 

and the changes may not be associated with thinning of the RNFL. Further, large, well-designed, 

longitudinal studies are required to substantiate this.  
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12.1 Case series: Optical coherence tomography findings in 

myotonic dystrophy type 2 

12.2 Introduction 
As mentioned in Chapter 4, there is a second form of myotonic dystrophy, myotonic dystrophy type 

2 (DM2), caused by a cytosine-cytosine-guanine-thiamine (CCTG) repeat expansion in intron 1 of 

the zinc finger protein 9 (ZFN9) gene on chromosome 3q21.236 DM2 is also known as proximal 

myotonic myopathy.479 DM2 is inherited in an autosomal dominant manner, the same inheritance 

pattern as DM1.480 Normal healthy individuals will have a tetranucleotide repeat length of 11 to 26 

repeats, pre-mutation alleles are between 27 and 74 CCTG repeats, and there is full penetrance of 

the disease for alleles with greater than 75 repeats.236, 481 There is somatic instability; the number of 

CCTG repeats increases with age, and approximately one in four affected patients will have at least 

two different repeat expansion sizes in peripheral blood.236 Unlike in myotonic dystrophy type 1 

(DM1), there is no relationship between the length of the CCTG repeat and overall disease severity 

or age at disease onset.479, 482  

The prevalence of DM2 is not known, although in most populations it is thought to be rarer than 

DM1.482 The clinical presentation of DM2 is similar to, but generally milder than, DM1, although 

as in DM1, there is significant phenotypic variability.482 It is a multi-system disorder, and clinical 

features include myotonia, facial and skeletal muscle weakness, early-onset posterior iridescent 

cataracts, insulin insensitivity, and cardiac conduction defects.236-238 There is not the severe central 

nervous system involvement that may be seen in individuals with DM1.236  

The following case series outlines the ophthalmic presentation, including optical coherence 

tomography (OCT) findings, of five patients with DM2. To the best knowledge of the author, 

there have been no previously published reports on the ophthalmic findings in a group of patients 

with DM2. The methods utilised in the examination of these patients have been outlined in Chapter 

3.  
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12.3 Case Series 

12.3.1 Case 1  

A 68 year old male with a 40 year history of general muscle weakness presented for 

ophthalmological examination. Genetic testing in 2008 confirmed a diagnosis of DM2; he had 

originally been diagnosed with limb girdle muscular dystrophy approximately 10 years prior. The 

patient’s mother and three siblings were also affected. The patient had a 20 year history of type II 

diabetes mellitus, poorly controlled with insulin injections and oral medication at the time of 

examination. No retinal abnormalities were detected at his diabetic retinal screening one year 

before this examination. He was also taking medication for hypertension, hypercholesterolaemia 

and muscle spasms. The patient had undergone bilateral cataract extraction with intraocular lens 

insertion approximately 10 years prior, and had bilateral YAG laser capsulotomies for posterior 

capsular haze. Previous ocular history was otherwise unremarkable aside from occasional lubricant 

drop use for dry eyes. There was no known family history of eye disease. 

Visual acuity, with a low myopic correction, was 6/6-1 in each eye. Colour vision testing with 

Ishihara plates revealed no errors in either eye. Pupil responses were normal. Threshold visual field 

testing showed a generalised reduction in sensitivity in the right eye, with no pattern defects. The 

result in the left eye was borderline, with a small inferior point reduction. It should be noted that 

the patient had not previously undertaken automated visual field testing.  

Anterior segment examination revealed Meibomian gland dysfunction and inferior corneal punctate 

staining in both eyes. The posterior chamber intraocular lenses were well centred. Intraocular 

pressure was 14 mmHg and 15 mmHg in the right and left eyes respectively. Dilated fundus 

examination showed a healthy optic nerve in both eyes, with a cup-to-disc ratio of 0.5. The right 

eye had no evidence of diabetic retinopathy. There was an isolated blot retinal haemorrhage in the 

temporal periphery of the left eye (unable to be photographed). Macular OCT scans showed no 

abnormalities in either eye. The right retinal nerve fibre layer (RNFL) scan was within normal 

limits. There was borderline thinning in the inferior temporal sector in the left eye (Figure 12.1). A 

summary of the OCT results for all patients included in this case series is included in Table 12.1.  
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Figure 12.1: Retinal nerve fibre layer scan for Case 1 

 There is borderline inferior temporal thinning in the left eye.  
 

12.3.2 Case 2 

A 68 year old female patient presented for examination. She had bilateral cataract surgery 35 years 

prior (and a revision of the left surgery), and a 25 year history of muscular symptoms. The 

diagnosis of DM2 had been confirmed by genetic testing. The patient had been adopted as a child 

and a detailed family history was not possible, however she was aware of a first cousin on her birth 

mother’s side that was also affected.  

The patient had a two year history of type II diabetes mellitus, well controlled with lifestyle factors 

and oral medication. She also had a history of a thyroidectomy, hypertension and 

hypercholesterolaemia, and anxiety and depression. She was taking oral medications for all of these 

conditions, as well as iron and folic acid supplementation. Aside from the aforementioned cataract 

surgery, and blepharitis, her ocular history was unremarkable.  

VA was 6/6-2 in the right eye, with a low hyperopic correction, and 6/12- in the left eye with 

moderate astigmatism. There was no VA improvement with pinhole testing. She scored 10 out of a 

possible 14 on Ishihara colour vision testing in the right eye, and found the test very difficult with 

this eye. There were no errors in the left eye. The left pupil was fixed and distorted. On threshold 
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visual field testing, there were two central points of moderate reduction in the right eye, and a nasal 

pattern defect (in both the superior and inferior quadrants) in the left.  

Slit lamp examination of the anterior segment showed inferior corneal dryness in both eyes. There 

was a posterior chamber intraocular lens in both eyes, although the left lens had dislocated 

superiorly and was partially in the anterior chamber. There was obvious posterior capsular haze. 

IOP was 12 mmHg in each eye. Dilated fundus examination revealed a healthy optic nerve head 

appearance in both eyes, with a cup to disc ratio of 0.3. The view of the fundus was difficult in the 

left eye due to capsular haze and lens dislocation. Subtle pigment changes were noted at the right 

macula (Figure 12.2). The peripheral retina appeared clear and flat in both eyes. OCT scans of the 

RNFL were within normal limits in both eyes. There was, however a pigment epithelial detachment 

adjacent to the optic nerve head, in the inferior-temporal sector (Figure 12.3). Macular OCT scans 

showed generalised thinning of the retina in the right eye, with retinal pigment epithelial disruption 

at the macula, and borderline generalised thinning in the left eye, although scan quality was poor in 

this eye. On Amsler grid testing in the right eye, the patient noted generalised distortion, worse in 

the inferior/nasal portion of the grid. The location of the distortion did not correlate with the OCT 

findings. No distortion was noted in the left eye.  

The patient was referred for medical retina assessment, and was reviewed by a consultant medical 

retina specialist. The ophthalmologist thought that the changes at the macula were likely to be due 

to resolved central serous chorioretinopathy and, as the vision was satisfactory, did not arrange for 

further follow up.  
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Figure 12.2: Infra-red image showing pigment changes at the right macula 

 

  

 

Figure 12.3: Retinal nerve fibre layer scan showing pigment epithelial detachment 

The location of the detachment is indicated by the green vertical line, and is located adjacent to the 
optic nerve head, in the inferior-temporal sector.  
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Case 12.3.3 

A 52 year old male with a 15–20 year history of muscle weakness presented for ophthalmic 

examination.  The patient had a diagnosis of DM2 confirmed by genetic testing. He was unsure 

whether others in his family were affected, although he did note that a number of immediate family 

members had developed premature cataracts. He had a history of bilateral cataract extraction seven 

years prior. The patient had co-existing cardiomyopathy and hypertension, and had been fitted with 

a pacemaker, and was on a number of medications for these conditions, including amiodarone. In 

addition to the cataract surgery, his previous ocular history included laser refractive surgery 

(LASIK) approximately 20 years ago. Prior to refractive surgery, the patient had a low to moderate 

myopic spectacle correction.  

Unaided VA was 6/6-2 in the right eye and 6/7.5 in the left, improving to 6/6-1 with pinhole 

testing. Colour vision testing revealed no errors with either eye.  Threshold visual field testing was 

within normal limits in both eyes. Slit-lamp biomicroscopy examination showed mild amiodarone-

induced vortex keratopathy in both eyes, and LASIK flap scars. The posterior chamber intraocular 

lenses were well centred. IOP was 12 mmHg and 11 mmHg in the right and left eyes respectively. 

Dilated retinal examination showed some optic nerve head asymmetry, with a larger optic nerve 

and larger cup to disc ratio (0.7) in the right eye compared with the left (0.5), and temporal 

peripapillary atrophy in both eyes. There were early pigmentary changes at the macula in both eyes, 

more obvious on clinical examination than in photographs (Figure 12.4), and early cellophane 

macular reflex nasal to the macula in the right eye. The RNFL was thinned superiorly in the right 

eye and borderline thin inferiorly in the left (Figure 12.5). It was not possible to acquire a macular 

scan of sufficient quality in the right eye. The left macula was within normal limits.  

In light of the above findings, the patient was diagnosed as a glaucoma suspect due to the optic 

disc asymmetry and reduced RNFL thickness, particularly superiorly in the right eye. The visual 

field and IOP were normal, and the patient was advised to have a follow-up glaucoma assessment 

one year from the time of examination. The vortex keratopathy was not impairing the patient’s 

vision, and can be monitored at future examinations.   
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Figure 12.4: Retinal pigment and optic nerve head appearance in the right eye  

The location of the retinal pigment is marked by the asterisk. The optic nerve head is large, with a 
large cup and temporal peripapillary atrophy.  
 

 

 

 

Figure 12.5: Retinal nerve fibre layer scan for Case 3 

There is superior thinning in the right eye, and borderline inferior thinning in the left eye. Global 
retinal nerve fibre layer thickness is classified as borderline in both eyes.  
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12.3.4 Case 4 

A 55 year old woman with a five year history of difficulty walking up stairs presented for 

ophthalmic examination. She had a genetic diagnosis of DM2 but no known family history of the 

condition. The patient had undergone bilateral uncomplicated refractive (blended vision) lens 

replacement two years previously; early cataract was noted at the time of that assessment. Her 

previous ocular history was otherwise unremarkable. The patient had femoral artery bypass surgery 

in 2010 and was taking aspirin, an antihypertensive and a statin for cholesterol control.  

Unaided VA was 6/6 in the right eye and 6/24- in the left, improving to 6/7.5 with pinhole testing. 

Colour vision testing revealed no errors in either eye. Pupil responses were normal. First- time 

threshold visual field testing was within normal limits. There was mild ptosis of the right superior 

eyelid. Anterior segment biomicroscopic examination showed well centred posterior chamber 

intraocular lenses with early posterior capsular opacification. IOP was 12 mmHg in the right eye 

and 14 mmHg in the left. On dilated fundus examination, the optic nerve appearance was healthy, 

with a cup to disc ratio of 0.3 in both eyes. There was cellophane macular reflex superior temporal 

to the right macula, and an epiretinal membrane (ERM) at the left macula (Figure 12.6). There was 

no distortion on Amsler grid testing in either eye. RNFL OCT scans were within normal limits. 

The macular scans confirmed the presence of the cellophane macular reflex in the right eye and a 

larger, ERM with pre-retinal fibrosis in the left eye (Figure 12.7). A home Amsler grid was given to 

the patient for self-monitoring, and a follow-up examination in one year was advised.  
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Figure 12.6: Retinal photograph of the left posterior pole   

Note the large macular epiretinal membrane, with evidence of retinal folds, particularly inferior to 
the macula.  
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Figure 12.7: Optical coherence tomography scan of the left macula  

Note the parafoveal areas of retinal thickening, due to the presence of an epiretinal membrane. 
  

12.3.5 Case 5 

A 67 year old woman with a 30 year history of leg muscle weakness presented for ophthalmic 

examination.  She had a diagnosis of DM2, confirmed by genetic testing. Her sister had also been 

diagnosed with the condition. The patient’s medical and ocular history were otherwise 

unremarkable.  

Corrected VA was 6/7.5+ in the right eye and 6/7.5- in the left eye, with a low myopic spectacle 

correction. There was no improvement on pinhole testing. Pupil responses were normal and there 

were no errors on monocular colour vision testing. Threshold visual field testing was within normal 

limits in both eyes. Anterior segment slit-lamp biomicroscopy was unremarkable aside from early 

posterior subcapsular cataracts with polychromatic flecks in both eyes. IOP was 13 mmHg and 12 

mmHg in the right and left eyes respectively. Dilated fundus examination revealed an early ERM 

superior to the right macula, and mid-peripheral drusen in both eyes. The optic nerves appeared 

healthy with a cup to disc ratio of 0.4 in each eye. RNFL OCT scans were within normal limits. 
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The macular OCT scans of the right eye confirmed the presence of a small ERM superior to the 

macula, with early pre-retinal fibrosis (Figure 12.8). The left macular scan was normal.  

 

 

Figure 12.8: Optical coherence tomography epiretinal membrane section of the right eye 

Note the early pre-retinal fibrosis (arrows).  
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Table 12.1: Macular and retinal nerve fibre layer optical coherence tomography 
measurements for five myotonic dystrophy type 2 patients  

Patient 1  2  3  4  5  

Eye RE LE RE LE RE LE RE LE RE LE 

RNFL     Poor signal  
strength 

      

Average RNFL  83 80 102 98 76 78 111 108 108 102 

Superior RNFL 97 97 140 137 80 94 134 132 123 127 

Nasal RNFL 71 63 66 75 55 64 88 73 79 68 

Inferior RNFL 104 100 120 125 101 96 151 151 150 145 

Temporal RNFL  60 58 82 56 68 58 73 75 81 70 

           

Total Macular  
Volume  

8.39 8.48 7.81 8.15 Unable to  
scan macula  

8.6 9.5 9.8 9.22 9.14 

           

Macular  
Thickness 

          

Superior Outer 284 291 291 285  292 329 330 329 316 

Superior Inner  348 346 275 318  348 385 388 358 352 

Nasal Outer 308 310 296 300  318 343 348 346 343 

Nasal Inner 359 359 265 327  356 383 394 360 360 

Inferior Outer 265 264 268 276  285 312 328 306 306 

Inferior Inner 335 336 270 315  347 375 396 354 356 

Temporal Outer 273 280 264 263  276 319 328 299 300 

Temporal Inner 335 340 279 301  329 361 385 339 343 

Fovea  300 305 226 271  290 292 345 276 280 
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12.4 Discussion 
This case series outlines the ophthalmic findings in five patients with a genetic diagnosis of DM2. 

Although the ophthalmic manifestations of DM1 are well-described,296 there have been no studies 

investigating DM2 patients as a stand-alone group. All four patients in the Auckland region with a 

known genetic diagnosis of DM2 agreed to present for examination. In addition, one patient 

visiting Auckland was able to be assessed. The CCTG repeat count for individual patients was not 

provided in the genetic testing reports, except to say that the number of repeats was greater than 75 

in all patients. As there is not a significant relationship between the CCTG repeat expansion size 

and disease severity in DM2,482 the precise tetranucleotide repeat count was not required.   

The findings of this small case series show a diverse range of clinical presentations, including 

ophthalmic changes known to be associated with DM2, and those that are likely to be incidental 

observations (possible glaucomatous optic neuropathy and pigment epithelial detachment with 

resolved central serous chorioretinopathy).  

OCT findings were variable in this small group. The average RNFL thickness ranged from 76 µm 

in case 3, the glaucoma suspect, to 111 µm. Average RNFL thickness amongst control patients 

examined for the studies that form this thesis was 97–100 µm. The thickness of the RNFL in 

individual quadrants was also highly variable. The total macular volume ranged from 7.81 mm3 in 

the right eye of the patient with previous central serous retinopathy, to 9.8 mm3 in the left eye of 

the patient with a large macular ERM. Mean total macular volume amongst control patients 

examined for the studies that form this thesis was approximately 8.6–8.7 mm3. OCT examination 

was possible in all patients, and assisted in the detection or confirmation of a range of ocular 

pathologies, including ERM, glaucoma and pigment epithelial detachment.  

As expected, the most frequent finding was a history of bilateral cataract surgery with intraocular 

lens insertion, in four of the five patients. The remaining patient had early polychromatic and 

posterior subcapsular cataract in both eyes. The characteristic cataracts observed in patients with 

patients with DM2 are the same as those found in DM1: bilateral polychromatic and posterior 

subcapsular opacities.483 In a study undertaken before the advent of genetic testing for myotonic 

dystrophy, the severity of the cataract did not correlate with overall impairment.241  

In DM1 and DM2 patients, insulin resistance and diabetes mellitus are more prevalent than in the 

general population.479, 484 In a large, multi-centre study of 234 patients with DM2, 54 (23%) had a 

concurrent diagnosis of diabetes.479 The higher prevalence of diabetes in the myotonic dystrophies 

is thought to be due to altered insulin receptor splicing.485, 486 Two of the five patients examined in 
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this case series had type II diabetes mellitus. One patient, with a 20 year history of diabetes, had 

evidence of mild diabetic retinopathy, with no maculopathy.  

ERM was found in four eyes of three DM2 patients. Of these, two eyes had cellophane macular 

reflex and two had pre-retinal fibrosis. As described in Chapter 4, cellophane macular reflex 

represents the early stages of ERM formation and is generally not visually significant.260 If folding 

of the retina is present, this is termed pre-retinal fibrosis.260  Although the number of participants in 

this case series is small, this finding is similar to the observation in DM1 patients (by the author), 

where either cellophane macular reflex or pre-retinal fibrosis was present in 48.2% of DM1 eyes, 

and over half of the participants had an ERM in at least one eye.487 A more detailed overview of 

ERM in DM1 is provided in Chapter 4. The pathogenesis of ERM formation in patients with DM1 

has not been elucidated. ERM has not previously been reported in DM2 patients.  

Pigmentary retinal changes at the macula were noted in both eyes of one patient. In DM1, 

peripheral retinal changes are frequently observed, although macular pigment, at the level of the 

RPE, is less common.243, 249 The retinal pigment changes were not affecting the vision of the patient 

examined in this case series. Pigment changes in DM1 rarely cause decreased VA, and patients tend 

to be asymptomatic.488 The cause of this pigmentary retinopathy is not known.250 

Ocular hypotony is frequently reported in myotonic dystrophy.242, 245, 246, 447 The IOP range in the 

DM2 patient group was 11–15 mmHg. The mean IOP in the DM1 group, as described in Chapter 

4, was lower at 9.1 ± 1.9 mmHg. Low IOP in patients with DM may be explained by ciliary body 

detachment, and increased uveoscleral outflow that is secondary to iris sphincter and ciliary body 

atrophy.244-246, 248 

There tends to be less facial muscle weakness in DM2 than in DM1.479 This could explain the 

relative absence of ptosis in the DM2 patient group, with only one patient having mild, unilateral 

ptosis. Myogenic ptosis affects up to 82% of individuals with DM1.489 If the ptosis impairs visual 

function, surgery can be performed, although surgical correction of this type of ptosis is difficult 

and recurrence is possible.251 Post-operative exposure keratopathy is a common finding following 

myogenic ptosis correction.490  

12.5 Conclusion 
This case series highlights the ophthalmic presentation of five DM2 patients. Despite the small 

number of patients with a known genetic diagnosis of DM2, this results of this case series support 

ophthalmic involvement similar to findings in DM1 patients; ERM was observed in four out of ten 
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DM2 patient eyes. This is the first report of ERM in DM2. Further defining the ophthalmic 

features of DM2, with both clinical examination and OCT, may contribute to the understanding of 

the pathogenesis of the condition. 
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12.6 Case report: Optical coherence tomography findings in a 

patient with type 1 sialidosis  

12.7 Introduction 
Sialidosis is a rare lysosomal storage disease. It is inherited in an autosomal recessive pattern and is 

caused by a mutation in the NEU1 gene.491, 492 The disease is characterised by the urinary excretion 

and tissue accumulation of sialylated oligosaccharides.493 Two clinical variants of the condition have 

been described: type 1 sialidosis is also known as cherry-red spot myoclonus syndrome and is the 

mildest form of the disease; type 2 sialidosis exhibits a severe phenotype and is characterised by 

early onset, dysmorphic changes and a shorter life expectancy.491, 494 Onset of type 1 sialidosis tends 

to be in the second or third decades, and disease progression is slower.494 The incidence of 

sialidosis is estimated at one in four million live births in the Caucasian population.495 Type 1 

sialidosis is relatively rare compared to type 2.494, 495   

This case outlines the presentation of a female patient with type 1 sialidosis.  

12.8 Case report 
A 32 year-old Samoan woman was referred to Auckland City Hospital for neurological assessment. 

The patient did not speak any English and all history was taken with the assistance of family 

members. She had a 10 year history of progressive myoclonus, initially affecting the lower 

extremities and progressing to involve the arms and trunk approximately three years later. She had 

a 12 month history of tonic-clonic seizures approximately twice per month. The seizures would last 

5–10 minutes, and would occur two to three times in succession. The patient subjectively noted 

facial weakness seven years prior and impaired vision for the past three years. She had been taking 

carbamazepine 200 mg three times per day for nine months, with further deterioration of 

symptoms. Aside from iron deficiency anaemia she had no other known medical history. At the 

time of examination, she was 31 weeks pregnant with her sixth child. She has three brothers and 

three sisters, and her parents are not known to be related. There was no family history of 

neurological disease.  

12.8.1 Ophthalmological and neurological assessment  

Unaided visual acuity was 6/120 in the right eye and count fingers in the left, improving to 6/18 in 

each eye with a low myopic correction. There was no relative afferent pupillary defect. The patient 

correctly identified 12 of the 14 Ishihara colour vision test plates with each eye. She was unable to 
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perform automated visual field testing. However, no gross visual field defects were noted on 

confrontation testing. Slit-lamp biomicroscopic examination of the anterior segment was 

unremarkable aside from peripheral stromal haze of the temporal cornea in both eyes. Intraocular 

pressure, as measured with the iCare rebound tonometer, was low at 6 mmHg in each eye.  

Fundus examination and retinal photography revealed bilateral macular cherry red spots with 

surrounding haze (Figure 12.9). There was thickening of the peripapillary RNFL, although the 

margins of the optic disc remained distinct. Blood vessels appeared normal. Peripheral retinal 

pigment flecks were noted in both eyes. Spectral domain OCT scans were acquired using the 

Heidelberg Spectralis ® SD-OCT (Heidelberg Engineering, Heidelberg, Germany). Macular scans 

showed thickening of the RNFL (Figure 12.10). There was apparent hyper-reflectivity of the 

photoreceptor layer in the foveal region. OCT scans of the peripapillary (surrounding the optic 

nerve head) RNFL showed global thickening of this layer in both eyes (Figure 12.11).  

On neurological assessment, there was diffuse myoclonus, exacerbated by attempts to move the 

affected regions. Tone and strength appeared to be largely normal, although testing was difficult 

due to the myoclonus. She required assistance with walking. The patient was commenced on 

leviteracetam, and carbamazepine was discontinued, with substantial symptomatic improvement. 

Early differential diagnoses of Unverricht-Lundborg disease, myoclonic epilepsy with ragged red 

fibres, and action myoclonus with renal failure were excluded based on clinical presentation. Urine 

oligosaccharide analysis was undertaken; the pattern was abnormal and consistent with type 1 

sialidosis. When the clinical features, including ophthalmologic signs, and laboratory findings were 

viewed together, genetic analysis was not considered to be necessary.  
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Figure 12.9: Retinal photographs showing macular cherry red spot in the right (top) and 
left (bottom) eyes 

There is a surrounding area of haze. Thickening of the peripapillary retinal nerve fibre layer can 
also be observed, particularly temporally.   
 

210 
  



    
Chapter 12 

 

Figure 12.10: Optical coherence tomography section of the right macula 

Note the thickened retinal nerve fibre layer (asterisk).  
 

 

 

Figure 12.11: Optical coherence tomography scan of the peripapillary retinal nerve fibre 
layer 

Although the scan has been classified as ‘Within Normal Limits’ by the Heidelberg Spectralis® 
software, the retinal nerve fibre layer is thickened in all quadrants, particularly temporally in both 
eyes (the black line on the graph at the top of the image shows that the thickness is above the 
normal range (in the white region of the graph) of the age-matched database).  
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12.9 Discussion  
In this patient with type 1 sialidosis, OCT showed thickening of the RNFL at the macula as 

described in three previous reports.491, 494, 496 It is this increased RNFL thickness which gives rise to 

the characteristic macular cherry-red spot appearance. The centre of the fovea is red (or darker in 

colour) and there is a surrounding pale oval halo that corresponds to the area of thickened RNFL. 

The central foveal appearance is normal on OCT. The apparent hyper-reflectivity of the 

photoreceptor layer in the foveal region is due to the relative hypo-reflectivity of the outer retinal 

layers caused by the thickening and increased reflectivity of the RNFL of the inner retina in the 

adjacent macular region. The patient also had increased peripapillary RNFL thickness. The RNFL 

thickening is thought to be due to accumulation of abnormal metabolic products 

(sialyloligosaccharides) in the inner retinal layers.496 

In addition to the macular cherry-red spot, corneal haze is considered to be a characteristic 

ophthalmic sign in patients with sialidosis.497, 498 Peripheral corneal stromal haze was noted in both 

eyes of the patient. The underlying mechanism for this is not known, although it is likely that it is 

also due to the accumulation of metabolic products.  

The macular cherry-red spot is considered the most important hallmark of the disease,499, 500 and in 

mild forms, this sign may be the first clinical manifestation of the condition.491 However, one case 

series reported the finding of this sign in only 3 of the 17 patients with type 1 sialidosis,493 and 

another case study documented the macular cherry-red spots appearing years after symptomatic 

onset of the disease.501 The reason for this discrepancy between studies may be the different 

ophthalmological examination techniques utilised.   

There has been one longitudinal study of macular cherry-red spots in sialidosis, using OCT. Five 

year follow-up of two sisters with type 2 sialidosis showed no change in retinal appearance on 

photography or OCT examination.491 VA was reduced but did not worsen during the follow-up 

period.  

The combination of macular cherry-red spots and neurological findings has been described in other 

metabolic disorders including Tay-Sachs disease, metachromatic leukodystrophy, Niemann-Pick 

disease and glycogenoses, all of which have onset of symptoms in childhood.502 There has been one 

case series of OCT findings in three patients (aged 5, 10 and 34) with Niemann-Pick disease type 

B.503 Spectral domain OCT also revealed hyper-reflectivity of the RNFL, with a normal optic nerve 

head appearance and tortuous retinal veins, accompanied by mildly reduced VA.  
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12.10 Conclusion 
This case report outlined the ophthalmic presentation of a patient with type 1 sialidosis; the patient 

had reduced VA, peripheral corneal haze, characteristic bilateral macular cherry red-spots and 

thickening of the macular and peripapillary RNFL on OCT examination. This case demonstrates a 

further application of OCT imaging in neurology. 
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13.1 Introduction  
Over the past 15 years, the role of OCT in neurodegenerative disease has been widely investigated. 

When the research for this thesis began in 2012, the vast majority of published work on this topic 

concerned four diseases: multiple sclerosis, neuromyelitis optica, Alzheimer’s disease and 

Parkinson’s disease. Over the intervening years, there has been an exponential increase in the 

number of studies in this field, covering these conditions and a number of other neurological 

disorders, including the conditions discussed in this thesis.  

The eight OCT studies and the case series chapter described in this thesis contribute to this rapidly 

expanding area. The results highlight the diverse ophthalmic presentations encountered in 

neurodegenerative disorders. In addition, the studies have helped to further elucidate the role of 

OCT in both clinical and research practice.  

These results have been discussed in greater detail in the experimental chapters (Chapters 4-12) of 

this thesis. A summary of the main findings and conclusions of these studies is outlined below.  
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13.2 Epiretinal membrane in myotonic dystrophy type 1 
The objectives of this study were to investigate optic nerve and retinal morphology in myotonic 

dystrophy type 1 (DM1), using OCT, and also to investigate the relationship between OCT 

findings and measures of disease severity. Although there have been a number of previous studies 

reporting retinal findings in DM1, there was no recent literature on the topic, and quantitative 

analysis of the posterior structures of the eye had not been undertaken. During the course of the 

work for this study, it was noted that a significant number of DM1 participants had evidence of 

epiretinal membrane (ERM) on clinical examination and OCT scans. This chapter explores the 

relationship and the subsequent investigation into this finding.  

Conclusions  

1. In 30 DM1 patients, macular volume was significantly greater, and retinal thickness was 

increased in five of the nine macular regions when compared with age- and sex-matched 

controls. 

2. There was no significant difference in retinal nerve fibre layer (RNFL) thickness values 

between the DM1 patient and control groups. 

3. The increased retinal thickness in the DM1 group was due to the increased prevalence of 

ERM in this group. Nearly 50% of DM1 eyes had evidence of ERM on OCT examination 

compared with 12.5% of controls. 

4. ERM was a cause of reduced visual acuity (VA) in DM1 patients when the membrane was 

affecting the foveal region.  

5. There was no correlation between OCT findings and DM1 disease severity, measured using 

the 6MWT and the MIRS 

6. Patients with visually significant ERM can successfully undergo membrane peel surgery. 

Two patients with ERMs identified during the course of this study had successful bilateral 

ERM surgery, with a significant improvement in best-corrected VA.  
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13.3 Optical coherence tomography findings in Huntington’s 

disease  
Eye movement abnormalities in Huntington’s disease (HD) have been studied in detail. However, 

prior description of retinal dysfunction in HD had been primarily limited to animal model studies. 

The objectives of this study were two-fold: Firstly, to investigate optic nerve and retinal 

morphology in HD, using OCT; Secondly, to determine the relationship between OCT findings 

and disease severity as defined by disease duration and unified Huntington’s disease rating scale 

(UHDRS) motor scores. This study was the first to report OCT findings in HD.  

Conclusions 

1. OCT measurements were successfully acquired in 22 of 26 HD patients. In patients with 

more severe disease, excessive involuntary movement made scan acquisition more 

challenging.  

2. The temporal RNFL was thinner in the HD group when compared with controls. There 

was no difference in average RNFL thickness, or in the superior, inferior or nasal 

quadrants. 

3. Amongst HD patients with manifest disease, there was a significant correlation between 

temporal RNFL thickness and disease duration. 

4. Although there was no significant difference in macular thickness or volume between the 

two groups, there was a significant correlation between macular volume in the HD group 

and both UHDRS motor scores and disease duration. This relationship was strengthened 

when only manifest HD patients were included in statistical analysis.   

5. These results indicate that OCT measurements may be a useful biomarker of disease 

progression in HD. However, number of HD patients included in this study was small, and 

larger, longitudinal studies are required in order to determine the relationship between 

OCT findings and HD severity.  
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13.4 Optical coherence tomography findings, cognitive 

function and disease laterality in Parkinson’s disease  
Over the last 11 years, a large number of studies have reported OCT findings in Parkinson’s 

disease (PD), and investigated the relationship between OCT measures and disease severity. 

Because of the wide range of OCT protocols and neurological assessments utilised in these studies, 

OCT findings have been highly variable and the role of OCT as a potential biomarker of disease 

progression has remained uncertain. Only two previous studies have examined the relationship 

between cognitive function and OCT measurements, and three have investigated the effect of 

disease laterality.  

The objectives of this study were to compare peripapillary and macular OCT measurements in PD 

to a group of healthy controls, and to investigate the relationship between OCT findings, motor 

disability and cognitive function. Additionally, the results of the eye ipsilateral to the most-affected 

side of the body were compared to the contralateral eye, in order to determine the effect of PD 

laterality on OCT measurements.  

Conclusions 

1. There was no significant difference between PD patients and healthy controls for any 

peripapillary RNFL or macular thickness OCT measurements.  

2. There was not a significant correlation between average RNFL thickness or total macular 

volume and disease severity measures or cognitive function.  

3. When patients were separated into two groups based on cognitive assessment scores, there 

was no statistically significant difference between the two groups for any OCT measures.   

4. OCT measurements from the eye ipsilateral to the most-affected side of the body did not 

differ significantly from measurements from the contralateral eye. 

5. The role of OCT in Parkinson’s disease remains unclear. Although the number of studies 

investigating OCT measurements in PD patients is increasing exponentially, the findings 

are highly variable and there is no consensus regarding the utility of OCT in the 

examination of PD patients.  
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13.5 Optical coherence tomography findings in motor neuron 

disease 
There have been two previous studies reporting OCT findings in motor neuron disease (MND), 

with differing results. The first study involving 76 patients found no evidence of retinal layer 

abnormalities and the second, a smaller study involving 24 patients, found a small but statistically 

significant reduction in peripapillary RNFL thickness and macular inner nuclear layer thickness.  

The primary objectives of this study were to investigate optic nerve and macular morphology in 

MND using OCT, and to determine the relationship between OCT findings and motor and 

cognitive impairment. The present study is the first to report the relationship between cognitive 

function and OCT findings in MND. 

Conclusions 

1. There was no significant difference in RNFL or macular thickness between the 17 MND 

patients and age-matched healthy controls.  

2. There was no relationship between motor disability (as measured with the amyotrophic 

lateral sclerosis functional rating scale – revised) and OCT measurements. 

3. There was no significant relationship between cognitive function and OCT measurements.  

4. There were no significant differences in RNFL or macular OCT findings between the two 

MND groups (based on cognitive assessment scores).  However, there was a trend towards 

reduced macular volume in the MND group with lower ACE-R scores. 

5. Larger, longitudinal studies of MND patients (with patients that represent a larger range of 

motor disability and cognitive function) are required in order to determine the relationship 

between OCT findings and disease severity measures.  
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13.6 Optical coherence tomography findings in hereditary 

spastic paraplegia 
The hereditary spastic paraplegias (HSP) are a clinically and genetically diverse group of inherited 

neurodegenerative disorders. HSP phenotypes are either pure (the clinical features are limited to 

lower limb spasticity) or complicated (other clinical features, including optic atrophy, ataxia and 

peripheral neuropathy are present) and there is some genotype phenotype correlation. There have 

been two previous studies that have reported OCT findings in HSP patients.   

The objective of this study was to investigate optic nerve and macular morphology in a group of 

HSP patients. Additionally, the patients were separated into groups, based on genetic testing 

results, for subgroup analysis.   

Conclusions 

1. The average global RNFL thickness was reduced in the HSP group compared with 

controls. Although statistically significant, this RNFL thinning was sub-clinical.  

2. There was a trend towards inferior RNFL thinning in the HSP group, however, when the 

multiple comparisons were accounted for, this was not statistically significant. There were 

no significant differences between HSP patients and controls in other RNFL quadrant or 

macular measures.  

3. When the HSP patients were separated into groups based on genetic testing results, there 

was a significant reduction in superior RNFL thickness in the family with unclassified 

autosomal dominant HSP, compared with patients with other (non SPG7) types. Three 

members of this family had a RNFL wedge defect in the superior temporal region. Further 

investigation into this finding is required.   

4. As there are so many genetic variants of HSP, the number of patients in each group was 

small, and for many, the genetic defect was unknown. These findings require further 

investigation in larger patient cohorts. Multi-centre studies may be required in order to 

recruit adequate patient numbers.  
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13.7 Ophthalmic findings in cerebellar ataxia, neuropathy, 

vestibular areflexia syndrome 
Cerebellar ataxia, neuropathy, vestibular areflexia syndrome (CANVAS) was recognised as a 

distinct clinical entity in 2011. In the last four years, several studies have described eye movement 

abnormalities in this condition, particularly downbeat nystagmus. There have, however, been no 

studies directed at the afferent visual system features of CANVAS. The objectives of this study 

were to characterise ophthalmic involvement in CANVAS, including OCT findings, and to 

investigate the relationship between ophthalmic findings and disability.  

Conclusions  

1. Nystagmus was noted in all CANVAS patients, with 14/16 (87.5%) having downbeat 

nystagmus. The nystagmus was exacerbated by lateral gaze.  

2. VA was reduced in CANVAS patients compared with healthy controls. This reduction in 

VA was likely to be due to the presence of nystagmus in the CANVAS patient group.  

3. OCT examination was not possible in 6/16 (37.5%) CANVAS patients because of 

nystagmus in primary gaze.  

4. There was significant thinning of the temporal RNFL in the CANVAS group.  The cause 

of this preferential RNFL loss is not known, although it could be caused by mitochondrial 

dysfunction, which is a feature of other ataxic conditions. As CANVAS is a recently 

described condition, the pathogenesis has not been elucidated.  

5. There was a trend towards increased retinal thickness in CANVAS patients, although the 

difference was not statistically significant when multiple comparisons were taken into 

account. Increased macular thickness has not been documented in other neurodegenerative 

disorders.  

6. There was not a significant relationship between ataxia rating scale scores and OCT 

measurements. 

7. Amongst the CANVAS patients, two had glaucomatous optic neuropathy, and four had 

narrow anterior chamber angles. The relationship between CANVAS and glaucoma 

requires further investigation.  

8. This was the first report to detail anterior visual system findings in CANVAS. Further 

studies, investigating larger CANVAS cohorts, are required to corroborate these findings.  

222 
  



    
Chapter 13  

13.8 Optical coherence tomography findings in 

facioscapulohumeral muscular dystrophy 
Previous reports of ophthalmic changes in facioscapulohumeral muscular dystrophy (FSHD) have 

primarily detailed peripheral retinal vascular abnormalities. These changes are asymptomatic in the 

majority of patients. 

The objective of this study was to investigate the RNFL and macula in FSHD patients using OCT. 

This was the first study to utilise OCT in the examination of the posterior pole of the retina in a 

group of FSHD patients.  

Conclusions  

1. There was not a significant difference in RNFL or macular OCT measurements between 

the 16 FSHD patients and an age-matched control group.  

2. One patient had peripheral retinal haemorrhages and vascular telangiectasia and was 

referred for ophthalmological assessment and treatment. Consistent with previous reports, 

the patient was asymptomatic.  

3. Yellow flecks at the foveal region were noted in nine eyes of five patients. Although this is 

likely to represent an age-normal variation, this finding had not previously been 

documented in FSHD patients.  

4. OCT may not have a role in the routine ophthalmologic examination of FSHD patients. 

Clinical examination, wide-field digital imaging and fundus fluorescein angiography may be 

more likely to detect the peripheral retinal vascular changes that are more likely to progress 

to symptomatic visual loss.  
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13.9 Optical coherence tomography findings in Friedreich’s 

ataxia 
In recent years, several studies have found generalised RNFL thinning and variable reduction in 

macular thickness in Friedreich’s ataxia (FRDA) cohorts. Unlike other mitochondrial disorders, VA 

in FRDA tends to be well preserved.  

The objectives of this study were to characterise optic nerve and retinal involvement in FRDA 

using OCT, and to investigate the relationship between ophthalmological and neurological 

measures.  

Conclusions 

1. Average RNFL thickness was highly significantly reduced compared with age-matched 

controls, and there was RNFL thinning in the superior, nasal and inferior quadrants. The 

temporal quadrant was not affected. 

2. Total macular volume was reduced in FRDA. However, when allowances were made for 

multiple comparisons, there was no significant difference in macular thickness in any of the 

nine macular regions  

3. VA was reduced in the FRDA group of seven patients compared with controls, although 

this was primarily due to the presence of an outlier with poor VA, long disease duration 

and a high GAA repeat count on both alleles. The remaining six patients had normal VA.  

4. There was not a significant relationship between RNFL or macular OCT measures, and 

GAA repeat length, disease duration or ataxia rating scale scores.  

5. There was a significant correlation between VA and ataxia rating scale scores and GAA 

trinucleotide repeat length. However, this was primarily due to the outlier mentioned 

above.  

6. Because of the small number of patients examined, it was not possible to make solid 

inferences regarding the relationship between OCT findings and measures of disease 

severity. Further, large, longitudinal studies are required.  
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13.10 Case series and case report 

13.10.1 Myotonic dystrophy type 2 case series 

Myotonic Dystrophy type 2 (DM2) is a multi-system disorder and is phenotypically similar to 

DM1. Although cataract is a common finding, there have been no previous reports detailing 

afferent visual system findings in a group of patients with a genetic diagnosis of DM2. 

This case series outlined the ophthalmic involvement and OCT measurements in five patients with 

genetically confirmed DM2.  

Conclusions 

1. A diverse range of ophthalmic findings were present in this small group, including changes 

known to be associated with DM2, and those that were more likely to be incidental 

observations.  

2. OCT measurements of the peripapillary RNFL and macula were highly variable. 

3. ERM was found in four eyes of three DM2 patients. This finding is similar to the 

observation of ERM in the DM1 cohort described in Chapter 4.  

4. Retinal pigment changes at the level of the retinal pigment epithelium were found at the 

macula in both eyes of one patient, and had a similar appearance to the pigmentary 

retinopathy observed in DM1 patients.  

5. OCT may be a useful clinical tool in the ophthalmic examination of DM2 patients, as it is a 

reliable method for the detection and monitoring of ERM.  

6. Further studies of larger DM2 cohorts are required in order to fully elucidate the 

ophthalmic manifestations of this condition, and the role of OCT in the examination of 

these patients.   
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13.10.2 Sialidosis case report  

Macular cherry-red spots are a feature of sialidosis, a rare lysosomal storage disease. There have 

been two case reports that have utilised OCT in the examination of patients with either type 1 or 

type 2 sialidosis; both reported thickening of the macular RNFL. The objective of this case report 

was to use OCT to image the macula and peripapillary RNFL in a patient with type 1 sialidosis.  

Conclusions 

1. OCT examination revealed thickening of the RNFL in the perifoveal and peripapillary 

regions. This thickening of the RNFL is responsible for the characteristic cherry-red spot 

appearance observed in patients with sialidosis. The central foveal appearance was normal.  

2. This case report was the first to describe thickening of the peripapillary RNFL, 

demonstrating a further application of OCT in neurodegenerative disease.  
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13.11 Final conclusions and future directions 
The eight interconnected studies, case series and case report highlight the wide variation in OCT 

findings in a diverse range of neurodegenerative disorders.  

The studies outlined in this thesis have brought to light further potential uses of OCT in the 

examination of patients with neurodegenerative disorders: Of particular note were the previously 

unreported OCT findings in DM1, HD and CANVAS. OCT may have a clinical role in the 

examination of DM1 patients, due to its ability to detect the presence of ERM, a finding noted in 

nearly 50% of DM1 patient eyes. Additionally, OCT measurements may be a potential biomarker 

of disease progression in HD, as there was a significant correlation between both temporal RNFL 

thickness and macular volume and measures of disease severity. Temporal RNFL thinning was 

detected in the CANVAS patient group, indicating that mitochondrial dysfunction may be involved 

in the disease pathogenesis, although this requires significant further investigation.   

Other studies confirmed findings of previous reports: there were no significant differences between 

OCT measurements of patients and controls in the MND or PD groups. The lack of statistically 

significant findings in the PD group corroborates the findings of several other studies that have 

found no difference between PD patient and control OCT measurements, and the utility of OCT 

in this condition is likely to be limited.  

As many of these conditions investigated in the studies outlined in this thesis are rare, recruiting 

large numbers of patients from a relatively small population was extremely difficult, and, in many 

studies, the number of patients examined was small. Because of the small number of participants in 

these groups, there are caveats in the interpretation of the statistical analysis: If a difference was 

detected in a smaller group, this could have been due to either a large difference between groups, 

indicative of the disease population as a whole, or the difference could have been due to biased 

case selection, though every effort was made to avoid this. Additionally, if no significant difference 

between groups was found, the small number of participants may have meant that a smaller 

difference between groups was missed, and this may have been detected if the cohort size was 

larger.  

Because several novel observations were made during the course of this research, particularly in the 

studies of patients with the myotonic dystrophies, HD and CANVAS, corroboration of these 

findings is required in larger disease cohorts, with standardised examination techniques, and, 

preferably, longitudinal follow-up. There are, however, issues with longitudinal OCT follow-up, 

especially as the technology is constantly advancing; data acquired with older OCT models cannot 
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be directly compared to those obtained with newer equipment. Additionally, advances in the OCT 

software have allowed for automated retinal layer segmentation, a feature that was not available for 

the studies undertaken for the present thesis. This automated layer segmentation may be useful for 

detecting smaller, but still significant, retinal thickness changes in the individual retinal layers, 

particularly the inner retinal layers.  

This technology has important applications in many neurodegenerative disorders. OCT imaging 

provides the clinician and the researcher with quantitative in vivo information about the RNFL and 

macula. The future of OCT in neurology is an exciting one, with a large and ever-expanding body 

of literature on this topic. 

 

 

 

228 
  



    
 

 

 

 

 

 

 

 

 

Section V                                  
Appendices 

 
 
 
 
 
 

 

229 
  



    
Appendix 1 

Appendix 1: Related Publications and Presentations 

Related publications 

Kersten HM, Danesh-Meyer HV, Kilfoyle DH, Roxburgh RH 
Optical Coherence Tomography Findings in Huntington’s Disease: A Potential Biomarker of Disease  
Progression 
Journal of Neurology 261(11), 2015 

 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Ophthalmic Manifestations of Inherited Neurodegenerative Disorders 
Nature Reviews Neurology, 10 (6), 2014 
 

Kersten HM, Roxburgh RH, Child N, Polkinghorne P, Frampton C, Danesh-Meyer HV.  
Epiretinal Membrane: A Treatable Cause of Visual Disability in Myotonic Dystrophy Type 1 
Journal of Neurology, 261 (1), 2014 
 

Related presentations 

Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Optical Coherence Tomography in Neurodegenerative Disorders 
University of Auckland Faculty of Medical and Health Sciences Doctoral Showcase 
Auckland, New Zealand. December 2015  
 
Kersten HM, Danesh-Meyer HV 
Ocular Imaging in Glaucoma 
New Zealand Association of Optometrists (NZAO) Conference 
Dunedin, New Zealand, October 2015 (Invited speaker) 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Auckland District Health Board Neurogenetics Meeting 
Optical Coherence Tomography Findings in Huntington’s Disease 
Auckland, New Zealand, July 2015  

Kersten HM, Danesh-Meyer HV, Kilfoyle DH, Roxburgh RH 
Optical Coherence Tomography Findings in Huntington’s Disease: A Potential Biomarker of 
Disease Progression?  
European Ophthalmological Society Congress  
Vienna, Austria, June 2015 
 
Kersten HM, Danesh-Meyer HV, Kilfoyle DH, Roxburgh RH 
Optical Coherence Tomography Findings in Huntington’s Disease: A Potential Biomarker of 
Disease Progression? 
Association for Research in Vision and Ophthalmology (ARVO) Annual Meeting  
Denver, USA, May 2015 
 
 
 
 

230 
  



    
Appendix 1 

Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Manifestations of Neuromuscular Disorders in the Eye 
Muscular Dystrophy Association of New Zealand ‘Life without Limits’ Conference  
Auckland, New Zealand, April 2015(Invited speaker) 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Ophthalmic Manifestations of Neurodegenerative Disorders 
New Zealand Association of Optometrists (NZAO) Conference  
Auckland, New Zealand, October 2014 (Invited speaker) 
 
Kersten HM, Roxburgh RH, Child N, Polkinghorne P, Frampton C, Danesh-Meyer HV 
Epiretinal Membrane: A treatable cause of visual disability in Myotonic Dystrophy Type 1  
World Ophthalmology Congress  
Tokyo, Japan, April 2014 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Optical Coherence Tomography Findings in Myotonic Dystrophy Type 1 
New Zealand National Eye Centre Seminar    
Auckland, New Zealand, August 2013 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Epiretinal Membrane in Myotonic Dystrophy Type 1 
Royal Australian and New Zealand College of Ophthalmologists (RANZCO) 
New Zealand Branch Meeting  
Auckland, New Zealand, May 2013 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Epiretinal Membrane in Myotonic Dystrophy Type 1 
Muscular Dystrophy Association of New Zealand Annual General Meeting 
Christchurch, New Zealand, April 2013 (Invited speaker)  
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Ophthalmic Manifestations of Myotonic Dystrophy Type 1 
Auckland District Health Board Neurogenetics Meeting  
Auckland, New Zealand, December 2012  
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Royal Australian and New Zealand College of Ophthalmologists (RANZCO) Annual Congress  
Epiretinal Membrane in Myotonic Dystrophy Type 1 
Melbourne, Australia, November 2012 
 
Kersten HM, Roxburgh RH, Danesh-Meyer HV 
Epiretinal Membrane in Myotonic Dystrophy Type 1 
Neuro-Ophthalmology Society of Australia  
Melbourne, Australia, September 2012 
 
 

 

231 
  



    
Appendix 2 

Appendix 2: Participant consent form  
 

       

WRITTEN CONSENT FORM FOR CLINICAL EXAMINATION OF THE 
EYE  

Principal Investigator: Professor Helen Danesh-Meyer 

English 
 

I wish to have an interpreter. Yes No 

Maori 
 

E hiahia ana ahau ki tetahi kaiwhakamaori/kaiwhaka pakeha 
korero. 

Ae Kao 

Samoan 
 

Oute mana’o ia iai se fa’amatala upu. Ioe Leai 

Tongan 
 

Oku ou fiema’u ha fakatonulea. Io Ikai 

Cook Island 
 

Ka inangaro au i  tetai tangata uri reo. Ae Kare 

Niuean 
 

Fia manako au ke fakaaoga e taha tagata fakahokohoko kupu. E Nakai 

 
 

Other languages to be added following consultation with 
relevant communities. 

  

 

I, _________________________________ have read and I understand the information sheet dated 
05/08/2013 for volunteers taking part in the study designed to analyse the eye in patients with neurological 
diseases.  

I have had the opportunity to discuss this study and I am satisfied with the answers I have been given.   

                YES/NO  

 
I give consent for my eye to be tested an examined in a standard clinical manner (including slit-lamp 
biomicroscopy, visual acuity, visual fields, and ocular imaging) by the Research Group at the University 
of Auckland for use in research into understanding the optic nerve and retina.  

                YES/NO   

 
I wish to receive a copy of my tests and/or results           YES/NO   

 
I give my consent for a muscle strength assessment to be performed        YES/NO     

 
I give my consent for a cognitive assessment to be performed         YES/NO 
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I agree to my GP or other current care provider being informed of my participation in this study/the results 
of my participation in this study.           YES/NO 

                                                                                                                                                   

 

Signed (Subject):    ……………………………………………………………     Date .......................... 

            (Parent/Guardian) ……………………………………………………..     Date ..........................        

In my opinion consent was given freely and with full understanding. 

Witness name (please print): …………………………………………………..     

Witness signature: …………………………………………………………….      Date ......................... 

Consent obtained by: 

Name (please print) …………………………………………………………… 

Signed:                     ……………………………………………………………    Date ..........................        

                                  

This study has received ethical approval from the Northern X Regional Ethics committee until 
14/11/2015 

 
Professor Helen Danesh-Meyer 
Department of Ophthalmology 
Medical and Health Sciences Campus  
University of Auckland 
Tel : 09 373 7599 ext. 86254 
h.daneshmeyer@auckland.ac.nz 
 

Diagnosis:_________________________________ 

Status:  Affected/ Unaffected /Unknown 

Family/Proband: ____________________________ 
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Appendix 3: Neurological assessment  

Appendix 3.1: Addenbrooke’s cognitive examination – revised  
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Appendix 3.2: Amyotrophic lateral sclerosis functional rating scale – 

revised  

1. Speech 
4     Normal speech processes 
3     Detectable speech disturbance 
2     Intelligible with repeating  
1     Speech combined with non-vocal communication 
 
2. Salivation     
4     Normal 
3     Slight but definite excess of saliva, may have night-time  

drooling  
2     Moderately excessive saliva; may have minimal drooling 
1     Marked excess of saliva with some drooling  
0     Marked drooling; requires constant tissue or handkerchief 
 
3. Swallowing 
4     Normal eating habits 
3     Early eating problems – occasional choking 
2     Dietary consistency changes 
1     Needs supplemental tube feeding  
0     NPO (exclusively parenteral or enteral feeding) 
 
4. Handwriting  
4     Normal 
3     Slow or sloppy; all words are legible 
2     Not all words are legible 
1     Able to grip pen but unable to write 
0     Unable to grip pen  
 
5a. Cutting food and handling 
      utensils (patients without 
      gastrostomy)  
4     Normal 
3     Somewhat slow and clumsy, but no help needed 
2     Can cut most foods, although clumsy and slow; some  
     help needed 
1     Food must be cut by someone, but can still feed slowly 
0     Needs to be fed 
 
5b. Cutting food and handling 
     utensils (alternate scale for 
     patients with gastrostomy) 
4     Normal 
3     Clumsy but able to perform all manipulations  

independently 
2     Some help needed with closures and fasteners 
1     Provides minimal assistance to caregiver 
0     Unable to perform any aspect of task  
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6. Dressing and hygiene   
4     Normal function 
3     Independent and complete self-care with effort or  
     decreased efficiency 
2     Intermittent assistance or substitute methods 
1     Needs attendant for self-care 
0     Total dependence 
 
7. Turning in bed and adjusting 
    bed clothes  
4     Normal 
3     Somewhat slow and clumsy but no help needed 
2     Can turn alone or adjust sheets, but with great difficulty 
1     Can initiate, but not turn or adjust sheets alone 
0     Helpless 
 
8. Walking   
4     Normal 
3     Early ambulation difficulties 
2     Walks with assistance  
1     Non-ambulatory functional movement  
0     No purposeful leg movement  
 
9. Climbing stairs 
4     Normal 
3     Slow 
2     Mild unsteadiness or fatigue 
1     Needs assistance 
0     Cannot do 
 
10. Dyspnoea (new) 
4     None 
3     Occurs when walking 
2     Occurs with one or more of the following: eating, bathing 
     dressing (ADL) 
1 Occurs at rest; difficulty breathing when either sitting or lying 
0 Significant difficulty considering using mechanical 
 respiratory support 
 
11. Orthopnoea (new)  
4 Normal 
3 Some difficulty sleeping at night due to shortness of breath; 
 does not routinely use more than two pillows 
2 Needs extra pillows in order to sleep (more than two) 
1 Can only sleep sitting up 
0 Unable to sleep  
 
12. Respiratory insufficiency  
     (new) 
4 None 
3  Intermittent use of BiPAP 
2 Continuous use of BiPAP during the night  
1 Continuous use of BiPAP during the night and day 
0 Invasive mechanical ventilation by intubation or 
 tracheostomy  
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Appendix 3.3: Scale for the assessment and rating of ataxia  
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Appendix 3.4: Unified Huntington’s disease rating scale – motor 

section  
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