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Summary 
 

Age-related macular degeneration (AMD) is the most common cause of irreversible 

visual impairment in the western world. Multimodal imaging has contributed a lot 

into disease detection, diagnosis and management. The availability of multimodal 

imaging is an unprecedented advantageous opportunity into relating structure with 

function in the presence of disease. 

The Northern Ireland Cohort of Longitudinal study of Aging (NICOLA) is a 

population based study which was designed to understand what factors are related 

with healthy aging. The sampling was designed to recruit individuals aged over 50 

years old and consisted of two parts, a home-based interview and a health 

assessment which included an ophthalmic component which comprised of 

multimodal retinal imaging. Those attending the health assessment were the pool 

from which participants to the current study were drawn. 

The Northern Ireland Sensory Aging study (NISA) is a prospective, case-control 

add-on study, which invited back persons from the main NICOLA study in order to 

assess in detail those who had early and/or intermediate AMD. The NISA study, 

involved detailed functional and structural phenotyping of these participants with 

the use of state-of-the-art psychophysical tests and retinal imaging modalities. 

Chapter 1 of this thesis is an overview of the knowledge acquired so far through 

research regarding the pathogenesis, risk factors, classification and effect of visual 

function of both AMD and its recently reported phenotype, reticular 

pseudodrusen/subretinal drusenoid deposits (RPD/SDD). 
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Chapter 2, is an overview of the methods used to carry out the functional tests and 

imaging in the NISA study, as well as the rationale for inclusion of those 

assessments. In the same chapter, the effect of the time chosen to dark-adapt an 

individual, on their performance on a novel piece of equipment, the scotopic 

MAcular Integrity Assessment (MAIA, CenterVue, Padova, Italy) microperimeter, as 

well as the repeatability of the device are tested. 

In chapter 3, the rationale and methods of developing an optical coherence 

tomography (OCT)-based classification system for the NISA study are described, 

thus adhering to the need for an OCT-based classification for AMD. The colour 

fundus photography (CFP) and OCT characteristics, as well as the prevalence of 

AMD phenotypes, of the NISA study population are described. Based on CFP 

detection a frequency of 31.8% and 15.9% for early and intermediate AMD 

respectively, were found. Furthermore, RPD were found in 1.7% of the study 

population, a frequency which is in agreement with previous studies. Based on OCT 

imaging, 39.9% of the study eyes showed typical drusen, with 34.7% of those being 

of homogeneous internal reflectivity. Subretinal drusneoid deposits were present in 

39.8%. This percentage is similar to previous rates reported from studies which 

used the OCT modality. Of those with SDD, 19.1% were stage 1, 16.8% stage 2 

and 3.9% stage 3 SDD. Analysis of agreement between a well-established CFP 

with the OCT-based classification system developed for the NISA study, showed 

only slight agreement between the two, whereas substantial agreement between 

the standard and wide-field OCT lenses was found.  

In chapter 4 an assessment of the potential impact of AMD-related lesions on retinal 

structure took place. With the use of OCT segmentation analysis, it was found that 

for both the CFP and OCT-based classification systems, the RPE, outer retina and 



viii 
 

photoreceptor thicknesses can be good indicators to distinguish AMD from control 

individuals. Additionally, factors that related with the structure of the layers of 

interest, in the eccentricities assessed, were age, gender, spherical equivalent and 

smoking. Finally, the results of this chapter agree with previously published work 

stating that the total retina is thicker in AMD individuals in the foveal area and that 

the RPE is thicker at all eccentricities assessed. The volume of the RPE is also a 

reliable metric to distinguish those with AMD from controls as it was found to 

increase from one AMD stage to another.  

In chapter 5, the impact of the AMD-related lesions on visual function and the 

sensitivity of each test within the NISA test battery, to detect results outside a 

reference range of control participants were assessed. It was found in this chapter 

that only some of the tests could serve as good visual function metrics and 

distinguish AMD individuals from their counterparts in normal macular health, 

including  low luminance visual acuity, low luminance deficit, contrast sensitivity, 

mesopic microperimetry and rod-intercept time. These tests were found to be able 

to make this distinction in both the CFP and OCT-based analysis. Finally, these 

were the tests that showed increased sensitivity as the percentage of patients falling 

outside the reference range, increased while moving from one group to another.  

In chapter 6, the OCT groups created initially, were reclassified based on the 

previous results into a graded severity scale. In this chapter it was found that the 

structure of the RPE and photoreceptors is significantly affected and that this 

significance, is increased while moving from one group to another. The RPE and 

photoreceptor thicknesses, can also still distinguish AMD from control individuals. 

In terms of the effect on visual function, the results of this chapter, suggest that 

visual performance declined while moving from one OCT group to another. This 
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was more profound for low luminance visual acuity, low luminance deficit, contrast 

sensitivity, mesopic microperimetry and rod-intercept time. Finally, these tests are 

those that can reliably distinguish AMD individuals from controls. 

Chapter 7 concludes this thesis with a general discussion of the overall findings and 

makes suggestions for future directions of the research in general and how specific 

findings of the NISA study could be further extended. 
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1 Introduction 
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1.1 Age-related macular degeneration 
As the term itself predisposes, age-related macular degeneration (AMD) is a 

disease affecting older individuals, usually commencing by the age of 50 years old 

and over. It is stated as the most frequent cause of visual impairment in 

industrialized countries(1,2) and according to the World Health Organization 

(WHO), as the third cause of visual impairment worldwide, after cataract and 

glaucoma(3). It is a multifactorial disease with no single cause leading to its 

manifestations. 

Throughout this chapter the current knowledge on AMD pathogenesis, 

epidemiology and risk factors of the disease, effect on visual function and 

classification of the disease will be described. Subsequently, the current knowledge 

on a phenotype of AMD, reticular pseudodrusen/subretinal drusenoid deposits 

(RPD/SDD) will be presented.  

1.1.1 Anatomy of the Macula 
Ophthalmic anatomy has defined the macula, or otherwise known as macula lutea, 

as the central region of the human retina. This area is responsible for detailed vision 

as it has a rich concentration of photoreceptors, especially cones, which are 

responsible for vision under highly illuminated environments and colour 

discrimination as well. The macula occupies less than 4% of the total retinal area 

and it is suggested that a 2mm lesion centred on the fovea, could result in legal 

blindness of the average individual(4). The macula has been anatomically divided 

into four regions (Figure 1) which are all named in relation to and including the 

fovea.  
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Figure 1 Anatomy of the macula. The four anatomical regions of the machula are illustrated in concentric 
circles a) the umbo, b) the foveolar, c) the fovea, d-e) perifoveal macula (adapted from slideshare.net) 

 

The outermost region is the perifovea and can be seen as the transition zone 

between the central zones and the periphery. In this area, there is high density of 

retinal vasculature as well as a high rod:cone ratio. The area internally to the 

perifovea, is the parafovea. This surrounds the foveal region and is characterised 

by a low density of retinal vessels and rods, as well as an increase in cone density. 

The pattern noticed in the parafovea, is further developed in the foveal region. This 

can be further split in to two parts, the foveal slope and the foveola. In the foveal 

slope, there is a transition from rod- to cone-dominated and from vascular to 

avascular retina. In the foveola, cones reach their maximum density. Furthermore, 

the centre of the foveola is called the umbo. The unique environment of the macula 

renders it susceptible to the processes leading to age-related macular degeneration 
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so as to include phenotypes such as reticular pseudodrusen/subretinal drusenoid 

deposits (RPD/SDD) and types of neovascular disease such as polypodal choroidal 

vasculopathy (PCV). Disease classification systems based on a modality that can 

detect disease earlier, can significantly reduce the latent period. That is an 

epidemiologic concept, and is defined as the period between the time a disease 

has started, until its detection, either due to symptoms reported, or clinical 

examination(37). Furthermore, with the use of a more precise modality for disease 

detection and description, there will be better predictive capabilities  and disease 

processes can be better explained(36).  

Optical coherence tomography, offers a technology called retinal layer 

segmentation. This calculates the thickness of each layer of interest based on an 

Early Treatment of Diabetic Retinopathy (ETDRS) grid centered on the fovea. The 

grid has 9 subfields in three concentric rings. The innermost ring, is centered on the 

fovea and extends over a 1mm diameter. The middle ring extends over 3mm and 

the outermost ring extends over an area of 6mm. The middle and outer rings are 

further subdivided into nasal, superior, temporal and inferior subfields. 

Segmentation technology calculates the thickness of the layer of interest in each of 

these nine subfields. It is known that in AMD, some lesions are frequently 

localised(38). Several studies have applied segmentation technology to assess the 

structure of AMD eyes(34,39). Thus, apart from an OCT-based classification 

system, what is further needed to know, is the damage caused by AMD-related 

lesions, either localized or diffuse, in the overall retinal structure. 
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factor B (CFB), complement component 2 (C2) on chromosome 6, complement 

factor I (CFI) and C3(53,60,61).  

Cameron et. al., suggested that the HTRA1 variant has been associated with an 

increased risk for AMD development(62). Furthermore, the same authors reported 

that this variant confers similar risk for both GA and CNV development, and that 

HTRA1 and CFH together, increase the odds of having AMD more than 40 

times(62). The AMD-related locus on Chromosome 10q26 contains the age-related 

maculopathy susceptibility 2 gene (ARMS2)(62). The precise function of this gene 

though, is still unknown(61). Despite that fact, the ARMS2 gene, has been 

suggested to increase the risk for early and late AMD in people of European 

ancestry(64). On the HDL cholesterol pathway genes on the other hand, genes that 

have been implicated with the disease include LIPC and CETP and possibly the 

ABCA1 and LPL genes. Genes in the collagen matrix include the COL10A1 and 

COL8A1 genes while from the extracellular matrix pathway gene TIMP3 might also 

be involved in the disease(2). Finally, due to its presence in drusen, the 

apolipoprotein E gene (APOE), located in chromosome 19, has also been 

suggested to be associated with disease development(61). 

1.1.6 Effect on visual function 
The most frequent measure of visual function in clinical use is the measurement of 

visual acuity (VA). This method though is not always a good indicator of the scope 

of retinal pathology since it represents a measurement of a small central area in the 

retina. Furthermore, a reduction in visual acuity which is most of the times the first 

symptom reported by the patient, is found in advanced stages of the disease as 

visual impairment takes time to develop(65). Visual acuity has been suggested to 

be associated with a decrease of approximately two letters or less with each of early 
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AMD lesions(65). This result though, although statistically significant, is not clinically 

meaningful since the test-retest variability of the logMAR chart is between one and 

two lines(65). In addition to that, VA is a complex component of vision and depends 

on a plethora of mechanisms. Testing more basic aspects of visual function, is more 

likely to reflect alteration in mechanisms affected in early AMD(84). 

While VA may still be intact, contrast sensitivity deficits can be detected in eyes with 

early AMD where there are decreases in both high and intermediate 

frequencies(65,66). 

Perimetric and microperimetric tests can provide useful information in all disease 

stages (early, intermediate and advanced AMD)(66). Microperimetry, has been 

increasingly used by a number of studies in clinical research, for the assessment  

of the impact of AMD on macular function, and its suggested as a very useful 

outcome measure(67-71). Furthermore, recent developments of microperimetry 

devices, allow the assessment of macular function under mesopic or scotopic 

conditions [further comments on scotopic microperimetry below (72)]. What the 

technique measures, is the differential light sensitivity (DLS). This is the minimum 

luminance that a stimulus needs to have in order to be perceived from the individual 

undertaking the test(73). Additional benefits of microperimetry include, the eye 

tracking system incorporated, which can prove of great importance in the later 

stages of the disease, as well as a real-time, en face fundus image(73). Thus 

providing a good structure-function relationship. It has been reported that 

microperimetry can well discriminate between normal macular health, early and 

intermediate AMD stages(73). For instance, it has been reported that healthy 

individuals had the highest mean sensitivity in terms of decibels (dB), those with 
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Klein found that the occurrence of RPD was significantly associated with age. 

Additionally, RPD were mostly found in individuals homozygous for the CFH gene 

variant Y402H. Other risk factors reported in the same study, included lower 

income, smoking, higher BMI and use of vitamin E(112). The Melbourne 

Collaborative Cohort Study, also reported that increasing age, female gender, 

current smoking status and the presence of any AMD were associated with high 

RPD prevalence(109). More recent studies further support that older age is a risk 

factor for developing RPD and a new gene, the ARMS2, was reported as a factor 

with larger significance over the CFH gene. Finally, it is suggested that 

cardiovascular disease might be related with the development and incidence of 

RPD(113).  

Reticular pseudodrusen are considered a risk factor for the development of late-

stage AMD(114). Klein et al. did not find a difference in the cumulative incidence 

between geographic atrophy and choroidal neovascularization(112). In a study 

conducted by Zweifel et al., non-exudative AMD was found in 44.8% of eyes and 

CNV was present in 48.3% of eyes. The rest of their sample had neither GA nor 

CNV(104).  

1.2.2  Effect on visual function 
When it comes to test the impact of reticular pseudodrusen on vision (table 2), Ueda 

et al found poorer logMAR visual acuity between RPD and normal participants and 

reported a significant statistical difference (p<0.001) between the two groups(115). 

The same was reported by Garg who found worse BCVA between PRD and early 

AMD individuals without RPD(116). Hogg and associates though, did not report any 

significant difference in distance visual acuity. Although, they reported significant 

differences in participants with RPD and those without in the Smith Kettlewell low 
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Querques et al., also conducted tests of microperimetry after a period of dark 

adaptation which allows for testing both cone and rod activities. In their study they 

found significantly reduced scotopic sensitivity in RPD patients compared to those 

with drusen only. This was also observed when comparison was made on the 

peripheral sensitivities as well(121). It was further found in the same study that both 

photopic and scotopic threshold values over areas with RPD are reduced. There 

was also an obvious spatial correlation between the size of the scotopic scotoma 

and the visible extent of RPD areas noted on retinal imaging. With the findings of 

these studies, the idea of greater loss or more severely affected rod function(71) 

over RPD areas is further supported.  

Finally, low luminance visual acuity (LLVA), is a useful outcome measure for those 

at risk of early AMD which would also include those with RPD as well. This could 

serve in extension to other examination techniques and proven critically useful 

since it does not require a significant amount of time and can provide indications of 

reduced and/or affected mesopic-scotopic visual function(122). 
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agreed that the color photography has the lowest sensitivity and a multimodal 

approach would be best for RPD detection. 

Table 3 Sensitivity and Specificity of different imaging modalities copied exactly by(33) 
 

Sensitivity Specificity 

SD-OCT 99,33% 100% 

MC 87,14% 100% 

IR 84,56% 100% 

FAF 73,23% 96,74% 

BC 45,52% 91,95% 

CFP 33,09% 91,95% 

 

The multicolour imaging (figure 4), is a novel imaging technique which produces 

three laser images of different wavelength each, not interfering with one another 

(infrared: IR = 820nm, green: GR = 515 and blue: BR= 488). Three images can be 

simultaneously captured and then interposed into one single image. With this 

modality, it is possible to penetrate different retinal layers(129). The target aspect 

found in this modality consists of a hyporeflective annulus thought to be due to 

deflected photoreceptors while on the other hand the isoreflective centre is said to 

be due to unphagocytozed photoreceptor outer segments. If this target aspect is 

present it is easier to detect RPD in the IR and GR. 
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Figure 4 Multicolour imaging. Top left: Multicolour imaging, Top right: Infrared imaging, Bottom left: Green 
reflectance, Bottom right: Blue reflectance. Image taken from participants database 

 

With the use of SD-OCT they can appear at their different stages as hyporeflective 

granular material at the level of the RPE (figure 5). Zweifel and colleagues used 

SD-OCT for the imaging of RPD and suggested three different stages throughout 

their development.  Stage 1 is described as the stage where there is an 

accumulation of hyperreflective granular material between the RPE and the 

photoreceptors outer segments, stage 2 is defined as the stage where mounds of 

this material is accumulated and is sufficient enough to alter the contour of the RPE-

photoreceptors interface and finally, Stage 3 is defined as the stage where the 
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material is thicker, adopts a conical appearance and breaks through the 

photoreceptors inner and outer segment boundary and thus resulting in its 

alteration(104). 

 

 

Figure 5 Graphical description of different RPD stages (top row) and their OCT correlates (bottom row). A: 
IS/OS boundary, B: The interdigitation zone of photoreceptor outer segments and apical processes of the 

RPE, C: RPE layer. adapted from (102) 

 

To the existing 3 stages proposed by Zweifel(104), Querques et. al(130), added a 

fourth one after longitudinal SD-OCT analysis of eyes with the phenotype. In stage 

4 SDD, there is material reabsorption and migration to inner retinal layers. 

Furthermore, the IS/OS were absent at locations of stage 4 SDD(130). This finding 

further supports the idea of dynamic nature of the phenotype. 

With the use of infrared Querques et al., found that RPD appeared as lesions which 

had a central area of isoreflectance adjacent to a hyporeflectant area. This 
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configuration gave RPD a "target" aspect on IR reflectance. On fundus 

autofluorescence (FAF) they found the same appearance. After the application of 

magnification over the lesions, it appeared that in the center, RPD appeared as an 

area of isoautofluorescence which was surrounded by a nimbus of 

hypoautofluorescence giving them a target aspect in this modality as well. On the 

other hand, on fluorescein angiography (FA), after magnification was applied, they 

found them to be hypoautofluorescent centrally and surrounded by a halo of relative 

hyperfluorescence. This gave them an inverted target aspect (131). 

With the advent of adaptive optics imaging systems detailed in vivo analysis can be 

achieved. Adaptive optics systems improve the transverse resolution of retinal 

imaging by measuring the wavefront aberrations and compensating for them in real 

time with active optical elements(132). A healthy retina viewed in the AO system 

shows a clear photoreceptor mosaic. Normal individual photoreceptors on the other 

hand, show varying brightness while the overall brightness is similar across clusters 

of the adjacent photoreceptors(133). RPD are seen as isoreflective lesions in 

adaptive optics systems and are always surrounded by a continuous and/or 

discontinuous hyporeflectivity (figure 6). Cones appear as bright hyperreflective 

dots overlying a hyporeflective or isoreflective background and are detected at the 

borders of RPD. Additionally, subtle irregularities within the cone mosaic and 

reduced cone reflectivity were noted over RPD on en face adaptive optics(132).  
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Figure 6 En face adaptive optics image (A) with an enlarged square (B) and its corresponding OCT image 
(C). Adaptive optics image shows reticular pseudodrusen as isoreflective lesions surrounded by a 

hyporeflective halo. Cones appear as bright dots over a isoreflective or hyporeflective background. The lower 
left image (C) displays the OCT in which the hyporeflective adaptive optics (A-B) signal corresponds with the 
hyporeflectivity of the inner/outer photreceptor segment directly overlying pseudodrusen adapted from (130) 
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Figure 7 The distributional types of RPD are displayed here. A) localised distribution where the central field 
and less than half of the superior and less than one third of the rest of retinal fields are involved, B) 

Intermediate where RPD are localised in a greater extent than the localised but less than the diffuse type and 
C) Diffuse type where the central, more than half of the superior and more than one third of the rest of retinal 

locations are found with RPD. Adapted from Lee(135).  

 

The same group describe RPD in terms of their morphological pattern as well. They 

defined them as discrete, branching and confluent. Discrete RPD have a clear 

discrete pattern in imaging modalities, branching RPD on the other hand showed 

as interconnecting lesions which although discrete, they were not confluent. Finally 

confluent lesions in combination with surrounding branching lesions were given the 

definition of confluent pattern (135). 
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1.3  Summary and study purposes 
AMD is a complex multifactorial disease. In order to better understand it, detailed 

phenotyping of its characteristics is needed. As mentioned earlier, there is a 

growing need to build classification systems based on the OCT modality(solely or 

as part of a multimodal approach), as the existing classification systems were not 

only built when CFP was first available but also, because the OCT has been proven 

much more sensitive in detecting disease phenotypes(33,136). In this need, the 

Amish eye study recently reported the OCT characteristics of their study 

population(137) and the European Eye Epidemiology consortium, published a 

guideline on how OCT grading of macular diseases could be carried out(138). 

Furthermore, it is known that in AMD, the damage is localised(38) and most studies 

have attempted to measure and compare the structure of retinal layers, in areas of 

lesions(139). Thus, it is not known if AMD-related features affect total retinal 

thickness, in overall and not on (or immediately adjacent) lesion areas. In addition 

to the above, it is known that AMD individuals have disrupted aspects of visual 

function(66,69,72,81,116,140). Although, most studies so far, have had either a 

limited examination battery (table 2), or a small sample size. Thus, what is needed 

to enrich our understanding of the disease, is how the OCT modality could be used 

to assess in detail the phenotypes present in AMD, if and how these phenotypes, 

even at their earliest stages, affect the structure and function of the macula and if 

there are any structure-function relationships in the presence of AMD, having 

followed a multimodal approach.  
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This thesis aims to: 

1) Develop an OCT classification system and describe the characteristics of the 

NISA population according to it. 

2) Assess the potential impact of AMD-related lesions on retinal structure.  

3)  Examine the impact of AMD-related lesions on visual function and finally, 

to assess the potential structure-function relationship, in the presence of 

AMD-related phenotypes. 

4) Refine the OCT classification system and assess the impact of AMD-

related lesions on visual function and retinal structure, as well as the 

potential structure-function relationship in the presence of AMD.  
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2. The Northern Ireland Sensory Aging (NISA) Age-Related 

Macular Degeneration (AMD) Study: Study Design and 

Methods 
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2.1  Background: NICOLA Study  

The NISA AMD study is an add-on to the original Northern Ireland Cohort of 

Longitudinal Study of Aging (NICOLA) study.  

2.1.1 NICOLA study Recruitment Strategy: 
An unclustered sample of residential addresses in which at least one person was 

over 50 years of age was drawn from the Business Services Organization Family 

Practice Register and used as the target recruitment sample for the NICOLA study. 

Those invited, were asked to take part in two examination parts at baseline. The 

first part consisted of a home visit in which a trained interviewer completed a 

Computer Assisted Personal Interview (CAPI). For the second part, participants 

were asked to attend the Wellcome Trust-Wolfson Northern Ireland Clinical 

Research Facility (NICRF) at Belfast City Hospital (BCH). This comprised of a two-

hour visit, in which a wide variety of tests were applied. These included: 

anthropometry, respiratory, cardiovascular, cognitive, ophthalmological and 

biomedical sampling. 

NICOLA Computer Assisted Personal Interview: 

During the CAPI, the variables listed below were assessed: 

1. Social Circumstances: educational attainment, childhood health, 

demographic information (for respondents parents and children), Activities 

of Daily Living (ADL) and help with ADL, employment, retirement related 

benefits and pensions. 

2. Health: Self-related health, limiting long standing illness/disability, history of 

sensory impairment, history of cardiovascular disease (CVD) and non-CVD 

chronic disease, history of falls/unsteadiness, pain, incontinence, use of 
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screening tests, health care utilization, cognitive function, self-reported 

mental health (Edinburgh Warwick Mental Wellbeing Scale), depression and 

life satisfaction and health related behaviors (incl. smoking, sleep and 

physical activity).  

Self-Completion Questionnaires:  

The self-completion questionnaire included measures of participation in social 

activities (incl. organized structured and informal activities), relationship quality 

(partners/relatives/friends), loneliness, perceived stress, resilience, quality of life 

and alcohol intake. Participants were then given an appointment to attend a health 

assessment at the NICRN CRF if they wished.  

2.1.2 NICOLA Health Assessment 
The health assessment included the following measurements: 

a.    Anthropometry: Height, weight, waist, hip,  

b.    Bodystat 

c.    Timed up and go 

d.    Step test 

e.    Grip strength 

f.     Facial photograph 

g.    Spirometry 

h.    Blood pressure 

i.     Cognition: Colour trails2, CES-D, animal recall, Montreal Cognition 

Assessment (MoCA), mini-mental state examination (MMSE) 

e. Ophthalmology: Visual Acuity, auto-refraction, ORA (intra-ocular pressure 

and corneal hysteresis), colour fundus photograph, Optos and OCT 
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f.   Sampling: Blood (50mls). Urine. Blood was processed to yield serum, 

plasma and DNA. 

g. Hearing and vision questionnaires 

The NICOLA study is a long-term epidemiological study which commenced in 

January 2014. Since the starting date 24/1/2014, a total of 3635 (3439 health 

assessment at NICRN CRF and 196 home health assessment, March 2018 data) 

have completed the health assessment in NICRF and a total of 8500 have 

completed the home interview for the NICOLA.  

The NICOLA study served as the source population for a visual function (NISA 

AMD) add-on study. It was an excellent chance to address questions relating to 

AMD development over time, identification of the earliest signs of sight threatening 

disease and understanding the impact on quality of life and experience of aging.  

Study aims 

In brief the aims of the NISA AMD study are the following: 

1. To describe the characteristics of the NISA study population. 

2. To examine the impact of AMD-related lesions on retinal structure, as 

detected in a multimodal approach. 

3. To assess the impact of AMD-related lesions on visual function. 

2.2 Study design 

The study adhered to the tenets of the Declaration of Helsinki and full ethical 

approval from the School of Medicine, Dentistry and Biomedical Sciences Ethics 

Committee, Queens University Belfast was given (Ref. 14.25v4 Appendix 1). 







56 
 

 

Figure 1 Flowchart of participant selection process for NISA AMD- Study 
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2.3.1 Distance Visual Acuity (DVA) 

2.3.1.1 Rationale for inclusion in test battery 

Visual acuity (VA) testing is the standard test of spatial vision applied in both clinical 

practice and research. Various VA charts have been developed over time but 

LogMAR or ETDRS charts are commonly used in research as they have been 

proven better than Snellen charts and overcome their flaws(2,3). It has been 

reported that individuals with early AMD lesions are associated with a decrease of 

approximately two letters or less, compared to those without. This change though, 

despite its statistical significance, does not reach clinical importance as the 

variability of the LogMAR chart is within a range of one or two lines(4). 

2.3.1.2  Method 

Distance visual acuity was measured using a retro-illuminated Early Treatment 

Diabetic Retinopathy Study Chart (ETDRS, Precision Vision, USA). Different charts 

were used for refraction (determine Best Corrected Visual Acuity BCVA), for right 

(RE) and left (LE) eye respectively. These charts are presented in table 2 below.   

Table 2 Charts used for each eye 

Eye Chart 

BCVA R 

RE 1 

LE 2 

RLE 3 
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Distance visual acuity was determined at 4m with lights off and environment light 

level at 2.8lux. Each eye was tested separately. The acuity of the lowest line that 

the participants correctly recognized 3 out of 5 letters was noted. The total number 

of letters read was noted and the corresponding logMAR score recorded.  

2.3.2 Low Luminance Acuity (LLA) 

2.3.2.1  Rationale for inclusion in test battery 

 Low luminance acuity is a measure that can quickly and inexpensively identify and 

distinguish normal from AMD individuals(5,6), as there is a trend for LLVA to be 

more effective at detecting deficits than  standard VA(7). Knowing who is at higher 

risk for developing early AMD, is of significant importance as the earlier at-risk 

individuals are recognized and preventative measurements are taken, the 

later/slower, the disease will develop(8). This test can also be used as a predictor 

for subsequent visual acuity loss in AMD(9). It can be carried out with the application 

of a 2.0 log unit neutral density filter over the trial frame.  

2.3.2.2. Method 
Low luminance acuity was measured using a 2.0 log neutral density trial lens which 

was overlaid on the final distance refraction result(9).  For RE, LLA was measured 

in the respective ETDRS chart 1 while for LE, chart 2 was used. The test was carried 

out in the same room with same luminance as for DVA (2.8lux). The acuity of the 

lowest line that the participants correctly recognized 3 out of 5 letters was noted. 

The total number of letters read was recorded and converted to its respective 

logMAR score. Having completed LLVA, low luminance deficit (LLD) was 

computed. That is the difference between LLVA and BCVA(10). 
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Figure 2 The Moorfields Acuity Chart. Chart 1 was used for RE (Left) and Chart 2 for LE (Right) 

 2.3.3.2 Method: 
Visual acuity was measured with the MAC under full room illumination (353.8lux). 

For the examination of the RE, we used MAC chart 1 while for LE, chart 2. 

2.3.4 Contrast Sensitivity (CS) 

2.3.4.1 Rationale for inclusion in test battery: 

Contrast sensitivity test is different than visual acuity in that it is a measure of the 

threshold contrast and it is mediated by the lateral inhibitory mechanisms of the 

horizontal and amacrine cells. When visual acuity is normal, CS can reveal subtle 

deficits(13). One can also understand that this test can be a measure of safety for 

a participant with AMD as some aspects are carried out in various contrast 

conditions(14). In the field of AMD, CS has been reported to be impaired to high 

and intermediate frequencies at the early stages, while in advanced stages, deficits 

along the whole of the spectrum can be detected(4).  
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2.3.4.2 Method: 
Contrast sensitivity measurement was acquired with the use of Pelli-Robson 

contrast sensitivity charts (Clement Clark International, Harlow, UK). The 

examination distance was at 1m for these charts(15) with the addition of +1.00dpt 

trial lens over participants distance prescription. The RE was tested with the charts 

commencing with letters V, R, S while the LE, was tested with the chart starting with 

H, S, Z. The final triplet in which at least 2/3 letters were correctly reported was 

recorded as the threshold. The contrast sensitivity test has been suggested a 

reliable measure of visual function in patients with AMD(16). 

2.3.5 Near Visual Acuity (NVA) 

2.3.5.1 Rationale for inclusion in test battery 

Near visual acuity is a measure of visual function measured in everyday clinical 

practice. Instead of the letter level, this is carried out at the word level, making the 

procedure more complex. Studies suggest that there is a linear relationship 

between DVA and NVA. In AMD though, it is suggested that this is not the case and 

that  NVA decreases faster than DVA and/or CS(4). 

2.3.5.2 Method 

For the assessment of NVA, Bailey-Lovie reading charts (fig. 3) were employed. 

The measurements were conducted at a distance of 25cm and each eye was tested 

separately with the appropriate near vision addition. For a near logMAR score to be 

noted, at least 3 words should have been read correctly at the smallest line possible.  
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Figure 4 The SKILL chart. Black letters on white background (top) and black letters on dark gray background 

(bottom) 
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