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When retinal images were graded for pathology, those with treated diabetic 

retinopathy and retinitis pigmentosa seemed to have a similar percentage of 

the retina affected. Despite this, those with treated diabetic retinopathy did 

not seem to have issues with visual acuity but did have visual field, contrast 

sensitivity and dark adaptation issues.  

Of all participants, 43.8% reported confidence/anxiety issues and difficulty 

when navigating. Some of the most common issues discussed were bollards, 

shop signs, advertisement boards, uneven pavements, parked cars and 

colour contrast. While 80% of those with RP faced problems walking around 

the set area, only 5 (22.7%) people with diabetic eye disease (DED) (both 

treated and untreated) reported similar issues.  

Conclusions and recommendations  

Despite similar issues with visual function people with DED did not have the 

same issues navigating the built environment. This could be due to DED 

pathology being less absolute or confluent.    

Small changes could be made to make built environment professionals more 

aware of the barriers faced by people with a visual impairment. In addition, 

more robust guidance and policy should be introduced to allow for a regional 

approach to accessible areas for all.  
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lifestyle habits the incidence of progression is reduced and serious 

complications can be delayed and in some cases prevented (McKinlay and 

Marceau, 2000, International Diabetes Federation, 2020). These often 

irreversible complications are split into microvascular and macrovascular 

disease (McKinlay and Marceau, 2000). Some of these complications include 

cardiovascular disease (CVD), nerve damage (neuropathy), kidney damage 

(nephropathy) and diabetic eye disease (DED) (International Diabetes 

Federation, 2020).  

1.2 Global Diabetes Epidemic  

Whilst diabetes was once thought of as a western disease, levels of diabetes 

are increasing throughout the world (Lam and LeRoith, 2012). As diabetes 

numbers rise, it is becoming a large public health concern with impacts on 

economic burden, clinical practice and policy (Lam and LeRoith, 2012).   

Figure 1: Estimated number of adults globally with diabetes in 2019 (Source: (International Diabetes 
Federation, 2019) 
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1.2.1 The Fifteen Healthcare Essentials  

People with diabetes receive a series of annual tests to assess and manage 

their diabetes and the potential complications that can come from diabetes. 

Diabetes UK sets out a list of the 15 healthcare essentials for people with 

diabetes.  

1. Get your blood glucose levels measured at least once per year  

2. Have you blood pressure measured and recorded at least once per 

year  

3. Have your blood fats (such as cholesterol and triglycerides) measured 

every year  

4. Have your eyes screened every year by your local diabetic eye 

screening service  

5. Have your feet and legs checked  

6. Have your kidney function checked annually  

7. Get individual, ongoing dietary advice from a trained nutrition 

healthcare professional  

8. Get emotional and psychological support when needed 

9. Be offered a group education course near you  

10.  See specialist diabetes healthcare professionals  

11.  Get a free flu vaccination annually from your GP 

12.  Receive good care if admitted to hospital  

13.  Have the opportunity to talk about any sexual problems  

14.  If you smoke, get cessation support  

15.  Get information and specialist care if planning for a baby  

(Diabetes UK, 2017)   
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1.3.1 Diabetic Eye Disease Classification  

Diabetic Retinopathy (DR) falls into two main categories: proliferative and 

non-proliferative (including pre-proliferative) and is further classified by 

severity (Vislisel and Oetting, 2010). There are many different grading 

classification systems for diabetic retinopathy used across the world. An 

example of some of the multiple systems can be seen in the table below:  

Legend: ETDRS = Early Treatment Diabetic Retinopathy Study; AAO = American Academy of Ophthalmology; NSC 

= National Screening Committee; SDRGS = Scottish Diabetic Retinopathy Grading Scheme; NPDR = non-

proliferative diabetic retinopathy; BDR = background diabetic retinopathy; PDR = proliferative diabetic retinopathy; 

HRC = high risk characteristics 

In Northern Ireland the 

UK disease classification 

system is used, which 

includes scales R0-R3 

for retinopathy and M0-

M1 for maculopathy. 

  

Table 1: Approximate equivalence of currently used classification systems for diabetic retinopathy (Source: 
(The Royal College of Ophthalmologists, 2012) 

 

Table 2: The UK Diabetic Retinopathy 
Disease Classification (Source: (Public 
Health England, 2012) 
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In Scotland a slightly 

different version of 

grading is used as can 

be seen below. Their 

system includes further 

R4 and M2 grades 

which the UK disease 

classification does not 

have. 

Some other examples of grading systems include the ETDRS/ International 

severity level scale as seen in the table below. This is the scale which will be 

used in the participant study.  

 

 

 

 

 

 

 

 

 

 
 

Table 4: ICDR/ETDRS/International Scale of Diabetic Retinopathy (Source: Hansen et al., 2015) 
 

There is no right or wrong grading scale to use and different screening 

programmes, countries and studies use them for different reasons. It is 

however important to be aware of which grading scale is used within each 

study or programme to ensure clarity and good patient outcomes.   

Table 3:Scottish Diabetic Retinopathy Disease Classification 
(Source:(Zachariah et al., 2015) 
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1.3.2 Diabetic Eye Screening Programmes 

In 1989, Europe declared that one of its primary objectives was to reduce 

diabetes-related blindness by a third (Diabetes Care and Research in 

Europe: The Saint Vincent Declaration, 1990). Diabetic eye screening 

programmes have been developed in several countries including Iceland, 

Scotland, Wales, Northern Ireland, England and Ireland (Scanlon, 2017).  

The aim of these diabetic eye screening programmes in the UK is to reduce 

the risk of sight loss by the early detection of diabetic retinopathy and 

maculopathy, and to treat where necessary. Since the establishment of 

diabetic eye screening programmes, Scanlon (2017) predicted that the NHS 

Diabetic Eye Screening Programme could reduce the prevalence of 

blindness from 4200 people to under 1000 based on the UK certification of 

blindness.  

1.3.2.1 Diabetic Eye Screening in Northern Ireland   

Northern Ireland 

healthcare is 

comprised of five 

different 

healthcare trusts 

taking in different 

postcode areas, 

this can be seen in 

the map above. In Northern Ireland, there are around 112,000 people living 

with diabetes with an estimated 12,000 still undiagnosed. All people with 

diabetes, over the age of 12, are offered annual screening through the   

Figure 4: Trust Areas in Northern Ireland (Source: Business Services 
Organisation) 
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Northern Ireland Diabetic Eye Screening Programme (NIDESP) except for 

those with no perception of light in either eye, those under the care of the 

hospital eye services and people with gestational diabetes (Cushley et al., 

2019). The NIDESP was established in 2008 and is funded and quality 

assured by the Public Health Agency in Northern Ireland. The Belfast Health 

and Social Care Trust is a regional system covering all of Northern Ireland 

apart from the Western Trust (Cushley et al., 2019).  

 

1.3.3 Treatments for Diabetic Eye Disease  

In addition to developing diabetic eye disease, people with diabetes are 60% 

more likely to develop cataracts (Diabetes.co.uk, 2019a). Cataracts are when 

the lens inside the eye develops cloudy patches. Cataracts can be treated 

using cataract surgery where they remove the cloudy lens and replace it with 

a new clear plastic one (National Health Service, 2021). 

1.3.3.1 Laser treatment 

Laser treatment is used to treat new vessel growth in the retina and is 

generally used to treat proliferative diabetic retinopathy or some cases of 

diabetic maculopathy. This is a short procedure (usually around 20-40 

minutes) and is completed in the outpatient department. Although laser 

treatment will not usually correct visual loss already present, it can prevent 

further deterioration  (National Health Service, 2018).   

1.3.3.2 Eye Injections  

Eye injections can be used in some cases of diabetic maculopathy and use 

medication called anti-VEGF (vascular endothelial growth factor). These 

injections help to prevent growth of new blood vessels at the back of the eyes   
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1.5 The Layers of the Retina  

here are 10 layers of the retina, nine of which are in the sensory retina and 

retinal pigment epithelium (Kolb, 2005). These layers can often be 

distinguished on an OCT scan. Each of these retinal layers can be disrupted 

by various retinal diseases. Below is a diagram of an OCT with each layer 

identified.  

Figure 6: Layers of the retina (Source: heidelbergengineering.com) 

 

1.6 Imaging the Retina  

Imaging is used in many areas of medicine but is especially important in 

ophthalmic practice and plays a unique role (Yolcu et al., 2014) in diagnosis, 

management and monitoring of patients. Through the use of retinal   
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photography, the retina and its structures are visible non-invasively. This is 

especially important as both eye diseases, and circulatory/brain diseases can 

manifest themselves in the eye (Abramoff et al., 2010).  

There are many different ways to image the eye depending on the aim and 

intention. There are many different types of imaging and also a multitude of 

different cameras, and camera companies within the field. Some of the 

different types of imaging and their function are described below:  

1.6.1 Optical Coherence Tomography (OCT)  

This uses a low powered laser to 

image the inner layers of the retina. It 

is non-invasive. OCT is often used for 

diagnosis of age-related macular 

degeneration (AMD), diabetic macular 

oedema (DMO), glaucoma and other retinal conditions.  

1.6.2 Fundus Photography 

Fundus photography uses a specialised low-

power microscope with an attached camera. The 

back of the eye (retina) can then be 

photographed directly through the pupil using 

illuminating and imaging rays (Saine and Tyler, 

2002). These images can therefore show the 

retina, and any pathology within it at a 45° angle 

depending on the location of the fixation point. Fundus photography has been 

around for many years and is still used in clinical practice on a daily basis.   

Figure 7: Example of an OCT 

Figure 8: Example fundus photograph  
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1.6.5 Wide-field Imaging  

Wide-field imaging has developed 

and improved significantly in recent 

years (Shoughy et al., 2015). This 

has proved important as the 

peripheral retina can have sight-

threatening pathology (Witmer and Kiss, 2013). From a clinical perspective, 

wide-field imaging allows for screening, early diagnosis, effective treatment 

and monitoring of potentially sight-threatening eye diseases (Witmer and 

Kiss, 2013, Shoughy et al., 2015).  

The two most popular cameras which have a wide-field imaging function are 

the Optos Plc. Cameras and Heidelberg Ultra-Widefield. While both cameras 

offer this wide-field option, they do this in different ways and offer different 

benefits. While the Heidelberg Ultra-Widefield offers less overall coverage of 

the fundus as compared to the Optos cameras, it provides superior-inferior 

coverage, less lash artefact and a more uniform contrast (Lee and Rosen, 

2015, Patel et al., 2020).  

The Optos Ultra-Widefield offers 

visualisation and image capture 

of up to 200° of the retina (Nagiel 

et al., 2016) as seen in the 

diagram. The Optos camera has been advancing in the past 10 years and 

now has many functions in a clinical setting (Nagiel et al., 2016). One setting 

where the Optos camera is and has been increasingly recognised is in 

Diabetic Retinopathy (Witmer and Kiss, 2013, Byberg et al., 2019).   

Figure 12: Degrees of imaging Optomap vs conventional (Source: 
Lee and Rosen, 2015) 

Figure 11: Wide-field imaging 
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The importance of peripheral retinal imaging in diabetic retinopathy has been 

recognised for many years (Witmer and Kiss, 2013). Before the 

advancements in wide-field cameras, seven-field imaging was introduced by 

the Diabetic Retinopathy Study and has been used for many years (Moss et 

al., 1989, Witmer and Kiss, 2013). Through the combination of these seven 

field images a retinal visualisation of about 75 degrees can be obtained 

(Witmer and Kiss, 2013). 

For decades, screening and grading for diabetic eye screening programmes 

have relied on these montages and multi-field images using a fundus camera 

(Kiss and Berenberg, 2014). Ultra-wide field imaging in diabetic eye 

screening programmes could be beneficial for many reasons including fewer 

pictures required, less dependence on photographer skill and easier for the 

patient (Kiss and Berenberg, 2014).  

In addition, dilation before imaging is not required (Neubauer et al., 2008) 

which may increase compliance. Dilation or mydriasis is used to make the 

pupil bigger to allow for better retinal image quality.  

There have been several studies to test the ability to detect diabetic 

retinopathy using a wide-field camera. Price et al, 2015 and Soliman et al., 

2012 showed that there was adequate agreement of diabetic retinopathy 

classification between 7-field images, fundus images and ultrawide field 

images (Soliman et al., 2012, Price et al., 2015). Price et al. suggests that the 

Optos wide-field images can also reveal other previously undetected 

peripheral lesions (Price et al., 2015).   
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In addition the Optos wide-field detects approximately 30% more new 

vessels than standard 2-field imaging (Talks et al., 2015).  Optos ultra-

widefield also increases detection of non-perfusion, neovascularisation and 

PRP compared to 7-fields (Wessel et al., 2012, Rabiolo et al., 2017).  

In the future ultra-widefield screening can be useful in a primary care setting 

to visualise peripheral retinal pathology (Adhi et al., 2017) and could also be 

used in the future for telemedicine screening. Whilst there is still a lot to be 

investigated and learned from ultra-wide-field imaging and angiography, 

evidence suggests that it is a key technique in assessing diabetes pathology 

(Tan et al., 2014).  

 

1.7 The Effect of Visual Impairment  

The WHO predicts that there are at least 2.2 billion people with a visual 

impairment worldwide with almost half of these deemed preventable causes 

(World Health Organization, 2021b). Visual impairment is defined as any kind 

of vision loss, this can be someone with no vision at all or with some level of 

vision. Visual Impairment has many synonyms including vision loss, sight 

loss and sight impairment. Worldwide causes of visual impairment vary with 

More Economically Developed Countries (MEDCs) primary causes being 

AMD, Glaucoma and Diabetic Eye Disease. In Lower Economically 

Developed Countries (LEDCs), the main causes of vision loss can be 

associated with uncorrected refractive errors, cataract and trachoma (World 

Health Organization, 2021a) . 

In the UK, there are an estimated 2 million people with sight loss, with 250 

people a day starting to lose their sight (Fight for Sight, 2019). The Royal   
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National Institute of the Blind (RNIB) estimates that the number of people 

living with sight loss is set to double by 2050 (Royal National Institute of the 

Blind, 2018). 

Figures suggest that 78% of people stated that sight was the sense they 

feared losing most, with people choosing 4.6 years of life in perfect health 

over 10 years of life with sight loss on average (Enoch et al., 2019).  

Research suggests that among those who have lived with moderate to 

severe loss of one of the five senses, visual loss and tactile sensation loss 

cause the biggest reduction in quality of life (QOL) as seen in the table below 

(Brown et al., 2018).  

Due to the importance of the sense of sight, when this is lost, there are often 

problems with reduced QOL (Fenwick et al., 2012, Tyler, 2011). Many 

studies worldwide suggest that visual impairment and decreased quality of 

life is a global concern (Nutheti et al., 2006, Lin and Yu, 2012). Decreased 

quality of life is related to the presence of glaucoma, corneal disease, 

cataract or loss of retinal function (Nutheti et al., 2006). Research shows that   

Figure 13: How the senses impact quality of life (Source: Brown et al., 2018) 
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The social model of disability was developed to challenge previous models 

which viewed disabled persons as an individual with a medical problem 

which needed to be prevented, cured, or contained. Oftentimes it viewed 

people with a disability as charity cases and those who needed to be pitied 

(Inclusion London, 2015).  

The medical model is 

based on assumptions of 

what a disabled person 

cannot do due to their 

disability and focuses on 

how they can help them 

through equipment and 

services (Inclusion 

London, 2015). 

In contrast to the medical 

approach, the social model of 

disability recognises potential 

impairments but that the 

oppression and discrimination are 

caused by the society we live in 

rather than being an inevitable 

consequence (Inclusion London, 

2015). Essentially barriers such 

as badly designed buildings, inaccessible transport and inaccessible 

streetscapes.   

 

 

Figure 14: Traditional medical model of disability (Source: Inclusion 
London) 

Figure 15: Social model of disability 
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The built environment is often designed and constructed by sighted 

individuals with convenience, artistry and style, and without appropriate 

thought for some urban features which can become barriers or even safety 

risks for users of these spaces (Jenkins et al., 2015). Guide Dogs et al (2010) 

feel that public spaces and services are often designed with insufficient 

consideration for the people they serve. 

To the visually impaired, the physical world presents many challenges which 

can be both real and imagined (Gustafson-Pearce et al., 2005). The 

perceptual level of difficulty can often cause people with a visual impairment 

not to engage with the navigation and wayfinding process in our towns and 

cities (Gustafson-Pearce et al., 2005). This is why it is often of the upmost 

importance for people with a visual impairment to pre-plan their routes with a 

mental landscape of their journey (Gustafson-Pearce et al., 2005). The 

literature shows that anxiety and stress is increased in people with a visual 

impairment when they have insufficient knowledge or control of a streetscape 

feature (Gustafson-Pearce et al., 2005). There is a perceptual difficulty 

between unfamiliar and familiar environments (Gustafson-Pearce et al., 

2005) with satisfaction of independent travel in unfamiliar environments 

described as low.  

 

1.11 Physical Barriers on the streetscape  

1.11.1 Noise  

Noise is present in every town and city and is comprised of a wide range of 

sources (McAlexander et al., 2015). The urban soundscape of an area can 

sometimes cause sensory difficulty for people with visual impairment as they   
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Havik et al (2015) showed that shared space locations were evaluated more 

negatively by visually impaired people than conventional streets (Havik et al., 

2015). The lack of legible features such as pavements and kerbs can be 

distressing and make a visually impaired person feel vulnerable (Havik et al., 

2015, Childs et al., 2009). In addition, visual aids such as a white cane and 

guide dog rely on at least a 60mm kerb to ascertain a road. It is therefore 

important that shared space schemes have an alternative navigation 

methods for people with a visual impairment (The National Federation of the 

Blind of the UK, 2016). In order for this to happen it is important that relevant 

professionals understand how people with a visual impairment wayfind and 

navigate through urban street schemes (The National Federation of the Blind 

of the UK, 2016).  

 

1.12 The Effect of a Hostile Environment  

Regardless of the type of barrier or spatial confusion, the experience was 

found to induce feelings or fear and anxiety which creates embarrassment, 

frustration and a loss of confidence (Kitchin et al., 1998). These feelings 

therefore will reduce exploration and independent travel within the built 

environment (Kitchin et al., 1998).  

The RNIB states that 28% of people with a visual impairment rarely go out of 

their houses. Individuals with a visual impairment often walk more slowly due 

to problems with balance and fears of falling or bumping into things (Ramulu 

et al., 2012). This in turn leads to restricted activities outside the home and 

ultimately a loss of independence (Ramulu et al., 2012).  
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1.17 Navigation and Orientation Methods  

People who have a visual impairment from early life have also been shown to 

use echolocation to navigate (Thaler and Goodale, 2016, Acoustical Society 

of America, 2017, Curiosity, 2017). In addition, our streetscape can provide 

some good cues and navigational aids for visually impaired people. 

Landmarks play a vital role in navigation and wayfinding (Zhao et al., 2018). 

1.17.1 Navigational Aids in the Streetscape  

There are some navigational aids currently present within our streetscape to 

help people with a visual impairment. The most common and prominent are 

tactile paving and controlled pedestrian crossings.  

1.17.1.1 Tactile Paving 

Tactile paving (or 

detectable warning 

surfaces) is a 

paving system 

which indicates 

information through the 

sense of touch (Lu et al., 2008, Henshaws, 2017, Paving Expert, 2020). 

Tactile paving was first developed in Japan by Seiichi Miyake in 1965 

(Henshaws, 2017) but has improved over the past several years and now 

there are several different types of tactile paving which indicate different 

information.  

  

Figure 18: The different type of tactile pavement (Source: Paving Expert) 
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1.17.1.2 Blister Paving 

There are two types of blister paving: 

blister and off-set blister (Paving 

Expert, 2020). Blister paving is the 

most common and it traditionally used 

for pedestrian crossings with dropped 

kerbs (Paving Expert, 2020, Henshaws, 2017). Off-set blister paving is uses 

to indicate the edge of platform at rail and tram stations, the orientation must 

be parallel to the platform edge for proper indication (Paving Expert, 2020).  

1.17.1.3 Other types of tactile paving 

Hazard Warning tactile paving, as the name 

suggests, is used to show hazards in the 

streetscape such as the top or bottom of a 

flight of stairs (Paving Expert, 2020). This 

paving is continuous half rods which should be parallel to the edge of the 

hazard (Paving Expert, 2020). Cycleway paving indicates a cycle lane and 

the bars run in the direction of travel (so as not to hinder cyclists) (Paving 

Expert, 2020).  

Directional and guidance paving indicates 

the safest direction of travel for people 

with a visual impairment (Paving Expert, 

2020). Lozenge paving is used to indicate a platform edge on streets such as 

trams and Light Rail Transport (LRT) which are becoming increasingly 

popular (Paving Expert, 2020).   

Figure 19: Blister paving (Source: Paving Expert) 

Figure 20: Hazard tactile paving 
(Source: Paving Expert) 

Figure 21: Lozenge paving (Source: Paving 
Expert) 
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Many crossings in the UK have non-visual 

indication that it is safe to cross. These can 

include beeping, vibration or a tactile rotating 

cone. Councils in the UK are not obligated to 

make crossings accessible however most will 

have some form of non-visual aid.  

1.18 Technology and Navigation  

As previously discussed there 

are many visual aids for people 

with a visual impairment 

including magnifiers, white 

sticks and guide dogs (Faria et 

al., 2010). In recent years there 

have been many technological 

advances which could improve 

navigation for people with a 

visual impairment. Globally, 

most people have their own 

personal mobile phone, 

portable computer or access to a technological device (Thomas et al., 2015). 

Technologies such as closed-circuit TVs, electronic readers, screen readers 

and magnification devices are pivotal to completing daily tasks with a visual 

impairment (Manduchi and Coughlan, 2012, Thomas et al., 2015). 

  

Figure 22: Rotating cone on pedestrian 
crossings (Source: Coventry Telegraph, 
2020) 

Figure 23: Participant wellbeing with and without technology 
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1.18.1 Phones and Apps  

Most smart phones now have in-built features for accessibility with VoiceOver 

on iPhones and Talk Back on Android devices. These features can be 

essential for people with a visual impairment to complete everyday tasks and 

access wayfinding and navigational apps.  In addition to these features there 

are apps available for download to help with navigation, everyday tasks and 

wayfinding.  

1.18.2 BeMyEyes  

This app allows visually impaired users to 

video phone a randomly allocated sighted 

user for help in situations. This app 

currently has 305,477 visually impaired 

users with 4,705,006 sighted volunteers worldwide (figures correct 

20/05/2021). 

1.18.3 Smart Glasses  

1.18.3.1 OXSIGHT 

Founded in 2016 in Oxford, OXSIGHT is a commercial venture created from 

research to develop wearable low vision 

solutions for people with visual impairment 

(OXSIGHT, 2021). OXSIGHT makes different 

versions of smart glasses which use two compact OLED projectors that 

utilise the usable areas of vision to restore the wider field of vision 

(OXSIGHT, 2021). It should be noted these glasses should not be worn to 

navigate and should only be used in a stationary position.   

Figure 24: be my eyes App 

Figure 25: OxSight glasses (Source: 
OXSIGHT) 
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city is to equip a city with 

technology which could 

enable people with a 

visual impairment to 

recognise spaces and 

places as well as 

everyday items such as 

bank notes and bus 

timetables. The Internet 

of Things (IoT) proposes 

that sensors, 

microcontrollers and 

other smart technology 

will be added to everyday 

objects to allow 

connectivity to other users and objects (Rodrigo-Salazar et al., 2021). In 

smart cities audible and tactile warnings are frequently used for people with a 

visual impairment (Wiener et al., 2010).  

Smart Cities for visually impaired individuals focus on hardware-software 

integrated systems (Ramirez et al., 2017). Architecture currently being 

designed uses three layers; the perception layer, network layer and the 

applications layer, which all work together to allow things like the electronic 

cane to connect with the other applications used in the smart city.   

  

Figure 30: Example of current developing architecture (Source:Domingo, 
2012) 
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Chapter 2 : The True Impact of Diabetes  

A number of smaller projects completed throughout the PhD have been 

described in this chapter. They show how much a diagnosis of 

diabetes, and its associated complications can truly affect and impact 

on individuals lives as well as their friends and family.  All projects 

have been published, accepted, or submitted to journals.  

As discussed in the literature review, diabetes is a long-term condition which 

occurs when the body cannot produce or cannot use insulin effectively. Due 

to the chronic nature of diabetes it can pose a life-long physical and 

emotional burden on people and their friends and families (Bradley and 

Speight, 2002). The day-to-day management of diabetes is substantial, 

people must deal with their diabetes all day, every day, making endless 

decisions to try and maintain good glycaemic control (Rubin and Peyrot, 

1999).  People with diabetes often compare it to pushing a boulder up a 

mountain every day.  

The Diabetes Attitudes, Wishes and Needs (DAWN) programme reported 

that a majority of people with diabetes (both type 1 and 2) experience some 

kind of psychological problem (67.9% and 65.6% respectively) (Skovlund et 

al., 2005, Funnell, 2006). Despite these large numbers only a small number 

of people (3.3%) are thought to have received psychological care (Skovlund 

et al., 2005, Funnell, 2006). It is therefore not surprising that people with 

diabetes are twice as likely to have depression than in those without 

(Skovlund et al., 2005, Funnell, 2006).  
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The psychological toll of living with diabetes is often reflected in their physical 

diabetes management. These people often have poor self-care resulting in 

problems with long-term glycaemic control, complications and co-morbidities 

and quality of life (Rubin and Peyrot, 1999).  

Most people with diabetes will suffer some complications due to diabetes 

over their lifetime. When people with diabetes suffer complications such as 

visual impairment, heart problems, kidney failure, impotence or neurological 

issues there is a significant drop in perceived quality of life (Gregg et al., 

2000, Debono and Cachia, 2007).  

Many of these complications can change and impact their lives further 

therefore diabetes services include screening mechanisms to prevent or treat 

these complications at early stages. In the UK everyone with diabetes is 

advised to attend eye screening, foot checks, cholesterol screening, blood 

pressure screening and kidney disease screening tests at least once per 

year (Diabetes.co.uk, 2019b).  

Due to the psychological and physical pressures of a diabetes diagnosis and 

potential complications several small studies into the use of diabetes 

devices, retinal screening and other microvascular complications have been 

conducted.  
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focus groups. The local diabetes team distributed questionnaires to patients 

in clinic. Questionnaires were based around diabetes technology and 

diabetes data upload apps and websites.  Questionnaire responses were 

entered into an Excel spreadsheet and converted to SPSS Statistical 

Software Package 26 for basic frequency analysis. As data were not evenly 

distributed, the median and interquartile ranges were used for Likert scale 

analysis.  

Four focus groups with families of children and young people were 

conducted in several different locations across the Southern Health and 

Social Care Trust. These were facilitated by academic researchers and 

clinical staff from the Southern Trust team. Sessions were not audio 

recorded, however minutes of each meeting were taken by two academic 

researchers and compared for accurate transcription. Each focus group 

session lasted approximately 1-2 hours and was led by members of the inter-

professional type 1 diabetes service in the SHSCT. Quotes from each focus 

group were anonymised keep data confidential and anonymous. Each 

participant was assigned an anonymised unique code. Codes were assigned 

with the location and then a number for each participant with diabetes e.g., 

DHH (Daisy Hill Hospital, Newry), CAH (Craigavon Area Hospital, 

Portadown), DUN (Dungannon) and WP (Warrenpoint) and then a participant 

number (e.g. CAH1). These transcripts were analysed using Braun and 

Clarkes methods of thematic analysis (Braun and Clarke, 2008). Thematic 

analysis was conducted by two independent researchers, one a junior 

researcher without a medical background and one post-doctorate with a 

medical background. When both researchers had conducted independent   
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A study undertaken by Sullivan-Bolyai et al (2004) showed that it took 

parents between 10 days to 2-3 months to become comfortable with pump 

management which was also echoed in the study.  

Some other disadvantages included infusion site issues (Hoogma et al., 

2006), bruises and marks. In addition, concerns about wearing diabetes 

technology, especially when it is visible were discussed in a social and 

educational context. These views echoed those of Pettus et al, 2017 who 

describe people with diabetes as emotionally and physically uncomfortable 

with wearing technology (Pettus and Edelman, 2017). Multiple respondents 

stated their diabetes devices were visible under their white school uniform 

shirt, meaning they got teased and called names. Support in schools was not 

consistent across school levels or places as in other literature (Rankin et al., 

2015).  

While this study was conducted pre-COVID, the use of virtual clinics in 

healthcare is increasing. The use of diabetes technology and ability to upload 

diabetes daily and monthly results can help clinicians with diabetes 

management and care. Questionnaires showed that 80% of participants felt 

uploading the data were easy while DSNs felt virtual clinics were appropriate 

in 75% of patients.  

This study found that there are many benefits and drawbacks of the use of 

diabetes technology. While the drawbacks are discussed, most simply could 

not go back to previous regimes. In addition, a majority of parents, young 

people and healthcare professionals were comfortable with using and 

uploading diabetes data. Despite this, respondents felt that some graphs   
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2.3 Diabetic Eye Screening  

As previously mentioned, diabetic retinopathy is one of the most common 

microvascular complications of diabetes and thus annual screening for 

everyone over the age of 12 is recommended. Annual eye screening can 

provide timely detection and treatment of diabetic retinopathy, preventing 

permanent debilitating vision loss.  

The following studies were on attendance at screening, prevalence of DR 

and the bringing screening to people with co-morbidities.  

2.4 Diabetic Eye Screening 
of Haemodialysis Patients 
in Renal Units, Northern 
Ireland  
Laura N Cushley, Nicola B. 
Quinn, Peter Blows, Edward 
McKeever, Tunde Peto 

Published: Kidney 360 - 
https://kidney360.asnjournals.org/content/early/2022/05/18/KID.0001802022  

2.4.1 Introduction  

From chapter 2, we know the global prevalence of diabetes among adults 

has nearly doubled from 1980 when it was 4.7% to 8.5% in 2014 (Sarwar et 

al., 2010). Renal disease is a microvascular complication of diabetes like 

diabetic retinopathy; therefore, these conditions often go hand in hand. A 

study of over 28,000 people with type 2 diabetes found those with chronic 

kidney disease were more likely to present with diabetic retinopathy (Lee et 

al., 2014). Approximately 20-30% of people with diabetes (type 1 and type 2 

diabetes respectively) suffer from chronic kidney disease (Shahbazian and 

Rezaii, 2013) some of which require dialysis several times per week often 

leaving other healthcare appointments as a non-priority. This often means   

https://kidney360.asnjournals.org/content/early/2022/05/18/KID.0001802022
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tropicamide and macula and disc centre fundus image were taken of each 

eye using a Canon CR-2 non-mydriatic tabletop camera. Macula centred 

images were also taken in four centres using an Optomed Aurora Handheld 

Fundus Camera, where possible a disc centred image was also taken.  

Anterior segment images were also taken if a media opacity (such as 

cataract) was present.  

Retinal images from the tabletop camera were graded by qualified DESP 

graders using the UK national grading definitions of no visible retinopathy 

(R0), background retinopathy (R1), pre-proliferative retinopathy (R2), active 

proliferative retinopathy (R3A), stable proliferative retinopathy (R3S), no 

maculopathy requiring referral (M0) and maculopathy requiring further 

evaluation (M1). Handheld camera images were also graded by a qualified 

grader using the same system. Demographic information, retinopathy grade 

and date of last appointment were recorded on an excel spreadsheet.  

Basic frequency analysis on demographics, retinopathy grade and 

attendance at screening was conducted using SPSS Statistical Package 

Version 26.  

2.4.2.1 Ethical Approval  

Caldicott guardian approval from the Quality and Audit department in the 

Belfast Health and Social Care Trust, audit ID 6039, was obtained.  

2.4.3 Results 

In total, 149 people were offered eye screening in their respective renal 

dialysis units. Of these, 132 attended, the other 17 did not attend due to 

rejection of appointment, medical emergency or non-attendance at dialysis.  
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 The age range of attendees was 33-91 years and 59.1% were male. Prior to 

their screening, one person had a known retinal vein occlusion and two others 

had no perception of light.  

Only 36 people had been screened in the previous 18 months, while 42 had 

not been seen in over 2 years, 21 had a 3-year interval and 26 had over 4 

years of non-attendance. Twenty-one people had never attended eye 

screening before and three were too sick to attend at all.   

Most (96%) arrived for screening in wheelchairs, with only 20% able to transfer 

to the screening chair. Canon non-mydriatic imaging was possible in 92.4% 

while handheld was possible in all patients where it was offered. Ten patients 

were only imaged using the handheld camera due to large wheelchairs (unable 

to fit under the imaging table) or stretcher.  

Of those screened, 28 (21.2%) had no retinopathy (R0), 36 (27.3%) had 

background retinopathy (R1) and 30 (22.7%) had sight threatening retinopathy 

(R2, R3A, R3S) in their worst eye. Seventy-seven people (58.3%) had no 

maculopathy (M0) while 14 (10.6%) had some level of maculopathy (M1). 

Thirty-five people (26.5%) required slit lamp referral due to media opacities. 

Three (3%) were ungradable for maculopathy (due to media opacity).   
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Retinopathy 
Grade (Worst 
eye)  

Total from 
screening in 
RDU (%) 

 Progression from previous 
retinopathy  

Total  

  Stable retinopathy 73 
No Retinopathy 
(R0) 

28 (21.2%) No Retinopathy -> 
Background Retinopathy 

7 

Background 
Retinopathy 
(R1) 

36 (27.3%) Background Retinopathy     
->Sight-Threatening 
Retinopathy 

9 

Sight 
Threatening 
Retinopathy 
(R2, R3A, R3S) 

30 (22.7%) Sight Threatening 
Retinopathy -> 
No Perception of Light  

1 

Maculopathy 
Grade 

   

No Maculopathy 
(M0) 

77 (58.3%) 

Maculopathy 
(M1) 

14 (26.5%) 

Other   
Referred for Slit 
Lamp  

35 (26.5%)  

Table 5: Diabetic retinopathy results from screening in haemodialysis units and progression results 

When compared to previous DESP results, 7 progressed from no DR to 

background retinopathy, while 9 progressed from background to sight 

threatening retinopathy. One person progressed from sight threatening 

retinopathy to no perception of light.  

Of those who did not attend previously (21), seven had sight threatening 

retinopathy and three had background retinopathy. Three people who were 

previously treated had reactivated and required treatment. Seventy-three 

people had stable retinopathy levels. The rest had no previous DR grades due 

to non-attendance or DNA, slit lamp or referral to hospital eye services.   
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2.4.4 Discussion and Conclusions 

This is the first published study to report on the integration of diabetic eye 

screening into haemodialysis clinics regionally. Our results show that 

approximately 24% had sight threatening retinopathy of which 12.9% (17) 

required urgent referral and 2.3% required routine referral to hospital eye 

services. This is several times higher than reported in the 2016/2017 by the 

National Diabetic Eye Screening Programme Report in England where 2.4% 

required routine and 0.4% required urgent referral (Scanlon, 2017). While it 

could be argued that there is a percentage of people with diabetes on 

haemodialysis, it is clear many have sight threatening retinopathy. This group 

should be seen as a high-risk group for sight loss who should be offered 

ongoing annual screening in their respective renal clinics.  

This patient group is known for having competing healthcare priorities, with 

haemodialysis coming first. In addition, these patients are often under the 

impression that their diabetes care and management is taken care of by their 

renal team and have a limited knowledge on other possible complications. 

These patients are also often very ill and fatigued and often struggle to drive 

or find adequate transportation. People on dialysis are also often reliant on 

their eyesight to read, watch TV or continue other hobbies during their frequent 

dialysis sessions.  

In conclusion, people on haemodialysis are a high-risk group who often require 

referral for sight threatening retinopathy. By providing eye screening within the 

renal unit, we can save patient time, reducing non-attendance and maintaining 

quality of life and vision in this patient group.    





https://pubmed.ncbi.nlm.nih.gov/34493494/
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having attended screening; of the remaining 8 (9%), two were unknown to 

retinopathy screening services. Many had missed previous appointments 

with 24% missing 1-2 appointments, twenty-four percent had missed at least 

one appointment, 21% missing three to four missed appointments and 13% 

failing to attend five to eight times; categories were mutually exclusive. In 

2017, 39 patients (76%) had no DR, 9 (18%) had background DR, two (4%) 

had pre-proliferative DR and one (2%) had proliferative DR. Five (10%) had 

maculopathy in at least one eye.  

Table 6: Characteristics of study population and statistical analyses for the complete 2019 database (n=94) and 
follow-up screening grade comparisons (n=71): 
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In 2019, 63 % (54) had no DR, 30% (26) had background DR and 7% (6) 

had sight threatening DR (proliferative and pre-proliferative DR). Ten (12%) 

had maculopathy in at least one eye. No significant difference was found 

between worst-eye retinopathy/maculopathy grade and HbA1c, gender, BMI, 

weight, cause of pancreatitis, screening attendance or number of missed 

appointments (p>0.05). Those with proliferative DR had a longer duration of 

diabetes (PDR: 18.5 years vs no DR: 7.5 years, p=0.001) and pancreatic 

disease (PDR: 19 vs no DR: 11 years, p=0.001) as compared with those with 

no DR. Altogether, 71 patients had first and second visit retinopathy/ 

maculopathy grades for comparison.  

There were retinopathy and maculopathy grades for 71 patients in both 2017 

and 2019, allowing for comparison. Patients had an average of 2.1 years 

between retinopathy screening visits.  Retinopathy progression was found in 

22 patients, 5 (7%) in both eyes and 17(24%) in one eye only. Three 

progressed to proliferative retinopathy while six patients regressed. Two 

patients developed maculopathy while two regressed. No statistically 

significant association was found between progression of 

retinopathy/maculopathy and HbA1c, BMI, weight, gender, albumin-

creatinine ratio (ACR), cause of pancreatitis, duration of pancreatitis or 

diabetes (p>0.05). 

2.5.4 Discussion and Conclusions 

Diabetes caused by chronic pancreatitis is unique and is often challenging to 

manage and can go undetected for many years.  This can in turn cause 

issues with screening for complications and there are limited data on true 

retinopathy rates and severity in this cohort. There is a large variability in   





https://www.mdpi.com/2673-8937/1/3/11
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for diabetes related blindness (Lewis, 2011). As retinopathy is progressive in 

nature, it is important that children and young people establish good 

attendance patterns early in life (Harris and Lacey, 2014). Despite the clear 

need of attending annual diabetic eye screening, children and young people 

are known to be the poorest attenders at screening with only 50-68% 

attending DESPs annually in the UK (Bone, 2019, Gulliford et al., 2010, 

Moreton et al., 2017). In Northern Ireland in 2016/2017 the attendance rate 

was 73.8% in people aged 12-17 and only 51.8% in people aged 18-30 

(Public Health Agency and Belfast Health and Social Care Trust, 2017). 

Previous studies in the rest of Europe reported there were many potential 

barriers to non-attenders including lack of awareness, fear, duration of 

diabetes, deprivation, working age group and transport and access issues 

(Bone, 2019, Cetin et al., 2013, Harris and Lacey, 2014, Kashim et al., 2018, 

Lewis, 2011, Lewis et al., 2007, Moreton et al., 2017, Scanlon et al., 2016).  

Aim: to determine level of attendance and barriers and enablers of 

attendance at diabetic eye screening in a local context.  

2.6.2 Methods  

Ethical Approval 

Ethical approval was obtained through the Health and Social Care Integrated 

Research Application System (IRAS) pathway and was given favourable 

opinion on 13 June 2019, reference number 19/NI/0112. The project was 

sponsored by the Belfast Health and Social Care Trust. 
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The literature suggests that raising awareness of diabetic eye disease is key 

to prevention and treatment especially as many are unaware of the true 

impact of retinal disease (Bone, 2019, Hipwell et al., 2014). In addition, many 

were unaware that retinopathy is often asymptomatic until treatment is no 

longer as effective (Lewis, 2011, Lian et al., 2018).  

Whilst it is important to inform people of these potential effects information 

leaflets must be well-designed, easily accessible and understandable (Lake 

et al., 2020). The importance of attendance at both eye screening and high-

street optometrists could be emphasised in these leaflets (Hipwell et al., 

2014).  

This study showed the importance of engagement at diabetes appointments 

as this can influence and provide information which is essential for 

understanding the risks of diabetic eye disease (Bone, 2019). A 

multidisciplinary approach where all healthcare professionals deliver 

education on the importance of complication screening should be adopted.  

This multi-disciplinary approach is further supported by the relationship found 

between lower HbA1c values and greater eye screening engagement. While 

there is a scarcity of data on eye screening attendance and HbA1c values, 

Luong et al. showed that children (Luong et al., 2016) with no retinopathy on 

average had a lower mean HbA1c  than those with abnormal results. This is 

consistent with large scale studies such as ACCORD and DCCT (Sosnowski 

and Janeczko-Sosnowska, 2008, Nathan and DCCT/EDIC Research Group, 

2014).  
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Consultant Ophthalmologist (Jackson et al., 2020). Upon registration, people 

can access different benefits and services to help them and/or their carer 

with daily activities.  

While previous studies in the 20th century suggested that DR was the most 

common cause of blindness in working age groups (Tendoesschate, 1982, 

Ghafour et al., 1983), more recent studies suggest this is no longer the case 

in England and Wales (Gordon-Bennett et al., 2009, Thomas et al., 2017), 

accounting for 7.4% of certifications. While there are regional studies of DR 

related visual impairment (Bennett et al., 2009, Lin et al., 2017b), this is the 

first study to be conducted on certification of visual impairment due to 

diabetic eye disease in Northern Ireland (NI), UK.  

Despite these regional and sub-regional studies, certification is voluntary in 

the UK therefore full numbers of sight impairment due to diabetes are not 

captured (Bourkiza et al., 2014). Some reasons for this include stigma, not 

enough benefits and employment issues (Bourkiza et al., 2014).  

Aim: to determine the number of people being certified as either SSI or 

SI due to Diabetic Eye Disease (DED).  

2.8.2 Materials and Methods  

Data are collected annually by a certification team in the Belfast Trust and 

Social Services. For the purpose of this study, the years 2014- 2019 were 

used due to improvements in the consistency in data collection and 

reporting, by the CVI team. The definition of visual impairment is as in table 

9.   
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3.4 Ethical Approval and Permissions  

Primarily QUB MHLS ethics was granted however due to COVID-19 

recruitment from patient engagement days, sight loss charity events and 

university events was difficult. Therefore, NHS REC approval was sought to 

allow additional opportunities to recruit participants.  

3.4.1 QUB MHLS approval  

An application was submitted to the Medicine Health and Life Sciences 

(MHLS) School Ethics Committee on 28th May 2020. The ethics application 

was reviewed by the committee on 24th June 2020 and approval was 

granted on 14th September 2020 after some amendments. Approval 

reference number: MHLS_20_67. 

3.4.2 Research Ethics Committee (REC) Approval  

An application was submitted on 2nd December 2020 to REC ethics and was 

reviewed by Wales REC5 on 17th December 2020. Professor Tunde Peto 

and Miss Laura Cushley attended the REC meeting to answer any questions 

or clarifications. Further clarifications and amendments were requested by 

the committee which were submitted on 8th January 2021. A favourable 

opinion was gained on 11th January 2021. REC reference: 20/WA/0350.  

The application was then reviewed at the Belfast Health and Social Care 

Trust on 23rd February 2021, and permission was given to identify potential 

participants from the BHSCT (PIC site). 
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environment. Despite this it is becoming increasingly more popular with a few 

different studies evaluating green lanes and the use of technology as an aid 

(Pink, 2008, Thompson, 2012). The use of walkarounds to assess visually 

impaired users was a novel concept before this study and Campisi et al in 

2021 created walkaround methods of assessment. Similarly, Campisi et al 

used an area with different potential barriers in the built environment and 

assessed feelings throughout the walkaround. They also collected 

information on interactions with different aspects of the streetscape and used 

a researcher to collect questionnaire data (Campisi et al., 2021). Our study 

allowed for more open conversation and discussion on any issues faced 

throughout the walkaround and was taken over a larger area with varying 

streetscapes. Our walkaround methodology also collected light and noise 

measurements as it has been proven to affect people who are visually 

impaired (Tesoriere et al., 2018) . 
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3.7.3 Monthly Walkarounds  

Monthly walkarounds were 

conducted of the study area for a 

period of 12 months to ascertain 

light and noise levels throughout 

the year. In addition, these 

walkarounds provided 

information on the changing 

streetscape as Northern Ireland 

emerged from lockdown and 

lifted restrictions. Images of 

potential problems on the 

streetscape were collected. 

These monthly walkarounds 

were conducted by the PhD 

student and one other volunteer 

for light/noise measurements. 

These walkarounds were conducted in any weather at 1pm on the 1st 

Wednesday of the month.  Figure 47 shows the points for measuring 

light/noise, confidence, anxiety and difficulty.  

3.8 NICRF - Retinal Imaging, Function and Questionnaire Visit  

3.8.1 COVID-19 Pre-questionnaire  

Participants were called 24-28 hours before their visit to the Northern Ireland 

Clinical Research Facility (NICRF) to ensure they had no COVID-19 

Figure 45: Walkaround route points for measurement 
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3.8.6 Dilation of Pupils  

Dilation of pupils using 1% Tropicamide Minims was required in three 

patients for better retinal image view.  

3.8.7 Heidelberg Spectralis HRA and OCT 

Heidelberg Spectralis Imaging was used to 

capture OCT, OCTA and Multi-Colour images of 

both eyes. IR was captured alongside a posterior 

pole OCT and a multicolour image was captured 

alongside a 7-line OCT. An OCTA was captured 

15 x 15 in high resolution with 325 lines. Images were exported from the 

camera and transferred to the Central Angiographic Research Centre for 

upload to image review platform Heyex.   

3.8.8 Optos California P200DTX 

The Optos California was used to capture wide-field fundus and 

autofluorescence images in both eyes of each participant. Images were 

captured using 50/50 green/red colour. The red channel for choroidal 

visualisation and the green channel for visualisation of the retinal pigment 

epithelium (RPE) (Cassin and Rubin, 2012). Autofluorescence images use a  

green wavelength and were taken to visualise the function of the RPE 

(Cassin and Rubin, 2012).  Images were exported from the camera and 

transferred to the Central Angiographic Research Centre for upload to 

relevant Optos Advance.  

An example of participant reports with imaging and test results can be found 

in appendix 14.  

Figure 47: Heidelberg spectralis OCT 
machine 
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3.8.9 Questionnaires  

3.8.9.1 NaviSight Study Questionnaire  

This questionnaire was completed by all participants in the study whether 

they had retinitis pigmentosa or diabetes related eye problems. Questions 

around duration of diabetes, type of diabetes as well as relevant medical 

history were included. In addition, some questions on their experiences of 

moving around the built environment were asked, these included questions 

on general anxiety about going out, concerns about potential issues which 

may arise and their overall independent mobility.  

The general/medical section of the NaviSight questionnaire was compiled 

using standard medical questions such as age, gender and smoking and 

drinking status. Information on diabetes diagnosis, type and duration were 

gathered as diabetes complications, such as DR,  are often affected by 

diabetes type and duration. Hearing loss data was collected as oftentimes 

people with RP can have dual sensory loss. Medical history questions were 

based on diabetes complications. The sections on sight loss and the built 

environment were based on an in-depth literature review and previously pilot 

tested questionnaire  (Cushley et al., 2022) with new questions responding to 

inadequacies identified from the pilot phase. Below is a table which outlines 

inadequacies identified from the pilot phase. Below is a table which outlines 

the rationale for each question.   
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The questionnaire posed mostly close ended questions apart from questions 

16 and 21 as participants were encouraged to share more conversational 

insight into navigating the built environment during the walkaround. If a 

Figure 48: NaviSight Study Questionnaire Rationale 
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3.10.2 Vessel Attenuation  

Vessel attenuation is 

when the vessels thin. 

This usually means 

there is a decreased 

demand for blood 

supply in the retina 

(usually because it is 

degenerating). 

Examples of vessel 

attenuation and narrowing can be seen below. This scale was taken from the 

REASSESS scale (Alexander et al., 2014). 

3.10.3 Cup to Disc Ratio 

The cup to disc ratio is determined using 

annotation tools on Optos Advance software.  

The grader measured the cup and the disc 

before dividing the cup measurement by the 

disc measurement. Values should be rounded 

to one decimal place. In this case the disc 

measurement would be 0.5.  

  

Figure 50: Cup to disc ratio measurement 
example 

Figure 49: Vessel attenuation 
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3.10.4 Disc Pallor  

  Figure 51: Disc pallor examples 

Disc Pallor examples can be seen above. These examples were provided by 

co-authors of the REASSESS Scale (Alexander et al., 2014) 

1. Normal 

2. Slight Pallor 

3. Moderate Pallor 

4. Atrophic  

3.10.5 Multicolour Image Grading  

Three different laser wavelengths (infrared, green and blue) are used to 

capture a multicolour image. Each different wavelength shows a different 

layer and depth of the retina and retinal layers. These different wavelengths 

can show different pathologies more clearly (Heidelberg Engineering).  

Multicolour imaging has been shown to detect proliferative diabetes lesions 

shown in fluorescein angiography in a non-invasive way (Vaz-Pereira et al., 

2022). It is also said to be superior for detecting diabetic macular oedema 

cyst detection at the fovea (Saurabh et al., 2020). In addition, it is shown to   

Figure 52: How a multicolour image is formed (Source: Heidelberg Engineering) 
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correspond to hyper-autofluorescent areas (Saurabh et al., 2020) and has 

been associated with assessing detailed characteristics of the macular area 

associated with loss of visual function in patients with retinitis pigmentosa 

(Liu et al., 2017). 

3.10.6 Optos Widefield Colour Grading  

Optos widefield grading were completed using the Manchester and Boston 

Grids. The Manchester Grid covers the retina with 754 squares which are 

equivalent to one average optic disc area size (1.7mm2) (Quinn et al., 2021). 

Each type of pathology is given a layer label. When the layer is selected the 

grader clicks on each square with that pathology in it. Several pathologies 

can be assigned to each square.  

  

Figure 53: Boston and Manchester grid analysis 
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The Boston grid was used as it was developed to study peripheral 

abnormalities (first for AMD). It uses three concentric zones with crosshairs 

on the fovea (Quinn et al., 2021). These zones are determined using the 

ETDRS grid, the perimacular area (the arcade zones) and the far periphery 

(defined by the vortex veins).  

3.10.7 Preparing the Images 

 

 

 

 

 

 

 

MATLAB computer software was used to complete widefield grading. All 

DICOM images in their raw format were converted using MicroDicom   

1 2 

Figure 55: Example of images with less retinal area visible vs more area visible 

Figure 54: Retinal landmarks to define the Boston grid (Source: Quinn et al, 2019) 
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3.11 Optos Autofluorescence  

3.11.1 Image Quality  

Graders were asked to assess image quality on a scale from Good, Fair, 

Poor and Ungradable.  

Good Quality - images should be in focus and retinal details and vessels 

should be sharply defined and any lesions should have well defined 

boundaries. Images should be evenly illuminated and clear of opacity. 

Pigmentary changes and microaneurysms should be clear.  

Fair Quality- images were less focused and some retinal details and vessels 

could be difficult to interpret. Some of the image may be occluded or 

unevenly illuminated. Dark patches may appear on the image obscuring the 

view of lesions, vessels or other pathology.  

Poor Quality - images may not be well focused however it should be 

possible to see some gradable information such as new vessels, pigmentary 

changes and diabetic eye changes. Due to the lack of focus or opacity over 

the image some finer and intricate lesions may be missed.  

Ungradable images - blood vessels cannot be seen clearly or under 25% of 

the image is of sufficient quality to grade with confidence.  
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3.11.2 Hyper and Hypo Autofluorescent Areas 

3.11.2.1 Hyperautofluorescent Areas  

Hyperautofluorescent areas show up as 

white areas/lighter areas on the image. 

These areas are also graded using the 

Boston and Manchester Grid tool described 

above.   

3.11.2.2 Hypoautofluorescent Areas  

Hypoautofluorescence shows as dark or black 

coloured areas on an image as can be seen in 

the image to the right. Graders also graded this 

using the Manchester/Boston Grid Tools.  

3.12 OCT Grading  

3.12.1.1 Vitreomacular Adhesion (VMA) 

Vitreomacular adhesion (VMA) is 

defined as when the vitreous gel 

separates from the retina but there is 

still an adhesion to the retina. The grader should determine if there is a VMA 

present or not.  

3.12.1.2 Vitreomacular Traction (VMT) 

Vitreomacular traction occurs when a posterior 

vitreous detachment (PVD) is incomplete and 

causes pulling. This causes anatomical damage 

Figure 59: Hyperautofluorescent example 

Figure 61: Vitreomacular adhesion (VMA) example 

Figure 62: Vitreomacular traction 
(VMT) example 

Figure 60: Hypoautofluorescent areas 












































































































































































































































































































































































































































































































