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ABSTRACT

Purpose: To review the literature to determine if new technologies have
reduced the need for dilation in a Diabetic Eye Screening Programme
Methods: Two approaches were used:

1. Areview of the literature relating to screening for diabetic retinopathy
that has been on-going by the second author (PHS) since March 2000.
The results are held in Endnote which was subsequently searched using
keywords.

2. Our local library conducted a search using a combination of keywords
and subject headings were used to formulate search strategies on
Medline (Ovid), Embase (Ovid), CINAHL (EBSCO), and the Cochrane
Library

Results: A total of 133 articles were identified, separated into 117
original articles and 16 review articles. After discarding those that did not
appear relevant, 76 original articles and 15 reviews remained. These
were analysed to determine whether they helped to answer the main
question, and 49 references have been quoted. The sensitivities and
specificities of mydriatic digital photography for detection of referable
diabetic retinopathy have been consistently high since the early studies
with sensitivities of >80% and specificities of > 85% against recognised
reference standards in the majority of studies. The specificity achieved is
often above 90% if ungradable images are not counted as test positive.
Non-mydriatic digital photography performs well in those in whom
gradable images can be obtained. In Scotland, which has a long history of
performing staged mydriasis, they currently dilate 30% of their screened
population. This has risen slowly from 24% in 2002 because of increasing
ageing of the population which is one of the risk factors for poor quality
images.

Recent studies using confocal technology have demonstrated that the

percentage of ungradable images without eye drops can be reduced to

under 5.1% and after staged mydriasis to under 3.4%. This will depend
on the age group and the percentage of untreated cataract in the
population.

Conclusions: The results of this review are encouraging that, with the

development of less expensive confocal cameras, this technology is likely

to be used routinely in diabetic eye screening programmes around the
world using staged mydriasis.
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Introduction

Screening for Diabetic Retinopathy has been taking
place in the UK since the early studies lead by Taylor! in
the 1990’s. The initial studies used either Polaroid film?
or 35 mm film3. In the late 1990’s screening commenced
with the use of digital cameras?. At that time screening
was also being conducted in Iceland>, Scandinaviad,
Sweden’, and in the USA with 35 mm film 8 and also with
these early digital cameras .19,

Whether or not eye drops should be used on all people
attending a screening programme or just those who have
poor quality images (staged mydriasis) has been
debated since the early programmes commenced.

When National Screening Programmes were introduced
in the UK with Scotland commencing'! in 2002, they chose
a staged mydriatic approach and only one 45-degree
field. In 2023, the English NHS Diabetic Eye Screening
Programme'2 commenced with a mydriatic approach for
all people with diabetes and 2 x 45-degree fields.
Woales and Northern Ireland also introduced programmes
in 2023. Wales used the same approach as England, and
Northern Ireland used routine mydriasis over the age of
55yrs with 2 x 45-degree fields.

It is important to acknowledge that a screening test does
not replace the eye examination'3 but is supposed to be
an inexpensive test that, if performed well, will pick up a
high percentage of those with the condition, and will only
refer a small percentage as false positive.

The Scottish Screening Programme has used a staged
mydriatic approach since 2002 with one 45-degree field
and the English NHS DESP has used routine mydriasis and
two 45-degree fields since 2003. Modern cameras have
been developed over the last few years, using newer
technologies, that can potentially capture a wider field
of view and may require much less mydriasis even with a
staged mydriatic approach.

This narrative review of the literature is designed to
assess the impact of the new technologies on these
questions as to whether drops are still necessary and
what area of retina is required to be photographed.

Methods

The review of the literature relating to screening for
diabetic retinopathy has been on-going by the second
author (PHS) since March 2000. the methodology involves
a search technique for articles relating to screening or
management of diabetic retinopathy utilising Zetoc, a co-
operative venture between the British Library,
Manchester Information and Associated Services (MIMAS)
and the Joint Information Systems Committee (JISC) of the
UK Higher Education Funding Council, which was
available to Universities until 1t August 2022. Zetoc
provided access to over 29,000 journals and more than
52 million article citations and conference papers through
the British Library’s electronic table of contents. The

database covered 1993 to 15t August 2022 and was
updated daily.

The following subject title keywords were used:

'retinopathy’, 'digital' and 'imaging' and 'eye'. 'digital'
and 'imaging' and 'ophthalm’, 'digital' and 'imaging' and
'diabet’, 'laser' and 'eye', 'laser' and 'ophthalm’, 'laser’
and 'diabet', ‘'visual' and ‘acuity!, 'visual' and
'impairment’, 'blindness' and 'diabet', 'diabetic' and
'screening’, 'uptake' and 'screening' and 'diabet' in title,
'attendance’ and 'screening' and 'diabet', and/or
"vitrectomy' and 'diabet’ in title.
In addition, the contents page lists of the following
journals, considered to be those most likely to publish
articles relevant to this topic, were reviewed each month:

Acta Ophthalmologica Scandinavia, American Journal of
Ophthalmology, Archives of Ophthalmology, British
Journal of Ophthalmology, British Medical Journal,
Clinical and Experimental Ophthalmology, Current Eye
Research, Diabetes, Diabetes Care, Diabetes Metabolism
Research and Reviews, Diabetes Research and Clinical
Practice, Diabetes Technology and Therapeutics, Diabetic
Medicine, Diabetologia, European  Journal of
Ophthalmology, Eye, Graefes Archive for Clinical and
Experimental Ophthalmology, Investigative
Ophthalmology and Visual Science, Journal of Diabetes
and its complications, Journal of Medical Screening,
Journal of the Eye, Lancet, Ophthalmic Surgery and
Lasers, Ophthalmologica, Ophthalmology, Pediatric
Diabetes, Retina, Survey of Ophthalmology.

Since Zetoc ceased on 15t August 2022, we have used
PubMed as our primary search database. The database
was launched in 1996 by the U.S. National Library of
Medicine and now contains more than 39 million citations,
primarily from MEDLINE.

In addition, our local library conducted a search using a
combination of keywords and subject headings were
used to formulate search strategies on Medline (Ovid),
Embase (Ovid), CINAHL (EBSCO), and the Cochrane
Library. Articles of interest identified with this search
strategy were sourced from the local NHS Trust library
or on-line from the electronic journal resource (Athens!)
accessible in the Trust library.

All articles sourced were included in the extensive
Endnote database that we have developed. We
searched for articles on non-mydriatic and staged
mydriatic photography in diabetic eye screening within
this database using the search words ‘non-mydria™,
‘nonmydria®, ‘staged mydria*’, ‘staged’ and ‘diabetic’

Results:

With the search strategy of the second author (PHS)
outlined above, 121 relevant articles were identified and
the search undertaken by the Gloucestershire Knowledge
and Llibrary Services identified a further 11 articles,
making a total of 133 articles.

© 2025 European Society of Medicine 2



Figure 1. Results of Literature Review

Literature search on key words and articles on screening or
management of diabetic retinopathy utilising Zetoc and Pubmed
between 2003 - 2025
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Literature search: Non-mydriatic and staged mydriatic
eye photography. 12% December 2025. Catherine Trinca,
Library & Knowledge Services, Gloucestershire Hospitals
NHS Foundation Trust.
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When the English Screening Programme commenced in
2003, they used the results from the Scanlon study# with
a sensitivity of 87.8%, specificity was 86.1% and an
ungradable image rate of 3.7% with mydriatic digital
photography. In the same study, the results for non-
mydriatic photography were sensitivity of 86.0%,
specificity was 76.7% and ungradable image rate was
19.7%. The Health Technology Board for Scotland also
used data form this study to model their proposed staged
mydriatic service, prior to the introduction of the Scottish
Screening Programme, which they published in their
proposalll.

At that time, there were several studies that looked at risk
factors for ungradable images in the screening
environment. Age'4, duration of diabetes's, untreated
cataract!s, ethnicity ' and poor near vision'” were the
commonly reported risk factors. Some studies!81?
reported ungradable image rates < 12% but the
average age of the study population was usually under
55 years. In 2010, Dervan reported targeted mydriasis
strategies using smaller pupil size, denser nuclear colour,
older age, poorer best-corrected visual acuity, cortical
lens opacity and posterior subcapsular lens opacity which
were associated with the need for dilation (P<0.001 in
all).

If the ungradable images are reported as test positive
this reduces the specificity of the test34. However, some
studies’? reported the sensitivity and specificity of those
with gradable images and so the specificity is not
reported as reduced.

In a study20 comparing an Ophthalmologists examination
and 2-field digital imaging to seven field
stereophotography, the ophthalmologist’s examination
gave a sensitivity of 87.4% (confidence interval 83.5 to
91.5), a specificity of 94.9% (91.5 to 98.3), and a kappa
statistic of 0.80. Two field mydriatic digital photography
gave a sensitivity of 80.2% (75.2 to 85.2), specificity of
96.2% (93.2 to 99.2), and a kappa statistic of 0.73.

In 2015, the use of a smartphone was validated in a
study?! against standard seven-field digital fundus
photography with a Carl Zeiss fundus camera. In this
study the smartphone was fixed, and the patient used a
standard headrest which kept the head in a fixed
position. Since that time, there have been reports2223 of
validation of handheld devices that are not fixed and the
patient is sitting without a headrest. We have found it
easier to use devices where the patients head is in a fixed
position and the camera is also, which removes the
concerns of hand and head movement.

Many of the recent reports24-26 have compare grading
by General Practitioners or non — ophthalmologist
personnel compared to grading by Ophthalmologists
with a further programme?” capturing images in a remote
setting with grading by retinal specialists. In Southern
Israel?8, when non-mydriatic fundus photography was
compared with dilated fundus examination by an
ophthalmologist, sensitivity of 99.3 %, specificity of
88.3 %, and positive predictive value of 85.3 % were
found. The ungradable image rate was 14.4%.

© 2025 European Society of Medicine 3



In 2018, Piyasena et al reviewed?? six thousand six
hundred forty-six titles and abstracts, and data were
extracted from 122 potentially eligible full reports. The
highest sensitivity was observed in the mydriatic greater
thantwo field strategy (92%, 95% Cl 90-94%). The
highest specificity was observed in greater than two field
methods (94%, 95% Cl 93—-96%) where mydriasis did
not affect specificity. Overall, there was no difference in
sensitivity between non-mydriatic and mydriatic methods
(86%, 95% Cl 85-87) after exclusion of ungradable
images

In 2021, Kanclerz et al3° concluded that regardless of the
type of the device used, retinal photographs should be
taken on eyes with dilated pupils, unless contraindicated,
as this setting decreases the rate of ungradable images

In 2024, Abou Taha et3! al conducted a narrative
review of present and future screening programs for
diabetic retinopathy. They concluded that many nations
use 2—4 fields fundus images, proven effective with 80—
98% sensitivity and 86—100% specificity compared to
the traditional seven-field evaluation for DR

In 2024, an Ophthalmic Technology Assessment Report32
by the American Academy of Ophthalmology entitled
‘Effectiveness of  Conventional  Digital  Fundus
Photography-based Teleretinal Screening (TS) for
Diabetic Retinopathy and Diabetic Macular Oedemd’
reported that thirty percent of non-mydriatic digital
images and 10% of mydriatic images were deemed
ungradable. For ETDRS level 35 or more, sensitivity of TS
(i.e., the likelihood that those who have true threshold
disease will show positive results on TS) in detecting
referable DR or DME was poor to moderate (38%-71%),
whereas specificity was moderate to high (70%- 96%).

In the UK, the English NHS Diabetic Eye Screening
Programme has a standard33 that the ungradable image
rate within a programme should be below 8%. This does
depend on the proportion of treated cataracts in the
population.

With respect to the ungradable image rates for staged
mydriatic photography with conventional digital
cameras, the Scottish Screening Programme has been
using staged mydriasis since it commenced in 2002 and
the proportion of people with diabetes requiring dilation
has slowly increased with the increasing age of the
population. In 2004, Murgatroyd34 reported an
ungradable image rate without mydriasis of 26% which
was brought down to 5% with mydriasis. In 2020, Styles
reported 35 that, in the Scottish Screening Programme the
overall use of dilating drops was 30% but varied greatly
with age group. 33% of the 65—74-year-olds required
dilation and 8.9% of the 35-44 age group. Scotland has
a relatively white Caucasian population and there have
been reports of higher levels of dilation being required
in those with more pigmented pupils e.g. people of
Asian3¢ or Afro-Caribbean origin3’.

What is exciting is that there are signs that the new
modern cameras that use scanning confocal or similar

technology such as broad line fundus imaging are able to
capture good quality images at much smaller pupil
diameters (2.5 — 3.0 mm) and hence there is a much
greater possibility of screening the majority of people
with diabetes without eye drops.

In an early screening study38 of the Optos camera in
2010, Wilson reported that ungradable image rates for
undilated wide-field scanning laser ophthalmoscopy
were 10.8%, and the type of lesion identified by each
imaging modality was also assessed. Single-field
photography was able to identify microaneurysms in
95.9% of cases that slit lamp had done so, whereas
WSLO achieved this in only 79.2% (p < 0.001), a
difference that appeared to be due to the lower
resolution.

However, the camera has shown improvements since that
time both in resolution3?4! and in ungradable image
rates42-44, In 2014, Silva reported results from an Ocular
Telehealth Programme performed on 1,633 and 2,170
consecutive patients, in which the ungradable rate per
patient for DR (2.9 vs. 9.9%, P < 0.0001) and DME (3.8
vs. 8.8%, P < 0.0001) was lower with ultra-wide field
(UWF) imaging than with non-mydriatic digital fundus
photography (NMFP). In 2016, he reported on thirty-five
thousand fifty-two eyes (17 526 patients) imaged using
NMFP and 16 218 eyes (8109 patients) imaged using
UWEF imaging. The ungradable rate per patient for DR
and DME was significantly lower with UWF imaging
compared with NMFP (DR, 2.8% vs. 26.9% [P < 0.0001];
DME, 3.8% vs. 26.2% [P < 0.0001]). The only weakness
of these studies was that the photography was
consecutive and so the people with diabetes had not
been photographed by the same camera on the same
day.

Scanlon reported the ungradable image rates on two
groups of patients using staged mydriatic photography.
In the CONCORDIA study45 paper 1, both the Zeiss Clarus
and the Optos using staged mydriasis on 1497 people
with diabetes detected high levels of any and referable
diabetic retinopathy when compared to the standard
two-field mydriatic digital imaging. The ungradable
image rates without eye drops were 3.3% for the Clarus
and 5.1% with the Optos and this improved to 1.7% and
3.4% respectively with staged mydriasis. In the
CONCORDIA study4¢ paper 2, the Eidon camera using
staged mydriasis on 1050 people with diabetes also
detected high levels of any and referable diabetic
retinopathy when compared to the standard two-field
mydriatic digital imaging. The ungradable image rate
for the Eidon without eye drops was 4.2% and 1.7% with
staged mydriasis.

A smaller and less expensive confocal camera, which uses
similar technology to the Eidon camera and has a 45
degree field similar to digital cameras in the English
Screening Programme, has recently become available
(DRS Plus from Centervue) and the only report4” of its use
in diabetic retinopathy screening suggested that the
ungradable image rate according to an artificial
intelligence system was 2.58%.

© 2025 European Society of Medicine 4



Discussion

In England, the current recommended screening process
uses mydriatic drops to dilate the pupils of people with
diabetes. The drops have been identified as a barrier to
aftendance in several studies 4849, Individuals complain
that the drops are painful and the blurring that results
means that they are unable to drive after the
appointment and it is often 6-8 hours before they can
resume their normal work. The eye drops also take at
least 15 minutes to take full effect, which means longer
appointment and waiting times.

Untreated cataract is the principal cause of poor-quality
images but, age, duration of diabetes, and ethnicity have
been commonly reported risk factors. With respect to
ethnicity, it is felt to be the iris pigmentation and possibly
retinal pigmentation causing the problem as a higher
flash intensity may be required with conventional digital
cameras to obtain an adequate photograph, with longer
pupil recovery times for the second eye.

Cameras using the latest technology mostly use confocal
light. The Optos camera uses red, green and blue laser
light. The Eidon and the DRS plus camera both use white
light from an LED source. The Zeiss Clarus, which uses a
similar technique described as broad line fundus imaging,
uses red, green and blue LED light. All of these cameras
have been shown to be capable of a significant reduction
in poor quality image rate using staged mydriasis with
wider fields than a single 45-degree field.

For routine diabetic retinopathy screening, we need
inexpensive cameras that can detect over 85% of the
retinopathy and will only refer in a small number of false
positives (e.g. 1 in 10). With respect to the field of view
required in England, the English NHS Diabetic Eye
Screening Programme has demonstrated success in
reducing the incidence of new blindness in the working
age group? and this has continued to drop?>'. Hence, the
English Programme would be looking to cover at least the
area of the two 45-degree fields that it currently

captures. The English NHS Diabetic Eye Screening
Programme currently dilates 2.6 million people per year
and, if this could be reduced to under 132,600 people
(5.1%), this would be a major advance for the
programme. We are currently awaiting the results of a
study (CONCORDIA 2)52 that has been designed to
determine whether these cameras work as well in people
with diabetes of Asian and Afro-Caribbean background
as they do in those of White Caucasian background.

The only problem with the early confocal cameras was
the expense but it is becoming increasingly likely that
inexpensive options will become available so that they
can be used routinely for diabetic retinopathy screening.

Conclusion

The technology of cameras is changing rapidly and the
possibility of being able to screen the vast majority of
people with diabetes without eye drops is becoming
increasingly likely over the next few years.
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