Is screening with
digital imaging
using one retinal
view adequate?

Abstract
Purpose To compare the detection of diabetic
retinopathy from digital images with slit-lamp
biomicroscopy, and to determine whether
British Diabetic Association (BDA) screening
criteria are attained (>80% sensitivity, >95%
specificity, <5% technical failure).

Methods Diabetics referred for screening
were studied in a prospective fashion. A single
45° fundus image was obtained using the
nonmydriatic digital camera. Each patient
subsequently underwent slit-lamp
biomicroscopy and diabetic retinopathy
grading by a consultant ophthalmologist.
Diabetic retinopathy and maculopathy was
graded according to the Early Treatment of
Diabetic Retinopathy Study.

Results A total of 145 patients (288 eyes) were
identified for screening. Of these, 26% of eyes
had diabetic retinopathy, and eight eyes (3%)
had sight-threatening diabetic retinopathy
requiring treatment. The sensitivity for
detection of any diabetic retinopathy was 38%
and the specificity 95%. There was a 4%
technical failure rate. There were 42/288 false
negatives and 10/288 false positives. Of the 42
false negatives, 18 represented diabetic
maculopathy, 20 represented peripheral
diabetic retinopathy and four eyes had both
macular and peripheral changes. Three eyes
in the false-negative group (1% of total eyes)
had sight-threatening retinopathy. There was
good concordance between the two
consultants (79% agreement on slit-lamp
biomicroscopy and 84% on digital image
interpretation).

Conclusion The specificity value and
technical failure rate compare favourably with
BDA guidelines. The low sensitivity for
detection of any retinopathy reflects failure to
detect minimal maculopathy and retinopathy
outside the 45° image. This could be improved
by an additional nasal image and careful
evaluation of macular images with a low
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threshold for slit-lamp biomicroscopy if image
quality is poor.
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Introduction

Diabetic retinopathy is an important public
health concern and is the most common cause of
blindness in our working population."? Diabetic
retinopathy is seen in most type I diabetics and
60% of type II diabetics 20 years after
diagnosis.> Approximately 2% of the UK
population have diabetes, of whom 200 000
have type I (insulin dependent) and more than 1
million have type II (non-insulin dependent).*

The St Vincent declaration (1990) included
among its objectives the reduction of incidence
of blindness caused by diabetic retinopathy
within 10 years.

Diabetic retinopathy fulfils the WHO criteria
for a screening programme. Screening for
diabetic retinopathy is a cost-effective exercise
because early detection and treatment has been
shown to prevent visual impairment, and the
costs in terms of managing the effects of severe
visual impairment/blindness can be effectively
reduced.’ The quality of life benefits due to
early detection of sight-threatening retinopathy
and early treatment are significant.

Screening should be combined with good
diabetic control. The Diabetes Control and
Complications Trial highlighted the importance
in insulin-dependent diabetes mellitus (IDDM)
of good diabetic control in reducing the risk of
progression of retinopathy.® Similarly, the
UKPDS demonstrated that good control of both
blood pressure and diabetes in type II diabetics
significantly reduced the risk of microvascular
end points related to diabetes including
retinopathy.”
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The benefits of laser photocoagulation are well known.
The Diabetic Retinopathy Study confirmed the beneficial
effects of laser photocoagulation in preventing severe
visual loss in patients with proliferative diabetic
retinopathy (PDR) and high-risk characteristics.® The
Early Treatment Diabetic Retinopathy Study (ETDRS)
showed that focal or grid photocoagulation of clinically
significant macular oedema substantially reduced the
risk of moderate visual loss.’

Screening studies have shown that up to 10% of
diabetics have sight-threatening retinopathy.'>"" Up to
40% of type II diabetics have some retinopathy at
diagnosis.

Early diabetic retinopathy can be detected by fundal
examination prior to the development of symptoms.

The British Diabetic Association (BDA) have proposed
criteria for effective screening. These standards have
been used to assess and compare screening programmes.
Sensitivity values of >80% and specificity values of
>95% combined with a technical failure rate of <5% are
considered the standard to aim for in retinopathy
detection.’?

There is agreement nationally about the need for
diabetic retinopathy screening programmes; however,
there is no universally agreed method for screening.

The Liverpool Diabetic Eye Study compared direct
ophthalmoscopy through dilated pupils by an
experienced ophthalmologist which had a sensitivity of
65%, with fundus photography with mydriasis, three
overlapping 45° fields and a trained grader which had a
sensitivity of 89%."

A review of published literature analysed 22 cohort
studies of diabetic retinopathy screening using retinal
photography, direct ophthalmoscopy or both. They
demonstrated considerable variation in both sensitivity
and specificity levels achieved by different studies. The
authors concluded that mydriatic retinal photography
provides the most effective screening and monitoring test
for detection of sight-threatening diabetic retinopathy.® In
general, the sensitivity and specificity levels were higher
in studies where retinal photography was the method of
choice.

Instant digital images have been shown to be superior
to standard polaroid photography not only in terms of
detecting retinopathy, but also in terms of image storage,
accessibility and the potential for image enhancement
and analysis."”

George et al'® compared digital imaging with 35 mm
colour transparencies and showed that there is good—
excellent agreement between the two systems. There was
exact agreement in 93.3% of images; however, 5.3% were
undergraded and three cases of sight-threatening
diabetic retinopathy (STDR) were graded as nonsight-
threatening. They noted that the lesions most difficult to
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diagnose on the digital image were intraretinal
microvascular abnormalities. They also found that
drusen could be overgraded as hard exudates after
software manipulation to improve resolution, because of
an increase in contrast.

In a further study, George et al'® showed that software
manipulation of digitised retinal images can further
improve the level of agreement in grading as compared
with 35 mm transparencies.

There is a need for efficiency in screening programmes.
The question remains as to how many fundal images are
required to identify diabetic retinopathy adequately.

Aims

In Hinchingbrooke Hospital, diabetic screening for
retinopathy has until recently been carried out using
standard fundus photography. The department acquired
a digital camera to replace previous methods of
screening. We set up a prospective study to evaluate the
screening service provided by the department and
determine which aspects could be improved.

Our specific aims were as follows:

1. To determine the effectiveness of screening using
the digital camera and a single 45° retinal image.

2. To compare the digital camera with the ‘gold
standard’, that is, slit-lamp biomicroscopy.

3. To see whether screening using the digital camera
meets the criteria proposed by the BDA.

Materials and methods

A prospective study was set up. Statistical advice
regarding sample size recommended that at least 143
patients (286 eyes) were screened for diabetic
retinopathy. All patients due to attend screening were
included in the study. Ethical approval was not sought,
as patients were due for screening appointments.

Their general practitioner (GP), the diabetic liaison
sister or the diabetic physician referred the patients for
screening. Patients were advised on arrival that they
would be photographed and then assessed by a
consultant ophthalmologist to screen for diabetic
retinopathy.

Patient details such as age, type and duration of
diabetes were recorded on a standard screening letter for
their GP. This was updated and included definitions of
diabetic retinopathy were included in keeping with the
ETDRS.

Snellen visual acuity (best corrected) was measured by
a nurse. This was then rechecked by an ophthalmologist.

A digital nonmydriatic camera was used for screening
(TRC NW5-5 model, 800 x 600 Sony 3-Chip). A single 45°



image was obtained centred on the macula. Digital
images were obtained (without mydriasis) by a member
of the nursing staff unless images were difficult to obtain.

If images were inadequate G Tropicamide 0.5% was
instilled and imaging repeated. The aim was to obtain
good-quality images for evaluation. Patients were
excluded from the study if images were blurred
(‘technical failures’) despite mydriasis.

Slit-lamp biomicroscopy was performed by a retinal
specialist, and diabetic retinopathy graded. A second
independent retinal specialist assessed the digital
images, and graded the retinopathy. The two
independent retinal specialists were consultants with
extensive experience of screening for and treating
diabetic retinopathy. Each consultant was ‘blinded” as to
the other’s findings to reduce the potential for bias in
grading.

Diabetic retinopathy was defined in line with ETDRS
and the DRS definitions. The grades of retinopathy were
modified for simplification (Tables 1 and 2).

The presence of diabetic maculopathy was identified
within two disc diameters of the fovea. Maculopathy was
defined as ‘minimal’ or ‘treatable’. Treatable
maculopathy included patients where clinically
significant macular oedema was detected. Eyes where
maculopathy was present but not sight-threatening were
graded as ‘minimal maculopathy’.

Retinopathy was graded as mild, moderate and severe
non-proliferative diabetic retinopathy (NPDR), or (PDR).

A subgroup of 18 patients were examined by both
retinal specialists and the digital images were regraded
after a 3-month interval by both specialists. This
subgroup was used to assess the concordance of the

Table 1 Grading of diabetic retinopathy

1. No retinopathy

2. Mild NPDR (at least one microaneurysm)

3. Moderate NPDR (extensive intraretinal haemorrhages +/or
microaneurysms, +/or cotton wool spots, venous beading or
IRMA, not as severe as ‘severe NPDR’.)

4. Severe NPDR (cotton wool spots, venous beading, IRMA. All
present in at least two quadrants or two of them present in at
least two quadrants with MAs and intraretinal haemorrhages
in all four quadrants or IRMA in all four quadrants, (severe
in at least one). No PDR.)

5. PDR

Table 2 Grading of maculopathy

— No maculopathy

A Minimal maculopathy (maculopathy with no clinically
significant macular oedema, CSMO)
B Treatable maculopathy (with CSMO)

If minimal maculopathy was present in a patient with moderate NPDR,
they were graded as 3a. A grade of 4b defined severe NPDR with CSMO.
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retinal specialists in grading the fundal findings by both
slit-lamp biomicroscopy and digital imaging.

Results

A total of 301 eyes were identified for screening. Blurred
images (technical failures) were noted in 4% of eyes
screened and were excluded from the study leaving 288
eyes (145 patients) suitable for the study.

Of these, 27% had type I diabetes (39/145) and 73% of
patients had type II diabetes (106/145). The majority of
the type II diabetics (69%) were tablet-controlled, 20%
were diet-controlled and 9% were insulin-requiring
(2% not recorded).

In all, 288 eyes were suitable for screening using the
digital camera, 26% of eyes had diabetic retinopathy and
eight eyes (3%) had STDR requiring treatment.

The sensitivity for detection of any diabetic
retinopathy was 38% and the specificity 95% (Table 3).

There were 42/288 (15%) false negatives. Of these 42
eyes, 18 had diabetic maculopathy, 20 eyes had
peripheral diabetic retinopathy and four eyes had both
maculopathy and peripheral changes. Three eyes in the
false-negative group (1% of total eyes) had sight-
threatening retinopathy.

There were 10/288 false positives. Of these, six eyes
had diabetic maculopathy and four eyes had peripheral
changes.

The two consultants concordance with grading was
79% on slit-lamp biomicroscopy and 84% on digital
image interpretation.

Discussion

The population of patients in this study represents a
‘normal’ screening population. This is reflected in the
incidence of any diabetic retinopathy that was 26%. The
incidence of sight-threatening retinopathy is low and
therefore sensitivity and specificity figures for any
retinopathy are calculated.

This study shows that care needs to be taken when
screening patients using digital imaging. Clear, good-
quality images are essential. These can be obtained
without mydriasis in the majority of patients; however,

Table 3 Results of screening

DR detected on No DR on

slit lamp slit lamp
DR detected on digital image 26 10
No DR on digital image 42 210

DR: diabetic retinopathy; sensitivity: 26/68=38.2%;
specificity: 210/220=95.5%; technical failure: 13/301=4.3%.
Total eyes=301; 13 eyes excluded because of blurred digital images.
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mydriatics should be used if there is any doubt. The
technical failure rate in this group of patients (4%) is in
line with BDA guidelines. Those eyes with blurred
images despite mydriasis were excluded mainly because
of media opacity such as cataract, and other reasons such
as poor compliance or difficult head position.

Our sensitivity in this study (38.2%) is low and not in
line with BDA guidelines of 80%. Sensitivity values of
comparable studies range between 27 and 100%.°

The sensitivity level for this screening method could be
improved by taking care in interpreting slightly blurred
images. If there is any doubt about the image quality, the
patient should be examined clinically. This is particularly
important in patients with early cataract and slightly
reduced visual acuities.

One image for screening is not adequate. The use of a
second image centred on the optic disc should also
increase sensitivity values. This second image would
enable the nasal watershed areas to be visualised. Since
these areas frequently show early ischaemia, the second
image should improve the detection of peripheral
changes, thus reducing this proportion of the false-
negative group.

Particular care should be directed towards detecting
maculopathy. In this study, a significant proportion of the
false-negative group (18/42) had diabetic maculopathy
that was not detected by digital image analysis, despite
image enhancement.

The digital images were stored using Joint
Photographic Experts Group (JPEG) software that
compresses the image with loss of quality, in this system
estimated at 10%. This may be a factor contributing to the
low sensitivity value as was recently demonstrated.'”

The specificity and technical failure rates compare
favourably with BDA guidelines.

As a result of this study, we are re-evaluating the
screening protocol using two images as described above.
All patients with blurred images are still examined using
slit-lamp biomicroscopy.

Conclusion

Diabetic retinopathy has been screened using a variety of
methods. The digital camera produces an instant image,
which can be enhanced during analysis providing
facilitated screening of patients. Image capture is
possible without mydriasis in the majority of patients.
This reduces the time taken for image capture, thus
improving the overall efficiency of the clinic.

This is an effective method of screening and has
recently been endorsed by the National Screening
Committee Review of diabetic retinopathy screening;'®
however, care is needed to ensure high levels of
sensitivity and specificity are achieved. We have shown
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that a single digital fundal image is insufficient for
screening purposes. We have also shown that regular
appraisal of local screening methods is essential if we are
to screen effectively and achieve levels of sensitivity and
specificity as set out by the BDA consistently.
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