Detection of retinal
lesions after
telemedicine
transmission of digital
images

Abstract

Purposelbackground To assess whether loss of
image resolution or colour and subsequent
telemedicine transmission of digital images
affects the accuracy of retinal lesion detection
by ophthalmologists when compared with the
original transparencies.

Methods Fifteen ophthalmologists of different
experience independently scored 11 retinal
images for pathological signs. The images
were presented as either transparencies or
colour and monochrome digital images, which
had been transmitted via telephone lines to a
geographically remote location. One patient’s
eye was also imaged using scanning laser
ophthalmosocopy (SLO) which produced a
dynamic black and white digital image.
ANOVA analysis was performed.

Results Total scores were higher for
transparencies than colour (p = 0.0003) or black
and white digital images (p = 0.00006). Expert
observers (n = 5) considered separately
showed no significant difference of accuracy
between transparencies and either colour
digital (p = 0.09) or monochrome digital
images (p = 0.11). Experts were better than
trainees at detecting pathology from less
familiar images: total score (p = 0.02), colour
digital (p = 0.03), monochrome digital (p = 0.02)
and SLO images (p = 0.004).

Conclusion Experienced observers can identify
sight-threatening retinal pathology from
poorer-resolution digital images that have
been transmitted by telemedicine. They can
also adapt to viewing less familiar images
such as black and white digital or SLO images.

Key words Digital image, Image resolution,
Observer accuracy, Retinal lesions, Scanning
laser ophthalmoscopy, Telemedicine

Telemedicine is defined as ‘the use of
telecommunications and information
technologies for remote medical care’.! Several
studies have assessed telemedicine of
radiographic,z‘5 pathological6 and
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dermatological” images. However, to date little
work has been done with transmission of retinal
images.®'° There are now several digital image
capture devices available for obtaining retinal
images, including colour digital fundus
cameras'' and scanning laser
ophthalmoscopes.’? However, digital capture
produces a much lower resolution than
photographic transparencies. The maximum
digital image resolution at present is 2500 X
2500 pixels but most commercially available
digital fundus camera systems have a
maximum of 1200 X 1000 pixels or less image.
In comparison the maximum resolution of
colour transparencies is approximately 3—4
times greater than the best digital image due to
the 1 pm grain size and random array of
crystals in the film; hence transparencies are
currently the standard against which new
technologies will be assessed. Further
information may be lost from digital images
during image compression. To date the level of
resolution required for reliable diagnosis of
retinal pathology has not been systematically
determined.

Attempts have been made to increase the
speed of transmission of large-scale data files.
This can be done by compressing the image file
using techniques such as JPEG; however, this
results in loss of data and hence image quality.
An alternative method is the use of dedicated
digital links such as Integrated Services Digital
Network (ISDN) lines. These broadband digital
lines can simultaneously transmit voice, video
and large data files. As the lines are digital there
is no need to convert the original data to an
analogue signal for transmission as occurs with
transmission via a modem and conventional
telephone line, and hence, transmission is much
more rapid. Several hospitals now have such
lines in place and utilise them for clinical image
transmission. However, many primary care
centres do not have access to this technology
and would rely on standard analogue telephone
lines for transmission of images to a hospital
centre for expert assessment.
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The primary aim of this study was to assess whether
digital retinal images transmitted by standard telephone
lines are of sufficient quality to detect retinal pathology,
in order to simulate a real clinical use of telemedicine.
The secondary aim of this study was to evaluate which
element(s) of an image is important for clinical diagnosis
of retinal pathology, i.e. the relative importance of
resolution, colour and a dynamic image. The study was
constructed to evaluate several stages of information
loss. The standard used was the ability of
ophthalmologists to identify pathological signs from
good-quality colour retinal transparencies. We then
degraded the resolution of these images by digitising
them. Next the colour information was removed to leave
a black and white image. Finally we used a low-
resolution black and white dynamic image obtained by
scanning laser ophthalmoscopy to evaluate the effect of
assessing multiple, unfamiliar digital images combined
to produce a dynamic image. These images were then
transmitted by standard telephone lines and were
assessed by ophthalmic clinicians. We also aimed to
evaluate the effect of observer expertise to evaluate
whether it is possible to de-skill assessment of retinal
images in combination with loss of resolution.

Materials and methods

Eleven 35 mm retinal transparencies were selected at
random on the basis of showing a minimum of five
different pathological lesions and being of good to
excellent clarity (Fig. 1). The images used were of a range
of pathologies including diabetic retinopathy, retinal
vein occlusion and swollen optic discs. The selected
transparencies were then recorded onto videotape using
a Sony #CCD-FX710 camcorder in NTSC (USA video
standard) format (i.e. 640 X 480 pixels, 30 frames per
second). Video digitisation was used to facilitate direct
comparison with the scanning laser ophthalmoscope
video segment used in the study. Video images were
digitised using codec (compression/decompression)
with VideoSpigot software. This programme combines
codec and audio video interleaved (AVI) standard to
produce digital images with a resolution of 640 X 480
pixels with 32 bits of colour information. The images
were transmitted from one centre to another
geographically distant site via standard telephone lines.
Using VideoShare software the received image was
transferred to videotape in NTSC (USA video standard)
format (i.e. 640 X 480 pixels, 30 frames per second). The
final video obtained was of 11 static colour digital
images. In order to remove colour during the study, the
colour on the viewing monitor was turned off. The same
monitor was used throughout the experiment with
contrast and brightness settings fixed.

One patient whose eye was photographed for the
study was also imaged using a prototype portable
scanning slit laser ophthalmoscope (SLO) developed in
the department. This stream of digital images was
included in the study to evaluate the clinical usefulness
of lower-quality, dynamic black and white images, as

SLOs may become an important digital image acquisition
device in future telemedicine. The SLO video of one eye
was recorded as an analogue (RS170) dynamic black and
white dynamic image with a resolution of 800 X 600
pixels. The SLO image was obtained using a red (635 nm)
and then a green (532 nm) wavelength laser. The red
wavelength maximises visualisation of the choroidal
vasculature and the green wavelength maximises
visualisation of retinal vascular lesions. The field size
was 30° and images were obtained from the macula
including the optic disc and from the area nasal to the
disc). This image was also transmitted as above to
produce a final video with approximately 60% loss of
information due to the AVI compression.

Fifteen ophthalmologists participated as observers
and were graded into three groups depending on their
level of clinical experience (experts, i.e. experienced
senior registrars or consultants with a special interest in
retinal vascular disease; middle graders, i.e. specialist
registrars or research registrars; and juniors, i.e. senior
house officer level). There were 5 experts, 7 middle
graders and 3 juniors. To prevent a learning effect from
repeated viewing of the images and to mask the effect of
observer experience on learning, observers were then
randomly allocated to four groups:
® Group A: The 2 observers viewed the original colour 35

mm transparencies using a light box and a 20 D lens

for a maximum period of 2 min per image. They later

watched the static digital images on video, first in
colour and then in black and white, for 2 min per

image. The images on the video were presented in a

different order to the transparencies. At the end of the

video session the SLO image was played. The video
consisted of a dynamic clip filmed in red wavelength
lasting 1 min and 50 s followed by 1 min and 25 s of
green wavelength digital image.

® Group B: The 5 observers watched the static video in
colour first, then in black and white and then the SLO
clip. The transparencies were viewed later.

® Group C: The 4 observers scored the static video in
black and white, then in colour and then the SLO clip.

The transparencies were viewed last.
® Group D: The 4 observers viewed the transparencies,

then the static video in black and white followed by

colour and finally the SLO clip.

The observers independently completed a tick-box
score sheet for each image to denote the presence of any
pathological retinal lesions, such as exudates, new
vessels or swollen discs. There were a total of 31 possible
lesions on the score sheet for each image. Twenty-four of
these lesions were present in one or more image and 7
lesions were ‘confounding’ lesions. The completed score
sheets were marked in comparison with a reference
standard provided by a consultant opthalmologist with a
special interest in medical retina. This reference standard
method was selected as, in the absence of a specific
quantitative test, the subjective evaluation of retinal
appearance by an experienced ophthalmologist is the
current basis of clinical diagnosis and treatment of retinal
disease."® The reference standard found a total of 62



Table 1. Total scores of lesions correctly identified

Observer no. Experience Group Transparencies Colour digital B+W digital = SLO images Total
1 Expert D 62 40 41 8 149
2 Expert A 58 49 50 6 163
3 Expert C 47 38 36 5 126
4 Expert B 39 38 38 4 119
5 Expert C 46 45 47 4 142
6 Middle grader B 38 36 31 4 107
7 Middle grader D 42 36 36 2 115
8 Middle grader A 48 43 38 4 133
9 Junior D 42 35 38 2 116

10 Junior D 45 31 31 2 108
11 Middle grader C 41 33 29 3 106
12 Junior B 29 27 23 2 81
13 Middle grader B 42 39 39 2 122
14 Middle grader C 43 31 31 2 107
15 Middle grader B 44 40 36 4 122

B+W, black and white; SLO, scanning laser ophthalmoscope.

lesions present in the 11 images using the original
transparencies. The eye that was also imaged by SLO had
6 lesions when imaged by SLO and 5 when assessed
using the transparency alone, as vitreous haemorrhage
present in the SLO image was not apparent by
photography. The total possible score for the test was
198, i.e. a maximum of 62 each for transparencies, colour
digital and black and white digital and 6 for red SLO and
green SLO (Table 1). Each observer was scored for
number of lesions correctly identified, lesions missed
and ‘extra’ lesions seen by the observer but not seen by
the reference standard expert observer. In order to
simplify the scoring process and to prevent distortion of
the marking system all lesions were weighted equally;
however, a separate analysis of new vessel detection was
performed, as this is a clinically important lesion
regardless of location within the retina. Observers also
scored the image for quality with a score out of 10, where
10 is a high-quality retinal transparency viewed on a
light box.

Statistical analysis

Statistical analysis was performed using SPSS 7.51
software package. Paired, two-tailed t-tests were
performed to evaluate the differences in accuracy for the
different levels of experience and for the different types
of image, i.e. different resolutions. Two-way ANOVA
was used to assess the influence of the learning effect. An
unpaired t-test was performed to assess the perceived
difference of image quality scores between the different
media.

Results

The maximum possible score for the test was 198. The
mean score for the test for all observers was 121.07 (SD
20.02).

Transparency versus colour digital image

The score obtained for the colour digital images was
compared with the score for the transparencies in order
to assess the effect of maintaining colour but reducing
resolution. The mean score for transparencies was 44.4
(SD 7.82) out of a possible score of 62. Mean score for
colour digital images was 37.4 (SD 5.73). There was a
statistically significant difference in accuracy rates for
transparencies compared with colour digital images

(p = 0.0003).

Transparency versus black and white digital image

To assess the effect of reduced resolution plus loss of
colour, comparison was made between the overall scores
for black and white digital images and transparencies.
The overall mean score for the black and white digital
images was 36.26 (SD 6.84) from a possible score of 62.
Hence, for all observers there was a significant increase
in accuracy rates for transparencies compared with black
and white digital images (p = 0.00006).

Colour versus black and white digital image

Assessing the accuracy scores of the telemedicine digital
images in colour and black and white, i.e. images of the
same pixel resolution but with colour removed, there
was no statistically significant difference between scores
when all observers were considered (p = 0.12).

Transparency versus dynamic black and white digital
image

To evaluate the impact of a dynamic element in an image
with reduced resolution and no colour, the scores for the
SLO video were compared with the scores for the
transparency of the same eye. From a possible total score
of 5 for the transparency of image 4, the overall mean
score was 3.06 (SD 1.33). A total score of 6 was possible
with SLO imaging as vitreous haemorrhage present
could be identified using the SLO but was not apparent
on the transparency taken the same day as the SLO
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Table 2. Total scores of ‘extra’ lesions, i.e. lesions seen by the observer but not present in the definitive diagnosis by the reference standard observer

Observer no. Experience Group Transparencies Colour digital B+W digital  SLO images Total
1 Expert D 0 12 18 3 30
2 Expert A 2 11 13 0 24
3 Expert C 10 9 11 0 30
4 Expert B 4 7 6 0 17
5 Expert C 21 20 17 1 59
6 Middle grader B 14 20 15 0 50
7 Middle grader D 11 7 6 1 25
8 Middle grader A 26 25 19 1 71
9 Junior D 16 6 8 6 33

10 Junior D 21 11 8 0 38
11 Middle grader C 12 9 9 2 33
12 Junior B 9 7 11 2 19
13 Middle grader B 8 13 11 3 35
14 Middle grader C 15 18 14 2 48
15 Middle grader B 19 23 27 2 60

B+W, black and white; SLO, scanning laser ophthalmoscope.

image. The mean score for all observers viewing the
same eye imaged by SLO in red wavelength laser was 1.6
(SD 0.82) from a possible score of 6. For green
wavelength imaging the mean score was 1.87 (SD 1.06).
There was no significant difference between the scores
obtained with red or green SLO imaging (p = 0.33). There
was a significant difference between the scores for image
4 obtained by transparency compared with SLO red (p =
0.0006) and SLO green (p = 0.0007).

Effect of experience

The mean total score for lesions correctly identified by
expert observers was 139.8 (range 119-163, SD 17.68), by
middle grade ophthalmologists was 116.0 (range
106-133, SD 10.20) and by juniors was 101.7 (range
81-116, SD 13.34). Using one-way ANOVA there was a
statistically significant difference between the total score
obtained by experts and non-experts (p = 0.02). There
was no statistically significant difference in the accuracy
levels of experts versus juniors when identifying lesions
from transparencies (p = 0.07). However, when grading
lesions from lower-resolution images, experts were
statistically significantly better than trainees at correctly
identifying lesions (p = 0.03 for colour digital, p = 0.02 for
black and white digital and p = 0.004 for SLO images).
There was no significant difference in the number of
‘extra’ lesions seen by the observers when comparing
experts against more junior clinicians (Table 2).

As the experts were significantly better at identifying
lesions from lower-resolution images than juniors,
analysis of the effect of reduced resolution and loss of
colour was performed using the scores obtained by the
expert group only. Comparing colour digital with
transparencies there was no significant difference (p =
0.09). This was also the case when comparing black and
white digital against transparencies (p = 0.11). Assessing
the accuracy scores of the telemedicine digital images in
colour and black and white, i.e. images of the same pixel
resolution but with colour removed, there was no
statistically significant difference between scores when
experts alone were considered (p = 0.59). Comparing the

scores obtained by experts only using the SLO images
versus the transparency of image 4 there was a
significant difference for the scores obtained (p = 0.03).

Learning effect

The order of viewing the images had no effect on the
total score (p = 0.16) when all observers were considered.
This effect remained non-significant when each medium
was considered individually (p = 0.09 for transparencies,
p = 0.14 for colour digital, p = 0.35 for black and white
digital and p = 0.72 for SLO).

Two-way ANOVA was used to assess the effect of
experience and take into account the order of viewing the
images, i.e. whether watching the digital images before
viewing the transparencies affected the final score. This
demonstrated that the effect of experience on the final
scores was significant (p = 0.003) regardless of order of
viewing. This effect was true when each type of
presentation of the images was considered (p = 0.01 for
transparencies, p = 0.01 for colour digital, p = 0.046 for
black and white digital and p = 0.03 for SLO).

Identification of new vessels

Five images demonstrated six episodes of new vessels
(one eye had new vessels on the disc and elsewhere).
This gave a total possible score of 20 episodes of new
vessels identifiable throughout the test. For all observers
there was a significant improvement in detection of new
vessels using transparencies compared with colour (p =
0.001) and black and white digital images (p < 10°) and
when comparing colour with black and white digital
images (p = 0.04).

When the expert observers’ scores were analysed
alone (Table 3) the overall mean score for all methods of
viewing the images was 7.6 (SD 2.61). If new vessels
classified as intraretinal microvascular abnormalities
were included, the total mean score for experts rose to 10
(SD 1.32). The mean score for identification from
transparencies was 3.4 (SD 2.30). The mean scores for
colour and black and white digital images were



Table 3. Identification of new vessels by the five expert observers

Transparencies Colour digital B+W digital SLO images
Observer
no. Actual Possible Actual Possible Actual Possible Actual Possible Total
1 6 6 0 6 1 6 1 2 8
2 5 6 1 6 3 6 1 2 10
3 3 6 2 6 0 6 1 2 6
4 0 6 2 6 1 6 1 2 4
5 3 6 4 6 2 6 1 2 10

B+W, black and white; SLO, scanning laser ophthalmoscope.

respectively 1.8 (SD 1.48) and 1.2 (SD 1.14). All five
experts identified new vessels in the green wavelength
SLO images, which optimises imaging of vascular
structures.

Comparing the ability of experts to identify new
vessels in unfamiliar lower-resolution media, there was
no significant difference between transparencies and
colour digital (p = 0.07) and SLO using the green
wavelength (p = 0.37). There was, however, a
significantly poorer ability to identify neovascularisation
using black and white still digital images (p = 0.02).

Subjective image quality

Assessing the mean quality scores assigned, the mean
image quality for transparencies was 8.81 (SD 0.91), for
colour digital was 6.70 (SD 1.26), for black and white
digital was 5.45 (SD 1.74) and for SLO images was 2.75
(SD 1.27). There was a statistically significant difference
between the subjective quality scores for the
transparencies and the other media and between the
colour and black and white digital images (p < 0.05 for
all).

Discussion

The current standard in retinal imaging remains 35 mm
transparencies. The persistence of this standard in the era
of digital imaging is due to the superior image resolution
of photographic film, the true colour and the familiarity
of the images. The aim of this study was to systematically
evaluate the perceived problems of digital imaging by
assessing the effect on observer accuracy of reducing
resolution, subtracting colour and introducing a dynamic
element to the image. It was shown that considering
observers of all levels of experience, higher scores were
obtained for transparencies than when evaluating images
with a poorer resolution. However, the expert observers
proved to be considerably more accurate at detecting
retinal lesions than less experienced observers, both for
transparencies and images of poorer resolution.

When expert observers were considered alone, there
was no statistically significant difference between scores
obtained for the colour transparencies and poorer-
resolution images (colour digital), images with reduced
resolution and loss of colour information (black and
white digital) and between images of the same resolution
with and without colour. However, there was a
significant difference between the scores for

transparencies and unfamiliar, dynamic images of poorer
resolution and no colour produced by a prototype low-
cost portable scanning laser ophthalmoscope, although it
is likely that with increasing familiarity, accuracy would
increase.

Reduction of resolution

The ability to diagnose pathological lesions accurately
from digital images, when compared with original film,
has been demonstrated in several studies assessing
radiological images.'*'? It is known that diagnostic
accuracy for X-ray images increases with increasing pixel
number or decreasing pixel size."* To our knowledge
there have been no studies evaluating the effect of
reduction of resolution on the diagnostic accuracy of
retinal images.

Loss of colour information

In this study there was no difference in accuracy levels of
observers between colour and grey-scale images of the
same resolution. It has been demonstrated that only a
limited amount of colour information is required to
diagnose pathology in the case of endoscopic®' and
histological® lesions. These studies assessed the effect of
reducing colour information in digital images by
reducing the digital colour information from true colour
(24-bit, i.e. 8 bits each for red, blue and green, giving a
palette of 16.7 million colours) to 8-bit (a palette of 256
colours). It was found in both studies that diagnostic
accuracy was not affected by reducing the colour
information to 8 bits.

A study evaluating grey-scale image telepathology of
frozen sections showed adequate diagnostic accuracy
despite the lack of colour.?® Similarly, a study using black
and white 35 mm transparencies to diagnose diabetic
retinopathy found that the diagnosis of level of
retinopathy present was not impaired by the lack of red,
green and blue input.** Ophthalmologists are also
familiar with evaluating black and white images
produced by fluorescein angiography, although contrast
in these images is maximised due to the contrast medium
used.

Radiologists who rely on grey-scale images for all
diagnoses have set standards® with a minimum
requirement of 2000 X 2000 pixels and 10 bits of grey
level for the analysis of plain radiographs. It has been
suggested that for pathology the spatial resolution
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required is somewhere in the region of 1000 X 1000
pixels.”® However, the types of images viewed are very
different in endoscopy, pathology and radiology
compared with ophthalmology, and this tissue has not
been addressed for retinal images.

Scanning laser ophthalmoscope images

The SLO images obtained were of reduced resolution
and had no colour information. The red image was more
difficult to interpret as there is greater visualisation of the
choroidal vasculature than is seen by conventional white
light viewing of the retina. The green wavelength image
had increased contrast of retinal vascular structures and
hence was more similar to traditional retinal
photographic images. The images were dynamic, which
may have facilitated detection of vitreous haemorrhage
and the mobile disc new vessels present. Studies
comparing dynamic versus static image assessment in
pathology suggest that there is a higher accuracy with
dynamic images.”’*® This is likely to be due to a wider
range of fields being available in dynamic imaging,
which increases the amount of information available to
the observer to facilitate decision making, as occurs with
slit-lamp biomicroscopy examination of the fundus.

The transmitted SLO image used in this study had an
approximately 60% reduction in resolution compared
with the original SLO image. This was perceived by the
observers as a subjective reduction in image quality
when compared with the digital colour and black and
white images. However, new vessels and vitreous
haemorrhage were identified by most observers from the
green wavelength SLO image due to the selective
enhancement of these lesions.

Observer experience

Clinical diagnosis is a complex process involving
evaluation of various components in an image and
comparing them with the cortical database of the
observer. It is also a highly subjective process and it is not
surprising that the scores within each experience level
were fairly widely distributed. However, more
experienced observers were able to extract more
information from poorer-quality images than were less
experienced clinicians. This was confirmed for all media
except 35 mm transparencies, where there was no
statistically significant difference between expert
observers and junior ophthalmologists. This implies that
experts are better at extracting useful information from a
retinal image, despite the image being in an unfamiliar
format such as black and white still or dynamic digital
images.

In telepathology, it has been demonstrated that
observers who have experience of viewing video
monitors, such as computers screens, perform better.
It could be assumed from this that younger observers,
who are likely to be more familiar with video and
computer games, would be at an advantage. This factor
may have influenced the performance of some observers
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in this study but was not specifically assessed. From our
results, clinical experience was strongly correlated with
accuracy.

Detection of new vessels

The detection of new vessels is an important clinical sign
and therefore this was assessed specifically. For expert
observers there was no significant reduction in the ability
to detect new vessels from colour digital or SLO images
compared with transparencies. However, the detection
rate was significantly poorer using still black and white
digital images. This may be due to the narrow range of
grey scale, which produced poorer contrast between new
vessels and the background retinal tissue. The dynamic
green wavelength SLO image demonstrated the mobile
nature of the new vessels present, which facilitated
detection and also used wavelength-specific
monochromatic light to improve contrast.

Clinical applications of telemedicine

Diabetic retinopathy screening is one clinical situation
where telemedicine could prove to be a cost-effective use
of technology. There are fewer than 2000
ophthalmologists of all grades in the UK and in theory
this group should review approximately 2 million
diabetics every year.> The best way to assess a patient is
for a specialist to examine the patient. However, in many
situations it is impractical for this to occur, due to poor
mobility of the patient, geographical distance, limited
specialist time and cost. Therefore, use of 35 mm
transparencies viewed using a light box and hand-held
20 D lens is now an accepted method of screening.*>~’
A further application would be optic disc evaluation in
glaucoma screening.

There are two levels of screening. Level 1 screening is
the simple determination of whether the image is normal
or abnormal. Work is currently under way in a number
of centres to use neural networks to automatically
evaluate and sort images into normal and abnormal at
the time of screening. The second level of screening
determines whether the abnormality is clinically
significant and requires further expert clinical evaluation
and treatment. Therefore screening systems could be
refined and become less labour-intensive if only
abnormal images were transmitted for a level 2 expert
evaluation. This study demonstrates that it is feasible to
transmit retinal images via a telemedicine link and still
identify important pathological lesions, provided the
observer is clinically experienced. However, further
studies are required to establish the standards required
for image resolution and quality before telemedicine of
retinal images is widely adopted in clinical practice. This
study deliberately used standard telephone lines in order
to assess the ‘real-life’ clinical situations where
telemedicine is likely to be useful, i.e. transmission of
images from a primary to secondary care using existing



communication links in order to minimise costs. This was
possible despite the loss of resolution due to image
compression necessary to facilitate image transfer.
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