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Purpose: To evaluate the efficacy of computer algorithms in
the detection and grading of retinopathy derived from
screening of diabetic photographs.

Methods: Screening fundus photographs (5 per eye) taken with
a mydriatic camera in a general ophthalmology clinic for
52 sequential diabetic patients were graded by a general
ophthalmologist and a retina specialist and compared with
computer grading of digitized images acquired from color
slides.

Results: Among the 104 eyes, 64 (61.5%) had no retinopathy
lesions (Grade 10), 6 (5.8%) eyes had only 1 or 2
microaneurysms, 21 (20.2%) eyes had more than 2
microaneurysms but no other lesions (grade 21), and
18 (17.3%) had additional lesions (grade 21+). Among
the ophthalmologists, there was exact agreement in the
grading of 76 eyes; in 21 eyes grading by each was
within 1 grade level, and in 7 the grades differed by 2
grade levels. Computer algorithm grading agreed with
the ophthalmologists’ grade in 51 (50%) eyes; in 24 (23%)
eyes the computer under-graded by one grade level, and
by 2 grades in 2 eyes. In 22 (21%) eyes, computer grading
was greater by one grade level than the ophthalmologists’
grading and in 5 (5%) eyes the algorithms overgraded by
2 grades.

Conclusions: Computer algorithms were able to detect and
grade retinopathy from fundus photographs taken of a
set of sequentially screened diabetics with consistency
similar to the agreement in grading between a general
ophthalmologist and a retina specialist.
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Amag: Diabetik hastalarin fotograflar tarayarak elde edilen
retinopati bulunmasinda ve derecelendirmesinde bilgisayar
algoritimalarinin etkinligini araghrmak.

Gereg ve Yontem: Genel géz kliniginde ardisik 52 diabetik
hastanin  midriatik kamera ile alinan gézdibi tarama
fotograflari (her géz icin 5) genel géz doktorlar ve retina
uzmanlari tarafindan derecelendirildi ve renkli resimlerden
elde edilen dijital imajlarin bilgisayar derecelendirilmesi ile
kargilastinld:.

Bulgular: Toplam 104 gézden 64 (%61.5) gézde retinopati
lezyonu yoktu (Grade 10), 6 (%5.8) géz sadece 1 yada
2 mikroanevrizmaya, 21 (%20.2) géz 2'den fozla
mikroanevrizmaya sahipti fakat bagka lezyon yoktu. (grade
21) ve 18 (%17.3) gézde ek lezyonlar vardi (grade 21+).
Tom g6z doktorlari, 76 gézin derecelendiriimesinde
bilgisayar  derecelendirmesi ile tamamen ayni fikirde
idi, her biri arasinda 21 gézin derecelendirmesinde
bir seviye, ve 7'sinde dereceler arasinda 2 derece
seviyesi fark vardi. 51 (%50) gézin bilgisayar algoritma
derecelendirmesi ile g6z doktoru derecelendirmesi ayni idi;
24 (%23) gozde bilgisayar derecelendirmesi géz doktoru
derecelendirmesinden bir seviye asagdi ve 2 gézde de iki
seviye asag idi. 22 (%21) gézde bilgisayar degerlendirmesi
goz doktoru derecelendirmesinden bir seviye yukari ve 5
(%5) gozde 2 derece fazla idi.

Sonug: Bilgisayar algoritmalart énceden hazirlanmig  bir
ardigtk diabetik hasta taramasindan alinan  gézdibi
fotograflarindan, genel géz doktorlari ve retina uzmanlar
arasinda derecelendirmedeki  karar uygun benzerlikte,
retinopatiyi tespit edebildi ve derecelendirebildi.

Anahtar Kelimeler: Diabetik retinopati, tarama, dijital fundus
fotograflari, bilgisayar algoritimi.
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INTRODUCTION

Despite the availability of recognized effective the-
rapy, diabetic retinopathy has become the leading cause
of new blindness and the leading overall cause of blind-
ness in the United States for persons of age 25 to 65.!
This appears to be primarily because of the lack of ade-
quate screening to detect retinopathy lesions early in the
course of the disease.? If not discovered until the pati-
ent has sufficient vision problems to initiate a visit to the
physician, the disease most often is severely progressed
and treatment, although successful at preventing further
progression of the disease, is only rarely able to resto-
re vision.®* Regular, fundus screening has been recom-
mended by many health care agencies, but only app-
roximately 40% to 58% of primary care physicians eit-
her perform ophthalmoscopy or refer their patients to an
eye-care provider.? A further problem is that most of-
ten such recommendations are heeded by only approxi-
mately 40-50% of asymptomatic diabetic patients>® be-
cause of multiple factors, including procrastination dri-
ven by the fear of discovering a potentially blinding con-
dition, their difficulty in scheduling the time for physici-
an appointments, unreimbursed costs of the examinati-
on, and their desire in general to avoid physicians after
years with the disease.

Published guidelines have traditionally recommen-
ded that retinopathy screening be fulfilled by an annu-
al fundus examination performed with pupillary dilati-
on. However, this method has significant deficiencies: it
is expensive, it is extremely variable in the accuracy of
detection among providers’# (many of whom do not di-
late the pupils?), and has been shown to be less accura-
te than the evaluation of fundus photographs.’® Photog-
raphic screening is not only more convenient, less costly,
and demonstrates improved detection rates'®'?, it appe-
ars in early studies to be less confrontational to the pa-
tient and to improve screening compliance when pro-
vided as a walk-in, non-scheduled convenience in the
primary-care center

The human evaluation of fundus photographs, ho-
wever, is not without variability between trained exami-
ners'®'* and among examiners over time due to fatigue.
This variability limits the sensitivity of the data that can be
utilized in the evaluation of changes occurring over time,
and heretofore has limited the evaluation to relatively
gross changes occurring in the severity of retinopathy.

We have attempted to enhance the lesion detecti-
on and have superimposed an artificial intelligence la-
yer to allow the set to grade the retinopathy. Previous at-
tempts have been made to develop digital image proces-
sing techniques in order to automatically detect retinal le-
sions'>'¢ but these authors have not attempted to evalua-
te the sensitivity of such algorithms to grade photographs
acquired under routine, office, screening conditions. He-
rein, we report the ability of a set of expert system algo-

rithms to detect the lesions and grade retinopathy within
a set of unselected screening photographs taken of dia-
betics.

MATERIALS AND METHODS

The screening fundus photographs, which had been
previously taken in a general ophthalmology clinic for a
sequential series of 52 diabetic patients, were reviewed.
The photographs consisted of 5 fields taken for each eye
(total 104 eyes) after pupillary dilation (with tropicamide
1% and phenylephrine 2.5%) utilizing a Topcon 50X ca-
mera at 30° on Ektachrome 35-mm color slides. The 5 fi-
elds photographed were as follows:

1) centered on fovea,
2) centered on disc,

3) fovea located near inferior periphery of photog-
raph,

4) fovea located near right or left (depending on
whether right or left eye) periphery of photograph (in or-
der to view the temporal perifoveal retina), and

5) fovea located near superior periphery of photog-
raph). Examples of the average photograph quality are
demonstrated in figures 1-3A.

The photographs were graded in a masked fashi-
on by a general ophthalmologist and a retina specialist,
and any differences in grading were arbitrated to produ-
ce a final grade among three retinopathy levels: no re-
tinopathy (grade 10), microaneurysms alone (grade 21)

Table 1: Comparison of ophthalmologists’ final grading with
computer grading of 104 screened eyes.

Computer Grade

10 21 21+
10 41 (39.4%) 21 (20.2%) 2 (1.9%)
21 14 (13.5%) 7 (6.7%) 1(1.0%)
Human
Grade 21+ 5 (4.8%) 10 (9.6%) 3 (2.9%)

Table 2: Comparison of ophthalmologists’ final grade with
computer grade of 104 eyes.

Difference in grading of all eyes number
Exact agreement 51 (50%)
Compufer one grade less than ophthalmologist 24 (23%)
arbitrated grade . .
Compufer one grade higher than ophthalmologist 22 (21%)
arbitrated grade
Computer two grades less than ophthalmologist o

. 5 (5%)
arbitrated grade
Computer two grades higher than ophthalmologist 2 (2%)

arbitrated grade
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Table 3: Comparison of ophthalmologists’ final grading with
computer grading of 52 patients based on the grading of the
worst eye.

Computer vs
Ophthalmologist
Arbitrated Grade

Difference in grading of worst eye

Exact agreement 20 (38%)
S:ﬁﬁ;ﬁ;?;gﬁs? rclc’rclg;?frlgfs(:dJr hgorgde 15 (28%)
Compuer one roceHigherthen 14 g
Compur o gods eshen 5 4
Computer two grades higher than 1(2%)

ophthalmologist grade

or microaneurysms with other lesions (grade 21+).'7 Af-
ter grading the color photographs, the retina specialist
also marked the following retinopathy lesions on the di-
gital images after comparing them with the color slides
(using NIH Image on a Macintosh): dot hemorrhages,
blot hemorrhages, striate hemorrhages, lipid exudates,
and nerve-fiber-layer infarcts (examples are shown in fi-
gures 1B and 1C).

The photographs were digitized at 1024x1024 reso-
lution and 8-bit density (LS-3500 slide scanner, Nikon,)
using a Wratten green filter. The digital images were
subjected to the algorithm set to detect the same lesions
and then grade the retinopathy based on the sum of the
lesions identified in each of the five fields. The computer-
derived retinal grading was compared with the final reti-
nopathy grade determined by the two ophthalmologists.
In addition, the identification of the individual lesions in-
dicated by the computer was compared with that provi-
ded by the retina specialist (examples figure 2, for lipid
exudates; and figure 3, for cotton-wool spots).

Figure 1A: Red-free, retinal photograph
digitized from color slide demonstra-
ting non-proliferative diabetic retino-
pathy.

Figure 1B : The digital image has been
marked by a retinal specialist with a
painting program identifying the dot
and blot hemorrhages.

RESULTS

Among the 104 diabetic eyes that underwent scree-
ning photography, 64 (61.5%) had no retinopathy lesi-
ons (Grade 10) where as 6 (5.8%) eyes had only 1 or 2
microaneurysms, 14 eyes (13.5%) had more than 2 mic-
roaneurysms but no other lesions (totaling 22 eyes with
grade 21, (21.2%), and 18 (17.3%) had additional lesi-
ons (grade 21+). Differences in the grading of eyes were
noted between the retina specialist and general ophthal-
mologist. Among the 104 eyes, there was exact agree-
ment in the grade given in 76, whereas in 21 eyes gra-
des assigned by the two were within 1 grade level. In 7
eyes, the grades assigned by the retina specialist and
general ophthalmologist differed by 2 grade levels. This
was similar to the number of eyes in which the ophthal-
mologists differed by 2 grade levels and for the most part
represented similar difficulties in detecting (or over detec-
ting) cotton-wool spots or in differentiating lipid granu-
lar or punctate exudates from drusen in which the com-
puter algorithms demonstrated the same difficulty as the
ophthalmologists in these screening photographs. The-
refore the ophthalmologists agreed exactly on the reti-
nopathy grade in 75% of the eyes. The comparison of
the computer grading with the final grade level given by
the two ophthalmologists is demonstrated in table-1, and
the results are summarized in table-2. In 51 (50%) eyes,
the computer grading exactly matched that of the arbit-
rated grade of the ophthalmologists. In 24 (23%) eyes
the computer under-graded an eye by one grade level,
and in 22 (21%) eyes the computer grading was greater
by one grade. Most all of these eyes represented either
missing or detecting 1 or 2 microaneurysms or missing
small foci of lipid exudates (or labeling drusen as exuda-
tes when the ophthalmologists decided otherwise). In 21
eyes the ophthalmologists also disagreed by 1 grade le-
vel in their grading for similar reasons.

Since patients are referred from screening for furt-
her care based upon the level of grading of the worst

Figure 1C: lipid exudates.
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Figure 2A: Red-free, retinal photograph digitized from color
slide demonstrating non-proliferative diabetic retinopathy.

Figure 3A: Red-free, retinal photograph digitized from color
slide demonstrating non-proliferative diabetic retinopathy.

eye, comparison was examined between the computer
algorithms and the arbitrated grading of the ophthalmo-
logists for the grade level given the worst eye. The re-
sults are presented in table-3. There was exact agree-
ment in 20 (38%) eyes, computer grading was one gra-
de less than the ophthalmologist in 15 (28%) eyes, com-
puter grading was one grade higher in 14 (26%) eyes,
computer grading was two grades less than the ophthal-
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Figure 2B: The digital image has been marked by a retinal
specialist with a painting program to identify the lipid exu-
dates. Those exudates identified by the computer algo-
rithms are circled.

Figure 3B: The digital image has been marked by a retinal
specialist with a painting program to identify cotton-wool
spots. The infarcts identified by the computer algorithms are
circled.

mologists grade in 2 (4%) eyes, and computer grading
was two grades higher in 1 (2%) eye.

DISCUSSION

In this study, we have evaluated an automated
image-processing and expert-systems algorithm set in
the accuracy of detecting lesions and grading retino-
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pathy from digitized images acquired from color slides
taken under screening circumstances with a mydriatic ca-
mera. Against the red background of the choroid on film
images, the human eye as well as the computer algo-
rithms appears to have similar difficulty in differentiating
whether minimally contrasting lesions represent true he-
morrhagic lesions especially when they are few in num-
ber. We utilized a Wratten green filter in an attempt to
improve the detection of the hemorrhagic lesions since
we subjectively have observed that such filters improve
their observation. However, using the green filter, while
enhancing the detection of hemorrhagic lesions, was ob-
served to reduce the texture patterns of others, making
the differentiation of lipid exudates and cotton wool in-
farcts more difficult. This suggests that texture mapping
to detect the different lesions is perhaps best done at dif-
ferent wavelengths. Improved performance of the algo-
rithm set, either by taking multiple monochromatic ima-
ges at different wavelengths, or by the analysis of digital
color images, is being evaluated.

Using second capture data from a film intermediary,
rather than direct CCD digital system, results in an ima-
ge with poorer contrast, detail and texture. Direct digital
capture retinal camera systems, in our experience, pro-
duce a higher-grade image leading to improved analy-
sis. We conducted the analysis on digital images acqui-
red from color film slides for this paper since we felt the
guantitative software analysis would be of value to scre-
ening centers that utilized film, although digital systems,
despite upfront capital investment, with sufficient utilizati-
on appear to offer significant reduction in costs per scre-
ening than when done with film.

The individual lesions identified by the image analy-
sis software were subjected to an artificial intelligence ex-
pert systems envelope that graded the retinopathy into 3
levels. The decision of the grading envelope was optimi-
zed first to minimize the number of more severe lesions
missed (lipid exudates, cotton-wool spots and hemorrha-
ges in that order) that would lead to under-referral and
secondly to reduce the number of retinopathy overgra-
des that would result in inappropriate over-referral af-
ter screening. The grading was forced into 3 levels to se-
parate those patients that need only repeated screening
at lengthy intervals (no retinopathy or occasional mic-
roaneurysms) from those that need more careful evalu-
ation. We envision this as the primary purpose of reti-
nopathy screening, removing the system from the task
of micromanagement of the retinopathy, once discove-
red. However, after an individual is photographed seve-
ral times, the quantitated history of particular lesions over
time (e.g. changes in the number of microaneurysms or
blot hemorrhages) may provide a truer indication of the
risk for progression than changes in the composite gra-
des. Our intent is to collect follow-up data on patients
screened with the same system to evaluate lesion speci-
fic history data. In addition, the use of image processing

software allows the evaluation of other characteristics of
the fundus that cannot be evaluated by human observa-
tion but which are known markers of disease and may
be beneficial in establishing risk for the development of
retinopathy or its progression especially in the early sta-
ges. These may include, but are not limited to the evalu-
ation of vascular diameter and variation, tortuosity, and
branching angles.

In conclusion, we have demonstrated the utility of
a computer image processing algorithm set that inde-
pendently detects and quantitates the retinal lesions of
early diabetic retinopathy and, using the accumulation
of the lesions, grades the retinopathy. The system ap-
pears to have sufficient sensitivity and specificity to provi-
de for a methodology that can be placed in the primary
care setting to allow economical retinopathy screening.
We believe that this will significantly improve the current
screening rates that are limited by poor patient compli-
ance.'820

Undilated digital-video images using the Joslin Visi-
on Network (JVN)?'22 system were comparable photog-
raphs for the determination of diabetic retinopathy le-
vel. 2 The results validate the agreement between non-
mydriatic JVN images and dilated ETDRS photographs
and suggest that this digital technique may be an effec-
tive telemedicine tool for remotely determining the level
of diabetic retinopathy, suggesting timing of next retinal
evaluation and identifying the need for prompt referral
to ophthalmology specialists.?® Furthermore, by provi-
ding real-time, onsite analysis of image quality, the pho-
tographer can be advised of those needing dilation or
further ophthalmologic examination. Moreover, by pro-
viding onsite, rapid examination of the photographs for
lesions, the patient can be advised immediately of whet-
her he/she has retinopathy requiring further evaluation,
which we believe will improve compliance with the re-
commended follow-up.?4%

We would also envision the development of an elect-
ronic feedback response from the ophthalmologist to the
primary care screening center that could be used in the
database to provide “learning” by the screening algo-
rithm set and improve the proficiency of the screening.
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