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Diabetic retinopathy in its early easily
t reatable form is asymptomatic (1).
Because it is a common cause of pre-

ventable blindness—if treated adequately—

it is important to establish eff e c t i v e
s c reening programs for its detection
(2,3). Although there is consensus con-
c e rning the cost-effectiveness of scre e n i n g

(4–8), the best s c reening method has not
been established.

Digital fundus photographs have
the advantage that they can be taken at
m i nimal cost and inconvenience to the
patient (9–13) and can be transmitted by
e l e c t ronic mail through the Internet to
distant experts (14,15). Valid assessment
re q u i res uniformity of terminology and
m e t h o d o l o g y. For this purpose, the F i e l d
Guide Book (16) is useful, since it has been
validated against standard 30°, seven-field
s t e reo photographs (17) and has been
shown to be useful in a community-based
study in Wales (18).

In the study re p o rted here, we adopted
the Field Guide Book and compared a com-
bination of slit-lamp biomicroscopy per-
f o rmed by an ophthalmologist and
evaluation of two-field 35-mm transpare n-
cies with the assessment of two-field digital
fundus images sent to distant scre e n i n g
centers in a telemedical setting.

RESEARCH DESIGN AND 
M E T H O D S

Subjects
F rom 1 October 1997 to 31 January 1998,
194 consecutive diabetic inpatients were
s c reened for eligibility for the study at
Bogenhausen Hospital, Munich. Accord i n g
to criteria defined before the study, 65
patients were excluded from the scre e n i n g
p rogram for one of the following conditions:
p revious photocoagulation for diabetic
retinopathy (n = 26), inability to cooperate
(n = 19), blindness (n = 2), refusal to part i c-
ipate in a study (n= 10), mature cataract (n=
3), glaucoma (n = 2), and other (n = 3).
I n f o rmed consent was given by all study
p a rticipants. The study was approved by
the Ethical Committee of the Bavarian
Chamber of Physicians (no. 97179) and was
conducted in accordance with the 1983
Helsinki Declaration.

The clinical characteristics of the 129
patients included were: type 1 diabetes 48%
(n = 62), type 2 diabetes 52% (n = 67), men
45% (n = 58), mean age 46.6 ± 17.5 years,
mean duration of diabetes 9.9 ± 8.2 years,
and mean HbA1 c 8.4 ± 1.9%.

F rom the Third Department of Medicine (B.L., K.D.H.), Bogenhausen Hospital; the Department of Oph-
thalmology (M.O.), Technical University of Munich; the Department of Ophthalmology (H.M.), Harlaching
Hospital, Munich; GSF-Medis-Institute (W. P., S.K., G.M., R.H.), Neuherberg, Germany; the Division of Med-
icine (E.K.), St. Thomas’ Hospital; the Retinopathy Grading Centre (S.A.), Imperial College School of Med-
icine, London, U.K.; the Department of Internal Medicine (M.P.), University of Turin, Turin, Italy; and the
D e p a rtment of Ophthalmology (T.B.), University of Århus, Århus, Denmark.

A d d ress correspondence and reprint requests to Bernd Liesenfeld, MD, Guldeinstrasse 40, 80339
München, Germ a n y. E-mail: ug142cq@mail.lrz - m u e n c h e n . d e .

Received for publication 26 May 1999 and accepted in revised form 12 November 1999.
A b b re v i a t i o n s : RTA, retinal thickness analysis.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.

A Telemedical Approach to the Scre e n i n g
of Diabetic Retinopathy: Digital Fundus
P h o t o g r a p h y

O R I G I N A L  A R T I C L E

O B J E C T I V E — The importance of screening for diabetic retinopathy has been established,
but the best method for screening has not yet been determined. We re p o rt on a trial of assess-
ment of digital photographs by telemedicine compared with standard retinal photographs of
the same fields and clinical examination by ophthalmologists.

RESEARCH DESIGN AND METHODS — A total of 129 diabetic inpatients were
s c reened for diabetic retinopathy by slit-lamp biomicroscopy perf o rmed by an ophthalmolo-
gist and by two-field 50° non-stereo digital fundus photographs assessed by six screening cen-
ters that received the images by electronic mail. Conventional 35-mm transparencies of the
same fields as the digital photographs were assessed by a retinal specialist and served as the re f-
e rence method for detection of diabetic re t i n o p a t h y. Slit-lamp biomicroscopy was the re f e re n c e
method for the detection of macular edema.

R E S U LT S — The prevalence of any form of diabetic retinopathy was 30% (n = 35); of sight-
t h reatening retinopathy including macular edema, the prevalence was 6% (n = 7). The assess-
ment of digital images by the six screening centers resulted in a median sensitivity of 85% and
a median specificity of 90% for the detection of moderate nonproliferative or sight-thre a t e n-
ing diabetic re t i n o p a t h y. Clinically significant macular edema (n = 4) was correctly identified
in 15 of the 24 grading re p o rts. An additional seven re p o rts re f e rred the patients for furt h e r
investigation because of concurrent diabetic re t i n o p a t h y.

C O N C L U S I O N S — Te l e s c reening for diabetic retinopathy by an assessment of two-field 50°
n o n - s t e reo digital images is a valid screening method. Although detection of clinically signif-
icant macular edema using biomicroscopy is superior to digital or standard non-stereo pho-
tographs, only few patients with sight-threatening diabetic retinopathy are missed. 
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Telemedical screening of diabetic retinopathy

The 65 patients who did not part i c i-
pate were older (59.0 ± 16.0 years), had a
longer duration of diabetes (17.6 ± 12.4
years), and had more severe re t i n o p a t h y
(43% no, 33% mild or moderate, and 24%
s i g h t - t h reatening diabetic retinopathy). The
p ro p o rtion of men (50%) and patients with
type 2 diabetes (58%) did not differ fro m
the included patients. These patients were
examined by an ophthalmologist only.

Experimental protocol
After the assessment of best corrected visual
a c u i t y, each patient was screened for the
p resence of diabetic retinopathy after dila-
tion of pupils (tropicamide 1%) and subse-
quent slit-lamp biomicroscopy by an
experienced ophthalmologist. During the
study period, six senior ophthalmologists,
not specializing in diabetic re t i n o p a t h y, per-
f o rmed the funduscopies.

Subsequently a Topcon TRC 50X fun-
dus camera (Topcon Europe, Rotterdam, the
Netherlands) was used to take two 50° dig-
ital images (768 576 pixels) and two trans-
p a rencies (35 mm, Kodak Ektachrome 100)
per eye according to the standard pro t o c o l
defined in the Field Guide Book (16) with
dilated pupils. One field covered the tem-
poral area including macula and disc
w h e reas the second covered the nasal field
including the disc. Digital and conventional
photographs showed identical sections of
the fundus. The images were captured by
medical personnel or by nonmedical per-
sonnel who had a 1-day intro d u c t o ry course
on fundus photography and 1 month of
subsequent daily practice.

The digital images were sent as elec-
t ronic mail via the Internet to five diff e re n t
grading centers in Europe with special
e x p e rtise in diabetic re t i n o p a t h y. The graders
at the five centers comprised two diabetolo-
gists, two ophthalmologists, and an expert
retinal grader. The transmission was per-
f o rmed using standard Internet pro t o c o l s .
Additional information on type of diabetes,
diabetes duration, visual acuity, diabetes
t h e r a p y, and HbA1 c was added to the re p o rt s
in most cases. Screeners were not allowed to
manipulate the digital images. The re p o rt s
w e re re t u rned via electronic mail to the
Bogenhausen Munich Hospital.

Several months after the re c ru i t m e n t
period, the ophthalmologists who per-
f o rmed the biomicroscopy graded the dig-
ital fundus images of the patient they had
seen months earlier using the same stru c-
t u red re p o rt as previously mentioned. They
w e re masked for the grading results of the

other screeners and had no access to their
p revious re p o rt s .

Reference methods and screening
threshold
A “mixed gold standard” was used for
analysis. To obtain the gold standard for
the diagnosis of diabetic re t i n o p a t h y
excluding macular edema, two-field non-
s t e reo 35-mm transparencies of each eye
w e re graded by one expert (E.K.) in April
1998 without knowledge of visual acuity,
diabetes duration, HbA1 c, or the pre v i o u s
t e l e s c reening re p o rts. The gold standard
for diagnosis of macular edema was the
slit-lamp biomicroscopy of the ophthal-
mologist. The screening threshold was
defined as moderate nonproliferative or
m o re severe diabetic retinopathy and/or
clinically significant macular edema.
Patients with this degree of re t i n o p a t h y
would be re f e rred for ophthalmologic
e x a m i n a t i o n .

Classification of diabetic
retinopathy
The results of funduscopy and of the
assessments of the digital and the 35-mm
t r a n s p a rencies were documented on iden-
tically stru c t u red forms. All graders
received written definitions of the stages of
diabetic retinopathy before the study began
and were asked to classify pathological
findings according to this protocol. The
p rotocol was a modified version of the F i e l d
Guide Book (16) and comprised eight diag-
noses: 1) no re t i n o p a t h y, 2) mild nonpro-
liferative, 3) moderate nonpro l i f e r a t i v e ,
4) s e v e re nonproliferative, and 5) pro l i f e r-
ative diabetic re t i n o p a t h y, 6) high-risk
p roliferative diabetic retinopathy (2),
7) advanced eye disease, and 8) clinically
significant macular edema (19). Sight-
t h reatening diabetic retinopathy included
any form of clinically significant macular
edema and/or any stage of diabetic
retinopathy that was severe nonpro l i f e r a-
tive or higher in at least one eye.

Technical quality of the screening
methods
R e p o rts on 14 of the 129 (11%) sets of 35-mm
t r a n s p a rencies were not available because
slides were lost (n = 5), were not of suff i c i e n t
image quality (n = 7), or were not taken
a c c o rding to Field Guide Book criteria (16)
(n = 2). There f o re the analysis was based on
115 patients. Between 0 and 15% of 129
digital image sets per telemedical scre e n e r
w e re not gradable because of image quality

(mean 5%). No loss of digital images was
o b s e rved. Image sets of a patient that were
not graded by a telescreener were considere d
positive screening results because severe
retinopathy was not excluded. The ophthal-
mologist was able to perf o rm funduscopy on
all 129 patients.

Statistical analysis
Sensitivity and specificity can be calculated
per patient as well as per eye. Here we
re p o rt only patient-based values and we
use a “mixed gold standard” (see R E F E R E N C E

M E T H O D S A N D S C R E E N I N G T H R E S H O L D) .
Since the sample size for estimating sensi-
tivity was small, we calculated 95% confi-
dence limits by the exact method.

R E S U LT S

Detection of diabetic retinopathy
and maculopathy
The prevalence of retinopathy is pre s e n t e d
in Table 1.

Considerable variations of sensitivity
and specificity between telemedical scre e n-
ers were observed (Table 2). The quality of
the screening results was not related to the
medical specialty of the screeners (diabetol-
ogists in centers 1 and 6, ophthalmologists
in centers 3, 4, and 5). The medical pho-
tographer with long expertise in scre e n i n g
(center 2) had the second-best re s u l t .

Macular edema
Clinically significant macular edema was
diagnosed by biomicroscopy in six eyes of
four patients. A total of 15 of the 24 scre e n-
ing re p o rts on digital images and 2 of the 4
re p o rts on 35-mm transparencies of these
patients correctly identified macular edema.
An additional seven re p o rts graded patients
as having at least moderate nonpro l i f e r a t i v e
diabetic retinopathy while not mentioning
the presence of macular edema. There f o re a
total of 22 of 24 telescreening re p o rts on
patients with maculopathy had a positive
s c reening result according to the pre v i o u s l y
defined screening thre s h o l d .

One additional patient with clinically
significant macular edema in both eyes was
not diagnosed by clinical examination but
was identified by 35-mm transpare n c i e s
and by three of five telescreeners. The diag-
nosis was ascertained by a second biomi-
c ro s c o p y, and laser treatment was initiated.
Best corrected visual acuity was reduced to
at least 50% in the affected eyes of all
patients with clinically significant macular
edema (data not shown).



Sight-threatening diabetic
retinopathy
Applying the threshold “at least moderate
n o n p roliferative diabetic retinopathy or
clinically significant macular edema” for
re f e rral to an ophthalmologist, three tele-
s c reening centers correctly identified seven,
one center identified six, and two centers
identified five of seven patients with sight-
t h reatening diabetic re t i n o p a t h y.

C O N C L U S I O N S — In Germ a n y, only
a minority of eligible diabetic patients are
s c reened annually (20) and the incidence
of blindness and severe visual loss re m a i n s
high (21). In other We s t e rn countries, con-
tinuously high or increasing prevalence of
diabetic retinopathy has been re p o rt e d
(22–24). Most screening in Europe is cur-
rently done by ophthalmologists fre-
quently using biomicroscopy; there f o re the
new telemedical approach to scre e n i n g
had to be compared to this as the usual
s t a n d a rd of care .

Some professional bodies demand a
sensitivity of 80% and a specificity of 95%
to accept a screening method for sight-
t h reatening diabetic retinopathy (25). We
demonstrated that the telemedical assess-
ment of digital images closely matches
these criteria. Screening for diabetic
retinopathy leads to an increase in person-
years of sight and savings to national bud-
gets, with little more gain obtained above
60–80% sensitivity (4,5).

It was not possible to exclude clinically
significant macular edema in all aff e c t e d
eyes on the basis of non-stereo two-field
digital or 35-mm fundus photographs
alone. Stereo fundus photography and slit-
lamp biomicroscopy are the best noninva-
sive methods to detect early macular edema
(5). On the other hand, all patients with
macular edema had significant re d u c t i o n s
of best corrected visual acuity so that a
combination of photography and measure-

ment of visual acuity might define a sensi-
ble screening threshold. More o v e r, in our
s t u d y, many patients with macular edema
had a positive screening result due to con-
c u rrent significant retinopathy alone.

Recent developments in retinal thick-
ness analysis (RTA) using laser technique
allow accurate topographical measure-
ments of the retina (26). RTA was found to
be superior to slit-lamp biomicroscopy and
s t e reo fundus photography in comparison
with the gold standard fluorescein angiog-
raphy to detect macular edema (27), but at
p resent RTA is not suitable for scre e n i n g .
Ischemic maculopathies will not be
detected by RTA but in many cases can cur-
rently not be treated successfully.

Visual loss in clinically significant mac-
ular edema is closely related to the thick-
ness of the retina (27). In the U.K.
P rospective Diabetes Study, 60% of laser
t reatments were indicated because of clini-
cally significant macular edema (E.K.,
unpublished observations). Simple devices
like the Amsler grid might be used to
i n c rease detection of clinically significant
macular edema (28,29) in telemedical
s c reening settings.

Limitations of the study include the
low mean age of patients and the low pro-
p o rtion of type 2 diabetes, which are not
re p resentative for the general population
with diabetes. More o v e r, the sample size of
our study was small and there f o re did not
include large numbers of cases of diabetic
re t i n o p a t h y. Nevertheless, the total pre v a-
lence of diabetic retinopathy of all 194 con-
secutive patients screened for eligibility to
the study was 38% (sight-threatening 11%),
which is in line with recent screening re s u l t s
of 40% total prevalence in a more rural are a
of Bavaria (30). Other investigators also
found a total prevalence of 40–45% of dia-
betic retinopathy and of 10–14% of sight-
t h reatening diabetic retinopathy in the
general diabetic population (31,32).

The low average failure rate of tele-
s c reening of 5% for the digital screening in
our study was probably influenced by the
low prevalence of cataract or corneal opac-
i t y, which can dramatically increase the
number of unreadable photographs
re p o rted in studies using conventional pho-
tography (30,33). The fact that 85–90% of
the diabetic population has type 2 diabetes
with frequent coexistence of cataract would
limit the method’s sensitivity in the general
population. On the other hand, 11% of the
35-mm transparency sets used in our study
w e re not gradable. The British Diabetic
Association recommends a maximum fail-
u re rate of 5% for any photographic method
to be acceptable (25).

Conventional fundus photography has
been implemented successfully in various
s c reening scenarios (18,34–36). Digital
imaging of the eye opens new perspectives:
it is now possible to send some or all images
for instant review by a retinal expert sup-
p o rted by a retinal photographer who needs
training and auditing but no medical degre e .
S c reening costs would be expected to
d e c rease, since no film material is necessary
and compressed digital images pre s e rv e
image quality (10). Algorithms for auto-
mated detection of retinal pathology on dig-
ital images are being developed (14,15).

In conclusion, assessment of digital
fundus photography following the method-
ology of the Field Guide Book (16) is of suf-
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Table 1—P revalence of diabetic retinopathy including clinically significant macular edema
(n = 115)

Stage of diabetic re t i n o p a t h y n P revalence (%)

No diabetic re t i n o p a t h y * 8 0 7 0
Mild nonproliferative diabetic re t i n o p a t h y * 2 2 1 9
Moderate nonproliferative diabetic re t i n o p a t h y † 6 5
S i g h t - t h reatening diabetic re t i n o p a t h y † 7 6

Data are n or %. *No re f e rral for further evaluation indicated. †Referral to ophthalmologist for further exami-
nation indicated. The group with sight-threatening retinopathy also comprised four patients with macular edema
in one or both eyes with or without proliferative diabetic re t i n o p a t h y.

Table 2—Sensitivity and specificity for the
detection of at least moderate nonpro l i f e r a t i v e
or sight-threatening diabetic retinopathy (n =
13), including clinically significant macular
edema, using digital fundus photography in
115 patients

O b s e rv e r S e n s i t i v i t y S p e c i f i c i t y

Center 1 92 (64–99) 95 (89–98)
Center 2 85 (55–98) 94 (88–98)
Center 3 85 (55–98) 91 (84–96)
Center 4* 85 (55–98) 88 (80–94)
Center 5 77 (46–95) 73 (62–81)
Center 6 70 (39–91) 88 (80–94)
M e d i a n 8 5 9 0

Data are % (95% CI). The re f e rence methods were
t w o -field 50° 35-mm non-stereo color transpare n c i e s
for diabetic retinopathy and slit-lamp biomicro s c o p y
for diabetic maculopathy. The centers were ranked
a c c o rding to sensitivities obtained. *Center 4 consisted
of the six ophthalmologists who had perf o rmed the
slit-lamp biomicroscopies but were masked for these
results. All other centers had one screener only. Cal-
culation was based on screening results per patient.



ficient quality to detect sight-thre a t e n i n g
diabetic retinopathy and can add telemed-
ical support to urgently needed scre e n i n g
p rograms. However, because clinically sig-
nificant macular edema cannot be excluded
using this methodology, the measure m e n t
of visual acuity is also indicated. The detec-
tion of macular edema re q u i res furt h e r
i n v e s t i g a t i o n .
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