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~ The Clinical Utility of a Non-Mydriatic Retinal 
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W e aim to evaluate a non-mydIiatic 
retinal camera as a safe and 
efficacious screening tool, for 
diabetic retinopathy, in diabetes 

centers. 
Materials and Methods: 221 consecutive patients 
attending a Diabetes Center submitted to retinal 
photographs using a non-mydriatic camera. Pa
tients were included if they had not had previ
ous laser therapy and if they had a formal oph
thalmologic consultation within 6 months of the 
photography Four endocrinologists reviewed the 
retinal photographs and recommended an inter
val (urgent referral, early referral, non-referral) 
for ophthalmologic assessment. Endocrinolo
gists' grades were compared against the gold 
standard of ophthalmological findings. The en
docrinologists were privy only to the patient's 
age, type and duration of diabetes mellitus. 
Results: Twenty-seven cases were deemed as re
quiring early referral by the ophthalmologists. 
The endocrinologists agreed with ophthalmolo
gist referral times in 27, 26, 23 and 27 cases re
spectively. Two cases requiring urgent referral 
according to the ophthalmologists were also 
judged as requiring urgent referral by all endo
crinologists. A mean sensitivity of 95.4% (95% CI 
88.5%-100%) was attained. 
Conclusions: The use of a non-mydIiatic camera 
to determine need for ophthalmologic referral 
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was found to be safe and efficacious, with no se
rious delays in referral noted. On average this 
tool can safely defer 53.5% of routine ophthal
mologic referrals without any risk to the pa
tient's eyesight. 
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Introduction 
Diabetes mellitus (DM) is the leading cause 

of blindness in the Western World despite the 
widespread availability of effective photoco
agulation treatment. 1-7 Tremendous strides 
have been made in the last 25 years to mini
mize this complication. Regular eye exams 
and appropriate intervention may prevent 
90% of diabetes-related vision loss.8 Since it 
is less costly to detect and treat a patient with 
diabetic retinopathy before significant visual 
loss, appropriate intervention for diabetic pa
tients is additionally an economic benefit to 
the health system.9 Improved glycemic 
treatment of diabetes has been proven to be 
effective in slowing the progression of this 

· . 10-12 C1 urrent reccomp lcatlOn. management 
ommendations require extensive dependence 
on ophthalmologists for the diagnosis and 
surveillance of this complication.3

, '4 These 
recommendations require most patients to see 
an ophthalmologist on an annual basis. 15 

Consui 
tients, 
requm 
to enS1 
tions ~ 

borne 1 
part, tl 
follow· 
lines, h 

Our 
endocri 
non-m) 
curate!; 
patient~ 

same ti 
those v. 
sought 
was ~9 
gested, 
in clinic 

Materi. 
221 r: 

through 
Center 
British 
Patients 
formed 
photogr 
ophthal 
retinal! 
ophthal 
tients I 
was lin 
excludt 
apy. Ul 
betic al 
tained. 
St. Pau 

Retin 
Topcor 
eye wa 
til a su 
ture w: 
tain pa 
eyes n 
the ph< 

mailto:hught@istar.ca


5; 2:74-79 

er M, 

Univer

lth no se
rage this 
ophthal
the pa

v1ydriatic 

19 cause 
;pite the 
hotoco
strides 

o mini-
exams 

prevent 
Since it 
'nt with 
: visual 
~tic pa
1efit to 
ycemic 
I to be 
of this 
1t rec
1dence 
is and 
These 
to see 
lasis. 15 

Consultations are time consuming for pa
tients, involve pupillary dilation, and often 
require the help of a friend or family member 
to ensure safe travel home. These consulta
tions also incur an expense that must be 
borne by the patient or health care system. In 
part, thi~ may explain why ophthalmologic 
follow-up, according to reconunended guide
lines, has been noted to be sub-optimal.8 

Our study sought to assess whether four 
endocrinologists each grading the same set of 
non-mydriatic retinal photographs could ac
curately identify a significant proportion of 
patients not requiring referral, while at the 
same time making few errors in identifying 
those who required urgent referral. The study 
sought to determine whether the sensitivity 
was ;:::95%, which was deemed as the sug
gested criterion for employing this technique 
in clinical practice. 

Materials and Methods 
221 patients were recruited consecutively 

through the Diabetes Teaching and Training 
Center at St. Paul's Hospital, Vancouver, 
British Columbia over a six-month period. 
Patients included in the study signed an in
formed consent, had non-mydriatic retinal 
photographs taken of both eyes and visited an 
ophthalmologist within six months of the 
retinal photograph. The number of consulting 
ophthalmologists who were seeing these pa
tients based on estimated referral patterns 
was limited to 3. Patients were immediately 
excluded if they had any history of laser ther
apy. Upon recruitment, a brief personal, dia
betic and ophthalmologic histOlY was ascer
tained. The study protocol was approved by 
St. Paul's Hospital Ethics Committee. 

Retinal photographs were obtained using a 
Topcon non-mydriatic retinal camera. Each 
eye was photographed a number of times un
til a suitable quality or the best possible pic
ture was obtained. The total time taken to ob
tain patient's history and to photograph both 
eyes never exceeded 10 minutes. To obtain 
the photographs no mydriasis was used. The 
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photographs produced a 45-degree image of 
the retina including the optic disc, the macula 
and its surrounding blood vessels. The pho
tographs were captured by Image Net Lite 
software, and then printed using high-quality 
ink jet photo paper. The retinal photographs, 
examined by the endocrinologist, measured 
10.1 x 7.6 cm and the circular retinal image 
had a radius of 3.5 cm. 

Four endocrinologists (SG, SK, RM, HT) 
were trained by the camera operator (KJ) to 
read the photographs using sample photo
graphs taken with the experimental camera. 
Training was brief (about 30 minutes) given 
the reasonable familiarity with retinal evalua
tion from fundoscopy possessed by the endo
crinologists. Endocrinologists were then in
structed to grade the photographs accord
ingly. The only aides, other than their own 
knowledge, were provided in the form of a 
small magnifying glass and a Progression of 
Diabetic Retinopathy card for reference. The 
latter is readily available to all endocrinolo
gists and is provided by the American Acad
emy of Ophthalmology. The endocrinologists 
were blind to the patient's identity but privy 
to the patient's type of diabetes, duration of 
disease, type of therapy and recent or, in the 
case of naIve patients, lack of ophthalmologi
cal findings. The photographs were inter
preted and a recommended referral time was 
given. 

Based on the interpretation of the photo
graph, a referral interval was suggested by 
the endocrinologist. These were categorized 
as 1- Urgent referral (less than 3 months), 2
Early referral (3 months to 1 year), and 3- No 
referral- (greater than one year. ). Most pho
tographs designated as poor quality were 
automatically designated as requiring early 
referral except those patients whose back
ground (Type 1 DM, duration of DM ~ 5 
years) did not warrant such a referral. 

Patients were referred to ophthalmologists 
with specific expertise in retinal disease and 
diabetes. Reports from the attending oph
thalmologist were obtained based on an eye 
examination performed within six months of 
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the retinal photograph for each patient. The 
reports were reviewed and future consult rec
ommendations were obtained. The patients 
visited an ophthalmologist as part of routine 
practice. The ophthalmologists were masked 
as to whether the patients were participating 
in the study. Follow-up recommendations 
were compared to those from the endocri
nologist using the following grading system: 
1- the endocrinologist and the ophthalmolo
gist agreed on the follow-up interval, 2- the 
endocrinologist referred earlier than the oph
thalmologist, and 3- the ophthalmologist re
ferred earlier than the endocrinologist. 

Data Analysis 
The examination of the agreement between 

the endocrinologists' referral decision and 
that of the ophthalmologist included all eligi
ble patients photographed. The rationale for 
including patients with unreadable photo
graphs is that in a real clinical situation, the 
conservative strategy would be to give these 
patients an early referral, and that is how 
these patients were managed by the endocri
nologist. The object of this analysis was to 
examine how often the endocrinologists 
made a less urgent recommendation for pa
tients requiring referral according to the oph
thalmologist and to estimate how often the 
endocrinologists were able to safely recom
mend non-referral for patients not requiring 
further examination according to the oph
thalmologist. The sensitivities and specifici
ties were calculated from the referral com
parisons using the ophthalmologist's recom
mended referral interval as the gold standard. 

Results 
Two hundred and twenty one consecutive 

patients submitted to retinal photographs and 
a total of 442 photographs were taken of in
dividual eyes. Thirty-nine (39) patients did 
not meet inclusion criteria due to either pre
vious laser treatment (10), falling outside the 
allotted 6-month time frame (5) or not attend
ing their scheduled ophthalmologic appoint
ment (24) and were therefore excluded from 
the analysis. Thus cohort of 182 (47 type 1, 
135 type 2) patients was utilized in the pri
mary analysis of referral interval. Mean age 
was 56. 0±15. 0 years and mean duration of 
diabetes was 11.6± 1 0.8 years. These patients 
were examined by one of three ophthalmolo
gists : A) 95 patients, B) 52 patients and C) 35 
patients. The distributions of the ratings of 
the 3 ophthalmologists with respect to refer
ral were compared. There was no evidence to 
suggest that the ophthalmologists were using 
the rating scale differently (Fisher'S exact p = 
0.35). 

The agreement between ophthalmologists 
and each of the four endocrinologists for aU 
cases as weU as sensitivity and specificity 
scores are summarized in Table I. Mean sen
sitivity was 95.4% (95% CI 88.5%-100%). 
On the basis of these cases, we can say with 
95% confidence that the proportion of cases 
for which the endocrinologist might take a 
less urgent recommendation is less than 
11.5%. Mean specificity was 53 _, % (95% CI 

25.9%-80.1). 

Table 1. Agreement relative to the ophthalmologists, sensitivity and specificity for each of the four en
docrinologists 
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Interpretation of the retinal photographs, 
including those automatically assigned as 
early referral due to poor quality, by the four 
endocrinologists yielded a follow-up recom
mendation consistent with the ophthalmolo
gist in 47 (25.8%), 126 (69 .2%), 143 (78.6%) 
and 119 (65.4%) cases respectively. Mean 
agreement was 59.8% (95% CI 36.9-82.6). A 
later follow-up interval was suggested by two 
of the endocrinologists in 1 (0.5%) and 4 
(2.2%) cases respectively . The 2 cases requir
ing urgent referral according to the ophthal
mologist were deemed as requiring urgent re
ferral by all 4 endocrinologists (100%). The 
remaining cases that differed were thus des
ignated as requiring early referral according 
to the endocrinologist. 

Discussion 
In this study we found the non-mydriatic 

retinal camera to be a safe tool when screen
ing for diabetic retinopathy. Of the four en
docrinologists, two assigned a later referral 
date relative to that assigned by the ophthal
mologist in a total of 5 cases (1 and 4 each). 
No cases deemed urgent by the ophthalmolo
gist were assigned as non- referral by the en
docrinologists . Regardless of these few un
derestimations, a mean sensitivity of 95.4% 
was reached, assuring that the patient would 
almost always receive timely ophthalmologi
cal care if it were required. 

In similar studies it was found that screen
ing in a diabetes clinic setting has the poten
tial to reduce the number of premature oph
thalmological referrals and that non
mydriatic photography is a safe and effica

18 cious screening method.1 7- Sensitivity for 
this screening method is often considered to 
be safe at 80%.1 7 In our study we sought and 
attained a sensitivity of 95%, which has been 
previously attained by Stellingwerf et ai, 
however, in their study mydriasis was used, 
which is more time consuming and inconven
ient for the patient. 17 A previous study by 
Hutchison et al found that sensitivity for non
mydriatic retinal photography was lower than 
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when mydriasis was used; 19 however, we 
have shown that non-mydriatic fundus pho
tography can be as sensitive as fundus pho
tography carried out using mydriasis. The 
endocrinologists were able to assess the need 
and timely referral for an ophthalmologic 
consul tation. 

The number of cases judged by each of the 
4 endocrinologists as having at least one poor 
quality photograph were 33 (18.1 %), 37 
(20.3%),35 (19.2%) and 34 (18.7%) result
ing in exclusion of these patients from secon
dary analysis. Mean exclusion percentage 
was 19.1 % (95% CI 18.2%-20.0%). This fig
ure approximates the rate of ungradable pho
tographs as determined by other studies, 
which had unassessable photograph rates of 
17.3%, 17.5% and 18%.20-22 Our figure is 
considerably lower than the percentage of 
poor quality photographs as determined by 
Peters et al (32%) in a similar study?3 In our 
study poor quality photographs were often 
obtained from patients who were elderly, had 
small pupils, had media opacities (such as 
cataracts) or a combination thereof, which is 
consistent with the findings of other studies 
involving non-mydriatic retinal cam
eras.21 

,22,24 Klein et al found there to be a dis
agreement, in terms of grading, of 17 .5% be
tween photos taken through undilated pupils 
and the standard of 30 degree standard fun
dus photography due in most part to poor 
quality photographs?5 

In this study the reader was privy to the 
age, sex, diabetes history and recent oph
thalmologic findings of each patient. These 
demographics allow the study to more accu
rately simulate the clinical conditions during 
which patients will be examined by the endo
crinologist and subsequently photographed 
since the endocrinologist will have access to 
each patient' s chart during examination. The 
demographic information greatly improved 
the proportion of safe deferrals compared to 
our previous study, which involved only 1 
endocrinologist grading the photographs, 
from 21.4% to a mean of 53 .5%.26 In addi-
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tion, including four endocrinologists as read
ers improves the validity of the study since 
the chance of simply having one extraordi
nary photograph reader is eliminated. 

In the 2 cases requiring urgent referral as 
deemed by the ophthalmologist, each endo
crinologist recommended urgent referral in 
both cases. For those cases requiring early re
ferral the endocrinologists were very accurate 
in terms of agreement resulting in a mean 
sensitivity of 95.4%, leaving only 4.6% of 
the ophthalmologist's early-referred cases as 
non-referrals. These referral times are safe 
and ensure that the likelihood of missing a 
case requiring early referral is small. The 
small number of patients requiring urgent re
ferral can be explained by our strict exclusion 
criteria; since patients who have had previous 
laser therapy were excluded this left only pa
tients without serious past retinopathy. This 
is justifiable as we feel such patients must all 
have ongoing ophthalmological assessments, 
and thus are not candidates for any screening 
tools, such as our camera. 

In our study the comfort of the patients dur
ing the photography session was not directly 
assessed; however, the retinal photographs 
were usually completed within five minutes, 
in conjunction with a scheduled visit at the 
Diabetes Center. Ophthalmologic visits with 
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Based on this study, we can conclude that 
this method of retinal screening can be safely 
used to determine the need for ophthalmo
logic referral. The technology is easily util
ized in the clinic setting as an adjunct to 
usual patient care. 
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