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Objective: To evaluate the efficacy of nonmydriatic digital retinal images for determining diabetic retinopathy.
Material and Method: Single field 45-degree digital retinal images of 225 eyes from 142 diabetic patients
were obtained with a nonmydriatic camera. The images were diagnosed and graded by a general ophthal-
mologist. These results were compared with clinical diagnosis obtained by retinal specialists, after examina-
tion by using biomicroscope with plus lens and indirect ophthalmoscope of the patients. International clini-
cal diabetic retinopathy disease severity scale was used for grading diabetic retinopathy in all cases.
Results: Presence of diabetic retinopathy was detected in 70 eyes (31.1%). The sensitivity and specificity
for determining diabetic retinopathy was 68.57% (95%CI 57.00-78.20) and 92.25% (95%CI 87.00-95.50),
respectively. The positive predictive value and negative predictive value was 80.00% (95%CI 68.20-88.20)
and 86.67% (95%CI 80.60-91.00). Overall accuracy was 84.89%.
Conclusion: Single field 45-degree nonmydriatic digital retinal images were limited by fair sensitivity for
determining diabetic retinopathy although overall accuracy from the present study was relatively high.
Upcountry, this tool might facilitate increased access of diabetic patients for eye evaluation but cannot
replace standard eye examination.
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Diabetes mellitus is a major public health
disease(1,2). Early detection and treatment of diabetic
retinopathy through screening is a cost-effective
strategy for improving health care in diabetic patients.
Current clinical guideline suggest on annual dilated
eye examination. Because access to an ophthalmolo-
gist may be limited by geography or others, many dia-
betic patients do not undergo yearly examination.

A number of different teleophthalmology
has been developed to overcome the difficulty for
screening the patients who cannot access an ophthal-
mologist. Testing strategies include camera type. Early

Treatment Diabetic Retinopathy Study (ETDRS)
seven standard field 35-mm stereoscopic color fundus
photographs (ETDRS photos) using the modified
Airlie House classification provide an established and
documented sensitivity for detecting and assessing
severity of diabetic retinopathy(3). However, this test
is time consuming and pupil dilation is needed. The
use of nonmydriatic digital retinal fundus camera can
shorten the time for examination and give more comfort
to patients. Nonmydriatic Joslin Vision Network image
is validated agreement with dilated ETDRS photo-
graphs(4). Many studies(5,6) have shown that single
field nonmydriatic digital retinal image is a potentially
acceptable tool for screening diabetic retinopathy but
some studies(7) gave inadequate results. The aim of
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the present study was to evaluate the diagnostic
performance of nonmydriatic retinal images for deter-
mining diabetic retinopathy.

Material and Method
The present study is a prospective cross-

sectional study. Two hundred and twenty five eyes of
diabetic patients attending an ophthalmological unit,
Siriraj Hospital between September 2005 and March
2006 were initially recruited in the present study. The
patient enrollment was made from all types of diabetic
patients, all spectrum of diabetic retinopathy regard-
less of any known ocular disease but did not have a
history of laser or surgical treatment for diabetic retin-
opathy prior to present study. All patients were re-
quired to give informed consent. The authors excluded
low quality digital retinal images. This was determined
by two retinal specialists. The protocol was approved
by the Ethical Committee on Researches Involving
Human Subjects, Siriraj Hospital.

All patients obtained single fundus photo-
graphy by nonmydriatic 45-degree digital fundus
camera including optic disc and macular area (Kowa®
VX-10, Kowa, Japan, 2.1 MegaPixel). After digital reti-
nal image was captured, 1% tropicamide and 10%
phenylephrine eye drops were instilled to the patients
for clinical examination using slit lamp biomicroscope
with high plus lens and indirect ophthalmoscope by
retinal specialists. The gold standard of the present
study was clinical diagnosis from retinal specialists
who have been working in tertiary care centers and
experienced in retinal subspecialty for over 10 years.
The pictures were interpreted by a general ophthal-
mologist. The intra- observer reliability of the picture
interpreted (kappa) by the general ophthalmologist was

0.85. The diagnosis from the general ophthalmologist
was done without the knowledge of the diagnosis by
the retinal specialists. The diabetic retinopathy level
interpreted from both clinical and picture examinations
were classified according to the guideline of Interna-
tional clinical diabetic retinopathy disease severity
scale (Table 1)(8).

Demographic data was expressed as mean +
SD for age, the categorical data as percent. Statistical
analysis was performed using SPSS v 11.5.

Results
The demographic characteristics of the

patients are shown in Table 2. Among 225 eyes from
142 patients, 92 (65%) were female and 50 (35%) were
male, age between 30-85 years (mean + SD 57.97 + 11.35
year). The majority of these patients had uncorrected
visual acuity (VA) in the range of 6/6-6/18. Presence
of diabetic retinopathy (DR) was detected in 70 eyes
(31.10%). The other 59 eyes were excluded due to poor
quality image.

Compared to the clinical diagnosis from the
retinal specialists, the sensitivity and specificity for
screening any retinopathy using single nonmydriatic
45 degree digital fundus picture interpreted by the
general ophthalmologist were 68.57% (95%CI, 57.00-
78.20) and 92.25% (95%CI, 87.00-95.50), respectively.
The positive predictive value and negative predictive
value were 80.00% (95%CI, 68.20-88.20) and 86.67%
(95%CI, 80.60-91.00). Overall accuracy was 84.89%.

These data had high accuracy for no diabetic
retinopathy and proliferative diabetic retinopathy (PDR)
cases, but substantial accuracy for nonproliferative
diabetic retinopathy (NPDR) cases. The data showed
that over diagnosis from the image was 10.22% (23/225)

Proposed disease severity level

No apparent retinopathy
Mild non-proliferative diabetic retinopathy
Moderate non-proliferative diabetic retinopathy

Severe non-proliferative diabetic retinopathy

Proliferative diabetic retinopathy

Findings observable upon dilated ophthalmoscopy

No abnormality
Microaneurysms only
More than just microaneurysms but less than severe non
proliferative diabetic retinopathy
Any of the following:
- more than 20 intraretinal hemorrhages in each 4 quadrants
- definite venous beading in 2 quadrants
- prominent intraretinal microaneurysms in 1 quadrant
Other or more of the following
- neovascularization
- vitreous / preretinal hemorrhage

Table 1. International clinical diabetic retinopathy disease severity scale
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and under diagnosis was 11.11% (25/225) as shown in
Table 5.

Discussion
Nonmydriatic digital retinal fundus camera

was developed in 1980. The advantages of digital reti-
nal image are patients’ comfort and less time for exami-
nation. The patients can see their images immediately,
the intensity of flash is less than that used to expose
film and the electronic format of the image facilitates
storage and transmission potentially for telemedicine.
The disadvantage of digital retinal image is the image
resolution is lower than that of film(9).

The present study was done to evaluate diag-
nostic performance of single field, nonmydriatic digital
retinal images for determining diabetic retinopathy.
The authors reduced bias by using the double-blinded
technique and excluded known proliferative diabetic
retinopathy cases that underwent laser or surgical
treatment prior to the present study. A recent study
revealed that retinal specialists might be the most

reliable personnel to interpret single-field digital fun-
dus images for diabetic retinopathy screening(10,11),
however, the authors chose a general ophthalmologist
for interpreting the picture diagnosis because of
future application upcountry.

The sensitivity and specificity for determin-
ing diabetic retinopathy of the present study were
68.57% (95%CI, 57.00-78.20) and 92.25% (95%CI,
87.00-95.50). The positive predictive value and nega-
tive predictive value were 80.00% (95%CI, 68.20-88.20)
and 86.67% (95%CI, 80.60-91.00). The authors found
that the present study had more sensitivity than a pre-
vious study(7), but less sensitivity than several recent
studies(6, 10). The specificity from the present study
was similar to previous studies(6,7,10). The difference
between sensitivity and specificity from other studies
was probably due to difference between picture inter-
pretators and gold standard. Additional training may
be required for improvement in picture diagnosis. The
results showed a high positive predictive value and
a negative predictive value. As Siriraj Hospital is a
tertiary hospital, the prevalence of the diabetic retin-
opathy is higher than in provincial hospitals. If the
authors use the nonmydriatic fundus camera for deter-
mining diabetic retinopathy in provincial hospital, the
positive predictive value will be lower.

The present study demonstrated the high
accuracy for no DR and PDR cases from picture diag-
nosis, but in NPDR cases, the authors might not grade
the stage from the pictures (Table 3). The potential
factors influencing mislead diagnosis from the pictures
was interesting. The authors found that drusen has a
major effect for misleading. It can make both over diag-
nosis and under diagnosis because of its similarity to
exudate. The others such as small microaneurysm,
which was barely visible in the picture and peripheral
lesion beyond 45o, cannot be detected from the picture
also gave under diagnosis (Table 5).

Fifty-nine eyes from 142 patients were ex-
cluded from the present study because of low quality

Grading of diabetic retinopathy

No DR
Mild to moderate NPDR
Severe NPDR
PDR
Total

n = 225

155
  58
    7
    5
225

Correct diagnosis

143
  25
    4
    5
177

Under diagnosis

  0
22
  3
  0
25

Over diagnosis

12
11
  0
  0
23

Table 3. Differences between picture diagnosis and clinical diagnosis for grading diabetic retinopathy

Variables

Age
(Mean + SD)
Gender

Female
Male

VA
6/6-6/18
6/24-6/60
5/60-1/60
<1/60

Prevalence of disease (Gold standard)
No DR
Mild to moderate NPDR
Severe NPDR
PDR

Results

30-85 year
57.97 + 11.35 year
n = 142  patients
  92 (64.78 %)
  50 (35.22 %)
n = 225 eyes
179 (79.56 %)
  43 (19.11 %)
       None
    3 (1.33 %)

155 (68.90 %)
  58 (25.80 %)
    7 (3.10 %)
    5 (2.20%)

Table 2. Demographic data
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images (Table 4). This may be due to small size of pu-
pils, opaque media (such as cataract) and poor fixation
of the patients. The authors were interested in these
groups and would like to clarify bad candidate for
screening by this tool. The presented data suggested
(but not concluded because of the limited number of
cases) some patients with visual acuity below 6/60 with
good clarity of ocular media could be investigated by
this type of photography. However, in the practical
aspect, the authors think that patients with low visual
acuity might not be appropriate for photography be-
cause they can not focus at the fixation point. There-
fore, the authors should have an ophthalmologist
carefully examine the cause of visual loss. Instead of
visual acuity, cooperation and associated ocular find-
ing, especially from a significant cataract, should be
considered before sending patients to photography.

As the images captured by nonmydriatic
fundus camera may not have as good quality as that
obtained when the pupil is dilated, this factor should
be considered from a cost-effective aspect. Never-
theless, in hospitals or areas with no ophthalmologist
available or not enough ophthalmologists, screening
by this method may be helpful in detection of diabetic
retinopathy.

The limitation of the present study is the
limited number of cases in the subgroup for grading
diabetic retinopathy, the resolution of the retinal image
and the authors did not interpret the macular edema
from the presented data. A future study may be set up
for evaluating efficacy of this method in a multi-center
trial and furthermore subgroup analysis was recom-
mended.

Conclusion
Single field, 45-degree nonmydriatic digital

retinal images had a fair sensitivity for determining
diabetic retinopathy although overall accuracy from
the present study was relatively high. Upcountry, this
tool might facilitate the increased access of diabetic
patients into eye evaluation but cannot replace stan-
dard eye examination.
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Factor

VA
6/6-6/18
6/24-6/60
5/60-1/60
<1/60

Associated ocular finding
Cornea opacity
Lens opacity
Vitreous opacity
Undetermined cause

n = 59 eyes
(Percentage)

46 (77.97 %)
  7 (11.87 %)
  3 (5.08 %)
  3 (5.08 %)

  2 (3.40 %)
42 (71.20 %)
  1 (1.70 %)
14 (23.70 %)

Table 4. Number of poor digital retinal image quality in
each group

Overdiagnosis

Underdiagnosis

- drusen
- flamed shape hemorrhage
- drusen
- microaneurysm
- peripheral lesion

Table 5. Potential errors from picture diagnosis
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การตรวจจอประสาทตาผู้ป่วยเบาหวานด้วยกล้องถ่ายภาพโดยไม่ขยายม่านตา

จฑุาไล  ตันฑเทอดธรรม, อภชิาติ  สิงคาลวณชิ, จกัรพงศ ์ นะมาตร,์ อดศิกัดิ ์ ตรีนวรตัน,์ ณัฐวฒุ ิ รอดอนนัต,์
โสมนสั  ถุงสุวรรณ, วรรณา  เอ้ือโสภณ

วัตถุประสงค์: เพื่อประเมินความไวและความจำเพาะในการตรวจจอประสาทตาผู้ป่วยเบาหวานด้วยกล้องถ่ายภาพ
และไม่ขยายรูม่านตา
วัสดุและวิธีการ: ศึกษาในผู้ป่วยเบาหวานที่ไม่เคยได้รับการรักษาด้วยเลเซอร์หรือการผ่าตัดในส่วนหลังของลูกตา
มาก่อน ถ่ายภาพจอประสาทตาโดยไม่ขยายม่านตา ด้วยกล้องถ่ายภาพ 45 องศา ถ่ายภาพให้เห็นขั้วประสาทตา
และบริเวณแมคคูลา หลังจากนั้นจะขยายม่านตาผู้ป่วยแล้วตรวจโดยจักษุแพทย์ การตรวจใช้ biomicroscope และ
non contact lens
ผลการศกึษา: ผู้ป่วยทีรั่บการตรวจและถา่ยภาพทัง้หมด 142 คน, 225 ตา การตรวจโดยจกัษุแพทยพ์บวา่มเีบาหวาน
ท่ีจอประสาทตา 70 ตา (31.1%) คา่ sensitivity และ specificity ในการตรวจพบเบาหวานทีจ่อประสาทตาดว้ยกลอ้ง
ถา่ยภาพเทา่กบั 68.57% และ 92.25% ตามลำดบั คา่ความแมน่ยำโดยรวม เทา่กบั 84.89%
สรุป: การตรวจหาเบาหวานที่จอประสาทตาโดยการใช้กล้องถ่ายภาพและไม่ขยายม่านตาได้ผลดีพอสมควรในที่ที่ยัง
ไม่มีจักษุแพทย์หรือจักษุแพทย์มีจำนวนน้อย ไม่สามารถตรวจผู้ป่วยจำนวนมากได้ อาจใช้วิธีนี้ในการตรวจคัดกรอง
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