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Objective: To evaluate the practicability of using single-field, 2.3 million-pixel, digital fundus images for
screening of diabetic retinopathy in rural areas.
Material and Method: All diabetic patients who regularly attended the diabetic clinic at Kabcheang
Community Hospital, located at 15 kilometers from the Thailand-Cambodia border, were appointed to the
hospital for a 3-day diabetic retinopathy screening programme. The fundi of all patients were captured in
single-field, 45�, 2.3 million-pixel images using nonmydriatic digital fundus camera and then sent to a
reading center in Bangkok. The fundi were also examined through dilated pupils by a retinal specialist at
this hospital. The grading of diabetic retinopathy from two methods was compared for an exact agreement.
Results: The average duration of single digital fundus image capture was 2 minutes. The average file size of
each image was 750 kilobytes. The average duration of single image transmission to a reading center in
Bangkok via satellite was 3 minutes; via a conventional telephone line was 8 minutes. Of all 150 patients,
130 were assessed for an agreement between dilated fundus examination and digital fundus images in
diagnosis of diabetic retinopathy. The exact agreement was 0.87, the weighted kappa statistics was 0.74. The
sensitivity of digital fundus images in detecting diabetic retinopathy was 80%, the specificity was 96%. For
diabetic macular edema the exact agreement was 0.97, the weighted kappa was 0.43, the sensitivity was
43%, and the specificity was 100%.
Conclusion: The image capture of the nonmydriatic digital fundus camera is suitable for screening of dia-
betic retinopathy and single-field digital fundus images are potentially acceptable tools for the screening.
The real-time image transmission via telephone lines to remote reading center, however, may not be practical
for routine diabetic retinopathy screening in rural areas.
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Diabetic retinopathy remains the most
common cause of blindness in working adults around
the world. Several cost-effectiveness analyses of
screening for diabetic retinopathy have pointed out
that screening for diabetic retinopathy can save vision
at a relatively low cost, compared to the disability pay-

ments provided to people who would go blind without
a screening(1-4). Recently a number of studies have
introduced the usage of digital fundus images, either
stereoscopic(5-7) or non-stereoscopic(8-11), multiple-
field(5,7,8) or single-field(9,11-13), as an alternative to
stereoscopic film-based fundus photography or
clinical examination for diabetic retinopathy screening.
Advantages of the system include electronic capturing,
archiving and transmission to a remote reading center
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where experienced ophthalmologists can review the
images to detect the presence and severity of diabetic
retinopathy(14-17). It would be very helpful if the digital
system could be accessed by diabetic patients who
live in rural areas where ophthalmologists cannot
provide adequate retinopathy screening.

The present study evaluates practical aspects
of the digital image system for screening of diabetic
retinopathy at a primary care unit in a rural area. An
agreement between interpretation of digital fundus
images and dilated fundus examination in the diagno-
sis of diabetic retinopathy is also evaluated. The main
outcome measures include the duration of single digi-
tal fundus image capture, the file size of each image,
the duration of image transmission to remote reading
center in Bangkok, and the weighted kappa statistics
for evaluating an agreement between digital fundus
images and dilated fundus examination for diabetic
retinopathy screening.

Material and Method
This study was approved by the Ethical

Committee on Researches Involving Human Subjects,
Rajavithi Hospital and was conducted at Kabcheang
Community Hospital located 15 kilometers from
Thailand-Cambodia border. All diabetic patients who
regularly attended the diabetic clinic at the hospital
were appointed for a 3-day diabetic retinopathy
screening programme. All patients were required to
give informed consent. The fundi of all patients were
captured using nonmydriatic digital fundus camera
(Topcon� TRC-NW100, Tokyo, Japan). The single-
field, 45�, 2.3 million-pixel, digital fundus images
including optic nerve and macular area were then sent
via either satellite with uploading rate at 256 kilobytes
per second or conventional telephone line with
uploading rate at 56 kilobytes per second to a reading
center in Bangkok where a retina specialist interpreted
the images. After digital image capture 1% tropicamide
and 10% phenylephrine eye drops were instilled to
the patients for indirect ophthalmoscopy by another
retina specialist. The retina specialist could also use a
slit lamp with contact lens for detailed fundus exami-
nation in some cases. The diagnosis of diabetic
retinopathy level for each patient was made upon the
eye with more severity on the basis of clinical exami-
nation. The diabetic retinopathy level interpreted
from digital images of the same eye was then used for
assessing agreement between each method. The levels
of diabetic retinopathy were classified according to a
standard text book(1).

Results
The demographic characteristics of the

patients are shown in Table 1. The majority of the
participants were between 41-60 years old and had
had diabetes for 1-5 years. Of all 150 patients, 130 had
digital fundus images clear enough to assess an agree-
ment with dilated fundus examination. Of 20 patients
whose digital fundus images could not be used for
evaluating the agreement with dilated fudus examina-
tion, 11 patients could be diagnosed by the examina-
tion as no diabetic retinopathy, 2 patients could be
diagnosed as mild and another as moderate nonpro-
liferative diabetic retinopathy. There were 6 patients
in whom either screening method could not diagnose
the diabetic retinopathy levels due to dense cataracts,
corneal scars, and glaucoma.

The modal value of the duration of a single
digital fundus image capture was 50 seconds, the mean
value was 2 minutes ranging from 20 seconds to 4
minutes. The mean file size of each 2.3 million-pixel
image was 750 kilobytes (ranging 620-905). The mean
duration of single image transmission to a reading
center in Bangkok via satellite was 3 minutes (ranging
1-4), and via a conventional telephone line was 8
minutes (ranging 3-15). Some images could not be
uploaded via telephone line at all due to timeout error.

The exact agreement of diagnosis of diabetic
retinopathy level between digital fundus images and
dilated fundus examination was 0.87, the weighted
kappa statistics was 0.74. The sensitivity of digital
fundus images in detecting diabetic retinopathy was
0.8, the specificity was 0.96 (Table 2). The agreement
for diabetic macular edema is shown in Table 3. There
were 7 cases of macular edema from stereoscopic    clini-
cal examination using contact lens with slit lamp but
there were only 3 cases from single-field digital fun-

Table 1. Demographic Characteristics of Patients

Number (%)

Age
20-40 years old     9 (0.06)
41-60 years old   82 (54.7)
> 60 years old   59 (45.2)

Gender
Male   38 (25)
Female 112 (75)

Duration of diabetes
< 1 year     8 (0.05)
1-5 years   68 (45.3)
6-10 years   52 (34.7)
> 10 years   22 (19.95)
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dus images. Although the exact agreement was  0.97
the weighted kappa statistics was only 0.43, the sen-
sitivity was 43%, and the specificity was 100%. There
were 5 patients whose digital images could  detect
retinopathy in more severity than clinical     examina-
tion and there were 12 patients whose images could
detect retinopathy in less severity than clinical exami-
nation.

Discussion
The image capture of nonmydriatic digital

fundus camera is practical with less than 1 minute
duration of taking a single fundus image in most
patients and the process is easy to learn. The image
file saved in JPEG format is not too large for high-
speed electronic transmission. However, it takes 3
minutes to upload a 750-kilobyte JPEG file although it
should theoretically take only a few seconds to
upload at 256 kilobytes per second rate as in the

present study. This happened because of relay signals
of satellite transmission. The duration of image
transmission via conventional telephone line is too
long and should not be acceptable for real-time
transmission on a routine basis.

The mode of remote digital data transmis-
sion may be divided into “real-time” and “store-and-
forward” categories (2). Each mode may also be di-
vided into “wire” and “wireless” mode. The “wire”
mode includes transmission via conventional tele-
phone lines or high-speed Asymmetrical Digital
Subscription Line which is easier to set up but the line
must be fixed to a location. The “wireless” mode can
transmit data via wireless computer servers or satellites.
Although using a satellite makes the operated location
flexible a technician is required to set up equipment
and find satellite signals in every new location.

In fact, real-time tele-screening for diabetic
retinopathy may not be necessary. All the images can
be saved in a CD-ROM then the disc can be sent to an
ophthalmologist by any means. The ophthalmologist
can review the images and results can be sent back to
the rural area shortly thereafter.

The high agreement, high sensitivity and
specificity of digital fundus images in detecting
diabetic retinopathy could be reached in the present
study even though the retina specialists who made a
diagnosis of diabetic retinopathy levels by clinical
examination and by interpreting digital fundus images
were different. The rate of agreement is comparable
to other studies(9,11-13). In the present study dilated
fundus examination was chosen to compare with
digital images instead of standard 7-field stereoscopic
fundus photography(19) because clinical examination,
not the 7-field photography, is routinely employed in
screening of diabetic retinopathy. The 7-field photo-
graphy is not practical and may not be necessary for
classification of diabetic retinopathy(20).

The agreement and sensitivity for digital
images in detecting diabetic macular edema was poor.
This probably occurred because of too small sample
size of diabetic macular edema in the present study.
The detection of diabetic macular edema using digital
fundus images was also poor in another study(8)

unless stereoscopic application was employed(6).
Therefore, all patients showing hard exudate in the
macular region of digital fundus images should be
referred to an ophthalmologist if confirmation with
stereoscopic methods are not available. Due to the
chance of having under-diagnosed diabetic retinopa-
thy level (there were 12 patients whose digital images

Table 2. Agreement between Dilated Fundus Examination
and Digital Fundus Images for Diabetic Retinopathy
Level

Dilated Fundus Examination
No DR Mild Mod Severe PDR HR

Digital Images
No DR 91   7
Mild   4 20 4
Mod   1 2
Severe
PDR 1
HR

Exact agreement: 0.87, Weighted kappa: 0.74, Sensitivity:
80%, Specificity: 96%
DR = diabetic retinopathy, Mild = mild nonproliferative dia-
betic retinopathy, Mod = moderate nonproliferative diabetic
retinopathy, Severe = severe nonproliferative diabetic retino-
pathy, PDR = proliferative diabetic retinopathy, HR = high-
risk proliferative diabetic retinopathy

Table 3. Agreement between Dilated Fundus Examination
and Digital Fundus Images for Clinically Signifi-
cant Macular Edema

Dilated Fundus Examination

No CSME CSME

Digital Images
No CSME 123 4
CSME     0 3

Exact agreement: 0.97, Weighted kappa: 0.43, Sensitivity:
43%, Specificity: 100%
CSME = clinically significant macular edema
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were interpreted as retinopathy in less severity than
clinical examination) referring all moderate nonpro-
liferative or higher level of diabetic retinopathy to
ophthalmologists is also recommended.

Since the present study was conducted in
only one district of a rural province with limited sample
size, a larger-scale study is needed and health econo-
mics analysis is also required before implementing
this method as a model for national eye screening for
diabetic retinopathy.

In conclusion, the image capture of the
nonmydriatic digital fundus camera is suitable for
screening of diabetic retinopathy. Digital fundus
images are potentially acceptable tools for the screen-
ing, however, the real-time image transmission via
telephone lines to a reading center may not be practical
for screening of diabetic retinopathy in rural areas.
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การคัดกรองผู้ป่วยเบาหวานเข้าจอตาในเขตชนบท โดยใช้ภาพดิจิตอลท่ีถ่ายจากบริเวณเดียวของจอตา

ไพศาล  ร่วมวิบูลย์สุข, ณัฐพล  วงษ์คำช้าง, ปัฐมาภรณ์  สุรวงษ์สิน, เอกชัย  ปัญญาวัฒนานุกุล, มนต์ทิพย์  เทียนสุวรรณ

วัตถุประสงค์: เพื่อประเมินความเป็นไปได้ในเชิงปฏิบัติ ของการใช้ภาพดิจิตอลขนาด 2.3 ล้านพิกเซล ถ่ายจาก

บริเวณเดียวของจอตา ในการคัดกรองภาวะเบาหวานเข้าจอตาในพื้นที่ชนบท

วัสดุและวิธีการ: ทำการศึกษาในกลุ่มผู้ป่วยเบาหวานจากคลินิกเบาหวานของโรงพยาบาลกาบเชิง จังหวัดสุรินทร์

ซ่ึงต้ังอยู่ห่างจากชายแดนไทย-กัมพูชา 15 กิโลเมตร ผู้ป่วยท้ังหมดจะไดรั้บการถ่ายภาพจอตาดว้ยกล้องถ่ายภาพระบบ

ดิจิตอลแบบไม่ต้องขยายม่านตา ซึ่งให้ภาพขนาด 2.3 ล้านพิกเซล ภาพดิจิตอลทั้งหมดจะถูกส่งต่อเพื่ออ่านผลทันที

ในกรุงเทพมหานคร จากนั้นผู้ป่วยจะได้รับการขยายรูม่านตาและการตรวจจอตาโดยจักษุแพทย์ผู้เชี่ยวชาญด้านจอตา

ทำการศึกษาเปรียบเทียบผลการวินิจฉัยภาวะเบาหวานเข้าจอตาจากทั้ง 2 วิธีเพื่อประเมินความเห็นพ้องกัน

ผลการศึกษา: การถ่ายภาพจอตาระบบดจิิตอลใช้เวลาเฉล่ีย 2 นาทีต่อภาพ ภาพดิจิตอลของจอตาหนึง่ภาพมีขนาดเฉล่ีย

750 กิโลไบต์ การส่งภาพดจิิตอลหนึง่ภาพเขา้มาทีศู่นย์อ่านภาพในกรงุเทพฯ ผ่านระบบดาวเทยีมใช้เวลาเฉลีย่ 3 นาที

ผ่านระบบสายโทรศพัท์ใช้เวลา 8 นาที มีผู้ป่วยเบาหวาน 130 คนจากผู้ป่วยเบาหวานในคลนิิกท้ังหมด 150 คน สามารถ

ได้รับการประเมินความเห็นพ้องกัน ระหว่างการใช้ภาพดิจิตอลของจอตา กับการตรวจจอตาด้วยการขยายม่านตา

ในการวินิจฉัยภาวะเบาหวานเขา้จอตา พบว่าค่า exact agreement เท่ากับ 0.87 ค่า weighted kappa เท่ากับ 0.74

มีความไว (sensitivity) เท่ากับ 80% ความจำเพาะ (specificity) เท่ากับ 96% สำหรับการวินิจฉัยจุดรับภาพบวมจาก

เบาหวาน (diabetic macular edema) พบว่าค่า exact agreement เท่ากับ 0.97 ค่า weighted kappa เท่ากับ 0.43

มีความไว เท่ากับ 43% ความจำเพาะ เท่ากับ 100%

สรุป: การถ่ายภาพจอตาระบบดจิิตอล จากกล้องท่ีถ่ายได้โดยไม่ต้องขยายรมู่านตา เป็นวิธีท่ียอมรับได้ในการใช้คัดกรอง

ภาวะเบาหวานเข้าจอตา การถ่ายภาพจอตาเพียงภาพเดียว จากตำแหน่งเดียว ก็อาจเพียงพอที่จะใช้ในการคัดกรอง

การส่งภาพผ่านสายโทรศัพท์เพื่อให้การวินิจฉัยทันที ที่ศูนย์อ่านภาพที่อยู่ไกลออกไป อาจไม่เหมาะสมกับการคัดกรอง

ภาวะนี้อย่างสม่ำเสมอในเขตชนบท


