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Abstract:
Background:  Vision-threatening  diabetic  retinopathy  (VTDR)  is  a  microvascular  retinal  complication  caused  by
diabetes  mellitus,  which  may  lead  to  blindness  if  left  untreated.  One  of  the  most  effective  methods  to  prevent
diabetic-related ocular complications is through diabetic retinopathy (DR) screening. The community rarely carries
out  diabetic  retinopathy-related  eye  examinations  because  using  non-portable  fundus  photographs  as  its  gold
standard  is  costly  and  impracticable.  This  study  aimed  to  determine  the  accuracy  of  smartphone-based  fundus
photographs as a practical and affordable tool for VTDR screening in developing countries.

Methods:  This  cross-sectional  study  used  a  consecutive  technique  at  Cicendo  National  Eye  Hospital,  Indonesia.
Patients with diabetes mellitus aged ≥20 years were evaluated for two-field mydriatic fundus photos using a non-
portable  fundus  photo  and  a  smartphone-  based  fundus  photo  utilizing  the  i-Spot  fundus  adapter.  Results  were
analyzed to determine diagnostic test parameters.

Results: Two hundred and nineteen two-field mydriatic fundus photos were obtained from 139 patients. Smartphone-
based  fundus  photography  demonstrated  a  sensitivity  of  98.4%  (CI  96.6–100%),  a  specificity  of  87.1%  (CI
75.3–98.9%),  a  positive  predictive  value  of  97.9%  (CI  95.9–99.9%),  a  negative  predictive  value  of  90.0%  (CI
79.3–100%),  and  an  accuracy  of  96.8%  (CI  94.5–99.8%).

Conclusion: The use of smartphone-captured fundus images proves to be a reliable screening method for VTDR. This
tool has the potential to effectively screen the population, helping prevent future visual loss attributed to the disease.

Keywords:  Fundus  photo,  Screening,  Vision-threatening  diabetic  retinopathy,  Smartphone,  Diabetes  mellitus,
Diabetic  retinopathy.
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1. INTRODUCTION
Vision-Threatening  Diabetic  Retinopathy  (VTDR)  is  a

microvascular condition of the retina that causes blindness
in people with diabetes mellitus. The global prevalence of
diabetic retinopathy (DR) is 34.6%, with VTDR at 10.2%.
Bilateral blindness is found in 4% and 7.7% of people with
DR and VTDR, respectively. After cataracts, glaucoma, and

macular degeneration,  DR is  the fourth leading cause of
blindness in Indonesia [1-3].

Early detection and appropriate management of VTDR
patients  can  reduce  the  risk  of  blindness.  The
implementation of VTDR screening needs to be carried out
massively  and  evenly  in  all  primary  health  facilities  by
involving  non-ophthalmologists.  The  DR  screening
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program includes visual acuity testing and fundoscopy or
digital retinal imaging. The fundus photograph with seven
fields  of  view  is  the  gold  standard  for  DR  inspection;
however,  it  takes  a  long  time,  is  inconvenient,  and  is
costly. Since the early clinical indications of VTDR can be
observed in the posterior pole (macular region and optic
disc), detection of VTDR with a fundus picture of two fields
of vision is deemed adequate [4-9].

The National Health Survey in the United Kingdom has
set a minimum resolution of 6 megapixels, or 30 pixels per
retinal degree, for retinal imaging instruments used in DR
exams.  With  the  advancement  of  smartphone  camera
technology,  which  now  has  a  resolution  of  5-64
megapixels,  smartphone-based  fundus  photo  exams  may
be  performed  more  rapidly  and  affordably.  Various
investigations  on  smartphone-based  fundus  photographs
in  VTDR  screening  revealed  varied  sensitivity  and
specificity,  ranging  from  59–93%  to  57–100%.  Through
telemedicine,  this  strategy  attempts  to  improve  the
effectiveness  and  efficiency  of  the  VTDR  screening
program  in  the  community.  This  study  will  evaluate  the
accuracy of smartphone-based fundus picture assessment
as a VTDR screening tool in developing countries settings.

2. METHODS
A cross-sectional diagnostic test study was conducted

on patients who visited the PMN polyclinic at Cicendo Eye
Hospital, Bandung, from December 2021 to April 2022. A
sequential  approach  was  used  in  selecting  the  research
sample. Inclusion criteria comprised (1) diabetes patients
aged  more  than  20  years  old,  (2)  fundus  images  with

mydriatic  fields,  and  (3)  photo  quality  grades  2  and  3
according  to  NHS  UK  guidelines.  Technical  and  clinical
problems were categorized as exclusion criteria, including
lack of cooperation during examination, contraindications
to mydriatics,  pupil  size less  than 5 mm after  mydriatic,
and significant opacity of the refractive media. The drop-
out criteria were fundus photos with low-quality photos or
unreadable images. The Ethics Committee of Cicendo Eye
Hospital  granted  ethical  permission  for  this  study,  with
registration number LB.02.01/2.3/042/2021.

Patients with diabetes who met the inclusion criteria
were  recorded  in  general  data  through  analysis.  Visual
acuity,  intraocular  pressure,  and  anterior  segment  were
examined,  followed  by  the  administration  of  mydriatic
drops.  A  trained  operator  performed  a  non-portable
fundus picture (NIDEK AFC-330, Japan) with two fields of
view  on  the  patient.  The  patient  was  next  subjected  to
retinal  imaging  using  a  smartphone-based  fundus  photo
(Samsung Galaxy M51, South Korea) with an i-Spot fundus
adapter  arm  (Indonesia)  and  a  20  D  lens  (Volk  Optical,
USA),  as  seen  in  Fig.  (1).  On  the  same  day,  a  resident
ophthalmologist  performed  a  smartphone-based  fundus
picture examination. Fundus pictures with VTDR and non-
VTDR findings were displayed on a randomized computer
for interpretation by a vitreoretinal ophthalmologist. The
data are displayed in a 2x2 table, and statistical analysis
was performed to derive diagnostic test parameters, such
as  sensitivity,  specificity,  positive  predictive  value,
negative  predictive  value,  and accuracy,  using the SPSS
version 24.0 application for Windows.

Fig. (1). Smartphone-based fundus photo with i-spot fundus extension arm and 20 D lens.
Private Documentation by Aldiana Halim, 2021.
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Table 1. Subject characteristics.

Characteristics Amount (Percentage)

Age N=139
Mean±SD 53,41±8,29 years

Range (min-max) 25 – 73 years
- -

Sex -
Male 47 (33,8%)

Female 92 (66,2%)
- -

Duration of DM -
≤5 years 54 (38,8%)

6-10 years 44 (31,7%)
>10 years 41 (29,5%)

- -
Comorbid -

Hypertension 47 (33,8%)
Dyslipidemia 14 (10,1%)

Hypertension and Dyslipidemia 51 (36,7%)
None 27 (19,4%)

Visual Acuity N = 219
≥6/12 33 (15,1%)

<6/12-6/18 23 (10,5%)
<6/18-6/60 94 (42,9%)
<6/60-3/60 18 (8,2%)

<3/60 51 (23,3%)
Abbreviation: SD: Standard Deviation.

3. RESULTS
The  overall  sample  size  was  224  eyes  from  142

patients;  however,  five eyes (2.2%) were included in the
drop-out  criteria,  allowing 219 eyes  (139 patients)  to  be
studied in  this  study.  The characteristics  of  the subjects
are shown in Table 1.

The  subjects  in  this  research  were  53  years  old  on
average, with the female gender dominating by as much as
66.2%. Most individuals reported having DM for at least
five  years,  with  as  many  as  38.8%  having  concomitant
hypertension and dyslipidemia. The biggest group in this
research,  42.9%,  was  the  visual  acuity  group  6/18–6/60,
followed by the visual acuity group 3/60.

The  interpretation  result  of  retinal  imaging  using  a
smartphone-based  fundus  picture  and  a  non-portable
fundus  photo  group  that  was  graded  as  VTDR  was  185
eyes  or  98.4%.  Meanwhile,  in  the  non-portable  fundus
photo group, 27 eyes (87.1%) were classified as non-VTDR

on smartphone-based fundus images. The table that shows
the  proportion  of  smartphone-based  and  non-portable
fundus photos is presented in Table 2.  The example of a
fundus photo is shown in Fig. (2).

The  reading  quality  of  smartphone-based  fundus
images was 97.1%. As many as seven fundus pictures with
photo quality grade 1 that cannot be read were eliminated.

Table 3 shows numerous characteristics that influence
the  accuracy  of  smartphone-based  fundal  evaluation
findings  on  non-portable  fundal  images.  The  sensitivity
value  of  98.4%  shows  a  very  high  statistical  sensitivity
value with a CI of 96.6–100%, but the specificity value of
87.1% indicates a statistically substantial specificity value
with a CI of 75.3–98.9%. As mentioned earlier, the positive
predictive  value  (NDP)  is  97.9%,  suggesting  a  powerful
NDP  with  a  CI  of  95.9–99.9%,  whereas  the  negative
predictive value (NDN) on this diagnostic test is 90.0% (CI
79.3–100%). With a CI of 94.5–99.1%, the accuracy rating
of 96.8% shows a strong level of accuracy.

Table 2. Results of examination of smartphone-based fundus photos and non-portable fundus photos.

-
Nonportable FP

Total
VTDR Non-VTDR

Smartphone-based FP
VTDR 185 (98,4%) 4 (12,9%) 189 (86,3%)

Non-VTDR 3 (1,6%) 27 (87,1%) 30 (13,7%)
Total 188 (85,8%) 31 (14,2%) 219

Abbreviations: FP: Fundus Photo, VTDR: Vision-Threatening Diabetic Retinopathy
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Fig. (2). Fundus photograph of two mydriatic fields of the right eye in a patient with non-VTDR (right) and the left eye in a patient with
VTDR (left).
(A) and (C). Non-portable fundus photograph, (B) and (D). Smartphone-based fundus photo.

Table 3. Accuracy of fundus photo examination results based on smartphones two mydriatic fields of view.

Diagnostic Test Parameter Value 95% Confidence Interval (CI)

Sensitivity 98,4% 96,6 - 100
Specificity 87,1% 75,3 - 98,9

Positive Predictive Value 97,9% 95,9 - 99,9
Negative Predictive Value 90,0% 79,3 - 100

Accuracy 96,8% 94,5 - 99,1

4. DISCUSSION
Diabetic  retinopathy  screening  in  the  community

necessitates  employing  low-cost  and  simple-to-use
methods.  A  screening  instrument's  sensitivity  and
specificity test findings are compared to the acknowledged
gold  standard  to  determine  its  efficacy.  The  British
Diabetic  Association  (BDA)  advises  that  a  successful
diabetic retinopathy screening method has sensitivity and
specificity  values  of  at  least  80% and 95%,  respectively.
Smartphone-based fundus photos in this study have a high
sensitivity value, but the specificity has yet to reach 95%.
However,  this  study  classified  the  sensitivity  and
specificity  values  as  extremely  strong  and  statistically
significant  [10-15].

Several studies on DR screening techniques have been
conducted using various methods with differing degrees of
accuracy. The smartphone-based fundus picture tool that
is  now being developed is  either directly or indirectly in
the  form  of  a  smartphone  camera-based  fundus  photo.

Indirect  smartphone  fundus  images  with  a  20-D  lens
outperform  direct  smartphone  fundus  photos  regarding
photo quality and accuracy [16-19].

A meta-analysis study conducted by Tan et al.  on the
use  of  smartphones  in  detecting  DR  showed  that
smartphone  ophthalmoscopes  play  a  significant  role  in
recognizing  DR  in  places  with  restricted  access.  The
sensitivity  and  specificity  combined  were  86.5%  and
96.4%,  respectively.  The  diversity  was  related  to  using
various smartphone-based fundus photography equipment;
most  research  employs  direct  smartphone
ophthalmoscopes  with  an  integrated  camera  and  a
smartphone adapter  arm.  In  this  study,  the  smartphone-
based  fundus  picture  tool  is  similar  to  indirect
ophthalmoscopy, which employs a 20-D condensation lens
and  an  i-Spot  fundus  adaptor.  Compared  to  the  more
expensive  direct  smartphone  ophthalmoscope,  this
indirect smartphone ophthalmoscope is regarded as more
accessible, affordable, and practical for DR screening. As a
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result,  the  smartphone-based  fundus  picture  in  this
investigation  is  more  sensitive  than  Tan  et  al.  [10,  11].

Wintergerst  et  al.  also  employed  an  indirect
smartphone-based fundus picture method to detect VTDR.
The validation value had a sensitivity of 76% (CI 66–85%)
and  a  specificity  of  76%  (CI  97–100%).  The  standard
reference  of  this  study  was  the  outcome  of  a  clinical
evaluation by two grading ophthalmologists utilizing direct
and  indirect  ophthalmoscopy.  The  smartphone  fundus
picture  was  taken  with  video  and  performed  by  an
optometrist  who  had  just  been  trained  for  three  days.
According  to  the  findings,  smartphone-based  fundus
picture  assessment  can  be  assigned  to  non-expert
operators  [20-22].

Sengupta  et  al.  obtained  sensitivity  and  specificity
values  of  95%  and  97%  from  two  graders,  respectively.
The findings of this study are similar to those of Sengupta
et  al.;  however,  the  tool  employed  is  a  Remidio  FOP
fundus picture with an integrated camera, a smartphone-
based fundus photo,  and a smart-scope,  as  opposed to a
non-portable fundus photo of TOPCON with three fields of
view.  This  study was  undertaken in  the  same context  as
this study, which was carried out at a specialized tertiary
eye hospital. However, the percentage of VTDR and non-
VTDR cases collected was balanced since Sengupta et al.
included patients without a history of DM in their study, as
opposed to  this  analysis,  which had only  patients  with  a
history  of  DM  who  visited  Cicendo  Eye  Hospital.  As  a
result,  the  proportion  of  VTDR  and  non-VTDR  patients
found  in  this  study  differed  significantly  [21].

The screening program is  not  a diagnostic  test  but a
public health initiative. Diagnostic screening tests should
have  high  sensitivity  while  having  a  somewhat  lower
specificity  [17,  23].

The percentage of accurately recognized conditions in
the  screening  test  is  referred  to  as  sensitivity.  If  a
screening test  has a sensitivity of  90%, one out of  every
ten  will  be  overlooked.  A  high-sensitivity  test  has  the
potential for screening since it seldom misses a diseased
person. If the condition under investigation is fatal if left
untreated  and  survival  rates  increase  with  immediate
treatment,  sensitivity is more crucial  than specificity.  As
with VTDR diseases that, if not addressed promptly, might
result  in  irreversible  blindness,  a  more  excellent
sensitivity  rating  becomes  more  valuable  [24-26].

Test  kits  with  high  specificity  provide  extremely  few
false-positive  findings.  As  a  result  of  its  minimal  false-
positive  error,  a  test  with  high  specificity  is  helpful  for
diagnostic  reasons.  A  poor  specificity  test  has  the
drawback of screening many healthy patients as positive
and  subjecting  them  to  unnecessary  diagnostic  or
treatment  procedures.  The  specificity  value  in  this
investigation  was  lower  than  the  sensitivity,  indicating
that non-VTDR people might be recognized as VTDR and
referred for additional ophthalmological evaluation. Given
the  condition  of  diabetic  retinopathy,  which  requires
routine  tests  to  maintain  adequate  visual  acuity,  this  is
deemed manageable [23, 26].

The  positive  predictive  value  (NDP)  of  this  study  is
97.9%, indicating the possibility of someone suffering from
VTDR  if  the  diagnostic  test  result  is  positive,  and  the
negative predictive value (NDN) is 90.0%, indicating the
probability  of  someone  not  suffering  from  VTDR  if  the
diagnostic test result is negative. Because the prevalence
of a disease in the population examined has a considerable
impact on the NDP and NDN values, these two parameters
are more relevant for doctors in evaluating the morbidity
of a group. In this study, the accuracy of 96.8% from the
use of smartphone-based fundus images reveals that the
percentage  of  this  test  tool  identifies  positive  in  VTDR
patients  and  detects  negative  in  non-VTDR  patients
exceptionally  well  [23].

The  resolution  of  the  camera  in  smartphone-based
fundus images will determine their quality. Several prior
studies  utilized  devices  from  Apple  or  Samsung.  The
difference  in  using  these  sorts  of  cell  phones  does  not
impede  because  they  have  met  the  minimum  resolution
criteria  set  by  the  NHS  in  the  United  Kingdom.  The
smartphone  used  in  this  study  represents  the  average
specifications of the new generation of smartphones and is
more  affordable  from  an  economic  standpoint.  In
principle,  the  higher  the  quality  of  the  fundus  images
generated,  the  better  the  camera  specification  utilized.
However,  some  studies  found  no  statistically  significant
difference in picture quality between Apple and Samsung
cellphones when employing fiberoptic flexible cystoscopy.
The  i-Spot  may  also  be  used  with  other  smartphones  as
well  with  the  main  camera  that  is  side  by  side  with  the
flashlight as its specification [20].

The  approach  used  to  take  fundus  photographs  can
also  impact  the  quality  of  the  images  acquired.  The
camera in non-portable fundus photos is fixed on the table
at eye level with the eyes of patients and has a chin rest
and  headrest  to  stabilize  the  head  of  patients.  Non-
portable fundus photos also have a visual fixation target
that can help the patient stabilize the eye position with a
better  camera  for  making  precise,  sharper,  and  more
distinct  pictures.  Whereas  there  are  no  components  of
visual  fixation  or  head  position  in  smartphone-based
fundus  photographs,  the  location  of  the  condensing lens
and  smartphone  camera  only  rests  on  the  arm  of  the
examiner. It has the possibility of image focus instability,
resulting in unsatisfactory images. An extra i-Spot fundus
arm is used to aid in the alignment of the camera location,
light  source,  and  condensing  lens,  allowing  non-
ophthalmologists  to  use  smartphone-based  fundus
photographs  [10].

Several studies have demonstrated several methods of
obtaining  smartphone-based  fundus  pictures,  including
directly recording photos and videography, both of which
are interpreted in the form of movies or screenshots of the
video. The examiner utilized video in this investigation to
take  pictures,  which  were  then  screened  from  the  film.
The  photograph  is  then  evaluated  and  compared  to  the
results  of  a  non-portable  fundus  photograph.  When
compared to direct photo capture, steps like these might
degrade the resolution of the resultant image [16-21].
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Lighting  artifacts  in  this  smartphone-based  fundus
shot  may  contribute  to  the  interpretation  differences  in
the study. In this study, only 7 (2.9%) of smartphone-based
fundus  photos  were  released  due  to  the  first  degree  of
image  quality.  Moreover,  in  this  study,  97.1%  of  fundus
images taken with a smartphone could be graded or had
sufficient photo quality, in contrast to the study conducted
by  Tan  et  al.,  which  found  that  79.5%  of  eyes  could  be
graded using smartphone ophthalmoscopy [10].

The limitation of this study is that the main emphasis is
on the smartphone-based fundus picture tool; however, it
falls  short  of  providing  a  thorough  comparison  with
conventional  methods  of  diabetic  retinopathy  (DR)
screening. However, this study has shown sensitivity and
specificity  as  a  reference  to  consider  this  tool  as  a
screening  tool.  Secondly,  the  number  of  unbalanced
proportions of VTDR and non-VTDR patients is a drawback
of  this  study since it  was done in  a  tertiary  eye hospital
that serves as a national referral center; thus, the number
of  non-VTDR  cases  acquired  was  limited.  This  condition
may not accurately reflect the state of DR screening in the
community,  as  non-VTDR  disorders  are  expected  to  be
more prevalent.  As  a  result,  when tested on the general
public in primary health care, the specificity value of this
smartphone-based fundus picture may be higher.

CONCLUSION
Smartphone-based  fundus  photos  of  two  mydriatic

fields  have  good  accuracy  in  screening  for  vision-
threatening  diabetic  retinopathy  in  developing  country
settings.  Smartphone-based  fundus  picture  tools  can  be
utilized in the community for VTDR screening. Moreover,
further studies might be undertaken with a bigger sample
size,  community-based,  and  involving  non-
ophthalmologists.

LIST OF ABBREVIATIONS

DM = Diabetes Mellitus
DR = Diabetic Retinopathy
VTDR = Vision-threatening Diabetic Retinopathy
D = Diopter
NHS = National Health Service
CI = Confidence Interval
PPV = Positive Predictive Value
NPV = Negative Predictive Value
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