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Utility of a smartphone assisted direct ophthalmoscope camera for a general 
practitioner in screening of diabetic retinopathy at a primary health care center
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Purpose: To assess the use of smartphone‑based direct ophthalmoscope photography for screening of 
diabetic retinopathy (DR) in known diabetic patients walking into a general practitioner’s clinic and referring 
them to a vitreoretinal specialist for further evaluation and management if required. Methodos: The study 
included 94 eyes of 47 walk‑in patients in a general practitioner’s OPD who were known to have type 2 
diabetes mellitus and were already on treatment for the same. Results: The study included 47 patients with 
diabetes with a mean age of 56.2 ± 9.4 years. The Cohen’s kappa values revealed that the diagnosis related to 
the DR status made using a camera was in substantial agreement with the clinical diagnosis (Kappa value: 
0.770). The Cohen’s kappa values revealed that the diagnosis related to the DME made using a camera 
was in moderate agreement with the clinical diagnosis (Kappa value: 0.410). The agreement between the 
findings of the camera and clinical diagnosis was statistically significant  (P  <  0.05). Conclusion: Direct 
ophthalmoscope‑based smartphone imaging can be a useful tool in the OPD of a general practitioner. These 
images can be assessed for retinopathy, and patients can be referred to a vitreoretinal specialist for further 
evaluation and management if needed. Hence, the burden of vision loss due to complications of DR in the 
rural sector can be abridged.

Key words: Diabetes, diabetic retinopathy, direct ophthalmoscope, smartphone photography, telemedicine, 
teleophthalmology

Diabetes mellitus has been recognized as a growing global 
epidemic, with India having the second‑highest number of cases, 
next only to China, at an estimated 77 million people affected 
in 2019 and a projected number of 134 million by 2045.[1] With 
a reported prevalence ranging across states from 5% to 16%, a 
large number of diabetics in India remain undiagnosed till they 
culminate into complications.[2] As diabetic retinopathy (DR) 
is the most common ocular microvascular complication, 
regular screening for sight‑threatening DR  (STDR), which 
includes proliferative DR  (PDR) and diabetic macular 
edema (DME), among known diabetics is recommended. The 
estimated prevalence for STDR among diabetics in India is 
5%–10%, which highlights the importance of screening and 
referral for these patients.[3] Initiating treatment before the 
onset of advanced DR is highly effective in preventing visual 
loss.[4,5] However, patients often remain asymptomatic and 
do not present until advanced complications such as vitreous 
hemorrhage or retinal detachment develop. By this time, 
treatment outcomes are less favorable and often incur high 
costs.[6,7] Thus, it is important to screen high‑risk individuals 
and initiate treatment before complications develop. As the 
ophthalmologist to population ratio for our country (1:100,000) 
is one of the lowest in the world, there is an unmet need for 
resource‑effective and practical DR screening and referral 

models.[8] Teleophthalmology holds promise in this regard, 
especially in the context of the present COVID‑19 scenario 
and how it is likely to impact access to health care.[9] Various 
models for teleophthalmological DR screening techniques have 
evolved, from conventional stereoscopic 7‑field retinal imaging 
to single‑field or double‑field photography and more recently 
to smartphone‑based fundus cameras.[10‑13] This has made the 
process more affordable and universally accessible and has 
obviated the need for trained personnel to capture the images. 
Some of these devices have drawbacks, such as limited field of 
view, poor image quality, and restricted compatibility of the 
camera adaptors with particular models of smartphones.[13,14]

The present study reports the results with a monocular direct 
ophthalmoscope developed by oDocs Nun (New Zealand) with 
a smartphone adaptor that is compatible with a wide array 
of smartphones. This device has shown good preliminary 
results for fundus imaging through a dilated pupil, especially 
for posterior pole capture, is affordable, compact, has a 
short learning curve, and is convenient to use.[15] Aim of the 
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study was to assess the reliability of smartphone‑assisted 
direct ophthalmoscope cameras in diagnosing DR and 
thus to assess whether this device in the hands of a general 
practitioner can help in recognition and referral of patients 
with sight‑threatening DR for further management to an 
ophthalmologist.

Methods
This cross‑sectional study included 94 eyes  (of 47 diabetic 
patients). The enrollment of participants was done by 
convenience sampling. The study duration was January 2021–
March 2021 (3 months). The study was conducted at a tertiary 
eye care center in central India.

Between January 2021 and March 2021, 47 eligible subjects 
were recruited at a physician’s clinic. The study was approved 
by the institute’s review board. Written informed consent was 
obtained from study subjects, and the study complied with 
the tenets of the Declaration of Helsinki. The inclusion and 
exclusion criteria for the study are mentioned in Table 1.

The methodology is described in a flowchart in Fig. 1, and 
the management of the enrolled patients is mentioned in Fig. 2. 
In summary, the study involved 4 hours of didactic lecture 
and providing a training set of retinal images both with and 

without DR to the physician for training. He was also trained 
in performing examination of anterior chamber depth using 
a torchlight. Once he was trained, 47 patients with diabetes 
were recruited in his outpatient clinic. Eligible subjects were 
dilated using tropicamide 1% eyedrop. A  single posterior 
pole retinal photograph centered at fovea was captured by 
the physician using the ODocs Nun camera. The grading of 
the retinal images for grade of DR and macular edema was 
done by the physician, and all patients were referred to a 
vitreoretinal consultant, who did a clinical grading using 
indirect ophthalmoscopy and slit‑lamp biomicroscopy; 
moreover, an OCT was taken. The data were analyzed using 
Statistical Package for Social Sciences 20.0 version. The degree 
of agreement between photographic and clinical diagnosis of 
different variables was analyzed using Cohen’s Kappa. P < 
0.05 was considered statistically significant. The confidence 
interval was set at 95%.

Results
This study included 47 diabetic patients with a mean age 
of 56.2  ±  9.4  years. The study included 19  (40.4%) males 
and 28  (59.6%) females. In total, 94 eyes were examined. 
Twenty‑five eyes (26.6%) had clear lens, 52 (55.3%) had early 
cataract changes, 16 (17.0%) had pseudophakia, and 1 (1.1%) 
had aphakia. DR was present in 23.4% of diabetic patients, and 
DME was present in 10.6% of patients. However, with the aid 
of the camera, the physician could diagnose DR and DME in 
21.27% and 2.12% patients, respectively [Table 2].

The Cohen’s kappa values revealed that the diagnosis of 
DR status made using camera was in substantial agreement 
with the clinical diagnosis  (Kappa value: 0.770), and the 
diagnosis of DME made using camera was in moderate 
agreement with the clinical diagnosis (Kappa value: 0.410). 
The agreement between the findings of the camera and clinical 
diagnosis was statistically significant (P < 0.05) [Table 2]. The 
sensitivity of the device in diagnosing the DR was 90.9% and 
specificity was 100%, whereas the sensitivity of the device 
in diagnosing the DME was 20% and specificity was 100%.

Discussion
Teleophthalmological programs for DR screening have been 
adopted across the world for their cost‑effectiveness and 
improved population coverage since their inception almost 

Table 1: Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

1.1: Patients willing to 
participate in the study and 
providing written informed 
consent

2.1: Patients with inadequate 
media clarity, e.g., corneal 
opacity, dense cataract, and 
vitreous hemorrhage

1.2: Patients aged between 
20 years and 60 years

2.2: Patients with 
contraindications for dilatation, 
e.g., occludable angles and 
allergic to mydriatic drugs

1.3: Patients who are able 
to follow verbal commands 
e.g., Looking in a particular 
direction of gaze

2.3: Patients with extreme 
photophobia, status post trauma, 
blepharospasm, severe ptosis, 
nerve palsies

Figure  2: Frequency distribution of study patients based on the 
treatment providedFigure 1: Methodology used in the study
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three decades back.[11] Smartphone‑based fundus imaging 
has evolved from tandem use of a handheld smartphone 
camera and light source with a condensing 20D lens creating 
an indirect ophthalmoscope‑like setup to clip‑on lens 
attachments that provide a highly magnified and erect direct 
ophthalmoscope‑like system using the smartphone’s inbuilt 
light source as a coaxial beam of light.[16]

oDocs Nun is a monocular direct ophthalmoscopic fundus 
camera with a smartphone adaptor [Fig. 3] that provides retinal 
images of 45° with a pupil diameter of 6 mm and above and a 
20° image with undilated 2‑mm pupil.[15] In the present study, 
the agreement between the findings of oDocs Nun camera and 
clinical diagnosis was substantial and moderate with respect to 
DR and DME, respectively, which is not acceptable, indicating 
that the general practitioner could not significantly identify 
DR lesions via fundus photography captured by smartphone 
camera through a dilated pupil in his own OPD [Fig. 4]. The 
sensitivity of the device in diagnosing the DR was 90.9% and 
specificity was 100%, whereas the sensitivity of the device in 
diagnosing the DME was 20% and specificity was 100%. This 
is in concordance with previous studies that have reported a 
good sensitivity and specificity for detection of referable DR 
using mydriatic smartphone‑based cameras, in the range of 
81%–94% and 86%–98%, respectively.[10] Severity grading in 
terms of NPDR and PDR as assessed by the general practitioner 
did not show a very high correlation with the assessment 
made by the VR surgeon in this study, indicating that the 
oDocs Nun device utility could be restricted to identification 
of referable DR but not for grading of severity. Further 

larger‑sized trials with the device can help corroborate this 
finding, but based on this study, the device meets only the 
ATA category 1 telemedicine standard.[10] Previous reviews 
have mentioned increasing sensitivity and specificity trends 
of diagnosis using smartphone‑based devices as the severity 
progresses through NPDR to PDR and STDR.[17,18] In addition, 
the images obtained through an undilated pupil were noted to 
have distortion and could not be used to classify the lesions. 
With the exception of a few devices such as the Fundus on 
phone nonmydriatic smartphone camera (Remedio innovative 
solutions, Bangalore, India),[17,19] most other smartphone‑based 
devices currently require mydriasis to produce good quality 
gradable images, and this seems to be the case with the oDocs 
Nun device as well.

The agreement rate between DME diagnosed using images 
obtained using this device and assessment by a vitreoretinal 
specialist was moderate (Kappa value: 0.410). This corroborates 
with studies done previously using two‑dimensional fundus 
imaging, which reported high false positive and negative rates 
using surrogate markers for DME, such as hard exudates and 
microaneurysms close to the fovea.[10] Rajalakshmi et  al.[12] 
reported good agreement for DME detection between Zeiss 
7‑field imaging and the Fundus on Phone retinal camera. 
Hence, for assessment of DME, a clinical examination with an 
OCT scan is essential.

The preliminary results of the oDocs Nun camera in 
the hands of a general practitioner look promising for 
screening and referral of patients with existing DR. The 
applicability of this device for use in peripheral health 
centers and vision centers is theoretically good considering 
that only a day of training is required for learning image 
acquisition with the device and the device is compact and 
handy to use  [Fig.  4]. Trained optometrists, paramedical 
staff, and nonspecialized health care workers can also be 
easily utilized in widespread screening programs with this 
device to promote larger population coverage. However, 
interpretation of the images warranting referral might be 
a challenge for paramedical staff or nonspecialized health 
care personnel. To overcome this gap, some authors, such 
as Rajalakshmi et  al.[20] and Bhat et  al.,[21] have suggested 
integration of artificial intelligence‑based deep learning 
algorithms with imaging devices. Such integration with 
the oDocs Nun device can make a screening program more 
cost‑effective and convenient.

Table 2: Degree of agreement between photographic and clinical diagnosis of different variables

Variable Diagnosis using camera Clinical diagnosis Cohen’s Kappa P

Value Interpretation

Diabetic retinopathy

No retinopathy 74 72 0.770 Substantial 0.000*

NPDR 16 12

PDR 4 10

DME (diabetic macular edema)

Present 2 10 0.410 Moderate 0.000*

Absent 86 84
Nonappreciable 6 0

*P<0.05 was considered statistically significant

Figure 3: A photo of the camera setup along with the smartphone 
attachment

a b
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The inadequate  rates  of  DME detect ion using 
two‑dimensional imaging have prompted several authors to 
suggest utilizing OCT integrated fundus imaging to screen 
for DME. Prescott et al.[22] found that the use of OCT in cases 
with suspected DME on fundus imaging resulted in direct 
cost savings of 16%–17% because of fewer unnecessary 
referrals. Such integration with the present device is an avenue 
warranting further research.

Some authors, such as Xu et al., have suggested integration 
of functional retinal imaging to pick up subtle changes in retinal 
blood flow, metabolic alterations, and hidden vasculature that 
may be found in early DR prior to onset of morphological 
damage, which is a prospect for detection of early DR.[23,24]

The major limitations of the study include smaller sample 
size, inability of the camera to capture the fundus photo via 
small pupil, difficulty in capturing peripheral lesions, and 
inadequate rates of DME detection.

Conclusion
This research is a promising project for screening of DR as 
the disease is on a relentless rise and the outreach is fairly 
low. Upon integration of artificial intelligence‑based deep 
learning algorithms with such imaging devices, a strong 
teleophthalmology setup can be established. Henceforth, 

patients with early retinopathy can be referred to a specialist 
for appropriate and timely management, thereby reducing 
the burden of blindness incurred due to complications of DR.
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Figure 4: Some of the Fundus photos clicked using the camera. (a) shows a normal fundus photo (posterior pole) with visible disc and macula; 
(b) shows hard exudates and hemorrhages over the macula; (c and d) show myopic tessellations; (e) shows circinate maculopathy; (f) shows a 
small frown of neovascularization along the inferior arcade

a b c

d e f



3148	 Indian Journal of Ophthalmology	 Volume 69 Issue 11

References
1.	 D e m o g r a p h i c  a n d  g e o g r a p h i c  o u t l i n e .  Ava i l a b l e 

f r o m :  h t t p s : / / d i a b e t e s a t l a s . o r g / e n / s e c t i o n s /
demographic‑and‑geographic‑outline.html. [Last accessed on 
2021 May 02].

2.	 Anjana RM, Deepa M, Pradeepa R, Mahanta J, Narain K, Das HK, 
et al. Prevalence of diabetes and prediabetes in 15 states of India: 
Results from the ICMR‑INDIAB population‑based cross‑sectional 
study. Lancet Diabetes Endocrinol 2017;5:585‑96.

3.	 Raman R, Ramasamy K, Rajalakshmi R, Sivaprasad S, Natarajan S. 
Diabetic retinopathy screening guidelines in India: All India 
Ophthalmological Society diabetic retinopathy task force and 
Vitreoretinal Society of India Consensus Statement. Indian J 
Ophthalmol 2021;69:678‑88.

4.	 Photocoagulation treatment of proliferative diabetic retinopathy. 
Clinical application of diabetic retinopathy study (DRS) findings, 
DRS report number 8. The Diabetic Retinopathy Study Research 
Group. Ophthalmology 1981;88:583‑600.

5.	 Early photocoagulation for diabetic retinopathy: ETDRS report 
number 9. Ophthalmology 1991;98(5 Suppl):766‑85.

6.	 Ross  EL, Hutton  DW, Stein  JD, Bressler  NM, Jampol  LM, 
Glassman AR, et al. Cost‑effectiveness of aflibercept, bevacizumab, 
and ranibizumab for diabetic macular edema treatment: 
Analysis from the diabetic retinopathy clinical research network 
comparative effectiveness trial. JAMA Ophthalmol 2016;134:888‑96.

7.	 Gangwani RA, Lian  JX, McGhee SM, Wong D, Li KK. Diabetic 
retinopathy screening: Global and local perspective. Hong Kong 
Med J 2016;22:486‑95.

8.	 International Council of Ophthalmology: Ophthalmologists 
Worldwide .  Avai lable  f rom:  ht tp : / /www.icoph.org/
ophthalmologists‑worldwide.html.   [Last  accessed on 
2021 May 02].

9.	 Galiero R, Pafundi PC, Nevola R, Rinaldi L, Acierno C, Caturano A, 
et al. The importance of telemedicine during COVID‑19 pandemic: 
A  focus on diabetic retinopathy. J  Diabetes Res 2020;2020. doi: 
10.1155/2020/9036847.

10.	 Fenner  BJ, Wong  RLM, Lam W‑C, Tan  GSW, Cheung  GCM. 
Advances in retinal imaging and applications in diabetic 
retinopathy screening: A review. Ophthalmol Ther 2018;7:333‑46.

11.	 Huemer  J, Wagner  SK, Sim  DA. The evolution of diabetic 
retinopathy screening programmes: A  chronology of retinal 
photography from 35 mm slides to artificial intelligence. Clin 
Ophthalmol Auckl NZ 2020;14:2021‑35.

12.	 Rajalakshmi R, Arulmalar S, Usha M, Prathiba V, Kareemuddin KS, 

Anjana  RM, et  al. Validation of smartphone based retinal 
photography for diabetic retinopathy screening. PLoS One 
2015;10:e0138285.

13.	 Wintergerst   MWM, Jansen  LG, Holz  FG, Finger  RP. 
Smartphone‑based fundus imaging–Where are we now? Asia Pac 
J Ophthalmol 2020;9:308‑14.

14.	 Rajalakshmi R, Prathiba V, Arulmalar S, Usha M. Review of retinal 
cameras for global coverage of diabetic retinopathy screening. Eye 
2021;35:162‑72.

15.	 Singh A, Cheyne K, Wilson G, Sime MJ, Hong SC. On the use of a 
new monocular‑indirect ophthalmoscope for retinal photography 
in a primary care setting. N Z Med J 2020;133:31‑8.

16.	 Pujari A, Saluja  G, Agarwal  D, Selvan  H, Sharma  N. Clinically 
useful smartphone ophthalmic imaging techniques. Graefes Arch 
Clin Exp Ophthalmol 2021;259:279‑87.

17.	 Sengupta S, Sindal M, Baskaran P, Pan U, Venkatesh R. Sensitivity 
and specificity of smartphone‑based retinal imaging for diabetic 
retinopathy: A comparative study. Ophthalmol Retina 2019;3:146-
53.

18.	 Tan  CH, Kyaw  BM, Smith  H, Tan  CS, Tudor Car  L. Use of 
smartphones to detect diabetic retinopathy: Scoping review and 
meta‑analysis of diagnostic test accuracy studies. J Med Internet 
Res 2020;22:e16658.

19.	 Prathiba V, Rajalakshmi R, Arulmalar S, Usha M, Subhashini R, 
Gilbert CE, et al. Accuracy of the smartphone‑based nonmydriatic 
retinal camera in the detection of sight‑threatening diabetic 
retinopathy. Indian J Ophthalmol 2020;68(Suppl 1):S42‑6.

20.	 Rajalakshmi R, Subashini R, Anjana RM, Mohan V. Automated 
diabetic retinopathy detection in smartphone‑based fundus 
photography using artificial intelligence. Eye Lond Engl 
2018;32:1138‑44.

21.	 Bhat S, Bhaskaranand M, Ramachandra C, Qi O, Liu JC, Apte RS, 
et al. Automated image analysis for diabetic retinopathy screening 
with iPhone‑based fundus camera. Invest Ophthalmol Vis Sci 
2016;57:5964‑4.

22.	 Prescott G, Sharp P, Goatman K, Scotland G, Fleming A, Philip S, 
et al. Improving the cost‑effectiveness of photographic screening for 
diabetic macular oedema: A prospective, multi‑centre, UK study. 
Br J Ophthalmol 2014;98:1042‑9.

23.	 Goh JKH, Cheung CY, Sim SS, Tan PC, Tan GSW, Wong TY. Retinal 
imaging techniques for diabetic retinopathy screening. J Diabetes 
Sci Technol 2016;10:282‑94.

24.	 Xu X, Ding W, Wang X, Cao R, Zhang M, Lv P, et al. Smartphone‑based 
accurate analysis of retinal vasculature towards point‑of‑care 
diagnostics. Sci Rep 2016;6:34603.

C o m m e n t a r y :  U t i l i t y  o f  a 
s m a r t p h o n e ‑ a s s i s t e d  d i r e c t 
ophthalmoscope camera for a general 
practitioner in screening of diabetic 
retinopathy at a primary health care 
center

With over  77 of the 463 million people suffering from 
diabetes mellitus  (DM) globally residing India, it is not 
surprising that our country is dubbed as the diabetic capital 
of the world.[1] DM is associated with microvascular and 
macrovascular complications, with diabetic retinopathy (DR) 

being the most common microvascular complication. 
Screening for DR, especially sight‑threatening diabetic 
retinopathy (STDR), is of paramount importance in order to 
prevent permanent visual impairment. Although stereoscopic 
color fundus photography and fundus fluorescein angiography 
are the gold standards for diagnosis of DR, they are not 
suitable as screening tools. These tests require expensive 
fundus cameras that are bulky, generally are not portable and 
are operator dependent. Smartphone‑based imaging  (SBI) 
has emerged as a useful screening tool for DR owing to 
its ready availability and cost effectiveness, especially in 
resource‑limited settings.[1,2] SBI has evolved from use of a 20 
diopter (D) condensing lens to use of various attachments and 
adaptor that allow clinicians to capture good quality retinal 
images. Studies have shown smartphone‑based grading to be at 
par with slit‑lamp biomicroscopic grading of DR. These newer 
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