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ABS TRACT  
 

 

BACKGROUND 

Screening of Diabetic retinopathy is essential for detection of diabetic retinopathy 

and its management. Diabetic retinopathy is a common and preventable cause of 

blindness in adults. Laser pan-retinal photocoagulation has been proven to have 

established efficacy in treating diabetic visual loss. Since India has a wide 

geographical area and there is a lack of trained ophthalmologists in peripheral 

India, there is an immense need for telemedicine in diabetic retinopathy screening. 

This study was done to evaluate the comparability of non-stereoscopic fundus 

photography with conventional fundoscopy for detection of diabetic maculopathy. 

 

METHODS 

All patients with diabetic retinopathy and mixed retinopathy presenting to 

Ophthalmology OPD at Sri Siddhartha Medical College between June 2020 and June 

2021, were included in the study. The patients were evaluated for visual acuity on 

Snellen Visual Acuity Chart, Anterior Segment evaluation on a slit-lamp 

examination. Fundus was evaluated with 90 Diopter Volk lens with Slit Lamp 

biomicroscopy, Direct Ophthalmoscopy with Welch Allyn ophthalmoscope with 

medium size aperture, and the peripheral fundus was seen by an Indirect 

Ophthalmoscope with 20 Diopter lens Volk lens. ETDRS 7 Field Picture on Carl Zeiss 

Meditec AG VISUCAM SN model AA107 was taken. The observations were subjected 

to the statistical analysis of Cohen’s Kappa and the percentile description. 

 

RESULTS 

The commonest retinopathy was moderate non-proliferative diabetic retinopathy 

(NPDR), seen in 41.667 %. The commonest maculopathy found was the absence of 

maculopathy seen in 78.3 % of cases. There was perfect agreement (Kappa k-1.00) 

in the evaluation of background retinopathy on Conventional Fundoscopy and 

Fundus imaging, P-value < 0.001. There was moderate agreement (Kappa k-0.5) in 

the evaluation of maculopathy on Conventional Fundoscopy and Fundus imaging, P-

value < 0.001, only for CSME and No maculopathy. However diffuse macular oedema 

and Ischemic Maculopathy were missed on Fundus Photography. 

 

CONCLUSIONS 

Non-Stereoscopic Fundus Photography is a good telemedicine tool for diabetic 

retinopathy screening, but there is under-diagnosis of it, though it can detect 

diabetic maculopathy. As a diagnosis”Absence of maculopathy” is inconclusive until 

and unless screened by Conventional Ophthalmoscopy. 
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BACK GRO UND  
 

 

 

Diabetic retinopathy is a common and preventable cause of 

blindness in adults.1,2 Screening for diabetic retinopathy is an 

important tool for managing diabetic retinopathy related 

blindness since laser pan-retinal photocoagulation has been 

proven to have established efficacy in treating diabetic visual 

loss.3 

The various clinical methods of evaluation of diabetic 

retinopathy include direct and indirect ophthalmoscopy and 

various imaging techniques. The various imaging techniques 

include fundus photography, fluorescein angiography, B-scan 

ultrasonography, and optical coherence tomography.4 

The clinical evaluation of the retina on ophthalmoscopy 

requires an ophthalmologist to do it, whereas the digital 

imaging can be done by paramedical or technical staff, and 

can also be done at a remote setting. Tele-reporting of these 

fundus images can be done by an ophthalmologist and timely 

referral of severe vision-threatening retinopathy can be done. 

Telemedicine is sharing of medical data by electronic 

telecommunications technology that allows a patient's 

medical problems to be evaluated and monitored by a 

remotely located ophthalmologist. Diabetic retinopathy is a 

disease that can efficiently utilize telemedicine for reducing 

its visual burden. Many telescreening methods are used in 

diabetic retinopathy like stereoscopic imaging, non-mydriatic 

camera and mobile phone-based fundus camera that show 

comparable sensitivity and specificity in diagnosing diabetic 

retinopathy.3,5,6 

India has a wide geographical area and there is a lack of 

trained ophthalmologists in peripheral India. Studies have 

highlighted the lack of connectivity and trained optometrists 

in such areas. In some centres, these paramedic staffs attend 

to a population of 50,000.7 

In this study, we have compared the clinical evaluation of 

the retina using direct and indirect ophthalmoscopy with 

standard non-stereoscopic fundus colour photography. 

The other methods include wide-field fundus 

photography and stereographic photography. 

The Standard Colour Photograph images the central 

(degree 30 or 45) of the macula and the optic disc. The 

clinical features of the macula can be used to detect 

maculopathy, however since it is a two-dimensional image, 

the macular thickness in the spongiform type of maculopathy 

and CSME might not be correctly commented on. 

Further, a 7 field ETDRS view of the fundus is a montage 

view and can evaluate approximately 75 degrees of the visual 

field. This image helps to classify the peripheral diabetic 

retinopathy into proliferative and non-proliferative diabetic 

retinopathy. 

The International Clinical disease severity scale that was 

used for this study was based on the Wisconsin 

Epidemiologic Study of Diabetic Retinopathy (WESDR) and 

the ETDRS. Five stages are recognized as per the scale, 

namely no retinopathy, mild, moderate, severe, and very 

severe retinopathy.8,9,10 

The maculopathy in diabetes is graded as clinically 

significant macular oedema, diffuse and focal 

maculopathy.10,11 

 

 

Now further advancement with, many computer-aided 

diagnostic software systems for eye diseases using digital 

fundus images have been developed. Such a system can 

differentiate between affected eyes compared to normal eyes. 

This will significantly reduce the workload for the 

ophthalmologists.12,13 

 

 
 

ME TH OD S  
 

 

In this cross-sectional study, all patients attending 

ophthalmology OPD and admitted patients in wards with 

suspicion of diabetes mellitus and diagnosed cases in Sri 

Siddhartha medical college and hospital, Tumkur from June 

2020 to June 2021 were included. Purposive sampling was 

the method used. 

 

 

In clu si o n Cr i ter i a  

1. Patients with a known history of diabetes. 

2. Patients with high blood glucose but not diagnosed. 

3. Patients above the age of 18 years. 

 

 

Ex clu si o n Cr i ter i a  

1. Patients with media opacity. 

2. Patients with occlusive/vascular retinal disease. 

3. Patients who have undergone vitro-retinal surgeries. 

 

 

Me thod o f  Col lec ti o n of  Dat a  

All patients with diabetic retinopathy and mixed retinopathy 

presenting to Ophthalmology OPD were included in the study. 

The patients were evaluated for visual acuity on Snellen 

Visual Acuity Chart, Anterior Segment evaluation on a Slit 

lamp examination. Fundus was evaluated with 90 Diopter 

Volk lens with Slit Lamp biomicroscopy, Direct 

Ophthalmoscopy with Welch Allyn ophthalmoscope with 

medium size aperture, and the peripheral Fundus was seen 

by an Indirect Ophthalmoscope with 20 Diopter lens Volk 

lens. The type of retinopathy and maculopathy was graded 

according to the International Disease Severity Classification8 

and ETDRS classification. The retinal picture was then 

captured with, Carl Zeiss Meditec AG VISUCAM SN model 

AA107. The fields evaluated were central field for 

maculopathy and ETDRS 7 field picture montage program. 

Both were inbuilt in the camera. The diagnosis on the camera 

was put by the same ophthalmologist who evaluated the 

fundus clinically and then both were compared. The ethical 

approval was taken from the institutional ethical committee, 

Ref No: SSMC/Med/IEC-1/March-2020 dated 13/03/2020 

The ethical concerns of the tenets of Helsinki were followed 

during the study. 

 

 

S ta ti s ti cal  An aly si s  

The observations were subjected to the statistical analysis of 

Cohen’s Kappa28 and the percentile description. The 

conclusions were drawn from the table. 
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RES ULT S  
 

 

 
Frequencies for Age in Years 

Age in Years Frequency Percent 
40-45 6 10.000 

46-50 9 15.000 

51-55 9 15.000 

56-60 17 28.333 

61-65 12 20.000 

>66 7 11.667 

Table 1. Age Distribution in Diabetic Retinopathy 

 

In our study, we found a maximum of 29 (48 %) patients 

in the 56 to 65 years of age group. 

 
Frequencies for Gender 

Gender Frequency Percent 
Male 35 58.333 

Female 25 41.667 

Table 2. Gender Distribution in Diabetic Retinopathy 

 

In our study, we had a male preponderance with 35 

(58.33 %) patients belonging to the group. 

 
Frequencies for ETDRS Background Retinopathy Conventional 

Fundoscopy 

ETDRS Background Retinopathy 

Conventional Fundoscopy 
Frequency Percent 

Mild NPDR 14 23.333 

Moderate NPDR 25 41.667 

Severe NPDR 11 18.333 

PDR 10 16.667 

Table 3. Frequency Distribution of Background Diabetic Retinopathy  

on Conventional Fundoscopy 

 

In our study, it was found that the commonest type of 

retinopathy in conventional fundoscopy was moderate NPDR 

25 (41.667 %) based on ETDRS classification. 

 
Frequencies for ETDRS Background Retinopathy Fundus Imaging 

ETDRS Background Retinopathy Fundus 

Imaging 
Frequency Percent 

Mild NPDR 14 23.333 

Moderate NPDR 25 41.667 

Severe NPDR 11 18.333 

PDR 10 16.667 

Table 4. Frequency Distribution of Background Diabetic Retinopathy 

 on Fundus Imaging. 

 

The commonest retinopathy on fundus imaging was 

moderate, seen in 25 (41.66 %) cases. 

 
ETDRS Maculopathy Conventional 

Ophthalmoscopy 
Frequency Percent 

No Maculopathy 47 78.333 
CSME 5 8.333 

Ischemic maculopathy 2 3.333 
Diffuse macular oedema 6 10.000 

Table 5. Frequency Distribution of Diabetic Maculopathy on 
Conventional Fundoscopy 

 
ETDRS Maculopathy Fundus Imaging Frequency Percent 

No Maculopathy 55 91.667 
CSME 5 8.333 

Table 6. Frequency Distribution of Diabetic Maculopathy  
on Fundus Imaging. 

 

In our study, absence of maculopathy was seen in 47 

(78.33 %) of cases. The commonest maculopathy seen was 

diffuse macular oedema in 6 cases (10 %). 

 

Since imaging has the constraint of 2 dimension 

photograph, not all types of maculopathy could be confirmed 

except no maculopathy and CSME, with the frequency of no 

maculopathy being 55 (91 %). 

 

 
ETDRS Background 

Retinopathy Fundus Imaging 
 

ETDRS Background Retinopathy 
Conventional Fundoscopy 

Mild 
NPDR 

Moderate 
NPDR 

Severe 
NPDR 

PDR Total 

Mild NPDR 14 0 0 0 14 
Moderate NPDR 0 25 0 0 25 

Severe NPDR 0 0 11 0 11 
PDR 0 0 0 10 10 

Total 14 25 11 10 60 
P=<.001 

Table 7. Contingency Table Comparing Conventional Fundoscopy with 
Fundus Imaging on ETDRS Classification with Statistical Analysis 

 

In Table 7, we found an association/agreement between 

the two modalities of fundus imaging with a P value of < .001 

on the chi-square test, indicating that both fundus imaging 

and conventional fundoscopy gave consistent results on 

background diabetic retinopathy. 

 

 
ETDRS Maculopathy 

Fundus Imaging 
 

ETDRS Maculopathy Conventional 
Ophthalmoscopy 

No Maculopathy CSME Total 

No Maculopathy 47 0 47 
CSME 0 5 5 

Ischemic maculopathy 2 0 2 
Diffuse macular oedema 6 0 6 

Total 55 5 60 

Table 8. Contingency Table Comparing Conventional Fundoscopy  
for Maculopathy with Fundus Imaging for Maculopathy with 

Statistical Analysis 

 

In Table 8, it was found that there was a significant 

agreement between fundus imaging and conventional 

fundoscopy for the absence of maculopathy and clinically 

significant macular oedema on ETDRS, with a P-value of < 

0.001 on the chi-square test. 

However, ischemic maculopathy and diffuse macular 

oedema could not be picked up on fundus imaging but were 

classified only on conventional fundoscopy. No statistical 

agreement could be concluded on these two types of 

maculopathies. 

 

 
Kappa Coefficient (k) 

ETDRS background retinopathy conventional fundoscopy 
VS ETDRS background retinopathy fundus imaging 

1.00 

Table 9. Kappa Statistics Table Showing Agreement between 
Conventional Funduscopy and Fundus Imaging for Background 

Retinopathy 

 

In table 9 we see a perfect agreement between 

conventional funduscopy and retinal fundus imaging for 

background retinopathy. 

 

 
Kappa Coefficient (k) 

ETDRS maculopathy conventional ophthalmoscopy vs 
ETDRS maculopathy fundus imaging 

0.51 

Table 10. Kappa Statistics Table Showing Agreement between 
Conventional Funduscopy and Fundus Imaging for Diabetic 

Maculopathy 

 

In table 10 we observed a moderate agreement between 

conventional funduscopy and fundus imaging for diabetic 

maculopathy, as mentioned above ischemic maculopathy and 

diffuse macular oedema could not be picked up on fundus 

imaging but were classified only on conventional fundoscopy. 
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DI SCU S SI ON  
 

 

The study found the common age of presentation of diabetic 

retinopathy to be 56 to 65 years. A study by Mangala, Kusuma 

et al. showed that 50 % of cases of type 2 diabetes mellitus 

were in 45- 65 years of age.14 

Another study by Vijayalakshmi et al. showed the age of 

presentation as 53.5 ± 12.9 years. This also concurred with 

the study findings.15 

This study also found a marginal male preponderance in 

diabetic retinopathy presentation with 35 (58.33 %) cases. 

Since it was a tertiary care hospital-based study, it was found 

that male members presented to the healthcare system more 

often compared to females. 

In the study by Mangala et al., out of 84 % of patients, 69 

% were females and 31 % were males.14 Another study from 

South India by Dhruv et al., at a diabetic care centre, showed a 

male preponderance of about 60 % of patients presenting 

with type 2 diabetes mellitus. Their findings concurred with 

ours.16 

The commonest type of retinopathy found on 

conventional fundoscopy was, moderate NPDR in 25 (41.667 

%) based on ETDRS classification. The same findings were 

also seen in imaging type of evaluation of background 

retinopathy with moderate NPDR seen in 25 (41.66 %) of 

cases. The findings were concurrent with that of ours. 

In a study by Mulgundi et al., moderate NPDR was seen in 

28 % of their cases. In other studies, namely Bertram et al. 

and Ramseval et al. the presentation of mild and moderate 

cumulative retinopathies ranged from 19 % to 21.4 %.17,18 

However, Sumi S et al. and Mulungdi et al. found 

cumulative mild and moderate NPDR in 71 % and 70 % 

respectively.19 

On the evaluation of diabetic maculopathy on 

conventional funduscopy, the commonest maculopathy found 

was the absence of any changes in Macula in about 47(78.3 

%) of cases. Amongst the maculopathy cases, the commonest 

one was diffuse macular oedema, seen in 6 (10 %) of cases. 

Clinically significant macular oedema was seen in 5 cases 

(8.33 %) in conventional fundoscopy. 

The disadvantage of fundus imaging is that it is a two-

dimensional image and hence certain types of diabetic 

maculopathies could not be concluded on it. Hence the 

absence of maculopathy was reported in 55 (91.667 %) of the 

cases. The only other type of maculopathy that could be 

evaluated on fundus imaging was clinically significant 

macular oedema which was seen in 5 cases (8.33 %) 

Table 7 is the contingency table wherein the chi-square 

test, which is a statistical test, was applied for agreement 

between conventional fundoscopy and fundus imaging. 

The value was seen to be < 0.001, and hence it can be 

concluded that even fundus imaging could positively 

conclude on the type of background diabetic retinopathy 

based on ETDRS classification. This agreement proves that 

fundus imaging used as a tool in telemedicine to combat 

diabetic retinopathy related visual impairment can be 

effective. Thus, manual evaluation by a trained 

ophthalmologist may not be required. These technologies will 

bridge the gap of lack of ophthalmologists in remote areas 

and help in screening and early detection of diabetic 

retinopathies. 

In a study by Schulze et al., 5 years of experience in 

fundus imaging showed an effective screening tool for 

diabetic retinopathy.20 

In another study by Owsley et al., they found 21.7 % of 

uniocular diabetic retinopathy. The commonest type was 

background diabetic retinopathy seen in 94.1 % of cases.21 

Most of the diabetic screening programs use different types 

of fundus photography. While America and Canada used 7 

field fundus imaging, 5 fields were used in France and 

Spain.22 

In a German project ultra-widefield, one field picture was 

used for fundus evaluation.23,24 

However, irrespective of the type of fundus photography, 

fundus imaging was found to be an effective tool for diabetic 

retinopathy screening and helped in conditions of lack of 

retinal specialist.25 

In table 8, contingency table statistical analysis was 

applied to the comparison of conventional fundoscopy with 

fundus imaging of the macula. The comparison was done only 

between the absence of maculopathy and the CSME type of 

maculopathy, and the agreement for these two types was 

considered for the two types of evaluation. 

A statistically significant agreement was seen on applying 

the chi-square test with a P-value of < 0.001. This proved that 

there was a concurrence between the two methods of 

evaluation for detection of clinically significant macular 

oedema and absence of maculopathy. 

In table 9 & 10 on applying inter-rater reliability, Cohen’s 

Kappa statistics26, we found a perfect agreement (k-1) 

between fundus imaging and conventional funduscopy for 

screening background retinopathy and a moderate 

agreement (k-0.51) for diabetic maculopathy screening in 

both the mentioned methods under ETDRS. 

In a study conducted by Malerbi et al. who found an 

agreement between BIO (binocular indirect ophthalmoscopy) 

and mydriatic retinography that was substantial (kappa 0.67-

0.74) for diabetic retinopathy observation vs. referral 

classification. The agreement was fair to moderate (kappa 

0.24-0.45) between retinography and BIO for maculopathy. 

The difference in results in these two studies was that our 

study had a smaller sample size.27 The commonest cause of 

vision loss in type 2 diabetes mellitus was diabetic macular 

oedema.28 Non-stereoscopic fundus photography was used in 

ours and in most studies, which interferes with the correct 

assessment of diabetic maculopathy. Since only clinically 

significant macular oedema is detected on these photographs, 

only the more severe spectrum of DME gets evaluated. The 

prevalence of DME among patients with diabetes was 

generally much lower than that of DR, this was also seen in 

this study.29,30,31,32,33 In diabetic retinopathy screening 

services study, the prevalence of DME was found to be only 

1.4 % in type 2 diabetes mellitus.34 In two other studies, one 

from Kenya and another from Canada found diabetic macular 

oedema prevalence as 33 % and 15.3 % respectively, but 

their screening methodology was stereoscopic fundus 

evaluation by a trained ophthalmologist.35 Hence this brings 

to us the understanding that non-stereoscopic fundus 

photographs may be underdiagnosing DME. 

Another diabetic maculopathy review in the Cochrane 

database largely over-diagnosed diabetic maculopathy using 

optical coherence tomography, giving a large range of 

prevalence extending from 19 to 65 %. OCT-detected DME 
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disagreed with the clinical definition of CSME, and many 

patients of OCT detected macular thickening progressed to 

CSME. 

In this study, we conclude that a non-stereoscopic fundus 

photograph was able to differentiate between the absence of 

maculopathy and clinically significant macular oedema. The 

statistical analysis showed significant results. 

 

 
 

 

CONC LU S ION S  
 

 

 

The study found a significant correspondence between 

conventional fundoscopy and non-stereoscopic fundus 

photography in terms of diagnosis of background 

retinopathy. Similar concurrence was not found in the 

diagnosis of diabetic maculopathies. Non-stereoscopic fundus 

photography showed a significant agreement with 

conventional fundoscopy in diagnosing clinically significant 

macular oedema and absence of maculopathy, nevertheless, 

diffuse macular oedema and ischemic macular oedema were 

under-diagnosed with fundus photography. 

Non-stereoscopic fundus photography gave promising 

results as a telemedicine tool and evaluation of diabetic 

retinopathy in remote areas with a lack of ophthalmologists. 

But the interpretation of maculopathy through this tool must 

be done cautiously, being mindful of underdiagnosing 

maculopathies by the non-stereoscopic fundus photographs. 

 

 

Li mi t a ti on o f  S tud y  

The study was conducted in a tertiary care centre; a 

community-based study and a larger sample size is desirable 

for better impact of the conclusion. 

 
Data sharing statement provided by the authors is available with the 

full text of this article at jemds.com. 

Financial or other competing interests: None. 

Disclosure forms provided by the authors are available with the full 

text of this article at jemds.com. 
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