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ABSTRACT
Objectives: Sight loss due to diabetic retinopathy (DR) is preventable by early detection and treatment. 
Digital retinal imaging is the most widely practiced method of screening of DR. Poor quality of images is a 
major hinder to implement systematic DR screening using digital retinal imaging in low- and middle-income 
countries with a high prevalence of lens opacities. We aimed to identify the proportion of ungradable images 
using hand-held retinal imaging and predictors of image gradability in a DR screening feasibility study 
conducted in Sri Lanka.

Material and Methods: e present study is a retrospective data analysis of a validation study conducted to assess 
the diagnostic test accuracy of a held-held digital retinal imaging model integrated into a tertiary level medical 
clinic. Two selected physician graders underwent formal training to assess retinal image quality using a “four-
quadrant method of assessing gradability.” e procedure was a subjective image quality assessment performed by 
the physician graders manually, that is, images with more than 50% of the field with poor clarity and not suitable 
for retinopathy grading were classified as ungradable. Two-field (Field-1: macula centered, Field-2: disc centered) 
non-mydriatic and mydriatic retinal images were captured (Type of camera: Zeiss-Visuscout 100®, Germany) in a 
consecutive sample of people with diabetes attended for routine medical care and assessed for quality and graded 
by two independent physician graders on-site. e reference test was a mydriatic biomicroscopic examination 
conducted at a separate eye clinic by an experienced specialist retinologist. Mixed model regression analysis was 
conducted to assess the predictors of gradability.

Results: A total of 700 individuals (5508 gradability data points) were included in the study. e proportion of 
ungradable images in non-mydriatic imaging was 30% for Grader 1 and 24% for Grader 2 and went down to 7% 
and 5%, respectively, for Grader 1 and 2 after dilating the pupils using mydriatic agents. Non-mydriatic images 
had almost 20 times higher odds (odds ratio [OR] 19.7, 95% confidence interval [CI] 15.1–25.8) of being rated as 
ungradable compared to mydriatic images. With the increase of each year in age, the odds of having ungradable 
digital retinal images in a patient increased by 7% (OR 1.07, 95% CI 1.05–1.09). For visual acuity increase in each 
level of the Log-MAR scale, the odds of having ungradable images increased by 40% (OR 1.40, 95% CI 1.30–1.51). 
In lens opacity, 54% higher odds of ungradability were observed when present nuclear opalescence (OR 1.54, 95% 
CI 1.39–1.70) and posterior subcapsular opacity (OR 1.54, 95% CI 1.24–1.92).

Conclusion: Non-mydriatic methods may not be suitable as a primary DR screening strategy in countries with 
a high prevalence of cataracts. Increasing age, poor visual acuity, and the presence of lens opacity are factors 
that would affect image quality. e capacity to deliver services for managing cataracts may be an important 
determinant in achieving effective coverage of digital surveillance of DR in low- and middle-income countries.
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INTRODUCTION

Diabetic retinopathy (DR) is a common microvascular 
complication of diabetes mellitus (DM), which imposes 
a significant impact on eye health systems globally.[1] e 
burden of sight loss due to DR has increased globally, and it 
is the 5th most common cause of blindness and moderate-to 
severe visual impairment globally.[2] It is apparent that with 
the escalating number of people with DM, especially in low-
and middle-income countries (LMIC), attention toward DR 
screening has broadened. Most of the LMIC governments 
are striving for controlling sight loss due to DR and also 
to achieve the goals of Universal Eye Health Coverage 
mitigating inequity.[3] ere is a strong body of evidence 
showing that early screening and treatment for DR would 
reduce the progression to vision-threatening DR.[4-6] One 
major requirement to establish systematic DR screening is 
the availability of effective technology to screen for DR, such 
as digital retinal imaging.

e early detection of DR depends on the ability of the 
screening modality to capture retinal signs accurately. e 
gold standard for DR screening is considered to be the Early 
Treatment of Diabetic Retinopathy Study mydriatic seven-
field stereoscopic retinal imaging using table-top digital 
imaging systems.[7] However, this method is a complex 
system to adopt in a resource poor setting. On the other 
hand, mydriatic slit-lamp biomicroscopic examination by 
an ophthalmologist is practically not feasible in a resource-
scarce setting as a screening strategy.[8] erefore, these 
countries are rapidly adopting more innovative and cost-
effective digital retinal imaging strategies, such as hand-
held digital imaging. One important factor in achieving 
the required level of diagnostic accuracy is the gradability 
or quality of digital retinal images. ere are gaps in the 
evidence base in reporting the results of ungradable images, 
as shown in a systematic review and meta-analysis conducted 
by the first author of this study.[9]

A sophisticated table-top digital imaging system incurs high 
capital investment.[10] e hand-held retinal digital retinal 
cameras are less expensive, easy to move, require minimum 
space and minimum power consumption, and are user 
friendly.[11] However, one major drawback of hand-held 
retinal devices is poor image quality compared to table-top 
digital cameras.[12,13] Different models of hand-held digital 
retinal imaging devices have been developed in many parts 
of the world, yet none of the country programs recommend 
using hand-held devices in a national DR screening program. 
One of the main reasons for this is the poor quality of 
images captured using hand-held devices, along with the 
limited field-of-view. erefore, knowing the factors that 
would affect image quality using hand-held retinal cameras 
is a requirement when planning DR screening programs, 
especially in LMICs.

Poor quality of images has been reported as a factor affecting 
diagnostic test accuracy of detecting retinal biomarkers.[14,15] 
e Effectiveness of a DR screening modality will depend 
on the level of accuracy to identify early retinal signs 
among asymptomatic people with DR. e present study is 
a substudy of a wider feasibility study to develop a national 
level DR screening program using hand-held digital retinal 
imaging in Sri Lanka. We aimed to identify the proportion of 
ungradable images in this screening model and predictors of 
image gradability in a substudy of validation of the proposed 
screening model in the local context.

MATERIAL AND METHODS

We conducted a larger project in the Western Province of Sri 
Lanka to develop a national DR screening program, aiming 
to integrate DR screening services into public sector medical 
clinics.[16] e present study is based on a retrospective 
analysis of data captured in the feasibility study of this project 
aimed at assessing the diagnostic test accuracy of staging DR 
from digital retinal images by physician graders. Details of 
that study and its results have been previously published 
elsewhere.[17,18]

Ethics approval for the project was obtained from the 
Ethics Review Committee of the National Eye Hospital 
of Sri Lanka (Ref: ERC/NEH/2017/32, March 10, 2017) 
and the London School of Hygiene and Tropical Medicine 
United Kingdom (Ref: 12072, May 19, 2017). We followed 
ethics guidelines declared in the Helsinki Declaration of 
1975 as revised in 2000.

Study design

In the validation study, eyes of a consecutive sample of 
people with DM (PwDM) (n = 700) presented for routine 
follow-up for diabetes at a tertiary level medical clinic were 
imaged using a hand-held digital retinal camera (Zeiss 
Visuscout-100®, Jena, Germany). From each eye, two-field 
retinal images (field 1-macula centered, field 2-disc centered) 
were obtained, one with the natural state of the pupil (non-
mydriatic), and the second following pharmacologically 
dilating the pupil (mydriatic). ese retinal images were 
assessed for quality and graded by two independent graders 
on-site who were the physicians treat PwDM, following a 
special training on image-based retinopathy grading in the 
feasibility study.[17] Full details of the training program are 
published elsewhere.[19] e physician graders underwent 
a formal training to assess the image quality in each field 
using a “four-quadrant method of assessing gradability,” as 
illustrated in [Figures  1-4]. e procedure was a subjective 
image quality assessment performed by the physician 
graders manually. Images with more than 50% of the field 
with poor clarity (i.e., two-quadrants – Figure  2b) and not 



Figure 5: Ungradable Image (Retinal fields 100% not 
visible).
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suitable for retinopathy grading were classified as ungradable 
[Figure  5], while the remaining images were considered as 
gradable and graded for the level of retinopathy accordingly. 
Figures  1-4 – Steps of assessing the gradability of images 
using “4-quadrants approach” (Based on four retinal fields of 
interest).

In the feasibility study, the diagnostic test accuracy of retinal 
image-based grading for DR was compared to the local 
reference standard of grading done by a specialist retinologist 
using slit-lamp biomicroscopy. e examination by the 
specialist retinologist consisted of findings related to other 
structures of the eye, that is, reporting on pathologies of the 
cornea, lens, and vitreous that may impact visualization of 
the retina.

Statistical analysis plan

e binary logistic regression was considered as the most 
appropriate analytical method for identifying the predictors 
of digital retinal image gradability. In mixed modeling, 
a multitude of variables were considered as fixed effect 
predictors when fitting the model. ese include factors at 
the level of the participant and factors at the level of the eye. 
Participant-level predictors taken into consideration were as 
follows: (1) sex: categorical variable with levels being male 

Figure  1: Step 1: Trace through the superior nasal vessels and 
superior temporal vessels arcade for visibility of vessels as a measure 
of image quality (Yellow arrow depicts the suggested direction of 
tracing vessels on a retinal image). (a) Schematic diagram for 25% 
gradability classification, (b) Actual image of 25% gradable.

ba

Figure 2: Step 2: Continue tracing through the superior temporal 
vessels arcade for visibility of vessels as a measure of image quality 
(Yellow arrows depict the suggested direction of tracing vessels 
on a retinal image). (a) Schematic diagram for 50% gradability 
classification, (b) Actual image of 50% gradable.

ba

Figure  3: Step 3: Trace through the inferior nasal vessels and 
inferior temporal vessels for visibility of vessels as a measure of 
image quality (Yellow arrows depict the suggested direction of 
tracing vessels on a retinal image). (a) Schematic diagram for 75% 
gradability classification, (b) Actual image of 75% gradable.

ba

Figure  4: Step 4: Continue tracing through the inferior temporal 
vessels arcade for visibility of vessels as a measure of image quality 
(Yellow arrows depict the suggested direction of tracing vessels 
on a retinal image). (a) Schematic diagram for 100% gradability 
classification, (b) Actual image of 100% gradable.

ba
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and female; (2) age: continuous variable measured in years; 
(3) ethnicity: categorical variable with levels being Sinhala, 
Tamil, Muslim, and other; and (4) duration of diabetes: 
continuous variable measured in years.

Fixed effect predictors considered at the level of each eye 
were mainly based on findings of the specialist retinologist’s 
examination. e fixed effect predictors at the level of the 
eye were as follows: (1) Pupillary status: non-mydriatic and 
mydriatic; (2) visual acuity: Log-MAR ranging from 0.00 
to no perception of light; (3) pupil diameter: measured in 
millimeters; (4) status of lens: natural lens (phakic) and 
artificial lens (pseudophakic); (5) level of nuclear opalescence: 
no nuclear opacity to mature cataract [NO 1–NO 6]; (6) level 
of posterior subcapsular opacity: no posterior subcapsular 
opacity to opacity level of P5 [P1–P5]; (7) cortical cataract: no 
cortical cataract to cataract level of C5 [C1–C5]; (8) posterior 
polar cataract: present and absent; and (9) posterior capsular 
opacity: present and absent [PCO+/−]. e status of the 
lens was classified using standards defined in Lens Opacities 
Classification System Version III.

Initially, the potential fixed effect predictors were individually 
screened for statistical significance, controlling only for the 
random effects. e factors that were significant (P < 0.05) 
were included in the mixed model analysis, and the final 
fitted model was arrived at by the backward elimination 
method that sequentially removed non-significant variables.

RESULTS

A total of 700 individuals were included in the study. e rate of 
ungradability showed a marked reduction from non-mydriatic 
to mydriatic retinal images for both the graders, where in one, 
it went down from almost 30% to 7%, while in the other, it was 
from close to 24% down to almost 5% [Table 1].

When analyzing the level of agreement gradability between 
the two graders, it showed that the percentage agreement 
(the percentage of images that both graders classified as 
gradable or ungradable) was 86.7% in the non-mydriatic 
ones compared to 96.9% for mydriatic ones. e agreement 
measured by the Kappa statistic (k) also showed a similar 
pattern with values of 0.66 and 0.73, respectively [Table 2].

In the process of assessing predictors of gradability, each 
individual gradability measure from each grader was taken as 

separate observations. e dataset thus created had 5508 data 
points after stacking the original observations by the side of 
the eye, pupillary status when imaged, and grading by each 
grader. In addition to cases that had to be removed due to 
missing gradability findings and specific statistical modeling 
convenience, there were ten participants that had failed to 
undergo the assessment by the retinologist. is ultimately 
resulted in 44 data points with missing observations on lens 
characteristics etc. Even though such cases were not removed 
before analysis, they were excluded in the individual modeing 
steps that required these variables.

When individually screening the contender variables using 
the logistic mixed model, nine variables became significant. 
ese were as follows: pupillary status of an eye when imaged, 
age, ethnicity, duration of diabetes, visual acuity of an eye, 
lens type in the eye, level of nuclear opalescence of lens, 
posterior subcapsular opacity of lens, and posterior capsular 
opacity of lens. When arriving at the final model, it was fitted 
with these variables and four became non-significant, and 
were removed.

According to the final model the independent predictors that 
determine if a digital retinal image of a person with diabetes 
is rated as gradable or not are whether the image was taken 
with a pharmacologically dilated pupil or not, the age of the 
person, visual acuity of the eye, level of nuclear opalescence 
of the lens of the eye, and level of posterior subcapsular 
opacity of lens. Non-mydriatic images had almost 20  times 
higher odds (odds ratio [OR] 19.7, 95% confidence interval 
[CI] 15.1–25.8) of being rated as ungradable compared 
to mydriatic images after adjusting for effects of all other 
variables in the model. With the increase of each year in age, 
the odds of having ungradable digital retinal images in a 
patient increased by 7% (OR 1.07, 95% CI 1.05–1.09). After 
adjusting for all other factors, worse visual acuity itself was 
found to be related to the ungradability of retinal images 
in the eyes of people with diabetes. For an increase in each 
level of the Log-MAR scale, the odds of having ungradable 
images increased by 40% (OR 1.40, 95% CI 1.30–1.51). For 
the lens opacity related factors, both of nuclear opalescence 
and posterior sub-capsular opalescence had a similar 
amount of impact on ungradability of digital retinal images  
[Figure 6]. Along both these scales of opalescence, the odds 
of ungradability climbed by 54% [Table 3].

Missing data

e number of eyes, the number of retinal images, and the 
number of grading results were lower than the expected 
count due to multiple reasons as mentioned below; one 
eviscerated eye, three phthisical eyes, two individuals either 
failed to be imaged, or all images of their eyes had gone 
missing in the process of saving or transference for grading, 
one non-mydriatic images of both eyes were unavailable for 

Table 1: Gradability of digital retinal images based on pupillary 
status and grader.

Pupillary Status Grader Gradable 
Count (%)

Ungradable 
Count (%)

Non-mydriatic Grader 1 979 (70.5) 410 (29.5)
Grader 2 1058 (76.2) 330 (23.8)

Mydriatic Grader 1 1282 (93.0) 96 (7.0)
Grader 2 1309 (95.1) 68 (4.9)



Figure 6: Fundus image of a patient with lens opacity.
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Table 2: Agreement between graders for non-mydriatic and mydriatic retinal image gradability.

Grader 2 Kappa Agreement (95% CI)
Gradable (%) Ungradable (%) Total (%)

Non‑mydriatic Imaging
Grader 1

Gradable 926 (66.8) 53 (3.8) 979 (70.6)
k=0.66

(0.61–0.70)
Ungradable 132 (9.5) 276 (19.9) 408 (29.4)
Total 1058 (76.3) 329 (23.7) 1387 (100.0)

Mydriatic Imaging
Grader 1

Gradable 1274 (92.5) 7 (0.5) 1281 (93.0)
k=0.73

(0.65–0.81)
Ungradable 35 (2.5) 61 (4.4) 96 (7.0)
Total 1309 (95.1) 68 (4.9) 1377 (100.0)

CI: Confidence interval

Table 3: Predictors for digital retinal image gradability through 
final fitted model.

Predictor variable Significance (P) OR OR 95% CI 
Lower Upper

Pupillary status 
(compared to 
mydriatic)
Non-mydriatic

<0.001 19.72 15.09 25.77

Age <0.001 1.07 1.05 1.09
Log-MAR visual 
acuity

<0.001 1.40 1.30 1.51

Nuclear 
opalescence 
cataract level

<0.001 1.54 1.39 1.70

Posterior sub 
capsular cataract 
level

<0.001 1.54 1.24 1.92

OR: Odds ratio, CI: Confidence interval

grading, and further, seven individuals failed to be imaged 
in the mydriatic status. In grading results, one grading result 
for a non-mydriatic image of an eye was missing in one of 
the graders. For the second grader, three grading results were 
missing: non-mydriatic image grading of two eyes (of the 
same person) and a mydriatic image grading of an eye.

DISCUSSION

We identified that status of pupil, increase in age, poor visual 
acuity and lens opacity are the major predictors of retinal 
image gradability in an LMIC setting, where major cause 
of blindness is cataract. Implementing a new DR screening 
modality using digital retinal imaging will depend on 
many contextual factors.[20] e quality of images captured 
in a digital retinal surveillance system is affected at three 
levels in the imaging and grading process, that is, when 
capturing the image, image processing system, and display. 
Most of these factors are modifiable based on service 
provider requirements except the patient factors at image 
capturing stage. erefore, the successful implementation of 
a population-based screening program may depend on the 
factors such as the prevalence of cataracts among PwDM. 
A  meta-analysis on assessing diagnostic test accuracy of 
DR screening digital retinal imaging reported a mean 
proportion of ungradable images in non-mydriatic imaging 
as 18.4% (95% CI 13.6–23.3%) and mydriatic imaging as s 
6.2% (95%  CI 1.70–10.8%) which is compatible with our 
findings in the present study.[9] A study conducted in India 
also reported 30.6% of ungradable images when using non-
mydriatic imaging.[21] Even in studies conducted in high-
income countries reported that central cataract is a cause 
for poor image quality.[13] ese studies underscore our study 
finding. erefore, our main message is that non-mydriatic 
imaging strategies may not be successful in LMIC DR screening 
programs, especially when using hand-held retinal imaging.
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High population coverage with gradable images (<5% poor 
quality) is a pragmatic consideration to achieve the desired 
level of diagnostic test accuracy in a DR screening program. 
e Scottish National DR Screening Program uses non-
mydriatic digital retinal imaging as its primary screening 
strategy. ere is a tendency to recommend non-mydriatic 
imaging in any country’s income setting, considering the 
convenience for the service provider as well as the service 
user. However, an adaptation of such a non-mydriatic 
imaging modality in an LMIC depends on local contextual 
factors such as the prevalence of cataracts and corneal 
diseases. In our study, we learned that non-mydriatic 
imaging may not be recommended without assessing image 
gradability in a real-world sample of PwDM representing the 
population of concern.

On the other hand, there are gaps in the evidence base 
regarding the gradability of images in DR screening using 
digital retinal imaging due to selective reporting, whether 
it is hand-held or table-top imaging systems. Our previous 
systematic review and meta-analysis showed that 13 studies 
had excluded ungradable images in their data analyses, which 
highlights the requirement of transparent reporting in DR 
screening using digital retinal imaging. In addition, in the 
same systematic review, we noted that accuracy data was 
not adjusted for ungradable proportion of images, that may 
have led to inflated diagnostic test accuracy results.[9] One 
key factor in evaluating the accuracy of a hand-held retinal 
imaging device in a DR screening program is a method 
of diagnostic test accuracy calculation, that is, whether 
ungradable images are included or excluded from the analysis. 
e rapid expansion of DR screening assisted with artificial 
intelligence underscores the requirement of producing good 
quality retinal images in DR screening programs.

e quality of the retinal images is affected at four stages: the 
technical capacity of the camera, the characteristics of the 
eye when capturing the image, the skills of the photographer, 
and the quality of the image viewing device. In our feasibility 
study, we could not achieve the recommended level of 
technical failure rate (<5%) due to poor image quality.[18] 
Image quality also varies with the viewing monitor. Due to 
the reduced number of pixels, the image quality of a hand-
held camera goes down. A study conducted in India reported 
that 89.4% of images were gradable; however, they viewed 
the images directly on the display on a hand-held device.[22] 
Another study in India reported 30–31% ungradable which 
is comparable with our study.[21] Central lens opacities have 
been reported as a cause of poor image quality, even in 
high-income countries.[13] Another study conducted in a 
high-income country stated that the retinal field of interest, 
the interphotograph interval, age, and ethnic group of the 
participants are stronger predictors of the quality of non-
mydriatic retinal images, underscoring our finding.[23]

One main disadvantage of hand-held cameras is their difficulty 
in controlling unavoidable movements that affect image 
quality. We noticed that the unrestricted maneuverability made 
them easier to use, especially when a patient has difficulty in 
bending their neck to stabilize on a chin-rest. In our study, the 
interphotograph interval was very low, as there was a steady 
flow of PwDM in a busy medical clinic, which could be another 
reason for a high proportion of poor quality images. In addition, 
there were technical factors that could affect the sharpness of the 
images. e main one was the photographer’s handshake that 
led to blurred images, that is, motion blurring, defocusing, and 
edge diffusion.[24] Most participants in our study presented with 
a pupil size of 2–3 mm, where it led to difficulties in capturing 
images without dilating the pupils. Similar observations 
were made in a study conducted in Andhra  Pradesh, India, 
where they reported a 34% rate of ungradability due to 
small pupils.[25] In our study, we found a higher proportion 
of ungradable images among the pseudophakics. When we 
explored this, we identified that physician graders had captured 
images in manual mode without adjusting for the respective 
refractive indices of the participants, which are adjustable from 
+20D to −20D [Figure  7]. A  review conducted by Cuadros 
and Bresnick concluded that hand-held retinal cameras are 
convenient to use but do not provide sufficient image quality[26] 
highlighting some concerns in promoting hand-held devices in 
DR screening.

Strengths and limitations

We used a real-world consecutive sample of patients at a 
public sector diabetic clinic in this study. One limitation in 
our model is we did not consider external  factors such as 
motion blurring, defocusing and edge diffusion which also 
could lead to poor image quality but has no bearing on patient 
related variables that we assumed. We noted that image 
quality had reduced when capturing retinal images among 
pseudophakics when graders did not adjust the camera 

Figure 7: Fundus image of a pseudophakic patient.
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matching with the refractive indices of the participant. is 
mostly happens when capturing images using manual mode, 
which auto-focusing mode will adjust for refractive indices 
in a range +20D to −20D automatically. e image quality 
assessment by human graders is a subjective assessment that 
can be confounded by various factors such quality of the 
viewing monitor, ambient lighting, and grader-dependent 
factors. In addition, we have not recorded the flash intensity 
of the camera when capturing the images in our study.

CONCLUSION

e proportion of good-quality images captured in a 
digital surveillance system is an important determinant of 
implementing systematic DR screening using digital retinal 
imaging in LMICs. Non-mydriatic methods may not be 
suitable as a DR screening strategy in LMICs with a high 
prevalence of cataracts. Using mydriatic agents reduces 
the failure rates significantly. e evidence generated in 
the local contexts is prime importance, before investing 
in DR screening programs. e capacity to deliver services 
for managing cataracts is also an important determinant 
in achieving effective coverage of digital surveillance. We 
recommend more research on the assessment of digital retinal 
image quality in LMIC settings, informing the development 
of practice guidelines for image quality assessment embedded 
within the national DR screening guidelines.
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