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Purpose: A deep learning system (DLS) using artificial intelligence (AI) is emerging as a very promising 
technology in the future of healthcare diagnostics. While the concept of telehealth is emerging in every field 
of medicine, AI assistance in diagnosis can become a great tool for successful screening in telemedicine 
and teleophthalmology. The aim of our study was to assess the acceptability of AI‑based retina screening. 
Methods: This was a prospective non‑randomized study performed in the outpatient department of a 
tertiary eye care hospital. Patients older than 18 years who came for a regular eye check‑up or a routine 
retina screening were recruited in the study. Fundus images of the posterior pole were captured on fundus 
on a phone camera  (REMIDIOTM, India) with a built‑in AI software  (Netra.AI) that can identify normal 
versus abnormal retina. The patients were then given an 8‑point questionnaire to assess their acceptance 
and willingness toward AI‑based screening. We recruited 104 participants. Results: We found that 90.4% 
were willing for an AI‑based fundus screening; 96.2% were satisfied with AI‑based screening. Patients with 
diabetes (P = 0.03) and the male population (P = 0.029) were more satisfied with the AI‑based screening. 
The majority  (i.e., 97.1%) felt that AI‑based screening gave them a better understanding of their eye 
condition and 37.5% felt that AI‑based retina screening prior to a doctor’s visit can help in routine screening. 
Conclusion: Considering the current COVID-19 pandemic situation across the globe, this study highlights 
the importance of AI‑based telescreening and positive patient approach toward this technology.
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A deep learning system (DLS) using artificial intelligence (AI) 
is emerging as a very promising technology in the future 
of healthcare diagnostics. Currently, it is being extensively 
trained in various medical fields such as ophthalmology,[1,2] 
dermatology,[3] oncology,[4] pathology,[5] and radiology.[6,7] 
While the concept of telehealth is emerging in every field of 
medicine, AI assistance in diagnosis can become a great tool 
for successful screening in telemedicine.

The need for this technology is basically to support the 
healthcare system across the world. Problems with the existing 
healthcare system include lack of specialized health services in 
rural places, economic burden due to regular screening, low 
doctor‑to‑patient ratio in most countries, increased working 
hours for doctors to provide health care services for the 
increasing aging population, and insufficient public health 
expenditure. A DLS would aid doctors by effective screening, 
reducing the burden of screening normal subjects, and reducing 
the overall economic burden on the healthcare system.

From a practical use point, any new technology has to satisfy 
two parameters: a) performance and b) acceptability by the people 
in the society. There is a lot of evidence in the literature about 
the excellent performance of AI in the field of ophthalmology, 

especially to detect diabetic retinopathy  (DR),[8‑11] age‑related 
macular degeneration (AMD),[12,13] and glaucoma.[14,15] However, 
the second question remains unanswered. Whether people 
would be ready to get screened by AI? The aim of our study 
was to assess the acceptability of AI‑based retina screening in 
our patients.

Methods
This was a prospective nonrandomized cohort study performed 
in the outpatient department (OPD) of a tertiary eye care center 
from 2019 to 2020. Institutional scientific and ethical committee 
board approval was obtained, and the study adhered to the 
tenets of the Declaration of Helsinki.

Inclusion criteria was patients older than 18 years who 
attended the general ophthalmology department for a regular 
eye checkup, or referred for retina screening by a general 
ophthalmologist, or patients who visited retina clinic of our 
hospital for the first time, and patients who were able to read 
and understand the English language. Exclusion criteria were 
patients with previous history of treatment for retinal disorders 
and media opacity precluding fundus imaging. Informed 
consent was obtained from all the patients before recruiting.

Cite this article as: Shah P, Mishra D, Shanmugam M, Vighnesh MJ, 
Jayaraj H. Acceptability of artificial intelligence-based retina screening in 
general population. Indian J Ophthalmol 2022;70:1140-4.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Featured Article, Artificial Intelligence, Original Article



April 2022		  1141Shah, et al.: Acceptability of AI in retina screening

After preliminary vision assessment and anterior segment 
evaluation, patients underwent fundus imaging and 
AI‑based retina screening. Fundus images of posterior 
pole (45° field of view) were captured using fundus on phone 
camera (REMIDIOTM, India) with an in‑built AI software (Netra.
AI developed by Lebencare Technologies Pvt Ltd, Singapore) 
that can identify normal versus abnormal retina  (in the 
posterior pole). Patients were shown their fundus images, and 
the results of Netra.AI were demonstrated to them. They were 
then given an 8‑point questionnaire. Patients were later seen 
by a retina specialist, and a detailed evaluation using slit‑lamp 
biomicroscopy and indirect ophthalmoscopy was performed.

Based on the study by Keel et al.,[16] we adopted a similar 
sample size. We recruited 104 patients in our study. The patient 
recruitment flowchart is shown in Fig. 1.

Questionnaire
A preliminary literature review was done to meet the study 
objective. As there were no previous studies performed to 
address the main objective, a new questionnaire was formed. 
Thus, external validation was omitted. The questionnaire 
focussed on three main aspects: to understand patients’ 
awareness about AI, to understand their acceptance and 
attitude, and to understand whether they were willing to 
replace AI with a doctor.

The questionnaire consisted of the following questions:
1.	 Whether the patient underwent prior retina screening
2.	 Patient’s awareness about artificial intelligence
3.	 Awareness of application of AI in the diagnosis of eye 

diseases
4.	 Willingness to be screened by AI‑based algorithm

5.	 Satisfaction with AI‑based retina screening
6.	 Whether AI‑based screening would save their time
7.	 Whether AI would help improve their understanding of the 

disease
8.	 Whether AI‑based retina screening can replace a doctor visit 
for routine screening

In question 5, patients’ satisfaction level with AI‑based retina 
screening was measured on a 5‑point Likert scale ranging from 
1 (“highly unsatisfied”) to 5 (“highly satisfied”). The remaining 
questions were graded based on a binary decision of yes or no.

Statistical analysis
All the data were entered into Microsoft Excel version 16.46 
and analyzed on the same. The mean, median, and range of 
the population age were calculated. The sensitivity, specificity, 
and positive and negative predictive values of AI in identifying 
abnormal retina were calculated. Fisher’s exact test was 
performed to test the correlation between categorical variables 
by using SPSS software.

Results
Of the 104 patients recruited, there were 63 (60.6%) males and 
41 (39.4%) females. The mean age of the participants screened 
was 53.15 ± 16.41 and 59 years, respectively (range: 18–85 years); 
37.5% of the population was below 50 years of age. Of these 
104, 56  (53.8%) patients were diabetics and 45  (43.3%) were 
hypertensive patients.

Out of the 104 patients screened, 30.8% were aware about 
artificial intelligence in general but only 1.9% were aware of 
AI‑based eye screening. Of these, 36.5% of the participants 
had prior retina screening. Out of the total subjects who 
participated, 90.4% of the patients were willing for an AI‑based 
retina screening and 97.1% felt that AI‑based screening gave 
them a better understanding of their eye condition/disease 
as the fundus images and AI annotations gives them a better 
knowledge of their disease condition [Table 1]. Moreover, 99% 
of them felt AI‑based screening, especially if made available in 

Table 1: Results based on response to the questionnaire

Questionnaire Frequency (%)

Did you have prior retina screening (Yes) 38 (36.5%)

Are you aware of artificiaI intelligence (AI) (Yes) 32 (30.8%)

Are you aware of AI application in diagnosing 
eye diseases (Yes)

2 (1.9%)

Are you willing for AI‑based retina 
Screening (Yes)

94 (90.4%)

Are you satisfied with AI‑based retina screening

 Not Satisfied 4 (3.8%)

 Slightly Satisfied 26 (25.0%)

 Satisfied 67 (64.4%)

 Highly Satisfied 7 (6.7%)

Do you think AI‑based screening can save 
patient's time (Yes)

103 (99.0%)

Do you think AI‑based retina screening 
can replace a doctor visit for routine 
screening (Yes)

39 (37.5%)

Did AI‑based screening help you in 
understanding your disease better (Yes)

101 (97.1%)

Figure 1: Flowchart depicting patient recruitment
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outreach centers/optical shops/rural areas, can help save their 
time, especially for those who were traveling several hundreds 
of kilometers to consult retina specialists particularly if it is 
only for screening.

Further, 96.2% of these patients were satisfied with the 
AI‑based screening, with 25% being slightly satisfied, 64.4% 
being satisfied, and 6.7% being highly satisfied. The remaining 
3.8% were not satisfied with AI‑based screening. There were 
no patients who were highly unsatisfied.

When asked whether AI can replace a doctor, 62.5% of the 
study population felt that it still cannot replace a doctor. These 
patients felt that there is a lack of human touch and moral 
support when evaluated by AI alone or that the technology is 
not yet developed to that extent to rely on it completely.

There was a positive association between younger age and 
awareness of AI, Q. No. 2 (Fisher’s exact test‑ P < 0.001), and Q. 
No. 8 “Do you think AI‑based screening can replace a doctor’s 
visit for routine screening?”  (Fisher’s exact test‑ P  =  0.015). 
Gender‑wise, we found a significant association between 
men and women in Q. No. 5 and 8. Men were more satisfied 
with AI‑based screening (P = 0.029) than women and felt that 
AI‑based screening can replace a doctor’s visit for routine 
screening (P = 0.026). Patients with diabetes were more satisfied 
with AI‑based screening than the non‑diabetics (P = 0.03). There 
was no significant difference in responses between patients 
with normal versus abnormal retinal findings.

Of the 104 patients  (208 eyes) screened, 113 eyes had no 
retinal pathology while 95 eyes had abnormal findings in 
the posterior pole on clinical examination. Posterior pole 
analysis by AI revealed 123 eyes as normal and 85 as abnormal 
(with 3 false positives and 13 false negatives). The overall 
sensitivity and specificity of AI to identify abnormal retina was 
86.3% and 96.3%, respectively. The positive predictive value of 
AI to identify abnormal fundus was 96.5%, while the negative 
predictive value was 89.4%. Abnormal peripheral lesions found 
on clinical evaluation were excluded from analysis as AI was 
tested only in posterior pole 45° fundus photographs.

Diseases that were identified in these patients included 
glaucoma (6 patients), diabetic retinopathy (24) [Fig. 2], retinal 
vein occlusion (4), age‑related macular degeneration (4), central 
serous chorioretinopathy  (2), and epiretinal membrane  (4). 
There were two cases of mild nonproliferative diabetic 
retinopathy (NPDR), which were initially classified as no diabetic 
retinopathy (DR) by the clinician but reclassified as mild NPDR 
after the AI results, after reviewing the fundus photographs.

Discussion
Very few studies have so far studied the willingness and 
acceptability of AI‑based screening in healthcare.[16‑18] We 
conducted this study to understand the patient psychology, 
especially in a healthcare system like India where facilities are 
distributed in a highly disproportionate manner, with most 
of them concentrated in urban cities, while 70% of the rural 
population are deprived of tertiary care services.

Figure 2: Lesion identification in a case of diabetic retinopathy by AI platform
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From the questionnaire, it was very interesting to know that 
most of the patients had a positive perception on AI‑based retina 
screening. Our study shows a positive attitude and acceptance 
of AI‑based screening among patients who visit the hospital 
for routine eye screening; 90.4% of patients were willing for 
AI‑based screening. Patients with diabetes and men were more 
satisfied with AI‑based screening. Men and younger participants 
felt that AI‑based retina screening can replace a doctor’s visit 
for routine screening. Of the rest 9.6% patients who were not 
willing for AI‑based screening, the reasons given by them were 
moral support, human touch, and trust in the doctor. Patients 
were satisfied with the idea of being screened by optometrists 
and AI before visiting a retina specialist. They felt that it would 
prepare them mentally and save time and money for traveling.

Keel et al.[16] studied the feasibility and patient acceptability 
of AI‑based DR screening in an endocrinology outpatient 
clinic in Australia. In their study, 96% of participants reported 
that they were satisfied with the AI screening model and 78% 
reported that they preferred the automated model over the 
manual telescreening model. Our study adds the comparison 
of the AI screening model to a hospital‑based screening model. 
Also, the AI that we used can distinguish normal from any 
abnormal fundus, along with the identification of DR and 
glaucoma. Thus, it has a wider utility on a screening basis.

Gao et  al.[17] published a study to explore the public 
perception of AI in medical care through a content analysis 
of social media data. They studied the attitude of the public 
toward AI in medical care and whether people believe that 
medical AI can replace human doctors, through a social media 
platform  (Sina Weibo). They found that 59.4% expressed a 
positive attitude, 34.4% conveyed a neutral attitude, and 6.2% 
expressed a negative attitude. The main reason for the negative 
attitude in their study was the immaturity of AI technology 
was the leading reason for doubt.

Lennartz et al.[18] studied patient perspectives on application 
of AI‑based diagnosis in CT and MRI imaging. They found that 
acceptance of AI was lower for more severe diseases than for 
less severe diseases. In addition, patients were significantly 
more comfortable with the use of AI under the physician’s 
supervision than without such supervision.

Limitations of our study are limited sample size and inclusion 
of only patients who visited the hospital, which may not simulate 
the general population. In addition, with the current imaging 
technique and existing AI models, there is inability to screen 
the periphery with AI. We had 8 patients with peripheral retinal 
degenerations on clinical examination, which was missed by AI 
as only posterior pole images were taken. However, this will not 
be reflected in the general population as this study was done in a 
retina clinic of a tertiary care hospital, where one may find more 
patients with peripheral retinal degenerations than in the general 
population where AI may be deployed.

Considering the paradigm shift in AI and retinal imaging, it 
would be of great benefit to understand the patient’s mindset and 
acceptability toward the newer automated screening techniques 
that we tried to evaluate in our study. With the improving ability 
to capture undilated fundus images with newer cameras, this 
AI integration model can be introduced as kiosk set‑ups in 
various public places for eye screening and even help health 
workers for early identification and referral from the grass‑root 
level. Our study has shown better acceptance and more positive 
attitude from the patients compared to the previous studies.[16‑18] 

Considering the current COVID-19 pandemic across the globe, 
this study highlights the importance of AI‑based telescreening 
and positive patient approach toward this technology.

Conclusion
Along with developing newer AI algorithms that would help 
in screening in telemedicine, it is of great value to understand 
the patient acceptability and willingness toward the approach.
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