
ARTICLE OPEN

Comparison of early diabetic retinopathy staging in
asymptomatic patients between autonomous AI-based
screening and human-graded ultra-widefield colour
fundus images
Aleksandra Sedova1, Dorottya Hajdu1, Felix Datlinger1, Irene Steiner2, Martina Neschi1, Julia Aschauer1, Bianca S. Gerendas 1,
Ursula Schmidt-Erfurth 1 and Andreas Pollreisz1✉

© The Author(s) 2022

LEARNING OBJECTIVES
Upon completion of this activity, participants will:

1. Compare diabetic retinopathy (DR) severity scores of ophthalmologically asymptomatic people with diabetes between
outputs from an artificial intelligence (AI)-based system and human-graded ultra-widefield (UWF) color fundus imaging,
according to a clinical study.

2. Compare manual 7F-mask gradings vs UWF full-field gradings and describe the correlation with patient characteristics,
according to a clinical study.

3. Describe clinical implications of the comparison between the DR severity scores of ophthalmologically asymptomatic people
with diabetes outputs using outputs from an AI-based system and human-graded UWF color fundus imaging, according to a
clinical study.

ACCREDITATION STATEMENTS
In support of improving patient care, this activity has been planned and implemented by Medscape, LLC and Springer Nature.
Medscape, LLC is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation
Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for
the healthcare team.
Medscape, LLC designates this Journal-based CME activity for a maximum of 1.0 AMA PRA Category 1 Credit(s)™. Physicians should
claim only the credit commensurate with the extent of their participation in the activity.
Successful completion of this CME activity, which includes participation in the evaluation component, enables the participant to
earn up to 1.0 MOC points in the American Board of Internal Medicine’s (ABIM) Maintenance of Certification (MOC) program.
Participants will earn MOC points equivalent to the amount of CME credits claimed for the activity. It is the CME activity provider’s
responsibility to submit participant completion information to ACCME for the purpose of granting ABIM MOC credit.
All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal CME activity: (1)
review the learning objectives and author disclosures; (2) study the education content; (3) take the post-test with a 75% minimum
passing score and complete the evaluation at www.medscape.org/journal/eye; (4) view/print certificate.

CREDIT HOURS
1.0

Release date:
Expiration date:
Post-test link: https://www.medscape.org/eye/posttest964708

AUTHORS/EDITORS DISCLOSURE INFORMATION
S.S. has disclosed the following relevant financial relationships: Served as consultant or advisor for Allergan, Inc.; Bayer HealthCare
Pharmaceuticals; Boehringer Ingelheim Pharmaceuticals, Inc.; Heidelberg Pharma GmbH; Novartis Pharmaceuticals Corporation;

Received: 3 August 2021 Revised: 2 November 2021 Accepted: 16 December 2021
Published online: 7 February 2022

1Department of Ophthalmology and Optometry, Medical University of Vienna, Vienna, Austria. 2Center for Medical Statistics, Informatics and Intelligent Systems, Section for
Medical Statistics, Medical University of Vienna, Vienna, Austria. ✉email: andreas.pollreisz@meduniwien.ac.at

www.nature.com/eye

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01912-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01912-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01912-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01912-4&domain=pdf
http://orcid.org/0000-0001-8940-8130
http://orcid.org/0000-0001-8940-8130
http://orcid.org/0000-0001-8940-8130
http://orcid.org/0000-0001-8940-8130
http://orcid.org/0000-0001-8940-8130
http://orcid.org/0000-0002-7788-7311
http://orcid.org/0000-0002-7788-7311
http://orcid.org/0000-0002-7788-7311
http://orcid.org/0000-0002-7788-7311
http://orcid.org/0000-0002-7788-7311
http://www.medscape.org/journal/eye
https://www.medscape.org/eye/posttest964708
mailto:andreas.pollreisz@meduniwien.ac.at
www.nature.com/eye


Optos; Roche; Served as a speaker or a member of a speakers bureau for Allergan, Inc.; Bayer HealthCare Pharmaceuticals;
Boehringer Ingelheim Pharmaceuticals, Inc.; Novartis Pharmaceuticals Corporation; Optos; Roche; Received research funding from
Bayer HealthCare Pharmaceuticals; Boehringer Ingelheim Pharmaceuticals, Inc.; Novartis Pharmaceuticals Corporation; Optos; Is
employed by or has an executive role as Data Monitoring Chair for Phase 2 study sponsored by Bayer HealthCare Pharmaceuticals;
Scientific Committee Member of EyeBio Steering Committee for FOCUS sponsored by Novo Nordisk. Other: Trustee member for
Macular Society Scientific/Research Advisory Committee Member for Sight UK, Retina UK, Macular Society.

JOURNAL CME AUTHOR DISCLOSURE INFORMATION
Laurie Barclay has disclosed no relevant financial relationships.

INTRODUCTION: Comparison of diabetic retinopathy (DR) severity between autonomous Artificial Intelligence (AI)-based outputs
from an FDA-approved screening system and human retina specialists’ gradings from ultra-widefield (UWF) colour images.
METHODS: Asymptomatic diabetics without a previous diagnosis of DR were included in this prospective observational pilot study.
Patients were imaged with autonomous AI (IDx-DR, Digital Diagnostics). For each eye, two 45° colour fundus images were analysed
by a secure server-based AI algorithm. UWF colour fundus imaging was performed using Optomap (Daytona, Optos). The
International Clinical DR severity score was assessed both on a 7-field area projection (7F-mask) according to the early treatment
diabetic retinopathy study (ETDRS) and on the total gradable area (UWF full-field) up to the far periphery on UWF images.
RESULTS: Of 54 patients included (n= 107 eyes), 32 were type 2 diabetics (11 females). Mean BCVA was 0.99 ± 0.25. Autonomous
AI diagnosed 16 patients as negative, 28 for moderate DR and 10 for having a vision-threatening disease (severe DR, proliferative
DR, diabetic macular oedema). Based on the 7F-mask grading with the eye with the worse grading defining the DR stage 23
patients were negative for DR, 11 showed mild, 19 moderate and 1 severe DR. When UWF full-field was analysed, 20 patients were
negative for DR, while the number of mild, moderate and severe DR patients were 12, 21, and 1, respectively.
CONCLUSIONS: The autonomous AI-based DR examination demonstrates sufficient accuracy in diagnosing asymptomatic non-
proliferative diabetic patients with referable DR even compared to UWF imaging evaluated by human experts offering a suitable
method for DR screening.

Eye (2022) 36:510–516; https://doi.org/10.1038/s41433-021-01912-4

INTRODUCTION
Diabetic retinopathy (DR) is a vision-threatening disease affecting
approximately one-third of individuals diagnosed with diabetes
mellitus [1]. It has been predicted that by the year 2030 there will be
439 million adults affected worldwide, rising to an estimated 629
million by 2045 [2, 3]. The number of patients with vision-
threatening DR is expected to increase dramatically over the next
years [4]. Scientific and clinical evidence proved that early diagnosis
and well-timed treatment are crucial in preventing visual loss in
these patients [5].
Over the last decades, advances in machine learning and deep

learning have made it possible to automatically identify various
ophthalmological diseases from colour fundus images such as DR,
age-related macular degeneration, or glaucoma [6–9].
Multiple automated algorithms for DR detection from retinal

colour photographs have been developed [7, 10–12]. IDx-DR was
the first autonomous artificial intelligence (AI)-based diagnostic
system approved by the U.S. Food and Drug Administration (FDA).
It consists of a robotic fundus camera and two types of algorithms,
namely for image quality assessment as well as immediate
diagnosis of the DR stage in case of sufficient image quality from
four colour fundus images. IDx-DR provides one output per
patient including both eyes. In a preregistered trial, IDx-DR was
validated against the ETDRS protocol prognostic standard, and
showed 87.2% sensitivity and 90.7% specificity for identifying
ETDRS 35 and above, or any form of macular oedema, which
includes moderate and vision-threatening DR that require
consultation of an ophthalmologist [13, 14].
To date there are several different classification systems for DR.

The Airlie House Classification, which was modified for the Early
Treatment Diabetic Retinopathy Study (ETDRS), remains the gold
standard for diagnosis of DR in a research setting as it correlates

with the risk of DR progression [15, 16]. Stereoscopic images with
a field of 30° of the standard 7-fields are evaluated and graded in
13 severity levels, ranging from 10 (no diabetic retinopathy) to 85
(e.g. severe retinopathy with retinal detachment at macula) [16]. In
order to simplify DR classification for clinical use, the International
Clinical Disease (ICDR) Severity Scale was introduced according to
the findings of ETDRS and the Wisconsin Epidemiologic Study of
Diabetic Retinopathy (WESDR). Five stages of DR were described
as following—‘no apparent retinopathy,’ ’mild non-proliferative
retinopathy (NPDR),’ ‘moderate NPDR,’ ‘severe NPDR,’ ‘proliferative
diabetic retinopathy (PDR).’ Additionally, clinically significant and
centre-involved diabetic macular oedema (DMO) can occur in any
stage of DR [17].
With modern imaging modalities such as widefield (WF)

imaging and ultra-widefield (UWF) imaging of the retina, it is
now possible to obtain valuable information from peripheral
retinal areas that could otherwise be missed with conventional
imaging [18]. It has been demonstrated that diabetic retinal
lesions are present in areas outside the standardised 7 ETDRS
fields in about 40% of diabetic eyes, resulting in more severe DR
levels in 10% of eyes [19, 20]. However, the prognostic impact of
these peripheral lesions, if any, is subject to study.
WF images are defined to depict the retina in all 4 quadrants

up to and including the region of the vortex vein ampullae,
while UWF images extend the field of view beyond their anterior
edge [21]. Current laser-based retinal imaging systems allow the
capture of WF or UWF images either by image montages or a
single-shot, visualising a field of view of up to 200°, which
corresponds to about 82% of the total retinal area [21, 22]. A
new DR staging system is under development, and UWF
and other new modalities are being considered for being part
of it [23].
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In this study, we aimed to compare DR severity scores of
ophthalmologically asymptomatic people with diabetes between
outputs from an autonomous AI-based system (IDx-DR, Digital
Diagnostics) and human-graded UWF colour images including the
overlay of an ETDRS 7-field area.

METHODS
Subjects
The present prospective observational pilot study was performed in
adherence to the Declaration of Helsinki including current revisions and
the Good Clinical Practice guidelines. Informed written consent had
been acquired prior to the inclusion in this study and the approval of the
Ethics Committee of the Medical University of Vienna (MUV) was
received. Individuals diagnosed with diabetes mellitus (type 1 and 2)
without any subjective visual complaints, no known previous diagnosis
of DR, no confounding eye diseases, and no known laser photocoagula-
tion prior to the study, were recruited at the Department of
Ophthalmology (MUV).

Image acquisition and autonomous diagnosis with the IDx-DR
system
Patients were diagnosed with IDx-DR V2.2 at MUV by a trained operator. Of
each eye, two 45° colour fundus images from the centre of the macula and the
optic disc were captured using the Topcon TRC-NW400 non-mydriatic fundus
camera (Topcon Medical Systems, Inc.), and automatically checked by the
Image Quality Assessment tool (Fig. 1A). The Diagnostic Algorithm evaluated
the presence of DR with three possible outputs: no/mild DR (labelled as
negative), moderate, and vision-threatening DR (including severe DR,
proliferative DR and DMO in any DR stage). For all four images of the same
patient one output is provided by IDx-DR, which constitutes the higher DR
stage of both eyes.

Subject examination
Detailed ophthalmological examination was performed after autonomous
AI imaging at the Department of Ophthalmology and Optometry at the
MUV including best-corrected visual acuity (BCVA) with Snellen charts,
UWF colour fundus imaging with Optomap (Daytona, Optos), spectral-
domain optical coherence tomography (SD-OCT) imaging (Heidelberg
Engineering, Germany) and a fundus examination with a slit-lamp
microscopy to exclude any other retinal abnormalities than DR. Subjects
presenting with centre-involved DMO as defined by DRCR Retina Network
as retinal thickness in the ETDRS central subfield of 250 μm or greater on
OCT, as well as non-centre-involved DMO in the inner and outer ETDRS
rings were excluded [24].
Age, gender, history of stroke, myocardial infarction, the presence of

arterial hypertension, hyperlipidaemia, current haemoglobin A1C (HbA1c)
levels, insulin intake, and concomitant glaucoma were recorded from a
patient questionnaire.

Image acquisition and analysis with Optomap
UWF colour fundus images were captured with Optomap (Daytona, Optos).
A 7-field ETDRS area (7F-mask) was overlaid in the Optos Advance software
(version 4.231.94248) (Fig. 1B). The 7F-mask areas were graded by two
retina specialists (AS and DH) according to a protocol similar to the ETDRS
Scale of Diabetic Retinopathy Severity Scale to assess DR levels using a 21-
inch display with a 1080p resolution. These levels were matched with the
corresponding ICDR Severity Scale, which is the basis for the autonomous
AI outputs. The area outside of the ETDRS 7-fields was also evaluated and
ICDR levels were assessed in the total gradable area (UWF full-field)
extending to the far periphery (Fig. 1C).
ICDR grading is defined as follows. In case only microaneurysms are

present, the disease severity level is mild DR. If more than only
microaneurysms, including a single haemorrhage, can be observed, the
level is moderate DR. Severe DR is diagnosed if any of the following
conditions are true: extensive intraretinal haemorrhages in each of 4
quadrants, definite venous beading in more than 2 quadrants, prominent
intraretinal microvascular anomalies (IRMA) in one or more quadrant and
no signs of proliferative DR.
Manual grading of the DR stage on colour fundus images obtained by

the Optomap system was either indicated per eye or to be in line with the
approach used by the AI system per patient.

Statistical analysis
Statistical calculations were performed using R 3.6.2. Quantitative variables
are summarised mean±standard deviation (SD). For qualitative variables
absolute and relative frequency (%) are reported. Prevalence of negative/
mild and moderate/severe DR were determined by autonomous AI, which
has been previously validated against full ETDRS and DRCR prognostic
standards as well as by UWF grading [13].
Agreements between the grading of 7F-mask and autonomous AI outputs,

between UWF full-field and autonomous AI outputs, respectively, were
analysed with κ (R-package vcd, R-function Kappa). Estimates for sensitivity,
specificity, positive and negative predictive value with 95% Clopper-Pearson
confidence limits were reported, whereby 7F-mask or UWF full-field was
taken as a gold standard.
The gradings were dichotomised in negative/mild and moderate/severe.

If the measurements differed between eyes, the worse eye of each patient
was determined. Hence, only one eye per patient was considered in the
statistical analyses.
The agreement between the gradings (taken as an ordinal variable) of

7F-mask and UWF full-field was analysed by contingency table and
weighted κ, including both eyes of each patient. To determine the 95%
confidence limit of κ, the confidence limits were calculated for the left and
right eye separately. The lower 95% confidence limit of the κ was then
determined as the minimum of the lower 95% limit of left and right eye
and the upper limit as the maximum of the 95% upper limit of left and
right eye, respectively.
The correlation between autonomous AI outputs and 7F-mask gradings,

respectively, and BCVA, diabetes duration and type, gender, HbA1c,
history of myocardial infarction and stroke, arterial hypertension,
hyperlipidaemia, glaucoma, and insulin intake, respectively, were analysed
with Spearman’s correlation with 95% confidence limits and two-sided p-
values (H0: rho = 0).
Autonomous AI output and 7F-mask gradings were taken as ordinal

variables. One eye per patient (the eye with the higher 7F-mask grading)
was included in the analyses. If 7F-mask gradings were equal for both eyes,
the mean BCVA of the patient was analysed. The significance level was set
to 0.05. The interpretation of the p-values is descriptive.

RESULTS
This study included 107 eyes of 54 patients (33 male, 21 female) with
a mean age of 55 ± 15.5 years (range: 19–80 years). Out of these
patients, 32 had type 2 diabetes (11 females) with a mean HbA1c of
7.5 ± 1.9% and 20 had type 1 diabetes (8 females) with a mean HbA1c
of 7.9 ± 1.6%, in two patients the diabetes type was unknown. Table 1
summarises patient characteristics.
The autonomous AI-based system diagnosed 16 patients (29.6%)

with no or mild DR, 28 patients (51.9%) with moderate DR, and 10
patients (18.5%) with vision-threatening DR. One UWF image of 1
eye was excluded due to insufficient image quality. 7F-mask grading
diagnosed 23 patients (42.6%) with no DR, 11 (20.4%) with mild, 19
(35.2%) with moderate, and 1 (1.9%) with severe DR. UWF full-field
(entire imageable retina) diagnosed 20 patients (37.0%) presented
with no DR, and 12 (22.2%) with mild, 21 (38.9%) with moderate and
1 (1.9%) with severe DR.

Comparison of automated outputs vs. manual gradings per
patient
Grouping the manually graded DR readouts according to the
autonomous AI outputs of no/mild DR, moderate DR, and vision-
threatening DR, which corresponds to severe DR, and comparing
these results to the autonomous AI output revealed the following. In
66.6% of cases, autonomous AI and 7F-mask gradings matched
(Table 2, κ [95% CI]: 0.4 [0.21; 0.58]), while autonomous AI and UWF
full-field corresponded in 66.7% of cases (Table 3, κ [95% CI]: 0.38
[0.18; 0.58]). In one case autonomous AI output matched 7F-mask
grading as no/mild DR, whereas UWF full-field grading showed
moderate DR, as a result of haemorrhages present in the peripheral
fields, outside the 2 fields available to the AI, and the 7-fields
available to 7F-mask grading. Correspondingly, the autonomous AI
sensitivity/specificity against the 7F-mask grading was 100% (95%
CI: 83–100)/47% (95% CI: 30-65), and against UWF full-field grading
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95% (95% CI: 77–100)/47% (95% CI: 29–65). The positive/negative
predictive value of AI against the 7F-mask grading was 53% (95% CI:
36–69)/100% (95% CI: 79–100), and against UWF full-field grading
55% (95% CI: 38–71)/94% (95% CI: 70–100).

Comparison of right and left eyes
The per eye analysis of 7F-mask gradings revealed that 55 eyes
(50.9%) were graded as negative for DR, 22 (20.4%) showed mild, 29
(26.9%) moderate, and 1 (0.9%) severe DR. When UWF full-field was
analysed, 48 eyes (44.4%) were negative for DR, 24 eyes (22.2%)
showed mild, 34 eyes (31.5%) moderate, and 1 eye (0.9%) severe DR.
Based on the 7F-mask grading of colour fundus images, there

were 17 patients (31.5%) with different DR stages between left
and right eyes. When comparing the worse DR grade of both eyes
to the AI output in the categories no/mild DR, moderate DR, or
vision-threatening DR (severe DR), there was an agreement in 12
out of the 17 patients (70.6%, κ [95% CI]: 0.21 [−0.15; 0.56])

(Table 4A). In other cases, autonomous AI differed from 7F-mask
human grading by showing higher DR severity.
Based on UWF full-field gradings, there were 14 patients (25.9%)

with different DR stages between left and right eyes. Again, when
comparing the worse DR stage to the autonomous AI output in the
categories no/mild DR, moderate DR, or vision-threatening DR
(severe DR), an agreement between autonomous AI outputs and
manual gradings could be found in 11 patients (78.6%, κ [95% CI]:
0.32 [-0.18; 0.82]) (Table 4B). In other cases, autonomous AI differed
from UWF human grading by showing a higher DR severity.

Comparison of manual 7F-mask gradings vs. ultra-widefield
full-field gradings
Comparison of 7F-mask grading with classification based on
ETDRS criteria on UWF full-field images showed very good
agreement (weighted κ [95% CI]: 0.88 [0.76; 0.99], n= 107 eyes
of 54 patients). In total, 12 eyes (11.1%) were classified with a

Fig. 1 Comparison of different field of views obtained by Topcon and Optomap fundus imaging systems. a Two 45° fundus images
(Topcon TRC-NW400 non-mydriatic fundus camera) of the right eye of a male patient (60 years) with moderate DR centred on the macula and
on the optic disc. b UWF image (Optos, Daytona) of the same patient with masked periphery and only 7F-mask area and the area of the
autonomous AI analysis (green circles) are visible. c UWF image of the same patient with full-field area outlined in white.
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more severe DR grade when UWF full-field was included in the
analysis. The estimate of the severity of DR increased by 1 grade,
meaning from no to mild DR in 7 eyes (6.4%) as a result of
microaneurysms present in the peripheral fields on UWF
grading, outside the 7 ETDRS fields and from mild to moderate
DR in 5 eyes (4.6%) due to the presence of peripheral
haemorrhages. The 7F-mask grading sensitivity/specificity

against UWF was 91% (95% CI: 71–99)/100% (95% CI: 89–100),
and the positive predictive value/negative predictive value was
100% (95% CI: 83–100)/94% (95% CI: 80–99).

Correlation with patient characteristics
We found weak correlations between BCVA, diabetes duration and
type, gender, history of myocardial infarction and stroke, insulin
intake, arterial hypertension, hyperlipidaemia, glaucoma, and auton-
omous AI grading (Spearman’s correlation ranging from −0.15 to
0.27) and 7F-mask grading (Spearman’s correlation ranging from
−0.22 to 0.20) and moderate positive correlations between HbA1c
and autonomous AI (rs [95% CI]: 0.41 [0.15; 0.62], p= 0.003, n= 49)
and between HbA1c and 7F-mask grading (rs [95% CI]: 0.51 [0.27;
0.70], p= 0.0002, n= 49).

DISCUSSION
We compared DR stages from ophthalmologically asymptomatic
diabetes patients by outputs from an autonomous AI-based system
(IDx-DR) and human grading of colour fundus images up to the far
periphery of the retina. In 66.6% (n= 36) of patients, the gradings of
autonomous AI matched those of 7F-mask grading and no case
showed a more severe disease stage in the 7F-mask grading. When
UWF full-field was analysed, only 1 out of 54 patients demonstrated
a more severe DR stage, compared to the output of autonomous AI
(moderate manual grading and no/mild autonomous AI output). In
this case, one haemorrhage could be seen in the periphery.
Early detection and treatment of referable DR is of utmost

importance to prevent vision loss in diabetic patients. The
introduction of autonomous screening systems based on deep
learning methods enables examining large numbers of patients
even in remote areas lacking easy access to ophthalmologists [25].
Readouts of the IDx-DRs are based on the evaluation of two 45°

fundus images per eye, of which one is macula-centred and the
other fovea-centred with minimal overlap between the 2 images
with one output per patient. These two images represent less than
half of the area depicted by the standard 7-field ETDRS area.

Table 4. A. Patients with different DR stages between eyes diagnosed
with 7F-mask area grading on UWF images. B. Patients with different
DR stages between eyes were diagnosed with UWF full-field grading.

(A) Patients, no. 7F-mask area grading on
UWF images

Autonomous
AI output

Eye A Eye B

4 Moderate DR Mild DR Moderate DR

3 No DR Moderate DR Moderate DR

1 Moderate DR Severe DR Vision-
threatening DR

1 No DR Mild DR negative

5 No DR Mild DR Moderate DR

3 Moderate DR Mild DR Vision-
threatening DR

(B) Patients, no. UWF images grading IDx-DR output

Eye A Eye B

4 Moderate DR Mild DR Moderate DR

4 No DR Moderate DR Moderate DR

1 Moderate DR Severe DR Vision-
threatening DR

1 No DR Mild DR negative

3 No DR Mild DR Moderate DR

1 Moderate DR Mild DR Vision-
threatening DR

Table 2. Comparison of autonomous AI outputs with 7F-mask area
grading on UWF images with DR stage of the patient defined by the
eye with the worse DR stage.

Autonomous AI output, no. patients (%)

No DR/
mild DR

Moderate/vision-
threatening (severe DR)

7F-mask area grading on UWF images, no. patients (%)

No DR/mild DR 16 (29.6%) 18 (33.3%)

Moderate DR/
severe DR

0 20 (37.0%)

Table 3. Comparison of autonomous AI output with UWF full-field
grading with DR stage of the patient defined by the eye with the
worse DR stage.

Autonomous AI output, no. patients (%)

No DR/
mild DR

Moderate/vision-
threatening (severe DR)

UWF full-field grading, no. patients (%)

No DR/mild DR 15 (27.8%) 17 (31.5%)

Moderate DR/
severe DR

1 (1.9%) 21 (38.9%)
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Furthermore, training of staff for handling the fundus camera
requires a minimal expenditure of time with no more than 4 h
instruction needed for the personnel on-site [13]. IDx-DR was applied
in a real-life setting in a Dutch population of 1410 patients with a
reported sensitivity of 68% and specificity of 86% compared to the
ICDR grading [26]. Abramoff et al. showed in a preregistered clinical
trial with 900 diabetic patients that the overall sensitivity for
detecting more than mild DR by IDx-DR was 87.2% with a specificity
of 90.7% compared to images corresponding to a 7-field ETDRS area
as well as macular OCT analysed by a professional reading centre
[13]. This study was the basis for IDx-DR de novo FDA authorisation
as the first autonomous-AI diagnostic system. A recent study
conducted by Shah et al. in a Spanish population of 2680 subjects
revealed 100% sensitivity and 82% specificity for IDx-DR for detecting
referable DR and 100% sensitivity and 95% specificity for detecting
vision-threatening DR compared to manual gradings [27].
Because IDx-DR is validated for identifying more than mild DR in

the U.S., we were able to compare human gradings of no/mild DR or
moderate/severe DR with the equivalent autonomous AI gradings of
no/mild DR or moderate/vision-threatening DR. In 66.6% (n= 36) of
cases, the autonomous AI outputs matched 7F-mask gradings. The
remaining 33.4% (n= 18) of the patients were graded as having
either moderate or vision-threatening DR with autonomous AI, while
they were diagnosed with either no or mild DR by retina specialists.
There are several potential confounding factors contributing to this
difference in diagnosis: media opacifications, vitreous floaters or
other artifacts that could be projected on the image of the retina,
potentially obscuring it. Because vision-threatening DR includes
severe DR, proliferative DR or macula oedema in any DR stage, it is
possible that any presence of intraretinal cysts or hard exudates
affects autonomous AI grading, leading to vision-threatening output.
Patients presenting with centre and/or non-centre-involved DMO on
SD-OCT (definition: methods) were excluded.
For grading, IDx-DR makes a decision based on the higher DR

stage of both eyes seen on the four images of the patient. For
example, no/mild DR in the left eye and moderate DR in the right
eye is graded by autonomous AI as moderate DR, which would
imply a consultation with an ophthalmologist.
A further study that analysed retinal images of diabetic patients

(5084 cases) from eyePACS database with AI software (Eye Art)
showed 90% sensitivity and 63% specificity diagnosing referable
DR (moderate DR or worse or presence of DMO or ungradable
image, respectively) compared to human graders [28]. Rajalakshmi
et al. investigated fundus images of 296 diabetic patients acquired
with a smartphone-based device, which were graded with AI
screening software (Eye Art) and compared to ophthalmologist´s
gradings and reported 95.8% sensitivity and 80.2% specificity for
detecting any DR [29]. Ting et al. evaluated 76370 retinal images
by a deep learning system for identifying referable and vision-
threatening DR and showed high sensitivity (90.5% for referable
DR, 100% for vision-threatening DR) and specificity (91.6% for
referable DR, 91.1% for vision-threatening DR) in their study
research setting (no clinical recruitment) [6].
It has been demonstrated in previous studies that pathologic

changes in DR occur in peripheral fields outside of the 7-field ETDRS
area [30, 31]. Recently, advances in retinal imaging technologies
have allowed peripheral retinal imaging to become routinely
available [18, 32].
In a number of studies standard, ETDRS 7-field grading was

compared with UWF colour fundus images for the diagnosis of DR
[33–35]. It has been demonstrated that both imaging modalities
can be used successfully for DR grading [34, 35]. However, DR
changes outside ETDRS 7-fields result in more severe DR levels in 9
to 15% of the eyes examined. [20, 36–38] After assessing the DR
severity of 206 eyes, Silva et al. showed a more severe DR level in
10% of eyes due to the presence of microaneurysms, haemor-
rhages, IRMA and new vessels elsewhere outside of the 7-field
ETDRS area [20]. In another study evaluating 502 eyes with DR

Silva et al. showed that 9% of eyes were classified with a more
severe DR stage on UWF images compared to ETDRS 7-fields [37].
Comparison of a 7-field ETDRS with UWF grading by Aiello et al.
revealed a DR level worsening in 11% of eyes [36]. Assessment of
Optomap UWF images (n= 266) with a projected 7-field area by
Price et al. showed 15% of eyes with a more severe DR stage [38].
These results correspond with our results of 11.1% of eyes
showing a more severe DR level when UWF full-field was analysed
manually compared to the manual grading of the 7F-mask area.
Silva et al. suggested that the presence and increasing number

of DR lesions located mostly outside of 7-field ETDRS area
positively correlate with DR worsening over 4 years [19].
There are several limitations to this study. First, the grading was

performed using UWF colour fundus images and not stereoscopic
images, which are considered to be the gold standard for DR
diagnosis. This fact makes it nearly impossible to identify the
presence of DMO. However, patients with DMO on OCT were
excluded from this study. Potentially, the AI might have identified
cases of DMO not identified on 7-field or UWF non-stereo. Second,
the current sample size is limited to 107 eyes of 54 patients. Third,
included patients were recruited from a tertiary referral centre,
which makes our patient sample not representative of the general
population and explains the high number of positive cases.
In conclusion, an FDA-authorised autonomous-AI diagnostic

system demonstrated sufficient diagnostic accuracy for diagnos-
ing early DR in asymptomatic non-proliferative diabetic patients
compared to human expert gradings of the 7F-mask area on UWF
colour images, making it suitable for DR screening and diagnosis
in diabetes primary care settings or telemedicine programmes.

SUMMARY

What was known before

● Diabetic lesions are present in areas outside the standardised 7
ETDRS fields, resulting in more severe DR levels in 10% of eyes.

● New diabetic retinopathy classification is under development
and UWF imaging considered being a part of it.

What this study adds

● First study comparing diabetic retinopathy grading between
autonomous AI system and human-graded ultra-widefield
colour fundus images.

● Even in comparison with UWF imaging the autonomous AI-
based DR examination demonstrates sufficient accuracy in
diagnosing asymptomatic non-proliferative diabetic patients
with referable DR.
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