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ABSTRACT

Background. In the Philippines, Artificial Intelligence (Al) systems used for diabetic retinopathy (DR) screening are
still an emerging technology. There are several Al and Deep Learning Systems (DLS) developed and licensed abroad
that are currently undergoing FDA approval in the Philippines. The challenge is to validate these systems on Filipino
diabetic cohorts within the uncontrolled environment of a community-based setting before it could be adapted and
integrated into routine DR screening programs locally.

Objective. This study aimed to determine the performance of an Al system as a population-based mass screening
tool to detect referable cases of DR.

Methods. This study was designed as a retrospective diagnostic accuracy validation study using fundus images
obtained from a community-based screening program by the llocos Training & Regional Medical Center Eye Mobile
Team in the province of La Union. The diagnostic accuracy of the iCare Illume System (Thirona RetCAD + iCare DRS
plus) in detecting any stage DR (ADR) and referable DR (RDR) was validated against a reference standard of two-field
fundus photographs read by expert human graders (retina specialists). The diagnostic performance was evaluated
using various metrics, including Accuracy, Sensitivity (SN), Specificity (SP), Negative Predictive Value (NPV), Positive
Predictive Value (PPV), Negative Likelihood Ratio (LR-), and Positive Likelihood Ratios (LR+).

Results. A total of 284 eyes (142 diabetic patients, 717
images) were included in the study. Human expert graders
classified 187 eyes (65.85%) as no apparent DR while 77
eyes (27.11%) as ADR. 63 eyes (22.18%) were considered
RDR. The iCare lllume Al system achieved an accuracy of
83.21 % and 92.37% for ADR and RDR, respectively. The
SN, SP, NPV, PPV, LR-, and LR+ for ADR were 92.11%,
@ OO 79.57%, 96.1%, 64.81%, 0.10, and 4.50, respectively. The
SN, SP, NPV, PPV, LR-, and LR+ for RDR were 79.03%,

96.50%, 93.69%, 87.50%, 0.22, and 22.58, respectively.
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its potential as a valuable tool for diabetic retinopathy
screening in the Philippines. Future research should
focus on refining local Al validation protocols, optimizing
data sets of commercially available Al systems, assessing
the impact on patient outcomes and disease burden,
and evaluating cost-effectiveness.

Keywords: diabetic retinopathy, artificial intelligence, Icare
Illume system, Mulat Mata DR Screening Program

INTRODUCTION

Diabetes Mellitus (DM) is estimated to affect 629
million people worldwide by 2045. In the Philippines, 4.3
million (7.1%) of Filipino adults have diabetes, and this
number is expected to increase to 7.5 million (8.2%) by 2045.
Diabetic Retinopathy (DR), a microvascular complication
of Diabetes Mellitus, poses a significant threat to vision
and is considered an important public health concern in
the Philippines. It is one of the leading causes of visual
impairment and blindness in the country.?

Traditionally, eyes are screened for DR using various
methods, commonly by indirect ophthalmoscopy or by fundus
photography with or without pupil dilation. Stereoscopic
color fundus photography of seven standard fields has been
the basis for the development of the International Clinical
Diabetic Retinopathy Severity Scale (DRSS) (Appendix A),
which is the classification system most widely used today.?
However, this method is time-consuming, cumbersome, and
uncomfortable for patients. Modified two-field and three-
field fundus photography were developed and are now more
commonly used for general screening, as they represent
a reasonable compromise between diagnostic accuracy,
efficiency, and comfort.*

The development of DR and its complications follows a
predictable pattern and sequential stages. Regular screening
at predetermined intervals enables early detection and
management, thereby preventing its chronic and often
irreversible visual sequelae. Systematic eye screening
programs have been implemented in Iceland, the United
Kingdom, Singapore, and the United States, with the end
goal of reducing the overall incidence and burden of the
disease.” Despite achieving promising outcomes, these
programs continue to incur substantial costs and necessitate
a dedicated workforce supported by diabetes and specialized
eye care services. Moreover, the success of these programs
hinges on the comprehensive networking support provided
by the government.

For decades, individual screening for DR has been
conducted according to a rigid and repetitive schedule
needing multiple examinations throughout the patient’s
life. However, the escalating prevalence of DR has become
disproportionately high compared to the available number
of screening ophthalmologists. Consequently, the burden of
managing this condition is substantial, and not all patients

receive the optimal care they require. It is estimated that
30-50% of patients with diabetes in Southeast Asia remain
unscreened.®

This immense task of DR screening has sparked an
interest in using Artificial Intelligence (AI) and Deep
Learning Systems (DLS) as potential solutions to manage
the existing and escalating backlog. Landmark work by
Gulshan et al. demonstrated the feasibility of using deep
learning algorithms to detect diabetic retinopathy from
retinal fundus photos.” There is a large body of evidence
demonstrating the high accuracy and reliability of various
Al technologies integrated into screening programs.® These
advancements have improved patient access to screening
while simultaneously reducing the burden of disease and
associated costs.

Amidst the competitive landscape of Al system devel-
opment, the UK National Institute for Clinical Excellence
(NICE) recommends that diagnostic screening tests for
DR should exhibit a sensitivity of at least 80%, specificity of
at least 95%, and a technical failure rate of <5% to ensure
acceptable performance.” Nevertheless, several important
technical issues arise that limit its full adaptation into
current and mainstream screening practices.’® One of these
challenges is generalizability, as Al platforms are based on big
data that is generated from specific populations that might
not be applicable to other subpopulations.

In the Philippines, Al systems used for DR screening
are still an emerging technology. There are several Al and
DLS developed and licensed abroad that are locally available,
although none are currently FDA-approved.” 'The challenge
is to validate these systems on Filipino diabetic cohorts
within the uncontrolled environment of a community-based
setting before they can be adapted and integrated into routine
DR screening programs.

The “Mulat Mata” (open eyes) DR Screening program
of the Vitreoretina Society of the Philippines (VRSP) is
an ongoing community screening initiative conducted in
the Province of La Union (PLU). This collaborative project
involves the VRSP, the Department of Health (DOH),
the Local Government Units of La Union, and the Ilocos
Training & Regional Medical Center (ITRMC). 'The
objective of the program was to conduct point-of-care
community screenings targeting 70% of diabetics within the
PLU. Since its inception, the program has screened numerous
diabetics. However, the recent introduction and arrival of
Al-assisted retinal cameras have significantly enhanced the
program’s efficiency in terms of enabling it to accommodate
a greater patient capacity per screening day, improve patient
comfort, reduce overhead costs, and minimize manpower
requirements.

This Al system, however, has not been validated in our
cohort of Filipino diabetics, hence the need for this study.
'The potential breakthrough it may generate has the potential
to revolutionize the way large-scale screenings for DR are
conducted in the Philippines.
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METHODS

This study assessed the diagnostic performance of
a locally available Al-enabled camera system, the iCare
Illume (Thirona RetCad algorithm integrated with the iCare
DRSplus), during point-of-care community DR screenings
in a Filipino diabetic cohort.

Specifically, the study investigated whether the iCare
Illume achieved comparable diagnostic accuracy and validity
when compared to a reference standard two-field 45°
fundus color photography assessed by expert human graders.
Diagnostic acceptability was evaluated using National
Institute for Health and Care Excellence (UK NICE)
guidelines for DR screening performance.

The primary outcome measures included Accuracy,
Sensitivity, Specificity, Positive Predictive Value (PPV),
Negative Predictive Value (NPV), and Likelihood Ratios
(LRs) for both Any DR (ADR) and Referable DR (RDR).

DR encompasses a spectrum of severity, ranging from
mild, non-proliferative forms to more severe proliferative
stages. The goal of community-based systematic DR screening
programs is to identify Referable Diabetic Retinopathy
(RDR), which necessitates referral for further management.
For the purposes of this study, RDR was defined as either
moderate NPDR or worse stage or with the presence of
macular edema (central hard exudates).

In addition, the study evaluated the Technical Failure
Rate (TFR) of the AI system in Diabetic Retinopathy
(DR) screening. TFR represents the percentage of images
that the Al cannot analyze due to technical issues. A high
TFR significantly impacts the system's accuracy and
reliability, limiting its utility for DR screening in real-world
settings where high-volume image processing is crucial. A
substantially high number of ungradable images results in
an increased number of cases requiring manual review or
re-imaging, which consumes valuable time for screening
processes, or over-referrals, as these patients are automatically
flagged and sent to centers for further evaluation.

While the goal of the study is to test the Al system in a
real-world uncontrolled community setting, it is recognized
that several factors may affect the quality of data being
gathered, such as pupil dilation, external lighting, patient
cooperation, and media opacities, among others. In addition,
the history of systemic diabetes mellitus is “self-reported,”
meaning this is based on the patient’s or relative’s knowledge
of his/her disease condition. Verification of diabetic status
in unclear cases was done by history, physical examination,
and medical records if available alone without the benefit of
confirmatory laboratory tests.

The gold standard for DR image grading is based on a
seven-field stereophotography technique employed by the
modified Airlie House Classification. This method provides
the most accurate and consistent grading and is generally
regarded as the ground truth. Using a two-field photography

method is a recognized limitation of this research, although

some studies have demonstrated acceptable sensitivity and
specificity (92-96% sensitivity, 89-97% specificity) when
compared to the gold standard for the detection of RDR.
For screening purposes, a two- or three-field photograph
represents a suitable compromise offering reasonable accuracy,
process efficiency, and improved patient comfort."

It is also emphasized that the objective of the study
is to determine the performance of the Al system as a
population-based mass screening tool to detect referable
cases of DR.'There was no intention to evaluate the Al system
as a definitive diagnostic test and medical basis to create a
management plan.

Lastly, there are no local FDA guidelines or advisories
on the use or approval of commercially available artificial
intelligence systems in the Philippines. While the procedure
itself poses little to no risk for the patient, its use by the
screening team has always been with caution and complete
supervision by a team of subspecialists who are present onsite
and meticulously examine all output generated by the Al
system with their own clinical evaluation.

Before the initiation of the study, the protocol was
submitted to the Ilocos Training and Regional Medical
Center Ethics Review Board. No patient was approached
directly in the study. Patient data were accessed in compliance
with standards of privacy and patient confidentiality in all
stages of data collection and analysis.”® De-identification of
all patient data and randomization complied with institu-
tional board review protocols.

All clinical data were kept confidential and anonymous
in compliance with the Data Processing Guidelines on the
Processing of Health Information (DOH Administrative
Order No. 2020-0030) of the Philippines, designed to protect
the privacy of individuals and to ensure that their health
information is used and disclosed in a responsible manner.!*!®

Randomized gradable ocular fundus photographs of
patients included in the sample served as reference. The

study was conducted in agreement with the principles of
the Declaration of Helsinki.'®

Study Design

This study was conducted as a comparative chart and
image review of diabetic patients screened for DR by the
Ilocos Training and Regional Medical Center (ITRMC)
Eye Mobile Team as part of the Vitreoretina Society of the
Philippines’ “Mulat Mata” community-based DR community
screening program for the province of La Union (LU). This
study included patients seen from June to November 2023
across municipalities of La Union, namely Aringay, San
Fernando City, San Gabriel, Bacnotan, Bauang, Bangar,
Luna, Caba, and Balaoan. This study workflow is summarized

in Figure 1.

Study Population
Eligible participants were aged 18 years or older with
diabetes mellitus of any type, duration, or severity based
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Figure 1. Image Acquisition Workflow, Inclusion and Exclusion Criteria, Fundus Grading and Al Data Acquisition.

on historical data and physical examination findings, with
or without laboratory evidence of elevated blood glucose
levels. Included participants must have undergone two-field
fundus photography in either one or both eyes during the
screening program. Patients with a known history of retinal
intervention, including intravitreal anti-vascular endothelial
growth factor (anti-VEGF) injections, laser ablative therapy,
or vitreoretinal surgery, were excluded from the study.

Sample size computation was performed using Slovin’s
Formula with a 95% confidence interval and 5% margin of
error. Based on the 2023 Mulat Mata DR Screening Program
database, there were 3,698 eyes identified with diabetic
retinopathy in La Union. The computed minimum sample
size was 361 eyes, equivalent to approximately 722 fundus
photographs when considering bilateral eye imaging analysis.
'The computations derived were as follows:

n= N/(1+Ne?)

n= N/(1+Ne?)

n= 3698/[1+3698(0.05)%]
n = 361 patients * 2 eyes

N =722

n = 361 patients * 2 eyes
N =722

Where:

n = sample size

N = population size

e = acceptable margin of error

Image Acquisition and Al-generated Reports

The study used an automated true color confocal fundus
imaging system (iCare DRSplus, Finland) (Appendix B)
with an integrated cloud-based screening software (iCare
Illume, Finland) using the Thirona RetCAD v2.y.z (Thirona
Retina B.V., Netherlands) artificial intelligence to generate
high-resolution images and DR severity scoring (Appendices
D and E). The camera system produces images with a
resolution of 3600 x 2910 pixels with a 45° horizontal and
40° vertical field of view, while the Al-generated DR severity
score (DR staging) was developed and trained using the
international DRSS.

Study participants underwent two (2) field non-mydriatic
fundus photography by trained technicians. Images for each
eye were centered on the optic disc and on the macula. These
were then sent automatically by the software for cloud Al
processing and interpretation, and a DR scoring report was
sent back (Appendix C). Generated Al grading summary
records were de-identified. All personally identifiable
information (patient name, date of birth, and examination
date) was removed. For anonymized patient tracking, a
randomized External Patient ID was used for record keeping.

Interpretation by Expert Human Graders

Two (2) retina specialists independently read the
anonymized fundus images. Both graders are not privy to
the Al-generated image grading. Disagreements between
gradings were adjudicated by a third senior retina specialist
with more than 15 years of experience. This method produced
a single, unified, expert interpretation for each image, which
was considered ground truth and used as reference standards
for which the Al grading was compared. All images were
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viewed on a uniform single screen of standard size, resolution
(2560 x 1440 pixels), and contrast.

Retinal image interpretation was based on the
International Clinical Diabetic Retinopathy Severity Scale
(ICDRSS)."” Readers were provided copies of the ICDRSS
standard photos for review and reference standard images
for each level of DR severity from a different pool of images
using the same iCare Illume system were carefully selected
and used as study reference standard (Appendix F). This is to
ensure consistency between readers. Images were considered
ungradable if more than two-thirds cannot be adequately
visualized unless the remaining one-third clearly shows
the severity of the DR. Inter-rater agreement for reliability
testing between the two expert graders was computed using
the Kappa coefficient with a 95% confidence interval.

Descriptive statistics were used to summarize demo-
graphics. Kappa agreement analysis was used to estimate
the level of agreement between human graders.'® Accuracy,
Sensitivity, Specificity, NPV, PPV, and Likelihood Ratios
were used to determine the diagnostic performance of the
iCare Illume system. Missing values were neither replaced
nor estimated. Microsoft Excel and STATA 13.1 were used

for data management and analysis.
RESULTS

A total of 278 patients (556 eyes, 1554 images) were
screened for DR using the Illume System between June and
November 2023 and included in the initial pool of data. After
review of charts, the study population was reduced to 142
patients (284 eyes, 717 images) due to the exclusion of several
patients with incomplete data or unclear diabetes mellitus

status. As a result, the target sample size of 722 eyes was
not achieved and could potentially affect the final statistical
analysis.

The average age of the study participants was 66 years,
with a higher proportion of females (68.3%) compared to
males (31.7%). However, due to a significant number of
incompletely filled-out data sheets, other contextual factors
such as community-specific healthcare access and pertinent
demographics were not analyzed.

Inter-Rater Agreement between Human Graders
Table 1 presents a good degree of inter-observer
agreement between the two expert human graders, with a
kappa coefficient of 0.86 for ADR and 0.70 for RDR. This
substantial to high level of agreement indicates consistency
in grading using the study’s own DRSS reference images,

suggesting good reliability.

Distribution across DR Severity Scales

Image evaluation by human experts revealed that DR
was absent in 65.85% (187 eyes) while ADR was present in
27.11% (77 eyes). RDR was detected in 22.18% (63 eyes),
and 14.08% (40 eyes) were classified as STDR (Table 2).
Insufficient image quality prevented adequate grading in

7.04% (20 eyes) of cases.
Diagnostic Accuracy of the iCare lllume

Presence or Absence of Diabetic Retinopathy

The Illume system accurately identified the presence
or absence of DR in 83.21% of cases. Sensitivity and Spe-
cificity were 92.11% and 79.57%, respectively. The positive

Table 1. Agreement between the Two Human Graders (n=262 eyes)

Any DR* (ADR) Referrable DR (RDR)**

Total Agreement 95.09% 90.59%

Kappa Coefficient (95% Cl) 0.8593 (0.8122-0.8992) 0.6965 (0.6687-0.7247)

Level of Agreement Substantial

*Any DR (ADR) defined as the presence of DR regardless of severity

** RDR, Referable DR - defined as NPDR moderate or worse, DME, ungradable

Table 2. Distribution of Eyes across Diabetic Retinopathy Severity (N=284%)

No Apparent Mild Moderate Severe .
DR NPDR NPDR NPDR PDR Indeterminate
187 14 23 26 14 20
(65.85%) (4.93%) (8.10%) (9.15%) (4.93%) (7.04%)

Any DR (ADR): 77/284 (27.11%)
Referable DR (RDR): 63/284 (22.18%%)
Sight-Threatening DR (STDR): 40/284(14.08%)

* Photographic Diagnosis by Human Grader using DRSS

NPDR, Non-Proliferative Diabetic Retinopathy; PDR, Proliferative Diabetic Retinopathy; ADR, Any DR; RDR,
Referable DR - defined as NPDR moderate or worse, DME, ungradable; STDR, Sight-Threatening DR - defined
as severe NPDR or worse
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predictive value (PPV) was 64.81%, and the negative
predictive value was 96.10% (Table 3). Twenty-two (22)
images were classified as indeterminate due to inability to
grade them adequately. The positive likelihood ratio (LR+)
was 4.5, and the negative likelihood ratio (LR-) was 0.10.

Presence or Absence of Referable DR (RDR)

The Illume system accurately identified the presence
or absence of RDR in 92.37% of cases. Sensitivity and Spe-
cificity were 79.03% and 96.50%, respectively. The positive

predictive value (PPV) was 87.50%, and the negative
predictive value (NPV') was 93.69% (Table 4). Twenty-two
(22) images were classified as indeterminate due to inade-

quate grading. LR+ was 22.58 and LR- was 0.22.

Technical Failure Rate

The TFR of the Al DRS system was low at 0.70%
(2/284 images). This is within the acceptable TFR set by
the UK NICE of <5%.°

Table 3. Diagnostic Accuracy of Al DRSplus in Detecting the Presence or Absence of Diabetic

Retinopathy (N = 262 eyes)*

Reference Standard (Human Grader)

RDR** RDR**
detected not detected

Al RDR** detected 70 38 108
iCare Hilume RDR** not detected 6 148 154

Total 76 186 262**
Sensitivity 92.11% (95% Cl: 84.10 - 96.60%)  Positive LR 4.51 (95% Cl: 3.38 to 6.02)
(UK NICE: 80%)**
Specificity 79.57% (95% Cl: 73.1 to 85.00%) Negative LR 0.10 (95% ClI: 0.05 to 0.21)
(UK NICE: 95%)**
PPV 64.81% (95% Cl: 55.00 to 73.50%) Prevalence  29.01 % (95% Cl: 23.51 to 34.90%)
NPV 96.10% (95% Cl: 91.80 to 98.30%) Accuracy  83.21 % (95% Cl: 78.10 to 87.40%)

* Reference standard: Clinical Grading using Two (2) field Fundus Photography by Human Grader

** UK NICE Performance Guidelines?’

*** 22 indeterminate or insufficient images (combined Al and human)

DR, Diabetic Retinopathy; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio

Table 4. Diagnostic Accuracy of Al DRSplus in Detecting the Presence or Absence of Referable

Diabetic Retinopathy (N = 262 eyes)*

Reference Standard (Human Grader)

RDR** RDR**
detected not detected
Al RDR** detected 49 7 56
iCare lllume RDR** not detected 13 193 206
Total 62 200 2627
Sensitivity 79.03% (95% Cl: 66.69 to 87.97%) Positive LR  22.58 (95% Cl: 10.96 to 46.40)
(UK NICE: 80%)***
Specificity 96.50% (95% Cl: 92.98 to 98.30%) NegativeLR  0.22 (95% Cl: 0.13 to 0.35)
(UK NICE: 95%)***
PPV 87.50% (95% Cl: 75.54 to 94.39%) Prevalence  23.66 % (95% Cl: 19.0 to 29.3%)
NPV 93.69% (95% Cl: 89.53 t0 96.32%) Accuracy  92.37 % (95% Cl: 88.41 to 95.15%)

* Reference standard: Clinical Grading using Two (2) field Fundus Photography by Human Grader
** Referable DR (RDR) defined as moderate NPDR or worse or DME

*** UK NICE Performance Guidelines’

****22 indeterminate or insufficient image in either Al or human
DR, Diabetic Retinopathy; STDR, Sight Threatening Diabetic Retinopathy; PPV, positive predictive value; NPV,

negative predictive value; LR, likelihood ratio.
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DISCUSSION

In Southeast Asia, a significant proportion of individuals
with diabetes remain undiagnosed with DR.® Despite the
widespread adoption of Al for routine DR screening in various
countries globally, coupled with its proven cost-effectiveness,
its application in the Philippines remains largely unexplored.”
This study sought to assess the diagnostic accuracy of the
iCare Illume system in detecting any stage of DR (ADR)
and referable DR (RDR) among Filipino diabetics in a
real-world community setting. The findings of this study are
pivotal in determining the feasibility of integrating the iCare
Illume system into routine DR screening programs in the
Philippines.

This study is subject to several limitations and potential
sources of bias. The reduced sample size may have reduced
statistical power, resulting in wider confidence intervals
and increased risk of Type II error. Selection bias may
also be present, as participants were drawn from voluntary
community-based DR screening activities in La Union,
potentially limiting the generalizability to the broader
Filipino diabetic population in terms of health-seeking
behavior, socioeconomic status, and access to healthcare.
Verification bias is another consideration, since the
reference standard utilized expert grading of two-field
fundus photographs rather than the gold standard seven-
field stereoscopic fundus photography defined by the Early
Treatment Diabetic Retinopathy Study (ETDRS), which
may lead to under-detection of peripheral lesions and could
influence estimates of diagnostic accuracy. Spectrum bias may
likewise exist because the screened population may not fully
represent the complete range of DR severity encountered in
routine clinical practice, particularly among patients with
advanced disease who may have already sought specialist care.

To minimize variability and measurement error,
standardized image acquisition protocols, validated DR
grading systems, and masked expert graders were utilized
throughout the study. Two-field fundus photography has
been shown in prior studies to be an acceptable and pragmatic
alternative for large-scale screening programs due to its
efficiency and patient acceptability, where it is tolerated for
mass community screenings. Despite limitations, the study
was designed to reflect the real-world community screening
conditions relevant to the practical implementation of Al-
assisted DR screening systems.

Validity of the iCare lllume (Thirona RetCAD Al)
Grading

Any Stage of Diabetic Retinopathy (ADR)

The Illume system demonstrated reasonable accuracy
when the threshold level used is ADR. Sensitivity and
negative predictive values (ADR prevalence rate of 29.0%)
were both high. However, specificity and positive predictive
values were low, falling below the minimum standards

established by the UK NICE. These data suggest that there
was a high number of false positives but a low number of
false negatives. In clinical practice, this would imply a low
incidence of missed ADR cases, but it could lead to excessive
referrals, potentially resulting in unnecessary clinic visits.
Therefore, it is imperative to investigate the underlying
reasons for these findings to enhance efficiency.

Subgroup analysis of the six eyes where human graders
identified ADR but not detected by Al (false negatives) was
conducted to gain insights into this undesirable outcome.
Diagnoses by human graders were mild DR (n=2), moderate
DR (n=3), and proliferative DR (n=1). This corresponds to
six missed referrals by Al, one of which is sight-threatening.
'This area warrants attention and highlights the potential
challenges of generalizability when employing foreign-
developed Al systems. To address these concerns, developing
local and/or enhancing commercially available but foreign
deep learning systems by incorporating large numbers of local
data images into their training and validation datasets may
be beneficial. Furthermore, implementing additional system
checks, such as regular image grading by human experts on
select data images, can ensure accuracy and quality control.

Notably, there were 38 eyes where human graders did
not find ADR but it was detected by Al (presumed false
positive). A plausible explanation for this is that the two-
field photography technique employed by human graders
may not be sufficiently sensitive to capture an image of more
peripheral DR lesions or DR with extremely subtle signs.
Patient callback and review of these 38 eyes are warranted to
ascertain the accuracy of these Al reports. These limitations
also underscore the need for future multi-center validation
studies with larger sample sizes and the implementation of
gold-standard imaging protocols to enhance the robustness

and applicability of the results.

Referable Diabetic Retinopathy (RDR)

The Illume system exhibited high accuracy when the
threshold level employed was RDR. Specificity, positive
predictive value, and negative predictive value (RDR
prevalence rate of 23.66%) were all high, although the
sensitivity measure fell slightly below UK NICE standards.
‘These findings suggest a low incidence of over-referrals (false
positives) but a substantial number of missed referrals (false
negatives).

Subgroup analysis conducted for the 13 missed RDR
cases (false negatives) by Al revealed that all 13 eyes were
classified by human graders as moderate DR, while Al
reports indicated diagnoses of no DR (n=3) and mild DR
(n = 10). This discrepancy resulted in 13 missed referrals
when Al was utilized.

While this discrepancy may be attributed to true grading
inaccuracies by Al, the authors hypothesize that these errors
are attributable to the subjective nature of image evaluation
by humans and the tendency to classify images favoring
more severe grading to minimize the risk of missed referrals.
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Table 5. Comparison of Diagnostic Accuracies of Al DRSplus*: Any Stage Diabetic Retinopathy**
versus Referable Diabetic Retinopathy*** (N = 262 eyes)*

Any Diabetic Retinopathy (ADR) Referable Diabetic Retinopathy (RDR)

Accuracy 83.21 % (95% Cl: 78.10 to 87.40%) 92.37 % (95% Cl: 88.41 to 95.15)
Sensitivity 92.11% (95% Cl: 84.10 to 96.60%) 79.03% (95% Cl: 66.69 to 87.97)
(UK NICE: 80%)****

Specificity 79.57% (95% Cl: 73.1 to 85.00%) 96.50% (95% Cl: 92.98 to 98.30)

(UK NICE: 95%)****

PPV 64.81% (95% Cl: 55.00 to 73.50%)

87.50% (95% Cl: 75.54 to 94.39)

NPV 96.10% (95% Cl: 91.80 to 98.30%)

93.69% (95% Cl: 89.53 to 96.32)

* Reference standard: Clinical Grading using Two (2) field Fundus Photography by Human Grader

** Any DR (ADR) defined as the presence of DR regardless of severity
*** Referable DR (RDR) defined as moderate NPDR or worse

**** UK NICE Performance Guidelines’

DR, Diabetic Retinopathy; RDR, Referral Diabetic Retinopathy; PPV, positive predictive value; NPV, negative

predictive value

This is particularly pertinent in the context of two-field
photography where areas not captured by the camera pose
uncertainty. Consequently, we encounter the challenge of
establishing ground truth in terms of DR severity grading,
where human bias and inconsistency play significant roles.
To address this issue, more robust data can be obtained by
employing the current gold standard of 7-field stereoscopic
color fundus photography, as traditionally employed by the
modified Airlie House Classification System.

Comparing the diagnostic performance of the Illume
Al across threshold referral levels (Table 5), it is evident
that employing RDR as the threshold in our cohort of
diabetic patients yields more accurate assessments, closely
aligning with the UK NICE standards. This is consistent
with most DR screening protocols that utilize RDR as the
referral threshold. While the primary objective of screening
is to identify with a high degree of accuracy most patients
at elevated risk for developing DR complications, it is
important to maintain an efficient and cost-effective system
by minimizing excessive referrals.’

It is important to note that while the diagnostic
performance of the Illume system when set at RDR threshold
performs reasonably well in our cohort of diabetic patients,
there is a significant decrease in sensitivity when compared
to foreign data obtained using the Thirona RetCAD and
other commercially available Al systems employed in real-
world settings. At the RDR threshold, our study achieved a
sensitivity of 79.03% and a specificity of 96.5%, respectively,
while published literature reported a sensitivity and specificity
ranging from 91-100% and 94-98%, respectively.®?! Again,
this discrepancy in sensitivity values may be attributed to
issues of generalizability when applied to our Filipino cohort
or may be due to potential limitations arising from our study
protocol. Further investigation is necessary to determine the
factors that might have contributed to this discrepancy.

In addition to the performance metrics, the technical
failure rate of the Illume system in terms of image and report
generation was found to be 0.7% (99.3% imageability). This
value falls below the 5% threshold permitted by the UK
NICE guidelines despite the uncontrolled community setting
in which the images were captured. This provides further
evidence on the Illume system’s image processing capabilities.

Overall, the study underscores the substantial accuracy
of the Illume Al technology in detecting RDR within our
cohort of Filipino patients. Furthermore, it demonstrates
the potential practical applicability of this technology for
community DR screening in resource-constrained settings
like the Philippines.

Several key areas for future research and development
of Al-based diabetic retinopathy (DR) screening systems
have emerged. Firstly, while the Al system demonstrated
acceptable sensitivity and specificity, further optimization
through enhanced algorithms and expanded, diverse training
datasets is needed.?? Secondly, a clear framework is essential
to align Al outputs with evidence-based practice guidelines,
ensuring effective integration into clinical workflows and
resource optimization.” Lastly, studies on cost-effectiveness
and minimization are needed to provide evidence on the
potential benefits of integrating this Al system into existing
programs in the Philippines. These recommendations are
crucial to fully realize the potential of Al in DR screening
and ensure its successful integration into clinical practice.

CONCLUSION

The iCare Illume system exhibits strong diagnostic
accuracy in screening for referable DR in our cohort of
Filipino Diabetics. Although its sensitivity is marginally
below the UK NICE guideline, the system demonstrates high
specificity, negative predictive value, and positive predictive
value. This combination highlights its potential as a valuable
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tool for diabetic retinopathy screening in the Philippines.
Future research should focus on refining local Al validation
protocols, optimizing data sets of commercially available
Al systems, assessing the impact on patient outcomes and
disease burden, and evaluating cost-effectiveness.
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APPENDICES

Appendix A. Standard Diabetic Retinopathy Grading

Grade IDRSS Classification* DR Category
DRO No DR detected Non-referrable
DR1 Mild DR detected Non-referrable
DR2 Moderate DR detected Referrable
DR3 Severe DR detected Referrable
DR4 Proliferative DR detected Referrable

* International Council of Ophthalmology. International Clinical Diabetic
Retinopathy Disease Severity Scale (IDRSS)'*®

The iCare DRSplus

Appendix B. iCare DRSplus with Thirona RetCAD Software
Description

The Al machine, DRSplus was used. The DRSplus is intended
for the acquisition of colored images of the retina without
the use of a mydriatic agent. The device includes a dedicated
Al software application (Thirona RetCAD) and operates as a
stand-alone unit. The Thirona RetCAD is an MDR class lla and
CE 0344 certified Artificial Intelligence software that uses
Deep Learning.

Deep learning is a type of artificial intelligence (Al) that uses
artificial neural networks to learn from data. Neural networks
are inspired by the structure and function of the human brain,
and they can learn complex patterns from large amounts of
data24. It has been shown to be very effective at screening
for diabetic retinopathy. In some studies, deep learning models
have been shown to be as accurate as ophthalmologists at
detecting the disease. This is particularly significant because
diabetic retinopathy screening can be time-consuming and
expensive, and deep learning models can help to automate the
process and make it more accessible to patients.

In diabetic retinopathy screening, deep learning is used to
train Al models to detect signs of the disease in retinal images.
These models are trained on large datasets of manually-labeled
retinal images from human experts.

Once the Al model has been trained, it can be used to
automatically screen new retinal images for signs of the
disease. The model analyzes each image and assigns it a score
based on its likelihood of having diabetic retinopathy. If the
score is above a certain threshold, the image is flagged for
review by an ophthalmologist.

The DRSplus provides colored images of the retina with a field
of view of 45° x 40°, in fully automatic mode.

Appendix C. ILLUME and RetCAD Analysis Process

Images are then sent to the Cloud for analysis by the RetCAD
Artificial Intelligence, under ILLUME, a unique combination of
specialized screening software which includes an automated
workflow, enabling interpretation of high-quality detailed
images without dilation, and the future option to share
referrals also outside of the source organization A collated
data of human-specialist graded images are used to enable
simultaneous grading of DR based on obtained fundus photos
from the DRSplus.
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iCare ILLUME

Summary

EXAMINATION DATE: 23/06/2023 5:51 AM

PATIENT:

Abra Kadabra

DOB: GENDER: PATIENT ID: EXTERNAL ID:

- F PAT-d57b09d9-b91a-49d5-af61-7df04eeb702e 8cMwSwaSucuS

ASSESSMENT: The summarized clinical data and recommendation for
Diabetic Retinopathy (DR), Age-Related Macular patients on this page are extracted from the Thirona
Degeneration (AMD) RetCAD™ artificial intelligence product (MDR class lla and

CE 0344 certified). The original RetCAD™ is shown below.
SCREENING OUTCOME:
No abnormalities are detected. Please note that iCare's recommendation is to get images
for both central and nasal orientations of left and right

RECOMMENDATION: eyes when possible.

No follow-up action is advised.

RIGHT EYE (OD) EXAM QUALITY: good

i DR ASSESSMENT:

No DR detected

AMD ASSESSMENT:
No AMD detected

Nasal Central Nasal

DR ASSESSMENT:
No DR detected

LEFT EYE (OS) EXAM QUALITY: good

AMD ASSESSMENT:
No AMD detected

Nasal Central Nasal

Appendix D. Sample RetCAD Screening Report (Page 1/2).
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RetCAD™ Screening Report

Patient information

8cMwSwaSucu$S

Patient ID

Patient Name -

Accession No. -

Patient recommendation

RetCAD™ outcome
No abnormalities are detected.

oD

RetCAD™ DR assessment: No DR detected

0 1 2 3

| |

0.87

RetCAD™ AMD assessment: No AMD detected

0.13
Exam quality: good

RetCAD™ score explanation

Diabetic Retinopathy (DR)

Relates to the ICDR* severity classification
0: No DR detected

1: Mild DR detected

2: Moderate DR detected

3: Severe DR detected

4: Proliferative DR detected

* International Clinical Diabetic Retinopathy

Recommendation

No follow-up action is advised.

RetCAD™ DR assessment: No DR detected

| Wi

0.51

RetCAD™ AMD assessment: No AMD detected

‘0

0.38

Exam quality: good

Age-related Macular Degeneration (AMD)
Relates to the AREDS* severity classification
0: No AMD detected

1: Early AMD detected

2: Intermediate AMD detected

3: Advanced AMD detected**

* Age-Related Eye Disease Study
** Advanced AMD includes both the wet and dry form

2'RetCAD"

0S

4

|

2

w

1 2

3

Appendix E. Sample RetCAD Screening Report (Page 2/2).
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Training Module: Al Grading Scale Samples

* Ungradable Image

* Images that are >= 1/3 opaque

Al-assisted Diabetic Retinopathy Screening in the Philippines

Training Module: Al Grading Scale Samples

* Moderate NPDR

F1: Sample Ungradable Image

Training Module: Al Grading Scale Samples

* Gradable Image

* Images that appear 2/3 normal.
These pictures will be graded
accordingly to the estimate DR
stage.

F5: Sample “Moderate NPDR” Image

Training Module: Al Grading Scale Samples

¢ Severe NPDR

F2: Sample Gradable Image

Training Module: Al Grading Scale Samples

* No DR Detected

Fé6: Sample “Severe NPDR” Image

Training Module: Al Grading Scale Samples

* Proliferative DR

F3: “No DR Detected” Image

Training Module: Al Grading Scale Samples

° Mild NPDR

L

F4: Sample “Mild NPDR” Image

Appendix F. Sample Images of Al Grading Training Module.

€

F7: Sample “Proliferative NPDR” Image
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