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Purpose of review

The aim of this review is to define the ‘‘state-of-the-art’’ in artificial intelligence (AI)-enabled devices that
support the management of retinal conditions and to provide Vision Academy recommendations on the topic.

Recent findings

Most of the AI models described in the literature have not been approved for disease management
purposes by regulatory authorities. These new technologies are promising as they may be able to provide
personalized treatments as well as a personalized risk score for various retinal diseases. However, several
issues still need to be addressed, such as the lack of a common regulatory pathway and a lack of clarity
regarding the applicability of AI-enabled medical devices in different populations.

Summary

It is likely that current clinical practice will need to change following the application of AI-enabled medical
devices. These devices are likely to have an impact on the management of retinal disease. However,
a consensus needs to be reached to ensure they are safe and effective for the overall population.
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INTRODUCTION

KEY POINTS

� This review examines the capabilities and limitations of
artificial intelligence (AI) in predicting functional and
structural changes during retinal disease, as well as
treatment outcomes of patients affected by
retinal diseases.

� AI is likely to lead to a profound change in clinical
practice and in healthcare systems worldwide, with
enormous potential to improve patient outcomes and
alleviate treatment burden for both patients and
healthcare providers.

� More prospective and real-world studies are needed to
validate AI medical devices, and adequate sensitivity
and specificity thresholds should be set.

� Whilst the integration of AI into clinical practice is
highly desirable, the limitations of AI as well as the
ethical and legal ramifications of its use should
be understood.
Artificial intelligence (AI) is a branch of computer
science, statistics, and engineering that uses algo-
rithmsormodels to perform tasks thatmimic human
capabilities [1].Machine learning is a subsetofAI that
allows computer algorithms to learn through data to
perform a task without being explicitly programmed
[1]. The value of digital technologies in contributing
to advancing universal health coverage has been
recognized. A consensus was reached on the need
formore researchontheacceptability, feasibility, and
ethics regarding the use of AI for the development of
decision support systems [2].

There is great interest in developing AI medical
devices, especially in imaging-focused specialties
such as ophthalmology [3]. At present, there is no
consensus on the evidence requirements for AImed-
ical devices in ophthalmology [3].

Most of the AI medical devices licensed for
clinical application in ophthalmology by regulatory
authorities such as the U.S. Food and Drug Admin-
istration and Conformit�e Europ�eenne are approved
for diagnostic purposes rather than for disease man-
agement. Chou and colleagues, on behalf of the
Vision Academy, have developed an accompanying
expert consensus paper on the use of AI medical
devices in diagnosis and screening [4]. This paper
will focus on the capabilities of AI in predicting
functional and structural changes during retinal
Table 1. Summary of current AI systems with regulatory approva

AI system Company
Year
approved

Regulatory
authority

E
a

Retmarker DR
Biomarker [5]

Retmarker, SA,
Taveiro, Portugal

2010 CE, TGA (Australia) C

Notal Home
OCT [6]

Notal Vision, Inc.,
Manassas, VA,
USA

2018 FDA (Breakthrough
Device Designation)

O

Notal OCT
Analyzer [7]

Notal Vision, Inc.,
Manassas, VA,
USA

2018 FDA (Breakthrough
Device Designation)

O

RetinAI
Discovery [8]

RetinAI Medical
AG, Bern,
Switzerland

2020 CE, FDA O

VUNO Med-
Fundus AI [9]

VUNO Inc., Seoul,
Korea

2020 CE, MFDS (Korea),
HAS (Singapore)

C

iPredict [10] iHealthScreen Inc.,
Richmond Hill,
NY, USA

2021
and
2022

CE, TGA (Australia) O

RetInSight Fluid
Monitor [11]

RetInSight GmbH,
Vienna, Austria

2022 CE O

Note: All AI algorithms involved in the management of retinal diseases which had a
were undergoing the process of approval were included. These devices were search
[12], the FDA website (on the webpage of Artificial Intelligence and Machine Learn
[14]. Algorithms that had received approval between January 2015 and December
scientific evidence of the efficacy of these systems and for additional details regardi
March 2023 were considered.
AMD, age-related macular degeneration; CE, Conformit�e Europ�eenne; DME, diabetic m
MFDS, Ministry of Food and Drug Safety (Korea); OCT, optical coherence tomography;

1040-8738 Copyright © 2023 The Author(s). Published by Wolters Kluwe
disease, as well as treatment outcomes of patients
affected by retinal diseases.

OVERVIEW OF APPROVED ARTIFICIAL
INTELLIGENCE MEDICAL DEVICES FOR
RETINAL DISEASE MANAGEMENT

Table 1 provides a list of approved AI medical devi-
ces with the potential to impact retinal disease
l for retinal disease management

xam
nalyzed Target

Impact on
prognosis

Cloud-
based?

olor fundus images DR Identification of the
risk of
complications

No

CT Neovascular AMD Early detection of
fluid

Yes

CT Neovascular AMD,
DME, RVO

Automated detection
of fluid

Yes

CT, color fundus
images

AMD, DR, epiretinal
membranes, other

Strict follow-up Yes

olor fundus images AMD, DR, epiretinal
membranes, other

Strict follow-up No

CT, color fundus
images

AMD, DR Prediction of
progression

Yes

CT AMD, DME Automated detection
of fluid

Yes

lready received approval from the FDA, CE, or other regulatory authorities, or
ed for in the European Database on Medical Devices (EUDAMED) database
ing-Enabled Medical Devices) [13], and the FDA 510(k) Premarket Notification
2022 were included. We searched PubMed for available literature on the
ng newer, unapproved algorithms. Only English-written articles published up to

acular edema; DR, diabetic retinopathy; FDA, U.S. Food and Drug Administration;
RVO, retinal vein occlusion; TGA, Therapeutic Goods Administration.

r Health, Inc. www.co-ophthalmology.com 397
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management. It also details the search strategy used
to identify the devices. Most of these devices are
cloud-based.

RetinAI Discovery (RetinAI Medical AG, Bern,
Switzerland) and VUNO Med-Fundus AI (VUNO
Inc., Seoul, Korea) are designed to identify biomarkers
in retinal diseases, such as diabetic retinopathy, age-
related macular degeneration (AMD), and epiretinal
membranes, thusprovidingeffective support tophysi-
cians in disease management. While RetinAI Discov-
ery works on optical coherence tomography (OCT)
and color fundus images [15–17], VUNOMed-Fundus
AI is applicable to color fundus images and also pro-
vides heatmaps of abnormal findings [18]. Heatmaps
are a visual representation of regions of an image that
influence the classification of that image by the AI
medical devices [19]. Heatmaps can be applied to
diagnosis and strict follow-up of the disease [18].
RetinAI Discovery is currently being evaluated in
theRAZORBILL study, anobservational, noninterven-
tional, open-label study evaluating its influence on
disease activity assessment in patients with neovascu-
lar AMD; it has already been evaluated in a multi-
center, national, real-world cohort [20

&

]. The
RAZORBILL study will also evaluate the effect of AI
on clinical workflow [21

&&

].
iPredict (iHealthScreen Inc., RichmondHill, NY,

USA) also assesses color fundus images andOCT. It is
an autonomous system that can highlight abnor-
malities in a single image, as well as assess differ-
ences between two images taken at different times to
evaluate retinal disease progression [10,22]. Simi-
larly, Retmarker DR Biomarker (Retmarker Ltd,
Coimbra, Portugal) aims to predict the risk of devel-
oping sight-threatening complications of diabetic
retinopathy through the identification of microa-
neurysms on color fundus images [23].

The timely andpersonalized treatment of patients
with neovascular AMD is a relevant issue in ophthal-
mology and is targeted by several AI medical devices.
RetInSight FluidMonitor (RetInSight GmbH, Vienna,
Austria) quantifies intraretinal and subretinal fluid as
well as subretinal pigment epithelial fluid on OCT
images, thus providing support to physicians [24

&

].
At-home devices to enablemore frequent monitoring
of patients with AMD may represent a revolution in
the field. Notal Home OCT [6] and Notal OCT Ana-
lyzer [7] (Notal Vision Inc., Manassas, VA, USA) are
capable of automated detection of retinal fluid, lead-
ing to early fluid detection andmore intensive disease
monitoring.The first is ahomedeviceusedbypatients
already diagnosed with neovascular AMD [25,26],
while the second is a system that can be applied to
homedevices for themonitoringofneovascularAMD,
diabetic macular edema, and retinal vein occlusion
[27,28].
398 www.co-ophthalmology.com
The cost-effectiveness profile of monitoring
patients at high risk of developing neovascular
AMD is promising [29,30]. HomeOCT for the follow
up of patients with AMD may have benefits in
maintaining visual acuity with a lower treatment
burden, but it remains to be demonstrated [29,30].
Future developments enabling personalized
medicine

In future, some AI systems may be capable of seg-
mentinganOCTimageand linking thesegmentation
to real-world referral recommendations [31]. It has
also been suggested that AI may be used to identify
disease biomarkers and autonomously predict prog-
nosis in a second step [32]. Future AI may also be
capable of detecting anomalous regions, which can
be used as novel marker candidates [32], as well as
realizing a correlation between retinal morphology
and visual function [33,34], to infer data such as
visual acuity and microperimetry results.

The application of AI medical devices has been
suggested for the management of patients affected
by macular telangiectasia type 2. AI may be able to
perform automated segmentation of retinal cavita-
tions on OCT [35] and may also estimate retinal
sensitivity and reproduce the results of clinical trial
outcomes from OCT analysis [35,36].

Other authors have tried to evaluate the poten-
tial role of AI in the decision on optimal surgical
timing and indication for epiretinal membranes.
They proposed an automated method for the pre-
diction of postoperative visual outcomes [37]. Post-
operative anatomic changes may also be predicted
by AI medical devices [38]. Furthermore, in patients
with geographic atrophy, AI medical devices may be
capable of associating the progression rate with
morphologic and structural features. This would
help identify patients who could benefit from future
treatments [39] and also assist in evaluating the
efficacy of novel drugs [40].

Future AI medical devices may help describe
the progressive neurodegeneration underlying the
process of retinal aging and may be capable of pro-
ducing a risk score forAMDprogression [41,42].Visual
acuitymay be predicted fromOCT features of patients
affected by neovascular AMD, with the possibility of
creating a personalized risk profile for each patient
[20

&

,43]. AI could also identify responders and non-
responders to treatment, and predict individual treat-
ment needs [44,45] as well as the prognosis of patients
affected by central serous chorioretinopathy, in order
to individualize the treatment scheme. New bio-
markers may be identified using heatmaps provided
by theAImedical device [46], while other devicesmay
enable us to better understand the role that the same
Volume 34 � Number 5 � September 2023
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biomarker, such as central retinal thickness or intra-
retinal fluid, has in different retinal pathologies [47].

Limitations of artificial intelligence and
additional considerations

An increasing number of algorithms are being devel-
oped to improve the management of retinal dis-
eases. Although prevention of vision loss is the
ultimate goal, further studies are needed to evaluate
the real clinical impact of the application of these
algorithms in clinical practice [48].

Our literature search highlighted issues in
the identification of AI medical devices in ophthal-
mology. Some of the search strategies described,
although effective, require access to commercial
databases that are not publicly available [49]. More
transparency from regulators is required to allow for
easy identification of AI medical devices. We also
noted that almost all of the AI medical devices had
undergone only retrospective studies at the time of
their submission to regulatory authorities [50].
Depending on the strength of the studies, this
may pose issues, including interpretation of the
efficacy of AI medical devices in a real-life environ-
ment. Other potential issues are the heterogeneity
of the regulation process in Europe and the United
States, and the absence of a specific regulatory path-
way [49].

The reference standard for AI plays a fundamen-
tal role in assessment of its performance. Reference
standards are widely variable. It is important to test
AI medical devices on independent data sets, but
this testing phase is different for each device and the
absence of a commonly used reference standard
makes comparison challenging [51]. Moreover,
external validation of AI medical devices described
in the literature is rare and research on real-world
applications is even rarer [35]. Therefore, before
confirming the effectiveness of a predictive AI med-
ical device, a prospective, thorough validation proc-
ess needs to occur.

Notably, it is not always easy to understand the
decision-making process made by AI, since there is
not a simple relationship between input and output.
In the analysis of medical imaging, heatmaps high-
light the contribution of each image zone in the
final decision process. However, they do not provide
information on which exact features are considered
relevant by the AI medical device [52]. Before reg-
ulators can approve AI medical devices for clinical
use, evidence is needed to demonstrate that they are
safe, effective, and inclusive [52]. Guidance pro-
vided by organizations such as the International
Medical Device Regulators Forum and theMedicines
and Healthcare products Regulatory Agency needs
to be taken into consideration [53,54].
1040-8738 Copyright © 2023 The Author(s). Published by Wolters Kluwe
Use of artificial intelligence in everyday
clinical practice

There are some prerequisites to the development of AI
medical devices that can be applied to everyday clin-
ical practice. Large developmental data sets with a
significant number of abnormal cases are mandatory.
Also, data sets used to measure final performance
should have consensus ground truth from specialist
clinicians toobtainamore reliablemeasureof the final
predictive ability of the device [55]. Another issue that
needs to be addressed to facilitate real-life application
is healthdatapoverty,whichdescribes disparity in the
quantity and/or quality of health data representing
different individuals, groups, populations, but also
different diseases. Data sets are the basis for the correct
functioning of AImedical devices, and thismay result
in a device that is adequately effective for some pop-
ulations but ineffective for others [56].

It has been highlighted that the quality of
images provided to AI medical devices affects its
discriminative ability. However, in real life, imaging
is not standardized and reproducibility may be
restricted [57]. The accuracy of AI medical devices
may also be dependent on the imaging technology
used, such as the camera make and model [58].

In addition, the accuracy drops whenmore than
one disease is considered. Moreover, while the diag-
nostic accuracy is typically high, the predictive
accuracy is usually lower. By using systemic param-
eters to develop multimodal AI medical devices, the
predictive value of the algorithm may be improved
[51,59,60]. Sensitivity and specificity thresholds
need to be set at appropriate levels and a hybrid
method, using both AI and human graders,may lead
to the best results [51,59,60]. Decision curve analysis
should be performed to evaluate the net benefit of
the application of AI medical devices [61].

VISION ACADEMY RECOMMENDATIONS

The Vision Academy has developed a series of rec-
ommendations addressing the benefits, limitations,
and additional considerations of integrating AI into
clinical practice.

Recommendation 1: use of artificial
intelligence in disease management

The Vision Academy recommends the application of
AImedical devices to improve patient outcomes and
alleviate treatment burden for both patients and
healthcare providers. The technology should be cost
effective, with additive value and synergy for the
healthcare system.

These technologies should be implemented
into everyday clinical practice at several points:
screening [4], quantification of biomarkers to guide
r Health, Inc. www.co-ophthalmology.com 399
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treatment, prognosis of retinal pathology, and pre-
diction of treatment outcomes via anatomical and
functional biomarkers.
Recommendation 2: regulatory authorities
and transparency

More transparency from regulatory authorities
through publicly accessible databases is desired.
Additionally, more prospective studies are needed
for the validation of AI medical devices; it is neces-
sary to test such devices on as many populations as
possible, and randomized clinical trials remain the
gold standard for assessing their efficacy. It would
also be advisable to increase transparency around
the composition of training; they should be repre-
sentative of the overall population, of adequate
quality and quantity, and accessible to regulators.
The end user running each AI medical device and
their degree of responsibility need to be specified,
especially in the event of errors.

Recommendation 3: nonretina specialist
users and home monitoring

It is possible that AI medical devices for retinal
disease management may be used in clinics without
guidance from retinal specialists. It is therefore nec-
essary to verify whether they can be translated into
real-world deployment while maintaining high
accuracy in clinical practice. Pathways for specialist
referral and streamlined treatment need to be devel-
oped in parallel. Care pathways should ensure the
capacity to follow up and treat an increasing num-
ber of patients. The workflow for the management
of retinal diseases needs to adapt to new settings.
Recommendation 4: sensitivity, specificity,
and validation

AI medical devices should have high sensitivity and
specificity thresholds and each algorithm in use
should be validated. Validation and regulation should
be defined according to international standards.
Working parameters need to be well defined and the
system should not be used outside these parameters.

Image data should be shared anonymously
among various medical centers and countries, and
such data sharing should be encouraged to over-
come data poverty and ensure that AI medical devi-
ces are equally effective for all patient populations.
Recommendation 5: legality and ethics

Ethical and legal ramifications should be thor-
oughly considered in the event the algorithmmakes
a mistake in diagnosis or prognosis of outcomes.
Additionally, the degree of autonomy the AI
400 www.co-ophthalmology.com
medical device has in deciding the management
of each patient should be discussed. In case of poor
predicted outcomes, adequate communication with
the patient should occur. The position of insurance
companies regarding AI-based predictions should
also be clarified.
CONCLUSION

Due to its vast potential, AI is likely to lead to a
profound change in clinical practice and in health-
care systems worldwide. As the models of care deliv-
ery change, there will be an increasing need for
physicians to collaborate with broader teams,
including technology experts and data scientists,
to achieve the ultimate goal of sustainable ophthal-
mic services of universal quality. Before being used
in clinical practice, the limitations of AI should be
understood, AI medical devices should be validated
by regulatory authorities, and the ethical and legal
ramifications should be clarified.

Lastly, it is likely that the future of personalized
medicine will be in prescriptive analytics. When AI
medical devices are able to create personalized man-
agement pathways from a predictive analysis, this is
likely to alter the existing predictive outcomes.
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