Lessons from the field

Feasibility of screening for diabetic retinopathy using artificial
intelligence, Brazil

Fernando Korn Malerbi? & Gustavo Barreto Melo?

Problem There is currently no national strategy or standardized approach to diabetic retinopathy screening in the Brazilian public health
system, and multiple socioeconomic barriers prevent access to eye examination in Brazil's poorest regions.

Approach From September 2021 to March 2022 we carried out a pilot project with an artificial intelligence system for diabetic retinopathy
screening, embedded in a portable retinal camera. Patients with a diagnosis of diabetes according to the municipality registry were invited
to attend nearby clinics for screening on designated days. Trained health-care technicians acquired images which were automatically
evaluated by the system, with instant remote evaluation by retinal specialists in selected cases.

Local setting Our study was based in Sergipe State, located at a region with high illiteracy rates and no local availability of specialized
retina care. The average number of laser treatments performed annually in the last 5 years is 126, for a total State population of 2.3 million.
Relevant changes Even though screening was performed free of charge in a convenient location for patients, from a total 2052 eligible
individuals, only 1083 attended for screening.

Lessons learnt Efforts to raise awareness on the condition screened and to provide health education for patients and local health-care
personnel are fundamental for increased attendance. Tailoring screening systems to the local setting, such as determining the trade-off
between sensitivity and specificity, is challenging in regions with no current benchmarks. Standards for retinopathy screening based on
the strategies adopted by high-income countries may not be realistic in low- and middle-income countries.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Major public health issues need scalable solutions, especially
in low- and middle-income countries where the health work-
force is scarce and public health systems are under-resourced.’
Recently, reports of implementation of artificial intelligence
systems have been published, and the screening of diabetic
retinopathy, one of the leading causes of preventable blindness
in the adult working population,” is one such example. Esti-
mates show that there will be more than half a billion persons
with diabetes by 2030.° Given that each patient needs at least
one annual retinal examination, the traditional individualized
assessment by retinal specialists may not be sustainable in all
health-care systems.

A recent study in Thailand showed the feasibility of
using artificial intelligence for diabetic retinopathy screen-
ing in a national strategy;* favourable results were found as
compared with the regional standard of care. The authors
emphasized the importance of socioenvironmental factors
and screening workflows for successful implementation.
However, in some low- and middle-income countries, there
are no official validated solutions or established standards of
care for several important public health conditions. This issue
poses the question: what are the benchmarks against which
an artificial intelligence-based strategy should be compared?
In many cases, standards based on the strategies adopted
by high-income countries may not be realistic in low- and
middle-income countries.

We share our experience of diabetic retinopathy screening
that may provide useful lessons for other low- and middle-
income countries.

Local setting

Brazil is a large upper-middle-income country that hosts the
sixth largest population of individuals with diabetes in the
world.” The country also has the largest free public health-
care system,® on which the majority of its population relies.
There are currently no national strategies or standardized
workflows for diabetic retinopathy screening in the Brazilian
public health system. Multiple socioeconomic barriers prevent
access to eye examination in the poorest regions, as is the case
of the remote areas of the north-eastern state of Sergipe.” Ser-
gipe State is located in a region with high illiteracy rates and
no availability of specialized retinal care outside of the State’s
capital.® According to available data on the official database
of Brazil’s public health system, the average number of laser
treatments performed annually in the last 5 years was 126, for
a total State population of 2.3 million.

Approach

From September 2021 to March 2022 we did a pilot project in
four rural villages that have no available ophthalmology care,
in Sergipe State’s drylands (total population 76 000; human
development index (HDI) range: 0.529-0.602).” Patients with
a diagnosis of diabetes according to the municipality registry
were invited by local health agents to attend for screening on
designated days.

The screening consisted of retinal imaging with a previ-
ously validated, highly sensitive, offline artificial intelligence
system, embedded in a portable retinal camera.® Image acquisi-
tion was performed by trained health-care technicians, with
automatic evaluation by the system, and instant remote evalu-
ation by retinal specialists in selected cases. Screening was per-
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Box 1.Summary of main lessons learnt

- Raising awareness about diabetic retinopathy among patients and local health-care workers
is essential for increased attendance and the overall success of screening initiatives.

- Tailoring screening systems to the local setting, such as determining the trade-off between
sensitivity and specificity, is challenging in regions with no current benchmarks.

- Cost considerations are essential for the sustainability of diabetic retinopathy programmes;
health outcome metrics should be sought to evaluate the impact of such programmes.

formed in primary-care clinics located
close to the patients’ place of residence.
Due to the system’s high sensitivity, only
patients identified as suitable for referral
(more than mild diabetic retinopathy
or images with poor quality) were sent
for remote evaluation by retinal spe-
cialists, the technician being instantly
notified on the need for referral. Laser
treatment was offered free of charge to
all individuals with vision-threatening
diabetic retinopathy detected.

Relevant changes

Although screening was performed free
of charge in a convenient location for
patients, from a total 2052 eligible indi-
viduals, only 1083 attended the screen-
ing. Since there is no legal framework for
artificial intelligence in health in Brazil -
such discussion is currently underway in
the Brazilian Senate - all examinations
were eventually reassessed by specialists
afterwards; no vision-threatening case
was missed.

Lessons learnt

First, although screening provided by
artificial intelligence systems at the
point of care correlates with improved
adherence to referrals,"* we believe the
lack of awareness about diseases, com-
plications and prevention among the
public is a major issue accounting for a
low attendance in our setting. Even in
countries with well-established screen-
ing programmes, only approximately
18% to 60% of individuals undergo
examinations.” Continuous education
of patients, and health-care providers
and authorities, is important for the
prevention of chronic complications
of diabetes.” Comprehensive efforts
and communication campaigns should
therefore be made to engage the whole
society and to increase awareness and
adherence rates (Box 1).* Additionally,
we scheduled home visits for patients
unable to go to the examination site
whenever possible. Furthermore, it
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should be noted that this kind of screen-
ing has never been performed in this
region. We believe that continuity of the
programme would allow patients who
missed one opportunity for examination
to attend subsequent screenings.

Second, the design of the strategy
should be tailored to account for existing
or proposed workflows. To reduce the
risk of ungradable images, the train-
ing of personnel on the acquisition of
ocular images should be emphasized
and measured.® Operators could also
be trained for image quality assessment,
allowing the implementation of a staged
mydriasis strategy. A protocol which
also includes anterior segment images
allows for identification of cataracts,
which may also be considered referral
criteria, as lens opacities are a frequent
cause of visual impairment in such
patients.®

Third, cost decisions have to be
customized to each setting to fit local
resource constraints. These decisions
could include the predefined end-points
for sensitivity and specificity; the thresh-
old for referral; the criteria for consider-
ing an image as gradable or ungradable;
autonomous versus semi-autonomous
workflows; systems that detect multiple
diseases versus disease-specific systems;
and the use of other variables such as
visual acuity. When defining or cali-
brating the screening system’s cut-off,
choices are made in the form of a trade-
off between sensitivity and specificity.
As an example, the Exeter protocol, put
forward in 1995, proposed a minimum
sensitivity of 80% and a minimum
specificity of 95% for the screening of
vision-threatening diabetic retinopathy.
With annual screenings, this level of
sensitivity could be adequate because
repeated examinations tend to detect
retinopathy missed at earlier examina-
tions."” Since referrals incur costs for the
patient and the health-care system,* the
emphasis on specificity over sensitivity
has been a benchmark for several dia-
betic retinopathy screening initiatives.
In our example, the artificial intelligence
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system had been previously optimized
from a screening perspective for a high
sensitivity to yield fewer false negatives.
We could have used a semi-automated
workflow that maintained expert human
reading only for cases identified as refer-
able, provided the system was approved
by the national regulatory agency. Such
an approach has been reported to be
cost-effective.!

Many other challenges will arise
in the deployment of artificial intel-
ligence systems, such as the absence
of universal electronic records, slow
internet speeds, operator-related and
camera-related technical issues, and
the lack of standardization for the ex-
change of retinal images and clinical
data.”? In the example from Thailand
mentioned above,* the reported ad-
vantages of advanced technology for
diabetic retinopathy screening are not
yet proven through formal cost-benefit
and cost-utility analyses'* However,
the recent implementation of artificial
intelligence for diabetic retinopathy
screening has also been reported in
other low- and middle-income countries
such as India and Rwanda."" In India,
several studies reported high diagnostic
accuracy of artificial intelligence for
diabetic retinopathy screening and its
feasibility in the primary-care setting. In
the case of Rwanda, immediate feedback
of the screening results to patients was
related to better adherence to follow-
up appointments. The real success of
artificial intelligence systems is related
not only to the diagnostic accuracy but
also to real improvement in the health
of the population.'? Further studies are
necessary to evaluate such outcomes.

Ensuring subsequent specialized
care is important for those patients iden-
tified by the screening programme and it
is also necessary to consider the ability
of the community health-care system to
accommodate the additional numbers of
patients identified.” Underserved areas
already lack sufficient treatment cover-
age, and the systematic identification
of new cases of diabetic retinopathy
will certainly increase the demand for
treatment in the early phases of the
programme. Our initiative included
advocacy directed at the local health
authorities for the adoption and imple-
mentation of a cost-effective model for
the screening of diabetic retinopathy,
with the aim of attaining financial sus-
tainability for the programme. Other
ethical aspects of artificial intelligence,'
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such as non-maleficence (the expert
over-reading of all images not to miss
false negatives) and the promotion of
equity (diagnosis and treatment were
offered to all eligible patients free of
charge) were also elements of the ini-
tiative.

Finally, incomplete data and the
lack of representative data sets in the de-
velopment of artificial intelligence may
lead to bias. Public data sets of diabetic
retinopathy images represent samples
from only seven countries, leaving most
of the global population unrepresent-
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ed.”” Of note, the screening system used
in the present initiative was previously
validated with a similar sample from a
neighbouring state in Brazil.?

In conclusion, our experience with
an artificial intelligence system for pre-
vention of diabetic blindness highlights
challenges that are certainly shared by
other low- and middle-income coun-
tries. Each country will make choices
when deciding on public health screen-
ing strategies; decisions will be made
in the political sphere, after legislative
debates, or following scientific guide-

lines, for example. We believe that a
strategy involving scientific societies
or multilateral forums can determine
the characteristics of the artificial intel-
ligence system, standardized protocols
and key quality metrics. The aim would
be to maximize outcomes in a cost-
effective and successful manner, given
the available resources to ensure the
sustainability of such efforts.
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Résumé

Possible utilisation de I'intelligence artificielle pour dépister la rétinopathie diabétique au Brésil

Probléme Le systeme de santé publique brésilien ne posséde a ce jour
ni stratégie nationale, ni approche standardisée pour le dépistage de la
rétinopathie diabétique, et de nombreux obstacles socioéconomiques
entravent 'acces a des examens ophtalmologiques dans les régions les
plus défavorisées du Brésil.

Approche Entre septembre 2021 et mars 2022, nous avons mené un
projet pilote ou l'intelligence artificielle était intégrée dans une caméra
rétinienne portable afin de dépister la rétinopathie diabétique. Les
patients souffrant de diabéte, selon le registre de la municipalité, ont été
invités a se rendre dans les cliniques des environs pour un dépistage lors
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dejournées prévues a cet effet. Les images réalisées par des techniciens
de santé qualifiés ont été automatiquement évaluées par le dispositif et,
dans certains cas, soumises a des spécialistes de la rétine pour examen.
Environnement local Notre étude s'est déroulée dans I'Etat de Sergipe,
une région ou le taux d'analphabétisme est élevé et qui ne dispose
d'aucun établissement proposant une prise en charge des maladies
rétiniennes. Sur une base annuelle, 126 traitements au laser ont été
effectués en moyenne ces cing derniéres années, alors que I'Etat compte
2,3 millions d'habitants.

Changements significatifs Malgré la gratuité du dépistage et la
proximité géographique avec les patients, ils n'ont été que 1083 a venir
sur les 2052 individus éligibles au total.

Fernando Korn Malerbi & Gustavo Barreto Melo

Lecons tirées Des efforts sont nécessaires pour sensibiliser au dépistage
de cette maladie et offrir une éducation sanitaire aux patients et aux
soignants de la région, afin de garantir un meilleur taux de fréquentation.
Adapter les systemes de dépistage au contexte local, notamment en
trouvant le juste milieu entre sensibilité et spécificité, représente un défi
dans des régions actuellement sans repéres. Les normes de dépistage
de la rétinopathie diabétique inspirées des stratégies en vigueur dans
les pays a revenu élevé pourraient se révéler irréalisables dans les pays
arevenu faible et intermédiaire.

Peslome

OcyLI.IeCTBVIMOCTb CKPUHWHTA Ha nmaﬁemqecxylo peTunHonaTuio C NCNOJib30BaHUEM NCKYCCTBEHHOIO

NHTEeNNIeKTa, Bpasvuwm

Mpo6nema B HacToALlee BpemA B CvCTeme OOWECTBEHHOMO
30paBOOXPaHeHWs bpa3unum He CyllecTByeT HalVOHalbHOW
CTpaTerum Unm CTaHaapPTU3MPOBAHHOIO NOAXOAA K CKPUHUHIY
Ha OvabeTnyeckyto peTUHOMaTUI, @ MHOTOUYUCTIEHHbIe
couManbHO-IKOHOMUYECKMe Gapbepbl MPenaTCTBYOT AOCTYNY K
odTanbMonormyeckomy oocnefoBaHuio B beHenLLrX permoHax
Bpasunun.

Moaxop C ceHTabpsa 2021 1. no mapT 2022 . aBTOpbI peanv3oBanv
3KCNepUMeHTaNnbHbI MPOEKT C MCMONb30BaHMEM CUCTEMbI
MCKYCCTBEHHOIO MHTefNeKTa AnA CKPUHUHIA Ha AnabeTnyeckyio
PETNHOMATUIO, KOTOPaA Oblna BCTPOEHaA B MOPTATUBHYIO PETHHANBbHYIO
Kamepy. MaLyeHToB € A1arHo30M «arabeT», bk COOTBETCTBYIOLLME
[ZlaHHbIE OblIN YNOMAHY TbI B MyHULIMNANbHOM PEeCTpe, Mpurialianm
noCceTUTh HGnM3nexalime KMMHUKK Ona NPoBeAeHUsA CKPUHWHTA
B Ha3HayeHHble AHU. ObyUYeHHble TexHUYeCcKne paboTHUKM
3APaBOOXPAHEHWA MOyYan 13obpaxeHnsa, KoTopele cucTema
aBTOMATMUECKM OLEHMBANa, a B OTAESbHbBIX CMydYasx PeTUHONOM
NPOBOAMIN MTHOBEHHYIO AVUCTAHLMOHHYIO OLIEHKY.

MecTHble ycnoBua [JaHHOe nccneposaHue NpoBOAMNOCH
B WraTe CepKnnu, pacnonoKeHHOM B PErMoHe C BbICOKUM

YPOBHEM HErpamoTHOCTW 1 OTCYTCTBMEM CMeLranv3npoBaHHON
0dTanbMONOrMYECKO MOMOLLM Ha MECTHOM YpoBHe. ExeroHo 3a
nocneaHue 5 net 34ecb BbINOMHANOCL B CpefHem 126 nasepHbix
odTanbMonornyeckux npoueayp npv obuwen YncneHHocTn
HaceneHua Wrata B 2,3 MUIIIVOHa YenoBek.

OcyuecTBNieHHble nepeMeHbl HeCMOTPA Ha TO UTO CKPUHWHF
nposoaunca 6ecnnatHo B yqobHOM ANA mauneHTOB MmecTe,
13 2052 yenosek, COOTBETCTBYIOWNX KPUTEPUAM, TOMBKO
1083 yenoseka NOCeTUNV CKPUHWHT.

BbiBOAbI YCW1A, HanpasneHHbIe Ha NMOBbILLEHNE OCBEAOMIEHHOCTH
O MoAnexallem CKPUHUHTY 3aboneBaHnu U MeanKo-CaHUTapHoe
npocBeLleHne NaLUMeHTOB U MECTHOMO MeAVNLMHCKOIO NepCcoHana,
MMeloT OCHOBOMONarakwllee 3HavyeHne ONA NOBbIWEHMA
rnoceLlaeMoCT. AAaNTaLma CUCTEM CKPUHVIHIA K MECTHBIM YCIIOBUAM,
Hanpurmep onpeaeneHrie KOMNPOMUCCa MEXAY YyBCTBUTENBHOCTbIO
1 CNeunOUUHOCTBIO, ABMIAETCA CIIOKHOW 3afadell B peroHax, rae HeT
LECTBYIOLLMX KOHTPOSMbHbIX MOKa3aTtenel. CTaHAapThl CKPUHMHIA Ha
PETVHOMNATUIO, OCHOBAHHbIE Ha CTPATErMAX, MPUHATBIX B CTPaHax C
BbICOKMM YPOBHEM [JOXOAa, MOIYT OKa3aTbCA HEPeaNMCTUYHBIMK B
CTPaHax C HU3KMM 1 CPeLHVM YPOBHEM AOXOAa.

Resumen

Viabilidad del cribado de la retinopatia diabética mediante la inteligencia artificial en Brasil

Situacion En la actualidad, no existe una estrategia nacional ni un
enfoque estandarizado para el cribado de la retinopatia diabética en el
sistema sanitario publico brasilefio,y multiples barreras socioeconémicas
impiden el acceso a la exploracion oftalmolégica en las regiones mas
pobres de Brasil.

Enfoque De septiembre de 2021 a marzo de 2022, se llevé a cabo un
proyecto piloto con un sistema de inteligencia artificial para el cribado
de la retinopatia diabética, integrado en una cdmara de retina portatil.
Se invitd a los pacientes con diagnostico de diabetes segun el registro
del municipio a acudir a las clinicas cercanas para el cribado en dias
determinados. Los técnicos sanitarios capacitados adquirieron imagenes
que el sistema evalud de manera automatica, y los especialistas en retina
realizaron una evaluacion instantdnea a distancia en casos seleccionados.
Marco regional Este estudio se realizd en el estado de Sergipe, ubicado
en una region con altas tasas de analfabetismo y sin disponibilidad
local de atencion especializada en retina. El promedio de tratamientos

con laser realizados al afio en los Ultimos 5 afos es de 126, para una
poblacién total del estado de 2,3 millones.

Cambios importantes A pesar de que el cribado se realizé de forma
gratuita en un lugar conveniente para los pacientes, de un total de
2052 personas que cumplian los requisitos, solo 1083 acudieron al
cribado.

Lecciones aprendidas Para aumentar la asistencia, es fundamental
realizar esfuerzos de sensibilizacion sobre la enfermedad que se estudia
y proporcionar educacion sanitaria a los pacientes y al personal sanitario
local. La adaptacion de los sistemas de cribado al entorno local, como la
determinacion del equilibrio entre la sensibilidad y la especificidad, es
un reto en las regiones que carecen de puntos de referencia actuales.
Los estandares para el cribado de la retinopatia a partir de las estrategias
que adoptan los paises de ingresos altos pueden no ser realistas en los
paises de ingresos bajos y medios.
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