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ABSTRACT « RESUME

Background: There are currently low rates of screening for diabetic retinopathy (DR) and sight-threatening diabetic macular edema

(DME) in Ontario.

Objective: To present results of the Toronto Tele-Retinal screening program for patients with diabetes mellitus and to evaluate
the benefit of optical coherence tomography (OCT) in combination with monoscopic colour fundus photographs for detection

of DME.

Methods: All electronic medical records for adults with type | and Il diabetes mellitus screened through the Toronto Tele-Retinal
screening program between September 2013 to August 2017 across 7 sc~reening sites in urban and rural settings were
reviewed. Monoscopic colour fundus photographs were graded for presence or absence of DR and DME alone and in combi-

nation with OCT scans.

Results: A total of 775 patient screens, consisting of 566 first-time screens and 209 re-screens were completed over the 48-month
study period. Approximately 37% of all patients with a mean disease duration of 7 years had never had an eye examination.
Across the sample, 27% of patients had DR, with majority graded to have mild DR, whereas DME was detected in 5% of patients
in at least 1 eye. Of all DME detected in the Toronto Tele-Retinal screening program, 38% required the use of adjunct OCT. Other
pathologies, including age-related macular degeneration (19%) and glaucomatous or optic nerve findings (8%), were also

identified.

Conclusion: Tele-retinal screening programs may circumvent low rates of DR screening for patients with diabetes mellitus and increase
the rate of detection of DME with monoscopic colour fundus photographs and adjunct OCT.

Contexte: A I'heure actuelle, le taux de dépistage de la rétinopathie diabétique (RD) et de I'cedéme maculaire diabétique (OMD) menagant

la vue est faible en Ontario.

Objectif: Présenter les résultats du programme de télédépistage de la rétinopathie de Toronto (TTRSP, pour Toronto Tele-Retinal screen-
ing program) a I'intention des patients atteints de diabéte, et évaluer les avantages de la tomographie par cohérence optique (OCT,
pour optical coherence tomography) conjointement aux photographies monoscopiques en couleurs du fond d’ceil dans le dépistage

de 'OMD.

Méthodes: On a examiné tous les dossiers médicaux électroniques d’adultes présentant un diabéte de type 1 et 2 qui ont fait I'objet d’un
dépistage par I'intermédiaire du TTRSP entre septembre 2013 et aout 2017 dans 7 centres de dépistage urbains et ruraux. Les photog-
raphies monoscopiques en couleurs du fond d’ceil ont été classées en fonction de la présence ou de I'absence de RD et d’OMD,

seules et en association aux tomographies.

Résultats: Au total, 775 dépistages, soit 566 nouveaux dépistages et 209 dépistages répétés, ont été réalisés pendant les 48 mois de
I’étude. Environ 37 % des patients dont I’affection remontait en moyenne a 7 ans n’avaient jamais subi d’examen de la vue. Au sein de
I’échantillonnage, 27 % des patients présentaient une RD (légere dans la majorité des cas), tandis gu’on a diagnostiqué un OMD dans
au moins 1 ceil chez 5 % des sujets. Parmi les cas d’'OMD dépistés dans le cadre du TTRSP, on a du recourir a I'OCT chez 38 % des
sujets. D’autres affections, notamment la dégénérescence maculaire liée a I'age (19 %) et des lésions glaucomateuses ou touchant le

nerf optique (8 %), ont également été découvertes.

Conclusions: Les programmes de télédépistage de la rétinopathie peuvent étre une solution aux faibles taux de détection de la RD
chez les diabétiques, et accroitre le taux de dépistage d’OMD grace aux photographies monoscopiques en couleurs du fond d’ceil

associées a I'OCT.

Diabetic retinopathy (DR) is the most common microvascu-
lar complication of diabetes mellitus’ and one of the leading
causes of vision loss in Canada.? The increasing prevalence of
diabetes mellitus is observed in both urban and rural settings
in Canada and is estimated to reach 3.7 million by 2018.°
Early detection of DR in the initial stages of the discase trajec-
tory dramatica.ﬂy slows progression from mild and moderate
nonproliferative DR to severe nonproliferative DR and prolif-
erative DR and reduces risk of devdoping sight—thrcatcning
diabetic macular edema (DME).*® Timely interventions such
as antivascular endothelial growth factor intravitreal therapy
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and panretinal and focal laser photocoagulation signiﬁcantly
decrease vision loss.” '” The Canadian Ophthalmological
Sociery recommends initiating screening for adults with type
II diabetes mellitus at the time of diagnosis and for type I dia-
betes mellitus, 5 years after the diagnosis.ll Despite these rec-
ommendations, studies have revealed that a substantial
proportion of individuals with diabetes in Canada do not
receive the recommended eye care.””"? The 2005 Community
Health Survey of Canadians suggested that more than 30% of
individuals with diabetes have never had an eye examination,

. . . . 14
and 52% have not had an examination within the last year.”™
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Toronto Tele-Retinal Screening Sites
Urban Sites
1. South Riverdale Community Health Centre
2. Anishnawabe Health Toronto
3. Flemingdon Health Centre
4. Parkdale Community Health Centre
5. Scarborough Academic Family Health Team

Rural Sites
6. Moose Deer Point First Nations Health Clinic
7. Wahta Nursing Station

m 1 dot represents 30
unscreened persons

> . o -

Fig. 1—Rate of individuals with diabetes mellitus living in Ontario who have not had an eye examination to screen for diabetic reti-
nopathy between years 2011 and 2013. Approximately 35.4% (405 967 of 1 145 645) of individuals with diabetes mellitus have not
been screened for diabetic retinopathy or diabetic macular edema according to the Clinical Evaluative Sciences (ICES) Improving
Screening for Diabetic Retinopathy in Ontario project. The numbered yellow symbols depict the locations of the 7 screening sites
included in the Toronto Tele-Retinal screening program aimed at increasing rates of diabetic retinopathy screening for patients
with diabetes mellitus in urban (1-5) and rural (6, 7) settings of Ontario.

Within Ontario, the burden of diabetes affects one and a
quarter million people in both urban and rural settings, more
than 400 000 of whom have not been screened for DR over a
2-year period (Fig. 1).li The low rates of compliance with
screening have been attributed to limited accessibility to cye
care professionals, socioeconomic and geographic cha]lenges,
restricted mobility associated with poor health, and lack of
¥ The asymptomatic latent period of DR that

precedes vision loss creates further challenges in DR
20221
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screening.

Recent technological advances have resulted in a radical
transformation of health care delivery in increasingly broader
and feasible contexts through telemedicine. The application
of telemedicine to clinical ophthalinology, also known as tele-
ophthalmology, is well recognized by the Canadian ophthal—
mological landscape as a sensitive and cost-effective means of
identifying those at greatest need for further ophthalmic
assessment.'! Several initiatives in the United States and
across the globe have also described models of tele-ophthal-
mology for screening patients with diabetes.”” 2® Tele-retinal
screening refers to tele-ophthalmology with a focus on sight-
threatening retinal diseases. With the anticipated increase in
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demand for DR screening in Canada, tele-retinal screening
programs may circumvent difficulties in accessibility by bring—
ing DR screening services into urban and rural settings. The
novel use of adjunct optical coherence tomography (OCT),
in combination with monoscopic colour fundus photographs,
shows promise for incorporation into practice guidelines in
the near future.””® The Toronto Tele-Retinal screening pro-
gram was developed to optimize DR screening in the primary
care setting. Herein, we present the characteristics of patients
with type I and II diabetes mellitus enrolled in the Toronto
Tele-Retinal screening program, evaluate the added benefit of
OCT technology in combination with monoscopic colour
fundus photographs for detection of DME, and discuss the
demand for tele-retinal screening programs in urban and rural
setrings.

MEeTHODS

This was a consecutive retrospective case series and compar-
ative analysis of imaging technology. A review of electronic
medical records of all patients enrolled in the Toronto Tele-
Retinal screening program between September 2013 to



August 2017 was conducted across 7 screening sites in urban
(South Riverdale Community Health Centre, Anishnawabe
Health Toronto, Flcmingdon Health Centre, Parkdale Com-
munity Health Centre, and Scarborough Academic Family
Health Team) and rural (Moose Deer Point First Nations
Health Clinic and Wahta Nursing Station) settings. The
communities invited to participate in the Toronto Tele-
Retinal screening program either had a population focus and/
or were located in areas with low-income status. The patient
population eligiblc for the program consisted of adults
(18 years and older) with a diagnosis of type I or type II diabe-
tes mellitus who had not had an eye examination within the
past year and were not currently under the care of an eye care
providcr involved in monitoring their eye health. The screen-
ing program enrolled individuals with provincially qualified
health insurance (Ontario Health Insurance Plan [OHIP],
which pays for medically necessary health care services for
Ontario residcnts), as well as those who had no health insur-
ance (at no cost to the paticnt). Patient population was identi-
fied by referrals from multidisciplinary health care providers
(family physicians, nurse practitioners, and diabetes education
program personnel). The Toronto Tele-Retinal screening pro-
tocol for classification of DR and DME was adapted from sev-
eral existing established guidelines (Appcndix A, available

11,2937 . .
737 Follow-up recommendations for screenings

online).
were based on Canadian Ophthalmological Society guidelines
of annual examinations for mild nonprolifcrativc DR, and
more frequent examinations at 3—6-month intervals for other
types of DR based on disease severity level.! 13837 Re-screening
was offered annua.[ly to patients with no evidence of DR.* a2
Results of a short patient survey distributed to a random sam-
ple of program participants to evaluate their experience with
the program and identify barriers to accessibility of ophthal-
mic assessment were also retrospcctivcly reviewed. A detailed
review of the Toronto Tele-Retinal screening program design
and screening protocol is included in Appendix B (available
online). Approval for the conduct of this study was obtained
from Institutional Review Board for Human Subjects
Research at the University Health Network, University of
Toronto, Research Ethics Board, and the study protocol
adhered to the tenets of the Declaration of Helsinki.

Adjunct OCT for Detection of DME

A senior retina specialist (M.H.B.) and a second grader
(T.F.) graded all 2-field monoscopic colour fundus photo-
graphs (centred on the macula and the optic nerve) for pres-
ence or absence of DME and other retinal pathologies for
cach eye screened in the program while masked to OCT scans
(5-line raster line spectral-domain). Presence or absence of
DME and other retinal pathologies was documented. The
presence or absence of DME and other retinal pathologies
was re-evaluated for all images with direct Sidc—by—sidc OCT
scans. The final adjudicated prevalence of DME was com-
pared between the monoscopic colour fundus photographs
alone in combination with OCT scans. Quality of mono-

scopic colour fundus photographs was graded on a 3-point
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scale (fair, poor, or unavailable) by the 2 graders. All patient
dcmogmphic information obtained from the standardized
referral form as well as screening data such as habitual visual
acuity and intraocular pressure were available to graders dur-
ing the grading process.

Statistical Analysis

Dcscriptive statistics were used to report patient demo-
graphics and main outcomes. The association between the
outcome variables were assessed by # test for comparing mean
values, and Fisher exact test for proportional differences. All
statistical analyscs were pcrformcd with commerciaﬂy avail-
able software (SPSS software version 14.0; SPSS Inc). The
a-level (type I error) was set at 0.05.

REsuLTs

A total of 775 patient screens, consisting of 566 first-time
screens and 209 re-screens, were completed over the 48-
month study period (Table 1). The percentage of patients not

Table 1—Characteristics of patients enrolled in the screening
program

Variable Number (%) or mean + SD
Total patients screened 566
Sex

Female 296 (52.3)

Male 270 (47.7)
Age, y 56.2+121
Age group, y

20-39 41(7.2)

40-64 403 (71.2)

=65 122 (21.6)
Insurance status

Provincial health insured (OHIP)* 524 (92.6)

No provincial health insurance 42 (7.4)
Diabetes type

Typel 10(1.8)

Typelll 556 (98.2)
Insulin use’ 143 (25.3)
Age at diabetes diagnosis, y* 485+12.2
Duration of diabetes, y* 73+72

HbA, level known’ 535

Reported HbA, level® 7.9+19
Known pre-existing comorbidities!!
Hypertension 202 (35.7)
Cardiovascular disease 178 (31.4)
Kidney disease 47 (8.3)
Neuropathy 41 (7.2)
Smoking status®
Current 112 (19.8)
Former 31(5.5)
Never 364 (64.3)
Unknown 59 (10)
Last dilated eye examination
<2 years 232 (41)
=2 to <byears 99 (17.5)
=5 25 (4.4)
Never 210(37.1)
Known past ocular disease™* 73(12.9)

‘Ontario Health Insurance Plan (OHIP).

fInsulin use unknown for 10 patients.

!This information was reported as unknown in 34 patients.

“Abbreviation for glycated hasmoglobin.

IAll health-related measures are according to information reported by referring health care pro-
fessional in referral form.

9Any form of tobacco use.

“Includes all previous ocular diagnoses, treatments, and/or surgeries reported in referral form.
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covered by OHIP was 7.4% (42 of 566) and the rate of eye
examination within the past 2 years was 41% (232 of 566).
Of the patient re-screens, there were 158 second, 43 third,
and 8 fourth annual visits to the Toronto Tele-Retinal screen-
ing program. The largest number of patient screens was com-
pictcd at South Riverdale Health Centre (38.6%, 299 of 775),
Flemingdon Health Centre (22.6%, 175 of 775), and Parkdale
Community Health Centre (20%, 155), followed by Anishna-
wabe Health Toronto, Moose Deer Point First Nations
Health Clinic, Wahta Nursing Station combined (12.4%, 96
of 775), and Scarborough Academic Family Health Team
(6.5%, 50 of 775). Over the study period, 134 referrals were
received between 2013 and 2014, and 471 referrals between
2015 and 2016, and 170 during the first 8 months in 2017.
Referrals were sent from famiiy physicians (83.2%, 645 of
775), nurse practitioners (15.6%, 121 of 775), and diabetes
education program personnel (1.2%, 9 of 775).

A total of 1550 cyes were screened for DR and DME
(Table 2). Across the entire sample, 26.6% (206 of 775) of
the participants had DR. Within the sample of participants
with DR, 33.5% (69 of 206) had notable disease in 1 eye and
66.5% (137 of 206) had DR in both eyes. The overall rate of
DME was 4.6% (36 of 775), and within the sample of patients
with DME, disease was monocular in 57.1% (20 of 35) and
binocular in 42.9% (15 of 35) of cases. The use of OCT tech-
nology was deemed to be necessary for determining presence
or absence of DME in 13.5% of eyes (210 of 1550; Table 3).
Compared with the 3.2% rate of DME detected on OCT (50
of 1550), monoscopic colour fundus photographs significantly
overestimated the prevalence of DME to be 12.3% (191 of
1550) for all eyes (p < 0.001). Only 62% (31 of 50) of all
DME detected in the screening program was identified on
monoscopic colour fundus photographs alone, and thus 38%
(19 of 50) of all DME were missed without the use of OCT.
Of the eyes without suspected DME, 32.6% (437 of 1340)
required the use of OCT for determining presence or absence
of other pathologies noted on monoscopic colour fundus pho-
tographs such as suspected neovascular age-related macular
degeneration (Fig. 2). With the use of OCT, presence of sus-
pected pathology was confirmed in 4.6% (62 of 1340), and
ruled out in 25.5% (342 of 1340) of eyes. Monoscopic fundus
photographs alone failed to detect pathoiogies identified
with OCT scans in 2.5% (33 of 1340) of eyes.

Arrangements for timeiy ophthaimoiogic appointments
were made for 46.1% (357 of 775) of screenings completed
based on screening findings, whereas the remaining 51.1%
(396 of 775) of screenings were advised to return to Tor-
onto Tele-Retinal screening or Visit an eye care profcssionai
within 12 months. Of all cases advised to return for annual
re-screening within 12 months, 52.8% (209 of 396) returned
to the Toronto Tele-Retinal screening program for re-
screening as Suggf:stcd. Within the group of patients return-
ing for re-screening, 63.6% (133 of 209) returned within 2
months of the suggested time interval. Unavailable or poor
quality monoscopic colour fundus photographs (poor pho-

tographic location/focus/ constricted pupiis/contrast or
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Table 2—Summary of ocular characteristics and screening

results

Variable Number (%) or mean + SD

Total screens completed 775
First visit screens 566
Re-screens 209

Visual acuity with habitual correction
>20/30 467 (60.3)
<20/30 to >20/50 247 (31.9)
<20/50 to >20/100 51(6.6)
<20/100 10(1.3)

Monocular patient 9(1.2)

Visual acuity, logMAR; Snellen
Intraocular pressure

0.3 +£0.4; 20/40

=21 mm Hg* 162 (20.9)
=30 mm Hg* 10(1.3)
Intraocular pressure, mm Hg 16.73 3.9

Diabetic retinopathy severity
Absent 548 (70.7)
Nonproliferative diabetic retinopathy
Mild 117 (15.1)
Moderate 64 (8.3)
Severe 19 (2.5)
Proliferative diabetic retinopathy
High risk 2(0.3)
Quiescent 4(0.5)
Ungradable 20 (2.6)
Diabetic macular edema
Present 35 (4.5)
Ungradable 3(0.5)
Other ocular findings
Age-related macular degeneration 148 (19.1)
Early/intermediate 142 (18.2)
Advanced 6(0.8)
Glaucomatous or optic nerve findings 59 (7.6)
Hypertensive retinopathy 15(1.9)
Choroidal nevi/retinal scar 12 (1.5)
Epiretinal membrane 19 (2.5)
Vitreous pathologic findings® 22 (2.8)
Miscellaneous® 7(0.9)

‘Intraocular pressure measurements were declined by 8 patients.

fIncludes posterior vitreous detachment, asteroid hyalosis, vitreous opacity, and vitreomacular
traction.

Noted in 5 or fewer eyes (macular hole, vein or artery occlusion, lattice and peripheral degener-
ations, and polylpoidal choroidal vasculopathy).

media opacity) limited accurate screening in 2.8% (22 of 775)
of cases, and thus these patients were advised to return for re-
screening within 1—2 months.

Retrospective review of program satisfaction survey results
of a random selection of 330 patients across all 7 screening
sites suggested that 91.6% of respondents rated their experi-
ence with the program as “excellent,” 8.4% rated it as “good,”

Table 3—Monoscopic colour fundus photograph (MCFP) alone
and in combination with optical coherence tomography (OCT) for
detection of diabetic macular edema (DME)
Variable Number (%)
Eyes screened 1550
Prevalence of DME
MCFP alone 191 (12.3)
MCFP and OCT 50(3.2)
<0.001
OCT deemed necessary for making diagnosis 210(13.5)
DME noted on MCFP but not OCT 160 (76.2)
DME detected on MCFP and OCT 31(14.8)
DME detected on OCT but not MCFP 19(9)
Fair MCFP image quality* 11 (567.9)
Poor quality/unavailable MCFP image” 8 (42.1)
'Image quality based on graders’ quantification of clarity of image on a 3-point scale (fair, poor,
no image/unavailable).
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Fig. 2—Selected monoscopic colour fundus photographs and associated optical coherence tomography (OCT) scans of right and
left eyes of patients screened for presence or absence of diabetic retinopathy (DR), diabetic macular edema (DME), and other ret-
inal pathologies. (A) A 68-year-old male with mild DR on monoscopic colour fundus photographs, and DME only detectable on
OCT scan. This patient was promptly referred to a retina specialist. (B) A 60-year-old female with hazy view of the right eye on
monoscopic colour fundus photograph, confirmed to have no DME with the help of adjunct OCT scans. This patient was advised
to return for re-screening with Toronto Tele-Retinal screening program or an eye care professional within 12 months. (C) A 53-
year-old male with incidental retinal pathology findings on monoscopic colour fundus photographs that may represent polypoidal
choroidal vasculopathy based on OCT scans. This patient was referred for follow-up with an ophthalmologist within 36 months.

and none reported their experience as “poor.” With regard to
reasons for not having been screened previously, the majority
of respondents (71.7%) reported lack of awareness about DR,
whereas others reported concerns with regard to the cost
(23.7%) and travel (3.5%) associated with DR screening as
one of the barriers to secking eye care.

Discussion
This study presents the results of the Toronto Tele-Retinal

screening program, for detection and determining severity of
DR and DME in patients with type I and type II diabetes mel-
litus in urban and rural settings. This collaborative initiative
with family physicians, nurse practitioners, and diabetes
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education program personnel enabled enrolment of 566
patients and a total of 775 screens over a 48-month period.
The Institute of Clinical Evaluative Sciences (ICES) data sug-
gest that approximately 35.4% of individuals with diabetes liv-
ing in Ontario have not had a DR screening eye examination
over a 2-year period. Comparatively, our results demonstrate
that 37.1% of patients enrolled in the Toronto Tele-Retinal
screening program had never had an eye examination. Amongst
the screened sample, the prevalence of DR was 26.6%. Aligned
with the percentages rcportcd by screening programs in primary
care settings in the United States and Cans.da,43 45
gram patients were most likely to have mild DR (15.1%) than

in our pro-

moderate (8.3%) and severe (2.5%). However, vision-threaten-
ing DR was also noted in the form of severe nonproiiferative
DR (2.5%), high-risk proliferative DR (0.3%), and DME
(4.5%), comprising 7.4% of the total cohort. Other Canadian
tele-ophthalmology screening program in the provinces of Que-
bec,
British Columbia, Alberta, Manitoba, and Saskatchewan have
suggcsted a 22.5% prf:vaiencc of DR, with 1.8% of patients
requiring urgent referral for proliferative DR or DME.*
Another published study of tele-ophthalmology screening in
Alberta identified DR in 27.2% of patients and particularly
proliferative DR in 2.39%.4

The use of OCT technology in clinical settings has gained
popularity over the past few years and offers increased sensi-
tivity and precision for detection of ocular pathologies when
monoscopic fundus  photo-
g,l'a.lzuil.\>'.27‘47 % Previous studies have shown that OCT tech-
noiogy may be beneficial in rcducing overestimation of

combined with colour

prevalence of DME noted on monoscopic colour fundus pho-
tographs by 42.1%.”" Our comparative analysis demonstrated
that the prevalence of DME was overestimated at 12.3% with
monoscopic colour fundus photographs alone compared to
3.2% rate of DME using monoscopic colour fundus photo-
graphs with adjunct OCT. More importantly, 38% of all
DME identified in the Toronto Tele-Retinal screening pro-
gram were not detected by monoscopic colour fundus photo-
graphs alone, which may be partiy attributed to the low
qua_iity of images (e.g., constricted pupils, media opacity, and
poor imaging technique).

Detection and appropriate management of other patholo-
gies such as age-related macular degeneration and glaucoma-
tous or optic nerve findings have been suggested to be a
critical part of tele-ophthalmology screening progmms.sm2
Our screening program had a 19.1% rate of pathological find-
ing of age-related macular degeneration similar to previous
reports from screening programs, which have suggested a rate
of 23% related to cataract and age-related macular degenera-
tion."” Adjunct OCT was also essential for detection of 2.5%
of retinal pathologies not detected on monoscopic colour fun-
dus photographs alone. Additionally, of all screenings com-
pleted, 7.9% of patients did not meet the Ontario Ministry of
Transportation vision standards’> of 20/50 or better, mea-
sured on Snellen charts with habitual correction in at least
1 eye. Duration of diabetes was monitored as an important
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consideration of our screening program due to its strong link
to the development of DR’ and was on average reported to
be 7.3 years. Given that kidncy disease and ncuropathy, sug-
gested to be most associated with DR,” were noted in only
8.3% and 7.2% of the patients enrolled in the program, respec-
tiveiy, detection of DR may serve as an cariy sign of disease
severity for patients requiring multidisciplinary care. Through
carly identification of patients at risk of vision loss, the tele-
retinal screening programs have the potential to decrease bur-
den of chronic compiications of diabetes in this patient
cohort.

The Canadian Ophthalmological Society states that there is
a high—lcvci of evidence for effectiveness of teic—ophthaimoiogy
programs in cnhancing access and compiiance with monitoring
in culturally and economically isolated populations of individu-
als with diabetes.! Tele-ophthalmology screening programs
have also demonstrated efficacy in increasing accessibility to
patients in both urban and rural So:tl:in(gs.éz"56 As illustrated by
Kanjee and coﬂeagues57 tele-ophthalmology screening is a cost-
effective means of dctccting and monitoring ocular disease and
has an average savings per examination of $1007 in Canadian
dollars. Other international tele-ophthalmology programs have
demonstrated the cost-effectiveness and reiiability of tele-
ophthalmology screcning.zo’sg’59 The use of monoscopic colour
fundus photography in combination with OCT may have com-
parable detection of DR and DME as stereoscopic colour fun-
dus photography, which has been suggested to be the gold
standard for detection and classification of DR through tele-
ophthalmology in Canada.®*! Despite the associated initial
costs of the OCT device installation, the Simpiicity of image
acquisition and interpretation may be another benefit of mono-
scopic colour fundus photography in combination with OCT
when compared to stereoscopic colour fundus photography
imaging technoiogy in a tcic—ophtha.imoiogy screening pro-
g,ram.sz’é3 With the dcveiopmcnt of automated retinal image
analysis systems (ARIAS)G4 “ and deep learning systems
(DLS),”"** which allow for detection of DR and other eye dis-
eases without the need for a human gradcr, there is a promising
future for even more cost-effective means of DR screening in
various health care settings. Current studies have illustrated the
potential applicability of monoscopic colour fundus photogra-

phy and OCT in automated SCI’€€I1iI]g,69 72

and providc sup-
port for these systems’ role in further enhancing accessibility,
efﬁciency, and sensitivity of teic—ophthalmology screening
programs??"74

In our patient survey, 23.7% of the patient sample reported
concerns with regards to cost of DR screening as a barrier to
secking €ye examinations. Despitf: wide acccssibility to a provin-
cial health plan amongst the majority of our patients, 7.4% did
not have any form of health insurance plan and thus that may
have served as a barrier to accessing appropriate €ye examinations.
Furthermore, 78.4% of patients enrolled in the program were
between the age of 20 and 65 years, who may have been misin-
formed about their Ontario Health Insurance Plan coverage for
routine eye examinations once every 12 months plus additional

follow-up assessments.”” Patient education and awareness about



complications of diabetes, including DR and DME, and con-
necting patients with appropriate ¢ye examination services are
essential aspects of the Toronto Tele-Retinal screening program.
Our patient survey results demonstrating a lack of awareness
about DR in 71.1% and a high satisfaction rate of 91.6% further
attest to the usefulness of the services provided to those enrolled
in the screening program. Although many of our patients
returned to the screening program for re-screening, adherence
with assessments following screening may be complicated by bar-
riers such as travel and acccssibiiiry, and thus many of the advan-
tages of the screening program may be undermined.”®
Collaboration between the screening program and primary care
providcrs, as prcscnred in our program, will ensure iongimdinai
follow-up and better adherence to suggested follow-up assess-
ments. Since the conduction of this smdy, our program has
expanded to 5 additional screening sites: Lawrence Heights
Community Centre, Bathurst-Finch Community Hub, Jane-
Trcthewcy Community Hub, Kcelc—Rogers Community Hub,
and LAMP Community Health Centre. These initiatives aim to
increase acccssibiiity of the Toronto Tele-Retinal screening pro-
gram to a larger and more diverse patient population.

LimITATIONS

The findings of this study should be interpreted with consid-
eration of the following limitations. Although our study
included a total of 775 screens and 1550 eyes, only 207 screens
had any level of DR. This small sample size of DR limits the
overall generalizability of our findings. Furthermore, with only
2 rural screening sites enrolled in the program, the appiicabiiity
of the results may be limited and thus our findings should be
interpreted with caution. Given that our screening program
was conducted in several sites within Ontario, our findings may
be unique to our province but will nonetheless add to the exist-
ing literature on teie—ophthaimoiogy within other provinces in
Canada. The authors acknowledge that accessibility to follow-
up examinations beyond the Toronto Tele-Retinal screening
program may be limited by factors such as travel distance, cost,
and lack of health insurance. Efforts were made to contact
patients after the compietion of the screening program to
ensure that follow-up was arranged with the appropriate level
of eye care provider. To protect patient privacy, we did not
have access to foliow—up cye examination ﬁndings and clinical
care information for patients who were piaced with an cye care
provider outside of the screening program.

CoNCLUSIONS

There are currently low rates of screening for DR and sight-
threatening DME in Ontario. The Toronto Tele-Retinal
screening program aimed to increase accessibility to screening
amongst adults with diabetes mellitus in urban and rural set-
tings. The program completed a rotal of 775 screens (1550
eyes) between September 2013 to August 2017. Approxi-
mateiy 37.1% of all patients with a mean diabetes duration of
7.3 years screened in our program had never had an eye

Toronto tele-retinal screening program—Felfeli et al.

examination most commonly due to lack of awareness about
DR. Amongst 775 screenings cornpiercd, the prev:llcm:c of
DR was 26.6%, with sight—threatcning DR ma.king up 7.4% of
the overall sample. Our findings suggest that adjunct OCT
increases rate of detection for DME and other retinal patholo-
gies otherwise not detected on monoscopic colour fundus
photographs alone. Indeed, 38% of all DME identified in the
Toronto Tele-Retinal screening program required the use of
adjunct OCT. The screening program also identified other
pathoiogics, including agc—rciatcd macular dcgcncration
(19.1%), glaucomatous or optic nerve findings (7.6%), and
hypertensive retinopathy (1.9%). Arrangements for timely
ophthalmoiogic appointments were made for 46.1% of all
screenings compietcd. Overall, tele-retinal screening programs
may increase acccssibility to eye care services and reduce risk
of undiagnoscd sight—threatcning eye disease in both urban
and rural settings.

SUPPLEMENTARY MATERIALS

Suppiemcntary material associated with this article can be

found in the online version, at doi:10.1016/j.jcjo.2018.07.004.
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