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Purpose: Diabetic retinopathy (DR) is a preventable cause of blindness detectable through screening using retinal digital photo-
graphy. The Irish National Diabetic Retina Screening (DRS) programme, Diabetic RetinaScreen, provides free screening services to
patients with diabetes from aged 12 years and older. A technical failure (TF) occurs when digital retinal imaging is ungradable,
resulting in delays in the diagnosis and treatment of sight-threatening disease. Despite their impact, the causes of TFs, and indeed the
utility of interventions to prevent them, have not been extensively examined.

Aim: Primary analysis aimed to identify factors associated with TF. Secondary analysis examined a subset of cases, assessing patient
data from five time points between 2019 and 2021 to identify photographer/patient factors associated with TF.

Methods: Patient data from the DRS database for one provider were extracted for analysis between 2018 and 2022. Information on
patient demographics, screening results, and other factors previously associated with TF were analyzed. Primary analysis involved
using mixed-effects logistic regression models with nested patient-eye random effects. Secondary analysis reviewed a subset of cases
in detail, checking for causes of TF.

Results: The primary analysis included a total of 366,528 appointments from 104,407 patients over 5 years. Most patients had Type 2
diabetes (89.2%), and the overall TF rate was 4.9%. Diabetes type and duration, dilate pupil status, and the presence of lens artefacts
on the camera were significantly associated with TF. The Secondary analysis identified the primary cause of TF was found to be
optically dense cataracts, accounting for over half of the TFs.

Conclusion: This study provides insight into the causes of TF within the Irish DRS program, highlighting cataracts as the primary
contributing factor. The identification of patient-level factors associated with TF facilitates appropriate interventions that can be put in
place to improve patient outcomes and minimize delays in treatment and diagnosis.
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Introduction
The growing prevalence of Diabetes Mellitus is such that it has been termed a modern preventable pandemic.' The
impact of diabetic retinal screening (DRS) programs using digital photography to detect sight-threatening retinopathy has
been significant. The incidence and prevalence of blindness is much lower in populations where screening for diabetic
eye disease has been established compared to diabetic populations without screening.2 Diabetic retinopathy (DR) is no
longer the leading cause of certifiable blindness among working age adults in England and Wales.? Clear fundal images
detailing the retinal microvasculature are mandatory to allow grading of DR.

Diabetic RetinaScreen was launched in Ireland in 2013 to address the challenge of DR. It is a government funded,
quality assured national screening program that provides a free DRS service to all patients diagnosed with diabetes from
the age of 12 years and older.* Patients are usually dilated upon attendance, and two 45-degree digital photographs of the
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retina centered on the macula and the optic disc are taken. These images are then graded remotely. The term technical
failure (TF) is used when imaging is ungradable. Ungradable images can be broadly categorized into two groups. The
first category is where the image capture technique has been suboptimal, the resulting images may be out of focus,
insufficient, and/or incorrect fields captured or there may be artefacts from the camera lens present. The second category
of ungradable images encompasses patient characteristics such as limited pupil dilation, motion blur, or media opacities.’
Following the occurrence of a TF, the patient is then invited to attend a further clinical appointment where
a comprehensive ophthalmic examination is made using slit-lamp biomicroscopy. Therefore, the impact of TF is
significant, it is burdensome to the patient as well as being costly to the screening service. Ultimately, a TF can delay
both the diagnosis and the treatment of sight-threatening diabetic retinopathy and non-diabetic eye diseases (NDED).

For best practice in a DRS program, the TF rate should be maintained as low as possible, with the Irish national DRS
setting a standard of <7%.° Despite their considerable impact, the causes of TFs have not been widely studied nor have
any inferences been made about the strength or utility of interventions to prevent them. The objective of this paper is to
determine the factors that are associated with TFs. A secondary objective is to analyze the effect of various interventions
on reducing the TF rate in our service, with the aim of improving patient care and outcomes by minimizing non-clinical
errors that cause delays in treatment and diagnosis.

Methods

Diabetic Retina Screening and Grading Protocol
The screening and grading were performed by NEC Care Ireland (NEC, Japan) and ENP Health Solutions (renamed in
2023, Diabetic Retinopathy-Clinical and Management Services (DR-CMS)) using the OptoMize clinical information
management systems (CIMS), ensuring General Data Protection Regulation (GDPR) compliance and secure storage
accessible to relevant healthcare professionals. Retinal imaging was performed using Nonmyd 7 retinal cameras (Kowa,
USA) and Nonmyd 8 retinal cameras (Kowa, USA). During each screening session, a technician assesses the individual’s
visual acuity and utilizes pinhole correction if the unaided visual acuity is 6/9 or worse. A minimum of two 45° mydriatic
digital photographs of the retina centered on the macula and the optic disc were used for DR grading. Additional anterior
segment photographs were captured when the images were noticed to be inadequate at the time of capture. Such causes
included cataract, corneal scars, and small pupils. NEC, in collaboration with the National Screening Service, agreed to
a grading protocol for Diabetic RetinaScreen, aligned with the English National Diabetic Eye Screening Programme
grading matrix.” Retinal images were graded for retinopathy as R0, R1, R2, or R3, depending on the presence of signs of
DR lesions and their severity. Images displaying surrogate markers of clinically significant macular oedema (CSMO),
such as dot/blot hemorrhages, hard exudates, or retinal thickening within one disc diameter of the foveal centre, received
a maculopathy grade of M1. Images without these markers were graded MO. Images with evidence of previous
photocoagulation treatment were given a grade of P1, while those without were either left blank or given a grade of PO.
Graders further assigned an “adequate” or “inadequate” image quality grade. To be deemed “adequate”, at least an
estimated 85% of the retina had to be clearly visible. If necessary, a jigsaw technique was employed, fusing together clear
parts of the captured images, optimizing vessel details, and thus potentiating grading. If good-quality retinal images could
not be obtained, then the images were given a U, ungradable, grade, and patients were referred for slit lamp-based
grading. Onward referrals from screening underwent rigorous double-grading by two independent graders, with arbitra-
tion for disagreements performed by senior grading staff. Internal quality assurance involved ongoing training, multi-
disciplinary meetings, and audits, particularly focusing on image quality. Individuals unable to complete digital screening
were assessed using an ungradable pathway or directly referred to a treatment center.*®

Study Population

Patient’s data were extracted from the database managed by one of the Diabetic RetinaScreen providers (NEC) between the
years 2018 and 2022. These data included information on patient demographics (such as age, sex, diabetes type) as well as
the results of their screening appointments (DR grade, visual acuity, image quality). Risk factors previously found to be
associated with TF were chosen for inclusion in the study.” The screening program uses two-field (macula centered and disc
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centered) 45-degree images captured on quality assured and standardized cameras.” For a subset of these patients, a review
of images and charts was carried out. Fifty TFs from the months of February 2019, July 2019, February 2020, July 2020,
and February 2021 were randomly selected. Pupillary dilation was termed inadequate if the radius of the pupillary aperture
was less than half the iridial radius. This study followed the tenets of the Declaration of Helsinki.

A number of interventions were introduced between 2019 and 2021 with the aim of lowering the TF across the program;
attempts to capture of an additional 45-degree fundal image for each eye aiming to provide a clearer, alternative view of the
macula and optic disc in 2019, improved camera servicing processes in 2019, regular focused multi-disciplinary team
meetings and quarterly clinic reviews for all screeners from 2019 onwards, the introduction of an additional dilating agent,
phenylephrine 2.5%, for patients where tropicamide 1% had not sufficiently dilated the pupils in 2020.

Data Analysis
Primary analysis involved using all available data in the database to model which factors were associated with TF. This
was achieved using a mixed-effects logistic regression model using nested patient-eye random effects.

Secondary analysis aimed at reviewing a subset of cases in more detail was carried out. Patient data from five time
points between 2019 and 2021 were checked for the presence of cataract, rate of adequately dilated pupils, rate of
anterior images captured, and the presence of camera artefacts on the lens.

All analyses were carried out in R (version 4.0.1; R Foundation for Statistical Computing, Vienna, Austria). A p-value
of 0.05 or less was considered statistically significant.

Results

Primary Analysis

A total of 366,528 appointments from 104,407 patients over 5 years were included in the primary analysis. Table 1 shows
the characteristics of the study population. The overall TF rate, as measured by an image being labelled as “Inadequate”
was 4.9%. The majority of patients were labelled as Type 2 diabetes (89.6%) with just under 60% being male. The
median duration of diabetes was 4.56 years.

The TF rate decreased from 6.6% to 3.5% between the years 2018 and 2022 (Figure 1). It should be noted that due to
the COVID-19 pandemic, the number of screening appointments in 2020 decreased substantially.

The results of the mixed effects model are found in Table 2. The rate of TF increased with age (OR: 1.01 per year,
95% CI: 1.01-1.01, p < 0.001), duration of diabetes (OR: 1.05 per year, 95% CI: 1.05-1.05, p < 0.001) and most
significantly with cataract being present (OR: 17.86, 95% CI: 16.46—19.38, p < 0.001). Patient age did not significantly
impact TF rate when controlled for diabetes type, socioeconomic status index, duration of diabetes, individual grader, and
visual acuity.

There was no increased rate of TF observed with either gender, social deprivation level, or visual acuity.

Secondary Analysis

Technical Failures: Inadequate Pupil Dilation

Of the 250 TFs audited in the study, 108 (43.2%) had sufficiently dilated pupils, while 84 (35.6%) had inadequate
dilation (Table 3). Phenylephrine 2.5% drops were introduced for supplemental dilation into the standard protocol in
July 2020. Of those who were inadequately dilated, only 7 patients (7.86%) received dilation with phenylephrine 2.5%.
In addition, it was unclear in the remaining 53 cases whether patients were adequately dilated or not; anterior segment
imaging was performed in just 2 (3.92%) of these cases where the dilation status was uncertain.

Technical Failures: Cataract

The most common cause of TF at each periodic in-depth assessment was cataract, seen in 52% of all TFs (range 40-60%)
(Table 4). In 100% of these TFs, cataract was seen in the eye implicated in the TF and therefore judged to be the reason
for the TF (Table 5). Notably, in 25% of all TFs, no associated cataract was seen, while in 23%, the presence of cataract
could not be determined (Table 4). In the majority of cases when there was uncertainty regarding the presence of cataract,
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Table | Summary Statistics of the Population (Patient-Eye Level)

Number of Visits

104,407

Age (mean (SD))

62.22 (15.28)

Diabetes Type (%)

Type 2 92,522 (89.6)

Type | 10,582 (10.2)

MODY 65 (0.1)

Other 139 (0.1)
Sex (%)

Female 42,177 (40.4)

Male 62,225 (59.6)

Duration (median [IQR])

4.56 years [1.55, 10.54]

Treatment (%)

Tablets 68,797 (65.9)
Insulin 12,537 (12.0)
Diet 11,074 (10.6)
Combination 10,089 (9.7)
None 1910 (1.8)
Eye (%)

Total 759,688((100.0)
Left 379,865 (50.0)
Right 379,823 (50.0)

Image Quality (%)

Adequate 721,504 (94.9)

Inadequate 37,061 (4.9)
Socioeconomic Status Index (mean (SD)) —6.55 (6.78)
BCVA (median [IQR]) 0.18 [0.00, 0.18]

no anterior imaging had been performed (Table 6). The capture rate of anterior images improved from 64% to 88%,

enabling the identification of cataract and subsequent referral for slit-lamp confirmation and treatment.

Technical Failures: Camera Lens Artefact and Camera Servicing

Improved and more frequent camera maintenance led to a noteworthy decline in lens artefacts, decreasing from 46% in
the first month of analysis to a mere 4% in the final month assessed (Table 7). Camera servicing had an immediate effect,
with a 2.2% drop from 8.37% in October 2019 to 6.16% in December 2019. There was a 1.5% drop from 5.81% in
October 2021 to 4.3% in December 2021. During servicing, the camera lenses were replaced, which addressed causes of
TF such as incorrect focus, camera lens artefacts, and inadequate illumination.
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Figure | Rate of technical failures over time.
Note: Due to Covid-19, the number of people screened was less.
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Technical Failures and Supplemental Posterior Segment Imaging
The incorporation of an extra fundal image for each eye, offering an alternative perspective of the optic disc and macular

2021

2022

region, contributed to a reduction in the TF rate. Specifically, the TF rate decreased from 9% in March 2019 to 6% in

April 2019 following the introduction of this additional retinal image. As shown in Table 8, the percentage of TFs where

no extra fundus images were attempted significantly reduced from 70% in February 2019 before the incorporated change
to 40% by February 2021 (chi-square statistic = 9.0909, p = 0026).

Discussion

This study is the first to demonstrate the factors that are associated with TF in the Irish national DRS, Diabetic
RetinaScreen. Our findings indicate that the TF rate increases with age, the duration of diabetes as well as the presence

of a cataract. Specifically, patients with Type 2 diabetes mellitus had higher rates of TF compared with those with other

types of diabetes. Over the 5-year study period, we demonstrated a steady decline in TF rate following the

Table 2 Results of Mixed-Effects Logistic Regression Model (Association with TF Rate)

Odds Ratio 2.50% 97.50% | p value | Significance
Level

(Intercept) 0.00 0.00 0.00 <0.001

Sex (Male) 0.64 0.39 1.04 0.07

Age 1.01 1.01 1.01 <0.001 ok
Diabetes Type corrected for age (Ref = Type 2) | - - - -
Diabetes Type | 1.00 1.00 1.01 0.67

Diabetes Type MODY 0.95 0.86 1.05 0.33

Diabetes Type Other 1.05 0.98 1.12 0.17
Socioeconomic Status Index 1.00 0.99 1.00 0.26

Duration of Diabetes 1.05 1.05 1.05 <0.001 ok
BCVA 1.00 0.99 1.00 0.03

Cataract present 17.86 16.46 19.38 <0.001 ok

Notes: Odds ratios with p values <0.001 are denoted with a significance level ***,
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Table 3 Adequacy of Pupil Dilation

Yes | No | Unsure
Pupils adequately dilated 108 | 89 53
If not adequately dilated, were phenylephrine drops given? | 7 82 -
If unsure, were anterior images taken? 2 51 -

Table 4 The Presence of Cataract in the Setting of
Technical Failure

Was Cataract Present | Number | Percentage

Yes 130 52.00%
No 63 25.20%
Unsure 57 22.80%

Table 5 Presence of Cataract in the Affected Eye When Cataract Was Present

Affected Eye | Number (%Total) | Cataract in the Inadequately | Percentage
Assessable Eye

Both eyes 89 (68.46%) 89 100%

Left eye only 27 (20.77%) 27 100%

Right eye only | 14 (10.77%) 14 100%

Table 6 Factors Contributing to Uncertainty Regarding the
Presence of a Cataract in Cases of TF Were Identified (22.8% of

Patients)
Factors Contributing to Uncertainty | Number | Percentage
Inadequate dilation 6 10.53%
Other pathology obscuring view 3 5.26%
Poor quality anterior image 7 12.28%
Uncooperative patient | 1.75%
No anterior imaging done 40 70.18%

implementation of quality assurance strategies. In half of the audited TF cases, an optically dense cataract was shown to
be the cause of our TF. Camera lens artefacts and inadequate dilation contributed to a significant proportion of the
remaining 48% of cases and are remediable causes. Specifically, 31 (25.8%) of these patients had lens artefacts present

that we felt were affecting the quality of the image, while 29 (24.2%) were inadequately dilated.

The reason for the TF remained undetermined in almost a quarter (23%) of cases. Our findings directly reflect the
challenges encountered in a real-world DRS program and hold relevance for those considering the establishment of

a DRS service.
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Table 7 Change in Percentage of Technical Failures Where Lens Artefact Was
a Contributing Factor

Month Number of Lens Artefact | No Lens | % TFs Contributed to
TFs Analyzed | Present Artefact | by Lens Artefact

February 2019 | 50 21 29 42%

July 2019 50 I 39 22%

February 2020 | 50 6 44 12%

July 2020 50 12 38 24%

February 2021 50 2 48 4%

Total 250 52 198

Table 8 Change in Percentage of Technical Failures Where No Extra Fundus Images Were

Attempted
Month No Extra Extra Fundus % TFs Where No Extra Fundus
Fundus Images Images Taken Image was Attempted

February 2019 35 15 70%

July 2019 25 25 50%

February 2020 29 21 58%

July 2020 16 34 32%

February 2021 20 30 40%

Total 125 125

Diabetic patients are up to five times more likely to develop cataracts and tend to develop them at an earlier age
compared to non-diabetics.'’'? The increased prevalence of cataracts within a diabetic population significantly impacts on
a DRS program as the acquisition of gradable images is made more challenging. Our reported TF rate of 52% due to the
presence of an optically dense cataract aligns with findings from other studies. Scanlon et al found that in a group of 3650
mydriatic patients with a 3.7% failure rate, 57% of the ungradable images had an obvious central cataract and 21%
exhibited early cataract.> Rico-Sergado’s study of over 400 non-mydriatic patients with ungradable images found that
69.2% had a lens opacity.'' Murgatroyd et al determined that the presence of a posterior subcapsular cataract was highly
predictive of ungradable nonmydriatic fundus photographs.” The improved capture rate of anterior segment images shown
in our study (from 64% to 88%), aided us to identify the presence of cataract and their role in causing TFs. Notably, just
over two-thirds of our patients (68%) with ungradable images secondary to cataracts had bilateral involvement.

Approximately one-fifth of cataract extractions are performed on diabetic patients.'* This poses a significant
challenge in the timely management of diabetic patients in Ireland, as surgical intervention is essential to avoid continued
attendance at slit-lamp biomicroscopy examinations. This not only adds to patients’ travel burden due to limited
availability of such clinics compared to DRS centers but also increases the overall cost of services. Given the relatively
high non-attendance rates in DR screening appointments (18.5% in Ireland), addressing cataracts promptly becomes
crucial for efficient and accessible diabetic retinopathy management.'”

Numerous studies have shown that adequate pupillary dilation facilitates image acquisition and reduces the rate of
ungradable images.'>'®!” While advantageous for imaging, the disadvantage of pupillary dilation from the patient’s
perspective is that their vision becomes blurred, and temporarily prohibits driving.'® Nonetheless, this inconvenience
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mitigates the need for a further dilated assessment using slit-lamp biomicroscopy. We determined that just over a third of
our patients (35.6%) were inadequately dilated, indicating a critical area for improvement. Dilation of the pupil becomes
more difficult with increased duration of diabetes secondary to denervation of the autonomic pupillomotor nerve fibres.'’
Scanlon et al suggested that the introduction of phenylephrine 2.5% along with tropicamide 1% could reduce the TF rate
for patients over 80 years old."* Although we introduced the option of phenylephrine 2.5% as a second dilating agent, we
acknowledge that the impact of this additional intervention was not given adequate time to be sufficiently assessed, and
we recognize this as a limitation of our study. The use of phenylephrine necessitates careful consideration due to potential
drug interactions and contraindications in patients with cardiac disease, hypertension, or thyrotoxicosis. Despite these
considerations, the national screening service clinical advisory group has opted to retain phenylephrine as an adjunctive
dilating agent.*°

Kanclerz et al performed a meta-analysis across imaging modalities, they found the TF rates for mydriatic digital fundus
photography, non-mydriatic digital fundus photography, smartphone-based imaging, and ultrawide-field imaging (UWF) were
3.4%, 12.1%, 5.3%, and 2.2%, respectively.'* The TF rate was significantly different between all pairs of the analyzed techniques
and the overall TF rate for all techniques was 6.6%, while the lowest TF rate (2.2%) was found in ultrawide field (UWF)
photography.'? Our mean five-year TF rate, including both mydriatic and non-mydriatic digital fundus photography, was 4.9%.
Silva et al compared ungradable image rates between nonmydriatic UWF imaging and nonmydriatic multifield fundus photo-
graphy (NMFP) in a population-based DR teleophthalmology program.”' They found that the ungradable rate per patient for DR
was significantly lower with UWF imaging compared with NMFP, namely 2.8% vs 26.9%. They concluded that the demonstrated
benefit of UWF imaging may have resulted in part as high-resolution scanning laser ophthalmoscopy facilitates better imaging
through media opacities and smaller pupils. Like Scanlon and our findings, Silva found a significant association between increased
age, duration of diabetes, and the incidence of TF.'>*!*> The need for ongoing camera operator training and camera maintenance

has also been highlighted by Raumviboonsuk et al.**

Taylor et al acknowledged that at the time of image acquisition, if a screener
is poorly trained, their captured images may be unsuited for grading. While this study is unique, they identified a need to
standardize camera settings and ensure that they are regularly audited for consistency.**

Besides employing UWF, another technique to circumvent the effect of cataract and acquire clear gradable images is
to take additional posterior segment photographs. Programs providing a DRS service vary in their protocols; Scottish
screeners take only one macula-centered digital fundus photograph per eye;>>=° like Ireland, the England, Wales, and
Northern Ireland screening program protocols use two images: a macula and an optic disc-centered image.?” Looker
reported that the rate of ungradable eyes in Scotland was 1.6% of all screening appointments from 2005 to 2011, though
this figure referred to those assessed at slit lamp.”® The Scottish Diabetic Retinopathy Screening Collaborative quality
assurance protocols have a set maximum rate of ungradable images at 2.5% for digital imaging.> Notably, Martinez
reported a TF rate of 8.8% when a single image foveal-centered photograph is used.’ Salongcay et al employed a five-
field imaging protocol and used three different brands of handheld cameras.®® Their TF rate ran between 0% and
3.56%.>° Our TF rate decreased from 9% in March 2019 to 6% in April 2019 following the introduction of additional
posterior segment imaging. Although taking extra images per eye may seem like an additional step in the screening
process that requires extra resources and time, we feel reducing TF at the initial screen to avoid costly and unnecessary
further slit-lamp biomicroscopy justifies the resource expenditure at this stage of screening.

Raumviboonsuk et al found that when performing real-time diabetic retinopathy screening using deep learning, the
deep-learning system classified a significant number of images (14.8%) to be ungradable.*' Just 64% of images
considered ungradable by the deep-learning system were also considered ungradable by their adjudication panel.’'
However, the advantage of such an automated image curation system lies at the point of image capture. It can provide
real-time feedback to the screening photographers and potentially reduce the incidence of low-quality images by up to
70%.%23 1t is worth noting that media opacity from cataract, present in over half the patients with TF in this analysis,
will adversely impact retinal image quality, irrespective of whether the grading is conducted by humans or Al

While a significant limitation of this real-world study is the absence of case controls for direct comparison of each
intervention, this decision was deemed necessary to ensure patient care was not compromised. Despite this limitation, the
study proves valuable through single group analysis and the use of historical data for comparison. The TF rates from
2020 to 2023 consistently remained below the historical rates of 0.05 observed in 2016 and 2017, with all rates below
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0.045. Single group studies, despite lacking a direct concurrent comparison group, can provide valuable insights into
causal treatment effects by extrapolating expected outcomes in the untreated arm, relying on before-after, implicit, or
historical comparisons as comparison proxies.’* Additionally, the effects of each intervention were not assessed in
isolation, and there were undoubtedly crossover effects. The interventions were likely to be synergistic, and following
multidisciplinary teaching sessions, the screener was more likely to use all interventions possible to capture the best
available images for grading. It was, however, possible to quantify the number of additional retinal and anterior segment
images acquired; however, the weighting of various educational sessions was more difficult to standardize.

Some causes of TF remain as significant challenges. When screening for DR in patients with dense corneal opacities
or significant asteroid hyalosis, slit-lamp biomicroscopy is often employed. Indirect ophthalmoscopy may be the
preferred way to assess DR in immobile and/or cognitively impaired patients. Hand held cameras have been successfully
used to bring DRS to the patient rather than have the patient attend a clinic.***> A hand-held camera would be potentially
useful to screen those individuals with mobility challenges when positioning their head on the chinrest of a camera.

Conclusion

This study underscores the importance of comprehensive interventions aimed at reducing TF rates and improving the
effectiveness of DRS programs. In particular, this study highlights the significant impact of patient factors, particularly
cataracts, on the TF rate. Cataracts were involved in over 50% of TF cases, presenting a challenge that cannot be fully
overcome at a screening level. As a result, most patients with cataracts still require referral to optometric services.
However, through targeted interventions such as addressing photographer/photographic errors with the introduction of
a third alternative-view fundus photograph and more focused multi-disciplinary meetings, as well as implementing
enhanced and regular camera servicing, the overall TF rate was successfully reduced. By addressing modifiable factors
and considering patient-specific challenges, we can enhance the quality of DRS and ultimately improve patient outcomes.
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