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Telemedicine has traditionally been applied within remote settings to overcome geographical barriers to healthcare access, providing an alternate means of connecting patients to specialist services. The coronavirus 2019 pandemic has rapidly expanded the use of telemedicine into metropolitan areas and enhanced global telemedicine capabilities. Through our experience of delivering real-time telemedicine over the past decade within a large outreach eye service, we have identified key themes for successful implementation which may be relevant to services facing common challenges. We present our journey toward establishing a comprehensive teleophthalmology model built on the principles of collaborative care, with a focus on delivering practical lessons for service design. Artificial intelligence is an emerging technology that has shown potential to further address resource limitations. We explore the applications of artificial intelligence and the need for targeted research within underserved settings in order to meet growing healthcare demands. Based on our rural telemedicine experience, we make the case that similar models may be adapted to urban settings with the aim of reducing surgical waitlists and improving efficiency.
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INTRODUCTION

The delivery of equitable eye services for rural and remote communities represents a unique challenge to healthcare providers. Within Western Australia (WA), the integration of teleophthalmology into service delivery has played a pivotal role in addressing these challenges. Lions Outback Vision was established in 2010 at the Lions Eye Institute in Perth and now serves 51 communities with visiting optometry and/or ophthalmology. This article presents an overview of our journey toward the development of an integrated teleophthalmology model over the past decade, with a focus on the key lessons for building an effective telemedicine service. Beyond telemedicine, we consider the role of recent advancements in artificial intelligence (AI) and the pathway toward harnessing this technology for more equitable service provision in under-resourced settings. Finally, we make the case that outreach telemedicine models may be translated into urban areas to address the problem of burgeoning surgical waitlists. The coronavirus 2019 (COVID-19) pandemic has accelerated telemedicine capabilities across the globe and catapulted its applications beyond traditional geographic barriers to healthcare.



TELEMEDICINE INTEGRATION FOR OUTREACH EYE CARE

With an area of 2.65 million square kilometers, the state of WA would feature within the top 10 countries by size worldwide. Ninety percent of the population live within the southwest corner of the state, centered around the capital city where all tertiary services are located. The remaining population is scattered sparsely across outback WA, representing a significant challenge for eye care providers. Remote health services are frequently affected by high staff turnover, impacting on long-term stability. Furthermore, rural areas have a high proportion of Indigenous patients compared to metropolitan areas. Patient rurality and Indigenous status are both associated with a higher burden of vision impairment coupled with reduced access to eye care services (1).

Given the unique demography of WA, teleophthalmology has been a key and growing service element within Lions Outback Vision through both real-time videoconferencing and “store and forward” modalities (Figure 1). In 2021, 25% (n = 1,825) of all ophthalmology appointments at our service were conducted though telemedicine. During face-to-face outreach specialist visits, 62% (n = 3,442) of appointments required specialist procedural management, representing a highly efficient clinical triage through collaboration with optometrists. The ability to waitlist surgical patients via videoconference at the time of primary-care assessment eliminates the waiting time for the initial specialist appointment with attendant logistical and cost implications. Moreover, teleophthalmology can also be delivered safely utilizing the correct expertise and case-selection, with a systematic review finding that diagnostic accuracy for real-time teleophthalmology was comparable to face-to-face consultation (2).


[image: Figure 1]
FIGURE 1. Clinical pathway demonstrating the role of teleophthalmology within Lions Outback Vision. Teleophthalmology enables fast-track access (green) for patients to specialist care compared to traditional referral pathways which are congested (red). By diverting referrals from non-eye care professionals via optometry and diabetic retinal screening, specialist clinics can manage well-triaged pathology (brown). ACCHOs, Aboriginal Community Controlled Health Organizations; LOV, Lions Outback Vision.


We believe that our experience in delivering real-time videoconference consults over the last decade may provide useful lessons for similar regions around the world. Through our history of service delivery, we have identified several key lessons in our journey. These include: 1) a focus on coordination of services at both regional and local community levels, 2) engagement with government funding agencies to align telemedicine-related financial incentives with the benefits they deliver, and 3) reducing barriers to telemedicine uptake through a range of service modifications, education, and support initiatives.


Coordination of Eye Services

Coordination between ophthalmology and optometry has been identified as an essential part of delivering effective outreach eye care. A cross-sectional case study of rural eye services in Australia demonstrated that higher levels of integration between optometrists and ophthalmologists led to improved surgical case rates, with trends toward increased clinical activity and reduced wait times (3). The primary screening and triage provided by optometrists funneled more patients with a higher concentration of pathology requiring procedural intervention to the limited number of specialist visits. Important elements of coordination were highlighted including: 1) service integration with optometry services to facilitate primary screening and triage, 2) involvement of local health staff such as Aboriginal Health Workers to support patient attendance, and 3) appointment of a Rural Eye Health Coordinator (REHC) to liaise between primary healthcare, regional hospitals, and visiting eye services.

In 2011, Lions Outback Vision implemented real-time videoconference teleophthalmology services that linked patients to an ophthalmologist and was facilitated by their primary healthcare provider. To build an evidence base, we conducted a series of studies designed to evaluate our service and found that several of the themes highlighted above regarding eye service coordination were also critical for telemedicine. A prospective clinical audit of 100 telemedicine consultations showed that 60% of referrals emanated from optometrists, despite there being no reimbursement for referral at that time, and the remainder of the referrals were generated from general practitioners (4). A survey of 109 patients who took part in telemedicine consultations found a high level of satisfaction, with 94% of patients indicating they were “satisfied” or “very satisfied” (5). Qualitative analysis of the factors contributing to satisfaction revealed that familiarity with staff at the patient-end was important, in part making up for any perceived impersonality due to the absence of face-to-face interaction. This again highlights the essential part that local community staff play in facilitating effective teleophthalmology.

The key role of REHCs has been demonstrated within our diabetic retinopathy screening program, which operates using a store-and-forward model (6). Following a period of declining screening activity in WA's Kimberley region, an REHC was appointed with the aim of providing high-level support for retinal screening and staff training. A retrospective audit comparing the period before and after the REHC's appointment showed an increase in screening coverage from 9 to 30%, with the number of screening sites increasing from 4 to 17 (6). This illustrates the positive impact that regional coordination can have on the effective delivery of teleophthalmology.



Alignment of Funding Incentives

A high degree of engagement with government funding bodies has been critical to the success of our telemedicine program, with the aim of ensuring that reimbursement sustains services and reflects the costs of high-quality service delivery. In 2011, the Commonwealth government introduced Medicare funding for both the referring doctor and specialist, with ~50% loading above equivalent face-to-face visits to reflect the additional resources required for telemedicine consults. Limited reimbursement in the United States is a frequently cited reason for reduced uptake of teleophthalmology (7). In 2019, only 10 of 50 states had payment parity between telemedicine and office visits (7). In response to COVID-19, telemedicine was made more widely available through reimbursement at the same rate as in-person visits regardless of setting. Similarly, in Australia regulations have been temporarily relaxed to include funding for audio-only consultations as well as metropolitan settings.

Despite the introduction of sustainable funding, telemedicine uptake in WA was initially low, falling 74% below government targets in the first year that incentives became available (8). Our group conducted an analysis of structural and economic drivers within WA eye care services with the aim of increasing the impact of teleophthalmology in Australia (9). Based on clinical audits of 5,456 eye visits, an estimated 15% of urgent transfers and 24% of outreach consultations were assessed as being suitable for telemedicine, leading to an estimated annual cost-saving of $1.1 million. Additionally, to determine the initial capital expenditure required to facilitate basic teleophthalmology, we conducted a survey of ocular diagnostic and teleconference equipment available at optometrists, primary-care practices, and hospitals. Setup costs for primary-care practices were estimated at $20,500, compared to negligible costs for already well-equipped optometry practices.

Based on this finding, along with the reduced need for further eye-specific clinical training for optometrists, we concluded that facilitating optometrist-led teleophthalmology provided the most compelling economic case. A strategy document was created with recommendations for teleophthalmology in Australia and submitted to the Royal Australian and New Zealand College of Ophthalmologists and Optometry Australia. Amongst other strategic initiatives, successful advocacy resulted in the approval of new Medicare codes for optometrist-led rural telemedicine referrals in 2015. In the first year following approval, Lions Outback Vision received 709 teleophthalmology referrals facilitated by optometrists (10).



Addressing Barriers to Telemedicine Uptake

Despite the demonstrated benefits of telemedicine, there are numerous barriers that can limit widespread uptake. In addition to the financial barriers previously outlined, there are also a range of technical and logistical obstacles. Taking a proactive approach to addressing these challenges has been critical to developing our service model. We found that introducing a multi-faceted intervention increased teleophthalmology uptake at our service (11). Key elements of this intervention included awareness raising, educational resources, logistical support, an updated online booking system, and a funding mechanism to simulate Medicare payments prior to government implementation.

In the United States, restrictions on permitted videoconferencing software emerged as an important barrier to telemedicine uptake in the context of COVID-19 (7). In response, the Centers for Medicare and Medicaid Services removed penalties for technologies that were previously considered non-compliant, such as Facetime, Skype, and Google Hangout. In contrast, these types of technologies have been used for telemedicine in Australia since 2011. Our existing service remains agnostic to videoconference platforms in order to minimize barriers for the referrer. Multiple audits of our service have shown that freely available voice-over-Internet-Protocol services such as Skype and Facetime are commonly chosen by referrers, supporting the idea that familiarity and useability are critical factors (10, 11).

Scheduling three parties (patient, referrer and specialist) for synchronous telemedicine relies on availability and timeliness of participants to ensure minimal disruption to clinical workflow. In 2017, our service introduced on-call teleophthalmology services to complement the existing online booking system. When an optometrist is visiting a community or a patient has traveled a significant distance for an assessment, there is limited opportunity for a scheduled future telemedicine appointment. This alternative provided immediate access to the ophthalmologist, resulting in improved access for rural and Indigenous patients. A clinical audit showed that the proportion of Indigenous patients in the on-call telemedicine cohort was 51.4%, compared to 8.7% in the online-booking telemedicine group (12). We found similar improvements in access for the most remote regions of WA, with 79.0% in the on-call service compared to 26.1% in the online-booking cohort. Of all telemedicine consultations in 2018, 27.8% made use of the on-call service, demonstrating high demand for the more flexible booking arrangement.




BEYOND TELEMEDICINE: THE ROLE OF AI IN RURAL EYE CARE

Rapid progress in AI technology has attracted interest due to its potential to perform complex medical tasks with supra-human performance. Deep learning is a type of AI utilizing multiple processing layers to learn representation of data with multiple levels of abstraction (13). Deep learning is particularly well-suited to image analysis tasks; hence, image-driven specialties like ophthalmology have become the frontrunners for medical AI. Advances in AI hold promise in helping bridge the widening gap between population eye care needs and trained human resources to meet these needs, particularly for underserved rural communities. A well-known limitation of AI is the tendency for algorithms to generalize poorly outside their research milieu (14). AI systems must therefore be trained on data from diverse populations and then rigorously validated within their intended settings.


Autonomous Diabetic Retinopathy Screening

Ophthalmic AI applications exist for numerous conditions, most commonly for diabetic retinopathy (DR), glaucoma, and age-related macular degeneration (AMD) (13). DR represents a growing burden for outreach eye services due to increasing prevalence, requirement for expensive imaging equipment, and the need for regular specialist intervention for optimal outcomes. It is therefore reassuring that much of the most promising progress toward real-world AI implementation has been for autonomous DR screening. Currently, two autonomous DR screening systems have been approved for use by Food and Drug Administration, following pivotal trials showing strong performance in real-world settings (15, 16). Both studies were conducted in the United States within majority white populations.

Our group was recently involved with a real-world validation study of a separate autonomous DR screening system evaluating 236 diabetic patients from Aboriginal Medical Services and endocrinology outpatient clinics (17). In addition to identifying referable DR, the system was also designed to screen for AMD and glaucoma, although performance was only assessed for DR screening. The system achieved a sensitivity and specificity of 96.9 and 87.7%, respectively, in detecting referable DR. Apart from investigating an at-risk ethnic group, other novel aspects of the study included: 1) the use of an offline AI system rather than a cloud-based system, as the latter is a notable barrier in some rural settings, 2) use of several types of retinal camera, and 3) evaluation of patient and clinician acceptability, which is frequently cited as a major limitation to AI uptake. Of 207 participants who completed a satisfaction questionnaire, 93.7% stated that they were either “satisfied” or “extremely satisfied”. Clinicians most frequently noted that the AI system was easy to use, and that the real-time diagnostic report was helpful.



Research Potential at Australia's First Remote Eye Center

Despite the progress of ophthalmic AI applications, further study is required to ensure that AI technology delivers benefit to patients. In 2021, Lions Outback Vision opened the Northwest Eye Hub in the remote Kimberley town of Broome. As Australia's first permanent dedicated eye center located in a remote region, it holds significant potential for furthering AI research in this high-risk but under-studied population. Our decade-long history of working in partnership with local community leaders and health organizations means we are well-positioned to develop further collaborative research partnerships. The hub is equipped with state-of-the-art diagnostic equipment, which, in many cases, surpasses that of tertiary eye clinics. The center is staffed by two full-time ophthalmologists and a range of other health staff including Aboriginal Health Workers and optometrists. Our team is currently engaged in several AI projects focusing on DR screening, detecting macular edema, (18) and analyzing optical coherence tomography angiography linking systemic risk factors.




TRANSLATIONAL TELEMEDICINE: OUTBACK SOLUTIONS TO BIG CITY PROBLEMS

A significant “hidden” waitlist has been recently highlighted in Australia—the waiting time for initial specialist assessment (19). This pre-specialist assessment waiting time is often not publicly available and yet masks a burden of preventable diseases silently resulting in unknown levels of permanent blindness or unnecessarily prolonged visual impairment. An audit of cataract referrals from two metropolitan public hospitals in New South Wales found that two-thirds of patients were yet to have their initial hospital appointment in the year following referral (20).

The COVID-19 pandemic has elevated telemedicine in the consciousness of all health service providers attempting to bridge barriers to healthcare. The imperative for telemedicine in outback Australia over the last decade and the robust supporting evidence-base can be translated rapidly to urban settings. For eye care in Australia, optometrists represent an accessible, publicly funded, and well-equipped resource to help tackle population eye health needs. Collaborative care models involving community-based optometrists and virtual review by an ophthalmologist using “store-and-forward” telemedicine modalities have been demonstrated for glaucoma and diabetes clinics in Australia, leading to cost-savings and reduced wait times (21, 22). Exploring options for upscaling these models has the potential to further improve the capacity of public eye services.

Synchronous videoconferencing may also be utilized to consent patients for surgical management during their first in-person contact point with the specialist, as shown within Lions Outback Vision. An audit of outreach surgery found that patients assessed through telemedicine waited half the length of time compared to those assessed in traditional outpatient clinics (23). Urban centers in the United Kingdom have explored comparable models involving community optometrists and telemedicine consultations to enable “one stop cataract surgery,” demonstrating similar benefits (24, 25). Adapting these models to the Australian context will require careful consideration to safeguard informed consent, rigorous surgical risk-assessment, and effective use of theater-time, however the benefits warrant further exploration. Telemedicine provides a seamless path from primary care to surgical management, and enables expert medical input where required, establishing a cornerstone to collaborative care.



CONCLUSION

Within WA, integration of teleophthalmology has been a crucial component in enabling Lions Outback Vision to make progress toward equitable eye care delivery. Much of this headway has relied upon establishing collaborative care models with regional optometrists, maximizing the efficiency of in-person specialist visits. Key lessons from our service have the potential to be applied to areas that share similar geographical and logistical challenges. Looking forward, advances in AI have shown promise toward bridging the gap between expanding eye care demands and limited resources; however, further investigation within under-resourced settings is critical to future progress. Finally, following the acceleration of global telemedicine capabilities triggered by COVID-19, lessons from rural services may be applied to urban centers to curb rapidly growing surgical wait lists. There is a clarion call to harness telemedicine advances in collaborative care to preserve sight in both urban and rural settings.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

MC and AT were involved in planning, researching, and drafting the manuscript. The final manuscript was reviewed and approved by both authors.



FUNDING

MC is completing a PhD at University College London funded by a General Sir John Monash Scholarship.



REFERENCES

 1. Foreman J, Xie J, Keel S, van Wijngaarden P, Sandhu SS, Ang GS, et al. The prevalence and causes of vision loss in indigenous and non-indigenous Australians: the national eye health survey. Ophthalmology. (2017) 124:1743–52. doi: 10.1016/j.ophtha.2017.06.001

 2. Tan IJ, Dobson LP, Bartnik S, Muir J, Turner AW. Real-time teleophthalmology versus face-to-face consultation: a systematic review. J Telemed Telecare. (2017) 23:629–38. doi: 10.1177/1357633X16660640

 3. Turner AW, Mulholland WJ, Taylor HR. Coordination of outreach eye services in remote Australia. Clin Experiment Ophthalmol. (2011) 39:344–9. doi: 10.1111/j.1442-9071.2010.02474.x

 4. Johnson KA, Meyer J, Yazar S, Turner AW. Real-time teleophthalmology in rural Western Australia. Aust J Rural Health. (2015) 23:142–9. doi: 10.1111/ajr.12150

 5. Host BK, Turner AW, Muir J. Real-time teleophthalmology video consultation: an analysis of patient satisfaction in rural Western Australia. Clin Exp Optom. (2018) 101:129–34. doi: 10.1111/cxo.12535

 6. Moynihan V, Turner A. Coordination of diabetic retinopathy screening in the Kimberley region of Western Australia. Aust J Rural Health. (2017) 25:110–5. doi: 10.1111/ajr.12290

 7. Kalavar M, Hua H-U, Sridhar J. Teleophthalmology: an essential tool in the era of the novel coronavirus 2019. Curr Opin Ophthalmol. (2020) 31:366–73. doi: 10.1097/ICU.0000000000000689

 8. Turner A, Razavi DH, Copeland S. Increasing the Impact of Eye Telehealth in Rural Remote Western Australia. (2014). Available online at: https://www.outbackvision.com.au/wp-content/uploads/2020/04/increasing-the-impact-of-telehealth-for-eye-care-in-rural-and-remote-western-australia.pdf (accessed December 01, 2021). 

 9. Razavi H, Copeland SP, Turner AW. Increasing the impact of teleophthalmology in Australia: Analysis of structural and economic drivers in a state service. Aust J Rural Health. (2017) 25:45–52. doi: 10.1111/ajr.12277

 10. Bartnik SE, Copeland SP, Aicken AJ, Turner AW. Optometry-facilitated teleophthalmology: an audit of the first year in Western Australia. Clin Exp Optom. (2018) 101:700–3. doi: 10.1111/cxo.12658

 11. O'Day R, Smith C, Muir J, Turner A. Optometric use of a teleophthalmology service in rural Western Australia: comparison of two prospective audits. Clin Exp Optom. (2016) 99:163–7. doi: 10.1111/cxo.12334

 12. Nguyen AA, Baker A, Turner AW. On-call telehealth for visiting optometry in regional Western Australia improves patient access to eye care. Clin Exp Optom. (2020) 103:393–4. doi: 10.1111/cxo.12979

 13. Wang Z, Keane PA, Chiang M, Cheung CY, Wong TY, Ting DSW. Artificial intelligence and deep learning in ophthalmology. Artif Intell Med. (2021) 1–34. doi: 10.1007/978-3-030-58080-3_200-1 

 14. Ting DSW, Pasquale LR, Peng L, Campbell JP, Lee AY, Raman R, et al. Artificial intelligence and deep learning in ophthalmology. Br J Ophthalmol. (2019) 103:167–75. doi: 10.1136/bjophthalmol-2018-313173

 15. Abràmoff MD, Lavin PT, Birch M, Shah N, Folk JC. Pivotal trial of an autonomous AI-based diagnostic system for detection of diabetic retinopathy in primary care offices. Npj Digit Med. (2018) 1:1–8. doi: 10.1038/s41746-018-0040-6

 16. Ipp E, Liljenquist D, Bode B, Shah VN, Silverstein S, Regillo CD, et al. Pivotal evaluation of an artificial intelligence system for autonomous detection of referrable and vision-threatening diabetic retinopathy. JAMA Netw Open. (2021) 4:e2134254. doi: 10.1001/jamanetworkopen.2021.34254

 17. Scheetz J, Koca D, McGuinness M, Holloway E, Tan Z, Zhu Z, et al. Real-world artificial intelligence-based opportunistic screening for diabetic retinopathy in endocrinology and indigenous healthcare settings in Australia. Sci Rep. (2021) 11:15808. doi: 10.1038/s41598-021-94178-5

 18. Liu X, Ali TK, Singh P, Shah A, McKinney SM, Ruamviboonsuk P, et al. Deep learning to detect optical coherence tomography-derived diabetic macular edema from retinal photographs: a multicenter validation study. Ophthalmol Retina. (2022) : doi: 10.1016/j.oret.2021.12.021. [Epub ahead of print].

 19. Huang-Lung J, Angell B, Palagyi A, Taylor H, White A, McCluskey P, et al. The true cost of hidden waiting times for cataract surgery in Australia. Public Health Res Pract. (2021) doi: 10.17061/phrp31342116. [Epub ahead of print]. 

 20. Do VQ, McCluskey P, Palagyi A, Stapleton FJ, White A, Carnt N, et al. Are cataract surgery referrals to public hospitals in Australia poorly targeted? Clin Experiment Ophthalmol. (2018) 46:364–70. doi: 10.1111/ceo.13057

 21. Ford BK, Angell B, Liew G, White AJR, Keay LJ. Improving patient access and reducing costs for glaucoma with integrated hospital and community care: a case study from Australia. Int J Integr Care. (2019) 19:5. doi: 10.5334/ijic.4642

 22. Tahhan N, Ford BK, Angell B, Liew G, Nazarian J, Maberly G, et al. Evaluating the cost and wait-times of a task-sharing model of care for diabetic eye care: a case study from Australia. BMJ Open. (2020) 10:e036842. doi: 10.1136/bmjopen-2020-036842

 23. McGlacken-Byrne A, Turner AW, Drinkwater J. Review of cataract surgery in rural north Western Australia with the Lions Outback Vision. Clin Experiment Ophthalmol. (2019) 47:802–3. doi: 10.1111/ceo.13481

 24. Gaskell A, McLaughline A, Young E, McCristal K. Direct optometrist referral of cataract patients into a pilot 'one-stop'cataract surgery facility. J R Coll Surg Edinb. (2001) 46:1.

 25. Dhillon N, Ghazal D, Harcourt J, Kumarasamy M. A proposed redesign of elective cataract services in Scotland – pilot project. Eye. (2021) 1–6. doi: 10.1038/s41433-021-01810-9

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chia and Turner. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Benefits of Integrating Telemedicine and Artificial Intelligence Into Outreach Eye Care: Stepwise Approach and Future Directions



		Introduction



		Telemedicine Integration for Outreach Eye Care



		Coordination of Eye Services



		Alignment of Funding Incentives



		Addressing Barriers to Telemedicine Uptake







		Beyond Telemedicine: The Role of AI in Rural Eye Care



		Autonomous Diabetic Retinopathy Screening



		Research Potential at Australia's First Remote Eye Center







		Translational Telemedicine: Outback Solutions to Big City Problems



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Benefits of Integrating Telemedicine
and Artificial Intelligence Into
Outreach Eye Care: Stepwise

Approach and Future Directions





OPS/images/fmed-09-835804-g001.gif
NON-EYE HEALTH . o
FROrESSONALS ortomTRY OO orHmHAMOLOG @D










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





