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Abstract
Aim: To describe barriers to implementation of diabetic ret-

inopathy (DR) teleretinal screening programs and artificial

intelligence (AI) integration at the University of California

(UC).

Methods: Institutional representatives from UC Los Angeles,

San Diego, San Francisco, Irvine, and Davis were surveyed for

the year of their program’s initiation, active status at the time

of survey (December 2021), number of primary care clinics

involved, screening image quality, types of eye providers,

image interpretation turnaround time, and billing codes used.

Representatives were asked to rate perceptions toward bar-

riers to teleretinal DR screening and AI implementation using

a 5-point Likert scale.

Results: Four UC campuses had active DR teleretinal

screening programs at the time of survey and screened be-

tween 246 and 2,123 patients at 1–6 clinics per campus.

Sites reported variation between poor-quality photos (<5% to

15%) and average image interpretation time (1–5 days).

Patient education, resource availability, and infrastructural

support were identified as barriers to DR teleretinal screening.

Cost and integration into existing technology infrastructures

were identified as barriers to AI integration in DR screening.

Conclusions: Despite the potential to increase access to care,

there remain several barriers to widespread implementation

of DR teleretinal screening. More research is needed to de-

velop best practices to overcome these barriers.

Keywords: artificial intelligence, diabetic retinopathy, tele-

medicine, informatics, diabetes screening

Introduction

D
iabetes is a global epidemic,1 with prevalence esti-

mated to increase from 537 to 783 million adults

worldwide between 2021 and 2045.2 Diabetic reti-

nopathy (DR), a common complication of diabetes,

is a leading cause of preventable blindness among adults, and

its prevalence is expected to increase to 160 million by 2045.3

To address this growing burden, the American Academy of

Ophthalmology and American Diabetes Association have re-

commended diabetes patients undergo annual eye examina-

tions for DR screening.4,5

Despite incorporating DR screening recommendations into

quality metrics within the federally supported Merit-based
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Incentive Payment System (MIPS),6 real-world screening

adherence has remained low, ranging from 20% to 60%.7,8

Reasons for these gaps include limited health care access,

transportation, cost, education on screening importance, and

anxiety about diabetic complications.9 Furthermore, minority

status, older age, complex medical comorbidities, feasibility

of DR screening,10 diagnostic accuracy,11 and local disease

prevalence12 have been shown to complicate access to care. To

address these barriers, DR teleretinal screening programs have

been previously implemented across several single-center

institutions and have demonstrated real-world efficacy in

increasing access to care.7,10,11,13

However, a recent study by Thomas et al. identified that

despite the early success of several telemedicine programs,

addressing issues such as infrastructural support and tech-

nology implementation were necessary to ensure long-term

sustainability, especially in light of the recent COVID-19

pandemic.14 Within DR telemedicine literature, there is a

paucity of studies describing implementation considerations

of teleretinal systems for DR.13,15–17 Recent approvals of au-

tonomous artificial intelligence (AI) systems for DR diagnosis

such as IDx-DR18,19 and EyeNuk19 have gained U.S. Food and

Drug Administration (FDA) approval and represent further

opportunities to improve cost-effectiveness and increase pa-

tient impact of telemedicine systems.20 However, literature

addressing successful integration of autonomous AI systems

in DR teleretinal screening has been largely lacking.21,22

We aimed to address these gaps by (1) analyzing variations

in implementation of teleretinal DR screening programs

across a large multipayer and multi-institutional system at the

University of California (UC), and (2) assessing barriers and

institutional perceptions of AI integration for DR screening.

Subjects, Materials, and Methods
This study adhered to the Declaration of Helsinki and was

approved by the UC San Diego (UCSD) institutional review

board; informed consent was waived. We surveyed 1–2 in-

stitutional representatives regarding DR screening program

implementation from the following campuses: UCSD, UC San

Francisco (UCSF), UC Los Angeles (UCLA), UC Irvine (UCI), and

UC Davis (UCD). Representatives consisted of primary care

physicians (PCPs), endocrinologists, or ophthalmologists

leading teleretinal DR screening programs.

We employed a mixed methods approach to gather quan-

titative and qualitative responses. Each representative pro-

vided data regarding operational details of their screening

programs with numeric (e.g., number of patients seen) and

categorical responses (e.g., billing codes). We asked for the

year of program initiation, active status at the time of survey

(December 2021), number of primary care clinics involved in

each program, screening image quality, types of eye care

providers, turnaround time for image interpretation, billing

codes used, and financial sustainability of the screening

program.

Five-point Likert items (1 = strongly disagree, 2 = somewhat

disagree, 3 = neutral, 4 = somewhat agree, and 5 = strongly

agree) were used to assess perceived barriers and facilitators to

screening program implementation and perceptions of AI

integration. Proportions of Likert scale responses were ex-

pressed as percentages, and mean Likert scale scores were

reported. We also solicited free-text responses regarding

conducive or prohibitive factors to implementing teleretinal

screening programs, and the impact of the COVID-19 pan-

demic.

Additional qualitative information regarding DR screening

program implementation was obtained from monthly meet-

ings hosted by the UC Office of the President called ‘‘UC

Diabetes Initiative: Medical Home subgroup.’’ These were

standing monthly meetings of representatives from each of

the participating UC sites to provide updates and share lessons

learned during implementation. Qualitative comments from

these meetings provided additional context.

STATISTICAL ANALYSES
Data were collected from December 2021 to February 2022

and were analyzed during March and April 2022. Descriptive

analyses were performed for program characteristics. Formal

hypothesis testing was not performed, as this was a descriptive

study of variation in implementation among few sites. All data

analyses were performed in R 4.0.5 (R Foundation, Vienna,

Austria).

Results
TELERETINAL DR SCREENING PROGRAMS ACROSS
THE UC

Table 1 describes teleretinal DR screening programs at each

UC campus. The UCD program began in 2018 with a single

fundus camera at a primary care clinic with electronic health

records (EHRs)-based ordering and reporting. The program

has since grown to six clinics with *1,000 patients screened

(Table 1). The UCI program was initiated in 2010 by PCPs and

employed a fundus camera at a primary care clinic. Imaging

interpretation was performed by a neuro-ophthalmologist.

However, due to poor reimbursements, the screening program

was not financially sustainable and was terminated in 2015.

The UCLA program was recently initiated in 2020 and had

expanded its use of retinal cameras to both endocrinology and

primary care clinics (six cameras in total).

VARIATIONS IN UC DIABETIC RETINOPATHY SCREENING
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The UCSD program began in 2020 and developed a new

teleretinal screening program through information technol-

ogy (IT) tools for automated billing, health maintenance

completion, and image interpretation.23 Imaging acquisition

to interpretation time was only 1 day compared with 2 or

longer for other programs. The UCSF program was developed

with the Zuckerberg San Francisco General Hospital to screen

patients under the San Francisco Health Plan and also em-

ployed a mobile screening van with a mounted camera.12 The

program had been operational for >10 years and had screened

>2,000 patients. At the time of the study, a new teleretinal DR

screening program with UCSF primary care clinics was being

developed, but had not yet been implemented.

VARIATIONS IN BILLING
Current Procedural Terminology (CPT) codes utilized by

PCPs and eye providers were reported. Because CPT 92227 and

92228 definitions changed on 10/2021 before this survey was

released, the definitions for CPT codes were not collected. Two

sites (UCD and UCSF) utilized 92227: ‘‘Imaging of retina for

detection of disease; with remote clinical staff review and

report,’’ originally intended for screening patients without DR.

In 2021, the 92227 definition changed to ‘‘Imaging of retina

for detection or monitoring of disease; with remote clinical

staff review and report.’’

Three sites (UCD, UCSD, and UCSF) utilized 92228: ‘‘Ima-

ging of retina for detection or monitoring of disease; with

remote physician or other qualified healthcare professional

interpretation and report,’’ intended for detection or moni-

toring of diseases in patients with existing retinopathy, and

requires an eye care provider to provide an interpretation/

summary report with recommendations. In 10/2021, the

92228 definition was modified to be similar to 92227 with the

exception that interpretation occurred by: ‘‘.remote physi-

cian or other qualified health care [professionals].’’

Two sites (UCLA and UCSD) utilized CPT 92250: ‘‘Fundus

photography with interpretation and report.’’ Although not

listed under Medicare’s telehealth list, 92250 has been ap-

propriate under several commercial insurers. UCSD initially

used 92250 in 2020 but switched to 92228 in 2021 when

updated definitions for 92250 required that image collection

by a physician or ophthalmology technician. This made pri-

mary care image collection, typically performed by a medical

assistant or nurse, no longer compatible with billing for

92250. Despite changes in CPT definitions, perceptions of fi-

nancial sustainability were mixed: half of representatives

were unsure about financial sustainability, two (40%) felt their

programs were financially sustainable, and one (10%) pro-

gram reported their program was unsustainable.

FACILITATORS AND BARRIERS TO DR SCREENING
IMPLEMENTATION

Institutional representatives felt optimistic about teleretinal

screening implementation (All mean Likert scores >3; Fig. 1).

Table 1. Summary Information Regarding Teleretinal Diabetic Retinopathy Screening Programs Across Five University
of California Sites According to Institutional Representative Responses (December 2021–February 2022)

UCD UCI UCLA UCSD UCSF

Year initiated 2018 2010 (note: program

ended in 2015)

2020 2020 2012

Current active status Yes No Yes Yes Yes

Approximate number of patients screened to date 1,000 700–1,000 1,178 500 2,123

Number of eye care providers

for image interpretation

2–5 1 2 2 4

Type of eye care providers Optometrists and

retina specialists

Other ophthalmic

subspecialists

General

ophthalmologists

Optometrists and general

ophthalmologists

Optometrists and

retina specialists

Number of primary care clinics with cameras 6 1 3 5 5

Percentage of poor-quality photos <5% 6–9% 10–15% 6–9% <5%

Average turnaround time (days):

imaging acquisition to interpretation

2–3 >5 4–5 1 >5

UCD, University of California Davis; UCI, University of California Irvine; UCLA, University of California Los Angeles; UCSD, University of California San Diego; UCSF,

University of California San Francisco.
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They agreed (Likert score ‡4) that patients were willing to

undergo DR screening in primary care clinics, they had ade-

quate resources for training personnel on screening work-

flows, they had sufficient support from institutional

leadership, could identify relevant stakeholders, and there was

adequate capacity for in-person screening. Factors perceived

as neutral to slightly positive (Likert score 3–4) included pa-

tients’ understanding of the importance of screening, suffi-

cient personnel for screening workflows, and adequate space

in the clinic for fundus cameras. Subanalysis by ophthal-

mologists versus nonophthalmologists did not show remark-

able differences in sentiment (Supplementary Fig. S1).

Qualitative free-text responses from representatives con-

veyed cost, limited staffing, reimbursement, and insurance

variability as common barriers and having physician cham-

pions, support from leadership, physician financial incentives,

and population health funding facilitating their teleretinal

programs. The COVID-19 pandemic was generally felt to be

disruptive, brought integration delays and staffing challenges,

and furthered the backlog. However, one institution felt their

teleretinal screening program accelerated due to the need to

reduce in-person visits.

PERCEPTIONS OF AI INTEGRATION
Eighty percent of representatives showed strong interest in AI

integration with DR teleretinal screening (mean Likert score = 4).

Despite interest, no UC sites had yet implemented any AI sys-

tems for DR screening. Representatives generally agreed (mean

Likert scores = 3.4–4) that AI integration into EHR and current

DR telemedicine systems such as eye Picture Archiving and

Communication System (PACS), data privacy, changes existing

workflows, and cost were barriers (Fig. 2). They were neutral

regarding clinician trust in AI (mean Likert score = 3.1). Oph-

thalmologists felt more strongly that they would not be replaced

by AI compared with non-ophthalmologists (mean Likert

score = 1.3 vs. 3.5, respectively; Supplementary Fig. S2). Possi-

ble solutions addressing barriers to teleretinal screening im-

plementation and AI integration are shown in Figure 3.

Discussion
In this study, we described implementations of DR screen-

ing programs within the UC system and described barriers to

DR screening and AI integration. This study has three key

findings: (1) there was substantial variation in implementa-

tions of teleretinal DR screening systems, even among insti-

tutions within the same parent organization; (2) cost

considerations and lack of infrastructure support were barriers

to DR teleretinal implementation; and (3) despite strong in-

terest, there remain several barriers to implementing AI sys-

tems for DR screening.

There was significant variation in DR teleretinal program

implementation, even among institutions within the same

parent organization. UCD demonstrated a 14% increase in DR

screening and saved $42.53 per patient over 2018–2019 when

accounting for incentive payments and downstream revenue

from ophthalmology referrals.24 With a sustainable program

Fig. 1. Barriers to screening for diabetic retinopathy. Institutional representatives of the University of California system and their perception
of barriers to AI implementation. AI, artificial intelligence.

VARIATIONS IN UC DIABETIC RETINOPATHY SCREENING
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Fig. 2. Interest in and barriers to AI in teleretinal screening for diabetic retinopathy. Institutional representatives of the University of
California system overall expressed interest in integrating AI into teleretinal screening for diabetic retinopathy but expressed concerns
regarding barriers to implementation. EHR, electronic health record; PACS, Picture Archiving and Communication System.

Fig. 3. Barriers and proposed solutions for increasing access to teleretinal screening and AI implementation for DR. These solutions have
been previously implemented among sites included in this analysis or proposed in the literature and may be useful for other institutions
interested in creating a cost-effective and efficient teleretinal DR screening system. DR, diabetic retinopathy; IT, information technology.
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in place, their screening rates accelerated during the COVID-

19 pandemic due to increased demand for virtual visits, al-

though the use of teleophthalmology nationally did not show

a sustained increase.25

Conversely, UCI found their program to be cost-prohibitive

and unsustainable. These results are consistent with a recent

study demonstrating that telehealth perception and program

efficacy across specialties is variable and dependent on sev-

eral factors, including existing telemedicine infrastructural

workflows.26 Our results highlighted differences in proportion

of poor-quality images, which may be partly due to hardware

differences, lack of standardized protocols, and staff turnover

and training. Prior studies have expressed similar concerns,

including workflow and image quality variability among ur-

ban safety net clinics.27,28 It is unclear what percentage of

unreadable images were due to pathology causing media

opacity, small pupils, or patient cooperation. Unreadable

images may prompt referrals to ophthalmologists for an in-

person examination and require undoing of testing status and

billing. More studies in this area are needed to minimize op-

erational error and to maximize utilization.

Finally, we reported a wide range of turnaround time be-

tween sites. Delays in interpretation may be in part due to

integration differences between EHRs and EyePACS, avail-

ability of eye care providers, and other administrative barriers.

Workflow standardization should be employed to improve

sustainability and scalability.16 For example, UCSD used

informatics-based approaches to standardize a workflow for

image interpretation using an EHR-based list of patients un-

dergoing screening compatible with existing ophthalmology

and primary care IT systems (Fig. 3).23 Future research should

focus on how teleretinal DR systems implementation could be

optimized across individual and multi-institutional organi-

zations.

Cost and infrastructure support were key barriers to DR

teleretinal implementation. Financial feasibility of a tele-

retinal program is crucial for long-term feasibility and

provider buy-in. For example, UCI no longer offers DR

teleretinal screening due to poor compensation. This may

be due to significant variation in the billing codes approved

by insurance companies and institutions; for example,

92227 and 92228 are billed for $15.79 and $30.23 on av-

erage nationally, whereas the 92250 allowable is $45.83.29

With prior definitions, there was also no professional fee

payment with 92227, with reimbursement only covering

image acquisition, whereas 92228 and 92250 provided

payment for image capture and image interpretation. The

lack of a separate fee for image interpretation presented

additional solvency challenges for primary care-based

screening, where images were captured in one department

and interpreted by clinicians in another, but only one

service was reimbursed.

In addition, prior definitions required that screening be

billed under 92227 but any finding of retinopathy to be billed

under 92228, which required modifying the CPT code during the

completion of the order based on findings. Modification of a

CPT code for a procedure depending on interpretation required

significantly modified software builds and changes in workflow.

Moreover, recent definition changes of 92227 and 92228 from

distinguishing between screening for pre-retinopathy versus

existing retinopathy to staff versus eye provider image inter-

pretation will require future studies to evaluate the impact of

these changes on screening reimbursements. Some institutions

in this study also utilized CPT 92250, which may allow for re-

mote use depending on the insurer, but allows for physician

interpretation, and can beused both tomonitor or screendisease.

Overall, the complexity of the billing environment and

frequent regulatory changes has adversely affected the fi-

nancial sustainability of teleretinal screening,30 thus other

avenues of compensation should be explored to increase the

financial incentives (Fig. 3). Teleretinal programs may in-

crease the percentage of patients meeting quality metrics in

MIPS such as Centers for Medicare and Medicaid Services

(CMS) Measure 117, which evaluates eligible diabetic patients

who underwent a DR eye examination. These quality-based

payments and downstream revenue associated with screening

may financially sustain teleretinal programs beyond direct

billing24 and ultimately reduce system costs.31

Infrastructural support and resource limitations were

identified as key barriers to DR teleretinal screening and are

crucial in ensuring operational success. For example, many

representatives expressed concern regarding inadequate ca-

pacity for in-person ophthalmic evaluations, an operational

challenge previously expressed by private practice DR

screening programs.17 This may also relate to lack of stan-

dardized workflows and infrastructural challenges that stem

from inconsistent billing definitions. Although current im-

plementation articles focus largely on population demo-

graphics and disease prevalence,16,32 there is a paucity of

literature describing the implementation of health IT pro-

cesses,33 which can be highly variable as seen among the

universities within our study.23

In light of the recent COVID-19 pandemic, several studies

have shown that having readily available infrastructure is

key to a rapid data-driven response and evaluation of in-

formatics tools33 and necessary to sustain existing tele-

medicine programs postpandemic.14 In our experience,

recurring regional network meetings within the UC system

VARIATIONS IN UC DIABETIC RETINOPATHY SCREENING
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have been important for disseminating lessons learned

throughout each institution’s implementation process, many

of which are ongoing. These discussions also facilitate ideas

for ongoing quality improvement. Other solutions previously

implemented include the creation of retinal photography

clinics in the LA county system and training medical assis-

tants for fundus photography using existing personnel and

resources (Fig. 3).16

Finally, institutions expressed interest in AI integration,

although several barriers to implementation remain. Although

autonomous AI for DR screening were the first in clinical

medicine to gain FDA approval,19 there is a paucity of studies

demonstrating successful AI implementation beyond the trials

used to gain approval.34,35 These autonomous AI models have

demonstrated real-world potential in increasing access to care

and patient outcomes, especially in low-resource settings.36 In

our study, barriers to AI implementation included difficulty

integrating AI into EHR or EyePACS and cost.

AI integration may be challenging because current algo-

rithms often lack interoperability and straightforward inte-

gration with existing infrastructure.37 A previous study has

shown that clinician trust in AI remains a significant barrier,38

although in our study, institutional representatives were lar-

gely neutral. Although autonomous AI DR screening may

hypothetically be cost-effective,39 these studies do not ac-

count for the capital costs of acquiring and configuring an AI

system, including integration into an organization’s IT sys-

tems and the cost of new hardware.

Recently, the CMS approved formal billing codes for au-

tonomous AI (92229), which are tentatively billed at $45.69

on average, higher than current billing for physicians

($30.23).29 This represents an important step toward increas-

ing the financial sustainability of autonomous AI teleretinal

programs. Interestingly, ophthalmologists were much less

concerned regarding the risk of AI replacing ophthalmologists

compared with non-ophthalmologist representatives, consis-

tent with previously published qualitative assessments among

physicians.40 Our results are also consistent with previously

published perceptions of AI among clinicians, which has

historically been highly variable due to ethical considerations,

impact on physician workflows, and liability.41 More research

within AI transparency and generalizability as well as multi-

disciplinary collaboration among physicians, informaticians,

and administrators will be essential to increase stakeholder

buy-in (Fig. 3).

LIMITATIONS
Our study has additional limitations. First, our data were

provided by institutional leaders, and larger studies will be

needed to better evaluate the diversity of the medical com-

munity’s perceptions of the benefits and barriers to tele-

medicine and AI integration within it. Second, our study was

retrospective. Prospective studies will be needed to evaluate

the impact of telemedicine on patient outcomes, satisfaction

of quality metrics, and clinic revenues. Third, we did not

collect data on visual outcomes of patients screened at each

institution as part of this study. More study is needed to

understand if and how variations in DR screening im-

plementation across various institutions may affect patient

outcomes.

Conclusions
Increasing adoption of telemedicine holds promise for ex-

panding access to care. For diabetes patients, performing DR

screening in primary care settings may help expand adherence

to national guidelines and facilitate early diagnosis and

treatment. Our study describes variations in implementation

among several academic medical centers and highlights some

challenges associated with teleretinal DR screening program

implementation and AI integration. We also highlight possible

solutions to address these barriers. Ongoing study is needed

to better understand these barriers and develop best practices

to overcome them. This will be critical to improving access to

care and promoting health equity for this vision-threatening

disease.
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