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D iabetes is a global epidemic and is associated with multiple 

complications.1-4 One devastating complication is diabetic 

retinopathy (DR), which in the United States is the leading 

cause of blindness and visual impairment among working-age 

adults.5,6 Because vision loss can be prevented with early detection 

and treatment, DR screening is a public health priority and has 

been incorporated into quality measures such as the Merit-based 

Incentive Payment System (MIPS).7-9

DR screening programs in clinical and community-based settings 

have demonstrated feasibility, accuracy, and cost-effectiveness.10-14 

The existing literature on telemedicine approaches for DR screening 

largely focuses on referral patterns to establish the ongoing need 

for screening.15-17 Recent advances in artificial intelligence (AI) 

have also enabled automated diagnosis of DR, an area of active 

research investigation.18-23

However, the literature on applied informatics related to DR 

screening is scarce. Scanlon et al24 described an automated data 

extraction process from general practitioners’ electronic health 

records (EHRs) to automatically update DR screening lists, which 

found patients who were previously unidentified. Another study 

by Melles et al25 demonstrated that utilizing a centralized virtual 

reading center (ie, a centralized group of ophthalmologists and 

optometrists interpreting retinal images for a wide range of 

clinical sites) was associated with improved screening accuracy. 

However, prior studies have not delved into the specific details of 

implementing DR screening programs from a health information 

technology (IT) perspective nor examined challenges related to 

integrating these programs with existing clinical information 

systems and workflows in detail.

Here, we describe our experience developing and implementing 

clinical informatics tools supporting a new primary care–based 

“teleretina” DR screening program. Our objectives were (1) to design 

a workflow for improving DR screening rates, (2) to develop tools 

facilitating integration of this workflow with existing clinical 

information systems, and (3) to engage relevant stakeholders and 

reflect on lessons learned to inform future improvements.
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ABSTRACT

OBJECTIVES: To improve diabetic retinopathy 
(DR) screening rates through a primary care–based 

“teleretina” screening program incorporating clinical 
informatics tools.  

STUDY DESIGN: Quality improvement study at an 
academic institution. 

METHODS: Existing DR screening workflows using 
in-person eye examinations were analyzed via a needs 
assessment. We identified gaps, which clarified the need 
for expanding DR screening to primary care settings. We 
developed informatics tools and described associated 
challenges and solutions. We also longitudinally monitored 
imaging volume and quality. 

RESULTS: The needs assessment identified several gaps 
in baseline DR screening workflows. Health information 
technology (IT) considerations for the new primary care–
based teleretina screening program included integrating the 
new program with existing information systems, facilitating 
care coordination, and decreasing barriers to adoption 
by incorporating automation and other features aimed at 
decreasing end-user burden. We successfully developed 
several tools fulfilling these goals, including integration with 
the ophthalmology picture and archiving communication 
system, a customized aggregated report in the electronic 
health record to monitor screenings, automation of 
billing and health maintenance documentation, and 
automated results notification to primary care physicians. 
Of 316 primary care patients screened between October 
2020 and July 2021, 73 (23%) were found to have ocular 
pathology, including DR, glaucoma, age-related macular 
degeneration, and a range of other eye conditions that were 
previously undiagnosed.

CONCLUSIONS: New models of health care delivery, 
including telemedicine workflows, have become increasingly 
important for complex diabetic care coordination and require 
substantial health IT engagement. This program illustrates 
how clinical informatics tools can make substantial 
contributions to improving diabetes care.
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METHODS
Study Setting 
This study was conducted at the University of California San Diego 

(UCSD), an academic medical center in San Diego County. Retinal 

cameras were installed at 3 primary care (internal medicine and 

family medicine) clinics. The study adhered to the Declaration of 

Helsinki and was approved by the UCSD Institutional Review Board 

as a quality improvement protocol.

Needs Assessment

Prior to program implementation, only about half (47%) of patients 

with diabetes at our institution had documented eye exams. Because 

in-person eye clinic examinations were not meeting quality metric 

goals, the need to expand screening to primary care sites (teleretina 

DR screening) was identified.

First, we conducted a detailed examination of the existing 

workflows for in-person DR screening by interviewing primary care 

physicians, eye clinic leadership, ophthalmologists, optometrists, 

and scheduling personnel. We identified care gaps to formulate a 

needs assessment, which informed the design of the new primary 

care–based screening program.

The framework of the new program entailed retinal imaging 

at primary care clinics, asynchronous image interpretation by 

ophthalmologists or optometrists (“eye care providers”), automated 

notification of primary care physicians (PCPs) regarding screening 

results, and subsequent care coordination. Primary care–based 

imaging would decrease the need for in-person eye examinations. 

Eligible patients consisted of adults (≥ 18 years) with a diagnosis 

of diabetes (any type) who lacked a documented eye exam within 

the prior year, without preexisting ophthalmic diagnoses or active 

vision complaints.

Design Goals for Informatics Tools 

First, we aimed to integrate screening images with the existing eye 

clinic picture and archiving communication system (PACS) (ZEISS 

Forum; Carl Zeiss Meditec AG). Therefore, retinal images acquired 

in primary care would be uploaded to the same PACS, allowing 

eye care providers to view these images alongside patients’ prior 

ophthalmic imaging/testing.

Based on prior literature regarding the time 

and cognitive burden of health IT on health 

care providers,26-29 another design goal was to 

integrate the new workflow with the existing 

institutional EHR system (Epic Systems) and 

incorporate automation to reduce the time 

and effort required by end users. Specifically, 

we aimed to develop automated completion 

of billing and quality metric reporting via the 

“health maintenance topic” in Epic, a function-

ality to document and monitor completion of 

preventive health and quality measures.

Another design goal centered on facilitating the ease of finding 

patients who required imaging interpretations, entering imaging 

interpretations, and notifying PCPs of results. At UCSD, primary care 

staff utilized Epic’s Ambulatory module, whereas eye care providers 

utilized Epic’s Kaleidoscope module. Each module has different 

tools for ordering, exam interpretation, and result notification. Our 

goal was to integrate both modules while ensuring that users from 

both areas were still working in familiar EHR screens. We aimed to 

develop an EHR-integrated report to easily monitor the status of 

imaging exams and to facilitate interpretation completion while 

minimizing clicks and navigational steps.

Implementation Processes 

Preimplementation stages included workflow design, equipment 

installation, and training activities. Primary care staff were trained 

regarding the rationale of the new DR screening program, patient 

eligibility criteria, camera use and image acquisition, and details 

of the new workflow within the PACS and EHR. This training was 

conducted via live/synchronous training sessions with the program 

leadership team, including a PCP lead and a nurse manager, and 

supplemented with written materials that were distributed to 

each screening site and posted on internal institutional websites. 

Training on camera use and image acquisition was provided by the 

camera vendor (Optos Inc) through in-person, hands-on training 

sessions prior to implementation. A camera vendor representative 

was also available via email and videoconference meetings to 

address additional questions.

Testing was performed to ensure successful integration of primary 

care images with the eye PACS as well as successful automated 

completion of billing/charge capture and the health maintenance 

topic upon imaging interpretation entry. Training of eye care 

providers was conducted to orient them to the teleretina imaging 

report and to the custom image interpretation entry tool. Three 

test patient charts, which were available in a “play” environment 

provided by the institutional EHR vendor, were used to ensure 

successful execution of the workflow prior to implementation in 

the production environment.

At go-live, on-site support was provided to the primary care clinics 

that were acquiring retinal images by informatics analysts, the PCP 

lead, and the nurse manager, who were physically present on the 

TAKEAWAY POINTS

Diabetic retinopathy (DR) is a leading cause of blindness and visual impairment in the United 
States. Screening is critical for preventing vision loss and is expanding to primary care and other 
settings. We describe the design and implementation of a primary care–based DR screening 
program, with a focus on health information technology (IT) considerations.

 › Health IT engagement helps decrease barriers to adopting telemedicine workflows for 
DR screening.

 › Managed care decision makers should be aware of clinical informatics tools that can advance 
care coordination and improve quality metrics related to diabetes care, a key priority area 
given its public health importance.
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day of go-live and available to answer any questions from primary 

care staff as they entered orders, imaged patients, and uploaded 

images. Informatics support from the analysts was also available 

to eye care providers reading images. This included synchronous 

videoconference meetings to address questions regarding the image 

interpretation process and asynchronous support via email. Eye care 

providers were expected to read images each weekday and provide 

interpretations within 72 hours of image acquisition. Night/weekend 

coverage was not necessary because this was a screening program 

for asymptomatic individuals without known ocular diagnoses 

and not a venue for evaluating ocular emergencies.

Weekly stakeholder meetings were conducted preimplementa-

tion (for 6 months prior to go-live) and for 2 weeks after go-live. 

Thereafter, meetings were conducted monthly to review outcome 

metrics (see below) and highlight opportunities for ongoing 

improvement. Stakeholder groups represented at these meetings 

included primary care, endocrinology, ophthalmology, optometry, 

clinical informatics, EHR analysts/information services, imaging 

IT specialists, the camera vendor, the UCSD Quality Department, 

and the UCSD Population Health Services Organization (PHSO).

Outcome Evaluations

A predefined goal was specified as 4% improvement in the MIPS 

“diabetic eye exam” quality measure by June 30, 2021. Each month 

after go-live (October 12, 2020), reporting was completed regarding 

the number of images acquired, percentage of poor-quality images, 

and performance on the institutional diabetic eye exam metric. 

For this study we analyzed data from October 2020 to July 2021. 

We generated descriptive statistics of longitudinal trends using 

Microsoft Excel (Microsoft Corporation). We also identified health 

IT challenges that arose and qualitatively described solutions that 

were developed.

RESULTS
Needs Assessment 

We examined existing DR screening workflows involving in-person 

eye examinations. Patients were identified via multiple methods: a 

red “health maintenance” alert in the EHR, review of encounters by 

primary care clinic staff during a “daily huddle,” and manual chart 

review. For these patients, PCPs placed referral orders to eye care 

providers. Additional patients needing screening were identified 

from the EHR and given bulk referral orders by the UCSD PHSO, the 

entity overseeing UCSD’s managed care population. Any patients 

with referral orders would receive an automated phone call with a 

prerecorded message asking the patient to schedule an eye clinic 

appointment. Once scheduled, the patient would go in person to 

the eye clinic and undergo imaging and examination by an eye care 

provider, who would write a progress note.

This workflow revealed several gaps (eAppendix Figure [avail-

able at ajmc.com]). First, patients could be lost to follow-up in the 

scheduling process. The automated message asking the patient to 

call and schedule their eye appointment required patient proactivity, 

and additionally they may not have been aware of the rationale for 

an eye exam. Furthermore, the eye clinic’s standard phone triage 

algorithm included the question, “Do you need glasses?” If the 

patient responded yes, they could be inappropriately scheduled 

for a refraction (ie, measured for glasses) rather than a dilated DR 

screening examination. An additional barrier was that at the time 

of this program implementation, not all eye care providers at our 

institution had adopted EHRs—some were still documenting on 

paper. Thus, PCPs were unable to easily discern the screening results. 

Even for eye care providers using the EHR, not all sent referral 

letters communicating results back to PCPs. Finally, there was no 

existing linkage to complete the EHR’s health maintenance topic 

related to diabetic eye exams. This required manual completion, 

of which most eye care providers were unaware.

We designed the new teleretina DR screening program (Figure 1) 

to fill some of these gaps. Acquiring retinal imaging in primary care 

clinics would reduce loss to follow-up and eliminate barriers related 

to time, transportation, and costs associated with an in-person 

eye examination. In addition, a workflow integrated with the EHR 

would allow screening results to be directly visible to PCPs and 

automatically complete health maintenance documentation for 

institutional quality metric reporting.

Informatics Tools for the Primary Care–Based DR 
Screening Program

We achieved our design goals with the following: 

Integration with existing ophthalmology viewing systems. Images 

acquired in primary care were successfully integrated into the 

existing eye PACS. This required acquisition of additional licenses 

and a detailed security review for new device integration. Eye care 

providers were able to view all eye images in a single PACS, whether 

acquired in eye clinics or in primary care clinics.

Automated billing and charge capture. Charges were automatically 

entered upon signing the image interpretation and were automatically 

distributed between primary care (technical fees) and ophthalmology 

(professional fees) without requiring end-user participation.

Automated completion of health maintenance topic. Signing the 

image interpretation automatically completed the EHR health mainte-

nance topic on diabetic eye exams without requiring manual completion. 

This feature was used not only for identifying patients requiring DR 

screening but also for institutional quality metrics reporting.

Report for tracking screened patients. In this primary care–based 

screening program, the ordering providers were PCPs from multiple 

clinics. To avoid eye care providers having to manually search across 

imaging orders from a wide range of PCPs, a custom report was 

created to aggregate all teleretina DR screening orders (Figure 2).

Macros for standardizing imaging interpretation. We connected 

the screening report to a customized image interpretation window 

(Figure 3 [A]), which enabled (1) data entry without needing to open 

the patient’s chart, (2) subsequent reporting of structured/discrete 

data elements, and (3) the building of macros (a saved set of features) 
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to facilitate interpretation completion. This window still generated 

a natural language note (Figure 3 [B]) easily readable by PCPs.

Outcomes

A total of 316 patients underwent primary care–based DR screening 

between October 12, 2020, and July 31, 2021. Monthly imaging volume 

ranged from 17 (July 2021) to 46 (March 2021) (Figure 4 [A]). Of 

316 patients screened, 58 (18.4%) had at least 1 eye with insufficient 

image quality for interpretation. Monthly proportions of low-quality 

images ranged from 6.9% to 42.9% (Figure 4 [B]). Of screened patients, 

73 (23.1%) had ocular pathology. Diagnoses included DR, glaucoma/

glaucoma suspect, age-related macular degeneration, epiretinal 

membranes, optic nerve drusen, choroidal nevi, and chorioretinal 

scarring. Images of a patient with previously undiagnosed DR 

identified through this program are depicted in Figure 5.

Our institutional performance was 47% for the diabetic eye exam 

MIPS metric before implementation of the primary care–based DR 

screening program. As of June 30, 2021, the program achieved 65% 

for the diabetic eye exam metric, exceeding the predefined goal of 

4% improvement over baseline.

Informatics Challenges and Solutions 

The tools described above were successfully deployed at go-live 

and enabled image integration with the eye PACS, streamlined 

navigation to imaging orders and interpretation completion, and 

automated billing and health maintenance completion. However, 

in the postdeployment phase several challenges arose requiring 

further iteration.

Managing imaging orders. Not all imaging orders were completed, 

because the patient either declined imaging or could not complete 

imaging due to their own time constraints or primary care staffing 

constraints. These orders remained on the screening report for 

eye care providers, causing wasted time in searching for those 

patients in the ophthalmology PACS only to find that no images 

FIGURE 1. Primary Care–Based Teleretina Diabetic Retinopathy Screening Program Workflowa

EHR, electronic health record; MRN, medical record number; PACS, picture archiving and communication system; PCP, primary care physician.
aThe overall workflow for this screening program entailed previsit planning and identification of patients with diabetes requiring screening and acquisition of retinal 
images at primary care clinics, followed by asynchronous image interpretation by eye care providers and communication of results back to primary care physicians 
followed by patient outreach and eye care coordination as indicated. 

PREVISIT PLANNING

Health maintenance topic on diabetic 
retinal exam is reviewed for each patient 
with diabetes. 

If care gap is noted, “teleretina photos 
needed” is added to previsit notes. 

© 2021 Epic Systems Corporation

COORDINATED EYE CARE

If indicated, in-person eye examination 
is performed for further evaluation 
and management. 

PRIMARY CARE VISIT

Daily huddle and review of clinic schedule 
and previsit notes identifies patients needing 
teleretina photo orders, which are pended.

Patients with teleretina photo orders are 
taken to the camera, where primary care staff 
enter MRN and date, find the appropriate 
order, and select it. Patients’ retinal images 
are acquired and uploaded to the eye PACS. 

PATIENT OUTREACH

If normal, patient can continue primary 
care–based screening.

If abnormal or low-quality images, 
PCP will place an order for referral 
to eye provider. 

IMAGE INTERPRETATION

Eye care providers review images in the 
eye PACS for each imaged patient and 
enter an interpretation/result in the EHR, 
which automatically generates a message 
to the PCP.

© 2021 Epic Systems Corporation
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FIGURE 2. Teleretina Diabetic Retinopathy Screening Reporta

aThis electronic health record–based report aggregated all teleretina photo orders across all participating clinical sites into a single view for eye care providers, 
allowing them to easily identify screened patients and enter image interpretations without having to manually search by individual ordering primary care physicians. 
Double-clicking each row launched the image interpretation window without needing to open each patient’s chart. 

A B

FIGURE 3. Teleretina Diabetic Retinopathy Screening Image Interpretationa

aA custom image interpretation entry window (panel A) was designed to allow ease of image interpretation entry, particularly with the ability to designate macros for 
common interpretations (eg, normal screenings, as illustrated here). This window included structured data elements for subsequent reporting as well as an area for 
free-text entry. Upon signing, billing and health maintenance were automatically completed for the patient, and a result note was automatically generated in natural 
language in the chart (panel B). 
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were present. To resolve this, primary care staff were instructed 

to cancel any imaging orders not completed, and the report was 

modified to reflect cancellation status to reduce processing time 

for eye care providers.

Undoing automated billing and health maintenance completion 

for poor-quality images. After implementation, we realized that 

low-quality images resulted in billing and health maintenance 

completion due to automation in the initial build, even though DR 

screening had not truly been completed. To address this, eye care 

providers manually removed the charges and added narrative text to 

the interpretation to inform PCPs that the health maintenance topic 

was not fulfilled. We are pursuing a design modification allowing 

0

50

100

150

200

250

300

350

Oct
 2020

Nov
 2020

Dec
 2020

Jan
 2021

Feb
 2021

Mar
 2021

Apr
 2021

May
 2021

June
 2021

July
 2021

Number of patients imaged Total

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

0%
Oct

 2020
(n = 24)

Nov
 2020

(n = 39)

Dec
 2020

(n = 28)

Jan
 2021

(n = 29)

Feb
 2021

(n = 38)

Mar
 2021

(n = 46)

Apr
 2021

(n = 32)

May
 2021

(n = 35)

June
 2021

(n = 28)

July
 2021

(n = 17)

FIGURE 4. Volume and Quality of Diabetic Retinopathy Screening Imagesa

FIGURE 5. Case of Newly Diagnosed Diabetic Retinopathy Detected via Teleretina Primary Care–Based Screeninga

aPanel A depicts the number of patients with diabetes who completed imaging for diabetic retinopathy screening at primary care clinics, totaling 316 from October 12, 
2020, to July 31, 2021. The percentage of low-quality images (insufficient for image interpretation) varied during this time (panel B); an increase in low-quality images 
in June 2021 prompted additional training and education to clinic staff regarding high-quality image acquisition.

aThis screening image of the right eye (panel A) was obtained at a primary care clinic from a 38-year-old man with type 2 diabetes, no visual complaints, and no 
history of ophthalmological evaluation. Based on the findings on his screening images, he was referred for follow-up examination at the retina clinic, where he 
underwent additional testing, including fluorescein angiography (panel B). He was found to have proliferative diabetic retinopathy with neovascularization of the 
retina in the right eye, as well as diabetic macular edema in the left eye (not pictured). This was an advanced stage of diabetic retinopathy with high risk of vision-
threatening complications that was detected via primary care–based teleretina screening.
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the eye care provider to replace the original “Teleretina photos” 

order with a “Teleretina photos – Incomplete” order for poor-quality 

images. In testing, this design will not enter or file a charge, nor 

will it complete the health maintenance topic. Additionally, the 

PCP will be notified appropriately and the health maintenance 

topic will retrigger an alert for DR screening. This modification is 

undergoing security review and is not yet live.

DISCUSSION
This program illustrates how health IT engagement with multidisci-

plinary teams was critical for facilitating information flow between 

primary care clinics and eye care providers and subsequently 

contributing to improvements in DR screening and documentation 

important for monitoring population-level quality metrics.

Expanding DR screening to primary care clinics improved 

diabetic eye exam metric performance. This was consistent with 

findings of prior studies, such as the finding by Hatef et al that the 

likelihood of completing an annual diabetic eye exam in a managed 

care Medicaid population increased with access to a camera in the 

primary care clinic.30 Furthermore, we screened 316 patients over 

a 9-month period despite the COVID-19 pandemic. This compares 

favorably to prior studies, including a primary care–based program 

in the same state that screened 290 patients over a 12-month period 

preceding the pandemic.31 The increased DR screening rates with 

primary care integration are likely attributable to several factors, 

including avoiding scheduling/referral errors; decreasing barriers 

associated with time, costs, and transportation of attending a separate 

eye clinic appointment; and building upon a trusted relationship 

with a PCP. The scope of image acquisition will likely further expand 

with the availability of handheld cameras and smartphone/mobile 

cameras and attachments,16,32-35 building upon the growing trend 

of digital health and patient-generated data outside of traditional 

clinical settings.36-38 AI has been another tool in advancing DR 

screening, with a DR screening system being the first FDA-approved 

autonomous AI system in all of medicine.39

Health IT considerations are critical, particularly to ensure 

complete and accurate transfer of imaging and interpretation/

results data among relevant parties. Integration with existing EHR 

systems and PACS is crucial. This is particularly challenging for eye 

care, because ophthalmic imaging vendors often have proprietary 

platforms and information standards adoption remains low.40,41 

Ongoing efforts to encourage standards adoption among vendors 

to facilitate integration among eye imaging devices, PACS, and EHRs 

will be important for continuing to expand DR screening efforts.

Another consideration is designing IT systems to promote usability 

and adoption. Developing new DR screening workflows outside of 

typical eye clinic encounters required significant buy-in, particularly 

from primary clinic staff already facing multiple competing priorities 

in providing comprehensive care. The contributions of EHRs and 

health IT to burnout are well known in primary care,27,42-45 and there 

is increasing awareness of the time requirements and burden of 

health IT in ophthalmology as well.46-49 Thus, we aimed to design 

the DR screening workflow to incorporate automated components, 

facilitate imaging order processing and interpretation completion, 

and reduce the clicks, navigation, and time needed. Even then, 

some unintended consequences arose, including inappropriate 

billing and health maintenance documentation when screening was 

incomplete due to low-quality images. This required an iterative 

approach with ongoing modifications, illustrating the importance 

of health IT engagement after initial implementation.

Finally, we learned the importance of ongoing monitoring and 

evaluation. Monthly meetings generated opportunities to discuss 

site-specific issues, identify additional training needs, and provide 

motivation. For example, a “March Madness” competition helped 

increase screening volume in spring 2021. Similarly, tracking the 

proportion of low-quality images monthly detected an unanticipated 

increase, which helped identify a camera with a technical issue 

requiring repairs. Emphasizing the importance of the program and 

highlighting accomplishments helped maintain morale even when 

clinics were under significant strain, such as during COVID-19 surges.

Limitations

This program was implemented at a single academic center and 

therefore results may not be generalizable. The long-term impact 

cannot yet be measured given the relatively recent implementation. 

We did not measure provider or patient satisfaction with the program, 

which will be useful for future investigations. Finally, although 

we designed the informatics tools underlying this program with 

ease of use in mind, we did not formally measure usability. This 

reflects the origin of the program as an operational/clinical need 

rather than as a research study per se.

CONCLUSIONS
DR screening is continuing to expand beyond eye clinics and into 

primary care and other settings. The success of these expansion 

efforts will depend in part on health IT and clinical informatics 

tools to achieve integration with existing information systems 

and facilitate widespread adoption. Health IT plays an important 

role in implementing these programs and expanding DR screening 

efforts to improve patient outcomes. n
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eAppendix Figure. Fishbone Diagram Depicting Issues With Prior Diabetic Retinopathy 

Screening Workflow Centered on In-Person Examinations at the Eye Clinic 
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