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Abstract
Background: Teleophthalmology is a validated method for di-

abetic eye screening that is underutilized in U.S. primary care

clinics. Even when made available to patients, its long-term

effectiveness for increasing screening rates is often limited.

Introduction: We hypothesized that a stakeholder-based

implementation program could increase teleophthalmology

use and sustain improvements in diabetic eye screening.

Materials and Methods: We used the NIATx Model to test a

stakeholder-based teleophthalmology implementation pro-

gram, I-SITE at one primary care clinic (Main) and compared

teleophthalmology use and diabetic eye screening rates with

those of other primary care clinics (Outreach) within a U.S.

multipayer health system where teleophthalmology was un-

derutilized.

Results: Teleophthalmology use increased post-I-SITE im-

plementation (odds ratio [OR] = 5.73 [p < 0.001]), and was

greater at the Main than at the Outreach clinics (OR = 10.0 vs.

1.69, p < 0.001). Overall diabetic eye screening rates main-

tained an increase from 47.4% at baseline to 60.2% and

64.1% at 1 and 2 years post-I-SITE implementation, re-

spectively (p < 0.001). Patients who were younger (OR = 0.98

per year of age, p = 0.02) and men (OR = 1.98, p = 0.002) were

more likely to use teleophthalmology than in-person dilated

eye examinations for diabetic eye screening.

Discussion: Our stakeholder-based implementation program

achieved a significant increase in overall teleophthalmology

use and maintained increased post-teleophthalmology dia-

betic eye screening rates.

Conclusion: Stakeholder-based implementation may increase

the long-term reach and effectiveness of teleophthalmology to

reduce vision loss from diabetes. Our approach may improve

integration of telehealth interventions into primary care.
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Introduction

D
iabetic eye disease is the leading cause of blindness

among working-age adults in the United States, pri-

marily because of lack of access to eye screening.1

Approximately half of the 34 million U.S. adults with

diabetes are adherent with American Diabetes Association (ADA)

guidelines2 for diabetic eye screening.3,4 Teleophthalmology is

a validated form of diabetic eye screening shown to prevent

blindness.5,6 This technology allows patients to obtain diabetic

eye screening by having their eyes photographed using retinal

cameras located in the primary care clinic where 90% of patients

with diabetes regularly obtain care.7 Teleophthalmology is more

convenient and accessible for patients than traditional screening,

which requires a separately-scheduled, in-person dilated eye

examination with an eye care provider.
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Unfortunately, teleophthalmology is significantly under-

utilized in U.S. primary care clinics.8,9 The 2020 Centers for

Medicare and Medicaid Services (CMS) response to the COVID-

19 pandemic10 has improved telehealth reimbursement and

expanded access to much-needed specialty care. However,

challenges to its use remain even when teleophthalmology

is made freely available to patients. A recent 5-year ran-

domized controlled trial by Mansberger et al.11 found a

promising initial increase in diabetic eye screening rates

using teleophthalmology in primary care clinics. However,

screening rates declined within 18 months and remained at

55% or lower thereafter despite teleophthalmology being

offered to patients at no cost.

Successful teleophthalmology programs in the United

States have been largely limited to a few settings. These in-

clude health systems where insurance coverage requires pa-

tients to obtain primary care and eye care within the same

health system (Veteran’s Administration [VA], Kaiser Perma-

nente, etc.),3,12 large county health systems,13 or research-

funded programs.14 These settings have unique financial

structures not representative of multipayer U.S. health sys-

tems where the majority of patients receive care.15

Our study was conducted at the Mile Bluff Medical Center, a

U.S. multipayer health system where a teleophthalmology

program had been established, but was very underutilized.

Our earlier qualitative work and that of others have identified

major workflow-related barriers to teleophthalmology use.8,16,17

To overcome those barriers, we hypothesized that a

stakeholder-based implementation program could increase

teleophthalmology use and diabetic eye screening rates

through improved integration of teleophthalmology into

primary care workflows.

In this study, we used the NIATx Model,18 a systematic

health care process improvement framework, to engage pa-

tients and clinical stakeholders (i.e., primary care providers

[PCPs], patient care staff, and administrators). We tested

whether our stakeholder-based implementation program

could sustain increased teleophthalmology use and diabetic

eye screening rates.

Materials and Methods
RESEARCH SETTING

Mile Bluff Medical Center is a rural, U.S. multipayer health

system located in Juneau County, WI. Juneau County ranks in

the lowest quartile of Wisconsin counties based on health and

socioeconomic factors.19 In 2015, a teleophthalmology pro-

gram was developed based on the 2011 American Telemedicine

Association Telehealth Practice Recommendations for Diabetic

Retinopathy.20 A detailed description of the program has been

previously published.16 After the teleophthalmology program

was established, it was very underutilized (averaging <20 pa-

tients imaged per quarter).

STUDY DESIGN
Our earlier work on barriers and facilitators to tele-

ophthalmology use suggested that a stakeholder-based im-

plementation program focused on overcoming primary care

workflow barriers may increase teleophthalmology use and

increase diabetic eye screening.16 The implementation program

allows for continuous modification of teleophthalmology im-

plementation strategies by clinical stakeholders with patient

input as described below. The Main clinic received the im-

plementation program, whereas the remaining four Outreach

clinics were waitlisted and serve as a comparator group for the

present analyses. This study reports outcomes from testing the

implementation program at the Main clinic.

PATIENT AND CLINICAL STAKEHOLDERS
We recruited Mile Bluff patients and clinical stakeholders in

March 2017, 2 years after the teleophthalmology program was

established, to participate in two separate stakeholder groups. We

recruited adult patient stakeholders with diabetes who had pre-

vious teleophthalmology imaging or expressed interest in par-

ticipating in research when contacted in a prior diabetic eye

screening survey.16 Patients were mailed an invitation letter from

the Mile Bluff Chief Medical Officer, which included an oppor-

tunity toopt-out, followedbyaphonecall fromour research team.

For the clinical stakeholders, we recruited PCPs and patient

care staff during a presentation at a regularly scheduled Mile

Bluff staff meeting. Additional clinical stakeholders included

clinic administrators, quality improvement, and information

technology/electronic health record staff who were selected for

participation by Mile Bluff leadership to facilitate the design

and testing of implementation strategies.

I-SITE IMPLEMENTATION PROGRAM
Our implementation program, I-SITE (Implementation to

Sustain Impact for Teleophthalmology), applies the NIATx

Model,18 a systematic health care process improvement frame-

work. The NIATx Model outlines the roles of powerful leaders in

the health system in creating system-level change. It also spe-

cifies the processes necessary to engage these leaders and access

the personnel and resources necessary to streamline telehealth

workflows. We used this framework to guide our clinical stake-

holder meetings and iterative testing of implementation strate-

gies for increasing teleophthalmology use at the Main clinic.

An experienced practice facilitator (D.B.) led the clinical

stakeholder group through a series of three meetings over 4
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weeks to identify the major barriers to teleophthalmology use

and strategies to overcome those barriers. Iterative testing of the

selected implementation strategies then began at the Mile Bluff

Main clinic. We then brought together a subset of the clinical

stakeholders, including PCPs and patient care staff who prac-

ticed solely at the Main clinic, to form a local implementation

team. This team met for 30 min monthly to review data on tel-

eophthalmology use and clinical staff feedback. Based on this

information, the team made decisions regarding whether to

continue, abandon, or further refine each implementation

strategy, as well as to propose new implementation strategies.

A similar process was used to solicit patient stakeholder

input on major patient barriers and strategies to increase tel-

eophthalmology use and diabetic eye screening. Thus, our

implementation program allowed key stakeholders to contin-

uously tailor and refine implementation strategies to address

the unique needs and resources of the clinic and the patient

population. Some strategies tested included audit and feedback

reports,21 provider performance-based incentives, revised pa-

tient education materials, and sending patient reminders.

TELEPHONE SURVEY AND MEDICAL RECORDS REVIEW
Diabetic eye screening rates at all clinics were assessed

using a patient telephone survey and medical records review

conducted over 2–3 weeks in each year from 2015 to 2019. We

used this method because Mile Bluff does not have complete

diabetic eye screening records from eye care providers prac-

ticing outside their health system, a common situation in

multipayer health systems.16,22

Patients were selected for survey participation using a

random-number generator in Microsoft� Excel� (Microsoft

Corp., Redmond, WA). They were sent a letter inviting their

participation from the Mile Bluff Chief Medical Officer, with an

option to opt-out if they preferred not to be contacted. Mini-

mum survey sample sizes were calculated to achieve a 95%

confidence interval (–10%) in the diabetic eye screening rate

at each clinic. The 2018 diabetic eye screening rate survey, for

which we had complete medical record abstraction data, was

performed over 3 weeks from August to September 2018.

Patients were considered unable to be contacted by phone

after at least six attempts at different times of the day. Medical

records from the Mile Bluff electronic health record and

those from the patient’s self-reported eye care provider were

reviewed to confirm the date and type of their most recent

diabetic eye screening (i.e., in-person dilated eye exami-

nation or teleophthalmology). For those patients who self-

reported diabetic eye screening within the preceding 12

months, but we were unable to obtain confirmatory records

from the patient’s eye care provider (e.g., provider’s office

had closed with no access to records), we imputed adherence

based on the proportion of patients with available medical

records that had accurately self-reported screening, because

patient self-report of diabetic eye screening is known to

overestimate adherence.23

OUTCOME MEASURES
The primary outcome measures were teleophthalmology

use and diabetic eye screening rates at the Main and Outreach

clinics at 1 and 2 years post-I-SITE implementation. Tele-

ophthalmology use was defined as the number of patients

who obtained teleophthalmology imaging based on medical

records review. Diabetic eye screening was defined as a

medical record-confirmed dilated eye examination with an

eye care provider or teleophthalmology imaging within the

past 12 months following guidelines from the American

Academy of Ophthalmology (AAO).24 Eligible patients had a

diagnosis of diabetes mellitus and had seen a PCP located at

the Main clinic (n = 989) or an Outreach clinic (n = 665) within

the past 2 years.

STATISTICAL ANALYSES
Our primary data analysis used Mantel–Haenszel chi-

squared analysis to compare the odds of teleophthalmology use

and diabetic eye screening between the Main and Outreach

clinics across three time periods: baseline (March 2014–April

2015), post-teleophthalmology (April 2015–April 2017), and

post-I-SITE implementation at the Main clinic (April 2017–

October 2018). We subsequently obtained further data on tel-

eophthalmology use and diabetic eye screening rates extending

through quarter 2 of 2019.

We used t-tests and chi-squared tests to assess for demo-

graphic differences between diabetic eye screening survey

participants and nonparticipants using data from the 2018

diabetic eye screening rate survey. We used multivariable

logistic regression on the same data set to identify associations

of age, gender, hemoglobin A1c levels, and clinic location

with diabetic eye screening in the preceding 12 months ad

with the type of screening obtained (i.e., in-person dilated eye

examination or teleophthalmology). All statistical analyses

were performed using Microsoft Excel (Microsoft Corp.) and

the R statistical software program (R Foundation for Statistical

Computing, Vienna, Austria).

ETHICS AND INSTITUTIONAL REVIEW BOARD REVIEW
This study was reviewed by the UW Human Subjects In-

stitutional Review Board (IRB) staff and was determined to be

exempt from full IRB review because the activities were con-

sistent with providing evidence-based quality improvement
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within a health system. All research activities were conducted

in accordance with the Declaration of Helsinki and all federal

and state laws.

Results
TELEOPHTHALMOLOGY USE

Teleophthalmology use increased over fourfold after initial

I-SITE implementation at the Main clinic, between quarter 2 of

2016 and quarter 2 of 2017 (Fig. 1). The increase in tele-

ophthalmology use was sustained 2 years after initial I-SITE

implementation through quarter 2 of 2019. Mile Bluff patients

had an overall 5.73 increased odds ( p < 0.001) of using tele-

ophthalmology post-I-SITE implementation compared with

post-teleophthalmology. The magnitude of this increased

odds of using teleophthalmology was much greater at the Main

clinic than at the Outreach clinics (odds ratio [OR] = 10.0 vs.

1.69, p < 0.001).

DIABETIC EYE SCREENING RATES
Survey response rates between 2015 and 2019 ranged from

74.8% to 90.3% among patients whom we were able to contact

and 39.5–60.2% among all patients whom we attempted to

contact (data not shown). In 2018, the survey response rate

was 90.3% (326/361) among patients whom we were able to

contact and 51.3% (326/635) among all patients whom we

attempted to contact (e.g., including those that either did not

pick up the phone or had an out-of-date or nonworking phone

number). Patients whom we were able to contact (n = 361)

were older ( p = 0.03) and more likely to be women ( p = 0.003),

with no difference in ethnicity ( p = 0.41), compared with those

whom we were unable to contact (n = 274).

Fig. 1. Teleophthalmology use at Mile Bluff Main and Outreach clinics by quarter.

Table 1. Demographics of Patient Telephone Survey
Participants in 2018 (N = 326)

PATIENT CHARACTERISTICS MEDIAN OR PERCENTAGE

Age 68 years (range: 19–95 years)

Female 54.5%

Ethnicity

White, non-Hispanic 97.6%

American Indian/Alaska Native 0.9%

Asian 0.9%

Black 0.3%

Hispanic 0.3%

Diagnosis of diabetes mellitus

Type I diabetes 5.2%

Type II diabetes 94.8%

Median hemoglobin A1c level 7.5% (range: 4.6–14.2%),

58 mmol/mol (range: 27–132 mmol/mol)
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Survey participants (n = 326) were predominately white,

non-Hispanic with a median age of 68 years (Table 1). There

were no significant demographic differences in age, gender, or

ethnicity between survey participants (n = 326) versus non-

participants (n = 35), or between survey participants from the

Main (n = 88) versus Outreach clinics (n = 238).

Overall diabetic eye screening rates at Mile Bluff increased

from 47.4% (below the national average) in 2015 to above the

national average at 60.7% and 58.4% post-teleophthalmology

in 2016 and 2017, respectively (Table 2). Screening rates

further increased to 60.2% and 64.1% at 1 and

2 years post-I-SITE implementation in 2018

and 2019, respectively. Similarly, diabetic eye

screening rates at the Main and Outreach clinics,

respectively, increased from 49.0% and 44.0% at

baseline to 61.0–61.5% and 54.4–60.1% post-

teleophthalmology (Table 2). Those increases in

screening rates were sustained at 60.2–67.4% and

59.2–60.2% post-I-SITE implementation (Table 2

and Fig. 2).

Overall, the odds of a patient receiving any di-

abetic eye screening increased significantly com-

pared with baseline both post-teleophthalmology

(OR = 1.75, p < 0.001) and post-I-SITE implementa-

tion (OR = 2.0, p < 0.001). However, there was no

significant difference between Main versus Outreach clinics

(OR = 1.85 vs. 2.27, p = 0.07) when comparing the increase

in diabetic eye screening between baseline and post-I-SITE

implementation. The sustained increase in screening rates at

the Outreach clinics was likely because of spillover effects

from I-SITE implementation at the Main Clinic and was

mainly driven by increased use of in-person dilated eye ex-

aminations for diabetic eye screening.

The likelihood of obtaining any form of diabetic eye

screening increased with age (OR = 1.02 per year of age, 95%

Table 2. Diabetic Eye Screening Rates at Mile Bluff Medical Center
(Overall, Main, and Outreach Clinics) and National Averages by Year4

TIME PERIOD BASELINE
POST-

TELEOPHTHALMOLOGY

POST-I-SITE
IMPLEMENTATION
AT MAIN CLINIC

Year 2015 2016 2017 2018 2019

Overall 47.4% 60.7% 58.4% 60.2% 64.1%

Main clinic 49.0% 61.0% 61.5% 60.2% 67.4%

Outreach clinics 44.0% 60.1% 54.4% 60.2% 59.2%

National average 53.7% 53.6% 55.0% 55.9% Data not

available

Fig. 2. Diabetic eye screening rates at Mile Bluff overall, Main clinic, Outreach clinics, and national averages by year.4
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confidence interval [CI] = 1.01–1.03, p < 0.001), but was not

associated with gender ( p = 0.36) or hemoglobin A1c

( p = 0.79).

USE OF TELEOPHTHALMOLOGY VERSUS IN-PERSON
DILATED EYE EXAMINATIONS FOR DIABETIC EYE
SCREENING

Among patients adherent with diabetic eye screening in

our 2018 survey, the majority had in-person dilated eye exam-

inations (86.8%) rather than teleophthalmology (13.2%). No

patients underwent both types of screening in the preceding

12 months. Patients were more likely to use teleophthalmology

for diabetic eye screening (rather than an in-person dilated eye

examination) if they were younger (OR = 0.98 per year of age,

95% CI = 0.96–0.99, p = 0.02), male (OR = 1.98, 95% CI = 1.28–

3.06, p = 0.002), or had a PCP at the Main clinic (OR = 4.88, 95%

CI = 2.31–10.3, p < 0.001). There was no association between

hemoglobin A1c level and the likelihood of utilizing tele-

ophthalmology ( p = 0.18) versus an in-person dilated eye ex-

amination.

Discussion
Our stakeholder-based implementation program achieved a

significant increase in overall teleophthalmology use and

maintained increased post-teleophthalmology diabetic eye

screening rates when implemented within a multipayer U.S.

primary care clinic. Overall diabetic eye screening signifi-

cantly increased from baseline to post-teleophthalmology, as

well as from baseline to post-I-SITE implementation.

This increase in overall diabetic eye screening rates moves

Mile Bluff from performing below the national average into

the top quartile of health systems nationally on this key

quality measure.4 It also meets the diabetic eye screening rate

criterion (60% or greater) for achieving National Committee

for Quality Assurance (NCQA) Diabetes Recognition Program

status.25 Of note, these increases in teleophthalmology use and

screening rates resulted from I-SITE implementation at only

one of the five primary clinics in this health system.

In contrast to earlier studies, I-SITE maintained post-

teleophthalmology diabetic eye screening rates without rely-

ing upon either government13 or research funding11,14 for its

clinical operation. In a randomized clinical trial, Mansberger

et al.11 found that despite a promising initial increase, screen-

ing rates in the teleophthalmology group declined rapidly by

18 months and subsequently ranged between 40% and 55%

even when telemedicine also was offered at no cost to patients

in the control group. Our study had an additional barrier in

that patients were clinically billed. In addition, Mamillapalli

et al.26 found only a modest increase in screening rates from

56.5% to 59.3% using teleophthalmology in an endocrinol-

ogy clinic. This suggests that higher baseline screening rates

may make it more difficult, rather than easier, to achieve an

improvement because patients who are more willing to obtain

screening are already doing so and fewer patients are eligible

for teleophthalmology.

Of interest, we found no significant difference between the

Main and Outreach clinics in the increased likelihood of

patients obtaining diabetic eye screening post-I-SITE im-

plementation compared with baseline. Main clinic patients

who previously obtained in-person dilated eye examinations

may have substituted these with teleophthalmology, which

has been described by Mansberger et al.11 Furthermore, there

was likely a spillover effect27 from I-SITE implementation at

the Main clinic upon the Outreach clinics. Staff from all clinics

were present at regularly scheduled staff meetings where data

were shared on teleophthalmology use and screening rates,

and some providers practiced at both Main and Outreach

clinics. Thus, Outreach clinic providers increased their use of

in-person dilated eye examinations for diabetic eye screening

because of exposure to some of the implementation strategies

tested in the Main clinic.

Our study agreed with earlier work showing that younger

patients and men were more likely to utilize teleophthalmology

than in-person dilated eye examinations for diabetic eye

screening,26 and that hemoglobin A1c level was not associated

with either teleophthalmology use or diabetic eye screening

adherence.28 Older patients are more likely to have coexisting

ocular conditions29 (cataract, glaucoma, etc.) that require in-

person visits to an eye care provider who concurrently per-

forms their in-person dilated eye examination for diabetic

eye screening.

Limitations of our study include that it was conducted in a

single U.S. health system and that the patient population was

predominately white and non-Hispanic, reflecting the popula-

tion of rural Wisconsin. We did not assess the effect of insurance

status because the vast majority of our patients were insured.

The proportion of patients with type 2 diabetes (95%) in our

study is consistent with U.S. and worldwide averages.30,31 If

there had been a greater proportion of patients with type 1

diabetes, we would expect lower screening rates at baseline

(which could have impacted the screening rates achieved in our

study). This is because the average age of onset for type 1 dia-

betes is earlier than for type 2 diabetes and younger adults are

less likely to obtain diabetic eye screening.28,30

We defined the adherence window for diabetic eye screening

as within the preceding 12 months based on AAO guidelines.24

However, it is becoming increasingly accepted to extend the

diabetic eye screening interval from 12 to 24 months for
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patients with a history of mild or no retinopathy per ADA

guidelines.2 We did not use the ADA guidelines in our

study because we did not have access to historical data on

retinopathy severity from all patients. Thus, by using the

more stringent AAO guidelines, we may have under-

estimated the proportion of patients’ adherence with dia-

betic eye screening.

In conclusion, our stakeholder-based teleophthalmology

implementation program increased teleophthalmology use

and maintained post-teleophthalmology increases in diabetic

eye screening rates in a multipayer U.S. health system. To date,

I-SITE is the only freely available teleophthalmology im-

plementation program specifically designed for U.S. health

systems outside the VA Health System. Stakeholder-based

implementation may increase the long-term reach and ef-

fectiveness of teleophthalmology to reduce vision loss from

diabetes. Our approach may improve integration of telehealth

interventions into primary care.
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