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Background: A telemedicine screening initiative was implemented by the Montefiore Health System to improve access to eyecare for
a multi-ethnic, at-risk population of diabetic patients in a largely underserved urban community in the Bronx, New York. This
retrospective, cross-sectional analysis evaluates the societal benefit and financial sustainability of this program by analyzing both cost
and revenue generation based on current standard Medicare reimbursement rates.
Methods: Non-mydriatic fundus cameras were placed in collaboration with a vendor in eight outpatient primary care sites throughout
the Montefiore Health Care System, and data was collected between June 2014 and July 2016. Fundus photos were electronically
transmitted to a central reading center to be systematically reviewed and coded by faculty ophthalmologists, and patients were
subsequently scheduled for ophthalmic evaluation based upon a predetermined treatment algorithm. A retrospective chart review of
2251 patients was performed utilizing our electronic medical record system (Epic Systems, Verona WI). Revenue was projected
utilizing standard Medicare rates for our region while societal benefit was calculated using quality adjusted life years (QALY).
Results: Of the 2251 patient charts reviewed, 791 patients (35.1%) were seen by Montefiore ophthalmologists within a year of the
original screening date. Estimated revenue generated by these visits was $276,800, with the majority from the treatment of retinal
disease ($208,535), and the remainder from other ophthalmic conditions detected in the fundus photos ($68,265). There was a societal
benefit of 14.66 quality adjusted life years (QALYs) with an estimated value of $35,471/QALY.
Conclusion: This telemedicine initiative was successful in identifying many patients with diabetic retinopathy and other ophthalmic
conditions who may otherwise not have been formally evaluated. Our analysis demonstrates the program to generate a downstream
revenue of nearly $280K with a cost benefit below <50% of the threshold of $100,000/QALY, and therefore cost-effective in
marginalized communities.
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Introduction
Diabetic retinopathy (DR) is one of the top five leading causes of blindness worldwide,1 and is characterized by small
vessel damage with subsequent exudation and ischemic injury.2 Currently, the American Diabetes Association (ADA)
recommends persons living with diabetes to have a dilated ophthalmologic examination at least once a year.3 Adherence
to this recommendation however is poor (<50–60%), and can be attributed to a multitude of logistical issues that are
exacerbated by the initial asymptomatic nature of DR.4–8

Telemedicine can help address this inequity-related gap with comparable sensitivity and specificity to the standard
dilated fundus examination, and has been recommended by the ADA in the absence of in-person screening.3,9 Social
determinants of health contribute to 50–60% of health outcomes with disproportionate effects on racial and ethnic
minorities.10–12 Compared to their Caucasian counterparts, African American and Hispanic patients are less likely to
have adequate glycemic control and less likely to be screened, leading to worse health outcomes and increased rates of
cataract, DR, glaucoma, and other eye diseases.13 The Bronx, the most ethnically diverse and lowest-income borough of
New York City, has a particularly underserved population with high rates of poorly controlled diabetes.14,15 As such,
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telemedicine can improve diabetes-related vision care and help decrease disparities in diabetic eye disease among
marginalized patients. This benefit is of even greater importance amidst the COVID-19 pandemic, which has dispro-
portionately affected Hispanic and African American communities in New York City.16,17

Despite improvements in technology, telemedicine screening programs have been difficult to implement amongst
underserved populations given limited experience with financial sustainability models and cost-effectiveness.18–20 If
ophthalmic screening programs were shown to be cost-effective or profitable, they would be easier to implement, as has
been successfully done with cholesterol and hypertension screening.21,22 To date, there are few studies looking at the
cost-effectiveness of DR screening in the United States and the rest of North America.21 Cost-effectiveness studies use
utility values for standardization which can be difficult to determine as a function of vision loss, and often rely on
interview data from large populations.23–25 As a result, quantification of vision saved due to telemedicine screening often
relies on theoretical assumptions that make it difficult to precisely estimate cost-effectiveness.26 Maberley et al’s DR
screening study in James Bay Ontario was one of the earliest studies to analyze cost-effectiveness of a camera-based DR
screening program, but relied mostly on simulation data.27 On the other hand, Garoon et al’s study on the urban
population of Houston was one of the most recent and largest on cost-savings from camera-based DR screening, but did
not utilize utility values and excluded DME.26,28

The aim of this study was to establish patient benefit and cost-effectiveness of a diabetic telemedicine screening
program in an underserved population in the Bronx, New York. The study also assessed potential profitability in the
screening and treatment of DR and non-DR eye disease.

Materials and Methods
This is a single institution, retrospective chart review study of a diabetic retinopathy screening program implemented
by the Montefiore Health System between June 2014 and July 2016. The study was approved by the Einstein-
Montefiore Institutional Review Board (IRB) and the study complied with the tenets of the Declaration of Helsinki
and the Health Insurance Portability and Accountability Act (HIPAA). Informed consent was formally waived given
the nature of the analysis, and data was de-identified to comply with all regulations. Fundus photography and image
transmission was outsourced to HealPros LLC (Atlanta, GA), who furthermore provided $20,000 per month in support
to help cover capital expenditures (hardware, software licensing fees, personnel, etc.). During a patient’s primary care
physician visit, a trained technician took two to four 45-degree macula-centered (one-field) photos of both eyes using
a non-mydriatic camera (Nidek AFC-230 or Ioptics Easyscan SLO). These images were uploaded to the hospital
electronic medical record system (Epic Systems, Verona WI), and remotely interpreted by one of five trained
Montefiore ophthalmologists utilizing the UK National Screening Committee (NSC) criteria. A grade of R0 – R3
was given correlating to the severity of the retinopathy seen.29 A grading of R0 corresponds to “no retinopathy”, R1 to
“background retinopathy”, R2 to “pre-proliferative retinopathy”, and R3 to “proliferative retinopathy”. Hard exudates
were used as surrogates for the detection of diabetic macular edema (DME). Ungradable images were classified as
“Indeterminate” at the discretion of the trained reader. In cases where only one eye was considered “Indeterminate”, the
fellow eye could still be assigned a grade of R1-R3 depending on the findings and clarity of the image. Although all
patients were recommended to follow-up with an ophthalmologist within one year of being screened, patients with
more severe forms of retinopathy (R2-R3) were scheduled appointments with urgency commensurate to the level of
their disease by a centralized patient access center. If a patient did not answer, the call center would make two more
attempts to contact the patient.

The inclusion criteria for the study required at least one recorded screening visit. For patients with multiple screenings
in a primary care setting, only the first screening and subsequent clinical follow-up visits were taken into consideration
for the purposes of this analysis. Demographic data was self-reported and documented as “N/A” when not specified. Age,
race/ethnicity, HbA1c level (at the time of the screening visit), presence and severity of retinopathy, and other ocular
comorbidities were captured from the electronic medical record. We furthermore collected revenue generating codes,
including both common procedural terminology (CPT) and evaluation and management (E+M) codes for all testing,
imaging, procedures, and visits for patients that followed up with Montefiore ophthalmologists within one year of their
screening visit. Insurance status was not collected.
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In order to provide a standardized estimate for the reimbursement of each CPT code, we used the Centers for
Medicare and Medicaid Service (CMS) current rate at time of screening for the Bronx locality code 1320202. Revenue
generated was estimated separately for DR (including DME) and non-DR ocular morbidities to more accurately account
for multiple diseases that were being screened for with the fundus photos. For patients receiving a series of anti-vascular
endothelial growth factor (VEGF) injections for more than a year, we estimated the revenue generated from an average of
5.8 injections based on standard treatment regimens in the literature.30

To evaluate societal cost and cost-effectiveness of the intervention, two different approaches were instituted. The first
was to evaluate “sight-years saved” based on the treatment of four diseases: cataract, proliferative diabetic retinopathy
(PDR), DME, and glaucoma. The cost of blindness was set at $15,900 per year based on the 2013 per person economic
burden of the visually impaired.31 Treatment of proliferative DR and DME was assumed to save 0.065 and 0.06 sight
years, respectively.32,33 Treatment of glaucoma was set at 0.011 sight years saved (based on the assumption of a 1.1%
conversion to blindness per year).34 Treatment of cataract was set at 0.17 sight years saved (assumption of 17% rate of
pre-operative blindness or visual impairment with reversal after surgery).35

The second approach was to calculate the number of Quality Adjusted Life Years (QALYs) saved.36 The incremental
QALYs saved by treatments were obtained from the literature in order to standardize the results and avoid potential bias
from non-ophthalmologic comorbidities. The QALYs saved are shown in Table 1 with corresponding references in
parentheses.25,37,38 Note that the value of 0.18 for DME and PDR was obtained by using an estimate of 0.77 QALY for
persons living with diabetes without any DR or DME and 0.59 for patients with PDR or DME.23

Results
A total of 2251 patients met inclusion criteria including a documented screening visit. Of these screened patients, 35.1%
(791 patients) followed up with a Montefiore ophthalmologist within one year. Demographic data from the EMR
demonstrated that 287 of these patients (36.2%) self-identified as non-Hispanic Black, and 346 (43.7%) as Hispanic.
The gender ratio (male: female) was calculated to be 0.60, with a mean age of 61 years (range 21–96 years), and a mean
A1c of 8.2% (range 3.9–17.4%).

As shown in Table 2, 519 patients were found to screen positive for DR by fundus photography, of which 227 (43.7%)
followed up with an ophthalmologist within one year. 152 (67.0%) of these patients were found to have retinopathy on this
follow-up examination (‘true positives’). Of the 1607 patients who screened negative for DR by fundus photography, 513
(31.9%) followed up within one year, of which 468 (91.2%) had no retinopathy on clinical exam (“true negatives’). The
screening program had a sensitivity of 77.2% and specificity of 86.2% in the detection of DR. Subgroup analysis of
patient’s subsequent follow-up demonstrated that of the 162 patients who screened positive for DME, 71 (43.8%) followed
up within one year with 20 (28.2%) showing clinical signs of DME on exam. Of the 2089 patients without DME on fundus
photography, 720 (34.5%) patients followed up within a year, of which 688 (95.6%) had no DME on exam, giving the
program a sensitivity and specificity of 38.5% and 93.1%, respectively, for DME detection from this perspective.

Table 3 shows the breakdown of QALYs saved, sight years saved, and cost-saving to society. The operating cost of
the program was approximately $520,000 based on budgeted expenditures of approximately $20,000/month. The Cost/
QALY (lower number indicating better cost-effectiveness) for treating diabetic eye disease was $57,778/QALY, with an
overall estimate of $35,471/QALY when including treatment for all ophthalmic diseases detected. The total cost saving to

Table 1 Incremental Quality Adjusted Life Years Saved by Treatment

Treatment Incremental Quality Adjusted Life Years

Cataract Surgery 0.16947

Glaucoma (Prostaglandin Agonists, Laser Trabeculoplasty) 0.0432, 0.02648

Diabetic Macular Edema and Proliferative Diabetic Retinopathy 0.1823
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society (using $15,900 for 1 sight year saved) was $124,736, with 39.3% from treating diabetic eye disease and 61.7%
from treating non-retinal disease.31

Potential procedural revenue generated from standard treatment regimens was estimated (using CMS reimbursement
for individual CPT codes) to be $276,800, with 75.3% coming from treating DR and 24.7% from the treatment of non-
retinal disease (Table 4).

Discussion
Given rapidly increasing rates of diabetes in the US and the substantial burden of diabetic eye disease,1 it has become
increasingly imperative that we implement large scale diabetic retinopathy screening programs to adequately screen and

Table 3 Overview of Sight Years and Quality Adjusted Life Years Saved

Diagnosis Treated (n) Sight Years Saved Cost Saving ($) Quality Adjusted Life Years Gained

Proliferative Diabetic Retinopathy 17 1.11 17,570 3.06

Diabetic Macular Edema 33 1.98 31,482 5.94

Diabetic Retinopathy-associated 50 3.09 49,052 9.00

Glaucoma 22 0.24 3848 0.93

Cataract 28 4.76 75,684 4.73

Overall 84 8.51 124,736 14.66

Table 4 Estimate of Revenue Generated

Revenue Total ($) Per Patient ($) Maximum Expected ($)a

Diabetic Retinopathy- Related 208,535 264 575,071

Non-Diabetic Retinopathy 68,265 86 189,447

Combined 276,800 350 787,708

Note: aAssuming 100% follow-up.

Table 2 Rates of Diabetic Retinopathy (DR) and Diabetic Macular Edema (DME) Seen on Fundoscopic Image Screening and Clinical
Exam

Grade on Screening Detected on Fundus
Photographya

Follow-Up Within One Yearb Detected on Clinical Exam
on Follow Upc

DR R1 + R2 + R3d N (%) 519 (23.1) 227 (43.7) 152 (67.0)

Background DR R1 N (%) 426 (18.9) 185 (43.4) 115 (62.2)

Pre-proliferative DR R2 N (%) 76 (3.4) 35 (46.1) 31 (88.6)

Proliferative DR R3 N (%) 17 (0.8) 7 (41.2) 6 (85.7)

No DR R0 N (%) 1607 (71.4) 513 (31.9) 468 (91.2)

Indeterminate N (%) 125 (5.5) 51 (40.8) N/A

DME N (%) 162 (7.2) 71 (43.8) 20 (28.2)

No DME N (%) 2089 (92.8) 720 (34.5) 688 (95.6)

Notes: aPercentages are calculated using 2251 total patients. bPercentages are calculated using the second column as the dividend. cPercentages are calculated using the third
column as the dividend. dR1, R2, R3 refer to the UK National Screening Committee (NSC) criteria.
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treat patients who have poor access to healthcare. To date, there are few studies looking at the cost-effectiveness of DR
screening, particularly in urban and underserved communities who are often the most vulnerable.21 Study populations
may have disparities in the social determinants of health, making many of these comparisons difficult. The study of this
screening program implemented by the Montefiore Health System was similar to other studies26,39,40 in terms of DR
prevalence, “indeterminate” image rates, and proportion of patients treated. Although it had a lower sensitivity for DR
compared to Lee et al’s study of 1-field non-mydriatic color photography despite a similar study population, the
sensitivity for DME was comparable to other studies that had variable rates as low as <30%.41,42

Our study found similar societal benefit compared to other ophthalmic27,43 and non-ophthalmic22 screening pro-
grams. Maberley et al’s study model found that they saved more than two times the number of sight years and almost
twice the number of QALYs in the treatment of DR and DME, likely from having a greater proportion of patients with
DME and PDR requiring treatment.27 Thomas et al’s simulation analysis of a telemedicine-based glaucoma screening
program also saved a similar number of QALYs.43 Finally, as health systems have limited resources, they have to
prioritize screening programs for both ophthalmologic and non-ophthalmologic disease. Our DR screening program’s
benefit (from a QALY/patient per year perspective) was comparable to programs for hypertension and
hypercholesterolemia.22

This analysis found that our DR screening program was not only cost-effective but furthermore has the potential for
significant profitability, particularly if follow-up visit compliance could be improved. A cost/QALY threshold of $50,000
is frequently cited in the literature, although Neumann et al have argued that this is too low of a threshold in the United
States, with $100,000 or $150,000 as more reasonable estimates.36,44 From a DR and DME treatment perspective, the
program met Neumann et al’s cost/QALY threshold of $100,000, while the $50,000 threshold was met when treatment
for non-retinal disease was included.44 While Maberley et al’s study had one fourth the cost/QALY as compared to our
study, they had a greater proportion of patients treated and half the screening cost.27 Furthermore, Kirkizlar et al DR
screening model showed that a DR screening program of 3000 patients in the United States should have an average cost/
QALY of $53,556, making our $57,778/QALY for 2251 patients reasonably viable.45

Our estimates show that this program would be cost-neutral when compliance with follow-up appointments
approaches approximately 70%. If also including the cost-saving to society, the program becomes cost-neutral at
a much lower threshold of approximately 50%. It is important to note that as hardware costs decline, the initial barriers
to entry do so as well. Furthermore, newer cameras do not require specialized training to operate, and as a result, program
costs could have decreased by nearly 30% with the requirement of a photographer eliminated.46 In current dollars, the
cost of the screening program would have decreased to $364,000, and the program would only require approximately
16% more follow-up than what we found to become cost-neutral. The cost/QALY for DR and DME screening and
treatment would have decreased to $40,444, well below a more stringent $50,000 threshold. In addition, the use of older
technology for the study makes the QALY gains more applicable to international populations where access to cutting
edge technology may be more limited.

Unfortunately, there is a paucity of data on revenue generated from increased access to care due to screening
programs. If we view Garoon et al’s estimated costs for clinic visits and treatment of DR as a proxy for revenue of
their health system, we find that our study had comparable revenue generation.26 The majority of their “revenue” came
from treatment of DR with PRP or surgery, while a bulk of our revenue was from the treatment and testing of DME. Our
adherence rate was notably lower, however, and this fact could be due to exclusion of non-Montefiore ophthalmology
visits and less stringent criteria for follow-up.

There are some limitations to this study. Revenue was estimated using Medicare rates instead of actual collections. It
is likely we underestimated the revenue projections given that operating room, anesthesia, and reading costs were not
included. Our calculations for “QALYs gained” were calculated under the assumption that we had perfect treatment
efficacy, and did not account for patients who were lost to follow-up that potentially cost the system resources. We also
did not make a distinction for QALYs calculated depending on if patients were type 1 or type 2 diabetics. In addition, as
this was a retrospective chart analysis, we used estimated QALYs from the literature instead of obtaining them from our
patient population through direct interview. Finally, our revenue generation and societal benefit have an underlying
assumption that patients follow-up in clinic once their issues are highlighted by the screening program.
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Conclusions
The Montefiore Health System telemedicine screening initiative is cost-effective and has particularly significant societal
benefit in underserved populations. Screening programs should be adopted to facilitate cost-effective care and equilibrate
health-care access throughout our health-care system. Societal, community, and patient benefits, in addition to improved
access for vulnerable patients, can provide long-standing and sustainable benefit. Further reductions in hardware costs
and improved ease of use will continue to improve our ability to screen and treat these patients.
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DR, Diabetic Retinopathy Screening; MHS, Montefiore Health System; QALY, Quality Adjusted Life Year; DME,
Diabetic Macular Edema; PDR, Proliferative Diabetic Retinopathy; PPDR, Pre-proliferative Diabetic Retinopathy;
VEGF, Vascular endothelial growth factor.
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