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Diabetes is the leading cause of adult vision loss in the United States and other industrialized countries. While
the goal of preserving vision in patients with diabetes appears to be attainable, the process of achieving this
goal poses a formidable challenge to health care systems. The large increase in the prevalence of diabetes
presents practical and logistical challenges to providing quality care to all patients with diabetes. Given this
challenge, the Veterans Health Administration (VHA) is increasingly using information technology as a means
of improving the efficiency of its clinicians. The VHA has taken advantage of a mature computerized patient
medical record system by integrating a program of digital retinal imaging with remote image interpretation
(teleretinal imaging) to assist in providing eye care to the nearly 20% of VHA patients with diabetes. We describe
this clinical pathway for accessing patients with diabetes in ambulatory care settings, evaluating their retinas
for level of diabetic retinopathy with a teleretinal imaging system, and prioritizing their access into an eye and
health care program in a timely and appropriate manner.

Introduction

Diabetic retinopathy (DR) is a leading cause of
preventable vision loss in the United States and other
developed countries.”* The value of screening for DR
is well established, and a number of preferred clinical
practice patterns are in place to guide clinicians in
reducing the risk of vision loss from diabetes.>” Despite
these guidelines, only 60% of persons with diabetes
receive timely and appropriate eye examinations.®™

There are a number of obstacles to being screened for
diabetes-related ocular complications. These obstacles
include access to care and the misconception by patients
that regular eye examinations are unnecessary, especially
if visual function is not compromised. Access to eye care
is also often limited by geographic, economic, cultural,
educational, and other factors.!?
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Unmet Need in the Veterans Health
Administration (VHA)

The VHA is the largest integrated managed health care
system in the United States, providing health care services
to five million eligible patients. Diabetes within the VHA
poses a significant challenge because the estimated
prevalence among its enrolled patients is as high as
20%, substantially higher than the general population.!**
To meet the challenge of offering comprehensive quality
care, the VHA has instituted important programs to
ensure that all patients with diabetes are evaluated with
appropriate periodicity for DR and other related ocular
complications.”'® The VHA also has in place an external
peer review program with the objective of creating a
nationwide standard to establish policies to modify
care processes and to emphasize quality improvement.”
An outcome of this program is to ensure that patients
with chronic disease, such as diabetes, and especially
those with attendant risk factors, receive regular and
timely assessment and treatment of such risk factors
and screening for the presence of complications. Recent
clinical outcomes show that the VHA has achieved
efficiency and quality of care for its patients with
diabetes that exceed that in the private sector.” Table 1
summarizes the processes in place for VHA patients and
the number of patients accessed for various evaluative
diabetes screening measures for fiscal year 2005."

Table 1.
Percentage of VHA Patients with Diabetes Achieving

Various Evaluative Screening Measures for Fiscal Year

2005
Indicators Resuljcs
(% of patients)

HbA1c <9.0% 85
HbAlc <8.0% 73
HbAlc <7.0% 49
Lipid profile 77
Blood pressure <140/90 mm Hg 75
Retinal examinations (biennial unless risk 79
factors are present)

Annual foot examination 83

Early detection of retinal abnormalities is essential in
preventing vision loss from diabetes. Clinical studies
have clearly shown that the visual outcome is more
favorable if patients are evaluated and treated early."
In addition to DR, other vision-threatening eye diseases
are more common in an aging population and in patients

with diabetes. These include glaucoma, cataract, age-
related macular degeneration, and systemic-related retinal
vascular disease. All of these ocular disorders can be
identified through regular eye examinations and many
can be treated or managed by early identification. Thus,
current VHA guidelines recommend eye examinations
every 24 months or less for persons with diabetes,
depending on findings from a previous eye examination
and other identifiable risk factors, such as associated
laboratory values [hemoglobin Alc (HbAlc), serum
lipid levels, systemic blood pressure, the presence of
microalbuminuria] and in those taking insulin'® (Table 2).

Table 2.

VHA Referral Guidelines for Eye Examinations in
Patients with Diabetes

Indicators for referral for eye examination

>1 year since last eye examination or cannot demonstrate
recent eye examination by a provider outside of the VHA

HbA1c >8.0% after 1 year of treatment

Taking insulin

Type 1 diabetes >3 years or type 2 diabetes

Blood pressure >140/90 mm Hg

Impaired renal function, proteinuria (>300 mg/24 h), elevated
serum creatinine, on dialysis, or post-transplant

History of visual impairment in at least one eye, not
necessarily related to hyperglycemia

Pregnancy

Have additional microvascular or macrovascular
complications related to diabetes

VHA Teleretinal Imaging Program for
Patient with Diabetes

Based on the urgent need to develop alternative
methods to screen and evaluate an increasing number
of patients with diabetes for DR, the VHA developed a
program of digital retinal imaging with remote image
interpretation (i.e., teleretinal imaging) as a means of
improving access to eye care. Digital retinal imaging and
fundus photography, when performed using accepted
standards and validated pathways, is a potential tool for
detecting patients at risk for vision loss from DR and
possibly other ocular and related systemic diseases.
Digital retinal imaging through undilated pupils has
been validated as an alternative to dilated fundus
photography in evaluating patients for the presence of
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DR.*-22 This approach is also more convenient for patients
and is more widely accessible. Obviating the need for
pupil dilation in most cases allows for more widespread
deployment in ambulatory care settings where patients
can be accessed as they present for primary care or other
non-eye care appointments.

In fiscal year (FY) 2000, the U.S. Congress recognized
the importance of preventing blindness from diabetes
by recommending that the VHA collaborate with the
Department of Defense (DOD) and the Joslin Diabetes
Center (Boston, MA) to implement a technology-based
platform using nonmydriatic digital retinal imaging
and remote image interpretation to assess for the level
of DR. That teleretinal imaging system, the Joslin
Vision Network™, was an outgrowth of a pilot program
developed by the VHA and implemented in FY 1999 in
collaboration with the Joslin Diabetes Center, the DOD,
and Veterans Integrated Service Networks (VISN) 1
and 20.# Using a nonmydriatic digital retinal imaging
platform, imaging stations were installed at medical
centers and community-based outpatient clinics in New
England and the Pacific Northwest. Images captured
at the remote imaging stations were transmitted to
reading centers at the Veterans Affairs (VA) Puget Sound
Healthcare System and VA Boston Healthcare System.
This pilot program proved to be highly successful in
identifying patients in need of further care, while at the
same time postponing visits for those with little or no
risk factors for the progression of retinopathy.'>'

In 2001, the VHA convened an expert panel to address
issues of the clinical application, quality and training,
information technology, and health care infrastructure
needs for deploying such a teleretinal imaging program.
The panel developed recommendations and formulated
a plan for a systematic national rollout of VISN-based
teleretinal imaging programs.® The success of this proof
of concept and the prospect for sustainability prompted
the VHA to expand the model on a nationwide basis.

The Teleretinal Imaging Clinical Pathway

In the VHA and elsewhere, eye care professionals are
typically responsible for diagnosing and treating patients
for DR. However, patients already accessed into an
eye care program are likely receiving appropriate and
timely treatment. For patients with chronic disease such
as diabetes, the primary care setting is the best site
for identifying patients at risk for visual disability.?**
Thus, teleretinal imaging platforms were deployed
primarily in the ambulatory care setting (Figure 1).

Clinical Pathway for Teleretinal Imaging

Review of medical
‘ and eye care history

Patient Identified Teleretinal im
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Figure 1. Clinical pathway for teleretinal imaging in the VHA. Potential
patients are initially identified as those having an ambulatory care
appointment at the VA medical center (VAMC). The imager generates
a teleretinal imaging consult, obtains relevant clinical information
from the patient, and obtains images. These images are attached to the
consult and forwarded to a reading center, where they are reviewed.
A report is generated and becomes a part of the patient’s medical record.
Based on interpretation and referral recommendation of the reader, the
imager takes appropriate steps to ensure the patient has necessary eye
care follow-up.

Accessing Patients

The VHA Teleretinal Imaging Program is designed to
facilitate access to quality diabetes eye care that complies
with VHA guidelines for retinal examinations in patients
with diabetes and allows prioritization of patients for
comprehensive eye evaluations by eye care professionals.
Patients are identified by an imager/patient care
coordinator through a review of scheduled appointments
in primary care or other non-eye care appointments at
the respective VA medical centers. Most patients were
overdue for their annual diabetic eye examination or
were referred by their provider because of prior findings,
first-time or new onset symptoms, or complaints
deemed by medical providers to warrant referral for
eye examination. Patients were typically contacted by
the image acquisition specialist to arrange the imaging
session on the day of the ambulatory care appointment.
Using the VA computerized patient record system (CPRS),
the imager identified patients who were overdue for
an eye examination. The robust nature and enormous
potential of the electronic medical record system within
the VA allow the imager to take advantage of CPRS
to identify appropriate patients for imaging. Based on
the retrospective nature of this report, the number of
patients referred to imaging based on patient history,
symptoms, or examination findings is undetermined.
Patients are only excluded from the teleretinal imaging
program if they have a history of previous retinal laser
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treatment, a history of previous intraocular retinal
surgery, if they are one-eyed, or wear an eye prosthesis.
All other patients are included, even if they have
a history of cataract surgery with intraocular lens
implantation, small pupils, media opacities, strabismus,
lid or adnexal abnormalities, end stage renal disease, or
other preexisting ocular or systemic conditions. Patients
are contacted and scheduled for digital retinal imaging
via the CPRS consult mechanism.

Imager Training

Imagers are certified through the VA National
Teleretinal Training Center in Boston, where each imager
participates in a two and one-half day competency-based
multidisciplinary program that includes skill transfer
in the technique of teleretinal imaging, as well as an
intensive overview of diabetes and diabetic eye disease.
Imagers are taught to provide an initial triage through
recognition of significant lesions of DR and other
systemic-related retinal lesions that may require more
urgent attention. If the imager identifies an important
finding, he/she immediately notifies the reader, who
then may perform a more immediate review of the
study.

Obtaining Digital Retinal Images

The certified teleretinal imager uses a Topcon TRC-NW6S
digital retinal camera to obtain nonmydriatic digital
retinal images of three 45° fields and an external image
of each eye according to a protocol developed during
pilot studies.!>**?¢ Images comprising three 45° fields
are captured for each eye: nonmydriatic image (NM)-1,
centering the macula and including the optic disk; NM-2,
encompassing the superior temporal vascular arcade; and
NM-3, covering an area of the retina nasal to the optic
disk with a slight emphasis toward the inferior quadrant.
Additionally, an external image is captured for gross
evaluation of the lids, lashes, and periocular region. This
imaging protocol allows for a comprehensive evaluation
for retinal disease within the vascular arcades, including
the optic nerve head and the macula, and, in some cases,
as far out as the retinal equator.

After completing the imaging protocol, the imager
demonstrates to the patient the basic anatomical
structures of the ocular fundus, indicating the optic
nerve, the macula, and the retinal blood vessels, and
reinforces the importance of optimal blood glucose and
blood pressure control. Acting as a care coordinator, the
imager also acts on the reader’s recommendations and
communicates with the patient to establish an appropriate
follow-up eye examination schedule.

Image Interpretation

The images and patient data elements are imported into
the VHA electronic medical record system Veterans
Health Information Systems and Technology Architecture
(VistA) via the digital imaging communication standards
in medicine pathway and are available for viewing at
the local reading center or elsewhere within the VHA
system. Independently licensed eye care providers,
certified as image review specialists (i.e., readers), review
all studies. Readers also undergo a one and one-half
day certification program at the VA National Teleretinal
Training Center. The reader interprets the study and
records results using a reading template that is stored in
the CPRS. Reader-generated reports include diagnosis of
level of DR and diabetic macular edema, identification of
nondiabetic ocular conditions, and recommendation for
the next eye examination. These reports and the images
are available to the imager, primary care team, and other
providers through VistA. In the event of an unexpected
urgent or emergent finding, the reader promptly contacts
the imager so that appropriate action can be taken.

Benefits of the Teleretinal Imaging Eye Care
Program

There are several compelling aspects to this teleretinal
imaging clinical pathway. The first important feature
is that the level of DR is determined reliably. In a
series of studies, a significant level of agreement has
been shown for the level of DR and for the presence of
referable eye diseases between digital retinal imaging
and subsequent comprehensive eye examinations
performed by eye care professionals.’>*2¢ Digital retinal
imaging also frequently identifies nondiabetic ocular
pathology,”® although there are fewer studies validating
this additional feature. A second major benefit of the
program occurs during the imaging encounter, when the
imager/care coordinator has an opportunity to provide
basic education to the patient relating to causes and
prevention of diabetes-related eye complications and
preservation of vision. An additional unique feature of
the program is its link to the comprehensive electronic
medical record system of the VHA, which includes a
broad array of patient data, clinical reminders, laboratory
and diagnostic test results, and expert system feedback
to make better decisions regarding diagnosis, treatment,
and management. The seamless nature of the imaging
technology platform and the VistA/CPRS of the VHA
facilitates the comprehensive nature of the diabetes eye
care program and provides an integrated patient record
system, not only for clinicians but also for managers,
quality assurance staff, and researchers.
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Patient Satisfaction

Patients’ responses to nonmydriatic teleretinal imaging
are universally positive. Obtaining retinal images
without pupil dilation is efficient and less time sensitive,
as the imager does not have to wait for the eye drops
to take effect. Indeed, pupil dilation for most patients
imposes additional inconveniences and is impractical
for a wide-ranging DR screening program.”’ Patient
acceptance of both the imaging procedure and the
educational intervention is important for the successful
implementation and sustainability of any such eye care
model. We showed previously that the vast majority of
patients reported that nonmydriatic digital retinal imaging
was comfortable, improved their understanding of eye
disease, and was preferred to standard photography or
dilated examination by a retinal specialist.”* Of equal
importance, most patients indicated that they would
prefer to return annually for these examinations, thus
inferring that nonmydriatic teleretinal imaging may have
the potential to enhance adherence to diabetes eye care
guidelines.

Economic Benefits

The economic burden of vision loss from diabetes is
enormous and has been calculated at $132 billion in
direct and indirect costs. These include medical costs,
including hospitalizations and the costs of medications,
vision rehabilitation, loss of productivity, and the impact
on quality of life. The benefits of detecting and treating
sight-threatening retinopathy in patients with diabetes
have been borne out by many cost-effectiveness and cost-
utility studies.®” Initially, studies indicated that annual
screening for DR in type 2 diabetes showed no economic
benefit.?** However, later studies showed an important
cost benefit.*!

Widespread deployment of teleretinal imaging to
assess for the level of DR requires that it be a cost-
effective strategy. While several studies have shown
that fundus photography is more sensitive than a
direct ophthalmoscopic examination in screening for
DR,%%¢ this latter photography requires pupil dilation
and is typically carried out by trained personnel using
specialized equipment to obtain standard photographic
fields." This reduces its cost-effectiveness as a screening
tool. Using a modeled cost-effectiveness analysis and
decision analysis, we compared the cost-effectiveness of
teleretinal imaging versus dilated fundus examinations
with ophthalmoscopy for their ability to detect vision-
threatening proliferative DR and its consequences.

We showed that in the VHA, nonmydriatic teleretinal
imaging was both less costly and more effective for
detecting proliferative DR and averting cases of severe
vision loss.” Accordingly, nonmydriatic teleretinal
imaging may be more time efficient, improves adherence,
and offers favorable cost-effectiveness in assessing
the level of DR than a standard clinical examination,
particularly in low-risk patients. By implication, using
teleretinal imaging to evaluate patients may also free
up eye care practitioners from screening activities and
enable them to utilize their skills more effectively in the
care of patients with eye diseases.

Future Direction

In late 2006, 17 of the 21 VISN were awarded funding to
incorporate this teleretinal imaging eye care model
into their primary care programs. Each of the 17 VISN
received funding for six cameras and personnel to support
both imaging at remote sites and image review at the
VISN level. Later, additional funding was provided for
the purchase of cameras at the four additional VISN.
Prior to initiating the imaging protocol, both imagers
and readers are trained at a 3-day program held at the
VA National Teleretinal Training Center in Boston.

During the first year of the national program there were
74,414 unique patients who had teleretinal imaging at
approximately 150 imaging sites in 21 VISN. Data on
operating characteristics of teleretinal imaging and clinical
outcomes from these patients are still being accumulated
and will soon be forthcoming. As an example of the
clinical diagnoses likely to be observed in the national
program, we performed imaging studies on 2724 patients
using the clinical pathway described earlier from a rural
VA setting (Togus, ME) that has limited eye care services.
The average age of these patients was 62 years, 98% were
male, their mean duration of diabetes was 7.1 years, and
the average HbAlc was 7.2%. Criteria for referral for eye
examination included the presence of DR of moderate
level or worse or if a study was deemed ungradeable
based on an inability to interpret images because of
blur, media opacity, missing or poorly composed fields,
or other causes. Applying these criteria, 327 patients
(12%) were referred for eye examination for evaluation of
DR. In addition, a series of nondiabetic conditions were
also noted, including cataract (32%), choroidal nevus
(8.5%), age-related maculopathy (10%), and suspicion
of glaucoma (11%). Another 1.5% of patients had more
urgent ocular conditions that required more immediate
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referral, including evidence of retinal vascular occlusion,
retinal embolus, and retinal or preretinal hemorrhage.

Conclusion

Diabetic retinopathy has the potential to severely affect
the quality of life for patients with diabetes. Much of
this disability and loss of independence can be averted
by timely and appropriate screening for the presence of
DR. Technological advances such as teleretinal imaging
give more patients access to proper screening for DR.
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