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Abstract—We conducted a retrospective chart review of 200
diabetic patients who had teleretinal imaging performed
between January 1, 2010, and January 1, 2011, at Portland
Department of Veterans Affairs (VA) Medical Center outpa-
tient clinics to assess the effectiveness of the diabetic telereti-
nal imaging program. Twenty patients (10%) had diabetic
retinopathy. Ninety percent of the available teleretinal imaging
studies were of adequate quality for interpretation. In accor-
dance with local VA policy at that time, all teleretinal imaging
patients should have been referred for a dilated retinal exami-
nation the following year. Image readers referred 97.5% of the
patients to eye clinics for subsequent eye examinations, but the
imagers scheduled appointments for only 80% of these
patients. The redundancy rate, i.e., patients who had an eye
examination within the past 6 mo, was 11%; the duplicate
recall rate, i.e., patients who had a second teleretinal imaging
performed within 1 yr of the eye examination, was 37%. Rates
of timely diabetic eye examinations at clinics with teleretinal
imaging programs, particularly when teleretinal imaging and
eye clinics were colocated at the same community-based out-
patient clinic, were higher than at those without a teleretinal
imaging program. We concluded that the Portland VA Medical
Center’s teleretinal imaging program was successful in
increasing the screening rate for diabetic retinopathy.

Key words: diabetes mellitus, diabetic retinal examination,
diabetic retinopathy, dilated eye examination, outpatient clinic,
primary care, screening, telehealth, teleretinal imaging, teleret-
inal imaging program.
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INTRODUCTION

Diabetes mellitus affected 25.8 million (8.3%) Amer-
icans in 2011 [1]. It affected 10.9 million (26.9%) of the
40.5 million Americans 65 yr or older. Thus, diabetes is
prevalent among the predominantly elderly Veteran
patient population [1-2]. Diabetic retinopathy (DR) is the
leading cause of blindness in working-age adults [3]. It
affects 78 percent of those with diabetes for 15 or more
years [4]. Early diagnosis and treatment of DR is impor-
tant, because treatment is 90 percent effective in preventing
blindness [3]. However, fewer than 50 percent of American
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diabetic patients receive annual DR screening examina-
tions [5-6].

Nonmydriatic digital retinal imaging with remote
image interpretation (teleretinal imaging) is an emerging
healthcare technology for screening patients for DR [7-
8]. This technology allows rapid retinal imaging without
dilation of the pupil in primary care clinical offices. It has
been shown to have excellent diagnostic precision for DR
compared with examinations with dilated pupils in eye
care providers’ offices (dilated eye examination) and
improves the rate of DR screening [9-11].

In 1999, the Department of Veterans Affairs’ (VASs)
Veterans Health Administration (VHA) collaborated with
the Joslin Diabetes Center in Boston, Massachusetts, to
implement a pilot teleretinal imaging program. It
involved a nonmydriatic digital retinal imaging platform;
imaging stations were installed at VA medical centers
and community-based outpatient clinics (CBOCs) in
New England and the Pacific Northwest. Images cap-
tured at remote imaging stations were transmitted to
reading centers at the Joslin Diabetes Center and the VA
Puget Sound Healthcare System in Seattle, Washington.
This pilot program proved to be highly successful in
identifying patients in need of timely further care for DR
while at the same time recommending eye care at appro-
priate intervals for those with little or no risk factors for
retinopathy progression [7].

In 2001, VHA convened an expert panel to address
issues of clinical application, quality and training, infor-
mation technology, and healthcare infrastructure needs
for deploying such a teleretinal imaging program. VHA
deployed teleretinal imaging as a systemwide screening
method for DR in 2006 [7-8].

VHA has also established an External Peer Review
Program (EPRP) to provide medical centers and outpa-
tient clinics with diagnosis and procedure-specific qual-
ity of care information [9]. The EPRP program provides
a database for both internal and external comparison of
clinical care. VA uses the Healthcare Effectiveness Data
and Information Set (HEDIS) [10] to continuously
improve the EPRP clinical indicator for evaluation of
diabetic patients for DR. Veteran patients will meet the
HEDIS DR screening performance criteria by evidence
of diabetic eye examinations by a VA or non-VA eye care
provider (optometrist or ophthalmologist) or adequate
teleretinal imaging by a certified teleretinal imager with
reading by a certified teleretinal image reader [9].

We conducted a randomized retrospective cohort
study to determine the effectiveness of the current Port-
land VA Medical Center’s (PVAMC’s) teleretinal imag-
ing program as a screening method in detecting DR and
subsequent follow-up of the patients. Previous DR
screening studies have demonstrated that the teleretinal
imaging program improves DR assessment rates and
increases enrollment of diabetic patients in eye clinics
[11-13]. However, none of these studies assessed the
effectiveness of the program when diabetic patients were
enrolled in both an eye clinic and a teleretinal imaging
program. In addition, we also analyzed the association of
DR with various risk factors and comorbid conditions.
The results of this study formed the basis of the current
report.

METHODS

The PVAMC operated a total of eight outpatient clin-
ics, including five teleretinal imaging screening programs
at CBOCs in Salem, West Linn, Bend, and Hillsboro,
Oregon; and Vancouver, Washington.

For the teleretinal imaging screening, four nonmydri-
atic photographs were obtained (three of the retina and
one of the external ocular structures) with a Topcon
TRC-NWGS digital retinal camera (Topcon Medical Sys-
tems; Oakland, New Jersey). These photographs were
then transferred to the VA Computerized Patient Record
System (CPRS), where they were analyzed by a certified
teleretinal image reader, who was either a licensed
optometrist or ophthalmologist. Based on the interpreta-
tion of these images, the reader assessed whether (1) the
image quality was adequate for interpretation; (2) any
DR or clinically significant macular edema was present
and if so, at what level; and (3) there were any comorbid
nondiabetic ocular conditions. The reader would then
determine the recommended recall to the eye clinic,
which was transferred back to the imagers for scheduling.
At PVAMC, imagers were certified teleretinal imaging
technicians who were responsible for identifying and
scheduling patients for teleretinal imaging as well as fol-
lowing up on readers’ recommendations, including
scheduling patients for eye clinic appointments [14]. It
was PVAMC policy in 2010 and 2011 to refer all telereti-
nal imaging patients to the eye clinic for dilated eye
examinations in the following year regardless of whether
or not they were found to have DR.
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We reviewed the CPRS records of a random sample
of 200 diabetic patients who had teleretinal imaging per-
formed between January 1, 2010, and January 1, 2011, at
the PVAMC CBOCs in Salem, West Linn, Bend, and
Hillsboro, Oregon; and Vancouver, Washington. Data
collected were demographic information including age,
sex, and race; risk factors including blood glucose, hemo-
globin A1C (HbALC), blood pressure, body mass index
(BMI), serum lipid levels (total cholesterol, triglyceride,
high density lipoprotein [HDL] cholesterol, and low den-
sity lipoprotein [LDL] cholesterol); quality of retinal
imaging; stages of DR and comorbid eye conditions such
as glaucoma and age-related macular degeneration
(AMD); duration of diabetes; and effectiveness of subse-
quent follow up after teleretinal imaging.

When patients had a dilated eye examination per-
formed within 6 mo at VA or elsewhere before teleretinal
imaging, the teleretinal imaging was considered to be
redundant, i.e., unnecessary. Likewise, when patients had
a pending teleretinal imaging recall in addition to a pend-
ing scheduled eye clinic examination appointment within
1 yr, the teleretinal imaging recall was considered to be a
duplicate recall. The percentage redundancy rate was cal-
culated by dividing the number of patients with a redun-
dant teleretinal imaging by the total number of the study
population, multiplied by 100. Likewise, the percentage
duplicate recall rate was calculated by dividing the num-
ber of patients with duplicate teleretinal imaging before
the dilated eye examination by the total number of study
population, multiplied by 100.

This study was approved by the PVAMC Institutional
Review Board prior to the initiation of the study. In addi-
tion, data from the Veteran Health Information System
and Technology Architecture (VistA) on June 2, 2010,
were obtained by running an ad hoc report to determine
the rates of timely diabetic retinal examinations, i.e., reti-
nal examinations performed annually or biennially (i.e.,
every 2 yr) by a VA or non-VA eye care provider depend-
ing on whether there were diabetic eye pathologies or
adequate teleretinal imaging by a certified teleretinal
imager with reading by a certified teleretinal image
reader, at all eight PVAMC outpatient clinics (Salem,
Hillsboro, Vancouver, Bend, Portland, East Portland,
North Coast, and West Lynn). The report showed the
number of PVAMC diabetic patients meeting the HEDIS
DR screening performance measure. Similar data were
obtained for Hillsboro and West Lynn clinics from Janu-
ary 2010 through January 2012, because these two clinics
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established teleretinal imaging programs during this time
period on December 8, 2010, and November 28, 2011,
respectively.

Logistic regression [15] was used to determine the
association of various systemic risk factors and comorbid
eye conditions with DR. For purposes of the logistic
regression, we combined various levels of retinopathy
and defined patients as either having some level of reti-
nopathy or no retinopathy. The chi-square test was used
to determine the difference in distribution between two
groups for dichotomous variables, and the t-test was used
for continuous variables [15].

RESULTS

Patient Population

This study included 200 patients, randomly selected
from a total of 1,567 diabetic patients, who had telereti-
nal imaging performed between January 1, 2010, and
January 1, 2011. Their mean age was 64.7 yr (standard
deviation = 10.2 yr); 194 (97%) were male and 192
(91%) were Caucasian. Table 1 shows the number of
patients with DR. Of the 20 patients (10%) who were
found to have DR, 11 had mild nonproliferative DR
(NPDR), 6 had moderate NPDR, 1 had severe NPDR,
and 2 had proliferative DR.

Risk Factors and Comorbid Conditions

Table 2 summarizes risk factors associated with dia-
betes and comorbid eye conditions. There was a signifi-
cant association between developing DR and years with
diabetes mellitus (Table 3, p = 0.002). The model pre-
dicted that 50 percent of the population would develop
DR after having diabetes for 34 yr. The relationship

Table 1.
Prevalence of patients with diabetic retinopathy (DR) in Computerized Patient
Record System (n = 200).

Diagnosis No. (%) of Patients
DR 20 (10.0)

Mild NPDR 11 (5.5)
Moderate NPDR 6 (3.0)
Severe NPDR 1(0.5)
Proliferative DR 2 (1.0)

NPDR = nonproliferative DR.
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Table 2.
Participant risk factors and comorbid conditions.
" Mean +SD™

Factor/Condition overall With No DR WitF DR p-Value
Body Mass Index (n = 178) 33.8+7.2 33.9+74 34.2+6.4 0.89
Systolic Blood Pressure (mm Hg) (n = 199) 130.1+15.4 130.4 +15.9 130.9+14.9 0.90
Diastolic Blood Pressure (mm Hg) (n = 199) 75.0+11.1 75.2 +10.7 76.0+ 154 0.77
Fasting Blood Glucose (mg/dL) (n = 197) 154.7 +58.0 154.5+60.5 176.0 + 38.9 0.04
Fasting Hemoglobin A1C (%) (n = 197) 7.3+15 7.3+15 79+14 0.05
Fasting Cholesterol (mg/dL) (n = 168) 165.6 + 46.4 164.8 +44.2 155.1 + 33.6 0.40
Fasting Triglyceride (mg/dL) (n = 153) 175.7+108.7 176.3+105.8 167.2 + 107.6 0.77
Fasting High Density Lipoprotein Cholesterol (mg/dL) (n=152)  43.0 +13.7 429+ 14.0 451+125 0.59
Fasting Low Density Lipoprotein Cholesterol (mg/dL) (n = 139) 88.6 + 36.0 88.8 + 36.5 73.5+26.3 0.16
Diabetes Duration (yr) (n = 199) 8.6 £6.7 8.1+6.1 13.1+9.3 0.002
Current Tobacco User (%) (n = 199) 99.0 99.4 100.0 0.73
Past Vascular Surgery (%) (n = 199) 3.3 3.2 5.0 0.67
Past Ocular Surgery (%) (n = 200) 7.8 5.7 25.0 0.002
Sleep Apnea (%) (n = 200) 16.8 16.4 20.0 0.68
Glaucoma/Glaucoma Suspect (%) (n = 196) 13.0 13.9 5.3 0.29
Age-Related Macular Degeneration (%) (n = 196) 4.0 4.4 0.0 0.35
Clinically Significant Macular Edema (%) (n = 180) 2.2 0.0 20.0 <0.001
"Unless otherwise noted.
DR = diabetic retinopathy, SD = standard deviation.
Table 3.
Logistic regression models predicting diabetic retinopathy.
Variable B SE Chi-Square p-Value Odds Ratio
Years of Diabetes 0.09 0.03 8.4 0.002 1.09
Hemoglobin A1C 0.25 0.13 35 0.05 1.28

SE = standard error.

between DR and HbAL1C approached statistical signifi-
cance (p = 0.05), with the model predicting 50 percent
DR with an HbA1C of 15.9 percent. Regression analysis
revealed that age, blood pressure, sleep apnea, weight,
BMI, total cholesterol, triglyceride, HDL cholesterol, and
LDL cholesterol were not associated with DR. The
comorbid conditions of AMD and glaucoma were also
not associated with DR.

Teleretinal Imaging and Subsequent Patient Follow-Up

Of the 195 teleretinal images available for evalua-
tion, 175 (89.7%) were judged to be of adequate quality
for interpretation and 20 (10.3%) were judged to be of
poor quality.

Twenty-two patients had had a dilated eye examina-
tion within 6 mo prior to being imaged. Since these
patients had already had a recent eye examination within
the past 6 mo, there was no need for the teleretinal imag-
ing. Thus, there was a redundancy rate of 11 percent.

Seventy-four patients had a second teleretinal imag-
ing performed within 1 yr of the dilated eye examination.
This represented a duplicate recall rate of 37 percent.

Image readers referred 97.5 percent of the patients
(i.e., 195 of 200 patients) to the eye clinics for subse-
quent eye examinations, but the imagers at the primary
care clinics scheduled appointments for only 80 percent
(i.e., 156 of 195) of these patients. According to local VA
facility policy at that time, all patients should have been
referred to an eye clinic for dilated retinal examinations
the following year.

Effect of Teleretinal Imaging Program on Rate of
Timely Diabetic Retinal Examinations

To determine the potential effect of teleretinal imag-
ing screening programs on the rate of timely diabetic ret-
inal examinations, we obtained data from all eight
outpatient clinics with and without teleretinal imaging
programs. As of June 2, 2010, the PVAMC had three
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CBOCs with teleretinal imaging programs, i.e., Bend,
Salem, and Vancouver. As shown in Figure 1, these three
clinics had higher rates of timely diabetic retinal exami-
nations, particularly when the teleretinal imaging pro-
gram and eye clinic were colocated at the same CBOC,
than the other five CBOCs without teleretinal imaging
programs. Between January 2010 and January 2012, two
outpatient clinics established teleretinal imaging screen-
ing programs. As shown in Figure 2, the rates of timely
diabetic retinal examinations increased from 70-80 per-
cent to more than 90 percent within a few months.

DISCUSSION

The data presented in this study demonstrate that
teleretinal imaging programs appear to be an efficient
method to triage patients in primary care clinics for fur-
ther evaluation with an eye care provider. Approximately
90 percent of the available teleretinal images were of
adequate quality for reader interpretation. Twenty
patients (10%) had some degree of DR. It was policy at
the time of this study that all patients should be referred
to the eye clinic for dilated retinal examinations the fol-
lowing year. Image readers referred 97.5 percent of the
patients (195 of 200 patients) to the eye clinics for subse-
guent eye examinations. However, the imagers at the pri-

100%
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70% Eye Clinic

60% and
Imaging Site

50%
30%
20%
10%

0%

No Eye Clinic
and

No Imaging Site

Examination Rate (%)

Clinic
Figure 1.
Rates of timely diabetic retinal examination at the Portland
Department of Veterans Affairs Medical Center primary care

clinics (Veteran Health Information System and Technology
Architecture Clinical Reminder snapshot on June 2, 2010).
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mary care clinics scheduled appointments for only
80 percent (156 of 195) of these patients. The redun-
dancy rate was 11 percent (22 patients), and the duplicate
recall rate was 37 percent (74 patients).

In addition, the teleretinal imaging program appeared
to improve the screening rate for diabetic eye diseases as
demonstrated by an increased rate of timely diabetic reti-
nal examinations when a teleretinal imaging program
was established in the primary care clinic and that
CBOCs with teleretinal imaging programs, particularly
where a teleretinal imaging program and eye clinic were
colocated at the same CBOC, appeared to perform better
in their rates of timely diabetic retinal examinations than
those clinics without such programs. This latter finding is
not surprising, as colocation of the teleretinal imaging
program and eye clinic in the same CBOC promotes the
routine use of teleretinal imaging as a DR screening
method.

At PVAMC, the target diabetic patients for teleretinal
imaging are those who have not had an eye examination
within the past year; those who failed to keep their eye
clinic appointment or who failed to provide documenta-
tion of an eye examination by an eye care provider
(optometrist or ophthalmologist); those with poorly con-
trolled blood glucose on insulin or a HbA1C >8 percent
but with no DR; and those with poorly controlled blood
pressure, exceeding a systolic measurement of 140 mm
Hg and a diastolic measurement of 90 mm Hg [6-7,14].

100%
) Teleretinal Imaging Site
S 90% established 12/8/2010
2
© 80% o
14
S 70% T
2
Teleretinal Imaging Site
g 60% established 11/28/2011
]
I.Ix.l 0% =4 Hillsboro CBOC (Eye Clinic since 2008)
40% West Linn CBOC (w/o Eye Clinic)
0

AT TR TP TR TR T S N SN N T N T N SN T
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OF AT ADT DT ADT ADT ADY ADT ADT ALY ADT NS AOY D
ST ST o S o o o o o
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Date

Figure 2.
Changes in rates of timely diabetic retinal examination after imple-

mentation of teleretinal imaging program. CBOC = community-
based outpatient clinic.




198

JRRD, Volume 52, Number 2, 2015

On the other hand, patients who had poorly con-
trolled diabetes with a history of DR or laser procedures,
other eye diseases, pregnancy, or high-risk diabetic
patients were not candidates for teleretinal screening and
would benefit more from eye clinic follow-up [6-7,14].
An additional advantage of teleretinal imaging was the
ability for the program to identify patients with previous
DR or other eye diseases who had been lost to follow-up.

We also found that the risk for developing DR corre-
lated with the number of years having diabetes mellitus
and increased HbA1C levels. Other retinal findings, such
as glaucoma and AMD, were observed with teleretinal
imaging. While none of these other retinal findings was
found to be associated with DR, we were able to identify
these asymptomatic patients with risk factors for sight-
threatening diseases who might not have otherwise
sought eye care.

We were particularly interested in subsequent follow-
up after teleretinal imaging. We found a very high rate of
referral; 97.5 percent of the patients (i.e., 195 of 200
patients) were referred by the image readers to eye clinics
for further eye examinations. It was the PVAMC policy at
that time to refer all teleretinal imaging patients to the
eye clinic for dilated eye examinations in the following
year whether or not they had DR. However, the imagers
only scheduled 80 percent of these patients (i.e., 156 of
195) for subsequent eye clinic appointments. The reasons
for this low scheduling rate were not clear. However, this
is certainly one area that needs to be addressed.

Additionally, we observed that 11 percent of our
patients had recently had an eye examination within 6 mo
prior to the teleretinal imaging. Since they had already
had an eye examination in the last 6 mo, there was no
indication for redundant teleretinal imaging. This repre-
sents an inefficient use of healthcare resources. Likewise,
37 percent of the patients had a duplicate teleretinal recall
before the scheduled eye examination. Again, the dupli-
cate recall was not necessary and represents poor use of
resources with unnecessary visits.

Based on these findings, we identified the following
areas for improvement: reducing the redundancy rate by
carefully selecting patients for teleretinal imaging to
ensure that patients have had no such imaging within the
last 6 mo; improving the follow-up eye examination rate
by ensuring that all referred patients receive eye clinic
appointments; and reducing the duplicate recall rate by
avoiding a second teleretinal imaging before an eye clinic
dilated eye examination. In addition, we should take

advantage of the Clinical Reminder report for diabetic
retinal examinations in VistA to identify diabetic patients
who are due for their timely diabetic retinal examina-
tions. This ad hoc report identifies any diabetic patients
who are due for their timely diabetic retinal examinations
based on whether the diabetic retinal examination clinical
reminder date is past due in CPRS. The due date is reset
automatically in CPRS based on diabetic retinal exami-
nation coding or DR International Classification of Dis-
eases, 9th Revision codes; it could also be manually reset
by a provider if a diabetic retinal examination was per-
formed by a non-VA eye care provider.

This study has a number of limitations. It was a retro-
spective cohort study, and the subject sample size was
small. Diabetic patients require ongoing, lifelong DR sur-
veillance, and long-term follow-up is critical to evaluate
the effectiveness of the teleretinal imaging program.
However, our study’s duration was limited to only 1 yr.
The teleretinal imaging program has been validated in
screening for DR; however, its use for identifying other
ocular pathologies has not yet been supported. Future
studies should examine the effectiveness of teleretinal
imaging in identifying other ocular pathologies, such as
glaucoma and AMD.

CONCLUSIONS

We conclude that the PVAMC'’s teleretinal imaging
program successfully targeted mostly patients with low
risk for DR and increased the screening rate for diabetic
eye diseases. We recommend that VA medical centers
implement a teleretinal imaging program at all VA pri-
mary care clinics to improve the annual DR screening
rate.
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