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PURPOSE. To assess the impact on visual function of community glaucoma screening in an
African American population using spectral-domain optical coherence tomography (SD-OCT).

METHODS. Using a Monte Carlo microsimulation model with a 10-year time horizon, we
analyzed the efficacy of SD-OCT screening on visual field outcomes in a population of African
Americans who are not otherwise seeking office-based care. Outcomes included classification
of visual field severity, quality-adjusted life years, and direct health care costs.

RESULTS. Assuming a 60% follow-up rate, screening decreased the prevalence of undiagnosed
glaucoma from 75% to 38%, and decreased the prevalence of severe visual field loss in patients
with glaucoma from 29.1% to 23.9%. Conversely, screening increased the prevalence of mild
visual field loss in patients with glaucoma from 9.2% to 18.7%. From initial screening through
confirmatory eye examination, the screening program (‘‘screen only’’) cost $98 per screened
individual, and $2561 per new diagnosis of glaucoma. When considering the costs of initial
screening though the resultant treatment, the screening program (‘‘screen and treat’’) had an
average annual cost of $79 and $2138, respectively, over a 10-year time period. The cost of
one quality-adjusted life year (QALY) gained by screening, including management and
treatment, in comparison with opportunistic case finding, ranged from $46,416 to $67,813.

CONCLUSIONS. Our findings suggest that community SD-OCT screening in an African American
population will minimize glaucoma-related visual morbidity. Ideally, strategies to maximize
treatment efficacy through improved medication adherence and improved compliance with
follow-up should be identified and implemented before instituting a screening program.
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Despite being a treatable condition, glaucoma is the leading
cause of irreversible blindness worldwide.1 When diag-

nosed early, glaucoma can usually be halted through medical
interventions. However, since most early glaucoma patients are
asymptomatic and currently available screening tests are not
optimal, there is often a significant delay in diagnosis resulting
in irreversible visual loss. Epidemiologic studies and surveys
show only 50% of glaucoma patients in the United States and
other developed nations receive treatment.2 Disease detection
in minority communities, which are disproportionately affected
by glaucoma, may be as low as 25%.3 In part due to delayed
detection, African American and other minority communities
suffer a tremendous burden from glaucoma-related visual loss,
resulting in approximately 15 times the rate of blindness
compared with Caucasians of comparable age.4 Given the
severity of disease in African Americans, it may be beneficial to
implement regular screening in African American communities,
as recommended by the United States Preventive Services Task
Force (2005).5

Until recently, there was no diagnostic test available with
sufficiently high sensitivity and specificity that was both simple
to administer and easy for the patient to perform. Spectral-
domain optic coherence tomography (SD-OCT) imaging of the
optic nerve fulfills these criteria, which in turn may make the

device a strong candidate for community screening. To date,
there is no published long-term clinical data on the effective-
ness of glaucoma screening using SD-OCT. A randomized-
controlled clinical trial comparing SD-OCT screening to no
screening would be ideal, but such a trial would be both
lengthy and costly. The purpose of this study was to estimate
the potential outcomes of SD-OCT screening among African
American patients in the United States using decision analysis
to synthesize the current evidence and project outcomes over a
10-year time horizon. To do this, we created a mathematical
Markov model that incorporated clinical trial data on glaucoma
progression, effects of treatment, adherence to follow up after
screening, and diagnostic performance of SD-OCT to estimate
future visual field losses.

A Markov model is a computer-based algorithm that assigns
each simulated patient to one of a finite number of discrete
health states for a period of time called a cycle. At the end of
each cycle, patients may remain in their health state or progress
to a different health state based on probabilities that are
specified for transitioning from one health state to another. All
probabilities, health states, and outcomes were derived from
peer-reviewed clinical trial data. In order to best reflect a real
world scenario, we developed a Monte Carlo microsimulation
model, which is a Markov model that allows for variability
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among the individuals. The primary outcome of our Markov
model was to compare the degree of functional visual loss as
measured by visual fields in screened and unscreened patients
after the implementation of a community screening initiative in
high-risk communities. Visual field loss rather than central
visual acuity was selected as the study endpoint because
patients with good central vicual acuity and glaucoma-related
visual field loss may still suffer from a measurable decline in a
broad range of daily tasks including reading and driving.6–9 The
secondary intent of this study was to assess the cost of the
screening implementation.

METHODS

Decision Analytic Model

Our Markov model, diagrammed in Figure 1, assumes a one-
time screening program for 50,000 African American patients
age 50 years and older who are not seeking office-based care.
The mean deviation (MD) of the visual field for each
simulated glaucoma patient was randomly selected from a
probability distribution function. Based on visual field MD
and detection and treatment of glaucoma after the screening
test, simulated patients were categorized into 1 of 10 health
states: treated early, moderate, advanced, or severe glauco-
ma; untreated early, moderate, advanced, or severe glauco-
ma; glaucoma-free, and deceased. The visual field for each
patient was then categorized and tracked for every year that a
patient survived over the 10-year time horizon.10 In the
model, detection of glaucoma during screening was based on
the results of the worse eye. Given the relative paucity of
data on bilateral visual field progression, the model was
calibrated to the progression of the worse eye. All program-
ming was performed with TreeAge Pro 2012. (TreeAge
Software, Inc., Williamsport, MA, USA) Prevalence and
incidence of disease, diagnostic characteristics of the OCT,

FIGURE 1. Diagram of the Markov model used to evaluate the effect of screening on visual field status. Note that patients who were screened may
be either undetected or detected based on their follow-up.

TABLE 1. Probabilities of Health Outcomes

Model Input

Base Case

Estimate

Sensitivity

Analysis Range

Prevalence of perimetric glaucoma13

50–59 y 4.1%

60–69 y 6.7%

70–79 y 14.8%

‡80 y 23.2%

9-y incidence of perimetric glaucoma14

50–59 y 3.6%

60–69 y 6.6%

‡70 y 7.9%

Sensitivity of SD-OCT15 0.85 0.85–0.95

Specificity of SD-OCT15 0.95 0.85–0.95

Population baseline visual field,

probability distribution function

left skewed with right tail,

measured in dB16

Median �2.5 dB

Range þ2 to �17

Visual function loss/yr, probability

distribution function left

skewed with right tail,

measured in dB18

Median �0.5 dB

Range 0 to �7

Hazard ratio of progression/age

over 50 y19 1.01

Time horizon10 10 y 2–10

Reduction in visual field

progression in treated patients

0.5020–22 0.3–0.7

Follow-up after screening28,29 0.60 0.40–0.80
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baseline visual field characteristics, and risks of progression
are detailed in Table 1.

Population

The simulated cohort represented African American individu-
als 50 years and older who had not been previously diagnosed
with glaucoma and were willing to undergo a glaucoma
screening test with SD-OCT. The model started with patients at
age 50 years of age because it reflects the beginning of the
rising incidence of glaucoma in African Americans. Since
glaucoma is not believed to reduce life expectancy,11 the
model was populated using average age distributions and age-
specific mortality rates for African American individuals based
on US census data.12 Glaucoma prevalence and incidence rates
were derived from the Barbados Eye Study,13,14 as it is the only
measure of incidence in an African-derived population. Within
the model, patients were categorized as having either
diagnosed or undiagnosed glaucoma at the time of glaucoma
development in the model. Given the limited data on annual
rates of disease detection in undiagnosed patients, patients
with glaucoma at the start of the model who were not detected
by screening were assumed not to transition from undiagnosed
to diagnosed glaucoma state for the remainder of the model.
However, incident cases had a 25% disease detection rate.3

Diagnostic Testing

The simulated diagnostic performance was derived from the
work of Bengtsson and colleagues15 who evaluated the validity
and accuracy of SD-OCT to detect disease in a population
setting. In their study, Bengtsson and colleagues15 derived
sensitivity and specific of the average retinal nerve fiber layer
(RNFL) from the automated comparison with the normative
database that is included in the machine’s software. For their
study, values that fell outside the lower fifth percentile were
considered a positive screening test result. In our model,
patients with unsuccessful or unreliable test results were
assumed to remain undiagnosed.

Visual Field Loss

The magnitude of an individual’s visual field damage at the time
of screening was selected from a probability distribution
function that was calculated to reproduce the population
distribution of visual field defects.16 Since there is currently no
universally recognized glaucoma staging system, the Glaucoma
Staging System (GSS) scale developed by Mills et al.17 was
selected as it is objective, reproducible, and clinically useful.
Using the GSS scale, patients were categorized as early, mild,
advanced, or severe based on their visual field’s MD. Incident

cases during the 10-year time horizon were assumed to enter
the model with an early visual field defect.

The model was calibrated to match the rates of glaucoma
progression as presented by Heijl and colleagues18 in ‘‘Natural
history of open-angle glaucoma’’ from the Early Manifest
Glaucoma Treatment Study (EMGT). To account for variability
among rates of progression, an individual’s rate of progression
was selected from a probability distribution function (PDF)
derived from Figure 1 of Heijl’s study. The PDF was skewed to
the right with approximately 75% of the patients progressing at
rates of 0.0 to�1.5 dB/y. The median rate of visual function loss
was �0.5 dB/y with a range from 0 to �7.0 dB/y. In order to
account for the increasing risk of visual field progression with
increasing age, a hazard ratio of 1.01 risk of progression per
year of age was incorporated into the model.19

Glaucoma Detection and Treatment

A failed screening test was followed with one of two scenarios:
patients could undergo a comprehensive glaucoma evaluation
or fail to follow up and remain undetected. Our model assumed
a follow-up rate after screening of 60%, which was derived
from the Harkness Eye Institute’s community screening
program. Incident cases after screening were assumed to have
a 25% disease detection rate by usual care.3 Diagnosed patients
were assumed to receive treatment. Treated patients had a 50%
reduction in visual field progression as derived from the
Normal Tension Glaucoma Treatment Study,20 the Ocular
Hypertension Treatment Study,21 and the Early Manifest
Glaucoma Trial.22

Costs

The costs of glaucoma screening and diagnoses were derived
from the 2013 national Medicare reimbursement rates current
procedural terminology (CPT) codes (Table 2). The costs of
screening, including personnel costs, device costs, and the
cost for the SD-OCT image acquisition,23 are shown in Table 3.
Due to the variability in pricing, space rental and advertising
for screening were not considered in the total cost of
screening. Components of the confirmatory examination were
derived from the recommendations of the Preferred Practice
Patterns. All costs are in 2013 dollars and reflect the societal
perspective. Annual medical costs were based on disease
severity and reflected real-world compliance rates and
Medicare national average allowances.24 Future costs were
converted to net present value using a discount rate of 3%
annually.

Utilities

Quality-adjusted life years (QALYs) are a frequent measure of
utility in decision analysis and cost effectiveness modeling.
QALYs reflect a range from death to perfect health, anchored at
zero to one, respectively, for each year of life. QALYs are used
so that differing health outcomes can be evaluated using a
single-health outcome indicator in comparative effectiveness
analysis. In this study, QALYs were derived from the work of

TABLE 2. Costs of Screening and Treatment

Costs for confirmatory eye examination40

OCT screening test (CPT code 92133) $51.03

Comprehensive ophthalmologic examination

(CPT code 92004) $110.48

Humphrey visual field (CPT code 92083) $75.94

Gonioscopy (CPT code 92020) $23.76

Total annual direct cost of glaucoma treatment by stage (converted

to 2013 dollars)24

Early glaucoma (�0.01 to �6.00 dB) $1835

Moderate glaucoma (�6.01 to �12 dB) $2188

Advanced glaucoma (�12.01 to �20 dB) $2374

Severe glaucoma (>�20.01 dB) $3511

TABLE 3. Costs of Personnel and Equipment for Screening

Item Cost (Per Site) Total (315 sites)

Administrative23 $27,000 $405,000

Ophthalmic photographer23 $40,500 $697,500

Optical coherence tomographer $50,000 $750,000

Total $1,762,000

Cost per person (50,000 people) $35.24
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Rein and colleagues25 who quantified utility values associated
with visual field MD. Our model was populated with a uniform
background utility of 0.87, the average health utility for

individuals 50 years of age and older.26

Sensitivity Analysis

Sensitivity analyses were performed to evaluate the impact of
parameter uncertainties on the model’s predictions. In a series
of one-way sensitivity analyses, we varied the assumed values
of the following variables: (1) age of screened cohort, (2)
efficacy of treatment, and (3) follow-up after failed screening
examination. Diagnostic performance of OCT was evaluated in

a two-way sensitivity analyses.

RESULTS

Model Validation

For validation of the prevalence and incidence in our model,
we compared the predicted prevalence of glaucoma based
upon our model to the known prevalence in the Barbados Eye
Studies.13 The prevalence of glaucoma in 60-year olds in the
Barbados Eye Study was 6.7%. Using a cohort of 50-year olds
over a 10-year time period, our model simulated a prevalence

of 6.2%. Likewise, the prevalence of glaucoma in 70- and 80-
year olds in the Barbados Eye Study was 14.8% and 23.2%,
respectively, and our model predicted a prevalence of 12.1%
for 70-year olds and 23.7% for 80-year olds.

For validation of the magnitude of visual field loss, the
model was used to predict the untreated arm of the St. Lucia
Eye Study.27 The mean baseline MD in the St. Lucia Study was
�6.0 and, over a 10-year period, patients progressed to a mean
MD of �16.3 dB. Simulating the same baseline deviation, our
model predicted a MD of �16.2 dB.

Base Case

Results of the base case are displayed in Table 4. According to
the model, implementation of the described glaucoma
screening program decreases the prevalence of undiagnosed
glaucoma from 75% to 38%, assuming a 60% follow-up rate
after a failed screening test. The prevalence of severe visual
field loss decreases from 29.1% to 23.9% in screened
individuals with glaucoma (Table 4; Figs. 2, 3). Conversely,
the prevalence of mild visual field loss increases from 9.2% to
18.7% in screened glaucoma patients. Table 5 displays visual
field outcomes categorized by initial glaucoma severity at the
time of screening.

From initial screening through confirmatory eye examina-
tion, the screening program (‘‘screen only’’) incurred a one-
time cost of $98 per screened individual, $377 to preserve 1-dB
visual field, and $2561 per new diagnosis of glaucoma. When
screening costs included the 10-year cost of management and
treatment (with annual costs previously determined by Lee and
colleagues24), the ‘‘screen and treat’’ costs rose considerably.
Considering cost in terms of net present value over a 10-year
time horizon, the cost per screened individual was $79, the
cost to detect and preserve 1-dB visual field was $339, and the
cost to detect and treat each new case of glaucoma was $2138.

TABLE 4. Base Case Visual Field Outcomes Over 2, 5, 8, and 10 Years in Screened and Unscreened Individuals

Y

Screened % of Survivors Not Screened % of Survivors D Screened vs. Not Screened Relative Risk Reduction

Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild

2 0.7 12.7 19.6 67 0.9 12.7 22.0 64.4 0.2 0.0 2.4 �2.6 0.22 0.00 0.11 �0.04

5 6.4 19.0 35.6 39.0 11.9 16.5 34.7 36.9 5.5 �2.5 �0.9 �2.1 0.46 �0.15 �0.03 �0.06

8 19.1 21.0 34.4 25.5 28.8 20.6 40.2 10.4 9.7 �0.4 5.8 �15.1 0.34 �0.02 0.14 �1.45

10 23.9 22.7 34.7 18.7 29.1 21.1 40.6 9.2 5.2 �1.6 5.9 �9.5 0.18 �0.08 0.15 �1.03

Sev, Severe; Adv, Advanced; Mod, Moderate.

FIGURE 2. Percentage of patients in each visual field category after 10 years that were screened at 50-years old (blue) and in patients who were not
screened (red).
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For purposes of cost-effectiveness analyses, the cost of one
QALY gained by screening, including management and
treatment, in comparison to opportunistic case finding ranged
from $46,416 to $67,813.

Sensitivity Analysis

A sensitivity analysis was performed to evaluate the impact of
parameter uncertainties on the outcomes of the model.

Since there is conflicting data on the ideal age to screen
patients for glaucoma, we evaluated the impact of screening
age on the model. (Table 6; Figs. 2, 3). While older patients
have a higher prevalence of disease, younger patients have a
greater average time from diagnosis to death and consequen-
tially may benefit more from treatment. The sensitivity analyses
demonstrates that after screening, the prevalence of severe
visual field defects among glaucoma patients decreased from
26.9% to 18.1% (¼D8.8%) in 50- to 59-year olds, and from 32.1%
to 24.9% (¼D7.2%) in 70- to 79-year olds, suggesting that
younger patients have a slightly greater benefit from screening.
The costs of ‘‘screen only’’ were relatively insensitive to patient

age. However, the average annual costs per screened individual
over a 10-year time horizon for ‘‘screen and treat’’ were $40,
$71, and $119 for a 50-, 60-, and 70-year olds, respectively, due
to the increasing prevalence of glaucoma and need for
treatment with age. The cost of one QALY gained by screening
in comparison to opportunistic case finding ranged from
$46,532 to $58,611 in 50-year olds and from $37,522 to
$49,654 in 70-year olds.

The sensitivity analysis considered a broad range of
estimates for efficacy of treatment to account for uncertainty
of this parameter (Table 7; Fig. 4). The base case assumed a
50% reduction in visual field progression in treated pa-
tients.20–22 When treatment decreased rates of progression to
70% of the untreated rate, the prevalence of severe visual field
defects were minimally improved by screening when com-
pared with no screening. When treatment decreased rates of
progression to 30% of the untreated rate, prevalence of severe
visual field defects in screened glaucoma patients relative to
unscreened patients decreased from 29.9% to 22.0%. Specifi-
cally, improving the efficacy of treatment from 50% to 30%
prevented an additional 1.9% of glaucoma patients from

FIGURE 3. Percentage of patients in each visual field category after 10 years that were screened at 70-years old (blue) and in patients who were not
screened (red).

TABLE 5. Visual Field Outcomes at 2, 5, 8, and 10 Years Based on Baseline Visual Field

Screened, % of Survivors % D Screened vs. Not Screened Relative Risk Reduction

Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild

Mild VF loss at baseline

2 y 0 0 15.1 84.9 0 0 6 �6 N/A N/A 0.28 �0.08

5 y 3.9 6.4 42.8 46.9 3.5 1.5 8.3 �13.2 0.47 0.19 0.16 �0.39

8 y 11.7 11.3 50.2 26.8 8.1 0.5 4.3 �12.9 0.41 0.04 0.08 �0.93

10 y 13.9 10.8 52.3 23 7.6 �1.4 3.8 �10 0.35 �0.15 0.07 �0.77

Moderate VF loss at baseline

2 y 0 0 100 0 0 0 0 0 N/A N/A N/A N/A

5 y 11.5 21.3 67.2 0 5.2 2 �7.1 0 0.31 0.09 �0.12 N/A

8 y 22.6 29.6 47.8 0 6.9 7.4 �14.3 0 0.23 0.2 �0.43 N/A

10 y 28.4 34.3 37.3 0 7.4 6.6 �14 0 0.21 0.16 �0.6 N/A

Advanced VF loss at baseline

2 y 4.5 95.5 0 0 4.2 �4.2 0 0 0.48 �0.05 N/A N/A

5 y 31.3 68.7 0 0 7.2 �7.2 0 0 0.19 �0.12 N/A N/A

8 y 45.6 54.4 0 0 11.8 �11.8 0 0 0.21 �0.28 N/A N/A

10 y 54.1 45.9 0 0 8.9 �8.9 0 0 0.14 �0.24 N/A N/A
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developing severe visual field loss, whereas decreasing the
efficacy of treatment from 50% to 70% resulted in an additional
3.3% of glaucoma patients developing severe visual field loss.
Efficacy of treatment had minimal impact on the cost of
‘‘screen only,’’ although improved medication efficacy lowered
the cost of one QALY gained by screening and treatment to
approximately $40,000.

Studies on patient adherence with follow up after screening
suggest that 40% to 65% of patients have a comprehensive
ophthalmic examination after a failed glaucoma screening
test.28,29 Varying the follow-up rate had a substantial impact on
the outcomes of the model. (Table 7; Fig. 5) Among glaucoma
patients, improving the follow-up rate from 60% to 80%
prevented an additional 5.3% of glaucoma patients from
developing severe visual field loss, whereas decreasing the
follow-up rate to 40% resulted in an additional 0.7% of
glaucoma patients developing severe visual field defects.
‘‘Screen only’’ costs were minimally affected by follow-up rate,
but ‘‘screen and treat’’ annual costs ranged from $57 for 40%
follow-up to $107 for an 80% follow-up over a 10-year time
period.

As there is limited data on the performance of SD-OCT in
population screening, we reran the model while covarying the
sensitivity and specificity of the average RNFL parameter. We

assumed a correlation coefficient of �1, and covaried the two
parameters between 85% and 95%. The diagnostic changes,
however, had minimal impact on the visual impairment or cost
generated in the base case (Table 7).

DISCUSSION

The current gold standard for glaucoma screening is a
comprehensive eye examination including an IOP measure-
ment, dilated fundus examination, and visual field evaluation
by an eye care specialist. However, a low percentage of
individuals seek routine eye care in the office setting, leaving
many individuals unscreened for glaucoma. An alternative is to
supplement office-based screening with community-based
screening for patients who might otherwise not be seen in a
doctor’s office. The intent of our Markov model was to assess
the impact of community screening using SD-OCT on visual
function, as measured by visual fields, due to glaucomatous
damage. The secondary intent was to assess the cost of the
screening implementation. Using patient level simulation data,
we found that screening decreased the prevalence of
undiagnosed glaucoma from 75% to 38%, assuming a 60%
follow-up rate after failed screening test. In addition, for every

TABLE 6. Visual Field Outcomes At 2, 5, 8, and 10 Years Based on Age at Screening

Y

Screened, % of Survivors Not Screened, % of Survivors D Screened vs. Not Screened Relative Risk Reduction

Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild

50-y olds

2 0.2 13.7 20.1 66 0.6 13.4 25.3 60.7 0.4 �0.3 5.2 �5.3 0.67 �0.02 0.21 �0.09

5 6.4 15.3 38.6 39.7 11.4 14.8 36.6 37.2 5.0 �0.5 �2.0 �2.5 0.44 �0.03 �0.05 �0.07

8 18.9 15.8 40.9 24.4 27.5 16.0 47.2 9.3 8.6 0.2 6.3 �15.1 0.31 0.01 0.13 �1.62

10 18.1 26.6 31.2 24.1 26.9 21.5 41.9 9.7 8.8 �5.1 10.7 �14.4 0.33 �0.24 0.26 �1.48

60-y olds

2 0.4 12.8 23.4 63.4 0.6 12.9 24.9 61.6 0.2 0.1 1.5 �1.8 0.33 0.01 0.06 �0.03

5 8.3 16.6 35.2 39.9 12.6 15.7 35.2 36.5 4.3 �0.9 0.0 �3.4 0.34 �0.06 0.00 �0.09

8 18.4 22.5 37.6 21.5 29.5 25.6 37 7.9 11.1 3.1 �0.6 �13.6 0.38 0.12 �0.02 �1.72

10 20.1 25.8 29.8 24.3 27.9 22.9 39.8 9.4 7.8 �2.9 10.0 �14.9 0.28 �0.13 0.25 �1.59

70-y olds

2 0.8 11 22.2 66 1.2 10.7 26.1 62.1 0.4 �0.3 3.9 �4.0 0.33 �0.03 0.15 �0.06

5 7.7 17 40 35.3 10.7 17.1 37.0 35.1 3.0 0.1 �3.0 �0.1 0.28 0.01 �0.08 0.00

8 21 19.4 33.7 25.9 31.1 19.0 39.1 10.8 10.1 �0.4 5.4 �15.1 0.32 �0.02 0.14 �1.40

10 24.9 26.4 24.4 24.3 32.1 19.6 38.1 10.2 7.2 �6.8 13.7 �14.1 0.22 �0.35 0.36 �1.38

TABLE 7. Visual Field Outcomes at 2, 5, 8, 10 Years Based on Treatment Efficacy, Follow-up Rate, and Varied OCT Sensitivity and Specificity

Screened, % of Survivors D Not Screened vs. Screened Relative Risk Reduction

Sev Adv Mod Mild Sev Adv Mod Mild Sev Adv Mod Mild

Rate of progression

30 22 17.3 40.5 20.2 7.9 1.1 2.7 �11.7 0.26 0.06 0.06 �1.38

50 23.9 22.7 34.7 18.7 5.2 �1.6 5.9 �9.5 0.18 �0.08 0.15 �1.03

70 27.2 19.2 38.2 15.4 0.7 1.1 3.0 �4.8 0.03 0.05 0.07 �0.45

Follow-up rate

40 24.6 24.2 33.5 17.7 2.2 �2.1 7.6 �7.7 0.08 �0.10 0.18 �0.77

60 23.9 22.7 34.7 18.7 5.2 �1.6 5.9 �9.5 0.18 �0.08 0.15 �1.03

80 18.6 26.3 29.9 25.2 9.3 �6.0 11.3 �14.6 0.33 �0.30 0.27 �1.38

Sensitivity/specificity

85/95 23.9 22.7 34.7 18.7 5.2 �1.6 5.9 �9.5 0.18 �0.08 0.15 �1.03

95/85 24.1 23.3 32 20.6 7.0 �1.6 6.0 �11.5 0.23 �0.07 0.16 �1.26
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100 glaucoma patients screened with SD-OCT, there were five

fewer patients with glaucoma-related severe visual field loss

after 10 years than in their unscreened counterparts. Screening

implementation would result in a one-time cost of $98 per

screened individual. When screening costs included treatment,

annual costs rose to $79 per patient screened over a 10-year

time horizon, suggesting that the bulk of the incremental cost

of screening is the result of disease management and

treatment. The cost of one QALY gained by screening in

comparison to opportunistic case finding ranged from $46,416

to $67,813. In comparison, the cost per QALY gained for the

meningococcal polysaccharide vaccine is $138,000/QALY and

FIGURE 4. Percentage of patients with visual field outcomes that were mild or severe at 10 years when treatment lowers progression to 30% of
untreated rate (blue) and when treatment lowers progression to 70% of untreated rate (red) in screened and unscreened patients.

FIGURE 5. Percentage of patients with mild and severe visual field loss based on follow-up rate at 10 years of follow-up.
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the cost per QALY gained for installing rear seat belts ranges
from $160,000 to $830,000/QALY gained.30

Our work is in keeping with recent studies that have found
glaucoma screening to be cost effective. A recent micro-
simulation model by Ladapo and colleagues31 evaluated the
implementation of frequency doubling technology as a
community-screening tool for African American patients who
are 50 to 59 years of age. The study found a 0.5% decrease in
glaucoma-related blindness at a cost of $80 per screened
individual when considering only the cost of the FDT and a
confirmatory eye examination. In comparing the results of this
study with ours, it is important to note that Ladapo’s model
used central visual acuity as the primary effectiveness
endpoint. Increasing evidence suggests that even early visual
field loss will have a negative impact on vision-related quality of
life.32,33 As such, using central visual loss as a primary endpoint
might fail to capture the true effectiveness of a glaucoma
screening study. Another study evaluated the cost effectiveness
of opportunistic glaucoma case detection during routine
ophthalmologic visits in the United States. In this study, Rein
and colleagues26 found a cost of $46,000 per QALY gained and
concluded that office-based detection is a cost-effective way to
reduce glaucomatous visual loss. Our study differs from Rein’s
model in two important ways. First, our study evaluated
community- and not office-based detection. Factors such as
financial limitations, difficulty with transportation, inadequate
disease knowledge, and limited access to care may reduce the
number of individuals seeking office-based screening. Second,
although QALYs are a common measure of health-related
utility, some experts argue that the concept of a QALY fails to
accurately capture patients’ actual perceptions and preferenc-
es.34 In glaucoma research, the inherent weaknesses of the
QALY as a utility measure are compounded by limited data and
varying assignment of QALY values when different methodo-
logical approaches are applied.35 Despite these limitations, to
be comprehensive in our results we have taken into
consideration the incremental cost per QALY gained. However,
given the variability in glaucoma-specific QALYs, we chose to
use visual function as measured by category of visual field loss
as a more concrete and clinically meaningful effectiveness
measure.

The results of this study are subject to the reliability of our
parameters estimates. To ensure that the value of an individual
parameter does not substantially affect our results, we ran a
sensitivity analyses. These results suggest that visual function
was markedly greater in screened patients than unscreened
patients regardless of the variability of the parameter estimates.
Poor follow-up rate and decreased treatment efficacy negative-
ly impacted visual preservation.

There are at least six limitations of this study. First, we
estimated the rate of visual field progression from the EMGTS,
as it is the one longitudinal study that monitored high-tension
glaucoma patients without treatment.22 However, given the
significant visual disability and blindness in African-derived
glaucoma patients, it has been hypothesized that African
persons may have a faster rate of progression than their
European-derived counterparts. However, we believe the use
of the untreated EMGT arm was justified in this model as
previous work has suggested an earlier onset of disease in
African Americans, but no differences in rate of progression
among racial groups. Furthermore, our visual field progression
results are similar to the 10-year follow-up of the St. Lucia
study, whose cohorts consisted primarily of African-derived
persons.

Second, MD was used as the primary visual field classifica-
tion in evaluating the functional damage of glaucoma.
Confounding factors such as cataract might have an indepen-
dent effect on MD. Since we did not consider cataract status for

patients entering the model, the final MD for both the screened
and unscreened cohorts in our model may underestimate the
true final MD once the impact of cataract is considered.
However, we anticipate this difference is slight as studies
suggest that cataract extraction in patients with perimetric
glaucoma only improves MD minimally.36

Third, several studies have demonstrated that treatment
offers a 50% reduction in progression of glaucoma. Although
this rate of reduction has been derived from several large-scale
clinical trials of mixed race/ethnicity,20–22 it has not been
evaluated in exclusively African-derived patients. It is possible
that the higher incidence of visual morbidity in this population
results from decreased response to treatment. Furthermore, it
is known that patient adherence to treatment is suboptimal in
the general patient population. A 50% reduction in progression
may reflect a well-controlled and monitored clinical-trial
population and not the population at large.

Fourth, since undetected patients are not receiving
treatment, the model assumed that such patients had no
societal cost. This assumption was made because the unit of
analysis for the model was the worse eye and not the
individual, and because there is insufficient data to describe
indirect costs of visual loss. Particularly in more severe
glaucoma, indirect costs are a tremendous driver of expense.37

As such, this model overestimates the incremental cost of
screening over opportunistic case detection.

Fifth, because of limited data on the annual transition rates
from undiagnosed to clinically diagnosed glaucoma, the model
assumes that the study population would not otherwise seek
office-based eye care and, therefore, would remain undiag-
nosed and untreated. Although this assumption may bias the
model toward greater visual disability in the unscreened group,
we felt this relative loss in effectiveness in the unscreened arm
was partially offset by the assumption that untreated patients
incurred no societal cost, as discussed above. Future studies
should be aimed at assessing these transition probabilities.

Finally, there is a significant body of literature evaluating the
diagnostic performance of SD-OCT in the office setting.
However, there is limited SD-OCT data in the community
setting and to date there is no published data with regard to SD-
OCT community screening in an entirely African American
population. Since the Bengtsson study15 was performed in an
exclusively European-derived population, it was unclear
whether the study’s results were generalizable to our model.
However, we felt its use was acceptable because prior studies
have demonstrated that race does not appear to have an effect
on the diagnostic performance of imaging.38 Furthermore,
given the limited data, the model assumed that the SD-OCT
technology, treatment efficacy, and life expectancy would
remain unchanged over the 10-year time horizon of the study.

CONCLUSIONS

The results of this study highlight the importance of treatment
efficacy and compliance with follow-up as important predic-
tors of visual outcomes after screening. Poor follow-up for
confirmatory eye examinations and decreased treatment
efficacy resulting from lack of adherence are modifiable
barriers to prevention of visual loss after screening. Ideally,
strategies to improve compliance should be identified and
implemented before instituting a screening program.

Our findings suggest that SD-OCT screening in an African
American population will minimize glaucoma-related visual
morbidity. Although there are moderate costs for the screening
program, the United States has sizeable costs related to vision
loss. Frick et al.39 estimated that total excess medical
expenditures for blind and visually impaired patients in the
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United States was in excess of $5 billion annually (net present
value approximately $5.62 billion in 2013) and even these
sizeable estimates incorporate only direct costs. Particularly in
more severe glaucoma, indirect costs are a tremendous driver
of expense.39 Such costs can be decreased by earlier detection,
potentially through an organized screening program such as
the one described here.
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