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Abstract
Purpose—To assess trends in the use of ancillary diagnostic tests in the evaluation of patients
with open-angle glaucoma (OAG) and glaucoma suspects over the past decade.

Design—Retrospective longitudinal cohort analysis.

Participants—169,917 individuals with OAG and 395,721 with suspected glaucoma age ≥40
enrolled in a national United States managed care network between 2001–2009.

Methods—Claims data were analyzed to assess trends in visual field (VF) testing, fundus
photography (FP), and other ocular imaging (OOI) testing for patients with OAG or suspected
glaucoma in 2001–2009. Repeated measures logistic regression was performed to identify
differences in the odds of undergoing these procedures in 2001, 2005, and 2009 and whether
differences exist for patients under the exclusive care of optometrists versus ophthalmologists.

Main Outcome Measures—Odds and annual probabilities of undergoing VF testing, FP, and
OOI for OAG from 2001–2009.

Results—For patients with OAG, the odds of undergoing VF testing decreased by 36% from
2001 to 2005, 12% from 2005 to 2009, and 44% from 2001 to 2009. By comparison, the odds of
having OOI increased by 100% from 2001 to 2005, 24% from 2005 to 2009, and 147% from 2001
to 2009. Probabilities of undergoing FP were relatively low (13–25%) for both provider types and
remained fairly steady over the decade. For patients cared for exclusively by optometrists, the
probability of VF testing decreased from 66% in 2001 to 44% in 2009. Among those seen
exclusively by ophthalmologists, the probability of VF testing decreased from 65% in 2001 to
51% in 2009. The probability of undergoing OOI increased from 26% in 2001 to 47% in 2009 for
patients of optometrists and from 30% in 2001 to 46% in 2009 for patients of ophthalmologists.
By 2008, patients with OAG receiving care exclusively by optometrists had a higher probability of
undergoing OOI than VF testing.

Conclusion—During 2001–2009 OOI rose dramatically whereas VF testing declined
considerably. Since OOI has not been shown to be as effective at detecting OAG or disease
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progression compared to VF testing, increased reliance upon OOI technology, in lieu of VF
testing, may be detrimental to patient care.

Over the past decade, other ocular imaging (OOI) devices, beyond straightforward fundus
photography (FP), have assisted eye-care providers in diagnosing and managing patients
with open-angle glaucoma (OAG) and suspected glaucoma. Confocal scanning laser
ophthalmoscopy, scanning laser polarimetry, and optical coherence tomography have been
promoted as enabling clinicians to better detect structural damage to the optic nerve and
retinal nerve fiber layer (NFL). These procedures can be performed quickly, are painless,
relatively easy to perform on most patients, and require no subjective patient input.
However, it is unclear how well these devices can detect glaucomatous progression1;
moreover, they may yield unreliable results in some patients2,3 and can be quite costly.4
Studies assessing the diagnostic capability of OOI devices in discriminating eyes with early
OAG from those without glaucoma have found moderate sensitivity, at best, (ranging from
68%–91% at specificities of 80–97%) for detecting OAG.5,6 Furthermore, OOI devices have
been found to not perform as well as careful assessment of the optic disc at identifying
patients with OAG.5

Little is known about patterns of utilization of these newer imaging procedures in patients
with OAG. This study uses longitudinal data from a large managed-care network to study
recent trends throughout the United States in the use of three common ancillary approaches
for evaluating patients with OAG or suspected glaucoma: visual field (VF) testing, fundus
photography (FP), and OOI.

Methods
Data Source

The i3 InVision Data Mart database (Ingenix, Eden Prairie, MN) contains detailed fully de-
identified records of all beneficiaries in a large national managed-care network. We had
access to data for all beneficiaries with any form of eye care from January 1, 2001, through
December 31, 2009. This subset comprises beneficiaries who had one or more International
Classification of Diseases (ICD-9-CM)7 codes for any eye-related diagnosis (360–379.9);
Current Procedural Terminology (CPT-4)8 code for any eye-related visits, diagnostic or
therapeutic procedures (65091–68899 or 92002–92499); or any other claim submitted by an
ophthalmologist or optometrist during their time in the medical plan. We had access to all
beneficiaries’ medical claims (inpatient, outpatient, skilled nursing facility) for ocular and
nonocular conditions, and sociodemographic information (age, sex, race, education,
financial wealth).

Patients
We identified all persons aged 40 or older who were in the database for at least 1 continuous
year and had at least 1 eye-care-provider (ophthalmologist or optometrist) visit during their
time in the plan. Persons who were in the plan for fewer than 365 days or who had
noncontinuous enrollment were excluded. ICD-9-CM diagnostic codes were used to identify
patients with OAG (365.1, 365.10, 365.11, 365.12, 365.15) and suspected glaucoma (365.0,
365.00, 365.01, 365.04). Beneficiaries with codes for suspected glaucoma and subsequently
an OAG diagnosis were considered glaucoma suspects from the time of their suspect
diagnosis until just before their first OAG diagnosis; thereafter, they were considered to
have OAG.
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Analyses
Statistical analyses were performed by using SAS, 9.2 (SAS Institute, Cary, NC), software.
Participant characteristics were summarized for those with OAG and suspected glaucoma
using means and standard deviations for continuous variables and frequencies and
percentages for categorical variables.

Comparison of Ancillary Glaucoma Testing Among Newly-Diagnosed
Glaucoma Patients in 2003 vs 2007—We identified two groups: patients with incident
OAG diagnosed in 2003 and those diagnosed in 2007. To be considered to have incident
OAG, a patient must not have received an OAG diagnosis during a look-back period of 2 or
more years (2001–2002 for the 2003 cohort, 2001–2006 for 2007 cohort), had at least one
OAG diagnosis during 2003 and 2007, respectively, and had at least 2 years continuous
coverage in the plan after OAG diagnosis. These two cohorts were followed from their
initial OAG diagnosis to determine the proportions undergoing each of the following
ancillary procedures for glaucoma in the first 12, 15, 18 and 24 months following OAG
diagnosis: VF testing (CPT-4 codes 92081, 92082, 92083), FP (code 92250), and OOI
testing (code 92135).We calculated the proportions undergoing precisely one, multiple, and
none of these three types of diagnostic tests (VF, OOI, FP) during the specified time
intervals and the proportion undergoing two or more types of diagnostic tests on the same
day. Similar analyses were done for incident cases of suspected glaucoma diagnosed in 2003
and 2007. There were no limits set by the managed care network on the number of VF, FP,
or OOI tests that could be performed on a given patient (personal communication, United
Health Care, December 28, 2010).

Longitudinal Trends in Ancillary Glaucoma Testing—Repeated measures logistic
regression was performed to compare the odds of undergoing each ancillary glaucoma
procedure in each year from 2001 to 2009 for a patient with OAG. The regression models
were adjusted for age, sex, race, education level, net worth, region of residence in the United
States, insurance plan type, type of eye-care professional providing their care
(ophthalmologist or optometrist only, or both), time in the plan (by year), hypertension,
hyperlipidemia, diabetes mellitus, obesity, and comorbid ocular conditions that could
warrant the use of these diagnostic tests—specifically, cystoid and diabetic macular edema,
exudative age-related macular degeneration, nonproliferative and proliferative diabetic
retinopathy, other retinal conditions, and other conditions that can affect the optic nerve (i.e.,
other glaucomas and optic neuropathies). (Table 1, available at http://aaojournal.org)
Preliminary analysis showed evidence of a non-linear trend in the use of these procedures,
hence, the effect of time was modeled as nonlinear (quadratic) in the regression models.
Furthermore, since this quadratic effect of time could have been different in the presence of
different comorbid ocular conditions, interactions were included between the effect of time
and macular edema, exudative macular degeneration, other retinal diseases, and other
diseases of the optic nerve for the OOI and FP models and interactions between time and
other diseases of the optic nerve for the VF models. Comparisons of the odds of receiving
VF testing, FP, and OOI were performed for those with OAG in the plan during 2001 versus
2005, 2005 versus 2009, and 2001 versus 2009 to capture changes in utilization over time.
While performing these comparisons, all other ocular and nonocular conditions were
assumed to be at their average levels as computed from the data. Similar analyses were
performed for glaucoma suspects.

In this analysis, separate models were created for those receiving care provided by one or
more ophthalmologists but no optometrist, one or more optometrists only, and both provider
types. Each model was adjusted for the same covariates listed above. The estimated odds of
receiving each procedure in each year were converted to probabilities. These probabilities
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were estimated assuming all other ocular and nonocular conditions to be at their average
levels as computed from the data, and assuming white race, male sex, age 60, preferred
provider organization insurance plan type, residence in a Northeastern state, high school
education, and $75,000–150,000 household net worth.

For all analyses, p-values less than 0.05 were considered statistically significant. The
University of Michigan Institutional Review Board (IRB) determined this study was exempt
from requiring IRB approval.

RESULTS
Of the 2,854,417 patients who met the study inclusion criteria, 169,917 (6.0%) had ≥1 OAG
diagnosis and 395,721 (13.9%) had ≥1 suspected glaucoma diagnosis. The mean ± standard
deviation (SD) time in the plan for those with OAG was 4.1 ± 2.2 years and for those with
suspected glaucoma 4.4 ± 2.3 years. The mean age ± (SD) of those who were eligible for the
study was 55.1 ± 10.3 years. Patients with suspected glaucoma were younger than those with
OAG (56.4 ±10.2 years vs. 61.8 ± 11.3 years). The sample with OAG included 115,378
whites (79.4%), 15,601 blacks (10.7%), 8,970 Latinos (6.2%), 4,064 Asian Americans
(2.8%), and 91,087 women (53.6%). (Table 2).

Diagnostic Testing in First Year after Initial OAG Diagnosis: 2003 vs. 2007 Cohorts
The number of individuals with incident OAG with at least 12 months of follow-up in 2003
and 2007 was 5,610 and 5,147 persons, respectively. The proportions of patients in the 2003
and 2007 cohorts, respectively, undergoing ancillary glaucoma testing within 12 months of
their OAG diagnosis were 63% and 65% for VF testing, 17% and 23% for FP, and 38% and
53% for OOI. (Tables 3 and 4) In the first year after diagnosis, the proportion undergoing
multiple types of tests increased from the 2003 cohort to the 2007 cohort: 13% of the 2003
cohort, compared with 18% in the 2007 cohort, had VF testing plus FP; 7% and 14%,
respectively, had FP plus OOI; 28% and 40% had VF plus OOI; and 6% and 12% had all
three tests. (p<0.01 for all comparisons) The percentage of patients undergoing only VF
testing (no OOI or FP) decreased from 27% in the 2003 cohort to 18% in the 2007 cohort
(p<0.01), remained steady at 3% for FP only (no VF or OOI) (p>0.2), and increased from
9% to 11% for OOI only (no VF or FP) (p<0.01). From 2003–2004 to 2007–2008, the use of
VF testing without any OOI decreased from 34% of patients to 25% of patients, whereas use
of OOI without VF testing increased from 10% to 13%. (p<0.01 for both comparisons) Few
patients in either cohort received OOI plus FP (0.3–2.3%), or all three procedures at a single
visit (0.1–0.9%); the proportion undergoing VF testing with OOI on the same day increased
from 13% in the 2003 cohort to 21% in the 2007 cohort.(p<0.01 for all comparisons) The
proportion of patients undergoing none of the three ancillary glaucoma procedures decreased
from 25% in 2003–2004 to 19% in 2007–2008.(p<0.01) (Tables 5 and 6 shows results for
the 2003 and 2007 glaucoma-suspect cohorts and over different lengths of time since OAG
diagnosis.)

Odds of Diagnostic Testing in 2001 vs. 2005 vs. 2009
In multivariable analysis, patients with OAG had a 36%-reduced odds of undergoing VF
examination in 2005, compared with 2001 (adjusted odds ratio [OR]=0.64 [95% confidence
interval (CI) = 0.62–0.66]); a 12%-reduced odds of doing so in 2009, compared with 2005
(adjusted OR=0.88 [CI=0.86–0.90]); and a 44%-reduced odds in 2009 relative to 2001
(adjusted OR=0.56 [CI=0.55–0.58]). The odds of undergoing FP in 2005 were decreased 4%
from 2001 (adjusted OR=0.96 [CI=0.93–1.00]), but by 2009 had increased by 13% relative
to 2005 (adjusted OR=1.13 [CI=1.10–1.16]) and by 8% relative to 2001 (adjusted OR=1.08
[CI=1.05–1.12]). The odds of undergoing OOI were increased by 100% in 2005 relative to
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2001 (adjusted OR=2.00 [CI=1.94–2.05]), by 24% in 2009 relative to 2005 (adjusted
OR=1.24 [CI=1.22–1.26]), and by 147% in 2009 relative to 2001 (adjusted OR=2.47
[CI=2.40–2.54]).

Comparisons by Type of Provider
Visual Field Testing—Among OAG patients and glaucoma suspects seen by
optometrists, ophthalmologists, or both, the odds of VF testing were reduced in 2005
compared with 2001, and reduced in 2009 relative to 2005. (Table 7) The probability of an
OAG patient undergoing VF testing decreased steadily from 2001 to 2009—over all, from
64% to 50%; under ophthalmologist-only care, from 65% to 51%; and under optometrist
care, from 66% to 44%. Glaucoma suspects showed similar trends. The probability of
undergoing VF testing was higher under optometrists’ care than under ophthalmologists’
care in 2001 (57% vs. 50%, respectively), but the reverse was true by the end of the decade
(24% vs. 28%, respectively). (p<0.05 for both comparisons)(Figure 1)

Fundus Photography—The overall probability of undergoing FP among OAG patients
changed little throughout the decade, ranging from 15.3% in 2004 to 17.0% in 2009. During
each year examined, the probability of FP among patients with OAG and glaucoma suspects
was higher with optometrist care than with ophthalmologist care. (Figure 1)

Other Ocular Imaging—Among patients with OAG, the odds of undergoing OOI were
elevated in 2005 and 2009 relative to 2001, irrespective of provider type. Among glaucoma
suspects, the likelihood was elevated in 2005 compared with 2001 but was reduced in 2009
relative to 2005 for each provider category. The odds of receiving OOI in 2009 relative to
2001 were significantly elevated among OAG patients—by 153% with optometrist-only
care, 100% with ophthalmologist-only care, and 93% under joint ophthalmologist-
optometrist care (p<0.05 for OAG patients under optometrist-only care versus those under
ophthalmologist-only care). Trends were similar, although less pronounced, with glaucoma
suspects. (p<0.05) (Table 7) The annual probability of undergoing OOI increased from 26%
in 2001 to 47% in 2009 for patients of optometrists and from 30% in 2001 to 46% in 2009
for patients of ophthalmologists. Patients with OAG under the exclusive care of optometrists
had lower probabilities of undergoing OOI relative to patients under the exclusive care of
ophthalmologists from 2001–2005. After 2005, the probabilities were similar for both
groups. From 2001–2009, the probability of undergoing OOI was higher for glaucoma
suspects under the exclusive care of ophthalmologists as compared to those under the
exclusive care of optometrists. For those under the exclusive care of ophthalmologists, from
2001 through 2007, the probability of undergoing OOI for suspected glaucoma has gradually
risen each year and reached a plateau of approximately 30% of patients from 2007 through
2009. Glaucoma suspects under the care of optometrists experienced an even more dramatic
rise in the probability of undergoing OOI from 2001 through 2006. However, from 2006
through 2009, the probability of undergoing OOI decreased from 28% to 25% for this group.
(Figure 1)

Overall Trends by Provider Type—From 2001–2009, patients with OAG under
exclusive care by optometrists were observed to have increasing probabilities of OOI
coupled with decreasing probabilities of VF testing over the course of the decade. By 2008,
the probability of undergoing OOI exceeded the probability of undergoing VF testing for
this group. Similar trends were seen for patients under exclusive care by ophthalmologists or
under the care of both provider types, though the probability of undergoing VF testing
continued to be slightly higher than OOI for these groups through 2009. (Figure 2)
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Details of all of the models can be found as Supplemental Tables 8–22, available at
http://aaojournal.org.

DISCUSSION
Over the past decade, we find substantially increased use of OOI and dramatically decreased
use of VF testing in the management of patients with OAG and suspected glaucoma by
ophthalmologists and optometrists. By 2008, in fact, OAG patients under the exclusive care
of an ophthalmologist had nearly as high a probability of undergoing OOI as VF testing
while and those under the exclusive care of an optometrist actually had a higher probability
of undergoing OOI than VF testing. Probabilities of undergoing FP for OAG patients were
relatively low throughout the decade, ranging from 13% to 25%.

Little is known in the literature about utilization rates for different ancillary glaucoma
procedures. Using 1995–1999 data on Medicare patients in the year before they had
glaucoma surgery, Coleman and colleagues found that VF testing rates were suboptimal
relative to the recommended standard of care—especially among racial minorities, persons
≥85 years old, and patients with ocular comorbidities.9 Although direct comparison of that
study with ours is challenging due to differences in the average age of the study populations
and study timing (OOI was not commercially available in the mid-1990s), both studies
demonstrate that many OAG patients are not undergoing routine VF testing. Considering the
importance of VF testing in glaucoma management, it is disconcerting that >25% of
individuals with newly-diagnosed OAG in 2003 and 2007 have no record of undergoing VF
testing within 2 years of diagnosis and that the odds of undergoing VF testing in 2009
relative to 2001 decreased 45% for those under exclusive care by ophthalmologists and 59%
for those under the care of optometrists. These findings suggest that greater effort needs to
be made to better educate ophthalmologic and optometric trainees of the importance of VF
testing in glaucoma management.

Several factors likely contribute to the considerable rise in the use of OOI in OAG
management. Ancillary imaging procedures can be performed quickly—often by technicians
with little experience in operating the equipment; in addition, they are painless, require little
patient cooperation and effort, do not rely on subjective patient input, and often can be
obtained without pupil dilation. A survey found that OAG patients prefer undergoing OOI to
having FP or VF testing.10 Devices such as confocal scanning laser ophthalmoscopy, optical
coherence tomography, and scanning laser polarimetry have been shown to detect—or
purport to detect—subtle evidence of damage to the optic nerve and retinal nerve fiber layer
long before functional damage can be identified on standard perimetry11, although studies
have shown that they have moderate sensitivity, at best, of discriminating between eyes with
and without OAG.5,6 Some eye care providers may prefer "answers" provided by a quick
glance at the numbers provided by OOI rather than the more time consuming analyses of VF
parameters to determine the presence of glaucomatous damage and disease progression.
Financial incentive may also drive use of this technology. Since OOI equipment is quite
expensive to purchase, the more tests an eye-care provider orders, the quicker one will
recoup equipment costs and eventually generate revenue. Finally, motivation to purchase
and use OOI may be driven partly by the desire for providers to market that they are
practicing cutting-edge medicine.12

For those enrollees who received only one of these three ancillary glaucoma tests in the year
following their initial OAG diagnosis, VF testing continued to dominate over the other two
tests, although the proportion of enrollees who received VF testing and no OOI dropped by
10% whereas the proportion who underwent OOI but no VF testing increased by 2%–3%
from 2003 to 2007. This suggests that some eye-care providers are choosing to perform OOI
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not as an adjunct to the more traditional tests for glaucoma assessment but instead as a
replacement. Since VF testing usually takes longer to perform, requires more patient effort
and time to administer, is subjective, and at the time had a lower reimbursement rate than
OOI, there are several incentives for eye-care providers to change how they evaluate OAG
patients.

In our analyses, the bulk of the shifting utilization of ancillary glaucoma tests occurred
between the years 2001 and 2005. We suspect that early in the decade few providers had
access to OOI equipment to perform this testing yet many had access to equipment to
perform perimetric testing. As providers became more familiar with OOI and began
purchasing these devices, there was a rise in the use of this technology. By the middle of the
decade, OOI had been integrated into many practices and there was a plateau in its use in the
management of OAG. While the decline in VF testing was rather steep during the beginning
of the decade, this trend, too, plateaued by the middle of the decade indicating that clinicians
continue to find value in its use in glaucoma management.

According to the 2005 American Academy of Ophthalmology (AAO) Preferred Practice
Patterns (PPP) for OAG and suspected glaucoma, depending on whether the patient’s
glaucoma is adequately controlled, the length of time it has been controlled, and the extent
of damage, individuals with OAG should undergo VF and optic nerve assessment every 1 to
12 months, and those with suspected glaucoma, every 3 to 24 months.13,14 Although the
PPP guidelines refer to OOI as an effective method for identifying structural damage to the
optic nerve and retinal nerve fiber layer, they offer little clinical guidance on the optimal
timing intervals with which these tests should be administered and they do not recommend
that OOI should replace VF testing or detailed recordings of the optic nerve appearance. In
2007, an Ophthalmic Technology Assessment Committee Panel commissioned by the AAO
concluded: “The information obtained from imaging devices is useful in clinical practice
when analyzed in conjunction with other relevant parameters that define glaucoma diagnosis
and progression.”15

If the trends we observe continue, with providers’ relying more on OOI and less on more
traditional measures to evaluate OAG patients, researchers will need to address limitations
with current imaging technology—including inadequate representation of different races and
ethnicities in the normative databases of some devices and challenges with generating
reliable output with patients who have tilted discs16, moderate-to-high myopia17, or larger-
or-smaller-than-average sized optic nerves.18 Some studies suggest that compared with
careful evaluation of the optic nerve head or VF testing, OOI less effectively differentiates
eyes with OAG from healthy eyes5,19, although other studies suggest otherwise.6 In
addition, if eye-care providers are using OOI in lieu of VF testing, it is imperative for
imaging devices to detect and quantify progression over time. Although some currently
available software products enable these devices to identify disease progression20, the
performance of these products has been inadequately researched. Furthermore, since the
technology to conduct OOI is rapidly evolving, with newer devices replacing older models,
if the newer equipment is incapable of assimilating information captured from the older
equipment, it will continue to be difficult to use this technology to quantify disease
progression. Finally, if OOI is to play an expanded role in glaucoma evaluation, studies
should assess whether providers caring predominantly for racial minorities and other such
high-risk groups have access to OOI equipment, given its relatively high cost.

It is disconcerting that 22–28% of patients with newly diagnosed suspected glaucoma and
13–17% of those with newly diagnosed OAG did not undergo VF, OOI, or FP procedures
within 24 months after diagnosis. These findings echo those of a recent report by Friedman
and colleagues.21 Although the proportion of OAG patients in our study who received none
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of these ancillary glaucoma tests decreased from 2003 to 2007, future efforts should identify
why so many patients are still are not receiving the standard of care recommended by the
AAO PPP. Without access to patients’ medical records, we cannot discern the reasons why
so many insured patients in this sample were inadequately evaluated. Possible explanations
include patient-related factors (opting not to follow up and undergo testing), provider-related
factors (lacking knowledge of appropriate evaluation methods), or lack of access to the test
equipment.

Although eye-care providers, in general, have been relying more on OOI and less on VF
testing and FP in their management of patients with OAG and glaucoma suspects, we find
that the actual rates of use of these tests differ by type of eye-care provider. For example, the
likelihood of using OOI for a patient with OAG in 2009 relative to 2001 increased
significantly among ophthalmologists but even more dramatically among optometrists (by
100% vs. 153%, respectively). Likewise, the odds of performing VF testing in 2009 relative
to 2001 declined for both provider types, but more so for optometrists (by 59%) than for
ophthalmologists (by 45%). Possible explanations for the differing rates between provider
types include differences in education and training, in patient case-mix, in access to
diagnostic equipment, or in attitudes towards revenue generation.

A strength of using a large health-care claims database for our study is the ample numbers of
individual patients with OAG and suspected glaucoma to perform a robust analysis of
utilization patterns over time, and to stratify those analyses by provider type and adequately
adjust for key potential confounders. Additionally, the data come from different types of
clinical practices and settings (e.g., academic centers vs. private practices; rural vs. urban vs.
suburban) throughout the country. Moreover, because all the patients had insurance,
insurance status was not a barrier to the receipt of these services.

Our study is limited by our lack of access to patient medical records, which would contain
information on clinical parameters; thus, we cannot determine whether patient care in
specific instances was inadequate, appropriate, or excessive. Additional studies using other
data sources should examine this important question and seek to further explore the factors
driving some of the differences we note. Second, we had no information on the types of
diagnostic equipment that eye-care providers had access to, which would certainly influence
the types of tests ordered. Our results may be nongeneralizable to patient populations
without any or adequate insurance coverage, in which we would expect to find even lower
levels of utilization. Other important questions pertaining to utilization of ancillary
glaucoma tests which cannot be adequately explored with claims data alone include how eye
care providers opt to follow patients who have abnormal tests to identify disease progression
and whether providers are more apt to follow OAG patients with one of these types of tests
versus another depending on glaucoma severity.

If future studies confirm our specific findings regarding the recent shift in eye-care
providers’ methods for following OAG and suspected glaucoma, greater attention will need
to be paid to more fully understanding and overcoming some of the known limitations
associated with current OOI devices. It is essential that some of the newer software products
aimed at detecting disease progression with these devices undergo adequate internal and
external validation, and that manufacturers address issues of noncompatibility between
results generated from older and newer models, so that patients’ disease progression can be
carefully followed over time. Finally, until imaging devices can be demonstrated to identify
the presence of glaucoma and more fully capture disease progression relative to more
traditional equipment, such as VF testing and FP can, providers should use these newer
devices, if at all, as an adjunct to, not a replacement for, perimetry and FP.

Stein et al. Page 8

Ophthalmology. Author manuscript; available in PMC 2013 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Probability of Undergoing Different Glaucoma Diagnostic Tests From 2001–2009 for
Individuals with Open-angle Glaucoma or Suspected Glaucoma
OD only = Enrollees under optometrist-only care; Eye MD only = Enrollees under
ophthalmologist-only care; Both = Enrollees receiving care by at least one of each provider
type during their time in the plan; VF = Visual Field; OAG = open-angle glaucoma
Probabilities were estimated assuming all other ocular and nonocular conditions to be at
their average levels as computed from the data, and assuming white race, male sex, age 60,
preferred provider organization insurance plan type, residence in a Northeastern state, high
school education, and $75,000–150,000 household net worth.
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Figure 2. Trends in the Use of Different Glaucoma Diagnostic Tests from 2001–2009 for
Enrollees Receiving Exclusive Care by Optometrists or Ophthalmologists
Probabilities were estimated assuming all other ocular and nonocular conditions to be at
their average levels as computed from the data, and assuming white race, male sex, age 60,
preferred provider organization insurance plan type, residence in a Northeastern state, high
school education, and $75,000–150,000 household net worth.
OAG = open-angle glaucoma
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