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Abstract
Purpose—To assess changes in Medicare payments for neovascular age-related macular
degeneration (AMD) since introduction of anti-vascular endothelial growth factor (VEGF)
therapies.

Design—Retrospective, longitudinal cohort study

Methods—Using the Medicare 5% sample, beneficiaries with new diagnoses of neovascular
AMD in 1994 (N=2,497), 2000 (N=3,927), and 2006 (N=6,041) were identified using
International Classification of Diseases (ICD-9-CM). The total first year health and eye care costs
were calculated for each beneficiary. Propensity score matching was used to match individuals in
the 2000 and 2006 cohorts with the 1994 cohort on age, gender, race, Charlson Comorbidity
Index, and low vision/blindness.

Results—The number of beneficiaries newly diagnosed with neovascular AMD more than
doubled between the 1994 and 2006 cohorts. Overall yearly Part B payments per beneficiary
increased significantly from $3,567 for the 1994 to $5,991 for the 2006 cohort (p<0.01) in
constant 2008 dollars. Payments for eye care alone doubled from $1,504 for the 1994 cohort to
$3,263 for the 2006 cohort (p<0.01). Most of the increase in payments for eye care in 2006
reflected payments for anti-VEGF injections, which were $1,609 over 1 year. Mean annual
numbers of visits and imaging studies also increased significantly between the 1994 and 2006
cohort. Results were similar in the matched sample.

Conclusions—The introduction of anti-VEGF intravitreal injections has offered remarkable
clinical benefits for patients with neovascular AMD, but these benefits have come at the cost of an
increased financial burden of providing care for these patients.
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Introduction
The introduction of anti-vascular endothelial growth factor (VEGF) treatments has
revolutionized care of age-related macular degeneration (AMD).1–2 AMD is the leading
cause of blindness in elderly individuals in the developed world, and the third-leading cause
of blindness worldwide.3–5 Loss of vision from neovascular AMD in particular results in
profound reductions in vision-specific quality of life.6–7 Three intravitreal anti-VEGF
medications are widely used for treatment of the neovascular form of AMD: ranibizumab
(Lucentis; Genentech, South San Francisco, CA, USA), bevacizumab (Avastin; Genentech),
and pegaptanib (Macugen; OSI-Eyetech, New York, NY, USA).2, 8–9 Randomized clinical
trials and retrospective studies have shown that ranibizumab and bevacizumab dramatically
improve the visual prognosis of neovascular AMD, but the cost of treating patients with
these medications are high given the price of these treatments and the need for repeated
injections.1, 8–9 The affected population is large; 1.22 million persons are estimated to have
neovascular AMD in the United States alone, and the number of people with AMD is
expected to increase by 50% by 2020.3 Hence, one may predict that providing care for the
increasing numbers of patients with neovascular AMD is likely to become considerably
more expensive. Moreover, with patients returning for as frequent as monthly injections,
there are also likely to be associated increases in numbers of office visits, examinations, and
in ancillary testing.

Costs and cost-effectiveness of treatments for AMD have been investigated in several
studies, most of which have extrapolated data from clinical trials to estimate the costs for
each kind of treatment. Smiddy et al. found costs of anti-VEGF treatment per line of vision
per year ranging from $84 for as-needed use of bevacizumab to $766 for protocol-style use
of ranibizumab.10 Gower et al. found that ranibizumab was the most effective but also the
most costly treatment for neovascular AMD, with estimated 2-year total medical costs of
$54,100 for treatment with monthly ranibizumab.11 Brown et al. estimated that ranibizumab
therapy conferred 1.039 quality-adjusted life-years (QALY), or a 15.8% improvement in
quality of life over a 12-year period (the mean life expectancy for a patient with neovascular
AMD), with a cost of $50,691 per QALY.12 Coleman et al. evaluated Medicare payments
for non-neovascular and neovascular AMD for 1995–9. Their study compared payments on
behalf of beneficiaries with AMD to a control group with minimal eye disease, finding a
significantly higher median payment of $2,371 over 5 years for patients with neovascular
AMD vs. $1,569 for non-neovascular AMD vs. $1,428 for the control group.13 The time
period studied, however, preceded use of photodynamic therapy and anti-VEGF therapies,
which have considerably changed the management of AMD over the last decade. Brechner
et al. looked specificially at the costs of anti-VEGF injections in the Medicare population in
2008, and they found that the total cost of bevacizumab injections was $20,290,252 and the
total cost of ranibizumab injections was $536,642,693, though they did not look at other
associated costs of care for neovascular AMD.14 The overall annual cost of AMD care in the
United States was estimated at $575 million in 2004 prior to the widespread use of anti-
VEGF intravitreal injections, and was projected to increase to $845 million over the
following 15 years simply due to growth in the number of elderly persons even without any
change in available treatments.15

This study examines total health and eye-related Medicare payments on behalf of
beneficiaries diagnosed with neovascular AMD in a nationally representative cohort of U.S.
elderly persons at 3 different time points: 1994, 2000, and 2006.
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Methods
We used Medicare 5% Part-B claims and enrollment files to identify a nationally
representative sample of Medicare beneficiaries aged 68–95 with a new diagnosis of
neovascular AMD (International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM), 362.52, 362.42, and 362.43). The data contained information on
demographic characteristics, beneficiaries’ zip code of residence, ICD-9-CM diagnosis and
procedure codes (Current Procedural Terminology, CPT-4; Healthcare Common Procedure
Coding System, HCPCS), physician specialty (U.S. Centers for Medicare and Medicaid
Services (CMS), and provider zip codes.

We selected beneficiaries first diagnosed with neovascular AMD in 1994, 2000, and 2006.
We utilized a 3–year look-back period (1991–3, 1997–9, 2003–5, respectively) to ensure
that they had at least one eye care visit, resided in the United States, had not previously
received this diagnosis, and were not in an HMO for more than a year.

For the 3 cohorts, first year eye payments after first diagnosis of wet AMD were calculated
for each Medicare beneficiary from Part B claims submitted by an ophthalmologist or
optometrist. Total first year payments for eye care retrieved from the claims data for each
beneficiary were grouped into anti-VEGF injections, fluorescein angiography (FA) imaging,
optical coherence tomography (OCT) imaging, other imaging, laser photocoagulation,
photodynamic therapy (PDT), pars plana vitrectomy (PPV), cataract, cornea, glaucoma, visit
costs, and other eye-related payments. We also calculated Part-B payments from claims
submitted by other providers for comparison. We adjusted the payments to 2008 dollars for
general increases in medical prices using the medical component of the Consumer Price
Index. Using propensity score matching we accounted for changes in payments attributable
to changes in mix of beneficiaries diagnosed with neovascular AMD by matching the 2006
and 2000 cohorts to the 1994 cohort. Variables used in matching were age, race, gender,
Charlson Co-Morbidity Index scores (a measure of general health), and low vision/
blindness.16 The propensity score is the probability of having been first diagnosed with
neovascular AMD in 1994 conditional on observed covariates. Matching on propensity
scores reduces selection bias between individuals in the different cohorts.17–18 To capture
the differences between the cohorts (1994, 2000, and 2006) we modeled the probability Y of
cohort 1994 being present in cohort 2000 or 2006 as:

where lx|y is a vector of individual characteristics for the years x and y. Our measures of lx|y
were: age, male gender, black race, other race, Charlson Index, and low vision/blindness.

Using the predicted probability of an individual in the 1994 cohort, we paired an individual
in the 1994 cohort with his or her nearest match in the 2000 cohort or 2006 cohort. Matching
was accomplished using a SAS Greedy 5 to 1 digit match macro (by Lori S. Parsons,
accessed April 20, 2009, at http://www2.sas.com/proceedings/sugi26/p214–26.pdf) in which
the program attempts to make the best match first by matching the 2000 cohort and the 2006
cohort with the 1994 cohort based on exact matches of 5 digits of their propensity score.
Considering all persons not previously matched, the macro then attempted to match
individuals based on 4 digits of their propensity score, then 3, then 2, and 1. Individuals
unable to be matched on 1 digit were excluded. Standardized differences were calculated for
the matched sample and revealed no differences >10%, resulting in a well-matched
sample.19–20
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P-values for the differences in the total health and eye-related costs between the 1994 and
2000 cohort and between the 1994 and 2006 cohort were calculated using independent two
sample t-tests for the total sample, and using paired t-tests after matching.

The Duke University Institutional Review Board approved this study.

Results
The number of beneficiaries newly diagnosed with neovascular AMD more than doubled
during the study time period, from 2,497 beneficiaries in 1994 to 6,041 beneficiaries in 2006
(Table 1). Compared to the 1994 cohort, beneficiaries in the 2006 cohort were significantly
older (81.4 vs. 79.3, p<0.0001), less likely to be male (28.2% vs. 32.4%, p<0.0001) and
more likely to have a higher mean Charlson Index score (2.1 vs. 1.5, p<0.0001).

Overall yearly health payments made on behalf of beneficiaries with neovascular AMD
increased significantly from $3,567 per beneficiary for the 1994 cohort to $5,991 per
beneficiary for the 2006 cohort (p<0.0001) in constant 2008 dollars (Table 2). Of the $2,424
increase in payments, $1,759 or 73% represented an increase in payments for eye care.
Payments for eye care alone doubled from $1,504 per beneficiary for the 1994 cohort to
$3,263 for the 2006 cohort (p<0.0001). Most of the increase in such payments in 2006 as
compared to 1994 reflected the introduction of anti-VEGF injections; in the 2006 cohort,
payments by Medicare Part B for anti-VEGF injections alone were $1,609 over the course of
1 year. Medicare payments per beneficiary for laser photocoagulation fell from $353 in 1994
to $55 in 2006, while payments for photodynamic therapy increased over the three time
periods. Payments for FA per beneficiary decreased slightly in the 2006 cohort compared to
the 1994 cohort, while payments for OCT increased significantly. Payments for cataract
procedures, glaucoma-related eye care, and vitrectomy surgeries decreased significantly for
the 2006 compared to the 1994 cohort while payments for office visits increased by 84%.

We then matched Medicare beneficiaries in the 2000 and 2006 cohorts by age, gender, race,
Charlson Comorbidity Index, and low vision/blindness to the 1994 cohort. The standardized
differences were less than 10% for all variables, indicating well-matched groups.

The total health and eye-related costs in the matched sample were similar to the total sample
(Table 3). Again, total Medicare Part B payments per beneficiary increased significantly by
61% from the 1994 cohort to the 2006 cohort. Payments for eye care alone more than
doubled in this time period. Much of this increase was related to payments for anti-VEGF
therapies which were $1700 in 2006, as well as the increase in payments for photodynamic
therapy; partially offsetting this increase was a significant decrease in payments for laser
photocoagulation. From 1994 to 2006, payments for fluorescein angiography remained
essentially stable, while those for OCT increased significantly. Changes in payments for
other eye care services were notable for significant decreases in payments for cataract-
related, glaucoma-related, and vitrectomy procedures. Payments for eye care visits increased
by 84% from 1994 to 2006.

Several changes in practice patterns were associated with introduction of anti-VEGF
therapies (Table 4). There were significant increases in the mean yearly number of visits
(2.1 vs. 3.5, p<0.0001), OCTs (0 vs. 2.1, <0.0001), and anti-VEGF injections (0 vs. 2.0,
p<0.0001) between 1994 and 2006.

In addition, between 2006 and 2008 there was a shift in the type of anti-VEGF treatments
given for Medicare beneficiaries with neovascular AMD. In 2006, 34.5% of patients
received ranibizumab, 40.9% of patients received bevacizumab, and 24.6% of patients
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received pegaptanib. By 2008, 44.4% of patients received ranibizumab, 54.5% of patients
received bevacizumab, and only 1.1% of patients received pegaptanib.

With 6,041 beneficiaries with a new diagnosis of neovascular AMD in 2006 in the Medicare
5% sample and a yearly total health cost of $5,991 per person, we project that annual Part B
payments for beneficiaries newly diagnosed with neovascular AMD in the entire Medicare
sample were $724 million in 2006 inflated to 2008 dollars. The annual eye care payments
alone were $394 million.

Discussion
The care of patients with neovascular AMD has changed dramatically with the introduction
of anti-VEGF medications. Numerous studies have demonstrated the clinical benefits of
these medications, but we have only begun to assess the economic impact associated with
these new treatments.

As might be expected, total Part B Medicare payments for beneficiaries with neovascular
AMD increased appreciably from 1994 to 2006. A large proportion of the change in such
payments (73%) reflected the substantial increase in payments for eye care, which doubled
for beneficiaries with a diagnosis of neovascular AMD between 1994 and 2006.

The largest part of the increase in payments between 1994 and 2006 was due to payments
for anti-VEGF injections, with a small increase in the payments for photodynamic therapy.
Accompanying the start of payments for such injections, payments for visits and imaging
related to neovascular AMD care also rose, while those for laser photocoagulation decreased
significantly. The declining payments for laser treatment suggest that anti-VEGF intravitreal
injections and photodynamic therapy are often replacing laser photocoagulation as the
treatment of choice for neovascular AMD. A recent paper looking at retinal procedures in
the Medicare population found a 193-fold increase in the numbers of all types of intravitreal
injections between 2001 and 2007 with an 83% decrease in laser treatments for choroidal
neovascularization between 1999 and 2007.21

In addition to changes in the choice of treatment for neovascular AMD, there was also a
shift in practice patterns that occurred in conjunction with the adoption of anti-VEGF
intravitreal injections. The mean annual number of visits and OCT’s increased significantly.
The changes in the matched and unmatched samples were quite similar, suggesting that the
increases were attributable to technological change in treatment of neovascular AMD and in
Medicare pricing rather than to changes in the mix of beneficiaries with this diagnosis. Prior
to introduction of these anti-VEGF therapies, visits by elderly persons diagnosed with AMD
to eye care providers decreased over time, presumably because patients were told that no
effective therapy existed.22 This pattern seems to be changing with the availability of an
effective technology. To the extent that this result generalizes to other new eye therapies, it
implies higher demand for eye care in the future. Furthermore, the Medicare payments for
the additional examinations and diagnostic imaging do not reflect the extra resources that
must now be devoted to these patients which include physician and technician time, use of
testing equipment, and use of clinic facilities.

Interestingly, payments for care of other eye conditions, such as those for cataracts and
cataract surgery, corneal conditions and corneal surgery, glaucoma and glaucoma surgery,
and vitrectomy surgery, decreased significantly as the costs associated with care of AMD
increased. This could be due to a lower prevalence of these conditions in the later cohorts, or
more likely, lower Medicare payment per procedure in the later period. For instance,
Medicare payment for cataract surgery was almost cut in half in inflation-adjusted dollars
between 1991 and 2000.23 Another study of Medicare payment for glaucoma procedures
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found that the average reimbursement per claim fell by 36% from 1997 to 2006 in nominal
dollars.24

The estimated payments for annual eye-related care for neovascular AMD in our study for
the 1994 cohort are higher than the estimates by the Coleman et al. study for a slightly later
time period (1995–9). Part of the difference is attributed to the fact that we inflated our
estimates of payments to 2008 dollars which Coleman et al. did not; adjusting Coleman’s et
al.’s estimates as we did reduced the difference somewhat, but a large discrepancy remains.
Furthermore, Coleman et al.’s estimates were reported for any beneficiary with a diagnosis
of neovascular AMD irrespective of when the diagnosis was made, while our estimates are
for the first year after new diagnosis of neovascular AMD. Diagnostic imaging, treatment,
and examinations may all conceivably be more frequent in the initial year after diagnosis
than subsequently, particularly in a time period of limited treatment options for AMD. As
mentioned above, a 2004 study found that visits to eye care providers tended to decrease
over time in patients with AMD.22

In addition to the increase in Medicare payments per patient, the number of Medicare
beneficiaries being diagnosed with neovascular AMD more than doubled in the 2006 cohort
compared to the 1994 cohort, an increase with far-reaching implications for system-wide
costs. This increase may be due to a larger number of beneficiaries being diagnosed given
the wider range of beneficiaries with neovascular AMD now eligible for treatment, aging of
persons at time of first diagnosis of neovascular AMD, and the slightly higher proportion of
female beneficiaries with this diagnosis. Physicians may be more likely to code a diagnosis
of neovascular AMD if this is a requirement for reimbursement of a newly available
procedure. Both older age and female gender have been identified as risk factors for the
development of AMD.25 It is also possible that the advent and widespread use of OCT
imaging has allowed earlier and easier diagnosis of neovascular AMD.

Per our calculations, the total first year healthcare payments for Medicare beneficiaries with
newly diagnosed neovascular AMD would be $724 million in 2008 dollars. In comparison,
the annual direct medical cost of all types of AMD in 2004 was estimated to be only $575
million.15 This is without taking into consideration the anticipated increases in the numbers
of patients with AMD in an aging population; the number of patients with AMD overall is
anticipated to grow from 1.75 million in 2000 to 2.95 million in 2020.3

One factor which may ameliorate the cost of neovascular AMD care is the shift from the use
of pegaptanib and ranibizumab to bevacizumab. Among Medicare beneficiaries receiving
anti-VEGF injections for neovascular AMD, we found a marked difference from 2006 to
2008 in the proportion of patients receiving ranibizumab, bevacizumab, and pegaptanib,
with a shift towards bevacizumab use in the majority of patients in 2008. Brechner et al. also
found that 58% of Medicare beneficiaries received bevacizumab intravitreal injections for
neovascular AMD in 2008.14 Smiddy’s et al.’s analysis estimated that the biggest
improvement in cost per benefit would be yielded by switching from ranibizumab to
bevacizumab, which would reduce costs by approximately 80%.10 The recent publication of
the one-year results of the Comparison of Age-Related Macular Degeneration Treatment
Trials (CATT) showing equivalent effects on visual acuity of bevacizumab and ranibizumab
when used at the same dosing schedule will likely further shift treatment patterns towards
the use of bevacizumab.26

Strengths of this study include the use of a nationally representative sample of elderly
American patients with neovascular AMD in a variety of practice settings and the analysis
of actual rather than projected payment data. Our study is limited by the fact that we only
included Medicare beneficiaries in their first year after a new diagnosis of neovascular AMD
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in our analysis. Thus, we only examined payment data and practice patterns for newly
diagnosed individuals rather than all individuals in the population with neovascular AMD.
Medicare claims data also does not include information on the laterality of the eye with
neovascular AMD, or whether one or both eyes were treated. In addition, we did not
specifically measure payments for care of complications of treatment for neovascular AMD
(such as endophthalmitis and retinal tear or detachment), or the indirect costs associated
with neovascular AMD (such as productivity losses from decreased vision), nor the potential
cost offset of vision saved by anti-VEGF treatments for AMD.

The economic burden of treatment of neovascular AMD must be weighed against the impact
of vision loss from neovascular AMD. AMD is the leading cause of blindness in elderly
individuals in developed countries, with the most severe vision loss typically due to the
neovascular form of the disease.5 While bevacizumab and ranibizumab injections were
responsible for the majority of the increased cost per beneficiary in 2006, these are also the
interventions which confer the most value for patients. Ranibizumab therapy was found to
confer a 15.8% improvement in quality of life over 12 years for the average person with a
subfoveal choroidal neovascular membrane, which was considerably higher than for any
other therapy.12 Even with the high cost of ranibizumab injections, the cost-utility was
$50,691/QALY for the second-eye model, which is within the conventional $100,000/
QALY upper limit for cost-effectiveness. 12 With the CATT trial showing equivalent effects
on visual acuity of the two medications when given at the same dosing regimen,
bevacizumab is presumably highly cost-effective. 26

In summary, the development of anti-VEGF intravitreal injections has offered remarkable
clinical benefits for patients with neovascular AMD, but these benefits must be weighed
against the considerable increased economic burden of providing care for these patients.

Acknowledgments
a. Funding/Support: Partial support for this research came from the National Institute on Aging grant 2R37-
AG-17473-05A1. The sponsor had no role in the design or conduct of this study.

e. Other Acknowledgments: none

References
1. Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP, Ianchulev T. Ranibizumab versus verteporfin

photodynamic therapy for neovascular age-related macular degeneration: Two-year results of the
ANCHOR study. Ophthalmology. 2009 Jan; 116(1):57–65. e55. [PubMed: 19118696]

2. Gragoudas ES, Adamis AP, Cunningham ET Jr, Feinsod M, Guyer DR. Pegaptanib for neovascular
age-related macular degeneration. N Engl J Med. 2004 Dec 30; 351(27):2805–2816. [PubMed:
15625332]

3. Friedman DS, O'Colmain BJ, Munoz B, et al. Prevalence of age-related macular degeneration in the
United States. Arch Ophthalmol. 2004 Apr; 122(4):564–572. [PubMed: 15078675]

4. Evans JR, Fletcher AE, Wormald RP. Age-related macular degeneration causing visual impairment
in people 75 years or older in Britain: an add-on study to the Medical Research Council Trial of
Assessment and Management of Older People in the Community. Ophthalmology. 2004 Mar;
111(3):513–517. [PubMed: 15019328]

5. Resnikoff S, Pascolini D, Etya'ale D, et al. Global data on visual impairment in the year 2002. Bull
World Health Organ. 2004 Nov; 82(11):844–851. [PubMed: 15640920]

6. Coleman AL, Yu F, Ensrud KE, et al. Impact of age-related macular degeneration on vision-specific
quality of life: Follow-up from the 10-year and 15-year visits of the Study of Osteoporotic
Fractures. Am J Ophthalmol. 2010 Nov; 150(5):683–691. [PubMed: 20691423]

Day et al. Page 7

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Dong LM, Childs AL, Mangione CM, et al. Health- and vision-related quality of life among patients
with choroidal neovascularization secondary to age-related macular degeneration at enrollment in
randomized trials of submacular surgery: SST report no. 4. Am J Ophthalmol. 2004 Jul; 138(1):91–
108. [PubMed: 15234287]

8. Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for neovascular age-related macular
degeneration. N Engl J Med. 2006 Oct 5; 355(14):1419–1431. [PubMed: 17021318]

9. Fong DS, Custis P, Howes J, Hsu JW. Intravitreal bevacizumab and ranibizumab for age-related
macular degeneration a multicenter, retrospective study. Ophthalmology. 2010 Feb; 117(2):298–
302. [PubMed: 19969368]

10. Smiddy WE. Economic implications of current age-related macular degeneration treatments.
Ophthalmology. 2009 Mar; 116(3):481–487. [PubMed: 19157562]

11. Gower EW, Cassard SD, Bass EB, Schein OD, Bressler NM. A cost-effectiveness analysis of three
treatments for age-related macular degeneration. Retina. 2010 Feb; 30(2):212–221. [PubMed:
19940805]

12. Brown MM, Brown GC, Brown HC, Peet J. A value-based medicine analysis of ranibizumab for
the treatment of subfoveal neovascular macular degeneration. Ophthalmology. 2008 Jun; 115(6):
1039–1045. e1035. [PubMed: 17976724]

13. Coleman AL, Yu F. Eye-related medicare costs for patients with age-related macular degeneration
from 1995 to 1999. Ophthalmology. 2008 Jan; 115(1):18–25. [PubMed: 17572499]

14. Brechner RJ, Rosenfeld PJ, Babish JD, Caplan S. Pharmacotherapy for neovascular age-related
macular degeneration: an analysis of the 100% 2008 medicare fee-for-service part B claims file.
Am J Ophthalmol. 2011 May; 151(5):887–895. e881. [PubMed: 21310390]

15. Rein DB, Zhang P, Wirth KE, et al. The economic burden of major adult visual disorders in the
United States. Arch Ophthalmol. 2006 Dec; 124(12):1754–1760. [PubMed: 17159036]

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–
383. [PubMed: 3558716]

17. Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies for
causal effects. Biometrika. 1983; 70:41–55.

18. D'Agostino R. Propensity score methods for bias reduction in the comparison of a treatment to a
non-randomized control group. Stat Med. 1998; 17:2265–2281. [PubMed: 9802183]

19. Normand ST, Landrum MB, Guadagnoli E, et al. Validating recommendations for coronary
angiography following acute myocardial infarction in the elderly: a matched analysis using
propensity scores. J Clin Epidemiol. 2001 Apr; 54(4):387–398. [PubMed: 11297888]

20. Austin PC, Grootendorst P, Anderson GM. A comparison of the ability of different propensity
score models to balance measured variables between treated and untreated subjects: a Monte Carlo
study. Stat Med. 2007 Feb 20; 26(4):734–753. [PubMed: 16708349]

21. Ramulu PY, Do DV, Corcoran KJ, Corcoran SL, Robin AL. Use of retinal procedures in medicare
beneficiaries from 1997 to 2007. Arch Ophthalmol. 2010 Oct; 128(10):1335–1340. [PubMed:
20938004]

22. Sloan FA, Brown DS, Carlisle ES, Picone GA, Lee PP. Monitoring visual status: why patients do
or do not comply with practice guidelines. Health Serv Res. 2004 Oct; 39(5):1429–1448.
[PubMed: 15333116]

23. Salm M, Belsky D, Sloan FA. Trends in cost of major eye diseases to Medicare, 1991 to 2000. Am
J Ophthalmol. 2006 Dec; 142(6):976–982. [PubMed: 17157582]

24. Schmier JK, Covert DW, Lau EC, Robin AL. Trends in annual medicare expenditures for
glaucoma surgical procedures from 1997 to 2006. Arch Ophthalmol. 2009 Jul; 127(7):900–905.
[PubMed: 19597112]

25. Klein R, Cruickshanks KJ, Nash SD, et al. The prevalence of age-related macular degeneration and
associated risk factors. Arch Ophthalmol. 2010 Jun; 128(6):750–758. [PubMed: 20547953]

26. Ranibizumab and Bevacizumab for Neovascular Age-Related Macular Degeneration. N Engl J
Med. 2011 Apr 28.

Day et al. Page 8

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Day et al. Page 9

Ta
bl

e 
1

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s o

f M
ed

ic
ar

e 
be

ne
fic

ia
rie

s w
ith

 n
ew

 d
ia

gn
os

es
 o

f n
eo

va
sc

ul
ar

 a
ge

-r
el

at
ed

 m
ac

ul
ar

 d
eg

en
er

at
io

n

19
94

 c
oh

or
t

(N
= 

2,
49

7)
20

00
 c

oh
or

t
(N

= 
3,

92
7)

p-
va

lu
e

20
06

 c
oh

or
t

(N
= 

6,
04

1)
p-

va
lu

e

A
ge

 (y
rs

)
79

.3
80

.3
**

<.
00

01
81

.4
**

<.
00

01

M
al

e 
(%

)
32

.4
%

33
.8

%
0.

25
21

28
.2

%
**

0.
00

01

B
la

ck
 (%

)
1.

9%
1.

2%
*

0.
02

05
1.

5%
0.

20
75

W
hi

te
 (%

)
97

.0
%

97
.1

%
0.

72
62

96
.1

%
*

0.
02

71

C
ha

rl
so

n 
In

de
x

1.
5

1.
7*

*
<.

00
01

2.
1*

*
<.

00
01

L
ow

 v
is

io
n/

bl
in

dn
es

s (
%

)
4.

4%
4.

5%
0.

90
68

4.
1%

0.
50

51

* Si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 th

e 
19

94
 c

oh
or

t a
t t

he
 5

%
 le

ve
l

**
Si

gn
ifi

ca
nt

ly
 d

iff
er

en
t f

ro
m

 th
e 

19
94

 c
oh

or
t a

t t
he

 1
%

 le
ve

l

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Day et al. Page 10

Ta
bl

e 
2

D
is

tri
bu

tio
n 

of
 m

ea
n 

M
ed

ic
ar

e 
pa

ym
en

ts
 in

 y
ea

r f
ol

lo
w

in
g 

di
ag

no
si

s o
f n

eo
va

sc
ul

ar
 a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

(A
M

D
) (

in
 2

00
8 

co
ns

ta
nt

 d
ol

la
rs

)1

19
94

 c
oh

or
t

(n
=2

,4
97

)
20

00
 c

oh
or

t
(n

=3
,9

27
)

p-
va

lu
e

20
06

 c
oh

or
t

(n
=6

,0
41

)
p-

va
lu

e

T
ot

al
 h

ea
lth

 a
nd

 e
ye

 c
ar

e 
re

la
te

d 
pa

ym
en

ts

To
ta

l h
ea

lth
35

67
43

14
**

<0
.0

00
1

59
91

**
<0

.0
00

1

Ey
e-

re
la

te
d

15
04

19
24

**
<0

.0
00

1
32

63
**

<0
.0

00
1

A
M

D
 tr

ea
tm

en
t p

ay
m

en
ts

A
nt

i-v
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

 in
je

ct
io

ns
0

0
N

/A
16

09
**

< 
0.

00
01

La
se

r
35

3
23

1*
*

<0
.0

00
1

55
**

<0
.0

00
1

Ph
ot

od
yn

am
ic

 th
er

ap
y

0
50

**
<0

.0
00

1
15

3*
*

<0
.0

00
1

Im
ag

in
g 

pa
ym

en
ts

Fl
uo

re
sc

ei
n 

an
gi

og
ra

ph
y

30
3

29
1

0.
21

62
28

1*
*

0.
00

14

O
pt

ic
al

 c
oh

er
en

ce
 to

m
og

ra
ph

y
0

3*
*

<0
.0

00
1

10
2*

*
<0

.0
00

1

O
th

er
 im

ag
in

g
59

12
0*

*
<0

.0
00

1
10

6*
*

<0
.0

00
1

O
th

er
 p

ay
m

en
ts

 fo
r 

ey
e-

re
la

te
d 

ca
re

C
at

ar
ac

t
14

1
91

**
<0

.0
00

1
66

**
<0

.0
00

1

C
or

ne
a

5
2

0.
18

44
1

0.
07

84

G
la

uc
om

a
24

8*
*

0.
00

03
12

**
0.

00
48

V
itr

ec
to

m
y

10
9

13
7

0.
09

53
32

**
<0

.0
00

1

V
is

its
11

6
13

6*
*

<0
.0

00
1

21
3*

*
<0

.0
00

1

O
th

er
39

2
85

5*
*

<0
.0

00
1

63
3*

*
<0

.0
00

1

* Si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 th

e 
19

94
 c

oh
or

t a
t t

he
 5

%
 le

ve
l

**
Si

gn
ifi

ca
nt

ly
 d

iff
er

en
t f

ro
m

 th
e 

19
94

 c
oh

or
t a

t t
he

 1
%

 le
ve

l

1 Th
e 

M
ed

ic
al

 C
ar

e 
Pr

ic
e 

In
de

x 
fr

om
 1

99
1 

to
 2

00
8 

w
as

 o
bt

ai
ne

d 
fr

om
 th

e 
B

ur
ea

u 
of

 L
ab

or
 S

ta
tis

tic
s w

eb
si

te
 a

nd
 u

se
d 

to
 c

al
cu

la
te

 th
e 

ad
ju

st
ed

 p
ric

e 
in

 2
00

8 
do

lla
rs

.

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Day et al. Page 11

Ta
bl

e 
3

D
is

tri
bu

tio
n 

of
 m

ea
n 

M
ed

ic
ar

e 
pa

ym
en

ts
 in

 y
ea

r f
ol

lo
w

in
g 

di
ag

no
si

s o
f n

eo
va

sc
ul

ar
 a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

(A
M

D
) i

n 
m

at
ch

ed
 sa

m
pl

e 
(in

20
08

 c
on

st
an

t d
ol

la
rs

)1

19
94

 c
oh

or
t

(n
=2

,4
88

)
20

00
 c

oh
or

t
(n

=2
,4

88
)

p-
va

lu
e

20
06

 c
oh

or
t

(n
=2

,4
88

)
p-

va
lu

e

T
ot

al
 h

ea
lth

 a
nd

 e
ye

 c
ar

e 
re

la
te

d 
pa

ym
en

ts

To
ta

l h
ea

lth
35

72
40

88
**

<0
.0

00
1

57
42

**
<0

.0
00

1

Ey
e-

re
la

te
d

15
04

19
24

**
<0

.0
00

1
33

90
**

<0
.0

00
1

A
M

D
 tr

ea
tm

en
t p

ay
m

en
ts

A
nt

i-v
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

 in
je

ct
io

ns
0

0
N

/A
17

00
**

<0
.0

00
1

La
se

r
35

3
22

8*
*

<0
.0

00
1

50
**

<0
.0

00
1

Ph
ot

od
yn

am
ic

 th
er

ap
y

0
50

**
<0

.0
00

1
16

5*
*

<0
.0

00
1

Im
ag

in
g 

pa
ym

en
ts

Fl
uo

re
sc

ei
n 

an
gi

og
ra

ph
y

30
3

28
7

0.
13

96
28

9
0.

19
61

O
pt

ic
al

 c
oh

er
en

ce
 to

m
og

ra
ph

y
0

4*
*

<0
.0

00
1

10
6*

*
<0

.0
00

1

O
th

er
 im

ag
in

g
59

11
5*

*
<0

.0
00

1
11

0*
*

<0
.0

00
1

O
th

er
 p

ay
m

en
ts

 fo
r 

ey
e-

re
la

te
d 

ca
re

C
at

ar
ac

t
14

2
91

**
<0

.0
00

1
68

**
<0

.0
00

1

C
or

ne
a

5
2

0.
11

13
1*

0.
04

38

G
la

uc
om

a
24

8*
*

0.
00

02
13

*
0.

01
62

V
itr

ec
to

m
y

10
9

14
4*

0.
04

22
32

**
<0

.0
00

1

V
is

its
11

6
13

3*
*

<0
.0

00
1

21
4*

*
<0

.0
00

1

O
th

er
39

2
86

3*
*

<0
.0

00
1

64
3*

*
<0

.0
00

1

* Si
gn

ifi
ca

nt
ly

 d
iff

er
en

t f
ro

m
 th

e 
19

94
 c

oh
or

t a
t t

he
 5

%
 le

ve
l

**
Si

gn
ifi

ca
nt

ly
 d

iff
er

en
t f

ro
m

 th
e 

19
94

 c
oh

or
t a

t t
he

 1
%

 le
ve

l

1 Th
e 

M
ed

ic
al

 C
ar

e 
Pr

ic
e 

In
de

x 
fr

om
 1

99
1 

to
 2

00
8 

w
as

 o
bt

ai
ne

d 
fr

om
 th

e 
B

ur
ea

u 
of

 L
ab

or
 S

ta
tis

tic
s w

eb
si

te
 a

nd
 u

se
d 

to
 c

al
cu

la
te

 th
e 

ad
ju

st
ed

 p
ric

e 
in

 2
00

8 
do

lla
rs

.

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Day et al. Page 12

Ta
bl

e 
4

M
ea

n 
nu

m
be

r o
f s

er
vi

ce
s f

or
 n

eo
va

sc
ul

ar
 a

ge
-r

el
at

ed
 m

ac
ul

ar
 d

eg
en

er
at

io
n 

pr
ov

id
ed

 p
er

 y
ea

r i
n 

m
at

ch
ed

 sa
m

pl
e

19
94

 c
oh

or
t

(N
= 

2,
48

8)
M

ea
n 

(M
in

,
M

ax
,

M
ed

ia
n)

20
00

 c
oh

or
t

(N
=2

,4
88

)
M

ea
n 

(M
in

,
M

ax
,

M
ed

ia
n)

p-
va

lu
e

20
06

 c
oh

or
t

(N
= 

2,
48

8)
M

ea
n 

(M
in

,
M

ax
,

M
ed

ia
n)

p-
va

lu
e

V
is

its
2.

1 
(0

,2
1,

2)
2.

0*
 (0

,1
5,

2)
0.

03
02

3.
5*

* 
(0

,2
7,

3)
<0

.0
00

1

Fl
uo

re
sc

ei
n 

an
gi

og
ra

ph
y

1.
6 

(0
,1

6,
1)

1.
7*

*(
0,

22
,1

)
0.

00
02

1.
6 

(0
,2

1,
1)

0.
40

08

O
pt

ic
al

 c
oh

er
en

ce
 to

m
og

ra
ph

y
0 

(0
,0

,0
)

0.
03

**
(0

,2
,0

)
<0

.0
00

1
2.

1*
* 

(0
,1

7,
1)

<0
.0

00
1

A
nt

i-v
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

 (V
EG

F)
 in

je
ct

io
ns

0 
(0

,0
,0

)
0 

(0
,0

,0
)

N
/A

2.
0 

(0
,1

9,
0)

N
/A

 (a
nt

i-V
EG

F 
in

je
ct

io
ns

 n
ot

 a
va

ila
bl

e 
in

 1
99

4 
an

d 
20

00
)

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.


