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Abstract

Purpose—To analyze differences in the cost of treatment for infants randomized to primary
intraocular lens (IOL) implantation versus optical correction with a contact lens (CL) after
unilateral cataract surgery in the Infant Aphakia Treatment Study (IATS).

Design—~Retrospective cost analysis of a prospective, randomized clinical trial based on Georgia
Medicaid reimbursement data as well as actual costs of supplies used during the study, adjusted
for inflation.

Participants—The IATS is a multicenter (n=12) randomized, clinical trial comparing the optical
treatment of aphakia with either primary IOL implantation (n=57) or CL correction (n=57) in 114
infants with unilateral congenital cataract.

Intervention—One hundred fourteen infants underwent unilateral cataract surgery and were
either optically corrected by primary IOL implantation at the time of surgery or were corrected
with a CL after surgery.

Main Outcome Measures—The mean cost of cataract surgery and all additional surgeries,
examinations and supplies used up to 5 years of age.

Results—The 5-year treatment cost of an infant with a unilateral congenital cataract optically
corrected with an IOL was $35,293 versus $33,452 for a patient treated with a CL after initial
cataract surgery. The total cost of supplies was $2669 in the IOL group vs $6128 in the CL group.

Conclusions—Unilateral cataract surgery in infancy coupled with primary IOL implantation is
about 5% more expensive than aphakia and CL correction. Patient costs are more than double with
CL versus IOL.
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The Infant Aphakia Treatment Study (IATS) was a multicenter, longitudinal, randomized
clinical trial that evaluated the visual outcomes of two treatments for infants that underwent
unilateral cataract surgery between 28 days and 7 months of age. All infants enrolled
(n=114) had unilateral cataract surgery and were randomly assigned to one of two treatment
groups. In one treatment group (n=57) the infants were optically corrected by primary
intraocular lens (I0OL) implantation at the time of cataract surgery. In the second group
(n=57) they were optically corrected by an aphakic contact lens (CL) within the first post-
operative week. At one year of age, the infants had their vision tested by a travelling
examiner via grating acuity. The vision was again assessed at age 4.5 years by a traveling,
masked examiner using the ATS-HOTV algorithm®. At both points in time, the cumulative
data revealed no significant difference in the median visual acuity in the treated eyes
between the two groups. 23

Although there was no clear advantage to either treatment arm when comparing final visual
outcomes, it is important to assess the financial impact of each treatment as well. This was
done previously in a study using data of all patients at 12 months. At that time, primary 10L
implantation was 37.5% (~$4,000) more expensive per patient than treatment with CL. The
increased cost in the IOL treatment group was primarily attributed to the higher cost
associated with the patient's initial cataract surgery as well as the higher frequency of
additional surgeries. It was also noted that the average cost of supplies was three times
higher in the CL group ($1600 per patient) versus the 0L group ($535 per patient).*

Despite the difficulties in analyzing data of this type, due to differing billing codes used by
physicians and institutions as well as a wide range of payments for the same services
depending on the insurance carrier and the state where the service was rendered, important
economic data can be gleaned from a large clinical trial in which the same cohort of patients
are followed longitudinally. In this study, patient retention was nearly 100% with only one
patient failing to have their vision assessed at 4.5 years of age. Since vision in the IOL group
was not better than in the CL group, it is important to determine if the cost advantage found
at age one year persisted at age 5 years. As a result, we retrospectively estimated the costs
incurred by the IATS at 5 years based on the payment structure of the same third party payer
(Georgia Medicaid) utilized in the 1 year study. All office-based care and all additional
surgical services performed in the subsequent 4 years were included. In addition, supply
costs based on actual invoiced expenditures are included in the total and evaluated as a sub-
set of data, as these are costs typically borne by the patients and their families. Supply costs
are of particular interest because while the cost of a particular treatment to a third party
payer may be more favorable, that same treatment may not be more cost effective to the
patient and their family, because of the extra out-of-pocket costs they incur.

The IATS was a National Institute of Health/National Eye Institute-sponsored, multicenter
clinical trial that was approved by the respective institutional review boards at all sites. In
addition, this study was performed in accordance with the Health Insurance Portability and
Accountability Act. The IATS is registered with clinicaltrials.gov and this research adhered
to the tenets of the Declaration of Helsinki. The off-label research use of the Acrys of
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SNG0OAT and MAGOAC IOL (Alcon Laboratories, Fort Worth, Texas) is covered by US
Food and Drug Administration investigational device exemption G020021. Inclusion criteria
of the IATS were: the presence of a visually significant cataract in one eye and an age at
surgery of 28 days to < 7 months. A complete list of other inclusion and exclusion criteria
can be found in previously published IATS manuscripts®. Data in this analysis include costs
incurred up to 5 year of age.

Financial data were collected from all 12 sites involved in the IATS. However, due to the
diverse nature of payer coverage, and to maintain consistency with data reported at an earlier
end point, we applied the costs of a single payer, Georgia Medicaid, to the office visits,
procedures performed and treatments rendered. Supply expenses included the costs of
contact lenses, spectacles and occlusive patches. The cost for contact lenses is based on a the
annual mean number of Silsoft (Valeant Pharmaceuticals, Lynchberg, VA) CLs used per
study year, which were all invoiced and paid for through the data coordinating center (DCC,
Emory University). Our data were collected and broken down into three groups for ease of
comparison and interpretation: office visits, surgeries and supplies. Surgical procedures of
all types and for all indications are included together, regardless of indication and procedure
performed. More detailed data on additional surgeries and adverse events can be found in
other publications.3 The cost of office visits was based on the number and type of visits
mandated by the study protocol, not by actual visit number. The cost of supplies is the total
cost of contact lenses, glasses and patches for each treatment group. Lastly, all data were
adjusted based on the consumer price index (CPI) and adjusted per study year accordingly.
Our data are reported in 2013 dollars.

Surgery

The cost of surgical procedures was based on Georgia Medicaid payments for each current
procedural terminology (CPT) code from the July 2009 Georgia Medicaid fee schedule and
adjusted based on the CPI for the year in which the procedure was performed. A discount for
multiple procedures performed on the same day was not taken into account and we assumed
a 100% reimbursement rate as allowed by Georgia Medicaid for all procedures included.
Surgical procedures performed in years 2-5 included membranectomy (66830), glaucoma
surgery (65850, 66625, 65865) IOL exchange (66986) and strabismus surgery (67312).
There were 3 secondary 10Ls placed (66985) in 3 patients from the CL group in years 2-5 as
well. Costs are based on the absolute number of procedures and not per patient, as some
patients had the same surgery more than one time. The cost of post-operative medication
was not factored into our calculations.

Office Visits

In years 2-4 of the study protocol called for patients to be seen 4 times in each year, with
one of those visits requiring a comprehensive exam with pupil dilation and cycloplegic
refraction. We used the office based “eye” code 92012 for follow up examinations and
92014 for comprehensive exams. In addition the code 92060 (sensory motor exam) was
included based on the rates of strabismus in each arm at the conclusion of the study.3 In year
5 there were three required visits as the study protocol changed from evaluation at certain
post-operative dates to a chronological age-basis. Beginning after age 4 years, the patients
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were seen at ages 4.25, 4.5 and 5.0 years. All of these were comprehensive examinations
and the code 92014 with the corresponding rate of 92060 was used for calculation in this
year.

Contact lens cost data were tabulated at the DCC. All CL invoicing was done through this
center since the vast majority of patients in the CL arm (n=54) were treated with Silsoft CL
(\VValeant Pharmaceuticals, Lynchberg, VA). Only 3 patients were treated with rigid gas
permeable lenses and since these data were not readily available they were excluded. The
average number of Silsoft Lenses was then extrapolated to all patients in the CL arm for that
study year less any patient(s) that underwent secondary 10L placement.

The cost of glasses across the 12 sites was somewhat more variable. In addition, detailed
paper work was not necessarily submitted to the DCC or even to the provider because
glasses prescriptions were not required to be filled at one specific optical shop. As such, our
data were averaged from the data sets of 4 sites where it was readily attainable due to the
fact that all patients used the same optical shop for the entire duration of the study (Miami,
FL; Atlanta, GA; Nashville, TN; Portland, OR); these data were then averaged and
extrapolated for the total number of patients in that arm for that study year (n=57 in each
IOL and CL arm). There was an equal amount of data in the IOL arm (n=17) and CL arm
(n=17) obtained.

The cost of a box of patches is also variable but to a lesser degree. The price per box was
based on invoicing from the manufacturer for one brand (“Ortopad”, Eye Care and Cure,
Tucson, AZ) to a physician's office (SJK, Miami, FL). The total number of patches
dispensed was calculated based on 1 patch for each day between study-mandated follow up
visits plus one box extra, to account for loss and use of more than one patch in the course of
a day. The number of boxes distributed to the patient was based on 50 patches per box.

Consumer Price Index

Results

All dollar amounts were recorded in 2013 dollars by adjusting for changes in the Medical
Component of the Consumer Price Index from 2009 as follows: 2009=113.2%,
2010=110.5%, 2011=106.6%, 2012=103.4% and 2013=100.0%.

A total of 114 patients were enrolled in the IATS; half were randomized to the IOL arm
(n=57) and half were randomized to the CL arm (n=57). Only one patient was lost to follow
up and all remaining patients had their visual acuity checked by the traveling examiner at
age 4.5 years. Three patients in the CL group had a secondary IOL placed due to CL failure
during the study (one in each: year 2, year 4 and year 5). 3 Their glasses and patching costs
were still included in the CL arm while the number of CL's extrapolated to this arm for
calculations of total CL cost was reduced by 1 in each of the respective years. A detailed
tabulation of all costs in years 2-5 is presented in online Tables 1 (IOL) and 2 (CL). (Tables
1 and 2 available at: http://aacjournal.org)
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With the exception of year 4, the CL arm was more costly in years 2-5. The total cost per
patient is summarized in Table 3 (I0OL) and Table 4 (CL). The costs of patient office visits
was equal in the two treatment groups and progressively decreased from year-to -year, most
notably in the 5 year as there were only three study-mandated follow up visits during this
year. Costs relating to surgical procedures were higher in the IOL group in each study year,
but peaked at different times within each group. In the CL group, additional surgical costs
were highest in year 2 while in the IOL group there was a peak over years 3-4. The costs of
supplies were considerably more in the CL group in each study year. Interestingly in each
group, the peak in supply costs followed the peak in surgical costs. This increase in supply
cost (year 4 in IOL group, year 3 in CL group) could be related to the additional surgeries
performed in the preceding year creating the need for adjustment in CL or glasses power; it
is also possible that this increased supply cost coincided with prescribing of bifocal lenses
(which are more expensive) or some combination of these and other factors. Lastly, data
from the previous report documenting the costs associated with the IATS after 1 year® were
adjusted for CPI. In combining these data with our data we find that after 5 years, placement
of an IOL at the time of unilateral cataract surgery cataract surgery is only 5.5% more
expensive ($1,940) than unilateral cataract surgery and aphakic contact lens correction. The
side by side comparison of annual study cost, cost per patient, and rate of cost change can be
seen in Table 5.

Discussion

In the IATS, we estimate that the cost of performing primary IOL implantation in
conjunction with cataract removal in infants between 28 days and 7 months of age is only
about 5.5% ($1,940) more expensive than cataract removal with CL use over 5 years. This
finding is substantially different from the associated costs of this same cohort of patients
examined after only one year where the IOL treatment was found to be about 37.5% more
expensive.

In contrast to the data examined at one year, in each subsequent year of the IATS the CL
arm was more costly, with the exception of year 4. The increased costs in the CL arm can be
primarily attributed to the cost of aphakic contact lenses. The average number of lenses
required annually per patient in this arm of the study was: 10 in year 1, 9 in year 2, 7 in year
3and 5 in years 4 and 5. We cannot fully account for the change in the cost trend in year 4,
but it appears from tabulated data, there was an increase in the number of surgeries
performed in the IOL group that year due to an increased need to clear the visual axis in the
IOL group as well as two IOL exchange procedures. (See Table 6)3

Another trend found in our study is that in the IOL treatment group there was a small
increase in the cost of supplies in year 5. The authors attribute this increase to five
possibilities including: (1) an increase in the breakage and/or loss of glasses as the children
became active toddlers, (2) a myopic shift requiring the purchase of high refractive index
(and therefore more costly) lenses, (3) more frequent dilated exams and cycloplegic
refractions in year 5 that resulted in more frequent changes in the prescription and (5)
patients requesting extra frames and lenses near the end of the study since these items were
paid for by the study grant.
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The authors acknowledge that analyzing the cost of treatment is complicated by many
factors such as the great number of third party payers, variability in reimbursement rates by
third party payers, geographical location (which can affect reimbursement even within the
same third party payer) as well as how individual physicians code and bill their services. In
our study we chose to use a single third party payer, Georgia Medicaid, to tally our costs.
This payer was chosen to maintain continuity with the previously published 1-year cost data
from IATS*. We acknowledge that this may underestimate costs for certain services and
procedures but feel it would apply equally to both treatment groups. Moreover, we would
suggest that the relative cost relationships between the treatment groups and within the
groups are likely typically of those that would be found if other payers were used.

The only other attempt to calculate the financial burden of unilateral congenital cataract
surgery in infants was undertaken by Stager et al in 20097. In their assessment the authors
constructed a “basic scenario” in which infants undergo unilateral cataract surgery in the
first year of life and are left aphakic and optically corrected with CL until age 6 when a
secondary IOL is placed and glasses are used in lieu of CL. Patients are presumed to be on a
patching regimen to 8 years of age and receive regular follow up including exams under
anesthesia if required, until age 12 years. The Stager et al study differs from ours in that it
was based on theoretical costs, with complications and additional surgeries being estimated
from rates in the medical literature. In contrast, our analysis included the costs of procedures
actually performed. In addition, they used Medicare rates to calculate costs whereas we used
Georgia Medicaid reimbursement rates which are lower than Medicare reimbursement rates.
This limitation is important to note. The representativeness of Georgia Medicaid costs in
other states or healthcare markets needs to be viewed cautiously. There is considerable
evidence that there are wide hospital and physician pricing differences among third-party
payers across the nation and even within local markets. 811 A recent Kaiser Family
Foundation report, for example, showed that payments for Georgia Medicaid physician fees
for primary care in 2012 were 12% higher than national Medicaid average primary care
payments but still 30% below what Medicare would pay for the same primary care services
in Georgia. Consequently, while using Georgia Medicaid data will reflect Georgia Medicaid
cost differences, Georgia Medicaid costs will likely understate the true costs of these
procedures in the US health care system.10.11 In light of these differences, it is of great
interest to note that the 5 year cost per patient in the IOL arm ($35,293) and in the CL arm
($33,452) vastly eclipsed the estimated 12 year cost per patient in the 2009 paper whether
compared to the basic scenario ($18,839) or the basic scenario plus costs of additional
“sequelae and complications” ($21,060). Therefore it seems, the actual cost of treating a
patient with unilateral congenital cataract beginning from infancy, is much higher than what
could only be estimated in 2009. We did not perform a cost effectiveness analysis nor
calculate quality-adjusted life years in this review. This is something that can be done in
future analyses of our data. In our study we also attempted to estimate potential costs to the
family of an infant treated for a unilateral congenital cataract. It is interesting and important
to note that in all years of the IATS, supply costs are 2.5 times more expensive in infants left
aphakic at the time of cataract surgery and treated with an aphakic CL. The difference is
directly attributable to the cost of the CLs. While an average lens usage per year per patient
is used for our calculations, there were many individual patients who required many more
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lenses in the course of the 5 years. Even though there were no costs associated with glasses
in the patients' first two years of life in the CL arm, patients in both arms were required to
wear bifocal correction after age 2. In years where both I0L and CL patients were wearing
glasses, the average annual costs were sometimes higher in the CL group. This may be
because patients in this arm were purchasing new frames as well as lenses, where an 10L
patient may have had frames from earlier use and merely needed to switch the lenses when it
became time for them to use bifocals.

It is also important to note that the patients enrolled in the IATS had the CLs provided to
them free of charge with an extra lens regularly being dispensed. The protocol dictated that
all patients have two lenses at all times. Therefore, none of the patients had to endure
lengthy periods of uncorrected aphakia. We imagine that if this cost was not absorbed by the
study that many families may have had a difficult time paying for these lenses and as a
result, this could have adversely affected the patient's ultimate visual outcome. Aphakic CLs
and CLs in general, are not an item traditionally covered by third party payers. As a result,
this financial burden is put on the patient and their families. One investigator is actively
working within his state to draft and pass legislation requiring coverage for these lenses as
well as other forms of optical correction prescribed which are medically necessary in the
prevention of amblyopia. We are hopeful that other providers in other states will follow suit
in this matter. We have attempted to provide a framework for counseling parents regarding
the potential direct out of pocket costs when their child will undergo unilateral cataract
surgery in infancy. We acknowledge we cannot estimate indirect costs which are understood
to be the resources forgone as a result of a health condition. Parents incur these ‘indirect’
costs in dealing with the child's procedure when they miss time from work, experience the
costs of commuting to visits, costs of childcare for other siblings, changes in lifestyle, etc.
These costs have the potential to be substantial, perhaps even eclipsing the direct costs over
5 years. The perceived stress to care-givers of these infants was evaluated in infancy and
after two years of the IATS. Assignment to one treatment group or the other did not have a
significant impact on the stress level reported during infancy or at the two year post-
operative time frame. 12

In addition, this manuscript is written in a time of great change to the health care system in
the United States. We cannot estimate other costs patients will start to bear with the
emergence of the many low-cost, high deductible insurance coverage options that have
already begun to appear in the consumer insurance market. These plans will likely shift
more of the financial burden to patients in terms of medical services previously covered in
full.

In conclusion, given the growing national importance of costs in medical decision making it
is essential to understand the important cost drivers in alternative medical treatments. From
a societal perspective we find that after 5 years, cataract extraction coupled with IOL
implantation is only 5.5% more expensive than cataract extraction and optical correction
with contact lenses. However, it is important to also bear in mind that with these two
treatment choices there are also substantial additional direct costs to the family if aphakia
with contact lens correction is chosen and therefore this is an important item to discuss with
families during the educational and informed consent processes.
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Appendix: The Infant Aphakia Treatment Study Group

Administrative Units

Clinical Coordinating Center (Emory University): Scott R. Lambert, MD (Study Chair);
Lindreth DuBois, MEd, MMSc (National Coordinator)

Contact Lens Committee: Buddy Russell, COMT; Michael Ward, MMSc

Data and Safety Monitoring Committee: Robert Hardy, PHD (Chair); Eileen Birch, PhD;
Ken Cheng, MD; Richard Hertle, MD; Craig Kollman, PhD; Marshalyn Yeargin-Allsopp,
MD (resigned); Cyd McDowell; Donald F. Everett, MA (ex officio)

Data Coordinating Center (Emory University): Michael Lynn MS (Director), Betsy
Bridgman, BS; Marianne Celano PhD; Julia Cleveland, MSPH; George Cotsonis, MS;
Carey Drews-Botsch, PhD; Nana Freret, MSN; Lu Lu, MS; Seegar Swanson; Thandeka
Tutu-Gxashe, MPH

Eye Movement Reading Center (University of Alabama, Birmingham and Retina
Foundation of the Southwest, Dallas, TX): Claudio Busettini, PhD, Samuel Hayley, Joost
Felius, PhD

Medical Safety Monitor: Allen Beck, MD
Program Office (National Eye Institute): Donald F. Everett, MA

Steering Committee: Scott R. Lambert, MD; Edward G. Buckley, MD; David A. Plager,
MD; M. Edward Wilson, MD; Michael Lynn, MS; Lindreth DuBois, Med MMSc; Carolyn
Drews-Botsch, PhD; E. Eugenie Hartmann, PhD; Donald F. Everett, MA

Vision and Developmental Testing Center (University of Alabama, Birmingham): E.
Eugenie Hartmann, PhD (Director); Anna K Carrigan, MPH; Clara Edwards;

Participating Clinical Centers (In order by the number of patients enrolled)

Medical University of South Carolina; Charleston, South Carolina (14): M. Edward
Wilson, MD; Margaret Bozic, CCRC, COA

Harvard University; Boston, Massachusetts (14): Deborah K. Vanderveen, MD; Theresa
A. Mansfield, RN; Kathryn Bisceglia Miller, OD
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University of Minnesota; Minneapolis, Minnesota (13): Stephen P. Christiansen, MD;
Erick D. Bothun, MD; Ann Holleschau, B.A.; Jason Jedlicka, OD; Patricia Winters, OD;
Jacob Lang, O.D.

Cleveland Clinic; Cleveland, Ohio (10): Elias I. Traboulsi, MD; Susan Crowe, BS, COT;
Heather Hasley Cimino, OD

Baylor College of Medicine; Houston, Texas (10): Kimberly G. Yen, MD; Maria
Castanes, MPH; Alma Sanchez, COA; Shirley York

Emory University; Atlanta, Georgia (9): Scott R. Lambert, MD; Amy K. Hutchinson,
MD; Lindreth Dubois, Med, MMSc; Rachel Robb, MMSc; Marla J. Shainberg, CO

Oregon Health and Science University; Portland, Oregon (9): David T Wheeler, MD;
Ann U. Stout, MD; Paula Rauch, OT, CRC; Kimberly Beaudet, CO, COMT; Pam Berg, CO,
COMT

Duke University; Durham, North Carolina (8): Edward G. Buckley, MD; Sharon F.
Freedman, MD; Lois Duncan, BS; B.W. Phillips, FCLSA; John T. Petrowski, OD

Vanderbilt University: Nashville, Tennessee (8): David Morrison, MD; Sandy Owings
COA, CCRP; Ron Biernacki CO, COMT; Christine Franklin, COT

Indiana University, Indianapolis, Indiana (7): David A. Plager, MD; Daniel E. Neely,
MD; Michele Whitaker, COT; Donna Bates, COA; Dana Donaldson, OD

Miami Children's Hospital, Miami, Florida (6): Stacey Kruger, MD; Charlotte Tibi, CO;
Susan Vega

University of Texas Southwestern; Dallas, Texas (6): David R. Weakley, MD; David R.
Stager Jr M.D.; Joost Felius, PhD; Clare Dias, CO; Debra L. Sager; Todd Brantley, OD

Case Western Reserve, Cleveland, Ohio (1): Faruk Orge, M.D.
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