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Background: Cost-utility analysis was performed by our group on conventional Medicare beneficiaries in the U.S. in 2012, 2000,
and 1985. We are unaware, however, of a formal cost-benefit analysis, performed for U.S. cataract surgery. The authors, therefore,
undertook a cost-benefit analysis to ascertain the financial monetary benefits returned to society from the surgery versus the direct
medical costs expended on it from both the individual and macroeconomic perspectives. Methods: The 14-year, cost-benefit
model utilized a societal cost perspective and employed 2018 U.S. real dollars and Patient Outcomes Research Team study vision
outcomes. Expenses included average national Medicare Fee Schedule costs, while financial benefits or costs returned to society
by surgery included ophthalmic and non-ophthalmic direct medical costs, caregiver costs, and productivity costs. Other outcomes
included (1) average national Medicare Fee Schedule costs, (2) overall Medicare costs, (3) Medicaid costs, (4) commercial insurer
costs, (5) patient costs, and (6) macroeconomic costs and return-on-investment (ROI) for each. Net present value analysis discounted
outcomes and costs at 3%/year. The number of cataract operations in the conventional Medicare population 2018 were assumed
to be similar to those in 2017. Results: Individual patient costs: The direct medical cost of each cataract surgery was $2,526, with
a 14-year, societal financial gain of $372,543 for first-eye surgery. This yielded a 14-year ROI of 14,648% (42.9% annual interest
rate) and a societal ROI of $147.48 for $1 expended on first-eye surgery. Direct ophthalmic medical costs: First-eye, 2018, cataract
surgery/surgeon costs were $2,526/$656, 14.4%/25.0% less than in 2012, 43.3%/51.9% less than in 2000, and 87.9%/92.5% less
than in 1985. The 2018 surgeon fee was 7.5% of the 1985 fee. Macroeconomic costs: A 2018 conventional Medicare patient cohort
model had 1,907,318 patients undergoing 3,337,807 cataract operations with a direct medical cost of $8.43 billion. The 14-year
societal, monetary ROI was $710.6 billion, an 8,428% ROI per patient. The 14-year gross domestic product contribution was $170
billion. Conclusions: 2018 cataract surgery delivers great financial value. The total Medicare-approved reimbursement is 12.1%
of that in 1985, while the surgeon reimbursement is 7.5% of that in 1985. Cataract surgery returns considerable financial resources
to patients and health insurers and increases the U.S. national wealth.
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visits. Cataract surgery is the most common surgical procedure
performed on Medicare patients in the United States."!

INTRODUCTION

lens implantation (cataract surgery) procedures (current
procedural terminology [CPT] code 66984) were performed
on conventional Medicare beneficiaries.!! The intervention
ranked #5 in allowable physician level 1 CPT Medicare charges
behind codes for medical office visits and hospital inpatient

In 2018, 3,337,807 cataract extraction and intraocular

The United States National Cataract Patient Outcomes
Research Team (PORT) reported U.S. cataract surgery
outcomes in 1994.) The mean pre-operative cataract
vision was Snellen 20/83, and the mean post-operative
vision was Snellen 20/27.2' The Royal College of
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Table 1: Value-based medicine® cost-benefit analysis features

Clinical features of the U.S. Cohort of the PORT study,? Confirmed by The Royal College of Ophthalmologists’ National

Ophthalmology Database study of cataract surgery®®

Inclusion criteria. Age>50 years in person requiring cataract extraction and intraocular lens implantation for functional help
n=722 from 75 U.S. Centers®?, and n=127,685 patients from 28 UK Trusts®!

Mean age at study entrance: 73 years

Mean life expectancy: 14 years!®

Mean pre-operative vision: 20/83

Mean post-operative mean vision: 20/2712

4-month follow-up; LOCF to 14 years
Cost-benefit model parameters

Financial value-based outcomes associated with cataract surgery include:
Financial value in the form of cost-utility ratio = $/QALY (dollars expended per QALY gained)
Financial value in the form of ROI or cost-benefit ratio=the societal monetary ROI for the dollars expended to improve

vision with first-eye cataract surgery

Both outcomes are discounted at 3% annually with NPV analysis!”
The initial eye undergoing cataract surgery is that with the best vision
Adverse events (retinal detachment, endophthalmitis, opacified posterior capsule, corneal edema, and so forth) are as
previously listed.l! Adverse event QALY decrements and adverse event costs are integrated into all analyses
A societal cost perspective is performed as was the case in our 2000 cataract surgery analysis* and 2012 cataract surgery

analysis.®

Direct medical cost (ophthalmic and non-ophthalmic) basis: National, average, 2018 Medicare Fee Schedule®'®

Direct non-medical (caregiver) cost basis®"
Indirect medical cost (productivity or salary loss) basis.['?%!

NPV analysis used to discount all patient value and cost outcomes at 3% annually!”!

A control cohort comprised of the natural history of vision deterioration, starting with 20/83 vision, due to progression of
cataract without surgery, was compared to the results of 2018 cataract surgery.®

First-eye cataract surgery negates the 1.0-year length of life loss associated with cataracts and 20/83 vision.6®

For second-eye cataract surgery, the percentage of patient value gain and QOL gain is equal since there is no change
in length of life conferred by second-eye surgery. There are, therefore, no additional societal costs accrued against the
ophthalmic direct medical cost of cataract surgery with second-eye surgery

LOCEF: Last observation carried forward, QALY: Quality-adjusted life-year, ROI: Return-on-investment, NPV: Net present value,

QOL: Quality-of-life

Ophthalmologists’ National Ophthalmology Database study
of phacoemulsification surgery reported in 2015 confirmed
the PORT study vision outcomes.l®) These data on 180,114
eyes noted a mean pre-operative vision of Snellen 20/84
and mean post-operative vision of Snellen 20/29, virtually
identical to the PORT study results. This suggests that cataract
surgery results have remained excellent and unchanged over
the past two decades.

We performed patient preference-based, cost-utility analyses
on cataract surgery in 2000 and 2012.57 More recently,
we performed a 2018 cost-utility analysis, demonstrating
that first-eye cataract surgery delivers a remarkable 33.3%
patient value (improvement in quality-of-life [QOL] and/or
length of life) gain over 14 years.[®

At the same time that cataract surgery conferred great patient
value gain, it returned a net $372,544 per patient to society
for the $2,526 ophthalmic direct cost of first-eye cataract
surgery expended. Our companion manuscript® addresses
the costs of 2018 cataract surgery in a cost-utility analysis.
The ophthalmic direct medical costs of cataract surgery
expended and the societal financial return-on-investment

(ROI) for these cataract surgery costs are assessed from
individual and macroeconomic perspectives. No Medicare
Advantage (Part C Medicare) data were utilized herein.

METHODS

Cost-utility analysis quantifies the dollars expended for an
intervention per quality-adjusted life-year (QALY) gained
from the intervention, the latter a measure of the improvement
in QOL and/or length of life, or patient (human) value gain
conferred by the intervention.”! Cost-benefit analysis, the form
of healthcare economic analysis performed herein, quantifies
the dollars expended for an intervention (investment) with
those returned from the intervention (investment).”) In
essence, it compares the monetary value of the interventional
costs with the monetary value of the benefits. In business,
it is often used as a tool to provide a basis for comparing
investment decisions.

We consider the financial value associated with interventions
to be represented by: (1) The cost-utility ratio (CUR) and (2)
the financial value gain or monetary ROI to society for the
direct medical costs expended for an intervention.
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Table 3: Individual direct ophthalmic medical costs expended for cataract surgery and societal, direct

non-ophthalmic medical, direct non-medical, and indirect medical costs accrued by improving vision from 20/83
to 20/27 with cataract surgery (costs in 2018 U.S. real dollars unless otherwise indicated)

Cost saved

2018 cost saving
(in negative 2018
U.S. real dollars*)

14-year 2018 cost
saving (in negative
2018 U.S. real dollars*)

13-year 2012 cost
saving (in negative
2012 U.S. real dollars)

Direct ophthalmic medical costs®®!

Cataract surgery $2,526 $2,526 $2,653
Low vision services -$2,238 -$2,238 NA
Direct non-ophthalmic medical costs!®'%
Depression** -$653 -$7,595 -6,066
Trauma** -$441 -$5,128 -$4,096
Skilled nursing facility** -$990 -$11,514 -$9,196
Other Medicare costs yet -$3,006 -$34,973 -$27,933
unidentified**
Nursing home** -$740 -$8,607 -$6,874
Total direct non-ophthalmic medical** -$5,830 $67,817 -$54,165
Direct non-medical costs=caregiver®
Inside ADL* -$10,243 -$119,176 NA
Outside ADL* -$1,693 -$19,701 NA
Transportation* -$6,100 -$70,972 NA
Residence* -$5,824 -$67,759 NA
Total direct non-medical* -$23,860 -$277,609 -$45,152
Indirect medical costsl6:9 121471
Salary loss* -$3,286 -$24,879 -$24,533
Total societal costs (ophthalmic direct -$35,214 -$372,544 -$123,850
medical [excluding cataract surgery
cost], non-ophthalmic direct medical,
direct non-medical, and indirect
medical costs)
Net societal costs (with cataract -$32,689 -$370,018 -$121,197
surgery)
Revenue (ROI) -$35,125 -$372,544) -$123,850

Societal cost return-on-investment (ROI) for the ophthalmic direct medical costs of cataract surgery
14-year ROI (%)

Unilateral surgery (14-year model)
(2018 Oph. Dir. Med Cost = $2,526)
(Cost savings = -$372,544)

Bilateral Surgery (14-year model)
(2018 Oph. Dir. Med. Cost = $5,052)
Cost savings = -$372,544)

Unilateral Surgery (13-year model)
(2012 Oph. Dir. Med. Cost = $2,653)
(Cost savings = -$123,261)

Annual compound rate
for direct ophthalmic

medical costs (%)
42.9

36.0

34.4

14,748

7,374

4546

(Negative costs indicate costs saved due to the vision improvement conferred by cataract surgery. * = 2012 and 2018 real costs adjusted
from 2003 nominal costs using the CPI.[17]) (Negative costs indicate costs saved due to vision improvement from cataract surgery. **2003
costs adjusted to 2012 and 2018 real U.S. dollars using the Medical Care component of the CPI[17] NA: Not available, Oph. Dir. Med.
Cost=ophthalmic direct medical cost), CPl: Consumer price index
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Table 4: All cataract surgery costs and Medicare Fee Schedule surgeon’s fees (adjusted using the Medical

Care CPI'” to 2018 real U.S. dollars)

Year All cataract Percentage of Reduction from Surgeon Percentage of Reduction from
surgery costs 1985 cost (%) 1985 cost (%) fee 1985 cost (%) 1985 cost (%)
1985[5] $20,910 100.0 0.0 $8,745 100.0 0.0
2000[4] $4,131 19.8 80.2 $1,224 14.0 86.0
2012[5] $3,128 15.0 85.0 $897 10.3 89.7
2018[6] $2,526 12.1 87.9 $656 7.5 92.5

Table 5: Year 2000 and 2012 Medicare Physician, Fee Schedule Reimbursements (in 2018 U.S. Medical Care

CPI-Adjusted Dollars)!*817]

Intervention (CPT code)® 2018 Cost 2000 Cost % Decrease: 2012 Cost % Decrease:
(in 2018 (in 2018 2000 to 2018 (in 2018 2012 to
dollars) dollars)!'”l dollars)i'" 201807
Appendectomy, open (44950) $669 $872 -23.3 $752 -11.1
Cholecystectomy, open (47600) $1112 $1176 -5.5 $1266 -12.2
Cholecystectomy, laparoscopic (47562) $685 $1134 -39.6 $877 -21.9
CABG, 1 vessel (33510) $2012 $3192 -37.0 $2376 -15.3
Total hip arthroplasty (27130) $1409 $2515 -44.0 $1705 -17.3
Total knee arthroplasty (27447) $1408 $2660 -47.1 $1820 -22.6
Inpatient hospital consult (99223) $206 $252 -18.2 $230 -10.4
Office/outpatient visit (99213) $74 $77 -3.8 $83 -10.3
Office/outpatient visit (99214) $109 $119 -8.7 $123 -11.1
Cataract surgery, 1% eye (66984) $656 $1220 -46.2 $897 -26.9

CPI: Consumer price index, CPT: Current procedural terminology, CABG: Coronary artery bypass graft, venous, ROI: Return-on-investment

dressing, personal hygiene, etc.), and (4) outside ADL
(garden work, lawn mowing, painting, house repairs, etc.)
[Table 3]." Not well defined in 2012, these costs came from
a more recent study of 200 consecutive older patients with
vision loss.”! Approximately 27% of caregiver costs were
for paid caregivers and 73% for unpaid caregivers, typically
family members, for whom wages were accrued as if they
were paid at the $27.07 average national wage/hour? !4 All
direct non-medical costs obtained from patients with vision
loss were accrued at the July 2018, $27.07 average national
hourly wage,!'! with the exception of residence costs, unless
patients related an actual dollar amount.”! The direct non-
medical cost loss prevented by improved vision after first-
eye cataract surgery totaled —$277,609.[¢

Indirect Medical Costs

Included among the indirect medical costs accrued were the
salary loss costs precluded by improved vision [Table 3].
These were calculated by assessing the percentage of
patients aged 73—87 who worked. For ages 70-74 years,
19.2% of non-disabled people are employed, while for ages
75-79 years, 12.1% of non-disabled people are employed,
and for ages 80-87, 8.4% of non-disabled people are
employed.[®! It was assumed that the average person
with 20/83 vision due to cataract fell into the category of

difficulty seeing, not severe, for which the mean salary
was 60.3% that of a non-disabled person, and for which the
incidence of employment was 60.3% that of a non-disabled
person.[*! Thus, the mean person with vision loss received
total wages that were (60.3% X 60.3% =) 36.4% those of
an age-matched, non-disabled person. The resultant mean
14-year salary loss gained by cataract surgery was —$24,879
per person.t'>14

Cost-utility Analysis Results from Companion
Paper

The 2018, direct ophthalmic medical cost perspective model
demonstrated in our companion paper'® that first-eye cataract
surgery yielded a 2.523 QALY gain, a 33.3% patient value
gain, or 25.5% QOL gain versus no therapy. It also prevented
a year of life loss and was associated with a very cost-
effective CUR of $1001/QALY. Second-eye surgery yielded
an 0.814 QALY gain, an 8.1% patient value gain, and very
cost-effective CUR of $3101/QALY.

Institutional Review Board approval was not obtained for our
cost-benefit analysis since it involved no individual patient
data or identification, but rather peer-reviewed information
already published in the literature. Acquisition of the patient
vision utilities utilized was previously obtained with the
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Table 6: Macroeconomic, 14-year cost data (2018 U.S. Dollar Real Dollars) for first-eye cataract operations

performed on 1,907,318 conventional Medicare beneficiaries in 2018 (assuming 2017 conventional Medicare

cataract surgery numbers)

Intervention

Per conventional Medicare
population n=1,907,318 patients

Per person (n=1)
(unless otherwise

indicated) n=3,337,807 cataract operations*
Ophthalmic direct medical costs (in $) Macroeconomic costs (in billions $)
Cataract surgery cost per operated eye $2526 $8.43 billion
Low vision services -$2238 -$4.27 billion
Total: Ophthalmic direct medical costs $288 $4.15 billion
Non-ophthalmic direct medical costs
Depression -$7595 -$14.49 billion
Trauma -$5128 -$9.78 billion
Skilled nursing facility -$11,514 -$21.96 billion
Other Medicare costs as yet unidentified -$34,973 -$66.71 billion
Nursing home costs -$8607 -$16.42 billion
Total: Non-ophthalmic direct medical costs -$67,817 -$112.93 billion
Direct non-medical costs
Inside ADL -$119,176 -$227.31 billion
Outside ADL -$19,701 -$37.58 billion
Transportation -$70,972 -$135.37 billion
Residence -$67,759 -$129.24 billion
Total: Direct non-medical costs -$277,609 -$529.49 billion
Indirect medical costs
Salary loss -$24,879 -$47.45 billion
Total: Indirect non-medical costs -$24,879 -$47.45 billion
Total net societal cost per person for first-eye cataract -$370,018 -$702.18 billion
surgery in column 1 and per 1,907,318 conventional
Medicare beneficiaries undergoing first-eye cataract
surgery in column 2
Societal costs offsetting cataract surgery costs from first- -$372,544 -$710.56 billion

eye surgery = revenue

Net dollars returned to society for each $1 spent on
cataract surgery

$147.48 returned to
society per $1 spent

$147.48 returned to society per $1
spent for first eye surgery
for first eye surgery

*The macroeconomic costs accruing against the direct costs of cataract surgery are per the conventional Medicare beneficiary cataract
surgery population (n=1,907,318) in the right column. Middle column costs are per person. All except the direct costs of cataract surgery
accrue against the costs of cataract surgery. **The macroeconomic cost for cataract surgery includes 3,337,807 eyes in the right column.
Low vision service costs are per patient assumed to occur one time per patient over 14 years

approval of the Wills Eye Hospital Institutional Review
Board using the Declaration of Helsinki guidelines.

RESULTS

Ophthalmic Direct Medical Costs Expended for
Cataract Surgery

The 2018 direct ophthalmic medical costs of cataract
surgery totaled $2,516 while the surgeon fee was $656
[Table 4].B1 Compared to the Medical Care Consumer Price

Index (CPI)-adjusted costs!!” of cataract surgery in prior
years, the overall cost of cataract surgery in 2018 was 12.1%
of the cost in 1985 [Table 4]. The 2018 cataract surgeon fee
of $656, adjusted with the Medical Care CPI 17, was 7.5%
of that in 1985 [Table 4]. Conversely, the cataract surgeon
Medical Care CPI-adjusted fee has decreased 92.5% since
1985. The overall cataract surgery costs/surgeon fee costs in
2018 referent to 2012 were reduced by 19.2%/26.9%, referent
to 2000 were decreased by 38.9%/46.4%, and referent to
1985 were reduced by 87.9%/92.5%.
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Table 7: 2018 Cataract Surgery Cohort U.S. Real Dollar Ophthalmic Direct Medical Costs Associated with

14-year Societal Return to the U.S. GDP

Entity Cost/person People (n) Total (000’s)
Unilateral cataract surgery $2,526 476,830 $1,204,272
Bilateral cataract surgery $5,052 1,430,489 $7,226,830
Employment - wage gains $24,879 1,907,319 $47,452,959
Caregiver gain (73% of all caregiver costs) $230,415 1,907,319 $386,526,912
Caregiver loss (27% of all caregiver costs) -$74,974 1,907,319 -$142,962,008
Non-ophthalmic direct medical costs, including nursing home -$67,817 1,907,319 -$129,348,653
Total costs adding to GDP $259,715 1,907,319 $442,411,175
Total cost subtracting from GDP -$142,771 1,907,319 -$272,310,661
Total costs accruing to the GDP $116,914 1,907,319 $170,100,514
Total costs accruing to the GDP per person undergoing cataract - 1 $89,183

surgery

GDP: Gross domestic product

A comparison of the medical-CPI-inflation-adjusted reductions
for the 2018 cataract surgeon’s fee from the years 2012 and
2000 compared to physician fee reductions in the Medicare
Part B Fee Schedule associated with nine common, non-
ophthalmic interventions across medicine is shown in Table 5.
The 2012-2018 non-ophthalmic physician fee reductions
ranged from 10.3% for an outpatient office visit (CPT code
99213) to 22.6% for total knee arthroplasty (CPT code 27447).
The surgeon fee reduction for cataract surgery (CPT code
66984) over the same time period was the highest among the
group at 26.9%. The year 2000-2018 physician fee reductions
ranged from 3.8% for an outpatient office visit (CPT code
99213) to 47.1% for total knee arthroplasty (CPT code 27447);
the only intervention for which the physician fee reduction
exceeded the cataract surgeon fee reduction of 46.2%.

The seven surgeon fee reductions from 2000 to 2018 averaged
—34.7%, while the three medical interventions averaged a
—10.2% decrease.

Societal Costs Associated with Cataract Surgery

The societal (ophthalmic direct medical, non-ophthalmic
direct medical, direct non-medical, and indirect medical)
costs accruing against the costs of the year 2018 and 2012
cataract surgery due to the improved vision after cataract
removal are shown in Table 3. The 14-year costs accruing
against 2018 cataract surgery costs were —$2,238 in the
ophthalmic direct medical cost category for low vision aids,?
a cost not addressed in our 2012 analysis.”) The 14-year, non-
ophthalmic direct medical costs, including nursing home
costs, totaled —$67,817 in 2018 versus —$45,152 in 2012.
Caregiver costs of inside and outside ADL, transportation,
and residence in 2018 totaled —$277,609, while in 2012,
they totaled only —$45,152 since less detailed costs!'!) were
available. The 14-year productivity (salary loss) cost in 2018
was —$24,879 versus —$24,533 in 2012. Thus, the most

dramatic societal cost change from 2012 to 2018 was the total
caregiver or direct non-medical cost. The total cost accruing
against cataract surgery cost in 2018 was —$372,544 versus
—$123,850 in 2012 (—$139,988 in U.S. 2018 real dollars).
The net total cost associated with cataract surgery, including
the surgical cost of $2526 in 2018, was —$370,018 versus
—$121,197 in 2012, the latter amount adjusted with a Medical
Care CPI to —$137,160 in 2018 real dollars. This resulted in
an overall gain to society of $232,858 or ($232,858/$137,160
=) 170% in 2018 real dollars from 2012 to 2018.

The 2018, 14-year ROI for unilateral cataract surgery was
($372,543/$2,526 =) 14,748%, an annual ROI of 42.9%,
versus a 13-year ROI of 4546% and annual ROI of 34.4% in
2012 [Table 3].5 The 2018, 14-year ROI for bilateral cataract
surgery was ($362,440/$5,052 =) 7374%, an annual ROI of
36.0%.

Macroeconomic Costs

The macroeconomic costs associated with cataract surgery
in the conventional Medicare population in 2018 are listed
in Table 6.

2018 Cataract Patient and Cataract Operations

The number of cataract surgery patients (1,907,318) and
cataract operations (3,337,807) in 2017 are assumed to be
unchanged in our 2018 analysis. The number of overall
Medicare enrollees has increased every year since 1985, with
an increase of at least 1.4 million members each year from
2013 through 2017.2% In 2017, total Medicare enrollment
was 58.5 million, with 38.7 (66.2%) million enrolled in
conventional Medicare and 19.8 million (33.8%) enrolled
in Medicare Advantage (Medicare C), the latter a managed
care program run by non-Medicare insurers that contract with
Medicare to take care of patients for a set fee.*” In 2018, 35%
of Medicare beneficiaries were in Medicare Advantage and
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65% in conventional Medicare.?” While the overall Medicare
enrollee gain in 2017 Medicare was 1.42 million, only
65,929 (4.4%) of the new members enrolled in conventional
Medicare, increasing the conventional Medicare population
by only (65,929/38,676,313 =) 0.17% and supporting our
premise to base our 2018 conventional Medicare population
analysis on 2017 cataract patient and surgery numbers.[!
Our data do not include Medicare Advantage patients, who
comprise 35% of Medicare beneficiaries.?” If the Medicare
Advantage cataract surgery incidence parallels that in the
conventional Medicare population, the number of cataract
operations in 2018 in the U.S. would be in the range of 5.12
million performed on 2.92 million patients.

Age

Approximately 17% of the Medicare-enrolled population is
under age 65 years and enrolled in Medicare due to disability
eligibility.?” Since the mean age at cataract surgery in our
analysis was 73 years (median age of 77.1 years in the Royal
College of Ophthalmologists’ National Ophthalmology
Database Study),® and only 17% of the Medicare-enrolled
population is under the age of 65,2 we are assuming that
the great majority of the 1.9 million patients with conventional
Medicare health insurance coverage undergoing 3.338 million
cataract surgery operations are seniors (age >64 years).[l?
Age is relevant for the calculated dollars expended by and
accrued to different insurance (public and private) carriers
and patients.

Total Costs Expended for 2018 Conventional
Medicare Enrollee, Cataract Surgery

Table 6 shows the per person and the 2018 conventional
Medicare, cataract surgery population costs. The 2018
ophthalmic direct medical cost for cataract surgery, which
was the only cost expended, was an exception to the per
person rule. The overall cost was calculated per operation and
found to be $8,431 billion ($2,526 per operation x 3,337,807
cataract operations).

Total Costs (Revenue) Accrued Against 2018,
Conventional Medicare Population, Direct Medical
Costs Of Cataract Surgery [Table 6]

Unlike the direct medical costs of cataract surgery which are
per eye, the revenue costs accruing against the direct medical
costs of cataract surgery are per person, since these are gained
when the first eye undergoes cataract surgery, but not when
the second eye undergoes cataract surgery. The 14-year,
ophthalmic, direct medical costs for low vision services and
aids obviated by better vision after cataract surgery totaled
—$4.27 billion.

The 14-year, non-ophthalmic direct medical costs averted
for all 2018 conventional Medical enrollees totaled —$112.9
billion. Depression costs precluded were —$14.5 billion,
trauma costs saved were —$9.8 billion, skilled nursing

facility costs avoided were —$22.0 billion, Medicare costs as
yet unidentified precluded —$66.7 billion, and nursing home
costs obviated were —$16.4 billion.

Fourteen-year direct non-medical (caregiver) costs prevented
totaled —$529.5 billion, including —$227.3 billion for inside
ADL, —$37.6 billion for outside ADL, —$136.4 billion for
transportation, and —$129.2 for residence and residence
change. Indirect medical costs, also known as productivity or
salary loss costs, totaled —$47.5 billion over 14 years.

The total societal revenue offsetting the 2018 $8.43 billion
ophthalmic direct medical cost of cataract surgery was
—$710.56 billion, yielding anet $702.13 billion gain to society
as a result of 2018 cataract surgery. This total revenue gain
converts to a net 14-year societal return of a mean $147.48
for every dollar spent on the ophthalmic direct medical costs
of first-eye cataract surgery. No additional societal costs
were returned by second-eye cataract surgery since we were
unable to find peer-reviewed data suggesting that improving
vision in a second eye returns additional societal costs when
the first eye has good vision.

Contribution to the Gross Domestic Product (GDP)
By definition, the GDP is the monetary value of all finished
goods and services produced within a country within a
specified period of time, typically 1 year.**! The GDP is often
used to quantify the overall economic activity, standard of
living, or wealth of a nation. It is adjusted from year to year to
allow seamless comparisons over periods of time and is thus
a “real,” rather than “nominal” GDP. The GDP is composed
of (1) personal consumption and expenditure (69%),
government consumption expenditure and gross investment
(17%), (3) gross private domestic investment (16%), and (4)
net exports (—3%) (calculated by subtracting total imports
from total exports).?]

The effect of 2018 cataract costs on the U.S. GDP is shown
in Table 7. The total GDP contribution of the 2018 cohort
of cataract surgery over 14 years is $170.1 billion, a mean
$89,183 for each person undergoing cataract surgery. Costs
accruing to the GDP included $442 billion in cataract surgery
costs, wage gains, and costs for the 73% of caregivers who
are unpaid and freed up to pursue gainful employment, while
those subtracted from the GDP included the $272 billion for
the 27% of paid caregivers not needed after surgery, and the
direct non-medical (depression, trauma, facility admissions,
nursing home, etc.) costs precluded by improved vision.

ROI to Payers

The financial ROI to different health insurance payers and
others for a patient undergoing first-eye cataract surgery
is shown in Table 8.2*?"! The model is based on the senior
population (>64 years) in conventional Medicare.®”) The
results in Table 8 for the individual patient undergoing
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Table 10: Sensitivity analysis. First eye (better-seeing eye) financial return-on investment for cataract surgery at

different visions (2018 U.S. Real Dollars)

Visual acuity 14-year Dollar

ROI=Revenue

14-year ROI=Revenue/
cataract surgery cost (%)

Annual compounded
rate of return (%)

20/83 $372,543
20/60 $372,543
20/50 $223,206
20/40 $125,375
20/30 $122,849
20/25 $0

14,748 42.9

14,748 42.9

8936 37.7

5063 32.1

5963 32.1
0 0

first-eye cataract surgery demonstrate greater 14-year ROIs
than in Table 9, which reflects the weighted macroeconomic
results from both 2018 first-eye and second-eye cataract
surgeries. Medicare, the major payer, pays 73.9% of the
individual and macroeconomic, ophthalmic direct medical
costs of cataract surgery, for a total of $6.23 billion for the latter
[Table 9]. Each payer has a positive ROI for the ophthalmic
direct medical costs expended on cataract surgery, indicating
a net gain in revenue above the costs of surgery. The 14-year
monetary ROI from not having to pay non-ophthalmic direct
medical costs (including nursing home costs) is $85.56
billion for Medicare. The Medicare costs accruing against
those of cataract surgery result in a 14-year ROI for the
cataract surgery costs of 1379%, an annual compounded rate
of 20.6%. Medicaid costs, which occur predominantly in
conjunction with Medicare costs in the senior population,?”
pay 5.8% of all cataract surgery costs or $490 million. The
Medicaid, 14-year dollar revenue of $14.24 billion, a 2812%
14-year ROI, or 26.7% annual compounded rate, comes in
large part (52%) from the $7.39 billion in nursing home costs
precluded and 46% from the $6.55 billion in non-ophthalmic
direct medical costs precluded.

The greatest ROI is to patients. Excluding health insurance
premiums, insured cataract surgery patients (98.8% of the
patient cohort) pay $80 million in out-of-pocket costs, 1.0%
of cataract surgery costs. The monetary ROI (revenue),
however, is $582.02 billion, 82.9% of the net societal revenue
of $710.54. This results in a 14-year ROI of 890,327%, an
annual compounded interest rate of 88.0%, from decreased
low vision costs, decreased non-ophthalmic direct medical
costs, and salary gains for cataract surgery patients and
unpaid family caregivers.

Sensitivity Analysis

The net societal costs change as the pre-operative vision in
the better-seeing eye undergoing cataract surgery changes
[Table 10]. There is no change in the societal revenue of
$372,543 accrued with either 20/83 or 20/60 vision. At 20/50
pre-operative vision, the non-ophthalmic direct medical costs
are unchanged, but the direct non-medical costs decrease by
$149,247, resulting in a societal monetary ROI of $223,206

for the $2,526 cataract surgery costs expended. At 20/40 pre-
operative vision, the low vision costs and non-ophthalmic
direct medical costs drop out. The 14-year societal monetary
ROI of $122,849 is the same for 20/40 and 20/30 vision
because some direct non-medical (caregiver) costs accruing
against the cataract surgery costs remain. With 20/25 pre-
operative vision, no societal costs are accrued against the
ophthalmic direct medical costs of cataract surgery.

DISCUSSION

Our analysis indicates that 2018 cataract surgery in the first
eye delivers a $372,543 monetary ROI for the ophthalmic
direct medical costs of surgery expended. This is far greater
than the $123,850 ROI in our 2012 analysis.”) The primary
reason for the greater ROI in 2018 is that the increased
direct non-medical (caregiver) costs have been much better
defined in the interim between the papers.”? Caregiver
(ADL, transportation, and residence) costs account for
($277,609/$372,544 =) 74.5% of the revenue returned to
society after first-eye cataract surgery. Our rationale in
including the costs of the 73% of caregivers who were
unpaid, typically family, was that they would be freed up to
obtain gainful employment, thus bringing in monetary return
to the family and patient. Since this is an era of U.S. “full
employment,” with the unemployment rate <4%,*! a number
that can account for those in-between jobs,*’ we presume the
great majority of people who want to work can obtain paid
employment.

While second-eye cataract surgery has no societal monetary
return when the first eye already has good vision after cataract
surgery, it returns considerable patient value (improvement in
QOL) and is highly cost-effective at $3,101/QALY referent
to the majority of interventions across medicine.l”” Our
cost-benefit analysis in the manuscript herein should in no
way be interpreted that second-eye cataract surgery should
not be performed. The take-home message is that first-
eye cataract surgery yields an extraordinary patient value
ROI and financial ROI, while second-eye cataract surgery
yields substantial patient value gain, including better depth
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perception and less anxiety associated with having good
vision in one eye only.!"!

Patients are the main financial beneficiaries of the ROI from
first-eye cataract surgery, receiving 82.4% of the funds, with a
14-year ROI of 1,206,781% and annual compounded interest
rate of 95.7%. This equates to a 14-year monetary ROI of
$12,068 for every out-of-pocket dollar spent on cataract
surgery (excluding insurance premiums and possible varying
copays, which were not addressed in our analysis) and far
exceeds the 20.9% annual Berkshire Hathaway financial ROI
under the leadership of one of the world’s most acclaimed
investors, Warren Buffett.[3%

Even though the Medicare ROI is less spectacular than the
patient ROI, Medicare has a 14-year ROI of 2,413% for first-
eye surgery, an annual ROI of 25.9%, with $45,029 returned
for the $1,866 spent [Table 8]. This equates to $24.13
returned to Medicare for every dollar spent on first-eye
cataract surgery. The major reason for the excellent ROI is
that better vision obviates the non-ophthalmic direct medical
costs associated with depression, trauma, facility admissions,
and others. Adding the $1,866 Medicare cost of each second-
eye cataract surgery, with no societal ROI, to the cost of first-
eye surgery, reveals a combined-revenue return, or ROI, for
weighted first-eye and second-eye surgeries of $13.79 for
each dollar Medicare spends.

Medicaid has a 14-year revenue return, or ROI, of 5096%, with
a $50.96 ROI for each dollar expended on first-eye surgery.
Weighting first-eye and second-eye cataract surgeries results
in a $29.50 financial return to Medicaid for each dollar spent.
Non-Medicare and non-Medicaid insurers also fare well,
with a first-eye surgery, annual compounded interest rate on
cataract surgery costs of 25.6%, a 2,344%—2,352% 14-year
ROI, and a mean net financial return of $23.44-$23.52 per
$1 spent on cataract surgery.

The contribution to the GDP strongly suggests that cataract
surgery makes the nation wealthier. Intuitively, it is reasonable
to believe that a healthier, less dependent population can
contribute to the generation of greater resources from gainful
employment and enable people such as unpaid caregivers
to be freed-up to pursue gainful employment. William
Nordhaus, the Nobel Prize winning economist, has suggested
that 50% of the wealth created in the United States in the
20" century came about as a result of advances in health
and healthcare.®) He showed that economic productivity
associated with healthcare spending exceeds that of other
economic expenditures. Our analysis numbers support this
supposition. While the U.S. direct medical care expenditure
is believed extravagant by many,” the societal financial ROI
associated with interventions can dramatically exceed the
direct medical costs, as seen herein. Thus, critical factors
in healthcare economics in addition to overall healthcare

spending include (1) patient (human) value gain, (2) cost-
effectiveness, and (3) the financial value (ROI) associated
with direct medical costs expended.

The direct medical cost of cataract surgery deserves mention.
The discounted, 2018 cost of the procedure is 12.1% of what
it was in 1985. This can be explained in part by more efficient
surgery than in 1985 due to improved surgeon experience,
better instrumentation, and outpatient surgery. The decrease in
surgeon fee to 7.5% in 2018 compared to what it was in 1985
is more striking yet. Although common interventions across
medicine have all undergone fee reductions since 2000 and
2012 [Table 5], the comparative data suggest that the cataract
surgeon fee reduction has been among the most severe.

CONCLUSIONS

In summary, cataract surgery creates considerable financial
value or societal monetary ROI for the direct medical costs
expended for the surgery, as well as patient value. The net
financial ROI from cataract surgery to patients, Medicare,
Medicaid, and commercial insurers is substantial and greater
than demonstrated in 2012. Each of the insurers has a double-
digit return on the costs expended that would be considered
extraordinary in the financial markets. Cataract surgery
creates considerable economic wealth for the country as it
improves the QOL and length of life.
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