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Purpose: To assess the incremental burden of corneal transplant surgery for US commercially insured patients with Fuchs endothelial
corneal dystrophy (FECD) treated with endothelial keratoplasty (EK) compared to controls.
Methods: The study design was retrospective cohort using IBM®MarketScan® claims (January 2014–September 2019) and included EK-
treated (N=1562) and control patients (N=23,485) having ≥12 months’ enrollment before and after diagnosis, who were subsequently
matched on select characteristics. The index date was the beginning of the pre-operative period (3 months before EK); synthetic EK index
was assigned for controls. All-cause, eye-disease, and complication-related healthcare resource utilization (HCRU) and costs were
compared up to 36 months post index. For a small subset of patients, patient data were linked to the Health and Productivity
Management supplemental database, which integrates data on productivity loss and disability payments.
Results: Matched cohorts included 804 EK-treated and 1453 controls with average age 65.7 years, 1383 (61%) female. Over 12
months of follow-up, all-cause ($41,199 vs $20,222, p<0.001) and eye-disease related costs ($22,951 vs $1389, p<0.001) were higher
among EK-treated patients than controls. The cost differential increased additionally by $1000–$2000 per annum by 36 months of
follow-up. While balanced at baseline, over follow-up EK-treated patients had higher prevalence of glaucoma, elevated intraocular
pressure, cataract, cataract surgery, diagnosis of cornea transplant rejection, retinal edema. By 36 month of follow-up, EK-treated
patients had 9 more short-term disability days, resulting in $2992 additional burden of disability payments.
Conclusion: This study found a higher cost burden among FECD patients receiving EK treatment versus those who did not. With a shift in
management of FECD, cost burden estimates generated in this study could serve as an important benchmark for future studies.
Keywords: cornea transplantation, cost analysis, glaucoma, retrospective study

Introduction
Fuchs endothelial corneal dystrophy (FECD) is a progressive degenerative disease characterized by the formation of guttae on
the inner layer of the cornea, Descemet’s membrane thickening, and loss of endothelial cells.1–3 It is the most common corneal
endothelial disorder, affecting approximately 4% of the US population over the age of 40 and results in diminished vision and,
in severe cases, blindness.3,4 FECD is the leading cause of corneal transplantation in the US and worldwide as well as
a contributor to poor outcomes in patients who subsequently undergo ocular surgery, including cataract surgery.4–6

Over the years, the surgical management of worsening FECD with corneal transplantation has evolved, with a shift
from penetrating keratoplasties to lamellar procedures, primarily endothelial keratoplasties (EK), due to significant
intraoperative and postoperative risks associated with penetrating keratoplasty.7,8 In 2018, EK procedures accounted
for almost 62% of all corneal transplant surgeries performed in the US compared to 45% in 2010.9

As the elderly become a larger share of the US population, the demand for corneal tissue and corneal transplants is
increasing.10 Previous reports suggest that the costs of transplants, pre- and post-operative care, and physician and
facility services impose a significant financial burden to payers and patients’ caregivers8,11,12 but few studies estimate
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costs associated with EK.5,8 However, the costs of corneal transplant in prior literature8 may be underestimated as post-
surgical care and ongoing steroid therapy typically continue for more than one year. Rejection risk varies by type of
transplant with a mean time (± standard deviation) from keratoplasty to rejection of 19.8 ± 20.4 months, but rejection can
occur up to 20 years post-transplant.13

Novel, alternative treatments based on regenerative medicine and cell-based therapies are being developed for
FECD.14 For example, tissue-sparing surgical approaches, such as Descemet-stripping only (DSO), eliminate the need
for transplanted endothelial replacement and provide an alternative strategy without the use of donor tissue.15 Given the
gap since previous assessments and the availability of new treatment options, an up-to-date robust assessment of the cost
of transplant surgery can provide benchmark information to evaluate the cost-effectiveness of new-generation FECD
treatments. The objective of this study was to assess the incremental attributable burden of corneal transplant surgery for
patients with FECD treated with EK, compared to matched controls who did not undergo EK, using real-world claims
data of a commercially insured US population.

Methods
Data Source
This retrospective observational cohort study used IBM® MarketScan® Commercial Claims and Encounters and
Medicare Supplemental and Coordination of Benefits database claims data from January 2014 to September 2019.16

The Health and Productivity Management supplemental database, which integrates data on productivity loss and
disability payments, was also available and was linkable to <10% of patients identifiable in claims. Institutional review
board approval was not sought for this research study, as it relied exclusively on secondary use of deidentified
information. Due to the retrospective, de-identified nature of the MarketScan data, the study was considered exempt
from IRB oversight.

Patient Population and Study Design
The study included patients with FECD diagnosis identified using International Classification of Diseases ICD-9-CM/
ICD-10-CM codes of 371.57 and H18.51, respectively, and who were continuously enrolled for ≥12 months before and
≥24 months after diagnosis. Patients were excluded if <18 years, were treated with any keratoplasty 12 months before
diagnosis, or were treated with penetrating keratoplasty following diagnosis.

The exposure of interest was the receipt of EK (identified by Current Procedural Terminology code 65756) after FECD
diagnosis. Patients who were not treated with EK were considered untreated controls. The study index date was assigned as 3
months prior to the actual EK date (ie, start of pre-operative period). A synthetic EK date of treatment was assigned to controls
(described in the section on matching below). The 12-month look-back period before the index was the baseline period
(Figure 1) and patients were followed for ≥12 months after EK treatment.

Outcomes
The following outcomes were compared between the two groups: i) all-cause, eye-related, and complications-related
healthcare utilization resource utilization (HCRU) and cost burden; ii) prevalence of complications potentially related to
EK treatment; iii) productivity loss. Costs were inflated to 2020 and categorized into medical (inpatient and outpatient) and
prescription drug cost components. The medical component of the eye disease-related burden was flagged based on the
presence of diagnosis codes covered under the ICD “Diseases of the eye and the adnexa” category. Complications prevalence
and related costs were identified based on the presence of diagnosis codes covering glaucoma, cataract, cystoid macular
edema, dry eye/ocular surface disease, endophthalmitis, globe rupture, infectious keratitis, infectious uveitis, persistent
mydriasis, rejection of cornea transplant, retinal edema, suprachoroidal hemorrhage. The prescription drug cost definition
was similar for the eye- and complications-related burden domains and included the cost of intraocular pressure (IOP)
lowering medications, ophthalmic steroids, topical NSAIDs, steroids, antibiotics, and lubricants.
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Matching of Demographics and Clinical Characteristics
Patient cohorts were characterized at baseline in terms of demographic and clinical characteristics, as well as HCRU and
costs. Two rounds of matching were used to address imbalance in patient characteristics. In the first round, EK-treated
and control patients were matched 1:10 based on characteristics identified in the 12 months prior to diagnosis (ie,
glaucoma, cataract, age, diagnosis year), and the interval between diagnosis and treatment among the treated was then
assigned to the matched controls to create a synthetic EK date. Subsequently, EK-treated and control patients were
matched 1:2 based on characteristics identified in the 12-month pre-index period (ie, glaucoma, cataract, retinopathy, age,
region, sex, use of IOP lowering meds, topical NSAIDS, ophthalmic steroids, cystoid macular edema, increased IOP
diagnosis, prior cornea rejection diagnosis, number of visits to ophthalmologist, bullous keratopathy/corneal edema
diagnosis, other dystrophies diagnosis). The choice of matching ratios was chosen to optimize retention of sample size
with balancing baseline characteristics.

Statistical Analysis
Descriptive analyses assessed the baseline patient characteristics for the included patients and demographics tables were
populated to compare baseline characteristics across the cohorts. Healthcare utilization, costs, prevalence of potential EK
complications and productivity loss were compared between the matched cohorts at the following intervals: 3 months
before EK treatment (ie, pre-op) as well as 12-, 24-, and 36-months post EK. In exploratory analysis, EK-treated patients
were further stratified by whether they had only one eye treated with or without subsequent re-treatment (ie, use of EK on
a different day but same eye) or both eyes were treated.

Results
We identified 94,259 patients with FECD in the period 1/1/2014–6/30/2019, of whom 1562 EK-treated and 23,485
without EK met continuous enrollment criteria. Time to EK treatment since diagnosis was on average 14 months. In the
pre-diagnosis period, EK-treated patients had higher use of eye-related prescription drugs, which correlated with higher
rates of corneal opacity, other disorders of the cornea, bullous keratopathy/corneal edema, as well as other dystrophies
(available in the Supplemental Table 1).

After the first round of matching, patients who received EK were older (median of 65 vs 64 years of age), more of
them were male, had a diagnosis of bullous keratopathy/corneal edema, cornea degeneration, other types of dystrophies,
glaucoma, cataract, cataract surgery, used ophthalmic NSAIDS or steroids, and had higher average all-cause cost burden
($17,611 vs $16,091) than the untreated (Table 1). Differences in baseline cost burden were driven by higher eye disease-
related medical ($2061 vs $1163) and prescription drug cost ($305 vs $142). After the second round of matching, both
EK-treated and untreated cohorts were balanced with respect to the abovementioned characteristics. For any covariates

Figure 1 Retrospective study design.
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where differences remained statistically significant, imbalances were small. Results from that analysis can be interpreted
as adjusted compared to those from the first round of matching (ie, unadjusted), which was largely only used to assign
a synthetic index date among controls.

Cost Burden and Healthcare Resource Utilization
Healthcare resource utilization was higher for the EK-treated in every time period (Table 2). Over the first 12 months of
follow-up, all-cause ($41,199 vs $20,222) and eye disease-related costs ($22,951 vs $1389) were higher among EK-
treated patients than untreated. The difference in all-cause and eye disease-related costs was similar at 12 months since
EK with $20,977 and $21,562, respectively. The difference in eye disease-related cost including the pre-op period and
the day of EK treatment ($14,170) accounted for a large portion of the total cost difference. Additionally, most of the
attributable cost difference was generated within 6 months since EK treatment and the cost burden differential increased
by about $1000-$2000 per annum by 36 months, the practical end of follow-up for majority of patients. The majority of
the attributable cost burden between EK-treated and untreated patients was due to differences in outpatient cost. The
difference in prescription drug costs was <$1000 at 12 months post EK follow-up. The difference in complications-
related costs was $10,214 at 12 months and remained stable by 36 months. The direct costs using claims with diagnosis
code for FECD were $17,645 vs $222 at 12 months for treated and untreated patients, respectively. The cost differential
burden correlated with a higher count of ophthalmologist visits, office visits for disease of the eye and the adnexa, as well
as higher prescription drug use.

When stratified by baseline diagnosis of cataract or glaucoma, the eye-disease related cost differential between EK
treated and untreated at 12 months was $24,209 among those with cataract vs $20,639 without cataract and $22,897
among those with glaucoma vs $21,973 without glaucoma. Compared to control patients, EK-treated patients who
underwent a triple procedure (n=411, 51%) on the day of EK procedure (ie, cataract surgery, intraocular lens implanta-
tion, and EK) had slightly higher eye disease-related cost differential at 12 months ($20,639 vs $18,414).

Prevalence of Potential EK Treatment Complications
While balanced at baseline, over the follow-up period EK-treated patients had higher prevalence of glaucoma, elevated
IOP diagnosis, cataract, and cataract surgery, endophthalmitis, infectious keratitis, persistent mydriasis, diagnosis of
cornea transplant rejection, retinal edema (Table 3).

Productivity Loss
Among a subset of the matched sample that had information on disability and productivity, the EK-treated patients had
approximately 7–9 more short-term disability days (resulting in $1500–2000 higher burden of short-term disability
payments), whether based on the all-cause or eye-disease related definitions (Table 4).

Outcomes by Number of Eyes Treated
When stratified by which eye may have received EK treatment in the study dataset, among n=584 EK-treated patients
with available eye laterality information, about 15% had post-op retreatment with EK (n=86) and 38% (n=222) had both
of their eyes treated with EK (Table 5). Due to difficulty of results interpretation and limited sample size, those with both
eyes treated were not additionally broken down into whether they got further retreatment and for which eye. Over 36
months of follow-up since the first EK, rates of healthcare resource utilization, costs, as well as short term disability days
and payment increased with the extent of EK treatment received.

Discussion
This retrospective cohort study assessed and compared the cost burden and healthcare resource utilization among FECD
patients who were treated with EK versus those who were not. In addition, the study also assessed the prevalence of
potential complications and indirect burden related to EK treatment among the two comparison groups. To our knowl-
edge, this is the largest study of its type using recent billing data of commercially insured patients with FECD in the US.
In our analysis, the cost burden of EK treatment was mostly driven by the cost of the surgical procedure and donor tissue
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Table 1 Baseline Characteristics Captured 12 Months Before Index

Variable Statistic or
Category

Unadjusted (After First Round of Matching
to Assign Synthetic EK Date Among

Untreated)

Adjusted (After Second Round of Matching
to Balance Baseline Characteristics)

Endothelial
Keratoplasty

No
Keratoplasty

P value Endothelial
Keratoplasty

No
Keratoplasty

P value

(N = 1498) (N = 14,559) (N = 804) (N = 1453)

Bullous keratopathy/corneal
edema, N (%)

Yes 330 (22.03%) 327 (2.25%) <0.001* 17 (2.11%) 18 (1.24%) 0.107

Cornea degeneration, N (%) Yes 33 (2.20%) 199 (1.37%) 0.010* 7 (0.87%) 18 (1.24%) 0.424

Glaucoma, N (%) Yes 354 (23.63%) 2472 (16.98%) <0.001* 84 (10.45%) 123 (8.47%) 0.118

Cataract, N (%) Yes 709 (47.33%) 4947 (33.98%) <0.001* 329 (40.92%) 593 (40.81%) 0.960

Cataract Surgery, N (%) Yes 187 (12.48%) 919 (6.31%) <0.001* 61 (7.59%) 102 (7.02%) 0.618

Low vision/ blindness, N (%) Yes 21 (1.40%) 88 (0.60%) <0.001* 2 (0.25%) 2 (0.14%) 0.620

Visual Disturbances, N (%) Yes 104 (6.94%) 679 (4.66%) <0.001* 38 (4.73%) 66 (4.54%) 0.842

Prescription drug utilization

Used ophthalmic NSAIDs
medication, N (%)

Yes 169 (11.28%) 731 (5.02%) <0.001* 39 (4.85%) 59 (4.06%) 0.378

Used topical steroid
medication, N (%)

Yes 135 (9.01%) 1371 (9.42%) 0.609 78 (9.70%) 113 (7.78%) 0.116

Used ophthalmic steroid
medication, N (%)

Yes 378 (25.23%) 1375 (9.44%) <0.001* 78 (9.70%) 113 (7.78%) 0.116

Used any IOP medication, N (%) Yes 221 (14.75%) 838 (5.76%) <0.001* 31 (3.86%) 36 (2.48%) 0.065

Used any topical antibiotic,
N (%)

Yes 370 (24.70%) 2138 (14.69%) <0.001* 117 (14.55%) 171 (11.77%) 0.058

All-cause prescription drug cost
($)

Mean (SD) 3458.31

(7338.53)

3368.11

(8966.35)

<0.001* 2937.31

(7478.41)

3022.20

(7046.30)

0.604

Median (Q1 to Q3) 1219.54

(327.03 to

3967.83)

944.55

(214.78 to

3284.12)

803.91

(195.03 to

3203.94)

856.43

(215.19 to

3116.44)

Range 0.00 to

146,565.0

0.00 to

231,508.9

0.00 to

146,565.0

0.00 to

90,261.31

Total medical cost burden
related to (glaucoma, cataract,
cystoid macular edema, and
other potential cornea
transplant complications) ($)

Mean (SD) 1451.00

(5171.08)

755.32

(3030.52)

<0.001* 647.28

(2191.59)

671.49

(2412.03)

0.480

Median (Q1 to Q3) 196.15 (0.00

to 666.40)

43.63 (0.00 to

285.31)

0.00 (0.00 to

302.61)

41.04 (0.00 to

242.59)

Range 0.00 to

106,877.8

0.00 to

97,659.93

0.00 to

28,541.86

0.00 to

37,440.50

Cost of claims flagged with
diagnosis 3715/H185 Endothelial
dystrophy ($)

Mean (SD) 394.25

(2078.52)

160.14

(990.07)

<0.001* 278.12

(1332.96)

133.28

(232.70)

<0.001*

Median (Q1 to Q3) 138.35 (0.00

to 343.67)

42.32 (0.00 to

189.79)

97.46 (0.00 to

280.84)

72.90 (0.00 to

184.72)

Range 0.00 to

46,842.92

0.00 to

88,233.31

0.00 to

25,694.87

0.00 to

3573.88

Note: *Indicates statistically significant.
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Table 2 Cost and Health Care Utilization During Follow-Up Among Matched Cohorts

Variable Statistic Pre-Operative Period 12 Months Post EK 24 Months Post EK 36 Months Post EK

Endothelial

Keratoplasty

No

Keratoplasty

P value Endothelial

Keratoplasty

No

Keratoplasty

P value Endothelial

Keratoplasty

No

Keratoplasty

P value Endothelial

Keratoplasty

No

Keratoplasty

P value

(N = 804) (N = 1453) (N = 804) (N = 1453) (N = 804) (N = 1453) (N = 804) (N = 1453)

All-cause total cost Mean

(SD)

$4407

($17,254)

$3801

($10,501)

<0.001* $41,199

($82,308)

$20,222

($56,259)

<0.001* $58306

($141,366)

$34,810

($102,294)

<0.001* $66,549

($151,944)

$46,027

($135,263)

<0.001*

All-cause inpatient cost Mean

(SD)

$528 ($5932) $538 ($4047) 0.067 $3754

($21,108)

$4411

($21,810)

0.009* $7742

($31,977)

$7676

($32,460)

0.118 $9140

($34,897)

$10,874

($38,776)

0.008*

All-cause outpatient cost Mean

(SD)

$2840

($15,680)

$2342

($8489)

<0.001* $32,595

($73,851)

$11,908

($46,085)

<0.001* $42,693

($128,441)

$20,543

($82,293)

<0.001* $47,419

($135,795)

$26,838

($112,175)

<0.001*

All-cause prescription drug cost Mean

(SD)

$1039 ($2262) $921 ($3727) <0.001* $4850

($10,035)

$3903

($9806)

<0.001* $7871

($17,681)

$6591

($15,597)

<0.001* $9990

($24,870)

$8314

($19,989)

<0.001*

Eye disease-related total cost Mean

(SD)

$1107 ($2361) $403 ($1500) <0.001* $22,951

($19,301)

$1389

($3,934)

<0.001* $25,085

($20,489)

$2122

($5,566)

<0.001* $26,143

($21,617)

$2445

($5971)

<0.001*

Eye disease-related medical cost Mean

(SD)

$922 ($2334) $365 ($1450) <0.001* $22,152

($19,205)

$1226

($3,764)

<0.001* $24,008

($20,332)

$1877

($5,331)

<0.001* $24,899

($21,414)

$2143

($5,668)

<0.001*

Eye disease-related prescription

drug cost

Mean

(SD)

$185 ($211) $38 ($159) <0.001* $799 ($878) $163 ($652) <0.001* $1076 ($1309) $245 ($939) <0.001* $1244 ($1703) $301 ($1166) <0.001*

Complications-related medical

cost

Mean

(SD)

$662 ($1974) $281 ($1229) <0.001* $11,029

($15,629)

$815 ($2593) <0.001* $12,001

($16,161)

$1201

($3726)

<0.001* $12,261

($16,170)

$1354

($3905)

<0.001*

Bullous keratopathy/corneal

edema cost

Mean

(SD)

$97 ($408) $1 ($15) <0.001* $4794

($10,239)

$6 ($78) <0.001* $5130

($10,865)

$10 ($135) <0.001* $5314

($11,294)

$13 ($177) <0.001*

Endothelial dystrophy cost Mean

(SD)

$388 ($1113) $61 ($126) <0.001* $17,645

($16,738)

$222 ($1269) <0.001* $18,754

($17,562)

$347 ($1628) <0.001* $19,255

($18,485)

$390 ($1643) <0.001*

Cost cataract surgery Mean

(SD)

$213 ($1074) $131 ($853) 0.007* $2074 ($4374) $313 ($1407) <0.001* $2201 ($4398) $400 ($1560) <0.001* $2239 ($4411) $450 ($1653) <0.001*

Healthcare utilization

Count of any office visits Mean

(SD)

5.15 (4.06) 4.36 (4.58) <0.001* 22.42 (16.73) 19.10 (17.95) <0.001* 34.11 (26.57) 31.20 (29.27) <0.001* 40.84 (34.60) 38.69 (36.90) <0.001*

Count of office visits for diseases

of the eye and adnexa

Mean

(SD)

2.05 (1.33) 0.66 (1.03) <0.001* 7.25 (3.83) 2.16 (2.82) <0.001* 9.34 (5.63) 3.25 (4.16) <0.001* 10.30 (6.70) 3.90 (4.86) <0.001*
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Count of ophthalmologist visits Mean

(SD)

1.43 (1.19) 0.44 (0.87) <0.001* 5.71 (4.01) 1.41 (2.21) <0.001* 7.36 (5.49) 2.08 (3.14) <0.001* 8.12 (6.43) 2.51 (3.87) <0.001*

Used ophthalmic NSAIDs

medication, N (%)

Yes 221 (31.3%) 42 (10.69%) <0.001* 290 (36.07%) 78 (5.37%) <0.001* 301 (37.44%) 93 (6.40%) <0.001* 305 (37.94%) 102 (7.02%) <0.001*

Used systemic steroid

medication, N (%)

Yes 49 (6.94%) 102 (25.95%) <0.001* 177 (22.01%) 338 (23.26%) 0.499 247 (30.72%) 467 (32.14%) 0.488 271 (33.71%) 531 (36.55%) 0.177

Used ophthalmic steroid

medication, N (%)

Yes 32 (4.53%) 40 (10.18%) <0.001* 92 (11.44%) 155 (10.67%) 0.572 136 (16.92%) 231 (15.90%) 0.531 161 (20.02%) 260 (17.89%) 0.213

Number of ophthalmic steroid

medications, N (%)

Yes 505 (62.8%) 72 (4.96%) <0.001* 708 (88.06%) 150 (10.32%) <0.001* 712 (88.56%) 194 (13.35%) <0.001* 714 (88.81%) 209 (14.38%) <0.001*

Count of ophthalmic steroid

medication

Mean

(SD)

0.70 (0.62) 0.06 (0.28) <0.001* 4.75 (3.44) 0.19 (0.67) <0.001* 6.31 (4.82) 0.27 (0.97) <0.001* 7.10 (5.82) 0.32 (1.14) <0.001*

Dose of ophthalmic steroid

medication (mg)

Mean

(SD)

53.78 (54.06) 4.24 (22.85) <0.001* 338.40 (265.48) 13.30 (62.55) <0.001* 430.43 (343.96) 18.79 (79.59) <0.001* 472.64 (394.53) 21.04 (85.86) <0.001*

Used other steroid medication,

N (%)

Yes 12 (1.70%) 30 (7.63%) <0.001* 36 (4.48%) 72 (4.96%) 0.611 48 (5.97%) 92 (6.33%) 0.733 60 (7.46%) 116 (7.98%) 0.659

Number of steroid injections Mean

(SD)

0.12 (0.97) 0.41 (0.80) <0.001* 0.69 (3.30) 0.56 (1.40) 0.205 0.99 (3.56) 0.92 (2.06) 0.466 1.14 (3.70) 1.12 (2.47) 0.609

Used any IOP-lowering

medication, N (%)

Yes 42 (5.22%) 33 (2.27%) <0.001* 155 (19.28%) 52 (3.58%) <0.001* 177 (22.01%) 55 (3.79%) <0.001* 184 (22.89%) 60 (4.13%) <0.001*

Number of IOP-lowering

medications

Mean

(SD)

0.09 (0.44) 0.05 (0.40) <0.001* 0.85 (2.54) 0.26 (1.99) <0.001* 1.52 (4.33) 0.41 (3.15) <0.001* 1.93 (5.90) 0.53 (3.94) <0.001*

Note: *Indicates statistically significant at the 0.05 level.
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Table 3 Prevalence of Potential Complications at Baseline and Over the Follow-Up Among Matched Cohorts

Variable Baseline Pre-OP Period 12 Months Post EK 24 Months Post EK 36 Months Post EK

EK Untreated P value EK Untreated P value EK Untreated P value EK Untreated P value EK Untreated P value

(N = 804) (N = 1453) (N = 804) (N = 1453) (N = 804) (N = 1453) (N = 804) (N = 1453) (N = 804) (N = 1453)

Glaucoma, N (%) 84 (10.45%) 123 (8.47%) 0.118 124 (15.42%) 88 (6.06%) <0.001* 242 (30.10%) 190 (13.08%) <0.001* 280 (34.83%) 220 (15.14%) <0.001* 286 (35.57%) 237 (16.31%) <0.001*

Glaucoma Surgery,

N (%)

2 (0.25%) 4 (0.28%) >0.999 4 (0.50%) 4 (0.28%) 0.466 15 (1.87%) 10 (0.69%) 0.010* 17 (2.11%) 11 (0.76%) 0.005* 20 (2.49%) 12 (0.83%) 0.001*

Glaucoma shunt,

N (%)

1 (0.12%) 0 (0.00%) 0.356 2 (0.25%) 1 (0.07%) 0.290 4 (0.50%) 1 (0.07%) 0.057 7 (0.87%) 2 (0.14%) 0.012* 8 (1.00%) 3 (0.21%) 0.021*

IOP, N (%) 1 (0.13%) 1 (0.07%) >0.999 2 (0.25%) 2 (0.14%) 0.627 35 (4.35%) 6 (0.41%) <0.001* 49 (6.09%) 8 (0.55%) <0.001* 51 (6.34%) 10 (0.69%) <0.001*

Cataract, N (%) 329 (40.92%) 593 (40.81%) 0.960 473 (58.83%) 287 (19.75%) <0.001* 577 (71.77%) 620 (42.67%) <0.001* 596 (74.13%) 712 (49.00%) <0.001* 599 (74.50%) 744 (51.20%) <0.001*

Cataract surgery,

N (%)

61 (7.59%) 102 (7.02%) 0.618 52 (6.47%) 57 (3.92%) 0.007* 457 (56.84%) 112 (7.71%) <0.001* 472 (58.71%) 145 (9.98%) <0.001* 474 (58.96%) 158 (10.87%) <0.001*

Cystoid macular

edema, N (%)

2 (0.25%) 3 (0.21%) >0.999 5 (0.62%) 13 (0.94%) 0.624 11 (1.37%) 24 (1.65%) 0.602 13 (1.62%) 25 (1.72%) 0.855 13 (1.62%) 25 (1.72%) 0.855

Dry eye ocular

surface, N (%)

69 (8.73%) 186 (13.0%) 0.003* 66 (8.23%) 92 (6.63%) 0.163 119 (14.80%) 242 (16.66%) 0.250 146 (18.16%) 306 (21.06%) 0.099 165 (20.52%) 342 (23.54%) 0.100

Endophthalmitis,

N (%)

0 (0.00%) 0 (0.00%) NA 0 (0.00%) 0 (0.00%) NA 3 (0.37%) 0 (0.00%) 0.045* 3 (0.37%) 0 (0.00%) 0.045* 3 (0.37%) 0 (0.00%) 0.045*

Globe rupture, N (%) 0 (0.00%) 0 (0.00%) NA 0 (0.00%) 1 (0.07%) >0.999 0 (0.00%) 1 (0.07%) >0.999 0 (0.00%) 1 (0.07%) >0.999 0 (0.00%) 1 (0.07%) >0.999

Infectious keratitis,

N (%)

1 (0.13%) 1 (0.07%) >0.999 1 (0.12%) 0 (0.00%) 0.366 2 (0.25%) 0 (0.00%) 0.127 4 (0.50%) 0 (0.00%) 0.016* 5 (0.62%) 0 (0.00%) 0.006*

Infectious uveitis,

N (%)

0 (0.00%) 3 (0.21%) 0.557 0 (0.00%) 4 (0.29%) 0.303 7 (0.87%) 9 (0.62%) 0.496 8 (1.00%) 10 (0.69%) 0.433 9 (1.12%) 10 (0.69%) 0.283

Persistent mydriasis,

N (%)

0 (0.00%) 0 (0.00%) NA 1 (0.12%) 0 (0.00%) 0.366 5 (0.62%) 0 (0.00%) 0.006* 5 (0.62%) 1 (0.07%) 0.024* 5 (0.62%) 1 (0.07%) 0.024*

Rejection of cornea

Transplant, N (%)

0 (0.00%) 0 (0.00%) NA 1 (0.12%) 0 (0.00%) 0.356 52 (6.47%) 3 (0.21%) <0.001* 57 (7.09%) 3 (0.21%) <0.001* 58 (7.21%) 3 (0.21%) <0.001*

Retinal edema,

N (%)

5 (0.62%) 2 (0.14%) 0.105 3 (0.37%) 4 (0.28%) 0.705 9 (1.12%) 9 (0.62%) 0.201 15 (1.87%) 10 (0.69%) 0.010* 16 (1.99%) 11 (0.76%) 0.010*

Suprachoroidal

hemorrhage, N (%)

0 (0.00%) 0 (0.00%) NA 0 (0.00%) 0 (0.00%) NA 0 (0.00%) 1 (0.07%) >0.999 1 (0.12%) 1 (0.07%) >0.999 1 (0.12%) 1 (0.07%) >0.999

Note: *Indicates statistically significant at the 0.05 level.
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on the day of treatment and post-operative care in the immediate few months after EK treatment. Our study found that
glaucoma, use of IOP-lowering medications, cataract and cataract surgery, endophthalmitis, infectious keratitis, persistent
mydriasis, diagnosis of cornea transplant rejection, retinal edema had a higher prevalence among EK-treated patients
compared to untreated patients. One of the main strengths of this study is its large sample size for a relatively uncommon
condition with a prevalence rate of 0.009.17 These results are consistent with previous literature that report complications
with EK treatment.5,18–21 Generally, clinical characteristics at baseline such as glaucoma diagnosis, cataract diagnosis,
and age had only moderate impact on the cost burden differential, that is, even in subgroups with glaucoma or cataract,

Table 4 Short Term Disability Payments and Days Missing from Work

All-Cause Short-Term Disability Payments ($) All-Cause Short-Term Disability Days Missing From Work

Variable Statistic Endothelial
Keratoplasty

No
Keratoplasty

P value Variable Statistic Endothelial
Keratoplasty

No
Keratoplasty

P value

(N = 57) (N = 103) (N = 57) (N = 103)

Baseline Mean

(SD)

59.04 (261.53) 267.62

(1793.82)

0.589 Baseline Mean

(SD)

1.47 (8.10) 3.26 (18.54) 0.516

Pre-op
period

Mean

(SD)

540.47

(4080.47)

33.97 (344.76) 0.664 Pre-op
period

Mean

(SD)

2.05 (15.50) 0.13 (1.28) 0.664

Day of EK Mean

(SD)

1325.03

(4790.06)

33.97 (344.76) <0.001* Day of EK Mean

(SD)

6.47 (18.65) 0.13 (1.28) <0.001*

3-month
follow-up

Mean

(SD)

1495.49

(4913.38)

169.12

(1411.01)

<0.001* 3-month
follow-up

Mean

(SD)

7.02 (18.76) 0.76 (6.52) <0.001*

12-month
follow-up

Mean

(SD)

2320.11

(7062.96)

668.24

(3837.26)

<0.001* 12-month
follow-up

Mean

(SD)

13.82 (35.69) 7.33 (45.58) <0.001*

24-month
follow-up

Mean

(SD)

3277.76

(8343.59)

1200.20

(6265.28)

<0.001* 24-month
follow-up

Mean

(SD)

18.74 (40.83) 8.79 (47.31) <0.001*

36-month
follow-up

Mean

(SD)

3421.97

(8464.03)

1430.10

(6527.97)

<0.001* 36-month
follow-up

Mean

(SD)

19.60 (41.82) 10.63 (49.08) <0.001*

Eye disease-related Short-Term Disability Payments ($) Eye disease-related Short-Term Disability Days Missing From
Work

Baseline Mean

(SD)

27.83 (147.27) 0.00 (0.00) 0.057 Baseline Mean

(SD)

0.21 (1.18) 0.00 (0.00) 0.057

Pre-op
period

Mean

(SD)

540.47

(4080.47)

0.00 (0.00) 0.179 Pre-op
period

Mean

(SD)

2.05 (15.50) 0.00 (0.00) 0.179

Day of EK Mean

(SD)

1132.79

(4709.17)

0.00 (0.00) <0.001* Day of EK Mean

(SD)

5.23 (18.15) 0.00 (0.00) <0.001*

3-month
follow-up

Mean

(SD)

1303.26

(4841.44)

135.15

(1371.63)

<0.001* 3-month
follow-up

Mean

(SD)

5.67 (18.32) 0.63 (6.40) <0.001*

12-month
follow-up

Mean

(SD)

1436.14

(5065.12)

297.08

(3015.06)

<0.001* 12-month
follow-up

Mean

(SD)

6.61 (20.79) 1.31 (13.30) <0.001*

24-month
follow-up

Mean

(SD)

1753.15

(6142.82)

297.08

(3015.06)

<0.001* 24-month
follow-up

Mean

(SD)

7.88 (24.15) 1.31 (13.30) <0.001*

36-month
follow-up

Mean

(SD)

1773.50

(6142.89)

297.08

(3015.06)

<0.001* 36-month
follow-up

Mean

(SD)

8.00 (24.17) 1.31 (13.30) <0.001*

Note: *Indicates statistically significant at the 0.05 level.
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Table 5 Study Outcomes by 36 Months Since First EK, by Eye Treated

Variable Category Only One Eye
Treated with No

Postop Re-
Treatment

Only One Eye
Treated with
Postop Re-
Treatment

Both Eyes
Treated

No
Keratoplasty

P value

(N = 276) (N = 86) (N = 222) (N = 1453)

Prevalence of complications

Glaucoma, N (%) Yes 89 (32.25%) 35 (40.70%) 69 (31.08%) 237 (16.31%) <0.001*

Increased IOP, N (%) Yes 14 (5.07%) 7 (8.14%) 16 (7.21%) 10 (0.69%) <0.001*

Cataract, N (%) Yes 178 (64.49%) 63 (73.26%) 195 (87.84%) 744 (51.20%) <0.001*

Cystoid macular edema, N (%) Yes 0 (0.00%) 4 (4.65%) 3 (1.35%) 25 (1.72%) 0.019*

Dry eye/ocular surface disease, N (%) Yes 43 (15.58%) 16 (18.60%) 51 (22.97%) 342 (23.54%) 0.026*

Endophthalmitis, N (%) Yes 1 (0.36%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0.094

Globe rupture, N (%) Yes 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (0.07%) 0.940

Infectious keratitis, N (%) Yes 0 (0.00%) 0 (0.00%) 2 (0.90%) 0 (0.00%) <0.001*

Infectious uveitis, N (%) Yes 3 (1.09%) 0 (0.00%) 2 (0.90%) 10 (0.69%) 0.746

Persistent mydriasis, N (%) Yes 2 (0.72%) 1 (1.16%) 1 (0.45%) 1 (0.07%) 0.051

Cornea transplant Rejection, N (%) Yes 9 (3.26%) 10 (11.63%) 21 (9.46%) 3 (0.21%) <0.001*

Retinal edema, N (%) Yes 7 (2.54%) 3 (3.49%) 3 (1.35%) 11 (0.76%) 0.014*

Suprachoroidal hemorrhage, N (%) Yes 0 (0.00%) 1 (1.16%) 0 (0.00%) 1 (0.07%) 0.014*

Healthcare utilization

Anterior segment imaging, N (%) Yes 49 (17.75%) 19 (22.09%) 63 (28.38%) 194 (13.35%) <0.001*

Corneal pachymetry, N (%) Yes 71 (25.72%) 24 (27.91%) 67 (30.18%) 184 (12.66%) <0.001*

Glaucoma surgery, N (%) Yes 7 (2.54%) 4 (4.65%) 3 (1.35%) 12 (0.83%) 0.004*

Cataract surgery, N (%) Yes 122 (44.20%) 49 (56.98%) 180 (81.08%) 158 (10.87%) <0.001*

Peripheral iridotomy/iridectomy, N (%) Yes 1 (0.36%) 8 (9.30%) 19 (8.56%) 3 (0.21%) <0.001*

Anterior segment surgery other than
routine cataract and routine peripheral
iridotomy/iridectomy, N (%)

Yes 13 (4.71%) 15 (17.44%) 17 (7.66%) 14 (0.96%) <0.001*

Eye-disease related cost and short-term disability

Eye diseases related medical cost ($) Mean (SD) 13,959.26 (9283.24) 28,378.19

(19,242.36)

31,358.89

(22,134.51)

2143.21

(5668.26)

<0.001*

Eye diseases prescription drug cost ($) Mean (SD) 1041.61 (1894.27) 1666.78 (2141.94) 1221.47

(1184.68)

301.47 (1166.07) <0.001*

(N = 12) (N = 10) (N = 27) (N = 103)

Eye disease related STD payments ($) Mean (SD) 519.00 (899.88) 1353.32 (4279.57) 3012.15

(8440.26)

297.08 (3015.06) <0.001*

Eye diseases related STD days missing

from work

Mean (SD) 4.42 (7.10) 4.60 (14.55) 13.22 (33.24) 1.31 (13.30) <0.001*

Note: *Indicates statistically significant at the 0.05 level.
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the difference in costs between EK-treated and untreated patients was similar to the difference in the full study
population.

As our study used a two-stage matching approach with a control group of untreated FECD patients to estimate the
attributable burden of EK, it better addresses any measurement and confounding bias, compared to previous studies,
which used a single cohort design. The Lewin Group estimated a per-patient average cost of corneal transplant of
approximately $16,500 in 2013 USD ($20,138 if inflated to 2020 USD) for a year after the transplant, reflecting all
related expenses, including corneal tissue, surgeon and anesthesia services, facility costs, pre-operative care, and related
services.8 In our study, the comparable estimate to that of the Lewin Group is $22,951, representing the eye-related total
cost at 12 months post-EK. A recent study by Bohm et al estimated direct cost during the episode of EK of around
$14,000, including the cost of the cornea tissue and treatment costs, as well as 22 total office visits and long-term
steroid use over a post-operative 15-year period.5 The itemized estimate reported by Bohm et al was based on
a retrospective single-center study of 58 patients and covered treatment for only one eye with expected limited need
for secondary EK (<3%), and the cost of post-operative complications was estimated to be low and approximately $500.
The direct cost of EK treatment for one eye was therefore estimated by Bohm et al to be in the range of $13,886–
$15,329.

Additionally, in terms of indirect burden, our study was only able to capture productivity loss over 3 years of follow-up.
Therefore, future studies should fully capture the healthcare and societal perspectives over a longer period of time. The
modelling study by Bohm et al covered EK societal burden in detail including informal healthcare costs (refraction and
glasses, patient time-costs, unpaid caregiver time-costs, transportation costs) in addition to non-healthcare costs (produc-
tivity), although it did not include a control cohort without EK.5

Last but not least, benefit to society due to EK includes preventing further vision loss and possibly blindness, which
develops over a long period of time in Fuchs patients. An estimate of the benefit of preventing vision loss would require
longer follow-up than what was available in the study data source. A previous modelling study by the Lewin Group8

estimated an average of $77,000 direct medical benefit and $214,000 indirect benefit of avoiding blindness over the
course of a person’s life, for a total of $118,000 in net lifetime benefit of corneal transplantation. A recent study by Rein
et al estimated the annual economic burden of vision loss in the US to be $134.2 billion, which included $98.7 billion in
direct costs (medical, nursing home, and supportive services) and $35.5 billion in indirect costs (absenteeism, lost
household production, reduced labor force participation, and informal care).22 Patients with vision loss incurred a total of
$16,838 per year in incremental burden with nursing home, other medical care services, and reduced labor force
participation accounting for 66% of the total costs.22

In exploratory analysis we attempted to identify if the EK procedure could be assigned to a particular eye, based on an
available CPT modifier code. The reason for this analysis to be considered exploratory is that claims data, used for billing
purposes, may not be the best source of data to differentiate between which and whether both eyes are re/treated and as
such results should be interpreted with caution. As evidenced by the findings from the exploratory analysis, more than
half of FECD patients had either their eye re-treated with EK or had both of their eyes EK-treated and their cost burden
close to doubled, compared to those that only had one eye treated with no post-operative re-treatment. Therefore, the
average attributable eye disease-related cost burden of $21,562 at 12 months of follow-up and $23,698 at 36 months is
more reflective of the real-world EK treatment, where a majority of patients receive re-treatment or have their second eye
treated. In one study of FECD patients 99.1% had a bilateral diagnosis.2 Since FECD is a bilateral condition, most
patients choose to have both eyes ultimately treated.4,23 FECD can be highly asymmetric, so the timing of second eye
surgery varies; patients with complications post-treatment of their first eye may delay seeking treatment for
the second eye.

There are limitations to our study, many of which are inherent to claims database analyses and the administrative
nature of the data. Whenever possible, we tried to minimize the effect of these constraints. The retrospective, non-
randomized claims data were analyzed using two-stage matching that addressed measurement bias resulting from missing
treatment date among non-EK users, and confounding resulting from imbalance between patient characteristics across the
EK and non-EK user groups. As progression of FECD results in increased swelling of the cornea leading to increasing
burden over a longer period of time, our study was limited in evaluating long-term outcomes beyond 36 months. The
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claims data create a challenge to differentiate between number of eyes treated, specifically with the ICD-9 codes. Also,
there may be nuances in coding that may limit perfect concordance. The cohort of patients who did not receive EK during
the study period are likely to be treated in the future and patients delaying treatment are likely to have higher long-term
costs and rates of complications. Additionally, claims data does not include information on preservation time and
condition of corneal donor tissue, which would be a relevant variable to assess with corneal transplantation. Claims
data is limited in terms of clinical information, including whether the presumed complications are related to EK, and
whether steroids or IOP-lowering medications were prescribed for another problem or proactively. Also, there is a lack of
clinical information about visual acuity, which may be related to other types of burdens and costs. Last but not least, data
do not distinguish among the type of endothelial keratoplasty performed (DMEK or DSAEK) or capture the Descemet’s
Stripping Only (DSO) procedure, the use of which was emerging towards the end of the study period. DSO could not be
identified in the claims data. Outcomes of DMEK, DSAEK, or DSO administration are largely dependent on the skill of
the surgeon as well as patient compliance during the recovery time, which was also not accounted for in our study.

Given that evidence from randomized clinical trials is missing, the clinical implication of our study is to provide the
best possible estimate of the burden of EK, when the treatment landscape is expected to change in the coming years.
While it is of high interest to compare the cost burden of DSO to that of EK, current data is not able to reliably identify
DSO. Therefore, such analysis will need to be done by future studies when DSO has become an integral part of the
treatment landscape and is reliably identifiable in billing claims data.

Conclusions
This study found a higher cost burden among FECD patients receiving EK treatment compared with those who did
not. However, patients diagnosed with FECD will almost certainly be treated at some point in the future.4,23

A continued shift to DMEK may lead to lower complication costs, but the basic cost of the procedure will remain
similar to the results of this study. New options in FECD management such as DSO, bioengineered corneal grafts,
gene therapy, and cell injection are in development to assess their therapeutic potential.24 These new therapeutic
options would all reduce the cost burden of the transplant tissue, which is a large cost component. Until new regimens
become viable treatment options, EK may remain the standard of care for the management of FECD. The real-world
cost burden estimates generated in this study, albeit reflective of the EK treatment paradigm, could serve as an
important benchmark for future cost-effectiveness assessments of new approved health technologies for FECD
management.
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