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Abstract

Objective—To evaluate costs and treatment benefits of rhegmatogenous retinal detachment (RD)

repair.

Design—A Markov model of cost-effectiveness and utility.

Participants—There were no participants.

Methods—Published clinical trials (index studies) of pneumatic retinopexy (PR), scleral

buckling (SB), pars plana vitrectomy (PPV) and laser prophylaxis were used to quantitate surgical

management and visual benefits. Markov analysis, with data from the Center of Medicare and

Medicaid Services (CMS), was used to calculate adjusted costs of primary repair by each modality

in a hospital-based and ambulatory surgery center (ASC) setting.

Main Outcome Measures—Lines of visual acuity (VA) saved, cost of therapy, adjusted cost of

therapy, cost per line saved, cost per line-year saved, cost per quality-adjusted life years (QALY)

saved.

Results—In the facility, hospital surgery setting, weighted cost for PR ranged from $3,726 to

$5,901 depending on estimated success rate of primary repair. Weighted cost for SB was $6,770,

for PPV was $7,940 and for laser prophylaxis was $1,955. The dollars per line saved ranged from

$217 to $1,346 depending on the procedure. Dollars per line-year saved ranged from $11 to $67.

Dollars per QALY saved ranged from $362 to $2,243.

In the non-facility, ASC surgery setting, weighted cost for PR ranged from $1,961 to $3,565

depending on the success rate of primary repair. The weighted costs for SB, PPV and laser

prophylaxis were $4,873, $5,793 and $1,255, respectively. Dollars per line saved ranged from
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$139 to $982. The dollars per line-year saved ranged from $7–$49 and the dollars per QALY

saved ranged from $232 to $1,637.

Conclusions—Treatment and prevention of RD is extremely cost-effective when compared to

other treatment of other retinal diseases regardless of treatment modality. RD treatment costs did

not vary widely, suggesting providers can tailor patient treatments solely on the basis of

optimizing anticipated results since there were not overriding differences in financial impact.

Introduction

Rhegmatogenous retinal detachment (RD), the most common type of retinal detachment, has

long been the defining target of surgical retinal efforts.1 In 2009, the Medicare database

reported a total of 21,762 RD repair procedures.2 Untreated, retinal detachment usually leads

to substantial, frequently severe, permanent vision loss, that might be accompanied by

painful hypotony and phthisis. Many highly successful treatment options constitute the

standard armamentarium including scleral buckling (SB), vitrectomy (PPV), and pneumatic

retinopexy (PR). Many clinical trials and series comparing these methods of retinal

detachment repair have shown comparable success rates, but have enumerated factors that

are helpful in choosing the most suitable technique for certain subsets of patients.3–19

Few studies comparing cost-effectiveness of retinal reattachment surgery to other

ophthalmologic or general medical treatments, or among techniques have been

published.14,19,20 Generally, cost considerations have not been a factor in clinical decision-

making in choosing retinal reattachment treatments. Previous studies have outlined similar

cost analyses for age-related macular degeneration (AMD),20 diabetic macular edema

(DME)21 and retinal vein occlusion (RVO),22 but treatment of RD has never been subjected

to such an analysis of various treatment options.

The purpose of the current report is to calculate parameters of cost-effectiveness using a

Markov decision-tree analysis for the main methods of RD repair: PR, SB and PPV.

Methods

Representative index studies were identified to ascertain representative anatomic success

rates for each treatment modality of RD repair including PR,8,14–19 SB,4–8,10–13 PPV with or

without SB4–12 and laser prophylaxis of RD.23 Based on these studies our models assumed

60%, 75%, or 90% success for PR, 85% success for SB, and 90% success for PPV with or

without SB. Medicare fee data for 2013 were acquired from the Centers for Medicare and

Medicaid Services (CMS) to ascertain the allowable cost (in United States dollars)

associated with each procedure, study or office visit.24–28 The costs were calculated for both

facility (hospital-based with surgery performed in a hospital operating room) practice in the

geographic area of Miami, FL, and also for a non-facility (i.e. office based clinical services

with surgery performance in an ambulatory surgery center (ASC)) in the same geographic

area to demonstrate the range of potential reimbursement. The purpose in this dichotomy

was to calculate the range of maximum and minimum possible incident costs for the various

procedures. The permutations of a practice utilizing facility-based clinic visits with ASC-

based surgery, and non-facility-based clinic visits and hospital based surgery would fall in
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between these limits. PR and laser prophylaxis costs were calculated as if done in an office,

without the use of an operating room or anesthesiologist in both models. It should be noted,

the differential of professional fees of facility versus non-facility costs is only relevant for

clinical visits, not for surgical and treatment procedures.

The dollars per relative value unit (RVU) used (conversion factor) was $34.023 since that

was the established rate for most of 2013.25 The cost for a given provider service is an

equation that considers work (w) RVUs (professional fees), practice expense (pe) RVUs,

and malpractice (mp) RVUs, each of which are subject to geographic modifiers that adjust

for costs and relative malpractice risk.25

A Markov analysis29 was performed to generate a cost for each procedure based on the

anatomic success rates of index studies, but also for three different hypothetical success

rates for PR. Four hypothetical treatment groups were modeled and analyzed (Figure 1) for

each of the two different practice setting permutations described above.

The first model was treatment with PR (in an office, without hospital or anesthesia fees);

failures were treated by PPV with or without SB (costs are the same), and any subsequent

re-operations treated with PPV. The second model was treatment with SB; failures were

treated by PPV, and subsequent failures treated with PPV. The third model was treatment

with primary PPV; failures were treated by PPV with or without SB, and subsequent failures

were treated with PPV. For contrast, a final model was treatment of laser prophylaxis (also

assumed to be done in an office without operating room or anesthesia fees) for a retinal

break (assuming 95% success), with failures treated initially with SB, and subsequent

failures treated with PPV to provide a sense of the cost of prophylactic therapy as well.

All phakic PPV patients were assumed to also require cataract surgery (phacoemulsification

with intraocular lens implantation). The incidence of patients who were phakic was assumed

to be 70% for all groups, a frequency of previous RD treatment cohort studies.7,17

The current procedural terminology (CPT) codes used for the procedures were as follows:

67110 for PR, 67107 for SB, 67108 for PPV, 67112 for PPV in cases of re-operation, and

67145 for laser demarcation of retinal breaks (Table 1). In addition to the costs of the RD

repair procedure, the cost for associated cataract surgery (CE) (CPT code 66984), and one

level 4 new patient visit (CPT code 99204) and three level 3 follow up visits (CPT code

99213) were added to the total cost to represent one year of continued treatment. In any

instance, if the scenario called for PPV following a previous PPV (i.e. 67112), the −78

modifier was applied so that only 70% of the total reimbursement fee was applied for that

procedure. If the PPV followed a SB, or if the SB followed PR or laser for a retinal break,

the −58 modifier was used so the more complex procedure was calculated at 100% of the

Medicare allowable. The reimbursement schedules for procedures are based on the CMS

terminology for procedures done in hospital or in an ASC, but only CE, SB, and PPV were

ever modeled to be performed in an operating suite setting. PR and laser prophylaxis of RD

were modeled as performed in the clinic setting regardless of practice setting permutation.

The setting of CE was considered to be the same as the setting of RD repair, thus the
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calculations for facility-based RD repair includes CE under hospital-based billing, and the

calculations for non-facility-based RD repair includes CE in an ASC.

Anesthesia professional fees (when applicable) were calculated based on the sum of base

units and time units, multiplied by the conversion factor 25.52.28 CPT code 00145,

anesthesia for vitreoretinal surgery is weighed as 6 base units. One time unit is 15 minutes

and an estimated one hour was applied for vitreoretinal cases. Thus, the anesthesia

professional fee for vitreoretinal cases was calculated as $255. In cataract surgery, CPT code

00142 is weighed as 4 base units, and the cases were estimated to use 2 time units, for a total

of $153 in anesthesia professional fees.

We assumed that an untreated retinal detachment results in 20/400, but that a successful

repair preserves 20/25 for a macular sparing RD and 20/80 for a macula off RD. We also

assumed that 70% of RDs are macular involving and 30% are macular sparing. We

purposely chose the highest number reported for macular involving rates, and also chose

what are probably better natural history assumptions, so that, if anything, our model for all

procedures errs on the side of being less cost-effective. Patients undergoing reoperations

were assumed to retain 20/400, thus representing a failure to yield any better vision

compared to natural history. Based on this calculation, a retinal detachment repair was

calculated to save 5.9 lines of vision, likely an underestimate. Furthermore, we assumed that

the visual acuity (VA) results were the same regardless of the technique.17 An average age

of 62 years old was used based on previous literature.7 Years of life expectancy were

derived from actuarial tables of the Social Security Administration.30 Quality-adjusted life

year (QALY) data were adapted from previously published articles; a conversion of 0.03

QALYs per line-year of vision saved was applied.31

Calculations and analysis were performed using Microsoft Excel (Microsoft Corporation,

Seattle, WA) software.

Results

The tabulated facility, professional fee, and anesthesia costs for each individual procedure

are listed in Table 1. A summary of the adjusted results is presented in Table 2 for facility,

hospital surgery and Table 3 for non-facility, ASC surgery.

Primary Retinal Detachment Repair with Pneumatic Retinopexy

The groups with primary PR treatment were evaluated at 60%, 75%, and 90% success rates

for initial procedure. These rates were chosen because previously reported studies have a

wide range of success. Studies have reported a range from 60–65% primary success,3,8,16–18

75% primary success,15,19 and even higher rates, up to 90–95%.14

For a patient in a facility-based setting, when PR was assigned a 75% success rate, and

subsequent surgery with PPV given a 90% success rate, the Markov analysis yielded a

weighted cost of $3,691 (carrying it for the possibility of three procedures). Since 99% of

patients would have successful RD repair after the three procedures, the model was never

carried to a fourth intervention. If cataract surgery is factored in as described in the methods,
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the cost for these procedures was $4,155. When one level 4 new patient visit and three level

3 follow-up office visits were added to the cost, the total was $4,814. The dollars per line

saved was $816, and the dollars per line-year saved was $41. The dollars per QALY saved

calculation, as described above, was $1,360.

If a more favorable success rate for PR of 90% is assigned in the facility setting, as

described for certain subgroups in the literature,14 then the weighted cost in the Markov

analysis was $2,882 after three procedures, with a 99.9% reattachment rate. When cataract

development was factored in, the cost was $3,068. With clinic visits factored into the

calculation, the total was $3,726. The dollars per line of vision saved was $632, and the

dollars per line-year saved was $32. The cost per QALY saved was calculated as $1,053.

Similarly, if a 60% PR success rate is presumed, the model yields an imputed cost of $5,901,

a cost/line of $1,000, a cost/line-year of $50, and a QALY cost of $1,667.

In a non-facility setting, if a 75% success for PR is assigned, then the Markov analysis with

subsequent PPV for primary failures yielded a weighted cost of $2,011. When cataract

surgery is factored into this cost, then the weighted cost was $2,343. Inclusion of a level 4

new patient visit and three level 3 follow-up visits generated a weighted cost of $2,763. The

cost per line was $468. The dollars per line-year saved was $23 and the dollars per QALY

saved was $780.

When a 60% or 90% success for PR was assigned in a non-facility setting, the weighted cost

with subsequent PPV for primary failures was $2,615 / $1,408. Factoring in cataract surgery,

the cost was $3,145 / $1,540. With included office visits, the cost was $3,565 / $1,961 and

the cost per line was $604 / $322. The dollars per line-year was $30 / $17, and the dollars

per QALY saved was $1,007 / $554.

Primary Retinal Detachment Repair with Scleral Buckling

The modeled cost of a patient in a facility setting initially undergoing SB surgery for RD in

a hospital operating room with 80% primary success rate, and subsequent PPV for failures

and another PPV for additional failures was $5,740 using the Markov analysis. The overall

re-attachment rate was 99.8% after the three procedures. If the cataract rate as described in

the methods was used, the cost was $6,112. Factoring in a level 4 new patient visit and three

level 3 follow-up visits led to a cost of $6,770. The cost per line saved was $1,147 and the

dollars per line-year saved was $57. When dollars per QALY saved were calculated, the

total was $1,912.

This same evaluation in a non-facility setting, ASC surgery, with SB as the initial procedure

and PPV for subsequent failures, yielded a weighted cost of $4,188 carrying out for three

procedures. When cataract surgery is included in this weighted total, the cost was $4,453.

The addition of clinic visits as described above generated a cost of $4,873. The cost per line

was $826. Cost per line-year saved was $41 and the cost per QALY was $1,377.

Primary Retinal Detachment Repair with Vitrectomy

A primary PPV without scleral buckling was assumed in this model to have a 90% success

rate. For facility cases performed in a hospital operating room, the Markov analysis
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demonstrated a modeled cost of $5,425 in this setting, with a PPV with or without SB as the

second and third procedures for failed RD repair. When cataract development was factored

in, the cost was $7,282. Including one level 4 new patient visit and three level 3 follow-up

visits, the cost was $7,940. Cost per line was calculated to be $1,346 and the dollars per line-

year saved were $67. Dollars per QALY saved were $2,243.

Primary PPV in the non-facility setting, operated in an ASC operating room, with the same

success rate as described above, demonstrated a weighted cost of $4,048. Inclusion of

cataract surgery yielded a cost of $5,373, and inclusion of clinical visits yielded a cost of

$5,793. The cost per line was $982, the cost per line-year was $49 and the cost per QALY

was $1,637.

Laser Prophylaxis for Symptomatic Retinal Breaks

Laser prophylaxis for a retinal break was assumed to have a 95% success rate in preventing

retinal detachment as detailed in prior studies.23 For the patients that developed retinal

detachment, scleral buckling was selected as the first procedure with an 80% success rate,

and pars plana vitrectomy selected as a second procedure with a 90% success rate in this

scenario. The modeled cost for facility patients after Markov analysis was $1,278. When

cataract development for the vitrectomy patients was factored in, this cost was $1,296.

Inclusion of one level 4 new patient and three level 3 follow-up visits led to a cost of $1,955.

The number of lines saved in this scenario was considered to be 9 lines, as the group of

patients with retinal breaks have better baseline vision than those with retinal detachment,

and a higher rate of treatment success. Cost per line of vision was $217. The cost per line-

year saved was $11 and the dollars per QALY saved was $362.

The same algorithm was applied for patients in a non-facility setting. The weighted cost was

$822 for the laser and RD repair in failed laser cases. Inclusion of cataract surgery led to a

cost of $835. The inclusion of one level 4 new patient and three level 3 follow-up visits

totaled $1,255. The cost per line saved was $139, the cost per line-year saved was $7 and the

cost per QALY was $232.

Discussion

The analysis presented demonstrates that when factoring in clinical visits and subsequent

cataract surgery (which have not been included in other cost-consideration studies), the costs

for repair of primary rhegmatogenous RD range from $2,763 to $7,940 depending on the

treatment modality (PR, SBP, or PPV) practice and surgical setting. The PR cost could be

even lower if a 90% success rate is modeled- a relatively high rate, but one that might be

applicable in certain patient subsets.14 Correspondingly, the dollars per QALY saved ranged

from $554 to $2,243. Although these ranges are moderately broad, these costs are much

lower than for other therapeutic interventions within ophthalmology and other fields of

medicine, and well under what has been offered as the acceptable cost of a QALY ($50,000

to $100,000).31 For contrast, the cost per QALY of treatment of H. pylori is roughly $1,830,

and the cost per QALY in of treatment of systemic arterial hypertension with beta blockers

is $7,389.31 The cost / QALY of the treatment of hyperlipidemia is $77,800, much higher

than that of RD treatment.31 In comparison to other retinal treatments, a previous analysis
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the QALY value of these interventions compared favorably to pan retinal photocoagulation

(PRP) for diabetic retinopathy ($700), and prophylaxis of retinal breaks was even more cost-

effective ($232–$362).20 Recent analyses of costs associated with one year of

pharmacologic therapy macular edema from RVO yielded a range of dollars per QALY

saved from $824 for intravitreal bevacizumab to $25,566 for intravitreal ranibizumab.20–22

Several limitations are present in this report. A number of assumptions are made in the

modeling the treatment of the patients including the average age, lens status, visual results,

and fees for operating room anesthesia. The data presented are based on a Miami, Florida-

based practice, and costs will vary depending on a given practice setting and type, or with

different treatment algorithms. The conclusions were based on a “worst case scenario”

regarding costs- highest setting, highest geographic area, and associated costs. Even with

this intended bias, the cost-effectiveness was favorable. When the same costs were evaluated

for lowest cost geographic areas, the cost parameters were reduced by 10% or less (Tables 4

and 5, available at http://aaojournal.org). While these figures do not apply directly in other

countries where the reimbursement schedules are different and healthcare is distributed

differently, the high level of cost-effectiveness of RD repair relative to other medical and

ophthalmologic interventions is likely to be valid regardless of surgical approach or

reimbursement region.

Our model further erred on the side of undervaluing RD repair by underestimating its VA

value. Our assumptions that all re-operations were visual failures and led to no lines of

saved vision and our assumption that the natural history or untreated or failed treatment was

for 20/400 VA are almost certainly pessimistic and would lead to higher calculated cost

values. Furthermore, we assumed a 70% macular involving rate, which is higher than the

50% range reported by some,17,19 and would result in a better value of lines saved and,

hence, higher calculated cost values. If we incorporated some of these more favorable

assumptions, the lines of vision saved might reasonably be doubled. Hence, the costs per

lines of vision saved and QALY values halved, further distinguishing retinal reattachment

treatments as extremely cost-effective. Moreover, rhegmatogenous RD may progress to a

bilateral condition in 25–40% of patients,33 further amplifying the benefit of treatment and

prevention.

While this study demonstrates PR to be less costly than surgery, not all cases can be equally

managed, and in some hands the success rates are not as high as assumed. While others have

reported lower costs for PR (albeit without including reoperations, clinical visit costs, or

actualized cataract costs), this sort of comparison was not the primary purpose of the current

study design.

This study demonstrates the unequivocally high level of cost-effectiveness of retinal

detachment repair regardless of technique used. That the cost-effectiveness for the different

methods of RD repair (PR, SB, PPV) are reasonably comparable frees the surgeon of

significant financial constraint considerations, allowing them to tailor the repair method that

they feel is most appropriate for a given patient’s pathology and situation. The results of this

study suggest that repair of RD may be undervalued when compared to pharmacologic

treatments for other chronic retinal illnesses, and even for surgical treatment for other
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subacute problems. Similar Markov analyses may facilitate evaluation of costs for other

retinal diseases or pathologies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Decision Model Used in Markov Analysis
PPV = pars plana vitrectomy, SB = scleral buckling. RD = retinal detachment. Phakic

patients (assumed to be 70% of total cohort) were expected to require cataract surgery after

PPV
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