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Objective: To assess the preference-based comparative effectiveness (human value gain) and the cost-
utility (cost-effectiveness) of a telescope prosthesis (implantable miniature telescope) for the treatment of
end-stage, age-related macular degeneration (AMD).

Design: A value-based medicine, second-eye model, cost-utility analysis was performed to quantify the
comparative effectiveness and cost-effectiveness of therapy with the telescope prosthesis.

Participants: Published, evidence-based data from the IMT002 Study Group clinical trial. Ophthalmic
utilities were obtained from a validated cohort of �1000 patients with ocular diseases.

Methods: Comparative effectiveness data were converted from visual acuity to utility (value-based) format.
The incremental costs (Medicare) of therapy versus no therapy were integrated with the value gain conferred by
the telescope prosthesis to assess its average cost-utility. The incremental value gains and incremental costs of
therapy referent to (1) a fellow eye cohort and (2) a fellow eye cohort of those who underwent intra-study cataract
surgery were integrated in incremental cost-utility analyses. All value outcomes and costs were discounted at a
3% annual rate, as per the Panel on Cost-Effectiveness in Health and Medicine.

Main Outcome Measures: Comparative effectiveness was quantified using the (1) quality-adjusted life-year
(QALY) gain and (2) percent human value gain (improvement in quality of life). The QALY gain was integrated with
incremental costs into the cost-utility ratio ($/QALY, or US dollars expended per QALY gained).

Results: The mean, discounted QALY gain associated with use of the telescope prosthesis over 12 years
was 0.7577. When the QALY loss of 0.0004 attributable to the adverse events was factored into the model, the
final QALY gain was 0.7573. This resulted in a 12.5% quality of life gain for the average patient during the 12 years
of the model. The average cost-utility versus no therapy for use of the telescope prosthesis was $14 389/QALY.
The incremental cost-utility referent to control fellow eyes was $14 063/QALY, whereas the incremental cost-
utility referent to fellow eyes that underwent intra-study cataract surgery was $11 805/QALY.

Conclusions: Therapy with the telescope prosthesis considerably improves quality of life and at the same
time is cost-effective by conventional standards.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2011;118:1834–1843 © 2011 by the American Academy of Ophthalmology.
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Age-related macular degeneration (AMD) is the leading
cause of legal blindness in the United States.1,2 At the
current time, intravitreal ranibizumab is an effective therapy
for most new-onset cases of neovascular AMD.3–5 Vitamin
and mineral supplement therapy has been shown to delay
the progression of atrophic AMD,6 but there is no consis-
tently effective therapy available to treat severe atrophic
AMD or end-stage neovascular AMD.

Data from the IMT002 Study Group,7–9 which included 28
participating clinical centers, demonstrated that an implantable
miniature telescope (IMT) invented by Isaac Lipshitz could be
placed in the posterior chamber after cataract extraction. At 2
years after implantation, this device resulted in a mean 3.6-line
gain in Early Treatment Diabetic Retinopathy Study vision.8
Two-year data also revealed that fellow eyes experienced a C

1834 © 2011 by the American Academy of Ophthalmology
Published by Elsevier Inc.
ean 0.5-line gain, whereas fellow eyes undergoing conven-
ional cataract surgery during the 2-year study period experi-
nced a mean 0.3-line gain.7,8

Emphasis has been placed on demonstrating the com-
arative effectiveness and cost-effectiveness associated
ith healthcare interventions,10,11 as evidenced by fund-

ng of the Patient-Centered Outcomes Research Institute
n the Patient Protection and Affordable Care Act of
010.11 The exact mechanisms to achieve these goals
ave not been well defined at the Federal level as of yet.
onetheless, it is likely they will eventually be similar to

hose promoted by the Panel for Cost-Effectiveness in
ealth and Medicine,12 the National Institute for Health

nd Clinical Excellence in the United Kingdom,13 and the

enter for Value-Based Medicine.14
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Value-based medicine (VBM) cost-utility analysis stan-
dardizes the cost-utility input variables and outcomes asso-
ciated with an intervention.14 The input variables for VBM
cost-utility analysis include (1) time tradeoff utilities, (2)
patient preference-based utility respondents, and (3) na-
tional, average Medicare reimbursements.

The outcomes for VBM comparative effectiveness14 in-
clude (1) quality-adjusted life-year (QALY) gain and (2)
human value gain. Human value gain, which is the same as
patient value gain, does not refer to money, but instead to
the improvement in human capital (improvement in quality
of life or length of life).

The cost-effectiveness outcome for VBM is the
$/QALY, or US dollars expended per QALY gained. To
account for the time value of good health and money, all
QALY gains, percent gains in quality of life, and financial
value outcomes are discounted at 3% annually, as recom-
mended by the Panel on Cost-Effectiveness in Health and
Medicine.15

The purpose of this study was to perform a VBM anal-
ysis on the comparative effectiveness (patient value gain)
and cost-effectiveness (cost-utility) associated with the tele-
scope prosthesis.

Materials and Methods

The evidence-based medicine data used for this value-based anal-
ysis were obtained from peer-reviewed IMT002 Study Group
clinical trial publications.7–9 The 24-month clinical trial, which
included 28 US centers, assessed the safety and clinical relevance
of a prosthetic telescope device (Implantable Miniature Telescope;
VisionCare Ophthalmic Technologies, Inc., Saratoga, CA).

The device is composed of a fixed-focus telescope containing
ultra-precision wide-angle micro-optics, with 2 rigid haptics that
hold it in position within the capsular bag of the lens after crys-
talline lens extraction. The external surfaces of the device are
composed of 3 primary components: a fused silica capsule that
contains optical elements, a clear polymethylmethacrylate carrier,
and a blue polymethylmethacrylate light restrictor.

Telescope Prosthesis Variants

Two models were initially studied: a 2.2X device and 3X (nomi-
nally 2.7X) device. A total of 115 eyes (56%) received the 2.2X
device and 91 eyes (44%) received the 3X device. The former
resulted in a mean 2.8 Early Treatment Diabetic Retinopathy Study
line gain at 2 years, and the latter yielded a mean 3.6-line gain.7–9

Visual acuity data for the 3X device cohort were significantly
better for far vision than for the 2.2X device cohort (P � 0.0006)
and trended better for near vision (P � 0.12).8 There was no
difference in preoperative visual acuity or adverse event rates
between the 3X and 2.2X devices.7 It is expected that the more
efficacious 3X device will be used in clinical practice; thus, data
for the 3X device are used in the cost-utility analysis presented.

The 3X device results in an image enlarged approximately 3
times and projected over a 52-degree area of the retina in the
posterior pole and mid-periphery.7 This results in a decreased
visual field to 20 degrees, but the contralateral eye with AMD

typically still maintains a normal peripheral field. T
nclusion Criteria

he baseline criteria for inclusion in the study are shown in Table
.7,8 Included were individuals with moderate to profound, bilat-
ral, central vision loss occurring secondary to stable (end-stage),
ntreatable, geographic atrophy, end-stage disciform scarring, or
oth. Visual acuity ranged from 20/80 to 20/800 in each eye,
lthough the Food and Drug Administration16 requires vision
anging from 20/160 to 20/800 in the eye to be implanted with the
elescopic device. The cohort of patients with AMD was composed
f those for whom interventions, other than static low vision aids
nd vitamin/mineral supplements,6 have not been shown to be of
herapeutic benefit.

If 1 of 2 eyes had �20/200 vision, the implant was placed in the
ye with the worst vision.7 If both eyes had �20/200 vision, the
election of which eye to implant was made by the physician and
atient. No patient underwent bilateral telescope implantation.

xclusion Criteria

yes with active choroidal neovascularization were excluded from
rial participation, as were eyes that had undergone therapy for
horoidal neovascularization within 6 months before study enroll-
ent. Previous intraocular surgery or corneal surgery, a corneal

ndothelial cell count �1600 cells/mm2, and an anterior chamber
epth of �2.5 mm were also exclusion criteria (Table 1). People
ith marked cognitive disorders were excluded.

linical Features

he mean age of participants in the IMT002 Clinical Trial was
5.6 years (range, 55–94 years). Women comprised 47.5% of the
articipants, and men comprised 52.5%. Disciform scarring was
resent in 49% of eyes, geographic atrophy was present in 43% of
yes, and a combination of both was present in 8% of eyes.7

Among the 217 participants enrolled in the IMT002 Clinical

Table 1. Inclusion and Exclusion Criteria for the Implantable
Miniature Telescope Study7–9

nclusion Criteria
Age �55 yrs
Vision loss
● Bilateral, stable vision loss due to untreatable AMD
● �5 letter improvement on an ETDRS chart with external
telescope before surgery
Vision: 20/80–20/800 in both eyes (in the FDA final label, the
indication is 20/160–20/800 vision in the eye to be implanted with
the IMT)
Lens: phakic
Macula: geographic atrophy or disciform scar (end-stage neovascular
AMD)
Visual field: adequate peripheral field in the contralateral eye
Anterior chamber depth of �2.5 mm with A-scan ultrasonography

xclusion Criteria
Active choroidal neovascularization
Treatment of choroidal neovascularization within 6 mos
Corneal endothelial cell density �1600/mm2

Previous intraocular surgery
Previous corneal surgery
Narrow anterior chamber angle (less than Shaffer grade 2)
Anterior chamber depth �2.5 mm

MD � age-related macular degeneration; ETDRS � Early Treatment
iabetic Retinopathy Study; FDA � Food and Drug Administration;

MT � implantable miniature telescope.
rial, 11 had aborted procedures, with each aborted eye receiving
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a conventional intraocular lens. Each of the 206 remaining patients
underwent lens extraction and simultaneous implantation of the
telescope prosthesis (device).9

Eight patients (3.9%) had the device removed; 2 were removed
for device failures, 2 were removed for corneal edema, and 4 were
removed by patient request (3 for glare and 1 for decreased visual
field). Ten of 206 patients (4.9%) died during the course of the
2-year study, and 13 patients (6.3%) were lost to follow-up. One
patient failed to return for the 2-year visit. Thus, the final data
analyzed include fellow eyes in 174 of 188 patients (92.6%) who
had the telescope prosthesis for at least 2 years.8 Among the
patients who received the 3X device, 76 were available for 2-year
follow-up.

Control Cohort
The mean vision obtained in eyes implanted with the telescope
prosthesis was compared with the mean vision in all contralateral
(fellow) eyes; the latter did not undergo device implantation and
had severe visual impairment caused by geographic atrophy or
disciform scarring. The mean vision in the eyes implanted with the
telescope prosthesis was also compared with that of fellow eyes
that underwent cataract surgery during the 2-year course of the
clinical trial.

Vision in Telescope-Implanted Eyes
The mean baseline vision for eyes implanted with the 3X prosthe-
sis was 20/326, and the baseline vision in fellow eyes was 20/233.7

At 12 months after implantation, the mean vision in telescope-
implanted eyes improved to 20/127, and at 24 months the mean
vision was 20/141.8 This latter vision was assumed to continue,
using a last observation carried forward (LOCF) analysis, through-
out the 12-year life expectancy of the average patient.

Open-label follow-up was undertaken after 2 years, but those
data are not included in this analysis. The longest post-trial
follow-up was 60 months for 4 patients who received the 3X
device; the mean vision in the eyes implanted with the telescope
device in these patients was 20/118.

All Fellow Eyes
Mean vision in all fellow eyes improved from 20/233 to 20/233�2

by 24 months. As in the telescope-implanted eyes, the mean vision
at 24 months in fellow eyes was also treated in a LOCF analysis
through 12 years. This fellow eye cohort includes the fellow eyes
undergoing cataract surgery during the 24 months of the study.

Fellow Eyes with Intra-Study Cataract Surgery
Twenty-two fellow eyes underwent conventional cataract surgery
with intraocular lens implantation during the 24-month study. The
mean vision in these eyes improved from 20/233 to 20/233�1.5 at
2 years. A LOCF analysis through 12 years also was undertaken
with this cohort.

Adverse Events
Among the 206 eyes implanted with the telescope prosthesis, 8
underwent removal of the device. A list of other associated adverse
events is shown in Table 2 (available at http://aaojournal.org). By
2 years, there were no instances of retinal detachment, worsening
choroidal neovascularization, endophthalmitis, or visually signifi-
cant posterior capsular opacification.7,8 The adverse events are
accounted for within the vision results, except for iritis, for which

a QALY loss is accrued against the total human value gain. 0

1836
tilities
he validated ophthalmic preferences (time tradeoff utilities) of
1000 patients with ocular diseases were used.17–25 The Wills
ye Hospital Institution Review Board approved the acquisition of

hese utilities.
On a scale with anchors of 1.00 (normal health) to 0.00 (death),

phthalmic utilities range from 1.00 in a person without ocular
isease who expects to have bilateral 20/20 vision permanently to
.26 in a person with no perception of light bilaterally.18–25 The
tilities decrease as the vision in the better-seeing eye decreases,
ith the cause of visual loss less relevant than the vision loss

tself.21,25

The QALYs gained are calculated on the basis of the utility
ain using the following methodology: intermediary QALY
ain � [(outcome utility � baseline utility) � years of benefit].
he dis-utility associated with adverse events is converted to
ALY format and subtracted from the intermediary QALY gain to
ield a final QALY gain.

osts
he current analysis was undertaken from the perspective of the

hird-party insurer, which includes all the direct medical costs an
nsurer might be expected to pay for, or save as a result of, IMT
mplantation (Table 3). The ocular-related direct medical costs
aved from decreased depression, decreased injury, and so forth
re included in all analyses unless otherwise specified. All costs
re reported in 2010 US dollars.

ost-Utility Ratio
he cost-utility ratio ($/QALY) is calculated by dividing the cost
f an intervention by the associated QALY gain. An average
ost-utility ratio compares an intervention with no therapy,
hereas an incremental cost-utility ratio compares an intervention
ith another intervention.

esults

omparative Effectiveness

ase Case Value Gain. As noted, the total cohort average life
xpectancy, thus the length of time used in the current model, was
2 years.26 The mean vision in eyes implanted with the telescope
rosthesis improved from a baseline of 20/326 to 20/127 by 12
onths. During year 2, there was a mean vision gain from 20/326

o 20/141. By discounting the associated utility gains by 3%
nnually, the mean QALY gain over 12 years is 0.7577. When the
ALY loss of 0.0004 attributable to the adverse events is inte-
rated into the model, the cumulative QALY gain is 0.7573. This
quates to a 12.5% human value (quality of life) gain daily for the
verage patient over the 12-year model (Table 4).

Fellow Eye Value Gain. The baseline vision in contralateral
yes was 20/233, which is associated with a utility of 0.613. From
he second year forward to year 12, the contralateral eye mean
ision was assumed to be 20/233�2, a utility gain of 0.0028, or a
uality of life gain of 0.47%. The cumulative QALY gain over 12
ears is 0.0287 (Table 4). The fellow eyes undergoing cataract
urgery are also included within this cohort.

Fellow Eye with Cataract Surgery Value Gain. Cataract sur-
ery in the fellow eye occurred in 22 patients during the 2-year
tudy. This resulted in a mean 1.5-letter change from 20/233 to
0/233�1.5. The vision corresponds to a utility gain of 0.0021, a

.35% improvement in quality of life (Table 4). The cumulative

http://aaojournal.org
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Brown et al � Implantable Miniature Telescope
12-year QALY gain is 0.0215, slightly less than that of all fellow
eyes.

Cost-Effectiveness (Cost-Utility)

Costs. The costs associated with implantation of the telescope
prosthesis are shown in Table 3. By assuming a cost of $15 000 for
the device, the subtotal discounted (3%) cost is $18 494.26–36 This
includes the cost for an ambulatory surgical center ($962), a
physician fee the same as that typically used for cataract surgery

Table 3. Costs (2010 Real US Dollars) Associated with Use of
the Implantable Miniature Telescope27–34

Descriptor CPT Code Cost

Initial office examination 99254 110
Basic metabolic panel 80048 28
Electrocardiogram 93010 43
Blood count 85025 22
A-scan ultrasonography 76519 41
Telescope implantation for end-stage AMD 66984 758
Telescope prosthesis NA $15 000
Anesthesia NA 633
Ambulatory surgical center NA 962
Postoperative medications NA 20
Occupational therapy sensory integration

(6 � 1-hr visits)
97110 699

Adverse events NA 178
Subtotal $18 494

Incremental cost if Physician Fee Schedule
payment is increased to the level of
that associated with penetrating
keratoplasty

95730 $480

Subtotal $18 974
Incremental facility fee if the surgery is

performed in a hospital outpatient
surgery department, rather than an
ambulatory surgical center

$1507

Subtotal $20 481
Ocular-Related Direct Medical Costs. Listed below are additional direct

medical costs obviated by the improvement of mean visual acuity
from 20/326 to 20/141.35 The costs are taken from Javitt and
colleagues35 and are adjusted to 2010 real dollars using the medical
component of the Consumer Price Index.36 The parentheses
indicate the costs are negative costs, thus decreasing the net direct
medical expenditure associated with implantation of the telescope
prosthesis.

Descriptor Cost35

Decreased depression ($408)
Decreased injury ($117)
Decreased skilled nursing facility costs ($423)
Decreased nursing home costs ($1014)
Decreased unexplained costs associated

with vision loss
($2143)*

Subtotal ($4105)
Total without HOPSD cost $18 494
Total ocular-related costs �$4105
Total base case cost $14 389

AMD � age-related macular degeneration; CPT � Current Procedural
Terminology; HOPSD � hospital outpatient surgery department; NA �
not applicable; $/QALY � cost-utility ratio, or dollars expended per
quality-adjusted life-year gained.
*Excess costs associated with vision loss for which there was statistical
significance but no consistent underlying cause in a Medicare 5% sample
study.35
and intraocular lens implantation ($758), an anesthesiology fee of r
622, the weighted costs of adverse events of $178, and a cost of
699 for 6 sessions of postoperative occupational therapy. The
cular-related, direct medical cost of $4105, taken from the com-
rehensive work of Javitt et al,35 and adjusted using the medical
omponent of the Consumer Price Index,36 is a negative cost
ccruing against the total direct medical costs.

For cataract surgery and intraocular lens implantation per-
ormed in an ambulatory surgical center, the overall cost is
2584.27–34 In this instance, there is no cost for the telescope
rosthesis, the anesthesia time is assumed to be 1 hour (cost �
422), versus 90 minutes for the telescope implant insertion, and
here is no occupational therapy cost after surgery.

A physician fee of $1238 associated with penetrating kerato-
lasty is also listed (Table 3) and integrated in the sensitivity
nalysis. This fee may more closely approximate the physician
ork associated with implantation of the telescope device than
oes cataract surgery.7–9

ase Case Cost-Utility Ratios

ase Case Average Cost-Utility for Telescope Implantation. The
verage cost-utility ratio for the IMT implantation base case sce-
ario is ($14 389/0.7573�) $19 001/QALY (Table 4).

Base Case Incremental Cost-Utility for Telescope Implanta-
ion Referent to All Fellow Eyes. The incremental cost-utility
atio referent to all fellow eyes is [($14 389 � $327)/(0.7573–
.0287)�)] $19 301/QALY.

Base Case Incremental Cost-Utility for Telescope Implanta-
ion Referent to Fellow Eyes That Underwent Intra-Study Cat-
ract Surgery. The incremental cost-utility ratio in this scenario is
($14 389 � $2584)/(0.7573–0.0215) QALY�)] $16 045/QALY.

Average Cost-Utility, All Fellow Eyes. The average cost-
tility ratio for all fellow eyes is ($327/0.0287�) $11 381/QALY.

Average Cost-Utility, Cataract Extraction, Fellow Eye. The
verage cost-utility ratio for fellow eyes that underwent cataract
xtraction during the 24-month study is ($2584)/0.0215�)
120 016/QALY.

ensitivity Analyses

ensitivity analysis is performed by substituting variables about
hich there is some degree of uncertainty to test the robustness of

he model.

ase Case Cost-Utility Ratios, Excluding
�$4105) in Ocular-Related, Direct Medical
osts

ase Case Average Cost-Utility of Implantable Miniature Tele-
cope Without Ocular-Related Direct Medical Costs. The aver-
ge cost-utility ratio for this scenario is ($18 494/0.7573�)
24 422/QALY (Table 5, available at http://aaojournal.org).

Base Case Incremental Cost-Utility. Referent to all fellow
yes, the IMT incremental cost-utility ratio is ($18 167)/(0.7286�)
24 936/QALY. Referent to fellow eyes that underwent intra-
tudy cataract surgery, the IMT incremental cost-utility ratio is
$15 910)/(0.7357) QALY�) $21 624/QALY.

ncluding Hospital Outpatient Surgery Department
osts

rom this section forward, the cost component for each of the
ensitivity analyses, unless otherwise stated, includes all ocular-

elated, direct medical costs (Table 3).

1837
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Average Cost-Utility. Performance of the surgery in a hospi-
tal outpatient surgery department results in an additional cost of
$1507 over implantation in an ambulatory surgical center. The
total overall cost in this scenario is $15 896, and the average
cost-utility ratio is ($15 896/0.7573�) $20 991/QALY (Table 6,
available at http://aaojournal.org).

Incremental Cost-Utility. Referent to all fellow eyes, the IMT
cost-utility ratio is ($15 581/0.7286�) $21 836/QALY. Referent
to fellow eyes that underwent intra-study cataract surgery, the IMT
cost-utility ratio is ($13 312/0.7357�) $18 094/QALY.

Implantable Miniature Telescope Removal in 8
Cases

Average Cost-Utility. By integrating the 8 eyes that underwent
telescope removal, the average IMT cost-utility ratio referent to no
treatment is ($14 522/0.7249�) $20 031 QALY (Table 7, avail-
able at http://aaojournal.org).

Incremental Cost-Utility. Referent to fellow eyes, the incre-
mental IMT cost-utility ratio is ($14 191/0.6975�) $20 346/
QALY. Referent to fellow eyes that underwent intra-study cataract

Table 4. Human Value Gain and Cost-Utility for

Category QALY Gain % Q

IMT vs. no treatment 0.7573
IMT referent to fellow eyes 0.7286
IMT referent to fellow eye

cataract extraction
0.7357

Fellow eyes, including cataract
extraction eyes

0.0287

Cataract extraction in fellow eyes 0.0215

CUR � cost-utility ratio; IMT � Implantable Miniature Telescope; QALY
life-year; QOL � quality of life.
*All costs are in 2010 US real dollars.

Table 8. Sensitivity Analysis: Implantable Miniature Teles

Category QALY Gain % Gain

Cost of IMT device for CUR �
$50 000/QALY

0.7573 12.

Cost of IMT device for CUR �
$50 000/QALY, referent to
all fellow eyes

0.7286 12.

Cost of IMT device for CUR �
$50 000/QALY, referent to
cataract extraction in fellow
eyes

0.7357 12.

Cost of IMT device for CUR �
$100 000/QALY

0.7573 12.

Cost of IMT device for CUR �
$100 000/QALY, referent to
all fellow eyes

0.7286 12.

Cost of IMT device for CUR �
$100 000/QALY, referent to
cataract extraction in fellow
eyes

0.7357 12.

CUR � cost-utility ratio; IMT � Implantable Miniature Telescope; QALY
life-year; QOL � quality of life.
*All costs are in 2010 US real dollars.

†Percent increase in cost of the IMT device �$15 000.

1838
urgery, the IMT cost-utility ratio is ($11 922/0.7044�)
16 926/QALY.

mplantable Miniature Telescope Cost Variances
or Cost-Effective Implantation

ith the assumption that other costs remain unchanged, the max-
mum cost of an IMT for implantation to still remain cost-effective
s shown in Table 8.

$50 000/QALY. For an average cost-utility ratio of $50 000/
ALY, the device cost increases to $34 371, a 129% increase over

he $15 000 base case cost. For an incremental cost-utility ratio of
50 000/QALY referent to fellow eyes, the device cost increases
y 120% to $32 935, whereas for an incremental cost-utility ratio
f $50 000/QALY referent to eyes that underwent intra-study
ataract surgery, the device cost increases by 122% to $33 393.

$100 000/QALY. For an average cost-utility of $100 000/
ALY, the device cost increases to $72 236, a 382% increase over

he $15 000 base case cost. For an incremental cost-utility ratio of
100 000/QALY referent to fellow eyes, the cost of the device
ncreases by 362% to $69 364, whereas for an incremental cost-

Case Miniature Telescope Device Implantation

Gain Total Cost* $/QALY CUR

% $14 389 $19 001 Average
% $14 063 $19 302 Incremental
% $11 805 $16 045 Incremental

% $327 $11 381 Average

% $2584 $120 016 Average

uality-adjusted life-year; $/QALY � dollars expended per quality-adjusted

Costs for Theoretic Upper Anchors of Cost-Effectiveness

IMT Device Cost* $/QALY CUR

$34 371 (129%)† $50 000 Average

$32 935 (120%)† $50 000 Incremental

$33 393 (122%)† $50 000 Incremental

$72 236 (382%)† $100 000 Average

$69 364 (362%)† $100 000 Incremental

$70 081 (367%)† $100 000 Incremental

uality-adjusted life-year; $/QALY � dollars expended per quality-adjusted
Base

OL

12.5
12.0
12.1

0.47

0.35

� q
cope

QOL

5%

0%

1%

5%

0%

1%

� q
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Brown et al � Implantable Miniature Telescope
utility ratio of $100 000/QALY referent to fellow eyes that under-
went intra-study cataract surgery, the device cost increases by
367% to $70 081/QALY.

Varying Physician Implantation Fee

Varying Physician Implantation Cost. Increasing the physician
surgical fee from that associated with cataract surgery and intra-
ocular lens implantation (CPT code 66984, reimbursement �
$758) to that associated with penetrating keratoplasty (CPT code
95730, reimbursement � $1238) requires an increase of 63%
(Table 9, available at http://aaojournal.org).

Average Cost-Utility. If the physician fee for implantation of
the device is increased by 63%, the overall cost is $14 678 and the
average cost-utility is ($14 678/0.7573�) $19 502/QALY.

Incremental Cost-Utility. Referent to fellow eyes in this sce-
nario, the IMT incremental cost-utility ratio is ($14 063/0.7286�)
$19 301/QALY. Referent to fellow eyes that underwent intra-
study cataract surgery, the cost-utility ratio is ($12 184/0.7357�)
$16 560 QALY.

Varying Discount Rates

Discount Rate. The QALY outcomes and costs have, to this
point, all been discounted at a 3% annual rate, as per the recom-
mendation of the Panel on Cost-Effectiveness in Health and Med-
icine.12,15,16 The resultant, incremental cost-utility ratios associ-
ated with various annual discount rates are shown in Table 10
(available at http://aaojournal.org). They range from $15 100/
QALY for IMT implantation referent to fellow eye cataract sur-
gery with a 0% discount rate to $27 057/QALY for IMT implan-
tation referent to all fellow eyes using a 10% annual discount rate.
The higher discount rate results in a more expensive cost-utility
ratio because the costs for the intervention are expended during the
first year, whereas the QALY gain accrues over 12 years, and thus
is diminished each year by discounting.

Loss of Visual Efficacy in Years 3–12
The overall human value gain conferred by the IMT can be readily
quantified using the QALY gain. Conversely, a loss of visual

Table 11. Sensitivity Analysis: Effect of Decreasing Im

Category QALY Gain %

IMT vs. no treatment, 20% loss of
vision benefit from yrs 3–12

0.6366

IMT referent to fellow eyes, 20%
loss of vision benefit from yrs
3–12

0.6079

IMT referent to cataract extraction
fellow eyes, 20% loss of vision
benefit from yrs 3–12

0.6151

IMT vs. no treatment, 50% loss of
vision benefit from yrs 3–12

0.4546

IMT referent to fellow eyes, 50%
loss of vision benefit from yrs
3–12

0.4259

IMT referent to cataract extraction
fellow eyes, 50% loss of vision
benefit from yrs 3–12

0.4331

CUR � cost-utility ratio; IMT � Implantable Miniature Telescope; QALY
life-year; QOL � quality of life.
*All costs are in 2010 US real dollars.
efficacy can be objectively assessed by measuring QALY loss. q
Average Cost-Utility, 20% Vision Loss, Years 3–12. If the
ALY gain associated with IMT implantation decreases by 20%

or years 3–12, the mean quality of life gain referent to no
reatment is 10.5%. The average IMT cost-utility ratio is ($14 389/
.6366�) $22 603/QALY (Table 11).

Incremental Cost-Utility, 20% Vision Loss, Years 3–12. Ref-
rent to all fellow eyes, the incremental IMT quality of life gain is
0.0% and the incremental IMT cost-utility ratio is ($14 074/
.6079�) $23 151/QALY. Referent to fellow eyes undergoing
ntra-study cataract surgery, the quality of life gain is 10.1% and
he incremental IMT cost-utility ratio is ($11 805/0.6151�)
19 192/QALY.

Average Cost-Utility, 50% Vision Loss, Years 3–12. If the
ision in eyes implanted with the IMT decreases by 50% for years
–12, the quality of life improvement referent to no treatment is
.5%. The average cost-utility ratio for the IMT associated with a
0% loss of vision for years 3–12 is ($14 389/0.4546�)
31 655/QALY.

Incremental Cost-Utility, Fellow Eyes, 50% Vision Loss,
ears 3–12. Implantation of the IMT referent to fellow eyes

esults in a quality of life gain of 7.0%. The incremental cost-
tility ratio for IMT eyes versus all fellow eyes is ($14 074/
.4259�) $33 049/QALY.

Incremental Cost-Utility, Cataract Surgery in Fellow Eyes,
0% Vision Loss, Years 3–12. Implantation of the IMT referent

o fellow eyes undergoing intra-study cataract surgery results in a
uality of life gain of 7.1%. The incremental cost-utility ratio for
MT eyes versus fellow eyes undergoing intra-study cataract sur-
ery is ($11 805/0.4331�) $27 620/QALY.

sing 20/233 Vision in the Fellow Eye as the
aseline Vision

aseline Vision of 20/233. If the mean vision of 20/233 in fellow
yes is considered to be the mean baseline vision in eyes implanted
ith the telescope prosthesis,7 the quality of life gain for the

elescope versus no treatment is 8.9% and the average cost-utility
s $34 099/QALY (Table 12, available at http://aaojournal.org).

Baseline Vision of 20/233 in Eyes with Implantable Minia-
ure Telescope Referent to Fellow Eyes. In this instance, the

table Miniature Telescope Vision Benefit Over Time

L Gain Cost* $/QALY CUR

0.5% $14 389 $22 603 Average

0.0% $14 074 $23 151 Incremental

0.1% $11 805 $19 192 Incremental

7.5% $14 389 $31 655 Average

7.0% $14 074 $33 049 Incremental

7.1% $11 805 $27 260 Incremental

uality-adjusted life-year; $/QALY � dollars expended per quality-adjusted
plan

QO

1

1

1

� q
uality of life gain is 8.9%. The incremental cost-utility of tele-
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scope implantation referent to fellow eyes is ($13 939/0.5249�)
$25 718/QALY.

Baseline Vision of 20/233 in Eyes with Implantable Minia-
ture Telescope Referent to Fellow Eyes That Underwent Intra-
Study Cataract Surgery. The incremental gain in quality of life
for IMT implantation in this scenario is 8.6%. The incremental
cost-utility is ($13 312/0.5204�) $25 578/QALY.

Discussion

Comparative Effectiveness

The data presented demonstrate that the 3X telescope pros-
thesis for end-stage AMD confers considerable human
value gain (improvement in quality of life) compared with
(1) no therapy, (2) all fellow eyes, and (3) the fellow eyes
that underwent cataract surgery during the 2-year study
period. This value gain integrates the improvement in vision
associated with telescope implantation, as well as the ad-
verse events.

A major advantage of VBM comparative effectiveness
analysis,14 as used in this analysis, is the fact that the
standardized, validated18 time tradeoff utilities used are
obtained from patients who have experienced vision loss
firsthand. Patient utilities should be the criterion, or gold
standard, especially because it has been demonstrated that
ocular utility estimates obtained from treating physicians
and the general community underestimate the quality of life
diminution experienced by patients with vision loss by 96%
to 750%.37 The current authors firmly adhere to the adage
that “only by walking a mile in another person’s shoes” can
one truly appreciate the quality of life associated with a
health state.

The ophthalmic utilities used in this study are directly
comparable to time tradeoff utilities obtained from patients
with virtually any health state. Thus, the human value gain
conferred by IMT implantation can be compared with that
conferred by virtually any other intervention. For example,
the 12.5% value gain associated with use of the IMT is
greater than that conferred by diuretics for the treatment of
systemic arterial hypertension, as well as angiotensin-
converting enzyme inhibitors and �-blockers for the same
disease (Table 13). The use of proton pump inhibitors for
the treatment of severe gastroesophageal reflux disease is an
intervention that confers value similar to that achieved by
telescope implantation (Table 13).38 The value gain con-
ferred by the device is considerably greater than the 4%–5%
value gain conferred by HMG-CoA reductase inhibitors
(statins) for the treatment of hyperlipidemia, the 0.8%–1.1%
value gain conferred by bisphosphonates for the treatment
of osteoporosis, and the 0.6%–1.4% value gain conferred by
the �-1 adrenergic blockers for the treatment of prostatic
hyperplasia.38 This direct comparison remains valid even
when 1 intervention (e.g., antihypertensive medicine) con-
fers human value by improving quality of life and length of
life, whereas another (e.g., the IMT) confers human value

by improving quality of life alone.14 s

1840
ost-Effectiveness

here is no formal organization in the United States that
urrently sets cost-utility (cost-effectiveness) standards.
ording in the Patient Protection and Affordable Care Act,

owever, suggests the Patient-Centered Outcomes Research
nstitute will likely assume this task at some point in the
uture. Nevertheless, at the current time in the United
tates, interventions costing �$100 000/QALY are usually

hought to be cost-effective,14,39–42 and those costing �$50 000/
ALY are often considered very cost-effective.43,44 The Na-

ional Institute for Health and Clinical Excellence in the
nited Kingdom generally considers interventions costing
£20 000/QALY (�2010 US $32 000/QALY) as cost-

ffective, but on occasion will recommend interventions
osting up to £30 000/QALY (�2010 US $48 000/QALY)
o the National Health Service for coverage.45 The World
ealth Organization considers interventions costing �3�
ross domestic product per capita (�2010 US $139 200)
er disability-adjusted life-year, an entity similar to the
ALY, as cost-effective. Interventions costing �1� gross
omestic product per capita per disability-adjusted life-year
�2010 US $46 400) are considered to be very cost-
ffective.46,47

The average cost-utility ratio of $19 001/QALY for IMT
mplantation compared with no therapy demonstrates the
ntervention to be cost-effective by conventional standards
n the United States and other countries.42–46 The incremen-
al cost-utility ratios of $19 302/QALY for the telescope
rosthesis versus all fellow eyes and $16 045/QALY versus
ellow eyes that underwent intra-study cataract extraction

Table 13. Human Value Conferred by Implantable Miniature
Telescope Device and Other Interventions

Intervention Percent Value Gain

SRI antidepressants 20%–24%38

anibizumab, neovascular AMD 15.85

mplantable miniature telescope 12.5*
roton pump inhibitors, GERD 8–1438

-blockers, topical, primary open-angle
glaucoma

6–1038

iuretics, systemic arterial hypertension 7.7–9.438

opical cyclosporine, keratoconjunctivitis
sicca

7.139

ngiotensin-converting enzyme
inhibitors systemic arterial
hypertension

6.5–9.138

-blockers, systemic arterial hypertension 6.3–9.138

egaptanib therapy, neovascular AMD 5.940

aser therapy, subfoveal neovascular
AMD

4.440

MG-CoA reductase inhibitors (statins)
for hyperlipidemia

4–538

isphosphonates, osteoporosis 0.8–1.138

-1 adrenergic blockers, prostatic
hyperplasia

0.6–1.438

MD � age-related macular degeneration; GERD � gastroesophageal
eflux disease; SSRI � selective serotonin reuptake inhibitor.
alue gain is improvement in length of life or quality of life.
Current study.
uggest treatment with the IMT is also well within the
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conventional limits of incremental cost-effectiveness. The
fact that most sensitivity analysis results were also well
within the confines of the conventional cost-effectiveness
ratios discussed suggests the model is robust. A list of the
cost-utility of select interventions compared with telescope
implantation is shown in Table 14.5,38,40,41,48,49

Study Limitations

As with any study, the possibility of confounding factors
can change an outcome. For example, it is possible that,
over the 12-year model, neovascular choroidal lesions or
geographic atrophy might progress. Notwithstanding, even
decreasing the vision benefit by 50% from years 3 to 12 still
results in a cost-utility ratio that is cost-effective by
US,42–44 National Institute for Health and Clinical Excel-
lence,45 and World Health Organization46 standards. Fur-
thermore, even if the macular lesion enlarges, the optics of
the telescope prosthesis are such that the resultant image
will still be 3 times as large as it would otherwise be without
implantation.

Few data are available on many of the costs associated
with visual loss. Thus, it is likely that the current analysis
underestimates the cost savings that accompany an im-
provement in vision.50 Therefore, the cost-utility data pre-
sented in this article are likely conservative and may under-
estimate the overall cost-effectiveness of the telescope
implant.

In conclusion, the IMT confers considerable improve-

Table 14. Cost-Utility Ratios Associated with Miniature
Telescope Device Implantation and Other Interventions

(Adjusted to 2010 Real US Dollars)

Intervention Cost-Utility Ratio

Cataract surgery, initial eye, no AMD $272541

�-blockers, systemic arterial hypertension $800538

Laser therapy, subfoveal neovascular AMD $912140

Telescope prosthesis implantation, incremental
cost-utility vs. cataract extraction in fellow
eyes

$11 805*

Cochlear implant $12 95938

Telescope prosthesis implantation, average
cost-utility

$19 001*

Telescope prosthesis implantation, incremental
cost-utility vs. fellow eyes

$19 302*

Computed tomography for equivocal
neurologic symptoms

$27 93548

Ranibizumab, neovascular AMD $50 6915

Treatment, occupational HIV exposure $54 26238

Retinal detachment repair, proliferative
vitreoretinopathy, C3F8 repair, no previous
vitrectomy

$63 31749

Pegaptanib therapy, neovascular AMD $74 48840

Magnetic resonance imaging for equivocal
neurologic symptoms

$153 40448

AMD � age-related macular degeneration; C3F8 � perfluoropropane gas;
HIV � human immunodeficiency virus; IMT � implantable miniature
telescope.
*Current study.
ment in human value (quality of life) for patients with AMD
nd severe geographic atrophy or end-stage neovascular
isease for whom other therapeutic options are limited. The
ubstantial human value gained from device implantation
ontributes to making the intervention cost-effective by
onventional standards.
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