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Purpose of review

The comparative effectiveness of medical interventions has recently been emphasized

in the literature, typically for interventions in a similar class. Value-based medicine, the

practice of medicine based on the value (improvement in quality of life and/or length of

life) conferred by medical interventions, allows a measure of comparative effectiveness

of interventions across all of health care, no matter how disparate. This report discusses

recent comparative effectiveness studies in the vitreoretinal literature.

Recent findings

Vitreoretinal interventions have good to excellent comparative effectiveness compared

with commonly utilized interventions across health care, such as treatment for

osteoporosis and hyperlipidemia. They also tend to be cost-effective when an upper limit

of $100 000/quality-adjusted life-year is utilized.

Summary

Value can be measured using either or both of two outcomes – the quality-adjusted

life-year gain and/or the percentage improvement in value – both of which allow for an

evaluation of comparative effectiveness, which can be compared on the same scale for

every intervention. This value can also be integrated with costs using the outcome of

dollars expended per quality-adjusted life-year ($/quality-adjusted life-year, or the cost-

utility ratio), which allows a comparison of cost-effectiveness across all interventions. The

majority of vitreoretinal interventions confer considerable value and are cost-effective.
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Introduction
Value-based medicine is the practice of medicine based

upon the value (improvement in quality of life and/or

length of life) conferred by medical interventions [1–

3,4��]. As such, value integrates all of the benefits and

adverse events associated with an intervention into the

most probable outcome. This value outcome can be

measured using the quality-adjusted life-year (QALY)

and/or the percentage improvement in value, both of

which allow for evaluations of comparative effectiveness

across all interventions. The value can also be integrated

with associated costs using the outcome of dollars

expended per QALY ($/QALY, or the cost-utility ratio);

this allows a measure of cost-effectiveness that can be

compared across all interventions [5–18].
Comparative effectiveness
Most comparative effectiveness studies compare the

benefit of medical interventions in the same class using
opyright © Lippincott Williams & Wilkins. Unautho
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common outcomes [19–21]. For example, an exhaustive

comparative effectiveness analysis of treatments for osteo-

porosis uses the major outcomes of vertebral fracture, hip

fracture, and/or other fractures (wrist, humerus, radius,

ulna, and so forth) [21]. The analysis takes into account

the best evidence-based medicine data from randomized

clinical trials and meta-analyses. It also considers what are

judged by a group of experts to be the most important

adverse events associated with treatment, for instance

upper gastrointestinal perforations, ulcers and bleeds,

acute coronary syndrome, breast cancer, and others.

Evidence-based medicine comparative effectiveness

analyses, despite extensive, superlative literature inves-

tigations, encounter four major problems [1]. First, they

fail to incorporate all benefits, all adverse events, and the

incidences of all adverse events associated with an inter-

vention into a single numeric. Second, they fail to take

into account quality of life issues, which are critically

important in assessing both benefits and adverse events.

Third, their outcomes are generally not comparable
rized reproduction of this article is prohibited.
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Table 1 Time tradeoff utilities associated with visual acuity in

the better-seeing eye

Visual acuity Utility

20/20 in each eye permanently 1.00
20/20 (20/20–20/25 in the other eye) 0.97
20/20 (�20/40 in the other eye) 0.92
20/25 0.87
20/30 0.84
20/40 0.80
20/50 0.77
20/70 0.74
20/100 0.67
20/200 0.66
20/300 0.63
20/400 0.54
Counting fingers 0.52
Hand motions 0.35
Light perception 0.35
No light perception 0.26
Death 0.00

Adapted from Brown et al. [3].
across specialties. As an example, it is difficult to ascertain

whether bone fractures are more or less incapacitating

than vitreous hemorrhage in diabetic retinopathy.

Finally, rheir outcomes are difficult to incorporate into

economic analyses.

Value-based medicine comparative effectiveness analyses

overcome each of the above inadequacies [1–3,4��].

The same extensive, evidence-based literature searches,

analyses of randomized clinical trials, and meta-analyses

can be used, but they are taken to the higher level of value-

based medicine. In contrast to the outcomes of evidence-

based medicine comparative effectiveness analysis, the

value-based medicine comparative effectiveness out-

comes of QALY gain, value gain, and cost-utility integrate

all benefits and adverse events (and their respective

incidences) into a single numeric. They also take into

account all beneficial and adverse quality of life issues, and

can be compared across all specialties and interventions, no

matter how disparate. Finally, they encompass the most

sophisticated form of health care economic analysis,

namely cost-utility analysis.

A description of value-based medicine analyses follows.
Quality-of-life measured by utility analysis
The length of life gain conferred by an intervention can

often be determined from the literature, but the quality

of life improvement is more difficult to ascertain. Utility

analysis, however, can objectively measure the quality of

life associated with a disease or health state. (The terms

‘disease’ and ‘health state’ are most often used inter-

changeably; a disease, however, typically connotes one

health problem, whereas a health state can refer to a

single health problem or a combination of problems [1].

For example, age-related macular degeneration is a dis-

ease, whereas a health state might refer to the overall

health of a patient with hypertension in conjunction with

osteoarthritis and cataracts.)

Utility analysis quantifies quality of life along a scale from

0.00 (death) to 1.00 (normal health, or normal bilateral
opyright © Lippincott Williams & Wilkins. Unauth

Table 2 Utilities of respondent groups for age-related macular deg

Categorical ARMD groupings
Patients [2,3]

(n¼82)
Communit

(n¼14

Mild ARMD (20/20–20/40) 0.83 0.96
Moderate ARMD (20/50–20/100) 0.68 0.92
Severe ARMD (20/200 or worse) 0.47 0.86
Very severe ARMD (<20/800) 0.40 NA

Snellen visual acuity ranges for the better seeing eye are listed below the m
ARMD, and very severe ARMD groupings.
a The patient average utilities differ significantly from those of the community,
(analysis of variance, P<0.0001). Adapted from Brown et al. [29].
vision, permanently). As the vision in the better-seeing eye

decreases, the corresponding utility decreases (Table 1)

[3]. The reason why ‘permanently’ is specified is illus-

trated by the fact that patients with normal 20/20 vision in

each eye permanently have a utility of 1.00, whereas those

with ocular disease, such as diabetic retinopathy, and 20/20

vision bilaterally have an associated utility of 0.97 [3]. The

latter occurs predominantly because patients with eye

disease worry about the possibility that their vision will

be diminished or lost in the future [1,3].

Utility analysis can thus quantify the improvement in

quality of life conferred by an intervention [22–28]. For

example, if the vision in the better-seeing eye improves

from 20/100 to 20/40, then the corresponding utility

(Table 1) increases from 0.67 to 0.80 – a utility gain

of 0.13.

Value-based medicine analyses utilize time tradeoff

utilities from patients, because utilities obtained from

patients with a disease can differ dramatically from those

obtained from surrogate respondents (Table 2) [29]. A list

of utilities associated with nonocular health states is
orized reproduction of this article is prohibited.

eneration

Study subjects

y [3]
2)

Clinicians [3]
(n¼62)

Ophthalmologists
[22]

P value
(n¼46)

0.93 0.98 <0.0001a

0.88 0.89 <0.0001a

0.82 0.73 <0.0001a

NA 0.67 <0.0001a

ild age-related macular degeneration (ARMD), moderate ARMD, severe

clinician, and ophthalmologist groups in all categorical ARMD groupings
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Table 3 Patient-based time tradeoff utilities associated with

multiple conditions

Condition
TTO utility

value

Group 1
HIV, asymptomatic 0.94
S/P myocardial infarction, no symptoms 0.93
Cancer, all 0.92
Osteoporosis 0.91
Stroke, mild (able to perform usual activities) 0.90
Impotence 0.85
Gout 0.86
ARMD, mild 0.83
Vertebral fracture 0.82
HIV, symptomatic 0.82
Angina, moderate 0.80
S/P myocardial infarction, some residual angina

and congestive heart failure
0.78

Prostate cancer (no pain; normal bladder,
bowel and sexual function)

0.78

Group 2
Claudication, severe 0.74
Prostate cancer (pain controlled; þ normal bladder,

bowel and sexual function þ normal energy þ
presence of depression)

0.72

AIDS 0.70
Stroke, moderate (requiring some help, but able to

walk without assistance)
0.69

ARMD, moderate 0.68
Fractured hip 0.63
Tuberculosis hospitalized 0.60
Angina, severe 0.58
Ulcerative colitis, requiring surgery 0.58
Dialysis, home 0.56

Group 3
ARMD, severe 0.47
ARMD, very severe 0.40
Prostate cancer, advanced

(uncontrolled pain; bladder, bowel
and sexual function abnormal,
depression, severe fatigue)

0.35

Stroke, severe (bedridden, incontinent
and requiring constant care, at 6 months)

0.34

Total blindness (NLP OU) 0.26
Stroke, severe, with aphasia 0.26
Stroke, severe, total paralysis (at 10 years) 0.20

Group 1 includes health states associated with a utility >0.75, group 2
includes health states associated with a utility <0.75 and >0.50,
and group 3 includes health states associated with a utility �0.50.
ARMD, age-related macular degeneration; NLP, no light perception; ou,
bilaterally; s/p, status post; TTO, time tradeoff. Adapted from Brown et al.
[30].
shown in Table 3 [30], as are patient macular degener-

ation utilities.

The time tradeoff methodology of utility analysis has been

described in detail elsewhere [22–28]. In essence, it pre-

sents the theoretical scenario of trading a proportion of

theoretical future time of life in return for normal health

during those years that remain after the trade. The utility is

then calculated by subtracting the proportion of years

traded from 1.0. As an example, if a person with 20/40

vision in the better eye is willing to trade 4 of 20 remaining

years so that he or she would live the 16 remaining years

with normal bilateral vision, then the utility associated

with the 20/40 vision is (1.0 – 4/20¼) 0.80.
opyright © Lippincott Williams & Wilkins. Unautho
Value
The value conferred by an intervention is ascertained by

multiplying its conferred utility gain by the duration of

treatment benefit (in years), with the outcome measured

in QALYs. For example, an intervention that improves

vision from 20/100 to 20/40 for 20 years until death

confers 0.13 utility gain� 20 years¼ 2.6 QALYs accrued.

Value, as used in value-based medicine, does not connote

money or obtaining a tangible good or service for a lesser

price, but is rather the net patient benefit conferred by an

intervention [1].

Length of life gain can also be integrated into the

therapeutic equation. For example, if the above inter-

vention also increases life expectancy by 2 years, then the

total resultant QALY gain equals the sum of the 2.6

QALYs accrued due to quality of life improvement

and the 1.6 QALYs accrued from living 2 years longer

at a utility of 0.80. The total QALY gain is 4.2 QALYs¼
[(0.13� 20)þ (0.80� 2)]. Needless to say, however,

ophthalmic interventions rarely increase the length of life.

Quality-adjusted life-year and percentage gain in value

Use of the QALY allows for the most sophisticated

variant of comparative effectiveness, because this out-

come can be compared for interventions across all of

health care [1,5,6]. Alternatively, the outcome of percen-

tage gain in value can also be used in the same fashion,

with the same degree of comparative effectiveness

sophistication. Percentage gain in value, similar to the

QALY, takes into account both improvement in quality of

life and/or length of life. As an example, the conferred

value of the statins, which decrease cardiac ischemic

events and stroke, thus improving length of life and

quality of life, can be compared side by side with the

conferred value of a pars plana vitrectomy, which

improves vision, and thus quality of life, in a patient

with diabetic retinopathy and vitreous hemorrhage.

Value is critical

A critical pillar of value-based medicine is the dictum

that a patient deserves the intervention that confers the

greatest value. Only if the conferred value is similar for

comparator interventions is it reasonable to differentiate

on the basis of cost and select the intervention that is

less expensive.

Reference case

Of note is the fact that value-based medicine analyses

typically assess the conferred value gained by the refer-

ence case, or the case of the average patient with a

disease [1]. For example, the reference case age for

neovascular age-related macular degeneration is approx-

imately 74–75 years [31��]. Using a reference cases

analysis greatly decreases any bias against age for the

methodology.
rized reproduction of this article is prohibited.
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Disability-adjusted life-year

One additional outcome, the disability-adjusted life-year

(DALY), should be addressed. The DALY, the favored

outcome by the World Health Organization, is similar to

the QALY but it gives greater weight (value) to those in

middle age, theoretically the most productive time of life

[32]. The authors herein are not proponents of the DALY

and believe that the DALY will not gain favor in the USA,

because it is biased, and accrues less value, for those who

are very young or who are older.
Vitreoretinal interventions
The value-based medicine analyses of most vitreoretinal

interventions reported are based upon randomized

clinical trials. A list is provided in Table 4 [7–11,15,16,

31��,33,34�].

Comparative effectiveness

It is of note that the majority of vitreoretinal interventions

confer greater value, and thus have better comparative

effectiveness, than two commonly prescribed drug

groups, namely the biphosphonates for osteoporosis

and the statins for hyperlipidemia. In the case of the

statins, the vitreoretinal interventions confer greater

value despite the fact that the statins decrease the inci-

dence of myocardial infarction and stroke, thus decreas-

ing both the disability and death associated with these

events. It can thus be seen that both interventions that
opyright © Lippincott Williams & Wilkins. Unauth

Table 4 Interventional comparative effectiveness

Intervention QALY

Biphosphonates (n¼4, osteoporosis) 0.009
Retinal detachment repair (PVR), silicone oil 0.261
Amblyopia therapy [10] 0.786
Statins (n¼8, hyperlipidemia) 0.500
Laser, subfoveal CNVM 0.246
Vitrectomy, diabetic vitreous hemorrhage [8] 0.759
Laser, branch vein macular edema [15] 0.542
Subfoveal CNVM, all types, pegaptanib [31��] 0.363
Calcium channel blockers (n¼5, hypertension) 0.057
Laser, extrafoveal CNVM [16] 0.513
PDT, classic subfoveal CNVM [31��] 0.491
Proton pump inhibitors (n¼5, GERD) 0.089
Cataract extraction, second eye [11] 0.920
Macular pucker surgery [33] 0.930
Threshold ROP, laser [7] 7.854
Ranibizumab, occult/minimally classic CNVM [34�] 1.039
Cataract extraction, first eye [9] 1.250
SSRIs (n¼5, depression) 0.140

Comparative effectiveness is measured in quality-adjusted life-year (QALY) g
Values for the nonocular interventions were calculated as follows. The value o
based outcome of reduction in hip and/or spine fractures. The value of the stat
reduction in cardiac events and/or stroke. The value of the calcium channel blo
of reduction in cardiac events, stroke, and/or renal failure. The value of the pr
based outcome of reduction in the symptoms of gastroesophageal reflux d
(SSRIs) was calculated by assessing the underlying evidence-based outco
a The QALY accrual is for the duration of benefit for the reference case, un
b These interventional data are from internal files held at the Center for Valu
c Recalculated from the reference listed. CNVM, choroidal neovascular mem
vitreoretinopathy; ROP, retinopathy of prematurity.
improve length of life and quality of life can be compared

using the same outcome.

Cost-effectiveness

Standards for cost-utility analysis outcomes are not

formally established by any agency in the USA at the

current time. Nonetheless, most researchers in the USA

consider interventions costing less than $50 000/QALY

to be very cost-effective [35], whereas those that cost

more than $100 000/QALY are not considered to be cost-

effective [1,36]. It can readily be seen that vitreoretinal

interventions are cost-effective when an upper cost-

utility ratio of $100 000/QALY is used (Table 4).

UK National Institute for Health and Clinical Excellence

In the UK, the National Institute for Health and Clinical

Excellence has established standards and advises the

National Health Service regarding which drugs, devices,

and other interventions are cost-effective and should or

should not be used [37]. Interventions costing less than

£20 000/QALY (about US$40 000/QALY) are generally

accepted as cost-effective, whereas those that cost more

than £30 000/QALY (about US$60 000/QALY) are only

accepted as cost-effective for increasingly strong reasons

[37].

The World Health Organization has suggested that inter-

ventions costing less than 1 � gross domestic product

(GDP) per capita for a DALY (�$40 000/QALY in the
orized reproduction of this article is prohibited.

gaina Value gain 2006 US$/QALY

b 1.0%b $152 000b

2.7% $45 304
3.6% $2710

b 4.0%b $69 300b

4.4% $8179
5.1% $2269
5.1% $3466
5.9% $66 978

/yearb 6.3%b $10 218b

8.1% $5985
8.1% $31 544

/yearb 11.0%b $17 909b

12.7% $2 972
12.9% $4680
14.7% $239
15.8% $50 691
20.8% $2 262

/yearb 25.6%b $5750b

ain and percentage gain in value. The cost-utility ($/QALY) is also listed.
f the biphosphonates was calculated by utilizing the underlying evidence-
ins was calculated by utilizing the underlying evidence-based outcome of
ckers was calculated by utilizing the underlying evidence-based outcome
oton pump inhibitors was calculated by utilizing the underlying evidence-
isease (GERD). The value of the selective serotonin reuptake inhibitors
me of reduction in depression.
less the QALY accrual is shown per year of treatment.
e-Based Medicine (Flourtown, Pennsylvania, USA).
brane; PDT, photodynamic therapy with verteporfin; PVR, proliferative
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USA) are very cost-effective, whereas those costing

1 � GDP per capita to 3 � GDP per capita for a DALY

(about $40 000–$120 000/QALY) are cost-effective, and

those costing more than 3 � GDP per capita for a DALY

(>$120 000/QALY) are not cost-effective [32]. By this

definition, vitreoretinal interventions again appear to be

cost-effective.

Of note is the fact that we [1] and other authors [6] refer

to an economic analysis performed with the outcome of

$/QALY as a cost-utility analysis, whereas others [5] refer

to this as a cost-effectiveness analysis. We believe that,

for the sake of clarity, cost-effectiveness should refer to a

study with an outcome other than $/QALY, such as cost

per life-year or cost per year of good vision gained.

Cost-effectiveness without conferred value is

insufficient

Comparing the cost-effectiveness of interventions without

knowing their conferred value can provide misleading

information. For example, the cost-utility associated with

the treatment of subfoveal choroidal neovascularization is

$8179, whereas that associated with treatment of the same

disease by intravitreal ranibizumab is $50 691. Nonethe-

less, subfoveal laser therapy should virtually never be

substituted for ranibizumab therapy because laser therapy,

despite being more cost-effective, confers a 4.4% improve-

ment in quality of life whereas ranibizumab therapy con-

fers a 15.8% improvement in quality of life. From this

example, it is evident that when comparing two or more

interventions, it is critically important to know both the

comparative effectiveness (conferred value) and cost-

effectiveness. The cost-effectiveness alone is insufficient.
Conclusion
In summary, vitreoretinal interventions deliver consi-

derable value compared with other commonly utilized

interventions across health care. They are also typically

cost-effective. It is anticipated that, as additional vitreo-

retinal interventions become available, most will also be

cost-effective. The reason for this is that people place an

extraordinary degree of importance on their vision, especi-

ally when the vision is already diminished or threatened.
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