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Abstract

Although economic evaluation has become more popular among medical professionals, its use in 

surgery is still lacking. Economic evaluation is used even less so in plastic surgery in which 

health-related quality of life is of particular importance. The purpose of this paper, part of a 

tutorial series on Evidence Based Medicine, will focus on the fundamental principles of 

conducting a surgery economic analysis.

We include the essential aspects of conducting a surgical cost-utility analysis by considering 

perspectives, costs, outcomes, and utilities. We also describe and give examples of how to conduct 

the analyses, including calculating quality-adjusted life years (QALYs) and discounting, how to 

interpret the results, and how to report the results.

Although economic analyses are not simple to conduct, a well-conducted one provides many 

rewards, such as recommending the adoption of a more effective treatment. For comparing and 

interpreting economic analysis publications, it is important that all studies use consistent 

methodology and report the results in a similar manner.
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Although economic evaluation has become more popular among medical professionals, its 

use in Surgery is still lacking. A review over a 6-year period of the number of studies 

employing utility measurements (used in cost-utility analyses) revealed 649 publications in 

the medical literature versus just 57 in the surgical literature.1 Chew et al. feel that “the lack 

of formal economic evaluation in the surgical literature likely stems from the complexity of 

the subject and (with few exceptions) the lack of surgeon training in clinical research 

methodology.”1 Within the plastic surgery literature, the use of economic analysis is even 

more dismal. A review of the plastic surgery literature over a 16-year period revealed that 

only 0.6% of outcomes studies involved economic analysis.2 Kerrigan et al. note that, 
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“Health-related quality of life is of particular importance in plastic surgery, whose 

interventions significantly impact quality of life yet may have little impact on length of 

life.”3

This paper, part of a tutorial series on Evidence Based Medicine, will focus on the 

fundamental principles of conducting a surgical economic analysis. Although these 

principles can be applied to any field, we will use examples from the surgical literature. We 

will frequently reference recommendations made by “the Panel.” The Panel on Cost-

Effectiveness in Health and Medicine is a nonfederal group of 13 scientists and scholars 

who were convened in 1993 by the US Public Health Service to develop recommendations 

to improve the quality and comparability of economic analysis studies.4

Getting Started

Why should you conduct an economic analysis? It is “a method for evaluating the health 

outcomes and resource costs of health interventions. Its central function is to show the 

relative value of alternative interventions for improving health.”4 As in all evidence-based 

medicine, there should be some uncertainty about the best clinical strategy for a patient in a 

given health state.5 There are 4 different types of economic evaluation: cost-minimization 

analysis, cost-effectiveness analysis, cost-utility analysis, and cost-benefit analysis. The 

definitions, metrics reported, advantages, and disadvantages of these 4 types of studies are 

shown in Table 1. Because of the advantage that cost-utility studies have in being able to 

compare treatments with different outcomes, we will focus on how to conduct a cost-utility 

analysis.

Perspective and Assumptions

Costs and outcomes can be evaluated from a number of different perspectives: patient, 

hospital, third-party payer, or society. However, it is impossible to assess the economic 

impact of various studies if the studies use different perspectives. Studies based on different 

perspectives are not comparable. The Panel recommends a societal perspective. By 

conducting a study using the societal perspective, “the analyst considers everyone affected 

by the intervention, and all health effects and costs that flow from it are counted, regardless 

of who would experience them. Health effects include both benefits and harms, even when 

these occur in people who are not the intended recipients of the intervention.”4

The reference (or base) case is defined by a standard set of methods and assumptions. It 

serves as a benchmark whereby others can evaluate the quality of a study and determine 

whether its results can be compared across studies.4 For example, a study should describe 

the mean or standard values for probabilities, utilities, costs, and discount rates that will be 

used for the reference case. As described later, these values can be varied in the sensitivity 

analysis to obtain best and worst case scenarios.

Costs

There are several sources for cost data: hospital, Medicare, and private sources. It is 

important to remember, especially if using hospital data, the difference between costs and 
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charges. Costs are the actual expenditures incurred when providing a service and charges are 

list prices. As expected, charges are usually inflated and do not reflect the actual cost In 

most institutions, obtaining cost data can be difficult because a hospital will not want to 

divulge the cost structure for fear of losing its competitive edge and permitting insurance 

reimbursements to decrease if these cost structures are made public.

Costs, not charges, should be measured and they should be the costs in dollars of a fixed 

year. If cost data are from different years, inflation must be taken into consideration by 

either inflating the data from an earlier year than the fixed year or deflating the data from a 

later year.6 An inflation calculator is available from the Bureau of Labor Statistics website.7 

If costs are not readily available, as is often the case, some studies employ a cost-to-charge 

ratio in order to calculate costs. The general formula for a cost-to-charge ratio is: charge for 

hospitalization x (amount reimbursed by third-party payer ÷ amount charged to third-party 

payer.8 For example, in a cost-utility analysis of breast reconstruction,9 International 

Classification of Diseases (ICD-9) codes for different procedures were determined and these 

were used to obtain mean hospitalization charges from the Healthcare Cost and Utilization 

Project (HCUP) data set. The Medicare Provider Analysis and Review (MedPAR) database 

was then used to determine the amount of reimbursement for each diagnosis-related group 

(DRG) code. A cost-to-charge ratio was calculated by dividing the amount of the DRG 

reimbursement by the amount of ICD-9 charge. This number was then multiplied by the 

mean charge from HCUP to calculate a cost.

Narrower perspectives, such as third-party payer, have been used in other surgical economic 

analyses.10, 11 However, it must be kept in mind that the third-party usually does not pay the 

full amount billed12 and the results will not be generalizable to studies with a societal 

perspective.

According to the Panel, the major categories that should be included as costs are, “costs of 

health care services; costs of patient time expended for the intervention; costs associated 

with caregiving (paid or unpaid); other costs associated with illness, such as child care and 

travel expenses; economic costs borne by employers, other employees, and the rest of 

society, including so-called friction costs associated with absenteeism and employee 

turnover; and costs associated with non-health impacts of the intervention, such as on the 

educational system, the criminal justice system, or the environment.”6

There is some controversy as to what should be included in the numerator (as cost) or in the 

denominator (as effectiveness). It is important not to double count by including, for 

example, costs of lost life-years when these are already included in the denominator as lost 

life-years. However, in order to have a true societal perspective, it is important to 

incorporate into quality adjusted life years (QALYs) anything that has been excluded as a 

cost. So, if lost wages from time off work will be included as costs, you may wish to include 

a statement in the utility assessment such as, “In answering this question, please assume that 

your financial circumstances would not be affected by the illness, as might be the case if you 

did not have to pay anything for health care and you received disability payments that 

completely replaced any lost earnings.”13 Similar statements have been used in other 

economic analyses.14, 15 Thus, the costs of time off work are not double-counted in the 
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denominator by the respondent who may consider a loss of income during recovery. 

Respondents should be instructed to consider the loss of leisure activities. Lost wages should 

correspond to the age and gender composition of the target population.6 Such data can be 

obtained from the US Bureau of Labor Statistics.16 For those individuals not in the labor 

force, average age- and gender-specific wages should still be used.6

How long should costs be included? Again, there is some controversy. However, the Panel 

definitely recommends including (1) costs of related diseases in the original life span, (2) 

costs for intervention-related diseases that occur in added years of life, and (3) costs of an 

ongoing therapy throughout added years of life. Areas of debate surround including costs of 

disease unrelated to the intervention and ensuing as a result of added years of life. The Panel 

concludes that these may either be included or excluded from the reference case. They do 

not recommend including future non-health care costs (such as food, clothing, and shelter).6

Outcomes

It is essential to know the possible outcomes of the condition under study. Such outcomes 

may include the probability of surgical complications and what follow-up care, if any, is 

required from these complications. These data may come from published studies and/or your 

own clinical trial. If a meta-analysis or a systematic review of the outcomes of interest has 

not been conducted, you should essentially conduct your own by performing a literature 

search, critically evaluating the literature, and averaging the results from several quality 

studies. The studies do not necessarily have to be randomized controlled trials, but they 

should be of high quality. The goal is to obtain a range of reasonable probability estimates 

for each outcome. Although the range may come from different studies, it may be based on 

the 95% confidence interval from a single study17 if that is the only high quality study 

available. Tips on how to perform a systematic review or meta-analysis are published by 

Margaliot et al.18 and Chung et al.19 You must also determine how long you will assess 

outcomes. For surgical studies, one year may be sufficient to assess all possible surgical 

complications.

Utilities

Utilities can be viewed as the preferences that individuals or society may have for a 

particular health state.1 When measuring health states, a continuous scale of 0 to 1 is used in 

which 0 represents death and 1 represents perfect health. For example, in a study of breast 

hypertrophy, respondents assigned mild breast hypertrophy a utility of 0.93 and severe 

breast hypertrophy a utility of 0.70 using one type of utility assessment.20 If an intervention 

extends a patient’s life by 1 year in a 0.70 utility state, and another intervention extends a 

patient’s life by 2 years in a 0.35 utility state, the QALYs gained for the two interventions 

would be the same at 0.70.1 For permanent health states, QALYs are calculated by 

multiplying the utility of the health state by the patient’s expected number of remaining 

healthy life years. For temporary health states, when a time frame is specified, QALYs are 

calculated as shown in Table 2.

The Panel recommends using community preferences. The “community” should be 

representatives of the general population that contains people with disabilities or chronic 
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illnesses in proportion to the prevalence of the condition under study. Community 

preferences are different from patient preferences which are values that people experiencing 

a particular condition will assign to their own health.4 However, it has been found that the 

general public underestimates the quality of life of certain conditions compared to patients 

with those conditions. For example, the general public estimated that the quality of life of 

chronic dialysis is 0.39 whereas dialysis patients rate the quality of life as 0.56.21 The 

general public seems to have difficulty assessing the quality of life associated with 

unfamiliar health conditions.22 One option, although time consuming, is to obtain both 

community and patient preferences. Any differences between the two groups can then be 

ascertained. Another option is to use members of the “general public” who are familiar with 

a particular health condition, such as physicians or patients with the same condition under 

study who have not received nor been evaluated for the treatment under study, for example, 

rheumatoid arthritis patients waiting for a general check-up if a researcher wants to evaluate 

a particular type of rheumatoid surgery. The assessment of the utility of colostomy is 

another example of the importance of choosing the appropriate subjects to measure 

preference. It was found that physicians with experience in the treatment of gastrointestinal 

malignancies provided similar utilities as patients treated for rectal cancer with the 

formation of a colostomy. On the other hand, patients treated for rectal cancer without a 

colostomy gave the lowest utilities, even lower than a group of healthy volunteers and a 

group of university science students.23

Several generic utility measurements have been developed such as the EuroQol,24 Health 

Utilities Index (HUI),25 and the Quality of Well Being (QWB) Scale.26 The choice of a 

utility tool should reflect the health domains that are important for the particular health 

problem being investigated.27 Because of the generic nature of these utility assessments, 

they may not be sensitive enough to capture attributes of a particular disease.1 For example, 

the EuroQol asks individuals to rate how good or bad various health states are that are 

related to six domains: mobility, self-care, main activity (e.g. work, study, housework), 

social relationships, pain, and mood.24 If such health states do not relate to your condition of 

study, you may have to create your own utility assessment. Surgical studies that have 

created their own utility assessments include carpal tunnel surgery,28 scaphoid fracture,15 

treatment of rheumatoid wrist,29 hand transplantation,30 open tibial fractures,14 and breast 

hypertrophy.3, 20 There are various ways in which one can assess preferences: rating scale, 

time trade-off, and standard gamble. Descriptions, advantages, and disadvantages of each of 

these methods are shown in Table 3.

Analysis

To analyze the results, you should create a decision tree. Software such as TreeAge Pro 

(TreeAge Software Inc., Williamstown, MA) is available for this purpose. Each node or fork 

in the tree represents a purposeful or random choice.31 Each branch must have advantages 

and disadvantages32 and the probabilities of all branches must add up to 1 for that node. 

Cost, duration, utility, and probability are entered into the decision tree for each outcome. 

The software then calculates a cost and QALY for outcome. In Figure 1, the clinical 

question is how to best treat a patient with a unilateral hand amputation. The two treatment 

choices are: hand transplantation or no hand transplantation. From each of these treatment 
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choices arises an outcome or a new choice. Utilities are assigned to the different choices 

(such as prosthesis versus no prosthesis) and probabilities are assigned to the chance events 

(such as the probability of surgical complication and subsequent graft loss after hand 

transplantation). Eventually each branch reaches a terminus, calculated as QALYs in Figure 

1.33 We previously illustrated how to calculate QALYs for a single event. At chance events, 

QALYs are calculated as a weighted average of the QALYs of all possible outcomes 

resulting from the chance event, and the weighting factors are the probabilities of each 

element occurring.34 For example, in a cost-utility analysis of hand transplantation,30 there 

are 4 possible outcomes of treatment using unilateral hand transplantation: minor 

immunosuppressive complication, major immunosuppressive complication, graft failure, or 

death. The QALYs of unilateral hand transplantation are calculated as the total sum of each 

outcome’s QALYs multiplied by the probability of that outcome occurring (Table 4).

The outcomes of an economic analysis are shown in Table 5. As shaded in dark gray, 

strategies that are less costly and more effective should definitely be adopted. Likewise, 

strategies that are more costly and less effective should definitely be rejected. All other areas 

generally fall into “grey zones” that need to be further evaluated or are only weakly accepted 

or rejected.

As shown in Table 5, there are certain instances in which you will need to calculate an 

incremental cost-effectiveness ratio (ICER). ICER is the cost difference between the two 

therapies under study divided by the difference in effectiveness between the two therapies 

([CostA-CostB]÷[OutcomeA-OutcomeB]). The use of an ICER will be increasingly 

important, as one of the current healthcare agendas is to compare the cost-effectiveness of 

interventions in a head-to-head comparison. For example, the ICER for a cost-utility study 

comparing double hand transplantation versus double prostheses after double hand 

amputation is $318,961/QALY.30 Typically, ICERs of $50,000 per QALY are considered an 

acceptable threshold for adopting a particular intervention and those $100,000 or more are 

considered unaffordable. Thus, for the hand amputation study, hand transplantation was 

considered to be more effective but exceeds the cost-effectiveness threshold for adoption as 

the standard therapy. This cutoff appears to have originated in 1982 US dollars and $50,000 

was the approximate cost of dialysis for a patient in renal failure (renal dialysis is a federal 

entitlement to all US citizens under Medicare).35 This ICER is used in the US and may not 

be applicable in other countries that vary in their willingness to pay for health and health 

care.36 Although some have proposed raising this threshold,35 there is no other “standard” at 

this time.

Discounting is the valuation of costs and consequences over time. Money spent or saved in 

the future should not be weighed as heavily as dollars spent or saved today.12 Discounting is 

unnecessary in studies with durations of less than 1 year.37 However, it is essential when 

interventions have costs occurring at differing times over the remaining life of the patient. 

This was shown in a cost-utility analysis14 of amputation versus salvage for open tibial 

fractures. Amputation involves the long-term expenses of ongoing prosthetics. Long-term 

costs are influenced more substantially by discounting and long-term expenses have more 

impact for younger patients. The Panel recommends using both 3% and 5% as discount 

rates. Before discounting, all costs should be adjusted for inflation.6 The discounting 
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formula12 shown in Table 6 also gives an example of how to perform discounting. Future 

QALYs should be discounted in a similar manner with the same rate used to discount cost.

Sensitivity Analysis

A sensitivity analysis should also be performed in order to assess the degree of uncertainty 

with the result (similar to statistical hypothesis testing).34 Conclusions are not as strong if 

they change when subjected to the extreme values of the variables.31 One-way sensitivity 

analysis varies one variable at a time, usually over their entire range. In two- and three-way 

sensitivity analysis, two or three variables are varied at a time. Although there is no rule as 

to which variables should be evaluated in multi-way analysis, those that appear to be 

important in one-way sensitivity analysis should be further studied in multi-way analysis.34 

The Panel recommends varying the discount rate from 0 to 7% in the sensitivity analysis.

More sophisticated analyses include Markov models and Monte Carlo simulation. Markov 

models are useful when there is a problem that involves a risk that is ongoing over time 

(such as the risk of mortality of a healthy or sick person) and when a given event may occur 

more than once (such as a hemorrhage after surgery). These scenarios are difficult to 

represent in a simple tree model.38 Unlike a regular decision tree, future states are 

independent of past states. A hypothetical cohort of subjects is entered into the model and 

subjects encounter a number of different probabilities. The process is repeated hundreds or 

thousands of times until a distribution of cost or effectiveness values are reached.8 For 

example, in a study comparing implants versus transverse rectus abdominis 

musculocutaneous (TRAM) flap breast reconstruction, a Markov model was used because 

there is the possibility of both immediate and late surgical complications.9 Outcomes were 

modeled for both the implant and TRAM for the remaining life expectancy of the average 

48-year old woman. A Markov cycle tree may be evaluated as a Monte Carlo simulation. 

Monte Carlo simulation uses a large number of trials to determine a distribution of survival 

values, including statistical measures such as variance and standard deviation of the 

expected utility.38 We recommend further reading38 and the assistance of a health economist 

in order to incorporate these sophisticated analyses.

Reporting Results

Reference case results should include: total costs and effectiveness, incremental costs and 

effectiveness, and ICERs. Both un-discounted and discounted ICERs should be reported. 

When reporting the results of your economic analysis, it is important to state all assumptions 

that were used. It is also important to keep in mind the generalizability of your results. Data 

from economic analyses are not often considered to be generalizable because of differences 

in the availability of health care resources, clinical practice patterns, and relative prices.39 

Recommendations for designing, conducting, and reporting the results of an economic 

evaluation alongside a randomized trial as well as a checklist for assessing the 

generalizability of trial-based studies are available in papers by Ramsey et al.40 and 

Drummond et al.39 General reporting guidelines are also available in Siegel et al.41
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Conclusions

Although economic analyses are not simple to conduct, a well-conducted one provides many 

rewards. Evidence for the adoption of a more effective treatment is one such reward. The 

fundamental principles offered in this paper provide a basis for conducting a surgery cost-

utility study. However, even the best economic analysis is limited by the quality of data 

available to calculate costs, outcome probabilities, and utilities. In order to compare 

outcomes of cost and effectiveness across economic analyses and in order to interpret the 

results of a single economic analysis, it is important that all economic analyses use 

consistent methodology and report the results in a similar manner. One should understand 

that the conclusion from an economic analysis project gives recommendations based on the 

societal perspective to design health policy strategies. However, a physician has the ethical 

duty and the professional right to consider the need of an individual patient when 

considering the best treatment decision.
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Figure 1. 
Example of a decision tree for treatment of unilateral hand amputation: amputation versus 

no amputation33
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Table 3

Methods to Assess Utilities

Method Description Advantages Disadvantages

Rating Scale Asks the respondent to assign each health state to 
one number, usually on a scale of 0 (death) to 100 
(perfect health), such as on a “feeling 
thermometer.”27

Highly familiar to 
respondents, less 
cognitive burden.27

Accommodates states 
worse than death.27

People have difficulty assigning a 
number to feelings about health 
states.42

Extreme categories of a scale are 
often avoided, resulting in clustering 
of values.43 Need to specify that 
spacing between each point in the 
scale should be regarded as 
equivalent.12, 27

Time Trade-Off Asks the respondent to value living in a less 
desirable health state for a longer period of time 
(A) versus being in a more desirable state for a 
shorter period of time (B). The time in state B is 
decreased to a point where the respondent 
becomes indifferent between the alternatives.27

May have an advantage 
because it measures 
effectiveness and value 
for a particular health 
state in the same 
metric.27

Accommodates states 
worse than death.27

May confound preferences because 
the years of life that are “sacrificed” 
come at the end of the life span and 
may be valued less because they are in 
the future.27

Standard Gamble Asks the respondent to consider a hypothetical 
choice between the certainty of continued life in a 
particular health state and a gamble. The gamble 
has 2 possible outcomes: a state of full health or 
death. The probabilities in the gamble are 
systematically altered until the respondent is 
indifferent between the choice of certain continued 
life in the particular health state and the gamble.27

Accommodates states 
worse than death.27

Usually results in numerically higher 
utility values due to the risk of 
gambling with death.27

May be difficult for respondents to 
comprehend probabilities.12
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Table 4

Calculation of Expected QALYs for Unilateral Hand Transplantation30
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Table 5

Possible Outcomes of Economic Analysis

Incremental cost

Incremental effectiveness

More Same Less

More Need ICER Weakly reject Reject

Same Weakly accept Neutral Weakly reject

Less Accept Weakly accept Need ICER

ICER=Incremental Cost-Effectiveness Ratio

**
Adapted from published table12
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Table 6

Example of Discount Calculation

P = present value of a particular cost

r = discount rate (use 0.03 if discount rate is 3%)

n = year

Fn= future cost at year n

*If costs all occur at the beginning of each year, the above formula should be used. Thus, year 1 costs are not discounted and year 2 costs are 
discounted by one year, etc.12

If costs all occur at the end of each year, the following formula should be used:

Hypothetical Cost and Discounted Cost (3% Discount) of a Cohort of 1,000 Patients Over a Four-Year Period+^:

Column 1 Column 2 Column 3 Column 4 Column 5

Year Number Surviving Cost per Person Total Cost (Column 2 x Column 3) Discounted Cost (Column 4/1.03Column 1)

 1 1,000 $5,000 $5,000,000 $4,854,368

 2 990 $4,500 $4,455,000 $4,199,265

 3 910 $3,000 $2,730,000 $2,498,337

 4 840 $6,500 $5,460,000 $4,851,139

Total $17,645,000 $16,403,109

+
Adapted from published example8

^
Assuming all costs occurred at the end of each year

Plast Reconstr Surg. Author manuscript; available in PMC 2015 April 29.


