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Abstract
Purpose—Management of end stage rheumatoid wrist disease remains controversial. Total wrist
fusion (TWF) provides reliable pain relief and stability and is the most commonly applied
management strategy. Total wrist arthroplasty (TWA) is a motion-preserving alternative that is
gaining popularity. The purpose of this study is to perform a cost–utility analysis comparing non-
operative management, TWA and TWF for the rheumatoid wrist

Methods—A time trade-off utility survey was developed to investigate patient and physician
preferences for the potential outcomes of TWA and TWF. The study sample consisted of
rheumatoid patients (N=49) recruited as part of an ongoing prospective study as well as a national
random sample of hand surgeons and rheumatologists (N=109). A decision tree was created using
utility values derived from the survey, and the expected quality-adjusted-life-years (QALYs) for
each procedure were determined. Using the societal perspective, costs were based on the Medicare
fee schedules for the CPT codes associated with TWA and TWF and their potential complications.
Costs per QALY were calculated and compared.

Results—Patients and physicians both showed a preference for operative management over non-
operative management. Application of cost data indicated that the incremental cost per additional
QALY gained for TWA over non-operative management was $2,281 and the incremental cost per
QALY gained with TWA over TWF was $2,328 which is substantially less than the national
standard of $50,000/QALY deemed acceptable for adoption.

Conclusions—In the absence of rigorous outcome data, cost-utility analysis is a useful tool to
guide treatment decisions. TWA and TWF are both extremely cost-effective procedures. This
study incorporated patient and physician utilities to demonstrate that TWA has only a small
incremental cost over the traditional TWF procedure. Based on this economic model, TWA may
be worthy of further consideration and cost should not be considered prohibitive.
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Introduction
The role of total wrist arthroplasty (TWA) in the management of rheumatoid wrist disease
remains controversial. TWA was introduced over four decades ago as a motion-preserving
alternative to total wrist fusion (TWF). Although prostheses have improved across the three
generations of design, TWA has failed to achieve the same widespread application when
compared with other total joint arthroplasty procedures. Proposed reasons for infrequent
application include physician and patient concern about high complication and failure rates
for TWA as well as the potentially higher cost for TWA compared to TWF.

A recent systematic review of the literature for TWA and TWF in rheumatoid arthritis
highlights the lack of prospective data to compare the procedures.(1) In the absence of
rigorous outcomes data, the decision to pursue TWA or TWF relies on patient and physician
preferences for the expected outcome of each procedure. To further evaluate these
preferences, we developed a decision analytic model of TWA and TWF compared to non-
operative management of the rheumatoid wrist. Decision analysis is a technique for
assessing the utility, or value, associated with potential treatment options, including surgical
interventions.(2–5) The output of a decision analytic model is a calculation of the expected
quality adjusted life years, or QALYs, gained with each treatment option.

QALYs take into account gains in both quality and quantity of life and allow side- by-side
comparison of treatments as different as carpal tunnel release,(6) inguinal hernia repair,(7)
and breast reconstruction.(8) Cost per QALY can therefore be applied in setting priorities in
healthcare spending. Historically, a cost of $50,000 or less per QALY has been considered
an acceptable amount. However, more recent estimates set this level much higher,
approximately $100,000 per QALY.(9) The purpose of this study is to apply utility data
from rheumatoid patients and a national random sample of hand surgeons and
rheumatologists in a cost utility analysis of TWA and TWF compared to non-operative
management for rheumatoid wrist disease.

Materials and Methods
Study Design

The basic decision analytic model is presented in Figure 1. This model addresses the three
possible management options for the severely destroyed RA wrist: 1) non-operative
management, 2) TWF, and 3) TWA. By convention, a decision node is shown as a square, a
chance node is shown as a circle, and an outcome or terminal node is shown as a triangle.
The model includes the potential complications associated with TWF and TWA leaving ten
possible terminal outcomes. The probability of each outcome is derived from a systematic
review of the literature with complications further stratified to include minor, intermediate
and major categories.(1) Examples of minor complications include superficial wound
infection treated with oral antibiotics and superficial wound breakdown treated with dressing
changes. Examples of intermediate complications include a hematoma requiring evacuation
and symptomatic hardware for TWF requiring removal. Major complications include
conditions such as nonunion of a TWF and loosening of a wrist prosthesis requiring either
prosthesis removal and replacement, or prosthesis removal and salvage arthrodesis using an
iliac crest bone graft. Utility values used in the model are derived from patient and physician
responses to our utility survey as described below.

Assumptions of the model include each patient proceeding through the decision tree with a
single outcome. Patients can experience up to one complication and each complication fully
resolves with appropriate treatment. Because no well-established long-term data are
available on the longevity of currently available total wrist prostheses, we assume that
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prostheses are durable enough to last the duration of the patient’s life and explore the cost
implications of varying patient lifespan in a sensitivity analysis. We also consider the cost
implications of failed wrist prostheses requiring replacement or salvage arthrodesis. This
model does not address all possible patient outcomes because the published literature does
not include sufficient patient numbers or long-term follow-up to establish a more
comprehensive outcome profile. However, this basic cost-utility model allows for
assessment of baseline costs and the costs of complications currently reported in the
literature. Determining the cost-utility of TWA compared to TWF and non-operative
management provides an estimate of the anticipated costs and helps us to evaluate if one
treatment is overwhelmingly more cost-effective.

Perspective
Perspective is the viewpoint used in a cost-effectiveness analysis. The Panel on Cost-
Effectiveness in Health and Medicine recommends use of the societal perspective.(10) This
perspective allows calculation of the costs experienced by society in general, rather than
focusing on the costs experienced by the patient or physician. Cost calculations in our
analysis reflect the societal perspective and are based on Medicare fee schedules as
described below. Because cost structures vary amongst hospitals and healthcare systems, the
use of the national standard of the Medicare fee structure gives generalizability to this
model.

Utility Survey
Utility is defined as preference for a given state of health or disease relative to perfect health
or death. By convention, a utility value of 1 represents perfect health whereas a utility value
of 0 represents death.(11) Utility can be measured using direct or indirect methods. Indirect
methods include validated general health questionnaires and disease-specific questionnaires
administered to patients experiencing the health state under investigation. Patient responses
are then converted to utility values using various scales or formulas. Direct assessment
methods include tools such as visual analog scales, time trade-off (TTO), and standard
gamble (SG) that directly assess preferences for specific health and disease states. TTO
requires the respondent to determine the number of years in a compromised health state that
he/she will be willing to trade for fewer years of life in a more favorable health state.
Standard gamble asks the respondent to choose between living for a guaranteed number of
years in a compromised health state and a gamble that would result in either perfect health
or immediate death. In a TTO survey, the respondent compares years in one health state
versus another (for example 15 years of life with blindness = 10 years of life with normal
vision) whereas in a SG, the respondent decides the odds he/she is willing to risk for a more
favorable health state (for example 15 years of life with blindness traded for a gamble in
which the odds are 1/100,000 risk of immediate death and 99,999/100,000 chance for life
with normal vision). In TTO the number of years varies and in SG the odds of the gamble
varies. Initial pilot testing suggested TTO was easier for our respondents to understand than
SG.

Our TTO survey included ten scenarios to address the ten potential outcomes of the model
(Appendix 1). For example, the first scenario asks the responder to choose between living
for 30 years with a painful, poorly-functioning RA wrist and living for X years with an
essentially normal wrist. A third choice of “it’s too hard to choose” is always included as an
option. The initial value for X is 30 years and therefore the logical choice is to live for 30
years with an essentially normal wrist instead of 30 years with a painful, poorly-functioning
RA wrist. This scenario is instructive and orients the responder to the survey. The scenario
choices then shift and the responder must decide between living for 30 years with a painful,
poorly-functioning RA wrist and living for 15 years with an essentially normal wrist.
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Depending on the responder’s choices, X varies until the responder reaches a point of
indifference at which he/she feels that the choices are equivalent. If the responder feels that
living for 30 years with a painful RA wrist is equivalent to living for 20 years with an
essentially normal wrist, then the utility for living with the RA wrist is 20 divided by 30, or
0.67. Similarly, if the responder feels that living for 30 years with an RA wrist is equivalent
to living for 15 years with an essentially normal wrist, then the utility value for the RA wrist
is 0.5. Utility values are weighted based on the probability and duration of the health state. A
sample calculation is shown in Figure 2.

The utility survey was pilot tested on a group of attending and resident physicians as well as
medical students and community members without medical training. Several rounds of
major revisions were carried out followed by additional pilot testing and further minor
revisions. Because we planned to administer the survey to hand surgeons, rheumatologists
and RA patients, we designed two versions of the survey to allow for varying levels of
understanding of the procedures and complications. Hand surgeons completed a version in
which a complication such as hematoma or superficial infection was included with a very
brief description. For patients and rheumatologists, the survey included more details about
TWA and TWF, the nature of potential complications, and what the patient would likely
experience in each scenario.

An internet-based survey engine was used for survey administration.(12) Each participant
was assigned a log-in number and all responses remained anonymous. Upon completing the
utility survey, physicians were asked a brief series of questions about practice patterns and
patients were asked a brief series of health-related questions.

Patient Sample
Several studies have indicated that patients may rate the utility of their own health state
differently than non-patients who are asked to imagine living in that same health state.(11)
RA patients therefore provide an essential perspective in this study. Because we were
interested in the preferences of patients with RA and severe upper extremity symptoms as
well as patients with less severe RA, we surveyed patients followed for their RA in a hand
surgery clinic and patients with RA followed in a general rheumatology clinic. A total of 50
consecutive patients were recruited, 25 from a hand surgery clinic and 25 from a
rheumatology clinic. Patients were given a written description of the study and the study was
also explained in person by a research assistant. Written consent was obtained and the
patients received a one time cash incentive for participation.

Physician Sample
Although the Panel on Cost-Effectiveness recommends the use of utility values derived from
community members or patients,(13) we felt that surveying physicians involved in the care
of RA patients would provide a valuable additional perspective. A national random sample
of hand surgeons (N=175) and rheumatologists (N=125) was recruited for participation.
These physicians have long term experience with RA patients and the natural history of
rheumatoid hand and wrist disease. Hand surgeons were randomly selected based on 2007
membership in the American Society for Surgery of the Hand. Rheumatologists were
randomly selected based on membership in the American College of Rheumatology.
Emeritus members, pediatric practitioners, retirees, research members, trainees, and
members practicing outside of the United States were excluded because we were interested
in assessing the opinions of physicians currently practicing in the United States. Specific
utility results (without cost analysis), demographics, and practice patterns for the hand
surgeon survey have been previously published.(14)
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Costs
Surgeon Fee Schedule—Cost data were obtained based on Medicare Resource Based
Relative Value Units (RBRVUs).(15) The RBRVU scale is an attempt by the Centers for
Medicare and Medicaid Studies (CMS) to assign physician payments based on the resources
necessary to provide care. Three components make up the RBRVU, including (1) physician
work, (2) practice expenses, and (3) professional liability insurance costs. Costs are assigned
based on the 2008 Current Procedural Terminology (CPT) code for a procedure. The cost is
then multiplied by the 2008 conversion factor determined by CMS as well as a conversion
factor to adjust for geographic differences in the cost of providing care. For this analysis we
selected the appropriate geographic conversion factor for our region. Procedures can be
carried out at inpatient hospitals, or at free standing surgical facilities. In this analysis we
assume the procedures take place in a surgical facility and use the “facility” fee schedule in
all cost calculations (Table 1).

Anesthesia Fee Schedule—The Medicare anesthesia fee schedule is also determined by
CMS. The formula used to calculate anesthesia fee schedule includes the base units
associated with the appropriate anesthesia CPT code plus the time units that reflect the
length of time the patient is under the anesthesiologist’s care. The sum of the base and time
units is multiplied by a geographic conversion factor to determine the total cost. We
considered a range of time estimates for each procedure and therefore a range of anesthesia
costs. Relevant anesthesia codes and cost estimates for TWA and TWF are listed in Table 1.
The lower anesthesia cost indicates the shorter operative time estimate and the higher cost
the longer time estimate. For all cost analyses we used the higher estimated anesthesia cost.

Ambulatory Surgery Center Costs—We calculated cost based on the assumption that
procedures would be carried out in an ambulatory surgery center (ASC). The 2008 Medicare
fee schedule for ASCs includes a fee based on the surgical CPT code as well as a geographic
conversion factor. ASC fees are shown in Table 1. The cost of implanted hardware is
assumed to be separate and is described below.

Hardware Costs—Hardware costs for TWA and TWF were provided by an industry
representative for our institution. A TWA prosthesis includes a radial component ($4624), a
carpal component ($3360) and a carpal polyethylene component ($1008), for a total
hardware cost of $8992. TWF includes an 8-hole fusion plate ($998), four 2.7 mm screws
($44 each), and four 3.5 mm screws ($14 each). Total hardware cost for TWF is $1230. We
assume that a revision arthroplasty requires replacement of all TWA components and that a
revision arthrodesis requires replacement of all TWF hardware.

Costs for Non-operative Management—Costs incurred by all patients regardless of
treatment option do not alter the relationship between costs for the available treatment
options. We assumed that all patients, including those who would select non-operative
management, would be subject to the cost of an initial surgical consultation. We also
assumed that all patients underwent an initial evaluation by a hand therapist and had
received a trial of conservative management with medication, splinting and exercises.
Surgical management of the rheumatoid wrist is unlikely to alter the patient’s need for
systemic treatment of RA and therefore we assumed that the costs associated with anti-
rheumatic medications were the same for all patients regardless of operative or non-
operative management.

Lost Productivity—Lost productivity costs include employment income or productivity
lost due to illness or treatment. Calculation of lost productivity is based on estimates of the
average employment rate and income for the population experiencing the heath state under
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investigation. In reviewing the literature, we found many studies estimating the rate of
employment for patients with RA.(16–19) These studies indicate that RA impairs a patient’s
ability to participate in paid employment and leads to premature exit from the workforce.

Failure to participate in paid work likely reflects not only upper extremity dysfunction, but
also more severe systemic RA symptoms that would not improve with wrist arthroplasty or
arthrodesis. We were concerned that patients with severe rheumatoid hand and wrist disease
who are candidates for TWF or TWA might have a much greater likelihood of disability and
unemployment than the more general groups of RA patients described in the literature as
well as the RA patients participating in our survey. We therefore reviewed our own survey
data from a separate study (unpublished data) of RA patients presenting for evaluation for
metacarpophalangeal joint arthroplasty. Only 20% of patients participated in paid
employment at the time of initial evaluation. This is a lower rate of participation in paid
employment than reported in the literature for RA patients.(16–19) Given the high rate of
disability and unemployment among patients evaluated for metacarpophalangeal joint
arthroplasty, we feel that patients undergoing TWA and TWF likely have similarly high
rates of preoperative disability. Although detailed information on the rate of return to gainful
employment as a result of TWA of TWF are lacking, our clinical experience suggests that
RA patients who are unable to work preoperatively are unlikely to gain enough functional
benefit to return to notable paid employment postoperatively. We therefore did not include
productivity gains or losses in our general cost calculations.

Statistical Analysis—Survey data were analyzed using the STATA software package
(STATA 10, STATA Corp., College Station, TX) to calculate mean utility values with 95%
confidence intervals and to perform analyses for comparison of patient and physician
responses to each survey question (Student’s t-test). The TreeAge software package
(TreeAge Pro Suite, Version 2007; TreeAge Software, Inc., Williamstown, Mass) was used
to apply the mean utility values obtained from our survey to calculate the QALYs associated
with each procedure. Figure 2 shows a sample QALY calculation.

Sensitivity Analysis—Sensitivity analysis is a valuable part of a cost-utility analysis
because it requires varying the assumptions of the cost-utility model to evaluate how the
resulting outcome measures change. If the results are stable across varying assumptions, the
model is considered to be robust. In this analysis, we chose to vary remaining years of life.
Because QALY calculations include quantity of life, the number of remaining years of life
can greatly influence the number of QALYs associated with each treatment option. We
realize that assuming 30 remaining years of life in our survey is a generous estimate given
that most patients undergo TWA or TWF in their mid 50’s. We therefore considered the
implications of zero to 40 remaining years of life in a sensitivity analysis.

The published literature does not include sufficient data to determine the proportion of
patients who may experience multiple complications or require multiple revisions. The
literature also does not include adequate data to project the cost implication of a prosthesis
that lasts for only a short period of time. In an attempt to capture these potential increased
costs, we evaluated the effect of extremely high and extremely low complication rates on
cost. We used the theoretical extremes of a 0% to 100% complication rate for TWA and
TWF. Although this is not a direct calculation of the costs of multiple complications or
revisions, it does provide a reference and we would expect that even with multiple
complications, the expected cost of TWA or TWF would be unlikely to approach the cost of
100% of patients experiencing a major complication. For additional insight into the potential
increased cost for multiple revisions, we calculated the anticipated cost for TWA with
multiple revision arthroplasty procedures and eventual conversion to a total wrist fusion.
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Results
Utility Survey

Based on inclusion and exclusion criteria, a total of 283 eligible hand surgeons and
rheumatologists were contacted for participation. Seventeen physicians were excluded either
due to incorrect contact information or because they indicated they had retired from clinical
practice. Overall survey response rate for physicians was 39% (N=109) with 73 hand
surgeons and 36 rheumatologists completing the entire survey. Of 50 recruited patients, 49
completed the survey (response rate 98%). One patient response was excluded due to the
patient logging out of the survey prematurely.

Utility survey results for patients and physicians are shown in Table 2. Analysis of utilities
for non-operative management, uncomplicated TWA and uncomplicated TWF shows that
patients prefer TWA (p < 0.01), as did physicians (p < 0.001). Prior analysis of physician
data showed no statistically significant difference between responses for hand surgeons and
rheumatologists for all scenarios.(20) Mean utility values for physicians were compared to
mean values for patients. Results for Scenario 1, living with a painful RA wrist, show that
physicians rate the utility of this health state (mean utility 0.55) much higher than actual
patients living with RA (mean utility 0.41). For all 10 scenarios, patients assigned a
significantly lower utility than physicians for the health states described (p < 0.05).

Using patient and physician utility values for each scenario along with complication rates for
TWF and TWA obtained from the literature, we developed decision models to calculate the
expected gain in QALYs for TWA and TWF based on an anticipated additional 30 years of
life (Figures 3 and 4). Patient data showed TWF to be associated with an expected 15.3
QALYs, an incremental gain of 3.0 QALYs over non-operative management (12.3 QALYs).
TWA was associated with an expected 20.4 QALYs, an incremental gain of 8.1 QALYs
compared to non-operative management. The incremental gain in QALYs for TWA over
TWF was 5.1 based on patient-rated utility.

Physician-rated utility was higher than patient-rated utility therefore calculations performed
using physician data were associated with a higher number of expected QALYs. Non-
operative management resulted in an expected 16.5 QALYs. TWF was associated with an
expected 24.0 QALYs, an incremental gain of 7.5 QALYs compared to non-operative
management. TWA was associated with 25.5 QALYs, an incremental gain of 9.0 QALYs
over non-operative management. Using physician utility data, the incremental gain for TWA
over TWF was 1.5 QALYs.

Cost per QALY
Cost calculations are shown in Table 3. The incremental cost-utility ratio (ICUR) is an
estimate of the cost of each expected QALY gained with a management option relative to
the cost of the alternative option to which it is being compared. In this analysis, we present
the ICUR for TWA and TWF relative to non-operative management and for TWA relative
to the standard of care, TWF. Patient-rated utility values were used for all ICUR calculations
because patient-rated utility was lower than physician-rated utility resulting in fewer QALYs
and a higher cost/QALY. We were interested in the most costly estimate as this determines
of a procedure should be considered cost-effective. Using patient utility values, we found
that TWA is associated with an approximate ICUR of $2281/QALY gained over non-
operative management. TWF is associated with an approximate ICUR of $2202/QALY
gained over non-operative management.
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In this decision model, TWA is associated with a greater expected gain in QALYs than
TWF. Based on patient data, the incremental expected gain for TWA over TWF is 5.1
QALYs with an approximate ICUR of $2328/QALY gained with TWA over TWF.

Sensitivity Analysis
This cost-utility analysis addresses utility for living with wrist pain (non-operative
management), TWA, or TWF for the remaining years of life. We performed a sensitivity
analysis to investigate how changes in patient lifespan would affect cost estimates.
Calculations reflect patient utility values and the higher procedural cost estimates in an
effort to show the conditions that would produce the highest possible (most expensive)
ICUR. As shown in Figure 5, the incremental cost per QALY for TWA compared to TWF
and nonoperative management remains well under the historical $50,000 benchmark, even
with only 2 remaining years of life.

The complication rates used in our models reflect the best estimates available because they
are derived from a systematic literature search. To explore the implications of extremely
high or low complication rates on cost estimates, we set the complication rate for TWF at
0% compared to a 100% major complication rate for TWA. Note that setting the
complication rate affects both the cost and the utility calculations We ran these estimates
through the decision analysis software program to determine how expensive TWA would be
in the most expensive case scenario (all patients requiring revision arthroplasty). In this
extreme theoretical scenario, TWA showed an ICUR of $3,441/QALY relative to
nonoperative management and $4,348/QALY relative to TWF, still well below the $50,000
benchmark.

The expected lifespan of a total wrist prosthesis is unknown. We anticipate at least 1, and
possibly as many as 3, revisions for a patient with an expected 30 to 40 year lifespan. Table
4 shows the expected cost for TWA and multiple revisions along with the additional cost if
the patient requires conversion to a TWF. The cost for a TWA and 3 revision arthroplasties
as well as eventual conversion to a TWF is $58,594. Our utility survey did not ask patients
about multiple revision operations and therefore we cannot calculate an expected cost/
QALY for patients requiring multiple revisions. Using the historical benchmark of $50,000/
QALY, TWA would only need to be associated with a gain of 1.17 QALYs compared to
TWF or non-operative management to be considered cost-effective. Therefore it is likely
that TWA remains cost-effective even in the setting of multiple revisions over the patient’s
lifespan.

Discussion
In this cost-utility analysis we found that RA patients feel that living with a painful, poorly-
functioning RA wrist is an extremely unfavorable health state. A mean utility value of 0.41
indicates that patients feel that living for approximately 12 years with a normal wrist is
equivalent to living for 30 years with a painful RA wrist. This finding is striking in that
other authors have found utility values of 0.3 for blindness (21) and 0.4 for paraplegia (22).
Although our results do not suggest that RA patients consider painful wrist disease
equivalent to paraplegia, they are indicative of an extremely negative view of rheumatoid
wrist disease. Clearly RA patients believe that severe wrist symptoms would have a
devastating effect on their lives.

Physicians responding to our survey showed a mean utility value of 0.55 for the health state
described as living with a painful, poorly-functioning RA wrist. Physician-rated utility for
this health state (0.55) was significantly higher than patient-rated utility (0.41) (p < 0.05).
The finding that patients assigned lower utility for the diseased wrist is of particular interest

Cavaliere and Chung Page 8

J Hand Surg Am. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



because patients living with a specific illness typically rate the utility of their health state
higher than non-patients asked to imagine what it would be like to experience that same
health state.(11) Physicians caring for RA patients may actually underestimate the negative
effects of RA on their patients’ lives. A potential explanation of this finding is that RA
patients have more experience living with chronic pain and therefore may view the scenario
of living with pain (non-operative management) more negatively than physicians.
Alternatively, physicians may have a less negative view of living with wrist pain (non-
operative management) because of extensive experience with the drawbacks of surgical
intervention. Physicians with long-term experience treating severe RA understand the
capacity of a patient to adapt to severe wrist disease over time. This scenario is likely more
concerning to a RA patient asked to consider what it would be like to live with severe wrist
disease.

Several studies have evaluated the cost-effectiveness of large total joint arthroplasties. Using
the historical benchmark of $50,000/QALY as a guideline, these procedures are considered
to be an extremely good value. For example, total ankle arthroplasty is associated with a cost
of approximately $18,000/QALY gained(23) and total hip arthroplasty is associated with a
cost of approximately $4,600/QALY.(24) In this analysis of TWA and TWF, we have
demonstrated an approximate incremental cost of $2,281/QALY for TWA compared to non-
operative management and an approximate incremental cost of $2,328/QALY for TWA
compared to TWF.

Postoperative hand therapy can increase cost estimates. In our institution, an 8 week course
of supervised hand therapy 3 times per week would add approximately $3,600 to the cost of
TWA and TWF. Because this cost is associated with both procedures, it does not affect the
incremental cost-effectiveness of TWA compared to TWF. Even if patients undergoing
TWA required an intense course of hand therapy (and patients undergoing TWF required no
therapy), the addition of the $3,600 therapy cost to the overall cost of TWA would only
increase the ICUR (TWA relative to TWF) to approximately $3,034/QALY.

TWF is a fairly straightforward procedure with predictable results. The successfully fused
wrist is unlikely to require additional operative intervention. TWA is a complex and
technically-demanding procedure that has historically been associated with high
complication and revision rates. Although TWA has been a treatment option for the RA
wrist for nearly four decades, the procedure is not frequently performed among hand
surgeons (14). Three generations of total wrist prostheses have undergone clinical use and
refinement, however, published reports of clinical outcomes for these prostheses are limited
by small sample size, retrospective study design and inconsistent reporting of outcome
measures making the actual clinical outcome uncertain.(1) Three prosthesis designs are
currently FDA approved for use in the United States. Outcomes for these specific wrist
prostheses have not been well-documented and no clinical information is available for two
of the prosthesis designs (communication with industry representatives). The long-term
complication and revision rates for current total wrist prostheses may be lower than the
historical complication rates used for calculations in this analysis making TWA potentially
more cost-effective than our estimates.

Cost-utility analyses require many estimated values to achieve a reasonable cost estimate.
The resulting cost estimate reflects the limitations of these values. Our study is therefore
limited by the uncertainty associated with utility values, lifespan and complication rates.
Manipulation of lifespan and complication rates in sensitivity analyses indicates that even at
the extremes, TWA remains a cost-effective procedure relative to TWF and nonoperative
management. Utility values are subject to uncertainty because of potential difficulty
understanding the survey, survey fatigue, and the perspective of those taking the survey.
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Utility values for the survey population may not reflect the utility that patients actually
experiencing the health state would assign and also may not reflect the utility that a
representative sample of the general population would assign to each scenario. Calculations
based on much higher or lower utility values could substantially alter cost estimates.

This cost-utility analysis of TWA and TWF provides insight into the value that patients and
physicians place on maintaining wrist movement. Based on survey results, RA patients
would prefer TWA over TWF and non-operative management. We found that even with
relatively high complication rates for TWA in the published literature, the procedure is
extremely cost-effective in terms of cost per expected gain in QALYs.

Our initial evaluation of TWA and TWF in a systematic review of the literature indicated
that the published outcomes for TWA show potentially higher complication and revision
rates and no demonstrable functional benefit over TWF.(1) Under these circumstances,
TWA would not be warranted unless patients demonstrated a greater utility for TWA than
for TWF. This cost utility analysis indicates that RA patients place a great deal of emphasis
on maintaining wrist motion. Calculation of cost per QALY gained with TWA show that in
spite of fairly high complication and revision rates, TWA is a very cost-effective procedure.
Additional research efforts to improve and refine TWA prosthesis design along with
rigorous reporting of clinical outcomes will further define the appropriate application of
TWA and TWF in the management of rheumatoid wrist disease.
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Figure 1.
Basic decision tree model used for cost-utility analysis. The probability of each complication
was derived from a prior systematic review of the literature.
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Figure 2.
Equation for QALYs using TWF with Minor Complication as the health state.
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Figure 3.
Cost-utility analysis using utility values derived from patient surveys. This analysis includes
the higher cost estimates for each management strategy. The cost/utility ratios shown on the
left indicate the overall cost-utility ratio for each procedure. These values are based on the
weighted cost of each potential outcome (cost x probability). TWA is the most favorable
treatment choice because it is associated with the lowest cost per QALY.
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Figure 4.
Cost-utility analysis using utility values derived from physician surveys. Costs reflect the
higher cost estimates for each management strategy. TWA is the most favorable treatment
strategy.
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Figure 5.
Sensitivity analysis varying healthy years of remaining life. This graph shows the
incremental cost-utility ratio of TWA and TWF relative to non-operative management. The
dotted vertical line at 30 years indicates the years of remaining life used in our model. Costs
reflect the higher cost estimates and utility values were obtained from physician survey data.
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Table 2

Utility Survey Results

Survey Scenario Patient Mean Utility (95% CI) Physician Mean Utility (95% CI) p-value

1 Non-operative treatment 0.41 (0.33–0.49) 0.55 (0.49–0.61) p < 0.05

2 TWF: no complication 0.51 (0.43–0.60) 0.80 (0.74–0.85) p < 0.05

3 TWF: minor complication 0.59 (0.50–0.68) 0.82 (0.77–0.87) p < 0.05

4 TWF: intermediate complication 0.55 (0.46–0.64) 0.84 (0.79–0.88) p < 0.05

5 TWF: major complication 0.54 (0.45–0.63) 0.81 (0.76–0.86) p < 0.05

6 TWA: no complication 0.68 (0.60–0.77) 0.85 (0.80–0.89) p < 0.05

7 TWA: minor complication 0.64 (0.55–0.74) 0.86 (0.81–0.91) p < 0.05

8 TWA: intermediate complication 0.70 (0.61–0.79) 0.87 (0.82–0.91) p < 0.05

9 TWA: major complication: revision arthroplasty 0.63 (0.54–0.72) 0.82 (0.77–0.87) p < 0.05

10 TWA: major complication: arthrodesis 0.60 (0.51–0.70) 0.81 (0.76–0.86) p < 0.05
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Table 3

Comparison of Total Cost, Utilities, and Incremental Cost/Utility Ratio

Treatment Option 1 Total Cost QALYs Cost/QALY

2 Incremental Cost-Utility Ratio
(ICUR) compared to Non-Operative

Management
*calculated using patient utility values

Non-Operative $0.00 Patient 12.3
Physician 16.5

Patient
$0/12.3 QALY
Physician
$0/16.5 QALY

N/A

TWF (Arthrodesis) $6,607 Patient 15.3
Physician 24.0

Patient
$6,607/15.3 QALY = $431.83/QALY
Physician
$6,607/24.0 QALY = $275.29/QALY

$2,202/QALY

TWA (Arthroplasty) $18,478 Patient 20.4
Physician 25.5

Patient
$18,478/20.4 QALY =$905.78/QALY
Physician
$18,478/25.5 QALY = $724.63/QALY

$2,281/QALY
3 ICUR TWA compared to TWF =

$2,327.64/QALY

1
Total cost is the expected cost obtained from the decision analysis tree (Figures 3, 4). This cost reflects the cost of each possible outcome/

complication for TWA and TWF as well as the probability of that outcome.

2
ICUR reflects the incremental cost for the additional QALYs gained with a more costly procedure. Here we evaluate the additional cost for TWA

and TWF and the anticipated gain in QALYs compared to Non-operative Management.
Sample Calculation: ICUR for TWF compared to Non-Operative management (using patient-rated utility)
ICUR = (Cost TWF – Cost Non-Operative)/(QALY TWF – QALY Non-Operative)
ICUR = ($6,607 - $0)/(15.3 QALY – 12.3 QALY) = $6,607/3 QALY
ICUR = $2202.33 per additional QALY gained with TWF over Non-Operative Management

3
ICUR for TWA compared to TWF reflects the cost of each additional QALY gained with TWA over TWF.
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Table 4

Cost for TWA with Multiple Revisions

Procedure(s) Cost Conversion to TWF with Bone Graft (Cost for TWF = $6,748)

TWA $15,831 $15,831 + $6,748 = $22,579

TWA + 1 Revision TWA $15,831 + $12,005 $27,836 $27,836 + $6,748 = $34,584

TWA + 2 Revision TWAs $15,831 + (2 x $12,005) $39,841 $39,841 + $6,748 = $46,589

TWA + 3 Revision TWAs $15,831 + (3 x $12,005) $51,846 $51,846 + $6,748 = $58,594
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