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Stroke rehabilitation is expensive, and recent changes to Medicare reimbursement demand more efficient
interventions. The use of cost-effectiveness analysis (CEA) can help occupational therapy practitioners,
rehabilitation directors, and payers better understand the value of occupational therapy and decide whether or not
to implement new treatments. The objective of this article is to illustrate the contribution of CEA to stroke
rehabilitation using a hypothetical new intervention as an example.

What This Article Adds: This article facilitates an understanding of the importance of CEA to occupational
therapy. It also explains how CEA improves consistency with reporting standards for cost-effectiveness studies.
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The cost of poststroke care in
the United States is the high-

est in the world (Godwin et al.,
2011; Rajsic et al., 2019). The
resources for medical care are
finite, however. Cost-effectiveness
analysis (CEA) can help us under-
stand the long-term value of stroke
rehabilitation, which may help
inform the decision-making pro-
cess for adopting new therapy
approaches or rehabilitation devi-
ces. The objective of this article is
to illustrate the contribution of
CEA to stroke rehabilitation using
a hypothetical new intervention as
an example.

Arguments to Support

Cost-Effectiveness

Analysis
With changes to Medicare in 2020
(Unruh et al., 2020), CEAs are
essential to the delivery of quality
and value-based rehabilitation
interventions. As a result, there is a
need for research that examines
interventions that can be used to
maximize gains and minimize cost
in outpatient settings. CEA added to
clinical trials is needed to generate
data documenting the intervention’s

effect on patient outcomes, quality
of life, cost, and cost-effectiveness as
part of the implementation strategy.
This point is recognized by the
National Institutes of Health, which
recommended economic evaluations
for rehabilitation (Frontera et al.,
2017).

Economic evaluations of new
treatments during clinical trials are
common in health care for phar-
maceutical products (J€onsson,
2003) and for prevention interven-
tions, such as vaccinations (Simp-
son et al., 1995) and screening
(Marshall et al., 2001), which are
relatively low-cost but high-volume
services for which costs are imme-
diate but benefits are delayed. The
use of economic evaluation in
rehabilitation, however, is limited.
Although some economic evalua-
tions have been reported for
rehabilitation (B€urge et al., 2016;
Chiatti & Iwarsson, 2014; Clarke
et al., 2016; Fern�andez-de-Las-
Pe~nas et al., 2019; Rahja et al.,
2018; Schene et al., 2007), a recent
assessment of reporting quality for
economic evaluations in rehabilita-
tion indicated that many authors
fail to adhere to the accepted
standards for describing how their

study was performed (Flemming
et al., 2020).

Access to occupational therapy
for clients and efficiency in occupa-
tional therapy interventions can
benefit from CEA. Occupational
therapy practitioners take a client-
centered approach to treatment to
improve the client’s functional sta-
tus specific to that client’s needs
and wants (American Occupational
Therapy Association, 2020; Pollock,
1993). Although occupational ther-
apy practitioners traditionally do
not consider information about
cost, comparative effectiveness
research related to interventions
and rehabilitation devices will
improve practitioners’ ability to
make informed decisions about
which treatments improve clients’
quality of life.

Process for Cost-

Effectiveness Analysis
Well-conducted CEAs use stan-
dardized methods and allow for
comparisons across different types
of medical interventions. The
Consolidated Health Economic
Evaluation Reporting Standards
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(CHEERS; Husereau et al., 2013)
are a useful quality check (Cheng
et al., 2018) for economic analy-
ses. The use of CHEERS can
standardize CEA and enable us to
compare findings to ascertain
their value in relation to other
medical interventions.

In building a valid CEA
model, clinician input is critical,
because a model is a simplifica-
tion of current practice
conditions and must capture
usual practice and treatment real-
ities. First, economic researchers
conduct preliminary qualitative
interviews and analysis to pro-
vide a sufficient amount of data
to determine clinically relevant
variables within a model. After
model completion, researchers
contact therapists for validation
of the model, to ensure accuracy
and clarity. Choosing the right
type of model also is important
(Brennan et al., 2006). CEA uses
two common models—(1) deci-
sion trees and (2) Markov models
(Simpson et al., 2009)—both of
which can be used to structure
interventions under any reim-
bursement configuration for
many different diseases from dif-
ferent data sources. Researchers
must choose a model time hori-
zon that is adequate for capturing
major cost and effect differences
between treatments, select a unit
of analysis, and account for inter-
actions among factors in the
model (Neumann et al., 2017).
Identifying the model’s costing
perspective is also essential, and
models are created to be country
specific (Rascati, 2014).

Decision trees provide a visual
example that includes pathways for
different treatment approaches and
associated probabilities. They make
it easy to understand the major dif-
ferences in treatments and their
impact on outcomes. Clients are
grouped on branches by different
possible processes and outcomes
(Neumann et al., 2017).

If decision trees become too
“bushy” and complicated, the
approach shifts to Markov model-
ing, which allows for data from

groups with similar clinical statuses
to be aggregated for specific time
periods depending on the health
state. Markov modeling is more
complex, given that it represents
more variables in the intervention
process, but it still helps decision
makers organize risks, forecast
clinical outcomes, and estimate
economic effects over a long time
period. Once developed, the Mar-
kov model can be estimated
using a probabilistic sensitivity
analysis, cohort simulation, or
algebraic matrix (Sonnenberg &
Beck, 1993).

Hypothetical Decision

Tree: Super OT Versus

Treatment as Usual
The best way to show the power-
ful contributions of a cost-
effectiveness model may be to
create a simple decision tree
from “real” practice: What if we
implemented an intensive in-hos-
pital occupational therapy program
to prepare stroke patients for dis-
charge to home? Would it be cost-
effective if this “Super OT” program
improved discharge to home by 5%,
compared with treatment as usual
(TAU), and required 10 additional
hr of occupational therapy for all eli-
gible patients? We designed a
decision tree to capture this question
(the full decision tree is available
from the first author on request).
Figure 1 depicts a hypothetical
model that compares the new Super
OT with TAU. For this model, we
estimated Super OT’s impact on
years survived, quality-adjusted life
years (QALYs) gained, and total
annual cost for 100 patients receiv-
ing each treatment. Thus, this is
really a synthetic estimate of 200
patients evenly randomized into
either the Super OT condition or
TAU group, where all factors are
assumed to be equal except dis-
charge destination and cost of
occupational therapy care in the
hospital.

Several parameters need to be
set to create the working model
(Table 1). We categorized all stroke
survivors by the level of assistance

needed using FIM® scores1 (David-
off et al., 1990; Keith et al., 1987).
Next, we searched the literature for
the average years survived for each
level of assistance (hypothetical in
this example). We also found the
estimated annual cost of care for
each patient at each level of assis-
tance defined by the FIM. The
Utility measure is an estimate of
the ratio of quality of life per year
a stroke survivor experiences at
each FIM level. For example, a
dependent patient may live for 5 yr
after a stroke but, when adjusted
for quality, experience only 1.5 yr
of quality. The Utility measure is
made by averaging scores of a
quality-of-life assessment for a
population of stroke survivors at
each functional level. In our exam-
ple, we hypothesized that each year
of life for a dependent patient is
worth about 30% of a year when
adjusted for quality. In addition,
occupational therapy treatment is
estimated to cost $90/hr; 10 hr of
service per patient equates to $900
per patient.

For this example, we divided
patients into two categories: (1)
discharged to some form of
inpatient rehabilitation or (2)
discharged to home (with home
health, outpatient, or no ther-
apy). First, we constructed the
tree for the Super OT group
(Figure 1). Rates of discharge
from acute care to an inpatient
rehabilitation institution (.45)
versus home (.55) were provided
from a hypothetical clinical trial
for Super OT. We assumed that
all patients who were discharged
from acute care to inpatient
rehabilitation were classified as
dependent (20% of inpatient
rehabilitation stroke survivors),
maximal assistance (40%), or
moderate assistance (40%) for
ADLs. We also assumed that
patients who were classified as
minimal assistance (30%),
standby assistance (supervision;
30%), modified independence
(30%), or complete

1FIM is a trademark of the Uniform Data
System for Medical Rehabilitation, a divi-
sion of UB Foundation Activities, Inc.
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independence (10%) were dis-
charged to home. If we have the
corresponding QALYs Utility
measure, we could just as easily
divide the two discharge groups
by Fugl-Meyer scores, modified
Rankin scores, or any other
organizational variable.

We computed the total number
of survival years for each functional
level by simply multiplying the
subpopulation by the expected
number of years survived (Figure
1). For example, the 9 Dependent
stroke survivors are expected to
live for a combined 45 yr.

Similarly, we estimated the number
of QALYs by multiplying the num-
ber of years by the Utility (in our
Dependent example, this means
45 yr × .30 utility). Finally, we
estimated the cost for each sub-
population by multiplying the
years of survival by the average
annual cost (e.g., for Dependents,
45 yr × $80,000). These steps are
repeated for each functional level.

For the TAU group, we copied
the Super OT spreadsheet and
changed only the percentage dis-
charged to each type of site. We
then could reestimate the discharge
disposition for the TAU group
(50% discharged to inpatient reha-
bilitation institution vs. 50%
discharged to home). Because all
our formulas were carried over
from the previous page, the out-
come measures are easily
computed with the rate change.
We then found the difference
between the Super OT and TAU
groups (Table 2).

Figure 1. Example of a decision tree for a hypothetical Super OT intervention per 100 patients, based on discharge
destination and ADL assistance level.

Popula�on Years QALYs Annual Cost
ADL Level
Dependent 

0.2 9.0 45.0 13.5 3,600,000$                

Discharge
Ins�tu�on Max Assist 

.45 0.4 18.0 144.0 50.4 11,520,000$              

Mod Assist 
0.4 18.0 216.0 97.2 17,280,000$        

Super  OT in Min Assist
Acute Care 0.3 16.5 247.5 148.5 14,850,000$        

SBA
0.3 16.5 297.0 207.9 14,850,000$        

Home
.55 Mod Indep

0.3 16.5 313.5 266.5 9,405,000$          

Comp Indep
0.1 5.5 110.0 106.7 1,650,000$          

Note. All dollar values are USD. ADL = activity of daily living; Comp Indep = complete independence; Max Assist = maximal assistance;
Min Assist = minimal assistance; Mod Assist = moderate assistance; Mod Indep = modified independence; OT = occupational therapy;
QALYs = quality-adjusted life years; SBA = standby assistance (supervision).

Table 1. Model Inputs: ADL Scores, Utility Measures, Expected Survival, and
Annual Cost Used for Estimations

ADL FIM® Score Utility (in QALYs) Survival, Yr Annual Cost (USD)

1 .30 5 80,000

2 .35 8 80,000

3 .45 12 80,000

4 .60 15 60,000

5 .70 18 50,000

6 .85 19 30,000

7 .97 20 15,000

Additional Super OT Treatment

Hr Cost/Hr Cost/Patient

10 $90 900

Note. ADL = activity of daily living; OT = occupational therapy; QALYs = quality-adjusted
life years.
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Notice the change in outcomes,
with just a 5% improvement in
ADL performance attributable to
the Super OT intervention. We cal-
culated an estimated 43 additional
years of survival per 100 patients,
but those years are not in full
health, so they resulted in only 12.4
QALYs. In addition, occupational
therapy treatment cost was esti-
mated at $90,000 per 100 patients.
The total annual cost increases by
$195,000 (or $1,950/person)
because survival years increase.
Overall, this result equates to an
incremental cost-effectiveness ratio
of $15,725 per QALY gained, or
$4,535 per additional year of
survival gained. Compared with
standards in health care, this is
a good cost value for an interven-
tion, because the U.S. benchmark
for good value for money for stroke
care is at least $50,000 per QALY
gained (Simpson et al., 2017), and
our Super OT program is much
cheaper than that benchmark
(Simpson & Tilley, 2012).

One important strength of a
decision tree is that, once pro-
grammed, the rates are easily
modified and outcomes recom-
puted. This is true for all numbers
within the decision tree. These
outcome measures could help
a rehabilitation director under-
stand the impact of imple-
menting a new treatment method.

Conclusion
CEA can be an effective tool to
help rehabilitation decision makers

make more informed choices.
Although it has been explored in
rehabilitation in the past, greater
use and a more standardized
approach will enable comparisons
across studies to help decision
makers determine which interven-
tions are most practical and
effective. However, these outcomes
should not be the sole consider-
ation for decision making
(Pinkerton et al., 2002). Ethical,
access, practical, and professional
issues may not be captured in an
economic model but need to be
considered with any change. A
model is a simplification of reality,
and as such, its estimates may con-
tribute objective information to
discussions of the potential impact
of a new approach on expected
quality years gained and annual
cost. However, it yields only one
additional set of data for decision
makers to consider. CEA is not yet
common in the occupational ther-
apy literature, but we believe this
analytical approach holds great
potential for contributing to occu-
pational therapy research and
practice.
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