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Objective: To examine mortality, costs, and rehabilitation use in patients with stroke and stroke-related hemiparesis during
a 4-year period following stroke onset. Method: This study was a retrospective, longitudinal claims analysis. Patients
newly diagnosed with stroke and discharged from the hospital were identified from a 5% random sample of Medicare
beneficiaries. Mortality, total Medicare costs, use of rehabilitation, and associated costs in stroke survivors with or without
hemiparesis were the main outcome measures. Resuits: Out of 4,604 newly diagnosed stroke patients, 1,166 developed
hemiparesis. The 4-year mortality rate was significantly higher in the hemiparesis cohort than the nonhemiparesis cohort
(55.2% vs. 47.5%); p < .01). The average Medicare cost per patient over the 4-year period was $77,143 for the hemiparesis
cohort and $53,319 for the nonhemiparesis cohort (p < .01). A significantly higher proportion of patients in the hemiparesis
cohort received rehabilitation than in the nonhemiparesis cohort (84% vs. 36% in Year 1, 30% vs. 10% in Year 2, 21%
vs. 9% in Year 3, 16% vs. 7% in Year 4). Among patients who received rehabilitation, costs were significantly higher for
the hemiparesis cohort (317,680) than for the nonhemiparesis cohort ($7,841) in the first year. While most rehabilitation
costs for the hemiparesis cohort were incurred in the hospital inpatient setting in the first year, the cost burden shifted
to skilled nursing facilities and home health agencies in the following 3 years. Conclusions: Hemiparesis following stroke

onset contributes to a higher mortality rate and high
" hemiparesis, rehabilitation, stroke ;

er Medicare costs in both the short and long term. Key words: cost,

troke is the third leading cause of death and
a leading cause of adult disability, affecting
some 795,000 people each year in the United
States.! Of stroke survivors, 30% are unable to walk
without some assistance, and 26% are dependent
in activities of daily living. Approximately 15%
to 30% are left permanently disabled, and 20%
require institutional care at 3 months after onset.?
Long-term disability from stroke not only affects
functional status but also has profound emotional
and social effects on stroke survivors.?
Hemiparesis, a detrimental side effect that many
stroke victims face, is the partial paralysis of one
side of the body that occurs due to brain injury.
The sudden onset of hemiparesis is a common
early sign of stroke.* It is remarkably prevalent:
acute cases of hemiparesis are present in nearly
80% of stroke victims; chronic cases occur in about
40% of patients.” Six months after a stroke, 50% of
stroke survivors experience residual hemiparesis.!
Hemiparesis has a large impact on motor
function. Patients with hemiparesis experience
skeletal muscle atrophy and have more fat in the

muscle on the affected side of their body, which
may carry a greater risk of causing disability and
cardiovascular disease.5 Moreover, hemiparesis
can also impair spatial sense and information
processing, depending onwhichside ofthe brainthe
stroke occurred.’ Moderate to severe hemiparesis,
therefore, can be considered a prognostic factor for
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disability, institutionalization, and death 5 years
post stroke.” Management of hemiparesis often
includes physical and occupational therapy as
well as an array of different techniques that further
contribute to the high cost of stroke.®

Itis estimated that the combined direct and indirect
costs of stroke were $68.9 billion in the United States
in 2009.1 In 2006, $3.9 billion ($7,449 per discharge)
was paid for Medicare beneficiaries discharged from
short-stay hospitals for stroke.! The average cost of
stroke per patient ranges from $27,000 to $475,000,
depending on the age of a patient at stroke onset.’
The mean lifetime cost of ischemic stroke in the
United States, including inpatient care, rehabilitation,
and follow-up care necessary for residual deficits, was
estimated to be $140,048.1°

Although studies have shown that timely,
intensive, and organized rehabilitation improves
patients’ physical function and quality of life after
an acute stroke,'1* population-based estimates of
prevalence and costs of rehabilitation use among
the elderly population are lacking. Furthermore,
there are no long-term studies that disaggregate
patients with hemiparesis following stroke from
the overall stroke population. In an attempt to
better understand the long-term treatment patterns
and associated costs of stroke and hemiparesis,
this study examined mortality, overall costs, and
rehabilitation-related costs of stroke survivors with
and without hemiparesis in the 4 years following
stroke onset in US Medicare beneficiaries.

Materials and Methods

Data source

This retrospective, longitudinal study used the
Medicare Standard Analytic Files (SAFs) from 2003
to 2006. SAFs contain information collected by
the Centers for Medicare and Medicaid Services
(CMS) regarding payment for health care services
provided to Medicare beneficiaries. SAFs include
beneficiary-level claims for a 5% randomly selected
sample of Medicare beneficiaries (ie., individuals
aged 65 years or older, those eligible for disability,
and/or end-stage renal disease patients). Medicare
SAFs have been widely used by researchers studying
outcomes, clinical epidemiology, and health services
utilizations among elderly patients in the United

States. Included in the SAFs are beneficiaries’
demographic and clinical characteristics, medical
care services provided across different care settings,
and the charges and payments for each service
rendered in hospital inpatient, outpatient, skilled
nursing facility (SNF), home health agency (HHA),
and hospice settings as well as physician services
and durable medical equipment (DME). Each -
claim included in the SAFs includes total charge
(i.e., the amount charged by a provider or a physician
for a service or supply), Medicare allowable charge
(the amount Medicare determines to be reasonable
payment to a provider or physician, which includes
the coinsurance and deductibles), and Medicare
claim payment (i.e., the amount paid to a provider or
physician by Medicare excluding the coinsurance and
deductibles). As this study attempted to understand
the cost of stroke incurred by the Medicare program,
Medicare claim payment was used as the cost of
care rather than total charge or Medicare allowable

- charge. A separate denominator file that is linked to

the claims files includes demographic characteristics
(age, gender, race, etc.) and, for patients who died,
dates of death. We linked the beneficiaries’ data from
different claims databases via encrypted beneficiary
identification numbers at each individual level and
followed them longitudinally from January 2003 to
December 2006.

Identification of study population

The patient population of interest in this
study was patients who were hospitalized and
subsequently discharged from the hospital with
a newly diagnosed stroke in the first quarter of
2003. Patients were selected based on the presence
of International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM)
diagnosis codes (430, 431, 434.00, 434.01,
434.10, 434.11, 434.90, 434.91, 435.0, 435.1,
4353, 435.8, 435.9, 436) in a hospital inpatient
claim. Patients were excluded if they met one
of the following criteria: deceased during the
hospitalization; not enrolled in the Medicare Part
A/Part B in 2002; had at least two physician claims
with stroke-related diagnosis or claims suggesting
they received rehabilitation in 2002; or lack of
continuous Medicare enrollment to the time of
death or 2006, whichever came first.



For the identified patients, claims were extracted
and linked from all settings of care from 2003 to
2006. Patients were stratified by the presence of
hemiparesis (ICD-9-CM code 438.2) as a primary
or secondary diagnosis on any claim in 2003 to
obtain two study cohorts: (1) stroke patients who
subsequently developed hemiparesis (hemiparesis
cohort), and (2) stroke patients who did not
develop hemiparesis (nonhemiparesis cohort).

Baseline characteristics

Patients’ demographic characteristics, including
age, gender, and race, were analyzed. In addition,
comorbidities of these patients were assessed using
the Charlson Comorbidity Index (CCI), which
was designed as a measure of the risk of 1-year
mortality attributable to various comorbidities.!*
Disease categories assessed in the CCl include, but
are not limited to, myocardial infarction, congestive
heart failure, diabetes, chronic obstructive
pulmonary disease (COPD), peripheral vascular
disease, moderate-to-severe renal disease, and
any type of tumor, with a higher score indicating
a greater level of comorbidity. CCI has been
independently validated in stroke patients for
predicting long-term functional outcomes.’!¢ In
this study, patients’ comorbidities were identified
by ICD-9-CM diagnosis codes on claims submitted
in 2002 based on the Deyo adaptation of the CCI
using ICD-9-CM administrative databases.!”

Study outcomes

Death was identified from the SAF denominator
files from 2003 to 2006. Total number of deaths
and time of death were compared between the
hemiparesis cohort and nonhemiparesis cohort.
Time from the initial stroke hospitalization to
death was examined using a Kaplan-Meier survival
curve for both cohorts.

Average Medicare cost per patient was calculated
from 2003 to 2006. Medicare costs in each setting
of care were categorized and compared between
the two cohorts. Due to the complexity involved
in ascribing cost to stroke or other conditions,
this study did not attempt to distinguish stroke-
related cost from non-stroke-related cost. Patients’
co-pay and co-insurance amounts were excluded
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from this analysis. Cumulative costs during the
follow-up period were analyzed using the Kaplan-
Meier Sampling Average Estimates (KMSA).
Costs associated with prescription drugs were
not considered because Medicare did not cover
prescription drugs during the study period. Also,
since Medicare did not cover long-term SNF care
(i.e., Medicare covers SNFs up to 100 days), costs
encountered beyond 100 days in an SNF were not

included. All costs were reported in US dollars in
each calendar year.

Rehabilitation use

Medicare claims were assessed for stroke-related
rehabilitation provided across different care settings:
long-term acute care (LTAC), inpatient rehabilitation
facility (IRF), SNE HHA, and outpatient facility.
Rehabilitation included physical, occupational,
speech and language treatments and evaluations, as
well as other care involving use of physical medicine
and rehabilitation procedures. In L'TAC and IRFs,
patients with Diagnosis-Related Group (DRG) 462
or ICD-9-CM V57 in any claims were considered
receiving inpatient rehabilitation. Rehabilitation use
was identified via Current Procedural Terminology
(CPT) and Healthcare Common Procedure Coding
System (HCPCS) codes in the outpatient setting and
physician services. SNFs and HHAs usually provide
extensive services and rehabilitation to patients
after they are discharged from the hospital. These
services were identified via resource use group
(RUG) in SNFs and HCPCS in HHAs. To associate
rehabilitation use with initial stroke onset, the
claims had to be accompanied by a cerebrovascular
disease diagnosis code (ICD-9-CM 430-438) to
be deemed a stroke-related rehabilitation claim.
Detailed descriptions of codes used to identify
rehabilitation are presented in the Appendix.

Medicare payments for the entire claim
identified above were assumed to be associated
with rehabilitation services. When calculating
average Medicare cost for rehabilitation, only
patients receiving rehabilitation in each year were
included in the denominator in that year. Total
Medicare rehabilitation costs were calculated by
aggregating costs incurred by each patient in the

hemiparesis and nonhemiparesis cohorts from
2003 to 2006.
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Statistical analyses

Descriptive statistical analyses were carried
out for patients’ demographics, comorbidities,
mortality, and rehabilitation use, as well as
the Medicare costs in each care setting. All
continuous variables were expressed as mean,
median, and standard deviation. Student’s t tests
were performed on all continuous variables,
except for Medicare costs which were analyzed
via nonparametric Wilcoxon rank-sum test due to
non-normal distribution of cost data. Chi-square
tests were used for all categorical variables.

Time from the initial stroke hospitalization to
death was examined using Kaplan-Meier survival
curves. The KMSA approach was used to estimate
the cumulative Medicare costs. Average cost and the
Kaplan-Meier survival estimate for each follow-up
quarter were obtained. The KMSA estimator for
the cumulative Medicare costs was the sum of the
product of these two components for the study
sample. In other words, the survival estimates were

- used as a weighting function for the cost data.

Level of significance (alpha) for all statistical
tests was set at 0.05. All analyses were conducted
using SAS software version 9.1 (SAS Institute, Inc.,
Cary, NO).

Results

Study cohort and baseline characteristics

This study identified 6,872 patients who were
hospitalized for stroke in the first quarter of 2003.
Of these patients, 713 (10.4%) died in the hospital
and were excluded from this analysis. Of the
remaining 6,159 patients, also excluded were 290
patients who were not enrolled in Medicare Part A
and Part B in 2002; 1,157 patients with physician
claims indicating prior stroke diagnoses or

- receiving rehabilitation in 2002; and 108 patients

who were not continuously enrolled in Medicare
Part A and Part B until the end of this study (2006)
or death, whichever came first. This left a final
patient sample: of 4,604. Among these, 1,166
patients (25.3%) were diagnosed with hemiparesis
in 2003 (hemiparesis cohort) and 3,438 (74.7%)
were not (nonhemiparesis cohort) (Figure 1).
The hemiparesis and nonhemiparesis cohorts did
not differ significantly withrespect toage and gender,

however, the hemiparesis cohort was comprised of
a higher proportion of African Americans than the
nonhemiparesis cohort. Based on the presence of
diagnosis codes in the year prior to their stroke
hospitalization, more patients in the nonhemiparesis
cohort were identified in the higher CCI categories
than the hemiparesis cohort, indicating greater
overall comorbidity status. However, when certain
individual disease categories, which are thought
to be risk factors for stroke, were assessed, such as
cerebrovascular disease, congestive heart failure,
diabetes, and diabetes with complications, no
significant difference was observed between the two
cohorts (Table 1).

Mortality

Nearly half of the study patients expired at the
end of this study: 23.6% in the first year, 10.2%
in the second, 8.4% in the third, and 7.2% in the
fourth. The overall mortality rate in 4 years was
significantly higher in the hemiparesis cohort
(55.2% vs. 47.5%, p < .01). Survival time was
plotted in Kaplan-Meier survival curves for both
cohorts (Figure 2). The estimated probability of
survival in the first year was 78.6% and 80.9%
for the hemiparesis and nonhemiparesis cohorts,
respectively. After the first year, the survival
curves diverged with lower probability of survival
observed for the hemiparesis cohort. This trend
was sustained at the end of 4 years.

Medicare costs

Medicare per-patient costs in each year of
follow-up were higher for the hemiparesis cohort.
In 2003, Medicare costs for the hemiparesis cohort
were nearly double those for the nonhemiparesis
cohort ($45,875 vs. $25, 256; p < .01), and higher
costs were observed across all care settings except
for hospice. This trend continued over the study
period for nearly all care settings (except for hospital
outpatient care and physician services), underscoring
significant incremental costs attributable to the
long-term debilitating nature of hemiparesis.

When Medicare costs were categorized by care
settings, hospital inpatient care represented the
highest cost burden to Medicare. In both cohorts,
inpatient care accounted for over 50% of the total
costs in 2003 and hovered around 45% of the total
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Figure 1. Study patients’ identification and stratification.

cost in the following years. Physician care and SNFs
were the second and third largest contributors to
Medicare costs following hospital inpatient care,
respectively (Figure 3 and Figure 4).
Survival-adjusted 4-year total costs per patient
were $77,143 for the hemiparesis cohort and
$53,319 for the nonhemiparesis cohort. The
difference in these Medicare costs was evident in
the first 3 months of the stroke onset ($26,780
vs. $14,194) and sustained and aggrandized in
the subsequent quarters. After the first stroke,
costs in the first 3 months accounted for 35%
and 27% of the total costs for the hemiparesis and
nonhemiparesis cohorts, respectively. Follow-up
care after the first 3 months represented over two
thirds of the total costs in both cohorts (Figure 5).

Rehabilitation

Asignificantly higher proportion of the patients
in the hemiparesis cohort received rehabilitation
in each year than the nonhemiparesis cohort
(Figure 6). In 2003, 33% of hemiparesis patients
received rehabilitation in hospital inpatient
units (i.e., acute care, LTAC, and IRFs), 32%
in hospital outpatient facilities, 44% in SNFs,
and 39% in HHAs. For those who received
rehabilitation, average costs for rehabilitation in
the hemiparesis cohort were $17,680, $6,947,
$7,744, and $7,782 in 2003, 2004, 2005,
and 2006, respectively. In comparison, the
nonhemiparesis cohort incurred significantly
lower average costs in 2003 ($7,841) but
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Table 1. Patient baseline characteristics

Characteristic w/ Hemiparesis (n = 1,166) w/o Hemiparesis (n = 3,438) r
Age. n (%)
<60 48 (4.1) 124 (3.6) 42
61-70 123 (10.6) 330 (9.6
71-80 419 (35.9) 1,197 (34.8)
>80 579 (49.4) 1,787 (52.0)
Gender, n (%)
Male 464 (39.8) 1,392 (40.5) .68
Race, n (%) )
Caucasian 917 (78.6) 2,943 (85.6) <.001
African American 184 (15.8) 364 (10.6)
Hispanic/Latino 29Q2.5) 7121
Others 36 (3.1 60 (1.8)
Charlson Comorbidity Index, n (%)
0-1 671 (57.6) 1818 (52.9) .02
2-3 315 (27.0) 1053 (30.6)
>4 180 (15.4) 567 (16.5)
Comorbidity, n (%)

"Cerebrovascular disease 236 (21.6) 651 (19.7) 19
Congestive heart failure 228(20.9) 702 (21.3) 76
Diabetes 359 (32.9) 985 (29.9) 07
Diabetes with complications 89(8.2) 239 (7.3) 33

Note: t tests for continuous variables and chi-square tests for categorical variables.
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Figure 2. Kaplan-Meier survival analyses for patients in the hemiparesis and nonhemiparesis cohort.

comparable costs in the following years,
averaging $7,304, $7,930, and $6,976, in 2004
through 2006. The majority of rehabilitation
costs were incurred in 2003 for both cohorts

(82.3% for the hemiparesis cohort; 67.3% for
the nonhemiparesis cohort).

When Medicare costs were aggregated, the
inpatient setting contributed to the largest portion
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Figure 3. Share of total cost per patient by setting of care, hemiparesis cohort.
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Figure 4. Share of total cost per patient by setting of care, nonhemiparesis cohort.

of rehabilitation costs for the hemiparesis cohort in
2003. In the following years, SNFs were the largest
share of costs, followed by HHAs (Figure 7). In
the nonhemiparesis cohort, SNFs and HHAs were
consistently the first and second largest contributors
to rehabilitation costs for all four years (Figure 8).

Discussion

This observational, longitudinal study followed
patients who survived their initial stroke
hospitalizations for 4 years. A population-based,

nationally representative claims database was
used to understand the long-term clinical and
economic implications of stroke and stroke-related
hemiparesis in the US Medicare system. In a large
cohort of 4,604 patients, this study characterized
4-year mortality and provided detailed information
on overall treatment costs, costs across different
care settings, and rehabilitation use in different
settings and associated costs. While the clinical and
economic burden of stroke is widely recognized,
the findings from this study extend the results of
previous work, underscoring that among stroke
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Figure 5. Cumulative costs for patients in the hemiparesis and nonhemiparesis cohort.
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Figure 6. Percentage of cohort with rehabilitation use.

survivors those who developed hemiparesis are at
a higher risk of death and consume greater health
care resources than their counterparts without
hemiparesis. Furthermore, to our knowledge, this
is the first attempt to provide population-based
estimates of the prevalence of both acute and long-
term stroke rehabilitation use in stroke patients.
This study estimated a 4-year mortality
rate of nearly 50% following an initial stroke
hospitalization. This result is consistent with
the findings of a community-based Copenhagen
stroke study (58.4% at 5 years)'® and a study of
Medicare patients discharged from a VA hospital

in Connecticut (52.6% at 5 years)' but is higher
than the Northern Manhattan Stroke Study (41%
at 5 years).”® Because this study was based on a
nationally representative, geographically diverse
sample of patients who were treated at a variety of
hospitals (academic and community), findings in
this study can be generalized more than in other
works. Moreover, patients in the hemiparesis
cohort were shown to have a significantly higher
mortality rate than those in the nonhemiparesis
cohort in the first year, and the gap between the
mortality rates within the two cohorts widened
in subsequent years. This attests the clinical



$8,000,000

Costs and Rehabilitation in Stroke Patients 317

$7,000,000 4

$6,000,000 4

8 Hospital Inpatient

$5,000,000 A

B Skilled Nursing Facility

$4,000,000 1

$3,000,000

B Home Health Agency

$2,000,000 -

® Hospita! Outpatient

$1,000,000 -

m Physician Care

2003 2004 2005

2006

Figure 7. Total rehabilitation costs by setting, hemiparesis.
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Figure 8. Total rehabilitation costs by setting, nonhemiparesis.

significance and the long-term debilitating nature
of hemiparesis.

To date, most economic studies of stroke have
focused on acute management of stroke victims.
A study from 2003 indicated that ambulatory
costs of stroke may be more important than costs
of the acute phase when the cost-effectiveness of
long-term secondary prevention is evaluated.*!
However, few studies have focused on the long-term
economic consequences of stroke. Furthermore,
studies that attempted to measure these outcomes
either included a relatively small sample size or

covered a limited number of study centers or
health plans. Studies that analyzed cost drivers of
stroke care also reached diverse conclusions. For
example, a study in The Netherlands reported that
the majority of costs were due to long-term care
(i.e., nursing home and rehabilitation accounted
for half of the total costs),?? while another study
incorporating data from 13 countries did not
find long-term care to be the major cost driver.”?
This study suggests the costs in the first 3 months
constituted about a third of the total costs in 4 years.
While the importance of acute care has been clearly



