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S troke is one of the most significant health problems in the United 
States. In 2005, the prevalence of stroke was 5.8 million among 
adults age 20 years and older.1 Given that the majority of strokes 

occur in the elderly (age >65 years), the prevalence of stroke is expect-
ed to increase dramatically with the lengthening of life expectancy and 
advancing age of our population. Approximately 780,000 strokes occur 
each year and of these, 600,000 are first attacks.1 Stroke is the third 
leading cause of death behind heart disease and cancer and the leading 
cause of serious long-term disability.1 In 2004, stroke accounted for ap-
proximately 1 of every 16 deaths.1 Among all strokes, 87% are ischemic, 
10% are intracerebral hemorrhage, and 3% are subarachnoid hemor-
rhage.1 Stroke imposes a significant economic burden on our healthcare 
system, with acute ischemic stroke accounting for the bulk of costs. 
Total direct and indirect cost resulting from stroke has been reported to 
be more than $65 billion for 2008 alone.1 Direct cost encompasses all 
expenditures from hospitalization, nursing homes, physicians and other 
healthcare professionals, drugs and other medical durables, and home 
healthcare, whereas indirect cost accounts for lost productivity due to 
morbidity or mortality. Stroke can be ranked among the most expensive 
chronic diseases such as cancer ($219.2 billion in 2007), diabetes ($174 
billion in 2007), and depression ($83.1 billion in 2000).2-4

Despite the high financial burden, limited recent studies have fo-
cused on costs associated with stroke in the United States. Establishing 
total stroke-related costs is essential to evaluate and support the health 
economic research on stroke systems of care. The present article pro-
vides a systematic review of the literature to determine the overall costs 
of stroke in the United States, with a focus on ischemic stroke when 
costs are specified by subtype.

METHODS
Literature Search

Full-text papers were identified on the basis of a literature search in 
PubMed/MEDLINE and Ovid/EMBASE databases from January 1995 

to July 2008. The terms used for the 
electronic search included [ischemic 
stroke and costs and cost analysis] 
or [ischemic stroke and economics] or 
[ischemic stroke and hospital charges] 
or [ischemic stroke and fees] or [isch-
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Background: Stroke is an expensive disease from 
a patient, caregiver, and societal perspective. In 
spite of the high cost burden, only limited num-
bers of recent studies have focused on stroke-
related costs in the United States. 

Objective: To conduct a systematic literature re-
view to determine current US costs of stroke and 
to assess if a gap in available information exists.

Methods: A literature search was conducted 
using the PubMed/MEDLINE and Ovid/EMBASE 
databases, within the date range of January 1995 
to July 2008. The search, screening, application of 
eligibility criteria, appraisal, data extraction, and 
synthesis were completed by one investigator 
and then independently confirmed by a second.

Results: The literature review revealed that the 
majority of cost-related analyses focused on 
short-term in-hospital care and early critical 
care as the key drivers of acute ischemic stroke 
hospitalization costs. Moreover, long-term medi-
cal expenses resulting from nursing home and 
ambulatory care as well as indirect expenditure 
from lost earnings and informal care represent 
the most significant burden on lifetime costs of 
stroke. 

Conclusions: Further studies that focus on these 
long-term and indirect expenditures are essential 
to assess the impact of new treatments on total 
stroke costs. Overall, the high costs associated 
with stroke clearly indicate there is an imperative 
need for effective preventive therapy, early critical 
care, and rehabilitation, which in turn will reduce 
the national expenditure for stroke-related health-
care services and improve productivity. 
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emic stroke and reimbursement] or [ischaemic stroke and 
costs and cost analysis] or [ischaemic stroke and economics] 
or [ischaemic stroke and hospital charges] or [ischaemic stroke 
and fees] or [ischaemic stroke and reimbursement] and not atri-
al fibrillation and not hypertension. Even though the search 
focused on ischemic stroke, articles that did not specify stroke 
type were not excluded. We limited the search to titles and 
abstracts of human studies conducted in the United States and 
published in English. Search strategy development, searching, 
screening, application of criteria, selection, appraisal, data ex-
traction, and synthesis were completed by at least 2 investiga-
tors. Disagreements were resolved by consensus.

Exclusion Criteria 
Title and abstract content exclusion criteria were (1) dis-

ease areas other than stroke, (2) focus on stroke prevention, 
(3) focus on nonadult patients, (4) focus other than cost of 
illness, and (5) country of origin outside the United States. 
Additionally, articles were excluded when the content of the 
publication (6) had a focus other than cost of illness or (7) 
lacked quantitative methods. 

Quality Assessment of Publications
Several instruments are designed for critical appraisal of 

economic analyses.5,6 In the current literature review, the 

selected publications were assessed with 
the SIGN grading system, which pro-
vides levels of evidence and grades of rec-
ommendation for evidence-based clinical 
guidelines.6 The study type combined 
with an assessment of methodologic qual-
ity determines the level of evidence.6 
Systematic reviews, meta-analyses of ran-
domized controlled trials, and randomized 
controlled trials rank above nonrandom-

ized interventional and observational studies, whereas non-
experimental studies and expert opinion are ranked at the 
bottom (Figure 1).6 Based on this hierarchy, a level of evi-
dence of 1++ applies to high-quality meta-analyses, system-
atic reviews of randomized controlled trials, or randomized 
controlled trials with a very low risk of bias, while a level of 
evidence of 4 applies to an expert opinion.6 In the final step, 
a grade of recommendation (A through D) is assigned to each 
study or recommendation based on the level of evidence as 
follows: 

•	 Grade A. At least 1 meta-analysis, systematic  
review, or randomized controlled trial rated as 1++ 
and directly applicable to the target population, or  
a systematic review of randomized controlled trials 
or a body of evidence consisting largely of 1+ related 
studies directly applicable to the target population 
and demonstrating overall consistency of results. 

•	 Grade B. A body of evidence, including 2+ rated 
studies directly applicable to the target population 
and demonstrating overall consistency of results or 
extrapolated evidence from 1++ or 1+ rated studies. 

•	 Grade C. A body of evidence, including 2+ rated 
studies directly applicable to the target population 
and demonstrating overall consistency of results or 
extrapolated evidence from 2++ rated studies.

•	 Grade D. Evidence level 3 or 4 or extrapolated evi-
dence from 2+ rated studies.6

RESULTS
Search Yield and Quality Assessment

A total of 417 potential abstracts were 
identified; 408 from MEDLINE via PubMed 
and 9 from EMBASE via Ovid. Of the 417 
abstracts, 368 were excluded due to the 
aforementioned title and abstract content 
exclusion criteria 1-5 (Figure 2). Of the 49 
publications pulled for further investigation, 
26 were excluded because of publication con-
tent exclusion criteria 6 and 7. Thus, of the 
417 abstracts that were initially selected from 

Take-Away Points
A systematic review of the literature was done to determine the overall costs of stroke 
in the United States, with a focus on ischemic stroke, which accounts for the bulk of the 
costs.

n The majority of cost-related analyses focused on short-term in-hospital care and early 
critical care as the key drivers of acute ischemic stroke hospitalization costs.

n Further studies that focus on long-term and indirect expenditures are essential to as-
sess the impact of new treatments on total stroke costs. 

n There is an imperative need for effective preventive therapy, early critical care, and 
rehabilitation.

n Figure 1. Hierarchy of Study Typesa

High quality

Low quality

Expert opinion

Nonexperimental studies

Nonrandomized interventional
studies

Randomized controlled trials

Systematic reviews
and meta-analyses of 

randomized controlled trials

Observational studies

aData from Harbour et al.6
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randomized controlled trial design is not always practical and 
these studies are more likely to be retrospective or prospec-
tive claims analyses, cohort studies, or case reports.6 

Costs of Stroke in the United States
The total cost of stroke encompasses direct costs for pro-

viding medical care to patients as well as indirect costs associ-
ated with lost productivity.7 A breakdown of direct costs by 
type of expense as reported by Lee and colleagues and Taylor 
and colleagues is provided in Figure 3.7,8 

Short-Term Direct Costs. Most cost-analysis studies 
conducted thus far have focused on short-term, in-hospital 
costs of stroke (table 1).9-22 The majority of these studies 
are retrospective analyses of different inpatient care data-
bases, and there is considerable variation in patient num-
bers among these studies. For example, a study by Diringer 
and colleagues15 included 191 patients consecutively admit-
ted with acute ischemic stroke at a tertiary care academic 
medical center in 1996, whereas Qureshi and colleagues10 
analyzed data of more than a million patients from the 
Nationwide Inpatient Survey with stroke admissions from 

the literature search using the PubMed/MEDLINE and Ovid/
EMBASE databases, 23 articles met the inclusion criteria and 
were chosen for this study. One additional publication by the 
American Heart Association and 7 additional publications 
from cross-references based on the title were added to the list. 
Of the 7 additional publications, 3 were excluded because of 
the publication content exclusion criteria 6 and 7. Overall, a 
total of 28 articles were considered appropriate to be included 
in the present analysis. Of the 28 articles, 8 were published 
after 2005. A majority of the selected publications focused on 
direct costs, 5 of the 28 publications addressed aggregate or 
indirect costs, 3 addressed hospital resources, and 7 addressed 
medical resource use. Among the publications that focused on 
direct costs, there was a greater emphasis on emergency and 
short-term care, and less emphasis on outpatient, rehabilita-
tion, and nursing home care. 

In terms of quality assessment, 17 publications were as-
signed a grade B recommendation, 8 were assigned grade C, 
and 3 were assigned grade D, indicating an overall “moderate” 
rating. A high level of evidence or a grade A recommenda-
tion is typically not expected for economic studies because the 

n Figure 2. Search Methodology and Exclusion Criteria for Stroke Cost of Illness Publications

PubMed/MEDLINE and
Ovid/EMBASE

(1/1/95-7/31/08 & English)

Ischemic stroke, ischaemic stroke, 
costs and cost analysis, economics, 

hospital charges, fees, and reimbursement

Total = 417

49 publications pulled for
further investigation

23 appropriate articles to be
included in the study

28 appropriate articles to be
included in the study

1 article
from AHA

368

26

7

3

Excluded due to title
and abstract criteria

Excluded due to 
publication content

Additional from cross-references
based on title

Excluded cross-references 
due to publication content

(reasons 6 and 7 above)

1. Disease areas other than stroke
2. Stroke prevention focus
3. Pediatric focus
4. Focus other than cost of illness
5. Country of origin outside US

6. Focus other than cost of illness
7.  No quantitative methods

AHA indicates American Heart Association.
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1990 to 1991 or 2000 to 2001. When converted to 2008 
dollars, the mean hospitalization costs ranged from $8000 
to $23,000. Mean length of hospital stay ranged from 4.6 to 
12.4 days.

Early critical care has been identified as a key driver of 
acute ischemic stroke hospitalization costs. In a report by 
Demaerschalk and Durocher,23 early critical care accounted 
for nearly one-third of the total expenditure for the short-
term inpatient stay of patients who received recombinant 
tissue plasminogen activator (rt-PA) therapy for ischemic 
stroke (eappendix a, available at www.ajmc.com). Other 
major expenses were distributed as follows: 19% for medical-
surgical short-term care services, 19% for radiology, 8% for 
rehabilitation therapies, 7% for pharmacy, and 7% for lab-
oratory.23 These results were in agreement with the break-
down provided by Diringer and colleagues,15 wherein 50% 
of hospital costs for acute ischemic stroke were attributed 
to room charges (34% for ward beds, 16% for intensive care 
unit beds), 19% for diagnostic radiology, 7% for short-term 
rehabilitation therapy, 5% for laboratory tests, and 5% for 
pharmacy. 

Long-Term Direct Costs. table 2 presents a summary of 
studies reporting average per patient direct costs of stroke 
in the longer term (ie, more than 30 days poststroke).24-26 
A large number of these studies were retrospective analyses 
of a sample of Medicare patients hospitalized for ischemic 
stroke. The outcomes measured varied considerably among 
these studies. For example, Kind and colleagues24 analyzed 
1-year mortality and predicted total healthcare payments for 
30 to 365 days after acute stroke hospitalization; Lee and 
colleagues8 calculated costs from 1 year prior to the index 
event through 4 years following that event; Lipscomb and 

colleagues26 measured Medicare costs for each month (up to 
36 months) following discharge from the index hospitaliza-
tion; and Leibson and colleagues20 assessed inpatient and 
outpatient short-term care activity for the 12 months before 
and after stroke. 

In the study by Leibson and colleagues,20 total inpatient 
and outpatient charges during the 12-month poststroke 
period were reported to be 3.4 times higher than those in 
the 12-month prestroke period. The analyses by Samsa and 
colleagues,14 Lipscomb and colleagues,26 and Sloss and col-
leagues25 have shown that the total stroke-related costs are 
highest during months 1 to 3 after a stroke. Taylor and col-
leagues7 reported direct cost of ischemic stroke per person 
during the first year in 1990 of approximately $15,102 to 
$20,574, depending on age. Fagan and colleagues16 estimated 
a mean cost (converted to 1996 dollars) nearing $30,000 for 
year 1 and approximately $60,000 as total cost (ie, short-term 
plus long-term care for the treatment of patients with acute 
ischemic stroke). Lee and colleagues8 reported an average 
Medicare expenditure of $39,396 (in 1997 dollars) from the 
initial event through 4 years in patients identified as having 
acute ischemic stroke. These data emphasize the need for ef-
fective preventive and early critical care.8 

Indirect Costs. The majority of lifetime costs for each 
type of stroke results from indirect costs. Indirect costs are 
a result of premature mortality and reduced productivity for 
stroke survivors.7 In the study by Taylor and colleagues,7 in-
direct costs accounted for 58% ($23.6 billion) of lifetime 
stroke costs in the United States. Lost earnings owing to 
premature mortality accounted for 56% of total indirect 
costs, and the remainder was a result of lost earnings for 
stroke survivors.7 A cost analysis study by Brown and col-

n Figure 3. Breakdown of Direct Costs of Stroke (Short Term and Long Term) by Type of Expense 
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equipment
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n Table 1. Summary of Studies Reporting Average per Patient Direct Costs of Short-Term Care for Stroke  
(ie, In-Hospital Costs)

 
 
 
Study

Years of Data 
Collection 

(Dollar Years 
Reported)

 
 
 

Design

 
 
 

Patients

 
 

Mean Cost  
(Hospitalization)

Mean Cost  
(Adjusted 
to 2008 
Dollars)a

 
 
 

Mean LOS

Katzan 20079 1991-1997 
(costs adjusted 
to 2000 dollars)

Retrospective cohort 
study (greater  
Cleveland area)

11,286 Medicare 
patients admitted 
for first stroke  
(635 with 
pneumonia)

$6272 without 
pneumonia; 
$21,173 with 
pneumonia

$7842 
without 
pneumonia; 
$26,470 
with 
pneumonia

7.6 days without 
pneumonia;  
18.6 days with  
pneumonia  
(median LOS)

Qureshi 200710 1990-1991 and 
2000-2001  
(all costs  
reported in 
2001 dollars)

Retrospective data-
base analysis (US 
all-payer inpatient  
care databases)

(approx)1.13 million 
admissions in 1990-
1991; (approx)1.26 
million admissions 
in 2000-2001  
(both periods, for  
ischemic stroke)

1990-1991: 
$13,700  
2000-2001: 
$16,200

1990-1991: 
$16,655  
2000-2001: 
$19,695

1990-1991:  
9.5 days  
2000-2001:  
5.3 days

Reed 200111 1998 Retrospective data for 
all patients admitted 
to 137 community 
hospitals

18,740 patients 
with ischemic  
cerebral infarction

$5837 $7710 5.9 days

Caro 200012 1996 (costs  
reported in 
1996 dollars)

Cost data extracted 
from 2 prospective 
12-week international 
trials (1 in the United 
States and Canada)

593 US patients 
with acute 
ischemic stroke

$7461 $10,238 9 days (median)

Gillum 200113 1997-1999 Retrospective analysis 
of administrative 
database

10,880 patients 
with ischemic 
stroke

$18,000 ND 7.7 days

Samsa 199914 1991 Retrospective analysis 
of Medicare claims 
files

49,333 Medicare 
patients hospital-
ized with cerebral 
infarction in 1991 
(4947 with previous 
stroke in the past  
4 years)

Initial hospital 
cost: $7091  
(first stroke); 
$6939  
(recurrent stroke)

Initial  
hospital 
cost: 
$11,209 
(first stroke); 
$10,969 
(recurrent 
stroke)

Initial LOS 10.9 
days (first stroke);  
11.6 days  
(recurrent stroke)

Diringer 199915 1996 Prospective data  
collection at a  
tertiary care academic 
medical center with  
a stroke management 
team

191 patients  
consecutively  
admitted with 
acute ischemic 
stroke

$4408 (median 
hospital cost  
per discharge)

$6049  
(median 
hospital 
cost per 
discharge)

6 days (median)

Fagan 199816 Costs reported 
in 1996 dollars

Markov model 
estimating costs per 
1000 patients treated 
with rt-PA vs 1000 
untreated patients 
(NINDS rt-PA Stroke 
Trial)

Data at 10 days 
poststroke:  
307 placebo and 
310 rt-PA

Initial  
hospitalization: 
$14,923 (placebo) 
and $14,121 
(rt-PA)

Initial  
hospital-
ization: 
$20,478 
(placebo) 
and $19,377 
(rt-PA)

12.4 days  
(placebo) and  
10.9 days (rt-PA)

Newell 199817 1995 and 1997 Retrospective analysis 
of medical record and 
financial databases 
in a 22-county region 
(northern Missis-
sippi, Alabama, and 
Tennessee)

356 patients with 
ischemic stroke in 
1995, 399 patients 
in 1997

1995: $7111  
1997: $6246

1995: 
$10,046 
1997: $8379

1995: 9.9 days 
1997: 7.2 days

(Continued)
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leagues27 provided a projected breakdown of indirect costs 
(lost earnings and informal care) as well as direct costs 
caused by ischemic stroke (from 2005 to 2050) in non-His-
panic whites, African Americans, and Hispanics. Informal 
care refers to in-home assistance with activities of daily liv-
ing as provided by a relative or unpaid nonrelative not asso-
ciated with an organization.28 The single largest contributor 
to overall costs in all race/ethnic groups was lost earnings 
(33%, 43%, and 30%, respectively), and the second largest 
contributor to overall costs was informal caregiving (19%, 
16%, and 19%).27 

Aggregate Lifetime Costs. The US aggregate lifetime 
cost of first strokes was estimated to be $40.6 billion by 
Taylor and colleagues in 1990,7 with ischemic stroke ac-
counting for $29 billion. Short-term care costs incurred in 
the first 2 years after a stroke (45%), long-term ambulatory 

care (35%), and nursing home costs (17.5%) constituted the 
major expenditure groups.7 The mean lifetime cost of isch-
emic stroke was estimated at nearly $91,000 in 1990 dollars.7 
Lifetime cost of stroke per person was calculated as the sum 
of direct and indirect costs, while aggregate lifetime cost of 
stroke was calculated by multiplying the per person lifetime 
cost by the estimated incidence of first strokes in 1990.7 The 
American Heart Association estimated the direct medical 
and indirect expenditures attributable to stroke in 2008 as 
$65.5 billion and the mean lifetime cost of ischemic stroke, 
which included inpatient care, rehabilitation, and follow-
up care, as $140,048 (converted to 1999 dollars).1 Brown 
and colleagues27 projected the US costs of ischemic stroke 
from 2005 to 2050 (in 2005 dollars) to be approximately 
$2.2 trillion; $1.52 trillion for non-Hispanic whites, $313 
billion for Hispanics, and $379 billion for African Ameri-

n Table 1. Summary of Studies Reporting Average per Patient Direct Costs of Short-Term Care for Stroke  
(ie, in-Hospital Costs) (Continued)

 
 
 
Study

Years of Data 
Collection 

(Dollar Years 
Reported)

 
 
 

Design

 
 
 

Patients

 
 

Mean Cost  
(Hospitalization)

Mean Cost  
(Adjusted 
to 2008 
Dollars)a

 
 
 

Mean LOS

Holloway 199618 1992 Retrospective analysis 
of administrative  
and billing data from 
5 academic medical 
centers

908 patients with 
ischemic cerebral 
infarction

Mean cost per 
admission:  
$9882 (median 
$6824)

Mean 
cost per 
admission: 
$15,165 

10.8 days

Alberts 199619 1993-1994 
(baseline 
period)

Retrospective analysis 
of administrative data 
from the neurology 
service at a tertiary 
care hospital

262 stroke patients 
discharged from 
neurology service

Mean total 
charges per case: 
$13,149 (median 
$10,234)

ND 9.2 days (median 
7.0 days)

Leibson 199620 1987-1989 
(costs  
adjusted to 
1989 dollars)

Retrospective analysis 
of Rochester  
(Minnesota) Stroke 
Registry

241 patients with 
confirmed first 
stroke  
(hospitalized)

Short-term care 
activity (inpatient 
and outpatient) 
in first 30 days 
poststroke: mean 
$13,343 (median 
$8619)

Short-term 
care activity 
(inpatient 
and out-
patient) in 
first 30 days 
poststroke: 
mean 
$23,168

Not specified

Monane 199621 1982-1995 Observational,  
retrospective, 
consecutive case 
series (large ter-
tiary care hospital in 
Massachusetts)

745 patients age  
>65 years  
admitted with 
ischemic stroke

Median total 
charges: $8740

ND 7 days (median)

Wentworth 199622 1990-1994 Retrospective cost 
analysis (acute stroke 
unit opened in 1990)

414 Medicare  
patients with stroke

1990: $14,076 
1994: $10,740

1990: 
$23,187 
1994: 
$15,603

1990: 7 days 
1994: 4.6 days

LOS indicates length of stay; ND, not determined; NINDS, National Institute of Neurological Disorders and Stroke; rt-PA, recombinant tissue  
plasminogen activator.  
aCosts were converted to 2008 dollars using the Consumer Price Index inflation calculator (http://www.bls.gov/data/inflation_calculator.htm).
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cans. The projected proportion of indirect and direct costs 
of ischemic stroke by ethnic group is presented the eappen-
dix B, available at www.ajmc.com.27 The proposed figures 
likely underestimate the true burden of stroke, because the 

estimates do not take into account the rise in salaries and 
treatment costs, growth among minority populations, and 
the increase in risk factors for stroke such as obesity, diabe-
tes, and heart disease.

n Table 2. Summary of Studies Reporting Average per Patient Direct Costs of Stroke in the Longer Term (More 
Than 30 Days Poststroke)

 
Study

Years of  
Data Collection

 
Design

 
Patients

 
Stroke Type

Mean Cost  
(Time Frame Covered)

Kind 200824 2000 Retrospective analysis 
of administrative data 
(southern and eastern 
United States)

9463 Medicare pa-
tients (>65 years) 
with 0 bounce- 
backs to hospital 
within 30 days of 
stroke

Acute ischemic 
stroke

30-365 days poststroke 
50th percentile: $9767 
10th and 90th percentiles: 
$1667–$35,854

Lee 20078 1997 National random 
sample of Medicare 
beneficiaries

9131 Medicare 
patients

Ischemic stroke $39,396 (from initial event 
through 4 years)

Sloss 200425 1995-1998 Claims data from 
US managed care 
organizations

108 patients 
with commercial 
insurance and 
113 patients with 
Medicare experi-
encing secondary 
stroke

Ischemic stroke $10,267 for commercial 
insurance or $16,280 for 
Medicare (180-day attribut-
able costs: 70% to 80%  
of costs were incurred in 
first 30 days)

Samsa 199914 1991 Retrospective analysis 
of Medicare claims 
files

49,333 Medicare 
patients hospital-
ized with cerebral 
infarction in 1991 
(4947 with previ-
ous stroke in past 
4 years)

Ischemic stroke Costs per patient-month: 
First strokes (recurrent 
strokes): months 1–3,  
$3368 ($3315)  
months 4–12, $1361 ($1700) 
months 13–24, $1168 
($1580)

Fagan 199816 Costs reported in 
1996 dollars

Markov model 
estimating costs per 
1000 patients treated 
with rt-PA vs 1000 
untreated patients 
(NINDS rt-PA Stroke 
Trial)

Data at 1 year 
poststroke:  
294 placebo  
and 298 rt-PA

Acute ischemic 
stroke

Cost at 1 year: $29,810 (pla-
cebo) and $29,207 (rt-PA)  
Total cost (short-term plus 
long-term care): $62,716 
(placebo) and $58,461 
(rt-PA)

Lipscomb 199826 1991-1993 Analysis of data from 
a national sample of 
Medicare patients 
hospitalized for  
ischemic stroke 

21,546 Medicare 
patients

Ischemic stroke Mean Medicare costs  
following discharge from 
index hospitalization:  
1 month: $4207  
36 months: $694

Leibson 199620 1987-1989 Retrospective analysis 
of Rochester (Minne-
sota) Stroke Registry

292 patients with 
confirmed first 
stroke

All types 
(ischemic and 
hemorrhagic)

Total inpatient and outpa-
tient charges in 12 months 
poststroke: 3.4 times higher 
than for 12 months preced-
ing stroke

Taylor 19967 1990 (estimates  
 in 1990 dollars)

Computer-simulation 
model

NA Ischemic stroke Year 1 annual direct cost: 
$20,574 (age <65 years) 
$15,102 (age >85 years) Year 
2 annual direct cost: 
$7825 (age <65 years) 
$4629 (age >85 years) 
Mean lifetime cost per 
person: $90,981

NA indicates not available; NINDS, National Institute of Neurological Disorders and Stroke; rt-PA, recombinant tissue plasminogen activator. 
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DISCUSSION
It should be noted that the SIGN grading system was used 

in this literature review to rank economic studies, although 
it was designed to grade levels of evidence and evidence-
based clinical studies and as such may not be a reliable in-
strument for assessing economic studies. Nonetheless, stroke 
presents a substantial burden on the healthcare system as 
well as on patients, family, and society.7 The majority of the 
literature addressing stroke-related costs focuses on short-
term, in-hospital expenditures, with costs ranging from ap-
proximately $8000 to $23,000 (adjusted to 2008 dollars), 
depending on the length of hospital stay. Also, the litera-
ture search did not identify studies that determined the cost 
of stroke rehabilitation care. In contrast, there is a relative 
scarcity of quality studies focusing on the long-term com-
ponents of direct stroke-related medical expenses, which 
are substantial. For example, in the study by Taylor and 
colleagues,7 long-term ambulatory care accounted for 35% 
and nursing home costs accounted for 17.5% of total direct 
costs of stroke. In 1990 alone, there were more than 100,000 
stroke-related nursing home admissions with a mean length 
of stay of 432 days,7 and in 1993 the annual cost for nursing 
home care based on a study of long-term care US insurers 
was $20,000 to $50,000.16 These data emphasize the need 
for further studies that would examine the long-term com-
ponents of stroke-related medical costs. Additionally, almost 
all of the studies citing short-term and long-term costs were 
from the 1990s, highlighting the need for more current data 
on the costs of stroke.

Those long-term expenses are estimated to be substantial. 
Assuming 3% yearly inflation from 2008, total direct and 
indirect costs of stroke in the United States would be $108 
billion in 2025,1 and per the cost-analyses study by Brown 
and colleagues,27 the total cost of stroke from 2005 to 2050 
is projected to be $2.2 trillion. These cost projections for 
stroke are comparable to those for other high-impact chronic 
diseases such as cancer and cardiovascular disease. The an-
nual productivity loss from cancer mortality is projected to be 
$308 billion in 2020, while the cost associated with cancer-
related deaths is expected to be $1.47 trillion in 2020.29,30 
The total cost of heart disease is projected to be $149 billion 
in 2025.31 

Direct and indirect costs associated with stroke can 
be reduced by wider utilization of improved strategies for 
stroke care. rt-PA (Activase), approved in 1996 by the US 
Food and Drug Administration (FDA), has remained the 
only FDA-approved drug that is indicated for improving 
neurologic recovery and reducing the incidence of disability 
in adults with acute ischemic stroke.32 Additionally, there 

have been numerous cost-effectiveness studies of rt-PA, 
including that by Fagan and colleagues,16 which showed a 
decrease in rehabilitation costs of $1.4 million and nursing 
home costs of $4.8 million per 1000 eligible rt-PA–treated 
patients. More recently, other improved treatment strate-
gies include the establishment of primary stroke centers and 
stroke center matrices that encompass multidisciplinary 
specialized stroke teams,33-35 stroke telemedicine via state-
of-the-art video telecommunications and Internet-based 
consultative modalities for healthcare professionals and pa-
tients mainly in underserved urban and rural areas,36-39 and 
expansion of the rt-PA treatment time window.40 However, 
further studies are required to quantify the cost-effective-
ness or cost savings of these interventions independently, 
and when combined in regional strategies and community 
networks of stroke care.
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