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Hospital costs of ischemic stroke and TTIA
in the Netherlands

ABSTRACT

Objectives: There have been no ischemic stroke costing studies since major improvements were
implemented in stroke care. We therefore determined hospital resource use and costs of ischemic
stroke and TIA in the Netherlands for 2012.

Methods: We conducted a retrospective cost analysis using individual patient data from a national
diagnosis-related group registry. We analyzed 4 subgroups: inpatient ischemic stroke, inpatient
TIA, outpatient ischemic stroke, and outpatient TIA. Costs of carotid endarterectomy and costs
of an extra follow-up visit were also estimated. Unit costs were based on reference prices from
the Dutch Healthcare Insurance Board and tariffs provided by the Dutch Healthcare Authority.
Linear regression analysis was used to examine the association between hospital costs and var-
jous patient and hospital characteristics.

Results: A total of 35,903 ischemic stroke and 21,653 TIA patients were included. Inpatient
costs were €5,328 ($6,845) for ischemic stroke and €2,470 ($3,173) for TIA. Outpatient costs
were €495 ($636) for ischemic stroke and €587 ($754) for TIA. Costs of carotid endarterectomy
were €6,836 ($8,783). Costs of inpatient days were the largest contributor to hospital costs.
Age, hospital type, and region were strongly associated with hospital costs.

Conclusions: Hospital costs are higher for inpatients and ischemic strokes compared with outpa-
tients and TIAs, with length of stay (LOS) the most important contributor. LOS and hospital costs
have substantially declined over the last 10 years, possibly due to improved hospital stroke care
and efficient integrated stroke services. Neurology® 2015;84:2208-2215

GLOSSARY

CEA = carotid endarterectomy; DBC = Diagnose Behandeling Combinatie; LOS = length of stay; OECD = Organisation for
Economic Co-operation and Development.

Ischemic stroke is the second most common cause of death and a major cause of disability, re-
sulting in a large burden in current health care and societal costs." Advances in prevention and
treatment of ischemic stroke and TIA during the past 2 decades have resulted in significant
changes in medical practice, and therefore in improved clinical outcomes and potentially lower
costs." A significant improvement was the organization of stroke care into integrated stroke
services that reduced both mortality and disability.?> Furthermore, use of IV thrombolysis
improved clinical outcome,? and advances in secondary prevention, such as carotid endarterec-
tomy (CEA), antiplatelet agents, blood pressure lowering, and cholesterol reduction, have
proven to be effective.*”

In the past, several studies have determined the costs of ischemic stroke in the Netherlands®*™"°
and other developed countries.!'~'* However, these studies used resource use data from more
than 10 years ago, before major improvements were implemented. At that time, treatment of
stroke was far from optimal. On average, 10 of 28 inpatient days were explained by nonmedical
reasons, most frequently waiting to be discharged to a nursing home."> One would expect that
the improvements in patient management reduced the length of stay (LOS) and therefore
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hospital costs of ischemic stroke. Therefore, the
aim of this study was to determine hospital
resource use and costs of ischemic stroke and
TIA in the Netherlands for 2012. The second-
ary aim was to examine the association between
hospital costs of ischemic stroke and TIA and
various patient and hospital characteristics.

METHODS Patient population. The patient population
included patients with a recent ischemic stroke or TIA. Ischemic
stroke was defined as a focal neurologic deficit of sudden onset of
presumed vascular origin, lasting at least 24 hours, with brain
imaging showing typical signs of brain infarction or no abnormal-
ities. The diagnosis of TIA was defined as a focal neurologic def-
icit of sudden onset lasting less than 24 hours and with no signs of
recent infarction on CT scan.

Four subgroups were analyzed: inpatient ischemic stroke,
inpatient TIA, outpatient ischemic stroke, and outpatient TIA.
Additionally, we estimated the costs of CEA, and costs of an extra
follow-up visit necessary because of (1) direct consequences of the
ischemic event, such as cognitive dysfunction, inability to return
to work, anxiety, headache, or epilepsy, or (2) management of
vascular risk factors, such as uncontrolled hypertension, hyper-
cholesterolemia, or obesity. The costs of CEA and the costs of

an extra follow-up visit are costs in addition to those of 1 of

the 4 subgroups when a patient underwent CEA or had an extra

follow-up visit, respectively.

Data. We performed a retrospective cost analysis using patient
and resource use data from 2010 from the Diagnose Behandeling
Combinatie (DBC) (diagnosis treatment combination) case mix
system, a diagnosis-related group-like system that contains
resource use data of all hospitalizations in the Netherlands. The
length of follow-up is patient-specific for both inpatients and
outpatients. It starts on the day of first hospital admission after
a recent ischemic stroke or TIA to a maximum of 42 days for
inpatients and 90 days for outpatients following the starting date.
The length of follow-up included acute hospitalization,
readmission for the same ischemic event, hospital allied health
services, and hospital outpatient visits in the same hospital. A new
follow-up was started and a new DBC was opened if a patient was
seen after the maximum length of follow-up, at another hospital,
or for a new ischemic event.

Hospital costs were determined by multiplying the resource
use by the corresponding unit costs for 2012. Resource use
focused on the hospital only and included inpatient days, inten-
sive care days, outpatient and emergency room visits, ambulatory
treatment, diagnostic and imaging tests, allied health services, and
laboratory investigations (i.e., laboratory, microbiology, pathol-
ogy, and blood products). The unit costs of inpatient days, inten-
sive care days, outpatient visits, emergency room  Visits,
ambulatory treatment, and allied health services were based on
reference prices of the Dutch Manual of Costing.'® The Dutch

[ Table 1 Patient and hospital characteristics of 4 patient subgroups ]
Inpatient ischemic Outpatient ischemic
stroke Inpatient TIA stroke Outpatient TIA
No. of patients 24,671 4,596 11,232 17,057
Age, y, mean = SD 71 =14 69 = 13 69 = 13 68 = 13
Men, % 50 53 53 50
Hospital type, %
Academic 9 7 9 8
Nonacademic (teaching) 28 26 25 26
Nonacademic (large) 20 25 20 21
Nonacademic (midsized) 14 11 12 11
Nonacademic (small) 25 28 29 28
Nonacademic (type unknown) 4 8 5 6
Region, %
Drenthe 3 3 4 4
Flevoland 2 2 2 2
Friesland 3 4 4 3
Gelderland 13 12 11 13
Groningen 4 8 4 8
Limburg 8 7 10 10
North Brabant 15 14 19 19
North Holland 15, 15 16 13
Overijssel 6 3 4 6
South Holland 22 21 18 21
Utrecht 6 12 6 6
Zeeland 3 4 2 2
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Manual of Costing provides a list of reference prices for different
types of care to facilitate the standardization and comparability
of economic evaluations. A reference price is an average unit
cost estimated on the basis of large, diverse populations that can
be directly used to value resource quantities. The unit costs of
diagnostic and imaging tests and laboratory investigations were
based on tariffs provided by the Dutch Healthcare Authority."”
The unit costs of surgery were estimated based on internal cost
prices from a Dutch academic hospital. All unit costs reflected
full hospital costs, including material, labor, drug, overhead,
and capital costs. Where necessary, unit costs were adjusted
to 2012 Euros using the general price index from the Dutch
Central Bureau of Statistics.'® We have converted Euros to US
dollars and added that information parenthetically. A mean
exchange rate of €1 = $1.2848 was used for 2012, because
the daily exchange rates ranged from €1 = $1.2089 to €1 =
$1.3454 in 2012."

Regression analysis. Three ordinary least squares regression
analyses were performed for 3 patient groups to examine the asso-
ciation between hospital costs and various patient and hospital
characteristics: inpatient ischemic stroke and TIA (analysis 1),
outpatient ischemic stroke and TIA (analysis 2), and patients
who underwent CEA (analysis 3). In each analysis, hospital costs
were the dependent variable. The independent variables were var-
ious patient and hospital characteristics. The patient variables
were age, sex, and the interaction between age and sex. Age was
estimated using the midpoint of each 5-year category (i.c., 63
years was used if the 5-year category was 61-65 years). The
hospital characteristics included hospital type (academic and
different type of nonacademic hospitals) and region in the
Netherlands. The geographical regions used were the 12 Dutch
provinces. In demographic and economic terms, these provinces
can be classified into 2 areas: a metropolitan area including the 4
largest Dutch cities (in the provinces North Holland, South
Holland, Utrecht, and Flevoland) and the
Netherlands. The metropolitan area has developed in an

rest of the

advanced economy in many leading sectors, has the lowest

unemployment rates in the Organisation for Economic

Co-operation and Development (OECD), and is one of the
most densely populated areas in the OECD.? Statistical

inference of associations was calculated using the 2-tailed # test.

RESULTS Descriptive statistics. Table 1 shows the
patient and hospital characteristics of the 4 patient
subgroups: inpatient ischemic stroke, inpatient TIA,
outpatient ischemic stroke, and outpatient TIA. A
total of 24,671 inpatient ischemic stroke patients
and 4,596 inpatient TIA patients were admitted to
any Dutch hospital in 2010 (table 1). In the outpa-
tient setting, 11,232 ischemic stroke patients and
17,057 TIA patients were admitted to any Dutch
hospital in 2010.

Moreover, table 1 shows that ischemic stroke pa-
tients are on average older than TIA patients (inpa-
tdent: 71 = 14 [mean = SD] vs 69 £ 13, p <
0.0001; outpatient: 69 = 13 vs 68 = 13, p <
0.0001) and that inpatient TIA and outpatient ische-
mic stroke had a slightly higher proportion of men.
We observed no large differences among the 4 patient
subgroups in the proportion of patients admitted per
hospital type and region. Table 1 shows that most
patients were admitted to small nonacademic hospi-
tals, followed by teaching and large nonacademic hos-
pitals. Most patients were admitted in the most
densely populated provinces (South Holland, North
Holland, and North Brabant).

In addition, 3.3% (1,891/57,556) of the ischemic
stroke patients and TIA patients admitted to a hospi-
tal in 2010 underwent CEA. Of the inpatients alone,
6.5% (1,891/29,267) underwent CEA, the mean age
was 70 £ 10 years, and about two-thirds were men.
Furthermore, 65% (1,231/1,891) of CEAs were

[ Figure Distribution of length of stay
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performed in academic, teaching nonacademic, or
large nonacademic hospitals.

In total, 12% (6,868/57,556) of the patients who
visited the hospital in 2010 (either inpatient or outpa-
tient) had an extra follow-up visit. Of these patients,
92% (6,303/6,828) visited the outpatient clinic. The
mean age of outpatients with an extra follow-up visit
was 64 = 14 vs 67 * 14 years for inpatients (p <
0.0001) and in both settings 54% were men.

Length of stay. The figure shows the distribution of
LOS for inpatient ischemic stroke and inpatient TIA
patients up to 30 days; 2.1% of inpatient ischemic
strokes and 0.2% of inpatient TIAs have more than
30 inpatient days. The average LOS of inpatient TIA
patients was shorter than that of inpatient ischemic

stroke patients (3.6 vs 8.8 days, p < 0.0001), which
is mainly caused by the higher proportion of TIA
patients with 1-4 inpatient days and lower propor-
tion of longer stays than ischemic stroke patients.
About 1.5% of inpatient ischemic stroke and inpa-
tient TTA patients had zero inpatient days, probably
because they died within 24 hours after hospital
admission.

Costs of ischemic stroke and TIA. Table 2 presents the
unit costs of the different cost items, breakdown of
average resource use, and average hospital costs per
subgroup. Average hospital costs were €5,328 *
€4,346 ($6,845 = $5,584) for inpatient ischemic
stroke, €2,470 *= €1,939 ($3,173 * $2,491) for
inpatient TIA, €495 * €333 ($636 * $428) for

[ Table 2 Unit costs, average resource use, and average costs of inpatient and outpatient ischemic stroke and TIA ]

Average resource use per patient

Average costs per patient

Inpatient Outpatient Inpatient Outpatient
Cost item Unit costs IS TIA 1S TIA IS TIA IS TIA
LOS
Inpatient days €485 8.794 3.602 0.006 0.002 €4,269 €1,748 €3 €1
Intensive care days €2,319 0.011 0.002 0.000 0.000 €25 €5 €1 €0
Visits
Outpatient visits €76 0.799 0.810 0.890 0.843 €61 €62 €68 €64
Emergency room visits €160 0.889 0.868 0.256 0.242 €143 €139 €41 €39
Ambulatory treatment €267 0.013 0.035 0.236 0.514 €3 €9 €63 €137
Diagnostic and imaging tests
CT (brain) €197 1177 1.003 0.641 0.772 €232 €198 €126 €152
Duplex (carotid) €85 0.770 0.900 0.561 0.866 €66 €77 €48 €74
ECG €20 0.775 0.701 0.383 0.581 €15 €14 €8 €12
X-ray (thorax) €51 0.429 0.243 0.099 0.129 €22 €12 €5) €7
MRI (brain) €253 0.249 0.178 0.281 0.162 €63 €45 €71 €41
EEG €73 0.120 0.194 0.079 0.093 €9 €14 €6 €7
Diagnostic services (other) €129 0.604 0.451 0.315 0.322 €78 €58 €41 €41
Allied health services
Physical therapy €38 2.975 0.532 0.010 0.002 €114 €20 €0 €0
Occupational therapy €24 1.775 0.271 0.015 0.000 €42 €6 €0 €0
Speech therapy €35 1.505 0.239 0.020 0.007 €53 €8 €1 €0
Psychotherapy €82 0.045 0.010 0.008 0.001 €4 €1 €1 €0
Laboratory investigations
Laboratory services €13 7.101 3.235 0.706 0.830 €95 €43 €9 €11
Microbiological services €15 2.044 0.484 0.156 0.078 €32 €7 €2 €1
Pathologic services €91 0.014 0.004 0.003 0.001 €1 €0 €0 €0
Blood (derived) products €219 0.014 0.005 0.003 0.001 €3 €1 €1 €0
Total €5,328 €2,470 €495 €587

Abbreviations: IS = ischemic stroke; LOS = length of stay.
Inpatient ischemic stroke n = 24,671; outpatient ischemic stroke n = 11,232; inpatient TIA n = 4,596; outpatient TIAn = 17,057.
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outpatient ischemic stroke, and €587 = €303
($754 £ $389) for outpatient TIA.

Costs of inpatient days were the largest contribu-
tor to costs of both inpatient ischemic stroke (80%)
and inpatient TIA (71%). Diagnostic and imaging
tests were the second largest contributor to costs of
both inpatient groups. However, the contribution
was substantially larger for TIA (17%) than for ische-
mic stroke (9%). The share of visits (i.e., outpatient,
emergency room, and ambulatory treatment) was the
third largest contributor for both inpatient groups.

A different pattern was observed in the contribu-
tion of outpatient costs. Costs of diagnostic and imag-
ing tests were the largest contributor for both

Table 3 Unit costs, average resource use, and average costs of carotid
endarterectomy
Average resource Average costs

Cost item Unit costs use per patient per patient
LOS

Inpatient days €485 4.828 €2,343

Intensive care days €2,319 0.052 €120
Visits

Outpatient visits €76 0.750 €57

Emergency room visits €160 0.077 €12

Ambulatory treatment €267 0.008 €2
Diagnostic and imaging tests

CT (brain) €197 0.055 €11

Duplex (carotid) €85 1.161 €99

ECG €20 0.265 €5

X-ray (thorax) €51 0.166 €8

MRI (brain) €253 0.007 €2

EEG €73 0.457 €33

Diagnostic services (other) €129 0.951 €122
Surgery

Carotid endarterectomy €3,486 1.000 €3,486

Surgery (other) €3,486 0.129 €450
Allied health services

Physical therapy €38 0.292 €11

Occupational therapy €24 0.035 €1

Speech therapy €35 0.053 €2

Psycho therapy €82 0.000 €0
Laboratory investigations

Laboratory services €13 3.369 €45

Microbiological services €15 0.542 €8

Pathologic services €91 0.118 €11

Blood (derived) products €219 0.031 €7
Total €6,836

LOS = length of stay.

Carotid endarterectomy n = 1,891.
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ischemic stroke (61%) and TIA (57%). Visits were
the second largest contributor to outpatient costs
(ischemic stroke 35%, TIA 41%).

Differences in costs between inpatients and outpa-
tients were mainly caused by this difference in LOS.
In addition to costs related to LOS, other contribu-
tors to higher costs for inpatients included more fre-
quent use of laboratory and allied health services.

Costs of CEA. Table 3 shows the unit costs of the
different cost items, breakdown of average resource
use, and average hospital costs of patients who under-
went CEA. Average costs of these patients were
€6,836 * €2,862 ($8,783 = $3,677), with surgery
(51%) (34%) as

components.

and inpatient days main

Costs of an extra follow-up visit. Substantial differences
were observed in average hospital costs per patient
between inpatients and outpatients, which were
mainly caused by the average LOS of inpatient ische-
mic stroke (7.6 days) and inpatient TIA (4.8 days)
(p < 0.01). Average costs of inpatients who had
an extra follow-up visit after ischemic stroke were
€4,567 * €5,817 ($5,868 * $7,474) and after
TIA €2,983 * €3,368 ($3,833 * $4,327). The
average costs of outpatients with an extra follow-up
visit were €223 *+ €282 ($287 * $362) for ischemic
stroke and €229 *+ €316 ($294 * $4006) for TIA.
The largest component of outpatient costs was
outpatient visits.

Regression analysis. The regression analyses indicate
that the overall regression models are statistically sig-
nificant. However, the explained variance is low
(2.1%-5.6%). Table 4

between hospital costs and the various patient and

shows the associations
hospital characteristics of inpatient care for ischemic
stroke and TTA (analysis 1), outpatient care for ische-
mic stroke and TIA (analysis 2), and CEA (analysis
3). Inpatient costs were significantly related to age
(i.e., one additional year of age was associated with
a cost increase of €25 [$32]). The impact of age on
inpatient costs was high (e.g., a 20-year age difference
results in additional costs of €500 [$640]). Moreover,
analysis 1 shows that costs at teaching, small, and
unknown type of nonacademic hospitals were sig-
nificantly higher than at academic hospitals, and
that inpatient costs at hospitals located in Drenthe,
Flevoland, Groningen, Limburg, North Brabant,
and Opverijssel were significantly higher than in
South Holland.

Outpatient costs of ischemic stroke and TIA were
significantly associated with age. Outpatient costs
decrease by €2 ($3) for each additional year of age
and no difference was observed between sexes. Signif-
icant differences in outpatient costs were found



Table 4 Association between hospital costs and patient and hospital
characteristics
Analysis 1: Analysis 2: Analysis 3: Carotid
Inpatient care, Outpatient care, endarterectomy,
coefficient (SE) coefficient (SE) coefficient (SE)
Patient
characteristics
Age 25 (3)* -2 (0 31 (1192
Male —417 (265) 30 (20) 457 (961)
Age X male 5(4) 0 (0) -13(14)
Hospital
characteristics
Hospital type
Academic ref. ref. ref.
Nonacademic 613 (102)? 71 (87 272 (200)
(teaching)
Nonacademic -114 (113) 34 (9 —21 (235)
(large)
Nonacademic 73 (102) -3(8) —852 (206)°
(midsized)
Nonacademic 362 (108)* 55 (8)° 665 (323)°
(small)
Nonacademic 855 (155)* 22 (11)° 106 (332)
(unknown)
Region
Drenthe 958 (150)° 14 (11) -1,119 (397)°
Flevoland 482 (205)° -70 (15 -950 (562)°
Friesland 179 (143) -143 (12)° —1,450 (394)°
Gelderland —21 (86) -16 (7)° —872 (245)7
Groningen 245 (146)° -77 (12 -183 (413)
Limburg 645 (103)? -28 (8)° —980 (264)?
North Brabant 492 (83)* —41 (6)° -570 (225)°
North Holland 99 (83) —-20 (7 —-739 (2400
Overijssel 1,320 (118)° 7 (9) -1,116 (327)7
South Holland ref. ref. ref.
Utrecht 50 (111) 19 (10)¢° -1,307 (303)®
Zeeland 209 (164) -118 (15)° -1,513 (696)°
No. of 28,655 27,740 1,861
observations
R2, % 21 2.6 5.6

Abbreviation: ref. = reference category.

2p < 0.01.
bp < 0.05.
°p <0.1.

between academic and all types of nonacademic hos-
pitals, except midsized nonacademic hospitals. More-
over, outpatient costs at hospitals located in most
provinces were significantly lower than in South
Holland.

Hospital costs of patients who underwent CEA
wete significantly related to age and region. Costs of
CEA were significantly lower in all provinces com-
pared to South Holland (except for Groningen), rang-
ing from €570 to €1,513 ($732 to $1,944) lower

costs. In addition, significant differences were found
between academic and midsized and small nonaca-
demic hospitals.

Subsequent analysis. We performed a subsequent anal-
ysis to examine whether hospital costs and LOS were
associated with admission day of the week. We found
that both LOS and costs were significantly lower on
Mondays, Tuesdays, Wednesdays, and Thursdays
compared to the other days of the week (p < 0.1).

DISCUSSION This study is the first and most exten-
sive cost analysis of inpatient and outpatient hospital
costs of ischemic stroke and TIA in the last 10 years.
Costs between inpatient and outpatient care for
ischemic stroke and TIA differed extensively and
were largely attributable to inpatient hospital stay.
The cost difference between inpatient ischemic
stroke (€5,328/$6,845) and inpatient TIA (€2,470/
$3,173) was caused by a shorter LOS for TIA patients
(3.6 days vs 8.8 for ischemic stroke), which could have
been expected given the lower severity and shorter
symptom duration of TIA.?' Costs of outpatient care
were higher for TIA than for ischemic stroke due to
more frequent use of ambulatory treatment and diag-
nostic and imaging tests.

During the last 2 decades, LOS and costs of ische-
mic stroke have been substantially reduced, possibly
due to major improvements in patient management
(e.g., the organization of stroke care into integrated
stroke services and the use of IV thrombolysis).
Two studies from the early 1990s estimated an aver-
age LOS of 27 days® and 28 days."” A study per-
formed in the late 1990s examined the ability of 3
experimental stroke services to reduce LOS. Only one
hospital succeeded (13 days vs 32 and 33 in the 2
other hospitals).'® We found that the average LOS for
ischemic stroke had been considerably reduced to 8.8
days in 2010. In terms of hospital costs per patient,
the difference of about 20 inpatient days alone has
resulted in a cost reduction of €9,700 ($12,460) in
2012, with a unit cost of €485 ($623) per inpatient
day. On the other hand, IV thrombolysis and other
novel therapeutic options have increased the unit
costs of an inpatient day.

Our finding that age, hospital type, and region
were associated with hospital costs partially corre-
spond with the results of an earlier study that found
hospital costs to be dependent on region as well as
stroke severity at discharge, waiting lists for nursing
home care, and death from stroke in the acute phase.
However, in that study, age was not found to be asso-
ciated with hospital costs and hospital type was not
considered.'® Our regression analyses show significant
associations between hospital costs and both hospital
type and region. Both inpatient and outpatient costs
were significantly higher at teaching, small, and
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unknown type of nonacademic hospitals compared to
academic hospitals. The analyses also show that inpa-
tient costs are significantly higher and outpatient
costs significantly lower in most of the provinces out-
side the Dutch metropolitan area. A possible expla-
nation is that the patient case mix differs between
hospital types and regions. Moreover, we found that
LOS was associated with admission day of the week.
A possible explanation is that LOS is shorter when
patients are admitted during weekdays due to the
availability of medical personnel. This finding and
the determinants of hospital costs, such as hospital
type and region, merit further research.

In addition, we found that more than 90% of pa-
tients with an extra follow-up visit were outpatients.
We assume that inpatients were discharged to long-
term care facilities where they received the necessary
follow-up care. In contrast, the patients who were
originally seen at the hospital’s outpatient clinic were
discharged directly home and therefore sometimes
needed an extra follow-up visit.

The strength of our study is that we examined the
hospital costs and LOS using data from all patients in
the Netherlands who were seen at any hospital for an
ischemic stroke or TIA in 2010. Our findings are
highly relevant for neurologists since they reflect the
costs of current patient care. The methods we used
in our study can also be used by clinicians as an exam-
ple to perform similar analyses for other diseases. In
addition, our results may be used as input for eco-
nomic evaluations to support decision-making about
reimbursement, investment, and pricing of health
care interventions.

Our study also has some limitations. The DBC
database does not contain information on stroke
severity, such as the NIH Stroke Scale or the modified
Rankin Scale, and the most probable cause, such as
the Trial of ORG 10172 in Acute Stroke Treatment
classification. Potential proxy measures of stroke
severity, such as clinical parameters and discharge
location, were also not included in the DBC database.
We were therefore unable to estimate the costs and
LOS for different types of ischemic events. Further-
more, we were unable to assess potential risk factors
and comorbidity that determine hospital costs, such
as diabetes mellitus, hypertension, and hyperlipide-
mia.** Moreover, the database includes only hospital
care. The costs of stroke care outside hospitals (e.g.,
general practitioners, rehabilitation centers, long-
term care facilities, and nursing home care) could
not be estimated with the database. Further research
should estimate these costs to obtain a total estimate
of costs of ischemic stroke and TIA.

Some of our results are not necessarily generaliz-
able to different health care systems. For example,
the absolute costs seen in our study do not necessarily

Neurology 84 June 2, 2015

reflect the costs expected elsewhere because, for exam-
ple, the unit costs of particular components of stroke
care (cost per inpatient day) differ between countries
and health care systems. However, we expect that the
trends and patterns in stroke care found in our study
(e.g., reduction in length of stay and differences
between hospital types and regions) are likely to be
generalizable.

We have shown that hospital costs are higher for
inpatients and ischemic strokes compared with outpa-
tients and TIAs, with LOS as the most important
contributor. LOS and hospital costs have been sub-
stantially reduced over the past 10 years, possibly
due to improved hospital stroke care and efficient
integrated stroke services.
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