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Summary

Aim of the study: To analyse the costs of stroke
in the first year covered by insurance companies
and to correlate them with the clinical outcome
data.

Methods: We contacted the insurance compa-
nies of 172 consecutive stroke patients of a single
institution cohort for a detailed report of the
stroke costs. A complete data set over one year
was obtained from 131 patients (76%).

Results: Severity of stroke was significantly as-
sociated with increasing total costs (p = 0.0002).
The rehabilitation clinic made up 37% of the
total costs followed by nursing home with 21%
and acute hospital with 21%. Mean cost of stroke
per patient was 31,115 CHF in the first year.
Costs per patient for inpatient rehabilitation were
similar to those for the nursing home after one

year; however, the Barthel-index of patients with
inpatient rehabilitation increased by 42 =+ 29
points as compared to patients without inpatient
rehabilitation by 23 + 26 points (p <0.05), and
86% resp. 81% of patients with inpatient stroke
rehabilitation lived independently after 6 and 12
months respectively.

Conclusions: 'The high level of independence
after inpatient stroke rehabilitation underlines the
importance of patient selection and/or rehabilita-
tion. Therefore, long-term stroke costs may be
significantly reduced by an early and careful
triage in the case management after stroke and a
case-dependent investment in initial costly ap-
pearing inpatient rehabilitation.
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Introduction

The increasing age of people is associated
with an elevated incidence and prevalence of
stroke. Further, new therapeutic options such as
intravenous thrombolysis after acute stroke have
been also shown to be effective and safe in older
people [1]. However, the introduction of Swiss
DRGs will likely enforce an optimisation of
stroke management and rehabilitation. There-

fore, a cost analysis of stroke covered by the insur-
ance companies correlated with outcome for pa-
tients in the first year after stroke was of particu-
lar interest. This cost-analysis was based on a sin-
gle cohort study performed by the Kantonsspital
Baden (KSB) in close collaboration with the Ar-
gomed Doctors AG (Switzerland).

Patients and methods

A prospective cohort study of a single institution
(KSB) evaluated the quality of stroke treatment and out-
come in 172 consecutive patients from 1/2002 to 3/2003.
In particular, the health status before the event, stroke

risk factors, acute event (size, location, clinical presenta-
tion), the psychosocial consequences, and quality of life in
the subsequent 6 and 12 months were analysed systemati-
cally [2]. The study protocol was approved by the Institu-
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tional Review Board of the hospital. Informed consent
was obtained from all patients or their first relatives if pa-
tients were unable to give it.

The present cost analysis is a subgroup of 131 pa-
tients from this study showing exactly the same outcome
data for the total population. Included were patients with
the signs and symptoms of an acute stroke according to
the WHO definition of acute stroke. Patients had to have
been living at home before the event. In order to allow a
direct comparison with the Swiss cohort of the interna-
tional stroke trial (IST) — patients with thrombolytic
therapy and/or need for neurosurgical intervention were
excluded. Further, TIA with full recovery within 24 hours
after the event was an exclusion criterion. All patients re-
ceived brain imaging (CT or MRI) and were evaluated

for their cardiovascular risk factors, medications and re-
ceived an extensive workup including standard laboratory
evaluation, ECG, 24h-ECG trans-thoracic and trans-
oesophageal, echocardiography, doppler ultrasound of the
cerebral arteries. Disease severity was analysed prospec-
tively immediately by our staff and within 24 hrs (= time
point B1) of the hospitalisation by a neurologist; the same
neurologist (W.].) re-examined the patient again after 3
(= time point B2) and 6 (= time point C) months. Stroke
severity was quantified by stroke scales including the
NIH stroke scales, the Barthel-indices and the Ranking-
scores at the times indicated above. Quality of life was
measured by the SF-36 questionnaire. The clinical diag-
nosis of “dependency” was defined as the inability to
manage the daily activities such as washing, dressing, eat-

Figure 1 acute hospital
The patient pathway 131
through the institu-
tions is illustrated
and the respective
patient numbers
are given. 45 58 15 13
v
inpatient
rehabilitation
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at 6 months / \ \
independent nursing home died
at home or 22 14
at home for
nursing
8 ~ 2 1
A A A
at 12 months 83 31 17
Table 1 All patients Category with inpatient Category without inpatient
The summary of (n =131) rehabilitation (n = 58) rehabilitation (n = 73)
the patient character- 5, 73 = 12 years 72210 74213
istics, the stroke loca-
tion and the severity Gender (Female) 63 (48%) 28 (48%) 35 (48%)
scores are given for .
the total population Initial NHS-scale 7+6 8x5 67
as well as for the Initial Barthel-Index 5134 49 +31 54+34
categories with and
without inpatient Initial Rankingscore 4=+5 4=:1 3£2
habilitation.
renabiiitation Inpatient rehabilitation 58 pts (44%) 58 pts (100%) 73 pts (100%)
Nursing home at 1 year 31 pts (24%) 10 pts (17%) 21 pts 29%)
Death at 1 year *?? 17 pts (12%) 2 pts* (3%) 15 pts* (20%)
TACS 45 pts (34%) 30 pts (52%) 20 pts 27%)
PACS 55pts (42%) 9 pts (16%) 9 pts (12%)
POCS 22pts (17%) 2 pts 3%) 5 pts (7%)
LACS 11pts (8%) 17 pts (29%) 22 pts (30%)
Loss of consciousness 43pts (33%) 12 pts 21%) 15 pts 21%)
Atrial fibrillation 29pts (22%) 16 pts 22%) 1 pt(1%)

*'The 15 deaths include 13 in-hospital deaths.
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ing, toilet, etc. The patient pathway through the different
institutions is illustrated in figure 1. Basic demographic
characteristics and clinical outcome data of the patients
are given in table 1.

The detailed cost-analysis started at the day of the
incident stroke and lasted for 1 year. We obtained com-
plete data sets from 131/172 patients (76%); among them
were all the major Swiss insurance companies. One com-
pany went bankrupt in the meantime (6 patients), others
were unwilling or unable to transfer their data (33 pts).
No selection of particularly expensive or of low cost pa-
tients was evident. 80 patients had basic insurance and 51
had additional private insurance coverage. We calculated
the costs both ways and the costs of the private insurances
are included in the results as well.

Criterion for inpatient stroke rehabilitation was a
combined prognostic analysis by the neurologist com-
prising the size and location of the cerebral lesion, the
severity of impairment (Barthel-Index, NIHSS), the pa-
tient’s co-morbidity and age. The time of discharge from
inpatient rehabilitation was discussed in weekly interdis-
ciplinary team reports depending on the individual
progress during rehabilitation. Outpatient clinic services
consisted of all services including physiotherapy, er-
gotherapy, and speech training.

We divided the costs into the following categories:

1. Hospital/acute phase

2. Outpatient clinic

3. Rehabilitation clinic

4. Long-term nursing home

5. Primary care physician

6. Outpatient nursing care

7. Medication

8. Physiotherapy

9. Miscellaneous (eg, ambulance transportation etc.)

Prespecified subgroup analysis included a) the costs
of subsequently independent vs dependent patients one
year after the stroke event, b) the costs of patients who
underwent inpatient rehabilitation vs. the ones who did
not (ie, were admitted to the nursing home or discharged
home, figure 1).

Furthermore, a rank order of the expenses per pa-
tient was established and compared with outcome.

Statistical Analysis

Fisher’s exact test was used where appropriate. The
total costs were statistically further analysed in a multiple
regression model where patient characteristics were in-
cluded if they contributed significantly. Thus possible
bias effects were investigated. We included age, gender,
Rankingscore, Barthel-index and NIHSS (within 24 hrs
[= B1] and 6 months after stroke [= C]), inpatient rehabi-
litation, atrial fibrillation and the loss of consciousness in
the model, which included all surviving patients. Because
of the skewed distribution, logarithmic costs were consi-
dered in the linear regression model. The assumptions of
this model are holding well. A backward selection proce-
dure with level 5% determined a significant model which
includes inpatient rehabilitation, Rankingscore at time
point C, NIHSS at time point B1, and also a small inter-
action between inpatient rehabilitation and NIHSS at
time point B1.

Inpatient rehabilitation had the largest impact with a
regression coefficient 0.955 (p <0.001) on the mean log-
costs. Rankingscore at time point C has a linear increas-
ing effect on the log-costs mean with regression coeffi-
cient 0.175 (p = 0.0002). The impact of significant effects
of other categories of intervention was much smaller. Ob-
viously some of the indices are correlated. So, instead of
NIHSS and Rankingscore other indices (such as Barthel-
index) could have been selected with a resulting model al-
most as good as the reported one.

Table 2

Type of performance

cost/patient Number (and percentage)

Cost/patient with the particular

The mean costs per n=131 ofpatiel}ts with treatment
patient are given in the particular treatment
detail by two differ- Rehabilitation clinic 11471 58 (44%) 25908
ent modes of calcula-
tions: 1. the costs per Nursing home 6696 30 (23%) 25799
patient of the total N N
population, and Hospital/acute care 6403 131 (100%) 6403
2. the costs per Medication 2128 116 (86%) 2403
patient of the sub-
group, which in Primary care physician 1437 117 (89%) 1609
fact obtained the . o
particular treatment. Physiotherapy 1025 62 (47%) 2167
Outpatient nursing home 578 27 21%) 23807
Outpatient clinic 298 30 23%) 1299
Miscellaneous 1240 106 (92%) 1532
Table 3 6 months 12 months
The outcome data Dead 14 (11%) 17 (13%)
are summarised after
6 and 12 months indi- Dead or dependent 36 27%) 48 37%)
cating a low mortality o o
and a high percent- Integrated at home or at the home for the aged 95 (73%) 83 (63%)
age of independent Nursing home or other hospital 22 (17%) 31 (24%)

patients.
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Results

Out of these 131 patients with complete fi-
nancial data sets over 12 months, 44% underwent
inpatient rehabilitation, and 12% (13 %) had died
at 6 and 12 months, respectively. 75% of the sur-
vivors were independent after one year. Initial
stroke severity was 7 = 6 by the NIHSS. The pa-
tient characteristics are summarised in table 1 and
the outcome data in table 3.

The mean costs per patient were CHF
31,115 + 23,752.-SD (from 3,256.— to 122,443 —,
median 26,370.-). The wide range between mini-
mal and maximal costs is reflected by the spectre
of the disease severity: 6/10 patients with the lo-

west costs being generated by those who died
early. The 10 most expensive patients consisted of
mostly younger patients with severe disease who
had to be transferred to a nursing home despite
maximal efforts of therapy and rehabilitation. Ot-
hers survived severely impaired and also required
costly nursing care.

Our statistical multiple regression analysis
confirms that inpatient rehabilitation had the lar-
gest impact on mean costs in the first year (p
<0.0001). Second, the severity as expressed by the
Rankin Score had a linear increasing effect on
costs (regression coefficient 0.175, p = 0.0002).

Figure 2

The costs are given
according to the insti-
tutions: The three
largest sums are:

1. the inpatient reha-
bilitation, 2. the long-
term costs of the
nursing homes and
3. the acute hospital.
The out patient care
by general practition-
ers comprises 5%
and appears rela-
tively modest. Total
costs of the first year
include 31,115 =
23,752 CHF.
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Table 4

The outcome data of
the patients with in-
patient rehabilitation
are compared with
those without. Note
the increase of the
Barthel-index and the
percentage of pa-
tients at the nursing
home; 81% of the pa-
tients with inpatient
rehabilitation were
independent at home
after 1 year.

Inpatient rehabilitation No inpatient rehabilitation P
Number of patients 58 (44%) 73 (56%)
Independent after 1 year 47/58 (81%) 37/73 (51%) <0.05
Increase of Barthel-Index 42 +29 23+26 <0.05

Cost at 1 year 45,031 = 13,492

25,908 + 9,869

<0.05

It is important to note that the costs included
total health insurance costs in the first year and
therefore also consisted of costs not directly rela-
ted to the acute stroke. However, on careful ex-
amination, most of the costs were related to the

acute event and the concomitant vascular risk fac-
tors: The mean age of our population was 76 = 12
years. 25% of the patients were diabetics, 31%
had suffered TTA or stroke before and 23% had
atrial fibrillation.

Cost analyses by categories

More versus less expensive patients

A rank order of the 50% more expensive and
50% less expensive patients was established and
correlated with the clinical outcome: 23/31 nurs-
ing home patients were in the cost-intensive
group. As expected, the cost-intensive group usu-
ally had a more severe clinical course and only
39% of the patients reached a Barthel-index of
100, whereas the less costly patients reached an
index of 100 in 81% (P <0,05).

Independent versus dependent patients

The analysis of independence after 1 year re-
vealed that the costs of the independent patients
were lower already in the first year (28,384 =
20,763 CHF vs. 47,780 + 26,276 CHF for the de-
pendent patients, p <0.01), despite the fact that
approximately half of the independent patients
were admitted to the rehabilitation clinic as inpa-
tients. A detailed overview of this subgroup analy-
sis is given in figure 3.

58/131 (44 %) were rehabilitated in the reha-
bilitation clinic and accumulated 25,908.— CHF
per patient with particular treatment, whereas the
costs for the nursing home were at 25,799.— CHF
per patient in the first year (table 2). Since the
subgroup of patients without rehabilitation in-
cluded twice the number of nursing home pa-
tients and 47/58 of the patients with rehabilita-
tion were independent after one year, it appears
likely that the initial “costly” inpatient rehabilita-
tion might result in reduced long-term costs. In
fact, the patients who underwent the rehabilita-
tion programme increased their Barthel-index by
42 =+ 29 points as compared to patients without
(inpatient) rehabilitation whose functional level
rose by 23 £ 26 points only (p <0.05). This signifi-
cant difference underlines the efficacy of the pa-
tient selection and/or the rehabilitation pro-
gramme (table 4).

Hospital/acute phase

The acute hospital costs are rather modest
(21% of total costs, or 6,403 = 6,579 CHF per pa-
tient with the particular treatment); an additional
amount of 1,240 CHF per patient or 19% of the
acute hospitalisation costs has to be added, if the
costs of the private insurances are included. It also
reflects re-hospitalisation in the first year after
stroke, eg, occurrence of a second event or need
for carotid surgery etc. The median length of stay
(LOS) in the acute hospital was 15 days (figure 2
and table 2).

Rehabilitation clinic

The in-patient rehabilitation is most promi-
nent with 37% or a mean of 25,908 + 14,546 CHF
(from 5,544 to 58,806, median 21,504 CHF).
Most of these patients (47/58) were independent
at the end of the observation period (fig. 1 and tab.
2). The LOS in the rehabilitation clinic was 39
days. If the costs of the privately insured patients
are added, the mean increases by 3,220 CHF or by
12%.

Long-term nursing home

34% of all patients required long-term nurs-
ing home care which is second in the ranking of
the cost subgroups, namely 21% or 25,799 =
19,137 CHEF, (min. 866, max. 79,797, median
24,786 CHEF).

Other categories

Smaller contributions to the total costs con-
sisted of outpatient nursing care (1.2%), primary
care physician (5%), and medication costs (6.9%).
47% of the patients (62/131) were treated by
physiotherapists resulting in 3.3% of the total
costs (figure 2). Concerning costs per patient of
particular treatments, these other categories gen-
erated lower costs as compared to the three major
categories mentioned above (table 2).
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Discussion

Stroke outcome data in Switzerland show that
20-30% of the patient still die during the first
year [3] and 40-50% of the survivors remain
mildly to moderately impaired [4]. Survivors of is-
chaemic strokes have a mortality of 44% over the
following five years and 20-40% suffer a second
stroke [5]. Improved treatment options and the
increasing prevalence of stroke may evoke aug-
mented total stroke costs in future. This study
correlated the costs after one year of stroke with
the clinical outcome of the patients. Our cost
analysis in the year after stroke found mean costs
per patient of CHF 31°115.—. Stroke management
led to a high level of independence after inpatient
stroke rehabilitation as a result of the efficiency of
patient selection to receive inpatient rehabilita-
tion and/or the effect of inpatient rehabilitation
itself.

Annual costs

The results of a Danish stroke study with
similar diagnostic and therapeutic modalities
showed total costs in the first year of 25,500 $ (=
33,150 CHF, based on a conversion rate of 1,30 at
the time of the study). Denmark spent 70% of the
costs for the acute hospitalisation and the inpa-
tient rehabilitation [6]. In our study, acute hospi-
talisation and inpatient rehabilitation made up
only 58% of the total costs which may be due to
careful triage of patients. Long-term costs of
stroke in North-America, Australia, New Zealand
and several European countries were found to be
highly variable depending on which calculation
the analysis is based on [7]. Nevertheless, the an-
nual costs of 54’546 $ (=70°900.— CHF) were sub-
stantially higher than our costs presented. How-
ever, it is important to note that in our case only
the costs of the insurance were calculated. Thus, it
should be kept in mind that the insurance costs
underestimate the total costs carried by the state
(cantons), the private caregivers, the acute hospi-
tals, and the insurances of the employers. An ex-
trapolated estimate of all these additional costs
would be expected to add up to more than double
the amount reimbursed by the insurances
(73.000.-). This calculation is based on the fol-
lowing assumptions: The state (canton) covers ap-
proximately 50% of the costs of the acute hospi-
tal, only 23% of nursing home costs, the cost of
caregivers at home are 4x higher than those cov-
ered, 10% of dependent survivors are 65 years old
or less and will lose their working capacity which
is conservatively calculated with costs of 50,000.—
annually. Taken together, the annual costs in our
study were comparable to those published for
other countries.

Lifetime costs

In the USA costs of stroke ranged from
16.000 to 26,000 $ (= 21,000-34,000 CHF),
whereas the lifetime costs were calculated to be

90.000 $ (=117,000 CHF) [8]. The strokes in the
Netherlands contributed to 3,4% of the total
health care costs and were at 0,3% of gross do-
mestic product [9]. These data illustrate the so-
cioeconomic impact of cerebrovascular disease,
particularly since the insurance costs reflect only
part of the expenses. This is underlined by nurs-
ing home costs in Switzerland [10]: 41% of this
sum are paid by the patients, 23% by the health
insurance companies, 23 % by the state, 9% by the
cantons and the communities, and 4% by miscel-
laneous sources. This substantial contribution of
relatives is not reflected by the statistics but can
be extrapolated by the fact that women cost 17%
more because they are more likely to survive their
partners and their home care cannot be provided
as frequently as when they themselves care for
their spouses. Therefore, the effective nursing
home costs would run four times higher than in-
surance costs reflect.

Hospital/acute phase

The costs of the inpatient phase in our
acute hospital lies in third place of the total costs
(21%, 6,403 = 6,579 CHF). In Germany (2000),
the first phase (acute hospitalisation) costs 3,840 €
(= 5,950 CHF) [11] in the USA (2001) 5,837%
(= 7,580 CHF) [12, 13]. Another recent large US-
study in 11,000 patients [14] found acute hospital
costs of 6,206 $ (= 8,068 CHF). The numbers are
surprisingly similar, despite major differences in
insurance systems, the variability of the diagnostic
workup, therapy, lengths of hospital stay and staff
costs.

Our results should be judged cautiously as
well since they reflect the lump sum system per
case (ie, standard costs per patient hospitalised)
and does not necessarily correlate with the sever-
ity of the case, the intensity of the diagnostic and
therapeutic measures or the length of stay. If the
additional costs generated by private insurance
are included in our system, the acute inpatient
phase costs rise by 1,240 CHF /patient or 19%,
and the rehabilitation costs by 3,220 CHF per pa-
tient or 12%.We decided not to include these
costs in the primary calculations. An interesting
alternative in the Swiss health insurance system
includes the development of a combined compen-
sation for both the acute hospital and the rehabil-
itation clinic which would represent a further step
in the direction of disease management but would
put the acute hospital into the role of the gate
keeper with an incentive to reduce the percentage
of patients admitted to rehabilitation clinics.

Rehabilitation clinic

Inpatient rehabilitation is the most expensive
part of the total cost (37%). However, taking into
account the costs per patient with the particular
treatment, inpatient rehabilitation is very similar
to long-term nursing home after one year already
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(25,908 CHEF vs. 25,799 CHF). The crucial bene-
fit of inpatient rehabilitation is the high percent-
age of independent patients after one year (81%)
which might be associated with reduced long-
term costs.

The expenses for the primary physician were
strikingly low with 5% of the total costs despite a
large number of controls required included blood
pressure control, blood sugar, lipids, psychosocial
aspects etc. Our analysis suggests that there is still
much potential of reducing the costs in strict im-
plementation of preventative strategies for risk
factors, in the early admission for stroke treat-
ment, in the further development of stroke teams
and of stroke units. The early and well reflected
triage decisions for rehabilitation are likely to in-
fluence the long-term costs, particularly with a
well developed stroke network which spreads over
several institutions.

We conclude that the mean costs per patient
over one year after stroke generated by our stroke
management is similar to those observed in other
countries. Patients who die early or who reach in-
dependence early are less expensive, already in the
first year. Further, patients admitted for inpatient
stroke rehabilitation initially generate higher than

average costs to insurance companies. However,
their Barthel-index significantly increases as com-
pared to the others and 81% of these patients live
independently after one year. Therefore, efficient
selection of patients for inpatient rehabilitation
and the rehabilitation itself might result in lower
long-term costs.
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