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SUMMARY

Objectives: The paper analyses real-world data on cost of treatment in patients after stroke hospitalized in early rehabilitation units within
comprehensive stroke centres in the Czech Republic. This is the first study of the kind in the Czech Republic, while such information is extremely
rare worldwide. Stroke treatment witnessed a dramatic development in the last years, when the main progress was due to establishment of special-
ized (comprehensive) stroke units incorporating also early rehabilitation. There is a general agreement among clinicians that early rehabilitation

is beneficial for patients after stroke.

Methods: Costs of early rehabilitation after stroke were calculated by the micro-costing method alongside a pragmatic study in three Czech
hospitals. Patients were transferred to specialized early rehabilitation units usually on 7th to 14th day after stroke onset and received four hours

of interprofessional rehabilitation per day.

Results: The analysis of data collected during the prospective observational research of 87 patients proved significant differences between
patients. The average costs of hospitalization were determined to be CZK 5,104 (EUR 194) per one day of intensive rehabilitation in seriously
affected patients early after stroke. These costs differed significantly between hospitals (p-value <0.001); the structure of direct costs was quite
stable, though. About 60% of these costs were due to nursing and overhead, while no more than 15% were consumed by therapists.

Conclusions: The treatment of patients after stroke in specialized stroke units proved to be beneficial for the patients increasing the number of

those re-integrated in family and community life.
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INTRODUCTION

Stroke is the second leading cause of death around the world
(1,2) and the cause of long-term disability. In the Czech Republic,
there were 39,937 patients hospitalized with stroke, while 8,020 of
them died in 2010. Per 100,000 patients, these figures are 379.17
and 76.14, respectively (3).

In the United States, the costs of treatment and social security
of patients after stroke have exceeded 43 billion US dollars an-
nually. The General Health Insurance Company covering about
60% of the Czech population informed that they spent two billion
Czech crowns (about EUR 74 million) for stroke treatment in 2016
(i.e., about 0.7% of the total Czech public health expenditures).
Further finances are needed for social benefit payments for people

after stroke and for informal care. Just the burden of informal
caregiving for stroke survivors is USD 2.9 billion according to
a recent US study (4). The total cost of acute stroke in England,
Wales and Northern Ireland was reported to be GBP 3.6 billion
taking into account the first five years after admission, while the
mean costs per patient were GBP 46,039. There was a fivefold
variation in the magnitude of costs between patients, ranging from
GBP 19,101 to GBP 107,336 (5). Snozzi et al. showed the total
cost of initial inpatient treatment and rehabilitation to be EUR
40,090 per hospitalized patient when estimated for an average
1-year observation period (6). Thus, stroke consumes approxi-
mately 2.9% of all inpatient costs in Switzerland.

Stroke treatment witnessed a dramatic development in the
last years. Next to very new neurosurgical and neurological tech-
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nologies applied, the main progress was due to establishment of
specialized (comprehensive) stroke units incorporating also early
rehabilitation (7-9). In the Czech Republic, such stroke units were
specified by the Ministry of Health in 2010 (10), established in
2012, and revised in 2015 (11). According to an Australian ob-
servational study (12), the establishment of a stroke unit not only
improves treatment outcomes but also shortens the length of stay.
Although the average cost of a patient treated in their stroke unit
was approximately twice as high as in a conventional medical
ward, the reduction of the length of stay and better post-hospital-
ization results led to the result that stroke units are cost-effective.

There is a general agreement among clinicians that early reha-
bilitation is beneficial for patients after stroke (7, 9, 12—14). Next
to clinical evidence, this argument is based on results of theoretical
papers and animal experiments indicating that a narrow window
of opportunity for brain plasticity and repair may exist, and the
optimum period for change could be early after stroke (15, 16).
The high-intensity rehabilitation therapy within the first 90 days
is reported to be associated with a lower mortality risk than the
low-intensity therapy among patients with mild to moderate stroke
severity (17). The recent survey of Enderby et al. added new views
to the discussion when characterizing a series of factors that might
affect individual patient recovery. The necessity of personalized
rehabilitation care for patients after stroke is accented (18).

The interpretation of the term “early rehabilitation” differs.
The 2008 European stroke treatment guidelines only understood
under early rehabilitation twenty or even thirty days after stroke,
although running trials and discussions about much earlier
interventions were mentioned (19, 20). Already six years later,
the most common idea about early rehabilitation was seven days
after stroke (21), and the AVERT trial was investigating a “very
early mobilization” within 24 hours of stroke onset (13, 14). Up
to now, next to the multicentre international AVERT trial with
2,104 patients, there were only rare small studies on the topic
(21-23). Moreover, opposite promising results of pilot studies,
the AVERT trial showed no significant difference between the mo-
bilization within 24 hours of stroke and the standard care (which
was, however, mostly within 48 hours). The problem about the
best timing of early rehabilitation has stayed unambiguous. The
recent American guidelines (7) recommend early, but not very
early rehabilitation. Most authors speak about 2—7 days from
stroke onset and stress that further research is necessary to study
the optimal timing, frequency, and duration of early rehabilita-
tion that probably has to be personalized for each patient (13, 18,
22, 23). Furthermore, not all patients reach the stroke unit or a
hospital shortly after the stroke onset; the delay is a real problem,
although outside the scope of this paper. Nelson et al. created an
expert group investigating patients with stroke stressing that they
often have several other co-occurring conditions and psychosocial
issues; a stroke is said to occur in isolation (with no comorbid
conditions) in less than 6% of patients. The co-occurring concerns
may complicate stroke treatment and recovery (24). However, also
these concerns stay outside the scope of our study.

There are 13 comprehensive cerebrovascular centres (consist-
ing of neurosurgical, radiological, neurological and early reha-
bilitation units) and 32 stroke centres (consisting of neurological
and early rehabilitation units) in the Czech Republic. As soon
as possible, mostly between 7th and 14th day after stroke onset,
patients are transferred to the early rehabilitation units, where

they get three to four hours of interprofessional rehabilitation
per day. At present, this care is not properly reimbursed by health
insurance companies due to its intensity and the interprofessional
team (including physicians, physiotherapists, occupational thera-
pists, speech therapists, psychologists, nutrition therapists, and
social workers). The first experience with rather intensive early
rehabilitation is extraordinarily positive in the Czech hospitals.

In the General University Hospital (Czech acronym VEN) in
Prague, 172 patients with stroke were admitted and provided with
early rehabilitation in 2017. The average length of hospitalization
was 30 days. Out of that, 63% of patients were discharged to their
homes. They were provided with rehabilitation aids and educated
how to use them, their apartments were evaluated on site, and
changes for barrier-free homes were accomplished. Moreover,
already in 1999, a rehabilitation day-care centre was established
in the General University Hospital. Patients live at home and are
transported to the centre every day, where they have an individu-
ally prepared interprofessional rehabilitation programme from 9
a.m. to 4 p.m. for 4 to 6 weeks. After a patient has been discharged
from the stroke unit home, he/she can continue in the rehabilita-
tion programme in this day-care centre. This is the reason why
we can discharge a higher percentage of patients to community
rehabilitation programmes.

There has been no comprehensive information about economic
aspects of this care so far. The presented national multicentre
pragmatic study was designed to determine costs of early reha-
bilitation after stroke during hospitalization of patients in Czech
stroke units. The goal of this study is to calculate the hospitaliza-
tion costs in patients after stroke at stroke units during the early
rehabilitation therapy. We consider early rehabilitation to be a
key tool for patient recovery after stroke, having also significant
effect for their improvement in selfcare and common everyday
activities (25). Next to the correct evidence-based care, the setting
of the reimbursement system and the study of economic impact
of stroke and stroke patient treatment are also essential.

MATERIALS AND METHODS

Real-world data of 94 patients were collected between 15 April
and 27 October 2017 from three comprehensive cerebrovascular
centres: General University Hospital in Prague — 30 patients;
Masaryk Hospital in Usti nad Labem — 34 patients; and University
Hospital Ostrava — 30 patients. The study was approved by the
Ethics Committee of the General University Hospital in Prague on
15 December 2016. The criteria for patient inclusion were stroke
diagnosed within last two years (both ischaemic or haemorrhagic,
primary or secondary as a complication of other type of healthcare,
e.g., surgery or catheterisation). Transitory cases were not included.
Patients with hospitalization shorter than four days were excluded
regardless of the reason. The upper limit for the hospitalization
length was set to 90 days; monitoring of a patient was finished
after this limit had been reached, and the reason was recorded in
the patient documentation. Each patient was included only once
with the exception of an interruption of early rehabilitation due to
complications treated in the same hospital. Subsequently, seven
patients were excluded from the analyses, because the rehabilita-
tion started more than three months after stroke in their case. The
final number of patients included in the study was 87.

154



The study was pragmatic, so that each hospital followed their
own standard procedures. Cost data or source data for cost calcu-
lations were collected by the bottom-up (micro-costing) method
alongside the standard patient care. The staff recorded all data
continuously in ten working forms (Table 1). Pieces, volumes or
time spent were recorded in the working forms. These working
forms were transferred to economic forms (each working form
was accompanied by an economic form) multiplying amounts
by their unit prices. Disposable materials, multiple-use aids and
drugs were calculated by their average purchase prices, in case of
multiple-use aids divided by the average number of uses. Nurs-
ing and therapeutic performances were calculated as the time
spent in minutes multiplied by the average minute salary of the
respective profession (profession-specific average gross annual
salary divided by the number of minutes that the person actually
spends with patients). The average salary data were taken from
the Institute of Health Information and Statistics (IHIS) annual
report (26). Prices of laboratory items were taken from the hos-
pital financial statements. Prices for complementary therapies
were estimated using the hospital financial statements. Prices of
utilization of medical devices were calculated from their purchase
prices (via depreciations), average maintenance prices and prices
of consumables for one application.

Next to working and economic forms, there were also eight
clinical forms: the basic and social form was used for recording ba-
sic personal data of each patient. The physician’s form contained

Table 1. List of forms for data recording and pre-processing

Working and economic forms

Material form

Nursing form

Physiotherapeutic and occupational-therapeutic form

Therapeutic form

Medical device form

Drug form

Laboratory form

Complementary therapy form

Form of performances

Used multiple-use aids form

Clinical forms

Basic and social form

Physician’s form

Complication form

Form of functional tests executed by the nursing staff

Form of Barthel index + extended Barthel index and the functional
independence measure

WHO International Classification of Functioning, Disability and Health
(ICF) Core Sets for Acquired Brain Injury (ABI)

Form of further functional tests

Note form

Hospital forms

Medical device identification form

Overhead cost form

dates (stroke onset, hospitalization, transfer to early rehabilita-
tion unit, discharge from hospital) and physician’s independent
evaluation of the patient’s functional abilities. The complication
form was used for recording of any state different from normal
course of the rehabilitation therapy. Further clinical forms served
to record results of various functional tests carried out during the
hospitalization (these data are not used in the present study). The
note form served for any further notes concerning the patient and
his/her treatment; it was managed by the physician, but anybody
of the staff could use it. Finally, general information that is not
related to individual patients was collected in two hospital forms.
The medical device identification form was used to record cost-
related data about all applied devices (a separate form for each
particular device). These forms were filled out in collaboration
with the methodologist of the project and contained rather usual
than average data. The overhead cost form was filled out by the
financial or controlling departments of the hospitals and contained
best possible estimates of the overhead items.

At the end of the clinical part of the study, software was
used to merge data into one excel table. The data were optically
checked for possible errors, and suspicious fields were checked
in the patient’s hospital documentation. Statistical analyses were
executed in the R statistical software. Next to basic statistical
characteristics, most calculations consisted of calculating frequen-
cies, sums of costs of individual interventions, and their weighted
averaging and consolidations. One-way ANOVA was used to test
the inter-hospital differences.

RESULTS

Description of Patient Sample

The age of 87 patients included in the study was in the range
from 31 to 95 years with the average of 70.5 and median of 71
years. Table 2 shows age distribution of patients. The stroke had
ischaemic-embolic aetiology in 21 cases, other ischaemic aetiol-
ogy in 57 cases, haemorrhagic in 7 cases, and in 2 cases the origin
was not recorded. The primary therapy was conservative in 50
patients, thrombolytic in 26 patients, intravascular in 9 patients,
and surgical in 2 patients. The laterality in hemiparesis was bal-
anced (left-sided in 41 patients, right-sided in 41 patients, and
no or unrecorded in 5 patients). The patients were transferred to
the rehabilitation unit 4-69 days after stroke with the average of
16.2 days and median of 11 days (Table 2). The average length
of hospitalization was 22.2 days (median 20 days, min. 4 days,
max. 59 days). However, due to the pragmatic character of the
study, the length of hospitalization differed between the hospitals
significantly (p<0.000003) (Fig. 1).

Cost Analysis

The average costs per hospitalization of one patient differed
significantly between hospitals, partly because different lengths
of hospitalization. One-day averages seem to be more appro-
priate for further analyses. The one-day average values do not
depend on the length of hospitalization (r=0.11, p=0.296). Aver-
age hospitalization costs are shown in Table 3. We tested the dif-
ferences between hospitals by a one-way ANOVA (F=49.15406,
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Table 2. Patient age distribution and days between stroke onset
and admission to rehabilitation unit (N=287)

. P Days between stroke onset and
Patient age distribution admission to rehabilitation unit
n % n %
0-39 1 1.1 <7 10 11.5
40-49 4 46 7-13 40 46.0
50-59 14 16.1 14-20 16 18.4
60-69 21 24.1 21-27 6 6.9
70-79 23 26.4 28-34 10 1.5
80-89 20 230 35-60 3 34
90+ 4 46 >60 2 23
60 . .
50 + —_ .
40 5 —_—
30 4
10 i

All patients VFN MNUL FNO

Fig. 1. Length of hospitalization in days.

VFN — General University Hospital; MNUL — Masaryk Hospital in Usti nad Labem;
FNO - University Hospital Ostrava
All data together and three involved hospitals individually

p<0.001). Thus, the differences of one-day hospitalization costs
between hospitals were proved to be statistically significant.
However, the structure of direct costs was quite stable. The left
chart in Figure 2 shows the distribution of costs among particular
types of direct costs (“other” combines laboratory examinations,
consortia and complement treatments), while the right one shows
the sub-distribution of the personal cost category.

DISCUSSION
The goal of the study was a calculation of the hospitalization

costs in patients after stroke at stroke units during the early reha-
bilitation therapy. The wider objective was to inform healthcare

Table 3. Costs of hospitalization at rehabilitation department

insurance companies about the actual costs of this therapy as a
basis for new reimbursement rates negotiation. The hypothesis
behind the trial was that such intensive rehabilitation has not been
adequately reimbursed yet. Early rehabilitation is a key tool for
patient recovery after stroke, and it has a significant effect for the
patient’s improvement in selfcare and common everyday activities
(25). Next to the appropriate evidence-based care, also setting of
the reimbursement system and investigation of economic impact
of stroke and stroke patient treatment are essential.

Results published in this field show a notable difference
between the situation in the Czech Republic and abroad. This
difference mirrors in the number of published papers and accom-
plished studies, but also in the level of the early interprofessional
rehabilitation system for post-stroke care generally. While there
are no clinical studies investigating either clinical effectiveness or
cost-effectiveness of early rehabilitation after stroke, and the ex-
periment underlying this paper was the first experiment of the kind
in the Czech Republic, foreign trials studied the very early thera-
peutic intervention applied within 24 hours since the stroke onset
in emergency neurological units (14, 27-29), i.e., the mobilization
connected with the early conservative or surgical therapy after
stroke. The issue of an early application of specialized therapy in
neurology departments is characterized by a few hours (e.g., the
possibility of thrombolysis), and it is comparable in the Czech
Republic and other EU countries. Our study focused on the next
phase of the therapeutic process starting with patient’s transfer
from the neurological ICU to the early rehabilitation unit within
a comprehensive cerebrovascular/stroke centre (10). Hence, the
time of our early interprofessional rehabilitation is counted from
the transfer of the patient to the early rehabilitation unit. In the
authors’ opinion, this approach is an important success and a step
towards undoubtedly more effective treatment of patients after
stroke aimed at patient’s return to the best possible quality of life.

Costs of early rehabilitation after stroke were calculated by
the micro-costing method alongside a pragmatic study in three
Czech hospitals. The analysis of real-world data collected during
the prospective observational research of 87 patients recovering in
early rehabilitation units proved significant differences between
patients within a single diagnosis, the stroke. The differences
can be found in all studied aspects of the early rehabilitation of
patients after stroke, i.e., in costs, clinical outcomes, as well as in
cost effectiveness ratios. This paper focused on the cost features; a
study of outcomes and utilities was published elsewhere including
a detailed discussion (30).

The analysis showed differences in patient management, length
of stay, as well as in the costs between the particular hospitals.
Significant cost differences were caused predominantly by hos-
pitalization length related also to the seriousness of condition in
patients transferred from neurology departments. The differences

Average costs per patient All together VFN MNUL FNO
o CZK 114,489 CZK 174,984 CZK 87,754 CZK 80,209
Hospitalization
EUR 4,348 EUR 6,646 EUR 3,333 EUR 3,046
CZK 5,103.61 CZK 6,029.52 CZK 4,095.85 CZK 5,266.18
One day average
EUR 193.83 EUR 229.00 EUR 155.56 EUR 200.01

Values in CZK are results of the cost analysis; values in EUR are converted by the 2017 Czech National Bank average exchange rate EUR 1 = CZK 26.330
VFN — General University Hospital; MNUL — Masaryk Hospital in Usti nad Labem; FNO — University Hospital Ostrava
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m Registered nurse 32%

@ Staff 42%
= Overhead 41%
Rehabilitation aids and devices 8%

= Physician 15%

u Occupational therapist 10%
= Consumables 3 %
= Drugs 2%

@ Other 4%

= Psychologist 1%

m Practical nurse 19%
m Physiotherapist 19%
= Speech therapist 3%

m Social worker 1%

Fig. 2. Structure of direct costs per one patient.
Staff costs (42% in the first chart) are divided in the other chart to sub-categories.

in the average one-day costs were caused by particular hospital
treatment procedures and managerial processes. However, all
these differences appeared to be quite complex and non-trivial,
and thus they were thoroughly analysed in a separate paper (31).
The authors expected that higher costs of early rehabilitation
would be driven above all by the number of staff necessary and
by the time intensity of the care. However, it appeared that the
requirements on therapists mirror only slightly in the costs when
personal costs on physiotherapists and occupational therapists
make no more than 15% of the total costs. In comparison with
that, the costs spent just to keep the patient in the hospital generate
up to 63% (overhead costs 41% and nursing 22%) of all costs.
There are only few published results concerning costs of re-
habilitation in patients with stroke. Tay-Teo et al. (28) published
costs recorded alongside the AVERT phase II trial that can be
labelled as a pilot study (27). The single-blinded study was carried
out in two large teaching hospitals in Melbourne, Australia, where
71 patients (38 in the very early mobilization arm, and 33 in the
standard care arm) were recruited between May 2005 and Febru-
ary 2006. The costs spent for rehabilitation (inpatient, outpatient,
and at home) between stroke onset and 3-month follow-up was
AUD 14,390 (EUR 8,639) for the very early mobilization arm, and
AUD 19,050 (EUR 11,437) for the standard care arm. Recently,
first cost data collected alongside the AVERT phase III trial with
2,104 patients from 56 stroke units in Australia, New Zealand,
Malaysia, Singapore, and UK were published (32). The results
collected alongside a controlled trial (i.e., not real-world data) are
affected by extremely different price levels in the covered coun-
tries. Nevertheless, the very early mobilization approach showed
no significant differences in costs as compared with the usual care.
Lahiry et al. (33) recently published an economic analysis
focused above all on pre-hospital phase in patients with suspected
acute stroke in Australian rural areas. They recommended an
improved protocol for the care for stroke patients outside large
urban agglomerations and compared all costs under their protocol
and in current standard care. In their cost analysis, rehabilitation
was valued by AUD 6,950 (EUR 4,708) in the standard care arm,
and AUD 7,775 (EUR 5,267) in their new protocol arm.
However, these figures are incomparable because there was
variability in the length and intensity of the rehabilitation care,
which is true also for our Czech results. In our experiment, the

early rehabilitation provided at specialised stroke unit was valued
at CZK 114,489 (EUR 4,348). It is also necessary to take into
account the materially lower price level in the Czech Republic
that manifests itself above all in personal costs.

Since the early rehabilitation has been introduced to stroke
units, most patients are dismissed to the home care (in our mul-
ticentre experiment 52%, in VFN even 63%), while most patients
were transferred to the chronic disease hospitals without any re-
habilitation before. This fact has an important effect on expenses
incurred to the healthcare budget. Subsequently it has a notable
effect also to the social affairs budget decreasing the number of
people applying for social benefits and disability pension benefi-
ciaries. Future research should be focused on these issues on the
border between the healthcare and social areas.

There are some limitations to the study that might affect the
results. First, there is the limited time period (one year) and
research capacity. The main limitations are the relatively small
samples from the individual hospitals as well as the small sample
ofhospitals themselves. However, the sample variability allowed
for an estimation of average costs of early rehabilitation in patients
after stroke, which was the main goal of this study. Other limita-
tions that might have affected the analysis of clinical outcomes
and comparison of the involved stroke centres were included in
the respective publications (30, 31).

CONCLUSIONS

The treatment of patients after stroke in specialized stroke units
proved to be beneficial for the patients increasing the number of
those re-integrated in family and community life. However, a
greater focus on return-to-work as part of stroke rehabilitation may
be of value for patients of working age. It is also possible to use the
experience and assistance of the prevocational centres mentioned
above. Early rehabilitation is an important part of the therapeutic
process. We calculated the costs of the early inpatient rehabilita-
tion in the setting of Czech stroke units. The average price was
determined to be CZK 5,104 (EUR 194) per one day of inpatient
intensive rehabilitation in seriously affected patients early after
stroke. About 60% of these costs are due to nursing and overhead,
while no more than 15% is the part consumed by therapists.
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