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Abstract
Quality of life and costs related to stroke survivors are important issues for the Czech healthcare system. Early rehabilitation after stroke 
has a great potential to improve patients’ quality of life as well as to contribute to saving long-term societal costs. A tri-centre pragmatic 
longitudinal study was focused on the economic analysis of early rehabilitation after stroke in hospitals in the Czech Republic. The research 
also revealed dissimilarities in procedures between the involved hospitals. The number of patients included in the study was 87 (Prague – 
29, Ústí nad Labem – 31, Ostrava – 27). All of them were admitted to the early rehabilitation unit less than 70 days after stroke. Data 
were collected using the bottom-up method alongside the standard patient care. The inter-hospital differences manifested themselves 
mainly in the severity of the patients transferred from neurology to early rehabilitation wards, length of the hospitalization, average cost 
of the hospital stay, and to some degree also in the clinical outcomes (represented by the FIM scores). The analysis showed improvements 
in clinical outcomes in all groups and all hospitals. The differences in the costs of the hospitalization were caused predominantly by 
hospitalization length. The differences in the average one-day costs were caused only by particular hospitals’ treatment procedures and 
operational processes.
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Introduction

It is estimated that the number of people living with a stroke 
will increase by 27% between 2017 and 2047 in the Europe-
an Union, mainly because of population ageing and improved 
survival rates (Wafa et al., 2020). This also holds true for the 
Czech Republic. The incidence estimate according to the Glob-
al Burden of Disease study is about 18,445 strokes per year, 
i.e. 106.8 strokes per 100,000 inhabitants annually, age- and 
sex-adjusted, while the prevalence estimate is 96,833 strokes, 
i.e. 597.9 per 100,000 inhabitants, age- and sex-adjusted (Red-
dy, 2016). The annual stroke costs are estimated as EUR 365.8 
million in the Czech Republic (Stevens et al., 2020; Wilkins et 
al., 2017). Thus, early rehabilitation after stroke has been re-
cently introduced in the Czech Republic in order to improve 

the quality of life of stroke survivors. It also has the poten-
tial to reduce the economic burden related to stroke induced 
disability. However, there was a lack of available information 
about its costs in the Czech environment. To bridge this gap, a 
pragmatic study was executed in 2017 to estimate the costs of 
early rehabilitation after stroke in Czech hospitals.

There is a bulk of evidence that early rehabilitation is ben-
eficial for patients after stroke (Bernhardt et al., 2015; Ha-
mann et al., 2016; Langhorne et al., 2017; Powers et al., 2018). 
High-intensity rehabilitation therapy within the first 90 days 
is reported to be associated with a lower mortality risk than 
low-intensity therapy among patients with mild to moderate 
stroke severity (Hsieh et al., 2018). The necessity of person-
alized rehabilitation care for patients after stroke was also 
stressed by Enderby and her colleagues (Enderby et al., 2017). 
The last ten years of stroke treatment has been characterized 
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by establishing specialized comprehensive stroke centres (Ha-
mann et al., 2016; Powers et al., 2018; Škoda et al., 2016). In 
the Czech Republic, such stroke centres were established by 
the Ministry of Health in 2015 (Ministry of Health of the 
Czech Republic, 2015).

In the Czech Republic, there are 13 Centres of Highly Spe-
cialized Cerebrovascular Care, formerly Comprehensive Cere-
brovascular Centres (consisting of neurosurgical, radiological, 
neurological, intensive care neurological and early rehabili-
tation units) and 32 Centres with Highly Specialized Care of 
Patients after Strokes, formerly Stroke Centres (consisting of 
neurological and early rehabilitation units). Typically, between 
the 7th and 14th day after the onset of a stroke, patients are 
transferred to an early rehabilitation unit, where a multipro-
fessional team (incl. physicians, physiotherapists, occupa-
tional therapists, speech therapists, psychologists, nutrition 
therapists, social workers) provide them with 3–4 hours of 
multiprofessional rehabilitation per day.

The objective of this study was to calculate hospitalization 
costs in patients after stroke during the early rehabilitation 
therapy at stroke units. The main economic results have been 
recently published (Angerova et al., 2020; 2021). The study 
was carried out in three backbone Czech hospitals in Prague, 
Ústí nad Labem and Ostrava.

 
Materials and methods

Study design
The national multicentric pragmatic study was carried out in 
three hospitals (General University Hospital in Prague, Clinic 
of Rehabilitation Medicine (VFN); Masaryk Hospital in Ústí 
nad Labem, Rehabilitation Department (MNUL); and Univer-
sity Hospital Ostrava, Clinic of Rehabilitation and Physical 
Medicine (FNO) from April until November 2017. The study 
was approved by the Ethics Committee of the General Univer-
sity Hospital in Prague on 15th December 2016. The detailed 
design of the study was published together with its first results 
(Angerova et al., 2020; 2021). The study had a pragmatic de-
sign and the individual hospitals followed their standard clini-
cal management procedures and processes.

Participants
The data of 94 patients were collected by the convenience 
sampling method in VFN (30 patients), MNUL (34 patients), 
and FNO (30 patients). The criteria for patient inclusion were 
stroke diagnosed from April to September 2017 (both ischem-
ic or haemorrhagic, primary or secondary as a complication of 
another therapy). Transitory cases were not included. Patients 
with a hospitalization of less than four days were excluded 
regardless of the reason. The upper limit for the hospitaliza-
tion 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 in-
cluded 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 in their case the rehabilitation started more 
than three months after stroke. The final number of patients 
included in the study was 87, all of them were admitted to the 
early rehabilitation unit less than 70 days after stroke.

Economic analysis
Source data for cost calculation were collected using the bot-
tom-up (micro-costing) method alongside the standard pa-

tient care. The staff recorded pieces, volumes or time spent 
continuously in ten working forms. These working forms were 
transferred to economic forms (each working form was accom-
panied by an economic form) multiplying the amounts by their 
unit prices. All cost data are given in Czech crowns (CZK). They 
can be converted to EUR using the 2017 Czech National Bank 
average exchange rate EUR 1 = CZK 26.330.

Clinical outcome analysis
Along with working and economic forms, there were also 
eight clinical forms. The basic and social form was used for 
recording basic personal data of each patient. The physicians´ 
form contained dates (stroke onset, hospitalization, transfer 
to early rehabilitation unit, and discharge from hospital) and 
physician´s independent evaluation of the patient´s function-
al abilities including determination of the patient’s category 
(see below). Most clinical forms served to record the results of 
functional tests (the Barthel Index (BI), Extended Barthel In-
dex (EBI), and the Functional Independence Measure (FIM), 
among others) carried out by trained therapists during the 
hospitalization; these were executed on the 3rd day of the 
hospitalization at the rehabilitation unit, and then every two 
weeks (i.e. the 3rd, 14th, 28th, 42nd, 56th, … day) until the 
discharge. Simultaneously, the patient category according 
to the Czech reimbursement scheme (Section 6 of [35]) was 
recorded. The categories are as follows: (1) patient self-suffi-
cient, (2) patient partly self-sufficient, (3) patient requiring 
enhanced level of supervision, (4) patient immobile, (5) pa-
tient unconscious.

 
Results

From the point of view of patient categories, the most se-
rious condition of patients was observed in VFN with the 
average category of 3.4, when there were no first category 
patients. Meanwhile, patients were in a rather fair condition 
in MNUL with the average category of 2.0, the same as the 
median. There were no fourth category patients there. The 
average patient category in FNO amounted to 2.3. Num-
bers of patients in individual categories in each hospital are 
shown in Chart 1.

The hospitalization was longest in VFN and shortest in 
FNO. The average time spent in the early rehabilitation ward 
was 29.5 days (95%CI 26.0–33.0) in VFN, 21.2 days (95%CI 
16.8–25.7) in MNUL, and 15.4 days (95%CI 13.7–17.0) in 
FNO. Chart 2 shows the exact numbers of patients in individ-
ual categories.

The study proved (Angerova et al., 2020) that the scores of 
the Barthel Index and the motor part of FIM are dependent 
on the categories, which is not true for the Extended Barthel 
Index or cognitive part of FIM. Generally, the measures based 
on motor skills are much more sensitive, while the cognitive 
results only had a small effect on the final state of patients. 
Both tools provided similar information; as FIM is more de-
tailed, we use FIM for the comparison of individual hospitals 
(Charts 3, 4 and 5).

The initial values clearly decrease with growing categories, 
and these differences stay in place until the end of the hospita-
lization. The increase in both FIM scores and their motor parts 
during the hospitalization was largest in VFN, while it was lo-
wer in MNUL and FNO. It was highest in category-2 patients, 
when category-1 patients’ relatively high initial scores did not 
allow similarly large improvements. Meanwhile, category-4 
patients generally showed a smaller shift in scores.
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Chart 1. Comparison of hospitals according to patient categories 
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Chart 2. Comparison of hospitals according to the average length of hospitalization

 Chart 3. Differences in initial and final FIM values for individual hospitals and patient categories
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Chart 4. Differences in initial and final values of FIM motor part for individual hospitals and patient categories
 

 Chart 5. Differences in initial and final values of FIM cognitive part for individual hospitals and patient categories

Finally, we compared the costs of early rehabilitation care 
in individual hospitals and monitored significant differences 
in costs of the care between the hospitals. While the average 
total costs per patient (Chart 6) differ due to the differences 

in the hospitalization length (see Chart 2), the differences in 
average one-day costs per patient (Chart 7) are caused only by 
the particular hospital’s treatment standards and operational 
processes.
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Discussion

A tri-centre study focused on an economic analysis of early re-
habilitation after stroke was carried out in the General Univer-
sity Hospital in Prague, Masaryk Hospital in Ústí nad Labem 
and University Hospital Ostrava. As a pragmatic observational 
study, the research also revealed dissimilarities in procedures 
between the involved hospitals. Above all, these differenc-
es manifested themselves in the severity of the condition of 
patients transferred from neurology to early rehabilitation 
wards, length of the hospitalization, average costs of the hos-
pital stay, and to some degree the clinical outcomes (represent-
ed in this paper by the FIM scores).

Based on the legislation, there are two different types of 
stroke units in the Czech Republic: Centres of Highly Specia-
lized Cerebrovascular Care, formerly Comprehensive Cerebro-
vascular Centres (which are a little bit higher because of the 
possibility of a neurosurgery program), and Centres Highly 
Specialized for Patients with Strokes. MNUL and FNO are the 
higher centres (comprehensive), while VFN is of the second 
type. This can contribute to the differences we found between 
the hospitals, and needs to be taken into consideration when 
assessing the costs of early rehabilitation after stroke from the 
perspective of healthcare payers.

The categorisation of patients poses a possible problem. 
While the rules for each category are prescribed by legislation, 
the practical implementation is influenced by local specifici-
ties. This can be seen from FIM scores assigned to patients of 
particular categories in individual hospitals. For example, the 
third category - incorporating patients who need extensive 
support and who are not capable of any individual movement 
even with a technical aid – have the average FIM scores of  
97–114 in VFN, 64–71 in MNUL, and 35–50 in FNO. Although 
we found no significant correlation between the FIM scores 
and the category, the differences are quite large. Even if the 
staff were trained by the same specialists, the individual atti-
tudes might vary. In contrast with the experience that the level 
of cognitive functions has an impact on the overall functional 
state of the patient (Branco et al., 2019), we found no statis-
tically significant results in our sample in terms of the impact 
of daily improvement in FIM C to improvements in FIM M, or 
in terms of the impact of the initial or final values of FIM C to 
daily improvement in FIM M.

Finally, the differences between the results in all three hos-
pitals may also be caused by limited homogeneity of patients 

(both within individual categories and between them). Studies 
of the predictive power of self-sufficiency tests have often fo-
cused on very narrowly defined groups of patients; frequently 
only on patients with ischemic strokes in one brain region e.g. 
a. cerebri media (Branco et al., 2019).

The rehabilitation might also have been affected by parti-
cular members of the interprofessional staff, their experience, 
personal approach, possibilities, and willingness to share in-
formation within the whole team. The collaboration with the 
family is also very important and family members are often 
said to belong to the most important members of the rehabi-
litation team (Powers et al., 2018). When the patients are far 
from their home, the improvement can be worse.

The large differences in the economic results between three 
healthcare providers participating in the study that proved to 
be independent on patient categories might be caused, among 
others, by maintaining the providers‘ specific processes as the 
study was designed as a pragmatic one. Other reasons may 
include the established, partly differing practice of the evalua-
tion tools used, no special selection of the patients for early re-
habilitation, different practices in referring the patients from 
neurological departments to (early) rehabilitation wards, dif-
ferences in the staffing of the providers (both in the numbers 
and their specialization). All these factors may require future 
examination, as it is hard to estimate the contribution of these 
phenomena to cost differences.

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, the diversity of 
patients (different types of strokes, different localisations of 
stroke) and a missing control sample. Finally, it would be de-
sirable to have some outcomes, both objective scores and sub-
jective quality of life evaluation, in a medium-term perspective 
(limited results of a 12-month follow-up are presented in ano-
ther paper). There were also limited possibilities of a statistical 
analysis due to small samples in some groups and no patients 
of category-1 in VFN and of category-4 in MNUL. 

 
Conclusions

The analysis showed differences in patient management, 
length of stay, as well as in the costs and clinical outcomes be-
tween the involved hospitals and the categories of patients. 
However, the research showed an improvement in clinical 
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outcomes after early rehabilitation in all stroke patient cate-
gories and hospitals. The differences in the costs of the hospi-
talization were caused mainly by hospitalization length. The 
differences in the average one-day costs were caused only by 
a particular hospital’s treatment procedures and operational 
processes. Future research is desirable to investigate the pos-
sible gains in the efficiency and potential standardization of 
rehabilitation procedures in more detail.
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Včasná rehabilitace po cévní mozkové příhodě v centrech vysoce specializované 
cerebrovaskulární péče v České republice: srovnání tří iktových center

Souhrn
Kvalita života pacientů a náklady spojené s léčbou následků cévních mozkových příhod jsou jednou z důležitých otázek českého 
zdravotnictví. Včasná rehabilitace osob po cévní mozkové příhodě má významný potenciál pro zlepšení kvality života pacientů 
a může přispět i k úspoře dlouhodobých společenských nákladů, které s tímto onemocněním a jeho následky souvisí. Ve třech 
iktových centrech v ČR byla provedena pragmatická longitudinální studie, která se zaměřila na nákladovou analýzu včasné re-
habilitace po prodělání cévní mozkové příhody. Do studie bylo zahrnuto celkem 87 pacientů (29 z Prahy, 31 z Ústí nad Labem 
a 27 z Ostravy). Všem pacientům zařazeným do studie byla poskytnuta včasná rehabilitace nejpozději 70 dní po prodělání cévní 
mozkové příhody. Sběr dat probíhal souběžně se standardní péčí o pacienty na principu zdola nahoru. Rozdíly mezi jednotlivými 
poskytovateli spočívaly především v závažnosti stavu pacientů při přeložení z neurologických oddělení na lůžka včasné rehabi-
litace, délce hospitalizace, průměrných nákladech na hospitalizaci a do určité míry také na výsledcích rehabilitace (měřených 
pomocí skóre FIM). Analýza dat ukázala zlepšení klinických výsledků u všech skupin pacientů ve všech nemocnicích. Rozdíly 
v hospitalizačních nákladech byly způsobeny zejména rozdílnou délkou hospitalizace. Rozdíly v průměrných denních nákladech 
byly způsobeny výhradně léčebnými postupy a provozními zvyklostmi v jednotlivých nemocnicích.

Klíčová slova: cévní mozková příhoda; CMP; Česká republika; rozdíly mezi zdravotnickými zařízeními; včasná rehabilitace
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