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Introduction: Stroke is the second leading cause of death worldwide and Romania is

no exception. There is a high economic burden associated with the treatment of stroke

patients, which puts pressure on the healthcare budget. This study aims to measure the

inpatient treatment costs of stroke patients in Romania.

Methods: Our retrospective analysis follows stroke patients in six Romanian hospitals

at different progressivity level from different regions. Patients are identified from the

official hospital databases, reported for reimbursement purposes. Mean inpatient costs

incurred with the treatment of these stroke patient episodes are calculated using the

gross costing method. The cost data are derived from the management control system

of the study hospitals.

Results: 3,155 patient episodes of stroke were identified in the study hospitals. The

average cost per stroke inpatient care episode sums up to EUR 995.57 (95% CI: EUR

963.74—EUR 1 027.39) in 2017, while the overall yearly healthcare burden adds up to

EUR 140 million, representing 2.18% of the total national health insurance budget and a

cost of EUR 7.15 per capita.

Conclusion: The hospital cost of stroke inpatient care episode in Romania is high and it

represents a sizable part of the healthcare budget, but it is among the lowest in Europe,

which can mainly be explained by the level of economic development of the country. As

both the number of patients and the cost of acute care are expected to increase in the

future, the economic burden of stroke is also expected to increase.

Keywords: burden of disease, cost analysis, Romania, hospital costs, stroke

INTRODUCTION

According to the World Health Organization, stroke was responsible for the second-most cases
of death worldwide in 2018 (1). Former studies show that it is a common illness, for instance in
the United States (2), and similar figures have been reported in countries of the European region.
“The Burden of Stroke in Europe” study has estimated the incidence of stroke between 0.8 and
18.8%, while the incidence of the disease was estimated to be 94/100,000 in 2008, standardized to
the world population (3). Placed in an international setting, the incidence, prevalence, andmortality
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vary greatly among the different countries and regions. The
incidence of stroke (ischemic and hemorrhagic first ever stroke)
in 2010 has been of 184.61 per 100,000 person-years in the USA,
115.40 in the UK, 191.22 in Germany, 116.60 in France, 340.88 in
Hungary, 226.41 in Poland, and 281.47 per 100,000 person-years
in Romania. The mortality in case of Romania has been reported
to be 158.96 per 100,000 person-years in 2010 (4).

Treating such a high and increasing number of cases puts
tremendous pressure on the healthcare budget of every country,
especially lower income countries, such as Romania (5). The
costs associated with the treatment of stroke patients vary greatly
among different countries, even within the same income group.
In Senegal the cost of treatment is USD 416 (in 1997), while
in Pakistan the cost is USD 5,230 (in 1998–2001), the latter
including only direct medical costs incurred during inpatient
care (6). In high income countries the costs are even higher; in
France, for example, the cost per patient episode (acute phase
hospitalization) is estimated to be EUR 6 199.81 (in 2011)
(7), while in Canada the cost sums up to USD 10544.45 (in
2008), including diagnostics, acute care services, rehabilitation,
and surgical services during the inpatient stay (8). In the
United States of America, the costs add up to USD 35,175 (in
2012), considering the hospital charges for the initial treatment of
patients (9). The cost differences can be explained by the varying
price levels and use of resources, as different countries can apply
different diagnostic and treatment protocols.”

In 2017 the Romanian patients still had problems with access
to intravenous thrombolysis treatment. By the end of 2019
every county had at least one stroke-ready hospital, but the
thrombolysis treatment of stroke is still not as prevalent as in
other EU countries (10). The annual number of intravenous
thrombolysis in 2015–2016 in Romania has been of 10.3, while
the average of 42 countries has been of 142 (11). The therapeutic
protocol for thrombolytic and endovascular treatment in acute
ischemic stroke has been developed according to the AHA/ASA
(American Heart Association/American Stroke Association)
guidelines and the EHRA (European Heart Rhythm Association)
practical guide. According to this, once a call is made to the
emergency hotline, the operator will dispatch an ambulance
unit. The emergency ambulance medical staff assesses the health
status of the patient, and, if they can reach an emergency
care unit within 3.5 h, the patient will benefit from intravenous
thrombolysis. The staff of the emergency care unit is pre-
notified of the arrival of the patient in order for them to
prepare the imaging equipment and a neurologist will be on
call. After diagnosing the patient, the neurologist decides upon
the best course of treatment. If the patient is eligible for the
thrombolysis, it is administered on site, and once the intervention
is performed, the patient is admitted to the neurology department
of the hospital. Depending on the status of the patient and

Abbreviations: AHA/ASA, American Heart Association/American Stroke
Association; EHRA, European Heart Rhythm Association; ICU, intensive care
unit; DRG, diagnoses related groups; H., hospital; NHIH, National Health
Insurance House; ICD, International Classification of Diseases; LoS, length of
stay; ALoS, average length of stay; CT, computerized tomography; MRI, magnetic
resonance imaging; GDP, gross domestic product.

the available equipment, the patient is either treated at the
neurology department or is transferred to the Intensive Care Unit
(ICU). In some cases, surgical intervention is performed at the
neurosurgery department, if available.

In Romania, the costs incurred with the treatment of
stroke patients is financed through several channels using
various payment methods (12). The acute cases admitted to
hospitals receive reimbursement through DRGs (Diagnoses
Related Groups) according to the specific DRG tariff of the
hospital (in Romania different DRG unit fees apply for different
hospitals) and the relative DRG weight of the case. In addition,
there is a national stroke and ICU health program, financed by
the Ministry of Health, which is meant to cover a certain part
of the medication administered to the patients. The national
stroke program (known as Priority actions for the interventional
treatment of patients with acute stroke) is financed by the
Ministry of Health and it has as its physical indicators the number
of critical patients with acute stroke and the nominal accounts
of treated patients; the efficiency indicators include the average
financing/treated patients and the execution of the approved
budget. If the patient is transferred to the ICU and the length
of stay is longer than the national average, some hospitals may
receive extra funding from the NHIH. Furthermore, there is a
special funding from the Ministry of Health to cover (a part
of the) operational costs of the ICU. Finally, hospitals receive
separate funding from the NHIH to cover recent salary increases.

The Burden of Stroke study estimated the per capita spending
on stroke patients around EUR 10, while non-health care costs
about EUR 20, for 2015 in Romania, one of the lowest in Europe.
Although the study aimed to provide an accurate cost estimate,
the researchers used a top-down approach and the incomplete
in-country data pose serious limitations to the findings (3).

So far, only a small number of studies were published
regarding the current actual cost and detailed cost structure
of stroke patients, which could explain the differences among
countries and that could be used to support resource allocation
decisions. The complex reimbursement schemes are not related
to the actual incurred costs (13). Since pharmacoeconomic
evidence is being used more and more frequently in Romania
(14), it is expected that policy makers and purchasing agents will
incorporate newly generated cost information, if available, into
financial decision making.

The objective of this study is to assess the costs incurred
during the inpatient care episode of acute stroke patients in
Romanian hospitals considering all (operational) costs for a
relatively large number of cases, considering the stroke costs from
hospitals at various progressivity level.

MATERIALS AND METHODS

In order to assess the inpatient costs of treating stroke patients,
a retrospective cost analysis was performed on 3,155 discharged
cases from 6 public hospitals in Romania from different regions
and different progressivity level. For cost measurement we
used a specific hospital controlling software (BSoft-HIMS) and
Microsoft Excel for statistical analysis. To ensure the statistical
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power of the sample size, Cochran’s formula has been used
to calculate the minimal number of cases needed for the
cost measurement.

Data Sources and Sampling Method
As of 2019, there is no stroke registry in Romania, thus no
information is available on the number of patients or new
cases on a yearly basis, unlike in other countries, such as
Sweden, where a national registry exists since 1995 (15). Our
study has identified stroke patients from the DRG performance
database of the study hospitals, which is used for reimbursement
purposes on a national level. This contains the primary and the
secondary diagnosis of the patients, according to version 10 of
the International Classification of Diseases (ICD-10-AM v. 3).
Cases, which have stroke diagnosis codes (I60.0-I66.9), either
as a primary or secondary diagnosis, have been included in
the study.

To ensure a large sample size of patients and the
representation of various inpatient care providers, several
selection criteria have been taken into consideration when
identifying the study hospitals: hospital category (clinical
hospitals, county hospitals, city hospitals), size, complexity of the
services offered, and geographic location.

In 2017, 324 hospitals reported stroke patient episodes at least
once as primary diagnosis, 57 of them had more than 300 cases,
which cover 81.8% of all cases reported as primary diagnosis.

Out of these 57, six public hospitals have been included in
the study, treating 3,155 stroke patients in 2017, representing
3.73% of the total cases reported having stroke as primary or
secondary diagnosis. Geographically these hospitals are located

in 4 regions (Central Region, Southern Region, North-Western
Region, and Bucharest-Ilfov Region) out of the 8 main regions
of Romania. Taking into account that Romania has implemented
a national unified wage system, there is no wage difference
between hospitals from different regions, therefore it was not
considered necessary to cover all 8 regions. After assuring that
all important geographical regions are covered, hospital level
was also considered, thus including in the study 2 clinical level
hospitals, 2 county hospitals, and 2 city hospitals, as cotsmay vary
at different progressivity level of hospital care.

Due to the poor-quality data available in hospital reporting
and the small number of patients with thrombolysis treatment,
the segmentation for thrombolysis it wasn’t possible.

Costing Methodology
Resource use and unit costs were assigned to the treated cases
on the using gross costing methodology, mainly due to the fact
that Romanian hospitals do not record resource use and unit
costs for most inputs at a patient level (16). This method assesses
the costs in a “top-down” manner, meaning that the total costs
of a service are divided by the number of services performed,
which results in an average cost per service (17). This costing
method is often preferred for its simplicity, although it lacks
sensitivity (18). Clement et al. (19) performed statistical analysis
regarding the differences in costs calculated using the gross
costing methodology and micro-costing, the other main type
of costing methodology. Their findings did not show a specific
pattern (one resulting in higher costs than the other), but they
proved that there can be differences, and, in some cases, can
generate outliers (19, 20).

FIGURE 1 | The distribution of cost of cases.
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As a general rule, patient level information is available
regarding the length of stay (LoS), intensive care unit length
of stay (ICU LoS), length of operation time for cases with
neurosurgery interventions, and drug consumption. The other
cost elements were available at department level and needed to
be assigned to the cases, based on different cost drivers, such as
LoS or length of operation time.

Cost Calculation
Our study only included the direct and indirect hospital costs
associated with the inpatient care of stroke patients, including
the wages of medical and non-medical staff, medication costs,
the cost of medical and non-medical supplies, spare parts, utility
costs, and the costs of diagnostic services: laboratory, radiology,
CT scans (Computerized Tomography), MRI scans (Magnetic
Resonance Imaging), transfusion, sterilization, operating room,
anesthesia, ICU stay, etc. Indirect costs related to hospitalization
consist of administration and other overhead costs (including
building maintenance, safety and security, bookkeeping, HR
services, IT departments, statistics department, and other
hospital level costs that cannot be associated with one specific
case or patient), according to controllingmethodology (21). Non-
medical costs, such as relocation expenses, changes in dietary
habits, changes in productivity, social costs, etc. are not included
in the study.

Resource utilization data has been extracted from the hospital
medical databases, along with their internal records, registries
and their management control systems. Cost elements have been
extracted from the management control systems of the hospitals
(which heavily rely on the balance sheet and general ledger).
All cost data have been recorded in Romanian Leu (RON)
and for the conversion the yearly average exchange rate was
used, as calculated by the Romanian National Bank for 2017
(1 EUR= 4.56 RON).

Inpatient care is considered from the time of the patients’
admission into the hospital until the time of discharge, defined as
one episode of care. Hospital readmissions were treated as a new
inpatient episode, independent of the previous hospitalization.

Calculations are based on hospital perspective, regardless
of the reimbursement or the income of the hospitals for a
patient episode. As it has been pointed out before, hospitals
are reimbursed through several different channels and payment

mechanisms, including DRGs, chronic financing (per diem),
national health programs, subventions for salaries, etc.

Cases that had an associated cost exceeding EUR 7500, where
the continuity of the distribution brakes (Figure 1), have been
considered outliers. In such cases the cost has been driven up
by the exceptionally lengthy ICU stay (i.e., coma). The number
of outliers was low, only 22 cases (0.69%), which were excluded
from the analysis.

Amortization (depreciation) costs were not included in the
cost calculations.

RESULTS

Patient Population
Based on the ICD-10 diagnosis codes, at a national level in 2017,
140,719 cases (national hospital reporting database) have been
reported by the hospitals to the NHIH for reimbursement (note
that this is not the number of stroke patients, but inpatient
episodes), most of the cases (66.4%) having been treated at the
neurology department of hospitals. 9.3% of the cases were treated
at the internal medicine ward (which also includes neurology
in smaller hospitals), 5.6% at cardiology, 3.1% at neurosurgery,
2.1% at Urology, 1.7% at cardiology, and 1.3% at neurological
rehabilitation department, while the remaining 10.5%was treated
at other departments.

In our study, a total number of 3 155 cases with stroke were
included, representing 2.25% of the total number of Romanian
stroke inpatient episodes of 2017, after excluding the outliers,

TABLE 2 | Patient episode characteristics.

Factor Male (95% CI) Female (95% CI) Total (95% CI)

(n = 1,642) (n = 1,513) (n = 3,155)

Age (years) 68 (67.55–68.45) 72.48 (72.04–72.93) 70.15 (69.7–70.61)

ALoS (days) 10.02 (9.73–10.31) 9.94 (9.68–10.21) 9.98 (9.71–10.26)

ALoS ICU (days) 0.35 (0.29–0.42) 0.43 (0.36–0.5) 0.39 (0.32–0.46)

Operation time

(hours)

0.07 (0.06–0.09) 0.04 (0.03–0.05) 0.06 (0.04–0.07)

ALoS, average length of stay; ALoS ICU, average length of stay at the intensive care unit.

TABLE 1 | Number of patients per hospital department included in cost study.

Hospital/department Neurology Cardiology Neurosurg. Internal medicine Neurol. Rehab. Balneo Rehab. Palliative care Total case

Clinical H. 1 0 78 145 0 83 0 0 306

Clinical H. 2 160 97 85 72 0 0 0 414

County H. 1 662 10 0 5 0 0 0 677

County H. 2 1,415 32 0 52 15 26 12 1,552

City H. 1 105 12 0 4 0 0 0 121

City H. 2 81 2 0 0 0 2 0 85

Total case 2,423 231 230 133 98 28 12 3,155

Total % 76.8% 7.3% 7.3% 4.2% 3.1% 0.9% 0.4% 100.0%
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representing all the reported stroke cases in the analyzed time-
frame by these 6 hospitals from the selected departments. There
was a total of 22 cases (outliers) eliminated from 4 hospitals, with
8, 8, 5, and 1 case per hospital. Table 1 shows the distribution by
departments of the studied cases.

The needed minimal number of cases for the results to be
statistically relevant was calculated to be 207 (SD = 0.66, SE =

0.1) for the calculated average cost to have a ±10% precision in
95% of the cases (Cochran’s formula), which was well exceeded
by the sample size of the study.

The included inpatient episodes have been treated at the
neurology, cardiology, neurosurgery, palliative care, neurological
rehabilitation, and balneotherapy rehabilitation departments of
the study hospitals. Table 2 shows the characteristics of the
included inpatient episodes.

52% of all inpatient episodes included in the cost assessment
were male, with the average age of 68.0 for male and 72.5
for female patients. There were no major differences in ALoS
(Average Length of Stay) betweenmale and female patients, 10.02
and 9.94, respectively. Stroke patients did not spend lengthy
periods of time at the ICU, with an average of 0.35 days for male
patients and 0.43 days for female patients, 19.1% of male and
19.7% of female patients were treated at the ICU. Few patients
underwent surgery at the neurosurgery department, with an
average of 0.07 h for male and 0.04 h for female patients, 3.5%
of male and 2.0% of female patients had surgery.

Cost Data
All direct and indirect (overhead, etc.) cost items have been
allocated to the treated stroke inpatient episodes on the basis
of resource use data and the associated unit cost. As a result,
the average cost per inpatient episode sums up to EUR 995.57.
Different categories of hospitals had different average costs per
inpatient episode: EUR 897.10 for the small city hospitals, EUR
813.00 for county hospitals, and EUR 1 588.93 for clinical
hospitals. The list of average total cost per inpatient episode for
each study hospital can be found in Table 3. Table 4 presents the
average cost per different cost items, Table 5 presents the cost of
medication per inpatient episode as an absolute value and as the
proportion of the total average cost, while Table 6 presents the
cost categories for each hospital.

Figure 2 shows the average, median, and distribution of the
costs/patient for the 6 hospitals included in the study.

Sixty-nine percent of the EUR 995.57 average cost are
attributed to the care and treatment received by the patients at
the hospital ward, 7.73% are attributed to ICU care costs, and
1.14% to operating room costs. Costs at the emergency care unit
represent 4.49% of the total average cost. Diagnostic services are
also a notable cost itemwith close to one tenth (9.93%) of the total
average cost. The remaining costs consist of the overhead (mainly
administrative) costs at 5.99% and some other costs at 1.70%.

Our study shows that the highest cost associated with the
treatment of stroke inpatient episode can be attributed to the
hospital ward stay, mainly due to the prolonged LoS of almost
10 days per patient episode. Given the typical course of the
illness, it is not surprising that the second largest cost item is
the cost of diagnostics, consisting of laboratory tests and imaging

TABLE 3 | Average total cost/patient episode (in EUR) for each hospital included

in the study.

Hospital type/region Average total

cost/patient episode (e)

(95% CI)

995.57 (963.74–1,027.39)

Clinical hospital 1

(Bucharest-Ilfov R.)

2,074.18 (2,015.64–2,132.72)

Clinical hospital 2 (Central R.) 1,230.27 (1,185.86–1,274.68)

County hospital 1 (Southern R.) 903.39 (886.71–920.08)

County hospital 2

(North-Western R.)

773.57 (755.2–791.93)

City Hospital 1 (Central R.) 816.70 (807.55–825.84)

City Hospital 2 (Central R.) 1,011.55 (987.65–1,035.44)

TABLE 4 | Average stroke inpatient episode cost by cost items (in EUR).

Factor Value (95% CI)

Average total cost/patient episode 995.57 (963.74–1,027.39)

Hospital ward costs 634.19 (612.61–655.77)

ICU costs 59.20 (48.42–69.98)

Medication costs 70.87 (67.35–74.39)

Operating room costs 11.38 (8.44–14.32)

Emergency care service costs 44.65 (43.85–45.45)

Diagnostic services costs 98.81 (93.93–103.70)

Other costs 16.87 (16.19–17.56)

Overhead costs 59.59 (58.09–61.09)

TABLE 5 | Average cost of medication per stroke inpatient episode (in EUR).

Hospital type % of medication cost

from total cost

Medication

cost/case

Clinical hospital 1 5.99% 124.22

Clinical hospital 2 7.63% 93.88

County hospital 1 9.83% 88.80

County hospital 2 6.49% 50.24

City Hospital 1 6.75% 55.15

City Hospital 2 2.27% 23.01

diagnostics, mostly CT and MRI scans. Although, the most
expensive cost item in the inpatient care setting, in general, is the
ICU cost and operating room costs, these cost items represent a
smaller share of the total cost of stroke episodes, we observed that
stroke patients spend little time at the ICU (9.6% of the patients
with an average length of stay at the ICU of 4.15 days) and only
4.2% of the patients undergo surgery, with an average operating
time of 1.34 hours per patient.

Regarding the cost per age category and gender, some variance
can be observed, as it can be seen in Figure 3, while the patient
distribution between sexes can be seen in Figure 4.

The average costs per patient episode of male and female
patients show no statistical difference (male = EUR 975.96,
female= EUR 981.65, p= 0.41).
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TABLE 6 | Average stroke inpatient episode cost by hospital and by cost items (in EUR).

Hospital/cost item (e) Total cost Hospit. ward ICU costs Medication Operating R. Emergency c. Diagnostic serv. Other costs Overhead

Clinical H. 1 2,074.2 1,333.0 116.4 124.2 103.8 43.4 253.8 21.2 78.4

Clinical H. 2 1,230.3 638.9 244.9 93.9 10.0 20.4 150.2 11.9 60.2

County H. 1 903.4 561.4 13.3 88.8 0.0 62.9 94.1 20.1 62.9

County H. 2 773.6 527.0 20.6 50.2 0.0 46.8 59.1 16.0 53.8

City H. 1 816.7 585.2 0.0 55.2 0.0 9.4 71.3 21.4 74.3

City H. 2 1,011.6 702.4 104.4 23.0 0.0 32.4 91.9 10.2 47.3

FIGURE 2 | Median (—) and Average (X) total cost/patient episode (in EUR) for each hospital included in the study.

FIGURE 3 | Average cost of stroke patients per age category and sex.

Readmission Phenomenon
174 cases, representing 5.5% of all studied patient episodes have
been readmissions in the same hospital in the studied period (12
months), with patients having a previous admission with stroke
diagnosis (as primary or secondary diagnosis). The costs related
to the admission type is presented in Table 7.

The costs of the first admission and readmission show no
statistical difference (p= 0.19).

Budget Impact (Burden of Disease)
Considering the total number of 140,719 inpatient episodes per
year and the average cost per patient episode of EUR 995.57, the
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FIGURE 4 | Distribution of patients based on sex.

TABLE 7 | Average stroke inpatient episode cost by admission (in EUR).

Admission Value (95% CI)

First admission 990.48 (958.86–1,022.1)

Readmission 1,082.15 (1,047.04–1,117.27)

total yearly budget impact sums up to over EUR 140 million,
which represented 2.18% of the total 2017 NHIH budget of
Romania. Nevertheless, this cost estimate is only a part of the
total cost of the disease, because it covers only the inpatient costs
incurred. In order to get a more complete cost estimate, the
productivity losses due to deaths and disability, along with the
costs of care and rehabilitation of the disabled population should
also be taken into account.

DISCUSSION

Despite Romania being among the least costly countries of
Europe in terms of inpatient care of stroke patients, our
study confirms that the economic burden of treating stroke
episodes puts considerable pressure on the scarce resources of the
Romanian healthcare system.

Our results regarding cost of stroke inpatient episode being
EUR 995.57 in 2017 (with low variability in the costs, the
frequency of cases with a given total cost can be found in
Figure 1) are comparable with another similar Romanian stroke
cost measuring study, made in one clinical hospital (10), but
are very different from the estimates of the “The Burden of
Stroke in Europe” study (3), which is not surprising, given
the different cost assessment methods, and the limitations of
data availability. Our estimate puts Romania at the bottom of
the EU countries’ list of healthcare costs of stroke inpatient
episodes; there are few countries with costs so low, even
though there has been a substantial wage increase in Romania

TABLE 8 | GDP/capita in EUR, 2017 (23–25).

Country GDP/Capita (e) Mean cost of stroke (in PPP)

Romania 9,600 996

Poland 12,200 1,238

Hungary 12,700 628

Spain 25,100 1,932

Switzerland 27,930 5,905

Italy 28,500 4,586

France 34,300 4,337

England 35,400 6,122

Germany 39,600 4,357

Netherlands 43,000 6,873

Denmark 50,800 3,362

for health workers to decrease the gap between the wages
of Romania and Western Europe. To our knowledge, no
other study has been carried out to assess the costs associated
with the treatment of stroke patients in Romania in many
hospitals from different regions and at different progressivity
level, and cost assessments for other illnesses are also
close to none.

Although numerous cost measurement studies have been
published in this field from other countries, it is difficult to
compare the results due to the variation in the follow-up time.
Some studies follow the patients for the first year, while others
for longer periods of time. Aside from this, there are few
studies available from Eastern Europe, which would be truly
comparable with the Romanian results (22). The GDP (gross
domestic product)/capita of a country could be related to the
costs measured (Table 8).

Hospitals in different categories exhibit a notable
variation in costs, which is associated with their area of
attraction, professional level, corresponding medical staff,
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and infrastructure (21). For instance, university (clinical)
hospitals are better equipped with cutting-edge technology
and are able to attend to more complicated cases as opposed
to city hospitals. On the other hand, county hospitals can
achieve a higher patient turnover, while city hospitals
struggle to achieve economies of scale. Another influencing
factor on the cost level is the neurosurgical services offered
by higher progressivity level hospitals for stroke cases,
if necessary.

Regarding the cost structure of inpatient episodes, the findings
of our study are in line with the results of other studies. Diringer
et al. (26), for instance, has found room charges to be around
50% of the total costs in the USA, with the notable difference in
resource use, as the average length of stay of 10 days in Romania
is higher than the 6 days reported from the USA. This explains
most of variation of costs between countries. Similar results were
reported from Singapore, where the ward costs represented 48%
of the total costs (27), while other studies have found this to be
between 43 and 83% (28).

Analyzing the readmission phenomenon, our findings are
comparable with other study performed in Romania in one
hospital (∼11–14%), but for 2 years period (10).

The study presenting the healthcare costs of stroke patients
in Switzerland shows that hospitalization is the third largest cost
component (21% of all costs), after the costs of rehabilitation
clinic and nursing home (23). However, the samemight not apply
to Romania, mostly because of the lower wages of the healthcare
system and the general lower price levels. Also, these findings
are not in line with the results of studies from other European
countries. Inpatient costs represent about 70–73% of all costs
associated with stroke care in France, Germany, Sweden, and the
UK (29). These results seem more applicable for the realities of
the Romanian healthcare system.

Putting the total budget impact of stroke care into perspective,
GBP 911.48 million (EUR 1 104.38 million) was reported for
the UK in 2007 (30). Our estimate for Romania (EUR 140
million) is about one-eighth of this figure. Although there is
little to no information regarding the cost of stroke care in
Eastern Europe, there is information available regarding the
health insurance expenditures on stroke in Hungary, which was
HUF 30.667 billion (or EUR 111.35 million) in 2010 (31). These
differences cannot be explained by variation in health care need.
Adjusting the data for population size, which is the crudest
proxy for healthcare needs, per capita costs in the UK (with a
population of 59.9 in 2007) was EUR 18.45, in Romania (with
a population of 19.6 million in 2017) it was EUR 7.15, while in
Hungary (with a population of 9.8 million in 2010) it was EUR
11.42. All these suggest that the total spending on stroke has a
much stronger association with the wealth of the country than
healthcare needs.

Limitations
The database for reimbursement only contains inpatient
episodes, thus the actual number of patients affected by stroke
could be different than the number of cases reported, mainly
because of readmissions and the patients deceased even before
reaching the hospital.

Cost information is limited in the Romanian healthcare
system. The current study only considers the cost of inpatient
care of stroke patients. The capital costs of hospitals and other
healthcare costs are not taken into account, such as GP visits,
ambulatory care, cost of subsidized medication, rehabilitation
costs, and the cost of transportation to the healthcare providers.
Societal costs should also be taken into account when calculating
the total cost of stroke patients, including the cost of
making changes in one’s living arrangements, eating habits,
etc. The study does not consider any societal indirect costs
(productivity losses), such as temporary work incapacity (sick
leave), permanent work incapacity (disability), or absenteeism
as a result of the illness. Although these costs are smaller
than those in Western Europe or the US, if considering the
total societal cost of stroke patients, these should also be taken
into account.

There is some difficulty in comparing the results of various
studies, as the included cost elements (direct and indirect
inpatient costs) might differ from one study to the other along
with the considered time horizon. However, this can be overcome
by comparing partial costs, as the majority of studies report
results per inpatient episodes.

One of the greatest challenges is that there is not much patient
level information, so there is need for a gross costing approach,
based on the total resource use of a given category and then
allocating these to the patient level.

Our study does not differentiate the various types of stroke
(ischemic stroke, hemorrhagic stroke, etc.), but calculates an
average cost for all the cases treated in hospitals. Other studies
show significant differences in costs when treating various types
of stroke (32).

Calculating the total budget impact based on data from a
limited number of hospitals also brings some level of uncertainty,
especially because of the differences between the average costs of
different hospitals.

Of the 8 geographic regions of the country, half have
been represented in the study, thus the results carry
some level of uncertainty. However, due to the universal
wage system across all personnel in the public healthcare
system and the fact that similar public hospitals are
financed at the same level all across the country, major
differences are not expected due to the geographic location of
the hospitals.

In spite of these limitations, due to the high number of cases
included in the study from hospitals of different progressivity
levels, we consider that it provides strong evidence regarding
the cost of stroke and its burden on the Romanian health
care system.

CONCLUSIONS

The costs associated with the inpatient care of stroke patients
in Romanian hospitals is higher than assessed by former studies
with simpler calculation methods, but still lags far behind
the costs reported even by other lower- and middle-income
countries. The differences among countries are best explained
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by their wealth and not the variation in healthcare needs,
which is in line with the findings of international comparative
studies on health expenditures as a whole. Nevertheless, as the
number of cases is expected to increase in the near future, the
economic burden of stroke patients will only put more pressure
on the limited resources of the Romanian healthcare system
and on the economy as a whole, which cannot be effectively
addressed without analyzing the costs of the illness as the basis
of decision-making and appropriate intervention in terms of the
organization and financing of health services. The findings of our
study can be used in cost-effectiveness analyses, when analyzing
the impact of different treatment options on cost drivers. By
knowing the number of stroke cases, the cost and the cost
structure of care, combined with data on clinical effectiveness,
more informed budget allocation decisions can be made at a
systematic level.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

LL and AS contributed to the concept and design of the
study and the cost analysis. PG offered support on health
policy framework. MC offered support on statistical analysis. All
authors contributed to manuscript revision, read, and approved
the submitted version.

FUNDING

The authors declare that this study received funding from
Romanian National Patient Protection Association (RNPPA).
The funder was not involved in study design, data collection,
analysis, interpretation of data or the decision to submit it
for publication.

ACKNOWLEDGMENTS

We acknowledge for collaboration and support for the Syreon
Research Romania experts and for the Romanian National
Patient Protection Association.

REFERENCES

1. WHO. Global Health Estimates 2016: Deaths by Cause, Age, Sex, by Country

and by Region, 2000-2016. Geneva: World Health Organization (2018).
2. Benjamin Emelia J, Muntner P, Alonso A, Bittencourt Marcio S, Callaway

Clifton W, Carson April P, et al. Heart disease and stroke statistics-−2019
update: a report from the American Heart Association. Circulation. (2019)
139:e56–28. doi: 10.1161/CIR.0000000000000659

3. Stevens E, Emmett E, Wang Y, McKevitt C, Wolfe, C. The Burden of Stroke in

Europe. London: Stroke Alliance for Europe (2017).
4. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M,

Bennett DA, et al. Global and regional burden of first-ever ischaemic
and haemorrhagic stroke during 1990-2010: findings from the global
burden of disease study 2010. Lancet Global Health. (2013) 1:e259–81.
doi: 10.1016/S2214-109X(13)70089-5

5. Payne KA, Huybrechts KF, Caro JJ, Craig Green TJ, Klittich WS. Long
term cost-of-illness in stroke. PharmacoEconomics. (2002) 20:813–25.
doi: 10.2165/00019053-200220120-00002

6. Kaur P, Kwatra G, Kaur R, Pandian JD. Cost of stroke in low and middle
income countries: a systematic review. Int. J. Stroke. (2014) 9:678–82.
doi: 10.1111/ijs.12322

7. Schmidt A, HeroumC, Caumette D, Le Lay K, Bénard S. Acute ischemic stroke
(AIS) patient management in french stroke units and impact estimation of
thrombolysis on care pathways and associated costs. Cerebrovasc. Dis. (2015)
39:94–101. doi: 10.1159/000369525

8. Specogna AV, Patten SB, Turin TC, Hill MD. Cost of spontaneous
intracerebral hemorrhage in Canada during 1 decade. Stroke. (2014) 45:284–6.
doi: 10.1161/STROKEAHA.113.003276

9. Simpson KN, Simpson AN, Mauldin PD, Hill MD, Yeatts SD, Spilker JA, et al.
Drivers of costs associated with reperfusion therapy in acute. Stroke. (2014)
45:1791–8. doi: 10.1161/STROKEAHA.113.003874

10. Uivarosan D, Bungau S, Tit DM, Moisa C, Fratila O, Rus M, et al. Financial
burden of stroke reflected in a pilot center for the implementation
of thrombolysis. Medicina. (2020) 56:54. doi: 10.3390/medicina56
020054

11. Sousa DA, Martial R, Abilleira S, Gattringer T, Kobayashi A, Gallofré M,
et al. Access to and delivery of acute ischaemic stroke treatments: a survey of
national scientific societies and stroke experts in 44 European countries. Eur.
Stroke J. (2019) 4:13–28. doi: 10.1177/2396987318786023

12. Vladescu C, Scintee SG, Olsavszky V, Hernandez-Quevedo C, Sagan, A.
Romania: Health System Review. Jeneva: WHO (2016).

13. Duran A, Chanturidze T, Gheorghe A, Moreno, A. Assessment of public
hospital governance in romania: lessons from 10 case studies. Health Policy

Technol. (2020) 9:45–52. doi: 10.15171/ijhpm.2018.120
14. Rais C, Kaló Z, Csanádi M, Negulescu V. Current and future perspectives

for the implementation of health technology assessment in Romania. Health
Policy Technol. (2020) 9:45–52. doi: 10.1016/j.hlpt.2019.11.007

15. Ghatnekar O, Persson U, Glader, E-L, Terént A. Cost of stroke in Sweden:
an incidence estimate. Int. J. Technol. Assess. Health Care. (2004) 20:375–80.
doi: 10.1017/S0266462304001217

16. Skoupa J, Annemans L, Hajek, P. Health economic data requirements
and availability in the european union: results of a survey among
10 European countries. Value Health Reg. Issues. (2014) 4:53–57.
doi: 10.1016/j.vhri.2014.06.003

17. Tarricone R. Cost-of-illness analysis: what room in health economics? Health
Policy. (2006) 77:51–63. doi: 10.1016/j.healthpol.2005.07.016

18. Raftery J. Costing in economic evaluation. BMJ. (2000) 320:1597.
doi: 10.1136/bmj.320.7249.1597

19. Clement FM, Ghali WA, Donaldson C, Manns BJ. The impact of using
different costing methods on the results of an economic evaluation of cardiac
care: microcosting vs gross-costing approaches. Health Econ. (2009) 18:377–
88. doi: 10.1002/hec.1363

20. Frappier J, Tremblay G, Charny M, Cloutier LM. Costing
bias in economic evaluations. J. Med. Econ. (2015) 18:596–9.
doi: 10.3111/13696998.2015.1033423

21. Lorenzovici L, Székely A, Nyulas B, Bradács A, Daina L. Controlling in
Romanian hospitals: revenues, costs and contribution after salary increase.
Interdiszciplináris Magy. Egészségügy. (2020) 10:17–22. Available online at: ht
tps://www.imeonline.hu/article.php?article=2020._XIX./1/controlling_in_ro
manian_hospitals_revenues_costs_and_contribution_after_salary_increase

22. Truelsen T, Ekman M, Boysen G. Cost of stroke in Europe. Eur. J. Neurol.
(2005) 12:78–84. doi: 10.1111/j.1468-1331.2005.01199.x

23. Mahler M-P, Zuger K, Kaspar K, Haefeli A, Jenni W, Leniger T, et al. A cost
analysis of the first year after stroke–early triage and inpatient rehabilitation
may reduce long term costs. Swiss Med. Wkly. (2008) 138:459–65. Available
online at: https://smw.ch/article/doi/smw.2008.11845

24. Epstein D, Mason A, Manca A. The hospital costs of care for stroke in nine
European countries. Health Econ. (2008) 17:S21–31. doi: 10.1002/hec.1329

25. Eurostat. Main GDP Aggregates per Capita. (2020). Available online
at: https://ec.europa.eu/eurostat/documents/2995521/9618249/1-26022019-
AP-EN.pdf/f765d183-c3d2-4e2f-9256-cc6665909c80 (accessed August 26,
2020).

Frontiers in Public Health | www.frontiersin.org 9 December 2020 | Volume 8 | Article 605919

https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.2165/00019053-200220120-00002
https://doi.org/10.1111/ijs.12322
https://doi.org/10.1159/000369525
https://doi.org/10.1161/STROKEAHA.113.003276
https://doi.org/10.1161/STROKEAHA.113.003874
https://doi.org/10.3390/medicina56020054
https://doi.org/10.1177/2396987318786023
https://doi.org/10.15171/ijhpm.2018.120
https://doi.org/10.1016/j.hlpt.2019.11.007
https://doi.org/10.1017/S0266462304001217
https://doi.org/10.1016/j.vhri.2014.06.003
https://doi.org/10.1016/j.healthpol.2005.07.016
https://doi.org/10.1136/bmj.320.7249.1597
https://doi.org/10.1002/hec.1363
https://doi.org/10.3111/13696998.2015.1033423
https://www.imeonline.hu/article.php?article=2020._XIX./1/controlling_in_romanian_hospitals_revenues_costs_and_contribution_after_salary_increase
https://doi.org/10.1111/j.1468-1331.2005.01199.x
https://smw.ch/article/doi/smw.2008.11845
https://doi.org/10.1002/hec.1329
https://ec.europa.eu/eurostat/documents/2995521/9618249/1-26022019-AP-EN.pdf/f765d183-c3d2-4e2f-9256-cc6665909c80
https://ec.europa.eu/eurostat/documents/2995521/9618249/1-26022019-AP-EN.pdf/f765d183-c3d2-4e2f-9256-cc6665909c80
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Lorenzovici et al. Stroke Costs in Romania

26. Diringer MN, Edwards DF, Mattson DT, Akins PT, Sheedy CW, Hsu CY, et al.
Predictors of Acute Hospital Costs for Treatment of Ischemic Stroke in an
Academic Center. Stroke (1999) 30:724–8. doi: 10.1161/01.str.30.4.724

27. Chow WL, Tin AS, Meyyappan A. Factors influencing costs of inpatient
ischaemic stroke care in Singapore. Proc. Singapore Healthcare. (2010) 19:283–
91. doi: 10.1177/201010581001900402

28. Martínez-Vila E, Irimia P. The cost of stroke.Cerebrovas. Dis. (2004). 17(Supp.
1):124–9. doi: 10.1159/000074804

29. Caro JJ, Huybrechts Krista F, Duchesne I. Management patterns and costs of
acute ischemic stroke. Stroke. (2000) 31:582–90. doi: 10.1161/01.STR.31.3.582

30. Saka Ö, McGuire A, Wolfe C. Cost of stroke in the United Kingdom. Age
Ageing. (2009) 38:27–32. doi: 10.1093/ageing/afn281

31. Oberfrank F, Donka-Verebes É, Boncz I. Health insurance cost of stroke
in hungary: a cost of illness study. Value Health. (2016) 19:A649.
doi: 10.1016/j.jval.2016.09.1739

32. Wang G, Zhang Z, Ayala C, Dunet DO, Fang J, George MG.
Costs of hospitalization for stroke patients aged 18-64 years in

the United States. J. Stroke Cerebrovasc. Dis. (2014) 23:861–8.
doi: 10.1016/j.jstrokecerebrovasdis.2013.07.017

Conflict of Interest: LL and AS were employed by the company Syreon Research
Romania received financial support from RNPPA.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Lorenzovici, Székely, Csanádi and Gaál. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 10 December 2020 | Volume 8 | Article 605919

https://doi.org/10.1161/01.str.30.4.724
https://doi.org/10.1177/201010581001900402
https://doi.org/10.1159/000074804
https://doi.org/10.1161/01.STR.31.3.582
https://doi.org/10.1093/ageing/afn281
https://doi.org/10.1016/j.jval.2016.09.1739
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.07.017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Cost Assessment of Inpatient Care Episodes of Stroke in Romania
	Introduction
	Materials and Methods
	Data Sources and Sampling Method
	Costing Methodology
	Cost Calculation

	Results
	Patient Population
	Cost Data
	Readmission Phenomenon
	Budget Impact (Burden of Disease)

	Discussion
	Limitations

	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


