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Abstract 

Stroke, a leading cause of death and long‑term disability, has a considerable social and economic impact. It is impera‑
tive to investigate stroke‑related costs. The main goal was to conduct a systematic literature review on the described 
costs associated with stroke care continuum to better understand the evolution of the economic burden and logistic 
challenges. This research used a systematic review method. We performed a search in PubMed/MEDLINE, ClinicalTrial.
gov, Cochrane Reviews, and Google Scholar confined to publications from January 2012 to December 2021. Prices 
were adjusted using consumer price indices of the countries in the studies in the years the costs were incurred to 
2021 Euros using the World Bank and purchasing power parity exchange rate in 2020 from the Organization for 
Economic Co‑operation and Development with the XE Currency Data API. The inclusion criteria were all types of 
publications, including prospective cost studies, retrospective cost studies, database analyses, mathematical models, 
surveys, and cost‑of‑illness (COI) studies. Were excluded studies that (a) were not about stroke, (b) were editorials and 
commentaries, (c) were irrelevant after screening the title and abstract,(d) grey literature and non‑academic studies, 
(e) reported cost indicators outside the scope of the review, (f ) economic evaluations (i.e., cost‑effectiveness or cost–
benefit analyses); and (g) studies not meeting the population inclusion criteria. There may be risk of bias because the 
effects are dependent on the persons delivering the intervention. The results were synthetized by PRISMA method. A 
total of 724 potential abstracts were identified of which 25 articles were pulled for further investigation. The articles 
were classified into the following categories: 1)stroke primary prevention, 2) expenditures related to acute stroke care, 
3) expenditures for post‑acute strokes, and 4) global average stroke cost. The measured expenditures varied consider‑
ably among these studies with a global average cost from €610‑€220,822.45. Given the great variability in the costs 
in different studies, we can conclude that we need to define a common system for assessing the costs of strokes. 
Possible limitations are related to clinical choices exposed to decision rules that trigger decisions alerts within stroke 
events in a clinical setting. This flowchart is based on the guidelines for acute ischemic stroke treatment but may not 
be applicable to all institutions.
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Introduction
Stroke is a leading cause of death and long-term disabil-
ity and have a considerable social and economic impact 
as the second highest disease burden in Europe [1]. A 
34% increase of stroke is predicted in the coming dec-
ades, the number of ischemic strokes recorded in people 
above 80 years of age will triple (2010–2060), and an esti-
mated 27% increase of stroke survivors will also increase 
expenditure on health and non-health care of stroke, 
which was 1.7% of overall health expenditure [2–5].

Most of the literature on stroke-related costs has 
focused on short-term [6], in-hospital expenditures [5] 
with a relative scarcity of studies [7] focused on long-
term stroke-related components such as urban vs. non-
urban territory, long-term ambulatory care, medical 
expenses, informal care, caregiver burden, events related 
to poor risk factors control, and social care services. Also, 
several authors have calculated projections of stroke for 
specific regions, countries [8–12], or internationally [13, 
14],  combining demographic projections with estimated 
future incidence and mortality rates or obtaining them 
by extrapolation from past trends [8–10, 12–14]. There-
fore, there are great differences in the methods used for 
calculating costs, conditioned by the issues included 
as preventive costs of cardiovascular factors, especially 
hypertension (HTA) and atrial fibrillation (AF) [1, 15], 
the cost of new treatments such as thrombolysis and 
thrombectomy in early critical care (Code Stroke) [16, 
17], and dependency management costs [18] after the 
episode; there are also differences in the calculated cost 
criteria [19–21] (direct vs. indirect) and in the final for-
mat of the result (total cost, average cost per stroke, 
average cost per person vs. mortality reduction bene-
fits). Guidelines from different organizations are mostly 
similar and when differences exist, they are typically in 
the strength of the recommendation made about newly 
published data, with some guideline committees endors-
ing new protocols, whereas others require a higher level 
of data before making a strong recommendation [22]. 
Consequently, there are significant differences among 
countries [15] regarding treatment accessibility and 
costs, and improvements and effective strategies would 
have a massive beneficial impact on healthcare systems 
[23]. Also the complexities of finding the right balance 
between data privacy and access to data for health ser-
vices research makes it difficult to compare the obtained 
data and the convergence in the calculation methods.

It is an imperative to investigate those new issues asso-
ciated to stroke care economic burden and logistic chal-
lenges according the goal outlined by the Stroke Action 
Plan for Europe for the management of acute stroke that 
“every person with acute stroke deserves the right to 
have equal access to optimized and efficient stroke care, 

diagnosis and treatment, regardless of the place of living, 
age, gender, culture, social and economic status” [15].

The aim of this research is to conduct a systematic lit-
erature review on the described costs associated with 
stroke care continuum to better understand the evolution 
of the economic burden and logistic challenges.

Methods
The method used in this systematic review consisted of 
a search strategy, inclusion and exclusion criteria, data 
extraction, and quality assessments of included stud-
ies. The study was performed according to the Preferred 
Reporting Items for Systematic reviews and Meta-Analy-
sis (PRISMA) guideline [16].

Search strategy
A comprehensive literature search was performed for 
full-text papers in the PubMed/MEDLINE, ClinicalTrial.
gov, Cochrane Reviews [24], EconLit, and Ovid/EMBASE 
databases confined to publications in the last 10  years 
(January 1, 2012–December 31, 2021). We augmented 
the search by using Google Scholar and checking the 
references of the articles we obtained (Additional file 1: 
Appendix Table 1). Additional articles were added from 
systematic reviews using the snowball citation method. 
The systematic search was carried out in January–Feb-
ruary 2022. The terms were matched with terms in the 
Medical Subject Heading(MeSH) database and included 
the possible combinations of stroke, atrial fibrillation, 
hypertension, cost analysis, economics, hospital charges, 
reimbursement, fees, cost-of-illness, social care charges, 
indirect costs, economic burden, informal caregiving, 
and dependency cost as [stroke and cost analysis] or 
[stroke and economics] or [stroke and hospital charges] 
or [stroke and social care charges] or [stroke and reim-
bursement] or [stroke and fees] or [stroke and cost-
of-illness] or [stroke and indirect cost] or [stroke and 
economic burden] or [stroke and informal caregiving] or 
[stroke and dependency costs] or [cost and atrial fibril-
lation] or [stroke cost and atrial fibrillation] or [stroke 
cost and hypertension] or [stroke cost and blood pres-
sure control] or [stroke cost and atrial fibrillation and 
hypertension].

Analysis and sources
We limited the search to titles and abstracts in a first 
approximation of human studies, published in Eng-
lish, and clinical trials or reviews. Subsequently, for the 
selected studies, search strategy development, search-
ing, screening, application of criteria, selection, appraisal, 
data extraction, and synthesis were completed by at 
least two investigators. Disagreements were resolved by 
consensus. For study design and publication type, the 
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inclusion criteria were all types of publications, including 
prospective cost studies, retrospective cost studies, data-
base analyses, mathematical models, surveys, and cost-
of-illness (COI) studies. The initial review of titles and 
abstracts excluded studies that (a) were not about stroke, 
(b) were editorials and commentaries, (c) were irrelevant 
after screening the title and abstract,(d) grey literature 
and non-academic studies, (e) reported cost indicators 
outside the scope of the review, (f ) economic evaluations 
(i.e., cost-effectiveness or cost–benefit analyses); and (g) 
studies not meeting the population inclusion criteria.

According to previous evidence and the ESO Guide-
line Directory (mobile stroke units, acute stroke man-
agement, secondary prevention and rehabilitation, and 
long-term consequences) [25], four categories of costs 
were investigated: (1) effective preventive treatment to 
reduce the likelihood of people suffering strokes, such as 
risk factors associated with their incidence, especially AF 
and HTA, by primary care; (2) early critical care (Stroke 
Code) to minimize stroke damage and reduce the likeli-
hood of disability by multi-disciplinary stroke units; (3) 
post-stroke care and after hospital discharge including 
secondary cardiovascular prevention and socio-health 
care at home or in a long-stay institution that estimates 
the value of all resources spent or foregone, including 
health care cost and productivity loss, due to stroke and 
the cost of caregiving by the replacement (RA) approach, 
also known as the proxy good method. Global cost-of-
illness (COI) studies included both direct and indirect 
cost analyses [26]. De-duplication strategy was applied by 
EndNote and Mendeley technics.

Analysis of direct cost
Costs related to the health care system: preventive care 
(AF and HTA), outpatient care, emergency care, hospi-
tal care, rehabilitation care, patient transportation inside 
the health system (ambulance, medical units), and phar-
macological prescriptions. Standard medical care for 
strokes included early assessment, time-critical therapy, 
and stroke unit care. A cost for care provided by formal 
health care providers such as a home health aide is con-
sidered a direct cost.

Costs related to social care: the cost of residual disabil-
ity after a stroke presents a major economic and human-
istic burden and is not considered part of the care given 
by formal health care providers.

Informal care costs as well as non-medical costs out-
side the health system such as transfer of patients, infor-
mal care, or other expenses borne by the patient. The cost 
of informal caregiving is the value of the time spent by 
family members or other caregivers that is not consid-
ered part of the care given by formal health care provid-
ers. Non-medical costs outside the health system such as 

transport and time of patients and caregivers, assistive 
devices, or other expenses borne by the patient.

Analysis of indirect costs
Productivity costs: result from loss of paid and unpaid 
work and replacements due to premature death (mortal-
ity cost) and the cost of disability due to the reduced pro-
ductivity of stroke survivors (morbidity cost).

The data analysis was carried out by collecting and syn-
thesizing information on general study characteristics, 
methodology (study design, data sources, approaches, 
and calculated disease burden indicators), and estimated 
economic burdens (currency and year, cost components, 
cost perspective). Information collection was carried out 
by descriptively focusing on the burden of disease due to 
stroke at the household, health system, and community 
levels. Costs of healthcare will increase with forecasted 
inflation rates, so the current value of cost estimates 
should be adjusted. To compare costs of different coun-
tries in different study periods, we derived the current 
value in the article by using consumer price indices of 
the study countries in the years of the study and in 2021 
from the World Bank and purchasing power parity (PPP) 
exchange rate in 2020 from the Organization for Eco-
nomic Co-operation and Development (OECD) with the 
XE Currency Data API [27].

The Scottish Intercollegiate Guidelines Network 
(SIGN) grading system [28] checklist for systematic 
reviews was used to rank economic studies. The method-
ology behind the system is based on a set of variables that 
recognize key factors, especially bias and confounding 
variables, that can influence the quality of a study or its 
conclusion [29].

Results
Figure  1 shows the Preferred Reporting for Systematic 
Reviews and Meta-Analysis (PRISMA) flowchart that 
summarizes the selected studies. A total of 724 potential 
abstracts were identified; 369 from MEDLINE via Pub-
Med, 131 from Cochrane, and 224 from Google Academ-
ics. Of the 724 abstracts, 481 were excluded because they 
weren’t about strokes, 9 were excluded because they were 
editorials and commentaries, and 211 were excluded 
because they were obviously irrelevant after screening 
the title and abstract. We classified the 25 publications 
pulled for further investigation into four groups.

A summary of the studies according to stroke-related 
costs are described in Table 1.

Stroke primary prevention (Table 2)
Ninety percent of strokes are related to modifiable risk 
factors. Among them pointed out the AF and HTA [1, 8, 
32] all both largely undiagnosed and uncontrolled. Most 
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of the studies estimated treatment costs, but not the costs 
of its approach and control due to stroke events. The 
annual treatment of a patient with AF has an average cost 
between €4,750 and €23,064/patient/year [33]. About 
one-third of these costs could be attributed to antico-
agulation management [30]. If cardiovascular complica-
tions are included [31], the average cost may increase to 
around €11,234/patient/year.

On the other hand, it is known that there is a direct 
relationship between HTA and risk of stroke and that its 
control reduces the risk of stroke [29]. According to the 
studies in the review, the annual cost per patient with 
HTA is highly variable depending on the origin of the 
population studied and the therapy administrated [33, 
34]. The range of the costs goes from €5 in patients who 
only receive dietary advice to more than €2,000/patient/
year if they have pharmacological treatment [3, 36].

Acute care for a stroke (Table 3)
The average healthcare cost of a stroke per person, 
including early assessment, time-critical therapy, and 
stroke unit care, rehabilitation, and follow-up care, is 

estimated as an average of €5,798.15–€140,048 [20, 35, 
48]. Regarding stroke types, Intracerebral Hemorrhage 
(ICH) was the most expensive, followed by Ischemic 
Stroke (IS), and Transient Ischemic Attack (TIA) [48, 49]. 
The Fig. 2 shows the flow-chart of the attending process 
from what have been calculated the cost issues.

Transfer to stroke care unit vs emergency department
It is of special interest due to the characteristics of 
non-urban and rural regions vs door-to-needle times. 
There are different ways: standard transfer to the clos-
est local stroke center (in geographical areas where the 
default health authority assigned referral stroke center 
is a non-thrombectomy capable hospital where the 
individual may be treated with thrombolysis or stand-
ard medical care)vs Direct Transfer to Endovascular 
Center (a direct transfer of selected candidates to an 
endovascular center bypassing the nearest local hos-
pital).This fact challenges the geographic equity in the 
access to thrombectomy. In both scenarios, time to 
treatment initiation is critical and the sooner the treat-
ment is started, the higher are the chances of clinical 

Fig. 1 Flow‑chart of studies through review process
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recovery. The transfer could be made by standard medi-
cal transport or medicalized transfer-ground [cost 
€882.06 (661.24–1102.88), mobile stroke units (MSUs) 
[cost additional €86,174/year], and medicalized trans-
fer-air [cost €9,042(6,781.58–11,303.30)] [38, 39, 50] 
according to local emergency medical services trans-
port protocols.

Standard medical care in stroke includes early assess-
ment, CT scan [€308.66 (231.8–385.52], time-critical 
therapy and emergency department visit [€913.78 
(686.86–1,176.08)] [39]

Fibrinolysis [rt-PA(Activase)]used for improving neu-
rologic recovery and reducing the incidence of disabil-
ity in adults with acute IS. The average cost of rt-PA was 
€33,550.57 ± 17,308/patient [51]

Mechanical thrombectomy (MT): several studies have 
demonstrated the superiority of thrombolysis plus MT 
vs. thrombolysis alone to treat strokes [37, 52, 53]. The 
evidence demonstrates that performing MT up to 24  h 
after acute IS symptom onset is still cost-effective, sug-
gesting that this intervention should be implemented 
based on improving quality of life as well as economic 

Table 1 Characteristics of included studies according to evaluated cost

* PP Primary Prevention, HTA Arterial Hypertension, AF Atrial Fibrillation

HEALTH CARE SYSTEM COST COST Nonrelated with Health 
CARE SYSTEM Cost

PRODUCTIVITY COSTS

Author, year, country PP ACUTE STROKE POST ICTUS SOCIAL CARE PATIENTS AND 
CAREGIVERS 
COST

MORBIDITY 
LOSSES

MORTALITY 
LOSSES

HTA AF

Wodchis WP, 2011 (Canada) [30] X

Cotte,2016
(France) [31]

X

López‑López
2017, (UK) [32]

X

Giner‑Soriano, 2020 (Spain) [33] X

Zhang, 2017,
(EEUU)[34]

X

Gheorghe, 2018 (UK) [35] X

Kostova, 2020 (EEUU) [36] X

Salvatore, 2021 (Italy) [29] X X

Shireman TI,2017 (EEUU) [37] X

Zhang H, 2019
(China), [38]

X X

Abdo RR, 2018
(Leban)[20]

X

Reimer AP, 2019 [39] X

De Andres 2014 (Spain) [40] X X

Van Meijeren‑Pont W, 2016 [41] X X

Oliva‑Moreno, 2013 (Spain) [42] X

Skolarus, 2016 (EEUU) [43] X

Joo H, 2017
(EEUU) [3]

X

Alvarez‑Sabin, 2013, (Spain) [44] X X X

Van Eeden, 2015 (Netherlands) [45] X X X X X

Xu. 2018
(UK) [46],

X X X X X X

Benjamin. 2019
(EEUU)[4]

X X X X

Luengo‑Fernandez, 2020 (UK) [2], X X X X X X

Patel A, 2020(UK) [47] X X X X X X

Rochmah TN., 2021 (Indonesia)
[48]

X X X X X X

Stefan Strilciuc, 2021 Romania [49] X X X X X X
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grounds resulting in a dominant therapy over rt-PA 
alone. Average cost of MT was €55,990.57 ± 23,321. 
Thrombectomy was associated with an increase in ini-
tial hospital cost of €22,440/patient compared with rt-PA 
alone [51].

The acute costs of stroke were variable accord-
ing to the type of stroke suffered, as well as the treat-
ment performed. The costs are different if the patient 
receives standard or conservative treatment, or an 
interventional treatment. In the case of intracerebral 

hemorrhage, by the severity and comorbidities fre-
quently associates, have a highest burden by treatment, 
rehabilitation and support services. The average costs 
range from €45,500.71–73,367.55/patient [48]. Many 
organizations, such as the European Stroke Organiza-
tion and The Stroke Alliance for Europe, have prior-
itized primary prevention for this disease [54].

The mean total cost per patient for the manage-
ment of acute stroke was €13,138.97. The hospital stays 
(€5,916.62) and rehabilitation (€3,835.40) were the 

Fig. 2 Global stroke cost from the results of the studies included in the current review. The figure illustrates clinical choices exposed to decision 
rules that trigger decisions alerts within stroke events in a clinical setting. This flowchart is based on the guidelines for acute ischemic stroke 
treatment but may not be applicable to all institutions
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resources that contributed the most to this total cost 
[55].

Post‑acute stroke (Table 4)
The two main factors that determine spending in the first 
year are hospitalizations and convalescence/rehabilita-
tion. Hospitalizations accounted for 45% of the differ-
ence in spending between the first year after the stroke 
and the year before, while convalescence/rehabilitation 
accounted for 33% [56].

Rehabilitation is very important to reduce mortality. It 
used to be done by a multidisciplinary team [16]. Patients 
with greater disability (Rankin 3–5: 41.8%) have a higher 
cost than patients without disability (Rankin 0–2: 20.8%), 
or €8,500 vs. €6,000 [55]. There is large variability in 
access to rehabilitation depending on the different sani-
tary systems. The first-year post-stroke costs are €29,484 
on average. For the third year and onward, follow-up 
cost equal to cost of the second year, but rehabilitation 
remains a major part of the cost [40, 41]. Europe-wide 
implementation of home-based rehabilitation was esti-
mated to be cost-effective (> 90%) compared to center-
based rehabilitation [57] but the domiciliary service was 
found to cost 2.6 times more.

Secondary cardiovascular prevention
23% of patients who has suffered a stroke will suffer a 
second stroke with more disability (36% to 51%) and 
increased mortality (20% to 34%). Secondary preven-
tion measures have the potential to reduce the number 
of stroke survivors having additional strokes by 80% [2]. 
Most factors are modifiable, and stroke risk prediction 
with machine learning techniques (MLT) has a signifi-
cant ability to predict the risk of stroke occurrence, so 
it highlights the potential value of expanding the use of 
MLT in clinical practice. Nowadays, only 40% of patients 
with HTA after a stroke were correctly treated, and there 
are many patients with AF that don’t receive Oral anti-
coagulant Therapy (OAT). In the review period, there is 
no information about the cost of the prevention of a new 
stroke and/or the cardiovascular factors related to.

Socio‑sanitary (formal care)
Up to 50% of survivors were chronically disabled [18, 
45]. Most stroke survivors return from the hospital to 
community or residential care settings where many 
receive help with activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs). The 
range of costs varied from €6,490.80 to €31,436.72/
patient/year [58] statistically significant differences 
in the cost of formal care were found according to 
patients’ degrees of dependency and depending on 

whether all elderly stroke survivors were considered or 
only those with stroke-related health problems.

Non‑healthcare system costs

Social care costs Non-medical costs outside the 
healthcare system such as accompaniment to physician 
appointments, transportation, assistive devices, or other 
expenses borne by the patient. Residual disability after a 
stroke presents a major economic and humanistic bur-
den. The interval cost is between €3,165–29,484/patient/
year [42, 43, 58].

Patients’ and caregivers’ informal care costs An esti-
mated average of time-care provided by friends or fam-
ily (who would have provided the same type of caregiving 
services)with an average cost €10,508/patient/year [42, 
43, 58].

Productivity costs Include the loss of paid and unpaid 
work and replacements due to premature death (mortal-
ity cost) and the cost of disability because of the reduced 
productivity of stroke survivors (morbidity cost) associ-
ated with the replacement of workers including produc-
tivity losses due to the substitution of workers or the 
training costs of new employees. This has a range of cost 
between €276 and €8,336/patient/year [2].

Global average stroke cost (Table 5)
Table  5 presents a summary of studies report-
ing global average costs of stroke in the long term 
(more than 30  days post-stroke). Many these studies 
were retrospective analyses of a sample of Medicare 
patients hospitalized for ischemic stroke. The meas-
ured expenditures varied considerably among these 
studies with an average cost from €610-€220,822.45/
patient. Seventy-four percent of the costs in the first 
year post-stroke was in the first six months [41]. 
Average per patient per year costs is greater in high-
income countries.

Costs vary considerably between patients in the first 
five years post-stroke. They are highest in patients 
with ICH, older patients, and those with more severe 
strokes. Over time the costs of providing social care 
account for a greater proportion of the total care costs 
of stroke. Prevention transfer pre-hospital services, 
thrombolysis, thrombectomy and early supported dis-
charge services are cost-effective and cost-saving, with 
economic savings to healthcare and social care costs of 
stroke [3, 46].
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Discussion
Most cost-analysis studies conducted thus far have 
focused on short-term, in-hospital costs of a stroke. Most 
of these studies are retrospective analyses of different 
inpatient care databases, and due to diversity in report-
ing, a detailed cost analysis addressing different segments 
of services was not possible. Therefore, there is a need for 
in-depth research using large databases [47]. Stroke inci-
dence is set to increase by 32% in 2035 and 41% in 2040 in 
addition to long-term disability among stroke survivors 
[42]. Updated treatment guidelines and improved detec-
tion of strokes remain the cornerstone [59].

Stroke primary prevention
Only primary care performance in stroke care is associ-
ated with lower hospital costs [60] but despite the progress 
in AF diagnosis and management, prevention of strokes 
remains the cornerstone. The clinical benefits of appro-
priate anticoagulation are widely recognized, and clini-
cians should be aware of the importance of anticoagulation 
therapies in stroke prophylaxis, the occurrence of stroke, 
and the downstream economic burden on an increasingly 
aging population [61]. AF quintuples the risk of stroke. 
Ischemic stroke occurring in patients with AF ≥ 75  year-
old was 2.3 times higher and one-fourth ≥ 80  year-old 
will suffer an AF [62]. The 23.5% with known AF were not 
receiving OAT. The AF was associated with more severity, 
disability and 20% increase in stroke-related costs [63].

Recently [64] Cardiology Associations have proposed 
adding the costs, both in healthcare resources and in social 
burden, due to stroke events associated with poor control 
of anticoagulants in AF, which would increase the mean 
costs significantly. It must be added to overall cost of stroke, 
€295/year/patient with atrial fibrillation and not-treating 
and/or inappropriate anticoagulation treatment.

Regarding HTA, the estimation in the overall popu-
lation of the costs per mmHg reduction does not seem 
to be a comparable methodology given the difficulty of 
having reference values and, especially, the variability 
in blood pressure measurements, treated or not. There-
fore, the cost estimate provided by the different studies 
is neither homogeneous nor does it include all the possi-
ble factors and, therefore, its results would be difficult to 
generalize. Each risk factor would modify the complexity 
in cost estimation and the future seems to be associated 
with the development of machine learning techniques to 
assess the effect severity and unmeasured confounding.

Acute stroke care
The long-term severity and progression of cerebral 
infarction before and after recanalization is modified by 
triage strategy and prehospital pathways, and these have 

not been evaluated enough for complexity and accessi-
bility. The cost can vary significantly by clinical [65] and 
geographic factors. However, there were no significant 
cost differences between direct admission and secondary 
transfer (€214.55- 781.30) [66]. Among the publications 
that focused on direct costs, there was a greater emphasis 
on emergency and short-term care, and less on preven-
tive care (AF and HTA as factors related to stroke inci-
dence), outpatient, rehabilitation, and nursing home care. 
The greatest determinants of costs in year one was hos-
pitalization, representing 48.5% of the overall costs [66].

Given that the published data confirmed that thrombec-
tomy-treated patients were significantly more likely to be 
functionally independent than those receiving standard care, 
early critical care has become a keystone of acute ischemic 
stroke therapy, but also accounted for nearly one-third of the 
total expenditure [58, 67–71]. The costs of selection for End-
ovascular thrombectomy (EVT) have rarely been studied [69, 
70] beyond interventions representing costs made in consec-
utive years post-stroke. Every 10 min of earlier treatment by 
pre-hospital triage and in-hospital workflow to endovascular 
thrombectomy may be €11,968.93 (€6,9589.47–18,027.94) of 
net monetary benefits for taking health care and societal per-
spectives over a disability-free life [72] . Consequently, health 
care policies to implement efficient pre-hospital triage and 
accelerate in-hospital work-flow are needed.

Post‑stroke care
Of the patients who have a stroke, 26.3% will need a car-
egiver, but the costs are higher in the first year due to the 
expense of hospital admission and rehabilitation, which 
represent 33% of the costs. After year one, the increase in 
expenditure seems mainly determined by additional hospital 
admissions and drug treatment, [17, 71] but new data [64] 
showed that the increase in the economic burden (health 
and social costs) is mainly associated with social care (300%) 
after one year post-stroke (€10,204.9–€31,964.9/patient/
year) and up to five years post-stroke vs. a mean health cost 
increase (€15,728.9–€20,994.2/patient/year).

Comprehensive rehabilitation and personalized care 
and support for as long as the person may need should be 
possible. However, it has been shown that [58] the num-
ber of hours of help received by stroke survivors is higher 
than in prior studies. Under base case assumptions, 
home-based rehabilitation was found highly likely to be 
cost-effective (> 90%) compared to center-based rehabili-
tation in most European countries [57].

Global average stroke cost
The total costs varied significantly as a result of the het-
erogeneous cost variables described [68]. In Europe the 
most common cause of death is morbidity and associ-
ated disability [73]. The main forms of CVD are ischemic 
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heart disease (IHD) and stroke [74]. Stroke mortality has 
been declining since the early twentieth century.

The total costs of strokes in 2017 in Europe were €60 bil-
lion [2]; 62% of the costs were for inpatient hospital care, 18% 
for outpatient care, 13% for primary care, 5% for pharma-
ceuticals, 3% for emergency care, and 8% more were spent 
on social care systems. As of now, approximately 34% of the 
global total healthcare expenditure is spent on stroke [75]. 
These costs are especially high in older patients, in patients 
with greater severity, and those with hemorrhagic stroke. 
Patients with early thrombolysis or early rehabilitation 
reduced their health and social care costs by five years after 
stroke. Figure 2 shows the global stroke cost obtained from 
the results of the studies included in the current review.

Few studies have considered the indirect costs of stroke, 
including productivity loss due to morbidity and mortal-
ity, and costs of patients and caregivers usually provided by 
unpaid family members, although the indirect costs have 
been claimed to be large. It has been found that productiv-
ity cost estimates vary remarkably according to the choice 
of method in many disabling diseases such as stroke, and the 
results of monetary amounts are disease-specific, as seen 
when comparing the productivity costs in different stroke 
subtypes. The methodology for estimating lost productivity 
is an area of considerable debate. Existing literature regard-
ing the economic burden of stroke is concentrated in high-
income settings. There are necessary adjustments, especially 
related to vacancy durations and macroeconomic conditions, 
and we encourage future studies to make use of routine data 
to generate more accurate productivity estimates for strokes.

In the Stroke Action Plan for Europe a goal was outlined 
for the management of acute stroke that “every person 
with acute stroke deserves the right to have equal access 
to optimized and efficient stroke care, diagnosis and treat-
ment, regardless of the place of living, age, gender, cul-
ture, social and economic status” [16], but the inclusion of 
adjustment costs may produce a more stringent cost-effec-
tiveness analysis criterion, may affect the relative priority 
of interventions, and make consensus impossible even on 
ordinal rankings of health states [65]. Further studies are 
required to quantify the cost-effectiveness or cost savings of 
these interventions independently and when combined in 
regional strategies and community networks of stroke care.

Conclusions

1. There is a wide interval in the information on the 
global costs of strokes with an average between €610-
€220,822.45 based on the cost of the illness.

2. There is high variability in the relative percentage of 
costs related to each evolutionary stage of stroke: pri-
mary prevention (8.8%), acute stroke (31.67%), and 
post-stroke (49.4%).

3. The greatest determinant of cost was inpatient hos-
pital care, representing 44.49% of overall costs, but 
the increase in the economic burden (health and 
social care costs) is mainly associated with social care 
(300%) after one year post-stroke.

Given the great variability in costs in the different 
studies, it would be convenient to define a common 
schedule for assessing the stroke costs to obtain compa-
rable results. This variability may be related to differences 
among cost factors included, the monetary value, the 
offered services included in each health system, and the 
complexity of access to data from health services.
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