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unit (ICU). Mean total costs of initial hospitalization were 
USD 4,101 (SD  8 4,254) for ICH and USD 1,902 (SD  8 1,426) for 
IS. In multivariate analysis, hemorrhagic stroke, develop-
ment of pneumonia, neurosurgical intervention, stay in ICU, 
and physical therapy were all significant independent pre-
dictors of acute treatment costs. Aggregate national health 
care expenditures for acute treatment of incident ICH were 
USD 122.4 million (range 30.8–274.2) and USD 326.9 million 
for IS (range 82.4–732.2).  Conclusion:  Acute treatment costs 
of incident ICH and IS in Brazil are substantial and primarily 
driven by the intensity of hospital treatment and in-hospital 
complications. With the expected increase in the incidence 
of stroke in Brazil over the coming decades, these results em-
phasize the need for effective preventive and acute medical 
care.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Stroke is the main cause of death in Brazil and presents 
the highest case fatality rate in Latin America  [1, 2] . A re-
cent study from the WHO reports an age-standardized 
death rate from stroke in Brazil to be roughly similar to 
that of China and Pakistan, and substantially higher than 
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 Abstract 

  Background and Purpose:  Although stroke is the leading 
cause of death in Brazil, little information exist on the acute 
treatment provided for stroke and its associated costs. This 
study addresses this gap by both clinically and economically 
characterizing the acute treatment of first-ever intracerebral 
hemorrhage (ICH) and ischemic stroke (IS) in Brazil.  Meth-

ods:  Retrospective medical chart review using data from 
two high-volume stroke centers in São Paulo, Brazil. Clinical 
and resource utilization data for all patients admitted to the 
stroke centers with a first-ever stroke between January 1, 
2006 and May 31, 2007 were collected and the mean acute 
treatment costs per person were calculated by assigning ap-
propriate unit cost data to all resource use. Cost estimates in 
Brazilian reals (BRL) were converted to US dollars (USD) using 
the 2005 purchasing power parity index. National costs of 
acute treatment for incident strokes were estimated by ex-
trapolation of mean cost estimate per person to national in-
cidence data for the two types of stroke. The mean costs of 
acute treatment on a national scale were examined in sensi-
tivity analysis.  Results:  A total of 316 stroke patients were 
identified and their demographic and clinical characteris-
tics, patterns of care, and outcomes were examined. Mean 
length of hospital stay was 12.0 8 8.8 days for ICH and 13.3 8 

23.4 days for IS. Ninety-one percent of the ICH patients and 
68% of the IS patients were admitted to an intensive care 
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observed in Europe and North America  [3] . The latest 
evidence in Brazil indicates an annual stroke incidence 
rate of 108 per 100,000 individuals, and a 1-year case fa-
tality rate of 31%  [4] . Intracerebral hemorrhage (ICH), 
which is associated with a substantially worse prognosis 
than ischemic stroke (IS), accounts for approximately 
14% of all strokes in the country  [4] .

  Despite the significant consequences of stroke to the 
public health in Brazil, the cost of stroke has not been 
thoroughly evaluated. A number of studies have exam-
ined the incidence rate of stroke in specific geographic 
regions of Brazil, while others have considered incidence 
rates of specific stroke subtypes, as well as ethnic, socio-
economic, gender, and stroke type differences in mortal-
ity  [5–10] . To our knowledge, no study has yet examined 
in detail the exact pattern of acute stroke treatment pro-
vided or the hospital costs associated with stroke treat-
ment. Evidence of the actual treatment provided for 
stroke and its economic implications is, however, critical 
for judging the adequacy of current treatment practices, 
the potential for new therapeutic interventions, and hence 
optimal decision making in health care management and 
resource allocation. From a public health perspective, es-
timates of the acute treatment costs for patients with 
hemorrhagic stroke and IS are particularly important as 
they form the basis for understanding the future eco-
nomic challenges presented by an increasing incidence 
and prevalence of the two major types of stroke.

  To better understand the current treatment patterns 
for stroke and their costs in Brazil, this study considers 
both of these parameters in patients admitted to hospital 
for a first-ever stroke (ICH or IS).

  Subjects and Methods 

 Patient Population 
 In the absence of a national stroke registry in Brazil that con-

tains data on the annual number of hospital admissions for stroke, 
their treatment, or their treatment costs, we designed a retrospec-
tive study based on medical records at two Brazilian hospitals 
receiving a high volume of stroke patients. On the basis of the re-
source utilization observed at these hospitals, we assigned appro-
priate unit costs to estimate mean hospital costs per stroke pa-
tient, and on the basis of the published literature on the incidence 
of stroke in Brazil, we extrapolated mean treatment costs to a na-
tional level. We identified patients with a first-ever diagnosis of 
ICH or IS according to ICD-10 codes I60–I69, between January 1, 
2006 and May 31, 2007, admitted to Hospital Santa Marcelina and 
Universidade Federal de São Paulo, São Paulo, Brazil. We includ-
ed patients aged 21 years or older who were admitted for acute 
treatment with a confirmed diagnosis of ICH or IS through com-
puted tomography (CT) scan or magnetic resonance imaging 

(MRI). To assess treatment patterns and costs in an  incident  
stroke population, we excluded ICH and IS patients with a previ-
ous stroke. The institutional ethics committees at the two hospi-
tals approved the study.

  Data Collection 
 The following baseline data were collected from medical re-

cords: age, gender, recognized risk factors for stroke (i.e., arterial 
hypertension, alcohol intake, smoking, diabetes mellitus, dyslip-
idemia), and presence of comorbidities. In addition, baseline glu-
cose level, systolic/diastolic blood pressure, body temperature, 
Glasgow Coma Scale (GCS) score, and CT scan findings were 
recorded. Radiological findings were determined in the initial 
CT scan and classified according to location and volume of he-
matoma, and midline shift (i.e., displacement of the septum pel-
lucidum across midline). ICH volume was calculated by analysis 
of CT scans according to the ABC/2 method  [11] . Data on neu-
rological alterations (i.e., diplopia, right/left hemiparesis, head-
ache, right/left hemiplegia, aphasia) at hospital admission were 
also recorded. All resource utilization data were collected re-
garding the treatment provided during initial hospitalization, 
including patient disposition status, length of stay [LOS; emer-
gency room, intensive care unit (ICU), and general ward], diag-
nostic tests performed on admission and during the hospital stay 
(i.e., CT scan, MRI, echocardiography, digital angiography, ca-
rotid echo Doppler, chest X-ray), surgical interventions, inten-
sive care procedures, radiology examinations, laboratory tests, 
and rehabilitation. Clinical outcomes were assessed as in-hospi-
tal mortality, functional outcome at hospital discharge, and dis-
charge destination. Functional outcome was estimated on the 
basis of medical records and direct patient assessment, and re-
ported according to the National Institutes of Health Stroke 
Scale (NIHSS) and/or the modified Rankin Scale (mRS). Dis-
charge destination was recorded for each patient as either death 
or transfer to another hospital, nursing home, rehabilitation facil-
ity, the patient’s home or other.

  Statistical Analysis 
 Descriptive statistics on baseline characteristics, treatment 

provided, and outcomes observed were produced separately for 
ICH and IS. Continuous variables are described as mean  8  SD or 
median values with 25th and 75th percentiles. To calculate costs 
of hospital care, we multiplied the specific resource use observed 
for each patient during their hospital stay with the appropriate 
national 2007 unit cost data obtained from Sistema Único de 
Saúde (SUS; United Health System) (see Appendix, online version 
only, www.karger.com/doi/10.1159/000184747  [12] . The costing 
methodology applied by SUS involves a surgical package if the 
patient undergoes surgery and a medical package for nonsurgical 
patients. The packages cover the costs of 7 general ward days, 
medication, laboratory tests, medical exams, and normal nutri-
tion. All other health care services outside this package are reim-
bursement at service-specific rates. As the national unit cost data 
from SUS are not specific to stroke care, and the system applies 
tariffs that are well below actual costs, we applied a recommend-
ed adjustment factor of 3.125 (for medium-complexity proce-
dures) to all unit costs to obtain a reasonable approximation to 
the actual costs incurred  [13] . Cost estimates in Brazilian reals 
(BRL) were converted to US dollars (USD) using the 2005 pur-
chasing power parity index (1 USD = 1.4 BRL)  [14] . In the absence 
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of 2007 data, we assumed that the purchasing power parity had 
remained constant since 2005. To estimate the mean acute treat-
ment costs for ICH and IS, we summed individual treatment costs 
divided by the respective number of patients. Acute treatment 
costs were stratified by patient characteristics to examine their 
statistical association. For continuous variables, we analyzed the 
relationship using ANOVA as well as a nonparametric Wilcoxon 
test, when the assumption of normality was untenable. For the 
analyses of categorical variables, the  �  2  test of association was 
conducted. We also investigated independent determinants of 
acute treatment costs in the combined cohort in multivariate 
analysis using ordinary least squares; p  !  0.05 was considered sta-
tistically significant.

  National Cost Estimation 
 The national costs of acute stroke treatment for incident 

strokes were estimated by multiplying the mean treatment costs 
with the estimated incidence rates of ICH and IS in Brazil (108 per 
100,000 cases; 14.8% hemorrhagic and 85.2% ischemic)  [4] . These 
incidence data are based on estimates provided by Minelli et al. 
 [4]  in the latest assessment of stroke incidence in the country. 

Population data were obtained from the United Nations Popula-
tion and Vital Statistics Report and the Brazilian Institute for Ge-
ography and Statistics  [15, 16] . We examined the sensitivity of our 
results by applying adjustment factors of 0.787 and 4.167 to the 
unit cost data provided by SUS. These recommended adjustment 
factors were based on the average ratio between SUS reimburse-
ment rates and the actual costs of a high- and low-complexity 
procedure, respectively  [13] . We also examined the sensitivity of 
the cost estimates using a much higher adjustment factor (7) with 
the concern that published adjustment factors severely underes-
timate the true cost of stroke care.

  Results 

 Sample Characteristics 
 Baseline characteristics of the two patient groups are 

summarized in  table 1 . A total of 45 patients with a first-
ever ICH and 271 with a first-ever IS were identified. The 
mean age was 64.0 years for ICH (SD  8 13.3) and 61.3 
years for IS (SD  8 13.7). A higher proportion of IS patients 
were  6 70 years of age compared with ICH patients (39 
vs. 29%). Males represented 60 and 54% of the ICH and 
IS populations, respectively. The most common comor-
bidities for both ICH and IS patients were hypertension, 
heart disease, and diabetes mellitus. A history of smoking 
and alcoholism was observed in 37 and 15% of IS patients, 
respectively, and in 18 and 18% of ICH patients, respec-
tively.

  Mean ICH volume on initial CT scan was 12.5  8  13.7 
ml (range 0.4–75.0). Median baseline GCS score upon 
hospital admission was 13.5 (range 4–15) for ICH and 15 
(range 3–15) for IS. The median NIHSS score on admis-
sion was 10 (range 1–30) for ICH and 6 (range 1–30) for 
IS. Fourteen percent of the ICH patients had a GCS score 
 ̂  8 compared to 2% of the IS patients. The most signif-
icant neurological alterations for both types of stroke 
included right/left hemiparesis (47% for ICH and IS), 
and right/left hemiplegia (16% for ICH and 15% for IS). 
A total of 6% of the patients developed pneumonia dur-
ing the hospitalization and 3% developed other infec-
tions. Overall in-hospital mortality was 33.3% for ICH 
and 6.6% for IS ( table 2 ). At hospital discharge, the me-
dian NIHSS score was 6.0 (25th and 75th percentile: 4.5 
and 12.5) for ICH patients and 4.0 (25th and 75th per-
centile: 2.0 and 6.0) for IS patients. Using the mRS as an 
outcome measure of disability, 38% of the ICH popula-
tion and 79% of the IS population had no to moderate 
disability (mRS 0–3). A majority of patients in the ICH 
population (58%) and the IS population (91%) were dis-
charged home.

Table 1. Patient characteristics on hospital admission

ICH IS

Patients 45 271
Age (mean 8 SD), years 64813 61814
Male 27 (60) 145 (54)
Smoking 8 (18) 100 (37)
Alcoholism 8 (18) 41 (15)
Substance abuse 0 (0) 3 (1)
Comorbidity

Diabetes mellitus 7 (16) 85 (31)
Arterial hypertension 38 (84) 216 (80)
Cardiovascular disease 4 (9) 41 (15)
Blood pressure (mean 8 SD), mm Hg

Systolic 170840 152840
Diastolic 100824 93828

Glucose level (mean 8 SD), mg/dl 157869 149886
Hematoma volume, cm3

Mean 8 SD 13814 NA
Median 9 NA
Minimum 0.4
Maximum 75
Midline shift present 11 (24) 10 (4)

Baseline NIHSS score
Median 10 6
Minimum 1 1
Maximum 30 30

Baseline GCS score
Median 14 15
Minimum 4 3
Maximum 15 15

Figures in parentheses indicate percentages.
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  Treatment Patterns 
 The overall mean hospital LOS was 12.0  8  8.8 days 

for ICH and 13.3  8  23.4 days for IS ( table 3 ). Twenty-
seven percent of ICH patients and 6% of IS patients were 
admitted to an ICU for a mean LOS of 2.7  8  5.6 and 0.3 
 8  1.7 days, respectively. Overall, 78% of ICH patients 
and 83% of IS patients had a CT scan upon hospital ad-
mission (i.e., within 24 h). During follow-up (i.e., after the 
first 24 h following admission), a significant proportion 
of IS patients underwent a digital angiography (26%), 
MRI (35%), and carotid echo Doppler (39%). Among ICH 
patients, 13% underwent surgical evacuation for their he-
matoma, 9% had a ventricular peritoneal shunt, and only 
2% underwent intracranial pressure monitoring. In addi-
tion, 29% of ICH patients were mechanically ventilated 
during intensive care. Twenty-seven percent of ICH pa-

tients and 16% of IS patients were seen by a physical ther-
apist, while 22 and 17%, respectively, were seen by a nu-
tritionist.

  Costs 
 Mean cost of initial hospital care was USD 4,101 (SD 

 8 4,254) per ICH patient, and USD 1,902 (SD  8 1,426) per 
IS patient ( table 4 ). Given the unit costing methodology 
applied by SUS, the surgical and medical packages com-

Table 2. Clinical outcomes at hospital discharge

Clinical outcomes ICH (n = 45) IS (n = 271)

NIHSS score
Patients 16 206
Mean 8 SD 987 584
Median 6 4 
25th percentile 5 2
75th percentile 13 6
≥15 3 (19) 5 (2)
<15 13 (81) 201 (98)

mRS scale score
Patients 39 255
0 0 (0) 15 (6)
1 6 (15) 60 (24)
2 4 (10) 88 (35)
3 5 (13) 38 (15)
4 8 (21) 33 (13)
5 1 (3) 3 (1)
6 15 (39) 18 (7)

Discharge referral status
Dead 15 (33.3) 18 (6.6)
Other acute hospital 3 (6.7) 4 (1.5)
Nursing home1 0 (0) 0 (0)
Rehabilitation facility 1 (2.2) 1 (0.4)
Home 26 (57.8) 246 (90.8)
With ambulatory control2 8 (17.8) 48 (17.7)
Other 0 (0) 2 (0.7)

Figures are numbers with percentages in parentheses, unless 
indicated otherwise.

1 The Brazilian public health care system does not offer nurs-
ing homes as a treatment facility. 

2 Patients discharged home, yet required to return to hospital 
for regular checkups. 

Table 3. Treatment patterns for ICH and IS

ICH IS

Days in hospital
ICU

Patients admitted, % 27 6
Mean stay (8SD) 2.785.6 0.381.7

Stroke unit1

Patients admitted (overall), % 7 11
Mean stay (8SD) 0.381.3 1.384.7
Patients admitted at UNIFESP, % 50 47

General ward
Patients admitted, % 69 82
Mean stay (8SD) 6.687.1 7.986.6

Total length of stay (mean 8 SD) 12.088.8 13.3823.4
Imaging exams – baseline (>24 h)2

CT scan 35 (78) 226 (83)
Echocardiography 0 (0) 4 (2)
Carotid echo Doppler 0 (0) 10 (4)
Chest X-ray 4 (9) 48 (18)

Follow-up exams (>24 h)2

CT scan 32 (71) 84 (31)
MRI 5 (11) 95 (35)
Echocardiography 0 (0) 47 (17)
Digital angiography 6 (13) 71 (26)
Carotid echo Doppler 1 (2) 105 (39)

Surgical procedures2

Hematoma evacuation 6 (13) 3 (1)
Ventricular peritoneal shunt 4 (9) 0 (0)
Intracranial pressure monitoring 1 (2) 0 (0)

Intensive care2

Nasogastric intubation 23 (51) 48 (18)
Mechanical ventilation 13 (29) 11 (4)

Laboratory tests2

Glycemia/glucose 34 (76) 185 (68)
Platelets 39 (87) 256 (95)
Prothrombin time 31 (69) 184 (68)
Activated partial thromboplastin time 34 (76) 197 (73)
Liver function 3 (7) 34 (13)
Renal function 20 (44) 78 (29)

UNIFESP = Universidade Federal de São Paulo.
1 Only UNIFESP contains a stroke unit.
2 Figures indicate numbers with percentages in parentheses.
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bined represented the largest proportion of costs (41% for 
ICH and 48% for IS). Other major cost components were 
stay in the ICU (31% of total costs for ICH and 8% for IS) 
and CT scanning (19% of costs for ICH and 25% for IS). 
The mean treatment cost differed significantly by NIHSS 
score upon hospital admission for IS (NIHSS score  6 15: 
USD 2,397; NIHSS  ! 15: USD 1,811; p = 0.006), while a 
strong trend towards higher costs was observed for ICH 
(NIHSS score  6 15: USD 5,663; NIHSS  ! 15: USD 3,117,
p = 0.086). The treatment costs for ICH patients who un-
derwent neurosurgery were almost four times higher than 
for patients who did not undergo surgery (USD 10,256 vs. 
USD 2,562, p  !  0.001). ICH patients who developed pneu-

monia during the hospital stay also incurred significantly 
higher costs (USD 8,485 vs. USD 3,553, p = 0.015), as did 
IS patients with pneumonia (USD 4,251 vs. USD 1,776,
p  !  0.001) and other infections (USD 3,435 vs. USD 1,857, 
p = 0.007). Finally, costs also differed significantly by 
mRS score at discharge for both ICH (p = 0.032) and IS 
(p = 0.007) patients. In ICH patients, the mean cost by 
mRS ranking ranged from USD 1,475 (mRS score = 1) to 
USD 6,370 (mRS score = 4), while the mean costs for IS 
patients ranged from USD 1,622 (mRS score = 0) to USD 
3,188 (mRS score = 4). When adjusting for all patient and 
treatment characteristics in multivariate analysis, stroke 
type (USD 708), development of pneumonia (USD 1,456), 

Table 4. Mean cost per patient (in USD)1 in 2007 (with sensitivity analysis) 

Medical resource Unadjusted
(SUS reimbursement rates)

Conversion for high-complexity 
procedures (0.787)2

Conversion for medium-
complexity procedures (3.125)2

ICH (n = 45) IS (n = 271) ICH IS ICH IS 

Surgical package3 3118628 298178 2448494 238140 97081,963 908556
Medical package4 2238113 264862 175889 208849 6968352 8258193
Room and board

Emergency room5 080 0.180.9 080 0.1180.7 080 0.483
ICU 4078851 488265 3208669 388208 1,27282,658 1518828
General ward6 385 585 384 484 11814 15815

Imaging and radiology exams
CT scan 2458141 152883 1938111 120865 7668441 4768258
MRI 287 8811 285 689 7820 25835
Echocardiography 080 16836 080 12828 080 498112
Digital angiography 17844 34856 13835 26844 538137 1058176
Carotid echo Doppler 0.583 10812 0.483 889 2810 30838
Transcranial Doppler 080 5819 080 4815 080 15861
Doppler of the lower extremities 080 1811 080 189 080 3834

Support
Nasogastric intubation 918148 358107 718116 28884 2848461 1088333
Parenteral nutrition 080 1813 080 1810 080 2841
Central venous catheter 13830 2814 10824 2811 40894 8844

Total cost
Mean 8 SD 1,31281,361 6098457 1,03381,071 4808359 4,10184,254 1,90281,426
Median 586 526 461 414 1,831 1,645
25th percentile 526 424 414 334 1,645 1,326
75th percentile 1,851 582 1,456 458 5,783 1,820

1 Costs were converted to USD using the 2005 purchasing 
power parity index (1.4 BRL = 1 USD). Since there are no 2007 
purchasing power parity data available, we assume that the 2005 
rate has remained constant.

2 Cost adjustment factors are based on the average ratio be-
tween SUS reimbursement rates and actual costs of given proce-
dures, grouped by level of complexity. 

3 Surgical package cost is used for all patients who underwent 
any surgical procedure. 

4 Medical package cost is used for all patients who did not un-
dergo any surgical procedure, and had an emergency room LOS
>48 h or who were transferred from the emergency room to an-
other hospital setting during their hospitalization.
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neurosurgical intervention (USD 3,225), stay in ICU (USD 
3,654), and physical therapy (USD 373) were significant 
independent predictors of acute treatment costs ( table 5 ). 
The predictive model explained a very large proportion of 
the variation in treatment costs (R 2  = 0.79).

  Extrapolating the mean costs of initial hospital care for 
first-ever ICH and IS to the overall incidence of these forms 
of stroke in Brazil (16 per 100,000 for ICH and 92 per 
100,000 for IS) resulted in aggregate national health care 
expenditures of USD 122 million for ICH and USD 327 
million for IS. Exploring the sensitivity of these results to 
the unit cost data applied in the baseline estimation by ap-
plying a factor of 0.787–7.0 to the unadjusted data provided 

by SUS implied a range of mean initial hospital costs of 
USD 1,312–9,186 per ICH patient, and USD 609–4,260 per 
IS patient. At a national level, these sensitivity analyses im-
plied health care expenditures of USD 39 million to USD 
274 million for ICH and USD 105 million to USD 732 mil-
lion for IS.

  Discussion 

 This study provides the first detailed description of 
the acute treatment costs associated with stroke in Bra-
zil. We find mean acute treatment costs per ICH patient 
of USD 4,101 and USD 1,902 per IS patient. At a national 
level, the annual cost of acute stroke treatment translates 
into USD 122 million for ICH and USD 327 million for 
IS. It is important to note, however, that the cost of acute 
care for stroke only represents the ‘tip of the iceberg’ 
from a societal level. In addition to the direct costs as-
sociated with follow-up care and home care after hospi-
tal discharge, there are also indirect costs associated with 
stroke in terms of foregone productive activity attribut-
able to premature mortality and morbidity. Economic 
studies on the cost of stroke in Europe and the United 
States indicate that as much as 65% of the total lifetime 

Conversion for low-complexity 
procedures (4.167)2

High conversion factor (7.0)

ICH IS ICH IS 

1,29482,617 1218742 2,17484,397 20281,246
9288469 1,1018257 1,5608789 1,8498432

080 184 080 186
1,69683,544 20281,104 2,84985,954 33981,854

14819 19820 24832 33833

1,0218588 6358344 1,7168987 1,0668578
10827 33847 16846 56879

080 658150 080 1098251
718183 1408235 1198308 2348394

2814 41850 3823 68884
080 20881 080 338136
080 4846 080 7877

3788615 1448445 63681,033 2418747
080 3854 080 6891

538125 10858 898211 17898

5,46885,672 2,53681,902 9,18689,529 4,26083,195
2,441 2,193 4,101 3,684
2,193 1,768 3,684 2,971
7,711 2,426 12,954 4,076

5 Patient is charged emergency room cost only if emergency room 
LOS <48 h and the patient was not transferred to another setting (i.e. 
discharged from or died in emergency room).

6 General ward cost is charged to patients for every additional day 
after a 7-day LOS in the general ward.

Table 5. Multivariate analysis of hospital treatment costs for 
stroke

Variable Coefficient p value

Stroke subtype (reference: IS)
ICH 708.02 <0.0001

Age –4.25 0.327
Gender (reference: female)

Male –77.05 0.479
Died during hospitalization –262.81 0.221
GCS score on admission [reference: mild (13–15)]

Moderate/severe (3–12) 123.60 0.515
Development of pneumonia 1,456.21 <0.001
Development of infection –182.74 0.629
Hypertension –175.70 0.223
Diabetes 18.17 0.884
Dyslipidemia 3.26 0.987
Heart disease 30.00 0.890
Cardiac arrhythmia 228.88 0.335
Chronic renal insufficiency 273.32 0.293
Underwent neurosurgery 3,224.56 <0.001
Stay in ICU 3,653.70 <0.001
Physical therapy 372.62 0.014
R2 0.786
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societal cost associated with stroke may relate to indirect 
costs  [17, 18] .

  Our study is the first of its kind to document the costs 
of hospital care for incident stroke in Brazil. As evident 
from the WHO Global Infobase, there is a pronounced 
scarcity of epidemiological studies of stroke in develop-
ing countries – ranging from ‘simple’ monitoring of the 
incidence of the disease, to the more elaborate evaluation 
of risk factors, clinical outcomes and even health eco-
nomic evaluations  [19] . This finding is particularly dis-
turbing as approximately two thirds of all strokes occur 
in precisely these countries  [20–22] . The WHO STEPS 
Stroke Surveillance System has been initiated to assist 
health care planners and policy makers in ongoing sys-
tematic data collection, analysis and dissemination of 
stroke data. Reliable data are clearly a prerequisite for de-
veloping cost-effective strategies for meeting the de-
mands for stroke prevention and health care  [19] . How-
ever, detailed evidence of the actual treatment provided 
for stroke and its economic implications is also critical in 
developing countries. Such information allows health 
care planners at a local and national level to judge the ad-
equacy of current treatment practices, and prioritize 
health care resources between prevention and treatment, 
as well as within the health care system from emergency 
medicine to follow-up care and rehabilitation.

  In our study, we find the acute treatment cost of stroke 
driven by neurosurgical interventions, stay in ICU, physi-
cal rehabilitation, and development of pneumonia. While 
the value of neurosurgical interventions after ICH has re-
cently been debated  [23] , it is clear that both stay in ICU 
and physical rehabilitation represent core components of 
modern stroke care  [24–26] . Development of pneumonia 
on the other hand is a very tangible clinical complication, 
which may effectively be addressed. Careful monitoring of 
fever after stroke is necessary to help rapid detection and 
treatment of pneumonia. Development of pneumonia may 
also potentially be prevented through careful protection 
of the airway and suctioning to lower the risk of aspiration. 
Measures to treat nausea and vomiting may also lower the 
risk of aspiration pneumonia  [25] . While a greater focus 
on infection control and management may increase the 
costs over the short term, the long-term societal benefits 
from improved clinical outcomes may be substantial due 
to a lower level of forgone productive activity.

  The initial hospitalization costs for ICH and IS ob-
served in our study are substantially lower than cost esti-
mates reported for European countries and the USA. In 
Germany, Weimar et al.  [27] , for instance, examined out-
comes and cost of stroke care across 30 German centers 

between 1998 and 1999, and reported mean treatment 
costs of EUR 4,679 (USD 6,945) for 4,510 patients admitted 
with IS and EUR 5,301 (USD 7,865) for 578 patients admit-
ted with ICH. Quite similarly, Dodel et al.  [28]  reported 
mean treatment costs of EUR 3,480 (USD 5,167) for 179 
patients admitted with IS and EUR 5,080 (USD 7,543) for 
33 patients admitted with ICH. In the USA, the mean costs 
of the initial hospitalization for IS and ICH have recently 
been estimated at USD 6,190 and USD 10,552, respectively, 
in the Medicare population  [29] . Although international 
differences in inpatient resource utilization and follow-up 
care can be attributed to differences in clinical practices 
and guidelines, the organization and financing of health 
care also play an important role. The reimbursement rates 
offered by SUS in Brazil, for instance, are substantially 
lower than observed in the United States and Europe.

  This study has some limitations. First, we were limited 
by the data available in Brazil for this study. As no nation-
al or regional electronic database or registry exists on the 
annual number of stroke patients treated in hospital, their 
exact form of treatment, or their costs, it was necessary to 
study these parameters retrospectively through a review 
of medical records at selected hospitals with a high vol-
ume of stroke patients. As a result it remains an open 
question whether and to what extent our observations on 
treatment patterns and costs can be generalized to all hos-
pital centers in Brazil. In our sensitivity analysis, however, 
we examined a very broad range of assumptions on the 
cost of stroke care, and the cost of stroke at other hospital 
centers in Brazil needs to be dramatically different to re-
sult in national cost estimates substantially different from 
our results. Nevertheless, as part of future research, it is 
recommended that a prospective, country-wide, observa-
tional study or national registry is initiated to confirm our 
findings. Second, in Brazil the use of health care services 
also differs greatly according to socioeconomic status. 
The population with higher income frequently uses pri-
vate health care services at different quality, quantity, and 
price than observed at public institutions. As our study 
focused only on the cost of acute and subacute stroke care 
provided at public hospitals, the overall cost of stroke care 
in Brazil will clearly be higher than reported in this study 
if also private health care spending had been included. 
Third, we were also limited by available unit cost data in 
Brazil. The reimbursement rates provided by SUS are 
widely recognized as poor estimates of the true costs of 
health care. While we made a conservative correction in 
our estimations to account for the fact that the SUS unit 
cost data cannot be considered representative of the true 
cost of stroke care in Brazil, future research should aim to 
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collect nationally representative unit cost data. Fourth, 
our study only addressed the direct initial hospital costs 
of stroke. Excluding the cost of all nonhospital health care 
implies an underestimation of the full economic cost of 
ICH and IS to health care payers. Lastly, our study did not 
take into account the impact of ICH and IS on quality of 
life. Given that many ICH and IS survivors are left with 
significant functional disabilities, the nonmonetary cost 
to survivors and their family can be substantial.

  In summary, we find the mean initial hospitalization 
costs for ICH and IS in Brazil to be substantial, and pri-
marily driven by intensity of hospital treatment and in-

hospital complications. With the expected increase in the 
incidence of stroke in Brazil over the coming decades, 
these results emphasize the need for effective preventive 
and acute medical care.
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