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ABSTRACT 

Geographic Information Systems are defined as computer systems used to collect, analyze, 

manage, store and display georeferenced information. This study identifies the use of 

Geographic Information Systems in studies concerning stroke in Brazil. Methods: Articles 

published during the last 25 years, from three health databases, were checked. Articles dealing 

with spatial analysis and mapping of stroke in Brazil using Geographic Information Systems 

were included. Results: Eleven studies involved the use of Geographic Information Systems 

to analyze the geodemographic pattern of stroke occurrence. Most of the analyzed studies 

used software TerraView and comprised the Southeast region in Brazil. In the Northeast 

Brazil, two studies have mapped stroke. Conclusion: Geodemographic tools are useful for 

studying stroke. Understand the characteristics and particularities of these systems are of 

interest to professionals providing patient assistance and managers involved in healthcare and 

preventive policies. 
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RESUMO 

Sistemas de Informações Geográficas são definidos como programas computacionais 

utilizados para coletar, analisar, manejar, armazenar e visualizar informações 

georreferenciadas. Esse estudo pontua a utilização dessas ferramentas no estudo dos 

Acidentes Vasculares no Brasil. Métodos: Artigos publicados nos últimos 25 anos em três das 

principais Bases de Dados em Saúde foram avaliados. Foram incluídos artigos relacionados à 

análise espacial e ao mapeamento do Acidente Vascular utilizando Sistema de Informações 

Geográficas no Brasil. Resultados: Onze estudos envolviam o uso de Sistema de Informações 

Geográficas na análise do padrão geodemográfico do Acidente Vascular. A maioria dos 

estudos analisados utilizou o software TerraView e enfocava dados da região Sudeste. Dois 

estudos envolveram mapeamento geodemográfico do Acidente Vascular na região Nordeste 

do Brasil. Conclusão: Ferramentas de geodemografia são úteis no estudo do Acidente 

Vascular. Conhecer suas características e particularidades é de interesse para os profissionais 

de saúde e gestores envolvidos na geração de políticas assistenciais e preventivas.  

 

Palavras-chave Acidente Vascular Encefálico, Mapeamento Geográfico, Sistemas de 

Informação Geográfica, Softwares em Saúde. 

 

  



INTRODUCTION 

The use of Geographic Information Systems (GIS) in health is a relatively recent 

advent. From the late 1980s and early 90s, GIS and other spatial localization approaches 

started to be used in health research due to the importance of understanding the social, 

economic and ecological context
1,2

. 

GIS are defined as computing systems used to collect, analyze, manage, store and 

display georeferenced information, and on occasions have been featured in scientific 

publications dealing with Brazilian Public Health data
1–3

. 

Spatial analysis can be based on a visual pattern of distribution of an event through a 

map (thematic map) or a statistical spatial pattern, when you want to relate the distribution 

pattern found with objective considerations (Figure 1). 

There are several programs and applications (free of charge or not) on the market
1,3

, 

possessing specific characteristics according to demand. 

The use of these tools have been helpful in understanding the intra-regional 

inequalities that characterize social and environmental problems, generating an 

epidemiological mosaic
4
. Understanding regional and spatial nuances by mapping is essential 

for the identification and classification of geographical patterns associated with diseases or 

risk factors. 

The geoprocessing in health has the potential to assist managers in decision-making 

concerning allocation of resources, surveillance strategies, planning and prevention as well as 

health promotion
4,5

. 

Cerebrovascular events have a significant incidence and prevalence in Brazilian 

population
6
. Although preventable

7
, they lead to significant morbidity and mortality and are 

responsible for high economic and social costs
7–9

. The use of geoprocessing tools in this 

scenario is desirable. 

This study highlights the use of geoprocessing tools to analyze cerebrovascular data in 

Brazil. 

 

METHODS 



Between March/2014 and May/2016, a literature review comprising thesis and articles 

related to spatial analysis of stroke in Brazil was performed. The health databases PUBMED, 

SCIELO and BRAZILIAN DIGITAL LIBRARY OF THESIS AND DISSERTATIONS were 

consulted. The descriptors: Geographic Information Systems, Spatial Distribution, Cluster 

Analysis and Stroke, Cardiovascular Disease, Mortality and Public Health were used. Articles 

were selected within a time interval that included the last 25 years (1990-2015). Studies 

related to spatial analysis of stroke in Brazilian population and that used GIS software were 

included. 

RESULTS 

Sixteen articles dealt with stroke mapping in Brazil. Five were excluded for not using 

GIS software for data analysis, resulting in eleven selected papers (Table 1). 

Eight softwares were used for spatial statistical analysis and construction of 

demographic maps and their characteristics are presented on Table 2. The GIS softwares used 

included: ArcView/ArcGIS, GeoDa, GeoMedia, MapInfo, Maptitude, Quantum GIS (QGIS), 

SigEpi and TerraView. 

When considering the complete use of the computational tools (spatial statistical 

analysis and construction of demographic maps), TerraView figured in 5 articles, followed by 

ArcView/ArcGIS (four articles), MapInfo (two articles), GeoDa, SigEpi, GeoMedia, QGIS 

and Maptitude (one article each). Taking into consideration only the construction of maps, 

TerraView was responsible for making four demographic maps, ArcView/ArcGIS by three 

maps, Mapinfo by two maps and GeoMedia and QGIS for one map each (Table 3). 

When analyzed by region of origin of the data displayed, Southeast Brazil (SE) 

figured in six published works, the South (S) appeared in four works, the North (N) and the 

Northeast (NE) in two publications each, and the Midwest (CO) appeared in one. In this 

context, one of the studies, authored in the SE region, displayed data of all regions (Table 3). 

The publication line displaying mapping stroke using GIS shows oscillations in the 

last eight years. In 2006, the first records are of two articles. The peak was reached in 2009 

and 2012 with the publication of three papers each year. No study on GIS use in stroke was 

published in 2015 (Figure 2). 

DISCUSSION 



Georeferencing tools help chart a spatial overview of the disease and/or population-

related risk factors, assisting the understanding of a health phenomenon. Their use can justify 

public policies and allocation of resources
2,4

.  

Considering the application of GIS tools to map stroke data, the articles evaluated in 

this study provide an enhanced view of epidemiological information, generating new concepts 

derived from geographic distribution of cases. 

Although GIS use to map several types of data has been around for many decades, its 

use to analyze and map health events is relatively recent
1,2

. In Brazil, use of GIS is well 

stablished to describe data related to the  infectious diseases
2
. Governmental agencies largely 

apply GIS, including the Center for Disease Control and Prevention in US, which provides, 

for free, georeferenced maps on stroke in the United States. The public can also consult the 

Interactive Atlas
10

 where the stroke subtypes, according to the number of hospitalizations, 

mortality and preventable deaths are represented. Further refinement of data is available for 

data comprising any US state, including mapping by ethnic group, age, gender and year. In 

Brazil, the Sociedade Beneficente Isrealita Brasileira Albert Einstein offers, free of charge, 

the Atlas of Health
11

 containing georeferenced maps on the availability of health services in 

Brazilian cities as São Paulo and Fortaleza. 

Various softwares operating with Geographic Information Systems (GIS) are available 

in the market
1,3

.  TerraView, ArcView / ArcGIS and MapInfo were the main tools applied to 

build demographic maps and spatial statistical in stroke in Brazil. TerraView, used most, is a 

free source software that requires little space for storage, has its own instruction manual and 

has a package of tools that enables the management of data
12

. In contrast, ArcView/ArcGIS 

and MapInfo have restricted licenses and occupy broader memory space
13,14

. 

Studies related to stroke, using GIS, are in early stage in the Brazilian medical 

literature. The first publications using GIS to describe stroke data in Brazil were published in 

2006 and features data comprising Northeast and Southeast regions. In this review, the 

Southeast region in Brazil contributed with the highest number of articles on the subject. One 

possible reason for this might reside on numerous institutions with specific expertise that are 

located in this area of the country.  

In this review, no studies comparing the use of different Geographic Information 

Systems or it capabilities in Brazilian medical literature were found. Furthermore, such an 



important research tool is clearly underused in the cerebrovascular scenario: from 2006 to 

2015, less than a dozen articles were published on the subject. The number of articles found in 

major medical databases varied, achieving the highest peak in 2009 and 2012. No publications 

on the use of GIS tools to describe stroke in Brazil were recorded during years 2007, 2010, 

2011 and 2015.  

Although academic interest in this subject can be recognized by the fact that eight 

selected studies were thesis, only two of these were published as articles in scientific journals. 

Limitations in methodology also prevented inclusion of a few studies and comprised lack of 

information about the software chosen, its versions, parameters or options selected for 

outsourcing spatial statistical analysis and a general lack of details on the process used.  

In 2015, Kaup et al
15

 published a paper on georeferencing of stroke deaths using R 

program language. This article was not included in our data though. R, a command line based 

program, is a free software environment for analyzing data and graphical visualization
16

. 

When programed to, this software can work “as a GIS tool”, but, by definition, it is not 

considered one.  

Other articles/abstracts and thesis using GIS to map cerebrovascular data could be 

found only by secondary referencing
17–21

. For the sake of completeness, they were listed 

amongst our references but were not included in the analysis due to them being: 1) not 

included in indexed journals; 2) unpublished works, not available on digital databases; or 3) 

data processed by a third part other than the main authors. 

To this date, this study is the only account on the use of GIS tools to map stroke in 

Brazil.  

CONCLUSION 

Less than a dozen articles comprising the use of georeferencing tools to map stroke in 

Brazil were published in a 25-year period. TerraView, ArcView/ArcGIS and MapInfo were 

the most frequently used softwares in this scenario and data from the Southeast region is most 

often depicted. Compared to other clinical settings, use of georeferencing tools to map stroke 

in Brazil is a severely underused instrument. Geodemographic tools are useful in 

understanding cerebrovascular events. Mastery of their use and knowledge of features and 

characteristics is needed to health professionals and managers involved in the care of patients. 

 



Table 1. Publications using GIS to describe stroke data in Brazil, according to database 

Databases                  Number of articles 

PUBMED/SCIELO   3* 

BRAZILIAN DIGITAL LIBRARY OF 

THESIS AND DISSERTATIONS 

8 

* Found in both databases. 



Table 2. Characteristics of GIS softwares used to describe stroke in Brazil 

Software Developer   
Current 

Version 

Used 

Version 
License Signature

¶
 File Size 

Operating 

System 

Arcview
 Ψ

 / 

ArcGIS
14

 
Esri 10.2.1 

3.2;  3.3; 

9.2;  9.3 

Trial 

(90 days) 
$ 824,1 MB Windows 

GeoDa
22

 GeoDa Center 1.6.0 NI Free - 15,8 MB 

Windows 

Mac OS 

Linux 

GeoMedia
23

 
Intergraph 

Corporation 
14.2 6.0 

Trial $$$ 
1.93 GB 

Windows 

 

Mapinfo
13

 
Pitney Bowes 

Software Inc. 
12.0.3 

8.5 

6.0 

Trial 

(30 days) 
$$$ 423 MB Windows 

Maptitude
24

 
Caliper 

Corporation 
2014 4.6 

Trial 

(30 days) 
$$ NI Windows 

Quantum 

GIS
25

 
OSGeo 2.8 2.2 Free - 279 MB 

Windows 

Mac OS 

Linux 

SIGEpi
26

 OPS 1.0.4 NI 
Trial 

(90 days) 
Free 47,0 MB Windows 

TerraView
12

 INPE 4.2.2 
3.2.0 

3.1.2 
Free - 71,9 MB 

Windows 

Linux 

 

¶ - Basic license for non-commercial use  

Ψ- After 9.x version, the software ArcView was sold as ArcGIS 

NI – Not Informed 

$ - Comparative value (in dollars) for the license listed  

Esri - Environmental Systems Research Institute Inc.; INPE – Instituto Nacional de Pesquisas 

Espaciais; OSGEO – The Open Source Geospatial Foundation; OPS – Organización 

Panamericana de la Salúd. 

 

 



Tabela 3. Publications using GIS to describe stroke in Brazil according to the year of 

publication and software used 

Mapping Stroke in Brazil Year Software (GIS) Regions of Brazil 

  Spatial Analysis         Map Building  

Galvão
27

 2014 No/NI             QGIS SE 

Nunes et al
28 

2013 No/NI                                           ArcGIS N 

Muller et al
29 

2012 TerraView                                    ArcView S 

Nunes
30

 2012 ArcGIS                                         ArcGIS S 

Souza
31 

2012 No/NI                                           Mapinfo SE 

Nogueira
32 

2009 TerraView                                    TerraView SE 

Bustos
33 

2009 No/NI                                           GeoMedia SE 

Gutierrez
34 

2009 No/NI                                           TerraView N, NE, S, SE, CO 

Bassanesi et al
35 

2008 GeoDa and SIGEpi                       No/NI S 

Silva
36

 2006 ArcView and Mapititude   Mapinfo and TerraView SE 

Ferraz
37 

2006 No/NI                                           TerraView NE 

 

No / NI - not used and/or not reported 

N - North, NE - Northeast, SE - Southeast, CO - Midwest, S – South 

  



Figure 1. Facts on Statistics Spatial Analysis
10 

What is Statistics Spatial Analysis? 

Statistics spatial analysis comprise descriptive and inferential methods used to make 

explicit data that is only implicit in bidimensional maps.  

 

How is it displayed? 

Spatial data can be displayed in four ways of categorization: 

a) Area data  

b) Spatial interaction data  

c) Data of random surface 

d) Data of point processes 

 

How can this data be analyzed? 

For each category mentioned above (respecting the geographic reference from spatial 

coordinates) different statistical methods can be used. These methods include: a) 

Moran Index, b) Kernel maps and c) Bayesian Empirical, and others and can be used to 

infer, describe or compare random patterns, not visible to qualitative interpretations, 

when expressed in bidimensional maps. 

  



Figure 2. Timeline of publications using GIS to describe stroke in Brazil (year x number of 

published articles) 
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