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ABSTRACT
The emergency services are usually pressured to make quick
decisions with incomplete information on most cases, and
this situation has a significant impact on healthcare as well
on increasing medical errors. On the other hand, there has
been an increase of the Electronic Health at Maternity Care.
The combination of these two factors allows the construction
of a Decision Support System specific for Maternity Care
Unit using Business Intelligence technology. This solution is
supported by a Data Warehouse, that uses the dimensional
structure snowflake and makes the modeling of the mater-
nity care database. With this solution it is intended to turn
possible a clinical evidence-based practice, allowing for real
time medical decision making with pervasive and interoper-
able characteristics. This paper presents the architecture,
KPIs and benefits of Business Intelligence solution for the
real context. This platform has several modules of clinical
importance. The Obstetric Gynecological Emergency and
the Voluntary Interruption of Pregnancy modules are object
of study. This solution has an innovative contribution to the
medical and scientific community studying the problem in
Maternity area.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous;
D.2.8 [Software Engineering]: Metrics—complexity mea-
sures, performance measures
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1. INTRODUCTION

The Information and Communication Technology (ICT)
have a great potential for increasing the quality and effi-
ciency of the healthcare system allowing information shar-
ing, communication, collaboration and coordination between
care providers. With this, it increases the presence of Elec-
tronic Health Records (EHR) in healthcare institutions [6,
9]. Based on this scenario, the concept of Business Intelli-
gence (BI) has attracted enormous attention between health
professionals and professionals of Information Technologies
(IT) for Health as to its applicability in the EHR [2, 9].

In urgencies of Maternidade Júlio Dinis (MJD), the EHR
platform is supported by the Agency for Integration, Archive
and Diffusion of Medical Information (AIDA) since 2010 [4].
The fact that the EHR consists of many records on patients
makes it a good database to application of BI technology [9,
2]. Due to the large amount of data, it is difficult for a clini-
cian to have an idea of the type of patients that are received
and their characteristics. Therefore and in order to support
the decision process, arises the development of a comprehen-
sive BI platform for maternity enabling real-time (acquisi-
tion, processing and provision of information), a review of
Key Perform Indicators (KPI) for the care of the patients of
Gynecologists and Obstetrics(GO). This platform in addi-
tion to data relating to triage should also be added to other
indicators of episodes recorded for a maternity care such as
Voluntary Interruption of Pregnancy (VIP) and forecasts of
Data Mining (DM).

That said, this article is focused on presenting an archi-
tecture of global BI that can be used in hospitals, taking
as a case study to MJD. It is planned apply BI and DM
techniques in order to develop a platform where is possible
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generate useful KPI clinical and management for healthcare
professionals in the context of the Module of GO Emergency
and in the Module of VIP.

Beyond the introduction, the article includes five sections.
The first one is related to the background and relative work
done in the MJD. Topics such as interoperability, general
terms of the process BI used in this project and the process
of DM are addressed. The third section outlines the BI
system that’s being implemented in MJD and some of the
indicators to get at the end. Finally, some discussions and
conclusions are made and future work is suggested.

2. BACKGROUND AND RELATED WORK

2.1 Interoperability

In the Centro Hospitalar do Porto (CHP), the interoper-
ability between Information Systems is guaranteed by AIDA.
It is an agency that is based on the use of intelligent agents
to enable communication between different systems in the
CHP. This multi-agent system enables the standardization
of clinical systems and even beyond the medical and admin-
istrative complexity of the different sources of hospital infor-
mation. Thus allows the sending and receiving of hospital
information, management, storage and response to requests
for information from third parties [8, 6]. All Medical Infor-
mation Systems are connected through AIDA, for example,
the SAPE (Nursing Support System) and SONHO (clinical
information system)[8, 6].

2.2 Maternity Care
Maternity is an intuition of health that usually occupies

the care of gynecologists and obstetrics specialties. In gen-
eral is done supporting pregnant during pregnancy, since the
beginning of pregnancy until delivery consequently neona-
tal stage. Thus in this type of institutions are profession-
als (doctors and nurses) specialize in GO in order to meet
the medical needs of these patients. In the case of CHP,
MJD is the institution that deals with this type of ser-
vice. The MJD support pregnant patients, non-pregnant
women, puerperal disorders, has to consult Voluntary inter-
ruption of pregnancy (VIP), and allows the examination of
cardiotocography (CTG) is done [4].

2.3 Business Intelligence and Knowledge Dis-
covery in Databases

The definition of Business Intelligence varies amongst re-
searchers. Normally BI system may be defined as an in-
tegrated set of tools, technologies and programmed products
that are used to collect, integrate, analyze and make data
available [10]. BI transforms information into knowledge
and has the capability of putting the right information into
the hands of the right user at the right time to support the
decision-making process[10, 2]. In the case of BI, DW is
the foundation for business intelligence. The principal ar-
chitectures development of DW is: Top-Down approach and
Bottom-Up approach [5, 1, 7]. In the case of this applica-
tion the of architectures Bottom-Up approach and Kimball’s
approach will be flowed.

Data Mining represents a phase of the Knowledge Dis-
covery in Databases process (KDD) and consists in finding

patterns or relationships that may exist in the data stored in
data repositories. This process includes five stages and aims
at obtaining knowledge in order to support the process of
decision making. The steps are :Selection; Transformation;
Data Mining; Interpretation/Evaluation. There are many
methodologies of KDD. One example of this is the Cross
Industry Standard Process for Data Mining (CRISP-DM),
that will be flowed in this project too.

3. BUSINESS INTELLIGENCE SOLUTION

Following the architecture of Kimball described in section
2.3 was drawn BI project for Maternity Care. This project
was framed having in consideration the case study: MJD.

3.1 Problem Definition and Benefits of BI Plat-
form for MJD

In MJD patient records since they are admitted in the ma-
ternity ward until they are given the high clinic are recorded
and supported by AIDA. AIDA supports the EHR. However
in MJD does not exist a decision support system able to
use the data that is stored in databases and makes it into
useful knowledge that can be used as clinical decision sup-
port in real-time, enabling the medical clinic practice system
evidence-based [4].

Both in the case of GO emergency as in the case of VIP it
appears that the data are stored in EHR. This information
is stored in databases, but never return to be used for knowl-
edge extraction, or when used, may be very time-consuming
and costly techniques to extract knowledge. One example of
that is the development of clinical indicators using rudimen-
tary tools such as worksheets for generate graph or reports,
as it has been used in recent years for the case of VIP.

In this case the idea of implementing a BI platform in
the VIP module is a follow up to facilitate the work of
health professionals, who were responsible for obtaining re-
ports, which should contain indicators related to information
recorded during the proceedings. These reports are held an-
nually and are used for evaluation of MJD in the VIP module
[3].

Thus, one of the main motivations for developing this BI
platform is the ability to optimize and automate the entire
process of obtaining indicators as well as the creation of
new knowledge so that it can be made available at the time
of decision. In addition, this platform still allows to give
usability to the high amount of data recorded in the database
and that are not used.

In the case of GO module emergency does not exist a
process of knowledge extraction. So this platform in this
module will be a novelty and an asset to the clinical practice,
the doctors that will certainly allow a much safer clinical
practice, avoiding wasted time and fewer medical errors.

In addition to these specific situations the platform at the
global level will allow an organization of distributed infor-
mation, extracting only those that may be relevant to moth-
erhood, and build scenarios to help health professionals in
decision-making. Also allow greater autonomy and flexibil-
ity of the users when it comes to creating reports, possibility
one quick and simple analysis of clinical data.

3.2 BI Architecture
After defining the problem, according to the architecture
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described in the section 2.3, the next step is to plan the pro-
cess. In this case the process begins with the selection of
the information needed to generate the indicators. In this
specific case the information is in the EHR and SAPE. How
can been seen the data used are stored in different databases
being interconnected by AIDA. Depending on the variables
collected and the targets defined, the data will be automat-
ically validated and prepared according the processing and
transformation rules. Then the data will be loaded into the
DW for multidimensional model previously designed using a
schema. This process is called ETL (extract, transform and
load). [5, 1, 7].

In a perfunctory manner was initially collected (extracted)
information. This case is appealed to data bases of SAPE
and the EHR. In the manufacturing procedures were used
to eliminate null, repeated data and transform information.
In the loading phase it was used procedures to load/update
information for the DW. These procedures are predefined
and scheduled tasks in order to automate the process. At
a later stage it was chosen an Open source BI tool for con-
struction of On-Line Analytical Process (OLAP) Cube, and
thus visualize the information/indicators requested in MJD
through reports, graphs, dashboards,...etc, as seen in figure
1, where architecture and the tools used for the construction
of this BI platform is presented.

Figure 1: BI architecture.

3.3 Key Perform Indicators

This is a first selection of indicators required by health
professionals. However, the BI system is prepared to present
new indicators as needed.

In GO Emergency module the indicators that are un-
der development are: Activity of doctors between a certain
time periods; Daily Activity;Professional High times; Doc-
tors high clinical; Evolution hourly of the high clinical in
emergency obstetric module; Flow of patients arriving in
the MJD;

This module also indicators over obstetric nature will be
developed such as: Number of births per year, number of
eutocic deliveries per year, number of obstructed deliveries
(cesarean) per year, number of obstructed births (forceps)
per year, number of births by skilled nurses, number of live
births and stillborn every year, among others.

On the other hand, the usefulness of implementing a BI

platform in the module in VIP is the extraction of knowledge
from information recorded in patients from SAPE as obtain
indicators of activity, process and results, allowing to have
an overall idea of the functioning of MJD of this module.

Some of the indicators to be achieved with the applica-
tion of BI in the VIP are: characterization of the user group
by age; characterization of the set of users in relation to
employment; gestational age at the time of the first dose
of medication (mifepristone); Characterization of the user
group for the number of pregnancies; characterization of the
user group for the number of children; Characterization of
the user group for the number of VIP previous experiences;
Characterization of the user group with previous experience
of that VIP and resort to MJD for the second time; Con-
traception early in the process; Main reasons for failures
related to the pill; Contraceptive methods used at the end
of the process; Characterization of the user group for the
achievement of process (MJD or domicile); number of fail-
ures VIP according to the number of weeks of pregnancy the
patient; among others.

Furthermore, with the implementation of a BI tool in MJD
still intends to make a prediction of which women who re-
quire monitoring of nursing in the administration of the sec-
ond dose of drugs and which are able to do it in the home,
with based on some associated variables. This prediction
is a process of exploiting large amounts of data in order to
find consistent patterns to detect systematic relationships
between the variables. This process is called data mining
[3]. With data mining, it is expected to predict whether the
patient VIP host a second procedure at home or with the
accompaniment of a nurse and provide upon certain charac-
teristics of the patients, the VIP was achieved or not, among
other predictions.

In the GO using DM techniques too, for induce models to
predict the waiting time for patient be answered after triage.

3.4 BI Application

The BI application is a web platform with pervasive char-
acteristics, which allows it to be accessed anytime and any-
where, provided to who has access privileges [12]. In BI
application are represented all indicators that are intended
and also other indicators that can be created by users, using
the OLAP. Each indicator is associated with a form of rep-
resentation, such as tables, bar charts, pie charts, diagrams,
among others. As can be seen in the figure 2A, it is as an
example of an indicator represented in a bar graph showing
the characterization of the user who performed a VIP for
ages.

Regarding OLAP technology, this enables end-users to
make ad-hoc analysis on data with multiple dimensions, thus
providing the information and knowledge necessary for bet-
ter decision making. With this tool, various operations can
be performed, in particular, the roll-up, drill-down, slice and
dice and pivot [7, 11].As can be seen in the figure 2B, there
is an example of an OLAP cube with specialties, medical
appointments and time dimensions. This cube allows the
analysis of the number of appointments by specialty at a
given time.

4. DISCUSSION

There are several key benefits for integrating the BI tech-
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Figure 2: A-Group’s characterization by age represented in a bar
graph [3]. B-Representation of an example of multidimensional
cube for OLAP analysis [7]

nology in MJD. The benefits of the BI to MJD technology
can be primarily identified in the form of the increased au-
tonomy and flexibility of users, when it comes to creating
reports, quick and simple analyses, improved decision sup-
port and operational efficiency, as well as a range of new
analytical functions.

In the scientific level this platform will bring many ad-
vantages, because in addition to being a pioneer project in
the area of BI to maternity care is characterized by spe-
cific indicators generated. Taking into account the results
obtained and accreditation by health professionals, this plat-
form could provide a starting point for the improvement of
these modules. It may also be useful for the research and
development of new modules of interest not only to the spe-
cialities of obstetrics and gynecologists, as well as for other
specialities. Thus, this project could be to the scientific com-
munity a starting point for the development of BI platforms
in this medical field.

Specifically the usefulness of implementing a BI platform
in the GO emergency module in MJD is the extraction of
knowledge from data of patients registered in AIDA. The
use of these indicators allow a way to have a global idea
of the functioning of MJD in this module. Otherwise, the
implementation of a BI platform in the module of VIP in
MJD would be very advantageous, inasmuch as, for example,
allow the interpretation of existing data logs for nursing;
indicators give rise to translate the overall operation of this
module; would provide improvement strategies continuing in
care, based on the results obtained; and disclose the activity
carried out in this area.

5. CONCLUSION AND FUTURE WORK

This paper presented and explored the importance of inte-
grating BI technology in the Maternity Care. This BI plat-
form it is been in deployment using a real case: MJD and
will thus obtain indicators such as daily patient records and
clinical activity of doctors during a certain period of time
in the emergency module, as well as the characterization of
pregnant women who use the VIP module by age, number
of pregnancies, among others. The indicators mentioned in
this article are just some of the most popular with health
professionals. However, this platform also allows to obtain
additional indicators that are the target of interest.

Also a growing need to increase the implementation of
EHR, it is necessary to apply DM technology to extract
quality rules and inference data from the information stored

in the electronic records, so as to provide support for real-
time decisions doctors and health professionals.

Throughout this study, health professionals identified the
lack of a BI system integrated to MJD, because this will in-
crease the autonomy and flexibility to users when it comes to
creating reports; allows quick and simple analysis, there are
savings time, greater decision support, maximizing evidence-
based practice.

The implementation of a BI platform in Maternity, in GO
and VIP units, is quite innovative, in that it is the first time
that BI technologies are applied in these areas. As already
mentioned this platform is undergoing tests.
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