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ABSTRACr

The paper describes the possibilities of using
data warehousing and OLAP technologies in
public health care in general and then our own
experience with these technologies gained during
the implementation of a data warehouse of
outpatient data at the national level. Such a data
warehouse serves as a basisfor advanced decision
support systems based on statistical, OLAP or data
mining methods. We used OLAP to enable
interactive exploration and analysis of the data.
We found out that data warehousing and OLAP
are suitable for the domain ofpublic health and
that they enable new analytical possibilities in
addition to the traditional statistical approaches.

INIRODUCIION AND BACKGROUND

Health statistics has a long-standing tradition in
Slovenia. It is almost fully centralised and the Public
Health Institute of the Republic of Slovenia (PHIRS) is
responsible for collecting, analysing and processing of
medical data from all HC levels. PHIRS analyse
statistical data to asses the morbidity of Slovenian
population and to find out the trends in difrent time
periods.

Every year PHIRS prepares the Health statistical
annual. Data concerning ognsation ofhealth care, tasks
performed and findings from all health services domains
in the Republic ofSlovenia are published in the statistical
annual. Demographic and vital statistical data are
included. The field of outpatient health care statistics
contains for example:
* Number of curative and prventive attendances in

outpatient health care services;

* Causes for attendances in outpatient health care
according to the ICD-1O chapters and by age groups
for the entire population;

* Causes for attendances in outpatient health care
according to the ICD-10 chapters and by health
region;

* First five most frequent causes for attendances of
the unemployed in outpatient health care services by
ICD-10 chapters etc;

These materials provide a basis for analysis of
activities and definition of health services tasks in
communities and health regions of Slovenia. PHIRS
provides data for government (Health plan till 2004) and
other institutions like WHO, UNICEF, World Bank etc.

For the processing the Health statistical annual
PHIRS uses the Statistical Package for Social Sciences
(SPSS tool).

In Slovenia we still use predominantly diskette media
to transfer data from regions to the PHIRS and vice versa
We have developed and implemented electronic data
interchange network in communication between these
institutions.

Nevertheless our data structure is not yet completely
unified with the EDIFACT standard. Increasing electronic
communication with medical data raises some questions.
Current infonnation technologies offer some closed
networks like HC network Health Insurance network,
Government Centre for Infornatics network etc. All of
them are still in process of independent and mutually
uncoordinated development Nevertheless the needs for
data rmission exceed the capacity of the networks
mentioned above.
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MOTIVATION

In addition to the numerous reports produced at
PHIRS using the traditional statistical tools, we wanted
to give the health care data analysts the possibility to
perform interactive exploration, ad-hock analysis and
discover trends in a user-friendly way. Because of that,
we decided to use data warehousing and OLAP (On-line
Analytical Processing) technology for exploring and
analysing the data. At the moment we have built a data
warehouse of outpatient data, but later we plan to
include the inpatient data as well.

DECISION SUPPORT AND DATA
WAREHOUSING

The systems that run the every day operations of an
organisation are usually called on-line transaction
systems and the mode of operation is usually referred to
as operational processing. For example, in outpatient
clinics the details about the patient visit are recorded in
the operational system. These systems are usually
continually updated through the day.

Analytical systems are systems that provide
information used for analysing a domain or situation.
Analytical processing is primarily done through
comparisons, or by analysing patterns and trends. For
example an analytical system might show the mai
reasons for hospital visits for different regions of a
country. By comparing the values for several consecutive
years some trends may be discovered.

The data used for analytical processing is usually
organised in a data warehouse. According to [1] a data
warehouse is a subject oriented, integrated, non-volatile,
and time variant collection of data in support of
management's decisions. In other words a data
warehouse is used as a foundation of a decision support
system.

WHAT IS OLAP?

The phrase On-Line Analytical Processing (OLAP)
was coined by Codd in [2] to characterise the

requir nts for sm g, consolidatn viewing,
applying formulae to, and synthesising data according to
multiple dimensions. OLAP systems provide an
information structure that allows an analyst to have very
flexible access to data, to slice and dice data any number
of ways and to dynamically explore the relationship
between summary and detail data.

OLAP can also be put in the context of data mining
and knowledge discovery in databases. Data mining aims
at discovering interesting, non-trivial and new patterns in
a large amount of detail data. The systems used for data
mining differ significantly ccording to the way of
automation they offer the user. OLAP tools fall on the
lower end of the spectrum and are used for manual data
exploration.

The data in an OLAP system in organised in a
multidimensional data structure, usually called a
multidimensional data cube. Dimensions usually have
associated with them hierarchies that specify aggregation
levels and hence granularity ofviewing data Thus, day -
> month -> year is a hierarchy on the TIME dimension
that specifies various a on levels. Other
dimensions that appear in outpatient data: patient age
group, sex, d is.... In the intersection of the
dimensions are the measures (or facts). A typical measure
for health care is the number ofattendances.

CONTENTS OF THE REPORTING DATA
STRUCIURE

Outpatient health care activities are performed in
health care centres, specialist outpatient offices in
hospitals, and private pactices. There are more than
1000 such health care providers in Slovenia. During their
work with patients, health care personnel enters the
required data into computers.

At mid-year and at year's end, health care providers
are obliged to prepare the required data structure [3] on
the basis of their daily entered records, according to the
instructions of PHIRS, and send them to their regional
Health Care Institute (HCI) by the prescribed deadline.
There are nine ronal HCIs in Slovenia. Regional HCIs
collect data from the health care providers in their region,
check them using the ZUBSTAT program and, if errors
are found, send them back to the originating provider with
a list of errors.

This new method of data r ig was introduced in
the following basic health care activities [4]:
* General practise
* General practise - prevention

Occupational medicine
* School health car - curative
* School health care - prevention (regular check-ups)
* Paediatric health care - curative
* Paediatric health care - prevention (consultancies)
* Developmental (paediatric) outpatient facilities
* Women's health care (Gynaecology and obstetrics)
* Women's health care - @onsultancies for pregnant

women)
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* Womn's health care - (consultancies for * Number ofpatients referred to the hospital
contraceptive practices) * Number ofpatients referred to a specialist

* Specialist outpatent health care: by medical
specialty The key attribute here is "Designation ofthe Type of

Attendance", to which all other attributes are associated.
Data reporting using the new computised method In this case as well, each attibute has its own definition

according to the instructions of the Ministry of Health, of content and reference to the corresponding code table,
was intruced on 1 January 1997. which has been hannonised at the national level.

PHIRS has decided on a new, unifomm record There are 14 basic patient age groups which are
structure for reporting data on outpatient health care grouped into three higher level groups: pre-school
statistics at the national level [5], on the assumption that children, school children and adults.
the set ofdata entered by health care pemomnel on a daily
basis remains pchangei BDINGTE OUTPATIENT DATA

The objectives of this new reporing stucture are as WAEHOUSE
follows:
* Uniforming of methods for data r on

attendances and referals, as well as those on We pformedthe following steps when building the data
disa and conditions from basic and specialist warehouse of outpatient data. First the data sent from the
health care. regional Health Care provides was checked for

* Data using the new three-igit municipal consistency and in case of errors it was retumed to the
codes, in effect since 1 Janay 1997. providers. We have to stress here that the reporting data

* Monitoring of patient stucture by municipality of does not contain any personal infornation.
residence for each health care centre, i.e. patient After that, we did some data transformation of the
gravitation towards health care centres (which is reporig files. The reporting files are actually
enabled by the new reporting stuctr of data on preaggregated for space saving reasons. They were
attendances and refenals). transformed in a more atomic form suitable to be loaded

* Data reporting by more detailed age groups and by into the data warehouse. This was accomplished with
sex scripts written in theAWK programming language.

* Collection of data on diagnoses by the tenth revision Then we defined the necessaxy dimensions and
ofthe Intemational Classification ofDisases (ICD- vaiables in the multidimensional OLAP server. Special
10), which has been used in the field of health care attention was paid to the definition of hierarchies for
statistics since 1 Januazy 1997. some of the dimensions. E.g. health care providers are

* More detailed definitions and standards for data oganised in a hierarchy with the following levels:
collected. Country - Region - Municipality i Health

* Checldng of data with regard to valid code schemes Care Provider. The OLAP server we used was Oracle
and logical associations between data Express 6.2.

* Higher quality of output data given an unchanged Afterwards, the previously prepared data was loaded
amount ofinput data. into the OLAP server and some additional variables were

also defined. Then, the variables were aggregated along the
In connection with attendances and referrals in hierarchical dimensions. This turned out to be a verytime

outpatient health care activities at the national level and space consuming process because of the high
PHIRS collects and monitors the following data [6]: dimensionality ofthe resulting data cube.
* Designation for the reportig period At the end, we developed the end-user applications
* Health-care provider's municipal code for data exploration and analysis using the Oracle Express
* Health care provider's code Analyzer tool.
* Designation of the provider's basic activity
* Code ofthe providers health care service USINGOLAP FOR INTERACTIVE EXPLORATION
* Code ofthe provider's location ANDANALYSS
* Designation ofthe type ofattendance
* Municipal code ofthe patient's residence
* Number ofpatients by age group and sex Figure 1 shows a typical OLAP view of the data
* Number ofpatients by health insurance category cube. In the upper part of the screen the dimensions are
* Number ofpregnant women grouped by duration of listed. The table under the dimension list shows the

pregnancy number of outpatient visits variable dimensioned by
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patient's residence and age group and sex. This table can simply exchanging the dimensions positions. E.g. we can
be used for interactive data exploration. The patient's view the data by the location of the health care provider
residence dimension shown in the first column is a by dragging that dimension over the patient's residence
hierarchical one as well as the age groups. The age groups dimension.
are shown at the first two hierarchical levels. The An analyst might want to see only a subset of the
multidimensional view allows hierarchies associated with data and thus might view some attributes and witiin each
each dimension also to be viewed in a logical mamer. The selected attribute might restrict the values of interest In
numbers in the first row show the aggregated (totalled) OLAP tenninology [7], these operations are called
number of visits. We can explore the next level of detail pivoting (rotate the hyper-cube to show a particular face)
by clicking the plus sign to the left of a particular and slicing-dicing (select some subset of the cube).
dimensional value, which is called drill-down in the The multidimensional data can be also shown in a
OLAP terminology. Drill-down is essential because often graphical fonn. Figure 2 shows the gravitation ofpatients
users want to see only aggregated data first and towards health care centres. Both dimensions are selected
selectively see more detailed data. It is possible to view at the regional level.
the data dimensioned by some other dimension b
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Figue 2. A graphical OLAP view showing the gravitaion of patient visits towards health care regions
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