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Digital radiology departments could benefit from the
ability to integrate and visualize data (e.g. information
reflecting complex workflow states) from all of their
imaging and information management systems in one
composite presentation view. Leveraging data ware-
housing tools developed in the business world may be
one way to achieve this capability. In total, the concept
of managing the information available in this data
repository is known as Business Intelligence or Bl. This
paper describes the concepts used in Business Intelli-
gence, their importance to modern Radiology, and the
steps used in the creation of a prototype model of a data
warehouse for Bl using open-source tools.
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BACKGROUND

adiology administrators and managers need

data from various electronic resources for use
in supporting decisions and analyzing trends. This is
not only true for assessing efficiency and financial
performance, but increasingly useful for monitor-
ing quality and safety to meet and exceed
regulatory, compliance' and reimbursement’
requirements. Radiology Information is available
in multiple systems (examples include Picture
Archiving and Communication System—PACS,
Computerized Physician Order Entry—CPOE, Ra-
diology Information System—RIS, Report Genera-
tion System, Electronic Medical Record—EMR,
financial systems such as billing accounts receiv-
able applications). Individually or combined, these
databases can provide vital departmental metrics,
but because this data is stored in multiple and
disparate data silos, this poses a challenge from an
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informatics organizational point of view.’ In addi-
tion, analysis of such data is difficult because: (a)
detailed data is not easily accessible for quick
analysis; (b) summary reports cannot be created
ad-hoc (programmers and database experts are
required to build specific queries); (c) conversion
to one unified database is difficult or lengthy
without appropriate tools; (d) the coding of data is
often inconsistent across the databases; (e) frequent
access to databases can negatively affect their
performance and thus hamper daily operations.

In order to take full advantage of the information,
all system reports should ideally be available in one
single format. In addition, summary reports need to
be generated within a reasonable amount of time so
decisions can be made in a timely fashion.

Since it is not possible to have one single
application responsible for all computerized activ-
ities of a hospital, standards of communication and
integration must be adopted and utilized. Virtually
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Fig 1. Diagram demonstrating the steps involved in Business
Intelligence and its related processes.

merging relevant data from various sources into
one single format and location could contribute to
improved speed and efficiency of knowledge
discovery. This concept is not new and has been
used for many years in the business world through
the adoption of data warchouses.*” Tools under
the umbrella of Business Intelligence have been
developed to take advantage of data repositories
making it possible to perform real-time ad-hoc
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queries of databases as new questions appear in an
environment marked by constant change. This
capability is certainly important for healthcare
and these tools have become more available for
medical specialties such as Radiology.

Business Intelligence refers to the tools needed
to integrate, store, analyze and present data from
non-integrated sources (Fig. 1). Integration is a key
step in this process as this is where data from
different sources are checked for consistency and
subsequently converted into a unified format. The
process of integration is known as Extract Trans-
form and Load (ETL) in Business Intelligence
terminology (Fig. 2). The next step is to store this
organized information in a data warehouse, often
using a relational database management system.
Relational databases are the most popular model
currently in use on commercial and open-source
databases. Details are represented in tables with a
set of relationships applied to the data. However,
this model is not ideal for ad-hoc analysis since
results are not easily understood without process-
ing the data. Additionally, working with large
databases can be time-consuming from an analytic
standpoint.

Another way of organizing the data, which is
much more suitable for analysis and reporting is by

Extract, Transform and Load (ETL)

Extract

Convevst
cnech

Extraction of information
from various databases

Transform

xenEN

Load

Database

Quality of data is assured during this phase of the process

Fig 2. Diagram demonstrating the steps involved in the integration of multiple databases.
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Fig 3. Diagram showing process improvement being monitored by Key Performance Indicators (KPIs).

using an On-line Analytical Process (OLAP). In this
method, data is represented by data cubes instead of
tables and organized in a multidimensional aggre-
gated format. This format allows fast analysis by
turning raw data into a format that is more easily
understood by the user. Relational databases can be
connected to OLAP in a variety of ways using both
open-source and proprietary tools.

One of the objectives of representing the data
from relational databases in OLAP tools is that it
facilitates the generation of ad-hoc queries and
supports real-time analyses, allowing users to
perform searches in a faster and more structured
fashion and to generate on-demand graphs and
reports more easily. The goal is to have a more
detailed knowledge of the factors that are involved
in a particular process or procedure, and to
possibly understand how multiple processes inter-
act with each other. This may uncover issues
impeding operations and procedures within the
organization, and point to potential solutions.

The overall analysis starts with a set of proposed
goals, such as improving MRI scanner throughput
or reducing radiology reporting turn-around times.
Objective metrics or key performance indicators
(KPIs) must be defined. Next, the resource or
resources that contain the relevant KPI must be
understood so that reports assimilating the data and
information can be generated. The knowledge

acquired through this process can then be used to
adjust or change current behavior, and to help the
organization move towards optimal processes or
goals (Fig. 3).

Tools designed to present KPIs such as Bal-
anced Score Cards® or Quality Dashboards have
been used in healthcare.”* These tools allow
various activities to be monitored within the
hospital environment. However, the generation of
summary reports can be time-consuming without
the appropriate infrastructure. Business Intelli-
gence tools can help optimize this workflow.

To demonstrate the use of Business Intelligence
in Radiology and to start investigating the feasi-
bility of using new KPIs specific to this field, a
data warehouse prototype environment was created
using open-source tools.

METHODS

The test environment consisted of a PC running
Microsoft Windows XP. Pentaho Data Integration
3.0 was installed as the Extract Transform and
Load (ETL) software and MySQL server 5.0 as the
supporting database. Pentaho is an open-source
application with reporting, analysis, dashboard,
data-mining, and ETL capabilities for Business
Intelligence.” For the purpose of creating a
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Fig 4. A screenshot of the ETL tool used to combine two databases into one single format.

Radiology Data Warehouse prototype, only the
ETL component in Pentaho was used. Pentaho
Data Integration is a JAVA-based application that
allows administrators to create complex trans-
formations and jobs in a graphical, drag-and-drop
environment without having to generate any
custom code. This application can connect to
multiple commercial and open-source database
platforms. An open-source database (MySQL
Server) was chosen to connect to Pentaho. This
integration can be seamlessly done within the
application by providing the name of the server
host, the database and the authentication informa-
tion (administrator’s username and password). The
relational database (MySQL) serves as a data
repository for all the transformations done inside
the ETL software which will then be consumed
later by other applications. Multiple options are
available as input data. The input information can
come from other databases such as MySQL,

PostgreSQL, Oracle, Microsoft SQL Server, and
others. Input can also come from separate files
such as Excel, Access, or XML.

A micro-data-warchouse was created combining
information from two different sources of fictitious
test data. The following formats of input files were
used: XML and MS Excel (XLS). The ETL
software extracts specific designated fields from
each of the input files, converts the data into a
unified Structured Query Language (SQL) format,
and loads it into one single database (Fig. 4). In
this example two input files with similar content
but with different configurations were used. Al-
though both archives had the variables ID, date,
modality, resource, and exam code, the name of
the columns were different in both files. This was
done to realistically simulate the problem that one
faces when two separate databases need to be
fused into one. In addition to different column
headings, the date column in the database must be
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Fig 5. Multidimensional database format (data cube). In this example the data is organized by modality, time and other measures
(number of exams and number of patients). Each piece in the cube represents the total count of exams or patients (measures) in relation to
the dimensions time and modality. A relational database is being represented on the left with tables containing the data for the months of
January and February. A total of 614 MR exam counts in the January table and 504 in the February table are represented in the cube to

demonstrate how the data can be “three-dimensionally” aggregated.

checked for consistency in string type. In some
files, for example, the date can be saved as a text
string and therefore, it has to be appropriately
transformed into date/time data type. If this is not
done, the date field cannot be chronologically
organized by day, month, quarter, and year later on
in the data aggregation process. The resulting new
SQL database contains the specified fields (select-
ed according to the relevant KPIs for the task) of
each of those input files. This transformed and
organized database can then be used by other
applications (open source or proprietary) which
can aggregate the data using OLAP in order to
analyze and present generated reports. For this test
environment, OLAP capabilities available in the
pivot table function of Microsoft Excel were used
for ad-hoc analysis and presentation of data in a

dashboard-like format. The connection between
MySQL database and Microsoft Excel was created
using MySQL Connector/ODBC 3.51, available as
an open-source application. Microsoft Excel was
selected for the analysis and display of results
because it is capable of handling on-demand
queries; it is easily available to users in the
healthcare environment and its interface is widely
known. In addition, Excel also allows further
calculations of the aggregated data which can then
be presented in a dashboard format. By using
conditional cell formatting in Excel, it is possible
to change the color of the values (red, yellow or
green) if they fall under certain limits. Pentaho can
be an open-source substitute for this commercial
solution since it also handles online analytic
processes and displays results in a similar fashion.
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Fig 6. Graphical visualization of trends. Data can be interrogated on-the-fly. In this example, June had the lowest number of exams. It
was discovered that CT1 scanner from FakeSite1 was the main variable accounting for this reduction in exams performed, with the
volume on that scanner decreasing during the period between the second and third weeks of June.

RESULTS

One important observation that became clear
through testing is that two distinct databases can
be combined using this process. For instance,
selected fields from the RIS and CPOE databases
could be potentially mapped and combined into
one single resource using this process. In addition,
converting large relational databases into a multi-
dimensional format (data cubes) can result in
performance improvements when reports need to
be generated.

Testing the Process

A cube was built with the dimensions time,
modality, and number of exams, such that one
could request the number of exams sorted by
modality on a particular date (Fig. 5). The

dimension time is automatically organized in a
hierarchical fashion making it possible to sort the
data by year, month, or day. Selecting the right
variables that will represent the KPI that relates to
the main goals is essential. By aggregating data, it
is possible to easily analyze trends and graphically
observe discrepant values. The discrepant variable
can be further analyzed by drilling down into the
data to that specific instance of the variable, for
example a specific period of time, making the
problem more easily recognizable (Fig. 6).
Results from aggregated data are important in
demonstrating changes in time but additional steps
may be required for final interpretation. For
example, comparing the number of exams from
different scanners is not as reliable as scanner
capacity since hours of operations can vary
between different locations (Fig. 7). Since scanner
capacity data is not directly available on our
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Fig 7. Dashboard-like spreadsheet example. Note that non-normalized data (count of exams) does not represent a good metric.
Utilization capacity represents a better KPI as it allows direct comparison between scanners.

systems, additional calculations of aggregated
information are required. Although it adds an extra
step in the analysis process, a normalized score is
more reliable for high level data visualization and
comparison.

Current Use

A similar process is in place at our institution to
evaluate the utilization of a teaching file applica-
tion in the Radiology Department. The Medical
Imaging Resource Center (MIRC) is the open-
source application used for this purpose. Once
installed and integrated to other systems, admin-
istrators can generate an XML file with multiple
fields of the database. This database can be
mapped with other resources that have information
on the users and the sections to which they belong
within the Radiology Department. After fusing
these data the information can be mined by
administrators to interactively display utilization
sorted by radiologist or by section or to show
which modality or body part is being used most
frequently, or to bring out other trends in the data.
The MIRC application does not have robust
reporting capabilities, but when combined with
BI tools, the database which served only for
storage purposes before, can then be used for
knowledge discovery. This allows administrators
to understand application weaknesses and knowl-

edge gaps empowering them to better act on the
solutions for these problems.

Potential Uses

It is envisioned that this methodology could be
used to test feasibility and reliability of certain
KPIs. In some circumstances, many aspects of the
variables that will compound a KPI need to be
researched in advance. For instance, if one is
interested in understanding the trends in the report
turn-around-time in the department, all the varia-
bles related to this KPI need to be collected,
combined into a single database, checked for
consistency and tested. By doing this process in a
test system one can better perceive the problems
that will need to be solved to implement the
monitoring of such KPI in a production system.

DISCUSSION

Initially proposed for strategic management of
financial organizations, the Balanced Scorecard
(BSC) concept has been used by healthcare institu-
tions. The BSC involves four strategic perspectives:
financial, customer (patient), internal business pro-
cess, and learning and growth measures. The use of a
normalized score as was presented in this study is a
well-known practice. In Radiology, research has
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shown that the use of performance indicators has not
been the standard practice in most academic radiol-
ogy departments throughout the United States.'’
Although the reason for this finding was not within
the scope of this study, it may be that technological
barriers play an important role.

Generic BI concepts can be extended to Radi-
ology in a variety of ways. However, key
performance indicators cannot be selected with a
business perspective only. Healthcare outcomes
have different goals and costs than financial
outcomes making it hard to define a straightfor-
ward strategy.® In addition, data structures and
integration standards unique to the field must be
considered. The complexity of data acquisition and
the reliability of the variable to be studied should
be ideally examined in a test environment. Tools
such as Quality Dashboards have been used in
medicine as an actionable web-based application
for quality reporting and population management.”
In radiology, the utilization of quality dashboards
has been shown to be beneficial given the high
complexity of data and similar overall needs.'' As
these tools become more available, radiology
departments will need to prepare their infrastructure
to be more easily consumed by Business Intelli-
gence applications. Once this step is done, previ-
ously used KPIs should be more easily generated. In
addition, discovery of problematic processes within
the department may become more apparent with
analytic tools requiring new KPIs to monitor
progress of behavior change for systematic and
sustainable improvements.

The methodology described in this paper can be
helpful to begin investigating the use of business
intelligence concepts in Radiology, but should not
be seen as the optimum solution for reporting and
dashboard creation. Ideally, the user interface
should be web-based and the authentication system
should reflect the users’ roles and responsibilities
in the department so data consumption can be
tailored to an individual’s needs. Both web-based
and user-specific displays are not possible with
Microsoft Excel alone. Pentaho has a web-based
interface and can be a potential alternative for this
purpose. Nevertheless, setting-up the web envi-
ronment in Pentaho requires scripting knowledge
and most likely team work for it to be appropri-
ately installed.

The use of the method proposed here is
particularly helpful when applied to cases in which
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data is being continuously generated and reports
need to be repetitively created based on renewed
data. Data processing and cleaning can be a time-
consuming process, but once the commands are
properly set-up in the ETL software, the program
automatically does this step and data is constantly
ready to be consumed by analytic tools.'?

Multiple commercial Bl solutions are available
and their use may be applicable to healthcare,'” but
even with these solutions, infrastructure consider-
ations have to be discussed before implementation.
Although software applications are usually seen as
an IT responsibility, setting-up such systems will
likely require a deep knowledge of specific
departmental processes and workflows and thus
will require a multi-disciplinary and collaborative
approach.”'?

CONCLUSION

Business Intelligence tools have been used by
industry for many years. Such applications have
become more available for use in healthcare
environments. Open-source tools can be potential-
ly used to create a micro-database from various
departmental information sources. It is envisioned
that this micro-system may be useful in the
selection of new KPIs that will monitor activities
and processes within the department. Business
Intelligence tools can thus enable improvements
in healthcare quality, safety, efficiency and finan-
cial performance once operational.
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