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Abstract— This paper deals with the importance of Business
Intelligence (BI) in healthcare and its vital perspectives. It is an
effort to identify the difference between traditional BI
approaches and the one needed in healthcare. It also talks
about the unique nature of clinical data .When it comes to
Business Intelligence, Dara Warehouse (DW) can’t be omitted.
This paper is an effort to identify the answers of, why
traditional BI concepts are not suitable for healthcare industry.
It also gives specific directions towards the design of an
optimal DW structure for healthcare domain.

Index Terms— Clinical Business Intelligence, Healthcare
Information System Maturity Level, Data Warehousing in
Healthcare, Decision Support in Healthcare, Business
Intelligence in Healthcare

I. INTRODUCTION

he rate at which data getting accumulated in healthcare

domain is much more than any other industry. The
sources of data are of wide variety and still the question
remains opened, whether we are using the data in a proper
way or not. Data warehouse is the answer for data handling,
as everyone presume. But the applications of traditional DW
methods in healthcare domain requires considerable
attention, due to the unique business nature of the industry .

The business nature of healthcare industry makes it stand
out from other industries. The data sources of healthcare
industry varies from health records, pathology equipment to
point of care devices and national registers. Most of the
time, the healthcare institutions are unable to make use of
the pile of data, they have accumulated. Clinical Business
Intelligence is a term, which refers specially to the BI
methods applied in healthcare industry.

Healthcare Information and Management Systems
Society (HIMSS) is a global, cause-based, not-for-profit
organization, focused on better health through information
technology. HIMSS leads efforts to optimize health
engagements and care outcomes using information
technology. HIMSS defines maturity levels for healthcare
information systems’ usage and capability. The top maturity
level demands the need of data warchouse and business
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intelligence applications in the unit. As per the data from
HIMSS Analytics Database 2014, even in the United States,
only 3.1% organizations got eligible for the top maturity
model. This indicates that, still the healthcare industry is
lacking the facilities of data warehousing and business
intelligence. The most prominent reason is the unique and
complex nature of the industry. The application of
traditional data warehousing methods, which we use in
other industries, do not fit for the business intelligence
needs of the healthcare domain. There are many Hospital
Information Systems (HIS) available in the market and they
all offer one or other mode of Manage Information System
(MIS) functionality. Needless to say, most of them are still
using the traditional pre-defined reporting models, based on
the operational database.

II. HEALTHCARE BI REQUIREMENTS

Strategic Information is essential to any industry. It is
derived from a combination of historical and current data.
While operational systems are essential for the day to day
operations of the organization, data warehouse and the
derived business intelligence provide the input for the
strategic decision making. Time is always a dimension in
this case.

Let us take an example of a manufacturing company. The
information, which is of top management’s interest, is well
defined. The production, sales, purchase,debt etc. If we take
another example from a hospitality industry, the facts
remains almost same, with minor alterations. Now let us
have a look into a healthcare firm. The administration
requirements are almost same like any other industry like
income, insurance claims etc. But the second aspect, which
is of clinical and research, varies a lot. No well-defined
matrices exist and the potential data sources are many. In
such a scenario, traditional data manipulation techniques
will satisfy the administration aspects. The clinical data,
which is the key for research and treatment, needs a special
approach.

The motivating factor for the proposed research work is,
the unique nature of the healthcare data and its analysis
requirements. Healthcare industry is now realizing the need
of a proper BI infrastructure and moving towards it. There
are BI tools available in health industry . But they also
couldn’t retain the unique nature of healthcare industry. If
we look at the cost of these tools, they are not less than a
few hundred thousand USDs, which makes it unattainable
by many organizations, as the return of investment is too
less. Figure 1 shows a traditional data warehouse steps. The
dotted box are the areas, where the healthcare industry
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demands a unique solution. A good decision support system
can not only improve the quality of care but also reduce the
cost of improved care.

III. DATA WAREHOUSE FOR HEALTHCARE DOMAIN

HIMSS, in its resource library by Paul Henchey, clearly
defines Clinical business intelligence as the use of data
analysis to improve care delivery using a wide category of
information technologies, that gather data during the various
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Fig. 1. Data Warehousing Architectural Diagram for Healthcare Application.

steps of delivery of care and analyze that clinical data, to
make clinical and strategic decisions[1]. According to
Tobias and Vivian, the margins achieved by healthcare
organizations, who make use of integrated technologies is
higher than that compared to its counterparts [2]. Still the
question remains on the Return On Investment (ROI). Many
organizations might not be capable of affording huge
investments.

It is interesting to note the main characteristics of
healthcare industry, pertaining to Business Intelligence,
which make it stands out from other industries. Processes
and Actors makes huge impact on this distinguished nature.
Management’s need, for most of the sectors, are same. They
are have well defined goals. But in healthcare, there are
mainly two dimensions: namely, clinical and administrative.
Most industrial DW and BI has well defined hard matrices,
but in healthcare patients feelings itself is a matrix [2].

When we analyze the actors /users of any BI system,
there are a clear group of customers to the application. But
in healthcare the actors are multiple and the needs also vary
a lot[2]. According to Paulraj Ponniah, the frequency of the
usage in DW system is less compared to an operational
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system[4]. But when we need to use a healthcare BI and
DW, to make clinical decisions , for example in the case of
value based healthcare, the frequency of usage is not as less
,compared other DW applications, and thus we need to
assure that the healthcare DW/BI response is not affected by
the design.

BI is always a challenging topic and exercise in any
industry. But when it comes to healthcare the complexity
increases as there are added layers of issues such as privacy
issue. Healthcare industry is always dealing with sensitive
data which is governed by privacy rules [3].As Hanson
stated, the healthcare industry is going through ever
increasing pressure, which demands more with less[5]. This
scenario requires an essential use of the existing
information, which 1is spread in both clinical and
administrative directions.

Jonathan Palmer, senior director for clinical warehousing
and analytics at Oracle, describes clinical data ware house
as a mission critical hub. From being a data gathering and
analytics tool, Clinical Business Intelligence is moving to a
new era, to become a business critical platform[6].When we
discuss about a framework for DW and BI for healthcare
organization, the first consideration is the comments from
Scott Wanless and Thomas Ludwig. They are pointing out
five challenges which need to be addressed by healthcare
data analytics[7],namely:

. Demand

. Resource Shortage

. Compliance requirements
. Financial pressure

. Integration issue

Star schema, or in another words the dimensional
modeling, is the solution we might need to implement in
healthcare domain as well. Dimensional model of any
business process has two distinct aspects, measurement and
its context. Or in more data warehousing terms, facts and
dimensions[8]. But the level of aggregation and the level of
flaking needs to be decided.

Business Intelligence can never be treated isolated from
Data Warehouse. When we apply BI in healthcare industry,
several factors to be considered. These same factors we
might be using in other industries as well. According to
Pungrat Jinpon, there are six major considerations[9].

e The matrices we are choosing must meet the desired
goal of the project

e The selection of data sources. As we mentioned earlier,
there are hundreds of potential data sources available
for healthcare DW. The method deployed to clean the
data also place a vital role.

e The architecture which we are choosing, one of my
favorite direction, must be suitable for the domain.

e The data load frequency and the method of update
activity.

e Spot out the users and actors

e  Security and permissions.

Mostly the healthcare / biological DW is based on a star
schema. Star and Snow flakes are widely used in DW
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applications. But as mentioned above, the unique nature of

healthcare industry deserve something better. Torben Back
Pedersen proposed a multi dimensional schema, an extended
form of star, for healthcare DW [15]. The clinical data space
is huge and among them, obviously, Patient is the central
point of interest. There are situations, where might analyze

the situation in a different way, say provider centric. For

example, to concentrate on the productivity angle of an
organization, the resources(who provides care) will become
the center of attraction.[14]

Carol Muirhead and Brian Gaffney in their research paper

on how and where to apply BI, provides a reference model
for a clinical Data warechouse. A generalized structure,
which can be used as starting guide for defining a clinical
DW]J24]. This reference model consists of 6 components
namely:

1) Data Source

2) Data Intake

3) Database

4) Security

5) End user analytical tools
6) Analytical use cases.

IV. PROPOSED SYSTEM

It is clear from the analysis of current scenario that , even
though we are talking about Clinical Business Intelligence
in Data Warehouse context, there is a considerable
difference between traditional Business intelligence
applications and Clinical Business Intelligence. There is no
well defined structure and framework for Clinical Business
Intelligence yet. Still we are using the same techniques and
structure, used in other industries, for healthcare as well.
We need innovative methodologies, which can satisfy the
increasing demand of BI in healthcare industry which is
catering all the different dimensions and actors[12].

The proposed research work identified the following
gaps, related to the Data Warehousing in Clinical Business
Intelligence context.

1) In healthcare analytics, there are no well defined
matrices. This makes the DW design tedious and
ambiguous. Measuring facts are getting regenerated
and dynamically arrives. Simple dimensional
modeling gets a hit back in this scenario.

2) In healthcare data, two major aspects or classes of

analysis are clinical and administration. These two
aspects acts in a parallel line. This has a direct impact
on the underlying architecture.

3) Traditional hospitals and specialized centers differ a
lot in measuring matrices or facts.

4)  An additional layer of complexity in terms of data
confidentiality exists in healthcare data.

The above gaps will be addressed in the proposed
research work, as mentioned below.

1) This will be handled by a modified star schema of

dimensional modeling.
2)  Administration and clinical directions, need to be
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treated separately. Administration requires Star based
scheme. Clinical track will be handled by the
modified schema as mentioned in point 1. A hybrid
approach need to be employed for the interoperation.

3)  An SOP will be defined for standardizing the entire BI
process.

4) A modified ETL procedure will be employed. Staging
area will be treated with utmost confidentiality aspect.

V. FUTURE WORK

Researcher is trying to elaborate and do individual studies
on all the mentioned points in the paper. Different
approaches might be needed in different scenarios. But if we
can come up with a standardized approach, this will help the
healthcare industry a lot. Lack of standard operational
procedure for a well define BI, this is the aim of the project.

VI. CONCLUSION

Value based healthcare(VBH),e-health, m-health, these
are the current and future directions of healthcare industry.
This will increase the data volume to the next level. The
information from the collected data, with utmost accuracy
and the best possible response time, this is what everyone
needs. The proposed research work will significantly
contribute to these directions by its objectives.
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